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            CHAPTER 19 19.1 INTRODUCTION Although heating boilers are designed and constructed safely under Section IV, the rules of Section VI are recommended for their care and operation. These rules are no mandatory guidelines for the safe and efﬁcient operation of steam-heating boilers, hot- water-supply boilers, and hot-water-heating boilers after installa- tion (however, they are not applicable to potable water heaters). It should be noted that this chapter generally follows the format of Section VI; where additional information is considered beneﬁcial, it has been added. 19.1.1 Scope of Section VI This chapter is divided into nine sections, each containing tables and ﬁgures that help to clarify the information given. A brief outline of the contents of each section is given as follows: Section 19.2: General This section covers the scope of this chapter, provides some background on the use of illustrations and Manufacturer’s information, brieﬂy summarizes how this chapter is related to Section IV, and gives a glossary of terms applicable to boilers, fuels, fuel-burning equipment, combustion, and water treatment. Section 19.3: Types of Boilers Boilers are classiﬁed according to their design, construction, and application. Different types of boilers, such as steel, cast iron, modular, and vacuum boilers, are all described and illustrated. Sections 19.4-19.5: Accessories and Installation This section addresses in detail the requirement of accessories and the installation of these accessories. The requirement of major accessories (safety and safety relief valves, low water fuel cutoffs and water-feeders, pressure gages, water gage glasses, pressure controls, temperature controls, thermometers, circulating pumps, expansion tanks, and so on) is discussed, and installation diagrams are provided. Section 19.6: Fuels Fuels that are commonly used for combus- tion of boilers are gas, oil, and coal. Also, electricity is used as fuel for boilers. Some characteristics of the different fuel types are dis- cussed. Section 19.7: Fuel-Burning Equipment and Fuel-Burning Controls Fuel-burning equipment is used to burn fuel efﬁciently and release the heat energy in the fuel. Controls such as operating controls, limit controls, safety controls, and programming controls for controlling the functions of the fuel-burning equipment are dis- cussed. Section 19.8: Boiler-Room Facilities A boiler room is the loca- tion where all types of boilers are installed. This section covers all the requirements of boiler-room facilities for safe operation and maintenance. Section 19.9: Operation, Maintenance, and Repair of Steam Boilers Low-pressure steam boilers are used mainly for space heating. Recommendations for the operation, maintenance, and repair of steam boilers are included in this section in addition to the procedures for inspection of steam boilers. Section 19.10: Operation, Maintenance, and Repair of Hot- Water Boilers Requirements of the care and operation of both hot- water-supply boilers and hot-water-heating boilers are different than those of steam boilers. This section covers not only the oper- ation, maintenance, and repair guidelines for hot-water boilers, but tests and inspections of hot-water-supply and hot-water-heating boilers as well. Section 19.11: Water Treatment This section covers water treatment considerations, boiler water problems, the chemicals used for water treatment and their functions, treatment alternatives, and various procedures. The methods of treating laid-up boilers are discussed. ASME SECTION VI: RECOMMENDED RULES FOR THE CARE AND OPERATION OF HEATING BOILERS Geoffrey M. Halley and Edwin A. Nordstrom 1 1 M. A. Malek was the author of this Chapter for the ﬁrst edition, and Geoffrey M. Halley was the author for the second edition. ASME_Ch19_p001-040.qxd 8/25/08 6:12 PM Page 1 
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CHAPTER
 19
 19.1 INTRODUCTION
 Although heating boilers are designed and constructed safelyunder Section IV, the rules of Section VI are recommended fortheir care and operation. These rules are no mandatory guidelinesfor the safe and efficient operation of steam-heating boilers, hot-water-supply boilers, and hot-water-heating boilers after installa-tion (however, they are not applicable to potable water heaters). Itshould be noted that this chapter generally follows the format ofSection VI; where additional information is considered beneficial,it has been added.
 19.1.1 Scope of Section VI This chapter is divided into nine sections, each containing
 tables and figures that help to clarify the information given. Abrief outline of the contents of each section is given as follows:
 Section 19.2: General This section covers the scope of thischapter, provides some background on the use of illustrations andManufacturer’s information, briefly summarizes how this chapteris related to Section IV, and gives a glossary of terms applicable toboilers, fuels, fuel-burning equipment, combustion, and watertreatment.
 Section 19.3: Types of Boilers Boilers are classified accordingto their design, construction, and application. Different types ofboilers, such as steel, cast iron, modular, and vacuum boilers, areall described and illustrated.
 Sections 19.4-19.5: Accessories and Installation This sectionaddresses in detail the requirement of accessories and the installationof these accessories. The requirement of major accessories (safetyand safety relief valves, low water fuel cutoffs and water-feeders,pressure gages, water gage glasses, pressure controls, temperaturecontrols, thermometers, circulating pumps, expansion tanks, and soon) is discussed, and installation diagrams are provided.
 Section 19.6: Fuels Fuels that are commonly used for combus-tion of boilers are gas, oil, and coal. Also, electricity is used as fuelfor boilers. Some characteristics of the different fuel types are dis-cussed.
 Section 19.7: Fuel-Burning Equipment and Fuel-BurningControls Fuel-burning equipment is used to burn fuel efficientlyand release the heat energy in the fuel. Controls such as operatingcontrols, limit controls, safety controls, and programming controlsfor controlling the functions of the fuel-burning equipment are dis-cussed.
 Section 19.8: Boiler-Room Facilities A boiler room is the loca-tion where all types of boilers are installed. This section covers allthe requirements of boiler-room facilities for safe operation andmaintenance.
 Section 19.9: Operation, Maintenance, and Repair of SteamBoilers Low-pressure steam boilers are used mainly for spaceheating. Recommendations for the operation, maintenance, andrepair of steam boilers are included in this section in addition tothe procedures for inspection of steam boilers.
 Section 19.10: Operation, Maintenance, and Repair of Hot-Water Boilers Requirements of the care and operation of both hot-water-supply boilers and hot-water-heating boilers are differentthan those of steam boilers. This section covers not only the oper-ation, maintenance, and repair guidelines for hot-water boilers, buttests and inspections of hot-water-supply and hot-water-heatingboilers as well.
 Section 19.11: Water Treatment This section covers watertreatment considerations, boiler water problems, the chemicalsused for water treatment and their functions, treatment alternatives,and various procedures. The methods of treating laid-up boilers arediscussed.
 ASME SECTION VI: RECOMMENDED
 RULES FOR THE CARE AND
 OPERATION OF HEATING BOILERS
 Geoffrey M. Halley and Edwin A. Nordstrom1
 1M. A. Malek was the author of this Chapter for the first edition, and Geoffrey M. Halley was the author for the second edition.
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2 • Chapter 19
 19.1.2 Adoption of Section VI Section VI is a set of guidelines for the care and operation of
 heating boilers. The objective of these guidelines is to establishsafety rules for ensuring reasonable protection of life and pro-party. These recommended rules are nonmandatory unless theyare adopted into the laws of a governmental jurisdiction, that is, aU.S. state, a Canadian province, a county, or a city. A jurisdictionmay adopt these rules partly or completely. Once the rules areadopted, the jurisdiction enforces them by means of AuthorizedInspectors under the supervision of a Chief Inspector.
 19.1.3 Attendant Requirements The rules of Section VI do not cover attendant requirements for
 heating boilers, as these rules do not address the qualification andexperience of boiler operators. However, it is recognized that aqualified boiler operator or engineer is essential for the safe oper-ation of heating boilers.
 The duties of a boiler operator or engineer include the observationand manipulation of mechanical, automatic or remote controls, aswell as the testing, clearing, and blowdown or draining of these con-trols, to ensure the proper operation of these devices. A boiler opera-tor or engineer may undertake the routine cleaning of any boiler andits fuel-burning equipment. A qualified boiler operator or engineershould be available to observe the monitoring equipment or devicesof a low-pressure boiler at least once every eight hours.
 A boiler operator or engineer for a low-pressure boiler may bequalified under the laws of a governmental jurisdiction (state,province, county, or city). However, many governmental jurisdic-tions require that the Owner employ licensed boiler operators andengineers to operate low-pressure boilers. The National Board ofBoiler and Pressure Vessel Inspectors maintains a tabulation ofthe Boiler and Pressure Vessel laws that lists those jurisdictionsthat require boiler operators and engineers to be licensed.2
 Many colleges and technical institutions offer courses for thecertification of low-pressure-boiler operators. Common titles forthese qualified personnel include boiler operator, low-pressure-boiler operator, and third- or fourth-class-boiler operator. If alocal jurisdiction does not offer any certification examinations, aboiler operator may take the examination given by the NationalInstitute for the Uniform Licensing of Power Engineers,3 a third-party licensing agency.
 19.1.4 ConclusionIn conclusion, it is important to reiterate that the format used for
 this chapter is compatible with that format used in Section VI(1998 edition, 1999 addenda, and Interpretations). For easy iden-tification, the exact paragraph, figure, and table numbers from theCodebook have been referenced in the running text. Furthermore,the exhibits include tests, maintenance, and testing and inspectionlogs for both steam-heating boilers and hot-water-heating boilers.
 19.2 GENERAL
 19.2.1 ScopeThe ASME Boiler and Pressure Vessel Code Section VI covers
 the rules for the care and operation of heating boilers. Although
 nonmandatory, these rules are recommended to be practiced forthe safe, efficient, and smooth operation of heating boilers. Thissection, general in nature, is intended to summarize the descrip-tions and fundamentals of heating boilers as referenced in ASMESection IV (Heating Boilers).
 19.2.2 Use of IllustrationsMany examples of the equipment, which are not intended to
 promote any specific products, are illustrated in this chapter.These illustrations are not used to show design criteria of theequipment; instead, they are used to enable the reader to easilyunderstand the topics under discussion.
 19.2.3 Manufacturer’s Information The Manufacturer of the equipment has all the detailed infor-
 mation about the design, drawings, fabrication, stamping, inspec-tion, and tests and also has all the records pertaining to anyspecific equipment retained. In addition, the Manufacturer’s rec-ommendations about the installation, operation, maintenance,repair, and troubleshooting are available. The BoilerManufacturer’s instruction manual should always be consideredthe primary reference regarding installation, operation, and main-tenance.
 19.2.4 Reference to ASME Section IV This chapter discusses boilers that are designed, constructed,
 stamped, inspected, and tested in accordance with ASME SectionIV (Heating Boilers). The discussion is limited to the followingtypes of boilers:
 (1) Steam boilers for operation at a pressure not exceeding 15 psi (103 kPa).
 (2) Hot-water-supply and hot-water-heating boilers for opera-tion at pressures not exceeding 160 psi (1,100 kPa) and/ortemperatures not exceeding 250ºF (121ºC).
 Even though water heaters and water storage tanks are not dis-cussed in this chapter, it is important to note that they, too, aredesigned, constructed, stamped, inspected, and tested in accor-dance with ASME Section IV, Part HLW.
 19.2.5 GlossaryThe common terms relating to boilers, fuels, fuel-burning
 equipment, and water treatment are defined in this section. For anadditional glossary of terms, refer to paragraphs 1.05 and 9.12 ofSection VI. For terminology on boiler design, refer to Appendix Eof Section IV.
 19.2.5.1 Boilers and General TermsAccumulation Test Pressure The steam pressure at which the
 capacity of a safety, safety-relief, or relief valve is determined. Accumulator (Steam) A pressure vessel that contains water
 and steam and is used to store the heat of steam for use at a laterperiod and at some lower pressure.
 Air Purge The removal of undesired matter by replacementwith air.
 Air Vent A valve used for venting air that opens at the top ofthe highest drum of a boiler or pressure vessel. Also, a device
 2A copy of this tabulation may be obtained from the National Board of Boiler Inspectors at nationalboard.org 3Information on licensing of boiler engineers may be obtained by writing to the National Institute for the Uniform Licensing of Power Engineers, Inc.,P.O. Box 8753, Green Bay, WI 54308. Requests may also be made via the Institute’s web site: www.niuple.org.
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COMPANION GUIDE TO THE ASME BOILER & PRESSURE VESSEL CODE • 3
 (manual or automatic) that will effect the removal of air from asteam- or hot-water-heating system. It is usually located at thehighest point in the system.
 Altitude Gage A pressure gage calibrated in feet that indi-cates the height of the water in the system above the gage. It usu-ally is a composite of pressure, altitude, and temperature.
 Ambient Temperature The temperature of the air surround-ing the equipment.
 Authorized Inspector One who is authorized to inspect boil-ers and must do so according to jurisdictional requirements. Thisperson may be employed by a U.S. state, a Canadian province, acity, or an insurance company.
 Baffle A plate or wall for deflecting gases or liquids. Blowdown The difference between the opening and closing
 pressures of a safety or safety-relief valve. Boiler A closed-pressure vessel in which a liquid (usually
 water) is vaporized by the application of heat.
 (a) Watertube A boiler where the tubes contain water andsteam and where the heat is applied to the outside surface.
 (1) Bent-Tube A watertube boiler consisting of two ormore drums connected by tubes, virtually all of whichare bent near the ends to permit attachment to the drumshell on radial lines.
 (2) Horizontal A watertube boiler where the main bank oftubes is straight and on a slope of 5–15 deg. From thehorizontal.
 (3) Sectional Header A horizontal watertube boiler of thelongitudinal or cross-drum type in which the tube bank iscomposed of multiple parallel sections, each composedof a front and rear header connected by one or more ver-tical rows of generating tubes. However, the sections orgroups of sections have a common steam drum.
 (4) Box Header A horizontal watertube boiler of the lon-gitudinal or cross-drum type consisting of front- andrear-inclined rectangular headers connected by tubes.
 (5) Cross-Drum A sectional-header or box-header water-tube boiler in which the axis of the horizontal drum isat right angles to the centerlines of the tubes in themain bank.
 (6) Longitudinal Drum A sectional-header or box-headerwatertube boiler in which the axis of the horizontaldrum or drums is parallel to the tubes in a verticalplane.
 (7) Low Head A bent-tube-watertube boiler having threedrums with relatively short tubes in the rear bank.
 (b) Firetube A boiler with straight tubes that are surroundedby water and steam and through which the products of combustion pass.
 (1) Horizontal Return Tubular A firetube boiler consist-ing of a cylindrical shell with tubes inside the shellattached to both end closures. The products of combus-tion pass under the bottom half of the shell and returnthrough the tubes.
 (2) Locomotive A horizontal firetube boiler with an inter-nal furnace, the rear of which is a tubesheet directlyattached to a shell containing tubes through which theproducts of combustion exit the furnace.
 (3) Horizontal Firebox A firetube boiler with an internalfurnace, the rear of which is a tubesheet directly
 attached to a shell that contains tubes. The first-passbank of tubes is connected between the furnacetubesheet and the rear head. The second-pass bank oftubes, which passes over the crown sheet, is connectedbetween the front-end and rear-end closures.
 (4) Refractory-Lined Firebox A horizontal firetube boi-ler, the front portion of which is set over a refractory orwater-cooled refractory furnace. The rear of the boilershell has an integral or separately connected sectionthat contains the first-pass tubes through which theproducts of combustion exit the furnace and then returnthrough the second-pass upper bank of tubes.
 (5) Vertical A firetube boiler consisting of a cylindricalshell, with tubes connected between the top head andthe tubesheet to form the top of the internal furnace.The products of combustion pass from the furnacedirectly through the vertical tubes.
 (6) Submerged Vertical This firetube boiler is the same asthe foregoing general type except that there is use of awaterleg construction as part of the upper tubesheet. Itis possible to carry the waterline at a point above thetop ends of the tubes.
 (7) Scotch In stationary service, a firetube boiler that con-sists of a cylindrical shell with one or more cylindricalinternal furnaces in the lower portion and a bank oftubes attached to both end closures. The fuel is burnedin the furnace, and its products of combustion leave therear end to return through the tubes to an uptake at thefront head (known as dryback type). In the marine ser-vice, this boiler (known as the waterback type) has aninternal-combustion chamber of waterleg constructionthat covers the rear end of the furnace and tubes. Theproducts of combustion turn and enter these tubes.
 (c) Modular A steam- or hot-water-heating assembly consist-ing of a grouping of individual boilers called modules thatare intended to be installed as a unit. Modules may beunder one jacket or may be individually jacketed.
 (d) Vacuum A factory-sealed steam boiler that is operatedbelow atmospheric pressure.
 Boiler Horsepower The evaporation of 34.5 lb (15.6 kg) ofwater per hour from temperature of 212ºF (100ºC) into dry-saturated steam at the same temperature equivalent to 33,472 Btu(9.81 kJ).
 Boiler Layup Any extended time period during which theboiler is not expected to operate and also during which suitableprecautions are made to protect the boiler against corrosion, scal-ing, pitting, and so forth, on the water- and firesides.
 Boiler Trim Piping on or near the boiler that is used for safety,limit, and operating controls, gages, water column, and so on.
 Breeching A duct for the transport of the products of com-bustion between the boiler and the stack.
 Casing A covering of sheets of metal or other material, suchas fire-resistant composition board, that are used to enclose all ora portion of a steam-generating unit.
 Combustion Chamber That part of a boiler where fuel com-bustion takes place.
 Condensate Condensed water resulting from the removal oflatent heat from steam.
 Condensate Strainer The mechanical means (screen) ofremoving solid material from the condensate before it reaches thepump.
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4 • Chapter 19
 Conductivity The amount of heat (Btu) transmitted in 1 hrthrough 1 sq ft (645 mm2) of a homogeneous material 1 in. (25 mm) thick for a difference in temperature of 1�F (0.556�C)between the two surfaces of the material.
 Crown Sheet In a firebox boiler, the plate forming the top ofthe furnace.
 Damper A device for introducing a variable resistance forregulating the volumetric flow of gas or air.
 (a) Butterfly Type A single-blade damper pivoted about itscenter.
 (b) Curtain Type A damper that is composed of flexiblematerial and moves in a vertical plane as it is rolled.
 (c) Flap Type A damper that consists of one or more blades,each pivoted about one edge.
 (d) Louver Type A damper that consists of several blades, eachpivoted about its center and linked for simultaneous operation.
 (e) Slide Type A damper consisting of a single blade thatmoves substantially normal to the flow.
 Downcomer A tube in a boiler or waterwall system throughwhich fluid falls downward.
 Drain A valved connection at the lowest point for theremoval of all water from the pressure parts.
 Drum A cylindrical shell closed at both ends that is designedto withstand internal pressure.
 Efficiency The ratio of output to the input. The efficiency ofa steam-generating unit is the ratio of the heat absorbed by waterand ratio of the steam to the heat in the fired fuel.
 Electric Boiler A boiler in which the electric heating mecha-nisms serve as the source of heat.
 Equalizer Connections between parts of the boiler to equal-ize pressures.
 Equivalent Direct Radiation (EDR) The amount of heatingsurface that gives off 240 Btu/hr (0.070 kW) for steam and 150 Btu/hr (0.044 kW) for hot water. The EDR may have nodirect relation to actual surface area.
 Equivalent Evaporation Evaporation expressed in pounds ofwater evaporated from a temperature of 212�F (100�C) to dry-saturated steam at 212�F (100�C).
 Externally Fired Boiler A boiler where the furnace is essen-tially surrounded by refractory or water-cooled tubes.
 Firebox The equivalent of a furnace, though this term is usu-ally used for the furnaces of locomotive and similar boilers.
 Firetube A boilertube that has water on the outside and car-ries the products of combustion on the inside.
 Fired-Pressure Vessel A vessel containing a fluid under pres-sure that is exposed to heat from the combustion of fuel.
 Furnace An enclosed space provided for the combustion offuel.
 Fusible Plug A hollowed, threaded plug in which the hol-lowed portion is filled with a low-melting-point material, usuallylocated at the lowest permissible water level.
 Gage Glass The transparent part of water gage assemblyconnected directly or through a water column to the boiler,below and above the waterline, to indicate the water level in theboiler.
 Handhole An opening in a pressure part for access, usuallynot exceeding 6 in. (152 mm) in longest dimension.
 Hydrostatic Test A strength and tightness test of a closed-pressure vessel by water pressure.
 Impingement The striking of moving matter, such as the flowof steam, water, gas, or solids, against similar or other matter.
 Internally Fired Boiler A firetube boiler, such as a scotch,locomotive firebox, vertical-tubular, or other type, with a water-cooled, plate-type furnace.
 Low-Water Fuel Cutoff A float-operated device that shutsdown the fuel burner when the water level in the boiler dropsbelow its operating level.
 Lowest Safe Waterline The water level in the boiler below(which the burner is not allowed to operate).
 Make-Up Water Water introduced into the boiler to replacethat lost or removed from the system.
 Miniature Boiler A fired-pressure vessel that does not exceedany of the following limits: 16 in. (406 mm), inside diam-eter ofshell; 42 in. (1,066 mm), overall length to outside of heads at cen-ter; 20 sq ft (1.9 m ), water-heating surface; or 100 psi (690 kPa),maximum allowable working pressure.
 Packaged Steam Generator A boiler equipped and shippedcomplete with fuel-burning equipment, mechanical draft equip-ment, automatic controls, and accessories.
 Pressure Vessel A closed vessel or container designed toconfine a fluid at a pressure greater than atmospheric.
 Receiver The tank portion of a condensate or vacuum-returnpump where the condensate accumulates.
