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HIGH TEMPERATURE WATER-TUBE BOILERS
GENERAL
SUMMARY
Section includes packaged, factory-fabricated and -assembled, gas-fired low NOx, high temperature water-tube boilers, trim, and accessories for generating high temperature   water.
Boilers for the Central Plant are specified elsewhere. 
ACTION SUBMITTALS
Product Data:  Include performance data, operating characteristics, furnished specialties, and accessories.
Shop Drawings:  For boilers, boiler trim, and accessories.  Include plans, elevations, sections, details, and attachments to other Work.  Shop Drawings shall be signed and sealed by a qualified professional engineer.
For installed products indicated to comply with design loads, include structural analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
Design Calculations:  Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.
Vibration Isolation Base Details: Detail fabrication including anchorages and attachments to structure and to supported equipment.
Wiring Diagrams:  Detail power, signal, and control wiring.
Source quality-control test reports.
Startup service reports.
CLOSURE SUBMITTALS 
Operation and Maintenance Data:  For high temperature water-tube boilers to include in emergency, operation, and maintenance manuals.
Warranties:  Special warranties specified in this Section.
QUALITY ASSURANCE
Product Options:  Drawings indicate size, profiles, and dimensional requirements of high temperature water-tube boilers and are based on the specific system indicated.  Refer to Division 01 Section "Product Options and Substitutions."
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in CEC, Article 100, by a testing agency acceptable to University’s Representative, and marked for intended use.
ANSI/ASME Standard: Boiler controls and trim shall comply with standard CSD-1.
ASME Compliance:  Fabricate and label high temperature water-tube boilers to comply with ASME Boiler and Pressure Vessel Code:  Division 1, and ASME Power and Heating Codes Sections I, and IV. Boiler shall bear the ASME Stamp.
Registration: Boilers shall be registered with the National Board of Boiler and Pressure Vessel Inspectors.  
Boiler shall be listed in the Directory of Certified Gas-fired Boiler Assemblies as published by the Energy Commissioner of the State of California.
ASHRAE/IESNA 90.1 Compliance: High temperature water-tube boilers shall have minimum efficiency in accordance with Table 10-8.
NFPA Compliance: Boiler shall be fabricated and installed in accordance with the manufacturer’s instructions meeting the requirements of NFPA 54 (ANSI 223.1) National Fuel Gas Code.
NEC Compliance: Wiring shall be in conformance with the National Electric Code (NEC).  
UL Compliance:  Test water-tube boilers to comply with UL 795, "Commercial-Industrial Gas Heating Equipment."
South Coast Air Quality Management District (SCAQMD) Compliance: 
  Certified compliance with SCAQMD rules for small gas-fired boilers. 
UL Compliance: Boiler flue-gas venting system, including breeching connection, flue vent, fittings, collars, anchorage, penetrations, thimbles, terminations, flue-gas re-circulation venting, dampers, materials and accessories shall be of the non-condensing flue-gas type, conforming to the CMC, and UL listed.
Outdoor Application:   Boiler assembly and burner assembly shall be listed for outdoor service. 
Seismic Compliance: Boiler installation and boiler accessories shall conform to CBC seismic requirements.  Seismic calculations for anchoring and support shall be the responsibility of the structural engineer of record for the project.  The structural engineer shall be registered with the state of California. 
Title 8 Compliance:  Boiler trim and controls shall comply with the California State Codes; Administrative Safety Orders, “Boiler and Fired Pressure Vessels”.
Boilers shall bear the label of and be listed by and in the directory of a nationally recognized testing laboratory as a high temperature gas-fired water tube boiler assembly. 
California Mechanical Code (CMC) – as mentioned in the paragraphs 3.2.D and 1.3.L in this section.
COORDINATION
Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.
WARRANTY 
Warranty Period for Drums, Tubes, Headers, Cabinets, and Gas Burner:  Five years from date of Substantial Completion, pro rata.
Manufacturer's Warranty: Provide non-prorated warranty for not less than 20-years against damage caused by thermal shock at all normal operating conditions.
PRODUCTS
MANUFACTURERS
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Parker Boiler Co. 
Bryan Steam Corporation
Or equal. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01 Section “Product Options and Substitutions”.  Specific procedures must be followed before use of an unnamed product or manufacturer.  
