Specification Section 16WA – Heat Tracing


1.0
GENERAL.

1.1
Scope of Work.

a.
This section covers heat trace work for plumbing, drainage, fire lines and fire sprinkler lines.
b.
The heat trace work shall consist of the following:

1.
The removal of existing heat trace equipment including control devices, conduit, wires, and heat trace cables.
2.
The operational testing of heat trace cables and repair or replacement of defective cables.

3.
Furnishing and installing new heat trace equipment including, but not limited to control devices, conduit, wire, heat trace monitor panel, heat trace cables, supports, and other equipment necessary for full operation, making all changes, additions and connections as indicated on the Contract Drawings or as required for a complete heat trace system installed, tested and ready for operation.  The general details of construction and the location of the work are indicated in the Contract documents.

4.
Installed heat trace materials, devices, components and assemblies shall be new and listed by the Underwriter's Laboratories. (UL) wherever standards have been established by the agency.  In lieu of listing by the Underwriter's Laboratories, Inc., consideration shall be given to certified test reports of Associated Factory Mutual Fire Insurance Corporation or a similar recognized independent testing laboratory.

5.
The installed heat tracing systems shall meet applicable state and local codes.  The heat trace system shall conform to applicable requirements of the latest National Electrical Code in use by the State of New York.

6.
Coordination of all work with all the other trades. 
1.2  
Related Sections.

a.
Wire and Cable - Section 16C.

b.
Conduits, Troughs, Boxes and Fittings - Section 16D.

c.
Basic Electrical Requirements - Section 16BA.

d.
Painting - Sections 9A / 9AS
e. Galvanizing - Section 9M

f. Temporary electrical lighting and power as provided for under other Divisions of work for this Contract.

g. Power shall be obtained from the indicated panel board as shown on the Contract Drawings. 
1.3 
Quality Assurance.

a.
The equipment covered by these specifications shall be standard equipment of proven performance as manufactured by reputable manufacturers.  Equipment shall be designed, constructed and installed in accordance with the best practices of the trade, and shall operate satisfactorily when installed as shown in the Contract documents.

b. The Contractor’s Quality Control Engineer shall prepare for approval a Quality Control Records and Check List for assurance that equipment and installation satisfy the criteria of these specifications for a completed and ready to use Heat Trace System. The Check List shall provide for entries of all certified test reports, test data recordings and updates at every stage of the heat tracing installation process. The Quality Control Check List shall be turned over to the Transit Authority upon completion of the heat tracing work as part of the “as built” documents.

1.4 
 References.

a.
The equipment furnished under this specification shall comply with, but shall not be limited to, the latest edition of the following standards and supplements.

b.
The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in the text by the basic designation only.

1.
American National Standards Institute (ANSI)

2.
Institute of Electrical and Electronic Engineers (IEEE)

3.
American Society for Testing and Materials (ASTM)

4.
National Electrical Manufacturers Association (NEMA)

5.
Instrument Society of America (ISA)

6.
National Fire Protection Association (NFPA)

7.
Underwriters Laboratories Inc. (UL)

8.
Building Code of New York State

1.5
Submittals.

Submit the following in accordance with Division 1, and the requirements of this Section:

a. Product data for each product specified.

b. Shop Drawings.

c. Manufacturer's Certification:  Signed by the equipment manufacturer certifying compliance with the Specification requirements.   Upon request submit evidence of experience.

d. Installation Test Log

e. Operating and Maintenance manual.

1.6 
Operational Description.

The Contractor shall furnish and install a comprehensive and functional control and heating system which shall regulate the temperature of an insulated pipe (pipes) to prevent freezing, provide display of normal operating parameters, provide diagnostics and a fault alarm in case of malfunction all as shown on the Contract Drawings, and as further described herein elsewhere.

1.7 
Shop Drawings.

a. 
The Contractor shall submit, for the approval of the Engineer, a complete set of shop drawings and a schedule of procedures showing a step-by-step method of performing the heat tracing work under this Contract. No work shall be performed until directed by the Engineer.

Each submittal and test report shall be identified by the applicable Equipment Identification Number and Specification Section.