 Safety Valve An automatic pressure-relieving device actuatedby the static pressure upstream of the valve and characterized byfull-opening pop action. It is used for gas or vapor service.
 Safety-Relief Valve An automatic pressure-relieving deviceactuated by the pressure upstream of the valve and characterizedby opening pop action with further increase in pressure over pop-ping pressure.
 Smokebox An external compartment on a boiler to catchunburned products of combustion.
 Stop Valve A valve (usually of the gage type) that is used toisolate a part of heating system or a boiler from the other parts.
 Trap A device installed in steam piping that is designed toprohibit the passage of steam but allow the passage of condensateand air.
 Unfired Pressure Vessel A vessel designed to withstandinternal pressure. It is not subjected to heat from the products ofcombustion, nor is it an integral part of a fired-pressure-vesselsystem.
 Vent An opening in a vessel or other enclosed space for theremoval of gas or vapor.
 Water Column A vertical tubular member connected at itstop and bottom to the steam and water space, respectively, of aboiler, and to which the water gage, gage cocks, and high-leveland low-level alarms may be connected.
 19.2.5.2 Fuels, Fuel-Burning Equipment, andCombustion Terms
 Air-Atomization Oil Burner A burner for firing oil wherethe oil is atomized by compressed air that is forced through one ormore streams of oil, breaking the oil into a fine spray.
 Air Purge The removal of undesired matter by replacementwith air.
 Ambient Air The air that surrounds the equipment. For per-formance calculations, the standard ambient air is 80�F with 60%relative humidity and a barometric pressure of 29.92 in./Hg.
 Aspirating Burner A burner in which the fuel in a gaseousor finely divided form is burned in suspension and the air forcombustion is supplied by bringing it into contact with the fuel.Air is drawn through one or more openings by the lower staticpressure created by the velocity of the fuel stream.
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 Atmospheric Pressure The barometric reading of pressureexerted by the atmosphere. At sea level, it is 14.7 lb/sq in. (101 kPa)or 29.92 in./Hg (101 kPa).
 Auxiliary Air Additional air, either hot or cold, that may beintroduced into the exhauster inlet or burner lines to increase theprimary air at the burners.
 Balanced Draft The maintenance of a fixed value of draft ina furnace at all combustion rates by the control of incoming airand outgoing products of combustion.
 Blower A fan used to force air under pressure. British Thermal Unit (Btu) The mean Btu is 1/180 of the
 heat required to raise the temperature of 1 lb (0.45 kg) of waterfrom 32�F (0�C) to 212�F (100�C) at a constant atmospheric pres-sure. It is about equal to the quantity of heat required to raise 1 lb(0.45 kg) of water to 1�F (0.556�C).
 Bunker C Oil Residual fuel oil of high viscosity that is com-monly used in marine and stationary steam-power plants. Alsocalled No. 6 fuel oil.
 Burner A device used for the introduction of fuel and air intoa furnace at the desired velocities, turbulence, and concentrationto establish and maintain the proper ignition and combustion ofthe fuel.
 Burner Windbox A plenum chamber around a burner inwhich air pressure is maintained to ensure the proper distributionand discharge of secondary air.
 Calorific Value The number of heat units liberated per unitof quantity of fuel burned in a calorimeter under prescribed condi-tions.
 Centrifugal Fan This consists of a fan rotor or wheel withina scroll-type of housing that discharges the air at a right angle tothe axis of the wheel.
 Combustion The rapid chemical combination of oxygen withcombustible elements of a fuel that results in the production ofheat.
 Complete Combustion The complete oxidation of all thecombustible constituents of a fuel.
 Control Valve A valve used for controlling the flow of air or gas.
 Damper A device used for introducing a variable resistancefor regulating the volumetric flow of gas or air.
 (a) Butterfly Type A single-blade damper pivoted about itscenter.
 (b) Curtain Type A damper that is composed of flexiblematerial and moves in a vertical plane as it is rolled.
 (c) Flap Type A damper that consists of one or more blades,each pivoted about one edge.
 (d) Louver Type A damper that consists of several blades,each pivoted about its center and linked for simultaneousoperation.
 (e) Slide Type A damper consisting of a single blade thatmoves substantially normal to the flow.
 Dew Point The temperature at which condensation begins. Draft The difference between atmospheric pressure and some
 lower pressure that exists in the furnace or gas passages of asteam-generating unit.
 Draft Gage A device used for measuring draft, usually ininches of water.
 Electric Ignition Ignition of the pilot or main flame by use ofan electric arc or glow plug.
 Excess Air Air supplied for combustion in excess of that the-oretically required for complete oxidation.
 Explosion Combustion that proceeds so rapidly that highpressure is generated suddenly.
 Fan A machine that consists of a rotor and housing for mov-ing air or gases at relatively low pressure differentials.
 Flame Detector A device that indicates if fuel (liquid,gaseous, or pulverized) is burning or if ignition has been lost. Theindication may be transmitted to a signal or to a control system.
 Flame Safeguard This consists of the following two types:
 (a) Thermal A bimetallic strip thermocouple located in thepilot flame. If the pilot flame goes out, a circuit is brokenand the fuel valve is shut. The response time is 1–3 min. Itis suitable for small installations.
 (b) Electronic An electrode used in a flame-rectification sys-tem, or either an infrared or ultraviolet sensor, whichdetects the pilot and main flame and either prevents fuelflow if the pilot flame is not detected or else stops fuel flowif the main flame is not detected. The response time is 1–4sec. It is suitable for large programmed installations.
 Flareback A burst of flame from a furnace in a direction con-trary to the normal flow. It is usually caused by the ignition ofaccumulated combustible gases.
 Flash Point The lowest temperature at which (under speci-fied conditions) fuel oil gives off enough vapor to flash intomomentary flame when ignited.
 Flue Gas The gaseous products of combustion in the flue tothe stack.
 Forced-Draft Fan A fan supplying air under pressure to thefuel-burning equipment.
 Fuel-Air Ratio The ratio of the weight or volume of fuel to air.Fuel-Oil Strainer A metal screen with small openings to
 retain solids and particles in fuel oil that could detrimentallyaffect the operation of the oil burner.
 Furnace Draft The draft in a furnace that is measured at apoint immediately before the highest point at which the combus-tion gases leave the furnace.
 Grate The surface on which a solid fuel is supported andburned and through which air is passed for combustion.
 Hand-Fired Grate A grate on which fuel is placed manually,usually by means of a shovel.
 Ignition The initiation of combustion. Ignition Temperature The lowest temperature of a fuel at
 which combustion becomes self-sustaining. Incomplete Combustion The partial oxidation of the com-
 bustible constituent of a fuel.Induced-Draft Fan A fan that exhausts hot gases from the
 heat-absorbing equipment.Intermittent Firing A method of firing by which fuel and air
 are introduced into a furnace and burned in it for a short period,after which the flow is stopped. This succession occurs in asequence of frequent cycles.
 Lignite A consolidated coal of low classification according torank - moist (bed moisture only) Btu less than 8,300 (MJ less than89.76).
 Low-Heat Value The high heating value minus the latentheat of vaporization of the water formed by burning the hydrogenin the fuel.
 Manometer A device, usually a tube with water, used fordetecting small changes in pressure. The pressure variations aremeasured in inches of water.
 Mechanical Draft The negative pressure created by mechan-ical means.
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 Mechanical Stoker A device consisting of a mechanicallyoperated fuel-feeding mechanism and a grate that is used for feed-ing solid fuel into a furnace, distributing it over the grate, admit-ting air into the fuel for combustion, and providing a means forremoval or discharge of refuse.
 (a) Overfeed Stoker A stoker where fuel is fed onto gratesabove the point of air admission to the fuel bed. Overfeedstokers are divided into the following four classes:
 (1) A frontfeed-inclined grate stoker is an overfeed stokerwhere fuel is fed from the front onto a grate inclineddownward toward the rear of the stoker.
 (2) A double-inclined sidefeed stoker is an overfeed stokerwhere the fuel is fed from both sides onto gratesinclined downward toward the centerline of the stoker.
 (3) A chain or traveling grate stoker is an overfeed stokerthat has a moving endless grate for conveying fuelthrough the furnace where it is burned, after which itdischarges the refuse.
 (4) A spreader stoker is an overfeed stoker that dischargesfuel into the furnace from a location above the fuel bedand that distributes the fuel onto the grate.
 (b) Underfeed Stoker A stoker in which fuel is introducedthrough retorts at a level below the location of air admissionto the fuel bed. Underfeed stokers are divided into the fol-lowing three general classes:
 (1) A side ash-discharge-underfeed stoker has one or moreretorts that feed and distribute solid fuel onto side tuy-eres or a grate through which air is admitted for com-bustion and over which the ash is discharged at the sideparallel to the retorts.
 (2) A rear ash-discharge-underfeed stoker has a grate com-posed of transversely spaced underfeed retorts, whichfeed and distribute solid fuel to intermediate rows of tuy-eres through which air is admitted for combustion. Theash is discharged from the stoker across the rear end.
 (3) A continuous ash-discharge-underfeed stoker has therefuse discharged continuously from the normally sta-tionary stoker ash tray to the ash pit without the use ofmechanical means, other than the normal action of thecoal feeding and agitating mechanism.
 Modulation of Burner Control of fuel and air to a burner tomatch fluctuations of the load on the boiler.
 Natural Draft Boiler A boiler that operates with the furnacepressure less than atmospheric pressure because of buoyant actionof the venting system.
 Natural Draft Stoker A stoker in which the flow of airthrough the grate is caused by difference of pressure between thefurnace and the atmosphere.
 Orsat A gas-analysis apparatus in which certain gaseous con-stituents are measured by absorption in separate chemical solutions.Oxidation The process of chemically combining with oxygen.
 Perfect Combustion The complete oxidation of all the com-bustible constituents of a fuel using all the oxygen supplied.
 Pilot Flame The flame, usually gas or light oil, that ignitesthe main flame.
 Pour Point The temperature at which the oil flows.Primary Air Air introduced with the fuel at the burners.Radiation Loss A comprehensive term used in a boiler-unit
 heat balance to account for the conduction, radiation, and convec-tion heat losses from the settings to the ambient air.
 Ringleman Chart A series of four rectangular grids of blacklines of varying widths printed on a white background and used asa criterion of blackness for determining smoke density.
 Rotary Oil Burner A burner where atomization is accom-plished by feeding oil to the inside of a rapidly rotating cup.
 Secondary Air Air for combustion supplied to the furnace tosupplement the primary air.
 Secondary Combustion Combustion resulting from ignitionat a point beyond the furnace. (See also delayed combustion.)
 Smoke Small gasborne particles of carbon or soot less than1 min. (0.025 mm) size that result from the incomplete combus-tion of carbonaceous material and of sufficient number to beobservable.
 Soot Unburned particles of carbon derived from hydrocar-bons.
 Spray Nozzle A nozzle from which fuel is discharged in theform of a spray.
 Stack A vertical conduit that, because of the difference indensity between internal and external gases, creates a draft at itsbase.
 Standard Air Dry air weighing 0.075 lb/cu ft (0.001 kg/m3)at sea level and having a barometric pressure of 29.92 in. (736.6 mm)and a temperature of 70�F (21�C).
 Steam-Atomization Oil Burner A burner for firing oil that isatomized by steam. It may be of the inside- or outside-mixing type.
 Tertiary Air Air for combustion supplied to the furnace tosupplement the primary and secondary air.
 Unburned Combustible The combustible portion of the fuelthat is not completely oxidized.
 Viscosity Measure of the internal friction of a fluid or itsresistance to flow.
 Volatility Measurement of a fuel oil’s ability to vaporize. Wide-Range Chamber A chamber below the grate or sur-
 rounding a burner through which air under pressure is suppliedfor combustion of the fuel.
 19.2.5.3 Water Treatment TermsAcid Any chemical compound containing hydrogen that dis-
 sociates to produce hydrogen ions when dissolved in water. Alkali Any chemical compound of a basic nature that dissoci-
 ates to produce hydroxyl ions when dissolved in water.Amines A class of organic compounds that may be consid-
 ered as derived from ammonia by replacing one or more of thehydrogen ions with organic radicals.
 Colloid A fine dispersion in water that does not settle out butthat is not a true solution.
 Hydrazine A strong reducing agent having the formulaN2NNH2 in the form of a colorless, hygroscopic liquid. It is usedas an oxygen scavenger.
 Inhibitor A compound that slows down or stops an undesiredchemical reaction, such as corrosion or oxidation.
 Parts per Million (ppm) The most commonly used methodof expressing the quantity of a substance in water.
 pH A scale used to measure the degree of acidity or alkali-nity of a solution. The scale runs from 1 (strong acid) to 14(strong alkali), with 7 (distilled water) as a neutral point.
 Precipitation The formation and settling out of solid parti-cles in a solution.
 Zeolite Originally, this term denoted a group of natural min-erals capable of removing calcium and magnesium ions fromwater and replacing them with sodium. Now, the term has beenbroadened to include synthetic resins, which similarly softenwater by ion exchange.
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 19.3 TYPES OF BOILERS
 19.3.1 ClassificationA boiler is a closed vessel where water or other liquid is heated,
 steam or vapor is generated, steam is superheated, or any combina-tion of these functions is accomplished under pressure or vacuumfor use external to itself by the direct application of energy fromthe combustion of fuels or from electricity or solar energy. Theterm boiler includes fired units, separate from processing systemsand complete within themselves, for heating or vaporizing liquidsother than water.
 Boilers are used for power generation and process in additionto high-temperature application, steam heating, hot-water heating,and hot-water supply. A high-pressure boiler operating at morethan 15 psig is used mostly for power generation and process,whereas a low-pressure boiler, which operates at less than 15psig, is used mostly for heating purposes. ASME Section VI cov-
 ers the rules for the care and operation of heating boilers, includ-ing steam-heating boilers, hot-water-heating boilers, and hot-water-supply boilers. Heating boilers may be manufactured eitherby the casting method, which uses iron, bronze, or brass in theconstruction process, or by the fabrication method, which usessteel and copper in the construction process.
 19.3.2 Steel Boilers Steel is the most common material used for the construction of
 heating boilers. Steel boilers may be broadly classified as firetubeand watertube boilers.
 19.3.2.1 Firetube Boiler In this boiler, the products of combus-tion pass through the tubes, which are surrounded by water.
 Fire-tube boilers are classified according to the position ofthe furnace, form, flue-gas travel, and type of firebox. (SeeFigs. 19.1–19.5.)
 FIG. 19.1 HORIZONTAL-RETURN-TUBE BOILER (BRICK-SET) (Source: Fig. 2.02A-1, Section VI of the ASME B&PV Code)
 FIG. 19.2 GAS-FLOW PATTERNS OF SCOTCH-TYPE BOILERS (Source: Fig. 2.02A-2, Section VI of the ASME B&PV Code)
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 19.3.2.1.1 According to Position of Furnace Firetube boilersmay be internally or externally fired. In an internally fired boiler,the grate and combustion chamber are enclosed within the boilershell. In an externally fired boiler, on the other hand, the grate andcombustion chamber are located outside the boiler shell.
 19.3.2.1.2 According to Layout Position Firetube boilers maybe horizontal or vertical depending on the layout position. Thefollowing horizontal firetube boilers are popular:
 (1) Horizontal-Return-Tube (HRT) Boiler This boiler hasa long cylindrical shell supported by the furnace sidewalls
 and is set on saddles for permitting the expansion and con-traction of the boiler.
 (2) Scotch Marine Boiler This is a firetube-return-tubularboiler consisting of a cylindrical shell that contains eitherthe combustion chamber or the furnace and tubes.
 The vertical firetube boiler consists of a cylindrical shell with anenclosed firebox. There are two types of vertical firetube boilers:
 (1) Vertical Exposed-Tube Boiler In this boiler, the uppertubesheet and tube-ends are above the normal water level,extending to the steam space.
 FIG. 19.3 TYPE C FIREBOX BOILER (Source: Fig. 2.02A-4, Section VI of the ASME B&PV Code)
 FIG. 19.4 LOCOMOTIVE FIREBOX BOILER (Source: Fig. 2.02A-5, Section VI of the ASME B&PV Code)
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 (2) Vertical Submerged-Tube Boiler In this boiler, thetubes are rolled into the upper tubesheet, which is belowthe water level.
 19.3.2.1.3 According to Flue-Gas Travel Firetube boilers maybe classified as single-pass, two-pass, three-pass, or four-pass,depending on the number of flue-gas passes.
 19.3.2.1.4 According to Type of Firebox Firebox boilers havethe firebox integral with the boiler. Different types of firebox boil-ers are the following:
 (1) Locomotive Type A firetube boiler used for locomotiveengines.
 (2) Multiple Pass A firetube boiler with multiple passes offlue-gas travel with an integral furnace, usually having arefractory or dry bottom.
 19.3.2.2 Watertube Boiler A watertube boiler consists of manywatertubes connected to drums and arranged so that water circu-lates within them and for which the heating is achieved by the hotgases surrounding them. Watertube boilers are classified accordingto tube and drum arrangements and the nature of water circulation.
 19.3.2.2.1 According to Tube and Drum Configurations Thefollowing are the watertube package boilers typically produced:
 (1) Flex- or Serpentine-Tube Boiler The bent tubes areinstalled in two drums located one above the other.
 (2) Straight-Inclined-Tube Boiler These run between twoheader boxes. Figure 19.6 shows a typical package boiler.
 (3) Straight-Copper-Finned-Tube Boiler These run eithervertically or horizontally between header boxes.
 19.3.2.2.2 According to Water Circulation There are twotypes of water circulation-type boilers:
 (1) Natural Circulation-Type Boiler This uses the movementof heated and cooled water for circulation. As heated waterrises, cooler water drops down to take its place; then, steambubbles form and move to the steam drum, which increasesthe water circulation.
 (2) Forced Circulation-Type Boiler This uses a high-pressurepump to force water continuously through the coils thatform the boiler.
 19.3.3 Cast-Iron BoilersCast iron is used as material for the construction of heating
 boilers. Boilers are initially fabricated in sections, all of which areassembled as a complete boiler unit with push nipples or elas-tomer grommet-type seals. The three types of cast-iron boilers areas follows:
 FIG. 19.5 VERTICAL FIRETUBE BOILER (Source: Fig.2.02A-6, Section VI of the ASME B&PV Code)
 FIG. 19.6 PACKAGE-INCLINED WATERTUBE BOILERWITH ATMOSPHERIC BURNER
 FIG. 19.7 HORIZONTAL-SECTIONAL CAST-IRON BOILER(Source: Fig. 2.03A, Section VI of the ASME B&PV Code)
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 19.3.3.1 Horizontal-Sectional Cast-Iron Boiler This type ismade up of sections stacked one above the other and is assembledwith push nipples. (See Fig. 19.7.)
 19.3.3.2 Vertical-Sectional Cast-Iron Boiler This type is madeof sections standing vertically, as shown in Fig. 19.8.
 19.3.3.3 One-Piece Cast-Iron Boiler In this type, the pressurevessel is made as one-piece casting.
 19.3.4 Modular BoilersA modular boiler is a group of small boilers, composed of
 either steel or cast iron, that collectively act as a larger boiler withmodulated input. These small boilers, known as modules, aremanifolded together in the field.
 19.3.5 Vacuum Boilers A vacuum boiler is a sealed steam boiler that operates below
 atmospheric pressure. The sealing of the boiler is done in theManufacturer’s factory.
 19.4 ACCESSORIES
 19.4.1 Safety and Safety-Relief ValvesThe safety or safety-relief valve is mounted to prevent the pres-
 sure in the boiler from exceeding its maximum allowable workingpressure (MAWP) and is the final mechanical device used for pro-tecting the boiler against overpressure. It is considered the mostimportant valve on the boiler. The valves are designed and shouldbear markings in accordance with ASME Code Section IV(Heating Boilers) as shown in Fig. 19.9.
 19.4.1.1 Safety Valve A safety valve is defined as an automaticpressure-relieving device actuated by the static pressure upstreamof the valve and characterized by full opening-pop action. Aspring-loaded safety valve, shown in Fig. 19.10, is used for steam
 FIG. 19.8 VERTICAL-SECTIONAL CAST-IRON BOILER(Source: Fig. 2.03B, Section VI of the ASME B&PV Code)
 FIG. 19.11 SAFETY-RELIEF VALVE (Source: Fig. 3.01 B,Section VI of the ASME B&PV Code)
 FIG. 19.9 OFFICIAL SYMBOL (Source: Fig. 3.01, Section VI ofthe ASME B&PV Code)
 FIG. 19.10 SAFETY VALVE (Source: Fig. 3.01A, Section VI ofthe ASME B&PV Code)
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 boilers. The capacity of a safety valve is measured in pounds ofsteam per hour (lb/hr).
 19.4.1.2 Safety-Relief Valve A safety-relief valve is definedas an automatic pressure-relieving device actuated by the pressureupstream of the valve and characterized by opening-pop actionwith further increase in lift with an increase in pressure over thepopping pressure. A spring loaded-type safety-relief valve, shownin Fig. 19.11, is used for hot-water-heating or -supply boilers. Thecapacity of a safety-relief valve is measured in Btu/hr.