PACKAGED WATER-TUBE BOILERS
Description:  Factory-fabricated, -assembled, and -tested high temperature water-tube boiler with heat exchanger sealed pressure-tight, built on a steel base; including insulated jacket, flue-gas vent,  combustion-air intake connections, water supply and return connections, and controls.
Fabricate base and attachment to pressure vessel with reinforcement strong enough to resist boiler movement during a Seismic Zone-4 event when boiler base is anchored to building structure.
Minimum Design Pressure Rating:  350 psig to match campus system.
Entering-Water Temperature:  190 °F minimum for design 
Leaving-Water Temperature:  365 °F normal, 400 °F maximum.
Water Flow Rate:  <Insert gpm.>
Maximum Pressure Drop <Insert psi.>
Water Capacity <Insert gallons.>
AGA Output Capacity <Insert Btu/hour.>
Minimum Thermal Efficiency 82% at 190 °F returning water temperature. 
Minimum Heating Surface <Insert Square Feet.>
PACKAGED WATER-TUBE BOILER COMPONENTS
Heat-Exchanger Design:  
Bent 1-5/16 inch outside diameter, ASTM A56/SA53 seamless steel tubes, not less than nominal 0.133-inch (10-gauge) wall thickness welded into steel headers designed to permit free expansion and contraction. 
Tubes shall create a water-wall furnace.
Accessible inspection ports in drum, mud legs, and tube manifolds.
Tubing shall be staggered to provide not less than 10-pass baffled heating surface.  
Boiler Casing:
The tube bundle shall be mounted on a modular cabinet frame consisting of a 12-gauge carbon steel base with fork lift receivers, 12-gauge corner posts and 14-gauge side, top and back wall panels. The cabinet shall be painted with a black polyurethane over a phosphate washed surface. The back panel shall be easily removable for combustion chamber and burner inspection and shall incorporate a burner sight glass.
The cabinet sides front & back walls shall be insulated with not less than 1 inch of high temperature vacuum formed alkaline earth silicate material backed up with not less than 3 inches of high temperature mineral wool insulation.  The cabinet top shall consist of inner and outer 14-gauge steel with not less than 1½ inches of high temperature mineral wool insulation. 
If unit is to be installed outdoors, provide casing with guaranteed life of not less than 25-years without corrosion failure. This may mean stainless steel, hot dip galvanized or other protection.
All cabinet panels shall be removable
Lifting lugs on top of boiler. 
Top Flue Connection:  Constructed of stainless steel.
Mounting base to secure boiler to concrete base, or steel platform.
Control Compartment Enclosure:  NEMA 250, Type 1A. 
Barometric Damper:  Galvanized-steel assembly with flue-gas thermometer and flue gas spillage safety switch. 
FORCED-DRAFT GAS BURNER
Burner:  Low NOx Premix system with variable speed fan and metal fiber burners.  The burner shall be complete with electronic flame safeguard, air pressure switch, blower motor and controls with On/Off or two stage firing.  A gas pilot of the premix type with electric ignition shall provide reliable ignition. The premix burner shall provide a high degree of NOx level repeatability once system is adjusted.
Blower:  Forward-curved, centrifugal fan integral to burner, directly driven by motor; with adjustable, dual-blade damper assembly and locking quadrant to set air-fuel ratio.
Motor characteristics such as NEMA designation, temperature rating, service factor, enclosure type, and efficiency are specified in Division 23 Section "Motors for HVAC."  If characteristics other than those in "Motors for HVAC" Section are required, add subparagraphs below to suit Project.
Refer to Division 23 Section "Motors for HVAC" for general requirements.
Minimum Motor Sizes:  <Insert horsepower.>
Maximum Speed <Insert RPM>.
Electrical Characteristics:  New work shall be 480 V, three-phase, 60 Hz. Retrofit work may be 208-V three-phase. 
Full-Load Amperes:  <Insert amperes.>
Minimum Circuit Ampacity:  <Insert amperes.>
Maximum Overcurrent Protection:  <Insert amperes.>
Motor shall be totally enclosed fan cooled (TEFC)
Gas Train:  Control devices and on-off control for burners smaller than 500,000 Btu/hour input, and modulating control sequence for larger sizes, in full compliance with requirements in ASME CSD-1, and UL.
