BUILDING NO.
SC#

PROJECT NAME

SECTION 15559

STEEL WATER TUBE BOILERS

PART 1 - GENERAL

1.01
WORK INCLUDED

A.
Boilers

B.
Boiler trim

C.
Fuel burning equipment and connections

D.
Controls

1.02
RELATED WORK

A.
Section [03001 - Concrete] [03300 - Cast-in-Place Concrete]

B.
Section 15515 - Hydronic Specialties

C.
Section 15525 - Steam and Steam Condensate Specialties

1.03
CODES AND STANDARDS

Comply with all of the following:

A.
Section 15010, Part 1.05 - Codes and Standards

B.
Code of Federal Regulations (CFR)

1.
10 CFR 430
Appendix N

2.
29 CFR 1910.7
Definitions and Requirements for a Nationally 
Recognized Testing Laboratory (NRTL)

C.
State of California Code of Regulations (CCR)

1.
CCR Title 8
Industrial Relations (Cal/OSHA): Ch 4.  Division 
of Industrial Safety (DIS):

a.
SubCh 2.
Boiler & Fired Pressure Vessel Safety Orders

b.
SubCh 5.
Electrical Safety Orders

D.
Bay Area Air Quality Management District (BAAQMD)

E.
American Gas Association (AGA)

1.
AGA  Directory of Certified Appliances and Accessories

2.
AGA Z21.13
Gas-Fired Low-Pressure Steam and Hot Water Boilers

F.
American Society of Mechanical Engineers (ASME)

1.
ASME BPVC
Boiler and Pressure Vessel Code, Construction 
Sec I of Power Boilers

2.
ASME BPVC
Boiler and Pressure Vessel Code, 
ConstructionSec IV of Heating Boilers

3.
ASME BPVC
Boiler and Pressure Vessel Code, Construction 
Sec VIII of Pressure Vessels

G.
Hydronics Institute (HI)

1.
HI Testing and Rating Standard for Cast Iron and Steel Heating Boilers

H.
Industrial Risk Insurers (IRI)

I.
National Board of Boiler and Pressure Vessel Inspectors (NBBPVI)

1.
NBBPVI 23
National Board Inspection Code

J.
National Electrical Manufacturers Association (NEMA)

1.
NEMA 250
Enclosures for Electrical Equipment (1000 Volt 
Maximum)

K.
National Fire Protection Association (NFPA)

1.
NFPA 54
National Fuel Gas Code

2.
NFPA 58   
Storage and Handling of Liquefied Petroleum Gases

3.
NFPA 70
National Electrical Code

L.
Underwriters Laboratories, Inc. UL Gas and Oil Equipment Directory

1.04
SUBMITTALS

Comply with all of the following:

A.
Section 15010, Part 1.16 D.1 - Approval of Materials.

B.
Test Data:

1.
Factory inspection and test reports as specified in subpart 2.14, ‘Source Quality Control.’

2.
Field test report as specified in subpart 3.02, ‘Field Quality Control.’

C.
Shop Drawings:  Dimensioned and detailed drawings, including control wiring diagrams complete and specific for each boiler supplied.

D.
Product Data:  Include descriptive data, specifications, ratings, performance data, installation instructions, and start-up instructions.

E.
Operations and Maintenance Data:

1.
Initial Submittal:
Operating instructions, maintenance instructions, and parts list.

2.
Closeout:
Complete manuals.

F.
ASME [Sec I] [Sec IV] [and]  [Sec VIII,] NFPA 54,  and AGA Z21.13 for boiler fabrication.

G.
NFPA 70 code for internal wiring of factory wired equipment.

H.
CCR title 8, Ch 4, SubCh 2 safety regulations.

I.
Units shall be approved and labeled by a nationally recognized testing laboratory (NRTL) recognized under 29 CFR 1910.7.

Edit the following paragraphs to suit project requirements.

E.
Provide factory tests to check construction, controls, and operation of unit.  [Test shall be witnessed by the University [at Subcontractor's expense].]

F.
Provide authorized boiler inspection prior to shipment, and submit copy of inspection report to the University.

G.
Guarantee boilers less than 300,000 Btuh (88 kW) to operate at a minimum seasonal efficiency of [80% AFUE for hot water units] [75% AFUE for steam units].

H.
Guarantee boilers greater than 300,000 Btuh (88 kW) to have a maximum and minimum rated combustion efficiency of 85% for gas fired boilers.

1.06
AIR QUALITY

Verify current standard with BAAQMD or SJUAPCD.

