SECTION 15570

PACKAGED BURNERS

PART 1. GENERAL

1.1 WORK INCLUDED 

A. Furnish a Package Burner specified in the Contract Documents.

B. The burner unit shall include all components and accessories for the complete installation.

C. Related Sections: 

1. Section 15556 – Packaged Water-tube Steam Boiler

2. Section 15861 – Forced Draft Fan

3. Section 15925 – Burner Management and Boiler Controls

1.2 LOW NOx REQUIREMENTS 

A. Burners shall satisfy the state or local environmental requirements and the requirements in the Contract Documents.

B. Low NOx production with or without flue gas recirculation is acceptable.

1.3 QUALITY ASSURANCE 

A. The manufacturer of the package burner shall have at least ten (10) packaged burners of comparable size, type, style, and performance to that specified (including turndown) and in successful operation for a period of not less than one (1) year.  Startup data sheets proving performance shall be provided for each of these ten (10) units at the request of the Engineer.  Minimum information required on startup data shall include:

1. As tested firing rate (minimum 20 percent increments to full fire)

2. Percent carbon dioxide (CO2) and excess oxygen (O2)

3. Oxides of nitrogen as ppm NOx

4. Maximum and minimum burner firing rate

5. Fuel used

B. All material shall conform in all respects to the highest standards of engineering, design, and workmanship.

C. The manufacturer shall have and maintain a quality control system which will establish that all code and standard requirements including material, design, fabrication, examination, and inspection will be met.

D. The burner shall include provisions for satisfying any requirements of the manufacturer, which exceed minimum code or standard requirements.

E. The burner management system shall allow for interface with existing plant controls for complete and accurate transfer of information and operation.

1.4 REFERENCES 

A. The following documents form a part of this Section to the extent specified herein.  Unless otherwise indicated, the issue in effect on date of invitation for bids shall apply.  In the event of a conflict between the text of this Section and the references cited herein, the text of this Section shall take precedence.

1. American Gas Association Laboratories (AGA)  

2. American National Standards Institute, Inc. (ANSI) 

a. B1.1  -
Unified Screw Threads

b. B2.1  -
Pipe Threads (Except Dryseal)

c. B2.2  -
Dryseal Pipe Threads

d. B15.1 -
Safety Code for Mechanical Power Transmission Apparatus

e. B31.1 -
Power Piping

f. Z83.3 -
Gas Utilization Equipment in Large Boilers

3. Factory Mutual Engineering Corporation (FM) 

a. Factory Mutual Approval Guide 6-4 - Boiler - Furnaces (Oil or Gas Fired Single Burner)

4. National Electrical Manufacturers Association (NEMA)

a. ICS-1 -
Standards for Industrial Control and Systems

b. MG-1 -
Standards for Motors and Generators

5. National Fire Protection Association (NFPA)

a. No. 54 -
National Fuel Gas Code

b. No. 70 -
National Electrical Code

c. No. 8501- Single Burner Boiler Operation

6. American Boiler Manufacturers Association

a. Guidelines for Burner Adjustments of Commercial Oil Fired Boilers

7. Underwriters Laboratories, Inc. (UL)

a. UL296 -
Standard for Oil Burners

b. UL353 -
Standard for Limit Control

c. UL726 -
Standard for Oil Fired Boiler Assemblies

8. Industrial Risk Insurance (IRI)

a. IM.4.0.1 -
Programmable Controllers for Use with Burner Management Systems

b. IM.4.1.0 -
Boiler Codes and Standards

c. IM.4.1.1 -
Single Burner Boiler-Furnaces

B. Requirements of Regulatory Agencies - 

1. Burner performance shall meet the requirements of the guides and rules established by the State of Connecticut DEP with regard to combustion emission.  

1.5 SUBMITTALS 

A. General

1. Submit all manufacturer information to thoroughly describe the equipment or materials he proposes to furnish to accomplish the Work.  Submittals shall be in accordance with the Contract General Requirements Section.

2. Submittals for each manufactured item shall include, but not be limited to, the following:  manufacturer's descriptive literature, equipment shop drawings, diagrams, performance data and characteristic curves, catalog “cuts”, and all internal and external wiring diagrams.

3. Shipping weights and maximum operating weights shall be identified by location and amount of load.

4. Maximum size of expected flame envelope including length and maximum diameter.

5. Manufacturer shall supply all point-to-point diagrams for Contractor field installation and inspect and certify installation.

6. Burner throat materials and installation methods.

B. Certification

1. Acceptable evidence of meeting the specified requirements herein may be a certificate of compliance, from any nationally recognized testing organization equipped and competent to perform such services or a certificate of compliance, executed by an authorized official of the manufacturer, stating that the items have been tested and that the unit meets the requirements of the specified standards, including specified methods of testing.

