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SECTION 235239 

FIRE-TUBE BOILERS 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of Contract”, “Special Conditions”, and 
“Division 1 – General Requirements” form a part of this section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.3 SUMMARY 

A. This Section includes packaged, factory-fabricated and -assembled boilers, trim, and 
accessories for generating steam with the following configurations and burners: 

1. Horizontal, fire-tube boiler. 
2. Combination gas and oil burner. 

1.4 SUBMITTALS 

A. Product Data:  Include performance data, operating characteristics, furnished 
specialties, and accessories. 

B. Shop Drawings:  For boilers, boiler trim, and accessories.  Include plans, elevations, 
sections, details, and attachments to other work. 

1. Design calculations and vibration isolation base details, signed and sealed by a 
qualified professional engineer. 

a. Design Calculations:  Calculate requirements for selecting vibration 
isolators and seismic restraints and for designing vibration isolation bases. 

b. Vibration Isolation Base Details:  Detail fabrication including anchorages 
and attachments to structure and to supported equipment.  Include 
auxiliary motor slides and rails and equipment mounting frames. 

2. Wiring Diagrams:  Power, signal, and control wiring. 
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C. Manufacturer Seismic Qualification Certification:  Submit certification that boiler, 
accessories, and components will withstand seismic forces defined in Division 23 
Section "Vibration and Seismic Controls for HVAC Piping and Equipment." Include the 
following: 

1. Basis for Certification:  Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

a. The term "withstand" means "the unit will remain in place without 
separation of any parts from the device when subjected to the seismic 
forces specified." 

b. The term "withstand" means "the unit will remain in place without 
separation of any parts from the device when subjected to the seismic 
forces specified and the unit will be fully operational after the seismic 
event." 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

D. Source quality-control test reports. 

E. Field quality-control test reports. 

F. Operation and Maintenance Data:  For boilers, components, and accessories to 
include in emergency, operation, and maintenance manuals. 

G. Warranty:  Special warranty specified in this Section. 

H. Other Informational Submittals: 

1. ASME Stamp Certification and Report:  Submit "A," "S," or "PP" stamp certificate 
of authorization, as required by authorities having jurisdiction, and document 
hydrostatic testing of piping external to boiler. 

2. Startup service reports. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

B. ASME Compliance:  Fabricate and label boilers to comply with ASME Boiler and 
Pressure Vessel Code. 

C. ASHRAE/IESNA 90.1 Compliance:  Boilers shall have minimum efficiency according to 
"Gas and Oil Fired Boilers - Minimum Efficiency Requirements." 
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D. UL Compliance:  Test Boilers for compliance with UL 726, "Oil-Fired Boiler Assemblies" 
and UL 795, "Commercial-Industrial Gas Heating Equipment."  Boilers shall be listed 
and labeled by a testing agency acceptable to authorities having jurisdiction. 

1.6 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  
Concrete, reinforcement, and formwork requirements are specified in Division 03. 

1.7 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to 
repair or replace front- and rear-door refractories and heat exchangers of boilers that 
fail in materials or workmanship within specified warranty period. 

1. Horizontal, Fire-Tube and Fire-Box Boilers:  Refractory in front and rear doors, 10 
years from date of startup by factory-authorized personnel. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 

 
1. Cleaver-Brooks  
2. Burnham 
3. Hurst Boiler & Welding Company, Inc. 
4. Fulton Boiler Works, Inc. 
5. Or equal approved by the Professional. 

2.2 MANUFACTURED UNITS 

A. Description:  Factory-fabricated, -assembled, and -tested, horizontal, fire-tube boilers 
with heat exchanger sealed pressure tight, built on a steel base; including insulated 
jacket, flue-gas vent, water supply and return connections, and controls. 

B. Pressure Vessel Design:  Straight, steel tubes rolled into steel headers.  Two passes 
with wet-back design.  Minimum heat-exchanger surface of 5 sq. ft./bhp.  Include the 
following accessories: 

1. Handholes for water-side inspections. 
2. Lifting lugs on top of boiler. 
3. Minimum NPS 1 hose-end drain valves at shell low point. 
4. Tappings or flanges for supply- and return-water piping. 
5. Built-in air separator. 
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6. Accessible drain and blowdown tappings, both high and low, for surface and mud 
removal. 

