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ABSTRACT 
The attention to safety in boiler unit at Salem steel plant is imperative due to the continuous process of steam production to supply 
the steam for the conversion of liquid petroleum gas to liquefied petroleum gas by indirect Heating. Thus the LPG is supplied to 
preheating furnace of HRM unit, annealing and pickling line of CRM 1&2 units and Canteen. If any malfunction or hazard in the 
process boiler it will lead to dangerous operation which will affect the process in the HRM and CRM units there by reducing the 
quality of the steel and increase the process time. The HAZOP is a structured and systematic examination of a planned or existing 
process or operation in order to identify and evaluate problems that may represent risk to personnel or equipment, or prevent 
efficient operation. The hazard operability analysis study was carried out on the boiler unit due to its various emergencies and 
hazardous conditions which will further lead to physical damage and explosion of the boiler. a combination of relevant keywords 
was used in which The deviation in flow, temperature, maintenance, pressure which resulted in consequences and danger. The 
deviation in boiler was caused due to equipment mal functions, operational problems and other factors. To overcome the 
hazardous condition, safety recommendation was provided which would help to solve the problem encountered in the system and 
preventing the accident and safe operating procedure in the process boiler.It can be concluded that the hazard in the boiler such as 
flow, pressure, temperature, erosion, corrosion, pitting, rupture, vibration, puncture, pollution has been listed in worksheets with 
their potential causes and consequences of deviation and as well as the safety recommendation from protecting against them. 
These hazards can be eliminated by correct operating parameters and frequent maintenance of the system and ensure proper 
steam production with higher efficiency and quality. 
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INTRODUCTION 

 

Boiler is one of the major essential unit in Salem Steel Plant, salem. There are 2 boilers oil fired and 

fluidized bed combustion boiler for supplying steam to pickling process of A.P line LPG vaporizers and 

canteen. The oil fired boiler has been stopped due to higher maintenance cost and lower efficiency, thereby 

used as standby whenever FBC fails. FBC means Fluidized Bed Combustion, When air passed through the 

bed material, and fuel the bed appears turbulent. Hence it is called fluidized bed combustion. In FBC boiler 

husk and other agro wastes are used as fuel. Capacity 12.5 tonnes per hour and pressure is 12.5Kg/cm2 

each. Saturated steam and the temperature is 185 oC. About 20 tonnes of husk  are used daily and 3 tonnes 

of ash is generated. Fuel is taken to the bunker through a belt conveyor. The system starts with FD fan to 

supply the required combustion air and impart energy for fluidization. a part of combustion air is tapped 

from air heater outlet and further pressurized by a PA fan for pneumatic fuel feeding. The ash generated is 

collected at the bed, bank , air preheater and ESP. the hot flue gas generated from the combustion chamber 

is cooled by passing through the water wall, bank tubes, economizer, air heater and ESP. some of the  
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problems faced areas of boiler unit were Fuel feeding system, Ash handling system, Ash collection system 

and Feed water system.  

 

(II) Literature Survey: 

Hazard operability analysis (HAZOP) of boiler unit of the ecbinpowerplantlagosby madu.c and sodeindeo.a 

, chemical engineering department, lagos state polytechnic carried out the HAZOP analysis in the boiler unit of 

the egbin thermal power plant. The output of the thermal power plant has be decreased due to certain deviation 

such as malfunctioning of equipment, operational problems, ageing of the plant, improper maintenance which 

resulted in major consequences. The hazop action required was given for each and every deviation in which the 

boiler feed pump is continuously running if it is tripped or stopped over all process stops and boiler stops. So it 

should be given more importance in the plant there by providing additional provision for the boiler feed pump if 

the equipment has been damaged the boiler should be coupled with alternative boiler feed pump. 