2. Acceptable evidence of meeting the fuel and combustion controls, combustion safeguard controls, and safety shutoff valves will be the official UL listing mark prescribed in the UL Gas and Oil Equipment List for Gas Burners, FM approval mark prescribed in the Approval Guide of the Factory Mutual System, or a certified test report, from a recognized independent laboratory acceptable to the Engineer, indicating that the components meet the approval requirements of UL or FM.

C. Instructions

1. Each unit shall be furnished with operating instructions.  The operating instructions shall include information relating to the ignition and shut down of the unit and shall otherwise comply with the recommendations for operating instructions as given in ANSI-CSD-1 Part CM and UL795 Part 71.

2. The manufacturer shall provide an eight (8) hour training session for each unit furnished.

PART 2. PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the contract documents, provide the products of one(1) of the following manufacturers:

1. Coen Company

2. The Engineering Company

3. Peabody Engineering

4. Todd Combustion

2.2 REQUIREMENTS 

A. General 

1. “As Specified” and “When Specified” as used throughout this Section denote the specific requirements and criteria called for in the Equipment Schedule.

2. Burner fuel system, controls and sequencing shall be in compliance with the latest edition of NFPA 8501 and shall comply with FM and IRI standards.

3. All controls and safety devices shall be accepted by a nationally recognized testing agency such as Underwriters Laboratories.

4. Unless otherwise indicated, the package burner unit shall consist of complete fuel system(s), nozzles, burner management/flame safeguard system, safety interlocks, limit controls, and control cabinets or panels.  The unit shall be factory-wired and assembled as practical except for readily installed appurtenances, such as pressure and temperature gages.  The burner shall be complete and ready for operation when installed on the applicable boiler and connected to the fuel, electrical supply and required safety and control devices.

5. The package burner shall, as a minimum, be in accordance with the requirements of this Section and shall be the manufacturer's standard commercial product with any added features needed to comply with the requirements.  Additional or better features which are not specifically prohibited by this Section, but which are a part of the manufacturer's standard commercial product, shall be included in the package burner being furnished.

6. The burner front piping and equipment shall be designed and constructed to prevent the formation of hazardous concentrations of combustible gases that may exist under normal operating conditions.

B. Design 

1. The package burner shall be designed in accordance with the applicable references indicated in Paragraph 1.04 and any additional requirements specified herein.  The burner shall be of a design listed herein as acceptable for the boiler or furnace size involved and shall be sequenced for the type of operation specified herein.

2. When the design is not practicable for completely mounted components, such components (or specified as such), shall be supplied loose for installation by the installing contractor, in accordance with manufacturer's wiring diagram.

3. The design shall meet the performance requirements As Specified.

4. The design of the equipment shall be in accordance with good engineering practice.  The equipment design and accessory installations shall permit accessibility for maintenance and service in the field.  The design shall be such as to prevent conditions hazardous to personnel or deleterious to equipment.

5. When the burner is intended for conversion or replacement in a known or existing boiler, the burner shall be suitable for the installation including providing gas, oil and steam connections on the same side of the burners.

6. All units of the same classification furnished under a specific contract shall be identical to the extent required to permit interchangeability of replaceable parts, components, and assemblies.  Any parts used on the same or different classification of units and identified by identical part numbers shall be functionally and dimensionally interchangeable.  All threaded parts shall conform to ANSI B1.1, B2.1, and B2.2, as applicable.

7. Material shall be as specified herein.  Parts for which materials are not definitely specified shall be fabricated of materials acceptable under referenced UL standards or for FM approved equipment and, if not covered therein, of materials used in the manufacturer's standard product.  Materials shall be new and free from any defects that would contribute to premature failure of the unit or would reduce or impair the useability of the unit.

8. Burners shall be adapted to boiler waterwall penetrations without altering existing pressure parts.

9. All burner and ignition components shall be easily accessible and operable from the boiler front while standing on the burner platform.

10. Burners shall be designed so that they do not obstruct traffic in the burner aisle while in the retracted position.

11. Oil guns shall each be physically removable while the steam generator is in service.  Each oil gun shall be provided with a quick release self-seal coupling and swing-away hinged yoke for oil gun removal.  Coupling must provide a tight seal for both oil and steam without requiring excessive force for tightening.

12. Burner coupling block shall be designed with a built-in closure flap or other method of preventing blowback of furnace gases or air in-leakage when the oil gun is removed.

13. Instrument connections for measuring fuel pressure and air flow to each burner shall be provided.  Connections shall be designed in such a manner as to allow instruments to be easily read from the burner front.

14. The entire burner assembly shall be removable as an integral unit.

15. Fuel gas nozzles shall be individually removable and adjustable with the boiler in service.

16. All fuel piping shall consist of seamless steel piping.  Welded joints shall be used between steel components where practicable.  Where bolted flanged joints are necessary the gasket material shall be suitable for the service.  Threaded joints, where unavoidable, shall be in piping of a thickness no less than extra strong.

