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Part 1 General 

1.1 SUMMARY 

.1 Section Includes: 

.1 Gas hot water heating boilers B-1, B-2, B-3 and B-4 

1.2 REFERENCES 

.1 American Boiler Manufacturer's Association (ABMA) 

.2 American National Standards Institute (ANSI) 

.1 ANSI Z21.13/CSA 4.9, Gas-Fired Low-Pressure Steam and Hot Water Boilers. 

.3 American National Standards Institute (ANSI)/ American Society of Mechanical 
Engineers (ASME) 

.1 ANSI/ASME Boiler and Pressure Vessel Code, Section IV. 

.4 Canadian Gas Association (CGA) 

.1 CAN1-3.1, Industrial and Commercial Gas-Fired Package Boilers. 

.2 CAN/CSA-B149.1, Natural Gas and Propane Installation Code. 

.5 Canadian Standards Association (CSA International) 

.1 CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code. 

.6 Electrical and Electronic Manufacturer's Association of Canada (EEMAC) 

.7 Health Canada/Workplace Hazardous Materials Information System (WHMIS) 

.1 Material Safety Data Sheets (MSDS). 

1.3 SUBMITTALS 

.1 Product Data: 

.1 Submit manufacturer's printed product literature, specifications and datasheets. 
Include product characteristics, performance criteria, and limitations. 

.2 Shop Drawings: 

.1 Submit shop drawings. 

.2 Indicate the following: 
.1 General arrangement showing terminal points, instrumentation test 

connections. 
.2 Clearances for operation, maintenance, servicing, tube cleaning, tube 

replacement. 
.3 Foundations with loadings, anchor bolt arrangements. 
.4 Piping hook-ups. 
.5 Equipment electrical drawings. 
.6 Burners and controls. 
.7 All miscellaneous equipment. 
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.8 Flame safety control system. 

.9 Breeching and stack configuration. 
.3 Engineering data to include: 

.1 Boiler efficiencies at different firing rates and specified return water 
temperatures. 

1.4 MAINTENANCE 

.1 Extra materials: 

.1 Special tools for burners, hand-holes and Operation and Maintenance. 

.2 Spare parts for one year of operation. 

.3 Spare gaskets. 

.4 Spare gauge glass inserts. 

.5 Probes and sealants for electronic indication. 

.6 Spare burner tips. 

.7 Safety valve test gauge. 

Part 2 Products 

2.1 NEAR-CONDENSING BOILER, B-1: 

.1 GENERAL 

.1 Boiler shall be, natural gas fired, forced draft, factory packaged, low pressure hot 
water boilers.  Each boiler shall be complete with all components, accessories and 
appurtenances necessary for a complete and operable boiler as hereinafter specified. 
 Each unit shall be furnished factory assembled with required wiring and piping as a 
self-contained unit.  Each unit shall be readily transported and ready for installation. 
Complete unit shall comply with all requirements of provincial and local codes. 
Boiler shall be CSA approved. 

.2 Each boiler, including pressure vessel, trim, valve trains, burner, control system, and 
all related components, accessories and appurtenances as herein specified shall all be 
assembled and furnished by the boiler manufacturer.  The boiler manufacturer shall 
provide unit responsibility for the workmanship, performance, warranties, and all 
field services for each boiler.  The boiler manufacturer shall be fully responsible for 
all components assembled and furnished by him whether or not they are of his own 
manufacture. 

.2 PERFORMANCE CRITERIA 

.1 The boiler shall have a maximum input of 2,000 MBH, 1,700 MBH output and shall 
operate with 180°F supply water and 160°F return water. Boiler minimum flow rate 
shall be 120 gpm and 150 gpm maximum. 

.2 Each boiler shall be capable of operating continuously at rated capacity while 
maintaining a CSA certified thermal efficiency of not less than 85 %. 

.3 Boiler design pressure shall be 160 psig. 

.4 Fuel shall be natural gas. Natural gas shall be supplied at a pressure of no less than 
(4” w.c. with a flue gas back pressure ≤ 1” w.c. or 5” w.c. with flue gas back 
pressure > 1” w.c.) and no more than 14” w.c. to the inlet of the gas train. 
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.5 Power shall be 208V/1ph/60Hz, 4-wire with neutral; and dedicated ground.  Voltage 
between line and neutral shall be 120 VAC with single point power connection. 
Control voltage shall be 120 volts, 1-phase, 60 hertz. 

.3 BOILER DESIGN 

.1 Each hot water boiler shall be of the vertical, water-tube, copper fin tube heat 
exchanger type complete with trim, valve trains, burner, and boiler control system. 
The boiler manufacturer shall fully coordinate the boiler as to the interaction of its 
elements with the burner and the boiler control system in order to provide the 
required capacities, efficiencies, and performance as specified. 

.2 Each boiler heat exchanger shall be of the vertical, concentric, copper fin tube type 
with three pass, counter-flow design. 

.3 All boiler pressure parts shall be constructed in accordance with the latest revision 
of the ASME Boiler and Pressure Vessel Code, Section IV, and shall be so stamped 
along with a CRN registration. 

.4 All boiler heat exchanger tubes shall be not less than 7/8 inches I.D. with a wall 
thickness of not less than 0.065" thick.  All boiler heat exchanger tubes shall be 
straight, solid copper tubes and shall incorporate an extended finned surface of 
integral, extruded, copper fins spaced not less than 7 fins per inch. Boiler heat 
exchanger tubes shall be arranged vertically. All tubes must be full size for the entire 
length of each tube and extend from the upper header to the lower header with no 
tube bends.  Boiler tubes shall be arranged and spaced for the most effective 
distribution of combustion gas flow through the entire boiler heat exchanger to 
provide for maximum heat transfer.  Baffles between tubes shall be unacceptable. 

.5 Boiler heat exchanger headers shall be cast grey iron with end covers completely 
removable for inspection. Seals shall be EPDM o-rings, rated for 400 deg F service. 
Gaskets are not acceptable. 

.6 Boiler heat exchanger tubes shall be rolled into the top and bottom header collectors. 

.7 Boiler combustion chamber shall be fabricated from minimum No. 14 gauge 
aluminium, shall completely enclose the boiler heat exchanger and shall be sealed 
for positive pressure operation.  The combustion chamber access panel shall be 
readily removable and re-installed. 

.8 Boiler shall be enclosed with a single wall outer casing.  It shall completely enclose 
the boiler combustion chamber.  It shall be fabricated from carbon steel with 
aluminium access panels.  Steel casing sections shall be secured in place with bolts 
(sheet metal screws are not acceptable).  Access panels shall be secured with push-
to-close, quarter turn to open fasteners.  The complete outer casing shall be finished 
inside and out with a powder coated finish. Combustion air shall be drawn form the 
insulating air space between the combustion chamber and the outer casing.  The 
composite structure of the boiler combustion chamber, insulating air gap and outer 
casing shall be of such thickness and materials to assure an outer casing temperature 
of not more than 50°F above ambient temperature when the boiler is operated at full 
rated load.  Boiler shall be fully capable of operation with all casing access panels 
removed. 

.9 An observation port shall be located on the boiler to allow for observation of the 
burner flame. 

.10 A flue gas outlet shall be located on the rear of the boiler. Boiler to be certified for 
installation with Category IV venting as defined in NFPA 54 (ANSI Z221).  Forced 
draft burner shall be capable of firing against a back pressure of 2.0” w.c., using 6” 
diameter vent. 
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.4 BOILER TRIM 

.1 Each boiler shall be provided with all necessary trim.  Boiler trim shall be as 
follows: 
.1 One safety valve shall be provided in compliance with the ASME code 
.2 One water pressure-temperature gauge. 
.3 One primary low water flow fuel cut off. The primary low water flow cut 

off shall be a flow switch as required by ASME Code. 
.4 One high limit water temperature controller to stop burner operation at 

excess water temperature (shall be manually reset). 
.5 One operating temperature control to control the sequential operation of the 

burner. 
.6 A second float type low water cut off shall be provided by the Contractor. 

.5 BOILER FUEL BURNING SYSTEM 

.1 The boiler manufacturer shall furnish each boiler with an integral, pre-mixed, forced 
draft, gas, fully automatic fuel burner.  The fuel burner shall be an assembly of gas 
burner, combustion air blower, valve train, and ignition system.  The boiler 
manufacturer shall fully coordinate the burner as to the interaction of its elements 
with the boiler heat exchanger and the boiler control system in order to provide the 
required capacities, efficiencies, and performance as specified. 

.2 Each burner shall be provided with an integral gas firing combustion head, properly 
sized to admit the fuel gas to the burner.  The gas combustion head shall be provided 
with a orifice plate to meter the air flow to the burner and maintain precise 
fuel-to-air mixture.  Air and gas shall be mixed as they pass through the blower to 
assure maximum combustion efficiency. Each burner shall provide adequate 
turbulence and mixing to achieve proper combustion without producing smoke or 
producing combustibles in the flue gases. 

.3 Each boiler shall be provided with an integral power blower to supply combustion 
air.  The combustion air blower shall have sufficient capacity at the rated firing rate 
to provide air for stoichiometric combustion plus the necessary excess air.  Static 
and total pressure capability shall comply with the requirements of the boiler.  The 
blower motor shall be a maximum of 1 motor horsepower and operate without undue 
vibration and noise and shall be designed and constructed for exposure to 
temperatures normal to its location on the boiler.  The fan impeller shall be the non-
sparking type, high efficiency, airfoil, backward inclined design. 

.4 Each burner shall of the radial-fired type and constructed of steel with a stainless 
steel inner and woven stainless steel mesh outer screen, designed to produce a 
complete 360o flame pattern. 

.5 Each boiler shall be provided with a fully modulating firing control system whereby 
the firing rate is infinitely proportional at any point between 20% and 100% of 
maximum firing rate as determined by the input control signal.  Fuel flow shall be 
controlled by air flow with cross-linked combination gas valve and air-fuel ratio 
controller.  Both fuel and air control shall be completely linkage-less to assure the 
proper fuel/air ratios to achieve maximum combustion efficiency. 

.6 The combustion control system shall automatically compensate for changes to 
atmospheric pressure and/or inlet air temperature. 

.7 Burner shall incorporate soft start controls, which controls the ramp up speed of 
the burner. 
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.6 MAIN GAS VALVE TRAIN 

.1 Each boiler shall be provided with an integral main gas valve train.  The main gas 
valve trains shall be factory assembled, piped, and wired.  Each gas valve train 
shall include at least the following; 
.1 Two manual shutoff valves (gas train inlet connection & mixer inlet). 
.2 Two safety shutoff valves.   
.3 Linkage-less air – gas ratio control (maximum inlet pressure 14” w.c.) 
.4 One low and one high gas pressure switch (manual reset)  
.5 Air gas mixer 
.6 Gas pressure regulator 

.7 IGNITION SYSTEM 

.1 Each boiler shall be provided with a factory installed, integral, interrupted electronic 
ignition system.  Ignition system shall be removable for maintenance or 
replacement.  Each ignition system shall include at least the following: 
.1 A back pressure limit switch to shut down the burner in the event of a 

blocked vent. 
.2 An electronic spark generator with ignition cable and ignition electrode. 

.8 COMBUSTION AIR CONTROL SYSTEM 

.1 Each boiler shall be provided with an integral combustion air control system.  The 
combustion air system shall be factory assembled.  Each combustion air control 
system shall include at least the following: 
.1 A variable speed combustion air blower controlled using water temperature 

as the process variable. 
.2 A low airflow differential pressure switch to insure that combustion air is 

supplied. 
.3 An air inlet check valve shall be installed on the inlet flange to prevent 

reverse airflow in the cabinet. 

.9 BURNER CONTROL SYSTEM 

.1 The combustion control system shall operate on 120 volts, single phase, 60 hertz. 

.2 A microprocessor based controller shall control burner functioning.  If burner fails 
to light within 5 minutes after call for heat, the inverter shall enter a lockout 
condition requiring a manual reset.  The controller shall perform the following 
control functions: 
.1 Modulation controller 
.2 Boiler circulator time delay relay (off delay) 
.3 Flame status and firing rate output 
.4 Operating temperature control shall be selectable for one of the following 

points; 
.1 Boiler outlet temperature, 
.2 Header temperature, 
.3 Domestic hot water, 
.4 Remote control, 
.5 Boiler outdoor air reset or, 
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.6 Header outdoor air reset. 
.5 Recycle the flame safeguard controller at least once in each 24 hour time 

period to reset the self check circuit of the UV scanner as required by the 
UV scanner manufacturer. 

.3 Main flame shall be monitored and controlled by an ultra violet scanner.  The boiler 
shall have a CSA approved, commercial-type, microprocessor based (Honeywell 
7800) flame safeguard programmer with a flame failure response time of 0.8 
seconds maximum. Controller shall have non-volatile diagnostic memory capable of 
maintaining operational history. 

.4 Each boiler shall be provided with all necessary controls, all necessary programming 
sequences, and all safety interlocks.  Each boiler control system shall be properly 
interlocked with all safeties. 

.5 Each boiler control system shall provide timed sequence pre- and post-purge of 
boiler combustion chamber.   The combustion airflow sensor shall monitor and 
prove the airflow purge. 

.10 BOILER CONTROL PANEL 

.1 The boiler shall interface with the existing Metasys control system for the 
building. Manufacturer to provide N2 protocol interface to communicate with 
the Metasys system. The Metasys system will have ability to activate/deactivate 
boiler plant. Actual control of boilers will be through vendor supplied controls. 

.2 Alarm conditions are to be transmitted through the Metasys system to alert 
system operators of a boiler failure/fault. 

.3 The boiler manufacturer shall provide each boiler with an integral factory prewired 
control panel.  The control panel shall contain at least the following components, all 
prewired to a numbered terminal strip: 
.1 Inverter/combustion air blower speed controller 
.2 Burner "on-off" switch. 
.3 Honeywell RM7800 Series electronic flame safeguard programmer. 
.4 Control switches to select between local or BMS control of the following 

functions; 
.1 Enable-Disable 
.2 Modulation. 

.5 An auto-manual firing rate controller 

.6 Diagnostic annunciator indicating lights to signal "Power On", "Demand for 
Heat", "Low Water Flow", "Low Gas Pressure", "Low Combustion Air", 
 and "Flame Failure". 

.7 Air Flow Switch 

.8 High Water Temperature Limit 

.9 All necessary control switches, pushbuttons, relays, timers, terminal strips, 
etc. 

.11 VENTING 

.1 The Contractor shall provide category four AL29-4C stainless steel venting. The 
vent supplier shall size the venting based on a back pressure of 1.0 inches w.c. 
frictional resistance in the vent with a stack temperature of 325 degrees F. (gross) 
and a CO2 level of 8.5%. The maximum certified back pressure allowable is 2.0” 
w.c. frictional resistance. 
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.2 The vent supplier shall submit a calculation of stack loss to the Contract 
Administrator for review. 

.3 Acceptable Manufacturer: “Security” or approved equivalent in accordance with B6. 

.12 FACTORY TESTING – HYDROSTATIC 

.1 Each boiler shall be hydrostatically tested.  The boiler manufacturer shall perform a 
hydrostatic test in the presence of an inspector from the Authority having 
Jurisdiction.  The inspector shall certify a data report which shall be submitted to the 
Contract Administrator as evidence of ASME compliance. 

.2 In addition to the ASME symbol, each boiler shall bear CRN registration. 

.13 FACTORY TESTING – FIRE TEST 

.1 The boiler manufacturer shall perform a fire test under simulated operating 
conditions, with the boiler attached to a working chimney system and with water 
circulating through the heat exchanger.  All controls and limits shall be tested.  
Results of combustion testing shall be recorded on a label, which is permanently 
attached to the boiler. 

.14 Acceptable Product: “Patterson Kelly” Modu-Fire model N2000MFD 8” vent or approved 
equivalent in accordance with B6. 

2.2 CONDENSING BOILERS, B-2, B-3 AND B-4: 

.1 GENERAL 

.1 Furnish and install factory packaged low pressure hot water boilers. Each boiler 
shall be complete with all components, accessories and appurtenances necessary for 
a complete and operable boiler as hereinafter specified.  Each unit shall be furnished 
factory assembled with required wiring and piping as a self-contained unit.  Each 
unit shall be readily transported and ready for installation. 

.2 Each boiler, including pressure vessel, trim, valve trains, burner, control system, and 
all related components, accessories and appurtenances as herein specified shall all be 
assembled and furnished by the boiler manufacturer.  The boiler manufacturer shall 
provide unit responsibility for the engineering, coordination, workmanship, 
performance, warranties, and all field services for each boiler. The boiler 
manufacturer shall be fully responsible for all components assembled and furnished 
by him whether or not they are of his own manufacture. 

.2 PERFORMANCE CRITERIA 

.1 Refer to schedule at end of specification for performance data. 

.2 Each boiler shall be capable of operating continuously at rated capacity while 
maintaining a CSA certified efficiency of not less than 92 %. Each boiler shall be 
capable of operating with a minimum outlet water temperature of 68º F. 

.3 Boiler shall comply with ASME Section IV for 50 psig (max 200º F) 

.4 Fuel shall be natural gas.  Natural gas shall be supplied at a pressure of no less than 
3.5” w.c. to the inlet gas valve. Maximum inlet gas pressure shall not exceed 14” 
w.c. 

.5 Power voltage shall be 120V/1ph/60Hz.  Control voltage shall be 24 vac 
(transformer to be supplied by boiler manufacturer). 
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.3 BOILER DESIGN 

.1 Each hot water boiler shall consist of a horizontal, cast aluminium heat exchanger 
complete with trim, valve trains, burner, and boiler control system.  The boiler 
manufacturer shall fully coordinate the boiler as to the interaction of its elements 
with the burner and the boiler control system in order to provide the required 
capacities, efficiencies, and performance as specified. 

.2 Each boiler heat exchanger shall be cast aluminium, counter-flow design for 
maximum heat transfer with the multiple sections arranged in a reverse return 
configuration to assure balanced flow through each section 

.3 Contractor must, when filling the system, verify that the pH level is maintained 
between 6.0 and 8.5. 

.4 All boiler pressure parts shall be constructed in accordance with the latest revision 
of the ASME Boiler and Pressure Vessel Code, Section IV, and shall be so stamped. 

.5 Boiler heat exchanger headers shall be fabricated steel and be completely removable 
for inspection. Seals shall be EPDM, rated for 400 deg F service. Push nipples or 
gaskets between the sections are not permitted. 

.6 Boiler shall be enclosed with a single wall outer casing.  It shall be fabricated from 
minimum 16 gauge carbon steel. The front and top wall shall be secured in place 
with ¼ -20 NC bolts (sheet metal screws are not acceptable).The complete outer 
casing shall be finished, inside and out, with a powder coat finish. The composite 
structure of the boiler combustion chamber, insulating air gap and outer casing shall 
be of such thickness and materials to assure an outer casing temperature of not more 
than 50°F above ambient temperature when the boiler is operated at full rated load. 

.7 An observation port shall be located on the boiler to allow for observation of the 
burner flame. 

.8 A flue gas outlet shall be located on the rear of the boiler. Boiler to be certified for 
installation with Category IV venting as defined in NFPA 54 (ANSI Z221), latest 
edition. Contractor must provide venting certified for installation on a Category IV 
appliance. 

.9 Contractor shall supply secondary float type low water cut off. 

.4 BOILER CONNECTIONS 

.1 Each boiler shall be provided with all necessary inlet and outlet connections.  Boiler 
connections shall be as follows: 
.1 One water supply outlet, 2 “ Victaulic for C-1050 & 3” for C-2500 
.2 One water return inlet, 2 “ Victaulic  for C-1050 and 3” for C-2500 
.3 One relief valve outlet 
.4 One flue gas vent outlet, 
.5 One fuel gas inlet,   

.5 BOILER TRIM 

.1 Each boiler shall be provided with all necessary trim.  Boiler trim shall be as 
follows: 
.1 Safety relief valve shall be provided in compliance with the ASME code. 

Contractor to pipe to acceptable drain. and install factory supplied 
condensate neutralization tank. 

.2 Water pressure-temperature gauge. 
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.3 Primary low water flow fuel cut off (probe type with manual reset). 

.4 High limit water temperature controller to stop burner operation at excess 
water temperature (shall be manual reset). 

