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Abstract: In this paper, the toxicity-impacted distance of LPG is 

predicted using the Areal Locations of Hazardous Atmosphere 
(ALOHA) chemical dispersion model. The model incorporates 
data on the chemical characteristics of the material, local weather 
patterns, and release circumstances to predict the sensitive regions 
that might be toxically impacted by an LPG leak. The nodes are 
selected for processes plants so that each may have a specific 
design objective that is relevant, and they are frequently shown on 
piping and instrumentation diagrams (P&IDs) and process flow 
diagrams (PFDs). The chemical industry is increasingly using the 
hazard and operability (HAZOP) research as a tool to identify 
safety issues in existing facilities as well as plants that are currently 
being developed or built. The goal of The HAZOP research 
technique emphasizes the safety component while the LPG bullet 
is built as a horizontal above ground vessel. The explosive risk 
associated with LPG is considerable due to its high flammability 
and (BLEVE) boiling liquid expanding vapour explosion potential. 
This explosion might result in fatalities and significant property 
damage; therefore, we used the (HAZOP) hazard operability 
research approach to identify all pertinent possible risks. We also 
provided the necessary control measures to lessen or completely 
eliminate the danger of fire and explosion. 

 
Keywords: LPG Hazop, HAZOP study, BLEVE, VCE, Jet fire, 

ALOHA, Thermal radiation effects, Dispersion & explosion 
effects, Dispersion & toxic effects. 

1. Introduction 
Process facilities often come with a variety of tools, 

operating techniques, and control systems. Process plants are 
vulnerable to process failures and/or accidents if any process 
deviations from normal operating conditions occur owing to 
faults in the interplay of equipment, human factor, 
management, and organisational concerns. Examples of these 
accidents include the Piper Alpha tragedy, the Bhopal disaster, 
the Ocean Ranger accident, the Cleveland disaster, the BP 
Texas City disaster, and the BP Deep Water Horizon explosion. 
Each accident yielded some lessons, and safety standards and 
architecture have since been improved. Even with 
improvements to designs, operations, and emergency protocols, 
past incidents show that the processing plants are still at risk. 
Fire, explosions, and hazardous substances are the three 
primary causes of accidents in processing plants. 

 
A. Objective 

This project aims to: 
• Suggest a control measure to eliminate/reduce the risk 

using HAZOP research.   
• Reduce the risk in the process activities and risk in the 

LPG bullet.  
• CAMEO® software's estimation of the effects of a 

catastrophic LPG Bullet rupture. 

2. Methodology 
Stage-1 Collected the details about LPG Storage Yard 
Stage-2 Dispersion Model (ALOHA) 
Stage-3 Developing the P&I Diagram for LPG Storage Yard 
Stage-4 Node Separation 
Stage-5 Control measure using HAZOP Study for LPG 

storage Yard 
Dispersion modelling and a HAZOP analysis have been 

described in the methodology's process flow. The Areal 
Locations of Hazardous Atmosphere (ALOHA) is used to 
forecast the influence of LPG's toxicity on distance. The model 
incorporates data on the chemical characteristics of the 
material, local weather patterns, and release circumstances to 
predict the sensitive regions that might be toxically impacted by 
an LPG leak. In this case, the LPG storage yard of the 
manufacturing plant's manufacturing plant, the HAZOP 
research is performed to identify the specific danger in the 
specific region, and then by employing of these control 
measures has been done using HAZOP study. 

A. Collected the Details About LPG Storage Yard 
LPG Storage Yard Contains two bullets of 14 metric tons 

capacity gas is used for Canteen and Heat treatment operation. 
Type of Construction of LPG bullet is Horizontal above ground 
vessel Storage. Diameter of the vessel is 1.82m and length of 
the vessel is 5.8m. Design pressure of LPG bullet is 8.50 
kg/cm2. Design Temperature of bullet is -6˚C to + 55˚ C. LPG 
bullets operates at ambient temperature. 
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Table 1 
Measurements for the tanker and bullet 

Descriptions Bullet -1 Bullet -1 
Length 5.8 5.8 
Diameter 1.85 1.85 
Volume (m3)  7.47 7.47 

B. Chemical Data 
• Chemical name: LPG Molecular weight: 44.10 g/mol. 

Ambient boiling point: -43.7˚F  
• Vapour pressure at Ambient Temperature: >1 atm. 
• Ambient Saturation Concentration: 1,000,000 ppm or 

100.0% 
The information on LPG storage tanks utilised in this study 

was gathered from a variety of papers and LPG storages from 
industrial businesses purpose. Bullets with a 14.94 m3 Total 
volume were selected as the storage option for the investigation. 
LPG It was presumed that the bullet's storage was above ground 
level and that it was packed to 85% of capacity. The pressure 
exerted by the bullet was around 2 kg/cm2 (28.4467 psi). 

C. Data Used to ALOHA 
A single storage building in Chennai. An elevation of 130 m 

is taken into account for the ALOHA modelling of dispersion. 
The East-West wind direction, travelling at a speed of 15 Knots, 
was selected as the wind's atmospheric condition. The terrain's 
roughness was interpreted as wide country with some cloud 
cover. 

3. ALOHA Results and Discussion 

A. BLEVE Thermal Radiation 
Expanding vapour when boiling liquid Explosion, also 

known as BLEVE, is a physical event that can place when 
storage containers are exposed to the outside environment, lasts 
for a short period of time, and has the potential to result in a 
very serious mishap. Figures 1 and 2 depict the impacts of 
Bullet-1 BLEVE and Bullet-2 BLEVE, respectively. 