Boiler and burner installation shall conform to and comply with Bay Area Air Quality Management District (BAAQMD) requirements for stack emission.  Boiler stack emissions shall be limited to [  ]ppm CO and [  ]ppm NOx.

1.07
PROTECTION

Protect boilers from damage by leaving factory inspection openings and shipping packaging in place until final installation.

1.08
MAINTENANCE MATERIALS

Provide wire brush and [one piece] [hinged] handle for tube cleaning.

PART 2 - PRODUCTS

2.01
ACCEPTABLE MANUFACTURERS

A.
Bryant, Cleaver Brooks, Kewanee

B.
No substitutions

Edit the following descriptive specifications for any conflicts with the manufacturer's products specified above.

2.02
MANUFACTURED UNITS

A.
Performance rating shall be in accordance with HI, ‘Testing and Rating Standard for Cast Iron and Steel Heating Boilers.’

B.
Provide [     ] boilers for producing [steam] [hot water], each with gross input of [     ] Btu/hr (    W), gross output of [     ] Btu/hr (    W) at [    psi (    kPa)] working pressure at [sea level] [   -foot (   -m) elevation].

Select option for boiler fluid type.

C.
Provide factory-assembled, factory fire-tested, self-contained, readily transported unit ready for automatic operation except for connection of [water,] [steam,] fuel, electrical, and vent services.

D.
Mount on integral structural-steel frame base and provide integral forced-draft burner, burner controls, boiler trim, refractory, insulation, and jacket.

E.
Provide at least 5 sq ft (1.5 m2) of fireside heating surface for each rated boiler horsepower.

Include for hot water.

F.
Water entering hot water boiler shall be thoroughly mixed with hot boiler-water through jet-induced circulation.

G.
Electrical Characteristics:

1.
[     ] rated load amperes.

2.
[     ] V, [single] [three] phase, 60 Hz.

2.03
BOILER SHELL

Select applicable working pressure and medium.

A.
Construct to applicable ASME BPVC for allowable working pressure of [[30 psi (210 kPa)] [60 psi (415 kPa)] [125 psi (865 kPa)] [140 psi (    kPa)] [200 psi (1 380 kPa)] [400 psi (    kPa)] [860 psi (    kPa)] [970 psi (    kPa)] gauge water.] [15 psi (105 kPa)] [150 psi (1 035)] gauge steam.]

B.
Construct of welded steel boiler plate with adequately sized water legs and tube headers, providing thermal internal water circulation without an external circulation source.

C.
Tubes:  Seamless water tubes, minimum 13-gauge (2-mm) steel, inclined tube design for straight tube boiler, or seamless water tubes, minimum 12-gauge (2.5-mm) steel, six pass serpentine bend design not subject to thermal shock for flexible-tube boiler.  Individual tubes shall be easily removed and replaced, without either welding or rolling, and without entry into combustion chamber or any major disassembly of the jacket.  Boiler shall not have less than 5 sq ft (1.5 m2) of heating surface per boiler horsepower.

D.
Provide two lifting eyes on top of boiler.

E.
Provide adequate tappings, observation ports, removable panels, and access doors for entry, cleaning, and inspection.

F.
Insulate casing with readily removable 2-inch (50-mm) thick glass-fiber blanket insulation covered by sectional, preformed minimum 18 gauge (1.2 mm) sheet-metal jacket.  Boiler casing temperature shall not exceed ambient boiler-room temperature by more than 18°F (Ð10°C) with surface air velocity of 1 ft/sec (0.304 m/sec).

G.
Factory-paint boiler, base, and other components with hard-finish silicone enamel.

2.04
STEAM BOILER TRIM

Select for steam boiler.

A.
Provide steam pressure gauge 0 to 30 psi (0 to 210 kPa) gauge with cock and test connection and ASME-rated pressure-relief valve [15 psi (105 kPa)] [150 psi (1 035 kPa)] [200 psi (1 380 kPa)] [    psi (    kPa)] gauge.

B.
Water Column:

1.
Provide water column with cocks, gauge-glass set, and blowdown valves for gauge glass and column.

2.
Provide low-water cutoff with automatic reset integral with water column to prevent burner operation automatically whenever boiler water falls below safe level.  Provide a probe-type auxiliary low-water safety cutoff, manual reset type.

3.
Provide boiler feedwater condensate return pump control, integral with water column to maintain water level automatically by controlling pump operation.  Provide control range of at least [    inches (    mm)] [    gallons (    L)]. 