Pilot:  Interrupted-electric-spark pilot ignition with 100 percent main-valve and pilot-safety shutoff with electronic supervision of burner flame.
Retain below to decrease oxides of nitrogen emissions.
Flue-Gas Recirculation: The burner shall achieve the requirements of the SCAQMD without flue gas recirculation. 
Emissions Compliance:  The burner shall fully comply with the latest requirements of the SCAQMD or the following whichever is more stringent:
Carbon Monoxide (CO) emissions at not more than 100 PPM at 3% O2 
Oxides of Nitrogen (NOx) emissions at not more than 20 PPM at 3% O2
HOT-WATER BOILER TRIM
Aquastat Controllers:  Operating, firing rate, and high limit.
Operating Temperature: 400 °F.
Safety Relief Valve:  ASME rated.
Pressure Setting: 315 psig.
Pressure and Temperature Gage:  Minimum 3½-inch-diameter, combination water-pressure and -temperature gage.  Gages shall have operating-pressure and -temperature ranges so normal operating range is at approximately 60 percent of full range.
Boiler Air Vent:  Manual.
Drain Valve:  Two, minimum, ¾-inch, class-800, forged-steel gate valves connected in series. See specification 23 2400 for detailed valve requirements.
BURNER OPERATING CONTROLS
Description:  To maintain safe operating conditions, burner safety controls limit the operation of burner.
High temperature limit switch:  Provide immersible aquastat-type with a temperature setting above that of the combustion regulator and below that of the relief valve setting. Aquastat shall function to cause a safety shutdown by closing fuel valves, shutting down burner equipment, activating a red indicating light, and sounding an alarm in the event that boiler water temperature rises to the high temperature limit setting.  A safety shutdown due to high temperature shall require manual reset before operation can resume and shall prevent recycling of the burner equipment.
Low water level cutoff switches:  Provide two float actuated or probe type.  Low water level cutoff shall cause a safety shutdown by closing fuel valves, shutting down burner equipment, activating a red indicating light, and sounding an alarm in the event that water level drops below the lowest safe permissible water level established by the boiler manufacturer and ASME BPVC Sec IV.  One of the two low-water cut-off devices shall be manual reset. A safety shutdown due to low water level shall require manual reset before operation can resume and prevent recycling of burner equipment.
Alarm Bell:  Factory mounted on control panel with silence switch; shall sound alarm for above conditions.
Combustion regulator - Provide adjustable temperature, thermostatic immersion type that shall limit boiler water temperature to a maximum of 400F.  Control shall actuate burner through an electric relay system to maintain boiler water temperature within normal prescribed limits at loads within rated capacity of boiler.
Boiler safety control circuits - Provide boiler safety control circuits, including control circuits for burner and draft fan, shall be single-phase, two-wire one-side grounded, and not over 120 volts.  Provide safety control switching in ungrounded conductors.  Provide overcurrent protection.  In addition to circuit grounds, ground metal parts that do not carry current to a grounding conductor.
Sequential indication lights for operation and trouble.
Alarm indication dry contact terminal.
Boiler shall be provided by factory with provisions for a dual point electrical connection.  Fan motor starters shall be factory provided, mounted, and wired.  The boiler manufacturer shall provide a control circuit for 115 volts AC, 60 Hz, 1 phase as required by State of California Administrative Safety orders for boilers and fired pressure vessels, Title 8.  Additional electrical service with local disconnect for blower motors shall be provided by electrical contractor.
BOILER OPERATING CONTROLS
Boiler operating controls shall include the following devices and features:
Control Transformer:  115 V.
Motorized Vent Damper:  Interlocked with burner to open before burner is operating.  If damper fails to open, stop burner operation. 
Sequence of Operation:  Electric, factory-fabricated, and field-installed panel to control burner firing rate to meet boiler outlet water temperature set point. The Building supply water temperature adjustment will be by the Building Automation and Control System. 
Building Management System Interface:  Factory-installed hardware to enable building management system to monitor and control hot-water set point and display boiler status and alarms (on off control, burner on contact, any alarm contact). Coordinate interface hardware and software requirements prior to shipment.
