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SECTION T731 

ACCEPTANCE PROCEDURES FOR TOLL FACILITIES AT RTC TOLL SITES 

 

T731-1 Description. 

 This Section sets forth general administrative and procedural requirements for acceptance 

of Toll Sites with Roadside Tolling Cabinet(s) for toll gantry(ies) and toll site work. 

T731-2 Record Documentation.  

 Provide Record Drawings, Maintenance Manuals, and Equipment Operational 

Instructions/Demonstrations. Provide each record documentation in a bound or filed format with 

prominent identification on the cover, ready for continued use and reference.  

 The record documents must contain the following identification as a minimum: 

T731-2.1 Operating Instructions and Maintenance Manuals. 

1. Provide separate manuals for each unit of equipment, each operating system, 

and each electric and electronic system. 

2. Organize operating and maintenance data into suitable sets of manageable size. 

Bind properly indexed data in individual heavy- duty 2-inch, 3-ring vinyl-covered binders, with 

pocket folders for folded sheet information. Mark appropriate identification on front and spine of 

each binder. 

3. Submit three (3) copies of each completed manual on equipment and systems, 

in final form, to the Engineer. 

4. Operating instructions and maintenance manuals for each piece of equipment, 

for each cabinet’s operating systems, and each electric or electronic system, must include the 

following at a minimum: 

a. Equipment or system function 

b. Operating characteristics 

c. Limiting conditions  

d. Performance curves 

e. Engineering data and tests 

f. Complete nomenclature and number of replacement parts 

g. Copies of warranties 

h. Copies of inspection and test reports  

i. Wiring diagrams 

j. Recommended "turn around" cycles 

k. Inspection procedures 

l. Shop Drawings and Product Data 

m. Fixture lamping schedule 

n. Inspection and test reports 

5. Provide manufacturer’s information for each component of an equipment or 

system including: 

a. Printed operating and maintenance instructions 

b. Assembly drawings and diagrams required for maintenance 

c. Parts manuals 

d. List of items recommended to be stocked as spare parts 

6. Provide information detailing essential maintenance procedures, including: 

a. Routine operations 

b. Trouble-shooting guide 
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c. Disassembly, repair, and reassembly 

d. Alignment, adjusting and checking 

7. Provide information on equipment and system operating procedures, including: 

a. Start-up procedures 

b. Equipment or system break-in 

c. Routine and normal operating instructions 

d. Regulation and control procedures 

e. Instructions on stopping 

f. Shut-down and emergency instructions 

g. Summer and winter operating instructions 

h. Required sequences for electric or electronic systems 

i. Special operating instructions 

8. Servicing Schedule: Provide a schedule of routine servicing and lubrication 

requirements, including a list of required lubricants for equipment with moving parts. 

9. Controls: Provide a description of the sequence of operation and as-installed 

control diagrams by the control manufacturer for systems requiring controls. 

10. Coordination Drawings:  Provide each Contractor's coordination drawings. 

Provide as-installed color-coded piping diagrams, where required for identification. 

11. Valve Tags: Provide charts of valve tag numbers, with the location and 

function of each valve. 

12. Circuit Directories: For electric and electronic systems, provide complete 

circuit directors of panelboards, including the following: 

a. Electric service.  

b. Controls. 

c. Communication. 

T731-2.1.1 Record Drawings. 

1. Maintain a set of documents that indicates the actual installation and/or 

location where the installation and/or location varies substantially from the Work as originally 

shown due to Addenda, Alternates, Change Orders, Field Orders, etc. Make note of concealed 

elements that would be difficult to measure and record at a later date. 

2. Note related Change Order numbers where applicable. 

3. Review the completed Project Record Drawings and ascertain that all 

data furnished on the prints is accurate and truly represents the Work as actually installed. 

4. Submit the record drawing prints, including those changed and 

unchanged, to the Engineer for compliance review. 

5. Make all necessary changes to the record drawings based on the 

Engineer’s review. 

T731-3 As-Built Documents. 

 Provide As-Built Plans prior to issuing Final Acceptance of each toll facility in 

accordance with the Chapter 5.12 Final As-Built Plans Process of the Construction Project 

Administration Manual (TOPIC No. 700-000-000). 

 As-Built Plans must document changes to contract plans and include the following at a 

minimum: 

1. Changes to site layout such as barrier, sidewalks, equipment foundations, dry 

wells, maintenance pull-off areas, limits of gravel, and driveways. 

2. Actual routing and elevations of underground conduit and duct.  
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3. Actual locations and elevations of pull boxes and manholes. 

4. Actual locations of components, grounding electrodes, and inspection wells. 

5. Actual locations and sizes of electrical equipment, devices, and boxes.  

6. Actual locations, sizes and routing of raceways, conductors, and cabling. 

7. Any panelboard changes and circuit number changes including approved 

combining of circuits and any changes in the home run outlet boxes. 

T731-4 Manufacturer and Supplier Warranties. 

 All manufacturer and equipment supplier warranties shall commence on the Date of Final 

Acceptance of the total Contract. 

 Written warranties made to the Department are in addition to implied warranties, and 

shall not limit duties, obligations, rights, and remedies otherwise available under the law, nor 

shall warranty periods be interpreted as limitations on time in which the Department can enforce 

such other duties, obligations, rights, or remedies. 

 The initiation of warranty for Security, AC, Communication, and Standby Power Systems 

will commence only when these systems are functioning properly and accepted in writing by the 

Department. 

 Complete all repairs or replacements resulting from a breach of warranty promptly. 

 Submit written warranties to the Department prior to the Date of Final Acceptance. If the 

Department designates a commencement date for warranties other than the Date of Final 

Acceptance, or a designated portion of the Work, submit written warranties on the Department's 

request. 

 Submit properly executed warranties from the supplier or manufacturer, or a combination 

thereof. 

T731-5 Final Cleaning. 

 Immediately prior to Final Acceptance, clean each surface or unit of Work to normal 

"clean" condition expected for a first-class cleaning and maintenance program. Comply with 

manufacturer's written instructions for cleaning operations. Cleaning includes but is not limited 

to the following: 

1.  Remove labels which are not required as permanent labels, including all gum and 

glue residue. 

2.  Clean exposed exterior and interior hard-surface finishes, to a dirt-free condition, 

free of dust, stains, films, and similar noticeable distracting substances. Except as otherwise 

indicated, avoid disturbance of natural weathering of exterior surfaces. Restore reflective 

surfaces to original reflective condition. Buff out scratches and marks on exposed metal surfaces. 

3.  Wipe surfaces of mechanical and electrical equipment clean; remove excess 

lubrication and other substances. 

4.  Remove noticeable paint marks and construction stains in concrete slabs and 

sidewalks. 

5.  Clean light fixtures and lamps to function at full efficiency. Replace any damaged 

lens. 

 Clean each toll site in accordance with Section 4-6 and the following: 

6.  Remove litter and foreign substances which includes removal of stains, 

petrochemical spills, and other foreign deposits. 

7.  Sweep paved areas to a broom-clean condition. 

8.  Rake grounds that are neither planted nor paved, to a smooth, even-textured surface, 

breaking up or removing clumps of material. 
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9. Clean exposed exterior of cabinets and wire troughs, to a dirt-free condition, free of 

dust, stains, and films. 

T731-6 Toll Site Acceptance.  

 Toll site acceptance procedures include the following: 

1.  Verification of pre-substantial completion 

2.  Toll Site Interim Acceptance 

3.  Toll Site Final Acceptance 

 Contractor access is prohibited into the toll site after Toll Site Interim Acceptance except 

as required for Final Acceptance procedures. 

T731-6.1 Verification of Pre-Substantial Completion. 

  Use the checklists included in this TSP to document the completion of all toll site 

items. The Engineer will verify that all items on the appropriate checklists are completed, and all 

outstanding items are corrected and recorded as complete on the checklist. The checklists for 

Roadside Tolling Cabinet (RTC) sites is titled “Toll Site Acceptance Checklist – Type 3 (RTC 

with Non-Accessible Gantry Sites)”. Additional checklists 731-6-1 through 731-6-5 for 

operational walk-through are also included here. 

A copy of the checklists may be obtained from the Engineer at the pre-construction conference.  

T731-6.2 Toll Site Interim Acceptance. 

  Toll Site Interim Acceptance procedures includes the following: 

1. Primary Walk-through(s) 

2. Operational Testing Walk-through(s) 

3. Equipment Demonstrations for Maintenance Personnel 

  Complete the following prior to the Primary Walk-through: 

1. Verify that all items on the appropriate checklists identified in T731-6. are 

completed and all outstanding items are corrected and recorded as complete on the checklist. 

2. The roadway pavement surface course and permanent striping in its final 

alignment for the toll loop pavement area (100 feet of pavement centered on the gantry) are 

installed and accepted by the Department and, the approach and departure roadway is available 

for the Toll Equipment Contractor’s (TEC’s) use: 

a. 3500 feet of roadway at each mainline tolling gantry (2000 feet of 

approach and 1500 feet of departure). 

b. 2500 feet of roadway at each ramp tolling gantry (1500 feet of approach 

and 1000 feet of departure) or as length of ramp permits for the TEC testing activities’ posted 

speed. 

3. Complete sodding per the roadway component plans around each toll site. 

4. Provide at least two portable toilets at each toll site for the exclusive use of the 

FTE and the TEC personnel, during toll equipment installation, commissioning, and testing. 

T731-6.2.1 Primary Walk-through is conducted by the Engineer and the FTE 

Tolls personnel in conjunction with the Contractor’s representative to ensure that the toll site has 

been constructed in compliance with the contract documents and that all elements of the toll site 

meet the needs of the Department and TEC. 

   Primary Walk-through shall be repeated until all the requirements as 

delineated in the contract documents for the toll site have been completed by the Contractor and 

verified by FTE Tolls. 



Page 6 of 13 

T731-6.2.2 Operational Testing Walk-through is conducted by the Engineer 

and the FTE Tolls personnel in conjunction with the Contractor’s representative demonstrating 

successful operational tests and performance verification.  

   Before the Operational Tests begin, the facility must be clean and all 

unused materials and equipment must have been removed.   After successful completion of the 

operational tests, the toll facility and equipment will be locked and secured by the Department. 

   Provide all labor, materials, equipment and services necessary to perform 

operational tests and performance verification testing for system acceptance. 

   The contractor will perform the operational tests and a Department 

representative will observe the process. 

1. Stand Alone Tests: Test stand-alone functions of all electrical devices.  If any 

unit fails to pass the stand-alone test, correct the unit or replace another unit instead and then 

repeat the test. 

2. System Acceptance: occurs after all electrical devices have been installed, 

individually commissioned and Stand Alone Tests have been completed. 

a. The systems and equipment will be functionally tested with all the 

systems and equipment running simultaneously to verify that the normal operation of any one 

system or piece of equipment does not interfere or aggravate any other system or equipment.  

3. An important component of this process is providing the Department with the 

operation manuals, service manuals, parts manuals, spare parts, keys, system settings, software 

on discs, and warranty documents for each piece of equipment provided in accordance with the 

contract documents. 

4. A report that shows all systems are functioning properly and the normal 

operation of any one system or piece of equipment does not interfere or aggravate any other 

system or equipment will be provided to the Department.  The checklists below will be used as 

the report. 

a. If the system or component being tested does not function properly or 

interferes or aggravates any other system or equipment, then the system will receive a “Fail” 

grade.  Repair or adjust and retest any systems that Fail the operational test.    

b. If the system fails the operational test three times, then remove the 

system or components and replace with a different system or components.   Retest the 

replacement system or components to ensure it is satisfactory 

5. Ensure the following systems are energized and operating normally with no 

alarms: 

a. Electrical power distribution system 

b. Emergency Power Off Station 

c. Backup generator and fuel tank - ready to operate 

d. Automatic transfer switch 

e. UPS  

f. Cabinet AC systems 

g. Lighting 

h. SCADA system 

i. Outdoor Communication Cabinet 

j. Fiber Optic Communications System 

k. Access Control System 
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Checklist 731-6-1 Lighting  Pass or Fail 

1. Operate the light switches/toggle switches in each area to 

verify that the lights are controlled in accordance with the 

plans.  

2. Operate the outdoor lights and site lighting.  Cover the 

outdoor photocell and observe the outdoor lights as they 

illuminate.  Uncover the outdoor photocell and observe the 

outdoor lights turn off.  

3. Confirm that cabinet lighting is activated by door 
open/close.  

 

 

Checklist 731-6-2 RTC Access Control System Commissioning 
Procedure 

Pass or Fail 

1. Verify the door key(s) for the toll equipment building are 

available and are on site.     

2. Open the circuit breaker(s) in the panelboard that will serve 

the future access control system.  Verify the panelboard 

directory card description is accurate.   Leave the breaker 

open.  

3. Inspect the cabinet doors latching hardware.  Verify each 

device is present and installed.   

4. Demonstrate the operation of the electric door lock by 

applying 24 VDC to the door lock conductors inside the SPA 

Series Access Control System.   

a.  When 24 VDC is applied to the door lock conductors, the 

electric lock will unlock and allow the door to be opened 

from the unsecure side.  The door lock will remain 

unlocked until the 24 VDC is removed.    

b.  After 24 VDC is removed, verify that the door cannot be 

opened from the unsecure side.    Verify the conductors 

are labeled as Door lock +, and Door Lock -       

5. Use an Ohm Meter to measure the continuity of the request 

to exit switch contacts in the Bosch #DS-160-PIR-RX.   

When the sensor detects the presence of a person on the 

secure side of the door, the request to exit contacts should be 

closed and the Ohm Meter should measure less that 0.1 

Ohm.   When the sensor does not detect a person near the 

door, the request to exit contacts should be open and the 

Ohm Meter should measure greater than 1 Mega Ohm.  

6. 
With the access-controlled door closed, open the door from 
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Checklist 731-6-2 RTC Access Control System Commissioning 
Procedure 

Pass or Fail 

the outside (unsecured side) by using the key to unlock it.    

Verify the key will lock and unlock the door.    

7. Review the construction plans and verify that each access 

control raceway and junction box are present.  

8. Turn over the door keys to the Department representative.  

 

Checklist 731-6-3 A/C System Lead/Lag Operational Test Pass or Fail 

1. Check the setting of the thermostat and verify it is set for 75 

degrees Fahrenheit.   Reprogram thermostat if necessary.  

2. Measure the dry bulb temperature and relative humidity in 

the toll equipment building near the center of the room for 1 

hour.  Ensure the temperature is maintained between 73 

degrees and 78 degrees and the relative humidity remains less 

than 50%.  

3. Verify that only one A/C unit is running and that one A/C 

unit running with the 1st stage compressor running will cool 

the toll equipment building to 75 degrees and less than 50% 

relative humidity.  
 

4. Open the circuit breaker that serves the A/C unit that is 

running.  This is the “Lead” unit.  Verify the panelboard 

directory card description is accurate and agrees with the 

Name Plate Label affixed to the unit.         

5. Monitor the other A/C unit (the Lag unit) and verify it starts 

and begins to cool the room within 60 seconds.  

6. Close the circuit breaker that serves the A/C unit in step 1 

above.  Verify the unit is re-energized.  

7. Repeat steps 4, 5, and 6 for the other A/C unit.  

8. Measure and record the full load Amperage of each A/C unit 

when operating with the compressor at 1st stage cooling level.  

Also measure and record the full load Amperage of each A/C 

unit when operating at 2nd stage cooling.    

Verify the full load Amperage when operating in 2nd stage 

cooling is at least 10% greater than when operating in 1st 

stage cooling.   

Amps 1st ____ 

 

Amps 1st ____ 

 

Amps 2nd ____ 

 

Amps 2nd ____ 

9. Turn over the operator manuals and parts manuals to the FTE 

representative.  
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Checklist 731-6-4 UPS Operational Test Pass or Fail 

1. Ensure the UPS unit is operating normally with no active 

alarms and the external UPS Bypass Switch in the NOT 

BYPASSED mode.    Also ensure the clean power panel is 

energized by the output from the UPS. 

 

2. Review the configuration settings that are programmed into 

the UPS.  Verify the settings agree with those provided by 

FTE during equipment start-up.  

 

3. The Department representative will change the default UPS 

password.  

 

3. The FTE representative will telephone Sunwatch and verify:  

a) The UPS network interface card is communicating and 

operating satisfactorily.  

b) The on-site Department provided Network switch is 

communicating and operating satisfactorily.      

 

a) 

 

b) 

4. Locate the circuit breaker(s) that serve the UPS and the 

external UPS Bypass switch.   Ensure the panelboard 

directory card description is accurate and it agrees with the 

Name Plate Label affixed to the UPS unit.        

 

5. Place the UPS in the Internal Bypass mode.   Verify the 

following: 

a)  The LCD display on the UPS indicates the Bypass Mode.  

b)  Ensure Sunwatch received the “UPS Internal Bypass” 

alarm? 

c)  Ensure the Department’s Network Switch did not re-boot 

due to loss of power.   

 

a) 

b) 

c) 

6. Place the UPS On-Line (not in Internal Bypass). Verify the 

following: 

a)  The LCD display on the UPS indicates the Normal Mode.  

b)  Ensure Sunwatch received the “UPS No Longer In 

Internal Bypass” alarm? 

c)  Ensure the Department Network Switch did not lose 

power or re-boot due to a power disruption.   

 

a) 

b) 

 

c) 

7. Place the UPS external maintenance bypass switch in the 

“UPS Bypassed” position.    Ensure the Department network 

Switch did not lose power or re-boot.  

 

8. Place the UPS external maintenance bypass switch in the 

“UPS” position.     Ensure the Department network Switch 

did not lose power or re-boot due to a power disruption. 
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Checklist 731-6-4 UPS Operational Test Pass or Fail 

9. Open the circuit breaker that serves the UPS.   Verify the 

following: 

a)  The LCD display on the UPS indicates the reserve battery 

mode and displays the number of reserve minutes 

remaining.  

b)  Ensure Sunwatch received the “UPS On Battery” alarm. 

c)  Ensure the Department Network Switch did not lose 

power or re-boot due to a power disturbance.   

 

a) 

 

b) 

c) 

10. Close the circuit breaker that serves the UPS.   Verify the 

following: 

a)  The LCD display on the UPS indicates the normal mode.  

b)  Verify Sunwatch received the “UPS Normal” alarm. 

c)  Ensure the Department Network Switch did not lose 

power or re-boot due to a power disturbance.   

 

a) 

b) 

c) 

11. Turn over the operator manuals, parts manuals, system 

passwords, and warranty documentation to the Department 

representative. 

 

 

Checklist 731-6-5 RTC Engine Generator with Base Tank and 
Automatic Transfer Switch Pass or Fail 

1. Open the circuit breaker(s) that serves the engine generator 

block heater and the battery charger.  Verify these items are 

de-energized.   Verify the panelboard directory card 

description is accurate.   Close the circuit breaker(s) that 

serves the block heater and battery charger.  

 

2. Review the configuration settings that are programmed into 

the generator control panel.  Verify the settings agree with 

those provided by Department during equipment start-up. 

 

3. The Department representative will change the default 

generator controller password. 

 

 

4. Review the configuration settings that are programmed into 

the Automatic Transfer Switch control panel.  Verify the 

settings agree with those provided by Department during 

equipment start-up. 

 

5. The Department representative will change the default 

Automatic Transfer Switch control panel password. 
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Checklist 731-6-5 RTC Engine Generator with Base Tank and 
Automatic Transfer Switch Pass or Fail 

6. Verify the generator controller start/stop switch is in the 

AUTO REMOTE position.     Open the ATS main circuit 

breaker to simulate a utility power outage.   Record the 

elapsed time between the power outage and power being 

restored by the generator set & ATS.  The maximum 

acceptable elapsed time is 10 seconds to restore power. 

 

__________ 

Seconds 

7. The Department representative will telephone Sunwatch and 

verify the “Toll Site on Backup Power” alarm is active. 

 

8. While the toll site is being powered from the generator set, 

verify each UPS is on line, providing power, and the UPSs 

have no active alarms showing on the operator interface.    

 

9. Close the ATS main circuit breaker to simulate a return of 

utility power.   Record the elapsed time between the power 

restoration and the ATS operating to restore normal utility 

power.  The maximum acceptable elapsed time for the ATS to 

switch back to Utility power is 15 minutes. 

 

__________ 

Minutes 

10. Test and observe the High level, Low level, and Leak alarms.  

11. Use the SCADA control panel operator interface to view the 

level in the fuel tank.  The SCADA system should indicate 

that the fuel level is between 90% and 95% full.     

 

12. Turn over the generator and ATS operator manuals, parts 

manuals, service manuals, and warranty documents to the 

Department representative. 
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   Complete all items on the Operational Testing Walk-through punch lists.  

Touch-up and otherwise repair and restore marred exposed finishes on the interior of the 

building. Complete all touch-up painting in the interior. Touch-up and otherwise repair and 

restore marred exposed finishes on outdoor equipment. 

   Correct deficiencies identified by the Department. 

   Upon successful completion of the Operational Testing Walk-Through, 

make final change-over of permanent locks and transmit keys to the Engineer. 

T731-6.2.1 Equipment Demonstrations for Maintenance Personnel. 

 Provide a competent and experienced person (or persons) thoroughly familiar with the 

Work to demonstrate to, and instruct the Department's personnel in operation, adjustment and 

maintenance of products, equipment and systems. This instruction shall include normal start-up, 

run, stop, and emergency operations, location and operation of all controls, alarms and alarm 

systems, etc. The instruction shall include tracing the system in the field and on the diagrams in 

the instruction booklets so that the Department's operating personnel will be thoroughly familiar 

with both the system and the data supplied.  Provide instruction at mutually agreed upon times. 

 Use operation and maintenance manuals for each piece of equipment or system as the 

basis of instruction. Review contents in detail to explain all aspects of operation and 

maintenance. For equipment that requires seasonal operation, provide similar instruction during 

other seasons. 

 If installers and/or Contractor's personnel are not experienced in operational procedures, 

provide instruction by manufacturer's representatives. Include a detailed review of the following: 

(Items listed are examples only and not all inclusive) 

1. Maintenance manuals 

2. Record documents 

3. Spare parts and materials 

4. Tools 

5. Lubricants 

6. Fuels 

7. Identification systems 

8. Control sequences 

9. Hazards 

10. Cleaning 

11. Warranties and bonds 

12. Maintenance agreements and similar continuing commitments. 

 As part of instruction for operating equipment, demonstrate the following procedures: 

(Items listed are examples only and not all inclusive) 

1. Start-up 

2. Shut down 

3. Emergency operations 

4. Noise and vibration adjustments 

5. Safety procedures 

6. Economy and efficiency adjustments 

7. Effective energy utilization 

Contractor access is prohibited into the tolling site after the TEC has started installation of the 

tolling equipment. 
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T731-7 Prerequisites for Toll Site Final Acceptance 

 Review maintenance and operations in relation with applicable warranties, agreements to 

maintain, bonds, and similar continuing commitments. 