.5 Operating temperature control to control the sequential operation of the 
burner. 

.6 Separate inlet and outlet water temperature sensors capable of monitoring 
flow 

.7 Exhaust temperature sensor 

.6 BOILER FUEL BURNING SYSTEM 

.1 The boiler manufacturer shall furnish each boiler with an integral, power type, 
straight gas, fully automatic fuel burner.  The fuel burner shall be an assembly of gas 
burner, combustion air blower, valve train, and ignition system.  The burner 
manufacturer shall fully coordinate the burner as to the interaction of its elements 
with the boiler heat exchanger and the boiler control system in order to provide the 
required capacities, efficiencies, and performance as specified. 

.2 Each burner shall be provided with an integral gas firing combustion head.  

.3 Each burner shall provide adequate turbulence and mixing to achieve proper 
combustion without producing smoke or producing combustibles in the flue gases. 

.4 Each boiler shall be provided with an integral variable speed power blower to 
premix combustion air and fuel within the blower. The combustion air blower shall 
have sufficient capacity at the rated firing rate to provide air for stoichiometric 
combustion plus the necessary excess air.  Static and total pressure capability shall 
comply with the requirements of the boiler.  The blower shall be a maximum of 300 
watts and operate at 6000 RPM maximum without undue vibration and noise and 
shall be designed and constructed for exposure to temperatures normal to its location 
on the boiler.  The operating fan speed will be tachometer sensed and be capable of 
being displayed at the LED display. 

.5 Each burner shall of the down-fired type and constructed of steel with a stainless 
steel inner and stainless steel mesh outer screen.   

.6 Each boiler shall be provided with a fully modulating firing control system whereby 
the firing rate is infinitely proportional at any firing rate between 20% and 100% as 
determined by the pulse width modulation input control signal.  Both fuel input and 
air input must be sequenced in unison to the appropriate firing rate without the use 
of mechanical linkage. 

.7 The Micro Processor shall use a Proportional Integral Algorithm to determine the 
firing rate. The control must have the following capabilities: 
.1 Maintain single set point  
.2 Reset the set point based on outdoor air temperature. 
.3 Boiler shutdown based on outdoor air temperature 
.4 Internal dual set point program with an external switchover.  (e.g. - night 

setback w/external clock, supplied by others) 
.5 Alarm relay for any for any manual reset alarm function. 
.6 Programmable Low Fire Delay to prevent short cycling based on a time and 

temperature factor for release to modulation. 
.7 LED Display showing current supply and return temperatures, current set 

points as well as differential set points. It must also display any fault codes 
whether automatically reset or manually reset.  
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.8 Local Manual Operation. 

.9 Remote Control System (Building Management / Sequencer Control) - The 
boiler control shall be capable of accepting a  0 -10vdc remote external 
analog signal to control the firing rate 

.10 Computer (PC) interface for programming and monitoring all functions. 

.7 MAIN GAS VALVE TRAIN 

.1 Each boiler shall be provided with an integral main gas valve train.  The main gas 
valve trains shall be factory assembled, piped, and wired.  Each gas valve train shall 
include at least the following: 
.1 One manual shutoff valve (gas train inlet connection).  
.2 Two safety shutoff valves. Valves equipped with dual solenoids that can 

independently energized for leak testing. 
.3 Air-gas ratio control (maximum inlet pressure 14” w.c.) 
.4 One low gas pressure switch (manual reset). 
.5 One high gas pressure switch (manual reset). 
.6 Two pressure test ports 

.8 IGNITION SYSTEM 

.1 Each boiler shall be equipped for direct spark ignition. 

.9 COMBUSTION AIR CONTROL SYSTEM 

.1 Each boiler shall be provided with an integral combustion air control system.  The 
combustion air system shall be factory assembled.  Each combustion air control 
system shall include at least the following: 
.1 The primary control shall vary the speed of the blower based on load 

demand. The blower shall apply a varying negative pressure on the gas 
valve which will open or close to maintain zero pressure at the valve orifice, 
thereby increasing or decreasing the firing rate. Both the air and gas shall be 
premixed in the blower. 

.2 One low airflow differential pressure switch to insure that combustion air is 
supplied. 

.3 High exhaust back pressure switch 

.10 BURNER CONTROL SYSTEM 

.1 The control system shall be supplied with a 24 vac transformer (120 vac, single 
phase, 60 hertz primary). 

.2 The boiler must include an electric spark ignition system.  Main flame shall be 
monitored and controlled by flame rod (rectification) system.   

.3 Each boiler shall be provided with all necessary controls, all necessary programming 
sequences, and all safety interlocks.  Each boiler control system shall be properly 
interlocked with all safeties.  

.4 Each boiler control system shall provide timed sequence pre-ignition air purge of 
boiler combustion chamber. The combustion airflow sensor shall monitor and prove 
the airflow purge. 
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.11 BOILER CONTROL PANEL 

.1 The boiler shall interface with the existing Metasys control system for the 
building. Manufacturer to provide N2 protocol interface to communicate with 
the Metasys system. The Metasys system will have ability to activate/deactivate 
boiler plant. Actual control of boilers will be through vendor supplied controls. 

.2 Alarm conditions are to be transmitted through the Metasys system to alert 
system operators of a boiler failure/fault. 

.3 The boiler manufacturer shall provide each boiler with an integral factory prewired 
control panel.  The control panel shall contain at least the following components, all 
prewired to a numbered terminal strip: 
.1 One burner "on-off" switch. 
.2 One electronic combination temperature control, flame safeguard and 

system control. 
.3 Control circuit breaker, 5 amp 
.4 All necessary control switches, pushbuttons, relays, timers, terminal strips, 

etc. 
.5 LED Display Panel to adjust set points and control operating parameters. 

LED display to indicate burner sequence, all service codes (0-65), fan 
speed, boiler set point and sensor values such as inlet, outlet, flue gas and 
outdoor air. 

.12 VENTING 

.1 The Contractor shall provide category four AL29-4C stainless steel venting. The 
vent supplier shall size the venting based on a combined back pressure of a 
maximum of .44 inches w.c. frictional resistance in the vent with a stack temperature 
of 185 degrees F. (gross) and a CO2 level of 9.2% for natural gas. 

.2 The vent supplier shall submit a calculation of stack loss to the Contract 
Administrator for review. 

.3 Acceptable Manufacturer: “Security” or approved equivalent in accordance with B6. 

.13 FACTORY TESTING – HYDROSTATIC 

.1 Each boiler shall be hydrostatically tested and bear the ASME “H” stamp.  

.14 FACTORY TESTING - FIRE TESTING 

.1 Each boiler shall be fire tested.  The boiler manufacturer shall perform this fire test 
under simulated operating conditions, with the boiler attached to a working chimney 
system and with water circulating through the boiler.  The manufacturer shall 
provide a fire test report, including fuel and air settings and combustion test results 
permanently affixed to the boiler. 

.15 WARRANTIES 

.1 The boiler manufacturer shall warrant each boiler, including boiler, trim, boiler 
control system, and all related components, accessories, and appurtenances against 
defects in workmanship and material for a period of eighteen (18) months from date 
of shipment, or twelve (12) months from date of start-up, whichever occurs first.  
Heat exchanger and fuel burner shall be warranted for a period of five (5) years from 
date of shipment. 
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.16 Acceptable Product: “Patterson Kelly” series MACH or approved equivalent in accordance 
with B6. See boiler schedule for model number. 

Equipment 
Rated 
Input 

(MBH) 

Rated 
Maximum 

Output 
(MBH) 

Turndown

Supply 
Water 
Temp. 

(°F) 

Return 
Water 
Temp. 

(°F) 

Maximum 
Flow Rate 

(gpm) 

Make/Model 

B-2 1,050 987 5:1 180 160 50 PK Mach, Model C-1050
B-3 2,500 2,375 5:1 140 100 119 PK Mach, Model C-2500
B-4 2,500 2,375 5:1 140 100 119 PK Mach, Model C-2500

                    

Part 3 Execution 

3.1 MANUFACTURER'S INSTRUCTIONS 

.1 Compliance: comply with manufacturer's written recommendations or specifications, 
including product technical bulletins, handling, storage and installation instructions, and 
datasheet. 

3.2 INSTALLATION 

.1 Install in accordance with ANSI/ASME Boiler and Pressure Vessels Code Section IV, 
regulations of Province having jurisdiction, except where specified otherwise, and 
manufacturers recommendations. 

.2 Make required piping connections to inlets and outlets recommended by boiler manufacturer. 

.3 Maintain clearances as indicated or if not indicated, as recommended by manufacturer for 
operation, servicing and maintenance without disruption of operation of any other 
equipment/system. 

.4 Mount unit level and plumb 

.5  Pipe hot water relief valves full size to nearest drain. 

.6 Natural gas fired installations - in accordance with CAN/CSA-B149.1. 

3.3 MOUNTINGS AND ACCESSORIES 

.1 Safety valves and relief valves: 

.1 Run separate discharge from each valve. 

.2 Terminate discharge pipe as indicated. 

.3 Run drain pipe from each valve outlet and drip pan elbow to above nearest drain. 

3.4 CLEANING 

.1 Upon completion and verification of performance of installation, remove surplus materials, 
excess materials, rubbish, tools and equipment. 

END OF SECTION 


	210501 Common Work Results For Mechanical
	Part 1 General
	Part 2 Products
	.1 NOT USED.

	Part 3 Execution
	3.1 PAINTING REPAIRS AND RESTORATION
	.1 Prime and touch up marred finished paintwork to match original.
	.2 Restore to new condition, finishes which have been damaged.

	3.2 CLEANING
	.1 Clean interior and exterior of all systems including strainers.

	3.3 DEMONSTRATION
	.1 Contract Administrator will use equipment and systems for test purposes prior to acceptance. Supply labour, material, and instruments required for testing.
	.2 Supply tools, equipment and personnel to demonstrate and instruct operating and maintenance personnel in operating, controlling, adjusting, trouble-shooting and servicing of all systems and equipment during regular work hours, prior to acceptance.
	.3 Use operation and maintenance manuals and as-built drawings as part of instruction materials.



	210720 Thermal Insulation for Piping
	Part 1 General
	1.1 SUMMARY
	.1 Section Includes:
	.1 Thermal insulation for piping and piping accessories. The following piping systems are to be insulated and jacketed.
	.1 All heating water piping.
	.2 Domestic water piping (DHW, DCW & DHWR).



	1.2 REFERENCES
	.1 American Society for Testing and Materials International (ASTM)
	.1 ASTM C335, Standard Test Method for Steady State Heat Transfer Properties of Horizontal Pipe Insulation.
	.2 ASTM C547, Mineral Fiber Pipe Insulation.
	.3 ASTM C921, Standard Practice for Determining the Properties of Jacketing Materials for Thermal Insulation.

	.2 Manufacturer's Trade Associations
	.1 Thermal Insulation Association of Canada (TIAC): National Insulation Standards.

	.3 Underwriters' Laboratories of Canada (ULC)
	.1 CAN/ULCS102, Surface Burning Characteristics of Building Materials and Assemblies.


	1.3 SUBMITTALS
	.1 Product Data:
	.1 Submit manufacturer's printed product literature, specifications and datasheets. Include product characteristics, performance criteria, and limitations.



	Part 2 Products
	2.1 FIRE AND SMOKE RATING
	.1 In accordance with CAN/ULCS102.
	.1 Maximum flame spread rating: 25.
	.2 Maximum smoke developed rating: 50.


	2.2 INSULATION
	.1 Mineral fibre specified includes glass fibre, rock wool, slag wool.
	.2 Type 1: Hot Water Heating Piping and Domestic Hot, Cold and Recirc Piping
	.1 Rigid moulded mineral fibre with factory applied vapour retarder jacket. Mineral fibre: to ASTM C547.
	.2 Jacket: All Service Jacket c/w self-sealing lap.
	.3 PVC fitting covers
	.4 Maximum "k" factor: to ASTM C547.
	.5 Acceptable Material:  “Schuller”, “Micro-lok”, or “Knauf” or approved equivalent in accordance with B6.


	2.3 INSULATION SECUREMENT
	.1 Tape: selfadhesive, 50 mm wide minimum.
	.2 Contact adhesive: quick setting.

	2.4 VAPOUR RETARDER LAP ADHESIVE
	.1 Water based, fire retardant type, compatible with insulation.
	.2 Quick-setting for joints and lap sealing of vapour barriers.

	2.5 JACKETS
	.1 Canvas (in mechanical rooms):
	.1 220 gm/m2 cotton, plain weave, treated with dilute fire retardant lagging adhesive to ASTM C921.
	.2 Lagging adhesive: compatible with insulation.

	.2 Canvas jacket not required on concealed piping (in suspended ceilings, nonaccessible chases and furredin spaces).


	Part 3 Execution
	3.1 MANUFACTURER'S INSTRUCTIONS
	.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.

	3.2 PREINSTALLATION REQUIREMENT
	.1 Pressure testing of piping systems and adjacent equipment to be complete, witnessed and certified.
	.2 Surfaces clean, dry, free from foreign material.

	3.3 INSTALLATION
	.1 Install in accordance with TIAC National Standards.
	.2 Apply materials in accordance with manufacturer’s instructions and this specification.
	.3 Use two layers with staggered joints when required nominal wall thickness exceeds 75 mm.
	.4 Maintain uninterrupted continuity and integrity of vapour retarder jacket and finishes.
	.1 Install hangers, supports outside vapour retarder jacket.


	3.4 REMOVABLE, PREFABRICATED, INSULATION AND ENCLOSURES
	.1 Application: at valves, strainers and flanges. Do not insulate unions at equipment on hot piping. Cold piping systems shall have no un-insulated sections.
	.2 Design: to permit periodic removal and replacement without damage to adjacent insulation.
	.3 Insulation:
	.1 Insulation, fastenings and finishes: same as system.
	.2 Jacket: PVC.


	3.5 PIPING INSULATION SCHEDULES
	.1 Includes valves, valve bonnets, strainers, flanges and fittings unless otherwise specified.
	.2 Thickness of insulation as listed in following table.
	.1 Do not insulate exposed runouts to plumbing fixtures, chrome plated piping, valves, fittings.

	.3 Finishes:
	.1 Exposed in mechanical rooms: canvas jacket.
	.2 Concealed, indoors: PVC on valves, fittings. No further finish.




	221118 Domestic Water Piping - Copper
	Part 1 General
	1.1 SECTION INCLUDES
	.1 Materials and installation for domestic water service used in the following:
	.1 Hard drawn copper domestic hot and cold water services inside the building.
	.2 Isolation valves and check valves for domestic water service.


	1.2 RELATED SECTIONS
	.1 Section 21 05 01 - Common Work Results - Mechanical.
	.2 Section 23 05 05 - Installation of Pipework.
	.3 Section 23 05 93  Testing, Adjusting and Balancing for HVAC.

	1.3 REFERENCES
	.1 American National Standards Institute (ANSI)/American Society of Mechanical Engineers International (ASME).
	.1 ANSI/ASME B16.15, Cast Bronze Threaded Fittings, Classes 125 and 250.
	.2 ANSI/ASME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings.
	.3 ANSI/ASME B16.22, Wrought Copper and Copper Alloy Solder Joint Pressure Fittings.
	.4 ANSI/ASME B16.24, Cast Copper Alloy Pipe Flanges and Flanged Fittings, Class 150, 300, 400, 600, 900, 1500 and 2500.

	.2 American Society for Testing and Materials International, (ASTM).
	.1 ASTM B88M, Standard Specification for Seamless Copper Water Tube (Metric).

	.3 Manufacturer's Standardization Society of the Valve and Fittings Industry (MSS).
	.1 MSSSP80, Bronze Gate, Globe, Angle and Check Valves.

	.4 National Research Council (NRC)/Institute for Research in Construction.
	.1 NRCC 38728, National Plumbing Code of Canada (NPC).


	1.4 SUBMITTALS
	.1 Provide maintenance data for incorporation into manual specified in Section 21 05 01 - Common Work Results - Mechanical.


	Part 2 Products
	2.1 PIPING 
	.1 Domestic hot, cold and recirculation systems.
	.1 Above ground: copper tube, hard drawn, Type L: to ASTM B88M.
	.2 Buried or embedded: copper tube, soft annealed, Type K: to ASTM B88M, in long lengths and with no buried joints or concealed joints.


	2.2 FITTINGS
	.1 Bronze pipe flanges and flanged fittings, Class 150: to ANSI/ASME B16.24.
	.2 Cast bronze threaded fittings, Class 125: to ANSI/ASME B16.15.
	.3 Cast copper, solder type: to ANSI/ASME B16.18.
	.4 Wrought copper and copper alloy, solder type: to ANSI/ASME B16.22.

	2.3 JOINTS
	.1 Rubber gaskets, latex-free 1.6 mm thick: to AWWA C111.
	.2 Bolts, nuts, hex head and washers: to ASTM A307, heavy series.
	.3  Solder: 95/5 silver solder Alloy Grade E (lead & antimony free).
	.4 Teflon tape: for threaded joints.
	.5 Dielectric connections between dissimilar metals: dielectric fitting to ASTM F492, complete with thermoplastic liner.

	2.4 GATE VALVES
	.1 NPS 2 and under, soldered:
	.1 Non-rising stem: to MSSSP80, Class 125, 860 kPa, bronze body, screwin bonnet, solid wedge disc, suitable for potable water use.
	.2 Acceptable Material:  Toyo Fig 281A, Kitz 41 or approved equivalent in accordance with B6.

	.2 NPS 2 and under, screwed:
	.1 Non-rising stem: to MSSSP80, Class 125, 860 kPa, bronze body, screwin bonnet, solid wedge disc.
	.2 Acceptable Material:  Toyo Fig 280A, Kitz 41 or approved equivalent in accordance with B6.


	2.5 BALL VALVES
	.1 NPS 2.5 and under, screwed:
	.1 Class 150.
	.2 600 pound.
	.3 Bronze body, chrome plated brass ball, PTFE adjustable packing, brass gland and PTFE seat, steel lever handle.
	.4 Acceptable Material:  Toyo Fig 5044A, Kitz 58 or approved equivalent in accordance with B6.

	.2 NPS 2.5 and under, soldered:
	.1 To ANSI/ASME B16.18, Class 150.
	.2 600 pound.
	.3 Bronze body, chrome plated brass ball, PTFE adjustable packing, brass gland and PTFE seat, steel lever handle, with NPT to copper adaptors.
	.4 Acceptable Material:  Toyo Fig 5049A, Kitz 59 or approved equivalent in accordance with B6..


	2.6 CHECK VALVES
	.1 NPS 2.5 and under, screwed:
	.1 Class 125.
	.2 Bronze body, cap and disc, integral seat, swing type, Y-pattern, screwed cap.
	.3 Acceptable Material:  Toyo Fig 236 or approved equivalent in accordance with B6.

	.2 NPS 2.5 and under, soldered:
	.1 Class 125.
	.2 Bronze body, cap and disc, integral seat, swing type, Y-pattern, screwed cap.
	.3 Acceptable Material:  Toyo 237 or approved equivalent in accordance with B6.



	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with NPC and local authority having jurisdiction.
	.2 Cut piping and/or tubing square, ream and clean tubing and tube ends, clean recesses of fitting and assemble without binding.
	.3 Install pipe work in accordance with Section 23 05 05  Installation of Pipework, supplemented as specified herein.
	.4 Assemble piping using fittings manufactured to ANSI standards.
	.5 Connect to fixtures and equipment in accordance with manufacturer's written instructions unless otherwise indicated.
	.6 Buried tubing:
	.1 Lay in well compacted washed sand in accordance with AWWA Class B bedding.
	.2 Bend tubing without crimping or constriction. No buried fittings or joints.

	.7 Provide trap primers for all floor drains.

	3.2 VALVES
	.1 Isolate all equipment, and all branches with ball valves.
	.2 Isolate fixtures with gate valves or angle stops.

	3.3 PRESSURE TESTS
	.1 Conform to requirements of Section 21 05 01 - Common Work Results for Mechanical.
	.2 Test pressure: greater of 1.5 times maximum system operating pressure or 860 kPa, whichever is less.