Shop Drawings shall be submitted to the Engineer for approval before the work commences.  The Shop Drawings shall clearly indicate the locations and relationship of all equipment, supports and appurtenances, controls, sensors, splices, seals, heat tracing, control and power wiring, as appropriate.  The drawings shall be fully dimensioned.

b.
The Shop Drawings shall be complete and shall include a comprehensive bill of materials keyed to the drawings.  The bill of materials shall provide all information to determine compliance with the Contract Drawings and specifications.

c.
The Contractor is responsible for verifying all dimensions in the field and for insuring that interferences do not exist between his work and that of any other Contractor or of his Subcontractors.

d.
Any deviations from the Contract Drawings required because of interferences, substitutions, or field conditions shall be clearly indicated on the Shop Drawings.

e.
Contractor shall submit a package of the following required shop drawings for each work location:

1.
Comprehensive General Arrangement.

2.
Catalog Cuts for all equipment (Including Unique Tag Numbers).

3.
Equipment Connection Diagram.

4.
Control Wiring Diagrams.

5.
Control Schematics.

6.
Operation, Maintenance Manual.

7.
Heat loss and electrical calculations
8.
Outline Dimension Drawings Of All Panels And Enclosures.

9.
Equipment Certifications.

10.  Test Reports.

11.  Sequence of Operation.
2.0 PRODUCTS

Heat trace control panel and equipment shall be as shown on the standard drawing E-2065 Heat Trace Control Panel. The acceptable manufacturers are:
a. Thermon

b. Raychem

c. Chromalox
d. Or approved equal
2.1 
Self‑Regulating Heat Trace Cable

a. All heat trace cables, sensors, end seals and connectors, from and including the power connection kit, to the end seal kit, shall be furnished and installed, and be from one manufacturer. The heat trace cable shall be #16 AWG Buss wire, self-regulating, energy efficient and provides safe reliable heat tracing for process temperature and freeze protection. The two-conductor matrix heater core shall be insulated with a seamless, flame retardant, cross linked modified polyolefin dielectric jacket. This jacket shall be covered with a tinned copper braid and fluoropolymer outer jacket. The two‑wire matrix heater shall consist of two copper buss wires, minimum 16 AWG, embedded in parallel in a self-regulating polymer core that varies its power output to respond to temperature all along its lengths.

b. The heat trace cables shall be rated 5 or 8 watts per foot at 50 degrees F. Determination of watt output shall be based on published heat loss calculations. Design parameters shall be based on maintaining 40-degree temperature in a 
-10 degree ambient. Pipe sizes, lengths and insulation thickness shall be obtained from the contract drawings and specifications. 
c. The power connector kit shall be NEMA 4X rated with #8 AWG terminal blocks for use with heating cable. The kit is FM approved for use in Division 2 Hazardous Locations. A fitting shall be used from rigid conduit to flexible conduit for entry to the junction box. The location of the junction box shall be as directed by the Engineer. 

d. Materials for attaching the heat trace cable and components to pipes shall be as recommended by the manufacturer or as directed by the Engineer. Heat tracing shall be installed as specified in Paragraph 3.0.

e. Each heat traced pipe shall be individually monitored by a temperature sensing thermocouple, thermistor or RTD. The temperature sensor shall be located on each pipe in a position opposite the heat trace cable, which is determined to be the coldest point of the heat traced pipe. Each 250 linear feet of pipe, (as shown on Drawing E-2065), shall have one temperature sensor to control the heat trace cable. Failure of a temperature sensor shall be indicated at the system monitor panel identifying the heating circuit zone number, and also initiating the common alarm, local indication, and remote output. Mechanical Bulb and Capillary thermostats shall not be accepted as equal, where supervisory functions are required. Mechanical Bulb and Capillary thermostats shall only be used where supervisory functions are not required.

f. Each heater cable, including all tees, shall be monitored for continuity, by monitoring current and ground fault. Grounded heat trace cable shall be isolated from its power source without affecting the functioning of the other heat trace cables. Additionally, the panel shall have the ability to monitor for high and low temperatures, and high and low currents.  Any alarm condition will initiate the common alarm.

g. Control wiring shall be run in separate conduit from the power wiring conduit.

h. Limit heat trace cable lengths to cover no more than 250 feet of linear pipe.

