PRACTICE EXAM 7: BOILER
OPERATOR LICENSE SIMULATION

QUESTIONS 1-100

1. The term "MAWP" stands for what specific value on a boiler?

A. Minimum Acceptable Water Pressure at the gauge
B. Maximum Allowable Working Pressure as stamped on plate
C. Mandatory Alarm Warning Point on the panel

D. Maximum Applied Wall Pressure in piping calculations

2. A "Btu" is defined as the heat required to raise:

A. One pound of air by one degree Fahrenheit at atmospheric
B. One cubic foot of steam by ten degrees Fahrenheit
C. One gallon of water by five degrees Fahrenheit

D. One pound of water by one degree Fahrenheit

3. The "saturation temperature" of water at atmospheric pressure is approximately:

A. 212°F at standard sea-level atmospheric conditions
B. 100°C at metric standard pressure only
C. 180°F at typical heating boiler conditions

D. 240°F at elevated atmospheric conditions



4. "Latent heat of vaporization" refers to the heat required to:

A. Warm water from freezing to boiling at atmospheric
B. Cool steam from superheated back to saturation
C. Convert water to steam without temperature change

D. Raise the temperature of superheated steam further

5. A "firetube" boiler is characterized by:

A. Water flowing through tubes surrounded by combustion gases
B. Combustion gases flowing through tubes submerged in water
C. Heat transferred directly through electrical resistance elements

D. Steam generated through solar thermal collection panels

6. The "Hartford loop" is installed on which type of boiler?

A. Low-pressure steam heating boilers for water loss protection
B. High-pressure industrial power boilers for redundancy
C. Electric electrode boilers for electrical isolation

D. Cast-iron modular boilers for section separation

7. A "try cock" serves what function on a water column?

A. Test the safety valve for free lifting operation only
B. Adjust the feedwater regulator setpoint precisely
C. Isolate the gauge glass for maintenance access

D. Verify water level by direct discharge observation



8. The acronym "LWCOQO" refers to:

A. Load Weight Control Override for safety purposes
B. Low-Water Contamination Outlet for blowdown
C. Low Water Fuel Cutoff for burner protection

D. Liquid Weight Cycle Operator for pumps

9. "Blowdown" on a boiler is best described as:

A. Controlled removal of water to discharge contaminants
B. Uncontrolled emergency venting of steam pressure
C. Planned shutdown and depressurization procedures

D. Rapid pressure reduction during normal operation

10. The term "deaeration" refers to removing what from feedwater?

A. Chemical treatment residues from previous conditioning
B. Dissolved oxygen and other non-condensable gases
C. Calcium and magnesium hardness from the supply

D. Iron corrosion products from piping system surfaces

11. "Superheated steam" is defined as steam that is:

A. Wet with entrained droplets at saturation temperature
B. At exact saturation temperature for its given pressure
C. Above saturation temperature for its given pressure

D. Generated from high-pressure electrode-type boilers



12. The "1,000 Btu per cubic foot" figure is associated with which fuel?

A. No. 2 fuel oil at ambient storage temperature
B. No. 6 residual fuel oil after proper preheating
C. Propane vapor at pipeline supply pressure

D. Natural gas at standard conditions typical for utility supply

13. "Stoichiometric" combustion refers to:

A. Exact theoretical air for complete fuel combustion
B. 25 percent excess air for safety margin
C. 50 percent excess air for maximum efficiency

D. Minimum air to maintain visible flame stability

14. A "pre-purge" cycle ensures what before ignition?

A. Proper combustion air flow and burner fan speed
B. Four air changes to clear residual combustibles from furnace
C. Feedwater regulator setpoint verification and calibration

D. Chemical treatment pump operation and chemistry testing

15. "ASME BPVC Section I" governs which type of boiler?

A. Pressure vessels other than boilers in plant service
B. Heating boilers with maximum 15 psig steam pressure
C. Refrigeration systems and associated pressure equipment

D. Power boilers with steam pressure above 15 psig



16. "ASME BPVC Section IV" governs which type of boiler?

A. Power boilers above 15 psig steam pressure
B. Commercial refrigeration pressure vessels
C. Heating boilers at or below 15 psig steam pressure

D. Welded pressure vessels beyond BPVC coverage

17. A "Bourdon tube" is the sensing element in a:

A. Pressure gauge using elastic tube deformation
B. Temperature sensor using resistance change
C. Flow meter using differential pressure

D. Level indicator using displacement

18. The "34.5 pounds per hour" figure is associated with what?

A. Typical feedwater consumption at moderate firing
B. One boiler horsepower from and at 212°F
C. Standard fuel consumption for small boilers

D. Average condensate return from steam heating

19. "NFPA 85" primarily addresses:

A. Fire sprinkler installation requirements in buildings
B. Electrical wiring and installation code standards
C. Boiler and combustion system hazards and safety

D. Life safety building code requirements for facilities



20. The term "economizer" refers to:

A. Fuel cost reduction device at the plant's supply line
B. Steam pressure-reducing valve assembly for distribution
C. Chemical treatment automatic dosing controller

D. Feedwater preheater using flue gas heat before stack

21. A "non-return valve" combines the functions of:

A. A pressure regulator and a bypass valve assembly
B. A blowdown valve and a drain valve combination
C. A stop valve and a check valve in one body

D. A safety valve and a pressure relief valve

22. "Priming" in boiler operation refers to:

A. Water being carried over with steam to downstream equipment
B. Adding fresh water before starting the boiler
C. Warming the pump before full flow initiation

D. Filling the gauge glass with water for readings

23. The "combustion triangle" consists of fuel, ignition source, and:

A. Water vapor as a reaction product of combustion
B. Carbon dioxide from the combustion chemistry
C. Nitrogen as an atmospheric diluent gas