	3.4 FLUSHING AND CLEANING
	.1 Domestic water system:
	.1 Flush entire system for 8 h. Ensure outlets flushed for 2 h. Let stand for 24 h, then draw one sample off longest run. Submit to testing laboratory to verify that system is clean to Provincial potable water guidelines. Let system flush for additional 2 h, then draw off another sample for testing.


	3.5 PRESTARTUP INSPECTIONS
	.1 Systems to be complete, prior to flushing, testing and startup.
	.2 Verify that system can be completely drained.
	.3 Ensure that air chambers, expansion compensators are installed properly.

	3.6 DISINFECTION
	.1 Flush out, disinfect and rinse system to requirements of authority having jurisdiction.
	.2 Upon completion, provide laboratory test reports on water quality for Contract Administrator approval.

	3.7 STARTUP
	.1 Timing: Start up after:
	.1 Pressure tests have been completed.
	.2 Disinfection procedures have been completed.
	.3 Certificate of static completion has been issued.

	.2 Provide continuous supervision during startup.
	.3 Startup procedures:
	.1 Establish circulation and ensure that air is eliminated.
	.2 Bring HWS storage tank up to design temperature slowly.
	.3 Monitor piping DHW and DCW piping systems for freedom of movement, pipe expansion as designed.
	.4 Check control, limit, safety devices for normal and safe operation.

	.4 Rectify startup deficiencies.



	221119 UV Disinfection System
	Part 1 General
	1.1 SCOPE OF WORK
	.1 Pool ultraviolet (UV) disinfection equipment.

	1.2 RELATED SECTIONS
	.1 Section 21 05 01 - Common Work Results - Mechanical.
	.2 Section 23 05 05 - Installation of Pipework.

	1.3 REFERENCES
	.1 The following latest edition reference specifications, guides and standards shall become part of this Specification as if herein written. If provisions conflict, the more stringent provisions shall apply. 
	.1 NSF – National Sanitary Foundation 
	.2 MET – Met Laboratories, Inc. 
	.3 CSA – Canadian Standards Association
	.4 UL – Underwriters Laboratory
	.5 NEMA – National Electrical Manufacturers’ Association 
	.6 ANSI – American National Standards Institute 
	.7 USEPA UVGM- U.S. Environmental Protection Agency Ultraviolet Guidance Manual


	1.4 SUBMITTALS
	.1 Drawings and Instructions 
	.1 Provide detailed Shop Drawings of the items of equipment being provided, indicating the dimensions, material and characteristics. 
	.2 Provide a typed sheet of Operating Instructions, embracing the operation functions and recurring maintenance processes Products.



	Part 2 Products
	2.1 UV DISINFECTION SYSTEM
	.1 General
	.1 Ultraviolet Disinfection Equipment: Shall operate within the UVC electromagnetic spectrum emitting wavelengths in the range of 200nm to 400nm. This required wavelength will provide constant disinfection/inactivation of bacteria, algae, molds, viruses and destruction of Monochloramines, Trichloramines, and Dichloramines.
	.2 The UV System shall have an MET or equivalent (ETL, CSA, or UL) listing, be NSF-50 2010 certified including Section 13 and 3rd party validated to the USEPA UVGM 2006 Guidelines.
	.1 Equipment General Description
	.1 The Ultraviolet System shall be provided in a complete package to include: 316L Stainless Steel Chamber, Spectra Control System located in a NEMA 12 rated panel, Medium Pressure Bulb(s) designed to emit wavelengths within the UVC electromagnetic spectrum, strainer basket automatic wiper system, and Project Commissioning by a Certified ETS Ultraviolet Technician.



	.2 Unit Type
	.1 SP Units: Ultraviolet manufacturer to offer unit capability of horizontal installations utilizing a traditional influent and effluent flow pattern with ANSI flange range of 8” and flow pattern of 1145 GPM. Unit shall operate as a single lamp system with bulb of 5 kW power. Chamber and Control Cabinet shall be as indicated on the drawings. Electrical requirements to include, as standard, 480 Volt 3-phase power with 20 amp external breaker. All required electrical work to be performed by licensed electrician. Supplier to include integral transformer to accommodate 208V/3ph power supply.

	.3 Ultraviolet Chamber
	.1 Pressure rated for 100 psi (tested to 150 psi), and pressure drop across the unit will be minimal. The unit shall be constructed of 316L stainless steel to prevent corrosion within the harsh pool environment. The Ultraviolet chamber shall come complete with the following equipment:
	.2 Ultraviolet intensity monitor calibrated to provide intensity in mw/cm2 , monitors providing percentage of lamp output not acceptable, with built-in alarm system to notify operator when output level drops below required level of 60 mj/cm2 (or operator set dosing levels).
	.3 Ultraviolet temperature control system shall be provided to maintain system integrity in the event of flow interruptions to the chamber.
	.4 Ultraviolet chamber shall come complete with annealed quartz sleeve with “O” ring seals for water tightness.
	.5 Chambers shall be complete with ANSI flanges and all ports or vents shall be threaded NPT. The Ultraviolet chamber must be capable of installation in the system so that it remains full under all conditions.
	.6 The ultraviolet unit must be complete with appropriate brackets or feet for ease of installation.

	.4 Ultraviolet Lamp
	.1 Ultraviolet lamp shall be medium pressure high intensity. Lamp shall be designed to emit continuous Ultraviolet wavelengths in the range of 200nm to 400nm. This will provide optimal disinfection benefits and destruction of the Monochloramine, Dichloramine, and Trichloramine compounds. Lamp must remain unaffected by temperature variance of 0 degrees to 200 degrees Fahrenheit.
	.2 The lamp unit must provide a dose not less than 60 mj/cm2 at the end of the lamp life for indoor applications and not less than 40 mj/cm2 for outdoor disinfection and this must be based on the full recirculating flowrate, not on a sidestream treatment.

	.5 Automatic Wiper System
	.1 An automatic cleaning system shall be provided for cleaning of quartz sleeve and Ultraviolet monitor probe. The system shall travel the entire length of the quartz sleeve twice per desired cleaning cycle. Precision molded wiper rings shall be provided to ensure thorough quartz tube cleaning and quartz tube protection. Wiper cycle shall be user selectable and adjustable within a range of 15 minutes to 24 hours depending on anticipated application and deposit build-up. At a minimum the Automatic Wiper system shall have the following characteristics:
	.1 System shall utilize direct Belt Drive with square machined pulleys and shafts to prevent slippage and pin shearing. Systems utilizing shear pins or complicated gear boxes will be unacceptable.
	.2 Wiper power supply shall be 24 volt DC for improved safety.
	.3 System shall incorporate Direct Shaft Encoding for positional location. Systems relying on external limit switches or internally located magnets will be unacceptable.
	.4 Wiper interval shall be operator selectable with optional override switch.
	.5 Wiper faults are to be indicated on the control system display.
	.6 Wiper System to utilize “Intelligent Operation” for automatic start-up commissioning.
	.1 Records wiper position at chamber ends. Position must be fixed and not dependent on a timed interval or component striking end of chamber.
	.2 Establish a travel run without setting limit adjustments to ensure system integrity and longevity.



	.6 Ultraviolet Control System
	.1 Control cabinet shall be SPECTRA microprocessor control unit. Systems shall be epoxy coated NEMA 12 rated cabinet. If mounted outdoors they must be NEMA4X with an integral A/C unit to protect the components from the environment. Three levels of operation shall be provided to meet the needs of the operator and pool environment: Simple Control (start, stop and reset), Full Parameter Display, and Customized Operator Configuration. Modes of operation shall be password protected to secure system critical setup functions. Control system shall have clearly identifiable start, stop, and reset control buttons (suitable for gloved operation) with Running and Fault LCD indicators.
	.1 Two-line LCD screen shall display a minimum of the following: Ultraviolet dose (derived from flow and intensity inputs), Ultraviolet intensity (as a % and mw/cm2), Lamp Current, Flow rate (accepts signal from optional flow meter – displayed as gallons per minute), Chamber temperature (displayed as deg. F), Operation hour meter, System spares listing, Lamp fault, low Ultraviolet & temperature alarm, Ground fault trip, Wiper fault. All alarm functions shall have simple text message display to assist in fault finding.
	.2 Control system shall have a minimum of the following system interface control: Remote operation, Process interrupt features (from valves, flow meters), Low UV dose (configurable to shutdown or alarm only), Flow meter input, Auto-Restrike, Half to full power Ultraviolet setting with 24 hour/7 day settable timer.
	.3 Control system shall have built in data-logging capabilities to record the following information: Ultraviolet intensity required, Ultraviolet intensity measured, Lamp current, Chamber temperature, Flow rate (if flow meter is connected), Time and date stamp, All alarms generated.


	.7 Warranty
	.1 A factory trained representative of the manufacturer shall perform all warranty work. Manufacturer to warranty Ultraviolet chamber and Spectra Control panel for a period of 5 years excluding lamps, quartz and seals. Medium pressure Ultraviolet bulbs shall be warranted for a period of 4,000 hours. Intermittently operated bulbs (≥ 1 on/off cycles per day) will be replaced free of charge should failure occur prior to 3,000 hours and replacement will be prorated between 3,000 and 4,000 hours.

	.8 Acceptable Product: “ETS” model SP-50-10 or approved equivalent in accordance with B6.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install UV system in accordance with contract drawings, manufacturers' shop drawings and install instructions. Support UV system supplier’s startup and commissioning activities as required.

	3.2 SYSTEM STARTUP
	.1 Install in accordance with contract documents and manufacturer’s instructions.

	3.3 COMMISSIONING
	.1 Ultraviolet Chamber and Control Panel shall be commissioned by a qualified factory trained technician to institute the five year warranty.
	.2 A Service Agreement from a qualified factory certified distributor shall be provided to initiate and maintain the five year warranty.
	.3 Final electrical and control cabling will be connected from the Spectra control cabinet to the Ultraviolet disinfection chamber during the commissioning process.
	.4 Daily operation and simple maintenance instructions shall be provided during the commissioning process.



	230505 Installation of Pipework
	Part 1 General
	1.1 RELATED SECTIONS
	.1 Section 23 08 02  Cleaning and Startup of Mechanical Piping Systems.

	1.2 REFERENCES
	.1 Canadian General Standards Board (CGSB)
	.1 CAN/CGSB1.181, ReadyMixed Organic ZincRich Coating.



	Part 2 Products
	2.1 NOT USED
	.1 Not Used.


	Part 3 Execution
	3.1 CONNECTIONS TO EQUIPMENT
	.1 In accordance with manufacturer's instructions unless otherwise indicated.
	.2 Use valves and either unions or flanges for isolation and ease of maintenance and assembly.
	.3 Use double swing joints when equipment mounted on vibration isolation and when piping subject to movement.

	3.2 CLEARANCES
	.1 Provide clearance around systems, equipment and components for observation of operation, inspection, servicing, maintenance and as recommended by manufacturer.
	.2 Provide space for disassembly, removal of equipment and components as recommended by manufacturer or as indicated (whichever is greater) without interrupting operation of other system, equipment, components.

	3.3 DRAINS
	.1 Install piping with grade in direction of flow except as indicated.
	.2 Install drain valve at low points in piping systems, at equipment and at section isolating valves.
	.3 Pipe each drain valve discharge separately to above floor drain. Discharge to be visible.
	.4 Drain valves: NPS 3/4 gate or globe valves unless indicated otherwise, with hose end male thread, cap and chain.

	3.4 AIR VENTS
	.1 Install automatic air vents at high points in piping systems.
	.2 Install isolating valve at each automatic air valve.
	.3 Install drain piping to approved location and terminate where discharge is visible.

	3.5 DIELECTRIC COUPLINGS
	.1 General: Compatible with system, to suit pressure rating of system.
	.2 Locations: Where dissimilar metals are joined.
	.3 NPS 2 and under: isolating unions or bronze valves.
	.4 Over NPS 2: Isolating flanges.

	3.6 PIPEWORK INSTALLATION
	.1 Screwed fittings jointed with Teflon tape.
	.2 Protect openings against entry of foreign material.
	.3 Install to isolate equipment and allow removal without interrupting operation of other equipment or systems.
	.4 Assemble piping using fittings manufactured to ANSI standards.
	.5 Saddle type branch fittings may be used on mains if branch line is no larger than half the size of main.
	.1 Hole saw (or drill) and ream main to maintain full inside diameter of branch line prior to welding saddle.

	.6 Install exposed piping, equipment, rectangular cleanouts and similar items parallel or perpendicular to building lines.
	.7 Install concealed pipework to minimize furring space, maximize headroom, conserve space.
	.8 Slope piping, except where indicated, in direction of flow for positive drainage and venting.
	.9 Install, except where indicated, to permit separate thermal insulation of each pipe.
	.10 Group piping wherever possible.
	.11 Ream pipes, remove scale and other foreign material before assembly.
	.12 Use eccentric reducers at pipe size changes to ensure positive drainage and venting.
	.13 Provide for thermal expansion as indicated.
	.14 Valves:
	.1 Install in accessible locations.
	.2 Remove interior parts before soldering.
	.3 Install with stems above horizontal position unless otherwise indicated.
	.4 Valves accessible for maintenance without removing adjacent piping.
	.5 Use ball or butterfly valves at branch takeoffs for isolating purposes except where otherwise specified.

	.15 Check Valves:
	.1 Install silent check valves in vertical pipes with downward flow and elsewhere as indicated.
	.2 Install swing check valves in horizontal lines and elsewhere as indicated.


	3.7 SLEEVES
	.1 General: Install where pipes pass through masonry, concrete structures, fire rated assemblies, and elsewhere as indicated.
	.2 Material: Schedule 40 black steel pipe.
	.3 Construction: Foundation walls and where sleeves extend above finished floors to have annular fins continuously welded on at midpoint.
	.4 Sizes: 6 mm minimum clearance between sleeve and uninsulated pipe or between sleeve and insulation.
	.5 Installation:
	.1 Concrete, masonry walls, concrete floors on grade: Terminate flush with finished surface.
	.2 Other floors: Terminate 25 mm above finished floor.
	.3 Before installation, paint exposed exterior surfaces with heavy application of zincrich paint to CAN/CGSB1.181.

	.6 Sealing:
	.1 Foundation walls and below grade floors: Fire retardant, waterproof nonhardening mastic.
	.2 Elsewhere: Provide space for firestopping. Maintain fire rating integrity.
	.3 Sleeves installed for future use: Fill with lime plaster or other easily removable filler.
	.4 Ensure no contact between copper pipe or tube and sleeve.


	3.8 ESCUTCHEONS
	.1 Install on pipes passing through walls, partitions, floors, and ceilings in finished areas.
	.2 Construction: One piece type with set screws. Chrome or nickel plated brass or type 302 stainless steel.
	.3 Sizes: Outside diameter to cover opening or sleeve. Inside diameter to fit around pipe or outside of insulation if so provided.

	3.9 PREPARATION FOR FIRESTOPPING
	.1 Uninsulated unheated pipes not subject to movement: No special preparation.
	.2 Uninsulated heated pipes subject to movement: Wrap with noncombustible smooth material to permit pipe movement without damaging firestopping material or installation.
	.3 Insulated pipes and ducts: Ensure integrity of insulation and vapour barriers.

	3.10 FLUSHING OUT OF PIPING SYSTEMS
	.1 In accordance with Section 23 08 02  Cleaning and Startup of Mechanical Piping Systems.
	.2 Preparatory to acceptance, clean and refurbish equipment and leave in operating condition, including replacement of filters in piping systems.

	3.11 PRESSURE TESTING OF EQUIPMENT AND PIPEWORK
	.1 Advise Contract Administrator 48 hours minimum prior to performance of pressure tests.
	.2 Pipework: Test as specified in relevant specification sections.
	.3 Maintain specified test pressure without loss for 4 hours minimum unless specified for longer period of time in relevant specification sections.
	.4 Prior to tests, isolate equipment and other parts which are not designed to withstand test pressure or media.
	.5 Pay costs for repairs or replacement, retesting, and making good. Contract Administrator to determine whether repair or replacement is appropriate.
	.6 Insulate or conceal work only after approval and certification of tests.

	3.12 EXISTING SYSTEMS
	.1 Connect into existing piping systems as shown on the drawings.
	.2 Be responsible for damage to existing building by this work.
	.3 Ensure daily cleanup of existing areas.



	230521 Thermometers and Pressure Gauges - Piping Systems
	Part 1 General
	1.1 SCOPE OF WORK
	.1 Materials and installation for thermometers and pressure gauges in piping systems.

	1.2 REFERENCES
	.1 American Society of Mechanical Engineers (ASME).
	.1 ASME B40.100, Pressure Gauges and Gauge Attachments.
	.2 ASME B40.200, Thermometers, Direct Reading and Remote Reading.

	.2 Canadian General Standards Board (CGSB).
	.1 CAN/CGSB14.4, Thermometers, LiquidinGlass, Self Indicating, Commercial/Industrial Type.
	.2 CAN/CGSB14.5, Thermometers, Bimetallic, SelfIndicating, Commercial/Industrial Type.


	1.3 SUBMITTALS
	.1 Submit shop drawings and product data.
	.2 Submit manufacturer's product data for following items:
	.1 Thermometers.
	.2 Pressure gauges.



	Part 2 Products
	2.1 GENERAL
	.1 Design point to be at mid point of scale or range.

	2.2 DIRECT READING THERMOMETERS
	.1 Liquid action, 125 mm dial thermometer, variable angle type, liquid filled, 0 to 115°C dual range.
	.2 Acceptable Material:  “Ashcroft”, Series EL or approved equivalent in accordance with B6.

	2.3 THERMOMETER WELLS
	.1 Use thermowells for all thermometers.
	.2 Copper pipe: copper or bronze wells.
	.3 Steel pipe: brass wells.

	2.4 PRESSURE GAUGES
	.1 150 mm, dial type, liquid filled, stainless steel having 1.6% accuracy 6 mm NPT connection, 0 – 450 kPa dual range (kPa & PSI).
	.2 Acceptable Material:  Trerice, Series 700 or approved equivalent in accordance with B6.
	.3 Provide:
	.1 Isolation ball valve on all pressure gauge connections.
	.2 Snubber for pulsating operation.
	.3 No petcocks.



	Part 3 Execution
	3.1 GENERAL
	.1 Install gauges so they can be easily read from floor or platform. If this cannot be accomplished, install remote reading units.
	.2 Install between equipment and first fitting or valve.

	3.2 THERMOMETERS
	.1 Install in locations as indicated on drawings.
	.2 Use extensions where thermometers are installed through insulation.

	3.3 PRESSURE GAUGES
	.1 Install in locations as indicated on drawings.
	.2 Use extensions where pressure gauges are installed through insulation.



	230529 Hangers and Supports for HVAC Piping and Equipment
	Part 1 General
	1.1 SUMMARY
	.1 Section Includes:
	.1 Concrete housekeeping pads, hangers and supports for mechanical piping and equipment.


	1.2 REFERENCES
	.1 American National Standards Institute/American Society of Mechanical Engineers (ANSI/ASME)
	.1 ANSI/ASME B31.1, Power Piping.

	.2 American Society for Testing and Materials International (ASTM)
	.1 ASTM A125, Specification for Steel Springs, Helical, HeatTreated.
	.2 ASTM A307, Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength.
	.3 ASTM A563, Specification for Carbon and Alloy Steel Nuts.

	.3 Health Canada/Workplace Hazardous Materials Information System (WHMIS)
	.1 Material Safety Data Sheets (MSDS).

	.4 Manufacturer's Standardization Society of the Valves and Fittings Industry (MSS)
	.1 MSS SP58, Pipe Hangers and Supports  Materials, Design and Manufacture.
	.2 ANSI/MSS SP69, Pipe Hangers and Supports  Selection and Application.
	.3 MSS SP89, Pipe Hangers and Supports  Fabrication and Installation Practices.

	.5 Underwriter's Laboratories of Canada (ULC)

	1.3 SYSTEM DESCRIPTION
	.1 Design Requirements:
	.1 Construct pipe hanger and support to manufacturer's recommendations utilizing manufacturer's regular production components, parts and assemblies.
	.2 Base maximum load ratings on allowable stresses prescribed by ASME B31.1 or MSS SP58.
	.3 Ensure that supports, guides, anchors do not transmit excessive quantities of heat to building structure.
	.4 Design hangers and supports to support systems under conditions of operation, allow free expansion and contraction, prevent excessive stresses from being introduced into pipework or connected equipment.
	.5 Provide for vertical adjustments after erection and during commissioning. Amount of adjustment in accordance with MSS SP58.