i. The ends of heat trace cables including branches resulting from tees, shall be terminated with the manufacturers end seal kits. The end seal kit shall be NEMA 4X rated FM approved and certified for use in Division 2 Hazardous Locations. The end termination shall be securely fastened to the pipe and accessible without removing insulation.

j. The control system shall energize each heater when the pipe temperature drops to 40 degrees F or below. The system shall indicate an alarm condition when the pipe temperature drops to less than 36 degrees F. The system shall de-energize the cable when the pipe temperature reaches 44 degrees F. The control system shall be fail‑safe. A failure of the temperature sensor shall result in energizing the heater cable and initiating the Alarm. 

k. In cases where the heater cable is installed in areas classified as hazardous or explosion-proof, such as at a bus depot refueling area, or as indicated on the contract drawings, the heater cable, accessories, and temperature sensors shall be rated as acceptable for Class 1, Division 1 areas by Underwriter Laboratories (UL). The cable shall be self-regulating, constructed of industrial grade #16 AWG Buss wire, with a tinned copper braid and fluoropolymer over jacket. The cable shall be approved for use in hazardous locations. 
l. Buried piping requiring heat tracing should be heat traced the same as above grade piping and shall have a redundant run of cable installed on the pipe.  The cable shall terminate in the same power connection as the primary cable, however not be connected to the power feed.  Junction points and sensor must be accessible for maintenance and service. 
2.2 
CONTROLS
2.2.1
General.
a.
All heat tracing per location shall be controlled from a common panel assembly housed in a UL Listed NEMA 4X, stainless steel enclosure.  Panel shall be manufactured in an approved UL 508A facility.  Each heat traced pipeline shall be independently controlled from a common enclosure. The monitor panel shall be a microprocessor‑based control system interfaced with the heater cable contactors. The unit provides control and monitoring capabilities via digital information display for all active heat tracing circuits. The module may be configured for either process sensing control or ambient sensing control. The use of electro-mechanical components for the supervisory functions shall not be considered equal to the system specified. The monitor panel shall be located as indicated on the Contract Drawings. The panel shall operate at 208 V AC. The enclosures shall be furnished and installed with a laminated system guide that shall define which monitor channel refers to each pipe location. 

b.  
For single heat trace lengths, 250 linear feet in length, or less, where supervisory functions are not required and as directed on the contract drawings, a single point, adjustable Bulb and Capillary thermostat shall be used. The power to this circuit shall be from a 2P-20 AT, GFCI circuit breaker. Furnish and install a “power on” indicator at eye level near the heat traced pipe. The Bulb and Capillary thermostat shall be manufactured similar in design, construction and performance by Thermon, Raychem, or Chromalox O.A.E. The “power on indicator” shall be the LED type, oil tight, suitable for mounting on the cover of an FS type box.

c.  
 Upon start up (for supervised systems only), the system shall run a self‑diagnostic of the entire heat tracing system, including the heating cables, power wiring, field connections and splices, temperature sensors, and associated components of the control and monitoring system. The timing of the self diagnostic procedure shall be adjustable.

d. The system, (for supervised system only), shall be capable of monitoring the cable integrity insulation integrity, (ground fault) temperature of the pipe, and perform self‑diagnostics over a 24-hour period, throughout the entire year. Furnish and install a 5 ampere 120VAC rated dry contact for connection of a remote alarm.

e. Furnish and install surge protection on the controller power supplies and circuits in accordance with the latest requirements of IEEE 472.

f. Wiring within the enclosure shall have input and output sections and shall be physically isolated between the 208 or 120 AC voltage and the low voltage control section.

g. All wiring and equipment shall be neatly arranged or bundled, labeled and tagged.

h. Wiring for 208 or 120 volt equipment shall be #16 AWG for the control wires and minimum #12 AWG for power, per submitted calculations, allowing for a maximum voltage drop of 3%. All wires shall be rated 600 volts AC. Wiring for 50 volt equipment or less shall be #16 AWG, rated 300 volts AC.