 19.4.1.3 Temperature-and-Pressure (T&P) Safety-Relief ValveThis is a specialized safety-relief valve. The valve incorporates a thermal-sensing-relief element, which is actuated by an upstream water tem-perature set at 210�F or lower. It is used for hot-water heaters. Thecapacity of a T&P safety-relief valve is measured in Btu/hr.
 19.4.2 Low-Water Fuel Cutoffs and Waterfeeders A low-water fuel cutoff is the primary means of low-water con-
 trol and is provided to shut off the burner if the water level in aboiler becomes low. It is located slightly below the normal oper-ating water level (NOWL).
 Of the total number of boiler accidents attributable to a low-water condition that were compiled by the National Board ofBoiler and Pressure Vessel Inspectors4 in 2003, 31.8% were fromsteam heating boilers and 33.3% from hot water heating boilers.
 An auxiliary low-water fuel cutoff is wired in series with theprimary low-water fuel cutoff and is located so that it deenergizesthe limit circuit at a level slightly below that of the primary low-water fuel cutoff. The purpose of an auxiliary low-water fuel cut-off is to act as a backup safety control in case the primary low-water fuel cutoff fails to shut off the burner.
 There are generally two types of low-water controls—float-operatedand probe-operated—set to de-energize the burner-control circuitand shut down the burner when the water level in a boiler is low.
 19.4.2.1 Float-Type Low-Water Fuel Cutoff This control typeactuates a switch or several switches that are designed to perform oneor more functions. If the water level drops below the safe operatinglevel, the first function is to de-energize the burner-control circuit.Doing so shuts down the burner, for which another function arises tosound the low-water alarm. In addition, a pump on-off control maystart and stop the boilerfeed pump to maintain a safe water level, anda high-water-alarm control function may be added to sound an alarmwhen the water level exceeds its predetermined level. A typical float-type low-water fuel cutoff is shown in Fig. 19.12.
 19.4.2.2 Electric Probe-Type Low-Water Fuel Cutoff Thiscontrol type performs the same functions as the foregoing type, buthere the probe depends on the conductivity of water to completethe circuit. Metal probes are suspended in a chamber or directly inthe boiler shell, and a low current uses the conductivity of water tocomplete a circuit and energize a control relay. When the waterlevel drops below the end of the probe (electrode), both the circuitand the control relay are de-energized. In case of high water level,both the probe circuit and the control relay are energized. A typi-cal electric probe-type fuel cutoff is shown in Fig. 19.13.
 19.4.3 Steam TrapsSteam traps are automatic devices that are used to remove con-
 densate and air from the steam lines without any loss of steam. If
 condensate is not removed from the steam lines, it could causewaterhammer leading to rupture. The main steam headers, theends of the main steam-branch lines, and the bases of steam ris-ers, radiators, heat exchangers, and steam jackets all require steamtraps to remove condensate. A steam strainer should be installedat the trap inlet to prevent scale or other solid particles from enter-ing the trap. It is also good operating policy to install isolatingvalves upstream and downstream of the strainer/trap combinationto facilitate servicing these items.
 The various types of steam traps used are thermostatic, float,combined thermostatic-float, bucket, impulse, and variable orifice.Sectional views of four steam traps are shown in Fig. 19.14.
 The steam trap manufacturer’s installation instructions shouldbe followed, particularly in reference to the minimum verticalheight of the trap below the steam line, in order for the trap tofunction properly.
 It is also important that steam traps be located in easily accessi-ble locations, otherwise it has been demonstrated that trap mainte-nance will not be performed in a consistent manner, resulting insignificant energy losses.
 19.4.4 Air Eliminators Air eliminators are used to eliminate air released from the
 water within the boiler. These devices are generally installed onhot-water boilers.
 19.4.5 Condensate-Return Pumps Condensate is defined as condensed water resulting from the
 removal of latent heat from steam. If the condensate cannot berecovered by gravity, it is recovered by a condensate-return pumpused with a tank having a float-operated switch for starting thepump motor. The tank collects the condensate from the heating-orprocess-condensate return lines.
 An atmospheric vent line is installed to prevent pressurebuildup in the tank, and a gage glass is attached to the tank forindicating the condensate level. However, return pipe connections
 FIG. 19.12 FLOAT-TYPE LOW-WATER FUEL CUTOFF(Source: Fig. 3.02A, Section VI of the ASME B&PV Code)
 4Statistics on boiler accidents can be obtained by visiting the National Board of Boiler and Pressure Vessel Inspectors’ web site: www. nationalboard.org.
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 of each boiler supplying a gravity return of a system should, asshown in Fig. 3.05 of Section VI, be arranged as a loop. This loopmay also be included in the pump-return system.
 19.4.6 Vacuum-Return Pumps The vacuum-return pump is used to move water from the vacu-
 um tank to the boiler or feed tank. It creates a vacuum on thereturn lines of the heating system, drawing back condensate to thevacuum tank. The pump discharges all air into the atmosphere andall water back into the boiler or feed tank.
 19.4.7 Circulating Pumps Circulating pumps are used to force circulation of hot water
 through the hot-water-heating systems. These are centrifugalpumps that vary in size and capacity, depending on the require-
 ment of the system. Centrifugal pumps are designed either for con-tinuous or intermittent operation; preferably, they should be loca-ted on the discharge side of the boiler rather than on the return side.
 19.4.8 Expansion TanksWhen water is heated, it increases (expands) in volume,
 becomes lighter, and flows up through the supply line to the heat-ing units. Expansion tanks are used to allow expansion of thewater when heated and are located at the highest point in the sys-tem. In fact, the tank functions as a relief valve by collectingexcess water from the system as the water is heated and its vol-ume is increased. An air cushion in the tank is compressed by theexpanding water. Moreover, a vent line, open to the atmosphere,is installed on the top of the expansion tank for releasing air andallowing pressure to vary in the system as required. Alternatively,a precharged bladder-type expansion tank may be mounted on thefloor of the boiler room.
 19.4.9 Oil Preheaters Some heavier grades of fuel must be heated for easy pumping
 and burning. Oil preheaters are used to condition the heavier gradesof fuel oils for easy handling in the oil storage tank or for burningat the burner. There are steam-type, water-type, and electric-type oilpreheaters; the first two are used normally for the initial preheat andthe third is used for both the initial and final stages of preheat.
 19.4.10 Fuel-Oil Storage and Supply Systems The fuel-oil storage and supply system consists of a fuel-oil
 tank that connects piping and necessary strainers. This systemmay require a fuel-oil transfer pump, depending on the distance ofthe fuel-oil storage tank from the burner and also on the grade ofoil. Four fuel oils are generally used in low-pressure boilers: No. 2,No. 4, No. 5, and No. 6. Of these, No. 2 is the lightest; No. 6, alsoknown as Bunker C, is the heaviest.
 19.4.10.1 Storage Tanks Hot-water- or steam-heating coils areinstalled in the storage tanks to heat the fuel oil, and the tempera-ture in the tank is controlled between 100�F to 120�F. This tem-perature range allows the fuel oil to be pumped out without givingoff vapor that might flash. The Environmental Protection Agency(EPA) requires that the fuel-oil tank be located in containment ves-sel. Also, fuel oils are required to be treated as hazardous wastewhen such functions as cleaning out storage tanks are performed.
 19.4.10.2 Fuel Strainers Fuel-oil strainers are used to removeforeign matter from the fuel oil. Duplex strainers are installed onthe suction line before the fuel-oil pump. The advantage of duplexstrainers is that one strainer can be cleaned while the other is inuse. Fuel-oil strainers should be cleaned more frequently whenheavier grades of fuel oil are used.
 19.4.11 Pressure Gages Pressure gages are used on both steam and hot-water boilers to
 indicate pressures at various points. The pressure gages allow theoperator to maintain pressure within the maximum allowablepressure range. To record the pressure correctly, all the pressuregages should be easily visible to the operator. Pressure gages indi-cate pressure in the boiler in lb/sq in. (psi), and gage pressure isthe pressure above atmospheric pressure. Absolute pressure, onthe other hand, is the gage pressure plus the atmospheric pressure.
 A compound gage is the pressure and vacuum gage combined,which is generally used on a low-pressure boiler. The gage reads
 FIG. 19.13 ELECTRIC PROBE-TYPE LOW-WATER FUELCUTOFF (Source: Fig. 3.02B, Section VI of the ASME B&PVCode)
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 vacuum in inches of mercury (Hg) on the left side and pressure inlb/sq in. (psi) on the right side.
 There are three types of pressure gages: bourdon, bellows, andspiral. The bourdon tube-type pressure gage has a hollow tubewith an oval cross section called a bourdon tube; it straightenswhen the pressure builds up. The open end of the tube is conne-cted to the steam- or waterside of the boiler, and the closed end isattached to the gage pointer by a mechanical linkage. The bellows-type pressure gage is generally used for pressures below 30 psi(207 kPa). The spiral gage is a derivative of the bourdon tube
 gage in which a longer pressure-sensing tube is wound in a flatspiral or helix. This results in greater sensitivity. Typically, it isused in lower pressure applications.
 19.4.11.1 Gage Range The pressure gage range should be times the MAWP of the boiler, which places the gage indicator atabout the middle position of the gage scale. Also, the gage shouldbe calibrated in the range of 30 psi (207 kPa) to 60 psi (414 kPa)for steam-heating boilers and no less than no more than timesthe relief-valve setting for hot-water boilers.
 31211
 2
 112
 FIG. 19.14 STEAM TRAPS: (A) THERMOSTATIC; (B) FLOAT; (C) FLOAT-AND-THERMOSTATIC; AND (D) BUCKET (Source:Figs. 3.03-1, -2, -3, and -4, Section VI of the ASME B&PV Code)
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 19.4.11.2 Accuracy Pressure gages should have an accuracy of1% � 1 % of the actual pressure. If a 100 psi (690 kPa) gage is 1 %accurate, it would be within 1 % psi (10.35 kPa) of the actual pres-sure.
 19.4.11.3 Calibration Pressure gages that do not read accuratepressures may be out of calibration for various reasons. Any pres-sure gage that is not accurate within 1 % of the actual pressureshould be calibrated. The gage used on boilers should be calibratedat least once a year by using either a test gage or a dead weight tester.
 19.4.11.4 Siphon Tubes Siphons are used between the steamboiler and the pressure gage to prevent steam from damaging thebourdon tube. There are two types of siphons: pigtail and U-tubesiphons. A hand-operated valve is installed to allow the pressuregage to be changed in case of failure or malfunction.
 19.5 INSTALLATION
 Heating boilers should be installed in accordance with the rulesof the local jurisdictions. In addition, many jurisdictions haveadopted ASME Code CSD-1, Controls and Safety Devices forAutomatically Fired Boilers. In the absence of local jurisdictionalrules, however, the following national standards and codes may beused for the installation of heating boilers:
 • The American National Standards Institute (ANSI) Z21.13,Gas-Fired Low-Pressure Steam and Hot-Water Boilers
 • The National Fire Protection Association (NFPA) 31,Installation of Oil-Burning Equipment
 • The National Fire Protection Association (NFPA) 54, FuelGas Code
 • Underwriter Laboratories (UL) 834, Heating, Water-Supply, and Power Boilers – Electric
 • The National Fire Protection Association (NFPA) 85,Boiler and Combustion Systems Hazards Code
 19.5.1 Pressure-Relieving Valve Requirements
 19.5.1.1 Safety-Valve Requirements for Steam Boilers Thesafety valve should relieve all the steam generated by a steam-heating boiler. Each boiler is required to have at least one springpop-type safety valve to discharge all the steam at a pressure notexceeding 15 psi (103 kPa). Also, the size of the safety valve shouldbe minimum NPS (DN 15) and maximum NPS (DN 115).
 The minimum capacity required by the safety valve can bedetermined by either of the following methods:
 (1) Determine the maximum Btu output at the boiler nozzleand divide that output by 1,000. This is applicable for aboiler of any type of fuel.
 (2) Determine the minimum pounds of steam generated perhour per square foot of boiler heating surface, as shown inTable 19.1.
 19.5.1.2 Safety-Relief-Valve Requirements for Hot-WaterBoilers For each hot-water-heating or -supply boiler, there shouldbe at least one safety-relief valve of the automatic-reseating type.The valve is required to be identified with ASME Code symbol V orHV and shall be set at or below the MAWP. The size of the safety-relief valve should be not less than NPS (DN 20) but not more1
 2
 412
 12
 12
 12
 12
 12
 than NPS (DN 115). A safety-relief valve of size NPS (DN 15)may be used for a boiler with heat input not more than 15,000 Btu/hr (4.4 kW).
 TABLE 19.1 MINIMUM AMOUNTS OF STEAM (LB/HR) PER SQ FT OF HEATING SURFACE
 Boiler Firetube WatertubeHeating Surface Boilers Boilers
 Hand-fired 5 6 Stoker-fired 7 8Fuel-fired — oil, gas, or pulverzed 8 10Waterwall heating surface:
 Hand-fired 8 8Stoker-fired 10 12
 Fuel-fired — oil, gas, or pulverized 14 16
 General Notes:(a) When a boiler is fired only by a gas having a heat value not in
 excess of 200 Btu/ft3, the minimum safety valve-relievingor safety relief valve-relieving capacity may be based onthe values given for hand-fired boilers in the table.
 (b) The minimum safety-valve capacity or safety-relief-valvecapacity for electric boilers shall be 3 lb/hr/kW input.
 The relieving capacity of the pressure-relieving device ordevices on a boiler shall be determined by the same methods usedfor a steam boiler. For a cast-iron boiler, the minimum relievingcapacity shall be determined by the maximum output method. Anexample is a 72 in.-diameter stoker-fired horizontal-return-tubular(HRT) boiler that has 1,450 sq ft of heating surface and anMAWP of 15 psi. What safety valve-relieving capacity isrequired? The answer is 1,450 � 7 � 10,150 lb/hr safetyvalve–relieving capacity required. (See Table 19.1.)
 19.5.1.3 Permissible Mounting Safety and safety-relief valvesare required to be directly connected to openings in the boiler or toheaders that connect steam or water outlets on the boiler. Theyshould be located on the highest practical part of the boiler. No shut-off valve is allowed to be installed between the safety or safety-reliefvalve and the boiler or on discharge pipes between such valves andthe atmosphere.
 19.5.1.4 Discharge Piping A discharge pipe, which should beas short and straight as possible, is used at the outlet of the safetyor safety-relief valve for discharging steam or water. The cross-sectional area of the discharge pipe shall not be less than the full areaof the valve outlet. Also, the discharge from the safety or safety-relief valves should be piped away from the boiler to a safe pointwhere the exhaust cannot cause personal injury or property dam-age and can be drained properly.
 19.5.1.5 T&P Safety-Relief Valves A temperature-and-pressure(T&P) relief valve is used on hot-water-heating or -supply boilerslimited to a water temperature of 210�F (99�C). This valve should bemounted directly on the boiler and may be installed in the horizon-tal position with the outlet (including discharge pipe) pointed down.
 19.5.2 Steam GagesA steam gage or a compound steam gage is required to be
 installed on each steam-heating boiler. The piping to the gage
 12
 1241
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 contains a siphon to maintain a water seal by preventing steam toenter into the gage tube. This gage connection should be a mini-mum NPS (DN 15), and the scale on the dial of a gage shall be aminimum 30 psi (207 kPa) and a maximum 60 psi (414 kPa).
 19.5.3 Water Gage Glasses One or more water gage glasses are required to be installed into
 the water column or boiler by means of valve fittings of a mini-mum size NPS (DN 15). The lowest permissible water level in aboiler is recommended by the Boiler Manufacturer. So that therewill be no danger of overheating, the lowest visible part of thegage glass should be a minimum 1 in. (25 mm) above the lowestwater level. During fabrication, a boiler is permanently marked toindicate the lowest permissible water level.
 The water-gage glass of a submerged-type electric boiler shallindicate water levels both at the start-up and under maximumsteam load. For a resistance element–type electric boiler, the low-est visible part of the water gage shall be located a minimum of 1 in. above the lowest permissible water level. An automatic low-water cutoff shall be installed on this type of boiler so that powersupply is automatically cut off before the water level falls belowthe visible part of the glass.
 19.5.4 Water Column and Water-Level Control Pipes A water column has two connections: the steam connection,
 taken from the top of the shell, and the water connection, takenfrom a point below the centerline of the shell. The size of the pipeconnecting the water column to the boiler should be a minimumof 1 in. (25 mm), and the size of the water-column drain pipeshould be a minimum NPS (DN 20).
 19.5.5 Pressure Controls Two pressure-operated controls are used to protect a steam
 boiler from overpressure. A safety-limit control is used to cut offthe fuel supply to prevent the steam pressure from exceeding 15 psi (103 kpa) MAWP. A second control will cut off the fuelsupply if the pressure reaches the operating limit that is less thanthe MAWP. The minimum connection size is NPS (DN 10), butfor steel it is NPS (DN 15). No shutoff valves of any type shallbe placed in the line to pressure controls.
 19.5.6 Pressure or Altitude Gages A pressure or altitude gage is installed on a hot-water-heating
 or hot-water-supply boiler, which will be shut off by a cock withtee or lever handle. The range on the dial of the gage shall be
 times the safety-valve set pressure, and the connectionsize shall be less than NPS 1 (DN 25) if nonferrous metal is used.
 19.5.7 ThermometersA thermometer for indicating temperature of the boiler water
 near the outlet is required to be installed on a hot-water-heating orhot-water-supply boiler.
 19.5.8 Temperature Controls Two temperature-operated controls are used on a hot-water-
 heating or -supply boiler to protect it from overtemperature. Oneis a high-temperature-limit control that cuts off the fuel supply,thereby preventing the water temperature from reaching the maxi-
 112 - 31
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 mum water temperature at the boiler outlet. The other is a temper-ature control that cuts off the fuel supply when the temperaturereaches its operating temperature, which is less than the maxi-mum water temperature.
 19.5.9 Automatic Low-Water Fuel Cutoff for Steam Boilers
 An automatic low-water fuel cutoff is required to be installedon an automatically fired steam boiler to cut off the fuel supplywhen the water level falls below the permissible level.5 If a water-feed device is installed, it should be constructed so that the inletvalve cannot feed any water through the float chamber and belocated so that it supplies the required feedwater. The fuel-cutoffor waterfeed device may be attached directly to the boiler orinstalled in the tapped openings available for attaching a waterglass directly to a boiler.
 19.5.10 Low-Water Fuel Cutoff for Hot-Water Boilers An automatic low-water fuel cutoff designed for hot water ser-
 vice is required to be installed on a hot-water boiler with morethan 400,000 Btu/hr (117 kW) heat input to cut off the fuel supplywhen the water level falls below the permissible level. TheManufacturer establishes the safe permissible water level, which,because there is no normal waterline for a hot-water boiler, can beat any location. A flow-sensing device may be used for a coil-typeboiler of the watertube-forced circulation type, with more than400,000 btu/hr heat input. The sensing device cuts off the fuelsupply when the circulating flow is interrupted.
 19.5.11 Piping A pipe expands with the application of heat and contracts when
 in contact with a cold fluid. Provisions should be made for enoughexpansion and contraction of steam and water piping connected tothe boilers. Sufficient anchorage at suitable points and swing jointsshould be provided to the piping to avoid any strain transmitted tothe boilers. The return piping should form a loop so that water can-not be forced out below the safe water level. There should be someprovision for cleaning the interior of the return piping close to theboiler. The Boiler Manufacturer’s instructions for piping arrange-ments, particularly in the area of steam-header piping for cast-ironboilers, should be followed exactly. A typical piping installationfor a hot-water-heating boiler in battery is shown in Fig. 19.15,and one for a single-steam boiler is shown in Fig. 19.16.
 19.5.11.1 Feedwater and Make-Up Water ConnectionFeedwater for a steam boiler should be introduced through inde-pendent connection or return piping. It should not be dischargeddirectly onto any boiler parts exposed to heat from the furnace. Acheck valve shall be installed on the feedwater line near the boiler,and a stop valve shall be installed between the check valve and theboiler or between the check valve and the return pipe systems.
 Make-up water is normally added for hot-water boilers. Thismake-up water should be introduced through an independent con-nection or piping system; it should not be discharged directly ontoboiler parts exposed to direct heat. A check valve shall beinstalled on the make-up waterline near the boiler, and a stopvalve shall be installed between the check valve and the boiler orbetween the check valve and the piping system.
 5ASME CSD-1 requires two low-water fuel cutoffs on steam boilers. Operation of the lower one shall, with pumped returns, cause a safety shutdownrequiring manual reset, and, with gravity returns, sound an audible alarm.
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 19.5.12 Expansion Tanks An expansion tank, which may be of the open or closed type, is
 used to provide thermal expansion in hot-water systems. Anindoor over flow from the upper part of the open-type expansiontank is provided and connected to a drain.
 A closed-type expansion tank of proper size is installed to han-dle the capacity of the system. The minimum capacity of theclosed expansion tank may be determined from Tables 3.31C-1and 3.31C-2 of Section VI. Also, the minimum capacity may bedetermined by the following formula:6
 Vt � [(0.00041T � 0.0466)Vs]/[(Pa /Pf) � (Pa /Po )]
 where
 Vt � minimum volume of tank, gal Vs � volume of system (not including the tank) T � average temperature, �F Pa � atmospheric pressure, psia Pf � fill pressure, psia Pa � maximum operating pressure, psia
 For system pressure of more than 30 psi (207 kPa), an expan-sion tank is required to be constructed in accordance with ASMESection VIII, Division 1, or to ASME Section X. If the workingpressure for the system is 30 psi (207 kPa) or less, the expansion
 FIG. 19.15 HOT-WATER-HEATING BOILERS IN BATTERY (Source: Fig. 3.30-2, Section VI of the ASME B&PV Code)
 6The same formula is referenced in Section 1009 of the International Mechanical Code, published by International Code Council, 5203 Leesburg Pike,Suite 708, Falls Church, VA 22041.