 Obtain concurrence from Engineer that the following items have been completed: 

  1. All additional spare parts as specified in the Contract Documents have been 

provided to the Department 

  2. All special tools for items such as louver vanes, adjustable dampers, 

thermostats, allen-head locking devices, as specified in the Contract have been provided to the 

Department 

  3. Record documentation has been provided to the Department in accordance 

Section T731-2 

  4. As-Built documentation for the toll facility has been provided to the 

Department in accordance Section T731-3 

  5. Manufacturer and supplier warranties have been provided to the Department in 

accordance Section T731-4 

 

T731-8 Toll Site Final Acceptance 

 Toll site Final Acceptance must be scheduled after the TEC commissioning has been 

completed. Toll site Final Acceptance includes completion of the following items: 

1. Remove temporary facilities from the site, including portable toilets, 

construction tools, equipment, and any debris. 

2. Inspect the toll site in the presence of Engineer and obtain concurrence from 

Engineer. 

T731-9 Method of Measurement 

 The work specified in this Section will not be measured separately, but will be included 

in the pay item for the Outdoor Communication Cabinet. 

T731-10 Basis of Payment 

 The work specified in this Section will not be paid for directly but will be considered as 

incidental work. 

 



TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

A GANTRY and ASSOCIATED MOUNTING INFRASTRUCTURE

1 Toll gantry upright and truss with cable tray 

supports have been installed per contract 

documents (CDs).

2 W-members have been installed per CDs.

3 All gantry member connections have been 

installed per the approved shop drawings.

4 Horizontal support pipes (quantity/size) and 

hardware (pipe saddle plates, u-bolts, nuts, 

washers, and bolts) have been installed per CDs.

5 Toll equipment J-arms, quantity, sizes, and 

tolerances have been provided and installed per 

CDs.

6 Contractor has provided spare horizontal support 

pipes and mounting hardware per CDs.  

Contractor has provided spare J-arms and 

mounting hardware per CDs.

7 Toll equipment J-arm mounting hardware (pipe 

saddles, mounting plates, u-bolts, nuts, washers, 

and bolts) have been provided and installed per 

CDs and shop drawings. 

8 Measure the vertical clearance from the bottom 

of each J-arm to the final roadway surface 

directly below.  Document any J-arms mounted 

beyond the 13"+/- distance from the nominal 

position and when the bottom of the J-arm is not 

18'-6" above the final pavement directly below.  

The Contractor must submit a remediation plan 

for review by the Department for any 

deficiencies.

9 Verify the lightning protection system has been 

installed per CDs.  Measure and confirm 

resistance to ground is within specification 

requirements.

 TOLL SITE ACCEPTANCE CHECKLIST

TYPE 3 (RTC NON-ACCESSIBLE GANTRY SITES)

Document and report any deficiencies immediately.

Begin note with:

(Not Started, Work In Progress, or Completed)

(ALL Items must be completed, without deficiencies, and field verified prior to Department acceptance)

1 of 8



TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

10 Inspect and verify all infrastructure provided and 

installed by the Contractor is free from rust 

and/or corrosion.

11 Verify any Contractor provided and installed 

hardware does not have any signs of galling or 

damage.

B GANTRY ELECTRICAL, WIRE TROUGHS, and E6 READER MOUNTING FRAME

1 Fittings, couplings, bushings, and reducers at 

conduit ends have been installed per CDs.

2 Strut channels have been installed per CDs.  Strut 

channel ends are installed with PVC caps rated 

for outdoor use by the strut channel 

manufacturer.

3 Rigid conduit and sweeps have been properly 

installed and secured to the gantry upright.

4 Ground mounted power, data, and E6 wire 

troughs have been installed per CDs.

5 E6 Reader ground-mounted frame with 

supporting E6 conduit strut channel supports 

have been installed per CDs.

6 Rigid conduit has been installed and properly 

spaced on the strut channel frames per the CDs.  

All conduit has been installed with pull ropes and 

correct associated labels.

7 Rigid conduit terminations in each cable tray 

have been properly connected, grounded, and 

sealed.

8 Equipment cable trays have been securely 

mounted to the w-members and terminated per 

the CDs.

9 Gantry upright cable trays have been securely 

mounted to the gantry upright per the CDs.

10 Longitudinal cable trays with dividers for data, E6 

readers, and power are supported per the CDs.  

Cable trays have been properly connected and 

grounded with manufacturer approved mounting 

hardware.

11 Cable tray waterfall fittings have been properly 

installed per CDs.

2 of 8



TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

12 When vertical junction boxes (pencil pull boxes) 

are shown in the CDs, verify the metallic conduit 

entering and leaving each vertical junction box 

(pencil pull box) have been installed and secured 

to:

- Gantry upright and supports

- Pencil pull boxes

13 Conduit runs from upright to roadside and/or 

median pull box per CDs have been properly 

installed, secured, and sealed.

14 E6 Reader frame has been installed per CDs and 

includes:

- Galvanized strut channel

- Strut channel mounting hardware

- Ground bar with mounting hardware

- Grounding conductor bonded to counterpoise

15 Each E6 Reader's infrastructure (fiberglass 

enclosure and mounting plate) has been properly 

installed and grounded.

C GANTRY TO OUTDOOR COMMUNICATIONS CABINET (OCC) CONDUIT CONNECTIONS

1 Verify the gantry wire trough connectivity per 

CDs:

- Data wire trough's CCTV conduits to OCC 

Working Space

- Each conduit is terminated with a bushing and 

grounded within the wire trough 

2 Conduit stub-ups are precisely aligned, spaced, 

and arranged within the OCC "Working Space". 

3 All conduit have been installed with pull ropes 

and correct associated labels.
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TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

D GANTRY TO ROADSIDE TOLLING CABINET (RTC) CONDUIT CONNECTIONS

1 Verify the gantry wire trough connectivity per 

CDs:

- E6 Reader conduit to the RTC Working Space, 

and future RTC pull box

- Data conduit to the RTC Working Space and 

future RTC pull box

- Power conduit to the RTC Working Space, and 

future RTC pull box

- Each conduit is terminated with a bushing 

within the associated wire trough 

2 When vertical junction boxes (pencil pull boxes) 

are shown in the CDs, verify the pencil pull box 

connectivity to the RTC:

- E6 Reader conduit to the RTC Working Space, 

and future RTC pull box via the data pull boxes

- Data conduit to the RTC Working Space and 

future RTC pull box via the data pull boxes

- Power conduit to the RTC Working Space, and 

future RTC pull box via the power pull boxes

3 All conduit have been installed with pull ropes 

and correct associated labels.

4 Conduit stub-ups are precisely aligned, spaced, 

and arranged within the RTC Working Space per 

CDs. 
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TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

E  TOLL LOOP INFRASTRUCTURE

1 Toll loop pavement (FC-12.5) and final striping 

have been installed per CDs.

2 Toll loop conduit stub-ups with pull ropes have 

been installed and sealed per CDs.

3 Field verify each conduit is free and clear of 

debris or foreign material.

4 Toll header curb has been installed per CDs.

5 Toll loop pull boxes have been installed per CDs.

6 Verify the 3” interconnect conduits with pull 

ropes between the toll loop pull boxes have been 

installed per CDs.

7 Verify conduit home runs with pull ropes from 

the toll loop pull boxes to the Roadside Tolling 

Cabinet (RTC) and future RTC pull box have been 

installed per CDs.

8 Applies to concrete pavement ONLY:

Field verify each loop conduit with pull rope has 

been sealed, routed, and stubbed up to the 

location specified in CDs.

9 Field verify the cable distances for furthest toll 

equipment as per CDs.
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TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

F SITE ELECTRICAL: 

1 Utility power (pad mounted transformer) has 

been installed, tested and certified by the CEI and 

service provider.  Document physical address. 

2 Stand-by power generator with base fuel tank 

has been installed, grounded, tested, and 

certified per CDs.

- Generator control panel

- Generator circuit breaker

- Generator batteries

- Jacket water heater

- SCADA interconnects

3 Ground wells have been installed, tested and 

certified per CDs.

4 Verify each metal wire trough, power distribution 

frame(s) (PDFs), and engine generator with base 

fuel tank are connected to their associated 

ground wells.

5 Field verify the fuel tank is 90% full.  The 

contractor must provide a transmittal to the CEI 

certifying the sulfur content of the diesel fuel, the 

Cetane number, and the type and amount of 

biocide added to the fuel.

6 Power Distribution Frame (PDF) has been 

installed per CDs.

- Meter

- Electrical Distribution Panel (EDP)

- Transfer Switch

- SCADA with power meters

- Lighting

- Fire extinguisher with cabinet
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TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

G

1 OCC has been installed, mounted, and grounded 

per the CDs.

Cabinet must include:

- (2) cabinet mounted air conditioning units (ACs)

- AC units lead lag controller

- Sun shields

- Slide out shelf

- Lighting

- UPS devices with network interface cards

- SCADA with temperature and humidity sensor

- ITS fiber distribution panel

- Telco (as applicable)

- CCTV (Gantry)

- Convenience receptacle

- Stand-by power from generator

- Door contacts

- Leak detector

2 Conduit between the OCC and RTCs have been 

installed within the Working Spaces / pull box.

- Clean power

- SCADA

- ITS FOC

- Telco

- CCTV (Gantry)

- Clean power

- Stand-by power

- Coiled CAT 5Es conductors inside OCC for future 

connections to RTC(s)

3 Conduit stub-ups are precisely aligned, spaced, 

and arranged within the OCC and RTC Working 

Spaces per CDs. 

4 UPS units have been installed, tested, and 

certified.  A network interface card must be 

installed for external SCADA communication.  

Field verify the UPS alarms have been received at 

SunWatch located next to Turkey Lake 

Headquarters.

5 Access Control/Security System raceway have 

been installed and terminated at the proper 

cabinet position and location.

OUTDOOR COMMUNICATIONS CABINET (OCC)
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TOLL SITE NAME: Date: ___ / ___ /20__

CEI Inspector Name(s):

FTE Inspector Name(s): FPID:  XXXXXX-X/X

DIRECTION (XB): MP:                     Station:                                            

Item Inspection Item Item Tolls Field Observations and Issues Noted

ID Completed Accepted

YES / NO YES / NO

Begin note with:

(Not Started, Work In Progress, or Completed)

H OCC AC SYSTEM

1 New exterior AC units have been installed, 

tested, and certified with an operational control 

system including the lead lag controller per the 

CDs.

2 Field test both AC units can operate in both lead 

and lag operations per CDs.  Verify lead lag 

controller has been programmed per the CDs.

3 Condensate dry wells and piping has been 

installed and tested per CDs.

I OCC FIBER OPTIC COMMUNICATIONS INFRASTUCTURE and DEVICES

1 Fiber distribution panel and fiber optic cable 

connection from the backbone-to-OCC have been 

installed, tested, and certified per CDs.

2 Connection from the backbone-to-OCC has been 

installed per CDs:

- Fiber optic manhole splices per CDs.

- Pull boxes

- Conduit, including empty spares

- Termination in the patch panel has been 

completed

- Tone wire, (not installed in Tolls' spare conduit)

- Warning tape

- Standard route markers have been installed per 

Standard Specification 630

- Each FOC lateral has a minimum of (1) one 

standard route marker at the midpoint and (1) 

one at each turn (3 minimum)

J RFIs and Shop Drawings

1 All RFIs have been answered and accepted.

2 All shop drawings have been submitted, 

accepted, and closed out.

3 All CEI submittals as per CDs have been received 

and accepted.

P DATE OF TOLL SITE DEPARTMENT ACCEPTANCE

1 Document date of acceptance.

8 of 8



TECHNICAL SPECIAL PROVISION 

 

 
FOR 

 

 

_________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This item has been digitally signed and sealed by _________________________ on the date 

adjacent to the seal.  Printed copies of this document are not considered signed and sealed and 

the signature must be verified on any electronic copies. 

 

 

 

Date:      ___________________________ 

Fla. License No.:   ___________________________ 

Firm Name:    ___________________________ 

Firm Address:    ___________________________ 

City, State, Zip Code:   ___________________________ 

  

ALARCOC
Text Box

ALARCOC
Text Box
10/13/2025

ALARCOC
Text Box

ALARCOC
Text Box
71730

ALARCOC
Text Box
Jacobs Engineering Group, Inc.

ALARCOC
Text Box
200 S. Orange Avenue, Suite 900

ALARCOC
Text Box
Orlando, FL 32801

ALARCOC
Text Box
Ernest E. Sackey

ALARCOC
Text Box
T35A-CABLE TRAYS FOR GANTRIES

ALARCOC
Line

ALARCOC
Line



SECTION T735A CABLE TRAYS FOR GANTRIES 
 

T735A-1 Description. 

 Furnish all labor, materials, services, testing, and equipment necessary to provide and 

install cable trays including cable trays and accessories for use on toll gantries.  

T735A-2 Materials. 

 Furnish materials from a company specializing in manufacturing the products specified in 

this section with minimum three years of experience, and with service facilities within 100 miles 

of Project. 

T735A-2.1. Cable Tray Requirements for Gantries 

 Provide manufacturer's standard clamps, hangers, brackets, splice plates, expansion 

joints, reducer plates, blind ends, barrier strips, connectors, conduit to tray adaptors, ladder drop-

out fittings, and grounding straps for all gantry cable trays. 

T735A-2.1.1. Longitudinal Ladder Style Cable Trays 

1. Loading depth: 4” NEMA VE 1 with 5” total rail height.   

2. The aluminum cable tray side rails will be manufactured from aluminum alloy 

extrusions that meet the material specifications of the Aluminum Association 

Alloy #6063-T6.  

3. Ensure the cable tray system is designed to safely support a uniformly 

distributed load of 100 pounds per foot with 6-foot support spans.  When 

loaded at 100 pounds per foot, the maximum deflection of the cable tray shall 

not exceed ½ inch at any point. 

4. The UL cross sectional area of each side rail shall be 1 square inches minimum.  

5. Finish: Aluminum, non-painted. 

6. Inside width: 

a. Accessible Gantries:  24” for Data; 6” for Power. 

b. Non-Accessible Gantries:  See Plans. 

7. Cable tray dividers: 

a. Accessible Gantries: The DATA cable tray must be equipped with a center 

divider to separate the future tolling data cables from the E6 coaxial cables.  

b. Non-Accessible Gantries: The cable tray must be equipped with two 

dividers to separate the future tolling data cables, E6 coaxial cables, and power cables.  

8. Straight Section Rung Spacing:  6 inches on center.   

T735A-2.1.2. Transverse & Equipment Ventilated Channel Style Cable Tray 

1. Loading depth: 1-3/4” height. 

2. The aluminum cable tray will be manufactured from aluminum alloy that meets 

the material specifications of the Aluminum Association Alloy #6063-T6.  

3. Ensure the cable tray system is designed to safely support a uniformly 

distributed load of 30 pounds per foot with 6-foot support spans. 

4. The UL cross sectional area of each side rail shall be 0.4 square inches 

minimum.  

5. Finish: Aluminum, non-painted. 

6. Inside width:  4”. 



T735A-2.2. Warning Signs for Cable Trays 

 Provide engraved nameplates for cable trays in accordance with the following: 

1. 1/2-inch black letters on yellow laminated plastic nameplate 

2. Engrave cable tray nameplates with the following wording: 

WARNING!  DO NOT USE CABLE TRAY AS WALKWAY, LADDER, OR SUPPORT.  USE 

ONLY AS MECHANICAL SUPPORT FOR CABLES AND TUBING! 

T735A-3 Shop Drawings and Submittals 

1. Product Data:  Provide data for fittings and accessories. 

2. Shop Drawings:  Indicate tray type, metal type, rung spacing, loading depth in 

accordance with NEMA VE 1, dimensions, support types, support points, accessories, and 

finishes. 

3. Provide documentation of Manufacturer's Instructions as follows: 

a. Indicate application conditions and limitations of use stipulated by Product testing 

agency specified under Regulatory Requirements.   

b. Include instructions for storage, handling, protection, examination, preparation, and 

installation of Product. 

T735A-4 Construction Requirements. 

 Verify that field measurements are as indicated on shop drawings, instructed by 

manufacturer. 

 Install metallic cable tray in accordance with NEMA VE 1. Provide supports at each 

connection point, at the end of each run, at other points to maintain spacing between supports of 

8 ft maximum, and as required by the manufacturer. Use expansion connectors where required 

where joints are crossed. 

 Ground and bond cable tray. Provide electrical continuity between all tray components. 

For ladder type cable tray: Install a 10 AWG copper equipment grounding conductor from the 

service entrance ground bus to the cable tray. Use Cu/Al rated mechanical lugs at the end of the 

grounding conductor to bond it to the cable tray. For ladder type cable tray at outdoor gantries: 

Bond the cable tray and each metal conduit with grounding bushings and a #10 AWG, minimum 

bare copper equipment grounding conductor. Bond all metallic conduits terminating at the tray 

by using bonding type bushings. Install to create a continuous, low-resistance, electrical ground 

return path in accordance with the requirements of the NEC. 

 Use anti-oxidant compound to prepare aluminum contact surfaces before assembly. 

Electrical connections to the cable tray shall be made with Cu/Al rated lugs. Carefully coordinate 

the cable tray installation with other trades to avoid interferences and maintain proper NEC 

clearances.  

 Install the cable tray at plan locations and heights and as required by field connections. 

Cable tray wire shall not be spliced at the tray or inside the tray. Cable tray installed outside will 

utilize screw on covers to protect the cables from the elements.  

T735A-5 Basis of Payment. 

 The work specified in this Section will not be paid for directly but will be considered as 

incidental work. 
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SECTION T740 
GENERAL REQUIREMENTS FOR TOLL FACILITIES’  

ELECTRICAL INFRASTRUCTURE AT RTC TOLL SITES 

T740-1 Common Work Results for Electrical 
T740-1.1 Description 

  This section includes general electrical requirements specifically applicable to toll 
site infrastructure. 

T740-1.2 Materials 
1. All electrical equipment and materials used on this project shall be fully rated 

and new (not used or reconditioned). Electrical equipment and machinery shall be of the most 
current designs and models. 

2. Unless otherwise noted, all material shall be listed / labeled by UL or another 
National Recognized Testing Laboratory (NRTL) approved by the United States Department of 
Labor, Occupational Safety and Health Administration (OSHA) under the requirements of 
29CFR1910.7. 

3. Where multiple items of the same equipment or materials are required, furnish 
and install products of the same Manufacturer. 

4. Material and equipment shall be provided complete and shall function up to the 
specified capacity or function.  Should any material or equipment, as a part or as a whole, fail to 
meet the performance requirements, the material or equipment shall be replaced or repaired to 
bring the performance up to the specified requirements. Damages to the finish or the paint by 
such replacements, alterations, or repairs shall be restored to prior conditions, at no additional 
cost to the Department. 

5. Where tamperproof screws are specified or required, Phillips head or Allen 
head screws are not acceptable as tamperproof.   For each size or type used, provide the 
Department with three tools.   If existing tamper proof equipment exists on the job site, the screw 
heads shall match the existing.  

T740-1.2.1 Standards: Systems, equipment, materials, and accessories that are 
assembled or installed in a toll equipment building (TEB) shall comply with the following: 

1. Florida Building Code, Current Edition in effect. 
2. Florida Fire Prevention Code and the publications as referenced in 

NFPA 1 – Uniform Fire Code (the Current Edition in effect) and NFPA 101 – Life Safety Code 
(the Current Edition in effect).  

T740-1.3 Submittals and Shop Drawings 
1. Submit specific shop drawings which indicate the fabrication, assembly, 

installation, and erection of systems’ components.  Drawings that are part of the Plans shall not 
be considered a substitute for required shop drawings. 

2. The Plans describe specific sizes for the electrical systems’ basis of design.  
These sizes are based on specific items of power consuming equipment (lights, motors for fans, 
etc.). Coordinate the requirements of each load with each load's actual nameplate data and 
manufacturer's published electrical criteria.  

3. Coordinate with the approved shop drawings from all required disciplines and 
verify final electrical characteristics before roughing in the power feeds to any equipment.  When 
electrical data on approved shop drawings differs from that shown or called for in the Plans, 
make adjustments to the wiring, disconnects, and branch circuit protection to match the installed 
equipment’s requirements. 



 

Page 3 of 10 

4. Submit a detailed site conduit drawing at a scale of 1” = 20’ prior to the start of 
Work. Prepare a separate set of drawings for each toll site and show the site-specific name in the 
title block.  Show routing of each conduit from origin to termination point. Coordinate the exact 
location of conduit stub-ups within the available working spaces. 

5. Provide the following: 
a. Show locations of conduits, racking, junction boxes, panelboards, safety 

switches, receptacles, light switches, control panels, UPS units, bypass switches, and surge 
protection devices,. 

b. Submit detailed conduit routing drawings at a scale of 1/4” = 1’ for the 
enlarged site plan prior to the start of Work. Prepare a separate set of drawings for each toll site 
and show the site-specific name in the title block. Show conduit stub-ups under the OCC Cabinet 
and RTC Cabinets. Show routing of each conduit from origin to termination point. Coordinate 
the exact location of conduit stub-ups with the available working spaces. 

c. Submit an arc flash hazard analysis, in accordance with the latest 
version of the Standard for Electrical Safety in the Workplace, NFPA 70E. An arc flash hazard 
analysis determines the arc flash protection boundary and the personal protection equipment 
(PPE) that people within the arc flash boundary must use. Field install arc flash and shock 
warning labels on each piece of new electrical distribution equipment such as panelboards, safety 
switches, motor control centers, and automatic transfer switches. The labels must indicate the 
flash hazard boundary, the flash hazard at 18 inches, the PPE level requirements, and the 
approach restrictions. 

T740-1.3.1 As-Built Documents: 
In the As-Built documents, show all components including but not limited to: 

1. Raceways 3/4" and above, cable tray systems, including dimensions 
from fixed lines such as slab edges 

2. Site underground raceways and duct banks  
3. Pull boxes and manholes including elevations   
4. Lighting 
5. Junction boxes 6”x6” and larger must be shown in exact location 
6. Any combining of circuits (which is only allowed by specific 

permission) or change in homerun outlet box must be indicated 
7. Circuit number changes 
8. Conductors and cables, cable sizes, raceway sizes, etc. 
9. Panelboard changes, including load changes 
10. Location of lighting control devices such as photocell controls, 

switches, etc. 
11. Wireway and cable tray systems 
12. Exact location of driven grounding electrodes  
13. Locations of grounding and lightning protection ground loops  
14. SCADA system control panels and associated electrical devices, 

connections, and power supplies as depicted on the toll facility plans 
15. Riser diagrams exactly as installed 
16. Panelboards, equipment racks, disconnects, and switches and surge-

protective devices 
17. Update the toll facility plan notes to match with items actually 

furnished, actual installation methods, etc. 