2.2.2
 Enclosure.


The enclosure shall be a No. 14 U.S. gauge, NEMA 4X stainless, steel wall mounted enclosure, containing the controller, monitor, contactors, indicator light units, terminal blocks, and other related appurtenances. Furnish and install four ears for wall mounting. When mounting equipment inside the enclosure the integrity of the enclosure shall not be compromised. The enclosure shall be constructed in one piece with continuously welded seams, collar studs for panel mounting and with a continuously hinged door. The door shall be sealed by a continuous oil resistant gasket attached with an oil resistant adhesive. Furnish and install a window in the door for viewing an internal LCD display. The enclosure shall be heated with in-line thermostat to protect the electronics from moisture and low temperatures maintaining a 40ºF panel temperature. A pocket for removable print shall be installed on the inside of the door. 

2.2.3
 Display.

a. Under normal operation the following status shall be displayed for each heat trace circuit:

1. Heater On

2. Heat Trace Cable continuity status.

3. Temperature sensor status

b. 
Under a fault condition the following diagnostic shall be displayed for each heat trace circuit:

1. Continuity / Low Current Fault
2. Ground Fault 

3. Temperature Sensor Failure 

4.  Low Temperature 
2.2.4 
Indicator Lights 

a. Furnish and install two oil; tight indicator lights mounted on the outside of the enclosure door. Identify the indicator lights with two engraved lamicoid nameplates. The lettering shall be black on a white background and the nameplates shall read:

1. “AC POWER ON” 

2. “SYSTEM FAULT”.

b. The system fault indicator light shall flash or steady ON to indicate a fault. 

2.2.5 
Contactor 

The switching mechanism shall consist of a series of 2 pole relay/contactors O.A.E.. Contacts shall be 30 amp rated.

2.2.6 
Terminal Blocks.

Terminal blocks shall be 600 volts rated 30 amps, feed through type.
2.2.7 
Circuit Breakers/ Supply Circuit Disconnecting Means.
a. 
Circuit breakers shall be as recommended by the heat trace cable manufacturer, 240 VAC, one, two or three pole as required. Circuit breakers and Control equipment may be located in separate enclosures.
b.  A disconnecting means shall be furnished and installed for each incoming supply circuit within the heat trace control panel, for each zone.

2.2.8
Sequence of Ground Fault Detection.

a. 
Ground Fault shall be detected when more than 200mA AC current is leaking to ground for more than 300 msec. When Ground Fault is detected in the circuit the circuit contactor shall be turned OFF for 10sec and the alarm indicator light for the circuit shall be ON. But no common alarm and alarm signal to the digitizer shall be generated at this stage. The circuit shall be turned back ON after 10 sec.
b. 
When the circuit is turned back on for the first time, after the first ground fault detection and there is no subsequent ground fault detected, the system shall return to normal operation. If ground fault is detected again for the second time, the circuit contactor shall be turned OFF for 10sec. The alarm indicator light for the circuit shall be ON. But no common alarm and alarm signal to the digitizer shall be generated at this stage. The circuit shall be turned back ON after 10sec.
c. 
When the circuit is turned back on for the second time, after the second ground fault detection and no ground fault is detected again, the system shall return to normal operation. If ground fault is detected again for the second time, the circuit contactor shall be turned OFF for 10sec. The alarm indicator light for the circuit shall be ON. But no common alarm and alarm signal to the digitizer shall be generated at this stage. The circuit shall be turned back ON after 10 sec.
d. 
When the circuit is turned back on for the third time, after the third ground fault detection and no ground fault is detected again, the system shall return to normal operation. If ground fault is detected again for the third time, the circuit contactor shall be turned OFF permanently (or until reset) and Common Alarm signal for the panel shall be on and alarm signal (contact closure) shall be generated to the digitizer.
e. 
After eliminating the cause of the circuit leakage current to ground a reset signal shall be applied to the system and the system shall return to normal operation. 