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 tank should be designed for a hydrostatic test pressure of 75 psi(517 kPa). An airtight expansion tank is installed if a hot-water-supply system is equipped with a check valve or pressure-reducing valve in the cold-water-inlet line.
 19.5.13 Stop ValvesA stop valve that is used to isolate a steam boiler from the system
 should be located on both the supply and return lines as near to theboiler as possible. If the boiler is located above the system and canbe drained without draining the system, a stop valve is not required.The minimum pressure rating of a stop valve should be at least equalto the pressure stamped on the boiler, and the temperature ratingshould not be less than 250�F (121�C). This stop valve is properlydesignated by a tag of metal or other material fastened to it.
 19.5.14 Bottom Blowoff and Drain Valves A bottom blow off connection fitted with a valve is required to
 be installed on a steam boiler’s lowest water space. However, ablowoff valve is not required for a boiler with a capacity notexceeding 25 gal (95 L). Table 3.33 of Section VI shows the sizeof bottom blowoff piping, valves, and cocks.
 One or more drain connections fitted with valves or cocks arerequired to be connected to the lowest water-containing spaces of
 a steam or hot-water boiler. Drain valve and piping size should bea minimum in. (19 mm). The minimum pressure rating for blowoff valves and cocks are required to be at least equal to the pres-sure stamped on the boiler or a minimum of 30 psi (207 kPa), andthe temperature rating for such valves and cocks should be a min-imum of 250�F (121�C).7
 19.5.15 Oil Heaters An oil heater is used to preheat a heavier grade of fuel oil
 before it goes to the burner. It is important to install a means toprevent the introduction of oil into the boiler-feedwater system, asit is harmful for boiler operation. No oil heater should be installedin the steam or water space within a boiler.
 Also recommended is that any steam- or water-to-oil heater usedouble-wall construction to protect against leakage from the oilsystem into the water system.
 19.5.16 Shutdown Switches and Circuit Breakers A shutdown switch or circuit breaker should be located outside
 the boiler-room door for emergency shutdown of the system. Aboiler room with more than one door should have a switch locatedat each door. The shutdown switch or circuit breaker should shutoff the fuel-input supply and burner controls.
 43
 FIG. 19.16 SINGLE-STEAM BOILERS: ACCEPTABLE PIPING INSTALLATION (Source: Fig. 3.30-3, Section VI of the ASMEB&PV Code)
 7The National Board of Boiler and Pressure Vessel Inspectors’ Manual NB-27, Rules and Recommendations for the Design and Construction of BoilerBlowoff Systems, provides information about blowdown or blowoff equipment.
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 19.5.17 Modular BoilersA modular boiler is assembled in the field and consists of indi-
 vidual modules mani folded together with or without any inter-vening valves. The capacity of an individual module should notexceed 400,000 Btu/hr for gas, 3 gal/hr (11 1/hr) for oil, and 115 kWfor electric.
 An assembled, modular steam-heating boiler should be fittedwith a feed water connection and return-pipe connection. Eachmodule of a steam-heating boiler should have a safety valve, ablow off valve, and a blow off drain connection. Equally impor-tant is for an assembled, modular hot-water-heating boiler to befitted with a make-up water connection and provisions made forthermal expansion and stop valves. Each module of a hot-water-heating boiler should have a safety-relief valve and a drain valve.
 Modular boilers are very popular. There are several modularsystems in which the individual boilers are isolatable. In fact, theoriginal U.S. Department of Energy tests, which determined thisboiler type to have an efficiency greater than that of a conventi-onal boiler, relied to some extent on the fact that each individualmodule could be isolated from the system and allowed to cooldown to room temperature, thereby eliminating radiation lossesfrom the jackets of nonoperating boilers. On the other hand, aboiler requiring repair can be isolated from the system while therest of the system remains on-line to provide heat.
 19.6 FUELS
 Fuels commonly used for combustion in boilers are gas, oil,coal, and wood products. These fuels act as sources of heat inboilers to generate steam or hot water for space heating and togenerate hot water for its own use. In addition, electricity andsolar energy are used as fuels for the boilers. Regardless of thetype of fuel used, the heat energy of the fuel is converted intothermal energy in the boilers.
 Fuel selection was at one time based on economics, but intoday’s world, it is likely to be governed by air pollution authori-ties. It is by means of state and local actions that such authorities,in conjunction with the federal Environmental Protection Agency(EPA), can directly impact boiler plants. The Federal Clean AirAct of 1963 was amended in 1970, 1977, and 1990. The 1990amendment consists of eleven titles, the provisions of which havethe potential to affect every source of air pollution. Several titleshave influenced boiler plants, most notably Title 1, “Attainmentand Maintenance of the National Air Quality Standards.” TheEPA has set air pollution standards, known as the NationalAmbient Air Quality Standards (NAAQS), to address six criteriafor pollutants, as shown in the following table:
 Annual1 hr 8hr (Arithmetic Calendar
 Pollutant (ppm) (ppm) 24 hr Mean) Quarter
 Ozone 0.12 0.08 — — —Carbon
 monoxide 35 9 — — —Nitrogen
 dioxide — — — 0.053 ppm —Sulfur
 oxides — — 0.14 ppm 0.03 ppm —Particulate
 matter � 10 — — 0.000066 0.000022 —microns grains/ft3 grains/ft3 —diameter
 Particulatematter � 2.5 — — 0.000028 0.000066 —microns grains/ft3 grains/ft3
 diameter Lead — — — — 0.00000066
 gra ins / f t 3
 19.6.1 Gas Gas used for boilers may be in the form of natural, manufac-
 tured, mixed, or liquefied petroleum gas. Natural gas consists ofmethane (75�99%), ethane (5�23%), and a small percentage(0.008–11%) of other gases. It is used widely because it burnscleanly and causes less pollution than the other types; moreover,its popularity is enhanced by its ease of use, its low maintenancerequirements, and its reasonable cost. Manufactured gas is abyproduct of industrial processes; its heat content varies based onits manufacturing. Blast furnace gas, coke-oven gas, and refinerygas are examples of manufactured gas. Mixed gas, a combinationof different types of gases, is used for specific purposes.
 Heating value, which is expressed by the British thermal unit(Btu), indicates how much heat a gas can produce. The heating val-ues of various gas fuels in Btu/ft3 are given in the following table:
 Low High
 Natural gas 950 1,150Manufactured gas 350 600 Mixed gas 600 800
 19.6.2 Liquefied Petroleum Gas Liquefied petroleum gas is obtained from hydrocarbon indus-
 tries and is stored in a liquid state in tanks under high pressure.8
 When this pressure is reduced, the liquid is changed to gas at thepressure for the burner. Liquefied petroleum gas should be storedand handled according to the regulations of local jurisdictions.Two liquefied petroleum gasespropane and butane–have the fol-lowing properties:
 Proptane ButaneBoiling temperature �40�F 32�FHeat value specific 2,500–3,260 Btu/ft3 2.500–3,260 Btu/ft3
 gravity 1.5–2.01 1.5–2.01
 Because propane and butane are considered expensive for useas primary fuels, their typical use has been either as secondaryfuels or as fuels for areas where other fuels are unavailable. It isnecessary for propane vaporizers to be kept in good working con-dition to ensure that liquid propane does not enter a burner that isdesigned typically to burn gaseous propane only. Also, one shouldconsult the Burner Manufacturer before changing from onegaseous fuel to another. Special precautions are necessary whenusing a liquefied petroleum gas as a fuel because it is heavier than
 8The National Fire Protection Association (NFPA) 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, is normally adopted byjurisdictions for use as regulations.
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 air. Particularly important is to avoid installing propane-systempiping or propane-fired equipment below grade.
 19.6.3 Fuel OilsFuel oils are classified by their viscosity and are graded in
 accordance with the ASTM Standard D-88. The viscosity of an oilis its internal resistance to flow and is related to the number ofseconds required for a specific amount of oil at a given tempera-ture to pass through an orifice. This property is important whenconsidering pumping requirements. For light oils, the unit of vis-cosity is the Seconds Saybolts Universal (SSU); for heavy oils, itis the Seconds Saybolts Furol (SSF).
 Besides viscosity, other important properties of fuel oils are thespecific gravity, the flash point, and the pour point. The specificgravity is the relationship of the oil density to the water density atthe standard temperature. Specific gravity of fuel oils can bedetermined by the following formula:
 Specific gravity
 or
 specific gravity 60�/60�F � 141.5
 where API means the American Petroleum Institute. When ahydrometer reads specific gravity in deg. (�API) is used tomeasure specific gravity. If the �API is known, the followingformula is used to determine the approximate heating value offuel oils:
 heating value, Btu/lb � 17,780 � (54 � �API)
 Properties of fuel oils determine their grade, classification, andsuitability for specific uses. (Table 19.2 lists the properties offuel oils.) Because fuel oils are prepared for combustion in low-pressure boiler burners by atomization, the oil delivered to theburner should be preheated to the proper temperature for atom-ization.
 19.6.3.1 Example 1 What is the specific gravity (SG) of fuel oilthat is 32� API?
 SG60�/60�F SG60�/60� � 0.8654=
 141.5
 131.5 + 32
 =
 lb/gal oil at 60°F
 8.34 lb/gal water
 19.6.3.2 Example 2 What is the heating value of a fuel oil withan SG of 12�API?
 heating value, Btu/lb � 17,780 � (54 � �API) Btu/lb � 17,780 � (54 � 12) Btu/lb � 18,428
 19.6.4 CoalCoal is widely used in the electric utility industry for steam gener-
 ation. The conditions under which coal is formed determine its prop-erties. Based on its rank (which is the degree of hardness), coal ismainly classified into three types: anthracite, bituminous, and lignite.
 Anthracite coal, commonly known as hard coal, is shiny andblack. Semianthracite coal is gray and not as hard as anthracite coal.Bituminous coal, also known as soft coal, is widely used in the utilityindustry, for it ignites easily and burns with a long flame. Sub-bituminous coal is also a type of soft coal, but its carbon content islower than that of bituminous coal. Lignite coal has a low heating valueand a high moisture content; thus, it is rarely used as a boiler fuel.
 Analysis is necessary to determine the coal’s suitability as afuel for a particular application. Either a proximate or an ultimateanalysis is required to identify the characteristics of a particulartype of coal. A proximate analysis is used to determine the mois-ture, volatile matter, ash, fixed carbon, and sulfur content in a coalspecimen, whereas an ultimate analysis is used to determine suchelements as nitrogen, oxygen, carbon, ash, sulfur, and hydrogen ina coal specimen. The amount of each element present in the coalspecimen determines the heating value or calorific value, which isexpressed in Btu/lb. In fact, a bomb calorimeter measures theheating value of coal.
 Coal analyses are performed in three ways: as-received or as-fired, moisture-free or dry coal, and moisture- and ash-free orcombustible. As-received denotes the analysis that includes theactual moisture. (Table 19.3 lists the results of complete as-received coal analyses.) This moisture is removed in the moisture-free analysis. Combustible analysis is used when the moisture andash are not included.
 19.6.5 ElectricityElectricity is used as a source of heat for heating boilers—
 specifically, for generating heat for either electrode-type orimmersed-direct-resistance-element-type boilers. In an electrode-typeboiler, heat is generated by the passage of an electric current usingwater as the conductor. In the immersed-direct-resistanceelement-type boiler, heat is generated by the passage of an electric currentthrough a water-immersed resistance-heating element.
 TABLE 19.2 PROPERTIES OF FUEL OILS
 Grade Grade Grade Grade Grade1 2 4 5 6
 Color Light Amber Black Black Black�API 60�F 40 32 21 17 12Specific gravity (60/60�F) 0.8215 0.8654 o.9279 0.9529 0.9861Viscosity (SSU) 31 35 77 232 —Viscosity (SSF) — — — — 170Pour point Below zero Below zero 10 30 65Temperature for automizing (�F) Atmospheric Atmospheric �25 130 200Lb/gal (60/60�F) 6.870 7.206 7.727 7.935 8.212Btu/lb 19,850 19,500 19,100 18,950 18,7500
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 19.7 FUEL-BURNING EQUIPMENT ANDFUEL-BURNING CONTROLS
 Fuel-burning equipment is used to burn the fuel efficiently andrelease the heat energy in fuel. The main type of fuel-burningequipment is the burner, which admits the fuel and air to the fur-nace for safe, efficient combustion after a prepurge period inten-ded to ensure that any residual combustibles are removed fromthe furnance, breeching, and stack before ignition.
 A pilot is used to ignite the flame before the burner ignition.The basic ignition sequence is that a pilot flame is lit, the flame isdetected by a flame sensor, and the main flame is then ignited.
 Pilots are classified based on the time a pilot operates withrespect to the main burner; these types are continuous, intermit-tent, and interrupted. A continuous pilot stays lit all the time; anintermittent pilot is lit before the main burner ignition and stays litwhile the burner is on; and an interrupted pilot continues to be litfor an amount of time sufficient for the main flame burner toignite and then go off. Most pilots use natural gas or propane,although oil may be used for some pilot-flame ignition.
 The kind of fuel used determines the kind of fuel-burning equip-ment used, as illustrated by the fact that the main equipment typesare those that burn gas, oil, coal. Moreover, operating controls,limit controls, safety controls, and programming controls arerequired for controlling functions of the fuel-burning equipment.
 19.7.1 Gas-Burning Equipment Gas burners are used to supply the proper mixture of gas and
 air to the furnace for complete combustion. The type of gas bur-ner may be selected on the basis of available gas pressure. Thereare two types of gas burners: atmospheric and power.
 19.7.1.1 Atmospheric Gas Burner An atmospheric gas burnerwith a venturi tube uses the energy in the gas to aspirate primaryair. This premixed blend is delivered to the flame zone. Once theflame is established, secondary air is drawn from the surroundingspace to complete the combustion. This type of burner operates athigher excess air than other burner types.
 19.7.1.2 Power Gas Burner In the power burner, air is forcedto mix with the gas by using a fan to maintain a suitable draft forcomplete combustion. Normally, either an induced-draft fan or aforced-draft fan is used to maintain the proper draft condition inthe furnace. Based on the type of draft, power gas burners are clas-sified as induced draft and forced draft.
 19.7.1.3 Induced-Draft Burner This type of burner operateswith a furnace pressure slightly less than atmospheric so that sur-rounding air can flow into the boiler. Once combustion takes place,the gases of combustion flow into the chimney and then rise to the
 atmosphere. An induced-draft fan is used to maintain proper draftcondition in the furnace.
 19.7.1.4 Forced Draft Burner This type of burner is designedto operate with a furnace pressure higher than atmospheric. Fansor blowers are used to produce the flow of air for combustion.
 19.7.1.5 Combination Gas-Fuel Burner The combination gas-fuel burner is used to burn more than one fuel in a burner.
 Generally, it is designed for burning gas (natural gas orliquefied petroleum gas) in combination with any grades of oilswith provision to switch over from one fuel to another. A combi-nation gas-fuel burner is basically the same as connecting a gasburner and a fuel-oil burner together and allowing an advanceswitchover from one fuel to another if necessary.
 19.7.2 Oil-Burning Equipment Fuel-oil burners are used to mix fuel oil with air mechanically
 so that a fine spray form is delivered to the furnace for efficientcombustion. As a result of forcing fuel oil through a nozzle byusing air or steam, the atomization of fuel oil is accomplished.Based on the type of atomization of fuel, fuel-oil burners are clas-sified as pressure-atomization and air-atomization.
 19.7.2.1 Pressure-Atomization Burner In this type of burner,fuel oil is pumped into the burner and atomization of fuel isobtained without using air or steam. It has two varieties: the high-pressure mechanical-atomization burner and the low-pressuremechanical-atomization burner.
 TABLE 19.3 ANALYSES OF AS-RECEIVED COAL
 Proximate Analysis Ultimate Analysis
 Voltatile Fixed Heating ValueCoal Moisture Matter Carbon Ash Sulfur Hydrogen Carbon Nitrogen Oxygen (Btu/lb)
 Anthracite 2.80 1.16 88.21 7.83 0.89 1.89 84.36 0.63 4.40 13,298Semianthracite 3.38 8.47 76.65 11.50 0.63 3.58 78.43 1.00 4.86 13,156Bituminous 3.24 27.13 62.52 78.11 0.95 5.24 78.00 1.23 7.47 13,919Semibituminous 2.03 14.47 75.31 8.19 2.26 4.14 79.97 1.26 4.18 15,081Lignite 34.55 35.34 22.91 7.20 1.10 6.60 42.40 0.57 42.13 7,090
 FIG. 19.17 HIGH-PRESSURE MECHANICAL-ATOMIZATIONBURNER (Source: Fig. 5.02A, Section VI of the ASME B&PVCode)
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 19.7.2.1.1 High-Pressure Mechanical-Atomization BurnerThis type of burner is characterized by an air tube with a pressur-ized oil supply so that a spray of atomized oil is mixed with the airstream emerging from the air tube. The oil is supplied to the bur-ner at or above 100 psig. A typical arrangement is shown in Fig. 19.17. Electric ignition is obtained by a high-voltage trans-former located above the nozzle. A gas pilot is used for gas igni-tion on a larger burner.
 19.7.2.1.2 Low-Pressure Mechanical-Atomization BurnerThis type of burner uses low-pressure atomizing for supplying amixture of oil and air to the burner nozzle. The air pressure beforemixing is in the range of 1–15 psig; for an air-oil mixture, therange is 2–7 psig.
 19.7.2.2 Air-Atomization Burner An air-atomization burner isthe same as a steam-atomization burner except that compressed airis used for atomization of the fuel oil instead of the steam.Atomizing air at the correct pressure is delivered by an air com-pressor. This type of burner may be used for burning all grades offuel oils.
 19.7.3 Coal-Burning Equipment Coal is introduced into the furnace either by manual or hand-
 firing methods or by mechanical devices. However, the hand-firingmethod is now largely obsolete, for it has been almost completelyreplaced by such mechanical devices as stokers. A stoker is adevice consisting of a mechanically operated fuel-feeding mecha-nism and a grate for feeding solid fuel into a furnace and distribut-ing it over the grate while admitting air to the fuel for combustionand providing a means for removing or discharging refuse. Themost common types of stokers are underfeed, spreader, and chain-grate stokers.
 19.7.3.1 Underfeed Stoker In this type of stoker, coal is fed infrom the bottom of the burning fuel bed. Coal is introduced into ahopper and then delivered into the retort, where a distributing barwith pusher blocks distributes the coal back and up. The coal is deliv-ered by a piston-type ram, and the lateral movement of the bar slow-ly moves the ash toward the dump grates. A single-retort stoker isused in small boilers, but multiple-retort stokers are used in largeboilers to obtain high rates of combustion.
 19.7.3.2 Spreader Stoker The spreader stoker is generallydesigned for burning small coal. In this type, some coal is burned insuspension; the remainder falls into the grate where final combus-tion takes place. The stoker installation consists of a variable-feed-ing device, a mechanism for distributing the coal into the furnace,and grates with suitable openings for admitting air. The hopperdelivers the coal to the conveyor feeder and then to the distributor,which separates coal to be burned in suspension from coal to beburned in the grate. Air is supplied from both under the grate andover the fire for complete combustion.
 19.7.3.3 Chain-Grate Stoker This type of stoker uses a movinggrate to feed coal into the furnace. An endless chain travels overtwo sprockets, one at the front and the other at the rear of the fur-nace. Coal is fed from the hopper, deposited on the front of thegrate, and travels past an ignition point; then combustion begins.
 Sufficient air is introduced through windboxes under the grates tocomplete combustion before the end of the grate is reached.
 19.7.4 Controls In addition to accessories, many controls are required for auto-
 matically fired boilers to ensure safe, reliable, efficient operation.These controls, which may be electric or pneumatic, shall be pro-vided on a boiler to meet the Code requirements of a local jurisdic-tion.9 A Certificate of Operation may not be issued for a boiler ifthe controls are not installed according to the local codes. Controlsare classified according to the functions they perform for a boiler;hence there are operating, limit, safety, and programming controls.
 19.7.4.1 Operating Controls These are devices that control theoperation of a fuel burner to maintain the desired conditions. They
 (1) start, stop, and modulate the burner (if designed); (2) maintain the proper water level in a steam boiler; and (3) maintain the proper water pressure in a hot-water-heating
 boiler.
 Examples of operating controls are the following:
 • Flame-safeguard controls• High-limit-pressure controls• High-limit-temperature controls (for hot water) • Operating-limit-pressure controls (for steam) • Operating-limit-temperature controls (for hot water) • Modulation-pressure-modulating controls (for steam) • Modulation-temperature controls (for hot water) • Low-fire-hold controls• Low-water-cutoff controls• Auxiliary-low-water-cutoff controls
 19.7.4.2 Limit Controls These are devices that shut down theboiler when operating limits are reached. They
 (1) stop the burner when the steam pressure or hot-water tem-perature exceeds the limit control setting (15 psi for steamboilers, 250�F for hot-water boilers);
 (2) stop the burner when the water level falls below its mini-mum safe level; and
 (3) if required, stop the burner in case of unusual conditions,such as high stack temperature, high or low gas-fuel pres-sure, or high or low fuel-oil temperature.
