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STUDY RESULTS 

Risk Analysis 

The risk estimated due to the activit ies conducted at the Mundra port is shown in the risk contour 

map provided Figure 1.  

The F-N curve demonstrates the societal risk is within As Low as Reasonably Practicable (ALARP) level 

shown in the Figure 2. 

Figure 1: Risk Contours 

 

Figure 2: FN Curve 
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Individual & Societal Risk per Annum  

Individual Risk per Annum 2.96E-07 
Societal Risk per Annum 3.27E-07 

 

Recommendations  

Propane and butane Unloading arm rupture has maximum consequence effect in jetty operations at  

Mundra port   

The Following measures shall be implemented for safe operation 

• Selection of the loading arms and commissioning checks to ensure proper operation of the PERC in 

the event of ESD actuation (maximum time shall not exceed more than 2 min for complete isolation, 

loading arm release and ship pumps stop in case of hydrocarbon leak) 

• Provide trip interlocks (ESD) in berth 2 to ensure isolation/ tripping of the ship unloading pumps 

based on suitable leak detection system (LFL) in berth 2. Ensure unloading hose are designed for 

hydraulic surges in the event of ESD actuation.  

• Mechanical interlocking systems to ensure complete closure of the valves before releasing of 

coupling (PERC) 

• Two independent level indicators. High level alarms (1oo2) shall be set at not more than 85%  level 

of the volumetric capacity of the drain vessel. Audio visual indication shall be at local panel & control 

room 

• Provision for stopping the transfer operation on high level of the drain system and low level 

permissive for unloading operation 

• Drain drum shall have at least two safety relief valves with isolation arrangement, set at different 

values and at not more than 110%  operating pressure of the vessel and each having 100 %  relieving 

capacity adequate for limiting the pressure build up in the vessel not more than 120%  of operating 

pressure 

• Drain system to be designed to accommodate the capacity of the drain contents of both unloading 

arms 
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• Surge analysis for the unloading arm and unloading line to be done to ensure proper design

considerations in the event of ESD actuation bypassing of hydraulic surge protection systems to be 

done only after satisfactory protection measures implemented and with management clearance only 

• Selection of electrical and other instruments based on hazardous area classification (IS 5572:2008)

• All flanges shall be connected for bonding for electrical continuity

• Lightning protection shall be provided as per the requirements of IS:  2309. (High mast towers)

• Periodical maintenance schedule should be implemented and meticulously followed

• F&G systems management to be inspected periodically and availability ensured

• Periodical inspection of pipeline and drain systems

• SOP for critical operations to be developed and displayed at crit ical locations in local/English

languages. 

•SIL verification of the SIFs selected

Mitigation measures 

• Water curtains shall be provided for segregation of unloading arms/piping manifold and ship tanker

in the event of fire on either of these facilit ies. 

• Kerb wall shall be provided around all sides of the unloading arm with concrete flooring of the

ground under and extending up to minimum distance of at least 5 M (min.) from the edge of the 

unloading arm with a slope of 1:100 (min.). Grading of the ground underneath should be levelled and 

directed to an safe area connected with water seal 

• Kerb wall height shall be minimum 30 cm but shall not exceed 60 cm.

Other recommendations 

• During ship berthing/de-berthing conditions in berth 2, unloading operations in berth 1 to be

stopped 
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• Ship power generation systems and other electrical systems should be verified for possible ignition

source, if safety measures are in place which eliminates ignition source (for all the ships), unloading 

activity in berth 1,2,3,4 can be done simultaneously after stabilization of LPG unloading operation 

• If Motor spirit/SKO/HSD/ethanol/methanol unloading operations are in progress in berth 2/3,

unloading operations to be stopped until LPG tanker secured and ignition sources eliminated. 

• Hot works jobs for Berth 1 to be avoided during unloading in Berth 2

• Berth 3/4 can be used for unloading operation during construction and commissioning activit ies in

Berth 1 

• Any Hot work in the pipe corridor to be covered under PTW systems with continuous monitoring of

LFL, running fire water hose (to avoid sparks), area barricading, proper hood to avoid spark spillage 

• Continuous LFL monitors with audible alarms near the vessel being unloaded to identify any

hydrocarbon leak 
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1 INTRODUCTION 

Adani group intends to expand its current port  facility at Adani Mundra Port Pvt Ltd. ADANI  is 

developing LPG, Propane, Butane handling and storage facility at their Port in Mundra. 

Propylene and propane will be stored and handled in the terminal in a scenario where LPG 

business subsides. The report prepared addresses risk assessment of unloading and 

transportation facilit ies to provide a better understanding of the risk posed to the plant and 

surrounding population. 

This document describes the results after the completion of Quantitative Risk Assessment study 

for the Adani Mundra port-New LPG facility. 

1.1 Project Objective 

The objective of the QRA is to assess the risk levels associated with the facilit ies under scope; 

evaluate those risks based on the HSE UK Risk Acceptance Criteria, and if risks are outside the 

tolerable region, then risk reduction measures shall be proposed to bring the risks into 

tolerable or As Low As Reasonably Practicable (ALARP) Levels and lower levels. 

1.2  Scope of Work 

IFluids Engineering has been awarded the Project to carry out the QRA study to assess risks at 

the following in the Mundra port;  

• Berth 2 (White oil-Motor Spirit representing worst case scenario) Pipeline transfer Facilit ies

in the jetty area

• Berth 1 (Propane/Butane) Pipeline Transfer facilit ies in the jetty area

• Berth 3 & 4 - Berth 3 handling LPG (typical as Berth 1 in terms of inventory and process

conditions) and Berth 4 (White oil-Motor Spirit representing worst case scenario)

• To study the impact of LPG pipeline on existing pipelines in the jetty area.

• To study the impact of Simultaneous berth operations of berth 1 with berth 2, 3 & 4

respectively.

80



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- JETTY AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008A 

Page 13 of 57 

2 FACILITIES OVERVIEW 

2.1 Propane/Butane Unloading and Storage Tank 

Storage tank (2000-FB-01 and 2000-FB-02) is vertical flat bottom, double wall, full 

containment refrigerated storage tank, which is designed to store 

Propane/Butane/Propylene from jetty. The funct ion of these tanks is to store 

Propane/Butane/Propylene. Both these tanks are identical in all respect and 

Propane/Butane/Propylene can be stored in any of these tanks. The capacity of each tank is 

25000 MT. 

Propane/Butane/Propylene is pumped by shipping pump through marine unloading arm to 

storage tanks through two marine unloading arms at the rate of 500 MT/ hr each. 

The tank operating pressure is 500 mm WC & temperature of approximately -45°C in case 

of propane, - 5°C in case of Butane and -47°C in case of Propylene will be maintained in 

Propane/Butane Storage Tank (2000-FB-01 and 2000-FB-02). 

2.2 Precooling Operation 

The pre-cooling operation is one of the requirements prior to the ship unloading operat ion. 

During precooling operation, cold Propane/  Butane from the Storage Tank I  & I I  is pumped 

into one of the unloading line going to the Jetty Area, from where it flows towards the 

Propane/Butane Storage Area and returns into the tank through the other unloading line. 

Flash compressor will cater the flash gas generated during this operation. 

For precooling during propylene/propane unloading scenario two addit ional lines shall be 

installed (in future) from storage tank till jetty to avoid any contamination of propylene 

and Propane inventory. 
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Figure 3: Google Earth image of the facility
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3 RISK TOLERABILITY CRITERIA 

The assessment and control of risk are essential requirements for a proactive HSE 

management system. In order to make a valued judgment and to decide on what risks are 

acceptable, an easily understood set of criteria should be set and followed rigorously. Risk 

criteria are required to promote consistency in evaluating the results of relevant studies 

and to formulate a proactive approach to incident prevention. The Risk Acceptance Criteria 

used in this assessment is from the UK HSE guidelines. 

3.1 Individual Risk Criteria 

Individual Risk Criteria is a measure of the risk to a person within an occupied area or building. 

This includes the nature of the injury to the individual, the likelihood of the injury occurring, 

and the time over which the injury might occur. I t is the probability of death occurring 

because of accidents at a plant facility, installation or a transport route expressed as a function 

of the distance from such an activity. I t is the frequency at which an individual or an individual 

within a group who may be expected to sustain a given level of harm (typically death) from 

the realization of specific hazards.  

Occupancy is the proportion of exposure time of the individual to the hazard. 

The exposure of an individual is related to:  

• The likelihood of occurrence of an event involving a release and Ignition of

hydrocarbon;

• The vulnerability of the person to the event;  and

• The proportion of t ime the person will be exposed to the event (which is termed

'occupancy' in the QRA terminology).

There is a need to determine the limits for IR, based on numeric values (which would be 
regarded as intolerable. Figure 4 shows the principle of this framework. 
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Figure 4: Risk Acceptance graph 

3.2 Societal Risk Criteria 

Assessment of societal risks is even more important than assessment of individual risk because 

they involve the likelihood of multiple fatalit ies. Societal risk is the risk to any person or group 

of persons who are not connected to project facilit ies and are outside the facility fence line. 

 F-N Curve 

I t is helpful to consider group risk in the demonstration that risks are ALARP. This allows 

consideration to be given to events, which, although low in frequency, may cause multiple 

injuries or fatalit ies. Group risk can be presented in the form of a plot of cumulative frequency 

versus number of fatalit ies (F-N curve). 

F =  Frequency (experienced or predicted)  

N = No. of multiple fatalit ies. 

‘N’ includes indirect deaths caused because of the main event occurring and can therefore be 

difficult to predict e.g. many people may die years after exposure to a toxic chemical.  F-N 

Curve is generated for customers and benchmarked against risk acceptance criteria. The risk 

acceptance criteria used to compare the predicted risks for this proposed project  can be 

understood from Figure 5. 
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Figure 5: Risk acceptance criteria- FN Curve 
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4 METROLOGICAL CONDITIONS 

This chapter describes the meteorological data, used for the risk assessment study of Adani 

Mundra Port. 

The consequences of released flammable material are largely dependent on the prevailing 

weather conditions. For the assessment of major scenarios involving release of flammable 

materials, the most important meteorological parameters are those that affect the atmospheric 

dispersion of the escaping material. The crucial variables are wind speed, wind direction, 

atmospheric stability and temperature. Rainfall does not have any bearing on the results of t he 

risk analysis; however, it  can have beneficial effects by absorption/washout of released 

materials. Actual behaviour of any release would largely depend on prevailing weather 

condition at the time of release. 

4.1 Wind Direction 

N NE E SE S SW W NW 

0.0148 0.1211 0.1374 0.0404 0.0179 0.559 0.087 0.0225 

4.2 Ambient Conditions 

Maximum Ambient temperature       :  35°C 

Minimum Ambient temperature       :  7°C 

Relative humidity         :  70%  

Atmospheric Pressure :  1.013 Bar 

Incident solar radiation              :  0.215 kW/m2 

Surface roughness parameter         :  0.3 m 

4.3 Atmospheric Stability 

Pasquill stability parameter, based on Pasquill – Gifford categorization, is such a 

meteorological parameter, which decreases the stability of atmosphere, e.g., the degree of 

convective turbulence. 

Pasquill has defined six stability classes ranging from ‘A’ (extremely unstable) to ‘F’ (very 
stable). Wind speeds, intensity of solar radiation (daytime insulation) at night t ime sky cover 

have beam identified as prime factors defining these stability categories. Below table indicates 

the various Pasquill stability classes. 
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Table 1:  Pasquill’s Stability Class 

Wind Speed 

(m/s) 

Day: Solar Radiation Night: cloud Cover 

Strong Moderate Slight 
Thinly < 

40% 
Moderate 

Overcast > 

80% 

<2 A A-B B - - D 

2-3 A-B B C E F D 

3-5 B B-C C D E D 

5-6 C C-D D D D D 

>6 C D D D D D 

A – Very Unstable 

B – Unstable 

C – Slightly Unstable 

D – Neutral 

E – Stable 

F – Very Stable 

When the atmosphere is unstable and wind speeds are moderate or high or gusty, rapid 

dispersion of pollutants will occur. Under these conditions, pollutant concentrations in air 

will be moderate or low and the material will be dispersed rapidly. When the atmosphere is 

stable and wind speed is low, dispersion of material will be limited and pollutant 

concentration in air will be high. In general, worst dispersion conditions (i.e. contributing to 

greater hazard distances) occur during low wind speed and very stable weather conditions, 

such as that at 1F weather condition (i.e. 1 m/s wind speed and Pasquill stability F). 

Stability category for the present study is identified based on the cloud amount and wind 

speed. 

Based on the weather analysis, predominant weather stability of “F” and “D” was selected 
with wind speed 1.5m/s, 2 m/s and 5m/s for consequence analysis, respectively. 2F is the 

most prevalent weather condition for this location. 
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Table 2: Weather Conditions 

Wind Speed in m/s Pasquill Stability 

1.5 F 

2 F 

5 D 
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5 QUANTITATIVE RISK ASSESSMENT METHODOLOGY 

5.1 General Overview 

Quantitative Risk Assessment (QRA) is used for risk management and safety improvement in 

many industries. I t provides a quantitative assessment of potential risks identified and 

provides a basis for evaluating process safety with respect to a predetermined risk acceptance 

criterion. The usefulness of the QRA results is highly dependent on the availability and 

accuracy of the input data, with more complete input data providing a higher confidence on 

the validity and robustness of the results obtained.  

In most practical applications, there will be uncertainties in both the key parameters used and 

the QRA model itself. The effect of these uncertainties should be evaluated to confirm there is 

no impact on the conclusion. The QRA model will include:  

• Examination of flammable/ toxic material related to Major Accident Hazards;

• Quantification of the likelihood of flammable/ toxic Major Accident Hazardous events;

• Quantification of the consequences of flammable/ toxic Major Accident Hazardous events;

• Combination of consequences and likelihood of Major Accident Hazard events to assess

risk profiles for individuals, and assets;

• Identification of the predicted levels of risk with regard to I ndividual Risk (IR) levels and

Societal Risk (SR);

• Identification and assessment of risk reduction solutions (to the extent required to reduce

predicted risks to acceptable levels);  and

• Demonstration that the risks have been reduced to As Low As Reasonably Practicable

(ALARP), when risks cannot be reduces to acceptable levels).

The following schematic (Figure 6) displays the methodology used to perform the 

Quantitative Risk Assessment Study for the Adani Mundra Port – New LPG Facilit ies. 
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Figure 6:  Quantitative Risk Assessment Methodology 

5.2 Scenario Description and Operating Conditions 

To carry out the QRA study the following basic data were used:  

 Process parameters such as operating pressure, temperature & flow rate of equipment

and process pipelines as well as the composition of the process streams etc.

 Manning details at strategic locations at site and meteorological details of Adani Mundra

port area;

 Failure frequencies of leak sources, Ignition probabilit ies, operating probabilit ies etc. and
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 I solation and detection time, Impact criteria for consequences such as fire, explosion and

toxic concentration.

5.3 QRA Approach 

The QRA was carried out using the standard, internationally accepted approach consisting of 

the steps shown below:  

Data used for the QRA were project and site specific;  however, where this was not possible, 

the use of generic data was documented in the assumptions register prior to being applied 

within the study. As such, the QRA results was also specific to the planned operat ions, building 

design and personnel and general population occupancy levels expected at the time of data 

collection. Given the above, the consequence and risk results are only applicable to the site 

under study in this QRA and cannot be applied to any other location. 

