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Abstract: Hazard and Operability study(HAZOP) is a technique in which it is used to identify the possible hazards in a systematic
and step by step manner through which consequences and deviations could be found in several ways during the design stage,
commissioning stage and running stage. In thermic fluid heater the HAZOP study is carried out at the running stage by finding
the possible deviations, causes, consequences through the use of guide word and providing appropriate recommendations to the
actions based on the severity, occurrences and detection. The main process is to eliminate the hazards in a proactive manner in
the thermic fluid heater process by using this qualitative approach and showing results based on the quantitative approach.The
design and operation of thermal fluid-based heat transfer systems (hot oil systems) is often poorly understood and hence
preventable accidents occur due to system failure.
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L. INTRODUCTION
Incidents relating to thermal fluid systems are unfortunately more common than we might realise, and can be extremely serious. The
fire and explosion hazards with thermal fluid systems have been re-emphasized by recent incidents. These incidents have a direct
bearing on the estimated 4,000 UK companies that operate thermal fluid systems. Water or steam can be used as heat transfer fluids,
but when high temperatures are needed organic fluids, which are capable of forming explosive atmospheres, are often used.
Although fire and explosion hazards of low flash point flammable liquids are generally recognized, similar hazards with high flash
point materials, such as thermal fluids, are often missed. These heat transfer fluids are often handled at temperatures above their
flash point. The Health and Safety Executive recently issued a prohibition notice to a UK company following a major thermal fluid
incident and significantly, following that incident, has identified thermal fluid systems as a fire and explosion hazard. There have
been other serious incidents this year. Although not under HSE jurisdiction, there was a recent thermal fluid-related explosion and
fire at a German panel products plant which tragically caused three fatalities. Most companies will be aware that any system that
operates above the flash point of the thermal fluid falls under the “Dangerous Substances and Explosive Atmosphere” Regulations
2002 (DSEAR). However, many people are unaware that heat transfer fluids based on mineral oils degrade over time. This
degradation can cause the fluid’s flash point to decrease dramatically, so that thermal fluids which were not flammable at the
operating temperature when they were initially installed may, over time, become flammable at the operating conditions. Also, high
flash point materials (such as thermal fluids), can form explosive mist atmospheres.

1. LITERATURE SURVEY

Glenn E. Mahnken et al investigated the use of case histories to energize your HAZOP in that it explains about the process safety
management programs of many companies include formal process hazards analyses, using methods such as hazard and operability
(HAZOP) studies and “what-if” reviews, as key elements of these programs. Klutz
Alison McKay et AL have investigated Fire and Explosion Hazards with Thermal Fluid Systems with case studies where explosions
have occurred in thermal fluid systems, and the flash point of the thermal fluid was found to have decreased below the operating
temperature. The paper emphasizes the need to consider thermal fluid systems under the “Systems are also presented.
Ali Musyafa et al has investigated the Hazard and Operability study in Boiler System of The Steam Power Plant where it found the
Pulverize is a major part of the boiler combustion system and an important part in the system of steam power plant (PLTU).
Pulverizer plant serves to break chunks of coal into the coal ash was then fed to the burner.
Ali Musyafa et al has predicted an risk management and safety system assessment from power plant steam boiler in power systems
unit 5, paiton-indonesia where part of the power plant system that has a high risk of danger is a Boiler and therefore in danger of
such a system is necessary to study and review of safety systems for the prevention of danger arising in the Boiler. Therefore, hazard
analysis used in this study using HAZOP.
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L. Pugi et al has investigated a thermo-hydraulic tool for automatic virtual HAZOP Evaluation Development of complex lubrication
systems in the Oil & Gas industry has reached high levels of competitiveness in terms of requested performances and reliability. In
particular, the use of HAZOP (acronym of Hazard and Operability) analysis represents a decisive factor to evaluate safety and
reliability of plants.