D. Oxygen supplied through combustion air



24. "Stay bolts" in a firebox boiler serve to:

A. Hold the boiler to the mechanical support framework
B. Support flat surfaces against internal pressure
C. Seal the firebox against combustion gas leakage

D. Adjust the burner position relative to the tubes

25. A "safety valve" must be set at what pressure relative to MAWP?

A. Any pressure up to twice the MAWP value
B. At least 10 percent below the MAWP value
C. At or below the MAWP without exception

D. At exactly 25 percent above MAWP for margin

26. The term "foaming" describes:

A. Improved steam separation at the drum interior
B. Chemical treatment effectively bubbling in feedwater
C. Normal water surface turbulence in the boiler

D. Bubble formation on the boiler water surface

27. A "wetback" firetube boiler configuration has:

A. Water cooling the rear turnaround chamber area
B. Refractory brick lining the rear gas turnaround
C. External furnace separate from the pressure vessel

D. Multiple drums connected by bent tubes vertically



28. The term "horsepower" in boiler rating equals:

A. 746 watts matching electrical horsepower exactly
B. 34.5 pounds steam per hour from and at 212°F
C. 2,545 Btu per hour matching mechanical work rate

D. 1,000 cubic feet of gas burned per hour continuously

29. "Turndown ratio" of a burner refers to:

A. Percentage of fuel burned during each firing cycle
B. Pressure drop across the burner throat assembly
C. Temperature differential between fire and water

D. Ratio of maximum to minimum firing capability

30. A "purge cycle" for combustion equipment is required:

A. Only during annual maintenance for safety
B. Only during burner commissioning and startup
C. Before every ignition attempt for safety

D. Only for units fired on heavy oil with high viscosity

31. The term "flash point" refers to:

A. Lowest temperature at which fuel vapor will ignite with ignition source
B. Temperature at which water turns to steam at atmosphere
C. Highest allowable operating temperature for the fuel product

D. Temperature required for complete fuel combustion rates



32. "Dew point" in flue gas refers to:

A. Minimum temperature for proper combustion reaction
B. Temperature at which water vapor condenses out of the gas
C. Optimum firing rate temperature for peak efficiency

D. Normal operating temperature for the combustion process

33. A "flame rectifier" detects flame by:

A. Visible light emitted from the flame emission spectrum
B. Heat radiation in the infrared wavelength band
C. Ultraviolet radiation produced by the flame

D. Electrical conductivity of the ionized flame

34. "Excess air" is typically expressed as:

A. Cubic feet per pound of fuel directly burned
B. Inches of water column pressure differential
C. Percentage above stoichiometric requirement

D. Temperature rise above ambient conditions

35. A "hydrostatic test" is performed at what pressure?

A. 1.5 times the maximum allowable working pressure
B. Equal to the maximum allowable working pressure
C. Half the maximum allowable working pressure

D. Four times the maximum allowable working pressure



36. The term "enthalpy" refers to:

A. Volume change during phase transition processes
B. Total heat content including sensible and latent heat
C. Temperature of the substance at any given condition

D. Pressure developed by the gas in a closed vessel

37. A "steam header" is best described as:

A. A safety valve mounted at the highest plant elevation
B. A pressure gauge indicating total plant steam output
C. A chemical injection point for feedwater treatment

D. A large-diameter pipe distributing steam to loads

38. "Surface blowdown" removes contaminants by:

A. Draining from the bottom of the mud drum location
B. Venting steam from the boiler through a safety valve
C. Taking water from near the steam-water interface

D. Filtering condensate through mechanical strainers

39. A "drip leg" serves what purpose in a steam main?

A. Collects and drains condensate from the steam pipe
B. Supports the pipe against thermal expansion forces
C. Provides access for annual inspection of the pipe

D. Protects the pipe from external environmental damage



40. The term "saturation pressure" refers to:

A. Maximum pressure a safety valve can accommodate
B. Operating pressure at which pumps can deliver
C. Atmospheric pressure at sea level conditions

D. Pressure at which water boils at a given temperature

41. A "water column" on a boiler provides:

A. Chemical treatment injection points for the boiler
B. Support structure for the boiler drum installation
C. Steam quality measurement at the boiler outlet

D. Mounting for gauge glass and level indicators

42. "ASME stamp H" on a boiler plate indicates:

A. Power boiler construction under Section I requirements
B. Heating boiler construction under Section IV requirements
C. Pressure vessel construction under Section VIII requirements

D. Welding qualification under Section IX requirements

43. "Continuous blowdown" is typically controlled by:

A. Conductivity measurement of the boiler water
B. Water level inside the steam drum continuously
C. Fuel flow to the burner at all firing rates

D. Feedwater temperature entering the boiler system



44. A "flame detector" reporting no flame when flame is present has:

A. Failed in a dangerous mode requiring investigation
B. Operated normally during cold start conditions
C. Failed in an operational mode causing shutdown

D. Detected no issue because flame was actually absent

45. The acronym "PRV" in boiler work typically refers to:

A. Pressure Relief Valve on the feedwater line
B. Pump Recirculation Valve for protection
C. Primary Reserve Valve for backup supply

D. Pressure-Reducing Valve on steam distribution

46. A "check valve" passes flow in:

A. Both directions equally with no restriction
B. One direction only, closing against reverse flow
C. Neither direction when closed manually

D. Only liquid flow but not gas or steam

47. The term "atomization" in burner operation refers to:

A. Breaking liquid fuel into fine droplet spray
B. Mixing fuel with combustion air by mass
C. Compressing fuel before the combustion zone

D. Heating fuel to vaporization temperature



48. "Corrosion" from dissolved oxygen in boiler water typically produces:

A. Uniform thinning across all tube wall surfaces
B. Surface pitting on drum interior walls only
C. Localized deep pits at heated metal surfaces

D. Chemical discoloration without any metal loss

49. A "soot blower" in boiler operation is used to:

A. Remove ash deposits from the refractory inside the furnace
B. Clear soot and deposits from fireside heat transfer surfaces
C. Inject combustion air at specific positions in the furnace

D. Monitor combustion quality through deposit observation

50. "Scale" on heat-transfer surfaces primarily reduces:

A. Chemical treatment effectiveness in the boiler
B. Water circulation through the feedwater system
C. Safety valve response time during overpressure

D. Heat transfer by acting as an insulating layer

51. The term "draft" in boiler operation refers to:

A. Pressure differential moving combustion gases through the system
B. Drawing pattern for boiler parts identification
C. Preliminary design for a proposed boiler installation

D. Operator's written plan for shift operations



52. A "modulating" burner control:

A. Operates at full capacity or off with no intermediate steps
B. Cycles between three fixed firing rates sequentially
C. Continuously adjusts firing rate across the turndown range

D. Fires only at the minimum turndown rate continuously

53. "Oxygen scavenger" chemicals in feedwater include:

A. Sodium chloride for water softening purposes
B. Sodium sulfite for dissolved oxygen removal
C. Calcium carbonate for hardness removal

D. Hydrochloric acid for pH adjustment downward

54. A "post-purge" cycle after burner shutdown:

A. Warms the boiler before the next startup sequence
B. Maintains pressure at operating level during standby
C. Shuts all boiler valves for complete isolation

D. Clears residual combustion products from the furnace

55. The term "flashing" in boiler work refers to:

A. Rapid fuel ignition during burner startup procedures
B. Water becoming brightly visible through the gauge glass
C. Sudden vaporization of water to steam upon pressure drop

D. Quick startup sequence under emergency conditions



56. A "safety relief valve" is distinguished from a safety valve by:

A. Its modulating rather than pop-action operation
B. Lacking any code certification requirement at all
C. Always installing for liquid service applications only

D. Being adjustable by the operator during service

57. The "Seebeck effect" is the physical basis for:

A. Conductivity measurements in boiler water samples
B. Pressure measurement using strain gauge technology
C. Flow measurement using orifice plate devices

D. Thermocouple temperature measurement across metal junctions

58. A "combustion air proving switch" verifies:

A. Fuel supply pressure within acceptable range
B. Adequate combustion air before and during firing
C. Safety valve readiness for pressure relief

D. Chemical treatment system operational status

59. The "four air changes" requirement applies to:

A. Safety valve sizing calculations for boilers
B. Feedwater pump capacity ratings per unit
C. Pre-purge volume before burner ignition attempt

D. Annual inspection air testing for tightness



60. "CSD-1" is a standard covering:

A. Controls and safety devices for automatically fired boilers
B. Central steam distribution in institutional facilities
C. Commercial steam delivery to end-user equipment

D. Condensate return pumping systems for recovery

61. A "Scotch marine" boiler is classified as:

A. A watertube design with external furnace section
B. A firetube design with internal furnace tubes
C. A cast-iron sectional heating boiler type

D. An electric boiler with three-phase electrode elements

62. The "psig" unit measures pressure:

A. In metric units above absolute vacuum
B. Relative to barometric standard conditions
C. In absolute terms above perfect vacuum always

D. Above atmospheric pressure at measurement location

63. "Boiler horsepower" as a unit:

A. Measures electrical power output equivalent
B. Indicates steam generation capacity at reference conditions
C. Equals mechanical horsepower for rotating equipment

D. Represents fuel consumption rate per hour



64. A "water column" is required on steam boilers because:

A. It replaces the need for feedwater pumps entirely
B. It provides combustion air supply to the burner
C. It provides mounting for level-indicating devices

D. It serves as a safety relief valve mounting

65. "Condensate" in a steam system is:

A. Steam that has cooled and returned to liquid water
B. Fresh makeup water added during operation
C. Chemical treatment residue in the boiler

D. Feedwater preheated through economizer tubes

66. The "NFPA" acronym stands for:

A. National Fire Protection Association for fire codes
B. National Federation of Plumbing Associations
C. Natural Fuel Process Administration for energy

D. National Fire Protection Association and similar safety codes

67. A "flue" in boiler work refers to:

A. A flexible connector between pipe sections
B. A mechanical joint for fluid isolation
C. A passage for combustion gases to the stack

D. A drain valve on the boiler shell bottom



68. "Refractory" material is used to:

A. Line furnace walls and protect pressure parts from flame
B. Support the weight of the boiler against gravity
C. Insulate electrical wiring inside the boiler

D. Reflect heat toward the combustion chamber

69. A "thermostatic" steam trap operates based on:

A. Temperature difference between condensate and steam
B. Density difference between water and steam
C. Dynamic flow characteristics of flashing condensate

D. Volumetric flow rate through the trap body

70. The "OSHA" acronym stands for:

A. Operational Safety and Handling Authority federal
B. Organizational Standard Handling Agreement for labor
C. Occupational Safety and Health Administration federal

D. Official Standards for Hazardous Activities agency

71. A "steam separator" is typically located:

A. In the condensate return system after the process
B. In the fuel supply line to the burner assembly
C. In the feedwater system before the boiler inlet

D. In the steam drum to remove water from steam



72. "Thermodynamic" steam traps operate based on:

A. Temperature differential across the trap body
B. Flash steam behavior causing disc cycling
C. Density difference between steam and water

D. Conductivity differences of the passing fluid

73. The term "blowdown" for safety valves refers to:

A. Pressure differential between opening and reseating
B. Maximum capacity of steam discharge during lift
C. Total dissolved solids in the boiler water