C.
Steam Pressure Controls:

1.
Provide operating-pressure controller for burner to maintain steam pressure setting.

2.
Provide high-limit-pressure controller with manual reset for burner to prevent steam pressure from exceeding safe system pressure. 

D.
Provide automatic conductivity blowdown control and direct chemical feed system to boiler and condensate tank.

2.05
HOT WATER BOILER TRIM

Select for hot water boiler.

A.
Provide combination water pressure and temperature gauge, and ASME-rated pressure-relief valves [30 psi (210 kPa)] [40 psi (275 kPa)] [50 psi (345 kPa)] [80 psi (550 kPa)] [100 psi (690 kPa)] [    psi (    kPa)] gauge.

B.
Provide low-water cutoff with automatic reset integral with water column to prevent burner operation automatically when boiler water falls below safe level.  Provide a probe-type auxiliary low-water cutoff, manual reset type.

C.
Temperature Controls:

1.
Auto reset type shall control burner ON-OFF and burner firing rate to maintain boiler water temperature.

2.
Manual reset type shall control burner to prevent boiler water temperature from exceeding safe system water temperature.

D.
Provide fixed-setting type pressure control to ensure minimum operating pressure.

E.
Provide air-vent tapping in boiler shell.

2.06
FUEL BURNING EQUIPMENT AND OPERATING AND SAFETY CONTROLS FOR BOILERS WITH GROSS RATING OF 40 HORSEPOWER (30 kW) AND OVER

Select applicable burner operation and fuel.

A.
General:

1.
Forced-draft automatic burner integral with front head of boiler, designed to burn natural gas and propane.  Burner operation shall be [ON-OFF] [HI-LOW] modulating with low-fire ignition position.  Maintain fuel-air ratios automatically with flue-gas temperature at least 68°F (20°C) above dew-point temperature of flue gases at boiler outlet.

2.
The boiler burner equipment, operating controls, and safety controls shall be designed to the recommendations of NFPA [54] [58] and the Industrial Risk Insurers (IRI) for automatic gas-fired boilers, with the following exception:  a normally open vent-line solenoid valve shall be provided between dual safety shutoff valves on gas pilots regardless of Btu/hr (W) rating.

B.
Equipment and Controls:

1.
The fuel burning equipment shall be designed, set, and adjusted at the factory to burn approximately 1050 Btu/cu ft (308 W/m3) natural gas having a specific gravity of 0.63, or propane-air mixed gas of the same burning characteristics.  The propane-air mixed gas will be used as a standby gas.


2.
Provide forced-draft, high-radiant annular entry, premix flame retention power burner with electric ignition with gas-electric ignition and gas pressure regulator.

3.
All combustion air shall be furnished by the burner blower, which shall be an integral part of the burner.

4.
The gas burner shall burn the specified quantity of fuel without objectionable vibration, noise, or pulsation, with not more than 15% excess air and no more than [   ] ppm (    mg/kg) NOx and [   ] ppm (    mg/kg) CO in the products if combustion with minimal volatile organic compound (VOC) emissions  commensurate with the best available control technology (BACT).

5.
The combustion head shall be designed to maximize the stoichiometry of the fuel-air mixture while significantly reducing the thermal NOx levels.

6.
Primary-secondary air control shall be a design function of the combustion head.  Combustion heads requiring an external adjustment will not be accepted.

7.
Equip the burners with a cast or heavy steel blower housing with integral fan scroll.

8.
Provide a permanent observation port in the burner to allow observation of both the pilot and the main flame.

C.
The burning equipment shall be able to handle either gas without changing orifices or making adjustments.  Unit efficiency, based on the gas analysis, shall not be less than 80%.

D.
The burner shall be of the multiple-jet or annular-port flame-retention type, and shall use an interrupted, spark-ignited proved gas pilot.  The gas-pilot assembly shall include a pilot burner, a spark-ignition assembly and minimum 6,000-V ignition transformer.  The primary/secondary air shutters shall be adjustable.

E.
The forced-draft fan shall be a centrifugal type with electric-motor drive, [direct] [V-belt].  The fan shall be dynamically balanced.  Motors less than 1/2 hp (0.37 kW) shall be high-efficiency, 115 V, 60 Hz, single-phase, and larger motors shall be [208 V] [460 V], 60 Hz, high-efficiency three-phase.

F.
The fan damper and the butterfly valve shall be actuated by a modulating control motor through mechanical linkages with adjustable limits to provide turndown ratios or full modulation as specified of the burner in response to firing demand from the temperature controller.