 

(III) Hazards In Boiler Unit: 

The hazards in the fludized bed combustion boiler unit which has been listed out. These hazards will lead to 

major consequences and serious of danger inside the plant. So it should be taken in account with proper 

recommendation or remedy if the hazardous condition arises. Some of the hazards were 

1) over/low pressure 

2) Over/low Temperature 

3) No/Over flow 

4) Electrical damage 

5) Mechanical damage 

6) Material flaws 

7)  Welding flaws 

8) Erosion 

9) Corrosion 

10) Vibration 

11) Scale formation 

12) Pitting 

13) Fuel storage yard fire 

14) Ash handling system problems 

15) Rupture 

To overcome the hazards in the boiler unit the hazard operability studies HAZOP which is done to identify 

and evaluate the safety hazards in the process plant, and to identify the operability problems which, although not 

hazardous, could compromise the plants ability to achieve the design productivity. The purpose of hazop study 

is to carefully review a process or operation in a systematic fashion to determine whether deviations from the 

design or operational intent that can lead to the undesirable consequences. This technique can be used for the 

continuous or batch process and can be adopted to evaluate written procedures. The hazop team lists the 

potential cause and consequences of the deviation as well as the safeguards for protecting against the deviation. 

When the team determines the inadequate safeguards exists for the credible deviation, it usually recommends 

the actions to be taken to reduce the risk and safeguard from danger. 

 

(IV) Hazop Methodology: 

HAZOP (Hazard and operability) study or HAZOP analysis was developed for the identification and 

evaluation of safety hazards in a process plan, and to identify the operability problems which although not 

hazardous, thereby making the plant’s ability to achieve its design productivity. This technique can be used for a 

continuous or batch processes and can be adopted to evaluate written procedures. The purpose of ta hazop is to 

carefully analyze or review  a process or operation in a systematic fashion to determine whether deviation from 

the design or operation lead to undesirable consequences. The hazop is done with a set of team with set of guide 

words by listing out its potential causes and consequences of the deviation as well as existing safeguards to 

protect against the deviation. When the team determines that inadequate safeguards exists for the credible 

deviation, it usually recommends that actions to be taken to reduce the risk. A sample hazop table with 

keywords and parameters as shown below. Where a guide word is meaning fully applicable to a parameter eg: 

NO FLOW, MORE PRESSURE, LESS TEMPERATURE. 
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(V) Hazop Nodes With Layout Of Fbc Boiler Unit: 

Hazop nodes were framed in the FBC boiler unit. There are totally 7 nodes to be framed for the hazop study 

and hazop worksheet framed for the corresponding guide words, deviation, possible causes and consequences 

were noted and recommended actions were framed for the following nodes.   

Node1: water inlet from water treatment plant to furnace 

Node2: forced draught fan air to furnace 

Node3: fuel inlet to the furnace 

Node4: furnace 

Node5: flue gas out to atmosphere 

Node6: steam output flow 

Node7: ash handling system 
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Fig. 1: 

 

(VI) Hazard And Operability (Hazop) Completed Worksheet: 

 

NODE3: FUEL HUSK INLET TO THE FURNACE (35% FUEL SUPPLIED AT 500RPM) 

 

 
Fig. 2: Fuel Inlet to Furnace 

 

Team members: Mr. Syed Mohammed Rasull J (PG scholar, Selvam College of technology), Mr. Sirajudeen 

I (Assistant professor, Selvam college of technology,namakkal), Mr. Santhoshkumar P (Sr. Boiler operator, 

Salem steel plant, Salem) 

 

Fuel Husk Inlet To The Furnace (35% Fuel Supplied At 500rpm) 
 

KEY 
WORD 

 

DEVIATION 
POSSIBLE 
CAUSES 

CONSEQUENCES RECOMMENDATION 

NO NO FUEL 1) PA fan or 

damper failure 
2) Vibrating motor 

and screen problem and 

chocked 

1) Furnace 

temperature decreased 
2) Pressure 

decreased 

3) Bed temperature 

1) Preventive 

maintenance of fuel handling 
system weekly 

2) Vibrating screen 

should be cleaned regularly 
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3) Pull chord 