17. Fuel oil piping shall contain all steel, malleable iron or nickel alloy valves, fittings and other components.  Bronze valves and fittings may be used where metal temperatures do not exceed 400 degree F.

18. Gas piping shall contain steel, bronze, malleable iron or cast iron valves, fittings and other components.  Cast iron shall not be allowed on valves or fittings 4" NPS and larger.

C. Performance 

1. The burner shall meet or exceed all performance criteria set forth herein and shall satisfy all required testing under Part 3 of this Section.

2. When the burner is fired at maximum continuous capacity, the input, expressed in Btu/hr shall be As Specified.

3. The modulated firing range of the burner (turndown) shall not be less than 10 to 1 for gas or 8 to 1 for oil unless otherwise specified in the Equipment Schedule.

4. Equipment shall be designed to burn the fuel(s) As Specified, so that the emissions shall not exceed specified limits when tested.  Both stable firing and combustion efficiency shall be maintained over the entire firing range required by the burner turndown.

5. The burner must operate without the formation of dangerous levels of CO, soot, smoke or damaging flame impingement in the furnace, over the firing range regardless of the fuel being utilized.  Flame impingement shall be defined by the American Boiler Manufacturers Association (ABMA), Handbook of Power Utility and Boiler Terms and Phrases.

6. The flame envelope shall not be longer than 80 percent of the furnace length at any firing rate, and shall not impinge on any tubing or refractory surfaces.

7. The burner shall not emit smoke, the shade or appearance on the Shell-Bacharach scale with the model RDC smoke meter, or its equivalent, of which is equal to or greater than:

a. Number 1 spot or 10 percent opacity for any time period when firing distillate fuel oil or natural gas.

b. Number 3 spot or 30 percent opacity for a time period when firing residual fuel oil.

8. Burners when firing singly or collectively shall produce a stable flame pattern during all specified conditions and load range without exceeding maximum emissions values, maximum excess oxygen values and maximum windbox to furnace differential.

9. The burners shall operate without excessive burned induced vibration (<.3 inches peak to peak within a frequency range of 0-60 Hz) during all operating conditions and over the entire operating range.

10. All equipment shall be designed for a minimum service life of 25 years.

D. System Components:  The package burner and the associated firing and management system shall, at minimum, consist of the following:

1. Forced draft, single or dual air zone, gear-driven registers, burner capable of firing the As Specified fuel(s);

2. Multi-blade, reverse operating, linear, slow opening, windbox forced draft control damper and forced draft fan, when provided;

3. Refractory flame shaping burner throat;

4. Stainless steel gas ring, spud or scroll, when provided;

5. Atomizer guide pipe assembly with air purge and stainless steel shield;

6. Burner mounted damper and fuel valve(s) operating linkage;

7. Spark gas pilot igniter assembly;

8. All fuel train valves (oil, fuel gas and pilot gas), including modulation valves, all of which shall be pre-assembled, mounted and wired to terminal strips;

9. Heavy-duty flame scanner(s);

10. Burner mounted limit interlocks including, but not limited to, safety switches, and high and low pressure fuel switches;

11. Oil gun plug, spare burner atomizers (total of two [2] per burner), burner and wrench set (as required);

12. Solid state “first out” limit annunciator system, factory installed and wired'

13. Self-contained burner management/flame safeguard system;

14. Burner control panel;

15. All required pressure gauges, i.e., fuel(s), atomizing medium, steam drum pressure shall be rack or panel mounted located on the burner assembly.

E. Fuel Burner:  The fuel burner shall consist of the following inter-related elements:

1. Burner:  Air louvers shall include a uniform air distribution perforated screen on the inlet and shall be actuated by heavy duty aircraft type linkage to open and close the registers automatically in proportion with the burner's firing rate.  The burner shall include an inspection door, glass sealed observation port, ball swivel pilot mount and flame scanner mounting bracket.

2. Windbox:  The windbox shall be constructed of heavy gauge steel plate and designed for uniform combustion air flow, containing a multiple blade, reverse operating, linear, slow opening forced draft control air damper.  The forced draft damper flow vs. opening shall have a linear characteristic and be capable of a flow turndown As Specified.  The windbox shall include a heavy duty jack shaft assembly with sealed bearings and cam actuated position micro switches.  Installation of the windbox shall be by welding to the boiler's steel front plate.

3. Refractory Throat Assembly:  The new burner throat shall be designed by the burner manufacturer to assure a uniform flame pattern for complete combustion of the fuel.  Burner throat shall be either pre-formed tile or formed refractory material suitable for the indicated service.  The burner manufacturer shall supply all materials, instructions and design drawings for field installation of the burner throat by the installing contractor.  Proper installation and performance of throat shall be the responsibility of the burner manufacturer.