SOURCE QUALITY CONTROL 
Test and inspect factory-assembled boilers, before shipping, in accordance with ASME Boiler and Pressure Vessel Code:  Section I.
Burner and Hydrostatic Test:  Factory adjust burner to eliminate excess oxygen, carbon dioxide, oxides of nitrogen, and carbon monoxide in flue gas and to achieve combustion efficiency; perform hydrostatic test.
Allow University access to source quality-control testing of water-tube boilers.  Notify University’s Representative 14 days in advance of testing.
EXECUTION
EXAMINATION
Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and piping and electrical connections to verify actual locations, sizes, and other conditions affecting boiler performance, maintenance, and operations.
Final boiler locations indicated on Drawings are approximate.  Determine exact locations before roughing-in for piping and electrical connections. Coordinate location of boilers with other system components, such as unfired steam generators, pumps, and accessories.
Examine mechanical spaces for suitable conditions where boilers will be installed.  Proceed with installation only after unsatisfactory conditions have been corrected.
BOILER INSTALLATION
Install boilers level on concrete base.  Concrete base is specified in Division 23 Section "Common Work Results for HVAC," and concrete materials and installation requirements are specified in Division 03.
Revise paragraph and subparagraphs below based on installed equipment.  Indicate dowel rod quantity, size, and spacing on Drawings.
Concrete Bases:  Anchor boilers to concrete bases.
Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch centers around full perimeter of base.
For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
Install anchor bolts to elevations required for proper attachment to supported equipment.
Cast-in-place concrete materials and placement requirements are specified in Division 03.
Retain first paragraph below for equipment supported on slabs-on-grade.
Vibration Isolation:  Rubber pads with a minimum static deflection of 0.25 inch.  Vibration isolation devices and installation requirements are specified in Division 23 Section "Mechanical Vibration and Seismic Controls for HVAC."
Install gas-fired boilers in accordance with CMC.
Assemble and install boiler trim items shipped loose.
Install electrical devices furnished with boiler but not specified to be factory mounted.
CONNECTIONS
Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
Connect gas piping full size to boiler gas-train inlet with union and CSA gas ball valve (full port).  Provide CFH and pressure to match boiler nameplate values.
Connect hot-water piping to supply- and return-boiler tappings with shutoff valve and union or flange at each connection.
Install piping from safety relief valves to safe location.
Connect breeching to full size of boiler outlet. Provide UL listed and CMC approved flue-gas venting system and installation.
Install piping adjacent to boiler to allow service and maintenance.
Ground equipment in accordance with Division 26 Section "Grounding and Bonding for Electrical Systems."
Connect wiring in accordance with Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."
Tighten electrical connectors and terminals in accordance with manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A.
PERMITTING AND TESTING
Unless directed otherwise by SCAQMD, provide source test performed by an independent California Air Resources Board (ARB) certified testing agency.  (Boilers certified by SCAQMD may not require testing).
Contractor shall bear SCAQMD permitting and testing cost.  
STARTUP SERVICE
Engage a factory-authorized service representative to test, inspect, and adjust boiler components and equipment installation and to perform startup service.
Perform installation and startup checks in accordance with manufacturer's written instructions.
Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist.
Operational Test:  Start units to confirm proper motor rotation and unit operation.  Adjust air-fuel ratio and combustion.
Test and adjust controls and safety devices.  Replace damaged and malfunctioning controls and equipment.
Burner Test:  Adjust burner to eliminate excess oxygen, carbon dioxide, oxides of nitrogen, and carbon monoxide in flue gas and to achieve combustion efficiency, as required by Source Test or SCAQMD permit to construct conditions (if permit issued). California Air Resources Board Certified Testing Agency, SCAQMD Rule 1146.2, 219 or 222 certification.
Adjust initial temperature set points.
Set field-adjustable switches and circuit-breaker trip ranges as indicated.
Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to two visits to site outside normal occupancy hours for this purpose, without additional cost.
Prepare written report that documents testing procedures and results.
DEMONSTRATION
Engage a factory-authorized service representative to train University's maintenance personnel to adjust, operate, and maintain water-tube boilers.  Refer to Division 01 Section “Demonstration and Training."
END OF SECTION
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