	Part 2 Products
	2.1 GENERAL
	.1 Fabricate hangers, supports and sway braces in accordance with ANSI B31.1 and MSS SP58.
	.2 Use components for intended design purpose only. Do not use for rigging or erection purposes.

	2.2 PIPE HANGERS
	.1 Finishes:
	.1 Pipe hangers and supports: galvanized
	.2 Ensure steel hangers in contact with copper piping are epoxy coated. Alternatively, the use of copper hangers is acceptable.

	.2 Upper attachment to concrete:
	.1 Ceiling: carbon steel welded eye rod, clevis plate, clevis pin and cotters with weldless forged steel eye nut. Ensure eye 6 mm minimum greater than rod diameter.
	.2 Concrete inserts: wedge shaped body with knockout protector plate, UL listed to MSS SP69.

	.3 Hanger rods: threaded rod material to MSS SP58:
	.1 Ensure that hanger rods are subject to tensile loading only.
	.2 Provide linkages where lateral or axial movement of pipework is anticipated.

	.4 Pipe attachments: material to MSS SP58:
	.1 Attachments for steel piping: carbon steel.
	.2 Attachments for copper piping: copper plated black steel.
	.3 Use insulation shields for hot pipework.
	.4 Oversize pipe hangers and supports.

	.5 Adjustable clevis: material to MSS SP69, clevis bolt with nipple spacer and vertical adjustment nuts above and below clevis.
	.6 Yoke style pipe roll: carbon steel yoke, rod and nuts with cast iron roll, to MSS SP69.
	.7 Ubolts: carbon steel to MSS SP69 with 2 nuts at each end to ASTM A563.
	.1 Finishes for steel pipework: galvanized.
	.2 Finishes for copper, glass, brass or aluminum pipework: epoxy coated if required.

	.8 Pipe rollers: cast iron roll and roll stand with carbon steel rod to MSS SP69.

	2.3 INSULATION PROTECTION SHIELDS
	.1 Insulated cold piping:
	.1 64 kg/m3 density insulation plus insulation protection shield to: MSS SP69, galvanized sheet carbon steel. Length designed for maximum 3 m span.

	.2 Insulated hot piping:
	.1 Curved plate 300 mm long, with edges turned up, weldedin centre plate for pipe sizes NPS 12 and over, carbon steel to comply with MSS SP69.


	2.4 EQUIPMENT SUPPORTS
	.1 Fabricate equipment supports not provided by equipment manufacturer from structural grade steel.

	2.5 HOUSEKEEPING PADS
	.1 Provide concrete housekeeping pads for base-mounted equipment; size pads 150 mm larger than equipment.


	Part 3 Execution
	3.1 MANUFACTURER'S INSTRUCTIONS
	.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.

	3.2 INSTALLATION
	.1 Install in accordance with:
	.1 Manufacturer’s instructions and recommendations.

	.2 Clevis plates:
	.1 Attach to concrete with 4 minimum concrete inserts, one at each corner.

	.3 Provide supplementary structural steelwork where structural bearings do not exist or where concrete inserts are not in correct locations.

	3.3 HANGER SPACING
	.1 Plumbing piping:  to Canadian Plumbing Code, Provincial Code & Authority having Jurisdiction.
	.2 Gas piping: up to NPS 1/2: every 1.8 m.
	.3 Copper piping: up to NPS 1/2: every 1.5 m.
	.4 Flexible joint roll groove pipe: in accordance with table below, but not less than one hanger at joints.
	.5 Within 300 mm of each elbow.
	.6 Pipework greater than NPS 12: to MSS SP69.

	3.4 HANGER INSTALLATION
	.1 Install hanger so that rod is vertical under operating conditions.
	.2 Adjust hangers to equalize load.
	.3 Support from structural members. Where structural bearing does not exist or inserts are not in suitable locations, provide supplementary structural steel members.

	3.5 HORIZONTAL MOVEMENT
	.1 Angularity of rod hanger resulting from horizontal movement of pipework from cold to hot position not to exceed 4 degrees from vertical.
	.2 Where horizontal pipe movement is less than 13 mm, offset pipe hanger and support so that rod hanger is vertical in the hot position.

	3.6 FINAL ADJUSTMENT
	.1 Adjust hangers and supports:
	.1 Ensure that rod is vertical under operating conditions.
	.2 Equalize loads.

	.2 Adjustable clevis:
	.1 Tighten hanger load nut securely to ensure proper hanger performance.
	.2 Tighten upper nut after adjustment.

	.3 Cclamps:
	.1 Follow manufacturer's recommended written instructions and torque values when tightening Cclamps to bottom flange of beam.

	.4 Beam clamps:
	.1 Hammer jaw firmly against underside of beam.




	230554 Mechanical Identification
	Part 1 General
	1.1 SCOPE OF WORK
	.1 Materials and requirements for the identification of equipment, piping systems, valves and controllers, including the installation and location of identification systems.

	1.2 REFERENCES
	.1 Canadian Gas Association (CGA)
	.1 CSA/CGA B149.1, Natural Gas and Propane Installation Code.

	.2 Canadian General Standards Board (CGSB)
	.1 CAN/CGSB1.60, Interior Alkyd Gloss Enamel.
	.2 CAN/CGSB24.3, Identification of Piping Systems.

	.3 National Fire Protection Association (NFPA)
	.1 NFPA 13, Standard for the Installation of Sprinkler Systems.


	1.3 SUBMITTALS
	.1 Product data to include paint colour chips, other products specified in this section.


	Part 2 Products
	2.1 MANUFACTURER'S EQUIPMENT NAMEPLATES
	.1 Metal or plastic laminate nameplate mechanically fastened to each piece of equipment by manufacturer.
	.2 Lettering and numbers raised or recessed.
	.3 Information to include, as appropriate:
	.1 Equipment: manufacturer's name, model, size, serial number, capacity.
	.2 Motor: voltage, Hz, phase, power factor, duty, frame size.


	2.2 SYSTEM NAMEPLATES
	.1 Provide nameplates for all equipment designated by Tags as indicated in the drawings.  e.g. PU-1, EF-2.  
	.2 Colours:
	.1 Hazardous: red letters, white background.
	.2 Elsewhere: black letters, white background (except where required otherwise by applicable codes).

	.3 Construction:
	.1 3 mm thick laminated plastic or white anodized aluminum, matte finish, square corners, letters accurately aligned and machine engraved into core.

	.4 Sizes:
	.1 Conform to following table:
	.2 Use maximum of 25 letters/numbers per line.

	.5 Locations:
	.1 Terminal cabinets, control panels: use Type 5.
	.2 Equipment in Mechanical Rooms: use Type 8.
	.3 Equipment elsewhere: sizes as appropriate.


	2.3 EXISTING IDENTIFICATION SYSTEMS
	.1 Apply existing identification system to new work.
	.2 Where existing identification system does not cover for new work, use identification system specified this section.

	2.4 PIPING SYSTEMS GOVERNED BY CODES
	.1 Identification:
	.1 Natural gas: to CSA/CGA B149.1.


	2.5 IDENTIFICATION OF PIPING SYSTEMS
	.1 Identify contents by background colour marking, pictogram (as necessary), legend; direction of flow by arrows in accordance with CAN/CGSB 24.3 except where specified otherwise.
	.2 Pictograms:
	.1 Where required: Workplace Hazardous Materials Information System (WHMIS) regulations.

	.3 Legend:
	.1 Block capitals to sizes and colours listed in CAN/CGSB 24.3.

	.4 Arrows showing direction of flow:
	.1 Outside diameter of pipe or insulation less than 75 mm: 100 mm long x 50 mm high.
	.2 Outside diameter of pipe or insulation 75 mm and greater: 150 mm long x 50 mm high.
	.3 Use doubleheaded arrows where flow is reversible.

	.5 Extent of background colour marking:
	.1 To full circumference of pipe or insulation.
	.2 Length to accommodate pictogram, full length of legend and arrows.

	.6 Materials for background colour marking, legend, arrows:
	.1 Pipes and tubing 20 mm and smaller: waterproof and heatresistant pressure sensitive plastic marker tags.
	.2 Other pipes: pressure sensitive vinyl with protective overcoating, waterproof contact adhesive undercoating, suitable for ambient of 100% RH and continuous operating temperature of 150 degrees C and intermittent temperature of 200 degrees C.

	.7 Colours and Legends:
	.1 Colours for legends, arrows: to following table:
	.2 Background colour marking and legends for piping systems (confirm colours with Contract Administrator before application to pipe covering):


	 Acceptable Material:  W.H. Brady, Seton Name Plate Corporation, Setmark Pipe Markers.
	 Acceptable Paint:  low VOC, industrial quality and suitable for environment being applied (high 
	    temperature, humidity, chlorine, etc.).
	2.6             VALVES, CONTROLLERS
	.1  Brass tags with 12 mm stamped identification data filled with black paint.

	2.7 CONTROLS COMPONENTS IDENTIFICATION
	.1 Identify all systems, equipment, components, controls, sensors with system nameplates specified in this section.
	.2 Inscriptions to include function and (where appropriate) failsafe position.

	2.8 LANGUAGE
	.1 Identification in English.


	Part 3 Execution
	3.1 MANUFACTURER'S INSTRUCTIONS
	.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.

	3.2 TIMING
	.1 Provide identification only after painting specified Section 09 91 00  Painting has been completed.

	3.3 INSTALLATION
	.1 Perform work in accordance with CAN/CGSB24.3 except as specified otherwise.
	.2 Provide ULC or CSA registration plates as required by respective agency.
	.3 Perform pipe identification as piping is installed and insulated.  All identification must be performed before the installation of T-bar ceiling.

	3.4 NAMEPLATES
	.1 Locations:
	.1 In conspicuous location to facilitate easy reading and identification from operating floor.

	.2 Standoffs:
	.1 Provide for nameplates on hot and/or insulated surfaces.

	.3 Protection:
	.1 Do not paint, insulate or cover.


	3.5 LOCATION OF IDENTIFICATION ON PIPING SYSTEMS
	.1 On long straight runs in open areas in boiler rooms, equipment rooms, galleries, tunnels: at not more than 10 m intervals and more frequently if required to ensure that at least one is visible from any one viewpoint in operating areas and walking aisles.
	.2 At least once in each small room through which piping or ductwork passes.
	.3 On both sides of visual obstruction or where run is difficult to follow.
	.4 On both sides of separations such as walls, floors, partitions.
	.5 Where system is installed in pipe chases, ceiling spaces, galleries, confined spaces, at entry and exit points, and at access openings.
	.6 At beginning and end points of each run and at each piece of equipment in run.
	.7 Identify branch, equipment, or building served after each valve.
	.8 At point immediately upstream of major manually operated or automatically controlled valves, and dampers. Where this is not possible, place identification as close as possible.
	.9 Identification easily and accurately readable from usual operating areas and from access points.

	3.6 VALVES, CONTROLLERS
	.1 Valves and operating controllers, except at plumbing fixtures, radiation, or where in plain sight of equipment they serve: Secure tags with nonferrous chains or closed "S" hooks.
	.2 Install one copy of flow diagrams, valve schedules mounted in frame behind nonglare glass where directed by Contract Administrator. Provide one copy (reduced in size if required) in each operating and maintenance manual.
	.3 Number valves in each system consecutively.



	230593 Testing, Adjusting and Balancing for HVAC
	Part 1 General
	1.1 SUMMARY
	.1 TAB is used throughout this Section to describe the process, methods and requirements of testing, adjusting and balancing for HVAC.
	.2 TAB means to test, adjust and balance to perform in accordance with requirements of Contract Documents and to do other work as specified in this section.
	.3 This section includes the testing of all new fire dampers.

	1.2 QUALIFICATIONS OF TAB PERSONNEL
	.1 TAB: performed in accordance with the requirements of standard under which TAB Firm's qualifications are approved:
	.1 Associated Air Balance Council, (AABC) National Standards for Total System Balance.
	.2 National Environmental Balancing Bureau (NEBB) TABES, Procedural Standards for Testing, Adjusting, Balancing of Environmental Systems..
	.3 Sheet Metal and Air Conditioning Contractors' National Association (SMACNA), HVAC TAB HVAC Systems - Testing, Adjusting and Balancing.

	.2 Recommendations and suggested practices contained in the TAB Standard: mandatory.
	.3 Use TAB Standard provisions, including checklists, and report forms to satisfy Contract requirements.
	.4 Use TAB Standard for TAB, including qualifications for TAB Firm and Specialist and calibration of TAB instruments.
	.5 Where instrument manufacturer calibration recommendations are more stringent than those listed in TAB Standard, use manufacturer's recommendations.
	.6 TAB Standard quality assurance provisions such as performance guarantees form part of this contract.
	.1 For systems or system components not covered in TAB Standard, use TAB procedures developed by TAB Specialist.
	.2 Where new procedures, and requirements, are applicable to Contract requirements have been published or adopted by body responsible for TAB Standard used (AABC, NEBB, or TABB), requirements and recommendations contained in these procedures and requirements are mandatory.


	1.3 PURPOSE OF TAB
	.1 Test to verify proper and safe operation, determine actual point of performance, evaluate qualitative and quantitative performance of equipment, systems and controls at design, average and low loads using actual or simulated loads.
	.2 Adjust and regulate equipment and systems to meet specified performance requirements and to achieve specified interaction with other related systems under normal and emergency loads and operating conditions.
	.3 Balance systems and equipment to regulate flow rates to match load requirements over full operating ranges.

	1.4 EXCEPTIONS
	.1 TAB of systems and equipment regulated by codes, standards to satisfaction of authority having jurisdiction.

	1.5 COORDINATION
	.1 Schedule time required for TAB (including repairs, retesting) into project construction and completion schedule to ensure completion before acceptance of project.
	.2 Do TAB of each system independently and subsequently, where interlocked with other systems, in unison with those systems.

	1.6 PRETAB REVIEW
	.1  Review contract documents before project construction is started and confirm in writing to Contract Administrator adequacy of provisions for TAB and other aspects of design and installation pertinent to success of TAB.
	.2 Review specified standards and report to Contract Administrator in writing proposed procedures which vary from standard.
	.3 During construction, coordinate location and installation of TAB devices, equipment, accessories, measurement ports and fittings.

	1.7 STARTUP
	.1 Follow startup procedures as recommended by equipment manufacturer unless specified otherwise.
	.2 Follow special startup procedures specified elsewhere in Division 23.

	1.8 OPERATION OF SYSTEMS DURING TAB
	.1 Operate systems for length of time required for TAB and as required by Contract Administrator for verification of TAB reports.

	1.9 START OF TAB
	.1 Start TAB when building is essentially completed, including:
	.1 Installation of ceilings, doors, windows, other construction affecting TAB.
	.2 Application of weather stripping, sealing, and caulking.

	.2 Pressure, leakage, other tests specified elsewhere Division 23.
	.3 Provisions for TAB installed and operational.
	.4 Startup, verification for proper, normal and safe operation of mechanical and associated electrical and control systems affecting TAB including but not limited to:
	.1 Proper thermal overload protection in place for electrical equipment.
	.2 Hydronic systems:
	.1 Flushed, filled, vented.
	.2 Correct pump rotation.
	.3 Strainers in place, baskets clean.
	.4 Isolating and balancing valves installed, open.
	.5 Calibrated balancing valves installed, at factory settings.
	.6 Chemical treatment systems complete and operational.



	1.10 APPLICATION TOLERANCES
	.1 Do TAB to following tolerances of design values:
	.1 Hydronic systems: plus or minus 5%.


	1.11 ACCURACY TOLERANCES
	.1 Measured values accurate to within plus or minus 2 % of actual values.

	1.12 INSTRUMENTS
	.1 Calibrate in accordance with requirements of most stringent of referenced standard for either applicable system or HVAC system.
	.2 Calibrate within 3 months of TAB. 

	1.13 TAB REPORT
	.1 Format in accordance with AABC.
	.2 TAB report to show results in SI units and to include:
	.1 System schematics.

	.3 Submit 1 copy of TAB Report to Contract Administrator for verification and approval, in English in Dring binders, complete with index tabs.

	1.14 SETTINGS
	.1 After TAB is completed to satisfaction of Contract Administrator, replace drive guards, close access doors, lock devices in set positions, ensure sensors are at required settings.
	.2 Permanently mark settings to allow restoration at any time during life of facility. Do not eradicate or cover markings.

	1.15 COMPLETION OF TAB
	.1 TAB considered complete when final TAB Report received and approved by Contract Administrator.

	1.16 WATER SYSTEMS
	.1 Do TAB on all hydronic systems including:
	Flow balance of:
	.1 B-1 to B-4.
	.2 HX-1, HX-2 and existing hot tub heat exchanger.
	.3 Hydronic pumps PU-1 to PU-6

	.2 Set water flows as noted. Obtain pump operating pressures, motor amperages and characteristics.
	.3 Measure domestic water recirculation flow rates at all automatic flow balancing valves and record flows in balance report.



	230713 Thermal Insulation for Ducting
	Part 1 General
	1.1 SCOPE OF WORK
	.1 Provide and install all duct insulation and jacketing as shown on the drawings.

	1.2 REFERENCES
	.1 American Society for Testing and Materials International, (ASTM)
	.1 ASTM C335, Test Method for Steady State Heat Transfer Properties of Horizontal Pipe Insulation.
	.2 ASTM C411, Test Method for HotSurface Performance of HighTemperature Thermal Insulation.

	.2 Canadian General Standards Board (CGSB)
	.1 CGSB 51GP52Ma, Vapour Barrier, Jacket and Facing Material for Pipe, Duct and Equipment Thermal Insulation.

	.3 Thermal Insulation Association of Canada (TIAC): National Insulation Standards.
	.4 Underwriters Laboratories of Canada (ULC)
	.1 CAN/ULCS102, Surface Burning Characteristics of Building Materials and Assemblies.


	1.3 DEFINITIONS
	.1 For purposes of this section:
	.1 "CONCEALED"  insulated mechanical services and equipment in suspended ceilings and nonaccessible chases and furredin spaces.
	.2 "EXPOSED"  will mean "not concealed" as defined herein.
	.3 Insulation systems  insulation material, fasteners, jackets, and other accessories.

	.2 TIAC Codes:
	.1 CRD: Code Round Ductwork,
	.2 CRF: Code Rectangular Finish.



	Part 2 Products
	2.1 FIRE AND SMOKE RATING
	.1 In accordance with CAN/ULCS102:
	.1 Maximum flame spread rating: 25.
	.2 Maximum smoke developed rating: 50.


	2.2 INSULATION
	.1 Mineral fibre: as specified, includes glass fibre, rock wool, slag wool.
	.2 Thermal conductivity ("K" factor) not to exceed specified values at 24oC mean temperature when tested in accordance with ASTM C335.
	.3 TIAC Code C1: Rigid mineral fibre board to ASTM C612, with factory applied vapour retarder jacket to CGSB 51GP52Ma.
	.1 Application:  on exterior of air intake/ventilation ducts and combustion air ducts (where shown on drawings) 1200 mm or more across the bottom. 

	.4 TIAC Code C2: Mineral fibre blanket to ASTM C553 faced with factory applied vapour retarder jacket to CGSB 51GP52Ma.
	.1 Application: Round ducts and rectangular ducts less than 1200 mm across the bottom. Do not use in mechanical rooms.
	.2 Mineral fibre: to ASTM C553.
	.3 Jacket: to CGSB 51GP52Ma.
	.4 Maximum "K" factor: to ASTM C553. 

	.5 Insulation thickness: 50mm on combustion air and ventilation air ducts.

	2.3 JACKETING
	.1 Provide canvas jacket on duct insulation in mechanical rooms including duct shaft room. Canvas jacketing not required for concealed ductwork.


	Part 3 Execution
	3.1 PREINSTALLATION REQUIREMENTS
	.1 Surfaces clean, dry and free from foreign material.

	3.2 INSTALLATION
	.1 Install in accordance with TIAC National Standards.
	.2 Apply materials in accordance with manufacturers instructions and as indicated.
	.3 Maintain uninterrupted continuity and integrity of vapour retarder jacket and finishes.
	.1 Hangers, supports to be outside vapour retarder jacket.
	.2 Apply high compressive strength insulation where insulation may be compressed by weight of ductwork.