4. Pilot Assembly:  An electric/gas type pilot assembly shall be provided and shall be a Class 2 or Class 3 igniter.  The pilot system shall be of the interruptible type and include a factory assembled manual gas cock, “Y” strainer, pressure regulator, automatic shutoff valve(s), vent solenoid valve, flexible gas hose and 6000 V ignition transformer in full accordance with NFPA 8501 recommendations.

5. Main Oil Burner:  The oil burner shall be of the inside mix design, steam or air atomized, As Specified, and fitted with a single lever blowout cock to manually purge the oil passages of the gun with steam or air before shutdown.  The oil burner shall be capable of the As Specified turndown without changing of tips, orifices or restrictors.  The oil gun shall be mounted in a stainless steel ended guide pipe with positive forced draft air purge and include a cast stainless steel burner diffuser.

6. Main Oil Train:  The main oil train shall be factory assembled, wired and tested.  The oil train shall include safety shutoff valves, a recirculation solenoid valve (for heavy oil applications), parallel “Y” type strainers with block valves, hand valves, flexible oil hoses, pressure gauges and a modulating oil flow control valve.  The oil train shall include a low oil pressure supply switch and high and low oil temperature switches for firing No. 6 oil.  A register type oil meter with block and bypass valves shall be provided and installed.

7. Steam Atomizing Media Train:  The automatic atomizing steam train shall be factory assembled, wired and tested and shall include an electric shutoff valve, flexible hose, hand valve, constant differential pressure regulator, a “Y” type supply strainer and a drip with condensate trap, interconnecting piping, pressure gauges, low steam supply switch and steam/oil differential switch.  SINGLE DIAPHRAGM DIFFERENTIAL REGULATORS WITHOUT AN ATMOSPHERIC CENTER VENT WILL NOT BE ACCEPTED.

8. Main Gas Train:  The main stainless steel gas ring spud or scroll, shall include a transition section and a modulating flow gas control valve, electric shutoff valves, electric vent valves, strainer, pressure regulator, high and low pressure switches, pressure gauges, manual shut-off valves, and interconnecting piping and controls.

F. Combustion Controls 

1. In general, the combustion control modulating signal required to operate the fuel and air inputs will be supplied to the burner by others, unless otherwise specified.  The type of signal shall be as indicated in the Equipment Schedule.

2. Burner manufacturer shall supply any modulating or operating actuators on suitable control valves, in accordance with the Equipment Schedule attached at the end of this Section.

3. Gas flow meters supplied by the burner manufacturer for proper burner operation shall be operated at constant pressure conditions or shall be pressure compensated.

4. Oil flow meters supplied by the burner manufacturer for proper operation of the burner shall be compensated where variations in delivered temperature or viscosity introduce significant error of potential operating difficulties.

G. Burner Management/Flame Safeguard Systems 

1. The burner management system shall provide outputs, in a particular sequence, in response to external inputs and internal logic.  The logic system shall be specifically designed so that a single failure in that system shall not prevent an appropriate shutdown.  Flame safeguard system shall bring flame instability situations to the attention of the operator and upon detection of serious combustion problems, automatically shuts down the burner.

2. The logic system performing the safety functions for burner management and control system shall not be combined with any other logic or control system.  These burner management safety functions shall include, but not be limited to, providing proper purge interlocks and timing, mandatory safety shutdowns, and trial timing for ignition and flame monitoring.

3. Burner management/flame safeguard system shall be located in the burner control panel and located As Specified.

4. Burner Management System's control sequence, unless otherwise specified, shall be in accordance with NFPA 8501 standard for automatic systems with proved igniter.  Control sequence shall include pre-firing cycle, light-off cycle, modulation and shut-down cycle.  Visual indication, i.e., panel mounted lights, shall indicate cycle position.

5. Flame Safeguard System

a. The flame-failure sensing device shall be of the ultraviolet or infrared self-checking type and shall operate in conjunction with an electronic programming relay.  Provision shall be made to prevent the introduction of any pilot flame or main fuel flame to the furnace until the furnace and boiler passes have been purged of all combustible gases in both the generator and breeching.  Provision shall also be made to prevent the opening of the main fuel valve until the automatic pilot is proven.  The trial period for main fuel ignition shall be set and sealed in accordance with NFPA 8501 for the type of fuel being burned from the time the pilot flame is proven. The system shall require repurging if ignition does not occur during that period.  In case of electrical failure, the automatic safety shut-off valve shall close and the controls shall be manually reset preparatory to a restart.

b. Detection system shall be energized through a circuit breaker of a type to provide over-current protection with time delay thermal and instantaneous trip action on overload and short circuits.  The handle position shall clearly indicate switch position.

c. Electronic flame relay and automatic programmer shall be provided for the burner and shall be activated from a flame sensing device.  The relay shall not be affected by incandescent brick work or the heat in the furnace.  The electronic circuit shall use transistors only, and shall be self-checking.  The failure of any component shall automatically prevent restart of the control, resulting in safety shut-down.  Control chassis shall be readily removable from the mounting frame, without disconnecting any wiring or devices.

d. A scanner response meter shall be flush mounted on burner panel.

e. Indicating lights shall be of industrial “Oil-Tite” construction.  Lights shall be provided for the following:  limits, purge on, ignition, main fuel valve, flame failure.