2.07
OPERATING AND SAFETY CONTROLS

A.
In addition to the control components shown in the ‘Gas Train’ subpart of this section, the following operating and safety controls shall be provided:

1.
Operating water temperature controller, adjustable differential, 100-240°F (38-116°C), Honeywell ‘L4006A’ or ‘L4008A’ (remote bulb),      , or equal.  Operates two safety shutoff valves.

2.
Proportional temperature controller, liquid-filled remote bulb, 100-240°F (38-116°C), Honeywell ‘90,’ ‘T991A,’      , or equal.  Operates proportioning control motor and butterfly valve.

3.
Proportional-control motor shall operate fan damper and butterfly control valve through mechanical linkages, Honeywell ‘M941C,’ Modutrol motor, or equal, including auxiliary switch to provide low-fire-start interlock.

4.
High-limit temperature controller, 110-290°F (43-143°C), Honeywell ‘L4006E,’      , or equal, lockout on temperature, rise, manual reset, 120 V, 60 Hz, with thermal well. Shuts burner down on high water temperature.  Manual reset to restart.  (On steam boilers:  high-pressure switch Honeywell ‘L404C,’      , or equal.)

5.
Low-water cutoff, McDonnell-Miller ‘150,’      , or equal.  Shuts burner down on low water and restarts automatically when water level is restored.  Will be mounted in piping above the boiler by others.  Contacts shall be provided for alarming and to shut burner down.

6.
Low-water safety cutoff with manual reset, electrode-probe type, NRTL listed and approved, Hydrolevel Corp. ‘OEM-170MC,’ Honeywell ‘RW700B,’ or equal.  Shuts burner down immediately on low water and provides alarm.  Manual reset required to restart.  Mount on boiler or piping above the lowest permissible water level.

7.
Running-airflow pressure switch shall sense pressure or flow on fan discharge downstream of fan damper.  Safety lockout shall occur when the switch opens; Dwyer ‘1823,’ Honeywell ‘C645C,’ or equal.

8.
Repurge-airflow switch shall measure differential pressure between fan discharge downstream of damper and stack.  Purge-airflow interlock shall sense at least 60% of maximum airflow for purge cycle to continue; Dwyer ‘1823,’ Honeywell ‘C645C,’ or equal.  In lieu of a differential-pressure switch, a fan-damper position switch may be used to prove that fan damper is in high-fire position.  Auxiliary switch on control motor is not an acceptable method.

9.
Hot-water-pump running interlock shall shut boiler down when pump is not operating.  Wiring will be installed in field by others.

10.
All mercury-bulb snap-action switches shall be mounted on vibration-free supports.  The low-gas-pressure switch and the running-airflow pressure switch shall be connected with union or flare-out pressure fittings.

11.
The following items shall be provided and installed on all boilers at the factory:

a.
Pressure relief valve sized, set, and stamped in accordance with ASME BPVC and the State of California Boiler Safety Orders (CCR title 8, Ch 4, SubCh 2)

b.
Combination temperature and pressure gauge, dial type, or separate temperature and pressure gauges shall be provided

c.
Flue-gas temperature gauge

2.08
FLAME MONITOR PROGRAMMING CONTROL

A.
Requirements:  The flame monitor programming control shall be Honeywell ‘7800 series,’      , or equal, to supervise pilot and main flame.  An infrared amplifier shall be used.  The control system shall be designed to specifically conform to and comply with IRI requirements for automatic gas burners, and shall be NRTL listed.  The control shall provide the following functions:

1.
General Functions:

a.
The control shall accomplish a safe-start component check during each start, which will prevent the burner from firing under any condition that causes the flame relay to assume and hold its energized position due to the presence of an actual flame, a flame-simulating component failure, or a mechanical failure.

b.
A circuit shall be provided for a valve-position interlock that proves the automatic safety shutoff valve is closed prior to start-up.  Boiler start-up program shall not proceed to ignition unless valve is proved to be closed.

c.
A purge period of at least 30 seconds, with the damper driven to the open position, and with an interlock circuit to prove airflow rate during the purge period.   A starting interlock circuit is required to prove that the burner equipment is in the low-fire position at the start of the cycle and at time of ignition, plus an interlock to prove airflow during the purge and firing cycle.

d.
A pilot-establishing period of not more than 10 seconds.

e.
Limited trial-for-ignition of main flame, restricted to not more than 10 seconds for gas.  Safety shutdown following flame failure, with fuel and ignition circuits de-energized in 3 seconds nominal.

f.
A post-purge period of 15 seconds following a shutdown.

g.
The control system shall recycle automatically under control of the operating control and when power is restored following power failure.

h.
An interlock circuit shall be provided for the running-airflow switch, low-gas-pressure switch, high-gas-pressure switch, and/or any other switch, that must be closed during the prepurge and firing cycles.  A safety lockout shall occur if this interlock circuit opens during an operating cycle.

i.
The control shall permit discreet connection of the operating temperature controller, safety limit switches (high temperature, two low water cutoffs, high gas temperature and low gas pressure), starting interlocks, running-airflow switch, modulator switching circuits, and lockout alarm.