 19.7.4.3 Safety Controls These are devices that are incorporatedin the burner-control circuitry and on the burner itself to allow theflow of fuel only if the required steps and conditions are met. They
 (1) stop the fuel flow in case of ignition failure; (2) stop the fuel flow in case of main-flame interruption; (3) stop the fuel flow in case of mechanical draft failure; and (4) stop the fuel flow in case of circuit failure.
 19.7.4.4 Programming Controls These are devices that pro-vide proper sequencing of operating controls, limit controls, andsafety controls to ensure that all the conditions necessary forproper burner operation are met. Examples of programming con-trols are prepurge and postpurge cycles to remove gases thatmight have accumulated within the furnace.
 9Many jurisdictions have adopted ASME CSD-1, Controls and Safety Devices for Automatically Fired Boilers. The Boiler Owner is required to meetthe requirements of his or her local jurisdiction.
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 19.8 BOILER-ROOM FACILITIES
 19.8.1 GeneralThis section covers the minimum requirements of a boiler
 room for safe, economical operation and maintenance. TheManufacturer’s recommendations about the maintenance and careof boiler rooms in addition to the Manufacturer’s operatinginstructions should be followed.
 19.8.2 Boiler RoomsA boiler room is defined as a facility where boilers and their
 associated equipment are installed for supplying steam or hotwater. Boiler operators and engineers perform their duties andkeep log sheets in a boiler room. All records pertaining to theboilers are maintained in boiler room. Boiler parts, tools, supplies,and other accessories may be stored in boiler rooms.
 The size of a boiler room depends on the physical size andnumber of boilers, the physical dimensions of all boiler plant-related equipment (including water-treatment equipment), and theuse of space required for storing boiler-related materials. Theboiler room should be constructed in accordance with local codes,and approval should be obtained from the jurisdiction. The Owneror User is responsible for meeting all the jurisdictional require-ments for drawings, certifications, permits (including environ-mental permits), licenses, and so forth, before installing boilersand related equipment in the boiler room.
 In considering the boiler room layout, thought should be givento ensuring proper access and working space for repair work, oreven the replacement or addition of a boiler.
 19.8.2.1 Installation Code In addition to the Manufacturer’srecommendations, the regulations of the jurisdiction where theboiler room is located should be followed for the installation of theboiler-room equipment. Most of the jurisdictions in the UnitedStates and Canada have adopted the following Codes for construc-tion and installation:
 (1) ASME B&PV Code Section IV, Heating Boilers. (2) ANSI Z223.1, National Fuel Gas Code. (3) ASME CSD-1, Controls and Safety Devices for
 Automatically Fired Boilers. (4) CAN/CGA-B 149.1 and/or 149.2, Installation Code for
 Gas-Burning Appliance.
 19.8.2.2 Exit and Egress All boiler rooms exceeding five hun-dred (500) sq ft of floor area and containing one or more boilers,each having a fuel-burning capacity of 1,000,000 Btu, should haveat least two means of exit. Each exit should have two means ofegress remotely located from each other.
 19.8.2.3 Clearances The boilers should be placed in a boilerroom so that there is at least 36 in. (91.5 cm) of clearance space oneach side of the boilers for easy operation, maintenance, andinspection. Boilers operated in battery should not be installed clo-ser than 36 in. (91.5 cm) from each other. A minimum height of atleast 36 in. (91.5 cm) should be provided between the top of theheating-boiler proper and the ceiling. Heating boilers with man-holes should have a minimum of 60 in. (153 cm) of clearancespace between the manhole openings and any wall, piping, or otherequipment that may prevent one from entering the boiler. Modularheating boilers, which require individual units to be installed eitherside by side and front to back or by stacking, should provide clear-ances in accor dance with Manufacturer’s recommendations.
 19.8.2.4 Boiler Placement All boilers should be installed onnoncombustible floors without carpeting. There should be mini-mum distances maintained from combustible surfaces. The following table shows the minimum clearance required to be main-tained from the combustible surfaces:
 Clearance from Indoor (In.)
 Clearance from Indoor (In.)
 Top 24Water-connection side 24Opposite side 24Front 4Rear 24Vent 6
 19.8.2.5 Ladders and Runways All walkways, runways, andplatforms in the boiler room should be of metal construction andequipped with handrails 42 in. (107 cm) high with an intermediaterail and a 4 in. (10 cm) toe board. In addition, they should beplaced between or over the top of boilers more than 8 ft (2.8 m)above the operating floor to afford accessibility for operation andmaintenance. At least two permanently installed means of egressfrom walkways, runways, or platforms that exceed 6 ft. (183 cm)in length should be provided as well.
 19.8.2.6 Stairways As means of access to the walkways, runways, or platforms, these should not exceed an angle of 45 deg.from the horizontal.
 19.8.2.7 Ladders As means of access to the walkways, run ways,or platforms, these should be of metal construction — not less than18 in. (46 cm) wide and with permanently secured rungs that extendthrough the side members. The ladders should have a clearance widthof at least 15 in. (39 cm) from the center (on either side) to the front.
 19.8.3 Inspection of New Boilers
 19.8.3.1 Inspection for Acceptance The first inspection of anynew boiler is performed by an Authorized Inspector employed byeither the local jurisdiction or a boiler insurance company. Anyviolations of local codes should be corrected before the inspection.Construction and installation should be done in accordance withthe plans and specifications approved by the jurisdiction. Aninspection certificate is issued for each boiler if inspection resultsare satisfactory.
 19.8.3.2 Inspection for Operating Integrity An inspectioncertificate is required by most jurisdictions in the United States andCanada for boiler operation. Before a boiler is put into operation,it must be inspected by an Authorized Inspector employed byeither the jurisdiction or boiler insurance company. An inspectioncertificate is issued if the boiler conditions are satisfactory.
 19.8.4 Safety The safe operation of a boiler depends largely on the skill and
 attentiveness of the boiler operator. Boiler-room safety rules,which vary depending on the type and size of the plant, should bepracticed by the boiler operator at all times. The boiler operator isresponsible for fire safety in the boiler room, as fuels used in theboiler room are combustible and may cause fire. The Ownershould engage only properly trained boiler operators or engineersto repair or operate mechanical equipment.
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 19.8.5 LightingThe boiler room should have sufficient light so that all the
 instruments can be read clearly and that any leakage from theboiler can be detected easily. An emergency light or a flashlightshould be kept in standby if a power failure occurs. One shouldalways use low-voltage droplights or flashlights while workinginside the boiler.
 19.8.6 Ventilation and Combustion Air The boiler room should have an adequate supply of air to allow
 clean, safe combustion and to minimize the formation of soot. Animproperly ventilated room can get excessively hot, causing dete-rioration of the controls and electrical components. A minimumof 19.5% oxygen in the air of the boiler room should be main-tained at all times. The combustion and ventilation air may besupplied by either an unobstructed opening or by power ventila-tors or fans.
 19.8.6.1 Unobstructed Openings The boiler room should beprovided with suitably sized openings to ensure both adequatecombustion air and proper ventilation. In general, there should betwo permanent air-supply openings communicating directlythrough the wall to the outside air: one within 12 in. of the ceiling,the other within 12 in. of the floor. Each opening should have aminimum free area of one sq in. (6.5 sq cm) per 2,000 Btu/hr inputrating of all the burners located in the boiler room or as specifiedin the NFPA Standards.10
 Boiler rooms should not be under negative pressure. If automatic-combustion air dampers are used, they must be inter-locked with the burner so that the burner will not fire if thedamper is unopened. Limit switches must be on the driven mem-ber of the damper.
 19.8.6.2 Power Ventilators or Fans Power ventilators or fansare sized on the basis of 0.2 cfm (0.028 m/m) for each 1,000 Btu/hrof maximum fuel input for the total combined burners in the boi-ler room. The installer should ensure that the blower or fan doesnot create drafts, which could cause shutdown of the pilot. Whena blower is used to supply combustion air, a suitable switch orequivalent should be wired into the boiler-control circuit to preventthe boiler from firing unless the blower is operating.
 19.8.7 Water and Drain Connections
 19.8.7.1 Water Connections A means for filling the boiler withwater while it is not under pressure should be provided. A valve orthreaded plug may be used to shut off the fill connection when theboiler is not in service. Provisions should be made in every boilerroom for the proper supply of water to flush out the boiler andclean the floor.
 19.8.7.2 Drain Connections Every boiler room should haveatleast one connection to drain the boiler and clean the boilerroom. Drains receiving blowdown water should be connected tothe sanitary sewer by means of acceptable blowdown tanks or sep-arators, or else connected to an air gap that allows the blowdownwater to cool to at least 140�F (60�C) .... or the maximum temper-ature allowed by local Codes or Ordinances, ... and reduce thepressure to 5 psig (35 kPa) or less.
 19.8.8 Fire Protection Fire-protection procedures are required because of the com-
 bustible materials used in the boiler room. Fire-protection proce-dures and fire-protection apparatuses for the boiler room shouldconform to NFPA Standards. The boiler operator should be trainedon the procedures to follow if a boiler-room fire should occur.
 19.8.9 Housekeeping The boiler room should be used only for the equipment and
 materials necessary for the operation and maintenance of the heat-ing system. A clean, orderly boiler room will have fewer acci-dents, for many causes of accidents will have been eliminated bygood housekeeping practices. The boiler room should not be usedfor storing general goods and materials.
 19.8.10 Posting of the Certificate Many jurisdictions require that the inspection certificates for
 the boilers be posted under glass in the boiler room. Generally,the Authorized Inspectors verify the inspection certificates duringtheir boiler inspections. In addition, certificates of boiler operatorsor boiler engineers are required to be posted in the boiler room.Many jurisdictional authorities want these certificates to be pos-ted, as they show that the boilers have been inspected and arebeing operated by qualified personnel. The engineer in chargeshould ascertain that all the certificates are posted in the boilerroom.
 19.8.11 Recordkeeping
 19.8.11.1 Drawings, Diagrams, and Instruction ManualsBoiler records—drawings, wiring diagrams, schematic arrange-ments, operating and service manuals, spare-parts lists, and soforth—are very important and should be saved during the lifetimeof a boiler. If any changes or additions are made, the record shouldbe updated accordingly. These records should be permanently kepteither in the boiler room or in another suitable location close to theboiler room.
 19.8.11.2 Logbook A logbook containing records of mainte-nance work, repair work, inspections, tests, and other pertinentdata should be maintained permanently in the boiler room. Detailsof any repair and alteration work should be recorded, as should anyinspection done by the Authorized Inspector.
 19.8.11.3 Maintenance Schedules and Records A recom-mended logsheet for maintenance, testing, and inspection is shownin Fig. 19.18 (for steam-heating boilers) and Fig. 19.19 (for hot-water-heating boilers). This logsheet should be retained in the boi-ler room for at least one year.
 19.9 OPERATION, MAINTENANCE,AND REPAIR OF STEAM BOILERS
 A qualified low-pressure-boiler operator should operate a low-pressure steam boiler that is used for space heating. Also, aqualified contractor holding a Certificate of Authorization and arepair symbol “R” stamp from the National Board of Boiler andPressure Vessel Inspectors should do any maintenance and repair
 10Consult the National Fire Protection Association Code 10, Standard for Portable Fire Extinguishers, for more information.
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 work on a steam boiler.11 In addition, many jurisdictions haveimplemented their own laws and rules regarding the operation,maintenance, and repair of steam boilers with which operatorsand engineers should be complying.
 19.9.1 Cleaning Filling a New BoilerA newly installed boiler must be fully cleaned and filled with
 water before start-up. It is also important to flush fuel systems ofconstruction-site debris before their initial use. The followingsteps should be taken to prepare the boiler before start-up:
 19.9.1.1 Inspection The interior should be inspected to makesure that no foreign matter, such as tools, equipment, and rags, isleft in the boiler.
 19.9.1.2 Check Before Filling If the burner is in operatingcondition, the water in the boiler should be heated or boiled imme-diately after it is introduced. The water should be heated to a min-imum temperature of 180�F to remove any dissolved gases thatmight otherwise corrode the boiler.
 19.9.1.3 Clean the System After the boiler is filled to the properwaterline, the entire system should be operated with steam for a fewdays to bring the oil and dirt back from the system to the boiler.
 19.9.1.4 Boiling Out Boiling out is a chemical cleaning methodused to remove oils and greases from a newly installed boiler or froma boiler that was subjected to such major repairs as retubing. Themethod is accomplished in one step by the simple boil-out method orin two steps by the inclusion of the stubborn boil-out method.
 19.9.1.4.1 Simple Boil-Out Method Light oils, greases, andsimilar substances are normally washed out by the following meth-ods, after which the boiler should be ready for service.
 (1) Fill the boiler to the normal waterline; (2) remove the plug from the tapping on the highest point on
 the boiler; (3) add the appropriate boil-out compound through the opening;(4) replace the plug or safety valves; (5) start the firing equipment and check the operating, limit,
 and safety controls; (6) boil the water for a minimum of 5 hours; (7) stop the firing equipment; (8) drain the boiler; (9) wash the boiler thoroughly with a high-pressure stream of
 water;(10) fill the boiler to the normal waterline; (11) add the appropriate boil-out compound as needed; and (12) boil the water or heat it to a temperature of 180�F.
 The boil-out compound mentioned in steps (3) and (11) of thepreceding list is a type of alkaline detergent compound of varyingconstituents. A qualified water-treatment-chemical specialist shouldbe consulted for recommendations regarding the appropriate chemi-cal compound.
 19.9.1.4.2 Stubborn Boil-Out Method When the simple boil-out method does not remove all of the oil and grease, the stubborn
 boil-out method, embracing the following steps and using a sur-face blowdown, should be used.
 (1) Run a temporary pipeline from the surface blowdownconnection to an open drain for safe discharge (if no suchtapping is available, use the safety-valve tapping);
 (2) fill the boiler until it reaches the top of the water gage glass;(3) add the appropriate boil-out compound; (4) start the firing equipment to boil the water without pro-
 ducing steam; (5) operate the boiler for about 5 hours; (6) open the boilerfeed pipe sufficiently to permit water to
 runout of the overflow pipe; (7) continue this slow boiling and trickle of overflow for seve-
 ral hours until the water coming from the overflow is clear;(8) stop the firing equipment; (9) drain the boiler;
 (10) remove the covers and plugs from all wash-out openingsand wash the waterside of the boiler with a high-pressurestream of water;
 (11) refill the boiler until 1 in. of water shows in the gage glass; (12) remove the temporary piping; (13) add more boil-out treatment compound; (14) close the boiler; (15) replace the safety valve; and (16) boil or heat the water to a minimum temperature of 180�F.
 The boiler should then be ready for service.
 19.9.2 Starting a BoilerThe following steps should be taken when a boiler is started
 after layup:
 (a) Review the Manufacturer’s recommendations for the startup of the burner and boiler.
 (b) Set the control switch to the “off” position. (c) Make sure the combustion air to the boiler room is unob-
 structed.(d) Check the availability of fuel. (e) Check the water level in the gage glass. (f) Use try cocks, if provided, to double-check the water level. (g) Vent the combustion chamber to remove any unburned gases,(h) Clean the glass on the flame scanner. (i) Set the main steam-shutoff valve to the open position. (j) Open the cold-water-supply valve to the waterfeeder. Open
 the suction and discharge valves on the vacuum or condensatepumps and set the electrical switches to their desired postions.
 (k) Check the operating-pressure setting of the boiler. (l) Check the manual reset, if provided, on the low-water fuel
 cutoff and the high-limit-pressure control to determine ifthey are properly set.
 (m) Set the manual fuel-oil supply valve or the manual gasvalve to the “open” position.
 (n) Set the circuit breaker or fused disconnect switch to the“on” position.
 (o) Set all boiler emergency switches to the “on” position. (p) Set the boiler-control starting switch to the “on” or “start”
 position. (Do not stand in front of the boiler-access orclean-out doors. This is a precautionary measure should acombustion explosion occur.)
 11An application for the Certificate of Authorization and the “R” stamp can be obtained from the National Board of Boiler and Pressure VesselInspectors, 1055 Crupper Avenue, Columbus, OH 43229.
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 (q) Bring the pressure and temperature up slowly. (r) During start-up, walk around the boiler frequently to ascer-
 tain that all associated equipment and piping are function-ing properly.
 (s) Immediately after the burner shuts off, inspect the watercolumn and open each try cock (if provided) to determinethe true water level.
 (t) Enter into the logbook the following information:(1) the date and time of start-up; (2) any irregularities observed and the corrective action
 taken; (3) the time when the controls shut off the burner at the
 established pressure, the test performed, etc.; and (4) the signature of the operator.
 (u) Check the safety valve for evidence of simmering and per-form the try-lever test (see Exhibit C ASME B&PV CodeSection VI).
 If any abnormal conditions occur during start-up, immediatelyopen the emergency switch. Do not restart the boiler until theproblems are identified and corrected.
 19.9.3 CondensationWhen a gas-fired boiler is started from a cold condition, con-
 densation may occur in the boiler and pipeline. Depending on thecold condition, the quantity of the condensed water may be soexcessive that it might make the boiler appear to be leaking. Afterthe boiler becomes hot, however, the condensed water dries anddisappears.
 19.9.4 Adding Another Boiler When another boiler is started and placed on-line with boilers
 already in service, the following steps should be observed:
 (1) start the additional boiler with the steam-stop and return-stop valves closed;
 (2) open the steam-stop valve very slightly when the pressurewithin the boiler is the same as the pressure in the mainsteam line;
 (3) if conditions are normal, continue to open the steam-stopvalve slowly until it is fully open: If abnormal conditionsoccur, identify and correct the problem(s); and
 (4) open the stop valve on the return line.
 19.9.5 Operation Equipment in the boiler room varies depending on the type and
 size of the heating plant. A boiler operator or engineer shall befamiliar with all the operating conditions and variables on opera-tion of all boiler-room equipment. It is the operator’s or engineer’sduty to maintain the proper operating conditions and to deliver therequired steam pressure at the boiler outlet. The following condi-tions must be checked as part of a routine boiler operation.
 19.9.5.1 Water Level The first task of a boiler operator uponentering a boiler room should be to check the water level on allboilers. This task is accomplished by blowing down the gage glassin the following order of steps:
 (1) close the lower-gage glass valve;(2) open the drain cock (located on the bottom of the valve) and
 blow the glass clear; and(3) close the drain cock and open the lower-gage glass valve, at
 which point the water should return to the glass immediately.
 If the water does not return promptly, leave the lower-gageglass valve open and close the upper-gage glass valve; then openthe drain cock and allow the water to flow until it runs clear. Atthat instant, close the drain valve and close the lower-gage glassvalve. If the water disappears from the gage glass, blow down thegage to see if the water returns; if it does not appear, shut downthe boiler immediately. Finally, cool down the boiler and add 1 in.of water to the gage glass.
 19.9.5.2 Steaming Pressure Occasionally, the safety valve failsto open because of the buildup of corrosive deposits between thedisk and seat of the safety valve. Also, long periods of leakage cancause the safety valve to stick or freeze. The pressure differentialbetween the safety valve set pressure and the operating pressureshould be a minimum of 5 psi — that is, the boiler-operating pres-sure should not exceed 10 psig. One should ensure that the pres-sure gage indicates the correct operating pressure, as the gagescannot be relied on at the low end of the scale. If the operatingpressure is required to be more than 10 psig, it should not exceed15 psig minus the blowdown pressure of the safety valve. Periodictesting of the safety valve should be done in accordance withExhibit C of Section VI.
 19.9.5.3 Blowdown Blowdown is required to remove the pre-cipitated sediments and to maintain the chemical concentrates attheir desired level. This is accomplished by opening a quick-opening blowoff cock and a slow-opening blowoff valve installed at thebottom of the shell or mud drum of the boiler. While blowingdown, the quick-opening blowoff cock should be opened first;then, the slow-opening blowoff valve should be opened gradually.After the slow-opening blowoff valve is shut tightly, the quick-opening blowoff cock should be closed.
 19.9.5.4 Appearance of Rust The appearance of rust in thewater-gage glass is an indication of system corrosion. First, checkthe return line and other parts of the system for corrosion; then,analyze the boiler and make-up water and add the appropriatewater boil-out compound.
 19.9.5.5 Waterline Fluctuation Foaming or priming can occurbecause of fluctuations in the boiler waterline. Such fluctuationsmay cause a layer of foam to form on the surface of the boiler-drum water, possibly hastened by dirt, oil, or other impurities inthe water. Too high a water level in the boiler may cause small par-ticles of water to be carried into the steam lines, leading to prim-ing. Foaming and priming can both be reduced by blowing downthe boiler.
 19.9.5.6 Abnormal Water Losses Abnormal water loss in asteam boiler is indicated by the requirement of large amounts ofmake-up water. Any abnormal water loss from the boiler necessi-tates an immediate, thorough inspection to determine its cause,after which the proper repair or replacement of parts should beundertaken to correct the problem causing the water loss.