	.4 Fasteners: At 300 mm oc in horizontal and vertical directions, minimum two rows each side.



	230802 Cleaning and Start-up of Mechanical Piping Systems
	Part 1 General
	1.1 SUMMARY
	.1 Section Includes:
	.1 Procedures and cleaning solutions for cleaning new mechanical piping systems.


	1.2 REFERENCES
	.1 Health Canada/Workplace Hazardous Materials Information System (WHMIS)
	.1 Material Safety Data Sheets (MSDS).


	1.3 SUBMITTALS
	.1 Product Data:
	.1 Submit manufacturer's printed product literature, specifications and datasheets. Include product characteristics, performance criteria, and limitations.



	Part 2 Products
	2.1 CLEANING SOLUTIONS
	.1 As recommended by water treatment specialist for application.


	Part 3 Execution
	3.1 MANUFACTURER'S INSTRUCTIONS
	.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.

	3.2 CLEANING HYDRONIC SYSTEMS
	.1 Clean new piping prior to final tie-in into existing piping. Provide any required pumps, valves, etc. required for cleaning.
	.2 Cleaning Agency:
	.1 Retain qualified water treatment specialist to perform system cleaning.

	.3 Install instrumentation such as flow meters, orifice plates, pitot tubes, flow metering valves only after cleaning is certified as complete.
	.4 Cleaning procedures:
	.1 Provide detailed report outlining proposed cleaning procedures at least 4 weeks prior to proposed starting date. Report to include:
	.1 Cleaning procedures, flow rates, elapsed time.
	.2 Chemicals and concentrations used.
	.3 Inhibitors and concentrations.
	.4 Specific requirements for completion of work.
	.5 Special precautions for protecting piping system materials and components.
	.6 Complete analysis of water used to ensure water will not damage systems or equipment.


	.5 Conditions at time of cleaning of systems:
	.1 Systems: free from construction debris, dirt and other foreign material.
	.2 Control valves: operational, fully open to ensure that terminal units can be cleaned properly.
	.3 Strainers: clean prior to initial fill.
	.4 Install temporary filters on pumps not equipped with permanent filters.
	.5 Install pressure gauges on strainers to detect plugging.

	.6 Report on Completion of Cleaning:
	.1 When cleaning is completed, submit report, complete with certificate of compliance with specifications of cleaning component supplier.

	.7 Hydronic Systems:
	.1 Fill system with water, ensure air is vented from system.
	.2 Fill expansion tanks 1/3 to 1/2 full, charge system with compressed air to at least 35 kPa (does not apply to diaphragm type expansion tanks).
	.3 Use water metre to record volume of water in system to +/ 0.5%.
	.4 Add chemicals under direct supervision of chemical treatment supplier.
	.5 Closed loop systems: circulate system cleaner at 60 degrees C for at least 36 h. Drain as quickly as possible. Refill with water and inhibitors. Test concentrations and adjust to recommended levels.
	.6 Flush velocity in system mains and branches to ensure removal of debris. System pumps may be used for circulating cleaning solution provided that velocities are adequate.
	.7 Add chemical solution to system.
	.8 Establish circulation, raise temperature slowly to 88 degrees C. Circulate for 12 h, ensuring flow in all circuits. Remove heat, continue to circulate until temperature is below 38 degrees C. Drain as quickly as possible. Refill with clean water. Circulate for 6 h at design temperature. Drain and repeat procedures specified above. Flush through low point drains in system. Refill with clean water adding to sodium sulphite (test for residual sulphite).


	3.3 STARTUP OF HYDRONIC SYSTEMS
	.1 After cleaning is completed and system is filled:
	.1 Establish circulation and expansion tank level, set pressure controls.
	.2 Ensure air is removed.
	.3 Check pumps to be free from air, debris, possibility of cavitation when system is at design temperature.
	.4 Dismantle system pumps used for cleaning, inspect, replace worn parts, install new gaskets and new set of seals.
	.5 Clean out strainers repeatedly until system is clean.
	.6 Check water level in expansion tank with cold water with circulating pumps OFF and again with pumps ON.
	.7 Repeat with water at design temperature.
	.8 Check pressurization to ensure proper operation and to prevent water hammer, flashing, cavitation. Eliminate water hammer and other noises.
	.9 Bring system up to design temperature and pressure slowly over a 4 hour period.
	.10 Perform TAB as specified in Section 23 05 93  Testing, Adjusting and Balancing for HVAC.
	.11 Adjust pipe supports, hangers, springs as necessary.
	.12 Monitor pipe movement, performance of expansion joints, loops, guides, anchors.
	.13 Retighten bolts using torque wrench, to compensate for heatcaused relaxation. Repeat several times during commissioning.
	.14 Check operation of drain valves.
	.15 Adjust valve stem packings as systems settle down.
	.16 Fully open balancing valves (except those that are factoryset).
	.17 Check operation of overtemperature protection devices on circulating pumps.
	.18 Adjust alignment of piping at pumps to ensure flexibility, adequacy of pipe movement, absence of noise or vibration transmission.


	3.4 CLEANING
	.1 Upon completion and verification of performance of installation, remove surplus materials, excess materials, rubbish, tools and equipment.



	230933 Electric and Electronic Control System for HVAC
	Part 1 GENERAL
	1.2             SCOPE OF SERVICE
	.1 The Contractor is to have the expertise to update the existing Metasys system with the new equipment.
	.2 Provide fully commissioned heating system controls and documentation. Contractor to provide commissioning sheets for all points on field devices as well as head end equipment.
	.3 The Contractor shall provide the necessary engineering, installation, supervision, equipment, commissioning and programming for a complete and fully operational system including but not limited to:
	.1 Provide control shop drawings.
	.2 Provide a network of Direct Digital Control (DDC) panels (if required).
	.3 Provide all wells, sensors, interface devices, automatic control valves, transducers, relays, wiring, conduit raceways and piping.
	.4 Provide graphics software, system software, and any third party software required to meet the intent of these specifications.
	.5 Provide labelling of the DDC controls system.
	.6 Provide labour and supervision for installation, calibration, checkouts and commissioning of systems.
	.7 Provide all application, database and graphic programming.
	.8 Provide shop drawings, training manuals and as-built drawings.
	.9 Provide operator training.
	.10 Provide a one-year warranty on all components.
	.11 Provide one year of maintenance.
	.12 Provide all the necessary software and interface devices for DDC based control of the points listed in the points list and the systems described in the sequences of operation.
	.13 Supply all drawings, graphics and sequence of operations in both a hard and soft copy. Drawings and graphics to be able to be read and modified by the City of Winnipeg Staff using Visio software.

	1.3               SCOPE OF WORK
	* Graphic required for this system – see Control Schematics.


	1.4              SUBMITTALS
	.1 Product Data:
	.1 Submit manufacturer's printed product literature, specifications and datasheets. Include product characteristics, performance criteria, and limitations.



	Part 2 Products
	2.1 Materials
	2.2 COMMUNICATION
	.1 All control products provided for this project shall be compatible with the existing Johnson Controls Metasys system. 
	.2 The Contractor shall provide all communication media, connectors, repeaters, hubs, and routers necessary for the network.
	.3 All controllers shall have a communication port for connections with the operator interfaces using the Metasys system.
	.4 Communication services over the network shall result in operator interface and value passing that is transparent to the network architecture as follows: 
	.1 Connection of an operator interface device to any one controller on the network will allow the operator to interface with all other controllers as if that interface were directly connected to the other controllers. Data, status information, reports, system software, custom programs, etc., for all controllers shall be available for viewing and editing from any one controller on the network.
	.2 All database values (e.g., objects, software variables, custom program variables) of any one controller shall be readable by any other controller on the network. This value passing shall be automatically performed by a controller when a reference to an object name not located in that controller is entered into the controller’s database. An operator/installer shall not be required to set up any communication services to perform network value passing.
	.3 The time clocks in all controllers shall be automatically synchronized daily via the network. An operator change to the time clock in any controller shall be automatically broadcast to all controllers on the network.
	.4 The network shall have the following minimum capacity for future expansion:
	.1 Each building controller shall have routing capacity for 50 controllers.
	.2 The building controller network shall have capacity for 50 building controllers.
	.3 The system shall have an overall capacity for 12,500 building controller, custom application controller, and application specific controller input/output objects.



	2.3 OPERATOR INTERFACE
	.1 Operator Interface. Existing Metasys system is web-based. Through an internet connection, a workstation shall be able to access all information in the system.
	.2 System Software
	.1 System Graphics. Provide graphics for all systems noted under Section 1.2 of this specification. Graphics shall be similar to existing graphics.


	2.4 CONTROLLER SOFTWARE
	.1 Furnish the following applications software for building and energy management. All software applications shall reside and operate in the system controllers.
	.2 System Security
	.1 User access shall be secured using individual security passwords and user names.
	.2 Passwords shall restrict the user to the objects, applications, and system functions as assigned by the system manager. 
	.3 User Log On/Log Off attempts shall be recorded.
	.4 The system shall protect itself from unauthorized use by automatically logging off following the last keystroke. The delay time shall be user-definable.

	.3 Scheduling. Provide the capability to schedule each object or group of objects in the system. Each schedule shall consist of the following:
	.1 Weekly Schedule. Provide separate schedules for each day of the week. Each of these schedules should include the capability for start, stop, optimal start, optimal stop, and night economizer. Each schedule may consist of up to 10 events. When a group of objects are scheduled together, provide the capability to adjust the start and stop times for each member.
	.2 Exception Schedules. Provide the ability for the operator to designate any day of the year as an exception schedule. Exception schedules may be defined up to a year in advance. Once an exception schedule is executed, it will be discarded and replaced by the standard schedule for that day of the week.
	.3 Holiday Schedules. Provide the capability for the operator to define up to 99 special or holiday schedules. These schedules may be placed on the scheduling calendar and will be repeated each year. The operator shall be able to define the length of each holiday period.

	.4 System Coordination. Provide a standard application for the proper coordination of equipment. This application shall provide the operator with a method of grouping together equipment based on function and location. This group may then be used for scheduling and other applications.
	.5 Binary Alarms. Each binary object shall be set to alarm based on the operator-specified state. Provide the capability to automatically and manually disable alarming.
	.6 Analog Alarms. Each analog object shall have both high and low alarm limits. Alarming must be able to be automatically and manually disabled.
	.7 Alarm Reporting. The operator shall be able to determine the action to be taken in the event of an alarm. Alarms shall be routed to the system head-end based on time and other conditions. An alarm shall be able to start programs, print, be logged in the event log, generate custom messages, and display graphics.
	.8 Remote Communication. The system shall have the ability to dial out in the event of an alarm using Metasys.
	.9 Maintenance Management. The system shall monitor equipment status and generate maintenance messages based upon user-designated run-time, starts, and/or calendar date limits.
	.10 Sequencing. Provide application software based upon the sequences of operation specified to properly sequence chillers, boilers, and pumps.
	.11 PID Control. A PID (proportional-integral-derivative) algorithm with direct or reverse action and anti-windup shall be supplied. The algorithm shall calculate a time-varying analog value that is used to position an output or stage a series of outputs. The controlled variable, set point, and PID gains shall be user-selectable.
	.12 Staggered Start. This application shall prevent all controlled equipment from simultaneously restarting after a power outage. The order in which equipment (or groups of equipment) is started, along with the time delay between starts, shall be user-selectable.
	.13 Anti-Short Cycling. All binary output objects shall be protected from short cycling. This feature shall allow minimum on-time and off-time to be selected.
	.14 On/Off Control with Differential. Provide an algorithm that allows a binary output to be cycled based on a controlled variable and set point. The algorithm shall be direct-acting or reverse-acting and incorporate an adjustable differential.
	.15 Run-Time Totalization. Provide software to totalize run-times for all binary input objects. A high runtime alarm shall be assigned, if required, by the operator.

	2.5 BUILDING CONTROLLERS
	.1 General. Provide an adequate number of building controllers to achieve the performance specified in the Part 1 Article on “System Performance.” Each of these panels shall meet the following requirements.
	.1 The Building Automation System shall be composed of one or more independent, standalone, microprocessor-based building controllers to manage the global strategies described in the System Software section.
	.2 The building controller shall have sufficient memory to support its operating system, database, and programming requirements.
	.3 Data shall be shared between networked building controllers.
	.4 The operating system of the building controller shall manage the input and output communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	.5 Controllers that perform scheduling shall have a real-time clock.
	.6 The building controller shall continually check the status of its processor and memory circuits. If an abnormal operation is detected, the controller shall
	.1 Assume a predetermined failure mode,
	.2 Generate an alarm notification.

	.7 The Building Controller shall communicate with other devices on the network using the Read (Execute and Initiate) and Write (Execute and Initiate) services.

	.2 Communication.
	.1 Each building controller shall reside on a Metasys network.
	.2 The controller shall provide a service communication port using Metasys for connection to a portable operator’s terminal.

	.3 Environment. Controller hardware shall be suitable for the anticipated ambient conditions.
	.1 Controllers used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosures and shall be rated for operation at minus 40°C to 65°C (-40°F to 150°F).
	.2 Controllers used in conditioned space shall be mounted in dust-proof enclosures and shall be rated for operation at 0°C to 50°C (32°F to 120°F).

	.4 Keypad. A local keypad and display shall be provided. The keypad shall be provided for interrogating and editing data. An optional system security password shall be available to prevent unauthorized use of the keypad and display. If the manufacturer does not provide this keypad and display, provide a portable operator terminal.
	.5 Serviceability. Provide diagnostic LEDs for power, communication, and processor. All wiring connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	.6 Memory. The building controller shall maintain all BIOS and programming information in the event of a power loss for at least 72 hours.
	.7 Immunity to power and noise. Controller shall be able to operate at 90% to 110% of nominal voltage rating and shall perform an orderly shutdown below 80% nominal voltage. Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 W at 1 m (3 ft).

	2.6 CUSTOM APPLICATION CONTROLLERS
	.1 General. Provide an adequate number of Custom Application Controllers to achieve the performance specified in the Part 1 Article on “System Performance.” Each of these panels shall meet the following requirements.
	.1 Data shall be shared between networked custom application controllers.
	.2 The operating system of the controller shall manage the input and output communication signals to allow distributed controllers to share real and virtual object information and allow central monitoring and alarms.
	.3 Controllers that perform scheduling shall have a real-time clock.
	.4 The custom application controller shall continually check the status of its processor and memory circuits. If an abnormal operation is detected, the controller shall
	.1 Assume a predetermined failure mode and
	.2 Generate an alarm notification.

	.5 The custom application controller shall communicate with other Metasys devices on the network using the Read (Execute and Initiate) and Write (Execute and Initiate) services.

	.2 Communication.
	.1 Each building controller shall reside on a Metasys network.
	.2 The controller shall provide a service communication port using Metasys for connection to a portable operator’s terminal.

	.3 Environment. Controller hardware shall be suitable for the anticipated ambient conditions.
	.1 Controllers used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosures and shall be rated for operation at minus 40°C to 65°C (-40°F to 150°F).
	.2 Controllers used in conditioned space shall be mounted in dustproof enclosures and shall be rated for operation at 0°C to 50°C (32°F to 120°F).

	.4 Serviceability. Provide diagnostic LEDs for power, communication, and processor. All wiring connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	.5 Memory. The custom application controller shall maintain all BIOS and programming information in the event of a power loss for at least 72 hours.
	.6 Immunity to power and noise. Controller shall be able to operate at 90% to 110% of nominal voltage rating and shall perform an orderly shutdown below 80% nominal voltage. Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 W at 1 m (3 ft).

	2.7 APPLICATION SPECIFIC CONTROLLERS
	.1 General. Application specific controllers (ASCs) are microprocessor-based DDC controllers, which through hardware or firmware design are dedicated to control a specific piece of equipment. They are not fully user-programmable but are customized for operation within the confines of the equipment they are designed to serve. Application specific controllers shall communicate with other devices on the network using the Read (Execute) service.
	.1 Each ASC shall be capable of stand-alone operation and shall continue to provide control functions without being connected to the network.
	.2 Each ASC will contain sufficient I/O capacity to control the target system.

	.2 Communication.
	.1 The controller shall reside on a Metasys network. Each network of controllers shall be connected to one building controller.
	.2 Each controller shall have a compatible connection for a laptop computer or a portable operator’s tool. This connection shall be extended to a space temperature sensor port if required.

	.3 Environment. The hardware shall be suitable for the anticipated ambient conditions.
	.1 Controllers used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosures and shall be rated for operation at minus 40°C to 65°C (-40°F to 150°F).
	.2 Controllers used in conditioned space shall be mounted in dust-proof enclosures and shall be rated for operation at 0°C to 50°C (32°F to 120°F).

	.4 Serviceability. Provide diagnostic LEDs for power, communication, and processor. All wiring connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	.5 Memory. The application specific controller shall use non-volatile memory and maintain all BIOS and programming information in the event of a power loss.
	.6 Immunity to power and noise. Controllers shall be able to operate at 90% to 110% of nominal voltage rating and shall perform an orderly shutdown below 80%. Operation shall be protected against electrical noise of 5-120 Hz and from keyed radios up to 5 W at 1 m (3 ft).
	.7 Transformer. Power supply for the ASC must be rated at a minimum of 125% of ASC power consumption and shall be of the fused or current limiting type.

	2.8 INPUT/OUTPUT INTERFACE
	.1 Hardwired inputs and outputs may tie into the system through building, custom application, or application specific controllers.
	.2 All input points and output points shall be protected such that shorting of the point to itself, to another point, or to ground will cause no damage to the controller. All input and output points shall be protected from voltage up to 24 V of any duration, such that contact with this voltage will cause no damage to the controller.
	.3 Universal type input/output points shall be designated (in software) as either a binary or analog type point with appropriate properties. Application specific controllers are exempted from this requirement.
	.4 Binary inputs shall allow the monitoring of On/Off signals from remote devices. The binary inputs shall provide a wetting current of at least 12 mA to be compatible with commonly available control devices and shall be protected against the effects of contact bounce and noise. Binary inputs shall sense “dry contact” closure without external power (other than that provided by the controller) being applied.
	.5 Pulse accumulation input objects. This type of object shall conform to all the requirements of binary input objects and also accept up to 10 pulses per second for pulse accumulation.
	.6 Analog inputs shall allow the monitoring of low-voltage (0 to 10 VDC), current (4 to 20 mA), or resistance signals (thermistor, RTD). Analog inputs shall be compatible with—and field configurable to— commonly available sensing devices.
	.7 Binary outputs shall provide for On/Off operation or a pulsed low-voltage signal for pulse width modulation control. Binary outputs on building and custom application controllers shall have three-position (On/Off/Auto) override switches and status lights. Outputs shall be selectable for either normally open or normally closed operation.
	.8 Analog outputs shall provide a modulating signal for the control of end devices. Outputs shall provide either a 0 to 10 VDC or a 4 to 20 mA signal as required to provide proper control of the output device. Analog outputs on building or custom application controllers shall have status lights and a two-position (AUTO/MANUAL) switch and manually adjustable potentiometer for manual override. Analog outputs shall not exhibit a drift of greater than 0.4% of range per year.
	.9 System Object Capacity. The system size shall be expandable to at least twice the number of input/output objects required for this project. Additional controllers (along with associated devices and wiring) shall be all that is necessary to achieve this capacity requirement. The operator interfaces installed for this project shall not require any hardware additions or software revisions in order to expand the system.

	2.9 POWER SUPPLIES AND LINE FILTERING
	.1 Control transformers shall be CSA approved. Furnish Class 2 current-limiting type or furnish over-current protection in both primary and secondary circuits for Class 2 service in accordance with CEC requirements. Limit connected loads to 80% of rated capacity.
	.2 Provide transient voltage and surge suppression for all controllers either internally or as an external component.