D. Routine testing frequency throughout the year

74. A "manway" on a boiler drum is:

A. A small threaded access for internal inspection tools
B. An elliptical opening allowing personnel entry
C. A safety valve connection for pressure relief

D. A pressure gauge port at the operating pressure

75. The term "feedwater" refers to:

A. Process water at the plant's manufacturing equipment
B. Cooling water for the condensing equipment
C. Water supplied to the boiler to replace steam produced

D. Chemical treatment water for the boiler separately



76. A "three-element" feedwater controller uses inputs from:

A. Water level, steam flow, and feedwater flow
B. Temperature, pressure, and combustion air
C. Chemistry, level, and stack temperature combined

D. Fuel flow, combustion air, and steam flow

77. The term "accumulator” in a steam system:

A. Increases steam pressure during peak demand
B. Stores steam or hot water for peak demand buffering
C. Accumulates combustion air for the burner

D. Collects condensate from multiple return sources

78. "ANSI" stands for:

A. American Numbered Standards Institution
B. Association for National Safety Industries
C. Associated National Services Institute

D. American National Standards Institute

79. A "Stirling boiler" is a type of:

A. Watertube boiler with multiple drums
B. Firetube boiler with horizontal design
C. Cast-iron sectional heating boiler

D. Electric boiler with resistance elements



80. The "expansion tank" in a hot water heating system:

A. Stores water for emergency makeup during outages
B. Increases system pressure during cooling cycles
C. Absorbs volume changes from water temperature variation

D. Cools water returning from the heating loads

81. A "Pressuretrol" is commonly used as:

A. A pressure-reducing valve on steam distribution
B. An operating pressure control on a boiler
C. A safety valve with special design features

D. A pressure gauge for visual reading

82. The term "load" on a boiler typically refers to:

A. Weight of the boiler on its support structure
B. Fuel weight consumed per hour of operation
C. Water weight inside the boiler during operation

D. Demand for steam from connected processes

83. A "mud drum" in a watertube boiler:

A. Collects sediment at the lowest point of the boiler
B. Houses the steam separator internals above water
C. Connects to the condensate return system outside

D. Serves as the feedwater distribution point inside



84. "Superheater" sections in a boiler serve to:

A. Pre-treat feedwater before entering the boiler
B. Separate steam from water in the steam drum
C. Heat saturated steam above its saturation temperature

D. Condense steam back to water for recirculation

85. A "rupture disc" is a pressure-relief device that:

A. Lifts like a standard safety valve and reseats automatically
B. Bursts at a preset pressure and cannot reset automatically
C. Modulates at the set pressure during normal operation

D. Cycles repeatedly like a conventional valve continuously

86. "Turbulence" in a steam drum is:

A. Desirable to improve steam separation efficiency
B. Normal only at safety valve lifting pressure
C. An indication of proper operation at all loads

D. Undesirable as it reduces steam separation efficiency

87. The acronym "BMS" in boiler operation refers to:

A. Burner Management System that controls ignition
B. Boiler Makeup Supply for water replacement
C. Basic Maintenance Schedule for operations

D. Building Management System for HVAC



88. "Kilowatt" rating for an electric boiler indicates:

A. Electrical resistance of the heating elements
B. Voltage applied to the electrode assembly
C. Power consumption at rated output conditions

D. Current drawn through the electrical supply

89. A "duplex" feedwater pump arrangement provides:

A. A double-speed single pump for flexibility
B. Two pumps operating in series for pressure boost
C. Two pumps of different sizes for varied flow

D. Two pumps for redundancy and reliability

90. "Blowdown valves" are installed in series as:

A. A single slow-opening valve with a spring return
B. A slow-opening valve upstream of a quick-opening valve
C. Two quick-opening valves for rapid discharge

D. A pressure-reducing valve upstream of a throttling valve

91. The term "dead-head" for a pump refers to:

A. Maximum discharge pressure at zero flow condition
B. Normal operating discharge pressure during flow
C. Zero discharge pressure during pump startup

D. Shutoff head during routine pump maintenance



92. A "flue gas analyzer" measures:

A. Composition of combustion gases leaving the boiler
B. Feedwater quality entering the steam drum system
C. Chemical treatment concentration in boiler water

D. Stack draft in inches of water column range

93. "Oxygen trim control" adjusts combustion based on:

A. Stack temperature reaching specified ranges
B. Fuel flow measurement at the burner inlet
C. Combustion air pressure at the burner damper

D. Oxygen content measured in the flue gas stream

94. The "boiling point" of water at sea level is:

A. 100°F matching body temperature approximately
B. 212°F at atmospheric pressure of 14.7 psia
C. 392°F at high-pressure boiler conditions

D. 32°F matching the freezing point calculation

95. A "steam trap" is designed to:

A. Pass condensate while holding back live steam
B. Increase steam pressure before downstream delivery
C. Generate steam from returned condensate recovery

D. Isolate the steam system during shutdowns



96. "Vacuum" pressure measurement is:

A. Higher than atmospheric pressure at sea level always
B. Equal to absolute pressure at all conditions
C. Pressure below atmospheric measured in inches of mercury

D. Always expressed in pounds per square inch gauge

97. A "pilot flame" in a burner system:

A. Monitors exhaust gas composition during combustion
B. Provides ignition for the main burner fuel mixture
C. Operates continuously without main burner firing

D. Serves as a backup heat source during main outage

98. "Combustion efficiency" is the ratio of:

A. Heat delivered to steam against heat lost through walls
B. Fuel flow against combustion air flow at burner
C. Water input against steam output during operation

D. Useful heat in steam against fuel heat input

99. The term "ambient" in boiler work refers to:

A. Pressure inside the boiler drum during operation
B. Temperature of the combustion gases in the furnace
C. Surrounding air conditions outside the boiler equipment

D. Average temperature over the operational cycle



100. A "thermistor" is a temperature sensor that works by:

A. Changing electrical resistance with temperature variation
B. Generating voltage across dissimilar metals in contact
C. Expanding fluid in a sealed capillary tube system

D. Measuring radiation emission from heated surfaces



PRACTICE EXAM 7: ANSWER KEY
AND FULL EXPLANATIONS
(QUESTIONS 1-100)

B — MAWP stands for Maximum Allowable Working Pressure as stamped on the code data plate.
It is the highest pressure at which the boiler may safely operate, determined by manufacturer design
and code construction. Every operational decision about safety valve settings and operating
pressure must reference this fundamental value.