The following information was considered in the QRA: 

 Facility design, function, location, capacity and layout;

 Environmental weather data e.g. wind rose, cloud coverage, stability class;

 Process engineering details e.g. composition, heat and mass balance, equipment items,

process parameters - pressure and temperature regimes, inventories, flow schemes;

 Facility operation e.g. operational and emergency procedures; and

 Work force deployment, estimated occupancy and exposure.

5.4 Hazard Identification 

A technique commonly used to generate an incident list is to consider potential leaks and 

major releases from fractures of all process pipelines and vessels. This compilation includes all 

pipe work and vessels in direct  communication, as these may share a significant inventory that 

cannot be isolated in an emergency. The following data were collected to envisage scenarios:  

 Composition of materials stored in vessels /  flowing through pipeline;

 Inventory of materials stored in vessels;

 Flow rate of materials passing through pipelines;

 Vessels /  Pipeline conditions (phase, temperature, pressure);  and Connecting piping and

piping dimensions.

Accidental release of flammable liquids /  gases has the potential for severe consequences. 

Delayed ignition of flammable gases can result in blast overpressures covering large areas. 

This may lead to extensive loss of life and property. In contrast, fires have localized 

consequences. Fires can be extinguished or contained in most cases; there are few mitigating 

actions one can take once a flammable gas or a vapour cloud gets released. 
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5.4.1 Factors for Hazard Identification 

In any installation, main hazards arise due to loss of containment during handling of 

flammable liquids /  gases. To formulate a structured approach to the identification of 

hazards, a list of contributory factors is provided below:  

Blast over Pressures 

Blast Overpressures depend upon the reactivity class of material and the amount of gas 

between two explosive limits. For example, Motor spirit/Gasoline once released and not 

ignited immediately is expected to give rise to a gas cloud. These gases in general have 

medium reactivity and in case of confinement of the gas cloud, on delayed ignition may 

result in an explosion and overpressures. 

Operating Parameters 

Potential gas release for the same material depends significantly on the operating 

conditions. The gases are likely to operate at atmospheric temperature (and hence high 

pressures). This operating range is enough to release a large amount of gas in case of a 

leak /  rupture, therefore the pipeline leaks and ruptures need to be considered in the risk 

analysis calculations. 

Inventory 

Inventory Analysis is commonly used in understanding the relative hazards and short listing 

of release scenarios. I nventory plays an important role when considering a potential hazard. 

The large inventory of a vessel or a system can lead to a large quantity of potential release. 

A practice commonly used to generate an incident list is to consider potential leaks and 

major releases from fractures of pipelines and vessels/ tanks containing sizable inventories.  

Range of Incidents 

Both the complexity of study and the number of incident outcome cases are affected by the 

range of init iating events and incidents covered. This not only reflects the inclusion of 

accidents and /  or non-accident-init iated events, but also the size of those events. For 

instance, studies may evaluate one or more of the following:  

 Catastrophic failure of container;

 Large hole (large continuous release);

 Smaller holes (continuous release);  and

 Leaks at fitt ings or valves (small continuous release).

In general, quantitative studies do not include very small continuous releases or short 

duration small releases if past experience or preliminary consequence modelling shows that 

such releases do not contribute to the overall risk levels. 
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5.5 Isolatable Sections 

The following table describes the isolatable section considered for the study:  

Table 3: Isolatable Sections 

Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg 

Temperature 

C 

Isolation time 

s 

Total Inventory, 

kg 

Berth 1 

IS-1 

Propane unloading line 

7 0.406 8 -42.67 120 1593 

IS-2 25 0.406 8 -42.67 120 2615 

IS-3 150 0.406 8 -42.67 120 18173 

IS-4 

Butane unloading line 

7 0.406 8 -2.9 120 1637 

IS-5 25 0.406 8 -2.9 120 2687 

IS-6 150 0.406 8 -2.9 120 18215 

IS-7 

Propylene  unloading line 

7 0.406 8 -45 120 1422 

IS-8 25 0.406 8 -45 120 2464 

IS-9 150 0.406 8 -45 120 17999 

Berth 2 

IS-10 
Methanol Pipelines  

10 0.305 10 35 120 11809 

IS-11 150 0.305 10 35 120 24885 

IS-12 
MS Pipelines  

10 0.406 10 35 120 18894 

IS-13 150 0.406 10 35 120 35336 

IS-14 
HSD Pipelines  

10 0.610 10 35 120 48967 

IS-15 150 0.610 10 35 120 82050 

IS-16 
SKO Pipelines  

10 0.305 10 35 120 12058 

IS-17 150 0.305 10 35 120 21814 

IS-18 
Furnace Oil Pipelines  

10 0.305 10 55 120 13848 

IS-19 150 0.305 10 55 120 21916 

IS-20 
Crude Pipelines  

10 0.9144 10 35 120 121023 

IS-21 150 0.9144 10 35 120 177890 
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6 CONSEQUENCE ANALYSIS 

6.1 Overview 

Consequence is the measure of the expected outcomes for a given accidental release. For this 

project, consequence is defined as the hazard distance or hazard zone to various fatality 

endpoints. During the execution of site-specific consequence analysis, it is essential to 

accurately model the release, dilution, and dispersion of gases and aerosols if a precise 

assessment of potential exposure is to be attained. Consequence modelling, also known as 

physical effects modelling, is a technique in which computer based mathematical modelling is 

used to predict physical behaviour under accident conditions in order to make a quantitative 

estimation of risk. I nternationally accepted and validated software PHAST v6.7 and PHAST 

RISK v.6.7, (both developed by DNV GL) have been used for this project. 

PHAST v6.7 contains a set of complex models that calculate release conditions, init ial dilution 

of the vapour (dependent upon the release characteristics), and the subsequent dispersion of 

the vapour introduced into the atmosphere. I t  permits the user to evaluate the downwind 

dispersion of the chemical cloud based on the toxicological/physical characteristics of the 

released chemical, atmospheric conditions, and specific circumstances of the release. 

PHAST v6.7 will be used to estimate threat zones associated with several types of hazardous 

chemical releases, including toxic gas clouds, fires, and explosions.  

I t is most important that the QRA model effectively reflect reality, thus those familiar with the 

facilit ies and their operation are required for proper evaluation. This is particularly true in 

relation to the preparation of input data and assumptions and the review of results from the 

evaluation. The QRA model must identify the major hazard contributors to the work force and 

third parties, quantify risks, and identify and assess any risk reduction methods that may be 

proposed. In addit ion to modelling the current situation within the field, the model shall be 

extendible to add addit ional facilit ies as development occurs and provide an active method of 

planning any proposed development. 

6.2 Consequence Modelling 

Discharge Rate 

The init ial rate of release through a leak depends mainly on the pressure inside the 

equipment, size of the hole and phases of the release (liquid, gas or two phases). The release 

rate decreases with time as the equipment depressurizes. The reduction mainly on the 

inventory and the actions taken to isolate the leak and blow-down the equipment 

Dispersion 

A vapour cloud may be formed when a vaporizing liquid is released for an extended duration. 

I f the gas cloud does not immediately ignite, it disperses based on the prevalent wind 

direction, speed and stability category (i.e. degree of turbulence). 

The cloud dispersion simulation is carried out to provide the distance (from the leak) at which 

the concentration of flammable material falls below the Lower Flammability Limit (LFL). 
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Consequence Events 

The following describes the probabilit ies associated with the sequence of events which must 

take place for the incident scenarios to produce hazardous effects. Considering the present 

case, the outcomes expected are:  

 Flash Fire (FF);

 Jet fires;

 Pool fire;

 Vapour Cloud Explosion.

Flash Fire 

The vapour/gas release from a pool would disperse under the influence of the prevailing wind;  

with material concentration in air reducing with distance. At a particular location downwind, 

the concentration will drop below its lower flammable level (LFL) value. I f ignited within the 

flammable envelope, the mass of the material available between the LFL and ½  LFL will be 

likely to burn as a flash fire; rapidly spreading through the cloud from the point of ignition 

back to the source of release. 

Although flash fires are generally low intensity transitory events, the burning velocity is quite 

high and escape following ignition is not possible. Flash fires often remain close to the ground, 

where most ignition sources are present. I t is assumed that personnel caught inside a flash 

fire will not survive while those outside suffer no significant harm. I f other combustible 

material is present within the flash fire it is also likely to ignite and a secondary fire could 

result. 

Jet Fire 

Jet fire causes damage due to the resulting heat radiation. The working level heat radiation 

impact will vary widely depending on the angle of the flame to the horizontal plane, which in 

turn mainly depends on the location of the leak. The flame direction was considered horizontal 

for consequence analysis of leaks and ruptures from process equipment. Jet fire heat radiation 

impacts were estimated for the identified credible and worst case scenarios. 

Upon accidental leakage, the pressurized fluid will disperse as a jet, init ially moving forward in 

the spatial direction of the leak until the kinetic energy is lost and gravity slumping or lift ing of 

the cloud occurs, dependent upon whether the fluid is heavier or lighter than air. 

The primary hazard associated with jet fires is thermal radiation and potential for flame 

impingement on adjacent pipelines/equipment, result ing in escalation. High pressure releases 

have the potential to cover large areas due to its relatively large flame length. However, the 

effects of escalation are minimized if the flame length reduces to less than the separation 

distance between other equipment and the jet fire source. 
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Pool Fire 

A liquid pool is formed during a prolonged leakage if the rate of leakage exceeds the rate of 

vaporization. On ignition, this would result in a pool fire whose size/ radius would depend on 

the mass flow rate, ambient temperature, heat of vaporization of material released, vapour 

pressure, duration of discharge and effects of containment or dykes. The pool fire could cause 

damage to equipment or injury/ fatality to personnel due to thermal radiation effects.  

Vapour Cloud Explosion 

Vapour cloud explosion is the result  of flammable materials in the atmosphere, a subsequent 

dispersion phase, and after some delay an ignition of the vapour cloud. Turbulence is the 

governing factor in blast generation which could intensify combustion to the level that will 

result in an explosion. Turbulence is often created by obstacles in the path of vapour cloud or 

when the cloud finds a confined area, as under the bullets. Insignificant level of confinement 

will result in a flash fire. The VCE will result in overpressures. 

6.3 Damage Criteria 

Damage criteria give the relation between the extent of the physical effects (exposure) and 

the effect of consequences. For assessing the effects on humans, consequences are expressed 

in terms of injuries and the effects on equipment /  property in terms of monetary loss. The 

consequences for release of toxic substances or fire can be categorized as:  

 Damage caused by heat radiation on material and people;

 Damage caused by explosion on structure and people; and

In Consequence Analysis studies, three main types of exposure to hazardous effects are 

categorized as:  

 Heat radiation due to fires.

 Jet fires and flash fires;

 Explosions;

The knowledge about these relations depends strongly on the nature of the exposure. The 

following discusses the criteria selected for damage estimation:  
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Heat Radiation: 

The effect of fire on a human being is in the form of burns. There are three categories of 

burns: first degree, second degree and third degree burns being the most severe. The 

consequences caused by exposure to heat radiation are a function of:   

 The radiation energy onto the human body [ kW/m2] ;

 The exposure duration [ sec] ;  and

 The protection of the skin tissue (clothed or bare body).

The physical effects of hazard events are given in the table below:  

Table 4: Effects due to Incident Radiation Intensity 

Incident 

 Radiation (kW/m2) 
Type of Damage 

4.7 
Sufficient to cause pain within 20 sec. Blistering of 

skin(first degree burns are likely) 

12.5 
Minimum energy required for piloted ignition of wood, 

melting plastiĐ tuďing’s etĐ. 

37.5 Sufficient to cause damage to the equipment 

The actual results would be less severe due to the various assumptions made in the models 

arising out of the flame geometry, emissivity, angle of incidence, view factor and others. The 

radiation output of the flame would be dependent upon the fire size, extent of mixing with air 

and the flame temperature. Some fraction of the radiation is absorbed by carbon dioxide and 

water vapour in the intervening atmosphere. Finally, the incident f lux at an observer location 

would depend upon the radiation view factor, which is a function of the distance from the 

flame surface, the observer’s orientation and the flame geometry. 

Blast Overpressure from Vapour cloud Explosion (VCE) 

The assessment aims are to determine the impact of overpressure in the event that a 

flammable gas cloud is ignited. A Vapour cloud Explosion (VCE) results when a flammable 

vapour is released and mixes with the air to form a flammable vapour cloud. I f ignited, the 

flame speed may accelerate to high velocities and produce significant blast overexposure. 

The assessment goals are to determine the impact of overpressure in the event that a 

flammable gas cloud is ignited. The damage effects due to 0.01 bar, 0.1 bar & 0.3 bar are 

reported in terms of distance from the overpressure source. 

In case of vapour cloud explosion, two physical effects may occur:  

 A flash fire over the whole length of the explosive gas cloud;
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 A blast wave, with typical peak overpressures circular around ignit ion source.

For the blast wave, the lethality criterion is based on:  

 A peak overpressure of 0.1 bar will cause serious damage to 10%  of the

housing/structures;

 Falling fragments will kill one of each eight persons in the destroyed buildings.