7. Tappings for steam supply, makeup, level controls, and chemical treatment. 

C. Front and Rear Doors: 

1. Davited, sealed with heat-resistant gaskets and fastened with lugs and cap 
screws. 

2. Designed so tube sheets and flues are fully accessible for inspection or cleaning 
when doors are open. 

3. Include observation ports in doors at both ends of boiler for inspection of flame 
conditions. 

4. Door insulation shall be accessible for inspection and maintenance. 

D. Casing: 

1. Insulation:  Minimum 2-inch thick, mineral-fiber insulation surrounding the boiler 
shell. 

2. Flue Connection:  Flange at top of boiler. 
3. Jacket:  Galvanized sheet metal, with screw-fastened closures and baked-

enamel  protective finish. 
4. Mounting base to secure boiler to concrete base. 

5. Control Compartment Enclosure:  NEMA 250, Type 4. 

E. Barometric Damper:  Galvanized-steel assembly with flue-gas thermometer having a 
minimum 3-1/2-inch diameter dial. 

2.3 BURNER 

A. Burner:  Welded construction with multivane, stainless-steel, flame-retention diffuser 
for fuel oil and natural gas.  Mount burner on hinged access door to permit access to 
combustion chamber. 

B. 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. 

1. Motors:  Comply with requirements specified in Division 23 Section "Common 
Motor Requirements for HVAC Equipment." 

a. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so 
driven load will not require motor to operate in service factor range above 
1.0. 

C. Oil Supply:  Control devices and low-high-low control sequence shall comply with 
requirements in ASME CSD-1. 

1. Oil Pump:  Two-stage, gear-type oil pump shall be capable of producing 300-psig  
discharge pressure and 15-inch Hg vacuum. 

2. Oil Piping Specialties: 
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a. Suction-line, manual, gate valve. 
b. Removable-mesh oil strainer. 
c. 0- to 30-inch Hg vacuum; 0- to 30-psig vacuum-pressure gage. 
d. 0- to 300-psig oil-nozzle pressure gage. 
e. Nozzle-line, solenoid-safety-shutoff oil valve. 

D. Gas Train:  Control devices and modulating control sequence shall comply with 
requirements in ASME CSD-1 and IRI. 

E. Gas Pilot:  Interrupted-electric-spark pilot ignition with 100 percent main-valve and 
pilot-safety shutoff with electronic supervision of burner flame. 

F. Oil Pilot:  Intermittent-electric-spark pilot ignition with 100 percent main-valve and pilot-
safety shutoff solenoid with UV scanner flame-safety control. 

G. Flue-Gas Recirculation:  Burner connections shall be equipped for recirculating flue 
gas. 

 
1. Emissions: Maximum Oxides of Nitrogen Emissions Natural Gas: 9PPM. 

 
2.  Maximum Oxides of Nitrogen Emission N0. 2 Diesel Fuel: 90PPM  

2.4 TRIM 

A. Include devices sized to comply with ANSI B31.9, "Building Services Piping." 

B. Pressure Controllers:  Operating, firing rate, and high limit. 

C. Safety Relief Valve: 

1. Size and Capacity:  As required for equipment according to ASME Boiler and 
Pressure Vessel Code. 

2. Description:  Fully enclosed steel spring with adjustable pressure range and 
positive shutoff; factory set and sealed. 

a. Drip-Pan Elbow:  Cast iron and having threaded inlet and outlet with 
threads complying with ASME B1.20.1. 

D. Pressure Gage:  Minimum 3-1/2-inch diameter.  Gage shall have normal operating 
pressure about 50 percent of full range. 

E. Water Column:  Minimum 12-inch glass gage with shutoff cocks. 

F. Drain Valves:  Minimum NPS 3/4 or nozzle size with hose-end connection. 

G. Blowdown Valves:  Factory-installed bottom and surface, slow-acting blowdown valves 
same size as boiler nozzle. Blowdown valves shall be combination of slow and quick 
acting as required by ANSI B31.1. 
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H. Stop Valves:  Boiler inlets and outlets, except safety relief valves or preheater inlet and 
outlet, shall be equipped with stop valve in an accessible location as near as practical 
to boiler nozzle and same size or larger than nozzle.  Valves larger than NPS 2 shall 
have rising stem. 

I. Stop-Check Valves:  Factory-installed, stop-check valve and stop valve for field 
installation at boiler outlet with free-blow drain valve for field installation between the 
two valves and visible when operating stop-check valve. 

J. Tankless Heater:  Carbon-steel header with copper-tube heat exchanger, mounted in a 
port of upper manifold and sealed with fiber gasket. 