3.0
 INSTALLATION

a.  
Heat tracing shall be installed for freeze protection as indicated in the contract documents for the following:

 1.
 Fire and sprinkler lines 

 2. 
 Discharge Lines

 3. 
 Cold water lines

4.  Hot water lines

5. All existing piping that shall be retained and becomes part of the respective completed piping system.

b.  
Coordinate all work with all other trades. Heat tracing shall be installed and tested before the pipe insulation is installed. Heat tracing shall be re‑tested after the installation of pipe insulation. All test results shall be documented per manufactures installation and operation instructions.  Copies of the documentation shall be distributed per manufactures requirements for warranty with an additional copy to the NYCT engineer. Additionally, the Contractors Quality Control Engineer shall prepare, record and update the Installation and Maintenance Log, per paragraph 3.2 of these specifications.

c.
All unused conduit hubs shall be closed with threaded insert plugs. Each system, after being properly insulated, shall be identified by fastening an approved caution tag at every 20 foot interval along the heat traced pipe, beginning at the power connection point. The word “WARNING Electric Heating Cable” shall be printed on pressure sensitive vinyl suitable for industrial environments. 

d.
Mounting hardware for all equipment shall be in accordance with Section 16B Paragraph 2.6.
3.1 
Installation Method

In general, heat trace equipment installation shall be as indicated by the equipment manufacturer and as indicated in the contract documents. The Contractor shall survey each system location to ascertain the actual lengths and quantity of the heat trace cables and other equipment required. Each heat trace circuit / zone shall have a separate temperature sensor, conduit, wire, contactor, visual indication, and associated accessories. The contactors, circuit breaker for the control circuitry, and microprocessor controller with indicating display controlling the heat tracing, shall be mounted in a common control enclosure panel. Sensor wires should be run in separate conduit then power wires and cannot be shared among multiple sensors.  The maximum length of each heat tracing cable circuits shall be as indicated on the drawings, but in any case shall cover no more than 250 linear feet of pipe. The maximum circuit breaker size for heat tracing branch circuits shall be 20 amps, or as directed by the Engineer. With the approval of the Engineer, heat trace cable may be spliced with the manufacturer's connection kits.

a.  Heat trace cable shall be installed on a completed piping system on a clean, smooth portion of the pipeline, avoiding any sharp bends or jagged edges. Cables should be on the bottom of the pipe to avoid damage due to impact, abrasion, or vibration, but avoiding pipe supports where pinching or abrasion may occur. Installation should be as per manufacturer’s recommendations. 

b.
Heat trace cables shall be installed according to the manufacturer's specifications. One foot of heat trace cable shall be installed per linear foot of pipe, unless otherwise indicated by heat loss calculations. Additional heat trace cable shall be installed at valves, flanges, and pipe supports. Single run or multiple parallel runs shall be positioned on the lower two-thirds of the pipe, taking care to maintain even spacing between runs, if multiple passes of cable are required. Heat trace cables shall be long enough to compensate for the additional heat losses at large valves, filters, strainers and the like. The length may be supplied in a spiral or serpentine fashion over the fitting, following the contours of the body to ensure good contact, or may be applied by closely spiraling the appropriate length of heater cable to pipe immediately before and after the fitting.  Installation for all of the above shall be as per the manufacturer's recommendations, or as directed by the Engineer.

c.
Heat trace cables shall be applied in a manner to facilitate the removal of valves, small in‑line devices, and instruments without the complete removal of the heater cables, excessive thermal insulation or cutting of the heating cable.

d.
Some valves and complicated in‑line devices may need to have surface irregularities covered up prior to the installation of the heat trace cable. In these cases, the heat trace cable shall be covered with aluminum foil tape, or the heating cable shall be installed only after heat‑transfer cement is applied to the pipe, per the Engineer.
 e.  
Overlapping heating cables shall only be done per manufacturer's instruction and explicit written authorization from the Engineer.
f. 
Heating cable power connection kits shall be positioned to facilitate penetrating the thermal insulation in the lower 180 degrees segment to minimize water entrance.

g. 
Heater cables are designed to operate at specific voltages for a specific wattage output. Proper consideration given to heater selection minimizes the need to spiral wrap cable on the pipe, thereby avoiding the installation difficulties caused by spiraling. Sizing of watt density of cable 5 or 8 watts per foot, shall be as per the manufacturer’s recommendations, or as directed by the Engineer.
h.  
The temperature sensor shall be installed on the heat traced pipe in accordance with the manufacturer's directions ideally in the coldest location. Care shall be exercised when banding so as not to deform the sensor. The sensor shall be located so as to avoid direct temperature effects of its associated heating cable or any adjacent heating cable.

i.  
Mount control panel three feet above the finished floor unless otherwise indicated.