The following damage criteria may be distinguished with respect to the peak overpressures 

resulting from a blast wave:  

Table 5: Damages due to Blast Overpressure 

Peak Overpressure Damage Type Description 

0.30 bar Heavy Damage 
Major damage to plant equipment 

structure 

0.10 bar Moderate Damage 
Repairable damage to plant 

equipment & structure 

0.01 bar Significant Damage Shattering of glass 
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The summary of the consequence modelling is shown below in 
Table 6: Impact Distance in meter 

Isolatable 

Section 

Description Release 

category 

Flash Fire Effects: Flash Fire Effects: 

Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 
100% LFL Ellipse 50% LFL Ellipse 

Distance in meters Distance in meters 

Radiation 

Levels 

(kW/m2) 

Distance in meters 

Radiation 

Levels 

(kW/m2) 

Distance in meters 

Overpressure 

level 

bar 

Distance in meters 

1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 

IS-1 Propane 

Unloading 

line 

7 12.27 10.19 6.42 24.48 21.07 8.19 4 26.73 25.93 23.19 4 NR NR NR 0.01 74.95 70.11 NR 

12.5 21.34 20.46 17.59 12.5 NR NR NR 0.1 29.53 28.69 NR 

37.5 17.80 16.88 13.98 37.5 NR NR NR 0.3 24.76 24.34 NR 

IS-2 25 59.61 54.52 35.64 73.68 68.08 52.16 4 84.21 81.90 73.89 4 NR NR NR 0.01 518.96 438.73 228.54 

12.5 67.27 64.69 56.26 12.5 NR NR NR 0.1 147.88 125.70 80.97 

37.5 56.64 53.96 45.55 37.5 NR NR NR 0.3 108.89 92.80 65.46 

IS-3 150 255.99 227.90 175.34 342.85 308.57 249.72 4 410.32 400.22 364.35 4 225.82 226.55 210.65 0.01 1520.60 1481.14 1181.37 

12.5 323.38 311.98 274.04 12.5 147.83 151.34 149.79 0.1 408.53 398.63 395.03 

37.5 270.11 258.10 219.76 37.5 90.24 93.49 101.49 0.3 351.57 324.51 312.40 

IS-4 Butane 

Unloading 

line 

7 12.90 10.41 6.47 24.75 21.42 8.36 4 27.01 26.27 23.68 4 NR NR NR 0.01 77.70 71.73 NR 

12.5 21.31 20.48 17.75 12.5 NR NR NR 0.1 30.01 28.97 NR 

37.5 17.63 16.75 13.96 37.5 NR NR NR 0.3 25.00 24.48 NR 

IS-5 25 61.17 55.27 35.91 74.85 68.90 52.50 4 85.31 83.17 75.62 4 NR NR NR 0.01 531.00 445.16 232.21 

12.5 67.28 64.85 56.81 12.5 NR NR NR 0.1 149.97 126.81 81.61 

37.5 56.20 53.65 45.54 37.5 NR NR NR 0.3 109.93 93.36 65.78 

IS-6 150 248.45 220.10 170.78 318.19 285.38 239.34 4 417.21 407.89 374.03 4 240.76 241.15 225.00 0.01 1512.39 1460.54 1211.13 

12.5 324.58 313.85 277.69 12.5 157.30 160.70 158.92 0.1 408.43 390.08 400.19 

37.5 268.52 257.08 220.24 37.5 96.17 99.77 109.58 0.3 326.95 314.12 314.98 

IS-7 Propylene 

Unloading 

line 

7 12.80 10.41 6.47 25.11 21.62 8.48 4 26.96 26.14 23.32 4 NR NR NR 0.01 77.44 71.55 NR 

12.5 21.59 20.69 17.76 12.5 NR NR NR 0.1 29.96 28.94 NR 

37.5 18.07 17.11 14.15 37.5 NR NR NR 0.3 24.98 24.47 NR 

IS-8 25 61.42 55.55 36.02 76.62 70.60 53.30 4 84.85 82.48 74.25 4 33.27 29.36 NR 0.01 514.46 443.04 231.31 

12.5 67.98 65.34 56.71 12.5 26.65 24.53 NR 0.1 147.10 134.71 81.45 

37.5 57.31 54.59 46.03 37.5 20.59 19.49 NR 0.3 108.50 102.31 65.70 

IS-9 150 255.73 227.88 169.63 349.93 314.29 243.58 4 412.90 402.50 365.63 4 242.40 242.43 230.06 0.01 1529.10 1478.23 1132.59 

12.5 326.40 314.72 275.88 12.5 160.76 162.51 159.81 0.1 409.22 397.65 378.30 

37.5 273.18 260.91 221.81 37.5 105.49 108.88 116.15 0.3 351.92 333.41 299.04 
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Isolatable 

Section/ 

Description Release 

category 

Flash Fire Effects: Flash Fire Effects: 

Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 
100% LFL Ellipse 50% LFL Ellipse 

Distance in meters Distance in meters 

Radiation 

Levels 

(kW/m2) 

Distance in meters 

Radiation 

Levels 

(kW/m2) 

Distance in meters 

Overpressure 

level 

bar 

Distance in meters 

1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 

IS-10 Methanol 

P/L 

10 11.40 11.05 6.84 23.45 21.08 13.29 4 44.0716 42.1378 35.979 4 44.3716 43.1432 NR 0.01 65.8894 64.6327 37.965 

12.5 37.1441 35.2776 29.5076 12.5 30.9147 30.7607 NR 0.1 27.96 27.7421 14.8509 

37.5 NR NR NR 37.5 NR NR NR 0.3 23.9747 23.8659 12.4222 

IS-11 150 70.62 69.21 50.04 121.93 107.00 76.68 4 235.718 226.635 209.858 4 136.037 136.988 142.032 0.01 294.232 298.903 226.029 

12.5 199.537 190.182 171.207 12.5 97.0531 99.1266 108.836 0.1 125.426 133.727 97.0651 

37.5 NR NR 139.528 37.5 72.4929 72.3265 75.5624 0.3 109.603 116.841 83.5145 

IS-12 MS P/L 10 26.40 23.59 15.23 32.67 29.67 23.22 4 37.5937 36.724 33.671 4 NR NR NR 0.01 225.457 172.851 98.5467 

12.5 29.3562 28.3433 24.9996 12.5 NR NR NR 0.1 63.9044 46.5137 33.6248 

37.5 24.3735 23.2947 19.8615 37.5 NR NR NR 0.3 46.9296 33.2392 26.8034 

IS-13 150 169.59 148.07 113.80 207.40 185.21 155.25 4 326.379 321.139 303.961 4 136.482 142.569 168.27 0.01 1189.97 1184.48 818.819 

12.5 249.763 243.019 224.278 12.5 79.7338 79.518 82.0953 0.1 317.542 308.385 266.014 

37.5 204.073 196.518 177.003 37.5 NR NR NR 0.3 248.759 241.121 207.93 

IS-14 HSD P/L 10 11.37 11.25 12.86 11.58 11.44 13.60 4 9.23875 9.2571 11.9794 4 70.0438 73.0102 85.1624 0.01 30.4035 31.4317 32.693 

12.5 7.02619 6.95779 8.73359 12.5 37.835 37.668 41.0876 0.1 13.5392 13.7176 13.9364 

37.5 5.43322 5.3477 6.71139 37.5 NR NR NR 0.3 11.7673 11.8563 11.9656 

IS-15 150 29.56 29.44 33.04 29.56 29.45 33.09 4 28.7595 28.2825 29.4646 4 185.219 191.383 218.455 0.01 29.4186 29.6151 51.2393 

12.5 22.1526 21.5302 21.557 12.5 113.912 113.79 118.02 0.1 21.6338 21.6678 33.6842 

37.5 18.1956 17.4941 16.9013 37.5 NR NR NR 0.3 20.8158 20.8328 31.8397 

IS-16 SKO P/L 10 11.43 11.29 12.93 17.30 15.67 13.95 4 26.8337 26.8878 33.6751 4 66.7752 69.687 77.6411 0.01 53.7609 55.9137 57.5866 

12.5 20.7828 20.5746 24.7386 12.5 35.1158 34.8127 36.4009 0.1 17.5908 17.9643 18.2545 

37.5 17.1296 16.783 19.4742 37.5 NR NR NR 0.3 13.7904 13.9768 14.1217 

IS-17 150 29.25 29.14 32.75 37.39 37.77 39.80 4 88.3046 86.9503 90.2507 4 121.643 126.421 147.559 0.01 72.8802 73.4377 78.1448 

12.5 67.6656 65.8591 65.7575 12.5 73.4972 73.3811 78.5757 0.1 37.4381 37.5348 38.3513 

37.5 55.4211 53.3769 51.4125 37.5 NR NR NR 0.3 33.7141 33.7624 34.1701 

IS-18 FURNACE 

OIL 

10 NR 11.37 13.43 NR 11.70 14.80 4 NR NR NR 4 67.7607 70.0269 79.8512 0.01 NR NR NR 

12.5 NR NR NR 12.5 38.5883 38.4596 42.2865 0.1 NR NR NR 

37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

IS-19 150 NR NR NR NR NR NR 4 NR NR NR 4 94.4439 97.0658 109.734 0.01 NR NR NR 

12.5 NR NR NR 12.5 61.6346 61.5704 66.4692 0.1 NR NR NR 

37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 
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Isolatable 

Section/ 

Description Release 

category 

Flash Fire Effects: Flash Fire Effects: 

Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 
100% LFL Ellipse 50% LFL Ellipse 

Distance in meters Distance in meters 

Radiation 

Levels 

(kW/m2) 

Distance in meters 

Radiation 

Levels 

(kW/m2) 

Distance in meters 

Overpressure 

level 

bar 

Distance in meters 

1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 

IS-20 CRUDE 10 28.69 25.89 16.60 35.84 32.52 24.92 4 34.6209 34.0991 29.749 4 NR NR NR 0.01 237.787 206.342 104.653 

12.5 25.8094 25.124 21.3767 12.5 NR NR NR 0.1 66.043 60.5885 34.6841 

37.5 20.6567 19.8868 16.4918 37.5 NR NR NR 0.3 47.9976 45.2739 27.3323 

IS-21 150 332.30 283.90 202.34 403.72 348.47 269.54 4 325.533 314.373 268.919 4 164.136 170.158 163.372 0.01 2994.33 2733.84 1583.86 

12.5 247.302 236.963 198.353 12.5 96.7701 95.8433 81.2582 0.1 791.031 754.644 489.64 

37.5 200.903 191.054 156.56 37.5 NR NR NR 0.3 590.249 547.046 374.667 

*NH- No Hazard, NR- Not Reached
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7 FREQUENCY ANALYSIS 

7.1 Overview 

Frequency of occurrence of the representative hazardous events needs to be evaluated by 

referencing appropriate generic industry data. Both generic industry and company /  vendor 

based information has been used, and particular care has been taken to ensure its validity. 

Generic failure data was applied where site specific or company /  vendor data is not available. 

Init iating event failure frequencies for each case developed have been estimated using various 

sources (listed in order of preference) including:  

 TNO Guidelines for Quantitative Risk Assessment (Purple Book);  

 OGP Risk Assessment Data Directory, Process Release Frequencies, 2010; and  

 Health & Safety Executive (HSE) failure rates & event data for land use planning. 

Given the potential for release from each of these scenarios, an event tree of possible 

outcomes has been developed using this individual component failure data. The table given 

below shows the frequency of failure of the selected isolatable sections calculated by parts 

count. 

7.2 Event tree analysis 

A release can result  in several possible outcomes or scenarios (fire, explosions, un-ignited 

release etc.). A specific outcome for a release scenario may be dependent on other unrelated 

events following the init ial release. Event tree analysis is used to identify potential outcomes of 

a release and to quantify the risk associated with each of these outcomes. The event tree for 

this QRA study is shown in Figure 7:  

 

Figure 7: Event Tree  
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For calculating the frequency used for modeling, the following modification factors were taken 

into consideration:  

 Design/Quality Maintenance 

 Time is use 

Table 7: Failure Frequency of an Event 

Isolatable Sections Description Scenario 
Total 

Frequency 

IS-1 

Propane unloading line  

7 
6.08E-06 

IS-2 25 
2.18E-06 

IS-3 150 
1.86E-07 

IS-4 

Butane unloading line  

7 
6.08E-06 

IS-5 25 
2.18E-06 

IS-6 150 
1.86E-07 

IS-10 

Methanol P/L   

10 2.28E-06 

IS-11 150 1.44E-08 

IS-12 

MS P/L 

10 2.50E-06 

IS-13 150 1.58E-08 

IS-14 

HSD P/ L 

10 7.03E-06 

IS-15 150 4.56E-08 

IS-16 

SKO P/L 

10 4.94E-06 

IS-17 150 3.12E-08 

IS-18 Furnace Oil  10 1.20E-05 
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Isolatable Sections Description Scenario 
Total 

Frequency 

IS-19 150 7.56E-08 

IS-20 

Crude 

10 4.05E-07 

IS-21 150 1.26E-08 
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8 RISK ASSESSMENT & PRESENTATION 

8.1 Overview 

Risk is often defined as a function of the likelihood that a specified undesired event will occur, 

and the severity of the consequences of that event. Risk is derived from the product of 

likelihood and potential consequence. Risk in general is a measure of potential economic loss 

or human injury in terms of the probability of the loss or injury occurring and magnitude of the 

loss or injury if it occurs. 

(Severity,Frequency)Risk f  

Quantification of effects of the hazardous event was done using the Event Tree approach in 

which all the possible outcomes of the hazardous event were considered and the likelihood of 

each type of end event determined. This step in the process involves the use of consequence 

modelling to predict both physical phenomena such as dispersion of gas, size and duration of 

fires, overpressures due to explosions, and the performance of equipment and systems such 

as availability of a fire & gas detection system, availability of emergency shutdown system, 

and availability of fire protection system. The end result of this phase of the assessment is a 

series of “end events”, together with their estimated frequency of occurrence. 

8.2 Risk Results 

The risk modelling has been performed using DNV PHAST RISK 6.7 software. Thereby, the 

details of the input data used for the risk modelling such as vulnerability criteria, ignition 

probability and occupancy data are given in the QRA Assumption Register. The results of a 

QRA are expressed using Individual Risk Contours and Societal Risk Graphs. 

The Individual Risk represents the frequency of an individual dying due to loss of containment 

events (LOCs). The individual is assumed to be unprotected and to be present during the total 

exposure time. The Individual Risk is presented as contour lines on a topographic map. 

The Societal Risk represents the frequency of having an accident with N or more people being 

killed simultaneously. The people involved are assumed to have some means of protection. 

The Societal Risk is presented as an F-N curve, where N is the number of deaths and F the 

cumulative frequency of accidents with N or more deaths. 

105



 

ADANI MUNDRA PORT – NEW LPG FACILITIES 

 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- JETTY 

AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008A 

 

Page 38 of 57 

The Individual Risk estimated due to the activit ies being conducted at the Adani Mundra port 

is represented by a risk contour in the Figure 8 below.  

 

Figure 8: Risk Contour 

The Societal Risk pertaining to group of individuals is represented in Figure 9. 

 

Figure 9: FN Curve 
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9 RECOMMENDATIONS 

Propane and butane Unloading arm rupture has maximum consequence effect in jetty operations at 

Mundra port   

The Following measures shall be implemented for safe operation 

• Selection of the loading arms and commissioning checks to ensure proper operation of the PERC in 

the event of ESD actuation (maximum time shall not exceed more than 2 min for complete isolation, 

loading arm release and ship pumps stop in case of hydrocarbon leak) 

• Provide trip interlocks (ESD) in berth 2 to ensure isolation/ tripping of the ship unloading pumps 

based on suitable leak detection system (LFL) in berth 2. Ensure unloading hose are designed for 

hydraulic surges in the event of ESD actuation.  

• Mechanical interlocking systems to ensure complete closure of the valves before releasing of 

coupling (PERC) 

• Two independent level indicators. High level alarms (1oo2) shall be set at not more than 85% level 

of the volumetric capacity of the drain vessel. Audio visual indication shall be at local panel & control 

room 

• Provision for stopping the transfer operation on high level of the drain system and low level 

permissive for unloading operation 

• Drain drum shall have at least two safety relief valves with isolation arrangement, set at different 

values and at not more than 110%  operating pressure of the vessel and each having 100 %  relieving 

capacity adequate for limiting the pressure build up in the vessel not more than 120%  of operating 

pressure 

• Drain system to be designed to accommodate the capacity of the drain contents of both unloading 

arms 

• Surge analysis for the unloading arm and unloading line to be done to ensure proper design 

considerations in the event of ESD actuation bypassing of hydraulic surge protection systems to be 

done only after satisfactory protection measures implemented and with management clearance only 

• Selection of electrical and other instruments based on hazardous area classification (IS 5572:2008) 
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• All flanges shall be connected for bonding for electrical continuity 

• Lightning protection shall be provided as per the requirements of IS:  2309. (High mast towers) 

• Periodical maintenance schedule should be implemented and meticulously followed  

• F&G systems management to be inspected periodically and availability ensured 

• Periodical inspection of pipeline and drain systems 

• SOP for critical operations to be developed and displayed at critical locations in local/English 

languages. 