1. Tappings NPS 2 and Smaller:  Threaded ends according to ASME B1.20.1 for 
pipe threads. 

2. Tappings NPS 2-1/2 and Larger:  Flanged ends according to ASME B16.5 for 
steel and stainless-steel flanges, and according to ASME B16.24 for copper and 
copper-alloy flanges. 

2.5 CONTROLS 

A. Boiler operating controls shall include the following devices and features: 

1. Control transformer. 
2. Set-Point Adjust:  Set points shall be adjustable. 
3. Operating Pressure Control:  Factory wired and mounted to cycle burner. 
4. Low-Water Cutoff and Pump Control:  Operate feedwater pump(s) continuously 

and modulate valve for makeup water control. 
5. Sequence of Operation:  Electric, factory-fabricated and field-installed panel to 

control burner firing rate to maintain a constant steam pressure.  Maintain 
pressure set point plus or minus 10 percent. 

a. Include automatic, alternating-firing sequence for multiple boilers to ensure 
maximum system efficiency throughout the load range and to provide equal 
runtime for boilers. 

B. Burner Operating Controls:  To maintain safe operating conditions, burner safety 
controls limit burner operation. 

1. High Cutoff: Manual reset stops burner if operating conditions rise above 
maximum boiler design pressure. 

2. Low-Water Cutoff Switch:  Float and electronic probe shall prevent burner 
operation on low water.  Cutoff switch shall be manual-reset type. 

3. Audible Alarm:  Factory mounted on control panel with silence switch; shall 
sound alarm for above conditions. 

C. Building Automation System Interface:  Factory-install hardware and software to enable 
building automation system to monitor, control, and display boiler status and alarms. 

1. Hardwired Points: 
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a. Monitoring:  On/off status, common trouble alarm low water level alarm. 
b. Control:  On/off operation, steam pressure adjustment. 

2. A communication interface with building automation system shall enable building 
automation system operator to remotely control and monitor the boiler from an 
operator workstation.  Control features available, and monitoring points 
displayed, locally at boiler control panel shall be available through building 
automation system. 

2.6 ELECTRICAL POWER 

A. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are 
specified in Division 26 Sections. 

B. Single-Point Field Power Connection:  Factory-installed and -wired switches, motor 
controllers, transformers, and other electrical devices necessary shall provide a single-
point field power connection to boiler. 

1. House in NEMA 250, Type 4 enclosure. 
2. Wiring shall be numbered and color-coded to match wiring diagram. 
3. Install wiring outside of an enclosure in a metal raceway. 
4. Field power interface shall be to nonfused disconnect switch. 
5. Provide branch power circuit to each motor and to controls with a disconnect 

switch or circuit breaker. 
6. Provide each motor with overcurrent protection. 

2.7 SOURCE QUALITY CONTROL 

A. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler 
and Pressure Vessel Code. 

B. Burner and Hydrostatic Test:  Factory adjust burner to eliminate excess oxygen, 
carbon dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to 
achieve combustion efficiency; perform hydrostatic test. 

C. Allow Owner access to source quality-control testing of boilers.  Notify Architect 14 
days in advance of testing. 

PART 3 - EXECUTION 

3.1 EXISTING TRAILER MOUNTED BOILER 

A. Before boiler relocation, the contractor shall engage the services of a factory 
representative of the boiler manufacturer to complete a full inspection and operational 
test of the boiler.  A report of finding shall be generated listing any and all deficiencies 
noted during the inspection and testing.   

B. Any deficiencies shall be corrected by the Client Agency prior to boiler relocation.  
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C. Proceed with re-location only after unsatisfactory conditions have been corrected. 

3.2 EXAMINATION 

A. 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. 

1. Final boiler locations indicated on Drawings are approximate.  Determine exact 
locations before roughing-in for piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.3 BOILER INSTALLATION 

A. Complete CSD-1 and all DEP applications/submissions prior to installations.  

B. 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. 

C. Vibration Isolation:  Elastomeric isolator pads with a minimum static deflection of 0.25 
inch.  Vibration isolation devices and installation requirements are specified in 
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment." 

D. Install gas-fired boilers according to NFPA 54. 

E. Install oil-fired boilers according to NFPA 31. 

F. Assemble and install boiler trim. 

G. Install electrical devices furnished with boiler but not specified to be factory mounted. 

H. Install control wiring to field-mounted electrical devices. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings 
indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to boiler to allow service and maintenance. 