ALARCOC
Text Box
and manual transfer switches
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T740-1.4 Warranty 
1. The warranty will cover the materials and workmanship required to complete 

the project.  The warranty shall be provided by the Contractor to the Department and shall 
include labor and materials for a minimum period of one year from date of Final Acceptance of 
the total Contract unless extended by the Contractor’s proposal.   

2. Where extended warranties or guarantees are called for herein, furnish three 
copies to be inserted in the Operation and Maintenance Manuals. 

3. All preventative maintenance and normal service will be performed by the 
Department’s maintenance personnel after Final Acceptance. This shall not alter the Contractor's 
one year warranty or the manufacturer’s warranty of the installed equipment. 

T740-1.5 Construction Requirements 
T740-1.5.1 General: 

1. Wiring arrangements for equipment shown on the drawings are 
intended to be diagrammatic and do not show all required conductors and functional connections.  
Provide all items to form a complete and operating system. 

2. Electrical distribution systems for toll facilities must be selectively 
coordinated systems. The protective features of the electrical distribution system will 
automatically and selectively isolate a faulted or overloaded circuit from the remainder of the 
electrical system. Only the closest protective device to the fault will operate to isolate the fault 
without affecting other parts of the system. 

3. Obtain all new physical addresses that may be required for the initiation 
of new electric and/or communication services and pay any required costs and fees.  Coordinate 
and verify power company service requirements prior to material procurement and installation of 
service equipment. 

4. Occupied buildings must remain in operation while the new work is 
being performed.  Schedule work for a minimum outage to the Department.  Reroute existing 
conduit and wiring in areas under construction such that the building systems remain active and 
useable for the building occupants.  Notify the Engineer and facility manager 48 hours before 
any shut-down of existing systems. 

5. Coordinate with the Contractor for construction phasing.  Renovation 
projects require the existing electrical systems to remain operational while the renovation work 
takes place.   

6. Verify that the physical dimensions of the equipment will allow for 
proper installation in the space allotted on the drawings and with NEC working clearances. 

7. Verify finish dimensions at the project site in preference to using 
dimensions noted on the Plans. 

8. Electrical equipment shall be protected from the weather during 
shipment, storage, and construction per the manufacturer's recommendations.  Should any 
equipment be subjected to damage by water, it shall be replaced without additional cost to the 
Department. 

9. Inspect all electrical equipment and materials prior to installation.  
Damaged equipment and materials shall not be installed or placed in service.  Replace or repair 
the damaged equipment (in compliance with industry standards) at no additional cost to the 
Department.  Any equipment and/or testing required for the repairs shall be provided by the 
Contractor. 
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T740-1.5.2 Supervision of the Work: 
1. A qualified and experienced electrical superintendent shall be in charge 

of the work in progress at all times.  If, in the judgment of the Department’s representative, the 
electrical superintendent is not performing duties satisfactorily, the General Contractor shall 
immediately replace him upon receipt of a letter of request from the Department.  Once a 
satisfactory electrical superintendent has been assigned to the work, he shall not be withdrawn by 
the Electrical Contractor without the written consent from the Department.  

2. Provide field superintendent(s) who have a minimum of four years 
previous successful experience on projects of comparable sizes and complexity.  Superintendent 
shall be present at all times that work under this Division is being installed or affected.   

T740-1.5.3 Coordination: 
 Provide the labor and materials required to electrically connect all the items and 
equipment served by the power distribution systems in the toll facilities and tolling gantries that 
are identified in the contract documents. Include all required coordination and supervision where 
work connects to or is affected by the work of others. 

T740-1.5.4 Provision for Openings: Perform the following for all toll equipment 
buildings depicted on the Toll Facility Plans. 

1. Locate openings required for work.  Provide sleeves, guards or other 
approved methods to allow passage of items installed. 

2. Coordinate with roofing Contractor on installation of electrical items 
which penetrate the roof or are mounted on the roof. Roof penetrations shall be installed so as to 
not void the roof warranty. 

3. Where work pierces any waterproofing, it shall maintain the integrity of 
the waterproofing.   Coordinate the work which pierces the waterproof barrier with the General 
Contractor. 

4. Coordinate with Fabricated Structures Manufacturer on installation of 
electrical items which penetrate the Toll Equipment Building floor, walls and ceiling. 

5. Field verify all conduits installation penetrating the foundation to ensure 
that conduit layout is completed prior to the foundation pour. 

T740-1.5.5 Concrete Pads: Furnish and install reinforced concrete pads for 
transformers.  Unless otherwise noted, pads shall be four (4) inches high and shall exceed the 
dimensions of the equipment being set on them, including future sections, by six (6) inches on 
each side.  The concrete pads will be reinforced with 6x6-W1.4xW1.4 welded wire mesh. Trowel 
all surfaces smooth.   

T740-1.5.6 Cutting and Patching: 
1. Provide cutting and patching necessary for the installation of electrical 

infrastructure. 
2. Materials impacted by cutting and patching must be refinished to match 

specified finish. 
3. Schedule work to avoid as much cutting and patching as practical. 

T740-1.5.7 Trenching and Backfilling: 
1. Place backfill at new grades to match adjacent undisturbed surface. 
2.  See Section 120 for trenching, backfilling, and compaction 

requirements. 
3. Comply with OSHA Standard 29 C.F.R.s. 1926. 650 Subpart P for 

trench excavation. 
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T740-1.5.8 Delivery, Handling, Protection of Materials, and Storage: 
1. Ship, deliver, and store products in the manufacturer’s protective 

packing to prevent damage. 
2. Handle equipment carefully to prevent damage to components, 

breakage and denting or scoring of surfaces and finishes. 
3. Store all equipment and products in clean, dry spaces.  Protect all 

equipment from dirt, fumes, water, chemicals, construction debris and physical damage.  Any 
equipment exposed directly to moisture will not be acceptable and shall be replaced. 

4. Replace damaged products and equipment.  Repair and repaint marred 
and damaged finishes to original factory finish as directed by manufacturer and as specified. 

5. Keep all conduits and other openings protected against entry of foreign 
matter. 

T740-1.5.9 Installation: Install / use in accordance with any instructions included 
in the listing or labeling. Furnish and install supports and anchorage of electrical equipment.   

T740-1.5.10 Waste Materials Disposal: Comply fully with Florida Statute 
403.7186 regarding mercury containing devices and lamps.  Lamps, ballasts and other materials 
shall be transported and disposed of in accordance with all DEP and EPA guidelines applicable 
at time of disposal.   

T740-2 Shop Drawings Processes 
T740-2.1 Description. 

T740-2.1.1 Shop drawing submittals - Include: 
List the project title and the contractor information on the first sheet of each shop drawing. 
Include the site-specific name of the building or site, the subcontractors, engineers, contact 
names, and telephone numbers. 

1. Submit a shop drawing that includes specification sheets, catalog sheets, 
schematics, manuals, etc. for each separately numbered specification section in the Index of the 
Technical Special Provisions (TSP).  If the project will not use any products from a TSP section, 
then submit the shop drawing with a note indicating “No products or materials from this TSP 
section will be installed on this project.”   

2. The following shop drawing sections must be compatible and operate 
together as a system when depicted on the Toll Facility plans: 

a. Dual AC Control System and Sequence of Operation 
b. Ductless Split System Air Conditioners 

sites only 

ALARCOC
Text Box
c. Supervisory Control and Data Acquisition
d. Panelboards
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4. Submittal product data shall be presented in a clear and thorough 
manner. Clearly mark each sheet to identify pertinent products or models applicable to this 
project. Indicate all optional equipment and delete or cross out non-pertinent data. Markings 
shall be made with arrows, circles or underlining. Highlighting is not acceptable. 

5. Partial shop drawings for a TSP specification section are not acceptable 
and will not be reviewed. Ensure each shop drawing submittal is complete and includes all the 
products, materials, manuals, etc. specified in the particular TSP section.  

6. Drawings, riser diagrams, wiring diagrams, and schematic diagrams 
shall include identification of the project name, and the specific site name when multiple sites are 
included in the same project.  

7. Product Data: Technical product data is required for all items as called 
for in the specifications regardless if item furnished is as specified. 

a. Submit technical data verifying that the item submitted complies 
with the requirements of the specifications.  Technical data shall include manufacturer’s name 
and model number, dimensions, weights, electrical characteristics, and clearances required.  
Indicate all optional equipment and changes from the standard item as called for in the 
specifications.  Furnish drawings, or diagrams, dimensioned and in correct scale, covering 
equipment, showing arrangement of components and overall coordination. 

b. In order to facilitate review of product data, they shall be clearly 
annotated, indicating by cross reference the contract drawings, note, and/or specification 
paragraph numbers where and/or what item(s) are used for and where item(s) occur in the 
contract documents.  Identify product data as to the item and/or location (i.e. “surge suppression 
switchboard MDP”). 

c. See specific sections of the specifications for further 
requirements. 

d. Re-Submit any technical data or shop drawing rejected by the 
Engineer of Record or the Department. 

T740-3 Substitutions 
T740-3.1 Description. 

 General, administrative and procedural requirements for substitutions of products 
specified in the toll site electrical, communications, and safety and security infrastructure TSP 
sections including toll equipment building TSP subsections where applicable.  

T740-3.1.1 Definitions. 
 Substitutions:  Products, materials, equipment, finishes, and methods of construction are 
considered substitutions if they meet any one of the following conditions: 

1. Is not the specified manufacturer and/or model. 
2. Accomplishes the same result as the specified product / basis of design 

product but requires more space and / or power. 
3. Requires changes in other elements of the work such as (but not limited 

to) architectural, mechanical, structural, or other electrical work. 
4. Affects the project schedule or cost. 

T740-3.1.2 Permitted Substitute Equipment or Products (with “or equal”) 
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 Substitutions are permitted for manufactured items or equipment identified by part 
numbers or catalog numbers items specifically identified with the tag “or equal”. Substitutions 
must conform to the following: 

1. Substituted item is equal or superior to specified product in all aspects. 
2. Substitutions will be provided at no additional cost to the Department. 
3. Warranties for the substitution must be equal to or greater than the 

warranties specified. 
4. Submit shop drawings and applicable calculations for the substituted 

item and all system and layout impacts, to the Engineer of Record for review. The shop drawings 
and applicable calculations must be signed and sealed by the Specialty Engineer or the 
Contractor’s Engineer of Record. Submit in accordance with the requirements of 5-1.4.1 through 
5-1.4.3, as appropriate. 

5. Provide substituted item, equipment, product etc. and all changes to 
product, design, layout including the effort required to develop shop drawings and calculations at 
no additional cost to the Department. 

6. Warranties for the substitution must be equal to or better than the 
warranties specified. 

7. Substitutions must have the same space/layout profile and must not 
require changes to other design systems and / or their functionality. When the substituted item 
does not meet this criterion, the substitution will need to conform to the additional requirements 
below. 

T740-3.1.3 Permitted Substitute Equipment or Products (without “or equal”) 
   Substitutes proposed for an item, equipment, product, etc. that has not 
been identified with a tag “or equal” must at a minimum conform to the following additional 
criteria: 

1. Substituted item must be equal or superior to specified product in all 
aspects. 

2. Provide analysis of systems and layouts that may be affected by the 
substitution. Provide shop drawings, manufacturer’s catalog cuts and operating instructions, 
calculations to demonstrate that the toll site and all associated systems continue to function at or 
a better level compared to the basis of design. 
   If a new request for substitution is submitted for an item that impacts 
previously approved requests for submission for any reason, the Department will require that the 
new and/or previously approved requests / documentation be re-submitted. 
 

T740-3.2 Request for Substitution  
T740-3.2.1 Representation:  In submitting a substitute item, equipment, product, 

etc. that has not been listed on contract drawings, in contract documents or in an addendum, 
verify / perform the following: 

1. Substituted item is equal or superior to specified product in all aspects. 
2. Coordinate installation of accepted substitution into work, making 

changes as may be required to complete work in all aspects. 
3. Waive all Claims for additional costs related to substitution which may 

subsequently become apparent. 
4. Provide the same warranties for the substitution as for the product 

specified. 
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5. Absorb all costs incurred by the substitution when affecting other trades 
including but not limited to electrical, mechanical, structural, architectural, civil, etc. 

6. Absorb any cost incurred by the Engineer in review of the substituted 
product if the acceptance of the substituted item creates the need for system modification and/or 
redesign, or if the substituting contractor exhibits negligence in his substituting procedure thus 
submitting inferior, misapplied or mis-sized equipment.  In the event of additional engineering 
costs the billing structure shall be agreed upon prior to review by all involved parties. 

7. Absorb any costs related to impacts to the project schedule or cost as a 
result of the use of the substituted item. 

T740-3.2.2 Submittals: Submit separate requests for substitutions for each 
individual product, material, equipment, etc. that is defined as a substitution. 
 The submittal must consist of a dated written request for substitution as required below.  
The request must be very specific as to what specified item the request for substitution is 
submitted for. 
 Include the following in each request for substitution submittal: 

1. Name of product, material, equipment, process etc. to be substituted. 
2. Drawings, product data, calculations signed and sealed by a 

professional engineer licensed in the State of Florida, performance data and/or other information 
necessary for the Engineer to determine that the equipment meets all specifications and 
requirements. 

3. Compliance statement.  Each request for substitution shall include the 
following compliance statement typed on letterhead of submitting company: 

a. Submittal complies with all aspects/requirements of contract 
documents:  (Yes/No)  If No, state deviances. 

b. Submittal complies with all applicable codes:  (Yes/No)  If No, 
state deviances. 

c. Submittal does not require change to any other element of the 
work:  (Yes/No)  If No, state required change. 

d. Meets or exceeds the performance of specified product:  
(Yes/No)  If No, state required change. 

e. Affects project schedule: (Yes/No)  If Yes, quantify impact. 
T740-3.3 Consideration and Acceptance 

T740-3.3.1 The Engineer’s decision on acceptance or rejection of substitutions 
will be final. 

T740-3.3.2 Substitutions will be considered on basis of design, concept of work, 
and overall conformance with information given in Contract Documents, including but not 
limited to: 

1. Design criteria, which shall be equal or superior to the specified item. 
2. Finishes, which shall be identical or superior to finishes of specified 

product. 
3. Lenses or louvers, which shall be identical size, thickness and type 

material specified. 
4. Physical size and dimension which are identical or within design 

criteria limitations. 
5. Photometric data, which shall be identical or superior in quantity and 

quality. 
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6. Trim detail, electrical, and mechanical qualities, shall be identical or 
within design criteria limitations as determined by the Engineer. 

T740-3.3.3 Approval of a substituted item or listing a substituted item as an 
approved substitution does not modify or act as a waiver in any way, of the requirements of the 
contract documents.  

T740-4 Method of Measurement 
 The work specified in this section will not be measured separately and will be included in 
the pay items for the

T740-5 Basis of Payment. 
 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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SECTION T741A 
LOW VOLTAGE ELECTRICAL POWER CONDUCTORS  

AND CABLES FOR RTC SITES 

T741A-1 Description 
 Furnish and install electrical power conductors (wire), cable, wiring connectors, and 
connections, as shown in the Plans. 

T741A-2 Coordination 
 Schedule and arrange electrical work in a neat, well-organized manner without 
interference with the work scheduling of other trades. 

1. Coordinate Work with other trades. 

2. Where wire and cable destination is indicated and routing is not shown, determine 
exact routing and lengths required. 

3. Determine required separation between cable and other work. 

4. Determine cable routing to avoid interference with other work. 

T741A-3 Materials. 

T741A-3.1 Toll Site Project Conditions 

Conductor sizes on the Plans are based on copper. 

Electrical power conductors 10 AWG and smaller may be spliced in order to 
construct longer circuits.  Electrical power conductors 8 AWG and larger may not be spliced. 

The current carrying capacity of electrical power conductors shall be determined 
using the tables in NEC Article 310.   Calculating the current carrying capacity of conductors by 
assuming a lower ambient temperature than the one shown in the header of the Ampacity table(s) 
in Article 310 is not permissible, unless the lower ambient temperature is written and described 
in the Contract Documents. 

Aluminum wiring is not permitted. 

Ensure all sizes are given in American Wire Gauge (AWG) or in thousand circular 
mils (kcmil). 

Conductors shall be marked with color codes as described in this Section.  

T741A-3.2 Conductors 

Install THHN/THWN insulated copper conductors rated for 600 Volts, with PVC 
insulation, and a nylon thermoplastic outer jacket. Ensure the solid or stranded conductors are 
made of annealed copper and rated for 90°C in dry locations, and 75°C for wet or below grade 
locations. Ensure the conductors are UL 83 Listed and are suitable for use in residential, 
commercial, and industrial environments. All systems and low voltage conductors shall be 
stranded conductors. 

Install XHHW or XHHW-2 insulated copper conductors rated 600 Volts, with XLPE 
insulation to protect the conductor against high temperatures and wet locations. Ensure the solid 
or stranded conductors are made of annealed copper and rated for 90°C in dry locations, and 
75°C for wet or below grade locations. Ensure the conductors are UL 44 Listed and are suitable 
for use in residential, commercial, and industrial environments. 
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Type TC Multiconductor Power and Control Tray Cable. 

a. The individual conductors shall be stranded copper with XHHW-2 
insulation. 

b. The overall cable jacket will consist of a flame retardant, moisture resistant, 
and sunlight resistant PVC covering. 

c. The cable shall be listed for installation indoors, outdoors, in cable trays, 
raceways, and for direct burial in the ground. 

d. Type TC cable may be installed as open wiring in lengths not to exceed 
fifty feet between the cable tray and the device or equipment served.  Open wiring shall be 
secured and supported at intervals less than six feet. 

e. Type TC Cables with three individual conductors sized between 12 AWG 
and 10 AWG shall be constructed with a green colored grounding conductor, a white neutral 
conductor, and a black phase conductor. 

f. Type TC Cables with four individual conductors sized between 12 AWG 
and 10 AWG shall be constructed with a green colored grounding conductor, a white neutral 
conductor, a black phase conductor, and a red phase conductor. 

T741A-3.3 Wiring Connectors  

Install fully insulated mechanical connectors, UL 486B Listed, and rated for 600 
Volts maximum for 8 AWG and larger conductors in dry locations. 

Install PVC insulated spring pressure cable connectors (wire nuts), UL 486C Listed, 
and rated 600 Volts maximum for 10 AWG and smaller conductors in dry locations. 

Electrical conductor splices and/or taps below grade level are not acceptable for non-
emergencies. For emergency conductor repairs below grade, install wrap-around UF splice kits 
with splice closure sleeves filled with sealing gel that entirely encapsulates the mechanical 
connector to seal out moisture. The underground splice kit shall be qualified to ANSI C119.1 for 
underground splicing and shall be rated for use on 600 Volt connections. 

Communications cables, coaxial cables, and Ethernet cables shall be installed in 
continuous lengths and shall not be spliced in the field. 

T741A-4 Submittals 
 Meet the requirements of Sections 5 for any required submittals. Provide submittals to the 
Engineer for review by the Department in accordance with Section 5 and the Contract 
Documents. 

Submit data sheets and catalog sheets describing each type of conductor, connector, 
splicing material, and terminal lug that will be installed on the project.  

Include descriptive names for the conductors that indicate the system or equipment 
they serve. i.e. “generator feeders”, “service entrance conductors”. 

T741A-5 Qualifications 
 Manufacturer must specialize in manufacturing products specified in this Section with 
minimum five years’ experience. 
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T741A-6 Construction Requirements 

T741A-6.1 Examination 
  Examine the Contract Documents and the site of the proposed work carefully 
before starting work. 

Verify that interior of any cabinets are protected from weather. 

Verify that mechanical work likely to damage wire and cable has been completed. 

Verify that raceway installation is complete and supported. 

Before installing raceways and pulling wire to any mechanical equipment, verify 
electrical characteristics with final approved submittal for equipment to assure proper number 
and size of the conductors.  (As for multiple speed motors, different motor starter arrangements, 
etc.). 

T741A-6.2 Preparation 
  Completely and thoroughly swab raceway before installing wire. 

T741A-6.3 General 

Install products in accordance with manufacturer's instructions. 

Route wire and cable as required to meet the Project Conditions. 

Install cable in accordance with the NECA "Standard of Installation". 

Use solid conductor wire for feeders and branch circuits 10 AWG and smaller and use 
stranded conductors for #8 AWG and larger. Bonding grounding conductor can be solid copper. 
All systems and low voltage conductors shall be stranded conductors. 

Use conductors 12 AWG or larger for power and lighting circuits. 

Increase branch conductor sizes as required to maintain a branch circuit voltage drop 
of less than 3% to the load served when the branch circuit is operating at full rated load.  

Ensure all 120V, 20A circuit homeruns over 50ft. are #10 cu. minimum unless noted 
otherwise. 

Ensure all 120V, 20A circuit homeruns over 150ft. are #8 cu. minimum, unless noted 
otherwise. 

Pull all conductors into the raceway at the same time. Do not exceed the 
manufacturer’s recommended pulling tensions. 

a. Do not pull wire until the conduit system is complete from pull point to pull 
point and major equipment terminating conduits have been fixed in position. 

b. Ensure the minimum bending radius of insulated wires or cables is not less 
than the minimum recommended by the manufacturer or the NEC. 

c. Where coaxial or fiber optic conductors are installed, special requirements 
apply as outlined under that specific system detail specifications. 

Use suitable wire pulling lubricant for wire.  Ensure compound or lubricant does not 
cause the conductor or insulation to deteriorate. 

Neatly train and lace wiring inside boxes, equipment, and panel boards. 

Ensure conductor sizes indicated on circuit homeruns or in schedules are installed 
over the entire length of the circuit unless noted otherwise on the drawings or in these 
specifications. 



 

Page 5 of 6 

T741A-6.4 Vertical Risers 
  Provide vertical cable riser supports that are spaced per NEC 300. 

T741A-6.5 Control and Signal Circuits 
1. For control and signal circuits above 50 VAC, conductors shall be #14 

AWG minimum size, THWN/THHN. 
2. For control and signal circuits 50 VAC and below, conductors, at the 

Contractor’s option, may be #16 AWG, 300 volt rated, PVC insulated, except where specifically 
noted otherwise in the contract documents. 

3. All control and signal circuit conductors shall be stranded copper 
conductors. 

T741A-6.6 Taps/Splices/Connectors/Terminations 
1. Clean conductor surfaces before installing lugs and connectors. 
2. Make splices, taps, and terminations to carry full ampacity of 

conductors with no perceptible temperature rise. 
3. Conductors shall be continuous and unspliced where located within 

conduit.  Splices shall occur within troughs, wire ways, junction boxes, outlet boxes, or 
equipment enclosures where sufficient additional room is provided for all splices.  No splices 
shall be made in in-ground pull boxes (without written approval of engineer). 

4. Allow adequate conductor lengths in all junction boxes, pull boxes and 
terminal cabinets.  All termination of conductors in which conductor is in tension will be rejected 
and shall be replaced with conductors of adequate length.  This requirement shall include the 
providing by the Contractor of sleeve type vertical cable supports in vertical raceway 
installations provided in pull boxes at proper vertical spacing. 