3.2 
TESTING

Heat tracing systems failures are caused by problems that could have been corrected by proper testing and inspection of the components of the system prior to system startup. These tests and inspections, which shall be conducted before, during and after system installation, per Paragraph 3.2.7 (Heat Tracing Installation Maintenance Log) and are classified according to the stage at which they are performed:

a. Shop Tests

b. Receiving Tests

c. Pre-installation Tests

d. Pre-insulation Tests

e. Preoperational Tests

f. System Operational Tests (startup)

In general test reports shall list the ambient temperature, humidity, instrumentation and any other pertinent condition and identify the equipment under test and the testing method.  Inspection results, test results and NETA recommended test values for each test or inspection shall be listed in tabular format.

3.2.1
Shop Tests

Prior to delivery, the manufacturer shall submit certified test reports for the following:

a. CABLE INSULATION RESISTANCE TESTING.

Insulation resistance of each section or reel of heater cable shall be tested at the manufacturer’s recommended test voltage. Test insulation resistance to grounded shield for each conductor.

b. SYSTEM TESTING

All equipment shall undergo tests to verify set point response and component-system function. A final visual inspection shall be performed to ensure compliance with purchase order specifications. The nameplates, cable markings, quality of welds, component mounting, and completeness of wiring shall also be verified.

3.2.2 
Receiving Tests

a. On receipt of equipment on to NYCT property, material type, rating, and quantity shall be checked against the purchase order and contract documents. The physical condition of the material shall be checked, and any damage to the packaging that could affect the contents shall be carefully inspected. 

b. The cable shall be stored in a cool, dry place until ready for installation. 

3.2.3 
Pre-installation Tests

Pre-installation tests shall be conducted when the material is removed from storage and before it is installed to ensure that it meets purchase order specifications. Heater cable shall be inspected for physical damage to the outer covering, tested for continuity and insulation resistance as above. Control panels shall be inspected for physical damage after being permanently mounted/supported. Component and panel rating, layout and function shall be checked against the manufacturer’s documentation. The molded case GFCI circuit breakers shall be checked for rating and tested for operability by turning each of the circuit breakers on and off. Testing shall be witnessed by the contractors Quality Control Engineer and by the NYCTA Engineer. 

3.2.4 
 Pre-Insulation Installation Tests

a. Prior to pipe insulation, the heat tracing system shall be inspected for completeness and quality of installation workmanship. ALL WIRING TO THE HEATER CABLE AND SENSOR SHALL BE COMPLETE. ALL SPLICES SHALL BE CONNECTED AT THIS POINT. Because the microprocessor controller is located and factory installed as a complete package in a panel with circuit breakers, solid state contactors, display and other appurtenances, which all work together to control the heat trace cable circuits, special care shall be taken to ensure proper installation and operability of the controller and of the interconnecting conduit and wiring. 

b. Circuit continuity shall be tested from the terminal blocks in the control panel to verify that all heater cables are installed and unit zone connections are complete. With the heater cable energized, the voltage and current of each circuit shall be measured and recorded, and the circuit function shall be checked by walking the line and feeling the entire length of piping for heating without excessively hot or cold spots.  The temperature set point shall be manipulated above and below the ambient temperature to test the reaction of related components such as microprocessor controller, breakers, indicating lights, solid state controllers, and thermostat contacts.
c. 
Scheduling, phasing and interdisciplinary coordination between electrical work and mechanical work is particularly important at this phase of testing/inspecting the system. In addition to the pre-insulation tests and inspections outlined in this contract specification, a number of other tasks including pipe cleaning, leak repair, and hydrostatic and pressure testing must be completed prior to pipe insulation. To ensure sufficient time for completion of all testing, as outlined in this specification, careful planning of the work schedule is required. Testing shall be witnessed by the contractors Quality Control Engineer and by the NYCTA Engineer. 
3.2.5 Preoperational Tests
a. On completion of pipe insulation, a series of preoperational tests shall be conducted, and coordinated between the electrical work and the mechanical work, to ensure that the system operational tests conditions will be as close to actual operating conditions as possible. The thermal insulation shall be inspected for completeness of installation, with special consideration given to inspecting supports and hangers for signs of mechanical damage that could adversely affect the heater cable system. Insulation type and thickness shall be checked to ensure that they are the same as those used and specified for the heat loss calculations. Junction boxes and conduits shall be checked for tightness of seals and covers for complete tagging and identification.