•SIL verification of the SIFs selected 

Mitigation measures 

• Water curtains shall be provided for segregation of unloading arms/piping manifold and ship tanker 

in the event of fire on either of these facilit ies. 

• Kerb wall shall be provided around all sides of the unloading arm with concrete flooring of the 

ground under and extending up to minimum distance of at least 5 M (min.) from the edge of the 

unloading arm with a slope of 1:100 (min.). Grading of the ground underneath should be levelled and 

directed to an safe area connected with water seal 

• Kerb wall height shall be minimum 30 cm but shall not exceed 60 cm. 

Other recommendations 

• During ship berthing/de-berthing conditions in berth 2, unloading operations in berth 1 to be 

stopped 

• Ship power generation systems and other electrical systems should be verified for possible ignition 

source, if safety measures are in place that eliminates ignition source (for all the ships), unloading 

activity in berth 1,2,3,4 can be done simultaneously after stabilization of LPG unloading operation 

• If Motor spirit/SKO/HSD/ ethanol/methanol unloading operations are in progress in berth 2/3, 

unloading operations to be stopped until LPG tanker secured and ignition sources eliminated.  
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• Hot works jobs for Berth 1 to be avoided during unloading in Berth 2 

• Berth 3/4 can be used for unloading operation during construction and commissioning activit ies in 

Berth 1 

• Any Hot work in the pipe corridor to be covered under PTW systems with continuous monitoring of 

LFL, running firewater hose (to avoid sparks), area barricading, proper hood to avoid spark spillage 

• Continuous LFL monitors with audible alarms near the vessel being unloaded to identify any 

hydrocarbon leak 
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APPENDIX 1 CONSEQUENCE CONTOURS 
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PROPANE PIPELINE FROM BERTH 1 - 25mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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EXPLOSION  

 

 

BUTANE PIPELINE FROM BERTH 1- 25mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

EXPLOSION  
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PROPYLENE PIPELINE FROM BERTH 1-25 mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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POOL FIRE 

 

 

EXPLOSION  
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METHANOL PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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EXPLOSION 

 

 

MS PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

POOL FIRE 
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EXPLOSION 

 

 

HSD PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

POOL FIRE 
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EXPLOSION 

 

 

SKO PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

POOL FIRE 

 

  

122



 

ADANI MUNDRA PORT – NEW LPG FACILITIES 

 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- JETTY AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008A 

 

Page 55 of 57 

EXPLOSION 

 

 

FURNACE OIL PIPELINE FROM BERTH 2-25 mm LEAK 

POOL FIRE 
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CRUDE PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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EXPLOSION 
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LIST OF ABBREVIATIONS  

ALARP As Low As Reasonably Practicable 

EA Environmental Assessment 

ERP Emergency Response Plan 

ESD Emergency Shutdown 

HAZID    Hazard Identification 

HAZOP Hazard & Operability Study 

HC Hydrocarbon 

HSE Health Safety & Environment 

IRPA Individual Risk Per Annum 

LFL/LEL Lower Flammability Limit / Lower Explosive Limit 

LOC Loss of Containment 

P&ID Piping and Instrument Diagram 

PLL Potential Loss of Life 

QRA Quantitative Risk Assessment 

SOP Standard Operating Procedure 
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EXECUTIVE SUMMARY 

Adani group intends to expand its current port facility at Adani Mundra Port Pvt Ltd. ADANI is 

developing LPG, Propane, Butane handling and storage facility at their Port in Mundra. Propylene and 

propane will be stored and handled in the terminal in a scenario where LPG business subsides. The 

Adani group has appointed iFluids engineering to carry out Quantitative Risk Assessment and 

recommend cost effective measures to address the hazardous scenarios. 

OVERALL FACILITY DESCRIPTION 

ADANI is developing LPG, Propane, Butane handling and storage facility at their Port in Mundra. 

Propylene and propane will be stored and handled in the terminal in a scenario where LPG business 

subsides. 

 ADANI has envisaged the following services for set up in Import/Export terminal at Mundra,  

• Import of Propane / Butane in cryogenic state in jetties through ship tankers and transferring 

through unloading arms and pipelines. 

• Transfer of product through the unloading line and storing in dedicated refrigerated / cryogenic 

tanks.  

• Transfer of products from tanks through pumps to heating train and then to online blending 

system for mix of Domestic, Auto & Industrial LPG 

• Mercaptan dosing of the LPG, Propane and Butane 

• Transfer to loading gantry for loading in to road tankers for dispatch of following products 

through Tanker loading facility. 

o LPG (AUTOMOTIVE)/ (INDUSTRIAL) 

o LPG (DOMESTIC) 

o LPG PROPANE 

o BUTANE 

o PROPYLENE (In future when LPG demand subsides BUTANE import would stop and 

PROPYLENE shall be imported and stored in Storage tank). 
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• Simultaneous operation of Berth 1 with Berth 2, 3 & 4 respectively 

This document only covers the Pipeline transfer of the products from the Jetties to the Storage Tanks 

STUDY RESULT 

RISK ANALYSIS 

The risk estimated due to the activities conducted at the Mundra port is shown in the risk contour map 

provided Figure 1.  

The F-N curve demonstrates the societal risk is within As Low as Reasonably Practicable (ALARP) 

level shown in the Figure 2. 

FIGURE 1: RISK CONTOURS 
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FIGURE 2: FN CURVE 

 

INDIVIDUAL & SOCIETAL RISK PER ANNUM  

Individual Risk per Annum 3.98E-07 

Societal Risk per Annum 4.74E-07 

 

RECOMMENDATIONS  

  The Following measures shall be implemented for safe operation 

 Periodical inspection of pipelines 

 Leak detection systems based on pressure, temperature and flow 

 CCTV monitoring of the pipeline corridor/jetty, in control room 

 Surge Analysis shall be performed to ensure adequate time lag between closure of ROVs at 

jetty end and at the tank end. The time lag shall be engineered so that surge pressure does 

not increase beyond the design limit. While engineering the closure time of each ROV, a 

consideration shall be given so that the pressure due to surge does not exceed the design 

pressure. 
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 A suitable continuous back-up power supply shall be provided for the control system and 

operation of ROVs both at jetty end and tank end. 

 Electrical equipment including for lighting system shall conform to hazardous area 

classification and be selected in accordance with IS: 5571. These shall be tested by 

agencies such as CMRI, ERTL, CPRI or independent test laboratory of country of origin for 

such equipment. Indigenous Flameproof equipment shall comply with relevant BIS standard 

as per requirements of statutory authorities 

 Pressure testing/ Low pressure leak check (with N2) of the piping / flanged joints completed 

for entire pipeline and associated station piping before commissioning of the pipelines after 

any maintenance activity In case of displacement of Nitrogen with LPG, it should be done to 

flare  

132



 
ADANI MUNDRA PORT – NEW LPG FACILITIES 

 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- 
PIPELINES 

DOC NO: H003-E-LPG-GEN-BP-R-E-008B 

 

Page 8 of 62 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY ........................................................................................................ 4 

LIST OF FIGURES ............................................................................................................... 10 

LIST OF TABLES: ................................................................................................................ 10 

1. INTRODUCTION ............................................................................................................ 11 

1.1 PROJECT OBJECTIVE ................................................................................................. 11 

1.2 SCOPE OF WORK ....................................................................................................... 11 

2. FACILITIES OVERVIEW ............................................................................................... 13 

2.1 PROPANE/BUTANE UNLOADING AND STORAGE TANK .................................................. 13 

2.2 PRECOOLING OPERATION .......................................................................................... 13 

2.3 OTHER UNLOADING OPERATIONS AND TRANSFER TO TANK FARM AREA ........................ 13 

3. RISK TOLERABILITY CRITERIA .................................................................................. 15 

3.1 INDIVIDUAL RISK CRITERIA ......................................................................................... 15 

3.2 SOCIETAL RISK CRITERIA ........................................................................................... 16 

4. METROLOGICAL CONDITIONS ................................................................................... 18 

4.1 WIND DIRECTION ....................................................................................................... 18 

4.2 AMBIENT CONDITIONS ................................................................................................ 18 

4.3 ATMOSPHERIC STABILITY ........................................................................................... 18 

5. QUANTITATIVE RISK ASSESSMENT METHODOLOGY ............................................ 21 

5.1 GENERAL OVERVIEW ................................................................................................. 21 

5.2 SCENARIO DESCRIPTION AND OPERATING CONDITIONS .............................................. 22 

5.3 QRA APPROACH ....................................................................................................... 23 

5.4 HAZARD IDENTIFICATION ............................................................................................ 24 

133



 
ADANI MUNDRA PORT – NEW LPG FACILITIES 

 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- 
PIPELINES 

DOC NO: H003-E-LPG-GEN-BP-R-E-008B 

 

Page 9 of 62 

5.4.1 Factors for Hazard Identification ..................................................................................... 24 

5.5 ISOLATABLE SECTIONS .............................................................................................. 26 

6. CONSEQUENCE ANALYSIS ........................................................................................ 28 

6.1 OVERVIEW ................................................................................................................. 28 

6.2 CONSEQUENCE MODELLING ....................................................................................... 29 

6.3 DAMAGE CRITERIA ..................................................................................................... 31 

7. FREQUENCY ANALYSIS .............................................................................................. 38 

7.1 OVERVIEW ................................................................................................................. 38 

7.2 EVENT TREE ANALYSIS ............................................................................................... 38 

8. RISK ASSESSMENT & PRESENTATION .................................................................... 41 

8.1 OVERVIEW ................................................................................................................. 41 

8.2 RISK RESULTS ........................................................................................................... 41 

9 RECOMMENDATIONS .................................................................................................. 44 

 

  

134



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- 
PIPELINES 

DOC NO: H003-E-LPG-GEN-BP-R-E-008B 

Page 10 of 62 

LIST OF FIGURES 
FIGURE 1: RISK CONTOURS ............................................................................................................... 5 

FIGURE 2: FN CURVE ........................................................................................................................... 6 

FIGURE 3: GOOGLE EARTH IMAGE OF THE FACILITY ................................................................... 14 

FIGURE 4: RISK ACCEPTANCE GRAPH ............................................................................................ 16 

FIGURE 5: RISK ACCEPTANCE CRITERIA- FN CURVE ................................................................... 17 

FIGURE 6: QUANTITATIVE RISK ASSESSMENT METHODOLOGY................................................. 22 

FIGURE 7: EVENT TREE ..................................................................................................................... 39 

FIGURE 8: RISK CONTOUR ................................................................................................................ 42 

FIGURE 9: FN CURVE ......................................................................................................................... 43 

LIST OF TABLES 
TABLE 1: PASQUILL‟S STABILITY CLASS ...................................................................................... 19 

TABLE 2: WEATHER CONDITIONS ........................................................................................................... 20 

TABLE 3: ISOLATABLE SECTIONS ................................................................................................. 26 

TABLE 4: EFFECTS DUE TO INCIDENT RADIATION INTENSITY ................................................. 32 

TABLE 5: DAMAGES DUE TO BLAST OVERPRESSURE ............................................................... 33 

TABLE 6: IMPACT DISTANCE IN METER ............................................................/........................... 34 

TABLE 7: FAILURE FREQUENCY OF AN EVENT ........................................................................... 39 

135



 
ADANI MUNDRA PORT – NEW LPG FACILITIES 

 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- 
PIPELINES 

DOC NO: H003-E-LPG-GEN-BP-R-E-008B 

 

Page 11 of 62 

1. INTRODUCTION 

Adani group intends to expand its current port facility at Adani Mundra Port Pvt Ltd. ADANI is 

developing LPG, Propane, Butane handling and storage facility at their Port in Mundra. Propylene and 

propane will be stored and handled in the terminal in a scenario where LPG business subsides. The 

report prepared addresses risk assessment of unloading and transportation facilities to provide a 

better understanding of the risk posed to the plant and surrounding population. 

This document describes the results after the completion of Quantitative Risk Assessment study for 

the Adani Mundra port-New LPG facility. 

1.1 Project Objective 

The objective of the QRA is to assess the risk levels associated with the facilities under scope; 

evaluate those risks based on the HSE UK Risk Acceptance Criteria, and if risks are outside the 

tolerable region, then risk reduction measures shall be proposed to bring the risks into tolerable or As 

Low As Reasonably Practicable (ALARP) Levels and lower levels. 

1.2  Scope of Work 

IFluids Engineering has been awarded the Project to carry out the QRA study to assess risks at the 

following in the Mundra port; 

• Berth 2 (White oil-Motor Spirit representing worst case scenario) Pipeline transfer Facilities  

• Berth 1 (Propane/Butane) Pipeline Transfer facilities  

• Berth 3 & 4 - Berth 3 handling LPG (typical as Berth 1 in terms of inventory and process 

conditions) and Berth 4 (White oil-Motor Spirit representing worst case scenario) 

• To study the impact of LPG pipeline on existing pipelines.  

• To study the impact of Simultaneous berth operations of berth 1 with berth 2 , 3 & 4 

respectively. 

• To study the impact of facilities around LPG plot  
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a) T9, T10 handling fertilizers to the south of LPG plot.  

b) Steel yard to the east side of LPG Plot &  

c) Existing pipeline & conveyor to the west of LPG plot. 
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2. FACILITIES OVERVIEW 

2.1 Propane/Butane Unloading and Storage Tank  

Storage tank (2000-FB-01 and 2000-FB-02) is vertical flat bottom, double wall, full containment 

refrigerated storage tank, which is designed to store Propane/Butane/Propylene from jetty. The 

function of these tanks is to store Propane/Butane/Propylene. Both these tanks are identical in all 

respect and Propane/Butane/Propylene can be stored in any of these tanks. The capacity of each 

tank is 25000 MT. 

Propane/Butane/Propylene is pumped by shipping pump through marine unloading arm to storage 

tanks through two marine unloading arm at the rate of 500 MT/hr each. 

The tank operating pressure is 500 mm WC & temperature of approximately -45°C in case of 

propane, - 5°C in case of Butane and -47°C in case of Propylene will be maintained in 

Propane/Butane Storage Tank (2000-FB-01 and 2000-FB-02). 

 
2.2 Precooling Operation 

The pre-cooling operation is one of the requirements prior to the ship unloading operation. During 

precooling operation, cold Propane/ Butane from the Storage Tank I & II is pumped into one of the 

unloading line going to the Jetty Area, from where it flows towards the Propane/Butane Storage Area 

and returns into the tank through the other unloading line. Flash compressor will cater the flash gas 

generated during this operation. 

For precooling during propylene/propane unloading scenario two additional lines shall be installed (in 

future) from storage tank till jetty to avoid any contamination of propylene and Propane inventory. 

2.3 Other unloading operations and Transfer to Tank farm area 

Following Hazardous Chemicals are unloaded at berth 1, 2, 3 & 4 and transferred to the tank farm via 

pipelines  

1. Propane 
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2. Butane 

3. Propylene 

4. Crude oil (future) 

5. Furnace oil  

6. Excluded petroleum products such as Furnace and vegetable oil  

FIGURE 3: GOOGLE EARTH IMAGE OF THE FACILITY 
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3. RISK TOLERABILITY CRITERIA 

The assessment and control of risk are essential requirements for a proactive HSE management 

system. In order to make a valued judgment and to decide on what risks are acceptable, an easily 

understood set of criteria should be set and followed rigorously. Risk criteria are required to promote 

consistency in evaluating the results of relevant studies and to formulate a proactive approach to 

incident prevention. The Risk Acceptance Criteria used in this assessment is from the UK HSE 

guidelines. 