2.
Mechanical and Electrical Function:

a.
The control system shall be designed for 120-V operation with one side grounded.  All switching shall be accomplished in the hot circuit.

b.
The program timing shall be accomplished by a self-checking microprocessor,  The timing periods shall not vary more than 5% through an ambient temperature range of +32 to +125°F (0.0 to +52(C), and through a supply voltage range of plus 10% or minus 15% of nominal line voltage.

c.
The flame monitor control shall incorporate a latch circuit that prevents the fuel valve from becoming re-energized following a safety shutdown, until a lockout has occurred and a manual reset has initiated a complete restart.

d.
Test jacks shall be provided for direct connection of a flame-signal meter.

e.
The control chassis shall be of plug-in design to facilitate replacement without disconnecting any external wiring.

3.
Flame Detection Functions:

a.
The pilot and main flames shall be monitored by an infrared-sensitive scanner that cannot be actuated by hot refractory.

b.
The scanner shall mount on and sight through a 1/2- or 3/4-inch (13- or 19-mm) standard pipe.

c.
The scanner shall be suitable for operation over an ambient operating temperature range of 0 to 125°F (Ð18 to +52°C), as measured on the mounting hub.

d.
The control shall be designed to cause the flame relay to drop out or stay out if any component in the electronic circuit, susceptible to shorting or openings, fails.

2.09
BOILER CONTROL PANEL

A.
The boiler control panel shall be mounted on the wall adjacent to the boiler.  Independent mounting is required to avoid vibrations that may be generated by the boiler.  Maintain required NEC clearance in front of panel.  Panel shall have provisions to padlock controls in the OFF position to protect service personnel.

B.
All wiring in the panel, and on the controls external to the panel, shall be factory installed and tested and shall conform to and comply with the State of California Electrical Safety Orders (CCR title 8, Ch 4, SubCh 5).  The control panel shall be listed by an NRTL for industrial flame control panels and shall bear the label of an NRTL to identify it as such.

C.
The control cabinet shall contain the flame monitor and programming control, a magnetic motor starter with thermal overloads for the fan, a stepdown transformer (if necessary) to provide 120 V, 60 Hz, single-phase power for all of the control components, a burner ON-OFF switch, control-circuit breaker, numbered terminal strips, color-coded wiring, engraved nameplates, reset push button, and necessary relays and switches.

D.
On boilers over 40 hp (30 kW) gross capacity, a manual set-point potentiometer shall be provided for manual operation of the proportioning-control motor.  In addition, indicating lights shall be installed on the control panel for Control Power ON, Burner ON, and Flame Failure.  An indicating meter shall be provided to monitor the flame signal of the flame-monitor control.

E.
Provide direct digital control (DDC) interface hardware to allow remote access for monitoring and controlling the boiler.

2.10
ALARM SYSTEM

A.
An alarm system shall be provided.  The alarm panel shall be incorporated in the boiler-control panel.

B.
All wiring in the alarm panel and on the controls external to the panel shall be factory installed and tested, except for interconnecting wiring between the packaged boiler unit and a remotely mounted alarm panel.  Wiring shall conform to and comply with the State of California Electrical Safety Orders (CCR title 8, Ch 4, Subch 5).

C.
The first off-limit conditions shall be incorporated in the ‘first-out’ alarm panel:

1.
Pilot-flame failure (manual reset on flame-monitor controller)

2.
Flame failure (manual reset on flame-monitor controller)

3.
Low water level (automatic reset when low water condition is corrected)

4.
High water (automatic reset) for steam

5.
High temperature (manual reset on high-limit temperature controller) for HHW

6.
High pressure (manual reset on high-steam pressure controller) for steam

7.
Automatic safety shutoff valve not closed prior to start-up

8.
Low-low water (manual reset on water level control)

9.
High gas pressure (manual reset on high-gas-pressure switch)

10.
Low gas pressure (manual reset on low-gas-pressure switch)

11.
Low combustion airflow

D.
Alarm lights shall be provided on the alarm panel to indicate each off-limit condition.  An audible alarm shall be included on the panel.  An alarm test circuit shall be provided.  The ‘first-out’ alarm indicator shall be Fireye ‘53SE2,’ or equal (no known equal).