H. Forced Draft Fan 

1. Burner package unit shall include a centrifugal type forced draft fan, unless otherwise specified, with a direct connected motor arranged for mounting on the windbox.  Fan shall be complete with motor and panel-mounted motor starter and circuit breaker factory mounted.  An inlet air control with screen shall be part of assembly, located at the inlet or the forced draft fan.  Sound level shall be in accordance with federal and local requirements (less than 85 dBA).

2. The fan shall deliver the necessary combustion air against the static pressure resistance of the boiler and burner package plus a test block factor of 15% for volume and 20% for static pressure.

I. Safety Interlocks and Limit Switches 

1. Each burner shall be equipped with the applicable safety interlocks and limit switches as required by NFPA, FM, and IRI.  The safety interlocks and limit switches shall sense the limit or off-limit conditions indicated, cause a non-recycling safety shutdown or recycling shutdown of the burner, As Specified, and determine the position of the controlling or operating element switch without disassembly of any part of the device.  All non-recycling shutdowns shall require a manual reset of the interlock, limit switch, or primary flame safeguard control, and shall be signaled by a red indicating light and a audible alarm.  The safety interlocks and limit switches shall conform to UL353.

2. The following shall be considered non-recycling shutdowns:

a. Low water level cutout (steam)

b. Loss of atomizing medium

c. Loss of combustion air

d. High - high steam pressure

e. High - high water temperature (HTHW)

3. A low fire start interlock shall be provided to prove damper and fuel flow control valves are in low fire position for light off.  The interlock shall be part of or integrated with combustion control system.

4. The flame safeguard and safety interlock system shall consist of an automatic sequence, heavy duty steel cam, motor driven timer which activates a PLC based system and is supplied and programmed by the burner supplier.  The sequence programmer must be FM listed for burner service, IRI and NFPA acceptable.  The programmer shall operate in conjunction with solid state, heavy duty, flame scanners for proven pilot and main flame detection.  MINIATURE SCANNERS AND NON-SELF CHECK SCANNERS WILL NOT BE ACCEPTED.  The safety logic system shall contain a flame signal intensity meter.

5. Each burner safety interlock system shall include the following:

a. High operating steam pressure switch (steam)

b. Forced draft operating fan interlock

c. Low fire start switch

d. High gas pressure switch

e. Low gas pressure switch

f. Low atomizing medium/oil differential pressure switch

g. Low atomizing medium pressure switch

h. Low oil pressure switch

i. Low oil temperature switch (residual fuel oil)

j. High oil temperature switch

k. Low water level cutout interlock (steam)

l. Damper and fuel valves position switches (fan and boiler outlet)

m. Additional limit devices as required

n. Low water flow cutout interlock (HTHW)

o. High operating water temperature switch (HTHW)

6. System components shall be installed in a pre-wired and tested logic panel which shall also include low voltage window lights for “limits”, “main fuel”, “purge” and “pilot”.

7. The safety interlock system shall also include a circuit analyzer to indicate and verify the sequence of the safety program.  The safety logic system shall be capable of and include the PLC for purge programming, low fire light off.

8. The flame failure safeguard control chassis shall be readily removable from mounting frame without disconnecting any wiring or devices.  The system shall operate on 95-127 volts, 60 cycle AC.

J. Limit Annunciator 

1. The burner and safety logic shall include a factory installed and wired, first out, solid state, 16 point limit annunciator with plug in circuit cards and dual low voltage lights for each point.  Typical points annunciated:

a. Low Water Level


b. Low Oil Pressure

c. High Water Level

d. Low Atomizing Medium Pressure

e. High Gas Pressure

f. High Steam Pressure Safety Shutdown

g. Low Gas Pressure

h. Low Medium/Oil Diff. Pressure

i. High Steam Press

j. Low Water Shut-Down 

k. Flame Failure

l. High Oil Temperature

m. Forced Draft Fan Failure

n. Low Oil Temperature

o. High Water Temperature

p. Low Water Flow High Water Temp. Safety Shutdown

2. The annunciator shall include separate fuse protection, test, read and acknowledge switches, and be independent of the safety logic system to afford annunciator servicing without burner interruption.