switch activated 

4) Belt conveyor 

motor problem 

5) Bunker chocked 
due to stones  

6) Pocket feeders 

trip due to stones 

decreased 

4) Steam output 

flow decreased 

5) Flame cut off 

inside the furnace 

3) Check metal detector 

activated regularly 

4) Making availability of 

husk/fuel in stock yard from time 

to time 

MORE OF MORE FLOW 1) When flow 
more than 50% increased 

feeder motor rpm more 

than 550 rpm 
2) PA fan motor 

failure and over speeding 

and pressure increased over 
1000mmwc 

3) Feeder rod gate 

damaged or removed 

1) Bed temperature 
and furnace temperature 

increases 

2) More exhaust of 
un burnt fuel forming 

carbon-mon oxide  

3) More ash content 
in ash handling system 

1) Reduce pocket feeder 
rpm  

2) Check rod gates of 

pocket feeders 

LESS OF LESS FLOW 1) When flow less 

than 20% and decreased 

motor speed less than 480 

rpm 

2) PA fan header 

pressure low less than 850 
mmwc 

3) PA airline flow 

puncture  

1) Gradual decrease 

in furnace temperature and 

drum pressure decrease 

therefor steam output flow 

reduced 

1) Air line should be 

checked monthly for puncture 

REVERSE  FUEL REVERSE 

TO FEEDERS 

1) FD air low 

2) PA air low 

3) Choke in fuel 
line 

1) Furnace 

temperature and bed 

temperature reduced and 
flame cut off  

2) Boiler stops 

1) Check magnetic 

separators 2 days once 

2) Inspect vibratory 
feeder mesh 

3) Set as per Boiler 

parameters 

PART OF FUEL WITH 
MORE 

MOISTURE 

CONTENT 

1) Rain, 
transportation and water 

content in stock areas are 

the causes of moisture 

1) Sufficient 
temperature raise decreases 

2) Steam 

production rate decreases 
and evaporation ratio 

decrease 

3) Fuel pipe line get 

corroded 

1) Fuel storage area 
should be properly closed to 

arrest the rain water 

OTHER UNDER 

GROUND 
FEEDER CHOKE 

1) More fuel 

added to the hoppers 
2) A person have 

to underground and remove 

the choke manually  

1) Belt conveyor 

will be loaded empty and 
cost of process increases 

2) In safety for the 

worker while removing the 
choke  

1) Recommended a door 

with sensor such that the 
conveyor not run when the door 

is opened 

 ALARM 1) Possibility of 

accident to workers 

without any prior alarm 
signal during start 

1) Small or major 

injuries to the workers 

1) Recommended alarm 

provision for the conveyor belt at 

the start 

 MECHANICAL 

DAMPER PA 
LINE 

1) Failure of 

metallic wire rope at any 
stage due to corrosion 

2) Accuracy is 

very less and varying 
automatically 

1) When there is 

only one boiler operator in a 
shift, it is in safety to go out 

of the control room and do 

manual adjustment of the 
PA line damper manually 

2) When the PA 

fails the boiler stops 

1) Recommended PA 

line with motor driven and 
instrumentation ensures more 

safety and easy to work  

2) Higher reliability 

 

(VII) Safety Recommendation: 

(a) Electrical Maintanence: 

The unit of the water treatment plant has been working with more water spillage all over with poor 

electrical wiring & insulation. As water is a good conductor of electricity therefore there is a higher possibility 

of electrical shocks and burns to for the workers and the equipment thus it becomes more hazardous.Remedy: 

feed water treatment plant wiring should be well insulated with so that hazards such as shocks, burns and 

equipment damage can be minimized 

 

(b) Overhead Roof For The Water Treatment Unit: 

The water treatment unit which is operated with no roof over it, there by arising the equipment damage due 

to climatic condition such as hot or rainy. Due to no roof at the top the equipment such as pumps, motors, 

sensors life decreased.  
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Corrosion and rusting of pipe lines and water quality decreased and leads to the scale formation in the 

boiler. Remedy: recommended a roof for the water treatment plant for the extended life of the equipment. 

 

(c)  Fuel Handling Sysem: 

 Alarm For The Conveyor Start: 

 There is a possibility of accident to the workers without giving any prior signal before start of the 

conveyor. the workers will be subjected to the minor or major injuries.Remedy: recommendation of the alaram 

or signaling for the conveyor belt starting operation 

 

 Choke In Underground Feeder: 

The choke in the underground hopper aroused when more fuel is dumped over it. Whenever choke happens 

the worker has to go underground and remove it manually. The belt conveyor will be loaded empty and cost of 

process also increases and also in safety for the workers to remove the choke when the conveyor was in 

operation. Also the conveyor should not be started during the choke removing operation.  

Remedy: recommended a door with a sensor with computerized interlocks in the underground hopper room, 

such that the conveyor not to run when the door is in open condition there by signaling the operator that the men 

is at work. 