5. A calibrated torque wrench shall be used for all bolt tightening. 
6. Clean conductor surfaces with a wire brush before installing lugs and 

connectors. 
7. Make splices, taps, and terminations to carry full ampacity of 

conductors with no perceptible temperature rise. 

T741A-6.7 Field Quality Control 
1. Perform inspections and tests listed in the NETA ATS, Section 7.3 
2. Perform an Insulation Resistance test – documenting the results using 

the Conductor Insulation Resistance template on all power system conductors larger than 10 
AWG.   Turn over written test results to the CEI within 48 hours of completing the test.   Turn 
over written test results to the CEI within 48 hours of completing the test. A copy of the 
Conductor Insulation Resistance template may be obtained from the Engineer at the pre-
construction conference 

T741A-7 Color Coding 

All feeders and branch circuits No. 6 and smaller shall be wired with color-coded 
wire with the same color used for the system throughout the toll site. Feeders above No. 6 shall 
either be fully color-coded or shall have black insulation and be similarly color-coded with tape 
or paint in all junction boxes and panels.  Tape or paint shall completely cover the full length of 
conductor insulation within the box or panel. 

Unless otherwise approved, or to match the existing, the color-codes must be as 
follows:  
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T741A-7.1 Utility

 120/240 Volt, 1 phase, 3 wire 

a. Line 1 = black 
b. Line 2 = red 
c. Neutral = white 
d. Equip Ground = green 

T741A-7.2 UPS Power / Clean Power 

120/240 Volt, 1 phase, 3 wire 

a. Line 1 = black   
b. Line 2 = red  
c. Neutral = white with yellow stripe 
d. Equip ground = green with yellow stripe 

T741A-8 Method of Measurement 
 The quantity to be paid for will be the plan quantity of each conductor and cable, in feet, 
completed and accepted. Measurement will be based on the overall length of each conductor 
between pull boxes, equipment, equipment cabinets, and terminal devices.  Add 10 feet of slack 
for each pull point and terminal device. 
 Do not include length of conductors or cables on the toll gantry; they are incidental to the 
gantry. 
 Do not include length of conductors or cables inside toll site cabinets; they are incidental 
to those items. 

T741A-9 Basis of Payment 
 Prices and payments will be full compensation for all work specified in this Section, 
including all materials, equipment and tests.  
 Payment will be made under: 
 Item No. 639-7-114 Electrical Power Service, Toll Facility 
  Conductors and Cables, No. 10 And Smaller     LF 
 Item No. 639-7-115 Electrical Power Service, Toll Facility 
  Conductors and Cables, No. 8 to No. 6     LF 
 Item No. 639-7-116 Electrical Power Service, Toll Facility 
  Conductors and Cables, No. 4 to No. 2     LF 
 Item No. 639-7-117 Electrical Power Service, Toll Facility 
  Conductors and Cables, No. 1 to No. 1/0     LF 
 Item No. 639-7-118 Electrical Power Service, Toll Facility 
  Conductors and Cables, No. 2/0 to No. 3/0     LF 
 Item No. 639-7-121 Electrical Power Service, Toll Facility 
  Conductors and Cables, 350KCMIL to 400 KCMIL    LF 
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SECTION T741B 
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

AT RTC TOLL SITES 

 

T741B-1 Description 
 Furnish and install Grounding and Bonding for Electrical Systems at RTC Toll Sites in 
accordance with the details shown in in the Plans. Furnish all labor, materials, services, testing, 
and equipment necessary to provide and install Grounding and Bonding for Electrical Systems at 
each toll site including the following elements: 

1. Grounding electrodes and grounding electrode conductors. 
2. Inspection wells. 
3. Equipment grounding conductors. 

T741B-2 Materials. 
T741B-1.1. Grounding System Description 

1. Bond together the following items to form the grounding system for the power 
distribution system. 

Concrete-encased electrode consisting of 20 feet of  #4 AWG copper 
minimum size, bare copper conductor

A continuous and un-spliced main bonding jumper shall connect the 
equipment ground bar and the metal service entrance disconnect enclosure to the neutral bus bar. 

Rod electrodes – Copper clad steel rods, 5/8-inch diameter, and UL Listed.  
A minimum of two rods are required for each electrical service. 

 Couplings or connectors used to join multiple ground rods together shall be 
of the threaded type. 

f. The lightning protection system ground ring in accordance with NFPA 780. 
T741B-1.2. Rod Electrodes 

1. Material:  Copper-clad steel, sectional with threaded couplings 

2. Diameter:  5/8 inch  

3. Length: 20 feet total length 

T741B-1.3. Exothermic Connections 
   Use exothermic welding to bond the grounding electrode conductors to the 
ground rods.  

T741B-1.4. Grounding Conductors 

1. Material:  Stranded or solid copper  

2. Grounding Electrode Conductor:  Sized to meet NFPA 70 requirements. 

T741B-1.5. Grounding Inspection Wells 

1. Within non-paved areas, install non-traffic rated ground rod access wells that 
are manufactured from 20,000 PSI high density polymer concrete and meet ASTM C-857 
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specifications with a minimum size of 12” x 12” x 12”.  Install a high-density polymer concrete 
cover for each access well.  

2. Install traffic rated ground access wells in paved areas and on roads or 
shoulders.  The access wells shall be traffic rated H-20 with 10 inch diameter cast iron top and 
cast iron cover, with 12 inch minimum cast iron riser.  

T741B-1.6. Performance Requirements 

1. Grounding Rod Resistance: Use the fall of potential three-point method and test 
each ground rod individually before connecting it to the system. Ensure the maximum resistance 
to ground (earth) does not exceed 25 Ohms. If a ground rod measures greater than 25 Ohms to 
ground then a second ground rod should be installed nearby, but not closer than the depth of the 
1st rod, and then bond the two rods together with a direct buried conductor. Turn over the test 
reports to the Engineer within 1 week of performing the test. 

2. The resistance to ground should be consistent between the ground rods. Any 
rod that measures more than 20% different than the surrounding rods should be investigated.  

3. After bonding all the power system grounding components together, use the 
“Clamp on Method” to measure the resistance to ground of the completed system. Ensure the 
maximum resistance to ground (earth) does not exceed 5 Ohms.    Drive additional ground rods if 
necessary to meet the requirements. Promptly turn over the test reports to the Engineer. 

T741B-2 Submittals 
1. Product Data:  Submit data sheets for all grounding electrodes, clamps, bonding 

straps, ground bars, exothermic welding products, and inspection wells.  
2. Submit a site specific One-Line Grounding Plan that indicates all grounding 

electrode conductor connection points and grounding conductor sizes at the service disconnect, 
automatic transfer switch (ATS), back-up generator, and the uninterruptable power supply (UPS) 
when depicted on the Toll Facility component plans.  

3. Show the locations of the grounding system inspection wells on the Electrical Site 
Plan. Inspection wells in paved areas will be “traffic rated” H-20.  

T741B-3 Qualifications 
1. Manufacturer:  Company specializing in manufacturing the Products specified in 

this section with minimum three years of experience. 

T741B-4 Construction Requirements 
T741B-4.1. Examination 

1. Verify existing conditions prior to beginning the work. 

2. Verify that final backfill and compaction has been completed before driving 
rod electrodes. 

T741B-4.2. Installation 

1. Install rod electrodes at locations indicated on the plans.  The service entrance 
ground rod electrodes shall consist of two 20 ft driven rods spaced 20 feet apart or more. 

2. Provide a grounding inspection well at each driven rod location in the power 
distribution system (not for lightning protection system). The top of the inspection well will be 
flush with the finished grade. 
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3. A main bonding jumper shall connect the neutral bus to the ground bus at the 
first service disconnect. 

4. The main grounding electrode conductor shall be installed in one continuous 
length and shall not be spliced or broken at any point until it terminates at the neutral bus within 
the first service disconnecting means. 

5. Provide bonding to meet NFPA 70 and Regulatory Requirements (i.e., metal 
duct work, metal piping, gas piping etc.). 

6. Bond together metal siding not attached to a grounded structure and bond to 
ground. 

7. Equipment Grounding Conductor:  Provide a separate, green, insulated 
conductor within each feeder and branch circuit raceway.  Terminate each end on a suitable lug, 
bus, or bushing.   

T741B-4.3. Field Quality Control 
   Measure the continuity of each grounding electrode conductor after it is 
installed and prior to connecting it to the system. The maximum acceptable continuity resistance 
is 0.02 Ohms.  

T741B-5 Method of Measurement 
 The work specified in this section will not be measured separately and will be included in 
the pay items for the Toll Gantry, OCC, Panelboards and Generator at RTC Sites for the 
associated grounding and bonding each pay item’s electrical system. 

T741B-6 Basis of Payment 
 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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SECTION T741C 
HANGERS AND SUPPORTS FOR  

ELECTRICAL SYSTEMS AT RTC SITES 

T741C-1 Description. 
Furnish of all labor, materials, services, testing, and equipment necessary to provide and install 
hangers and supports for electrical systems at each toll site including the following: 

1. Hardware for the support of conduit, tubing, and cable 
2. Wireway supports and wire trough supports 
3. Anchors and fasteners 

T741C-2 Materials. 

1. Materials and Finishes:  Provide products with adequate corrosion resistance based on the 
environment where the products are installed. All steel products must be hot-dipped galvanized 
except for stainless steel products. 

2. Provide materials, sizes, and types of anchors, fasteners and supports to carry the loads of 
the supported equipment and the conduit.  Consider the weight of the wires in the conduit when 
selecting products. 

T741C-2.1. Regulatory Requirements 

1. Conform to requirements of NFPA 70, the National Electrical Code. 
2. Furnish products listed and classified by Underwriters Laboratories, Inc. and 

acceptable to the Department as suitable for purpose specified and shown. 
3.  ASTM A123 - Specifications for Zinc Coatings on Iron and Steel products. 

T741C-2.2. Anchors and Fasteners: 

1. Concrete surfaces and structural elements:  Use expansion anchors, preset 
inserts, and self-drilling anchors. 

2. Steel Structural Elements:  Use beam clamps that will not damage the 
protective zinc coating of galvanized steel. 

T741C-2.3. Steel Strut Channel 

1. The cross-sectional width dimension of the steel strut channel (channel) must 
be a minimum of 1-1/2”.  The depth will be as required to satisfy the load requirements.  Channel 
with 1-1/2” depth or greater must be rolled from 12-gauge steel. 

2. Attachment holes, when required, must be factory punched on hole centers 
equal to the channel cross sectional width dimension and must be a maximum of 9/16” diameter. 

ALARCOC
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3. Sheet Metal: Use galvanized sheet metal screws.
4. Wood Elements: Use galvanized wood screws.
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3. Channel attachment nuts must be designed to pre-locate in the strut channel and 
provide a bearing surface on the turned down lips while making positive contact with the side 
walls of the channel. 

4. Steel channel sections must be rolled from AISI C1018 commercial grade steel 
and be in conformance with ASTM A569. 

5. Stainless steel channel sections must be available in either 304 or 316 stainless 
steel. 

6. Steel channel used for modular metal framing and conduit supports must be in 
compliance with the Federal Specification W-C-582 and Federal Specification WW-H-171. 

7. Install steel strut channel in straight sections only and do not be bent in the 
field. 

8. Install hot dipped galvanized after fabrication channel or stainless steel channel 
for exterior applications.   Install painted steel or hot dipped galvanized channel for indoor 
applications.    Steel channel that is hot dipped galvanized after fabrication must have a 
minimum Zinc thickness of 1.5 ounces per square foot on each surface according to ASTM A123 
- Specifications for Zinc Coatings on Iron and Steel products. 

9. Install bolt nut and washer assemblies in accordance 460-5. 
10. Repair damaged zinc finish on field cut and field drilled galvanized steel strut 

channel by using cold galvanizing methods.  The cold galvanizing compound must be pre-mixed 
and composed of a liquid organic zinc compound.  After application, the dried zinc compound 
film must be 95% metallic zinc.  

11. Provide protective end caps on channel ends.  The protective caps must be 
made of soft PVC and manufactured by the same company that manufactured the channel.  

T741C-2.4. Conduit Supports and Fasteners 

1. Support conduit securely and fasten to the structure it is installed upon. The 
conduit mounting hardware must be manufactured by the same company that manufactured the 
channel for the environment they were designed. 

a. Hangers, clamps, straps, and hardware for supporting conduit must be listed 
in accordance with UL 2239 – Hardware for the Support of Conduit Tubing, and Cable by UL or 
other National Recognized Testing Laboratory (NRTL) approved by the United States 
Department of Labor, Occupational Safety and Health Administration (OSHA) under the 
requirements of 29CFR1910.7.   

b. Hardware for supporting boxes must be UL 514A listed by UL or other 
NRTL. 

c. Cable ties or Ty-wraps must not be used to support conduit or junction 
boxes. 

2. Conduit supports and support fasteners and bolts used outdoors or in wet 
locations must be manufactured from carbon steel and must be hot dipped galvanized after 
fabrication and according to ASTM A123. 
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T741C-3 Shop Drawings and Submittals 
 Provide catalog sheets showing fastening details as applicable.  
 Provide steel strut channel product data including strut channel frame support material, 
attachment details for attaching to the concrete pad and attachment details for attaching 
equipment to the strut channel frame.  
 Provide mounting details for raceways and boxes, fire extinguisher cabinets and 
accessories mounted to the frames. 
 Provide manufacturer’s installation instructions including application conditions and 
limitations of use stipulated by Product testing agency specified under Regulatory Requirements.  
Include instructions for storage, handling, protection, examination, preparation, installation, and 
starting of Product. 
 Submit strut channel frame support material certifications and scaled drawings ½” = 1’ 
showing the support frame design. 

T741C-4 Construction Requirements. 

T741C-4.1. Installation 

1. Provide anchors, fasteners, and supports in accordance with NECA "Standard 
of Installation". 

2. Do not use powder-actuated anchors to secure electrical equipment. 
3. Obtain permission from Engineer before drilling or cutting structural members 

or galvanized metal. 
4. Fabricate supports from structural steel or steel channel.  Rigidly weld 

members or use hexagon head bolts to present neat appearance with adequate strength and 
rigidity.  Use spring lock washers under all nuts. 

5. Install Power Distribution Frame and E6 Mounting Frame in accordance with 
the following: 

a. Attachment holes, when required, must be factory punched on hole centers 
equal to the channel cross sectional width dimension and must be a maximum of 9/16” diameter. 

b. Channel attachment nuts must be designed to pre-locate in the channel and 
provide a bearing surface on the turned down lips while making positive contact with the side 
walls of the channel. 

c. Steel channel must be installed in straight sections only and must not be 
bent in the field. 

d. Install protective end caps on channel ends. 

6. Install surface-mounted cabinets and panelboards with minimum of four 
anchors. 
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Threaded rod hangers must be galvanized continuous thread type, minimum 
3/8" diameter.  Increase size as required to support assembly.  Bending of rod hangars is not 
permitted. 

 Conduit support racks must be minimum of 24", increase, distance as required 
for quantity of conduits and spare capacity) provide space on each rack for 25 percent additional 
conduits.  Group conduits on channel racking adjacent to each other at sides, allowing all 
remaining unused space at center as spare capacity.  Do not exceed 1” spacing between conduits. 

In general conduit supporting devices such as spring type conduit clips are not 
acceptable.  Conduit clips with snap close strap are acceptable for use in dry interior concealed 
locations only. Back-to-back arrangement or attachment to other raceways, piping, etc. is not 
permitted. 

 All hangers, clips and accessories for supporting must be listed by UL or other 
NRTL. 

 Support systems must meet requirements for seismic loads. Refer to general 
Conditions of the specifications. 

Support conductors not in raceways directly from the structure with devices 
listed by UL or other NRTL as intended for such use. Cable ties used with listed support devices 
within plenum air environments must be plenum rated by UL or other NRTL. 

T741C-5 Basis of Payment. 
  The work specified in this Section will not be paid for directly but will be 
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considered as incidental work. 
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SECTION T741D 
IDENTIFICATION FOR ELECTRICAL SYSTEMS AT RTC SITES 

T741D-1 Low Voltage Electrical Power Conductors and Cables 
 Furnish of all labor, materials, services, testing, and equipment necessary to provide and 
install identification for electrical systems including, nameplates and labels, wire and cable 
markers, and conduit markers. 

T741D-1 Materials 

T741D-1.1. Regulatory Requirements 

1. Conform to requirements of ANSI/NFPA 70. 

2. Furnish products listed and classified by Underwriters Laboratories, Inc., and 
acceptable to authority having jurisdiction as suitable for purpose specified and shown. 

T741D-1.2. Nameplates 
 Equip the following items with nameplates:  Wire troughs, and conduits at the base of the 
gantry.  All push button stations, control panels,
disconnect switches,  panelboards, 

 contactors or relays in separate enclosures, power receptacles where the nominal 
voltage between any pair of contacts is greater than 150V, wall switches controlling outlets that 
are not located within sight of the controlling switch, high voltage boxes and cabinets, large 
electrical systems junction and pull boxes (larger than 4 11/16”), terminal cabinets, terminal 
boards, and equipment racks.  Describe the associated panel and circuit number on the 
nameplate.  
Provide nameplates for all equipment in accordance with the following: 

1. Nameplates for normal power: Laminated phenolic plastic, chamfer edges, red (and 
black version) front white core, with lettering etched through the outer covering.  White 
engraved letters on red (and black version) background. 

2. Nameplates for emergency power (where applicable): Laminated phenolic plastic.  
Red front, with white core, with lettering etched through outer covering, white engraved letters 
on red background. 

3. Letter Size: 

a. Use 1/4-inch-high letters for identifying individual equipment and loads. 
b. Use 1/2-inch-high letters for identifying grouped equipment and loads. 
c. Use 1-inch-high letters for identifying Service Disconnecting means. 

4. Provide nameplates that adequately describe the function of the particular 
equipment involved.  Where nameplates are detailed on the drawings, inscription and size of 
letters shall be as shown and shop drawing submitted for approval.  Nameplates for panelboards 
must include the panel designation, voltage and phase of the supply.  For example, “Panel A, 
120/208V, 3-phase, 4-wire”.  In addition, provide phenolic label in panel to describe where the 
panel is fed from.  For example, “Fed from MDP-1:3:5”.  The name of the machine on the 
nameplates for a particular machine shall be the same as the names used on all motor starters, 
and disconnect switches for that machine. 
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5. Field install Arc Flash and Shock Warning labels on each piece of new electrical 
distribution equipment such as panelboards, safety switches, and automatic transfer switches. 
The labels will indicate the flash hazard boundary, the flash hazard at 18 inches, the PPE level 
requirements, and the approach restrictions.  

6. Provide adhesion labels on inside door of each fused switch indicating NEMA fuse 
classification and the size fuse installed. . 

T741D-1.3. Wire Markers 
 Furnish and install wire markers for each conductor at panelboard gutters, pull boxes, 
outlet and junction boxes, and each load connection. Wire markers shall be in accordance with 
the following: 

1. Cloth, tape, split sleeve, or tubing type wire markers. 

2. Legend. 

a. Power and Lighting Circuits at both ends of each conductor.  Branch circuit 
numbers or feeder numbers as indicated on the construction plans.  Including the neutral 
conductor. i.e. the conductor connected to circuit breaker #2 will be labeled with a wire marker 
showing “2”. The neutral associated with this circuit will also be labeled with a wire marker 
showing “2”. 

b. b. Control Circuits:  Control wire number indicated on schematic and 
interconnection diagrams on shop drawings. 

T741D-1.4. Conduit/Junction Box Color Code 
 Color code all conduit system junction boxes (except those subject to view in public 
areas) as listed below: 

Table 1111111111 Color Code Requirements 

Color Code for Junction Boxes Krylon Paint # 

Normal Power 120/240 volt Glossy Black 1601 

Fiber Optics Plum Purple 1929 

Telephone Light Green 2011 

Grounding Fluorescent Green #3106 
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 Paint conduits (not subject to public view) longer than 20 feet with the color paint band 
identified in the table above, 20 ft. on center as follows: 

1. Paint band shall be 4” in length. 
2. Evenly align paint bands where conduit is parallel and on conduit racking. 
3. Apply paint neatly and uniformly. 
4. Paint boxes and raceways prior to installation or tape conduits and surrounding 

surfaces to avoid overspray.  Paint overspray shall be removed. 
5. Junction boxes and conduit located in public areas (i.e. areas that can be seen 

by the public) shall be painted to match the surface they are installed upon. 

T741D-1.5. Conduit/Junction Box Color Code 
 Provide markers/markings for all new and existing junction boxes/cover plates for power, 
lighting and systems (except those installed in public areas) as listed below: 

1. Use black permanent marker for identification. 

2. Paint half of the cover plate with appropriate color as noted in Table 
1111111111Table 11111111Table 111111Table 1111Table 11, and mark the other half with 
the associated panel/circuit or system description as identified below. 

3. Adequately describe the conduit’s / junction box’s associated panel and circuit 
reference number(s) (i.e. ELRW-2, 4, 6) or systems (i.e. fire alarm, SCADA, etc.).   

 Identify conduit not installed in public areas with circuit numbers as noted in Table 
1111111111Table 11111111Table 111111Table 1111Table 11.  Provide spacing of 20 ft. on 
center, adjacent to color identification bands. 

T741D-1.6. Device Cover Plate Identification 
 Provide self-adhesive clear printed labels with Black typed letters (pre-printed, dot 
matrix, or laser) at the locations identified below.  Labels printed with Ink Jet printers are not 
acceptable. 

1. Each new switch and receptacle cover plate. 

2. Each existing switch and receptacle cover plate in areas of remodel/renovation. 

3. Each new communications cover plate. 

4. Each existing communications cover plate in areas of remodel/renovation. 

 Adequately describe receptacle plates with its associated panelboard and circuit reference 
(i.e., L1A-3). 
 Adequately describe system plates with its associated terminal board, or terminal cabinet, 
termination cable identifier, and assigned user code number, (i.e., TTB-LS2-***). 

T741D-1.7. Underground Warning Tape 
 Install 4-inch-wide plastic tape, detectable type, colored red with suitable warning legend 
describing buried electrical lines 

T741D-1.8. Signage. 
 Provide laminated phenolic plastic signage as follows: 

1. Chamfer edge, white core, face color as specified in Table 1111111111Table 
11111111Table 111111Table 1111Table 11. 
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2. Lettering must be etched through the outer covering 

3. Lettering size: 1” lettering. 

4. Locations: 

a. More than one service per NEC (if applicable). 
b. b. Emergency Generator Systems per NEC (if applicable). 

T741D-2 Shop Drawings and Submittals 

1. Submit data sheets and catalog sheets foreach label and marker.  
2. Indicate application conditions and limitations of use stipulated by Product testing 

agency specified under regulatory requirements.  Include instructions for storage, handling, 
protection, examination, preparation, and installation of Product. 