3.1 Individual Risk Criteria 

Individual Risk Criteria is a measure of the risk to a person within an occupied area or building. This 

includes the nature of the injury to the individual, the likelihood of the injury occurring, and the time 

over which the injury might occur. It is the probability of death occurring because of accidents at a 

plant facility, installation or a transport route expressed as a function of the distance from such an 

activity. It is the frequency at which an individual or an individual within a group who may be expected 

to sustain a given level of harm (typically death) from the realization of specific hazards.  

Occupancy is the proportion of exposure time of the individual to the hazard. 

The exposure of an individual is related to: 

• The likelihood of occurrence of an event involving a release and Ignition of hydrocarbon; 

• The vulnerability of the person to the event; and 

• The proportion of time the person will be exposed to the event (which is termed 'occupancy' in 

the QRA terminology). 

There is a need to determine the limits for IR, based on numeric values (which would be regarded as 

intolerable. Figure 4 shows the principle of this framework. 
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Figure 4: Risk Acceptance graph 

 

3.2 Societal Risk Criteria 

Assessment of societal risks is even more important than assessment of individual risk because they 

involve the likelihood of multiple fatalities. Societal risk is the risk to any person or group of persons 

who are not connected to project facilities and are outside the facility fence line. 

F-N Curve 

It is helpful to consider group risk in the demonstration that risks are ALARP. This allows 

consideration to be given to events, which, although low in frequency, may cause multiple injuries or 

fatalities. Group risk can be presented in the form of a plot of cumulative frequency versus number of 

fatalities (F-N curve). 

F = Frequency (experienced or predicted) 

N =No. of multiple fatalities. 

„N‟ includes indirect deaths caused because of the main event occurring and can therefore be difficult 

to predict e.g. many people may die years after exposure to a toxic chemical. F-N Curve is generated 

for customers and benchmarked against risk acceptance criteria. The risk acceptance criteria used to 

compare the predicted risks for this proposed project can be understood from Figure 5. 
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Figure 5: Risk acceptance criteria- FN Curve 
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4. METROLOGICAL CONDITIONS 

This chapter describes the meteorological data, used for the risk assessment study of Adani Mundra 

Port. 

The consequences of released flammable material are largely dependent on the prevailing weather 

conditions. For the assessment of major scenarios involving release of flammable materials, the most 

important meteorological parameters are those that affect the atmospheric dispersion of the escaping 

material. The crucial variables are wind speed, wind direction, atmospheric stability and temperature. 

Rainfall does not have any bearing on the results of the risk analysis; however, it can have beneficial 

effects by absorption/washout of released materials. Actual behaviour of any release would largely 

depend on prevailing weather condition at the time of release. 

4.1 Wind Direction 

N NE E SE S SW W NW 

0.0148 0.1211 0.1374 0.0404 0.0179 0.559 0.087 0.0225 

 

4.2 Ambient Conditions 

Maximum Ambient temperature: 35°C 

Minimum Ambient temperature: 7°C 

Relative humidity: 70% 

Atmospheric Pressure: 1.013 Bar 

Incident solar radiation: 0.215 kW/m2 

Surface roughness parameter: 0.3 m 

4.3 Atmospheric Stability 

Pasquill stability parameter, based on Pasquill – Gifford categorization, is such a meteorological 

parameter, which decreases the stability of atmosphere, e.g., the degree of convective turbulence. 
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Pasquill has defined six stability classes ranging from „A‟ (extremely unstable) to „F‟ (very stable). 

Wind speeds, intensity of solar radiation (daytime insulation) at night time sky cover have beam 

identified as prime factors defining these stability categories. Below table indicates the various 

Pasquill stability classes. 

TABLE 1: PASQUILL‟S STABILITY CLASS 

Wind Speed 

(m/s) 

Day: Solar Radiation Night: cloud Cover 

Strong Moderate Slight 
Thinly < 

40% 
Moderate 

Overcast > 

80% 

<2 A A-B B - - D 

2-3 A-B B C E F D 

3-5 B B-C C D E D 

5-6 C C-D D D D D 

>6 C D D D D D 

 

A – Very Unstable 

B – Unstable 

C – Slightly Unstable 

D – Neutral  

E – Stable 

F – Very Stable 

When the atmosphere is unstable and wind speeds are moderate or high or gusty, rapid dispersion of 

pollutants will occur. Under these conditions, pollutant concentrations in air will be moderate or low 

and the material will be dispersed rapidly. When the atmosphere is stable and wind speed is low, 

dispersion of material will be limited and pollutant concentration in air will be high. In general, worst 

dispersion conditions (i.e. contributing to greater hazard distances) occur during low wind speed and 

very stable weather conditions, such as that at 1F weather condition (i.e. 1 m/s wind speed and 

Pasquill stability F). 
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Stability category for the present study is identified based on the cloud amount and wind speed. 

Based on the weather analysis, predominant weather stability of “F” and “D” was selected with wind 

speed 1.5m/s, 2m/s and 5m/s for consequence analysis, respectively. 2F is the most prevalent 

weather condition for this location. 

TABLE 2: WEATHER CONDITIONS 

Wind Speed in m/s Pasquill Stability 

1.5 F 

2 F 

5 D 

  

145



 
ADANI MUNDRA PORT – NEW LPG FACILITIES 

 

QUANTITATIVE RISK ASESSMENT STUDY REPORT- 
PIPELINES 

DOC NO: H003-E-LPG-GEN-BP-R-E-008B 

 

Page 21 of 62 

5 QUANTITATIVE RISK ASSESSMENT METHODOLOGY 

5.1 General Overview 

Quantitative Risk Assessment (QRA) is used for risk management and safety improvement in many 

industries. It provides a quantitative assessment of potential risks identified and provides a basis for 

evaluating process safety with respect to a predetermined risk acceptance criterion. The usefulness of 

the QRA results is highly dependent on the availability and accuracy of the input data, with more 

complete input data providing a higher confidence on the validity and robustness of the results 

obtained.  

In most practical applications, there will be uncertainties in both the key parameters used and the 

QRA model itself. The effect of these uncertainties should be evaluated to confirm there is no impact 

on the conclusion. The QRA model will include:  

• Examination of flammable/toxic material related to Major Accident Hazards;  

• Quantification of the likelihood of flammable/toxic Major Accident Hazardous events;  

• Quantification of the consequences of flammable/toxic Major Accident Hazardous events;  

• Combination of consequences and likelihood of Major Accident Hazard events to assess 

risk profiles for individuals, and assets;  

• Identification of the predicted levels of risk with regard to Individual Risk (IR) levels and 

Societal Risk (SR);  

• Identification and assessment of risk reduction solutions (to the extent required to reduce 

predicted risks to acceptable levels); and  

• Demonstration that the risks have been reduced to As Low As Reasonably Practicable 

(ALARP), when risks cannot be reduces to acceptable levels).  

The following schematic (Figure 6) displays the methodology used to perform the Quantitative Risk 

Assessment Study for the Adani Mundra Port – New LPG Facilities. 
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FIGURE 6: QUANTITATIVE RISK ASSESSMENT METHODOLOGY 

5.2 Scenario Description and Operating Conditions 

To carry out the QRA study the following basic data were used: 

 Process parameters such as operating pressure, temperature & flow rate of equipment 

and process pipelines as well as the composition of the process streams etc; 

 Manning details at strategic locations at site and meteorological details of Adani Mundra 

port area; 
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 Failure frequencies of leak sources, Ignition probabilities, operating probabilities etc.; and 

 Isolation and detection time, Impact criteria for consequences such as fire, explosion and 

toxic concentration. 

5.3 QRA Approach 

The QRA was carried out using the standard, internationally accepted approach consisting of the 

steps shown below:  

Data used for the QRA were project and site specific; however, where this was not possible, the use 

of generic data was documented in the assumptions register prior to being applied within the study. 

As such, the QRA results was also specific to the planned operations, building design and personnel 

and general population occupancy levels expected at the time of data collection. Given the above, the 

consequence and risk results are only applicable to the site under study in this QRA and cannot be 

applied to any other location. 

The following information was considered in the QRA:  

 Facility design, function, location, capacity and layout; 

 Environmental weather data e.g. wind rose, cloud coverage, stability class; 

 Process engineering details e.g. composition, heat and mass balance, equipment items, 

process parameters - pressure and temperature regimes, inventories, flow schemes; 

 Facility operation e.g. operational and emergency procedures; and 

 Work force deployment, estimated occupancy and exposure. 
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5.4 Hazard Identification 

A technique commonly used to generate an incident list is to consider potential leaks and major 

releases from fractures of all process pipelines and vessels. This compilation includes all pipe work 

and vessels in direct communication, as these may share a significant inventory that cannot be 

isolated in an emergency. The following data were collected to envisage scenarios: 

 Composition of materials stored in vessels / flowing through pipeline; 

 Inventory of materials stored in vessels; 

 Flow rate of materials passing through pipelines; 

 Vessels / Pipeline conditions (phase, temperature, pressure); and Connecting piping and 

piping dimensions.  

Accidental release of flammable liquids / gases has the potential for severe consequences. Delayed 

ignition of flammable gases can result in blast overpressures covering large areas. This may lead to 

extensive loss of life and property. In contrast, fires have localized consequences. Fires can be 

extinguished or contained in most cases; there are few mitigating actions one can take once a 

flammable gas or a vapour cloud gets released. 

5.4.1 Factors for Hazard Identification 

In any installation, main hazards arise due to loss of containment during handling of flammable liquids 

/ gases. To formulate a structured approach to the identification of hazards, a list of contributory 

factors is provided below: 

Blast over Pressures 

Blast Overpressures depend upon the reactivity class of material and the amount of gas between two 

explosive limits. For example, Motor spirit/Gasoline once released and not ignited immediately is 

expected to give rise to a gas cloud. These gases in general have medium reactivity and in case of 

confinement of the gas cloud, on delayed ignition may result in an explosion and overpressures. 
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Operating Parameters 

Potential gas release for the same material depends significantly on the operating conditions. The 

gases are likely to operate at atmospheric temperature (and hence high pressures). This operating 

range is enough to release a large amount of gas in case of a leak / rupture, therefore the pipeline 

leaks and ruptures need to be considered in the risk analysis calculations. 

Inventory 

Inventory Analysis is commonly used in understanding the relative hazards and short listing of release 

scenarios. Inventory plays an important role when considering a potential hazard. The larger the 

inventory of a vessel or a system, the larger the quantity of potential release. A practice commonly 

used to generate an incident list is to consider potential leaks and major releases from fractures of 

pipelines and vessels/tanks containing sizable inventories. 

Range of Incidents 

Both the complexity of study and the number of incident outcome cases are affected by the range of 

initiating events and incidents covered. This not only reflects the inclusion of accidents and / or non-

accident-initiated events, but also the size of those events. For instance, studies may evaluate one or 

more of the following: 

 Catastrophic failure of container; 

 Large hole (large continuous release); 

 Smaller holes (continuous release); and 

 Leaks at fittings or valves (small continuous release). 

In general, quantitative studies do not include very small continuous releases or short duration 

small releases if past experience or preliminary consequence modelling shows that such 

releases do not contribute to the overall risk levels. 
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5.5 Isolatable Sections 

The following table describes the isolatable section considered for the study: 

TABLE 3: ISOLATABLE SECTIONS 

Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

Berth 1 

IS-1 

Transfer of Propane from Jetty to 

Storage 

Tank 2000-FB-01 

7 0.406 8 -42.67 120 143322 

IS-2 25 0.406 8 -42.67 120 144343 

IS-3 150 0.406 8 -42.67 120 159902 

IS-4 

Transfer of Butane from Jetty to 

Storage Tank 

2000-FB-02 

7 0.406 8 -2.90 120 147605 

IS-5 25 0.406 8 -2.90 120 148655 

IS-6 150 0.406 8 -2.90 120 164183 

IS-7 

Transfer of Propylene from Jetty to 

Storage 

Tank 2000-FB-02 

7 0.406 8 -44.86 120 150204 

IS-8 25 0.406 8 -44.86 120 151247 

IS-9 150 0.406 8 -44.86 120 166782 

IS-10 

Propylene precooling line 

7 0.305 8 -45 120 90158 

IS-11 25 0.305 8 -45 120 91201 
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Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

IS-12 150 0.305 8 -45 120 94736 

Berth 2 

IS-13 

Methanol P/L   

10 0.305 10 35 120 11809 

IS-14 150 0.305 10 35 120 24885 

IS-15 

MS P/L 

10 0.406 10 35 120 18894 

IS-16 150 0.406 10 35 120 35336 

IS-17 

HSD P/L 

10 0.610 10 35 120 48967 

IS-18 150 0.610 10 35 120 82050 

IS-19 

SKO P/L 

10 0.305 10 35 120 12058 

IS-20 150 0.305 10 35 120 21814 

IS-21 

Furnace Oil  

10 0.305 10 55 120 13848 

IS-22 150 0.305 10 55 120 21916 

IS-23 

Crude 

10 0.9144 10 35 120 121023 

IS-24 150 0.9144 10 35 120 177890 
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6 CONSEQUENCE ANALYSIS 

6.1 Overview 

Consequence is the measure of the expected outcomes for a given accidental release. For this 

project, consequence is defined as the hazard distance or hazard zone to various fatality endpoints. 

During the execution of site-specific consequence analysis, it is essential to accurately model the 

release, dilution, and dispersion of gases and aerosols if a precise assessment of potential exposure 

is to be attained. Consequence modelling, also known as physical effects modelling, is a technique in 

which computer based mathematical modelling is used to predict physical behaviour under accident 

conditions in order to make a quantitative estimation of risk. Internationally accepted and validated 

software PHAST v6.7 and PHAST RISK v.6.7, (both developed by DNV GL) have been used for this 

project. 

PHAST v6.7 contains a set of complex models that calculate release conditions, initial dilution of the 

vapour (dependent upon the release characteristics), and the subsequent dispersion of the vapour 

introduced into the atmosphere. It permits the user to evaluate the downwind dispersion of the 

chemical cloud based on the toxicological/physical characteristics of the released chemical, 

atmospheric conditions, and specific circumstances of the release. 

PHAST v6.7 will be used to estimate threat zones associated with several types of hazardous 

chemical releases, including toxic gas clouds, fires, and explosions.  

It is most important that the QRA model effectively reflect reality, thus those familiar with the facilities 

and their operation are required for proper evaluation. This is particularly true in relation to the 

preparation of input data and assumptions and the review of results from the evaluation. The QRA 

model must identify the major hazard contributors to the work force and third parties, quantify risks, 

and identify and assess any risk reduction methods that may be proposed. In addition to modelling 

the current situation within the field, the model shall be extendible to add additional facilities as 

development occurs and provide an active method of planning any proposed development. 
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6.2 Consequence Modelling 

Discharge Rate 

The initial rate of release through a leak depends mainly on the pressure inside the equipment, size of 

the hole and phases of the release (liquid, gas or two phase). The release rate decreases with time as 

the equipment depressurizes. The reduction mainly on the inventory and the actions taken to isolate 

the leak and blow-down the equipment 

Dispersion 

A vapour cloud may be formed when a vaporizing liquid is released for an extended duration. If the 

gas cloud does not immediately ignite, it disperses based on the prevalent wind direction, speed and 

stability category (i.e. degree of turbulence). 