E.
The alarm system shall be designed to send one alarm signal to [the central building alarm station] [the central plant mechanical alarm station].

2.11
EMISSION CONTROL

A.
The recirculation system shall be used when boiler CO and NOx emissions must be reduced to meet [Bay Area Air Quality Management District (BAAQMD)] [San Joaquin Unified Air Pollution Control District (SJUAPCD)] air quality standards.

B.
Flue Gas Treatment System:  Provide a flue gas treatment system to reduce the NOx emission below [   ] ppm  ([   ] mg/kg) corrected to 3% oxygen including all required components and controls, commensurate with the BACT.

2.12
FUEL BURNING EQUIPMENT AND OPERATING AND SAFETY CONTROLS FOR BOILERS WITH GROSS RATING OF LESS THAN 40 HORSEPOWER (30 kW)

A.
The fuel burning equipment shall be the same as that specified for larger boilers elsewhere in part 2 of this document, except operation shall be ON-OFF rather than modulating.

B.
The boiler gas train shall be same as that specified for larger boilers, except the butterfly control valve is not required.  Two-stage firing with low-fire start and low and high-fire run shall be employed except where the furnace heat release rate is less than 50,000 Btu/cu ft (    W/m3).  For two-stage firing, the motorized safety shutoff valve (MSSOV) shall be Honeywell ‘V5055B’ valve body with ‘V4062’ actuator; ITT General Controls ‘V710’ valve body with ‘AH4’ actuator with two-stage control, 120 V, 60 Hz, or equal.  Valve opening time shall be 15 seconds (maximum) on the first stage.

C.
The operating and safety controls shall be the same as that specified for larger boilers, except two-position temperature controller and two-position damper motor are required.

D.
The flame monitor and programming control shall be the same as that specified for larger boilers, except the system shall be wired for ON-OFF control.

E.
The boiler control panel shall be same as that specified for larger boilers.

F.
The alarm shall be same as that specified for larger boilers.

PART 3 - EXECUTION

3.01
INSTALLATION

A.
Install boiler on concrete housekeeping base, sized minimum 4 inches (100 mm) larger than boiler base.  Refer to section 03300.

B.
Maintain minimum of 36-inch (915-mm) clearance around boiler.

C.
Complete structural, mechanical, and electrical connections in accordance with manufacturer’s installation instructions.

D.
Pipe relief valves to nearest floor drain.

3.02
TESTING AND PREPARATION

A.
Boilers shall be fire tested at the factory.

B.
Provide services of factory representative of boiler-burner manufacturer to:

1.
Supervise installation of burners and controls.

2.
Start up and adjust burners and controls.

3.
Test individual burner controls for proper operation.

4.
Test safety controls for proper operation.

5.
Set burner firing rates for specified conditions.

6.
Adjust burners for optimum fuel-air ratio over entire operating range.

7.
Test boiler safety (or relief) valves.

8.
Test combustion efficiency over full operating range using Interact 2000, Baccarac Electronic Meter, or equal, and provide University with test results.

9.
Test for NOx emissions.

10.
Test for gas leaks.

C.
The University will witness all of the above tests [at Subcontractor’s expense].  Provide a minimum of five working days notice prior to the tests.

D.
Submit written report by boiler-burner manufacturer confirming that safety and operating controls and burners have been properly installed, calibrated and adjusted, and certify that current BAAQMD air pollution control standards are being met.

3.03
CLEANING AND FLUSHING

After the boiler has been installed, the Subcontractor shall boil out the boiler and the entire piping system at low pressure for a period of not less than 8 hours by recirculating a solution consisting of 4 lb (2 kg) trisodium phosphate for each 1000 lb (454 kg) of water contained in the system.  After boiling out, the boiler and system shall be drained and thoroughly flushed and immediately refilled with clean water and drained again.  Finally, refill immediately to normal operating level with clean, chemically treated soft water, approved by University Representative, before placing into service.

3.04
SCHEDULES

Provide a schedule when several boilers of different sizes are to be specified.  Complete, following identification method used on the drawings.  This schedule contains no units of measurement.  These may be added to the schedule legend or included within each insert.
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