 19.9.5.7 Make-Up Water Make-up water is introduced into thesteam boiler to replace that lost or removed water from the system.When make-up water is required, it can be added to the boiler withan automatic waterfeeder or it can be added manually. Only a min-imum quantity of make-up water should be added because, as asource of oxygen, it can cause corrosion; however, a deaerator maybe used to remove dissolved gases (including oxygen) if a large
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 quantity of feedwater is required. The use of an oxygen scavengermay be included as part of the chemical treatment.
 19.9.5.8 Low-Water Cutoff Statistics show that most steam-boiler accidents are caused by a nonfunctioning low-water cutoff.For proper operation, one should check the low-water cutoff, thepump control, and the waterfeeder (if installed). Also, the low-water cutoff should be tested periodically under actual operatingcondition by shutting off the supply of feedwater to the boiler. Afeed pump used with a boiler may be cut off to stop the feed-watersupply, after which the water level in the boiler will drop slowlydown until it reaches the point in which the low-water cut offmechanism should actuate and shut down the burner. This testshould be performed when the boiler is operating at low-fire con-ditions. (For more detailed information, consult ref. [1].)
 19.9.6 Removal of a Boiler from Service
 19.9.6.1 Procedure A boiler may be removed from service foreither a short or extended time period. At the same time, a steamboiler may be taken out of service for repair work or at the end ofthe heating season. The following steps should be taken if a boileris temporarily removed from service:
 (1) Start the firing process; then maintain the boiler-water tem-perature to 180�F–200�F.
 (2) Drain the boiler water from the bottom drain until it runsclean.
 (3) Refill the boiler to the top of the gage glass and add theappropriate boil-out compound.
 (4) After all of the dissolved gases are released, shut down thefiring equipment and disconnect the main switch.
 (5) Treat the water in laid-up boilers in accordance withSection 19.11.11.4 (Treatment of Laid-Up Boilers).
 19.9.6.2 Cleaning Tubes and other fireside-heating surfacesshould be thoroughly cleaned if a boiler is to be removed from ser-vice for the nonoperating season or for any extended nonfiringperiod. Also, the flue boxes and other areas where soot or scalemay accumulate should be cleaned.
 19.9.6.3 Protection against Corrosion Neutral mineral oil maybe applied on fireside equipment to protect against corrosion.Likewise, a tray of calcium chloride or unslaked lime should beplaced in the combustion chamber to keep the boiler’s interior dry.
 19.9.6.4 Water Level Before returning the boiler to service, thenormal water level should be established by draining the steamboiler and reducing the water back to its normal level.
 19.9.6.5 Periodic Checks During an idle period, the boilershould be checked occasionally for corrosion. Any condition thatmight cause corrosion should be avoided.
 19.9.7 Maintenance
 19.9.7.1 Cleaning A boiler is considered properly maintainedwhen it is “clean and tight,” a proverb for the boiler room. Cleanmeans the cleaning of tubes and other heating surfaces in addition toflue boxes, combustion chambers, and so forth, whereas tight meansthe setting, baffles, and all pressure parts. The boiler should be inexcellent condition for the best efficiency, safety, and reliability.
 19.9.7.2 Draining A steam-heating boiler should be drainedonly for one or more of the following conditions:
 • If freezing is expected • If heavy amounts of sludge or dirt have accumulated on the
 waterside• If repair work is necessary • If make-up water is added • If boiling out is maintained regularly
 19.9.7.3 Protection against Freezing Antifreeze, if used, shouldbe tested as noted by the antifreeze manufacturer’s recommenda-tions. The antifreeze solution should be heated in an indirect-heatexchanger and should not be circulated through the boiler proper.
 19.9.7.4 Fireside Corrosion Boilers can corrode on the firesidebecause of the presence of sulfur, vanadium, and sodium in firedfuels (of course, the intensity of corrosion depends on the amountof substance contained in the fuels, the burning conditions, and soon). To avoid corrosion, fireside surfaces should be cleaned thor-oughly at the end of the boiler’s firing session, and the heating sur-faces should be kept dry when the boiler is out of service.
 19.9.7.5 Safety Valves For replacement, ASME-rated safetyvalves of the required capacity should be used. These safety valvesshould be tested at regular intervals in accordance with Fig. 19.18and Exhibit C.
 19.9.7.6 Burner Maintenance Burners should be maintained inaccordance with the Manufacturer’s recommendations. The typeof maintenance required depends on the type of burners. For oilburners, periodic maintenance is done to clean the burner nozzles,oil-line strainers, ignition electrodes, air-intake screens, blowers,and air passages. The oil level in gear cases, belts, and all linkagesare sometimes required to be checked as well. For gas burners, thepresence of dirt, lint, or other foreign matter must be checked, andpilot burners, linkages, belts, and moving parts on power burnersmust also be checked and adjusted.
 19.9.7.7 Low-Water Fuel Cutoff and Waterfeeder MaintenanceThese devices should be dismantled at least once a year for the pro-per functioning of their working parts. All the components should beinspected for deposits of mud, scale, and so forth; then they should becleaned. The float and switching mechanism should also be checkedto ensure that they are in satisfactory condition.
 19.9.7.8 Flame-Safeguard Maintenance Not all the boilers areequipped with automatic-flame-failure controls. Small boilers areequipped with flame scanners that shut off the main fuel valve ifpilot failure or loss of the main flame occurs. In all cases, how ever,flame safeguard should be maintained in accordance with theManufacturer’s recommendations.
 19.9.7.8.1 Thermal-Type Detection Device Check the devicefor electrical continuity and current generation. On completion ofmaintenance, test the detection device as outlined in Exhibit C.
 19.9.7.8.2 Electronic-Type Detection Device Replace the vac-uum tubes annually on older units, check the operation of the unit,and examine the unit for damaged or worn parts. Replace anydefective device; do not repair it. On completion of maintenance,test the detection unit as outlined in Exhibit C.
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 FIG. 19.18 RECOMMENDED LOGSHEET FOR THE MAINTENANCE, TESTING, AND INSPECTION OF STEAM-HEATING BOILERS (Source: Exhibit A, Section VI ofthe ASME B&PV Code)
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 FIG. 19.19 HOT-WATER-HEATING BOILERS (Source: Exhibit B, Section VI of the ASME B&PV Code)
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 19.9.7.9 Limit-Control Maintenance Inspect the device visuallyfor wear, corrosion, and so on. Next, check for mercury separation,and if the control is of the mercury-bulb type, check for discol-oration of the bulb as well. Do not repair any defective pressure-lim-iting control; just replace it.
 19.9.7.10 Cast-Iron Boiler Maintenance Heating surfaces of acast-iron boiler should be cleaned thoroughly. Inspect the fireboxgas passages and breeching for soot accumulation; clean with awire brush and a vacuum. If the internal surfaces are dirty, cleanthe boiler. However, first allow the boiler to cool and drain; thenflush it out. Remove the blowdown valves and plugs and run ahigh-pressure stream of water through these openings to removeany sludge or loose scale. Chemical cleaning is used to remove anyhard scale from the internal surfaces.
 19.9.7.11 Steel Boiler Maintenance Clean heating surfaces byusing the appropriate methods. Remove all accumulations of soot,carbon, and dirt from the fireside, breeching, and stack. Also,inspect the refractory and repair it if necessary. The internal sur-faces of the boiler should be cleaned either by a high-pressurestream of water or a chemical method. To do so, allow the boilerto cool and drain; then remove all handhole and manhole covers(never open the manholes or handholes until the boiler is fullycooled and drained). Next, run a high-pressure stream of waterinside the boiler to remove any solidified sludge and dirt. Finally,flush it thoroughly after cleaning. Chemical cleaning is required ifthe scale is hard or if the scale buildup is difficult to remove.
 19.9.7.12 Use of a Flashlight for Internal Inspection A light—either a flashlight or extension light — is required for an internalinspection. A flashlight is preferred, however, for safety reasons,but when an extension light is used, it should be of low voltage andbe properly grounded with a nonconducting holder and handle.
 19.9.7.13 Leaking Tubes Check the tubes for corrosion. If oneis leaking because of corrosion, probably other tubes are corrodedas well. An Authorized Inspector should be asked to inspect all thetubes before a decision is made to replace corroded tubes.
 19.9.7.14 Use of Sealant Sealant should not be used for sealingany leak on a steam boiler. Instead, the proper repair should be done.
 19.9.7.15 Maintenance of Condensate Return Drain and flushthe condensate tank. Check the strainer, pump packing, floatswitches, and vacuum switches; then follow the Manufacturer’srecommendations for maintenance and repair.
 19.9.7.16 Maintenance Schedule Routine maintenance andtests should be conducted on boilers to prevent any possible acci-dents. The frequency of maintenance and testing depends on thetype of boilers, the type of service, and the duration of operation.In conjunction with inspection and maintenance of boilers as ref-erenced in Exhibit 19.18 and Exhibit C, the following maintenancefrequencies are suggested:
 (a) Daily (boilers in service): Observe operating pressureswater level, and general conditions. Check for any unusualnoises or conditions and correct.
 (b) Weekly (boilers in service):
 (1) test the low-water fuel cutoff and/or waterfeeder, andblow down the boiler if considerable make-up water isused;
 (2) test the water column or gage glass; (3) observe the flame condition and correct if the flame is
 smoky or if the burner starts with a puff; (4) check the fuel supply (oil only); and (5) observe the operation of the condensate or vacuum
 pump.
 (c) Monthly (boilers in service):
 (1) perform the safety-valve try-lever test; (2) test the flame-detection devices; (3) test the limit controls; (4) test the operating controls; (5) blow down the sludge where required; (6) check the boiler-room floor drains for proper functioning;(7) inspect the fuel-supply systems in boiler-room area; (8) check the condition of the heating surfaces; and (9) check the combustion-air-supply opening to ensure
 that it is not closed or congested.
 (d) Annually (for all boilers):
 (1) perform an internal and external inspection after athorough cleaning;
 (2) perform a routine burner maintenance; (3) perform a routine maintenance of condensate or vacuum-
 return equipment; (4) perform a routine maintenance of combustion-control
 equipment; (5) perform the combustion and draft tests; (6) perform the safety-valve pop test; (7) perform the slow-drain test of low-water cutoff; (8) inspect the gas piping for proper support and tightness;
 and(9) inspect the boiler-room ventilation louvers and intake.
 19.9.8 Boiler RepairsRepair work is necessary to restore a steam boiler to a safe and
 satisfactory operating condition. The repair method should con-form to a National Standard Repair Code, and the work should bedone by qualified mechanics.
 The National Board Inspection Code (NBIC)12 is used as guid-ance for performing repairs and making alterations to boilers andpressure vessels. Also, the National Board of Boiler and PressureVessel Inspectors issues a repair symbol “R” stamp and aCertificate of Authorization to qualified boiler-repair companies.
 19.9.8.1 Precaution The repair work should be performed onlywhen the steam boilers are out of service and under zero pressure.The repair work shall not be undertaken without the approval of anAuthorized Inspector employed by the jurisdiction or by an insur-ance company that is licensed to issue boiler insurance as accord-ing to jurisdictional law. In the absence of a jurisdiction, the workshould be performed under the supervision of an engineer respon-sible for the repair work.
 12Copies of the NBIC may be obtained by visiting the National Board’s web site (www.nationalboard.org) or by calling (614) 888-8320.
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 19.9.8.2 Notification When the repair work is completed, theAuthorized Inspector must be notified to inspect the repair work.The boiler can be put back into operation only after the repair workis certified as satisfactory by the Authorized Inspector.
 19.9.8.3 Welding Requirements All repair methods shall beapproved by the Authorized Inspector before any welding repair isundertaken. Welding should be done by qualified welders usingprocedures properly qualified in accordance with Section IX.
 19.9.8.4 Safety Necessary precautions should be taken to ensurethe safety of the people working in the boiler room. The mainburner switch must be turned off and locked out. Tags should beplaced so that they clearly show the burner to be out of service.One person should always stand outside when another is workinginside the boiler.
 19.9.9 Tests and Inspections of Steam-HeatingBoilers
 19.9.9.1 Tests Periodic tests are required on all important boilercomponents to maintain them in good working condition and toensure safety. Precautions should be taken during tests to protecttest personnel and equipment. The recommended tests are for boi-ler efficiency, combustion safeguards, safety controls, operatingcontrols, limit controls, safety valves, and safety-relief valves. Theprocedures for making these tests are included in Exhibit C ofSection VI.
 19.9.9.2 Inspection During Construction The inspection dur-ing construction is carried out either in the Manufacturer’s fabri-cation shop or in the field during assembly of the boilers. Thisinspection is performed by an Authorized Inspector qualified toundertake shop inspections in accordance with the jurisdictionallaws and rules. Requirements for this type of inspection (i.e.,Construction Code compliance) are covered in Section IV(Heating Boilers).
 19.9.9.3 Initial Inspection The initial inspection is performedimmediately by an Authorized Inspector after a boiler is installedbut before it is put into operation. This ensures that the boiler hasbeen installed in accordance with the boiler laws and rules of thejurisdiction and involves boiler supports, piping installations, sa-fety and other valves, water columns, gage cocks, steam gages, andother apparatuses on the boiler to meet Code and/or jurisdictionalrequirements.
 19.9.9.4 Periodic Inspection A periodic inspection, that is, areinspection of existing boilers, is performed in accordance withthe boiler laws and rules of the jurisdiction. This ensures that theboilers are each in a satisfactory and safe condition and is per-formed by an Authorized Inspector employed by the jurisdiction orby an insurance company authorized to issue boiler insurance forthe jurisdiction. It is very important that all inspections be thor-ough and complete so that all unsafe conditions and Code viola-tions are checked. The following guidelines should be followed forperiodic inspections:
 (a) Notification: The Authorized Inspector will notify theOwner or User to prepare the boiler for inspection. Accord-ingly, the Owner or User should prepare the boiler for inter-nal inspection.
 (b) Opening the boiler: A boiler should be cooled down slowlyand naturally. Every accessible part of the boiler should beopened for both internal and external examination.
 (c) Preparation: A boiler for internal inspection should be pre-pared in the following manner:
 (1) drain the water and wash the boiler thoroughly; (2) remove all manhole and handhole plates, wash-out
 plugs, and water-column connections; (3) clean the furnace and combustion chamber thoroughly;(4) remove all the grates of an internally fired boiler; (5) remove the brickwork so that the Authorized Inspector
 can look at the condition of the furnace, supports, andother parts; and
 (6) cutoff any leakage of steam or hot water into the boi-ler by disconnecting the pipe or valve.
 (d) Insulation and covering: Remove the insulation material,masonry, or fixed parts if the Authorized Inspector suspectsany defects and deterioration. The covering should beremoved if it shows evidence of leakage through it.
 (e) Close observation: The Authorized Inspector should inspectthe boiler parts from the closest possible distance. Goodartificial light may be used to obtain the best possible viewof any defective surfaces.
 (f) Witnessing the tests: The Authorized Inspector will witnessthe testing of apparatuses, controls, and so on, that shouldbe conducted by a boiler engineer or operator.
 (g) Oil and scale: Any evidence of oil should be noted by theAuthorized Inspector, for any amount of oil present in theboiler is dangerous. Both oil and scale act as insulation onthe heating surfaces and will overheat the pressure parts,weakening them or causing them to rupture.
 (h) Corrosion and grooving: Corrosion may occur along oradjacent to seam and other points, weakening the strengthof pressure parts. Grooving along longitudinal seamsoccurs when the material is stressed. The inspection shouldreveal any defects caused by corrosion and grooving.
 (i) Stays: All stays should be inspected for proper tension.Their fastened ends should be examined for cracks.
 (j) Manholes and other openings: All openings, includingmanholes and hand holes, should be examined for cracks ordeformation. The observation should be made from boththe inside and outside of the boiler to ensure that there areno defects.
 (k) Fire surfaces: Surfaces exposed to fire should be inspec-ted for bulging and blistering. If any pressure part hasbecome deformed from bulging or blistering, the boileroperation should be discontinued and the defective partrepaired. Welded seams and tube ends should be inspectedfor leakage.
 (l) Lap joints: Plates lapped in the longitudinal or straightseam are subject to cracking. If any evidence of leakage isobserved at the lap joint, an inspection should be made forcracks in the seam.
 (m) Staybolts: Staybolts should be tested by tapping one end ofeach bolt with a hammer and tapping the other end with ahammer or other heavy tool.
 (n) Tube defects: Tubes should be inspected for surface defectssuch as bulging, flame impingement, steam erosion, crack-ing, or any evidence of defective welds. There should not bea reduction in thickness at any portion of the tube through-out its length.
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 (o) Ligaments: A careful examination should be made to detectany cracks of the ligaments between the tube holes in theheads of firetube boilers and in the shells of watertube boilers.
 (p) Pipe connections and fittings: All pipes, connections, andfittings for steam and water should be inspected thoroughlyfor leakage, cracks, and other defects. The piping arrange-ment should be examined for expansion, contraction, andsupport. A change of boiler position may cause undue strainon the piping. Attention should be given to the blow offpipes and their connections, as expansion and contractionfrom water hammer action may impose strains on the blowoff system.
 (q) Water column: The attachments with the water columnshould be tested for operating conditions. The action ofwater in the gage glass will prove that the connections ofwater column and gage glass to the boiler are free. Thewater column and gage glasses should be blown down todetermine that the blow off piping from the columns andgage glasses is free. Gage glasses should be observed toensure that they are clean.
 (r) Low-water fuel cutoff and water feeder: All automaticallyfired steam boilers should be equipped with an automaticlow-water fuel cutoff or water feeding device. The deviceshould cut off the fuel supply or deliver the requisite feed-water when the water level in the boiler falls below the low-est safe waterline (it should not be lower than the bottom ofthe water glass).
 (s) Baffles: The baffles in water tube boilers should be inspec-ted for their positions and conditions. Absent or broken baf-fles cause high temperatures on some sections of the boiler,possibly resulting in dangerous conditions. Also, brokenbaffles may cause flame impingement on a particular part ofa boiler, thereby overheating that section.
 (t) Localization of heat: A defective burner or stoker can causelocalization of heat in a particular section in a boiler. Infact, localization of heat is so dangerous that the boilershould be shut down to correct the condition.
 (u) Suspended boilers: If one boiler from a battery of boilers issuspended, attention should be paid to the supports and set-tings to ensure that another boiler will not produce exces-sive strains on the structure because of the expansion of theparts under operating conditions.
 (v) Safety valves: The safety valves should be inspected forevidence of leakage, rust, scale, and other foreign sub-stances. Likewise, the opening pressure should be tested byraising the steam pressure to the point of opening.Alternatively, the valve should be tested by opening the trylever according to Exhibit C. The discharge pipe shouldhave free discharge in accordance with the Code require-ment. However, no stop valve is permitted between thesteam boiler and its safety valve.
 (w) Steam gages: There should be a test-gage connection sothat the steam gage on the boiler can be tested under oper-ating pressure. The steam gage should be mounted with asiphon or trap between it and the boiler.
 (x) Imperfect repairs: The Authorized Inspector is responsible forcertifying a boiler repair per Code requirements. The repairwork should be done safely and properly by an organization
 qualified by the National Board of Boiler and Pressure VesselInspectors. Imperfect repairs are not acceptable.
 (y) Hydrostatic tests: The Authorized Inspector should decidewhether a hydrostatic test is required to determine theextent of damage. A hydrostatic test should not exceed times the maximum allowable working pressure. Duringthe test, the temperature of the water should be a minimumof 70�F and a maximum of 160�F. The safety valve and allother controls unable to withstand the test pressure shouldbe removed during the test.
 (z) Suggestions: The Authorized Inspector should be extre-mely conscientious and careful during the inspection, solelyobserving all the conditions and not accepting any state-ments made by other persons. Also, he or she should makea general observation of the condition of the boiler roomand its apparatuses and make any suggestions for the gene-ral care of the steam boiler.
 19.10 OPERATION, MAINTENANCE,AND REPAIR OF HOT-WATER-SUPPLYAND HOT-WATER-HEATING BOILERS
 A boiler operator qualified to operate low-pressure boilers shouldoperate hot-water-supply boilers and hot-water-heating boilers. Aqualified contractor holding a Certificate of Authorization shoulddo any maintenance and repair work on a boiler and apply therepair symbol “R” stamp from the National Board of Boiler andPressure Vessel Inspectors.13 Many jurisdictions have implementedtheir own laws and rules regarding the operation, maintenance, andrepair of hot-water-supply boilers and hot-water-heating boilers thatshould be complied with.
 Proper operation procedures are required to reduce thermalshock on a hot-water boiler. The boilers installed in hot-water sys-tems are subjected to thermally induced stress cycling, also knownas thermal shock [1]. This type of failure occurs over a period oftime and is typically caused by high burner on-off cycling ratesfrom improperly set operating and modulating controls and/or lowwater-return temperatures. The Boiler Manufacturer’s guidelinesshould be adhered to for the following operating parameters:
 (1) recommended relationship between operating control andmodulating control settings;
 (2) minimum return-water temperature; (3) minimum water-flow rate through the boiler; (4) minimum water-supply temperature for the system-
 operating pressure; and (5) additional protective devices or controls.