The cloud dispersion simulation is carried out to provide the distance (from the leak) at which the 

concentration of flammable material falls below the Lower Flammability Limit (LFL). 

Consequence Events 

The following describes the probabilities associated with the sequence of events which must take 

place for the incident scenarios to produce hazardous effects. Considering the present case, the 

outcomes expected are: 

 Flash Fire (FF); 

 Jet fires; 

 Pool fire; 

 Vapour Cloud Explosion. 

Flash Fire 

The vapour/gas release from a pool would disperse under the influence of the prevailing wind; with 

material concentration in air reducing with distance. At a particular location downwind, the 

concentration will drop below its lower flammable level (LFL) value. If ignited within the flammable 

envelope, the mass of the material available between the LFL and ½ LFL will be likely to burn as a 

flash fire; rapidly spreading through the cloud from the point of ignition back to the source of release. 
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Although flash fires are generally low intensity transitory events, the burning velocity is quite high and 

escape following ignition is not possible. Flash fires often remain close to the ground, where most 

ignition sources are present. It is assumed that personnel caught inside a flash fire will not survive 

while those outside suffer no significant harm. If other combustible material is present within the flash 

fire it is also likely to ignite and a secondary fire could result. 

Jet Fire 

Jet fire causes damage due to the resulting heat radiation. The working level heat radiation impact will 

vary widely depending on the angle of the flame to the horizontal plane, which in turn mainly depends 

on the location of the leak. The flame direction was considered horizontal for consequence analysis of 

leaks and ruptures from process equipment. Jet fire heat radiation impacts were estimated for the 

identified credible and worst case scenarios. 

Upon accidental leakage, the pressurized fluid will disperse as a jet, initially moving forward in the 

spatial direction of the leak until the kinetic energy is lost and gravity slumping or lifting of the cloud 

occurs, dependent upon whether the fluid is heavier or lighter than air. 

The primary hazard associated with jet fires is thermal radiation and potential for flame impingement 

on adjacent pipelines/equipment, resulting in escalation. High pressure releases have the potential to 

cover large areas due to its relatively large flame length. However, the effects of escalation are 

minimized if the flame length reduces to less than the separation distance between other equipment 

and the jet fire source. 

Pool Fire 

A liquid pool is formed during a prolonged leakage if the rate of leakage exceeds the rate of 

vaporization. On ignition, this would result in a pool fire whose size/radius would depend on the mass 

flow rate, ambient temperature, heat of vaporization of material released, vapour pressure, duration of 

discharge and effects of containment or dykes. The pool fire could cause damage to equipment or 

injury/fatality to personnel due to thermal radiation effects. 

A pool fire is not envisaged for liquid systems that are highly pressurized. Any leak or rupture would 

result in a pressurized release leading to a liquid jet fire or flash fire. 
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Vapour Cloud Explosion 

Vapour cloud explosion is the result of flammable materials in the atmosphere, a subsequent 

dispersion phase, and after some delay an ignition of the vapour cloud. Turbulence is the governing 

factor in blast generation which could intensify combustion to the level that will result in an explosion. 

Turbulence is often created by obstacles in the path of vapour cloud or when the cloud finds a 

confined area, as under the bullets. Insignificant level of confinement will result in a flash fire. The 

VCE will result in overpressures. 

6.3 Damage Criteria 

Damage criteria gives the relation between the extent of the physical effects (exposure) and the effect 

of consequences. For assessing the effects on humans, consequences are expressed in terms of 

injuries and the effects on equipment / property in terms of monetary loss. The consequences for 

release of toxic substances or fire can be categorized as: 

 Damage caused by heat radiation on material and people; 

 Damage caused by explosion on structure and people; and 

In Consequence Analysis studies, three main types of exposure to hazardous effects are categorized 

as: 

 Heat radiation due to fires.  

 Jet fires and flash fires; 

 Explosions; 

The knowledge about these relations depends strongly on the nature of the exposure. The following 

discusses the criteria selected for damage estimation: 
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Heat Radiation: 

The effect of fire on a human being is in the form of burns. There are three categories of burns: first 

degree, second degree and third degree burns being the most severe. The consequences caused by 

exposure to heat radiation are a function of:  

 The radiation energy onto the human body [kW/m2]; 

 The exposure duration [sec]; and 

 The protection of the skin tissue (clothed or bare body). 

The physical effects of hazard events are given in the table below: 

Table 4: Effects due to Incident Radiation Intensity 

Incident 

 Radiation 

(kW/m2) 

Type of Damage 

4.7 Sufficient to cause pain within 20 sec. Blistering of skin(first degree 
burns are likely) 

12.5 Minimum energy required for piloted ignition of wood, melting plastic 
tubing‟s etc. 

37.5 Sufficient to cause damage to the equipment 

 

The actual results would be less severe due to the various assumptions made in the models arising 

out of the flame geometry, emissivity, angle of incidence, view factor and others. The radiation output 

of the flame would be dependent upon the fire size, extent of mixing with air and the flame 

temperature. Some fraction of the radiation is absorbed by carbon dioxide and water vapour in the 

intervening atmosphere. Finally, the incident flux at an observer location would depend upon the 

radiation view factor, which is a function of the distance from the flame surface, the observer‟s 

orientation and the flame geometry. 

Blast Overpressure from Vapour cloud Explosion (VCE) 

The assessment aims are to determine the impact of overpressure in the event that a flammable gas 

cloud is ignited. A Vapour cloud Explosion (VCE) results when a flammable vapour is released and 
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mixes with the air to form a flammable vapour cloud. If ignited, the flame speed may accelerate to 

high velocities and produce significant blast overexposure. 

The assessment goals are to determine the impact of overpressure in the event that a flammable gas 

cloud is ignited. The damage effects due to 0.01 bar, 0.1 bar & 0.3 bar are reported in terms of 

distance from the overpressure source. 

In case of vapour cloud explosion, two physical effects may occur:  

 A flash fire over the whole length of the explosive gas cloud; 

 A blast wave, with typical peak overpressures circular around ignition source. 

For the blast wave, the lethality criterion is based on: 

 A peak overpressure of 0.1bar will cause serious damage to 10% of the housing/structures; 

 Falling fragments will kill one of each eight persons in the destroyed buildings. 

The following damage criteria may be distinguished with respect to the peak overpressures resulting 

from a blast wave: 

TABLE 5: DAMAGES DUE TO BLAST OVERPRESSURE 

Peak Overpressure Damage Type Description 

0.30 bar Heavy Damage 
Major damage to plant equipment 

structure 

0.10 bar Moderate Damage 
Repairable damage to plant 

equipment & structure 

0.01 bar Significant Damage Shattering of glass 
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The summary of the consequence modelling is shown below in 

TABLE 6: IMPACT DISTANCE IN METER 

Isolatable Section Description 
Release 

category 

Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

100% LFL Ellipse 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Overpressure 

level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

IS - 1 

Transfer of Propane 

from Jetty to Storage 

Tank 2000-FB-01 

7 

6.41862 12.2659 10.1915 4 23.1853 26.7283 25.9291 4 NR NR NR 0.01 NR 74.9525 70.1064 

6.41862 12.2659 10.1915 12.5 17.5949 21.3412 20.4624 12.5 NR NR NR 0.1 NR 29.5322 28.6915 

6.41862 12.2659 10.1915 37.5 13.9777 17.7971 16.878 37.5 NR NR NR 0.3 NR 24.7597 24.34 

IS - 2 25 

35.6415 59.6057 54.5213 4 73.8934 84.2143 81.9038 4 NR NR NR 0.01 228.541 518.96 438.727 

35.6415 59.6057 54.5213 12.5 56.2605 67.2694 64.6926 12.5 NR NR NR 0.1 80.97 147.877 125.695 

35.6415 59.6057 54.5213 37.5 45.5539 56.6361 53.9634 37.5 NR NR NR 0.3 65.4644 108.887 92.8036 

IS - 3 150 

179.492 272.883 239.639 4 364.347 410.315 400.219 4 329.126 371.147 370.567 0.01 1302.15 2534.23 2207.2 

179.492 272.883 239.639 12.5 274.039 323.382 311.984 12.5 226.117 234.372 238.39 0.1 432.507 745.411 655.622 

179.492 272.883 239.639 37.5 219.755 270.113 258.104 37.5 146.3 134.926 139.299 0.3 341.132 557.456 492.594 

IS - 4 

Transfer of Butane 

from Jetty to Storage 

Tank 

2000-FB-02 

7 

6.46825 12.8952 10.4079 4 23.6816 27.0127 26.2689 4 NR NR NR 0.01 NR 77.6978 71.7312 

6.46825 12.8952 10.4079 12.5 17.7488 21.3121 20.4816 12.5 NR NR NR 0.1 NR 30.0084 28.9734 

6.46825 12.8952 10.4079 37.5 13.9617 17.6272 16.7539 37.5 NR NR NR 0.3 NR 24.9975 24.4807 

IS - 5 25 

35.9099 61.1679 55.2733 4 75.6169 85.3103 83.1708 4 NR NR NR 0.01 232.205 530.996 445.155 

35.9099 61.1679 55.2733 12.5 56.808 67.2758 64.8483 12.5 NR NR NR 0.1 81.6056 149.965 126.81 

35.9099 61.1679 55.2733 37.5 45.5372 56.1973 53.6472 37.5 NR NR NR 0.3 65.7818 109.929 93.3604 

IS - 6 150 

178.137 283.149 243.278 4 374.027 417.208 407.894 4 376.004 423.016 421.929 0.01 1344.39 2577.29 2292.63 

178.137 283.149 243.278 12.5 277.694 324.579 313.853 12.5 256.289 266.515 270.538 0.1 439.835 735.63 662.175 

178.137 283.149 243.278 37.5 220.237 268.515 257.08 37.5 167.521 153.603 158.552 0.3 344.791 547.565 490.86 

IS - 7 Transfer of Propylene 7 6.47378 12.7954 10.4078 4 23.322 26.962 26.1355 4 NR NR NR 0.01 NR 77.4421 71.5503 
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Isolatable Section Description 
Release 

category 

Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

100% LFL Ellipse 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Overpressure 

level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

from Jetty to Storage 

Tank 2000-FB-02 

6.47378 12.7954 10.4078 12.5 17.7566 21.5923 20.6914 12.5 NR NR NR 0.1 NR 29.964 28.942 

6.47378 12.7954 10.4078 37.5 14.1527 18.0722 17.1118 37.5 NR NR NR 0.3 NR 24.9754 24.4651 

IS -8 25 

36.0195 61.4873 55.5823 4 74.246 84.8547 82.4757 4 NR 33.8476 29.8157 0.01 231.313 517.363 445.217 

36.0195 61.4873 55.5823 12.5 56.714 67.9793 65.3411 12.5 NR 27.0093 24.8155 0.1 81.4509 147.6 135.086 

36.0195 61.4873 55.5823 37.5 46.0263 57.3125 54.5893 37.5 NR 20.7604 19.6272 0.3 65.7046 108.749 102.5 

IS - 9 150 

177.169 273.005 242.261 4 365.626 412.901 402.501 4 404.296 446.482 443.088 0.01 1332.93 2598.88 2281.88 

177.169 273.005 242.261 12.5 275.88 326.399 314.715 12.5 271.459 287.83 288.582 0.1 446.112 772.777 685.107 

177.169 273.005 242.261 37.5 221.805 273.177 260.912 37.5 190.319 183.969 187.903 0.3 352.932 581.134 517.331 

IS - 10 

Propylene precooling 

line 

7 

7.41065 17.6767 15.5991 4 23.5639 27.2164 26.3892 4 11.926 15.4551 14.9825 0.01 50.9971 125.56 108.471 

7.41065 17.6767 15.5991 12.5 18.1806 22.0249 21.1171 12.5 10.3905 12.0427 11.9505 0.1 17.1114 38.3107 35.3463 

7.41065 17.6767 15.5991 37.5 14.8198 18.6104 17.6889 37.5 8.59991 9.03457 8.83125 0.3 13.551 29.1432 27.663 

IS - 11 25 

37.2279 50.7936 46.5364 4 74.3176 84.9283 82.548 4 56.441 70.0417 68.7812 0.01 261.617 529.885 449.768 

37.2279 50.7936 46.5364 12.5 56.8288 68.0994 65.4597 12.5 41.0686 47.3376 47.2271 0.1 86.7074 141.507 119.345 

37.2279 50.7936 46.5364 37.5 46.2006 57.4791 54.7526 37.5 29.0907 30.0176 30.6312 0.3 68.3293 100.699 84.6261 

IS - 12 150 

156.477 238.735 210.132 4 365.639 394.67 385.972 4 412.21 428.202 427.84 0.01 1250.69 2285.99 2098.45 

156.477 238.735 210.132 12.5 275.903 312.104 301.894 12.5 273.449 272.883 275.502 0.1 415.316 627.962 609.652 

156.477 238.735 210.132 37.5 221.838 261.274 250.357 37.5 188.759 171.12 176.19 0.3 327.542 455.408 464.633 

IS - 13 
Methanol P/L   

10 

6.83624 11.399 11.0517 4 35.979 44.0716 42.1378 4 NR 44.3716 43.1432 0.01 37.965 65.8894 64.6327 

6.83624 11.399 11.0517 12.5 29.5076 37.1441 35.2776 12.5 NR 30.9147 30.7607 0.1 14.8509 27.96 27.7421 

6.83624 11.399 11.0517 37.5 NR NR NR 37.5 NR NR NR 0.3 12.4222 23.9747 23.8659 

IS - 14 150 50.0444 70.6208 69.2059 4 209.858 235.718 226.635 4 142.032 136.037 136.988 0.01 226.029 294.232 298.903 
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Isolatable Section Description 
Release 

category 

Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

100% LFL Ellipse 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Overpressure 

level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

50.0444 70.6208 69.2059 12.5 171.207 199.537 190.182 12.5 108.836 97.0531 99.1266 0.1 97.0651 125.426 133.727 

50.0444 70.6208 69.2059 37.5 139.528 NR NR 37.5 75.5624 72.4929 72.3265 0.3 83.5145 109.603 116.841 

IS - 15 

MS P/L 

10 

15.2315 26.4028 23.5931 4 33.671 37.5937 36.724 4 NR NR NR 0.01 98.5467 225.457 172.851 

15.2315 26.4028 23.5931 12.5 24.9996 29.3562 28.3433 12.5 NR NR NR 0.1 33.6248 63.9044 46.5137 

15.2315 26.4028 23.5931 37.5 19.8615 24.3735 23.2947 37.5 NR NR NR 0.3 26.8034 46.9296 33.2392 

IS - 16 150 

113.8 169.587 148.074 4 303.961 326.379 321.139 4 168.27 136.482 142.569 0.01 818.819 1189.97 1184.48 