N.A. Siddiqui et al has investigated Risk Management Techniques of HAZOP & HAZID Study Risk assessment and management
techniques are used in industrial activities to reduce accidents by applying preventive and protective methods. Recommendations are
made on the basis of the findings to improve the installation and make it better and safer place to work. Attempt has been made to
carry out HAZID and HAZOP study thoroughly through the Effluent Treatment Plant (ETP) and recommendations were given to
make the plant safer place to work.

Karthika S investigated accident prevention by using HAZOP study and work permit system in boiler in which accidents can never
be eliminated completely, employers can prevent many of the injuries and fatalities that occur each year. HAZOP study provide a
safe system of work during inspection, maintenance operation especially in boilers, through that work permit system formed to
prevent the accident.

1. WHATISHAZOP

The figure 1 and 2 shows the process & instrumentation diagram and flow diagram of the complex process of a thermic fluid heater
in a manufacturing industry respectively. Based on the diagrams the intention and nodes are found out as shown in table 1 with three
intentions and nine nodes respectively. The process thermic fluid heater in this manufacturing industry is used for paint shop areas to
dry the wet painted jobs quickly. The process works with the help of shell heat transfer oil, diesel, thermo Pac burner, de-aerator
cum expansion tank, some valves, pipes, flanges, motors, pumps, etc. The diesel is used as the fuel source medium to heat the shell
mineral oil. First the diesel is feed to the fuel service tank from the fuel storage tank. Then from the fuel service tank the diesel is
passed to the thermo Pac heater with the help of motorized pump located at the bottom of the thermo Pac. Before the diesel send to
the thermo Pac burner it is pre heated with the fuel oil pre-heater.
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V. THERMAL FLUID SYSTEMS
A. Incidents Of Fires & Explosions In Thermal Fluid Systems
Recent instances of explosions in thermal fluid systems include the following examples: A polystyrene manufacturing facility in
Greater Manchester was operating with 22,000 liters of Esso therm 500 (Mineral QOil) at 2858C. Although the plant had defined
hazardous areas the thermal oil system was operated as a utility with no formal risk assessment. No formal training had been
undertaken with the maintenance personnel having little knowledge of the risks associated with high temperature oil systems. The
thermal oil system was a closed loop system with no desecration facility, which meant that as the fluid degraded the gaseous VOCs
generated could not be removed easily from the fluid stream. The result was that the system ‘lack of circulation’ warning would
regularly trip causing production disturbance.
Without understanding the significance of the ‘lack of circulation’ trip, an engineer ‘wired out’ the switch to prevent the recurrence
of the alarm.
Recurring differential pressure alarms is an indication of rapidly dropping flash points and increasing vapor pressure. In this instance
the switch also acts as back up to the low-level switch in the expansion tank. On this site, following routine maintenance, some fluid
was lost from the system and as the low level switch indicated that there was oil in the expansion tank, the system was started up as
normal. Unfortunately, the low level switch had failed and air was being drawn into the system on the suction side of the circulation
pump. This condition would normally have been detected by the differential pressure switch. However, as the switch had been
disconnected the system ran as normal.

B. Regular Monitoring Of The Thermalfluid Flash Point

To prevent the reduction of the flash point over time via degradation, the thermal fluid needs to be sampled regularly, and the flash
point of the sample determined. If the flashpoint has reduced considerably, then the thermal fluid will need to be replaced. However,
as stated above, although replacing the thermal fluid will avoid the formation of explosive atmospheres when handling the fluid at
atmospheric pressure, the formation of a flammable mist atmosphere is still possible if the fluid is handled under pressure. It is
important to emphasize that flash point testing alone is NOT sufficient to comply with DSEAR. Some companies are offering to test
the flash point of a customer’s thermal fluid, giving them the impression that if this is done, the customer will be compliant with the
DSEAR regulations. This is not the case.