D — One Btu (British thermal unit) is defined as the heat required to raise one pound of water by
one degree Fahrenheit. This is the foundational unit for all boiler heat calculations including
efficiency, steam output, and fuel consumption. Memorizing this definition is essential for every
boiler operator.

A — Saturation temperature at atmospheric pressure (14.7 psia) is 212°F. This value is the
reference for boiler horsepower calculations ("from and at 212°F"). Understanding the relationship
between saturation pressure and temperature is fundamental to steam system operation.

C — Latent heat of vaporization is the heat required to convert water to steam at constant
temperature. At atmospheric pressure this is approximately 970 Btu per pound. This phase-change
energy is the majority of useful heat in steam systems and the foundation of steam's effectiveness
as a heat transfer medium.

B — Firetube boilers have combustion gases flowing through tubes that are submerged in boiler
water. The fire is "in the tubes," giving the design its name. This contrasts with watertube designs
where water flows through tubes surrounded by combustion gases.

A — The Hartford loop is a piping arrangement installed specifically on low-pressure steam
heating boilers to prevent water loss through a broken return line. It is not used on power boilers,
electric boilers, or cast-iron modular applications. The loop is standard on steam heating boilers
and required by code in some jurisdictions.

D — Try cocks on a water column verify water level by direct discharge observation — steam
alone above the water line, water alone below, or a mixture at the surface. Code typically requires
three try cocks on steam boiler water columns. They serve as an independent backup to the gauge
glass.
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C — LWCO stands for Low Water Fuel Cutoff, the safety device that shuts off fuel when boiler
water level drops below a preset minimum. The LWCO is one of the most critical safety devices
protecting against dry-firing damage. Daily testing is a standard operator responsibility.

A — Blowdown is the controlled removal of water from the boiler to discharge contaminants,
reduce total dissolved solids, and remove sediment. Types include surface (continuous) and bottom
(periodic) blowdown. This is a planned maintenance activity, not an emergency or uncontrolled
event.

B — Deaeration is the removal of dissolved oxygen and other non-condensable gases from
feedwater. This protects the boiler from oxygen pitting corrosion. Thermal deaerators accomplish
this by heating feedwater to saturation and breaking it into droplets to release gases.

C — Superheated steam has been heated above saturation temperature for its given pressure,
typically through a superheater section. It carries more energy per pound than saturated steam and
resists condensation in piping. This distinguishes it from wet steam (below saturation) and
saturated steam (at exactly saturation).

D — Natural gas at standard conditions has approximately 1,000 Btu per cubic foot heating value.
This is the common pipeline gas heating value used in combustion calculations. Fuel oils are
measured in Btu per gallon; propane has different heating value per cubic foot.

A — Stoichiometric combustion is the theoretical minimum amount of air required for complete
combustion — exact molecular ratio of fuel to oxygen. Real boilers use 5-15% more air (excess
air) to ensure complete combustion. This concept defines combustion chemistry and efficiency
targets.

B — Pre-purge clears residual combustibles from the furnace by providing at least four furnace-
volume air changes before ignition. Without pre-purge, accumulated fuel from prior operation
could ignite explosively when the pilot lights. This is the most critical safety step of burner startup.

D — ASME BPVC Section I governs power boilers — those with steam pressure above 15 psig.
Construction requirements, materials, welding, and inspection are all covered under this section.
Understanding which BPVC section applies determines code compliance requirements for every
boiler.

C — ASME BPVC Section IV governs heating boilers at or below 15 psig steam pressure (or 160
psig / 250°F for hot water service). This is distinctly different from Section I power boilers. Code
compliance depends on correctly identifying the applicable section.

A — A Bourdon tube is a curved copper alloy tube that straightens slightly as internal pressure
increases. This deformation moves a linkage to display pressure on the gauge dial. Bourdon tubes
are the most common pressure-sensing mechanism in boiler pressure gauges.
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B — 34.5 pounds of steam per hour from and at 212°F is the definition of one boiler horsepower.
This standardized reference allows comparison of boilers across different operating conditions.
The 34.5 divisor is fundamental to all BHP calculations.

C — NFPA 85 (Boiler and Combustion Systems Hazards Code) addresses boiler and combustion
system safety — burner management, fuel train design, pre-purge, ignition trials, and flame
monitoring. This is the definitive standard for industrial and utility boiler combustion safety.

D — An economizer is a heat-exchanger that preheats feedwater using waste heat from flue gas
just before the stack. This improves overall plant efficiency by recovering sensible heat that would
otherwise be lost. Economizers are standard on larger industrial and utility boilers.

C — A non-return valve combines the functions of a stop valve (for isolation) and a check valve
(for reverse-flow prevention) in one body. Installed on boiler steam outlets in multi-boiler
installations, it prevents reverse flow from adjacent boilers during upsets. This is specialized
equipment for common-header arrangements.

A — Priming is the condition where water is carried over with steam to downstream equipment.
It's caused by high water level, chemistry issues, or mechanical problems. Priming damages
downstream equipment and must be corrected through level adjustment, chemistry review, or
separator inspection.