3. Terminal strip wiring shall be installed for remote alarming.

K. Ignition System 

1. Burners shall be equipped with ignition system designed to impinge on the main burner air/fuel mixture, and supply sufficient ignition energy to provide positive ignition of all fuel discharged from the main burner under interlock light-off conditions.  The igniter shall be integrated with the programming control system specified herein.  Burners shall be equipped with ignition systems of the interrupted type with gas-electric ignition.

2. Gas igniter lines shall be equipped with a pressure regulating valve, a solenoid operated safety shutoff valves, solenoid operated vent valve and a manual shutoff valve.  Ignition transformers shall be rated on the secondary side at not less than 6000 volts for the gas-electric igniters.

L. Burner Control Panel 

1. The controls, including operating switches, transformers, indicating lights, gages, alarms, and annunciator, motor disconnect switch, starters, fuses, and circuit elements of control systems shall be mounted in a single control panel or cabinet insofar as practicable in order to centralize the control functions.

2. Switches shall include burner start, power circuits and any fuel selectors.  Colored indicating lights shall be provided and shall be activated when the interlock for the completion of the operation is activated for the control sequences indicated herein.

3. The control panel or cabinet shall be a NEMA 12 enclosure, and shall not be mounted where it could be a safety hazard for the operator.  The cabinet shall be not lighter than 11 gauge steel plate and shall be provided with an enamel finish and double piano hinged door on front, and equipped with a 3-point compression fastener and key lock handle.

4. All terminals requiring connection upon installation of the boiler shall be permanently identified in such a manner that correct connections can be easily made by reference to the instructions and wiring diagrams provided with the equipment.  Terminal connections for control functions shall be segregated from power circuit terminals.

5. The cabinet shall be completely wired using TW wire, UL approved, run in plastic ducts and arranged so no field wiring is required except from terminal blocks to boiler mounted devices.  Each item in or on the control cabinet shall be identified by a suitable name plate and all pressure operated devices shall be piped to permanently affixed external connectors.  All electrical equipment shall be installed and tested at the burner manufacturer's plant, simulating complete operational sequence.

6. Flame and igniter failure safeguard controls shall be located within this panel and fully wired.  All combustion and indicating controls shall be mounted in this panel “When Specified”.

7. The following control sequence indicating lights shall be provided on the control cabinet:

	Control Sequence
	Indicating Light

	Power On
	White Light

	Ignition
	Amber Light

	Main Fuel
	Green Light

	Flame Failure
	Red Light and Audible Alarm

	Low Water Cut-out 

(Low Water Flow Cut-out)
	Red Light and Audible Alarm

	High Steam Pressure Safety Shutdown
	Red Light and Audible Alarm


8. The package burner shall be equipped with an 8-1/2" dial main steam pressure gauge and with 3-1/2" dial pressure gauges for oil supply pressure, gas supply pressure atomizing medium pressure, gas pressure at burner and oil pressure at burner, as applicable.  A multi-pointer draft gauge shall also be supplied.  All gauges will be mounted on burner front so that they are clearly visible from operating floor.

M. Painting

1. Burner shall be treated, primed and finish painted in accordance with the manufacturer's standard practice.

N. Tools and Spares

1. The following tools and spare parts shall be furnished and tagged as part of this equipment in the quantities indicated:

a. Atomizer assemblies complete with atomizer and cap nut 

b. Ignition electrodes 

c. Burner wrench 

d. Burner vise 

e. Set cold start tips, adaptor and nuts

f. Flame scanner 

PART 3. EXECUTION

3.1 ACCEPTANCE TESTS 

A. General

1. The Contractor shall be responsible for the performance of all tests and inspections as specified herein to demonstrate that the burner(s) and associated components provided as installed, are in compliance with contract requirements.  During burner system start-up tests, factory-trained engineers or technicians employed by the burner manufacturer shall be present, as required, to insure the proper functioning, adjustment, and testing of the individual components and system, and to train plant operation personnel in the operation and maintenance of this equipment.

2. The burner representative shall provide a detailed written record of the start-up performance, including pressure and temperature switch settings, burner combustion data over the entire load range, shall be furnished to the Engineer for his approval.

3. Provide labor, equipment, test apparatus and materials required for preparation and performance of all tests and inspections specified to demonstrate that the combustion equipment, as installed, is in compliance with this Specification.  The Contractor shall correct all defects disclosed by the tests and retest the equipment as necessary.

4. All tests and inspections at the site shall be made under the direction of and be subject to the approval of the Engineer or the Site Representative.  The Contractor shall operate the burner(s) prior to final testing and shall insure that all necessary adjustments have been made.

5. A 48-hour advance written notice shall be submitted to the Site Representative indicating the equipment is ready for testing.  All testing equipment and flue gas analyzers shall be provided by the Contractor, set up, and calibrated prior to the test.  