C. Safety In Design Of Thermal Fluid Heat Htf Storage

It is often useful to have an empty tank which is sized for the total capacity of the HTF system in order to provide an emergency
dump facility. This tank can be used if there is a serious problem with the system to prevent a total loss of the HTF. The hold tank
may be fitted with a cooling coil to cool the fluid down and prevent vaporization and also a heating coil to ensure that it is kept at a
temperature to allow pumping.

D. Cold Seal/Header Tank

For liquid systems not operating under pressure, a cold seal tank is required in order to minimize losses from the system and also to
compensate for any changes in level e.g. due to thermal expansion. The design of the cold seal is very important to the overall
system because it performs several functions: Allows removal/venting of water at start-up Minimizes losses of HTF from system
due to vaporization Provides nitrogen blanket to eliminate oxygen Provides make-up capacity for minor losses & leaks

E. Emergency Dump Tank

An emergency dump tank may be provided so that in the event of a serious problem, the whole system inventory can be dumped to a
safe place rapidly to minimize the hazard. The dump tank must be designed to cope with the thermal stress of the hot liquid being
fed into it. A cooling coil may also be incorporated in order to reduce the temperature of the dumped fluid and prevent vaporization.

F. Cold Seal/Header Tank

For liquid systems not operating under pressure, a cold seal tank is required in order to minimize losses from the system and also to
compensate for any changes in level e.g. due to thermal expansion. The design of the cold seal is very important to the overall
system because it performs several functions: Allows removal/venting of water at start-up Minimizes losses of HTF from system
due to vaporization Provides nitrogen blanket to eliminate oxygen Provides make-up capacity for minor losses & leaks
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G. Emergency Dump Tank

An emergency dump tank may be provided so that in the event of a serious problem, the whole system inventory can be dumped to a
safe place rapidly to minimize the hazard. The dump tank must be designed to cope with the thermal stress of the hot liquid being
fed into it. A cooling coil may also be incorporated in order to reduce the temperature of the dumped fluid and prevent vaporization.

H. System/Fluid Cleaning

The level of system cleaning required depends on the amount of contamination and degradation that has occurred. If only light
degradation of the HTF has occurred then it may be sufficient to filter the fluid to remove particulates. This can be done by filtering
through a fine filter (100 micron) at the operating temperature until the fluid is clear. The filter media must be able to withstand the
normal operating temperature and therefore conventional polypropylene media are not suitable. Glass fiber filter media are available
and are suitable for the elevated temperatures. If the level of degradation is higher with some limited fouling of heat transfer surfaces
then other cleaning methods may be appropriate. If severe degradation has occurred then the fluid can be fractionally distilled to
remove both high and low boilers.

V. HAZOP WORK SHEET
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Figure 1: Diesel Feed Circuit to Thermic Fluid Heater
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Figure 2: Transfer of Fuel from Fuel Oil Service Tank To Thermo Pac Heater Through Fuel Oil Preheater
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Figure 3: Return of Fuel from Thermo Pac Heater to Fuel Oil Service Tank
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Figure 5: A Transfer of Heated Thermic Fluid from Thermo Pac Heater to the Process
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Figure 8: Top Up Of Shell Mineral S2 Oil from Barrel to the Expansion Tank
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Figure 9: Transfer of Excess Oil from Expansion Tank to T.F.Storage Tank and To Main Circulation Pump through Make up Pump

VI. CONCLUSION

After the usage of HAZOP studies in thermic fluid heater we found that maximum potential danger occurs in the area of diesel pipe
lines and burner areas, care must be taken based on the given recommendations provided and periodic checkup of equipment and
maintenance to be carried at regular intervals to avoid the dangerous fire hazards accident happening in future. Thus HAZOP studies
makes easier to show the complexity process of thermic fluid heater in a detailed manner with making process simple with the help
of guide words, deviations, and also makes HAZOP of qualitative approach in to quantitative manner to show the impact factor of
thermic fluid heater process with the help of risk priority number.
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