113.8 169.587 148.074 12.5 224.278 249.763 243.019 12.5 82.0953 79.7338 79.518 0.1 266.014 317.542 308.385 

113.8 169.587 148.074 37.5 177.003 204.073 196.518 37.5 NR NR NR 0.3 207.93 248.759 241.121 

IS - 17 

HSD P/L 

10 

12.8557 11.3689 11.2462 4 11.9794 9.23875 9.2571 4 85.1624 70.0438 73.0102 0.01 32.693 30.4035 31.4317 

12.8557 11.3689 11.2462 12.5 8.73359 7.02619 6.95779 12.5 41.0876 37.835 37.668 0.1 13.9364 13.5392 13.7176 

12.8557 11.3689 11.2462 37.5 6.71139 5.43322 5.3477 37.5 NR NR NR 0.3 11.9656 11.7673 11.8563 

IS - 18 150 

33.0364 29.5573 29.4445 4 29.4646 28.7595 28.2825 4 218.455 185.219 191.383 0.01 51.2393 29.4186 29.6151 

33.0364 29.5573 29.4445 12.5 21.557 22.1526 21.5302 12.5 118.02 113.912 113.79 0.1 33.6842 21.6338 21.6678 

33.0364 29.5573 29.4445 37.5 16.9013 18.1956 17.4941 37.5 NR NR NR 0.3 31.8397 20.8158 20.8328 

IS - 19 

SKO P/L 

10 

12.9275 11.4289 11.2942 4 33.6751 26.8337 26.8878 4 77.6411 66.7752 69.687 0.01 57.5866 53.7609 55.9137 

12.9275 11.4289 11.2942 12.5 24.7386 20.7828 20.5746 12.5 36.4009 35.1158 34.8127 0.1 18.2545 17.5908 17.9643 

12.9275 11.4289 11.2942 37.5 19.4742 17.1296 16.783 37.5 NR NR NR 0.3 14.1217 13.7904 13.9768 

IS - 20 150 

32.7517 29.2454 29.1351 4 90.2507 88.3046 86.9503 4 147.559 121.643 126.421 0.01 78.1448 72.8802 73.4377 

32.7517 29.2454 29.1351 12.5 65.7575 67.6656 65.8591 12.5 78.5757 73.4972 73.3811 0.1 38.3513 37.4381 37.5348 

32.7517 29.2454 29.1351 37.5 51.4125 55.4211 53.3769 37.5 NR NR NR 0.3 34.1701 33.7141 33.7624 

IS - 21 FURNACE OIL 10 13.4331 11.3746 13.4331 4 NR NR NR 4 79.8512 67.7607 70.0269 0.01 NR NR NR 
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Isolatable Section Description 
Release 

category 

Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

100% LFL Ellipse 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Radiation 

Levels 

(kW/m2) 

Distance in meters Overpressure 

level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

13.4331 11.3746 13.4331 12.5 NR NR NR 12.5 42.2865 38.5883 38.4596 0.1 NR NR NR 

13.4331 11.3746 13.4331 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

IS - 22 150 

NR NR NR 4 NR NR NR 4 109.734 94.4439 97.0658 0.01 NR NR NR 

NR NR NR 12.5 NR NR NR 12.5 66.4692 61.6346 61.5704 0.1 NR NR NR 

NR NR NR 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

IS - 23 

CRUDE 

10 

16.6034 28.6941 25.8864 4 29.749 34.6209 34.0991 4 NR NR NR 0.01 104.653 237.787 206.342 

16.6034 28.6941 25.8864 12.5 21.3767 25.8094 25.124 12.5 NR NR NR 0.1 34.6841 66.043 60.5885 

16.6034 28.6941 25.8864 37.5 16.4918 20.6567 19.8868 37.5 NR NR NR 0.3 27.3323 47.9976 45.2739 

IS - 24 150 

202.34 332.297 283.898 4 268.919 325.533 314.373 4 163.372 164.136 170.158 0.01 1583.86 2994.33 2733.84 

202.34 332.297 283.898 12.5 198.353 247.302 236.963 12.5 81.2582 96.7701 95.8433 0.1 489.64 791.031 754.644 

202.34 332.297 283.898 37.5 156.56 200.903 191.054 37.5 NR NR NR 0.3 374.667 590.249 547.046 

*NH- No Hazard, NR- Not Reached 
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7 FREQUENCY ANALYSIS 

7.1 Overview 

Frequency of occurrence of the representative hazardous events needs to be evaluated by referencing 

appropriate generic industry data. Both generic industry and company / vendor based information has been 

used, and particular care has been taken to ensure its validity. Generic failure data was applied where site 

specific or company / vendor data is not available. 

Initiating event failure frequencies for each case developed have been estimated using various sources (listed 

in order of preference) including: 

 TNO Guidelines for Quantitative Risk Assessment (Purple Book);  

 OGP Risk Assessment Data Directory, Process Release Frequencies, 2010; and  

 Health & Safety Executive (HSE) failure rates & event data for land use planning. 

Given the potential for release from each of these scenarios, an event tree of possible outcomes has been 

developed using this individual component failure data. The table given below shows the frequency of failure 

of the selected isolatable sections calculated by parts count. 

7.2 Event tree analysis 

A release can result in several possible outcomes or scenarios (fire, explosions, un-ignited release etc.). A 

specific outcome for a release scenario may be dependent on other unrelated events following the initial 

release. Event tree analysis is used to identify potential outcomes of a release and to quantify the risk 

associated with each of these outcomes. The event tree for this QRA study is shown in Figure 7: 
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Figure 7: Event Tree  

 

For calculating the frequency used for modeling, the following modification factors were taken into 

consideration: 

 Design/Quality Maintenance 

 Time is use 

Table 7: Failure Frequency of an Event 

Isolatable Sections Description Scenario Total 
Frequency 

IS-1 

Transfer of Propane from 
Jetty to Storage 

Tank 2000-FB-01 

7 1.94E-04 

IS-2 25 1.06E-06 

IS-3 150 1.25E-07 

IS-4 

Transfer of Butane from 
Jetty to Storage Tank 

2000-FB-02 

7 1.49E-04 

IS-5 25 8.78E-07 

IS-6 150 6.83E-08 

IS-7 Transfer of Propylene from 
Jetty to Storage 7 1.49E-04 
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Isolatable Sections Description Scenario Total 
Frequency 

IS-8 
Tank 2000-FB-02 

25 8.78E-07 

IS-9 150 6.83E-08 

IS-10 

Propylene precooling line 

7 1.69E-04 

IS-11 25 5.00E-06 

IS-12 150 5.00E-06 

IS-13 
Methanol P/L   

10 2.28E-06 

IS-14 150 1.44E-08 

IS-15 
MS P/L 

10 2.50E-06 

IS-16 150 1.58E-08 

IS-17 
HSD P/L 

10 7.03E-06 

IS-18 150 4.56E-08 

IS-19 
SKO P/L 

10 4.94E-06 

IS-20 150 3.12E-08 

IS-21 
Furnace Oil  

10 1.20E-05 

IS-22 150 7.56E-08 

IS-23 
Crude 

10 4.05E-07 

IS-24 150 1.26E-08 
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8 RISK ASSESSMENT & PRESENTATION 

8.1 Overview 

Risk is often defined as a function of the likelihood that a specified undesired event will occur, and the severity 

of the consequences of that event. Risk is derived from the product of likelihood and potential consequence. 

Risk in general is a measure of potential economic loss or human injury in terms of the probability of the loss 

or injury occurring and magnitude of the loss or injury if it occurs. 

(Severity,Frequency)Risk f  

Quantification of effects of the hazardous event were done using the Event Tree approach in which all the 

possible outcomes of the hazardous event were considered and the likelihood of each type of end event 

determined. This step in the process involves the use of consequence modelling to predict both physical 

phenomena such as dispersion of gas, size and duration of fires, overpressures due to explosions, and the 

performance of equipment and systems such as availability of a fire & gas detection system, availability of 

emergency shutdown system, and availability of fire protection system. The end result of this phase of the 

assessment is a series of “end events”, together with their estimated frequency of occurrence. 

8.2 Risk Results 

The risk modelling has been performed using DNV PHAST RISK 6.7 software. Thereby, the details of the 

input data used for the risk modelling such as vulnerability criteria, ignition probability and occupancy data. 

The results of a QRA are expressed using Individual Risk Contours and Societal Risk Graphs. 

The Individual Risk represents the frequency of an individual dying due to loss of containment events (LOCs). 

The individual is assumed to be unprotected and to be present during the total exposure time. The Individual 

Risk is presented as contour lines on a topographic map. 

The Societal Risk represents the frequency of having an accident with N or more people being killed 

simultaneously. The people involved are assumed to have some means of protection. The Societal Risk is 

presented as an F-N curve, where N is the number of deaths and F the cumulative frequency of accidents 

with N or more deaths. 
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The Individual Risk estimated due to the activities being conducted at the Adani Mundra port is represented 

by a risk contour in the Figure 8 below. The risk reaching beyond the Pipeline transfer facility is less than 1E-

06/Avg. year. 

Figure 8: Risk Contour 

 

The Societal Risk pertaining to group of individuals is represented in Figure 9. 
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Figure 9: FN Curve 
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9 RECOMMENDATIONS 

  The Following measures shall be implemented for safe operation 

 Periodical inspection of pipelines 

 Leak detection systems based on pressure, temperature and flow 

 CCTV monitoring of the pipeline corridor/jetty, in control room 

 Surge Analysis shall be performed to ensure adequate time lag between closure of ROVs at jetty end 

and at the tank end. The time lag shall be engineered so that surge pressure does not increase 

beyond the design limit. While engineering the closure time of each ROV, a consideration shall be 

given so that the pressure due to surge does not exceed the design pressure. 

 A suitable continuous back-up power supply shall be provided for the control system and operation of 

ROVs both at jetty end and tank end. 

 Electrical equipment including for lighting system shall conform to hazardous area classification and 

be selected in accordance with IS:5571. These shall be tested by agencies such as CMRI, ERTL, 

CPRI or independent test laboratory of country of origin for such equipment. Indigenous Flameproof 

equipment shall comply with relevant BIS standard as per requirements of statutory authorities 

 Pressure testing/ Low pressure leak check (with N2) of the piping / flanged joints completed for entire 

pipeline and associated station piping before commissioning of the pipelines after any maintenance 

activity In case of displacement of Nitrogen with LPG, it should be done to flare  
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APPENDIX 1 CONSEQUENCE CONTOURS 
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PROPANE PIPELINE FROM BERTH 1 - 25mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION  

 

 

BUTANE PIPELINE FROM BERTH 1- 25mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

EXPLOSION  
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PROPYLENE PIPELINE FROM BERTH 1-25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

 

EXPLOSION 
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PROPYLENE PRECOOLING PIPELINE FROM BERTH 1-25 mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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POOL FIRE 

 

EXPLOSION  
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METHANOL PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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EXPLOSION 

 

 

MS PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

POOL FIRE 
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EXPLOSION 

 

 

HSD PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

POOL FIRE 
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EXPLOSION 

 

 

SKO PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 
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JET FIRE 

 

 

POOL FIRE 
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EXPLOSION 

 

 

FURNACE OIL PIPELINE FROM BERTH 2-25 mm LEAK 

POOL FIRE 
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CRUDE PIPELINE FROM BERTH 2-25 mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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EXECUTIVE SUMMARY 

Adani group intends to expand its current port facility at Adani Mundra Port Pvt Ltd. ADANI is developing 

LPG, Propane, Butane handling and storage facility at their Port in Mundra. Propylene and propane will 

be stored and handled in the terminal in a scenario when LPG business subsides. The Adani group has 

appointed iFluids engineering to carry out Quantitative Risk Assessment and recommend cost effective 

measures to address the hazardous scenarios. 

OVERALL FACILITY DESCRIPTION 

ADANI is developing LPG, Propane, Butane handling and storage facility at their Port in Mundra. 

Propylene and propane will be stored and handled in the terminal in a scenario when LPG business 

subsides. 

 ADANI has envisaged the following services for set up in Import/Export terminal at Mundra,  

• Import of Propane / Butane in cryogenic state in jetties through ship tankers and transferring 

through unloading arms and pipelines. 

• Transfer of product through the unloading line and storing in dedicated refrigerated / 

cryogenic tanks.  

• Transfer of products from tanks through pumps to heating train and then to online blending 

system for mix of Domestic, Auto & Industrial LPG 

• Mercaptan dosing of the LPG, Propane and Butane 

• Transfer to loading gantry for loading into road tankers for dispatch of following products 

through Tanker loading facility. 

o LPG (AUTOMOTIVE)/ (INDUSTRIAL) 

o LPG (DOMESTIC) 

o LPG PROPANE 

o BUTANE 

o PROPYLENE (In future when LPG demand subsides BUTANE import would stop and 

PROPYLENE shall be imported and stored in Storage tank). 

• Simultaneous operation of Berth 1 with Berth 2, 3 & 4 respectively 
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STUDY RESULT 

RISK ANALYSIS 

The risk estimated due to the activities conducted at the Mundra port is shown in the risk contour map 

provided Figure 1.  

The F-N curve demonstrates the societal risk is within As Low as Reasonably Practicable (ALARP) level 

shown in the Figure 2. 

FIGURE 1: RISK CONTOURS 

 

 

FIGURE 2: FN CURVE 
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INDIVIDUAL & SOCIETAL RISK PER ANNUM  

Individual Risk per Annum 4.328E-05 

Societal Risk per Annum 5.125E-05 

 

Location Specific Individual Risk 

Area  LSIR indoor LSIR outdoor 

Jetty 3.56E-07 4.06E-07 

Tank farm 1.40E-07 1.80E-07 

BOG & FOG  5.57E-07 6.37E-07 

Control room 1.57E-07 3.36E-07 

Blending and heating 7.46E-05 1.00E-04 

Truck loading area 7.21E-07 1.26E-06 

 

RECOMMENDATIONS  

  The Following measures shall be implemented for safe operation 

1. F&G mapping study to be carried to identify the location of the detectors and voting logic to be 

used to ensure tripping of the unit, in case of any hydrocarbon leak 

2. Hydraulic analysis and simulation study to be carried out, to operate heating trains at the 

minimum pressure possible to reduce the effects of LFL and jet fire scenarios 

3. Consider converting level indications on Propane BOG / Flash Condensate Receiver (2000-FA-

05) and Butane BOG / Flash Condensate Receiver (2000-FA-06) as 1oo2 voting logic for 

tripping on low level and average selection control philosophy for controlling the level to improve 

the reliability 

4. Consider shifting the PSV on the inlet of the CW supply header of Propane BOG / Flash 

Condenser (2000-EA-03) and Butane BOG / Flash Condenser (2000-EA-04) to return header 

with reduced set point and LFL sensors at the outlet of the PSV 

5. Consider providing discharge PT on 2000-GA-05/06 discharge common header with low 

pressure alarm  

6. Revisit fail safe conditions of ROV-063/64 (considered as fail open) by HAZOP study 
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7. Consider additional PSV on Propane BOG / Flash Condensate Receiver (2000-FA-05) and 

Butane BOG / Flash Condensate Receiver (2000-FA-06)  to increase the reliability and standby 

condition in case of maintenance of other PSV (same nozzle with separate isolation valves) 

8. Consider providing remote operated sprinklers systems based on LFL sensors covering 

Propane BOG / Flash Condensate Receiver (2000-FA-05) and Butane BOG / Flash Condensate 

Receiver (2000-FA-06) and propane and butane handling pumps.  