T741D-3 Construction Requirements. 

T741D-3.1. Preparation 
 Degrease and clean surfaces to receive nameplates. 

T741D-3.2. Application 

1. Install nameplate parallel to equipment lines. 

2. Secure nameplate to equipment front using stainless steel pop rivets. 

3. Secure nameplate to inside surface of door on panelboard that is recessed in 
finished locations. 

4. Paint colored band on each conduit longer than 6 feet (2 m). 

5. Identify underground conduits using underground warning tape.  Install one tape 
per trench at 3 inches below finished grade. 

6. Identify junction boxes and outlet boxes. 

7. Nameplates installed inside on dead front cover shall be self-adhesive tape.  (Do 
not drill or install screws in dead front covers unless prior approval is granted by equipment 
manufacturer). 

8. Exterior nameplates installed on wire troughs and all outdoor electrical equipment 
must be provided with an epoxy-based adhesive. 

9. Install wire markers at all connections and terminations. 

T741D-3.3. Method of Measurement 
 Identification of electrical systems will not be measured separately and is included in the 
pay items for the OCC, Panelboards and Generator along with conductors and cabling associated 
with the electrical equipment.  

T741D-3.4. Basis of Payment. 
 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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SECTION T741E 
LIGHTNING PROTECTION AT RTC SITES 

T741E-1 Description 
 Provide a Class I lightning protection system to protect the toll equipment gantry(ies), the 

outdoor metal enclosures, outdoor equipment racks and any outdoor 
equipment that extends higher than 10 feet above grade level 
Provide a Class I lightning protection system as described in NFPA 780, LPI 175, UL 96A, 
NEC, and the Plans and Specifications to protect toll equipment building (TEB), the toll 
equipment gantry(ies), the fuel tank, generator set, outdoor metal enclosures, outdoor equipment 
racks and any outdoor equipment that extends higher than 10 feet above grade level. 

T741E-2 Materials.  

741E-2.1. Regulatory Requirements 

1. Conform to requirements of NFPA 780, LPI 175 and NEC. 

2. Furnish products listed and classified by Underwriters Laboratories, Inc. UL 96A, and 
acceptable to authority having jurisdiction as suitable for purpose specified and shown. 

741E-2.2. Conductors 

1. Grounding ring electrode conductors and underground conductors must be copper and 
the minimum acceptable size is 98,600 circular mils, with 24 strands. 

2. Down conductors must be copper.  

3. Air Terminals: Aluminum or copper with a threaded 5/8-inch diameter base and 
pointed at the tip. Air terminals will be solid and not hollow. 

741E-2.3.  Fasteners 
 Conductor fasteners must be of the same material as the conductor, having ample strength 
to support conductor. 

741E-2.4. Ground Rods 
 Lightning protection system ground rods will be sectional, 5/8" diameter, copper clad 
steel ground rods.   The copper cladding must be a minimum of 0.010 inch thick.    

T741E-3 Submittals and Shop Drawings. 

1. Submit shop drawings for review before site work begins.  Include drawings of the 
entire site that shows the location of all site components and interconnections between each 
component and each piece of equipment bonded to the system. Include locations of air terminals, 
cabling, ground rings, ground rods, down conductors.  For TEBs, submit an enlarged cross-
sectional detail of the through roof fittings properly installed in the roof.   

2. Submit product data sheets on air terminals, cabling, ground rings, ground rods, down 
conductors, through roof fittings, fasteners, cable connectors and exothermic welding products. 

T741E-4 Qualifications 
 Submit written evidence showing manufacturer and installer’s qualification to the Department 
prior to beginning work. 
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1. Manufacturers:  Firms regularly engaged in manufacture of lightning protection systems, 
whose products have been in satisfactory use in similar service for not less than 5 years. 

2. Installer: Firms holding an EC License in the State of Florida with at least five (5) years 
of successful installation experience on projects with electrical installation work similar to that 
required for the project. 

T741E-5 Construction Requirements. 
 Only experienced installers familiar with  requirements of NFPA 780, the Lightning 
Protection Institute Standard of Practice 175, and Underwriters' Laboratories are permitted to 
install the lightning protection system.   

1. This work includes all equipment to protect the toll site against damage by lightning 
whether or not specifically called for herein.   

2. Install a 98,600 circular mil, 24 strand, bare copper lightning protection grounding 
electrode conductor around each toll structure extending out to each piece of equipment on the 
site.  Install the conductor in direct contact with the earth and a minimum of 30 inches below 
grade.   

3. Ground each metal support column on toll equipment structures (i.e. gantries) at two 
separate points near the base of the columns.   Each grounding point must have a grounding pad 
and a separate down conductor and separate ground rod.    The ground rods must be bonded 
together below grade. 

4. The grounding lugs at the base of the gantry columns must be installed by the gantry 
fabricator.  Field welding to galvanized metal gantries is not acceptable. 

5. The ground rods will extend into the earth vertically not less than 20 feet. 

6. Install in an inconspicuous manner with conductors coursed to be concealed as much 
as possible.  

7. All metallic equipment within 6 feet of any lightning conductor shall be bonded to 
conductor. 

8. Install lightning protection conductors that require physical protection in schedule 80 
PVC conduit. 

9.  Conceal down conductors in TEBs within the walls.  Down conductors concealed 
within walls shall be installed in PVC conduit.  The radius of any bend shall not be less than 8 
inches. “Through Roof” devices will be installed when penetrating a roof.  

10. Ensure “Through Roof” devices are compatible with the roofing materials.  The 
Through Roof devices will be turned over to the roofing contractor for installation. 

11. Install all air terminals vertically. Install swivel type air terminal bases on angled 
surfaces and roofs. 

a. Glue may not be used to secure an air terminal to a vertical surface such as a 
parapet. 
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b. Air terminals are not required on electrically continuous metallic toll equipment 
gantries. 

c. Air terminals are not required on metallic outdoor generator set enclosures. 
2. The following lightning protection systems at each site will be bonded together by a 

98,600 circular mil, 24 strand, direct buried copper conductor. 
a. TEBs within 500 feet of each other. 
b. Toll gantry columns 

3. The completed system will be inspected by an independent 3rd party and must 
receive a UL Master Label or The Lightning Protection Institute Inspection Program (LPI-IP) 
Certificate.   

741E-5.2. Conductor Connections and Splices 

1. Connections above grade level will be made with mechanically bolted fittings of 
aluminum, copper, or tin-plated bronze. 

2.  Connections below grade will be made by welding.  

741E-5.3. Testing 

1. Use the fall of potential three-point method and test each ground rod individually 
before connecting it to the system.  Ensure the maximum resistance to ground (earth) does not 
exceed 25 Ohms. If a ground rod measures greater than 25 Ohms to ground then a second ground 
rod should be installed nearby, but not closer than the depth of the 1st rod, and then bond the two 
rods together with a direct buried conductor. Turn over the test reports to the Engineer within 1 
week of performing the test. 

2. The resistance to ground should be consistent between the ground rods. Any rod that 
measures more than 20% different than the surrounding rods should be investigated.   

3.  After bonding all the lightning protection system ground rods together and connecting 
the ground rings, use the “Clamp on Method” to measure the resistance to ground of the 
completed lightning protection ground rod system. Ensure the maximum resistance to ground 
(earth) does not exceed 5 Ohms. Drive additional ground rods if necessary to obtain a resistance 
to ground reading of 5 Ohms or less. Turn over the test reports to the Department within 1 week 
of performing the test. 

T741E-6 Basis of Payment. 
 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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SECTION T742B
PANELBOARDSAT RTC TOLL SITES 

T742B-1 Description.
Furnish and install Emergency Panelboards (EDP and EP1), Power Distribution Frame 

(PDF) including accessories as shown in the Plans and all associated electrical conduit and 
cabling.

T742B-2 Materials.
742B-2.1 Standards

Panelboards must meet the following applicable industry standards:

1. NECA Standard of Installation (published by the National Electrical 
Contractors Association)

2. NEMA AB1 - Molded Case Circuit Breakers

3. NEMA ICS 2 - Industrial Control Devices, Controllers and Assemblies

4. NEMA KS1 - Enclosed and Miscellaneous Distribution Equipment Switches 
(600 Volts Maximum)

5. NEMA PB 1 - Panelboards

6. NEMA PB 1.1 - Instructions for Safe Installation, Operation and Maintenance 
of Panelboards Rated 600 Volts or Less

7. NETA ATS - Acceptance Testing Specifications for Electrical Power 
Distribution Equipment (published by the International Electrical Testing Association)

8. NFPA 70 - National Electrical Code

9. UL requirements throughout document include UL or other National 
Recognized Testing Laboratory (NRTL) approved by the United States Department of Labor, 

10. Occupational Safety and Health Administration (OSHA) under the 
requirements of 29CFR1910.7

742B-2.2 Qualifications.
Manufacturer must be a company specializing in manufacturing the products 

specified in this sub-section with minimum three years experience.
742B-2.3 Maintenance Materials

Meet the requirements of Acceptance Procedures for Toll Facilities at RTC Toll 
Sites. 

Furnish two keys for each panelboard.
742B-2.4 Panelboards

Provide EDP and EP1 panelboards as follows:
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1. Provide NEMA PB 1, circuit breaker type panelboard with a vertically mounted main 
circuit breaker, a minimum of 18 one pole branch breaker spaces,.

2. Manufacturers: panelboards must meet the requirements of the contract 
documents and must be from one of the following manufacturers or an approved equal:

a. Schneider/Square D Co.
b. ABB/General Electric
c. Eaton/Cutler-Hammer

3. Panelboard Bus: Provide an equipment ground bus in each panelboard. Copper, ratings 
as indicated.  

4. Integrated Short Circuit Rating: All panelboards, bussing and breakers must be fully-
rated, selectively coordinated to safely interrupt available short circuit currents.  The AIC ratings 
shown on the drawings are the minimum ratings that can be provided.

5. Molded Case Circuit Breakers:  NEMA AB 1, circuit breakers with integral thermal and 
instantaneous magnetic trip in each pole.  Provide circuit breakers UL or other NRTL listed as 
Type HACR for air conditioning equipment branch circuits.

6. Main Circuit Breaker Accessories:  The vertically mounted main circuit breaker will be 
equipped with auxiliary contacts, 1a/1b, rated 6  Amps at 24 VDC.  

742B-2.5 Enclosure:
1. Exterior and Wet Locations:  NEMA 3R or 4X stainless steel.
2. Cabinet Front: Flush or Surface type as indicated, fastened with concealed trim clamps, 

hinged door with flush lock, hinged cover, welded metal directory frame, finished in 
manufacturer's standard gray enamel.

3. The number of utilized breaker spaces must not exceed 80% of the full breaker space 
capacity.  20% of the breaker spaces must remain empty.

4. Use bolt-on type circuit breakers securely fastened to the bus bars using bolts. Plug-on 
type or clip-on type circuit breakers are not acceptable.

5. Provide a typed circuit directory card that accurately identifies each circuit and a spare 
unused directory card for future use.  Provide directory cards from the same manufacturer as the 
panelboard.  Place the spare directory card behind the typed directory card in the welded metal 
directory card holder. 

6. For nameplates of normal power, provide laminated phenolic plastic, chamfer edges, 
black front white core, with lettering etched through the outer covering.  White engraved letters 
on black background.

7. For nameplates of emergency power, provide laminated phenolic plastic, chamfer 
edges, red front white core, with lettering etched through the outer covering.  White engraved 
letters on red background.

T742B-3 Submittals and Shop Drawings
Submit shop drawings in accordance with Section 5, General Requirements for Toll Site 
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Electrical Infrastructure and the following:
1. Product Data:  Provide catalog sheets showing voltage, switch size, ratings and size of 

switching and overcurrent protective devices, operating logic, withstand ratings, dimensions, and 
enclosure details as applicable for the following:

a. Power Distribution Frame product data including strut channel frame support material, 
attachment details for attaching to the concrete pad and attachment details for attaching 
equipment to the PDF.

b. Panelboard, circuit breakers, panel components, etc.
c. Light fixture
d. Raceway and boxes mounted to the frame
e. Fire extinguishers, cabinets, and accessories

2. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of 
use stipulated by Product testing agency specified under Standards.  Include instructions for 
storage, handling, protection, examination, preparation, installation, and starting of Product.

3. Shop Drawings:  Submit scaled drawings ½” = 1’ showing the physical location of each 
panelboard.  Indicate panelboard outline and support point dimensions, support frame design, 
voltage, main bus ampacity, integrated short circuit ampere rating, circuit breaker and fusible 
switch arrangement and sizes. Include conduit routing and actual circuiting arrangements.

T742B-4 Documentation Requirements. 
Provide record documents in accordance with Acceptance Procedures for RTC Toll 

Facilities and the following:
Maintenance Data:  Include spare parts listing; source and current prices of replacement 

parts and supplies; and recommended maintenance procedures and intervals.
If installed circuit breakers differ from the basis of design in the plans, perform a final 

coordination study, using a recognized software program to confirm that the installed equipment 
meets the coordination study requirements.

T742B-5 Warranty
The panelboards under this specification section will be warranted by the manufacturer 

against defects in material and workmanship for a period of 1 year from the date of acceptance.  
The warranty will include parts, shipping costs, rigging costs, labor, and travel expenses, to 
replace the equipment or repair the equipment in place, in accordance with the manufacturers 
published service manuals. 

Provide warranty documentation in accordance with Acceptance Procedures for RTC 
Toll Facilities.

T742B-6 Construction Requirements
742B-6.1 Panelboards

Furnish and install panelboards in accordance with NEMA PB 1.1 and the NECA 
"Standard of Installation" and the following:

1. Install panelboards plumb.
2. Provide filler plates for unused spaces in panelboards.
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3. Provide typed or neatly handwritten circuit directory for each branch circuit panelboard.  
Revise the directory to reflect any circuiting changes required to balance the phase loads. 
Provide (1) additional blank circuit directory for each branch circuit panelboard.

4. Circuit breakers must be molded case type unless noted otherwise on the plans.
5. Install the panelboards at the location and elevation depicted on the plans.
Panelboard Identification - Provide engraved plastic nameplates in accordance with the 

Specifications.
742B-6.2 Field Quality Control

Prior to energizing the installed panelboard perform the following: 
1. Clean the interior of the enclosure and remove all dirt and debris.
2. Perform an insulation resistance test using a MegaOhm Meter between each phase bus 

and ground. Investigate any reading of less than 1 MegaOhm.
3. Adjusting: Measure steady state load currents at each panelboard feeder; rearrange 

circuits in the panelboard to balance the phase loads to within 20 percent of each other.  Maintain 
proper phasing for multi-wire branch circuits. 

4. Clean installed work in accordance with Acceptance Procedures for Toll Facilities and 
the following:

5. Clean electrical parts to remove conductive and deleterious materials.
6. Remove dirt and debris from inside the enclosures.
7. Clean finishes and touch up damaged paint.

T742B-7 Method of Measurement
The Contract unit price for panelboards, furnished and installed, will include furnishing, 

placement, and testing of the panelboards, automatic transfer switch, surge protection devices 
and all associated electrical equipment, conduit and cabling. 

Also included are incidental work identified in the TSPs such as documentation, fire 
extinguisher, automatic transfer switch, power distribution frame strut channel with lighting, 
furnished and installed, grounding and bonding and lightning protection system for panelboards 
and all its components, wiring devices and identification of electrical systems associated with all 
equipment located on the power distribution frame, and incidentals necessary to complete the 
work. 
The cost of general requirements for toll facilities electrical infrastructure associated with all 
equipment on the power distribution frame must also be included in the cost of the panelboards.

T742B-8 Basis of Payment
Price and payment will be full compensation for all work specified in this 

subsection, including all materials, equipment, and accessories.
Payment will be made under:
Item No. 639-7-124 Electrical Power Service, RTC Toll Site 
Panelboards and Power Distribution Frame - Each
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SECTION T742C 

WIRING DEVICES AT RTC TOLL SITES  
 

T742C-1 Description. 

 Furnish and install wiring devices as shown in the Plans. Wiring devices include: 

1. Wall switches / Snap switches  

2. Receptacles  

3. Twist-Locking receptacles 

4. Device plates and box covers 

T742C-2 Materials. 

742C-2.1 Standards 

  Wiring devices must meet the following applicable industry standards: 

1. NECA - Standard of Installation 

2. NEMA WD 1 - General Requirements for Wiring Devices 

3. NEMA WD 6 - Wiring Device - Dimensional Requirements 

4. NFPA 70 - National Electrical Code 

742C-2.2 Qualifications 

  Manufacturer must be a company specializing in manufacturing the Products 

specified in this section with minimum three years experience. 

 

T742C-3 Wall Switches / Snap Switches. 

 Provide products that comply with NEMA WD 1, and are commercial specification 

grade, UL 20 Listed, and rated for AC only general-use. 

 Configuration: 

1. Single pole single throw or 3 ways. 

2. Switches shall be connected to the conductors using screw type mechanical pressure 

connectors.  Spring type pressure connections are not acceptable.  

3. Provide same series switch for other configurations. 

4. Ratings:   

a. Voltage: 120-277 volts, AC 

b. Dielectric voltage test:  Withstands 1500 Volts for 1 minute. 

c. Temperature rise: The maximum temperature rise shall not exceed 30 degrees C.   

d. Flammability:  Rated V-2 per UL 94. 

e. Current: 20 Amps continuous current unless indicated otherwise on the plans.   

742C-3.1 Lighting Timer Switches 

 Provide 125V, 20A 4-hour twist type time delay switch in metal weatherproof box. 

T742C-4 Straight Blade Receptacles. 

Provide products that comply with NEMA WD 1, and are UL 498 Listed, commercial 

specification grade. 
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 Features and benefits:  

1. Shall be corrosion-resistant, with plated steel strap locked into the face and back body 

to resist pulling away from face/body assembly.  

2. The brass power contacts shall be 0.032 inch thick, and utilize triple-wipe action.  

3. Easily accessible break-off, line-contact connecting tab for fast, easy split-circuit 

wiring.  

4. Impact-resistant nylon face and thermoplastic back body.  

5. Accepts #14 - #10 AWG solid or stranded copper or copper-clad wire.  

6. The terminal compartments shall be isolated from each other for positive conductor 

containment.  

7. Shall be equipped with an auto-ground clip to assure positive grounding. 

8.  Configuration: 

9. Simplex (single) or duplex outlets.  

10. Receptacles installed outdoors shall be rated Weather Resistant and shall be of the 

ground fault circuit interrupter type. 

11. Receptacles shall be connected to the conductors using screw type mechanical 

pressure connectors.   Spring type pressure connections are not acceptable. 

12. Ratings:  Receptacles shall be rated as follows: 

a. 20 Amp, 125 Volt, NEMA 5-20R  

b. Receptacles shall meet UL 94 Flammability requirements. 

c. Receptacles shall have a dielectric voltage withstand rating of 2000 Volts 

d. Temperature rise of 30 degrees C after 100 cycles of overload at 150% of rated 

current.  

T742C-5 Twist-Lock Receptacles. 

 Provide products that comply with NEMA WD 1, and are UL 498 Listed, commercial 

specification grade, meets federal specification W-C-596, and have the following features and 

benefits:  

 Configuration: 

1. Simplex (single)  

2. Twist lock receptacles shall be connected to the conductors using screw type 

mechanical pressure connectors. Spring type pressure connections are not acceptable. 

3. Ratings: 

a. 20 Amp, 125 Volt, 2 horsepower, NEMA L5-20R with dielectric voltage withstand 

rating of 2000 Volts and temperature rise of 30 degrees C after 100 cycles of overload at 150% 

of rated current.  

b. 30 Amp, 250 Volt, 2 horsepower, NEMA L6-30R with dielectric voltage withstand 

rating of 2000 Volts, and temperature rise of 30 degrees C after 100 cycles of overload at 150% 

of rated current.  

4. Receptacles shall meet UL 94 Flammability requirements of HB or better 
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T742C-6  Wall Plates / Cover Plates. 

1. Cover Plates:  Smooth thermoset plastic plates. 

2. Provide labels on each wall plate and receptacle plate that show the branch circuit 

numbers and panelboard that serves them. 

3. Weatherproof Cover Plate:  Cast zinc cover plate with a “While-In-Use” cast zinc 

hinged weather proof and padlockable door. 

T742C-7 Wiring Device Color. 

Device colors shall be ivory when served by normal power, red when served by generator power, 

and orange when served by the critical power system.  

T742C-8 Submittals and Shop Drawings. 

742C-8.1 Shop Drawings:  

 Submit shop drawings in accordance with Section 5, General Requirements for Toll Site 

Electrical Infrastructure, and the following.   

 Shop Drawings: Call out the use or location for each device, such as “Receptacles above 

tolling cabinets”, “general use receptacles in toll building”, “twist-locking receptacle” etc on 

each shop drawing. 

 Product Data: Provide manufacturer's catalog information showing dimensions, colors, 

and configurations and ratings. Provide specification sheets for each type of wiring device.  

 Manufacturer’s Installation Instructions: Indicate application conditions and limitations 

of use.  Include instructions for storage, handling, protection, examination, preparation, 

installation, and starting of Product 

742C-8.2 Warranty 

 The wiring devices under this specification section will be warranted by the manufacturer 

against defects in material and workmanship for a period of 1 year from the date of acceptance.  

The warranty will include parts, shipping costs, labor, and travel expenses, to replace the 

equipment or repair the equipment in place, in accordance with the manufacturers published 

service manuals. 

T742C-9 Construction Requirements. 

742C-9.1.1. Examination 

  Verify that outlet boxes are installed at proper height.  Coordinate outlet heights 

with interior elevations. 

  Verify that wall openings are neatly cut and will be completely covered by wall 

plates. 

  Verify that floor boxes are adjusted properly. 

  Verify that branch circuit wiring installation is completed, tested, and ready for 

connection to wiring devices. 

  Verify that openings in access floor are in proper locations. 

742C-9.1.2. Preparation 

  Provide extension rings to bring recessed outlet boxes flush with finished surface. 

Clean debris from outlet boxes. 
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742C-9.1.3. Installation 

  Install in accordance with NECA "Standard of Installation". 

  Install devices plumb and level. 

  Install switches with OFF position down. 

  Install receptacles with the grounding pole on the bottom. 

  Connect wiring device grounding terminal to outlet box and branch circuit 

equipment grounding conductor. 

  Install decorative plates on switch, receptacle, and blank outlets in finished areas. 

  Connect wiring devices by wrapping the solid conductor around the screw 

terminal and tightening the screw snugly.  Back wiring/back stabbing is not acceptable.  Stranded 

conductors shall be terminated with compression style lugs. 

  Install cast iron plates on outlet boxes and junction boxes in unfinished areas and 

on surface mounted outlets. 

  Install wiring devices as indicated on the Drawings, and as called for below. 

  Switches and receptacles shall be installed and located as follows, unless noted 

otherwise on Drawings. 

  Switches: Centerline 46" above finished floors. 