D — The combustion triangle consists of fuel, heat (ignition), and oxygen (through combustion
air). Removing any one of these three elements stops combustion. This is the fundamental mental
model for every combustion decision an operator makes.

B — Stays reinforce flat pressure surfaces (tube sheets, firebox walls) so they can resist pressure
without deflecting. Flat surfaces lack the geometric advantage that curves give cylinders. Missing
or broken stays are reportable inspection findings requiring correction before return to service.

C — Safety valves must be set at or below the MAWP without exception. At least one safety valve
must be set at the MAWP; additional valves may be set at slightly higher pressures but never above
MAWP. This is the fundamental code requirement protecting against overpressure.

D — Foaming is bubble formation on the boiler water surface, typically caused by chemistry
contamination, high TDS, or organic matter. It reduces steam quality and can cause priming.
Chemistry investigation and blowdown are typical corrective actions.

A — Wetback firetube boilers have water cooling the rear turnaround chamber area, eliminating
refractory in that area. This contrasts with dryback designs where refractory lines the rear
turnaround. Wetback designs are more efficient but more expensive to build.

B — Boiler horsepower equals 34.5 pounds of steam per hour from and at 212°F. This is not the
same as mechanical horsepower (2,545 Btu/hr) or electrical horsepower (746 watts). The steam-
based definition is specific to boiler rating conventions.
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D — Turndown ratio is the ratio of maximum to minimum firing capability. A 10:1 turndown
burner can modulate from full fire down to 10% of full fire. Higher turndown provides tighter
control on variable loads and reduces cycling losses.

C — Purge cycles are required before every ignition attempt to prevent explosions from
accumulated combustibles. This is not a one-time requirement during commissioning or
maintenance — every burner light-off requires full pre-purge. The requirement is non-negotiable
for safety.

A — Flash point is the lowest temperature at which fuel vapor will ignite with an ignition source
present. Higher flash point means safer fuel storage and handling. This is a critical fuel property
for fire and explosion safety.

B — Dew point is the temperature at which water vapor condenses out of the flue gas. Operating
heat transfer surfaces below dew point produces wet corrosive conditions, particularly in
economizers. Dew point crossing is a major cause of economizer corrosion.

D — Flame rectifiers detect flame by using the ionized combustion zone as an electrical conductor.
The flame passes direct current in one direction (rectification) while air does not. This is the
standard detection method for most residential and commercial burners.

C — Excess air is expressed as a percentage above the stoichiometric requirement. Typical values
are 5-15% for natural gas, 10-20% for oil, higher for coal. This measurement drives combustion
tuning and efficiency optimization.

A — Hydrostatic tests are performed at 1.5 times the MAWP per ASME code. The test verifies
pressure boundary integrity using water to avoid explosion risk from compressible gas. This is a
standard post-construction and post-major-repair verification.

B — Enthalpy is total heat content including both sensible heat (temperature-related) and latent
heat (phase-change related). Steam tables list enthalpy values for steam and water at various
conditions. Enthalpy differences drive every heat transfer calculation.

D — A steam header is a large-diameter pipe distributing steam to various loads throughout the
plant. Branches from the header deliver steam to individual processes. Proper header design
includes slope for condensate, adequate sizing, and drip leg placement.

C — Surface blowdown takes water from near the steam-water interface where dissolved solids
concentrate most heavily. This contrasts with bottom blowdown, which removes sediment from
the lowest point. Continuous surface blowdown with conductivity control is the modern standard.

A — A drip leg is a vertical extension below a steam main that collects condensate for discharge
through a steam trap. Drip legs at low points prevent condensate accumulation that would cause
water hammer. This is basic piping design, not a structural support.
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D — Saturation pressure is the pressure at which water boils at a given temperature. The
relationship between temperature and saturation pressure defines the operating conditions of every
boiler. Steam tables list these values for all typical operating conditions.

D — Water columns provide mounting for gauge glass and level indicators. They connect to the
boiler steam and water sides, providing a quiet zone for accurate level indication. Try cocks also
mount on the water column for independent level verification.

B — The ASME "H" stamp indicates heating boiler construction under Section I'V. "S" indicates
Section I power boilers, "U" indicates Section VIII pressure vessels. Code stamps are essential for
identifying applicable requirements at a glance.

A — Continuous blowdown is typically controlled by conductivity measurement of the boiler
water. As dissolved solids rise, conductivity rises, and the continuous blowdown valve opens
proportionally. This automated control maintains TDS at target levels without operator
intervention.

C — A flame detector reporting no flame when flame is present has failed in an operational (safe)
mode — the BMS shuts down the burner unnecessarily. This is the safer failure mode than
reporting flame when none exists. Operators recognize the difference between safe and dangerous
detector failures.

D — In boiler work, PRV typically refers to Pressure-Reducing Valve used on steam distribution.
These valves reduce high-pressure steam to lower pressures for specific processes or zones.
Pressure Relief Valves (safety devices) are typically just called safety valves or safety relief valves.

B — Check valves pass flow in one direction only, closing automatically against reverse flow.
They are self-actuating — no operator manipulation required. Check valves on boiler feedwater
lines prevent hot boiler water from flowing back through the pump.

A — Atomization is the process of breaking liquid fuel into a fine droplet spray for efficient
combustion. Oil burners use pressure, steam, or air atomization methods. Proper atomization is
essential for clean combustion of liquid fuels.

C — Dissolved oxygen typically produces localized deep pits at heated metal surfaces — classic
oxygen pitting corrosion. This contrasts with general thinning or surface discoloration. Pitting is
the diagnostic pattern indicating oxygen attack, prompting chemistry and deaerator review.