 

(d) Mechanical Damper Pa Line:  

The Salem steel plant uses the manually operated air damper in primary air fan of the fluidized bed 

combustion boiler. An essential function of the distributor is to introduce the fluidizing air evenly through the 

bed cross section thereby keeping the solid particles in constant motion and preventing the formation of de-

fluidization zones with the bed. The present condition there is a lot of chances for the failure of metallic rope at 

any stage, if it fails at critical situation the output is unbearable effects such as stopping of boiler, interruption of 

steam supply to the operating units. The manual operation is not accurate and fuel wastage occurs. There are 

some consequences also when there is only one boiler operator in a shift, it is insafety to go outside of the 

control room and do manual adjustment of PA line damper manually. Whenever the PA fails the boiler stops.  

 

(e) Modification In System: 

The PA line is recommended with instrumentation of a motor with gear driven ensures more safety and 

easy to work and higher reliability of the system. 

 
Fig. 3: Modification System 

 

The drive used is dc motor attached with gear box mainly used for speed reduction and power transmission. 

There by reducing the maintenance cost, increased accuracy in operation, higher reliability of operation.  

 

(f)  Ash Handling System: 

Mechanical Slot Chain Conveyor Belt: 

The chains conveyors were causing frequent break downs due to wearing of the liners plates, chain links 

and jamming of links. Due to this, the Boiler had to be stopped at that time and again and the old FBC boiler ( 

converted from Stoker Fired Boiler ) which is having less efficiency as well as high power consuming 

machineries. The problem was analyzed and the following reasons were found 

a) Metal to metal contact at liner area leading to high frictional load on the drive and erosion of liners as 

well as chain links. 

b) Due to higher speed, side tracking of the conveyor was happening leading to jamming and breakage of 

carrier plates very often. 

c) The broken carrier plates of chain conveyor get struck in between the link and the liner causing over 

load on the drive. 

Thus there by making the conveyor stop due to automatic interlocks and boiler stops and over all process 

stops. The main consequences were due to motor vibration the motor trips therefore the slot chain conveyor 

trips. 

Thereby making more ash in bottom hopper and ESP trips. This makes the frequent Manual loading of ash 

and leads to ergonomical hazards to workers and arise health safety issues also. 

 

Drive Gearbox Damper
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(g) Modification System: 

The linear speed of Chain conveyor was reduced from 15.4 M/Minute to 9.9 M/Minute by increasing the 

number of teeth of the driven sprocket from 36 Nos. to 56 Nos., thus decreasing the frictional load and erosion 

of the liners and chain conveyor links. The Pitch of the carrier plates was increased to 280 MM from 140 MM 

by removing alternate carrier plates as the quantity of ash generated was less.  

In order to avoid over loading and subsequent damage to the drive and mechanical parts, a shear pin 

arrangement was provided in the driven sprocket.The modification of the slot chain conveyor can be done by 

reducing the weight of the slot chain and increase the slot gap there by making less number of plates. Slot chain 

and support plate clearance should be maintained properly 

 

Conclusion: 

HAZOP study is done in the fluidized bed combustion boiler unit of Salem steel plant for the nodes water 

inlet, FD air and fuel handling system, it can be concluded that the hazard in the boiler such as flow, pressure, 

temperature, erosion, corrosion, pitting, rupture, vibration, puncture, pollution has been listed in worksheets 

with their potential causes and consequences of deviation and as well as the safety recommendation from 

protecting against them. These hazards can be eliminated by correct operating parameters and frequent 

maintenance of the system and ensure proper steam production for the liquefied petroleum gas production for 

re-heating furnace of HRM, Annealing and pickling line of the CRM and canteen.   

By addressing the following areas of hazop study of nodes water inlet, fuel inlet, FD air inlet, furnace, flue 

gas out, steam output flow, ash handling system of the boiler unit someSafety suggestions were framed such as 

electrical wiring insulation in the water treatment plant to avoid electrical shocks and damage. The water 

treatment plant should be equipped with overhead roof for the increased life of the equipment such as motors, 

pumps and sensors. The fuel handling system should be ensured with an alarm for the start of the conveyor, a 

door with sensor for the underground hopper of the belt conveyor system for ensuring the workers safety & 

primary air fan with motor driven with instrumentation ensures more safety and accuracy of 

operation.Modification of the slot chain conveyor by reducing the weight of the slot chain and increase the slot 

gap there by making less number of plates ensures more reliability in the operation with better safety. 
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