b. Heater cable insulation resistance shall be measured to verify that insulation integrity has not been violated during pipe installation. Cable continuity shall be checked through voltage and current readings, and the results compared to those of prior tests performed in 3.2.4b. Major discrepancies are indicative of cable damage and shall be addressed/remediated by the contractor at this time. Ground connections shall be checked for compliance with the standard/contract drawings, and the manufacturer’s instructions. Control equipment shall be calibrated and / or programmed by adjusting high and/or low set points to the proper temperatures according to the operation instructions. A final visual inspection shall be made to ensure that all heated lines have been marked “WARNING ELECTRICAL HEATING CABLE”. Testing shall be witnessed by the contractors Quality Control Engineer and by the NYCTA Engineer.

3.2.6
System Operational Tests (Startup)
Systems operational tests shall be performed/conducted to ensure compliance with the design parameters and to verify system readiness for startup. With the system energized, the voltage and current of each circuit shall be measured, recorded, and compared with previous readings. If discrepancies are observed, the testing shall be stopped, and the contractor shall take remedial steps, before testing is continued. Care must be taken not to exceed the maximum allowable temperature of the heater cable sheath. Monitor and alarm circuit operability shall be verified by fault simulations, per manufacturers instruction. Testing shall be witnessed by the contractors Quality Control Engineer and by the NYCTA Engineer.

3.2.7
Heat Tracing Installation Maintenance Log
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3.3

TRAINING

The manufacturer shall provide training for operational and maintenance personnel. Training shall be a minimum of 3 hours duration and based on the Operation and Maintenance Manual. Training shall take place at the installation site and shall demonstrate the setting, adjustment, normal operation and simulated failure of components of the heat trace system. The training shall be recorded in video format and submitted in DVD format for approval. After approval, the DVD shall become the property of NYC Transit.

3.4

OPERATION AND MAINTENANCE MANUAL
a.
The operations and maintenance manuals specified in Section 1L, shall include complete drawings and comprehensive parts lists, descriptions of operations, maintenance, and repair procedures for all components and sub-components and systems required to be furnished and installed under this Section.  A comprehensive description of the heat trace system from a normal operational and troubleshooting perspective shall be included. Record drawings including catalog cuts of the equipment and systems furnished and installed under this Section shall be provided and included with the record drawings specified herein elsewhere.
b.
In accordance with the procedures and requirements set forth in Division 1, the Contractor shall submit the following: 

1. Final Operation and Maintenance Manuals

2. Spare Parts List

3. Special Tools List

4. Heat Loss and Electrical Calculations

5. Installation Drawings
6. 
Quality Control Checklist

7.  Field Test Reports: Certified copies of field tests by the installer or commissioning agent
c. 
Submit two Operation and Maintenance Manuals in printed format and in Microsoft compatible electronic format on CDs. As built drawings shall be in Microstation format. The printed manual shall consist of one complete set of printed documents in a lose-leaf binder. All drawings shall be folded, 11 inches by 17 inches. The software version shall be a scanned version of the printed manual. Scanned or converted drawings from other formats into Microstation formats shall not be acceptable. 

Submittal Approvals 

	Item

No.
	Paragraph

No.
	SUBMITTAL
	Approved By

(Engineer or Designer)

	1

	1.7
	Comprehensive General Arrangement for each work location
	Designer

	2

	1.7
	Equipment Connection Diagram
	Designer

	3

	1.7
	Heat Loss and Electrical Calculations
	Designer

	4

	1.7
	Control Wiring Diagrams
	Designer

	5

	1.5
	Operation Maintenance Manuals
	Designer

	6

	1.3
	Quality Control Records and Check List
	Engineer


Notes:
1.  This table does not include approvals for "or‑equal" proposals. Approvals for "or‑equal" proposals are covered in Information For Bidders, Paragraph 9 and Specification Section 1 B, Paragraph 1.38.

2. This table does not include approvals for Operation and Maintenance Manuals. For submittal requirements and approval of manuals refer to Specification Section 1L.
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