	2.10 AUXILIARY CONTROL DEVICES
	.1 Electric valve actuators.
	.1 The actuator shall have mechanical or electronic stall protection to prevent damage to the actuator throughout the rotation of the actuator.
	.2 Where shown, for power-failure/safety applications, an internal mechanical, spring-return mechanism shall be built into the actuator housing.
	.3 Proportional actuators shall accept a 0 to 10 VDC or 0 to 20 mA control signal and provide a 2 to 10 VDC or 4 to 20 mA operating range.
	.4 All 24 VAC/VDC actuators shall operate on Class 2 wiring
	.5 All non-spring-return actuators shall have an external manual gear release to allow manual positioning of the damper when the actuator is not powered. Spring-return actuators with more than 7 Nm (60 in.-lb) torque capacity shall have a manual crank for this purpose.

	.2 Control valves.
	.1 Control valves shall be two-way or three-way type for modulating service as shown.
	.2 Close-off (differential) Pressure Rating: Valve actuator and trim shall be furnished to provide the following minimum close-off pressure ratings:
	.1 Water Valves:
	.1 Two-way: 150% of total system (pump) head.
	.2 Three-way: 300% of pressure differential between ports A and B at design flow or 100% of total system (pump) head.


	.3 Water Valves:
	.1 Body and trim style and materials shall be in accordance with manufacturer’s recommendations for design conditions and service shown, with equal percentage ports for modulating service.
	.2 Sizing Criteria:
	.1 Two-way modulating service: Pressure drop shall be equal to 50% of the pressure difference between supply and return mains, or 5 psi, maximum.
	.2 Three-way modulating service: Pressure drop equal to twice the pressure drop through the coil exchanger (load), 35 kPa (5 psi) maximum.
	.3 Valves ½ in. through 2 in. shall be bronze body or cast brass ANSI Class 250, spring-loaded, PTFE packing, quick opening for two-position service. Two-way valves to have replaceable composition disc or stainless steel ball.
	.4 Valves 2½ in. and larger shall be cast iron ANSI Class 125 with guided plug and PTFE packing.

	.3 Water valves shall fail normally open or closed, as scheduled on plans, or as follows:
	.1 Water zone valves—normally open preferred.
	.2 Heating coils in air handlers—normally open.
	.3 Other applications—as scheduled or as required by sequences of operation.



	.3 Binary Temperature Devices
	.1 Low-voltage space thermostat shall be 24 V, bimetal-operated, mercury-switch type, with either adjustable or fixed anticipation heater, concealed setpoint adjustment, 13°C to 30°C (55°F to 85°F) set point range, 1°C (2°F) maximum differential, and vented ABS plastic cover.
	.2 Line-voltage space thermostat shall be bimetal-actuated, open contact type, or bellows-actuated, enclosed, snap-switch type or equivalent solid-state type, with heat anticipator, CSA approved for electrical rating, concealed setpoint adjustment, 13°C to 30°C (55°F to 85°F) setpoint range, 1°C (2°F) maximum differential, and vented ABS plastic cover.
	.3 Low-limit thermostats. Low-limit air stream thermostats shall be CSA approved, vapor pressure type, with an element of 6 m (20 ft) minimum length. Element shall respond to the lowest temperature sensed by any 30 cm (1 ft) section. The low-limit thermostat shall be manual reset only.

	.4 Temperature sensors.
	.1 Temperature sensors shall be Resistance Temperature Device (RTD) or thermistor.
	.2 Duct sensors shall be single point or averaging. Averaging sensors shall be a minimum of 1.5 m (5 ft) in length per 1 m2 (10 ft2) of duct cross section.
	.3 Immersion sensors shall be provided with a separable stainless steel well. Pressure rating of well is to be consistent with the system pressure in which it is to be installed. The well must withstand the flow velocities in the pipe.
	.4 Space sensors shall be equipped with set point adjustment, override switch, display, and/or communication port.
	.5 Provide matched temperature sensors for differential temperature measurement.

	.5 Flow switches.
	.1 Flow-proving switches shall be either paddle or differential pressure type, as shown.
	.2 Paddle type switches (water service only) shall be CSA approved, SPDT snap-acting with pilot duty rating (125 VA minimum) and shall have adjustable sensitivity with NEMA 1 enclosure unless otherwise specified.
	.3 Differential pressure type switches (air or water service) shall be CSA approved, SPDT snap-acting, pilot duty rated (125 VA minimum), NEMA 1 enclosure, with scale range and differential suitable for intended application or as specified.

	.6 Relays.
	.1 Control relays shall be CSA approved plug-in type with dust cover and LED “energized” indicator. Contact rating, configuration, and coil voltage shall be suitable for application.
	.2 Time delay relays shall be CSA approved solid-state plug-in type with adjustable time delay. Delay shall be adjustable ±200% (minimum) from set point shown on plans. Contact rating, configuration, and coil voltage shall be suitable for application. Provide NEMA 1 enclosure when not installed in local control panel.
	.3 Override timers.
	.1 Override timers shall be spring-wound line voltage, CSA approved, with contact rating and configuration as required by application. Provide 0-to-6-hour calibrated dial unless otherwise specified. Timer shall be suitable for flush mounting on control panel face and located on local control panels or where shown.


	.7 Current switches.
	.1 Current-operated switches shall be self-powered, solid-state with adjustable trip current. The switches shall be selected to match the current of the application and output requirements of the DDC system.

	.8 Pressure transducers.
	.1 Transducer shall have linear output signal. Zero and span shall be field adjustable.
	.2 Transducer sensing elements shall withstand continuous operating conditions of positive or negative pressure 50% greater than calibrated span without damage.
	.3 Water pressure transducer shall have stainless steel diaphragm construction, proof pressure of 150 psi minimum. Transducer shall be complete with 4 to 20 mA output, required mounting brackets, and block and bleed valves.
	.4 Water differential pressure transducer shall have stainless steel diaphragm construction, proof pressure of 150 psi minimum. Overrange limit (differential pressure) and maximum static pressure shall be 300 psi. Transducer shall be complete with 4 to 20 mA output, required mounting brackets, and five-valve manifold.

	.9 Differential pressure type switches (air or water service) shall be CSA approved, SPDT snap-acting, pilot duty rated (125 VA minimum), NEMA 1 enclosure, with scale range and differential suitable for intended application or as shown.
	.10 Pressure-Electric (PE) Switches.
	.1 Shall be metal or neoprene diaphragm actuated, operating pressure rated 0-175 kPa (0-25 psig), with calibrated scale setpoint range of 14-125 kPa (2-18 psig) minimum, CSA approved.
	.2 Provide one- or two-stage switch action SPDT, DPST, or DPDT, as required by application. Electrically rated for pilot duty service (125 VA minimum) and/or for motor control.
	.3 Shall be open type (panel-mounted) or enclosed type for remote installation. Enclosed type shall be NEMA 1 unless otherwise specified.
	.4 Shall have a permanent indicating gauge on each pneumatic signal line to PE switches.

	.11 Local control panels.
	.1 All indoor control cabinets shall be fully enclosed NEMA 1 construction with (hinged door) key-lock latch and removable subpanels. A single key shall be common to all field panels and subpanels.
	.2 Interconnections between internal and face-mounted devices shall be pre-wired with color-coded stranded conductors neatly installed in plastic troughs and/or tie-wrapped. Terminals for field connections shall be CSA approved for 600 volt service, individually identified per control/interlock drawings, with adequate clearance for field wiring. Control terminations for field connection shall be individually identified per control drawings.
	.3 Provide ON/OFF power switch with overcurrent protection for control power sources to each local panel.


	2.11 WIRING AND RACEWAYS
	.1 General: Provide copper wiring, plenum cable, and raceways as specified in the applicable sections of Division 16.
	.2 All insulated wire to be copper conductors, UL labelled for 90°C minimum service.


	Part 3 Execution
	3.1 MANUFACTURER'S INSTRUCTIONS
	.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.

	3.2 INSTALLATION
	.1 General
	.1 The project plans shall be thoroughly examined for control device and equipment locations. Any discrepancies, conflicts, or omissions shall be reported to the Contract Administrator for resolution before rough-in work is started.
	.2 The Contractor shall inspect the Site to verify that equipment may be installed as shown. Any discrepancies, conflicts, or omissions shall be reported to the Contract Administrator for resolution before rough-in work is started.
	.3 The Contractor shall examine the drawings and specifications for other parts of the work. If head room or space conditions appear inadequate or if any discrepancies occur between the plans and the Contractor’s work and the plans and the work of others the Contractor shall report these discrepancies to the Contract Administrator and shall obtain written instructions for any changes necessary to accommodate the Contractor’s work with the work of others. Any changes in the work covered by this specification made necessary by the failure or neglect of the Contractor to report such discrepancies shall be made by—and at the expense of—the Contractor.
	.4 All items shall be installed in accordance with manufacturer’s instructions. All conduit shall be independently supported from the structure in an approved manner. 
	.5 The control equipment and connecting conduit and wire shall be installed in a neat and workmanlike manner by personnel skilled in this type of installation. All tubing, conduit and plenum rated cable shall be run in an approved manner; conduit shall be run parallel to or at right angles to the building structure. All conduit, tubing, and plenum cable shall be concealed in all finished spaces. Conduit containing wire or non-metallic tubing may be installed exposed in mechanical rooms or areas where other piping is run exposed.
	.6 Non-metallic tubing and plenum cable may be used in concealed accessible spaces provided such installation is allowed by local codes.
	.7 All electrical work shall be installed by experienced personnel and conform to CEC and all local codes. Where requirements of Division 16 differ from those contained herein, Division 16 section shall take precedence.


	3.3 GENERAL WORKMANSHIP
	.1 Install equipment, piping, and wiring/raceway parallel to building lines (i.e., horizontal, vertical, and parallel to walls) wherever possible.
	.2 Provide sufficient slack and flexible connections to allow for vibration of piping and equipment.
	.3 Verify integrity of all wiring to ensure continuity and freedom from shorts and grounds.
	.4 All equipment, installation, and wiring shall comply with acceptable industry specifications and standards for performance, reliability, and compatibility and be executed in strict adherence to local codes and standard practices.

	3.4 WIRING
	.1 All control and interlock wiring shall comply with the CEC and local electrical codes and Electrical section of this specification. Where the requirements of this section differ from those in the Electrical section, the requirements of this section shall take precedence.
	.2 All CSA Class 1 (line voltage) wiring shall be CSA approved in approved raceway according to CSA and Division 16 requirements.
	.3 All low-voltage wiring shall meet CSA Class 2 requirements. (Low-voltage power circuits shall be sub fused when required to meet Class 2 current limit.)
	.4 Where CSA Class 2 (current-limited) wires are in concealed and accessible locations, including ceiling return air plenums, approved cables not in raceway may be used provided that cables are CSA approved for the intended application. For example, cables used in ceiling plenums shall be CSA approved specifically for that purpose.
	.5 All wiring in mechanical, electrical, or service rooms—or where subject to mechanical damage shall be installed in raceway at levels below 3 m (10 ft).
	.6 Do not install Class 2 wiring in raceway containing Class 1 wiring. Boxes and panels containing high voltage wiring and equipment may not be used for low-voltage wiring except for the purpose of interfacing the two (e.g., relays and transformers).
	.7 Do not install wiring in raceway containing tubing.
	.8 Where Class 2 wiring is run exposed, wiring is to be run parallel along a surface or perpendicular to it and neatly tied at 3 m (10 ft) intervals.
	.9 Where plenum cables are used without raceway, they shall be supported from or anchored to structural members. Cables shall not be supported by or anchored to ductwork, electrical raceways, piping, or ceiling suspension systems.
	.10 All wire-to-device connections shall be made at a terminal block or terminal strip. All wire-to-wire connections shall be at a terminal block.
	.11 All wiring within enclosures shall be neatly bundled and anchored to permit access and prevent restriction to devices and terminals.
	.12 Maximum allowable voltage for control wiring shall be 120 V. If only higher voltages are available, the Contractor shall provide step-down transformers.
	.13 All wiring shall be installed as continuous lengths, with no splices permitted between termination points.
	.14 Install plenum wiring in sleeves where it passes through walls and floors. Maintain fire rating at all penetrations.
	.15 Size of raceway and size and type of wire shall be the responsibility of the Contractor, in keeping with the manufacturer’s recommendations and CSA requirements, except as noted elsewhere.
	.16 Include one pull string in each raceway 2.5 cm (1 in.) or larger.
	.17 Use coded conductors throughout with conductors of different colors.
	.18 Control and status relays are to be located in designated enclosures only. These enclosures include packaged equipment control panel enclosures unless they also contain Class 1 starters.
	.19 Conceal all raceways, except within mechanical, electrical, or service rooms. Install raceway to maintain a minimum clearance of 15 cm (6 in.) from high-temperature equipment (e.g., steam pipes or flues).
	.20 Secure raceways with raceway clamps fastened to the structure and spaced according to code requirements. Raceways and pull boxes may not be hung on flexible duct strap or tie rods. Raceways may not be run on or attached to ductwork.
	.21 Adhere to this specification’s Division 16 requirements where raceway crosses building expansion joints.
	.22 Install insulated bushings on all raceway ends and openings to enclosures. Seal top end of all vertical raceways.
	.23 The Contractor shall terminate all control and/or interlock wiring and shall maintain updated (asbuilt) wiring diagrams with terminations identified at the job Site.
	.24 Flexible metal raceways and liquid-tight, flexible metal raceways shall not exceed 1 m (3 ft) in length and shall be supported at each end. Flexible metal raceway less than ½ in. electrical trade size shall not be used. In areas exposed to moisture, including chiller and boiler rooms, liquid-tight, flexible metal raceways shall be used.
	.25 Raceway must be rigidly installed, adequately supported, properly reamed at both ends, and left clean and free of obstructions. Raceway sections shall be joined with couplings (according to code). Terminations must be made with fittings at boxes, and ends not terminating in boxes shall have bushings installed.

	3.5 COMMUNICATION WIRING
	.1 The Contractor shall adhere to the items listed in the “Wiring” article in Part 3 of the specification.
	.2 All cabling shall be installed in a neat and workmanlike manner. Follow manufacturer’s installation recommendations for all communication cabling.
	.3 Do not install communication wiring in raceway and enclosures containing Class 1 or other Class 2 wiring.
	.4 Maximum pulling, tension, and bend radius for cable installation, as specified by the cable manufacturer, shall not be exceeded during installation.
	.5 Contractor shall verify the integrity of the entire network following the cable installation. Use appropriate test measures for each particular cable.
	.6 When a cable enters or exits a building, a lightning arrestor must be installed between the lines and ground. The lighting arrestor shall be installed according to the manufacturer’s instructions.
	.7 All runs of communication wiring shall be un-spliced length when that length is commercially available.
	.8 All communication wiring shall be labelled to indicate origination and destination data.

	3.6 INSTALLATION OF SENSORS
	.1 Install sensors in accordance with the manufacturer’s recommendations.
	.2 Mount sensors rigidly and adequately for the environment within which the sensor operates.
	.3 Room temperature sensors shall be installed on concealed junction boxes properly supported by the wall framing.
	.4 All wires attached to sensors shall be air sealed in their raceways or in the wall to stop air transmitted from other areas affecting sensor readings.
	.5 All pipe-mounted temperature sensors shall be installed in wells. Install all liquid temperature sensors with heat-conducting fluid in thermal wells.
	.6 Install outdoor air temperature sensors on north wall, complete with sun shield at designated location.

	3.7 FLOW SWITCH INSTALLATION
	.1 Use correct paddle for pipe diameter.
	.2 Adjust flow switch in accordance with manufacturer’s instructions.

	3.8 ACTUATORS
	.1 Mount and link control damper actuators according to manufacturer’s instructions.
	.1 To compress seals when spring-return actuators are used on normally closed dampers, power actuator to approximately 5° open position, manually close the damper, and then tighten the linkage.
	.2 Check operation of damper/actuator combination to confirm that actuator modulates damper smoothly throughout stroke to both open and closed positions.
	.3 Provide all mounting hardware and linkages for actuator installation.

	.2 Electric/Electronic
	.1 Valves: Actuators shall be connected to valves with adapters approved by the actuator manufacturer. Actuators and adapters shall be mounted following the actuator manufacturer’s recommendations.


	3.9 WARNING LABELS
	.1 Permanent warning labels shall be affixed to all equipment that can be automatically started by the DDC system.
	.1 Labels shall use white lettering (12-point type or larger) on a red background.
	.2 Warning labels shall read as follows:

	.2 Permanent warning labels shall be affixed to all motor starters and all control panels that are connected to multiple power sources utilizing separate disconnects.
	.1 Labels shall use white lettering (12-point type or larger) on a red background.
	.2 Warning labels shall read as follows:


	3.10 IDENTIFICATION OF HARDWARE AND WIRING
	.1 All wiring and cabling, including that within factory fabricated panels, shall be labelled at each end within 5 cm (2 in.) of termination with the DDC address or termination number.
	.2 All pneumatic tubing shall be labelled at each end within 5 cm (2 in.) of termination with a descriptive identifier.
	.3 Permanently label or code each point of field terminal strips to show the instrument or item served.
	.4 Identify control panels with minimum 1 cm (½ in.) letters on laminated plastic nameplates.
	.5 Identify all other control components with permanent labels. All plug-in components shall be labelled such that removal of the component does not remove the label.
	.6 Identify room sensors relating to terminal box or valves with nameplates.
	.7 Manufacturers’ nameplates and UL or CSA labels are to be visible and legible after equipment is installed.
	.8 Identifiers shall match record documents.

	3.11 CONTROLLERS
	.1 Provide a separate controller for each heating system. A DDC controller may control more than one system provided that all points associated with the system are assigned to the same DDC controller. Points used for control loop reset, such as outside air or space temperature, are exempt from this requirement.
	.2 Building Controllers and Custom Application Controllers shall be selected to provide a minimum of 15% spare I/O point capacity for each point type found at each location. If input points are not universal, 15% of each type is required. If outputs are not universal, 15% of each type is required. A minimum of one spare is required for each type of point used.
	.3 Future use of spare capacity shall require providing the field device, field wiring, point database definition, and custom software. No additional controller boards or point modules shall be required to implement use of these spare points.

	3.12 PROGRAMMING
	.1 Provide sufficient internal memory for the specified sequences of operation and trend logging. There shall be a minimum of 25% of available memory free for future use.
	.2 Point Naming: System point names shall be modular in design, allowing easy operator interface without the use of a written point index. 
	.3 Software Programming:
	.1 Provide programming for the system and adhere to the sequences of operation provided. All other system programming necessary for the operation of the system, but not specified in this document, also shall be provided by the Contractor. Imbed into the control program sufficient comment statements to clearly describe each section of the program. The comment statements shall reflect the language used in the sequences of operation.

	.4 Operator Interface
	.1 Standard graphics—Provide graphics for all mechanical systems identified. Point information on the graphic displays shall dynamically update. Show on each graphic all input and output points for the system. Also show relevant calculated points such as set points.
	.2 Show terminal equipment information on a “graphic” summary table. Provide dynamic information for each point shown.
	.3 The Contractor shall provide all the labour necessary to install, initialize, start up, and troubleshoot all operator interface software and its functions as described in this section. This includes any operating system software, the operator interface database, and any third party software installation and integration required for successful operation of the operator interface.


	3.13 CONTROL SYSTEM CHECKOUT AND TESTING
	.1 Start-up Testing: All testing listed in this article shall be performed by the Contractor and shall make up part of the necessary verification of an operating control system. This testing shall be completed before the Contract Administrator’s representative is notified of the system demonstration.
	.1 The Contractor shall furnish all labour and test apparatus required to calibrate and prepare for service of all instruments, controls, and accessory equipment furnished under this specification.
	.2 Verify that all control wiring is properly connected and free of all shorts and ground faults. Verify that terminations are tight.
	.3 Enable the control systems and verify calibration of all input devices individually. Perform calibration procedures according to manufacturers’ recommendations.
	.4 Verify that all binary output devices (relays, solenoid valves, two-position actuators and control valves, magnetic starters, etc.) operate properly and that the normal positions are correct.
	.5 Verify that all analog output devices (I/Ps, actuators, etc.) are functional, that start and span are correct, and that direction and normal positions are correct. The Contractor shall check all control valves and automatic dampers to ensure proper action and closure. The Contractor shall make any necessary adjustments to valve stem and damper blade travel.
	.6 Verify that the system operation adheres to the sequences of operation. Simulate and observe all modes of operation by overriding and varying inputs and schedules. Tune all DDC loops and optimum start/stop routines.
	.7 Alarms and Interlocks:
	.1 Check each alarm separately by including an appropriate signal at a value that will trip the alarm.
	.2 Interlocks shall be tripped using field contacts to check the logic, as well as to ensure that the fail-safe condition for all actuators is in the proper direction.
	.3 Interlock actions shall be tested by simulating alarm conditions to check the initiating value of the variable and interlock action.