  Receptacles: Centerline 18" above finished floors generally; Verify and 

coordinate exact height and locations with plans and elevations. 

  Where light switches are located adjacent to doors, they shall be installed on 

"knob" side of door.  Field-verify door swings. 

  Provide identification in accordance with the Specifications. 

742C-9.2 Field Quality Control 

  Inspect each wiring device for defects. 

  Operate each wall switch with circuit energized and verify proper operation. 

  Verify that each receptacle device is energized. 

  Test each receptacle device for proper polarity. 

  Test each GFCI receptacle device for proper operation. 

742C-9.2.1. Adjusting:  

  Adjust devices and wall plates to be flush and level. 

742C-9.2.2. Cleaning:  

  Clean exposed surfaces to remove splatters and restore finish. 

T742C-10 Basis of Payment. 

 The work specified in this Section will not be paid for directly but will be considered as 

incidental work. 
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SECTION T742D 
TRANSFER SWITCH AT RTC TOLL SITES  

 

T742D-1 Description 
 Furnish and install  transfer switch as shown in the Plans. 

T742D-2 Quality Assurance. 
 Perform Work in accordance with NFPA 110. 
 The Transfer Switch must be a standard product of the original equipment 
manufacturer.  The vendor that provides the Transfer Switch must be an
Switch Company authorized manufacturer’s representative.  The

T742D-3 Materials. 

742D-3.1 Standards 
  Transfer switches must meet the following applicable industry 
standards: 

1. NFPA 70 - National Electrical Code 

2. NEMA ICS 1  General Standards for Industrial Control and Systems 

3. NEMA ICS 2  Standards for Industrial Control Devices, Controllers, and Assemblies 

4. NEMA ICS 6  Enclosures for Industrial Controls and Systems 

5. U.L. – 1008, 7th Edition.  UL requirements throughout document include UL or other 
National Recognized Testing Laboratory (NRTL) approved by the United States Department of 
Labor, Occupational Safety and Health Administration (OSHA) under the requirements of 
29CFR1910.7. 

6. NEMA 250 – Enclosures for Electrical Equipment (1000 Volts Maximum) 

7. NFPA 101 – Life Safety Code 

8. NFPA 110 – Emergency and Standby Power Systems 

  Furnish products listed and classified by UL or other NRTL 

742D-3.2 Qualifications. 

1. Manufacturer:  Use products from a Company specializing in manufacturing the 
Products specified in this section with minimum three years’ experience, and with service 
facilities within 100 miles of Project. 

2. Supplier:  Authorized distributor with a minimum of five years’ experience. 

742D-3.3  Transfer Switch(es) 

 Provide a service entrance rated for tolling sites with on-site power and roadside 
tolling cabinets (RTC).  Include a molded case circuit breaker with a thermal magnetic 
trip unit in-line with the utility/normal service entrance feeder.
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The service entrance rated  transfer switch will switch between utility/normal 
power and emergency generator power.  The phase conductors will be switched.  The 
neutral conductors will not be switched and will be a solid neutral connection.   

Ensure the neutral bus bar is insulated from the metal enclosure. 
Provide an equipment ground bar that is bonded to the metal enclosure. 
Equip with a microprocessor-based control system to provide all the operational functions.  
Include a real-time clock with battery back-up. 

2. Provide with an equipment grounding bar sized to accept the conductors as shown on 
the electrical drawings.  

3. Factory test to ensure proper operation and compliance with the specification 
requirements. 

4. Provide as double-throw, actuated by electrical operators momentarily energized. The 
transfer switch must be capable of transferring successfully in either direction.  

5. Provide normal and emergency main contacts that are positively interlocked 
mechanically and electrically to prevent simultaneous closing.  Provide main contacts that are 
mechanically locked in both the normal and emergency positions without the use of hooks, 
latches, or magnets. 

6. Provide such that control components and wiring are accessible from the front. 

7. Provide  600-Volts SIS switchboard type for all control wires.  Identify all control wire 
terminations with tubular, sleeve-type markers. 

8. Equip each transfer switch with copper/aluminum solderless bolted pressure-type lugs 
rated for 90 degrees C. 

9. Provide Belleville compression-type washers for bolted connections. 

10. Terminate control wires with locking spade-type connectors. 

11. Provide solid-state components with an operating range of -20C to +55C and meet 
IEEE Standard 472-1974. 

12. Withstand Ratings 
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13. Switch(es) shall be listed by Underwriters’ Laboratories, Inc. or other NRTL, Standard 
UL-1008, 7th Edition with 3-cycle short circuit closing and withstand values for specific 
manufacturers breaker as follows: 

Table - RMS Symmetrical Amperes at 480 VAC 

Switch Rating in Amperes Closing and Withstand Ratings 
  100 - 400 22,000 

742D-3.3.1. Enclosures 
   Provide enclosure that meets or exceeds UL-1008 minimum wire bending 
space and supplied with three-point door latches. Furnish NEMA Type 4X enclosures for 
exterior applications. Equip with a door-mounted interior pocket, housing an operations and 
maintenance manual. Enclosure finish with manufacturer's standard gray enamel paint. 
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742D-3.5 Surge Suppression/Protection 
  Provide UL-1449 third edition listed surge protection devices (SPD) in 
accordance with the requirements of Specification Section T742E. 
  Factory install a surge protection device for each incoming utility/normal service 
entrance feeder, and factory install a surge protection device for the incoming emergency 
generator feeder serving the transfer switch.  The factory installed SPDs will be located on the 
inside of the ATS enclosure.  
 
Documentation and Maintenance Materials 
 Submit the following documentation: 

1. Operation Data: 

a. Include instructions for operating the equipment.   
b. Include instructions for operating equipment under emergency conditions when the 

engine generator is running. 

2. Maintenance Data:   

a. Include routine preventative maintenance instructions and a lubrication schedule. 
b. Provide a list of special tools, maintenance materials, and replacement parts that 

should be stocked. 
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3. Maintenance Materials: 

a. Provide maintenance materials and operator’s manuals. 
b. Provide two (2) of each special tool required for maintenance or manual operation. 

T742D-4 Maintenance Service. 
 Furnish service and maintenance of each transfer switch for one year from the date of 
Substantial Completion. 

T742D-5 Shop Drawings and Submittals 
 Submit shop drawings and include the following: 

1. Product Data:  Provide catalog sheets showing voltage, switch size, ratings and size of 
switching and overcurrent protective devices, operating logic, withstand ratings, dimensions, and 
enclosure details. 

2. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of 
use stipulated by Product testing agency specified under Regulatory Requirements.  Include 
instructions for storage, handling, protection, examination, preparation, installation, and starting 
of Product. 

T742D-6 Warranty 
 The complete system provided under this specification section will be warranted by the 
manufacturer against defects in material and workmanship for a period of 1 year from the date of 
system start-up.   
 The warranty will include parts, shipping costs, rigging costs, labor, and travel expenses, 
to replace the equipment or repair the equipment in place, in accordance with the manufacturers 
published service manuals.   
Regular and scheduled maintenance will be performed by the Department’s maintenance 
contractor.  Maintenance work by the maintenance contractor shall not void the manufacturer’s 
warranty of the equipment.   
 Requirements for consumables such as filters to be original equipment manufacturer 
brands are not acceptable and shall not void the manufacturer’s warranty of the equipment. 

T742D-7 Construction Requirements. 

742D-7.1 Delivery, Storage, And Handling 
  Deliver, store, protect and handle products to site in accordance with General  
  Store in a clean, dry space.  Maintain factory wrapping or provide an additional 
heavy canvas or heavy plastic cover to protect units from dirt, water, construction debris, and 
traffic. 
  Handle in accordance with manufacturer's written instructions.  Lift only with 
lugs provided for the purpose.  Handle carefully to avoid damage to internal components, 
enclosure and finish. 

742D-7.2 Examination. 
  Verify site conditions are suitable for the
  Verify that surface is suitable for transfer switch installation. 

742D-7.3 Installation. 
  Install transfer switches in accordance with manufacturer's instructions. 
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  Identification - Provide engraved plastic nameplates in accordance with the 
Specifications. 
  Provide all interface control wiring and conduit as required to provide require 
emergency operation of equipment on project as applicable, i.e. elevators, building automation 
system, fire alarm control panel, smoke control system, etc. 

742D-7.4 Manufacturer's Field Services. 
  The manufacturers field service representative shall visit the job site a minimum 
of three times (sign in each time) after construction begins to coordinate the installation with the 
E.C and G.C.   Provide assistance with concrete pad sizes and shapes, proper mounting 
instructions for each 
  

742D-7.5 Demonstration. 
  Provide systems demonstration under provisions of the Specifications. 
  Demonstrate the proper operation of each transfer switch in normal and 
emergency modes. Operate each  manually in the presence of the Department’s 
representative. 

T742D-8 Basis of Payment. 
  The work specified in this Section will not be paid for directly but will be 
considered as incidental work. 
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SECTION T742E 
SURGE-PROTECTIVE DEVICES AT RTC TOLL SITES  

 

T742E-1 Description 
 Furnish and install Surge Protection Devices (SPDs), 1 KV or less, to protect the normal 
electrical distribution system, the emergency electrical distribution system, the critical power 
electrical distribution system, and end-use electrical equipment from the effects of transient 
voltage surges.  Install the surge protection devices as shown on the plans or specified in this 
section. 

T742E-2 Materials 

742E-2.1 Standards:  
  SPDs must meet the following applicable industry standards: 

1. UL 1449 3rd Edition, Standard for Surge Protective Devices 

2. UL 1283, Standard for Electromagnetic Interference Filters 

3. UL 96A Installation Requirements for Lightning Protection Systems 

4. ANSI/IEEE C62.41.1-2002, C62.41.2-2002, C62.45-2002 

5. IEEE Std. 1100-2005 Section 8.6.1 

6. ANSI C84.1, American National Standard for Electric Power Systems and Equipment - 
Voltage Ratings (60 Hertz). 

7. NFPA 780 - Lightning Protection Code, latest edition. 

8. NFPA 70 - National Electrical Code (NEC), current adopted year. Article 285  

9. American National Standards Institute (ANSI) approved ANSI/NETA Standard for 
Acceptance Testing Specifications for Electrical Power Equipment and Systems, 2009 edition 
(ANSI/NETA Acceptance Testing Specifications -2009). 

10. UL 497, Standard for Protectors for Paired-Conductor Communications Circuits 

11. UL 497A, Standard for Secondary Protectors for Communications Circuits 

12. UL 497B, Standard for Protectors for Data Communications and Fire-Alarm Circuits 

13. UL 497C, Standard for Protectors for Coaxial Communications Circuits 

14. UL requirements throughout document include UL or other National Recognized 
Testing Laboratory (NRTL) approved by the United States Department of Labor, Occupational 
Safety and Health Administration (OSHA) under the requirements of 29CFR1910.7. 

742E-2.2 Definitions. 
  The following definitions are used in this section: 
 ATS ............................................................................................ Automatic Transfer Switch 
 I Nominal (In) ....... Nominal discharge current rating as required by UL 1449, 3rd Edition 
 MCOV................................................................. Maximum Continuous Operating Voltage 
 VPR .............................................................. Voltage Protection Rating (Clamping voltage) 
 SCCR ....................................................................................... Short Circuit Current Rating 
 SPD ................................................................................................. Surge Protective Device 
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742E-2.3 System Description. 
  Provide surge protective devices (SPDs) for the following systems and 
equipment: 

1. Each main electrical service panel and MDP as shown on the drawings. Include branch 
circuit breakers in the main service panel to disconnect and protect the surge protective device 
and its connecting conductors. 

2. Each emergency electrical distribution panel (EDP). 

3. Each distribution and branch panel as shown on the drawings. Include branch circuit 
breakers in the distribution and branch panels to disconnect and protect the Surge Protective 
Device and its connecting conductors. 

4. Site lighting circuits. 

5. Electronic equipment installed as identified in the Contract Documents, including 
electronic time clocks, controls systems, access control system, telephone, CCTV, etc.   

6. Communications and signaling circuits that travel outdoors will be protected with low 
voltage, fast acting, surge protection devices.  

7. On each emergency power feeder entering the enclosures and before the emergency 
feeder is connected to Automatic Transfer Switch. 

8. On all telephone lines, DSL lines, T1 lines where they enter the enclosure or at the 
telephone board. 

9. Additional locations as required by NFPA 780. 

  Existing SPDs shown on the drawings shall remain active unless noted for 
replacement. 
  Provide the best type of SPD that matches these specifications and matches the 
equipment being protected. 
  Install SPDs on the outside of control panels and electrical equipment. 
  Do not install SPD’s inside of electrical panels or control panels. 

742E-2.4 Surge Protective Devices. 
  Furnish SPDs manufactured by one of the following: 

1. Advanced Protection Technologies 

2. Emmerson/Liebert 

3. L.E.A. International 

4. Approved equal - Any product that meets or exceeds the performance of the above 
manufacturers will be considered. 

  Furnish SPDs rated for continuous operation under the following conditions, 
unless otherwise indicated: 

1. Maximum Continuous Operating Voltage:  Not less than 115 percent of nominal 
system operating voltage. 

5. Operating Temperature:  30 to 120 deg F (0 to 50 deg C). 
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6. Humidity:  0 to 85 percent, no condensing. 

7. Altitude:  Less than 20,000 feet (6090 m) above sea level 

742E-2.4.1. Service Entrance Surge Protective Device.  
   Furnish surge protective device with the following minimum features and 
accessories: 

1. Each SPD shall be UL 1449 third edition listed and labeled as a Type 1 suppressor 
intended for use without the need for external or supplemental overcurrent protection. 

2. Each SPD shall be labeled with 20kA I-nominal (In) (verifiable at UL.com) for 
compliance to UL 96A Lightning Protection Master Label and NFPA 780. 

3. Each SPD shall be of modular construction such that each of the SPD modules may 
be field replaced without the need to remove the entire SPD enclosure.  

4. Install the SPD externally to the distribution equipment with the leads as short and 
straight as possible. Gently twist the conductors together. Installer may reasonably rearrange 
breaker locations to ensure short and straightest possible leads to the SPD.  If any lead lengths 
exceed 24”, the Contractor responsible for installation must contact the specifying electrical 
engineer for additional installation instructions.   

5. Each SPD shall be installed with a branch circuit breaker as a disconnecting means or 
provide an integral factory installed disconnect switch as a disconnecting means. 

6. Each SPD will have the following modes of protection: Line to Line, Line to Neutral, 
Line to Ground, and Neutral to Ground. 

7. The SPD shall include visual LED indicator lights for power and protection integrity. 
8. Each SPD shall contain one set of form C contacts that change state when the SPD 

requires service. 
9. Minimum Surge Current Capability:  200 kA per phase with less than 1 nanosecond 

response time.  
10. Connection Means:  Permanently wired, connected on the load side of the service 

entrance overcurrent protection, and meet the SPD manufacturer’s instructions for overcurrent 
protection (breaker or fuse size). 

11. Protection modes and UL 1449 3rd Edition VPRs for circuits with voltages of 
120/240V, 1-Phase, 3-Wire shall not exceed: 

a. Line to Neutral:  700V for 120/240V, 1PH, 3W 
b. Line to Ground:  700V for 120/240V, 1PH, 3W 
c. Neutral to Ground: 700V for 120/240V, 1PH, 3W 
d. Line to Line:   1200V for 120/240V, 1PH, 3W 

742E-2.4.2. Surge-Protective Device for Distribution Panelboards.  
   Furnish surge protective device with the following minimum features and 
accessories: 

1. UL 1283 listed as an Electromagnetic Interference Filter 
2. SPD shall be UL 1449 Third Edition, labeled as Type 1 intended for use without need 

for external or supplemental overcurrent controls or labeled as Type 2 with manufacturer 
approved over current protection.   

3. SPD shall be UL 1449 Third Edition labeled with 20kA nominal discharge current 
(In) (verifiable at UL.com) for compliance to UL 96A Lightning Protection Master Label and 
NFPA 780. 
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4. SPD marked with a 200kA short-circuit current rating (SCCR). 
5. Modes of Protection: Line to Neutral, Line to Ground, Line to Line, and Neutral to 

Ground 
6. The SPD shall include visual LED indicator lights for power and protection integrity. 
7. Arrangement with wire connections to phase buses, neutral bus, and ground bus. 
8. Each SPD shall contain one set of form C contacts that change state when the SPD 

requires service. 
9. Minimum Surge Current Capability:  150 kA per phase 
10. Protection modes and UL 1449 3rd Edition VPRs for circuits with voltages of 

120/240V, 1-Phase, 3-Wire shall not exceed: 
a. Line to Neutral:  700V for 120/240V, 1PH, 3W 
b. Line to Ground:  700V for 120/240V, 1PH, 3W 
c. Neutral to Ground: 700V for 120/240V, 1PH, 3W 
d. Line to Line:   1200V for 120/240V, 1PH, 3W 

742E-2.4.3. Surge-Protective Device Direct Wired (120 VAC). 
   Furnish surge protective device with the following minimum features and 
accessories: 

1. SPD shall be UL 1449 3rd Edition listed/recognized. 
2. 15 & 30 Amp, 120 V rated.  All continuous current bearing components must be 

either 15 or 30 Amp rated, minimum; depending on Location Load usage. 
3. SPDs shall provide three suppression modes: Line-to-neutral, line-to-ground, and 

neutral-to-ground. 
4. SPD shall provide a pulse life rating of 3,000 amperes (8/20µs waveform) every 

thirty (30) seconds for 2,000 occurrences. 
5. Peak Single-Impulse Surge Current Rating:  20kA per mode, 60kA per protected 

circuit 
6. SPD shall include visual LED diagnostic indicator for power and protection integrity. 
7. SPD shall allow for chase nipple or DIN RAIL mounting. 

742E-2.4.4. Data Line, Ethernet, RS 422, and RS-232 Surge-Protective Device. 
   Furnish surge protective device with modular DIN RAIL design and the 
following minimum features and accessories: 

1. Listed and meets the requirements of UL 497A, UL 497B, or UL 497C as applicable. 
2. Plug-in replaceable DIN RAIL modules 
3. Employs hybrid circuitry that combines metal oxide varisters with silicon avalanche 

diodes. 
4. Let through voltages for SPD’s protecting the following circuits shall not exceed the 

following: 
a. Ethernet – 10 Volts 
b. Power over Ethernet – 75 Volts 
c. RS 485 – 10 Volts 
d. RS 232 – 27 Volts 
e. Coaxial – 90 Volts 
f. 4 – 20 milliAmp – 30 Volts 
g. Peak Single-Impulse Surge Current Rating:  10 kA per mode.   
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5. Subject to compliance with requirements, provide products by one of the following 
for data line SPDs: 

a. Advanced Protection Technologies/Surgeassure 
b. Superior Electric/Stabiline 
c. Circa Telecom 
d. Emerson Network Power 
e. Scientific Atlantic 
f. Surge Suppression Incorporated 

742E-2.4.5. Telephone Line Surge-Protective Device.  
   Furnish surge protective device with modular design and the following 
minimum features and accessories: 

1. Listed and meets the requirements of UL 497A, UL 497B, or UL 497C as applicable. 
2. Plug-in replaceable modules design to fit on standard M1-50, 66 connecting block 
3. Must be installed with matching ground rail or external ground post for extending 

metallic frame to building ground. 
4. Provide applicable breakdown voltages of either 270V, 200V, or 65V 
5. Peak Single-Impulse Surge Current Rating (8x20 �s):  250A Tip and Ring to Ground  
6. Subject to compliance with requirements, provide products by one of the following 

for telephone line SPDs: 
a. Advanced Protection Technologies/Surgeassure 
b. Superior Electric/Stabiline 
c. Circa Telecom 
d. Emerson Network Power 
e. Scientific Atlantic 
f. Surge Suppression Incorporated 

742E-2.5 Enclosures. 
  Furnish NEMA Type 1 enclosures for all enclosures inside of the building and 
NEMA Type 4X enclosures for exterior applications.   

T742E-3 Quality.  
 All SPDs shall be manufactured by a company normally engaged in the design, 
development, and manufacture of such devices for electrical and electronics systems equipment 
for a minimum of five years. 
 Manufacturing facility shall operate a Quality System Certified as ISO 9001:2008 (or 
latest version) Compliant. 
 The SPD manufacturer shall provide requested technical assistance through support 
(including on-site as needed) by a factory-trained representative. 
 Source Limitations:  Obtain SPDs and accessories for like applications through one 
source from a single manufacturer located in the United States. 
 Product Options:  Drawings indicate size, dimensional requirements, and electrical 
performance of SPDs and are based on the specific system indicated.  Refer to Division 1 
Section “Product Requirements”. 
 Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and 
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marked for intended use. 
 

T742E-4 Submittals and Shop Drawings 
 Submit in accordance with Section 5, General Requirements for Toll Site Electrical 
Infrastructure, and the following: 

1. Product Data:  For each type of product indicated.  Include rated capacities, bill of 
materials of number of MOVs installed per phase with MOV part number and surge current 
rating, operating weights, operating characteristics, furnished specialties, and accessories. 

2. Product Certificates:  SPD submittals shall include Listing documentation, signed by 
product manufacturer certifying compliance with the following standards: 

3. UL 1283 compliance verified information is posted at www.UL.com, under 
Certifications, searching using UL Category Code: FOKY. 

4. UL 1449 3rd Edition certification listing and classification page, VPR, MCOV, In, and 
Type 1 information is posted at www.UL.com, under Certifications, searching using UL 
Category Code: VZCA.  SCCRs are posted in manufacturer’s UL docs. 

5. UL 497, UL 497A, UL 497B, UL 497C as applicable. 
6. Field quality-control test reports, including the following: 

a. Test procedures used. 
b. Measure the continuity of each conductor between the equipment being protected and 

the SPD.  The maximum resistance is 1 milliohm. 
c. Failed test results and corrective action taken to achieve requirements. 

7. Operation and Maintenance Data:  For Surge protective Devices to include in emergency, 
operation, and maintenance manuals. 

8. Warranties specified in this Section.  

742E-4.1 Operation and Maintenance Data Submittals. 
  Submit operation and maintenance (O&M) data as called for in Acceptance 
Procedures for Toll Facilities. O&M data to include: 

1. All approved shop drawings, product data, and/or cutsheets. 

2. Installation, connection, and maintenance information on each type of surge 
suppression. 

3. Procedure and/or timetable for recommended periodic inspection of devices to 
determine continued usefulness, as applicable. 

T742E-5 Warranty 
 Provide warranties in accordance with the following: 

1. Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of SPDs that fail in materials or workmanship within five years from date of 
Substantial Completion. 

2. For Data line SPDs, Manufacturer's standard form in which manufacturer agrees to repair 
or replace components of surge SPDs that fail in materials or workmanship within two years 
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from date of Substantial Completion. 
3. Any SPD, that shows evidence of failure or incorrect operation during the warranty period 

(to include failure of visual failure indicators) shall be replaced or repaired by the manufacturer 
during the warranty period.  The manufacturer shall provide replacement units to the Department 
for installation. 

