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MARINE BOILER TRAINING  

Introduction 

Good training has always been a critical aspect of safety and operational excellence. In the last four or 

five decades, several critical factors have significantly increased the need for seafarer training, e.g., 

changes to technology, cargo handling, speed, fuel, environmental legislation and other regulations. 

Boilers have moved from being the main means of propulsion to acting as auxiliary equipment, and 

this has reduced the focus on them. Nowadays, boilers are mainly used for heating and cargo 

operations, giving the equipment a secondary role. For this reason, the level of boiler knowledge in 

operating crews has fallen.  

‘The Swedish Club’ insurance company reported that, between 2012 and 2014, “boiler-related claims 

contributed approximately one tenth of the total Hull and Machinery claims costs for the club”. 

Furthermore, a recurrent contributor to machinery failure is “Crew with insufficient 

experience/training”.   Another and more critical factor is the global expansion of the world fleet. In 

the last two decades, the total global dead weight tonnage has grown 240%, contributing to a shortage 

in seafarers. This shortage may affect the levels of experience and educational knowledge within a 

crew. Reports from Europe (EMSA 2016) show that reported marine casualties have grown from 

approximately 1300 in 2011 to staggering 3300 in 2015. In more than 50% of cases, the primary factor 

was human erroneous action, and insufficient knowledge and training were often cited as contributing 

factors. In light of this, it is clear that advanced vocational training is necessary to enhance knowledge 

levels and consequently reduce safety hazards and machinery failures in general. In the following, we 

give a brief introduction to our suggestions for enhancing knowledge in the field of boilers and steam. 

 

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 (7 

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 on-board period or off time ashore, whichever is 

preferred. The duration for full study is from 3 to 9 months, depending on the participant’s workload. 

It is designed to be flexible, if necessary it can be split in two and put on hold during the seafarers’ 

holiday between ships. 

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: 

 

 

Red: fast 3 month. Green: moderate 4 month. Yellow: slower pace 6 month. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Module/month

Boiler chemistry

BC1

BC 2

BC 3

BC 4

Water/steam/boiler

WSB 1

WSB 2

WSB 3

WSB 4

Boiler operation

BO 1

BO 2

BO 3

BO 4

BO 5

BO 6

BO 7

3 months 4 months 6 months

61 2 3 4 5
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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: (12 pages) 

➢ Filtration 

➢ Softening 

➢ 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  

 

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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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.  
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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: (18 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: (16 pages) 

➢ Mollier’s diagram, heat balance and calculation 

➢ Enthalpy, entropy 

➢ Water tube boilers construction 

➢ Burners, pressure jet, rotary cup and steam atomising  

Module 4: (10 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 

Rotary cup burner: The rotary cup burner has a more complex design. It has the advantage of the 

ability to utilise almost all kind of fuels, from gas or oil to heavy sludge, with high viscosity. Another 

advantage is that the oil pressure is only required at 2 to 4 bar. The fragile part of this burner, is the 

many possibilities for adjustment of the combustion air, which, while giving the burner the advantage 

of burning all types of fuel, also gives more chances for poor combustion. Fig. 12 shows the principle 

of an oil-fired rotary cup burner. Please note that the equipment’s flame scanner, ignitor, and pressure 

switches are not shown in the simplified sketch.  
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TOPIC: BOILER OPERATIONS (7 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 

➢ Superheater and de-superheater 

Module 3 steam/water/exhaust gas: (18 pages) 

➢ Steam traps 

➢ Steam pressure reduction 

➢ Flow measurement 

➢ Hotwell operation 

➢ Feedwater pump 

➢ Feedwater control valve 

➢ Feedwater heaters 

➢ Exhaust gas boiler, circulation pumps 

➢ Soot, Soot blowers/water washing, soot fire 

Module 4 burner: (14 pages) 

➢ Combustion air system 

➢ Air distribution, combustion and swirlers 

➢ Adjustment of burners. 

➢ Oil pressure and viscosity 

➢ Ignitor 

➢ Flame detector 

➢ Oxygen trim 

Module 5 boiler: (9 pages) 

➢ Start/stop of boilers 

➢ Level control system 

➢ Cause and effect 

Module 6 steam/water/exhaust gas: (17 pages) 

➢ Start/stop of a steam system 

➢ Superheater and pressure reduction control 

➢ Cause and effect steam 

➢ Start/stop of a water system 

➢ Feed water pump control 

➢ Cause and effect water 
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➢ Start/stop of an exhaust gas system 

➢ Cause and effect exhaust gas system 

Module 7 burner: (13 pages) 

➢ Start/stop 

➢ Burner load control system 

➢ Cause and effect air, fuel and sequence 

 

 

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 

 

 

Fig.13 

 

 

As a reference, fired boilers begin to face starting and combustion problems at back pressures of 

around 150 mmWG to 200 mmWG. Above this it becomes critical in most burner plants. Back pressure 

for exhaust gas boilers depends on their size and engine design, so a clean measurement is very 

important. Nevertheless, high back pressure in an exhaust gas boiler is devastating for engine 

combustion and can contribute to overall poor performance and increased wear on the equipment. 
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Example from Boiler Operations, Module 4 

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 

 

 

 

 

 



Boiler training   
 

Jan Hansen jan.hansen@bifrosttechconsult.com    |  +65 8321 8306  |   www.bifrosttechconsult.com 12 

 

Example from Boiler Operations, Module 6 

Start/stop of a water system 

Start/stop of a water system, including the deaerator and feed water pumps, may not cause any issues 

during daily operation 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. 5 shows a typical feed 

water system with a hotwell and feed water skid. In the following, we will review how to start a system 

from cold.  

 

 

Fig. 5 

 