	.2 Testing and balancing shall also be performed according to the Testing and Balancing section.

	3.14 CONTROL SYSTEM DEMONSTRATION AND ACCEPTANCE
	.1 Refer to Section 21 05 01 – Common Work Results For Mechanical for commissioning details and requirements.

	3.15 CLEANING
	.1 The Contractor shall clean up all debris resulting from his/her activities daily. The Contractor shall remove all cartons, containers, crates, etc., under his/her control as soon as their contents have been removed. Waste shall be collected and placed in a designated location.
	.2 At the completion of work in any area, the Contractor shall clean all work, equipment, etc., keeping it free from dust, dirt, and debris, etc.
	.3 At the completion of work, all equipment furnished under this section shall be checked for paint damage, and any factory-finished paint that has been damaged shall be repaired to match the adjacent areas. Any cabinet or enclosure that has been deformed shall be replaced with new material and repainted to match the adjacent areas.

	3.16 TRAINING
	.1 Provide training sessions for Contract Administrator’s personnel.
	.2 Train the designated staff of Contract Administrator’s representative and Contract Administrator to enable them to do the following:
	.1 Day-to-day Operators:
	.1 Proficiently operate the system
	.2 Understand system operation, including DDC system control and optimizing routines (algorithms)
	.3 Log on and off the system
	.4 Access graphics, point reports, and logs
	.5 Adjust and change system set points, time schedules, and holiday schedules
	.6 Recognize malfunctions of the system by observation of the graphical visual signals
	.7 Understand system drawings and Operation and Maintenance manual
	.8 Understand the job layout and location of control components
	.9 Access data from DDC controllers and ASCs


	.3 Provide course outline and materials. The instructor(s) shall provide one copy of training material per student.
	.4 The instructor(s) shall be factory-trained instructors experienced in presenting this material.
	.5 Provide a follow up training sessions 6 months after the first training session as described above.

	3.17 DDC CONTROLS SEQUENCE OF OPERATION (REFER TO MECHANICAL DRAWINGS ) 
	.1 Space and Ventilation Heating System:
	.1 Boilers B-1 and B-2
	.1 Boilers to operate on their own vendor supplied controls. Vendor controls to supplied by same manufacturer to control all aspects of the boiler including gas train, combustion air blower, burner, etc.
	.2 Vendor controls to have ability to tie into existing Metasys system using an N2 protocol.
	.3 Metasys system shall have the ability to activate/deactivate the boilers. Once the boilers receive a signal to turn “on” from the Metasys, boiler vendor controls take over and control output of the boiler. Metasys shall show equipment status (on/off)
	.4 Boilers are to be operated in series with their own injection loops. Boiler B-2 (condensing) shall be the primary boiler and operate on an outdoor reset schedule (schedule programmed by the Contractor). B-1 (non-condensing) shall not operate if B-2 maintains supply water temperature setpoint. If B-2 cannot maintain temperature setpoint, B-1 shall activate and supplement B-2 to maintain temperature setpoint.
	.5 Injection loop pumps PU-5 and PU-6 shall be controlled by boiler vendor supplied controls.

	.2 Pumps PU-1 and PU-2 (100% backup)
	.1 The pumps complete with VFDs shall operate continuously to provide heating to the building (only one pump is required to operate at one time).
	.2 VFDs shall control pump speed based differential pressure. Differential pressure setpoint to be determined during commissioning.
	.3 Contractor to fine tune the VFD to eliminate cycling of the VFD. The VFD shall throttle the pump speed slowly so that the system has a chance to self balance before the pump speed is greatly reduced. Contractor shall allow for multiple Site visits to ensure heating system is finely tuned and operates according to building schedules.
	.4 VFD to duty cycle pumps on a weekly basis.
	.5 VFDs to tie into Metasys system. Metasys system shall have capability to turn pump on/off and view pump run status and pump speed. All pump or VFD faults shall be transmitted back to the Metasys system.


	.2 Pool Water and Domestic Hot Water Heating System:
	.1 Boilers B-3 and B-4
	.1 Boilers to operate on their own vendor supplied controls. Vendor controls to supplied by same manufacturer to control all aspects of the boiler including gas train, combustion air blower, burner, etc.
	.2 Vendor controls to have ability to tie into existing Metasys system using an N2 protocol.
	.3 Metasys system shall have the ability to activate/deactivate the boilers. Once the boilers receive a signal to turn “on” from the Metasys, boiler vendor controls take over and control output of the boiler. Metasys shall show equipment status (on/off)
	.4 Boilers are to be operated in parallel. Boiler controls to ramp the two boilers up or down as a single boiler plant to optimize efficiencies.

	.2 Pumps PU-3 and PU-4 (100% backup)
	.1 The pumps complete with VFDs shall operate continuously to provide heating to the pool water and domestic water systems (only one pump is required to operate at one time).
	.2 VFDs shall control pump speed based differential pressure. Differential pressure setpoint to be determined during commissioning.
	.3 Contractor to fine tune the VFD to eliminate cycling of the VFD. The VFD shall throttle the pump speed slowly so that the system has a chance to self balance before the speed is greatly reduced. Contractor shall allow for multiple Site visits to ensure heating system is finely tuned and operates according to building schedules.
	.4 VFD to duty cycle pumps on a weekly basis.
	.5 VFDs to tie into Metasys system. Metasys system shall have capability to view pump run status and pump speed. All pump or VFD faults shall be transmitted back to the Metasys system.


	.3 Two-way Modulating Control Valves:
	.1 Each control valve is to communicate directly with the Metasys system. System setpoints are to be controlled by the main operator of the Metasys system.


	3.18 ALARMS AND MONITORING
	.1 Alarms shall be generated on the DDC system for the following events:
	.1 Boiler failure for every boiler
	.2 Pump failures for every pump (critical)


	3.19 THERMOSTATS AND TEMPERATURE SENSORS
	.1 Provide temperature sensors suitable for specified operation.



	231123 Facility Natural Gas Piping
	Part 1 General
	1.1 SUMMARY
	.1 Section Includes:
	.1 Materials and installation for piping, valves and fittings for gas fired equipment.


	1.2 RELATED SECTIONS:
	.1 Section 23 05 05  Installation of Pipework.
	.2 Section 23 08 02  Cleaning and StartUp of Mechanical Piping Systems.

	1.3 REFERENCES
	.1 American Society of Mechanical Engineers (ASME)
	.1 ASME B16.5, Pipe Flanges and Flanged Fittings.
	.2 ASME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings.
	.3 ASME B16.22, Wrought Copper and Copper Alloy SolderJoint Pressure Fittings.
	.4 ASME B18.2.1, Square and Hex Bolts and Screws Inch Series.

	.2 American Society for Testing and Materials International (ASTM)
	.1 ASTM A47/A47M, Standard Specification for Ferritic Malleable Iron Castings.
	.2 ASTM A53/A53M, Standard Specification for Pipe, Steel, Black and HotDipped, Zinc Coated, Welded and Seamless.

	.3 Canadian Standards Association (CSA)/Canadian Gas Association (CGA)
	.1 CAN/CSA B149.1, Natural Gas and Propane Installation Code.

	.4 Health Canada/Workplace Hazardous Materials Information System (WHMIS)
	.1 Material Safety Data Sheets (MSDS).



	Part 2 Products
	2.1 PIPE
	.1 Steel pipe: to ASTM A53/A53M, Schedule 40, seamless as follows:
	.1 NPS 1/2 to 2, screwed.
	.2 NPS2 1/2 and over, plain end.


	2.2 JOINTING MATERIAL
	.1 Screwed fittings: pulverized lead paste.
	.2 Welded fittings: to CSA W47.1.
	.3 Flange gaskets: nonmetallic flat.
	.4 Brazing: to ASTM B837.

	2.3 FITTINGS
	.1 Steel pipe fittings, screwed, flanged or welded:
	.1 Malleable iron: screwed, banded, Class 150.
	.2 Steel pipe flanges and flanged fittings: to ASME B16.5.
	.3 Welding: buttwelding fittings.
	.4 Unions: malleable iron, brass to iron, ground seat, to ASTM A47/A47M.
	.5 Bolts and nuts: to ASME B18.2.1.
	.6 Nipples: schedule 40, to ASTM A53/A53M.


	2.4 VALVES
	.1 Provincial Code approved, lubricated plug type.


	Part 3 Execution
	3.1 MANUFACTURER'S INSTRUCTIONS
	.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.

	3.2 PIPING
	.1 Install in accordance with Section 23 05 05  Installation of Pipework, and CAN/CSA B149.1.
	.2 Install drip points:
	.1 At low points in piping system.
	.2 At connections to equipment.


	3.3 VALVES
	.1 Install valves with stems upright or horizontal unless otherwise approved by Departmental of Labor
	.2 Install valves at branch takeoffs to isolate pieces of equipment, and as indicated.

	3.4 FIELD QUALITY CONTROL
	.1 Site Tests/Inspection:
	.1 Test system in accordance with CAN/CSA B149.1 and requirements of authorities having jurisdiction.

	.2 Manufacturer's Field Services:
	.1 Have manufacturer of products supplied under this Section review work involved in handling, installation/application, protection and cleaning of its product(s), and submit written reports, in acceptable format, to verify compliance of work with Contract.
	.2 Provide manufacturer's field services, consisting of product use recommendations and periodic Site visits for inspection of product installation, in accordance with manufacturer's instructions.


	3.5 ADJUSTING
	.1 Purging: purge after pressure test in accordance with CAN/CSA B149.1.
	.2 PreStartUp Inspections:
	.1 Check vents from regulators, control valves, terminate outside building in approved location, protected against blockage, damage.
	.2 Check gas trains, entire installation is approved by authority having jurisdiction.


	3.6 CLEANING
	.1 Cleaning: in accordance with Section 23 08 02  Cleaning and StartUp of Mechanical Piping Systems and CAN/CSA B149.1.
	.2 Perform cleaning operations in accordance with manufacturer's recommendations.



	232116 Hydronic Systems - Steel
	Part 1 General
	1.1 SUMMARY
	.1 Section Includes.
	.1 Materials and installation for steel piping, valves and fittings for hydronic heating systems.

	.2 Related Sections.
	.1 Section 21 05 01 - Common Work Results - Mechanical.
	.2 Section 23 05 05  Installation of Pipework.
	.3 Section 23 05 93  Testing, Adjusting and Balancing for HVAC.
	.4 Section 23 08 02  Cleaning and StartUp of Mechanical Piping Systems.


	1.2 REFERENCES
	.1 American Society of Mechanical Engineers (ASME).
	.1 ASME B16.1, Cast Iron Pipe Flanges and Flanged Fittings.
	.2 ASME B16.3, Malleable Iron Threaded Fittings.
	.3 ASME B16.5, Pipe Flanges and Flanged Fittings.
	.4 ASME B16.9, FactoryMade Wrought Buttwelding Fittings.

	.2 American Society for Testing and Materials International, (ASTM).
	.1 ASTM A53/A53M02, Standard Specification for Pipe, Steel, Black and HotDipped, Zinc Coated Welded and Seamless.
	.2 ASTM A536, Standard Specification for Ductile Iron Castings.

	.3 Canadian Standards Association (CSA International).
	.1 CAN/CSA W48, Filler Metals and Allied Materials for Metal Arc Welding (Developed in cooperation with the Canadian Welding Bureau).



	Part 2 Products
	2.1 PIPE 
	.1 Steel pipe: to ASTM A53, Grade B, as follows: 
	.1 To NPS 6, Schedule 40.


	2.2 PIPE JOINTS
	.1 NPS 2 and under: threaded fittings with Teflon tape.
	.2 NPS 2½ and over: welding fittings and flanges to CSAW47.1 and CSA W47.1S1. Grooved fittings are also acceptable.
	.3 Flanges: plain or raised face, slipon or weld neck.
	.4 Flange gaskets: to ANSI/AWWA C111/A21.11.
	.5 Bolts and nuts: to ANSI B18.2.1 and ANSI/ASME B18.2.2.
	.6 Pipe thread: taper.

	2.3 FITTINGS
	.1 Screwed fittings: malleable iron, to ANSI/ASME B16.3, Class 150.
	.2 Pipe flanges and flanged fittings:
	.1 Cast iron: to ANSI/ASME B16.1, Class 125.
	.2 Steel: to ANSI/ASME B16.5.

	.3 Unions: malleable iron, to ASTM A47M and ANSI/ASME B16.3.
	.4 Butt - welding fittings: steel, to ANSI/ASME B16.9.

	2.4 VALVES & ACCESSORIES
	.1 Gate Valve - NPS 2 and under, screwed:
	.1 Rising stem: to MSS SP80, Class 125, 860 kPa, bronze body, solid wedge disc.
	.2 Acceptable material: Toyo 293, Kitz 24 or approved equivalent in accordance with B6.

	.2 Gate Valve - NPS 2½ and over flanged:
	.1 Rising stem, OS & Y, bolted bonnet, solid wedge, disc flanged end, to MSS SP-70, cast iron body bronze trim.
	.2 Acceptable material: Toyo 421A, Kitz 72 or approved equivalent in accordance with B6.

	.3 Flow Balance Valves:
	.1 Size: 13 mm – 63 mm  
	.1 Forged brass body, nickel-plated brass ball, Teflon seals, combination P/T test valves and air vents, memory stop with graduated markings. Valve comes fully assembled. 
	.2  Acceptable Product:  “Speedset”, Bell & Gossett, Armstrong or approved equivalent in accordance with B6.

	.2 Size:  75 mm and over
	.1 Flanged cast iron body construction, c/w memory stop, differential pressure readout ports.  
	.2 Acceptable Product:  “Bell & Gossett”, “Armstrong”


	.4 Ball valves:
	.1 NPS2 and under:
	.1 TO ASTM B62, 4 MPa WOG, bronze body, screwed ends, TFE seal, hard chrome solid ball, PTFE seats and lever handle.
	.2 Acceptable Product:  “Toyo” Fig. 5044A, “Kitz” 58, or approved equivalent in accordance with B6.


	.5 Automatic Air Vents:
	.1 Brass body and vent head, non-ferrous float. 1034 kPa maximum working pressure, maximum operating temperature of 132 degrees C.
	.2 Acceptable Product:  “Spirotherm”, “Spirotop” VTP-1, or approved equivalent in accordance with B6.

	.6 Chemical Pot Feeder:
	.1 7.6 L bypass feeder, 1380 kPa (200 psig) working pressure, 11 gauge steel tank shell and heads, cast iron with Buna N seal tank cap.
	.2 Acceptable Product:  “BetzDearborn – Neptune Bypass Feeder” Model:  BDF-2.
	.3 Accessories:  Provide initial chemical treatment, test kit, and Site inspections as supplied by BetzDearborn. 

	.7 Sidestream Filter:
	.1 Filter housing and cartridge, cast iron head, carbon steel shell, 19 mm (3/4”) inlet and outlet, carbon steel capscrew drain.
	.2 Acceptable Product:  “BetzDearborn – Filterite” Model:  LMO10 and 30 micron filter cartridge.

	.8 Flow Indicator:
	.1 20 mm flow indicator, 304 stainless steel body and internals, fused glass window, metric and U.S. scales (15-30 LPM and 4-9 GPM), stainless steel return spring, 1082 kPa maximum pressure.
	.2 Acceptable Product:  “BetzDearborn”  Model:  Filter-Mate ¾


	2.5 EXPANSION TANK, EXP-1:
	.1 Tank is existing and to be re-used with new design

	2.6 EXPANSION TANK, EXP-2:
	.1 Diaphragm expansion tank with pre-charge air connection and 25 mm system connection shall be welded steel construction, tested and stamped in accordance with ASME code. The tank shall include steel saddles for horizontal installation.
	.1 Volume: 168.1 litres
	.2 Acceptance Volume: 85.5 litres
	.3 Fluid:  Water
	.4 Length:  725 mm
	.5 Diameter:  610 mm.
	.6 Maximum Working Pressure:  862 kPa
	.7 Maximum Working Temperature:  115°C
	.8 Shell:  Carbon steel
	.9 Diaphragm:  Heavy duty Butyl

	.2 Acceptable Product:  “Amtrol” extrol model AX-80 or approved equivalent in accordance with B6.

	2.7 WATER MAKEUP UNIT, WMU-1,2:
	.1 65 litre storage tank with molded-in level gauge, 125 mm fill/access opening and cover, pump suction hose with inlet strainer and check valve, pressure pump with fuse protection, low fluid level pump cut-out float switch, manual diverter valve for purging air, pressure switch with snubber and two sets of SPST dry contacts each individually adjustable from 55 kPa (8 psig) to 125 kPa (18 psig) cut-out pressure, factory cut-out pressure set to 97 kPa (14 psig) and liquid filled pressure gauge.
	.2 Pump to be self priming up to 1.2 meters.
	.3 Unit to be complete with fused power supply adapter with LED power indicator light, 115/1/60 to 24 VDC 50 Watts AC, supplied loose for field installation.
	.4 Acceptable Product: “Axiom” model MF300 or approved equivalent in accordance with B6.

	2.8 DOMESTIC HOT WATER HEAT EXCHANGER, HX-1:
	.1 Performance
	.1 Domestic Water Side:
	.1 4°C (40°F) entering water, 54°C (130°F) leaving water, 4 kPa (0.7 psi) pressure drop, 1.89 L/s (30 gpm).

	.2 Boiler Water Side:
	.1 60°C (140°F) entering water, 38°C (100°F) leaving water, 30 kPa (4.4 psi) pressure drop, 4.30 L/s (68.2 gpm).

	.3 Total heat exchanged is 395 kW (1,350,000 Btu/hr). Heat exchanger to be single pass with 10 channels, 21 plates and 4” supply/return connections for both sides.

	.2 Design
	.1 Units should all be single pass.
	.2 All connections should be located on the fixed head, frame plate, allowing the movable head, pressure plate, to slide back and plates added, removed, or replaced from the plate pack without disturbing the connections or associated piping.
	.3 The design should allow for the removal of interior plates without the removal of the preceding plates.
	.4 The unit shall be ASME Code stamped.

	.3 Frame
	.1 The frame plate and pressure plate should be carbon steel SA 516 grade 70
	.2 The frame and pressure plate shall be of sufficient thickness to meet the ASME design pressure.  Stiffeners or support brackets are not allowed.
	.3 Carbon steel frame components shall be painted with gray epoxy paint.
	.4 Units with three-inch or greater connections shall be unlined or alloy lined studded ports to mate with raised face or flat faced ANSI flanges.  Rubber liners are not allowed.
	.5 The carry and guide bar plate contact surfaces shall be stainless steel.

	.4 Tightening Bolts
	.1 Tightening bolts shall be zinc plated carbon steel SA193 B7.
	.2 The tightening bolt assemblies shall include captive working nuts at the pressure plate, rear head, such that the unit can be opened and closed with one wrench from the front of the unit.

	.5 Plates
	.1 Plates shall be pressed in a one step stamping process.
	.2 Plates shall use an integral rolled edge hanging system to provide a rigid hanger device between the plate and carry bar and guide bar.  Welded on hanging brackets or stiffeners are not acceptable.
	.3 The plate pack shall use a positive plate to plate alignment system to ensure proper plate to gasket seals throughout the plate pack.  The positive alignment system shall either be a gasket lug which fits within a plate recess on the proceeding plate (tongue in groove) to align successive plates or an extended rolled edge hanger which nests successive plates through direct contact around the entire plate hanger.   Plate designs, which only offer alignment through contact with the carry and guide bar, are unacceptable.
	.4 Plates shall be permanently marked to indicate plate material and thickness.

	.6 Gaskets
	.1 All gaskets except the gasket on the first plate shall be identical.
	.2 The gaskets shall be a one-piece construction with a double gasket barrier at the port region.  The area isolated by the double gasket shall be vented to the atmosphere, so that a gasket failure is detected by leakage to the exterior prior to any possible cross contamination.
	.3 When available, glue-free gaskets are preferred to glued-on gaskets.  Gasket attachment methods, which break during gasket removal or plate maintenance, thus destroying the gasket are not allowed.

