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OIL & GAS BOILER TRAINING  

 

Introduction 

Many accidents arise primarily from human error, often due to insufficient training and knowledge. 

Bifrost offers advanced vocational training to enhance knowledge levels within your workforce, 

reducing safety hazards and the risk of machinery failure. 

 

The course 

The boiler training course provides generic knowledge, giving a foundation for understanding the 

specific knowledge found in operation and maintenance manuals. The course incorporates lifelong 

experience with theory in areas known to be problematic.  We divide the course into three topics: 

Boiler Chemistry (4 modules), Water, Steam and Boilers (4 modules) and Boiler Operations (9 

modules). Each topic takes the participants through related learning, from basic to advanced.   

The course is online and is based on self-study/distance learning. Communication between the 

facilitator and participants will be by email. Slow internet connections will not affect the programme. 

The course can be followed during the participant’s work period or off time, whichever is preferred. 

The duration for full study is around 6 months, depending on the participant’s workload. It is designed 

to be flexible.  

The idea behind the programme is to give the participant fundamental knowledge regarding boilers, 

steam, water and other associated equipment. Some participants may benefit from refreshing existing 

knowledge, while others will benefit from new learning. The objective is to provide participants with 

vocational education to understand the physics and basic design behind the behaviour of boilers, 

steam, water and other associated equipment. The course aims to provide the participant with a 

better understanding of what may or should happen when equipment is operated and why it happens. 

Furthermore, it enhances the individual’s knowledge and reasoning about many daily maintenance 

and operational routines. The long-term aim is for safer operation with fewer costs and fewer outages 

due to damaged equipment. 
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Below is a course schedule suggestion, a brief description of topics and module content, and a few 

samples from the module material.  

 

Example schedules: 

 

 

Green: moderate pace (recommended). 
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TOPIC: BOILER CHEMISTRY (4 Modules) 

Module 1: (10 pages) 

➢ Water properties 

➢ Desalination principles 

➢ Hardness 

➢ pH  

➢ Impurities in water and the issues. 

Module 2: (14 pages) 

➢ Filtration 

➢ Softening 

➢ Ion exchanger 

➢ Electrodeionisation 

➢ Chemical treatment and sampling 

➢ pH, chlorine, oxygen, carbon dioxide, magnetite, alkalinity. 

Module 3: (11 pages) 

➢ Deaeration, partial pressure, carbon dioxide 

➢ Hotwell, temperature, condensate, make-up, oil contamination, salinity. 

➢ Thermal pressure deaeration, function and specifics. 

➢ Steam quality. 

➢ Norm values for water quality. 

Module 4: (9 pages) 

➢ Various forms of corrosion 

➢ Scale, oxygen, chemicals, acid, caustic, sea water 

➢ Overheating long/short term, stress and cracking, exhaust gas corrosion  

 

 

 

 

 

 

 

 

 

 

 

 



Boiler training   
 

Jan Hansen jan.hansen@bifrosttechconsult.com    |  +65 8321 8306  |   www.bifrosttechconsult.com 4 

 

Example from Boiler Chemistry, Module 1 

Oil. Steam is often used to heat oil and very often, despite all kinds of protection, oil finds its way into 
the boiler. The most common cause is leaks, e.g. in heating coils. Oil tends to adhere to heating 
surfaces, forming an isolation layer. In a high heat flux area, the oil will carbonise and make the 
problem even worse.   

Fig. 11 is a temperature trend schematic for a clean boiler tube versus a tube covered with a 0.1mm 

thick film of oil. The outer tube temperature rises dramatically due to the insulating factor created by 

the oil film. This example is calculated with same heat input for both tubes, which may not be 

completely correct but the error is very limited. In this case it isn’t boiler efficiency that is of interest 

but more the lifespan of the boiler, as a normal boiler’s material will start to fail around 480oC. A 

similar picture would occur if the layer was made up of scale rather than oil. The only difference lies 

in the lower thermal conductivity of scale which therefore has a more powerful insulating effect, 

resulting in higher temperatures on the outside of the tube.  