C. Connect gas piping to boiler gas-train inlet with union.  Piping shall be at least full size 
of gas train connection.  Provide a reducer if required. 

D. Connect oil piping full size to burner inlet with shutoff valve and union. 
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E. Connect steam and condensate piping to supply-, return-, and blowdown-boiler 
tappings with shutoff valve and union or flange at each connection. 

F. Install piping from safety relief valves to nearest floor drain. 

G. Install piping from safety valves to drip-pan elbow and to nearest floor drain. 

H. Install piping from equipment drain connection to nearest floor drain.  Piping shall be at 
least full size of connection.  Provide an isolation valve if required. 

I. Connect breeching full size to boiler outlet.  Comply with requirements in Division 23 
Section "Breechings, Chimneys, and Stacks" for venting materials. 

J. Install flue-gas recirculation duct from vent to burner.  Comply with requirements in 
Division 23 Section "Breechings, Chimneys, and Stacks" for recirculation duct 
materials. 

K. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems." 

L. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables." 

3.5 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment installations, 
including connections, and to assist in testing. 

B. Tests and Inspections: 

1. Perform installation and startup checks according to manufacturer's written 
instructions. 

2. Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist. 
3. Stack Testing. 
4. Operational Test:  Start units to confirm proper motor rotation and unit operation.  

Adjust air-fuel ratio and combustion. 
5. Test and adjust controls and safeties.  Replace damaged and malfunctioning 

controls and equipment. 

a. Burner Test:  Adjust burner to eliminate excess oxygen, carbon dioxide, 
oxides of nitrogen emissions, and carbon monoxide in flue gas and to 
achieve combustion efficiency. 

b. Check and adjust initial operating set points and high- and low-limit safety 
set points of fuel supply, water level, and steam pressure. 

c. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

C. Remove and replace malfunctioning units and retest as specified above. 
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D. 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 Project during other than normal occupancy hours for this 
purpose. 

E. Performance Tests: 

1. Manufacturer's Field Service:  Engage a factory-authorized service 
representative to inspect component assemblies and equipment installations, 
including connections, and to conduct performance testing. 

2. Boilers shall comply with performance requirements indicated, as determined by 
field performance tests.  Adjust, modify, or replace equipment in order to comply. 

3. Perform field performance tests to determine the capacity and efficiency of 
boilers. 

a. For dual-fuel boilers, perform tests for each fuel. 
b. Test for full capacity. 
c. Test for boiler efficiency at low fire, 20, 40, 60, 80, 100, 80, 60, 40 and 20  

percent of full capacity.  Determine efficiency at each test point. 

4. Repeat tests until results comply with requirements indicated. 
5. Provide analysis equipment required to determine performance. 
6. Provide temporary equipment and system modifications necessary to dissipate 

the heat produced during tests if building systems are not adequate. 
7. Notify Professional in advance of test dates. 
8. Document test results in a report and submit to Professional. 

F. Permit Testing: 

1. Provide and perform an independent 3rd party combustion flue gas stack test at 
no additional cost to the Using Agency.  If full load steam is not available, and/or 
a combustion stack test acceptable to DEP is not possible during the regular 
contract time, the contractor shall return when full load can be delivered, and 
acceptable testing can be performed at no additional cost to the Client Agency. 

2. The contractor shall notify the DEP Regional Office of its intent to commence 
operation of the boilers at least five days prior to the completion of construction.  
The notice shall be in writing and shall specify the expected construction 
completion date and the date of commencement of operation of the boilers. 

3. Within 180 days after initial start-up the contractor shall, through an independent 
3rd party, and at no additional cost to the Using Agency, demonstrate compliance 
with the applicable emissions limitations for NOx and CO by means of stack 
testing in accordance with 25 PA Code Chapter 139 related to sampling and 
testing. 

a. A stack protocol shall be submitted to the DEP Regional Air Quality 
Program Manager for approval at least 60 days prior to the performance of 
the stack test. 

b. The date and time of any testing shall be submitted to the DEP Regional 
Air Quality Program Manager at least 30 days prior to the stack test. 
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c. Two copies of the completed stack test reports, including all operating 
conditions shall be submitted to the DEP Regional Air Quality Program 
Manager within 60 days of the completion of testing. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain boilers.  Video training sessions. Refer to 
Division 01 Section "Demonstration and Training." 

END OF SECTION 235239 