6. Each burner shall demonstrate control and operational conformance to the requirements of this Specification during cold start-up and under varying load conditions that range from the specified maximum firing rate to the minimum burner turndown firing rate.  The burners shall also be tested for ability to satisfy the demand by “on-off” cycling when the demand is less than the minimum firing rate.  Burners that exhibit (a) abnormal, excessive or unexplained loss of ignition, (b) nuisance shutdown due to faulty burner or control operation, (c) improper flame, (d) excessive carbon deposits, or (e) frequent or difficult adjustments, shall be rejected.

7. The burner shall be tested continuously under varying load conditions to demonstrate proper operation of the combustion control, flame safeguard control, programming control, and safety interlocks.  Conduct this test after the adjustment of the combustion controls has been completed under the combustion test.  The operational test shall continue for a period of at least eight (8) hours and shall include the following:

B. Fuel System In-Service Leak Test

1. The part of the preassembled fuel system furnished integrally with the burner shall be checked for leakage during the fire testing of the burner.  The soap bubble leak test method shall be used to verify tightness of the gas system.

C. Sequencing Test

1. The burner shall start, operate, and stop in strict accordance with the specified operational sequence.

D. Flame Safeguard Test

1. Verify the operation of the flame safeguard controls by simulated flame and ignition failures.  Test burners having intermittent pilots by simulating main flame failure while the pilot is burning.  Verify the trial-for-pilot ignition, trial-for-main flame ignition, combustion control reaction, and valve closing times by stop watch.

E. Boiler Limit and Fuel Safety Interlock Tests

1. Safety shutdown shall be caused by simulating interlock actuating conditions for each boiler limit and fuel safety interlock.  Safety shutdowns shall occur in the specified manner.

F. Combustion Control Test

1. Demonstrate the accuracy, range, and smoothness of operation of the combustion controls by varying the demand through the entire firing range required by the turndown ratio specified for the burner and in case of automatic recycling burners, by further reducing the firing rate to initiate "on-off" cycling.

G. Burner Turndown Test

1. The burner turndown ratio As Specified shall be verified by firing at the minimum firing rate.  The flame shall be stable, and emissions shall be within the limits specified herein.

H. Capacity and Efficiency Tests

1. Perform the capacity and efficiency tests after satisfactory completion of all tests previously specified herein and after the burner(s) have been operating continuously for five (5) days with no nuisance shutdowns and without the necessity for frequent or difficult adjustments.  Perform these tests on each boiler.  Conduct tests using each of the specified fuels.  The test procedures shall be in accordance with the input-output method of ASME PTC 4.1 and shall be reported on the ASME Test Form for Abbreviated Efficiency Test.  The duration of the tests shall be sufficient to record all necessary data but in no case shall it be less than four (4) hours on each fuel.

2. The input capacity specified shall be measured and recorded, for each of the specified fuels.  Efficiency at the specified capacity of the burner shall be determined by an analysis of the flue gases.  Performance shall be as specified.

3. Test runs shall be made for burner settings at ten (10) points over the load range.  At each of the ten (10) load points, shall be entered the burner fuel pressure, windbox air pressure, furnace pressure, fuel supply pressure, percent CO2, percent O2, stack temperature, atomizing steam differential pressure, steam pressure, steam flow, combustion air flow, and FGR flow shall be documented.  Failure to meet the smoke density reading and the minimum carbon dioxide (CO2) percentage requirements shall be cause for rejection of the burners.

I. Combustion and Emissions Performance Tests

1. Test the fuel burning equipment with each of the specified fuels at the minimum limit of the turndown range and at increments of at least ten (10) percent of full rated load.  Analyze and graphically present the following test data for each burner at the tested loads:  gross heat input; net heat output; flue gas temperature, percentages of carbon dioxide, carbon monoxide, oxygen, particulates by smokespot, nitrogen oxides in the flue gas, and percent excess air.

2. Draw an oil sample for each type of oil fired and test nitrogen content of oil fuel burned during the test and provide record of same.

3. Run tests on each fuel until stack temperatures are constant and conformance with the combustion requirements of this Specification have been verified and recorded.  Also verify proper operation of all instrumentation and gages in the control panel during the test.

a. Baseline testing will be performed to determine actual uncontrolled emissions under normal boiler operations.  It will be conducted, where possible, as determined by the availability of system thermal load, at maximum steam flow with varying flue gas oxygen levels where plant operations permit such alterations.

b. The parameters measured will include but not limited to:

1) NOx
-
Nitrogen Oxides

2) CO
-
Carbon Monoxide

3) CO2
-
Carbon Dioxide

4) O2
-
Oxygen

c. The above listed gaseous components will be continuously monitored during the defined test period.