 

 

Example from Boiler Chemistry, Module 3 (hotwell) 

Temperature. Temperature is the most important way to reduce dissolved oxygen, so equipment for 

steam supply most be in good working condition and inspected at frequent intervals. It’s not only the 

steam supply valve that must be in perfect working order but also the steam distribution equipment 

in the hotwell tank. Poor distribution will inhibit deaeration, e.g. due to holes being blocked by rust 

flakes, etc. Another common error seen on ships is leaving hatches open on the tank. An open hatch 

allows heat to escape and conversely allows air to enter the top compartment of the tank, 

compromising efficiency by altering the partial pressure (refer back to Henry’s law) as steam with low 

oxygen content is replaced by air with high oxygen content. 
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 TOPIC: WATER, STEAM & BOILER (4 Modules) 

Module 1: (14 pages) 

➢ Water, steam, physical laws, steam table 

➢ Boilers, shell boiler, smoke tube 3 pass boiler 

➢ Introduction to; burner, safety and other equipment 

Module 2: (20 pages) 

➢ Water tube boilers 

➢ Steam drum and equipment 

➢ Water drum 

➢ Superheaters, economisers 

➢ Exhaust gas boilers 

➢ Hotwater, thermal oil boilers 

➢ Steam table and calculation 

➢ Combustion theory 

Module 3: (17 pages) 

➢ Mollier’s diagram, heat balance and calculation 

➢ Enthalpy, entropy 

➢ Water tube boilers construction 

➢ Burners, pressure jet, rotary cup, steam atomising and grid burner 

Module 4: (12 pages) 

➢ TS diagram 

➢ Boiler temperature transfer, start-up curves 

➢ Combustion and fuel specification 

 

Example from Water, Steam & Boiler, Module 2 

Water drum: The water drum is designed to supply sufficient water to risers and connected headers. 

In this respect, the water drum and the connecting downcomers need to be sized large enough to 

avoid starvation or low circulation in the risers. In some literature, the water drum is called “mud 

drum” as solid impurities tend to be collected here. These impurities “mud” must be removed 

frequently by bottom blow down of the water drum, this to avoid blockage of riser tubes and 

corrosion. 

 

 

  

 

 

 

 Any blow down of the water drum during operation should be considered carefully as it 

may disturb the water circulation. For this reason, the guidelines from the boiler manufacture 

are to be followed strictly. 
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Example from Water, Steam & Boiler, Module 3 

Duct burner: 

The last burner to be discussed is the duct burner. Duct burners are in many cases used for 

supplementary firing in exhaust gas boiler applications, where the amount of exhaust gas from a gas 

turbine is insufficient to produce the amount or temperature of required steam output. Duct burners 

can be dual fuel, but gas is the most common fuel. Oil may require an inserted gun or similar and a 

more controlled air flow for the combustion. The principle is fairly simple due to the large exhaust gas 

flow from a gas turbine, containing approximately 15% oxygen, enough to produce further heating by 

combustion. The only issue is that the temperature is very high, 450–600oC, and it is paramount that 

all materials are designed correctly. The burner is made up of burner elements placed in rows in a 

tube supplying the fuel gas. The pressure drop across the burner is only 100 Pa, which does not 

contribute to any distribution of the combustion air, as in a burner with a swirler. For this reason, the 

flow must be uniform to ensure an even combustion.  Fig.  15 shows a typical duct burner, and Fig. 16 

is a detailed illustration of a burner element and the exhaust gas flow during combustion. Duct burners 

are equipped with the same safety and supervision instrumentation as a normal burner. 

 

 

Fig.15 
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TOPIC: BOILER OPERATIONS (9 Modules) 

Module 1 combine: (13 pages) 

➢ Boiler water level, level gauges, level safety equipment 

➢ Safety valves 

➢ Burner oil system 

Module 2 boiler: (12 pages) 

➢ Feedwater supply 

➢ Chemical dosing 

➢ Blowdowns 

➢ Sample points 

➢ Drains and vents 

➢ Exhaust gas boiler, circulation pumps 

➢ Soot, Soot blowers/water washing, soot fire 

Module 3 steam: (10 pages) 

➢ Steam traps 

➢ Steam pressure reduction 

➢ Flow measurement 

➢ Superheater and de-superheater 

Module 4 water: (10 pages) 

➢ Hotwell and observation tank 

➢ Thermal pressure deaerator  

➢ Feedwater pump 

➢ Feedwater control valve 

➢ Feedwater heating 

Module 5 burner: (16 pages) 

➢ Fuel gas system 

➢ Combustion air system 

➢ Air distribution, combustion and swirlers 

➢ Adjustment of burners. 

➢ Oil pressure and viscosity 

➢ Ignitor 

➢ Flame detector 

➢ Oxygen trim 

Module 6 boiler: (14 pages) 

➢ Start/stop of boilers 

➢ Level control system 

➢ Cause and effect 

➢ Start/stop of an exhaust gas system 

➢ Cause and effect exhaust gas system 
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Module 7 steam: (15 pages) 

➢ Start/stop of a steam system 

➢ Superheater and pressure reduction control 

➢ Cause and effect steam 

➢ Start/stop superheater system 

➢ Superheater control 

➢ Cause and effect superheater 

Module 8 water: (14 pages) 