B — Soot blowers clear soot and deposits from fireside heat transfer surfaces using compressed
air or steam. They are installed at strategic points in the gas path to maintain heat transfer
efficiency. Regular soot blowing is essential for coal and heavy oil-fired boilers.

D — Scale on heat transfer surfaces acts as an insulating layer that reduces heat transfer. This
causes higher fuel consumption, lower efficiency, and potentially tube overheating. Scale
prevention through proper water treatment is essential for long boiler life.
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A — Draft is the pressure differential that moves combustion gases through the boiler and stack
system. Natural draft uses chimney effect; forced draft uses fans at the burner inlet; induced draft
uses fans at the outlet. Proper draft is essential for combustion.

C — Modulating burner control continuously adjusts firing rate across the turndown range to
match steam demand. This contrasts with on-off and high-low control schemes. Modulation
produces tighter pressure control and better efficiency on variable loads.

B — Sodium sulfite is the most common oxygen scavenger chemical, reacting with dissolved
oxygen to form harmless sulfate. Proper sulfite residual (typically 30-60 ppm) indicates effective
oxygen scavenging. Other chemicals like hydrazine are also used in some applications.

D — Post-purge continues the combustion air fan after burner shutoff to clear residual combustion
products from the furnace. This is required by NFPA 85 and CSD-1. The purge duration is typically
specified by the manufacturer based on furnace volume.

C — Flashing is the sudden vaporization of water to steam upon pressure drop. A common example
is when hot condensate at 20 psig flashes to lower-pressure steam at the trap discharge.
Understanding flash steam is important for trap surveys and condensate return design.

A — Safety relief valves typically modulate rather than pop-action, making them suitable for liquid
service. Safety valves (spring-loaded pop-action) are designed for gas/steam service. Both types
require code certification; the distinction is operational characteristics.

D — The Seebeck effect is the thermoelectric phenomenon where a voltage develops across the
junction of two dissimilar metals at different temperatures. This is the operating principle of
thermocouples. Different thermocouple types (K, J, T, E) use different metal pairs with
characteristic voltage curves.

B — Combustion air proving switches verify adequate combustion air before and during firing.
Loss of proving trips the burner to prevent firing without adequate air. This is a fundamental fuel
train safety interlock.

C — The four air changes requirement applies to pre-purge volume before burner ignition. Four
furnace-volume air changes sweep any residual fuel-air mixture below the lower explosive limit.
This is required by NFPA 85 and CSD-1 as a fundamental safety element.

A — ASME CSD-1 (Controls and Safety Devices for Automatically Fired Boilers) covers controls
and safety devices for automatically fired boilers of 12.5 million Btu/hr input or less. This covers
the commercial package-boiler range. Combined with NFPA 85 for larger units, these standards
cover the full size range.

B — Scotch marine boilers are firetube designs with internal furnace tubes (Morison tubes)
surrounded by smaller return firetubes. This is the most common firetube design in modern service.
Bent tubes with multiple drums describe watertube construction, not Scotch marine.
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D — Psig measures pressure above atmospheric at the measurement location. This is gauge
pressure, which is what mechanical pressure gauges typically display. Absolute pressure (psia)
adds atmospheric pressure to gauge reading.

B — Boiler horsepower indicates steam generation capacity at reference conditions (from and at
212°F). It is not an electrical, mechanical, or fuel consumption measurement. The reference
conditions make BHP comparable across boilers regardless of actual operating conditions.

C — Water columns provide mounting for level-indicating devices — gauge glass, try cocks, and
sometimes LWCO probes. The column provides a quiet zone for accurate level indication isolated
from drum turbulence. Multiple devices mount on the water column.

A — Condensate is steam that has cooled and returned to liquid water. It's typically hot (above
180°F) and relatively pure, making it excellent feedwater. Maximizing condensate return reduces
fuel and chemical costs significantly.

D — NFPA stands for National Fire Protection Association — a standards-developing organization
for fire and related safety codes including boiler and combustion systems (NFPA 85), electrical
(NFPA 70), life safety (NFPA 101), and many others. Operators interact with NFPA standards
regularly.

C — A flue is a passage for combustion gases to the stack. In firetube boilers, flues are the tubes

through which hot gases pass. In watertube boilers, flues are the gas passages around the water-
filled tubes.

A — Refractory lines furnace walls and protects pressure parts from direct flame contact. It also
reflects radiant heat back toward the combustion zone and insulates to reduce heat loss. Refractory
maintenance is an important aspect of boiler operation.

A — Thermostatic steam traps operate based on the temperature difference between condensate
(cooler) and steam (hotter). A bellows or bimetal element responds to temperature, opening to pass
condensate and closing against steam. Bimetallic and balanced-pressure are common types.

C — OSHA stands for Occupational Safety and Health Administration, the federal agency
responsible for workplace safety regulations. OSHA regulations cover confined space entry,
LOTO, PPE, hazard communication, and many other topics relevant to boiler operations.

D — Steam separators are located in the steam drum to remove water from steam before the steam
leaves the drum. Cyclones, scrubbers, and baffles are common separator internals. Proper
separation is essential for steam quality and downstream equipment protection.

B — Thermodynamic steam traps operate based on flash steam behavior causing disc cycling. As
condensate flashes to steam under the disc, pressure dynamics close the disc; as fresh condensate
arrives and cools, the disc reopens. This simple operation makes thermodynamic traps rugged and
compact.
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A — Safety valve blowdown is the pressure differential between opening and reseating, typically
2-4% of set pressure. The blowdown ring adjusts this characteristic. This is distinct from boiler
blowdown (water removal).

B — A manway on a boiler drum is an elliptical opening allowing personnel entry for inspection
and maintenance. Size is typically 11" x 15" or similar oval dimensions. This is distinctly different
from handholes (smaller openings for hand and tool access).