d. Compliance with the emission limits of NOx shall be determined by one (1) hour average testing utilizing Code of Federal Regulations 40 part 60, Appendix A - Test method 7, 7E or 19.

e. Boiler data taken from plant instrumentation will include where available or applicable:

1) Steam flow

2) Steam temperature

3) Feedwater flow

4) Natural gas flow

5) Fuel oil flow

6) Air flow

7) Draft readings for: Windbox; Furnace; Stack

4. Flame safeguard tests that shall be conducted include the following:

a. Flame Failure - The operation of the flame failure control shall be verified by simulated flame and ignition failures.  The igniter establishing period, the main-burner establishing period, flame-failure reaction time, and the safety-shutoff valve closing times shall be verified by stop watch.

b. Immunity to Hot Refractory - The burner shall be operated at high fire until the combustion chamber refractory reaches maximum temperature.  The main fuel valve shall then be closed manually.  The combustion safeguard shall drop out causing the safety shutoff valve to close within the specified control reaction and valve closing flame-failure reaction time.

c. Minimum Igniter Test - The fuel supply to the igniter flame shall be gradually reduced to the point where the combustion safeguard begins to drop out (sense “no flame”) but holds in until the main valve opens.  At this point of reduced igniter fuel supply, the igniter flame shall be capable of safely igniting the main burner.  If the main fuel valve can be opened on an igniter flame of insufficient intensity to safely light the main flame, the burner shall be rejected.

d. Spark Rejection Test - With the fuel supply to both the igniter and main flame closed, the burner shall be operated into the ignition cycle.  When the spark ignition comes on, the flame detector shall not be activated.  If the flame detector can be activated, the burner shall be rejected.

END OF SECTION

ATTACHMENT A - PERFORMANCE CURVES

PART 4. ATTACHMENT B - EQUIPMENT SCHEDULE

A. Site Data:

1. Elevation (Feet above sea level)
100

2. Combustion Air Temperature
70 degree F ±

3. Burner Installation Location
Indoor

4. Available Electric

480 volt, 3 phase, 60 cycles

5. Available Pneumatic Air
Yes

B. Boiler Data: (See Section 15556)

C. Fuel Data:

1. Fuel Types
Natural Gas/#6 Oil

2. Design Heat Values
1000 BTU/ft3/150,000 BTU/gal

3. Delivery Pressure (psig)
15 / 150 

4. Fuel Train Design Standard
FM/IRI/NFPA 8501

5. Pilot Gas
Natural Gas/LPG

D. Burner Type:

1. Burner Construction


Parallel Flow or Register

2. Dual Fuel Burner and Guide Pipe:
Yes

3. Atomizing Medium


Steam

4. Supply Forced Draft Fan

Yes

E. Turndown Data:

1. Gas
10:1

2. Oil
8:1

F. Burner Control Data:

1. Burner Control Panel

Local

2. Combustion Control

Fully Metered

3. Modulation Signal Type: 
4-20 ma/0-30 psig

4. Air Actuator Control Type
By Linkage/4-20 ma/0-30 psig

5. Gas Actuator Control Type
By Linkage/4-20 ma/0-30 psig

6. Oil Actuator Control Type
By Linkage/4-20 ma/0-30 psig

G. Limit switches to be supplied:

1. Steam Overpressure

2. Steam Overpressure (Shutdown)

3. High and Low Oil Temperatures

4. High and Low Gas Pressures

5. Low Atomizing Medium/Oil Pressure Differential

6. Low Atomizing Medium Pressure

7. Air Supply Pressure (or Draft Actuator Position Switch)

8. Low Oil Pressure

9. Draft Switch (Non-Time Delay)

10. Draft Switch (Time Delay)

11. Low Instrument Air Switch

12. High and Low Drum Water Level

13. Low Water Cut-Out

H. Burner Performance Data (minimum requirements in boiler outlet):

1. Flue Gas Recirculation:
Optional

2. NOx Emission (Pounds NOx/Million BTU)

a. Natural Gas
0.20

b. #6 Fuel Oil (with .35 Nitrogen fuel):
0.30

3. CO2 Emissions (% Volume)

a. Natural Gas
10.5 @ 100% Load

10.1 @ 50% Load

  9.7 @ 22 1/2% Load

b. #6 Fuel Oil
14.2 @ 100% Load

13.7 @ 50% Load

13.4 @ 22 1/2% Load

4. Excess Air (%)

a. Natural Gas
10 @ 100% Load

15 @ 50% Load

17.5 @ 22 1/2% Load

b. #6 Fuel Oil
13 @ 100% Load

17 @ 50% Load

20 @ 22 1/2% Load

5. CO Emissions (ppm)
< 50 @ 100% Load

< 100 @ 50% Load

< 300 @ 22 1/2% Load

6. Particulates (lbs./million BTU)
< = .1 All Loads
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