➢ Start/stop of hotwell system 

➢ Start/stop of thermal pressure deaerators 

➢ Deaerator control 

➢ Feed water pump control 

➢ Cause and effect hotwell system 

➢ Cause and effect thermal pressure deaerator 

Module 9 burner: (19 pages) 

➢ Start/stop of oil burner system  

➢ Start/stop of gas burner system 

➢ Burner load control system 

➢ Cause and effect oil burner system 

➢ Cause and effect special for a gas burner system 
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Example from Boiler Operations, Module 1 

The blowdown rate or function is quite important to ensure a proper release of steam, as accumulated 

heat in the boiler will continue to produce steam even after the burner has been stopped. A non-

functioning safety valve may open and close erratically and, in the worst case, become completely 

damaged and blocked in the closed position. The opening pressure can be adjusted by an adjustment 

screw to the desired opening pressure.     

 

Fig. 6  
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Example from Boiler Operations, Module 2 

Blowdowns are special drain arrangements made to blow down precipitated chemicals or other 

impurities and should not be compared to common drains or vents. 

A typical blowdown system (Fig. 4) consists of blowdown from the bottom of the steam drum or boiler, 

a surface blowdown taken from the surface of the water level and, in water tube boilers, a blowdown 

arrangement at the water drum (mud drum).  

 

 

Fig. 4 
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Example from Boiler Operations, Module 3 

Mechanical steam traps. Mechanical steam traps function through displacement and the density 

difference between steam and water. There are two common types in use: float and inverted bucket 

designs. Fig. 3 shows the functioning of a float type trap with an automatic air vent. The trap works on 

the simple principle of a float opening a valve when the condensate increases above a certain level. 

The trap will stop working if filled with air. Usually the trap is equipped with an air vent, which, on 

older models, can be a manual valve. The steam trap in Fig. 3 is equipped with an automatic air vent, 

using the same principle as for a thermostatic steam trap. A liquid-filled capsule will open when air is 

present and close when hot steam is in the trap. 

  

 

Fig. 3 
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Example from Boiler Operations, Module 4 

In plants where combustion of sulphur-containing fuels occurs frequently, pre-heating is often done 

automatically. Fig. 6 shows a typical arrangement for preheating via a heater installed in the steam 

drum. The 3-way valve is automatically activated when the burner is changed over to, e.g. Heavy fuel 

oil. By leading a part of the feed water flow through a heater installed inside the steam drum, the inlet 

temperature of the feed water can be kept well above dew point. The red line and numbers show the 

changes during preheating. Note, however, that the temperatures indicated are for comparison only 

and will differ depending on specific conditions.   

 

 

Fig. 6 
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Example from Boiler Operations, Module 5 

Fig. 4 shows a situation where the burner lance and swirler assembly is wrongly installed and is located 

approximately two swirler heights behind the design-specified location. The shape of the flame is 

more or less the same, but the flame cone has moved backwards, causing flame impingement on the 

outer edge of the burner duct. Flame impingement leads to poor combustion but, worse, to 

overheating of the material in the location of the impingement. 

 

 

 

Fig. 4 
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Example from Boiler Operations, Module 6 

Boiler control 

Boiler control systems for water level control are dependent on primary control parameters such as 

water level or flow monitoring. In older or smaller boilers, the water flow to the boiler is controlled 

based only on the water level measurement, and a control valve opens and closes accordingly. 

However, in high-performance boilers with small steam drums, the method of control mentioned 

above will be insufficient for a reliable water level and/or flow control. 

Fig. 2 shows a typical control setup of the water level and flow of a boiler. There are several ways to 

control the water level, but they are all based on the principle that what goes out must also have gone 

in. 

 

 

Fig. 2 
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Example from Boiler Operations, Module 7 

Fig. 2 shows a simple pressure reduction control system with one PID controller to control the 

pressure. In many applications, this system could also be controlled by a mechanical actuated control 

valve (shown with dotted steam lines) saving on electronics. In the example below, the pressure is 

kept at 6 bar, giving a slight superheating of the steam due to this isenthalpic process. The saturated 

temperature of steam at 6 bar is 158.8oC. 

 

 

 

Fig. 2 
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Example from Boiler Operations, Module 8 

Start/stop of thermal pressure deaerators 

Start/stop of the water system and, by association, the deaerator and feed water pumps may not 

present any issues during daily operations because they are always in operation. However, if the steam 

plant is cold, for instance due to lay-up or inspection, there are several aspects to consider. Fig. 2 

shows a typical feed water system with a deaerator and feed water skid. In the following, we will 

review how to start a system from cold.    

 

Fig. 2 
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Example from Boiler Operations, Module 9 

Start/stop of gas burner system 

Fig. 2 shows a typical burner system burning fuel gas, which may be slightly different from one burning 

fuel oil.     

 

    

 

Fig. 2 

 