C — Feedwater is water supplied to the boiler to replace steam produced and blowdown losses. It
consists of condensate return plus makeup water, typically treated and deaerated before reaching
the boiler. This is the primary water input to any steam system.

A — Three-element feedwater controllers use water level, steam flow, and feedwater flow signals.
Level is the primary controlled variable; steam flow anticipates demand; feedwater flow closes the
loop by verifying delivery. This is the most sophisticated standard feedwater control scheme.

B — An accumulator stores steam or hot water for peak demand buffering. Pressure-holding
accumulators absorb swings in demand, allowing the boiler to run at a more steady firing rate.
Accumulators are common in industries with variable steam demand patterns.

D — ANSI stands for American National Standards Institute, the coordinating body for U.S.
standards development. ANSI doesn't typically write standards itself but accredits and coordinates
other standards-developing organizations like ASME and NFPA.

A — The Stirling boiler is a classic watertube design with multiple drums (typically three or four)
connected by bent tubes. This design was widely used historically for utility and industrial service.
Modern watertube boilers use similar principles with varying drum arrangements.

C — Expansion tanks absorb volume changes from water temperature variation in hot water
heating systems. As water heats and expands, the tank's air cushion compresses; as water cools,
the cushion expands. This prevents pressure excursions and safety valve lifting.

B — A Pressuretrol is a trade name for pressure controllers commonly used as operating pressure
controls on smaller boilers. It cycles the burner on and off based on pressure setpoints. The term
has become generic for many pressure-switch applications.

D — Load on a boiler refers to the demand for steam from connected processes. Load varies over
time based on process requirements, weather, and operating patterns. Boilers must respond to load
changes while maintaining pressure and safety parameters.

A — The mud drum in a watertube boiler collects sediment at the lowest point of the boiler.
Periodic bottom blowdown removes this sediment. The mud drum is typically located below the
main steam drum in two-drum or bent-tube designs.

C — Superheaters heat saturated steam above its saturation temperature, producing superheated
steam with higher enthalpy. This improves thermal cycle efficiency and allows steam to travel
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longer distances without condensing. Superheaters are common on larger industrial and utility
boilers.

B — A rupture disc bursts at a preset pressure and cannot reset automatically. It's a one-time
pressure relief device that must be replaced after operation. Rupture discs are used where reliability
is essential and where conventional valves might not be suitable.

D — Turbulence in a steam drum is undesirable as it reduces steam separation efficiency. Separator
internals and proper water level control minimize turbulence at the steam-water interface. Foaming
and priming both produce turbulence that carries water into the steam.

A — BMS stands for Burner Management System — the integrated control system that manages
burner ignition, flame monitoring, and shutdown sequences. The BMS implements NFPA 85 and
CSD-1 requirements for combustion safety. This is distinct from Building Management System
(HVAC) which shares the same acronym.

C — Kilowatt rating for an electric boiler indicates power consumption at rated output conditions.
This is analogous to Btu/hr rating for fuel-fired boilers. Electric boiler sizing is based on kilowatts
of heating element capacity.

D — Duplex feedwater pump arrangements provide two pumps for redundancy and reliability.
Typically one pump runs while the other is standby; they alternate periodically. This meets the
code requirement for redundant feedwater supply on most boilers.

B — Blowdown valves are installed in series with a slow-opening valve upstream of a quick-
opening valve. The slow-opening valve handles throttling; the quick-opening valve provides quick
shutoff. This arrangement prevents thermal shock and provides reliable isolation.

C — Dead-head refers to maximum discharge pressure at zero flow — the pump's shutoff head.
This is the pump's maximum pressure capability under static conditions. Dead-heading pumps for
extended periods damages them by circulating the same water and overheating.

A — Flue gas analyzers measure composition of combustion gases leaving the boiler — oxygen,
carbon dioxide, carbon monoxide, and sometimes nitrogen oxides. This data drives combustion
tuning and efficiency optimization. Modern analyzers are often installed continuously in the stack.

D — Oxygen trim control adjusts combustion based on oxygen content measured in the flue gas
stream. This closed-loop control maintains optimal air-fuel ratio across all firing rates. Trim control
provides better efficiency than fixed excess air settings.

B — The boiling point of water at sea level is 212°F at atmospheric pressure of 14.7 psia. This
value corresponds to the 100°C metric equivalent. Saturation temperature rises with pressure; at
100 psig it's approximately 338°F.
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A — Steam traps are designed to pass condensate while holding back live steam. This conservation
function is the fundamental purpose of every trap type. Failed-open traps pass live steam, wasting
energy; failed-shut traps block condensate, causing water hammer.

C — Vacuum pressure is pressure below atmospheric, measured in inches of mercury. Perfect
vacuum would be approximately 29.92 in. Hg below atmospheric at sea level. Condensers and
some process equipment operate under vacuum conditions.

B — Pilot flames provide ignition for the main burner fuel mixture. The pilot is established first,
verified by flame detector, and then allows main burner ignition. Pilot systems vary from
continuous standing pilots to intermittent electronic pilots.

D — Combustion efficiency is the ratio of useful heat in steam against fuel heat input. This is the
most important measure of boiler performance. High combustion efficiency (80-85% for most
industrial boilers) reduces fuel costs and environmental impact.

C — Ambient in boiler work refers to surrounding air conditions outside the boiler equipment.
Ambient temperature, humidity, and pressure affect combustion air density, condensation patterns,
and stack losses. Measurement references typically specify ambient conditions.

A — A thermistor is a temperature sensor that works by changing electrical resistance with
temperature variation. This is distinct from thermocouples (voltage from metal junctions), filled
systems (fluid expansion), and pyrometers (radiation). Thermistors offer high sensitivity for
temperature measurement.