 19.10.1 Cleaning and Filling a New Boiler A newly installed hot-water-supply boiler or hot-water-heating
 boiler must be fully cleaned and filled with water before start-up.The following steps should be taken to prepare the boiler beforestarting:
 19.10.1.1 Inspection The interior should be inspected to ensurethat no foreign matter – tools, equipment, rags, and so forth – isleft in the boiler.
 112
 13An application for the Certificate of Authorization and the “R” stamp can be obtained from the National Board of Boiler and Pressure VesselInspectors, 1055 Crupper Avenue, Columbus, OH 43229.
 ASME_Ch19_p001-040.qxd 8/25/08 6:12 PM Page 31

Page 32
						

32 • Chapter 19
 19.10.1.2 Checks before Filling The burner should be in oper-ating condition, as water in the boiler should be boiled immediate-ly after it is introduced into the boiler. When water is heated to aminimum of 180�F, dissolved gases are removed. The boiler andcomplete hot-water system should be full of water for smoothoperation. When the system is full, water should come out of allthe air vents.
 19.10.1.3 Boiling Out Boiling out, as described in Section 19.9,is a chemical cleaning method used to remove oils and greasesfrom a newly installed hot-water boiler or a hot-water boiler thathas undergone major repairs, such as tube replacement.
 This is accomplished by the following method:
 (1) add an appropriate boil-out compound; (2) fill the entire system with water; (3) start the firing equipment; (4) circulate the water through the system; (5) vent the system, including the radiation; (6) allow the boiler water to reach its operating temperature if
 possible; (7) continue to circulate the water for a few hours; (8) stop the firing equipment; (9) drain te system to a safe location;
 (10) wash the waterside of the boiler thoroughly with a high-pressure stream of water;
 (11) refill the system with fresh water; (12) bring the water temperature to a minimum temperature of
 180�F and vent the system at its highest point; and (13) tighten the plugs and the handhole and manhole covers.
 The boiler should then be ready for putting into service.
 19.10.2 Starting a Boiler The following steps should be taken when a boiler is started up
 after layup:
 (a) Review the Manufacturer’s recommendations for start-upof the burner and boiler.
 (b) Fill the boiler and system and vent the air at a high point inthe system.
 (c) Check the altitude gage and expansion tank to ensure thatthe system is filled.
 (d) Set the control switch to the “off” position. (e) Make sure that fresh air to the boiler room is unobstructed
 and that the dampers are open. (f) Check the availability of fuel. (g) Vent the combustion chamber to remove unburned gases,(h) Clean the glass on the fire scanner (if provided). (i) Observe the functioning of the water-pressure regulator and
 turn on the circulator pumps. (j) Check the temperature control(s) for the proper setting. (k) Check the manual reset, if provided, on the low-water fuel
 cutoff and the high-limit temperature control. (l) Set the manual fuel-oil supply or manual gas valve to the
 “open” position. (m) Set the circuit breaker or fused disconnect switch to the
 “on” position. (n) Set all boiler emergency switches to the “on” position.(o) Set the boiler-control starting switch to the “on” or “start”
 position. (p) Do not leave the boiler until it reaches the established
 cutout point so that the controls shut off the burner.
 (q) During start-up, walk around the boiler frequently toobserve that all associated equipment and piping is func-tioning properly. Check the burner visually for proper com-bustion.
 (r) Immediately after the burner is shutoff, inspect the waterpressure and open the highest vent to determine whether thesystem is completely full of water.
 (s) Enter the following into the logbook:
 (1) the date and time of start-up; (2) any irregularities observed and the corrective action
 taken; (3) the time when the controls shutoff the burner at the
 established pressure, the test performed, etc.; and (4) the operator’s signature.
 (t) Check the safety-relief valve for evidence of simmering.Perform the try-lever test (see Exhibit C ASME B&PVCode, Section VI).
 (u) If any abnormal conditions occur during start-up, immedi-ately open the emergency switch. Do not restart the boileruntil the problems have been identified and corrected.
 19.10.3 CondensationWhen a gas-fired boiler is started from a cold condition, conden-
 sation may occur in the boiler and pipeline. Depending on the coldcondition, the quantity of the condensed water may be so excessivethat it might make the boiler appear to be leaking. After the boiler ishot, however, the condensed water dries and disappears.
 19.10.4 Adding Another BoilerWhen another boiler is started and placed on-line with boilers
 already in service, the following steps should be observed:
 (1) Start the additional boiler with the supply-stop and return-stop valves closed.
 (2) Open the supply-stop valve very partially when the temper-ature within the boiler is the same as the temperature of theoperating boiler.
 (3) If conditions are normal, continue to open the supply-stopvalve slowly until it is fully open.
 (4) Open the stop valve on the return line.
 19.10.5 Operation Equipment in the boiler room varies depending on the type and
 size of the hot-water system. A boiler operator or engineer shallbe familiar with all the operating conditions and variables onoperation of all boiler-room equipment. It is the operator’s orengineer’s duty to maintain the proper operating conditions and todeliver the required water pressure and temperature at the boileroutlet. The following conditions must be checked as a part of rou-tine boiler operation.
 19.10.5.1 Check of Pressure and Temperature A boiler oper-ator should check the pressure and temperature in all water boilerswhen starting his or her duty.
 19.10.5.2 Combination Gage A combination altitude gage hastwo hands: a stationary hand and a movable hand. These two handsare together when the boiler is cold; however, when the boiler ishot, the movable hand should be above the stationary hand. Thestationary hand may be set to indicate minimum pressure underwhich the system can operate.
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 19.10.5.3 Operating Temperature and Pressure During oper-ation, the boiler temperature and pressure should be monitoredcarefully so that the maximum limit of each is not exceeded.
 19.10.5.3.1 Operating Temperature The maximum operatingtemperature should not exceed 250�F (121�C). The boiler should notbe operated at a higher temperature, as this will accelerate corrosion,and violate Code constraints.
 19.10.5.3.2 Operating Pressure Because of the buildup of cor-rosive deposits between the disk and the seat, the safety-reliefvalve will fail to open at the set pressure; it can stick or freeze ifthe valve leaks for a long period of time. For this reason, the pres-sure differential between the safety-relief-valve set pressure andthe boiler-operating pressure should be a minimum of 10 psi (69 kPa) or 25% of the valve set pressure, whichever is greater.
 19.10.5.3.3 Temperature-and-Pressure Safety-Relief ValveWhen a T&P safety-relief valve is installed, the maximum operat-ing temperature should not exceed 160�F (71�C).
 Periodic testing of the safety-relief valve should be done inaccordance with Exhibit C.
 19.10.5.3.4 Example 1 The safety-relief valve of a hot-water-heating boiler is set to open at 30 psi. What should be the operat-ing pressure of the boiler?
 The operating pressure should not exceed either 30 � 10 � 20psi or 30 � 25% of 30 � 22.5 psi (it is recommended not toexceed 20 psi).
 19.10.5.3.5 Example 2 The safety-relief valve of a hot-water-heating boiler is set to open at 100 psi. What should be the operat-ing pressure of the boiler?
 The operating pressure should not exceed 100 � 10 � 90 psior 100 � 25% of 100 � 75 psi (it is recommended not to exceed75 psi).
 19.10.6 Removal of a Boiler from Service
 19.10.6.1 Procedure A hot-water-heating boiler may beremoved from service at least once a year. The following stepsshould be taken if at any time a boiler is removed from the service:
 (1) Start firing, and maintain the boiler-water temperature at180�F–200�F.
 (2) Drain the boiler water until the water runs clean.(3) Refill to the normal water-fill pressure. (4) Add sufficient boil-out treatment compound.
 19.10.6.2 Cleaning If a boiler is to be removed from service forthe nonoperating season, or for any extended nonfiring period,tubes and other fireside heating surfaces should be thoroughlycleaned. Also the flue boxes and other areas where soot or scalemay accumulate should be cleaned.
 19.10.6.3 Protection against Corrosion Neutral mineral oilmay be applied on fireside equipment to protect against corrosion.By placing a tray of calcium chloride or unslaked lime in the com-bustion chamber, the boiler interior stays dry.
 19.10.6.4 Periodic Checks During the nonoperating period, theboiler should be checked occasionally for corrosion. Any situation
 that might cause boiler corrosion should be avoided (exposedmetal parts may be repainted).
 19.10.7 Maintenance
 19.10.7.1 Cleaning A boiler is considered properly maintainedwhen it is “clean and tight,” a proverb for the boiler room. Twotypes of cleaning are considered.
 19.10.7.1.1 General Clean the boiler tubes, other heating sur-faces, smokeboxes, combustion chambers, and all the pressureparts. The frequency of cleaning may be determined by trial anderror to get the best results. A boiler should be in excellent condi-tion for the best efficiency, safety, and reliability.
 19.10.7.1.2 Backwashing A water heater connected to a boilershould be backwashed regularly to reduce the amount of scale thatis accumulated at the outlet side of the heater. This is done by usingthe valves to reverse the direction of flow through the heater. It isimportant that backwashing continue until the water runs clear.
 19.10.7.2 Draining A heating boiler should be drained only iffreezing is expected, if heavy sludge and dirt have accumulated onthe waterside, and/or if repair work is necessary. Draining isrequired if some make-up water is added and the boil-out treat-ment is maintained regularly.
 19.10.7.3 Protection against Freezing Antifreeze, if used,should be of the ethylene-glycol type with an inhibitor added andshould be tested according to the recommendations of theantifreeze manufacturer. The concentration of antifreeze solutionshould be 33%–66% [a 50% solution has a freezing point of about�34�F (�37�C)]. Indeed, the metal temperature in contact withthe solution should be kept below 350�F (177�C), as high metaltemperatures accelerate depletion of the antifreeze inhibitors. Incold climates, the use of antifreeze in hot-water-heating systemsreduces the boiler output, for which one should consult the BoilerManufacturer for applicable de-vate.
 19.10.7.4 Fireside Corrosion Boilers can corrode on the fireside because of the presence of sulfur, vanadium, and sodium com-pounds in fuels. Of course, the intensity of corrosion depends onthe amount of substance contained in the fuels, burning conditions,and so on. Fireside surfaces should be cleaned thoroughly at theend of the firing session to avoid corrosion, and the heating sur-faces should be kept dry when the boiler is out of service.
 19.10.7.5 Safety-Relief Valves ASME-rated safety-relief valvesshould be installed on hot-water-heating and hot-water-supply boilers.In case of replacement, ASME-rated safety-relief valves of therequired capacity should be used. The safety-relief valves should betested at regular intervals in accordance with Fig. 19.19 and Exhibit C.
 19.10.7.6 Burner Maintenance Burners should be maintainedin accordance with the Manufacturer’s recommendations. The typeof maintenance required depends on the type of burners.
 19.10.7.6.1 Oil Burners Periodic maintenance is done on oilburners to clean the burner nozzles, the oil-line strainers, the ignitionelectrodes, the air-intake screens, the blowers, and the air passages.Periodically, the oil level in gear cases, belts, and all linkages mustbe checked.
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 19.10.7.6.2 Gas Burners Check these burners for the presenceof dirt, lint, or other foreign matter, and check and adjust the linkages, belts, and moving parts on power burners. For proper flameadjustment, check the pilot burners and ignition equipment.
 19.10.7.7 Low-Water Fuel Cutoff and WaterfeederMaintenance These devices should be dismantled at least once ayear for the proper functioning of the working parts. All the com-ponents should be inspected for deposits of mud, scale, and soforth; then they should be cleaned. The float and mercury bulbsshould also be checked to ensure that they are in satisfactory con-dition. Replace, not repair, complete mechanisms in the field.
 19.10.7.8 Flame-Safeguard Maintenance Not all boilers areequipped with automatic-flame-failure controls. Small boilers areequipped with flame scanners that shut off the main fuel valve ifpilot failure or loss of the main flame occurs. In all cases, how ever,flame safeguard should be maintained in accordance with theManufacturer’s recommendations.
 19.10.7.8.1 Thermal-Type Detection Device Check the device-for electrical continuity and current generation. On completion ofmaintenance, test the detection device as outlined in Exhibit C.
 19.10.7.8.2 Electronic-Type Detection Device Replace thevacuum tubes annually on older units, check the operation of theunit, and examine the unit for damaged or worn parts. Replace anydefective device; do not repair it. On completion of the mainte-nance, test the detection unit as outlined in Exhibit C.
 19.10.7.9 Limit-Control Maintenance Inspect the tempera-ture limit-control visually for evidence of wear, corrosion, and soon. Next, check for mercury separation, and if the control is ofthe mercury-bulb type, check for discoloration of the bulb aswell. Do not repair any defective pressure-limiting control; justreplace it.
 19.10.7.10 Cast-Iron Boiler Maintenance Heating surfaces ofa cast-iron boiler should be cleaned thoroughly. Inspect the fireboxgas passages and breeching for soot accumulation; clean with awire brush and a vacuum. If the internal surfaces are dirty, cleanthe boiler. However, first allow the boiler to cool and drain; thenflush it out. Remove the blowdown valves and plugs and run ahigh-pressure stream of water through these openings to removeany sludge or loose scale. Chemical cleaning is used to remove anyhard scale from the internal surfaces.
 19.10.7.11 Steel Boiler Maintenance Clean heating surfaces byusing the appropriate methods. Remove all accumulations of soot,carbon, and dirt from the fireside, breeching, and stack. Also,inspect the refractory and repair it if necessary. The internal sur-faces of the boiler should be cleaned either by a high-pressurestream of water or by a chemical method. To do so, allow the boi-ler to cool and drain; then remove all handhole and manhole cov-ers. Next, run a high-pressure stream of water inside the boiler toremove any solidified sludge and dirt. Finally, flush it thoroughlyafter cleaning. Chemical cleaning is required if the scale is hard orif the scale buildup is difficult to remove.
 19.10.7.12 Use of a Flashlight for Internal Inspection Alight — either a flashlight or extension light — is required forinternal inspection. A flashlight is preferred, however, for safetyreasons, but when an extension light is used, it should be of low
 voltage and be properly grounded with a nonconducting holderand handle.
 19.10.7.13 Leaking Tubes Check the tubes for corrosion. If oneis leaking because of corrosion, probably other tubes are corrodedas well. An Authorized Inspector should be asked to inspect all thetubes before a decision is made to replace corroded tubes.
 19.10.7.14 Use of Sealant Sealant should not be used for seal-ing any leak on hot-water-heating or hot-water-supply boiler.Instead, the proper repair should be done.
 19.10.7.15 Maintenance of Circulating Pumps andExpansion Tanks Check the pumps and their switches and con-trols. Lubricate the pumps in accordance with the Manufacturer’srecommendations; then check the expansion tanks for dirt, tight-ness, and evidence of corrosion.
 19.10.7.16 Maintenance Schedule Routine maintenance andtests should be conducted on boilers to prevent any possible acci-dents. The frequency of maintenance and testing depends on thetype of boilers, the type of service, and the duration of operation.In conjunction with inspection and maintenance of boilers (as ref-erenced in Exhibit 19.19 and Exhibit C), the following mainte-nance frequencies are suggested:
 (a) Daily (boilers in service): Observe operating pressures,water level, and general conditions. Check for any unusualnoises or conditions and correct.
 (b) Weekly (boilers in service):
 (1) observe the condition of the flame and correct if it issmoky or if the burner starts with a puff;
 (2) check the fuel supply (oil only); and (3) observe the operation of circulating pumps. (c) Monthly (boilers in service):(1) perform the safety-relief-valve try-lever test; (2) test the flame-detection devices; (3) test the limit controls; (4) test the operating controls; (5) check the boiler-room floor drains for proper functioning;(6) inspect the fuel-supply systems in boiler-room area; (7) check the condition of the heating surfaces; (8) perform the combustion and draft tests (preheated oil
 only); and(9) test the low-water fuel cutoff and/or waterfeeder if the
 piping arrangement permits this without draining con-siderable water from the boiler.
 (d) Annually (for all boilers):
 (1) perform an internal and external inspection after a thor-ough cleaning;
 (2) perform a routine burner maintenance; (3) perform a routine maintenance of the circulating pump
 and the expansion tank equipment; (4) perform routine maintenance of the combustion-con-
 trol equipment; (5) perform combustion and draft tests; (6) perform the safety-relief-valve pop test;(7) perform the slow-drain test of low-water cutoff; (8) inspect the gas piping for proper support and tightness;
 and(9) inspect the boiler-room ventilation louvers and intake.
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 19.10.8 Boiler RepairsRepair work is necessary to restore hot-water-heating and hot-
 water-supply boilers to safe, satisfactory operating conditions.The repair method should conform to a National Standard RepairCode, and the work should be done by qualified mechanics.
 The National Board Inspection Code (NBIC)14 is used as guid-ance for performing repairs and alterations to boilers and pressurevessels. Also, the National Board of Boiler and Pressure VesselInspectors issues a repair symbol “R” stamp and a Certificate ofAuthorization to qualified boiler-repair companies.
 19.10.8.1 Precaution The repair work should be performedonly when the boilers are out of service and under zero pressure.The repair work shall not be undertaken without the approval of anAuthorized Inspector employed by the jurisdiction or by an insur-ance company that is licensed to issue boiler insurance accordingto jurisdictional law. In the absence of a jurisdiction, the workshould be performed under the supervision of an engineer responsible for the repair work.
 19.10.8.2 Notification When repair work is completed, theAuthorized Inspector must be notified to inspect the repair work.The boiler can be put back into operation only after the repair workis certified as satisfactory by the Authorized Inspector.
 19.10.8.3 Welding Requirements All repair methods shall beapproved by the Authorized Inspector before any welding repair isundertaken. Welding should be done by qualified welders usingprocedures properly qualified in accordance with Section IX.
 19.10.8.4 Safety Necessary precautions should be taken toensure the safety of the people working in the boiler room. Themain burner switch must be turned off and locked out. Tags shouldbe placed so that they clearly show the burner to be out of service.One person should always stand outside when another is workinginside the boiler.
 19.10.9 Tests and Inspections of Hot-Water-Heatingand Hot-Water-Supply Boilers
 19.10.9.1 Tests In addition to safety, periodic tests of all importantboiler components are required for keeping them in good workingcondition. Precautions should be taken during tests to protect test per-sonnel and equipment. The recommended tests are for boiler efficien-cy, combustion safeguards, safety controls, operating controls, limitcontrols, safety-valves, and safety-relief valves. The procedures formaking these tests are included in Exhibit C of Section VI.
 19.10.9.2 Inspection During Construction The inspection dur-ing construction is carried out either in the manufacturer’s fabrica-tion shop or in the field during assembly of the boilers. Thisinspection is performed by an authorized boiler inspector qualifiedto undertake shop inspections in accordance with the jurisdiction-al laws and rules. Requirements for this type of inspection (i.e.,Construction Code compliance) are covered in Section IV(Heating Boilers).
 19.10.9.3 Initial Inspection The initial inspection is performedimmediately by an Authorized Inspector after a boiler is installed
 but before it is put into operation. This ensures that the boiler hasbeen installed in accordance with the boiler laws and rules of thejurisdiction and involves boiler supports, piping installations, safe-ty and other valves, water columns, gage cocks, steam gages, andother apparatuses on the boiler to meet Code and/or jurisdictionalrequirements.
 19.10.9.4 Periodic Inspection A periodic inspection, that is, areinspection of existing boilers, is performed in accordance withthe boiler laws and rules of the jurisdiction. This ensures that theboilers are each in a satisfactory and safe condition and is per-formed by an Authorized Inspector employed by the jurisdiction orby an insurance company authorized to issue boiler insurance forthe jurisdiction. It is very important that all inspections be thor-ough and complete so that all unsafe conditions and Code viola-tions are checked. The following guidelines may be followed forperiodic inspections:
 (a) Notification: The Authorized Inspector will notify theOwner or User to prepare the boiler for inspection.Accordingly, the Owner or User should prepare the boilerfor internal inspection.
 (b) Opening the boiler: A boiler should be cooled down slowlyand naturally (a forced cooldown is not recommended).Every accessible part of the boiler should be opened forboth internal and external examination.
 (c) Preparation: A boiler for internal inspection should be pre-pared in the following manner:
 (1) drain the water and wash the boiler thoroughly; (2) remove all manhole and handhole plates, wash-out
 plugs, and water-column connections; (3) clean the furnace and combustion chamber thoroughly; (4) remove all the grates of an internally fired boiler; (5) remove the brickwork so that the Authorized Inspector
 can look at the condition of the furnace, supports, andother parts; and
 (6) cut off any leakage of hot water into the boiler by disconnecting the pipe or valve.
 (d) Insulation and covering: Remove the insulation material,masonry, or fixed parts if the Authorized Inspector suspectsany defects and deterioration. The covering should beremoved if it shows evidence of leakage through the covering.
 (e) Close observation: The Authorized Inspector shouldinspect the boiler parts from the closest possible distance.Good artificial light may be used to obtain the best possi-ble view of any defective surfaces.
 (f) Witnessing the tests: The Authorized Inspector will wit-ness the testing of apparatus, controls, and so on, thatshould be conducted by a boiler engineer or operator.
 (g) Oil and Scale: Any evidence of oil should be noted by theAuthorized Inspector, for any amount of oil present in theboiler is dangerous. Both oil and scale act as insulation onthe heating surfaces and will overheat the pressure parts,weakening them or causing them to rupture.