T742E-6 Construction Requirements. 
 Install SPDs that bear the UL seal and are marked in accordance with the referenced 
standard for the intended use. Install SPDs located in accordance with requirements of all 
applicable National Fire Protection Association (NFPA) codes (including NFPA 780 and NFPA 
70) and in compliance with the standards listed in T742-9.1. 

742E-6.1 Verification of Project Conditions. 
  Prior to installation coordinate and verify existing project conditions and progress 
as follows: 

1. Verify proper grounding is in place. 

2. Verify proper clearances, space, etc. is available for SPD. 

3. Coordinate so that proper overcurrent device, as recommended by manufacturer, is 
installed to feed each surge suppression device. 

4. Existing Utilities: 

a. Do not interrupt utilities serving facilities occupied by Owner or others unless 
permitted under the following conditions and then only after arranging to provide temporary 
utility services according to requirements indicated: 

b. Notify Department not less than two days in advance of proposed utility interruptions. 
c. Do not proceed with utility interruptions without Department's written permission. 

742E-6.2 General. 
  Provide, install, and connect an SPD’s at the first electrical service disconnecting 
means. Branch breakers in the MDP shall serve as the disconnecting means for the SPD. 
  Provide, install and connect an SPD at each branch panelboard that serves outdoor 
equipment. Branch breakers in the panelboard shall serve as the disconnecting means for the 
SPD. 
  Provide, install and connect an SPD to protect the backup generator feeder at each 
Automatic Transfer Switch (ATS) in project. The SPD will include an integral disconnecting 
means installed by the SPD manufacturer.  
  Provide, install, and connect SPD at location where CCTV, access control and 
communication equipment is connected to line voltage (120V). Provide cords and receptacles as 
required to connect SPD equipment to equipment being protected and maintain U.L. listing. 
  Surge protection equipment must be selected by contractor to match the 
equipment being protected including wire sizes, operating volts, amps, and circuit impedance. 
  Installation of SPD equipment and its grounding must be in accordance with the 
manufacturer’s recommendations to assure short and proper ground paths. 
  Install external SPDs with a maximum of 24” length leads.  Position the SPD as 
close to the circuit breaker used as possible. Utilize the breakers closest to the SPD mounting. 
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Install the leads slightly twisted together, but as short and straight as possible with no kinks or 
coils and an eight-inch minimum bending radius. 

742E-6.3 Installation of SPDs. 
  Except for CCTV, access control and communication equipment, install SPDs as 
close as practical to the electric panel or electronic equipment to be protected, consistent with 
available space. 
  SPDs must be close-nippled to the device being protected in a position nearest the 
neutral bus (if present) to minimize wire lead length between SPD and the buses or control 
breaker to which the SPD connects.  SPD leads must not extend beyond the SPD manufacturer’s 
recommended maximum lead length without specific approval of the engineer. 
Install SPDs in a neat, workmanlike manner.  Lead dress must be as short and as straight as 
possible and be consistent with recommended industry practices for the system on which these 
devices are installed. 
  Install SPDs in a manner that allows simple replacement within short periods of 
downtime. 
  Except for point of use type SPDs, install a means of disconnecting the SPD at the 
panel.  At the MDP locations, provide a dedicated 60 amp, breaker for the SPD device.  At the 
distribution secondary and/or subpanels location, provide dedicated 30 Amp, breaker for the SPD 
device.  Change rating of CB’s noted above as required to properly provide system as 
recommended by manufacturer. 

742E-6.4 SPD for Service Entrance and PanelBoards 
  Install the SPD externally to the distribution equipment with the leads as short and 
straight as possible. Gently twist conductors together. Installer may reasonably rearrange breaker 
locations to ensure short and straightest possible leads to the SPD.  If any lead lengths exceed 
24”, the Contractor responsible for installation must contact the specifying electrical engineer 
and the surge protective device manufacturer or distributor for installation assistance. 

742E-6.5 Telephone Circuits. 
  Systems utilizing telephone company pairs as a transmission medium shall be 
provided with SPD conforming to respective device in Part 2 of this specification. 
SPDs shall be installed at each point where interface is made to telephone company pairs. 
  In cases where a modem or other device is used to interface with the telephone 
circuit the following procedure shall apply: 
  Where the modem or coupling device is furnished by the telephone company the 
SPDs shall be installed on the system side of the modem or coupling device. 
  Where the modem or coupling device is furnished by the system contractor, the 
SPD shall be installed on the telephone line side of the modem or coupling device. 

742E-6.6 Signaling, Communications and Data Conductors.  
  Any signaling conductor, CCTV conductor, Ethernet conductor, Power over 
Ethernet (PoE) conductor, or SCADA system conductor that is routed in an exterior environment 
shall be protected by a surge protection device (SPD). The SPD’s will be mounted indoors where 
possible. 
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742E-6.7 Placing System into Service. 
  Before energizing any SPD, the installer shall measure the electrical system 
voltage and frequency and verify that each SPD is properly rated for use with measured voltage 
and frequency. 

742E-6.8 Field Quality Control.   
  Verify that electrical wiring installation complies with manufacturer's written 
installation requirements. 
  Testing:  Perform the following field tests and inspections. 

a. After installing surge protective devices, but before the electrical circuitry has been 
energized, measure the continuity of each lead.  Measure between the equipment being protected 
and the point of connection to the SPD.  

b. Complete startup checks according to manufacturer's written instructions. 

T742E-7 Demonstration. 
 Department’s maintenance personnel to adjust, operate, and maintain SPDs. 

T742E-8 Method of Measurement. 
 The work specified in this Section will not be measured but will be included in the pay 
items for panelboards and outdoor communications cabinet. 

T742E-9 Basis of Payment. 
 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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SECTION T742F 
LIGHTING FIXTURES AND LAMPS AT RTC TOLL SITES  

 

T742F-1  
 Furnish and install lighting fixtures and lamps as shown in the Plans. 

T742F-2 Materials. 

742F-2.1 Standards 
  Lighting fixtures and lamps must meet the following applicable industry 
standards: 

1. NEMA WD 6 - Wiring Devices-Dimensional Requirements 

2. NFPA 70 - National Electrical Code 

3. NFPA 101 - Life Safety Code 

742F-2.2 Qualifications 
  Manufacturer must be a company specializing in manufacturing the products 
specified in this sub-section with minimum three years’ documented experience. 

742F-2.3 Luminaires 
  Provide luminaires in accordance with the lighting fixture schedule in the Plans. 

742F-2.4 Exterior LED Light Fixtures 
  Provide Flat face, low profile, wall mount, exterior light fixtures in accordance 
with the Plans and the following: 
  The baseplate must be manufactured from marine grade die-cast aluminum. The 
baseplate flange shall interlock and wrap around the lens base to prevent water intrusion.  
Lens: The lens must be made from ultraviolet stabilized, high impact resistant, virgin injection 
molded polycarbonate.  Ensure the lens is held in place by a push/turn/lock in place device that 
does not require tools.   The lens and lens base will be secured with a single, concealed, captive 
fastener with a center pin. 
  Gasketing:  A self-adhesive neoprene gasket must seal between the baseplate to 
the mounting surface. 
  The LED light source color temperature must be 3500 degrees Kelvin with a 
minimum CRI of 82. 

T742F-3 Submittals and Shop Drawings. 
 Submit documents in accordance with Section 5 and General Requirements for Toll Site 
Electrical Infrastructure . Submit manufacturer's operation and maintenance instructions for each 
product. 

T742F-4 Construction Requirements. 

742F-4.1 Installation 
  Furnish and install luminaires in accordance with the following: 
  Install exterior mounted luminaires, at height as indicated on Drawings, as 
scheduled. 
  Make wiring connections to branch circuit using building wire with insulation 
suitable for temperature conditions within the luminaire. 
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  Bond products and metal accessories to the branch circuit equipment grounding 
conductor. 
  Surface mounted fixtures and boxes shall be supported to superstructure and/or 
strut channel frame with all-thread rod. 
  Light fixtures shall not have any labels exposed to normal viewing angles.  This 
includes manufacturer labels and U.L. labels.  
  Provide low voltage transformers and power supplies for all low voltage light 
fixtures. 

742F-4.2 Field Quality Control.  
  Operate each luminaire after installation and connection.  Inspect for proper 
connections and operation. 
  Aim and adjust luminaires as indicated. 

742F-4.3 Cleaning. 
  Clean installed work in accordance with Acceptance Procedures for Toll Facilities 
at RTC Toll Sites and the following: 

1. Clean electrical parts to remove conductive and deleterious materials. 

2. Remove dirt and debris from inside the enclosures. 

3. Clean photometric control surfaces as recommended by manufacturer. 

4. Clean finishes and touch up damaged areas. 

T742F-5 Acceptance Procedures. 
 Demonstrate luminaire operation for minimum of two hours during Primary Walk 
Through. See Acceptance Procedures at Toll Facilities for RTC Toll Sites. 
 Re-lamp any luminaires that have failed lamps at Substantial Completion 

T742F-6 Basis of Payment. 
 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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SECTION T742G 
STATIC UNINTERRUPTIBLE POWER SUPPLY SYSTEMS

AT RTC TOLL SITES 
 

T742G-1 Description. 

 Provide all labor, materials, services, testing, and equipment necessary to provide Static 
Uninterruptible Power Supply (UPS) systems with internal bypass at each RTC toll site. 

T742G-2 Materials. 

742G-2.1 Standards. 

1. UL 1778 - Underwriters Laboratory. UL requirements throughout document include 
UL or other National Recognized Testing Laboratory (NRTL) approved by the United States 
Department of Labor, Occupational Safety and Health Administration (OSHA) under the 
requirements of 29CFR1910.7. 

2. FCC rules, part 15 – Limits for a Class A digital device. 

3. IEEE C62.41 - Guide on Surge Voltages in AC Power Circuits Rated up to 600V. 

4. IEEE 519 – Recommended Practices for Harmonic Control in Electrical Power Systems 

5. NFPA 70 - National Electrical Code. 

742G-2.2 UPS System Requirements. 
  Provide two, separate, rack-mounted uninterruptible power supply (UPS) systems 
within each Outdoor Communications Cabinet (OCC). 

742G-2.2.1. UPS System for OCC Equipment. 
   Provide critical/clean power to the electrical equipment within the OCC 
with a 2000 VA, 1800 Watts, UPS system in accordance with the following: 

1. Provide UPS with 120 Volt input, 120 Volt output, 60 Hz, single phase, 2 wire, plus 
ground. 

2. Provide continuous, high quality, conditioned, 120 Volt AC sinewave output power 
to the electrical equipment within the OCC.   

3. Output power from the UPS will be distributed by a cord and plug connected Power 
Distribution Unit (PDU) with  twelve 120 Volt simplex receptacles, NEMA 5-15R/NEMA 5-
20R. 

4. The UPS will protect the electrical equipment in the OCC from power disturbances 
on the power distribution system due to power blackouts, brownouts, surges, or noise 
interference. 

5. AC INPUT SUPPLIED TO THE UPS SYSTEM: 
a. Input Voltage: 120 Volts, single phase, 2 wire - plus ground. 
b. Input AC power for the UPS will be delivered by a 10 foot long, factory installed, 

cord and plug.  The plug will be a twist lock, NEMA L5-20P.  
c. Ensure that the UPS will be served by a dedicated feeder that is not spliced or 

tapped by other feeders.  
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d. Voltage Range: The incoming AC power voltage range will be between 60 Volts 
and 150 Volts.  Nominal voltage is 120 Volts AC. 

e. Frequency range: The UPS will operate when the AC frequency is between 40 Hz 
and 70 Hz.  Nominal frequency is 60 Hz.  

f. Frequency: Auto-sense input frequency when first powered up and operate within 
the following frequency specifications. UPS must be capable of cold start with default frequency 
of 60Hz. Once started, the frequency operating window must be 40-70Hz. Provide three 
frequency settings in the Configuration program: Auto frequency sensing (factory default 
setting), 50Hz frequency conversion and 60Hz frequency conversion. 

g. Input Power Factor: >0.99 lagging at rated load. 
h. Input Current Harmonic Distortion:   THD must be less than or equal to 5% at 

nonlinear, full load operation. 
i. Input current rating: The input current rating will be 16 Amps at 120 Volts. 
j. Inrush Current (initial startup, no load):  Provide a UPS with a maximum inrush 

current of 6 times the full load peak input current. 
k. Surge Immunity & Protection:  UPS must conform to ANSI C62.41, Category B. 

 
6. AC OUTPUT FROM THE UPS SYSTEM: 

a. The UPS output voltage will be 120 Volts, AC, single-phase, 60 Hz, 2 wire, plus 
ground.  

b. Output power will be delivered from a 120 Volt AC, 20 Amp, twist lock simplex 
receptacle, NEMA L5-20R located on the back of the UPS. 

c. Output power from the UPS will be distributed by a cord and plug connected Power 
Distribution Unit (PDU) equipped with twelve 120 Volt simplex receptacles, 
NEMA 5-15R/NEMA 5-20R.   The PDU will accept power from the UPS by a 10 
ft long cord and plug.  The plug will be a twist lock type plug, NEMA L5-20P. 

d. The PDU will be mounted vertically within the Outdoor Communications Cabinet. 
e. Voltage Regulation: +/-  1% steady state. 
f. Frequency Regulation: ±3.5 Hz synchronized to utility.  ±0.1 Hz free running or on-

battery opertion. 
g. Frequency slew rate: 1.0 Hz per second, maximum. 
h. Voltage Distortion: Less than 2% total harmonic distortion (THD) typical into a 

100% linear load, less than 5% THD typical into a 100% non-linear load. 
i. Load Power Factor Range: The load power factor rance shall be 0.65 lagging to 1.0 

(unity) without power derating. 
j. The maximum UPS output power rating will be 2000 VA, 1800 Watts.  
k. Inverter Overload Capability  

Overload Percent Duration Inverter must support rated load 
105% to 125%  60 seconds 
125% to 150% 50 seconds 
150% to 200%  2 seconds 
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l. Voltage Transient Response: The transient response of the output voltage with 
resistor step loading will be +/-5% for input supply from off to on and for a load from 0% to 
100% and 100% to 0%.  Transient response in the output voltage with resistor step loading will 
be +/-4% for input supply from off to on and for a load from 20% to 100% and 100% to 20%. 
 

m. Transient Recovery Time: To nominal voltage within 60ms. 
n. AC-AC Efficiency: The UPS must be EPA Energy Star Qualified with a 93% AC –

AC at full rated linear load. 
o. Programmable and Controllable 120 Volt Receptacle Outlets:  The UPS will have 

four simplex receptacle outlets, 120 Volt AC, 20 Amps,  These receptacle outlets will be 
programmable and/or controllable.  These outlets will be user customizable to perform load 
shedding based upon the remaining battery capacity, time on battery operation, battery time 
remaining, and overload condition when on battery power.  The user shall be able to program 
these receptacles for sequential restart of connected equipment based on the amount of time after 
input/normal power is restored.  The user can also program these receptacles to always be turned 
off. To prevent unauthorized equipment from being plugged into the UPS. 

7. BATTERY 
a. Internal Battery: The batteries will consist of flame retardant, valve regulated, non-

spillable, lead acid cells. 
b. Reserve Time: Beginning with fully charged batteries, and the ambient temperature 

at 77° F, the UPS will provide high quality, conditioned, output power for 4 minutes at full 
(100% rated) load with no AC input power to charge the batteries.   

c. The UPS will provide high quality, conditioned, output power for 12.3 minutes 
when the output load is 50% of the full rated load with no AC input power to charge the 
batteries. The UPS shall be capable of interfacing with an external battery cabinet to extend the 
reserve time capabilities. 

d. Battery Recharge: The UPS will have a three stage battery charger designed to 
prolong the battery life. After a full battery discharge, the battery charger will recharge the 
batteries to 90% capacity within four (4) hours. 

742G-2.2.2. UPS System for RTC Cabinet. 
   Provide critical/clean power to the Roadside Tolling Cabinet (RTC) with a 
5000 VA, 5000 Watts, UPS system, rack mounted within the OCC, as follows: 
 

1. Provide an UPS system with 120/240 Volt input, single phase, and 120/240 Volt 
output, 60 Hz, single phase, 3 wire, plus ground. 

2. Provide continuous, high quality, conditioned, 120/240 Volt AC, 60 Hz, sinewave 
output power to the tolling equipment within the RTC. 

3. Output power from the UPS will be distributed by a hard wired, feeder circuit routed 
underground to the RTC. 

4. The UPS will protect the tolling equipment within the RTC from power disturbances 
on the normal power distribution system due to power blackouts, brownouts, 
surges, or noise interference. 
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5. AC INPUT SUPPLIED TO THE UPS 
a. Input Voltage: 120/240 Volts, single phase, 60 Hz, 3 wire - plus ground.  
b. Input AC power for the UPS will be delivered by a hard wired feeder circuit. 
c. Ensure that the UPS will be served by a dedicated feeder that is not spliced or 

tapped by other feeders.  
d. Voltage Range: The UPS will operate properly when the incoming AC power 

voltage  is between 176 Volts and 280 Volts.  Nominal voltage is 120/240 Volts 
AC. 

e. Frequency range: The UPS will operate properly when the AC frequency is between 
40 Hz and 70 Hz.  Nominal frequency is 60 Hz.  

f. Input current harmonic distortion: Total Harmonic Distortion (THD) shall be less 
than, or equal to 3% when operating at linear full load operation.  THD shall be 
less than or equal to 5% when operating at non-linear full load operation. 

g. Inrush Current: Upon initial startup with no load, the UPS shall have a maximum 
inrush current of 6 times the full load input current. 

h. Voltage: The point at which the UPS transfers to battery operation must be 
dependent on the amount of load that the UPS is supporting. The UPS must 
operate from the following voltage ranges without drawing power from the 
batteries: 

i. Low Line Voltage Range 
j. From 0 to 50%load the low line voltage is constant.   
k. From 51-100% load the low line voltage increases at a linear rate. 
l. For loads over 100%, the low line voltage remains constant. 

Load Low Line Voltage 

100% to 51% L-N Transfer 60 - 90 ± 3.1VAC 
L-N Comeback 68 - 98 ± 3.1VAC 

50% to 0% L-N Transfer 60 ± 3.1VAC 
L-N Comeback 68 ± 3.1VAC 

 
High Line Voltage Range 

High Line  Voltage 120/208V Models 

High Line Transfer 149.5 ± 3.1VAC 

High Line Comeback 142.5 ± 3.1VAC 
 

m. Frequency: Auto-sense input frequency when first powered up and operate within 
the following frequency specifications. UPS must be capable of cold start with 
default frequency of 60Hz. Once started, the frequency operating window must be 
40-70Hz. Provide three frequency settings in the Configuration program: Auto 
frequency sensing (factory default setting), 50 Hz frequency conversion and 60 
Hz frequency conversion. 

n. Input Power Factor: >0.99 lagging at rated load. 
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o. Input Current Harmonic Distortion: THD must be less than or equal to 3% at linear, 
full load operation.  THD must be less than or equal to 5% at nonlinear, full load 
operation. 

p. Inrush Current (initial startup, no load):  Provide with a maximum inrush current of 
6 times the full load peak input current. 

q.  Surge Immunity & Protection:  UPS must conform to ANSI C62.41, Category B. 
 
 

6.   . AC OUTPUT FROM THE UPS 
a. The UPS output voltage will be 120/240 Volts, AC, single-phase, 60 Hz, 3 wire, plus 

ground.  
b. Output power from the UPS will be distributed by a hard wired, feeder circuit (L1, 

L2, N, G) routed underground to the RTC.   
c. Voltage Regulation: +/- 1% steady state. 
d. Voltage Distortion: Less than 2% total harmonic distortion (THD) typical into a 

100% linear load, less than 5% THD typical when into 100% non-linear load. 
e.  Frequency Regulation: 60 Hz, +/- 3.5 Hz when synchronized to the bypass power.  

+/- 0.1 Hz when running on battery power. 
f. Frequency slew rate: Slew rate shall be 1.0 Hz per second maximum. 
g. The maximum UPS output power rating will be 5000 VA, 5000 Watts at 0.9 

lagging power factor. 
h. Load power factor range: The load power factor range shall be 0.65 lagging to 1.0 

unity without power derating. 
i. Inverter overload capability: The inverter shall support the output load for 5 minutes 

when it is overloaded between 105% and 125%, and the inverter will continue to 
support the output load when it is overloaded between 125% and 150% for 60 
seconds. 

j. Voltage Transient Response: The transient response of the output voltage with 
resister step loading will be +/- 5% for input supply from off to on, and for a load 
from 0% to 100%, and from 100% to 0%.  Transient response in the output 
voltage with resister step loading will be +/- 4% for input supply from off to on, 
and for a load from 20% to 100%, and 100% to 20%. 

k. Transient recovery time: The output voltage will recover to nominal voltage within 
60 milli-seconds. 

l. AC – AC efficiency:  The UPS unit shall be EPA Energy Star Qualified.   The 
efficiency of the UPS shall be 93% at full rated linear load. 

 
7. BATTERY 

a. Internal Battery: The batteries will consist of flame retardant, valve regulated, non-
spillable, lead acid cells. 

b. Reserve Time: Beginning with fully charged batteries, and the ambient temperature 
at 77� F, the UPS will provide high quality, conditioned, output power for 4.5 
minutes at full (100% rated) load with no AC input power to charge the batteries.   
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c. The UPS will provide high quality, conditioned, output power for 12.5 minutes 
when the output load is 50% of the full rated load with no AC input power to 
charge the batteries. The UPS shall be capable of interfacing with an external 
battery cabinet to extend the reserve time capabilities. 

d. Battery Recharge: The UPS will have a three stage battery charger designed to 
prolong the battery life. After a full battery discharge, the battery charger will 
recharge the batteries to 90% capacity within four (4) hours. 

 

742G-2.3  Environmental Conditions. 

1. Ambient Temperature: When the UPS is operating, the ambient temperature range shall 

be between 32 F and 104 F.  There shall be no degradation in the performance 
of the UPS when operating in this temperature range. Automatic derating of the 
output power rating shall occur if the UPS is operated in a higher ambient 

temperature than 104 F. 

2. Storage Temperature. The UPS can be stored (not operating) when ambient 

temperatures are between 5 F and 104 F. 

3. Relative humidity: When operating, or when in storage, between 0 to 95% non-
condensing. 

4. Altitude: The UPS will operate normally without power derating when the altitude is 
10,000 feet or lower.  

5. Audible Noise: The audible noise of the operating UPS will be 48 dBA, or less, at 1 
meter from the front, sides, or rear of the UPS. 