	.7 Acceptable Product: “Bell & Gossett” series GPX model P47-DW or approved equivalent in accordance with B6.

	2.9 POOL HEAT EXCHANGER, HX-2
	.1 Performance
	.1 Tube Side (Boiler Water):
	.1 60°C (140°F) entering water, 38°C (100°F) leaving water, 8 kPa (1.2 psi) pressure drop, 4.68 L/s (74.2 gpm).

	.2 Shell Side (Pool Water):
	.1 21°C (70°F) entering water, 38°C (100°F) leaving water, 12 kPa (1.7 psi) pressure drop, 6.2 L/s (98.3 gpm).

	.3 Total heat exchanged is 430 kW (1,467,634 Btu/hr). Heat exchanger to be 4 pass, 100ft2 heating surface area 4” supply/return connections for both sides.

	.2 Type: Shell and tube, U-bend with removable tube bundle.
	.3 Materials:
	.1 Front head: Cast iron (bonnet)
	.2 Baffles: Steel
	.3 Tie rods/spacers: Compressed fiber
	.4 Shell: Steel
	.5 Tubesheet: Steel
	.6 Tubes: 19mm (¾”) O.D. copper
	.7 Tube gauge: 20.0 B.W.G.

	.4 Construction: Unit to be constructed in accordance with ASME standards for pressure vessels for 1034 kPa (150 psi) gauge pressure at 191°C (375°F) for both the shell and tube sides.
	.5 Acceptable Product: “Bell and Gossett” model WU108-45 or approved equivalent in accordance with B6.


	Part 3 Execution
	3.1 PIPING INSTALLATION
	.1 Install pipework in accordance with Section 23 05 05  Installation of Pipework.
	.2 Connect to equipment in accordance with manufacturer’s instruction unless otherwise indicated.
	.3 Install pipe to conserve headroom and space.  Run exposed piping parallel to walls.  Group piping wherever practical.
	.4 Slope piping in direction of drainage and for positive venting.
	.5 Use eccentric reducers at pipe size change installed to provide drainage or positive venting.
	.6 Provide clearance for installation of insulation and access for maintenance of equipment, valves and fittings.
	.7 Ream pipes, clean scale and dirt, inside and outside, before and after assembly.
	.8 Assemble piping using fittings manufactured to ANSI standards.

	3.2 CIRCUIT BALANCING VALVES
	.1 Install flow balancing valves as indicated.
	.2 Install valves with stems upright or horizontal unless approved otherwise by Contract Administrator.
	.3 Install gate valves at all branch take-offs to isolate each piece of equipment as indicated.

	3.3 CLEANING, FLUSHING AND START-UP
	.1 In accordance with Section 23 08 02  Cleaning and StartUp of Mechanical Piping Systems.

	3.4 FILLING OF SYSTEM
	.1 Provide initial chemical treatment.

	3.5 START-UP OF HYDRONIC SYSTEMS
	.1 After cleaning is completed and system is filled:
	.1 Establish circulation and set pressure controls.
	.2 Ensure all air is removed.
	.3 Check pumps to be free from air, debris, possibility of cavitation when the system is at design temperature.
	.4 Clean out strainers and remove start-up strainers.
	.5 Commission water treatment systems.
	.6 Check pressurization to ensure proper operation and to prevent water hammer, flashing, cavitation.  Eliminate water hammer and all other noises.
	.7 Adjust pipe supports, hangers, springs as necessary.
	.8 Monitor pipe movement, performance of expansion joints, loops, guides, anchors.
	.9 Check operation of drain valves.
	.10 Adjust valve stem packings as systems settle down.
	.11 Adjust alignment of piping at pumps to ensure flexibility, adequacy of pipe movement, absence of noise or vibration transmission.


	3.6 TESTING
	.1 Test system in accordance with Section 21 05 01 - Common Work Results For Mechanical.
	.2 Test pressure: 621 kPa (90 psi). Isolate equipment not designed to withstand pressure.

	3.7 BALANCING
	.1 Refer to Section 23 05 93 - Testing, Adjusting and Balancing for HVAC for applicable procedures.
	.2 Install flow measuring stations and flow balancing valves as indicated.

	3.8 AIR VENTS
	.1 Install at ALL system high points.  Install air vents with isolation ball valve.



	232123 Hydronic Pumps
	Part 1 General
	1.1 SECTION INCLUDES
	.1 Material, equipment, installation and start-up for hot water heating pumps PU-1, PU-2, PU-3 & PU-4 and associated triple duty valves and suction diffusers.
	.2 Materials, equipment, installation and start up for boiler circulation pump PU-5 & PU-6. 

	1.2 REFERENCES
	.1 Electrical Equipment Manufacturers Advisory Council (EEMAC).
	.2 Canadian Standards Association (CSA International).
	.1 CAN/CSA-B214, Installation Code for Hydronic Heating Systems.

	.3 National Electrical Manufacturers Association (NEMA).
	.1 NEMA MG 1, Motors and Generators.


	1.3 SUBMITTALS
	.1 Submit shop drawings and product data.
	.2 Submit product data of pump curves for review showing point of operation.
	.3 Indicate piping, valves and fittings shipped loose by packaged equipment supplier, showing their final location in field assembly.
	.4 Provide maintenance data for incorporation into O & M manuals.

	1.4 EXTRA MATERIALS
	.1 Provide additional maintenance materials.
	.2 Provide one spare seal for each pump provided by this Section.


	Part 2 Products
	2.1 HOT WATER HEATING CIRCULATION PUMPS, PU-1 TO PU-4:
	.1 Performance: Refer to schedule at end of specification
	.2 The pumps shall be long coupled, base mounted, single stage, end suction, vertical split case design, in cast iron bronze fitted construction specifically designed for quiet operation. Suitable standard operations at 225 F and 175 PSIG working pressure. The pump internals shall be capable of being services without disturbing piping connections, electrical motor connections or pump to motor alignment.
	.3 The pumps shall be composed of three separable components a motor, bearing assembly, and pump end. The motor shaft shall be connected to the pump shaft via a replaceable flexible couple.
	.4 A bearing assembly shall support the shaft via two heavy-duty regreaseable ball bearings. Bearing assembly shall be replaceable without disturbing the system piping and shall have foot support at the coupling end. Pump bearings shall be regreaseable without removal of the bearings from the bearing assembly. Thermal expansion of the shaft toward the impeller shall be prevented via an inboard thrust bearing.
	.5 The bearing assembly shall have a solid steel shaft. A non-ferrous shaft sleeve shall be employed to completely cover the wetted area under the seal.
	.6 Pump shall be equipped with an internally flushed mechanical seal assembly installed in an enlarged tapered seal chamber. Seal assembly shall have a brass housing, Buna bellows and seat gasket, stainless steel spring, and be of a carbon ceramic design with the carbon face rotating against a stationary ceramic face.
	.7 Bearing assembly shaft shall connect to a bronze impeller. Impeller shall be both hydraulically and dynamically balanced to relevant standards and keyed to the shaft and secured by a stainless steel locking cap screw or nut.
	.8 Pump should be designed for access to the pump’s working components, without disturbing motor or piping, for ease of maintenance.
	.9 A center drop-out type coupling, capable of absorbing torsional vibration, shall be employed between the pump and motor. Pumps shall be fitted with a suitable coupler sleeve for variable speed application. Coupler shall allow for removal of pump’s wetted end without disturbing pump volute or movement of the pump’s motor and electrical connections. The coupler sleeve should be constructed of an EPDM material to maximize performance life.
	.10 An ANSI and OSHA rated coupler guard shall shield the coupler during operation. Coupler guard shall be dual rated ANSI B15.1, Section 8 and OSHA 1910.219 compliant coupling guard and contain viewing windows for inspection of the coupling. No more than 7 mm of either rotating assembly shall be visible beyond the coupling guard.
	.11 Pump volute shall be of a cast iron design for heating systems with integrally cast pedestal volute support, rated for 175 PSIG with integral cast iron flanges drilled for 125# ANSI companion flanges. Volute shall include gauge ports at nozzles, and vent and drain ports.
	.12 Motors shall meet scheduled horsepower, speed, voltage, and enclosure design. Pump and motors shall be factory aligned, and shall be realigned after installation by the manufacturer’s representative. Motors shall be non-overloading at any point on the pump curve and shall meet NEMA specifications and conform to the standards outlined in EPACT 92. Motors to be compatible for use of vfd.
	.13 Base plate shall be of structural steel or fabricated steel channel configuration fully enclosed at sides and ends, with securely welded cross members and fully open grouting area (for field grouting). The minimum base plate stiffness shall conform to ANSI/HI 1.3.4.
	.14 Pump shall be of a maintainable design and shall use machine fit parts.
	.15 The pump vibration limits shall conform to Hydraulic Institute ANSI/HI 1.1-1.5 for recommended acceptable unfiltered field vibration limits for pumps with rolling contact bearings.
	.16 Each pump shall be factory tested and name-plated before shipment.
	.17 Pump shall conform to ANSI/HI 9.6.3.1 standard for Preferred Operating Region. The pump NPSH shall confirm to the ANSI/HI 9.6.1 standards for Centrifugal and Vertical Pumps for NPSH Margin.
	.18 Provide a minimum One (1) year warranty on materials and installation under provision of Section 15010.
	.19 Acceptable Product:  “Bell & Gossett” or approved equivalent in accordance with B6. See schedule below for model number.

	2.2 PU-1 & PU-2 TRIPLE DUTY VALVES:
	.1 Performance: To match PU-1 and PU-2. Valve to have a pressure loss of approximately 27 kPa (3.9 psi). Pressure loss shall not drop below 10 kPa (1.5 psi) for proper system balancing.
	.2 Straight patterned valve to perform functions of a check valve, throttling shut-off valve and calibration balancing valve. Valve shall be heavy-duty cast iron and rated for maximum working pressure of 1207 kPa (175 psig) at 121°C (250°F). Valve shall have a bronze seat, replaceable brass disc with EPDM seat insert, stainless steel stem and chatter-preventing spring and calibrated nameplate. Valve design shall permit repacking under full system pressure. Valve shall be equipped with brass readout valve for taking differential pressure readings across the orifice.
	.3 Acceptable Product: “Bell & Gossett” model 3DS-2 1/2S or approved equivalent in accordance with B6.

	2.3 PU-3 & PU-4 TRIPLE DUTY VALVES:
	.1 Performance: To match PU-1 and PU-2. Valve to have a pressure loss of approximately 13 kPa (1.9 psi). Pressure loss shall not drop below 10 kPa (1.5 psi) for proper system balancing.
	.2 Straight patterned valve to perform functions of a check valve, throttling shut-off valve and balancing valve. Valve shall be heavy-duty cast iron and rated for maximum working pressure of 1207 kPa (175 psig) at 121°C (250°F). Valve shall have a bronze seat, replaceable brass disc with EPDM seat insert, stainless steel stem and chatter-preventing spring and calibrated nameplate. Valve design shall permit repacking under full system pressure. Valve shall be equipped with brass readout valve for taking differential pressure readings across the orifice.
	.3 Acceptable Product: “Bell & Gossett” model 3DS-2 1/2S or approved equivalent in accordance with B6.

	2.4 PU-1 & PU-2 SUCTION DIFFUSERS:
	.1 Performance: To match PU-1 and PU-2. Pressure drop at design flow rate is approximately 9 kPa (1.4 psi).
	.2 Unit shall consist of angle type body, flanged system connection and pump connection, stainless steel inlet vanes and combination diffuser-strainer-orifice cylinder with 5 mm (3/16”) diameter for pump protection. Orifice cylinder shall be equipped with disposable fine mesh strainer which shall be removed after system startup.
	.3 Acceptable Product: “Bell & Gossett” model ED-3X or approved equivalent in accordance with B6.

	2.5 PU-3 & PU-4 SUCTION DIFFUSERS:
	.1 Performance: To match PU-1 and PU-2. Pressure drop at design flow rate is approximately 8 kPa (1.1 psi).
	.2 Unit shall consist of angle type body, grooved system connection, flanged pump connection, stainless steel inlet vanes and combination diffuser-strainer-orifice cylinder with 5 mm (3/16”) diameter for pump protection. Orifice cylinder shall be equipped with disposable fine mesh strainer which shall be removed after system startup.
	.3 Acceptable Product: “Bell & Gossett” model EC-3X or approved equivalent in accordance with B6.

	2.6 PU-5 & PU-6: BOILER CIRCULATION PUMP
	.1 Performance: Pump PU-5 shall be selected to match boiler B-1 requirements and pump PU-6 shall be selected to match boiler B-2 requirements. Confirm boiler requirements with vendor prior to submitting shop drawings.
	.2 The pumps shall be of the quiet wet rotor in-line design.
	.3 The pump housing shall have a stainless steel neck ring to minimize recirculation and increase pump efficiency.
	.4 The impellers shall be laser welded stainless to obtain maximum efficiency. Composite material shall not be acceptable. The impellers shall be secured to the shaft with a neck ring and a nut.
	.5 The suction and discharge flanges shall be tapped and drilled to allow gauge installation on the pump.
	.6 All 3 speed pumps shall have indicator lights for operation indication and trouble shooting
	.7 The pumps shall have radial tungsten carbide sleeve bearings for extended life. Metal impregnated carbon radial bearings shall not be acceptable
	.8 Pump Construction:
	.1 Pump housing:    Cast iron EN-JL-1040 (A 48 Cl 40B)
	.2 Impellers, rotor can, rotor cladding,:  304 Stainless Steel
	.3 Shaft      303 Stainless Steel
	.4 Bearings:     Tungsten Carbide
	.5 Axial thrust bearing:    Carbon MY106
	.6 Shaft journals/ inner bearings:   Silicon Carbide
	.7 O-rings:     EPDM
	.8 Bearing plate:     304 Stainless Steel

	.9 Each motor shall be of the asynchronous squirrel cage design and tested with the pump as one unit by the same manufacturer
	.10 The stator housing shall be made of pressure die cast aluminum. The stator housing shall have 8 drain holes to enable condensed water to escape.
	.11 The motor shall be cooled by the pumped fluid. Motor shall be self ventilating. The stator housing shall have nickel plated brass inspection screw. Minimum insulation class for the motors shall be Class F.
	.12 The terminal box shall be made of black composite material. Enclosure class shall be IP44.Aluminum terminal boxes shall not be acceptable.
	.13 The pump shaft shall be installed horizontally per manufacturer’s recommendations. The terminal box shall be located as per manufacturer’s recommendations.  The system shall be vented out from a higher location from the pump. The required inlet pressure by the pump shall be available at the pump inlet.
	.14 Acceptable Product:  PU-5 – “Grundfos” model UPS 50-160/2 or approved equivalent in 
	         accordance with B6.
	 PU-6 – “Grundfos” model UPS 50-80/4 or approved equivalent in 
	           accordance with B6.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Do work in accordance with CAN/CSA-B214.
	.2 In line circulators: install as indicated by flow arrows. Support at inlet and outlet flanges or unions. Install with bearing lubrication points accessible. If pump is mounted on vertical piping, support in accordance with manufacturer’s recommendations.
	.3 Ensure that pump body does not support piping or equipment. Provide stanchions or hangers for this purpose. Refer to manufacturer's installation instructions for details.
	.4 Check rotation prior to startup.
	.5 Install pressure gauges isolation ball valves and equipment as shown on schematics.

	3.2 STARTUP
	.1 Procedures:
	.1 Before starting pump, check that cooling water system overtemperature and other protective devices are installed and operative.
	.2 After starting pump, check for proper, safe operation.
	.3 Check installation, operation of mechanical seals, packing gland type seals. Adjust as necessary.
	.4 Runin pumps for 12 continuous hours.
	.5 Verify operation of overtemperature and other protective devices under low and noflow condition.
	.6 Adjust alignment of piping and conduit to ensure true flexibility at all times.
	.7 Eliminate cavitation, flashing and air entrainment.
	.8 Measure pressure drop across strainer when clean and with flow rates as finally set.
	END OF SECTION




	233114 Metal Ducts - Low Pressure to 500 Pa
	Part 1 General
	1.1 SUMMARY
	.1 Section Includes:
	.1 Materials and installation of low-pressure metallic ductwork, joints and accessories.


	1.2 REFERENCES
	.1 American Society for Testing and Materials International, (ASTM).
	.1 ASTM A653/A653M[03], Standard  Specification for Steel Sheet, Zinc Coated (Galvanized) or ZincIron Alloy Coated (Galvannealed) by the HotDip Process.

	.2 National Fire Protection Association (NFPA).
	.1 NFPA 90A02, Standard for the Installation of Air-Conditioning and Ventilating Systems.
	.2 NFPA 90B02, Standard for the Installation of Warm Air Heating and Air-Conditioning Systems.

	.3 Sheet Metal and Air Conditioning Contractors' National Association (SMACNA).
	.1 SMACNA HVAC Duct Construction Standards - Metal and Flexible, 2nd Edition 1995 and Addendum No. 1, 1997.
	.2 SMACNA HVAC Air Duct Leakage Test Manual, 1985, 1st Edition.


	1.3 SUBMITTALS
	.1 Submit shop drawings and product data.


	Part 2 Products
	2.1 SEAL CLASSIFICATION
	.1 Classification as follows:
	.2 Transverse joints and connections made air tight with duct sealant.  Longitudinal seams sealed. Seal all joints.

	2.2 SEALANT
	.1 Sealant: water based duct sealant. Temperature range of application: minus 5 degrees Celsius to plus 30 degrees Celsius.
	.1 Acceptable Material:  Duro Dyne DWN.


	2.3 FITTINGS
	.1 Fabrication: to SMACNA.
	.2 Radiused elbows.
	.1 Rectangular: standard radius or short radius without turning vanes. Centreline radius: 1.5 times width of duct.
	.2 Round: smooth radius. Centreline radius: 1.5 times diameter.

	.3 Mitred elbows, rectangular:
	.1 To 400 mm: with single thickness turning vanes.
	.2 Over 400 mm: with double thickness turning vanes.

	.4 Branches:
	.1 Rectangular main and branch: with radius on branch 1.5 times width of duct, 45 degrees entry on branch.
	.2 Round main and branch: enter main duct at 45 degrees with conical connection.
	.3 Provide volume control damper in branch duct near connection to main duct.
	.4 Main duct branches: with splitter damper.

	.5 Transitions:
	.1 Diverging: 20 degrees maximum included angle.
	.2 Converging: 30 degrees maximum included angle.

	.6 Offsets:
	.1 Full radiused elbows.


	2.4 GALVANIZED STEEL
	.1 Lock forming quality: to ASTM A653/A653M, Z90 zinc coating.
	.2 Thickness, fabrication and reinforcement: to SMACNA.
	.3 Joints: to SMACNA.

	2.5 HANGERS AND SUPPORTS
	.1 Strap hangers: of same material as duct but next sheet metal thickness heavier than duct.
	.1 Maximum size duct supported by strap hanger: 500 mm.  Larger ducts to use trapeze hangers.

	.2 Hanger configuration: to SMACNA.
	.3 Hangers: galvanized steel angle with galvanized steel rods to SMACNA following table:
	.1 Upper hanger attachments:
	.1 For concrete: manufactured concrete inserts.
	.2 For steel joist: manufactured joist clamp or steel plate washer.
	.3 For steel beams: manufactured beam clamps:




	Part 3 Execution
	3.1 GENERAL
	.1 Do work in accordance with SMACNA.
	.2 Do not break continuity of insulation vapour barrier with hangers or rods.
	.1 Insulate strap hangers 100 mm beyond insulated duct.

	.3 Support risers in accordance with SMACNA.
	.4 Install breakaway joints in ductwork on sides of fire separation.
	.5 Install proprietary manufactured flanged duct joints in accordance with manufacturer's instructions.
	.6 Manufacture duct in lengths and diameter to accommodate installation of acoustic duct lining.

	3.2 HANGERS
	.1 Strap hangers: install in accordance with SMACNA.
	.2 Angle hangers: complete with locking nuts and washers.
	.3 Hanger spacing: in accordance with SMACNA as follows:

	3.3 SEALING AND TAPING
	.1 Apply sealant to outside of joint to manufacturer's recommendations.
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