 (h) Corrosion and grooving: Corrosion may occur along oradjacent to seam and other points, weakening the strengthof pressure parts. Grooving along longitudinal seamsoccurs when the material is stressed. The inspection shouldreveal any defects caused by corrosion and grooving.
 14Copies of the NBIC may be obtained by visiting the National Board’s web site (www.nationalboard.org) or by calling (614) 888-8320.
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 (i) Stays: All stays should be inspected for proper tension.Their fastened ends should be examined for cracks.
 (j) Manholes and other openings: All openings, includingmanholes and hand holes, should be examined for cracks ordeformation. The observation should be made from boththe inside and outside of the boiler to ensure that there areno defects.
 (k) Fire surfaces: Surfaces exposed to fire should be inspectedfor bulging and blistering. If any pressure part has becomedeformed from bulging or blistering, the boiler operationshould be discontinued and the defective part should berepaired. Welded seams and tube ends should be inspectedfor leakage.
 (l) Lap joints: Plates lapped in the longitudinal or straightseam are subject to cracking. If any evidence of leakage isobserved at the lap joint, an inspection should be made forcracks in the seam.
 (m) Staybolts: Staybolts should be tested by tapping one end ofeach bolt with a hammer and the other end with a hammeror other heavy tool.
 (n) Tube defects: Tubes should be inspected for surface defectssuch as bulging, flame impingement, steam erosion, crack-ing, or any evidence of defective welds. There should not bea reduction in thickness at any portion of the tube through-out its length.
 (o) Ligaments: A careful observation should be made to detectany crack of the ligaments between the tube holes in theheads of firetube boilers and in the shells of watertube boilers.
 (p) Pipe connections and fittings: All pipes, connections, andfittings for steam and water should be inspected thoroughlyfor leakage, cracks, and any other defects. The pipingarrangement should be examined for expansion, contrac-tion, and support. A change of boiler position may causeundue strain on the piping. Attention should be given to theblow off pipes and their connections, as expansion and con-traction from waterhammer action may impose strains onthe blowoff system.
 (q) Low-water fuel cutoff: All automatically fired hot-water-heating and -supply boilers should be equipped with anautomatic low-water fuel cutoff device. The device shouldcut off the fuel supply when the water level in the boilerfalls below the lowest safe waterline (it should not be lowerthan the bottom of the water glass).
 (r) Equalizing pipe: Designs that embody a float or a float bowlshould have a vertical-straightway-valve drainpipe at thelowest point in the water-equalizing pipe connection, bywhich the bowl and equalizing pipe can be flushed and thedevice tested.
 (s) Baffles: The baffles in water tube boilers should be inspect-ed for their positions and conditions. Absence of or brokenbaffles cause high temperatures on some boiler sections,which may result in dangerous conditions. Also, brokenbaffles may cause flame impingement on a particular part ofa boiler, thereby overheating that section.
 (t) Localization of heat: A defective burner or stoker can causelocalization of heat in a particular section in a boiler. Infact, localization of heat is so dangerous that the boilershould be shut down to correct the condition.
 (u) Suspended boilers: If one boiler from a battery of boilers issuspended, attention should be given to the supports andsettings to ensure that the will another boiler will not
 produce excessive strains on the structure because of theexpansion of the parts under operating conditions.
 (v) Safety-relief valves: Safety-relief valves should be inspect-ed for evidence of leakage, rust, scale, and other foreignsubstances. Likewise, the opening pressure should be test-ed by raising the water pressure to the point of opening.Alternatively, the valve should be tested by opening the trylever according to Exhibit C. The discharge pipe shouldhave free discharge in accordance with the Code require-ment; however, no stop valve is permitted between a boilerand its safety valve.
 (w) Combination temperature—pressure gages: There shouldbe a test gage connection so that the gage on the boiler canbe tested under operating pressure. It is important not toexpose the gage to high ambient temperatures.
 (x) Imperfect repairs: The Authorized Inspector is responsiblefor certifying boiler repair per the Code requirements. Thisrepair work should be done safely and properly by an orga-nization qualified by The National Board of Boiler andPressure Vessel Inspectors. Imperfect repairs are notacceptable.
 (y) Hydrostatic tests: The Authorized Inspector should decidewhether a hydrostatic test is required to determine theextent of damage. A hydrostatic test should not exceed times the maximum allowable working pressure. Duringthe test, the temperature of the water should be a minimumof 70�F and a maximum of 160�F. The safety-relief valveand all other controls unable to withstand the test pressureshould be removed during the test.
 (z) Suggestions: The Authorized Inspector should be extreme-ly conscientious and careful during the inspection, solelyobserving all the conditions and not accepting statementsmade by other persons. Also, he or she should make a gen-eral observation of the condition of the boiler room and itsapparatuses and make any suggestions for the general careof the hot-water-heating and -supply boiler.
 19.11 WATER TREATMENT
 Water contains various amounts of impurities, including solidsand gases as well as industrial pollutants and other wastes. Thesolid impurities in untreated water can settle on the heating sur-faces of the boiler in the form of scale, whereas gas impurities canlead to corrosion and pitting of metal in the boiler. Untreated waterused in a boiler can cause many problems, such as caustic embrit-tlement, scale, corrosion, carryover, and overheating, resulting inthe failure of the boiler or system components. Water used in aboiler should be treated for safety and maximum efficiency.
 19.11.1 ScopeThis section covers considerations for water treatment, boiler-
 water troubles, the chemicals used for water treatment and theirfunction, treatment alternatives, and procedures and methods oftreatment of laid-up boilers. These recommended rules are applic-able to the treatment of water in steam- and hot-water-heatingboilers.
 19.11.2 ConsiderationsThe management of a boiler plant should make a decision in
 advance whether water treatment is required for the plant’s boil-ers. Once a decision is finalized in favor of water treatment,
 112
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 deciding what type of treatment to use must be done very careful-ly. The following factors should be considered in determining thetype of water treatment needed:
 (1) The type of boiler (cast-iron or steel, steam- or hot-water),as different types of water treatment are used for differenttypes of boilers operating in the same system. In such cases,it is necessary to inject the water treatment into the individ-ual boilers rather than into a central location, such as a boil-er feed tank. In this manner, the water chemistry of eachboiler can be properly controlled.
 (2) The nature of raw water (hard or soft, corrosive or scale-forming).
 (3) Preliminary treatment of the water (preheaters, deaerators,and soft-water conditioners).
 (4) The amount of make-up water and blowdown required. (5) The use of steam for heating or for other purposes. (6) The amount of supervision and control testing available.
 19.11.3 Services of Water-Treatment Specialists Water treatment is a specialized field for which only a specialist
 can recommend procedures suitable for a particular boiler instal-lation. There are reputable water-treatment companies who pro-vide expert services and/or chemicals for boiler treatment. A boil-er engineer should consult a water-treatment specialist forrecommendations based on the plant’s water conditions andspecific boiler installation. The specialist can furnish test kits tothe boiler operators for simple day-to-day water analysis, canarrange to take samples of the boiler water, and can send them toa laboratory for analysis as well as adjust the chemicals to obtainthe proper result.
 19.11.4 Conformity with Local OrdinancesA boiler operator should check with the jurisdiction at the place
 of boiler installation for any ordinances for disposal of blow-downs and the draining of boilers. A Boiler Owner must complywith the local ordinances regarding the disposal of boiler com-pounds or chemicals.
 19.11.5 Boiler-Water TroublesRaw, untreated water can cause many problems with steam-and
 hot-water-heating boilers, including the following:
 19.11.5.1 Corrosion Raw water contains impurities includingdissolved gases, such as oxygen and carbon dioxide. These gasesmake the water corrosive, causing localized pitting of the boilermetal. If unchecked, serious corrosion and pitting can result in thethinning of boilertubes and boilerplates, which can lead to rupture.
 19.11.5.2 Scale Deposits Raw water contains dissolved salts,mainly calcium and magnesium compounds. When the boiler isunder operation, calcium bicarbonate and magnesium bicarbonateare decomposited on hot metal surfaces, forming hard scaledeposits. This scale acts as insulation on the boiler tubes, resultingin heat and efficiency losses. These deposits can cause over heat-ing, resulting in tube or furnace failure.
 19.11.5.3 Metal (Caustic) Embitterment Any high-alkalinesolution that works itself into the cracks or seams of improperlycaulked joints or rivets may cause caustic embitterment. The alka-linity of a solution is affected by the amount of hydroxide, such ascaustic soda present in the solution. Caustic embitterment can
 cause metal to crack below the waterline and under rivets, welds,longitudinal seams, and at the ends of tubes in the boiler. This typeof failure is limited to steel boilers.
 19.11.5.4 Foaming, Priming, and Carryover Foaming is therapid punctuation of the water level caused by impurities on thewater’s surface. Priming is the carrying over of small water parti-cles, whereas carryover is the carrying over of water into steam-lines caused by high alkalinity, dissolved solids, oil, and sludge.Carryover can cause waterhammer in the steam lines, which canrupture the steam line or header, damage the system components,or create the inability to meet load demand.
 19.11.6 Chemicals Used Many chemicals are used for the treatment of boiler water. The
 reasons for using the chemicals should be determined beforeapplying any of them to the boiler. The following chemicals aregenerally used for boiler-water treatment:
 19.11.6.1 Inorganic Chemicals These are used for precipitatingthe hard-water salts and include the folowing:
 (1) Caustic soda (sodium hydroxide) — NaOH. (2) Trisodium phosphate (TSP) — Na3PO4.(3) Sodium acid phosphate — NaH2PO4. (4) Sodium tripolyphosphate — Na5P3O10.(5) Sodium borate — Na2B4O7.(6) Sodium sulphite — Na2SO3.(7) Sodium nitrate — NaNO3.(8) Sodium nitrate — NaNO2.
 19.11.6.2 Organic Chemicals These act as protective colloidsand include the following:
 (1) Sodium alginate and other seaweed derivatives. (2) Quebrancho tannin. (3) Lignin sulfonate. (4) Starch.
 19.11.7 Functions of Chemicals The various chemicals used for the treatment of boiler water
 may be classified in groups that correspond to how they performcertain functions and treat the raw water to make it suitable forthe boiler.
 19.11.7.1 Caustic Soda Sodium hydroxide (caustic soda) isused to control the alkalinity of boiler water and precipitation ofthe magnesium salts. The pH value of the boiler water should bemaintained between 7 and 11 to prevent scale formation. Boilerwater with a pH value of 7 is neutral; that with a pH value over 7is alkaline.
 19.11.7.2 Sulphites Sodium sulphite is added to the boiler tocontrol corrosion. Sodium sulphite is an oxygen scavenger, remov-ing oxygen from the boiler water. Oxygen present in the boilerwater changes sodium sulphite to sodium sulphate.
 19.11.7.3 Phosphates The various phosphates of sodium areused to control precipitation of the hard-water salts as insolublelime and magnesia phosphates.
 19.11.7.4 Nitrates and Nitrites Nitrates are used to controlmetal embrittlement; nitrites act similarly in controlling oxygen
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 corrosion, but under certain conditions where dissimilar metals(particularly copper, brass, and soft solder) are immersed in theboiler water, they can cause very severe localized corrosion unlesssuitable inhibiting agents are used. Their use is generally confinedto hot-water systems.
 19.11.7.5 Organic Agents The organic chemicals are used tocontrol insoluble matter in suspension as sludge and prevent theformation of dense adherent scale on the heat-transfer surfaces.
 19.11.7.6 Boiler Compounds Commercial boiler compoundsare used for the treatment of water in small boilers. These com-pounds, which may be solid or liquid, are mixtures of differentwater-treatment chemicals (the Manufacturer keeps the mixingformulas as trade secrets). Boiler compounds are generally basedon alkaline salt combinations plus sodium sulphite.
 19.11.8 Treatment Alternatives
 19.11.8.1 External or Internal Treatment Boiler water can betreated before it is introduced in the boiler (external treatment) orit can be treated in the boiler (internal treatment). However, boilerwater is best treated by a combination of external and internaltreatment to provide necessary protection from troubles caused byuntreated water.
 19.11.8.2 External Treatment External treatment is used toremove the scale-forming salts and dissolved gases. This type oftreatment includes zeolite softeners, lime-soda processes, deaera-tors, and demineralization.
 19.11.8.3 Internal Treatment In internal treatment, chemicals areadded directly into the boiler. This treatment method depends on thecondition of the water in the steam and water drum. Sodium sulphite,an oxygen scavanger, may be injected into the boiler water, where itreacts with oxygen to form sodium sulphate that accumulates at thebottom of the boiler. The sodium sulphate is then removed throughthe bottom-blowdown or continuous-blow-down line.
 19.11.8.4 Seasonal or Continuous Treatment Boiler installa-tions for which water treatment is considered may be classifiedinto three categories:
 (1) Class 1 — no treatment. (2) Class 2 — seasonal or semiseasonal treatment with limited
 chemical control. (3) Class 3 — complete treatment with continuous chemical
 control.
 19.11.8.5 Treatment of Cast-Iron Boilers Because cast-ironboilers are less subjected to corrosion than steel boilers, watertreatment may not be required if the annual cleanout on those thatare used as low-pressure-heating units is done properly. If thesteam system is a closed system, that is, steam is returned to theboiler as condensate and the make-up water is small, there may notbe any considerable trouble from the boiler water. After a fewyears, it may be necessary to use acid cleaning for the removal ofscale if water treatment is not used.
 19.11.9 Blowdown Because an excess total of dissolved solids may cause foaming,
 priming, and carryover, blow down is used to control the amount
 of total dissolved solids and sludge in the boiler. As a rule, about1,000 ppm is considered a safe maximum limit for dissolvedsolids. The frequency of blowing down is determined by boilerwater analysis and should be at a minimum because it involvesthe loss of heat and the wasting of treatment chemicals.
 19.11.10 Feeders Feeders are used to add treatment chemicals to the boiler. The
 requirement of feeders depend on the frequency of adding treat-ment, the amount of blow down, and the loss of condensate. Thefollowing are types of feeders commonly used:
 (1) Open-Type Gravity Feeders Where the treatment is fedmanually in one slug or in periodic small shots.
 (2) Closed-Type Gravity-Drip and Bypass Feeders Wherethe treatment is fed in proportion to the amount of make-upwater.
 (3) Pot-Type Proportional Feeders Where slowly dissolvingtreatment crystals or briquettes are used.
 19.11.11 Procedures
 19.11.11.1 Determination of Water-Containing CapacityTotal water-containing capacity of the boiler is required to beknown for calculating the amount of the water-treatment com-pound used. This capacity should be available from theManufacturer’s catalogs; if not, a water meter should be used at thetime of initial filling to record the capacity.
 19.11.11.2 Making a pH or Alkalinity Test The pH value,which determines the alkalinity of boiler water, can be testedquickly with hydrion paper. A color chart on the side of the hydri-on dispenser indicates the reading in pH. If the precise measure-ment of pH is required, a color-slide-comparator kit may be usedinstead of hydrion paper.
 19.11.11.3 Mixing and Handling Chemicals Whether solid orliquid, chemicals should be handled as carefully as possible, forthey may be highly alkaline or irritating to the skin. Alwaysremember that liquid chemicals are diluted before use, whereassolid chemicals are dissolved in accordance with the supplier’sinstructions. For the latter, make sure that the chemicals are dis-solved before their use; if they are slow to dissolve, use a handpaddle to stir the solution, or else heat the water by steam and agi-tate the mixture.
 19.11.11.4 Treatment of Laid-Up Boilers Boilers used season-ally that will be idle for a period of time in excess of 30 daysshould be laid-up by a suitable method, which is determined by thelength of the out-of-service period as well as the plant conditions.An improper lay up method can result in damage caused by oxy-gen corrosion and pitting. Regardless of the method used, howev-er, the boiler should be thoroughly cleaned on both the fire-andwatersides and all repairs shall be made.
 During the nonoperating period, the boiler is protected fromcorrosion either by draining it and keeping the surfaces thorough-ly dry or by completely filling the boiler with the properly treatedwater.
 (a) Dry Method In the event that the boiler could be subjectedto freezing temperatures, or if it must be idle for an exces-sive period of time, the following steps should be taken:
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 (1) drain and clean the boiler thoroughly; (2) dry the boiler by using hot air; (3) place lime, silica gel, or another suitable moisture-
 absorbent substance in open trays inside the boilershell;
 (4) close the boiler tightly to exclude all moisture and air; (5) thoroughly drain all allied equipment, such as conden-
 sate tanks and pumps; and (6) check the boiler every 2–3 months (replace the lime or
 silica gel if necessary).
 This method should not be used for cast-iron boilers.
 (b) Wet Method To protect the boiler for any short period oftime, the following steps should be taken:
 (1) drain and clean the boiler thoroughly; (2) fill the boiler to the top of the drum and steam for a
 short period with the vent open to release dissolvedgases;
 (3) add caustic soda (400 ppm) and sodium sulphite (100ppm) to the hot water (maintain the sodium sulphiteconcentration to a minimum of 100 ppm for steamboilers and 300 ppm for hot-water boilers);
 (4) close all the valves, including the boiler vent; (5) check all the boiler connections for leaks and take a
 weekly sample to ensure that the alkalinity and sul-phite are stable; and
 (6) occasionally, circulate the water with a pump.
 This method is recommended for cast-iron boilers.
 19.12 GENERAL COMMENT
 As is the case with Section VII of the Code being controlled bythe Section I committee, Section VI is administered by the SectionIV committee, and again it appears that this section may not begiven the attention that it warrants. According to National Boardstatistics the majority of boiler failures in the field can be attributedto operational or maintenance related problems, thus one wondersif the intent of this section of the Code may be better served undera different committee structure. Part of the problem appears to bethat the ASME Code is a pressure vessel Code, and operationalissues quite often tie into other Codes such as NFPA 85 or ASMECSD-1, which deal with controls. However in today’s world thepressure vessel/burner/controls are of necessity becoming a morecompletely integrated package with control systems becomingmuch more sophisticated, and operational philosophies changingto meet economic and environmental requirements. Given this sit-uation it is not difficult to see that these changing system require-ments can have a profound effect on the pressure vessel structurein terms of a greater exposure to fatigue situations.
 While it cannot be expected that a Code can cover all opera-tional eventualities, it would seem possible that it should at leastbe able to alert the boiler owner/operator to possible repercus-sions from certain types of operation. As such it would seem thatthis section will grow in importance in the future, and thereforeshould be given the attention it will require.
 19.13 CONSIDERATIONS LIKELY TO BE INFUTURE CODE EDITIONS
 Code modification–The market is international. New materialsneed to be approved. New technology needs to be evaluated andthe Code needs to stay current. Changes to how the Code is modi-fied are under study and review. The challenge is to speed up theoverall process while maintaining high standards for safe opera-tion and sufficient time for review by competent individual volun-teers along the way.
 Pressure Testing—Safe use of pneumatic pressure testing existsin Europe and is being advocated for broader use throughout theworld. The safety concerns for operators are strong.
 What should the ASME Code Committees and Regulatorsconsider, recognizing the intent of the ASME B&PV Code?
 This chapter is one of the most stable in the ASME Code.There has been little change in basic cast iron boiler technologyfor many years. That being said, the traditional cast iron market isunder the same pressure from new technology and market trendsas exists with all boilers.
 Advanced controls—simple on/off operating controls are beingdisplaced by system controls which try to match system perfor-mance to the actual needs of the space being heated. Reset con-trols, while around for many years, are benefiting from computerenhancements and better insights into how they should respond.Add in variable speed pumping, burner delays, end user interac-tion, internet access and mixing of supply and return water formultiple temperature operation and the complexity continues toincrease. The challenge for ASME is to insure that safety controlsare not compromised by operating controls while, at the sametime, allowing advances in control technology to take place in atimely manner.
 Emissions—As with every fuel burning appliance, pressure iscurrently coming from both the markets and governments aroundthe world for reduced emissions through better efficiency and/orbetter burners, Advanced controls also should play a growing rolein the this area. Again, this is not a direct factor when consideringCode constructed vessels, but the secondary impacts on suchthings as flue gas composition and its impact on condensate acidi-ty must be recognized and dealt with.
 Installation - The trend toward increasing system complexitybrings with it a need for improved, repeatable installation tech-niques. The market responds with pre-piped manifolds, plug-inwiring, touch screen programming and a renewed emphasis ontraining for installers and designers. The code needs to dealwith such advances, to the extent it can, to insure safety is notcompromised.
 Heat release devices—The (knowledgeable) market calls for avariety of heat release devices in a building. Warm air delivery [foruse with an conditioning] is coupled with such heat release tech-niques as warm floors, traditional baseboard radiant panels anddecorative convectors or radiators. Traditional baseboard systemsget coupled with high velocity air-conditioning. No obvious safetyconcerns are evident in this area, but watchfulness is called for.
 There will, however be a continuing need for replacement boil-ers. Emissions will have to be controlled, and when product ser-vice life is an issue, cast iron boilers have a great track record.
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 19.14 SUMMARY OF CHANGES
 Summary of Changes from 2007 Code Section IV extractedbelow from the 2007 Code. For details readers are suggested toconsult the Code.
 SUMMARY OF CHANGES
 19.14 REFERENCE
 1. Halley, G.M., “Thermally Induced Stress Cycling,” National Board ofBoiler and Pressure Vessel Inspectors, winter 1998.
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