 

 
Fig. 1.  LPG Bullet-1 

 
Fig. 2.  LPG Bullet-2 

B. Jet Fire Thermal Radiation 
Jet fires, which often have localised impacts, are among the 

other types of flames. This may occur as a result of the 
discharge of restricted or dispersed flammable liquids. This 
burns like a jet and emits heat after being set ablaze by outside 
causes. Depict the bullet jet fire and tanker jet fire heat radiation 
levels, respectively. The Circular-shaped Tank Damaged at 
dimensions 3cm diameter and 15 cm Height from the Bottom 
of the tank. It is suspected that outside factors ignited the jet. 

 
Fig. 3.  LPG Bullet-1 

 

 
Fig. 4.  LPG Bullet-2 

C. Flammable Threat Zone Level 
Flammable Threat Zone Level shows, which often have 

localised Fire impacts. It is predicted area where the ground-
level vapour (fuel) concentration in air is within the flammable 
range and can be ignited. 

 
Fig. 5.  Bullet storage-1 

 

 
Fig. 6.  LPG bullet storage thermal fire radiation 
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D. Flammable Threat Zone Concentration Level 

 
Fig. 7.  Flame concentration level 

 

E. Over Pressure (Blast Force) Threat Zone 
Blast Area of Vapour Cloud Explosion is predicted area 

where the blast force (overpressure) from the explosion is 
hazardous. 

 

 
Fig. 8.  Over Pressure (Blast Force) threat zone 

 

F. P&ID Diagram  
(Confidential Diagram Detail) It shows that water is supplied 

to the LPG Bullet tank under controlled pressure. Pump is used 
to maintain the required pressure and flow control valve is used 
to regulate the amount of flow to achieve optimum 
performance. There is a by-pass line to arrest the leaks from the 
tank. In vaporizer tank LPG is obtained as gas form to supply 
gas to the furnace. The LPG gas supply to furnace through the 
pipe line named as service line. 

Nodes are separation, 
• Transferring LPG up to inlet valve v1 
• Transferring LPG from node 1 (before v1) to node 2 
• Transferring LPG from node 2 to node 3 
• Transferring LPG from node 3 to node 4 
• Transferring LPG from node 4 to node 5 
• Pumping liquid LPG from loading tanker to storage 

bullet 
• Transferring high pressure LPG to bullet B1 
• Transferring LPG from bullet B1 through service line 
• Transferring LPG from bullet B2 through service line 
• Circulating heated LPG to service line 

G. Guide Words and Deviations 
 
 

Table 2 

 
 

Table 3 
HAZOP report sample 

 

4. Result and Discussion 
An ERPG-1 level of 2100 ppm indicates a quantity that is 

detectable owing to odour, discomfort, and irritability. People 
might be exposed for up to an hour without suffering any 
negative health effects if the amount of airborne concentration 
was below the upper limit anticipated for each zone (ERPG-1, 
ERPG-2, and ERPG-3). Typically, the chemical's airborne 
diffusion causes poisonous clouds to disperse. On the basis of 
air turbulence, the chemical is carried mostly in the direction of 
the wind but also perpendicular to the wind. 

It is clear by comparing the results of the LPG leak ALOHA 
modelling in four distinct weather scenarios that the impacted 
area of the danger will depend on the local weather at the time 
of the event. a variant depending on the weather, may be noticed 
in the impacted distance as well as the plume breadth. When 
comparing two distinct seasons, winter has a higher influence 
on distance than summer does. 

When the time of occurrence is considered, it is shown that 
the morning is riskier than the evening since it exhibits a greater 
influenced distance. This study also suggests that the steady 
atmospheric state, E, is the most hazardous in the event of a 
chemical spill because a huge number of individuals are 
exposed to increased risk due to the poisonous vapour cloud of 
LPG being easily distributed far from the point of release. 

Control measures:  
• Replacing the pipeline's PRV and pressure gauges 
• A security mechanism 
• Third-level warning system 
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• A method for measuring pressure 
• Improving the pipe's surrounding support 
• Sensors, an automatic fire suppression system, and a 

firefighting system 
• Installing a flow level sensor in the pipeline is step. 
• Repairing the system for automated fire detection and 

suppression 
• The pump's overflow sensor and tripping circuit 
• Installing a temperature sensor 
• An additional heater in the vaporising chamber 
• Adding a pressure sensor to the vaporizer room. 
• Providing a compressor after the room with the 

vaporizer. 

5. Conclusions 
Utilising Areal Location of Hazardous Atmosphere 

(ALOHA), dispersion modelling is done for LPG storage in the 
heat treatment plant. When a pressure vessel holding a 
superheated liquid or liquefied gas suddenly loses containment, 
it might result in a boiling liquid expanding vapour explosion 
(BLEVE). Large amounts of pressurised, extremely hot liquid 
are suddenly released into the environment. Overpressure has 
two effects on people: direct effects on internal organs and 
indirect effects from structural debris. The identification of 
places affected by BLEVE risks is aided by consequence 
analysis. There is HAZOP research that separates causes, 
effects, and control options. The cost comparison of losses 
sustained as a result of accidents and the adoption of mitigation 
are suggested as suggestions to lessen accidents. 
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