742G-2.4 Modes of Operation. 
The UPS must operate as a true on-line double-conversion system in the following modes: 

1. Normal - In normal operation incoming AC power will be supplied to the input power 
factor corrected rectifier that converts the AC power to DC power for the inverter. In this mode, 
power shall also be derived from the incoming power for the battery charger. The battery charger 
maintains a float-charge on the battery. The inverter will use DC power from the rectifier to 
regenerate filtered and regulated AC sinewave power for the connected loads.  If incoming AC 
power is interrupted, or if the voltage or frequency is not within nominal range, the inverter will 
use DC battery power to generate 120 Volt AC output power until the incoming power is 
restored, or until the battery is discharged. . 

2. Back-up - Upon failure of incoming AC power, the critical AC load is supplied by the 
inverter, which without any switching obtains power from the battery. There will be no 
interruption in power to the critical load upon failure or restoration of normal incoming power to 
the UPS.  . 
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3. Recharge - Upon restoration of incoming AC power, the input rectifier will 
automatically restart and resume supplying DC power to the inverter. The battery charger will 
resume charging of the battery . 

4. Automatic Restart - After a utility / mains AC power outage and complete battery 
discharge, automatically restart the UPS and resume supplying power to the critical load and to 
the battery charger which will automatically recharge the battery upon restoration of utility / 
mains AC power. This feature must be capable of being disabled by the user. 

5. Automatic Restart - Upon restoration of normal incoming AC power, after an incoming 
AC power outage, and complete battery discharge, the UPS will automatically restart and resume 
supplying power to the critical load.  In addition, the battery charger will automatically recharge 
the battery. This feature must be enabled (factory default) and will be capable of being disabled 
by the user. 

6. Bypass - The internal bypass will provide an automatic transfer of the critical AC 
power from the inverter to the bypass source in the event of an overload, PFC failure, internal 
over temperature, DC bus overvoltage, or inverter failure. . 

7. ECO –The UPS will allow the user to enable and place the UPS in ECO mode of 
operation to reduce the electrical power consumption.  The ECO mode operation shall be an 
Active type, whereas the UPS will power the connected equipment through the bypass path and 
the UPS inverter shall be on and operating at no load in order to stay synchronized with the 
bypass to ensure rapid transfers to inverter power when input power falls outside of the user 
customizable parameters.  The UPS shall also have a user customizable requalification time that 
input power must remain within the ECO mode parameters before transferring back to ECO 
operation. . 

742G-2.5 Cabinet. 
  Ensure the UPS unit(s) are comprised of: A user interface module, an input PFC 
converter, an IGBT inverter, a battery charger, input filter, an internal bypass circuit, sealed 
battery cells, and shall be housed in a rack mountable NEMA 1 enclosure and must meet the 
requirements of IP20. The UPS cabinet shall be cleaned, primed, and painted with the 
manufacturer's standard color. 

742G-2.6 Cooling. 
  Provide forced-air cooled UPS from an internally mounted, continuously 
operating fan. Fan speed must be controlled by the UPS from 50% to 100%. Air intake must be 
through the front of the unit and exhausted out the rear of the unit. 

742G-2.7 Input Converter. 
  Incoming AC power will be converted to a regulated DC output by the input 
converter for supplying DC power to the inverter. The input converter will provide input power 
factor correction and input current distortion reduction. 

1. AC Input Current Limit: Provide the input converter with AC input current limiting, 
whereby the maximum input current is limited to 125% of the full load input current rating.   
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2. Input Protection: Provide the UPS with built-in protection against under voltage, over 
current, and overvoltage conditions including low-energy surges introduced on the primary AC 
source. The UPS can sustain input surges without damage per criteria listed in IEEE C62.41, 
Category C, Level 3. 

3. Battery Recharge: Provide a three-stage battery charger designed to prolong battery life. 
After a full battery discharge, the battery charger will recharge the batteries to 90% capacity 
within three (3) hours. Provide DC overvoltage protection so that if the DC voltage exceeds the 
pre-set limit, the UPS will shut down automatically and the critical load will be transferred to 
bypass. 

742G-2.8 Inverter. 
  Provide an UPS inverter with a pulse width modulated (PWM) design capable of 
providing the specified AC output. The inverter must convert DC power from the input converter 
output or from the battery into precise sinewave AC power for supporting the critical power AC 
loads. 

1. Overload: The inverter shall be capable of supplying current and voltage for overloads 
exceeding 100% and up to 200% of full load current. A visual indicator and audible alarm 
indicate overload operation.  For greater currents or longer time duration, the inverter has 
electronic current-limiting protection to prevent damage to components. The inverter is self-
protecting against any magnitude of connected output overload. Inverter control logic senses and 
disconnects the inverter from the critical AC load without the requirement to clear protective 
devices. 

2. Inverter DC Protection: The inverter shall be protected by the following DC shutdown 
levels. 

a. DC Overvoltage Shutdown 
b. DC under voltage shutdown (End of discharge) 
c. DC under voltage warning (Low battery reserve).  The factory default will be set at 2 

minutes.  This setting is user configurable from 2 to 20 minutes. 

3. Output Frequency: The output frequency of the inverter shall be controlled by an 
oscillator. The inverter will maintain the output frequency to ± 0.1% of nominal frequency 
during battery mode, frequency converter mode, or when otherwise not synchronized with 
incoming utility / normal power.  

4. Output Protection: The UPS inverter shall employ electronic current limiting circuitry. 

5. Battery Over Discharge Protection: To prevent battery damage from over discharging, 
the UPS control logic controls the shutdown voltage set point. This point is dependent on the rate 
of discharge and the amount of charge remaining in the battery. 

742G-2.9 Display and Controls. 
  The UPS must be provided with a microprocessor based unit status display, and 
controls section designed for convenient and reliable user operation.  The monitoring functions 
such as voltage, current, UPS status, and alarm indicators shall be displayed on a full color 
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graphical LCD display. The display must be menu driven navigation and use control buttons for 
ease of navigation and selection of the configurable parameters. 

1. System: The UPS display shall also include LED based system indicators.  The system 
level indicators shall be: Run indicator, and Alarm indicator. 

a. The Run indicator LED is green in color and indicates the following: 

i. If the LED is on and solid (not blinking) then the UPS is providing output 
power.    

ii. If the LED is blinking, then the inverter is starting.  
iii. If the LED off, then the UPS is not providing output power. 

b. The UPS Alarm indicator is a multi-color LED indicator to notify the user that a UPS 
fault condition has occurred.   

i. If the LED is yellow, then an alarm has occurred.   
ii. If the LED is red, then a fault has occurred.   

iii. If the LED is off, then there is no active alarm or fault.  

2. Controls: UPS startup and shutdown operations shall be accomplished by using the 
power button on the front panel of the UPS.  The display shall be menu driven 
navigation and use four control buttons for ease of navigation and selection of the 
configurable parameters. 

a. Control Buttons: The UPS display control button functionality shall be as follows. 

i. ESC Button: This button shall return to the previous menu or abort any 
change before confirming the change. 

ii. Up/Left arrow button: This button shall move the cursor up or left, or 
increase the value displayed when changing parameters. This button will also 
be used to scroll up for navigating the screens. 

iii. Down/Right arrow button: This button will move the cursor down or right, or 
decrease the value displayed when changing parameters. This button shall 
also be used to scroll down for navigating the screens. 

iv. Enter button: This button shall enter the next level menu or confirm the 
parameter changes. 

b. Display Menu Structure: The UPS display shall have the following menu structure 
with the following status and configuration screens. 

i. UPS Flow Screen (Default screen): The UPS flow screen shall be the default 
screen after system startup.  It shall display an overview screen showing 
status information, the active (green) power path, and non-working power 
path (gray). Details in this default screen include operating mode, the input 
voltage and frequency, output voltage and frequency, battery capacity, 
estimated battery time remaining, and loading percentage. To prolong the 
display life, the UPS LCD display will dim and display a screen saver after 
two minutes of no user interaction if there are no active alarms. Pressing the 
ENTER shall wake up the display and this action shall not perform any 
operation.  If an alarm or fault occurs, the display shall also wake up the 
display. 
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ii. Main Menu: The main menu shall list 6 submenu selections, from left to 
right, then top to bottom: 

a) Status 
b) Settings 
c) Control 
d) Log 
e) About 
f) Maintenance 

iii. Status Menu: The Status screens shall provide the following information. 
a) Input 

    L-N Voltage (V) 
    L-N current (A) 
    Frequency (Hz) 
    Power Factor 
    Energy (kWh) 
    Input black count (count of input voltage lost) 
    Input brown count (count of PFC overload to battery) 

b) Bypass 
    L-N Voltage (V) 
    Frequency (Hz) 

c) Battery 
     Battery status 
    Battery voltage (V) 
    Battery current (A) 
    Backup time (min) 
    Remaining capacity (%) 
    Discharge count (# of discharges for the battery module) 
    Total discharge time (min) 
    Batt running time (day) 
    Battery replacement time (date of last replacement) 
    External battery cabinet group number 
    Battery average temp (�C) 
    Battery highest temp (�C) 
    Battery lowest temp (�C) 

d) Output 
    L-N Voltage (V) 
    L-N current (A) 
    Frequency (Hz) 
    Energy (kWh) 
    Load 
    Sout (apparent output power) 
    Pout (active output power) 
    Power factor 
    Load percent (%) 
    Time since startup (Days, Hours, Minutes) 
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3. Settings: The UPS Configuration screens shall provide the following customizable 
parameters: The default values are listed first.  

  Output 
   Voltage selection 
   Startup on Bypass (Enable/Disable) 

   Frequency selection (Auto bypass Enable, Auto 
bypass Disable, 50 Hz no bypass, 60 Hz no bypass) 

   Bypass voltage upper limit 
   Bypass voltage lower limit 
   Run mode (normal mode, or ECO load 
   ECO voltage range 
   ECO frequency range 
   ECO requalification time 
 
 
  Battery 
   External battery AH 
   External battery cabinet group No. (0 – 10) 
   Low battery time 
   Battery replaced time 
   Battery periodic test enable 
   Battery Note duration (month) 
   Discharge protect time 
   Equal charge enable 
   Max charge current 
   Temperature compensation 
   Replace battery 
 

4. Monitor 

a. Language 
b. Date 
c. Time 
d. Display orientation (Auto rotate, Rack, Tower) 
e. Audible alarm (enable, disable) 
f. Change settings password 

5. System 

a. Auto restart 
b. Auto restart delay 
c. Guaranteed shutdown 
d. Start with no battery 
e. Remote control 
f. Any mode shutdown auto restart enable 
g. Output contact NO/NC 
h. Input contact NO/NC 



T742G – Static Uninterruptible Power Supply Systems for Outdoor  
Communication Cabinets at RTC Toll Sites  Page 13 of 18 

i. Dry contact 5 output. (Low battery, On bypass, On battery, UPS fault) 
j. Dry contact 6 output. (Low battery, On bypass, On battery, UPS fault) 
k. Dry contact 1 output. (Low battery, On bypass, On battery, UPS fault) 
l. Dry contact 2 output. (Low battery, On bypass, On battery, UPS fault) 
m. Sleep mode 
n. IT system compatibility 
o. Outlet Parameter Options 
p. Apply same settings across outlets 
q. Turn on Outlet 
r. Turn on Delay 
s. Outlet Settings based on discharging time 
t. Threshold of turning off the outlet 
u. Turn on when power returns 
v. Outlet settings based on capacity 
w. Threshold of turning off the outlet. 
x. Turn on when power returns 

6. Control:  The UPS shall have the following controls from the display. 

a. UPS On/Off/Bypass 
b. Turn UPS On 
c. Turn UPS Off 
d. Turn on Bypass (manually transfer to bypass power) 
e. Audible Alarm 
f. Turn audible alarm On (test alarm) 
g. Turn audible alarm Off (alarm silence) 
h. Battery test 
i. Start battery self test 
j. Clear faults 
k. Reset power statistics 

7. Log:  The UPS shall have an event log to record 255 events and shall be viewable from 
the display. 

a. View Log 
b. Navigate the event log to view the last 255 events 
c. Clear Log 
d. Once the event log is full, the controller will begin replacing the first event logged to 

provide a FIFO process for maintaining event history.  The event history shall record and display 
the number of events out of the 255, as well as the time from when viewing the event, and the 
event that occurred. 

8. About: The UPS shall have an About screen to display the UPS model number, serial 
number, time since startup, hardware version, and firmware version.  

9. Maintenance: The UPS shall have the ability to display the network information of the 
RDU101 SNMP/webcard when installed.  The information available shall be MAC address and 
IP address.  
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10. Automatic Battery Test: The UPS shall feature an automatic battery test with the 
factory default test interval set at every 8 weeks.  The battery test shall ensure the capability of 
the battery to supply power to the inverter while loaded. If the battery fails the test, the UPS shall 
display a warning message to indicate the internal batteries need to be replaced.  The automatic 
battery test feature shall be capable of being disabled or configured to operate every 8, 12, 16, 20 
or 26 weeks through the UPS Configuration Program or from the LCD display. 

742G-2.10 Bypass. 
  Provide a bypass circuit as an integral part of the UPS.   

1. UPS 5KVA: Provide double pole device which includes a make-before-break transfer, 
and provide a maximum detect and transfer time of 4-6 milli-seconds. Design the bypass circuit 
to ensure the simultaneous transfer of the L1 and L2 poles. Configure the bypass to wrap around 
the PFC converter, battery charger, DC-DC converter, inverter, and battery.  Use the rear panel 
mounted UPS input circuit breaker for the bypass circuit and route bypass power through the 
UPS input filters and surge suppression circuit. The bypass circuit default position must be in the 
Bypass mode (utility). 

2. UPS 2KVA: Provide bypass control logic which contains an automatic transfer control 
circuit that senses the status of the inverter logic signals and operating and alarm conditions.  
Configure the bypass control circuit to provide a transfer of the load to the bypass source if 
available and if the inverter is capable of powering the load (i.e. if there is an overload condition, 
if the unit is in manual bypass source, or if the voltage or frequency is out of tolerance). 

3. Automatic Transfers: Activate the bypass automatically with the transfer control logic, 
transferring the critical AC load to the bypass source, after the transfer logic senses one of the 
following conditions: 

a. UPS Overload 
b. UPS over temperature 
c. PFC failure 
d. Inverter failure 
e. DC bus overvoltage. 

i. Once the overload condition is reduced, the load shall automatically be 
transferred back to inverter power. 

ii. UPS 5KVA: An over temperature requires manual transfer back to inverter 
power after cooling. 

742G-2.11 Internal Battery. 
  Use a valve regulated, non-spillable, lead acid cells (VRLA) as a stored energy 
source for the specified UPS system. House the battery internal to the UPS cabinet, and size to 
support the inverter at rated load and power factor, with an ambient temperature of 25 C (77 F) 
for a minimum of 3 minutes reserve time. The expected life of the battery shall be 3 – 5 years or 
a minimum 260 complete discharge cycles. Ensure that the UPS battery can be replaced easily by 
the owner/operator.  The UPS will allow connections for up to 10 external battery cabinets to 
provide extended run time. The internal battery must be user replaceable and includes a blind-
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mate style connector located on the rear of the battery kit. The expected life of the battery must 
be 3-5 years or a minimum 260 complete discharge cycles. 

742G-2.12 Optional External Battery Cabinet. 
  UPS 5KVA: The UPS shall allow for connecting of up to six external battery 
cabinets to provide extended run time. 
. 

742G-2.13 Output Distribution. 
  Output distribution requirements for each UPS located in an OCC is as follows: 

1. UPS 5KVA - Output power will be 120/240 Volts, AC, single-phase, 60 Hz, 3 wire, 
plus ground.  Output power from the UPS will be distributed by a hard wired feeder circuit (L1, 
L2, N, G) routed underground to the RTC. 

2. UPS 2KVA - Output Distribution shall be integral to the UPS and located on the rear of 
the unit. The UPS unit will have four (4) programmable 120 Volt, NEMA 5-20R, simplex 
receptacle outlets that can be controlled/programmed on/off individually. The UPS unit will also 
have one (1) 120 Volt, NEMA L5-20R, simplex receptacle that is not programmable and is 
energized when the UPS is operating normally. 

742G-2.14 Communications. 
  Communications requirements for each UPS located in an OCC must be in 
accordance with the following: 

1. Intellislot Communications:  The UPS shall include one Intellislot communications port 
with a Intellislot RDU101 communications card installed.  The UPS will communicate with the 
FTE SCADA system using an IntelliSlot web interface card to provide HTTP supported SNMP 
communication over a local area network. The IntelliSlot RDU101 interface card will support 
10/100Mb/s Ethernet over unshielded twisted pair connection. This card shall enable remote or 
local field upgrades of the SNMP firmware, and managed device firmware, and configuration 
updates. Install network communication cables and label each end of the cable “NET SW - 
UPS”. Ensure the communications cable is routed between the UPS and the Department’s 
managed network switch (Brocade switch) within the OCC. Network communication cables for 
each UPS is as follows: 

a. UPS 5KVA - Install a category 6 cable, 4 pair, copper UTP, CMP rated, network 
communication cable with  RJ45 connectors. 

b. UPS 2KVA - .  Install a category 6 cable, 4 pair, copper UTP, CMP rated, network 
communication cable with  RJ45 connectors.   

2. Intellislot Relay Interface Card: The optional Intellislot Relay Interface Card shall 
provide contact closure for remote monitoring of alarm conditions in the UPS.  Contacts are 
available for On battery, On bypass, Low battery, Summary alarm, UPS on fault, and On UPS.  
The contacts will be rated for 24 VAC or 24 VDC at 1 Amp.  Connections shall be to a terminal 
block connector with a cable provided by the end user. 

3. Terminal Block Connections:  The UPS shall be equipped with a terminal block located 
on the rear panel to provide low voltage signals for On battery, Low battery, Any-mode 
shutdown, and Battery mode shutdown. 
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4. Any-Mode Shutdown: The purpose of Any-Mode Shutdown will be to shut down the 
UPS output by turning off the rectifier, inverter, and bypass so that there is no output power to 
the electrical loads.  Any mode shutdown can be operated locally and remotely, as described 
below. 

a. Local Any-mode shutdown can be entered from the battery mode shutdown device on 
the back of the unit. 

b. Remote Any-mode shutdown can be initiated by a battery mode shutdown button 
mounted at a remote location. 

5. Remote Power Off shall be performed by either NO or NC contacts of Any-mode 
shutdown, depending on the settings in the configuration program. A current limited source  
(+ 12 VDC, 50 milli-Amps) shall be available from the UPS. The connection to the UPS for 
remote power off shall be by a terminal block connector.  

6. Battery Mode Shutdown: Battery mode shutdown shall permit shutting down the UPS 
by turning off the rectifier, inverter, and bypass so that there is no output power to the electrical 
loads when the UPS is on battery.  Battery mode shutdown shall be able to be performed locally 
and remotely. The battery mode shutdown signal will not cause an immediate shutdown, it will 
instead start a 2 minute shutdown timer.  This timer can not be stopped once it is triggered.  If 
normal utility power returns during the count down timer, then the UPS will still shut down, and 
must remain shut down for 10 seconds.  The auto-restart setting will then dictate whether the 
UPS turns back On when normal utility power is restored.  

7. USB Port: A USB communications port (Version 2.0) shall be provided on the rear of 
the UPS, and shall meet the HID Power Device standard, version 1.0 or later. All models must 
work with the Power Management system in Microsoft® Windows® 11  or later. They must also 
support the equivalent functions in Linux, and Mac OSX® 

8. Serial Port: A serial port (RS-232) with an RJ-45 connector will be provided on the rear 
of the UPS.  This will allow for command line interface.  

T742G-3 Shop Drawings and Submittals. 

1. Submit plan views and elevation views of each UPS cabinet with overall dimensions and 
clearances required for maintenance procedures.  Provide heat output and cooling air 
requirements.   

2. The specified UPS system will be supplied with Safety Instructions, Warning Sheet, 
WEEE recycling sheet (ISO 14001 compliance), a printed copy of the Quick Start Guide, and a 
printed copy of the factory test report.   

3. The User Manual will be downloaded from the manufacturer’s web site. The User Manual 
will include installation drawings and instructions, a functional description of the equipment with 
block diagrams, safety precautions, illustrations, step by step operating procedures, and routine 
maintenance guidelines.  

4. A warranty statement and repair parts availability statement will be submitted to the 
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department. 

T742G-4 Replacement Parts. 

 Replacement parts will available through a local distributor within 100 miles of the job 
site.  The replacement parts including power modules and battery modules for the UPS model 
installed at the job site will be available 24 hours a day, 7 days a week, 365 days a year. 

T742G-5 Quality Assurance. 

1. Manufacturers Qualifications: Minimum of ten year's experience in the design, 
manufacture, and testing of solid-state UPS systems is required.  The manufacturer shall be 
certified to ISO 9001.  

2. Factory Testing: Before shipment, the manufacturer fully and completely tests the system 
to assure compliance with the specification. These tests include operational discharge and 
recharge tests on the internal battery to guarantee rated performance. 

742G-5.1 Fabrication. 
  All materials and components used to manufacture the UPS will be new, of 
current manufacture, and not in prior service except as required during factory testing. The UPS 
is constructed of replaceable subassemblies. All active electronic devices are solid-state. All 
relays must be provided with dust covers. 

742G-5.2 Wiring. 
  Wiring practices, materials and coding must be in accordance with the 
requirements of the standards listed in Section 2.1 above and other applicable codes and 
standards. All wiring must be copper. 

T742G-6 Installation.  

  Install UPS assemblies in accordance with the manufacturer’s recommendations. 
Include a UPS operation and maintenance manual in the cabinet where the UPS is installed that 
includes cabinet wiring schematics, electrical interconnection drawings, parts layout and parts 
lists. 

T742G-7 Testing 

 The following inspections and test procedures will be performed by factory trained field 
service personnel during the UPS start-up and commissioning 

742G-7.1 Visual Inspection 

1. Inspect equipment for signs of shipping or installation damage. 

2. Verify installation per drawings. 

3. Inspect cabinets for foreign objects. 

742G-7.2 B. Mechanical Inspection 

1. Check all power modules are correctly fitted. 

2. Check all battery modules are correctly fitted. 

3. Check all terminal screws, nuts, and/or spade lugs for tightness. 
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742G-7.3 C. Electrical Inspection 

1. Confirm that the input voltage and phase rotation is correct. 

2. Verify that the input and output receptacles and connections or not damaged. 

T742G-8 Warranty. 

 Provide warranties in accordance with Section 685-5 and the following: 
 Shipping charges for repair parts during the warranty period will not be charged to the 
Department.   
 The UPS manufacturer shall provide a written warranty statement to the department that 
states: “During the warranty period a factory trained service technician will be dispatched and 
arrive at the site where the UPS is located within 4 hours of receiving a request for service by the 
Department.”  
 The warranty and the written warranty statement shall be included in the shop drawings. 

T742G-9 Method of Measurement. 

 The UPS 2 KVA and 5 KVA will not be measured separately and will be included in the 
pay item for the OCC. 
 

T742G-10 Basis of Payment. 

 The work specified in this Section will not be paid for directly but will be considered as 
incidental work. 
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