9. Consider trip logic for the steam boilers based LFL sensors on the tank farm 

10. Consider shifting the PSV-063/PSV-034 provided downstream ROV-063 and ROV-064 

relocated to Propane BOG / Flash Condensate Pumps (2000-GA-05) and Butane BOG / Flash 

Condensate Pumps (2000-GA-06) common discharge headers.  

11. Consider voting logic between PT-016/017/018 for tripping on high and low pressure interlocks 

of the propane and butane tanks and MID point selection control philosophy for controlling the 

tank pressure to improve the reliability 

12. Provide flow meters in N2 line to PSV headers to ensure continuous flow of N2 

13. Ensure SOP developed and followed on all critical activities, interlocks checking before 

unloading operations 

14. SOP and work instructions on display in local and English near the critical activity locations 

15. Consider HAZOP and SIL study before commissioning the facility and concerns addressed 

16. Ensure CCTV coverage of critical locations and remote monitoring is done continuously 

17. Ensure all portable electrical equipment used in the location are Ex rated and covered under 

PTW systems, and certified 

18. Selection of electrical and other instruments based on hazardous area classification (IS 5572: 

2008) 

19. All flanges shall be connected for bonding for electrical continuity and earthing of the 

equipment’s to be ensured as per IS-3043 

20. Lightning protection shall be provided as per the requirements of IS: 2309.  

21. Periodical maintenance schedule should be implemented and meticulously followed 

22. F&G systems management to be inspected periodically and availability ensured 

23. Periodical inspection of pipeline and drain systems 
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1. INTRODUCTION 

Adani group intends to expand its current port facility at Adani Mundra Port Pvt Ltd. ADANI is developing 

LPG, Propane, Butane handling and storage facility at their Port in Mundra. Propylene and propane will 

be stored and handled in the terminal in a scenario where LPG business subsides. The report prepared 

addresses risk assessment of unloading, storage and transportation facilities to provide a better 

understanding of the risk posed to the plant and surrounding population. 

This document describes the results after the completion of Quantitative Risk Assessment study for the 

Adani Mundra port-New LPG facility. 

1.1 Project Objective 

The objective of the QRA is to assess the risk levels associated with the facilities under scope; evaluate 

those risks based on the HSE UK Risk Acceptance Criteria, and if risks are outside the tolerable region, 

then risk reduction measures shall be proposed to bring the risks into tolerable or As Low As Reasonably 

Practicable (ALARP) Levels and lower levels. 

1.2  Scope of Work 

IFluids Engineering has been awarded the Project to carry out the QRA study to assess risks at the 

following in the Mundra port; 

• Berth 2 (White oil-Motor Spirit representing worst case scenario) Pipeline transfer Facilities  

• Berth 1 (Propane/Butane) Pipeline Transfer facilities  

• Berth 3 & 4 - Berth 3 handling LPG (typical as Berth 1 in terms of inventory and process 

conditions) and Berth 4 (White oil-Motor Spirit representing worst case scenario) 

• To study the impact of LPG pipeline on existing pipelines.  

• To study the impact of Simultaneous berth operations of berth 1 with berth 2, 3 & 4 

respectively. 

• To study the impact of facilities around LPG plot  

a) T9, T10 handling fertilizers to the south of LPG plot.  
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b) Steel yard to the east side of LPG Plot   

c) Existing pipeline & conveyor to the west of LPG plot. 
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2. FACILITIES OVERVIEW 

2.1 Propane/Butane Unloading and Storage Tank  

Storage tank (2000-FB-01 and 2000-FB-02) is vertical flat bottom, double wall, full containment 

refrigerated storage tank, which is designed to store Propane/Butane/Propylene from jetty. The function 

of these tanks is to store Propane/Butane/Propylene. Both these tanks are identical in all respect and 

Propane/Butane/Propylene can be stored in any of these tanks. The capacity of each tank is 25000 MT. 

Propane/Butane/Propylene is pumped by shipping pump through marine unloading arm to storage tanks 

through two marine unloading arm at the rate of 500 MT/hr each. 

The tank operating pressure is 500 mm WC & temperature of approximately -45°C in case of propane, - 

5°C in case of Butane and -47°C in case of Propylene will be maintained in Propane/Butane Storage 

Tank (2000-FB-01 and 2000-FB-02). 

 

2.2 Precooling Operation 

The pre-cooling operation is one of the requirements prior to the ship unloading operation. During 

precooling operation, cold Propane/ Butane from the Storage Tank I & II is pumped into one of the 

unloading line going to the Jetty Area, from where it flows towards the Propane/Butane Storage Area and 

returns into the tank through the other unloading line. Flash compressor will cater the flash gas 

generated during this operation. 

For precooling during propylene/propane unloading scenario two additional lines shall be installed (in 

future) from storage tank till jetty to avoid any contamination of propylene and Propane inventory. 

2.3 Other unloading operations and Transfer to Tank farm area 

Following Hazardous Chemicals are unloaded at berth 1, 2, 3 & 4 and transferred to the tank farm via 

pipelines  

1. Propane 

2. Butane 
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3. Propylene 

4. Crude oil (future) 

5. Furnace oil  

6. Excluded petroleum products such as Furnace and vegetable oil  

FIGURE 3: GOOGLE EARTH IMAGE OF THE FACILITY 

 

3 RISK TOLERABILITY CRITERIA 

The assessment and control of risk are essential requirements for a proactive HSE management system. 

In order to make a valued judgment and to decide on what risks are acceptable, an easily understood set 

of criteria should be set and followed rigorously. Risk criteria are required to promote consistency in 

evaluating the results of relevant studies and to formulate a proactive approach to incident prevention. 

The Risk Acceptance Criteria used in this assessment is from the UK HSE guidelines. 

3.1 Individual Risk Criteria 

Individual Risk (IR) Criteria is a measure of the risk to a person within an occupied area or building. This 

includes the nature of the injury to the individual, the likelihood of the injury occurring, and the time over 

which the injury might occur. It is the probability of death occurring because of accidents at a plant 

facility, installation or a transport route expressed as a function of the distance from such an activity. It is 
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the frequency at which an individual or an individual within a group who may be expected to sustain a 

given level of harm (typically death) from the realization of specific hazards.  

Occupancy is the proportion of exposure time of the individual to the hazard. 

The exposure of an individual is related to: 

• The likelihood of occurrence of an event involving a release and Ignition of hydrocarbon; 

• The vulnerability of the person to the event; and 

• The proportion of time the person will be exposed to the event (which is termed 'occupancy' in 

the QRA terminology). 

There is a need to determine the limits for IR, based on numeric values (which would be regarded as 

intolerable. Figure 4 shows the principle of this framework. 

Figure 4: Risk Acceptance graph 

 

3.2 Societal Risk Criteria 

Assessment of societal risks is even more important than assessment of individual risk because they 

involve the likelihood of multiple fatalities. Societal risk is the risk to any person or group of persons who 

are not connected to project facilities and are outside the facility fence line. 
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F-N Curve 

It is helpful to consider group risk in the demonstration that risks are ALARP. This allows consideration to 

be given to events, which, although low in frequency, may cause multiple injuries or fatalities. Group risk 

can be presented in the form of a plot of cumulative frequency versus number of fatalities (F-N curve). 

F = Frequency (experienced or predicted) 

N =No. of multiple fatalities. 

‘N’ includes indirect deaths caused because of the main event occurring and can therefore be difficult to 

predict e.g. many people may die years after exposure to a toxic chemical. F-N Curve is generated for 

customers and benchmarked against risk acceptance criteria. The risk acceptance criteria used to 

compare the predicted risks for this proposed project can be understood from Figure 5. 

Figure 5: Risk acceptance criteria- FN Curve 
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4 METROLOGICAL CONDITIONS 

This chapter describes the meteorological data, used for the risk assessment study of Adani Mundra 

Port. 

The consequences of released flammable material are largely dependent on the prevailing weather 

conditions. For the assessment of major scenarios involving release of flammable materials, the most 

important meteorological parameters are those that affect the atmospheric dispersion of the escaping 

material. The crucial variables are wind speed, wind direction, atmospheric stability and temperature. 

Rainfall does not have any bearing on the results of the risk analysis; however, it can have beneficial 

effects by absorption/washout of released materials. Actual behaviour of any release would largely 

depend on prevailing weather condition at the time of release. 

4.1 Wind Direction 

N NE E SE S SW W NW 

0.0148 0.1211 0.1374 0.0404 0.0179 0.559 0.087 0.0225 

 

4.2 Ambient Conditions 

Maximum Ambient temperature: 35°C 

Minimum Ambient temperature: 7°C 

Relative humidity: 70% 

Atmospheric Pressure: 1.013 bar 

Incident solar radiation: 0.215 kW/m2 

Surface roughness parameter: 0.3 m 

4.3 Atmospheric Stability 

Pasquill stability parameter, based on Pasquill – Gifford categorization, is such a meteorological 

parameter, which decreases the stability of atmosphere, e.g., the degree of convective turbulence. 
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Pasquill has defined six stability classes ranging from ‘A’ (extremely unstable) to ‘F’ (very stable). Wind 

speeds, intensity of solar radiation (daytime insulation) at night time sky cover have beam identified as 

prime factors defining these stability categories. Below table indicates the various Pasquill stability 

classes. 

TABLE 1: PASQUILL’S STABILITY CLASS 

Wind Speed 

(m/s) 

Day: Solar Radiation Night: cloud Cover 

Strong Moderate Slight Thinly < 40% Moderate Overcast > 80% 

<2 A A-B B - - D 

2-3 A-B B C E F D 

3-5 B B-C C D E D 

5-6 C C-D D D D D 

>6 C D D D D D 

 

A – Very Unstable 

B – Unstable 

C – Slightly Unstable 

D – Neutral  

E – Stable 

F – Very Stable 

When the atmosphere is unstable and wind speeds are moderate or high or gusty, rapid dispersion of 

pollutants will occur. Under these conditions, pollutant concentrations in air will be moderate or low and 

the material will be dispersed rapidly. When the atmosphere is stable and wind speed is low, dispersion 

of material will be limited and pollutant concentration in air will be high. In general, worst dispersion 

conditions (i.e. contributing to greater hazard distances) occur during low wind speed and very stable 

weather conditions, such as that at 1F weather condition (i.e. 1 m/s wind speed and Pasquill stability F). 

Stability category for the present study is identified based on the cloud amount and wind speed. 

Based on the weather analysis, predominant weather stability of “F” and “D” was selected with wind 

speed 1.5m/s, 2m/s and 5m/s for consequence analysis, respectively. 2F is the most prevalent weather 

condition for this location. 
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TABLE 2: WEATHER CONDITIONS 

Wind Speed in m/s Pasquill Stability 

1.5 F 

2 F 

5 D 
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5 QUANTITATIVE RISK ASSESSMENT METHODOLOGY 

5.1 General Overview 

Quantitative Risk Assessment (QRA) is used for risk management and safety improvement in many 

industries. It provides a quantitative assessment of potential risks identified and provides a basis for 

evaluating process safety with respect to a predetermined risk acceptance criterion. The usefulness of 

the QRA results is highly dependent on the availability and accuracy of the input data, with more 

complete input data providing a higher confidence on the validity and robustness of the results obtained.  

In most practical applications, there will be uncertainties in both the key parameters used and the QRA 

model itself. The effect of these uncertainties should be evaluated to confirm there is no impact on the 

conclusion. The QRA model will include:  

• Examination of flammable/toxic material related to Major Accident Hazards;  

• Quantification of the likelihood of flammable/toxic Major Accident Hazardous events;  

• Quantification of the consequences of flammable/toxic Major Accident Hazardous events;  

• Combination of consequences and likelihood of Major Accident Hazard events to assess 

risk profiles for individuals, and assets;  

• Identification of the predicted levels of risk with regard to Individual Risk (IR) levels and 

Societal Risk (SR);  

• Identification and assessment of risk reduction solutions (to the extent required to reduce 

predicted risks to acceptable levels); and  

• Demonstration that the risks have been reduced to As Low As Reasonably Practicable 

(ALARP), when risks cannot be reduces to acceptable levels).  

The following schematic (Figure 6) displays the methodology used to perform the Quantitative Risk 

Assessment Study for the Adani Mundra Port – New LPG Facilities. 
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FIGURE 6: QUANTITATIVE RISK ASSESSMENT METHODOLOGY 

 

5.2 Scenario Description and Operating Conditions 

To carry out the QRA study the following basic data were used: 

 Process parameters such as operating pressure, temperature & flow rate of equipment 

and process pipelines as well as the composition of the process streams etc.; 

 Manning details at strategic locations at site and meteorological details of Adani Mundra 

port area; 
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 Failure frequencies of leak sources, Ignition probabilities, operating probabilities etc.; and 

 Isolation and detection time, Impact criteria for consequences such as fire, explosion and 

toxic concentration. 

5.3 QRA Approach 

The QRA was carried out using the standard, internationally accepted approach consisting of the steps 

shown below:  

Data used for the QRA were project and site specific; however, where this was not possible, the use of 

generic data was documented in the assumptions register prior to being applied within the study. As 

such, the QRA results was also specific to the planned operations, building design and personnel and 

general population occupancy levels expected at the time of data collection. Given the above, the 

consequence and risk results are only applicable to the site under study in this QRA and cannot be 

applied to any other location. 

The following information was considered in the QRA:  

 Facility design, function, location, capacity and layout; 

 Environmental weather data e.g. wind rose, cloud coverage, stability class; 

 Process engineering details e.g. composition, heat and mass balance, equipment items, 

process parameters - pressure and temperature regimes, inventories, flow schemes; 

 Facility operation e.g. operational and emergency procedures; and 

 Work force deployment, estimated occupancy and exposure. 

5.4 Hazard Identification 

A technique commonly used to generate an incident list is to consider potential leaks and major releases 

from fractures of all process pipelines and vessels. This compilation includes all pipe work and vessels in 

direct communication, as these may share a significant inventory that cannot be isolated in an 

emergency. The following data were collected to envisage scenarios: 

 Composition of materials stored in vessels / flowing through pipeline; 
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 Inventory of materials stored in vessels; 

 Flow rate of materials passing through pipelines; 

 Vessels / Pipeline conditions (phase, temperature, pressure); and Connecting piping and 

piping dimensions.  

Accidental release of flammable liquids / gases has the potential for severe consequences. Delayed 

ignition of flammable gases can result in blast overpressures covering large areas. This may lead to 

extensive loss of life and property. In contrast, fires have localized consequences. Fires can be 

extinguished or contained in most cases; there are few mitigating actions one can take once a flammable 

gas or a vapour cloud gets released. 
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5.4.1 Factors for Hazard Identification 

In any installation, main hazards arise due to loss of containment during handling of flammable liquids / 

gases. To formulate a structured approach to the identification of hazards, a list of contributory factors is 

provided below: 

Blast over Pressures 

Blast Overpressures depend upon the reactivity class of material and the amount of gas between two 

explosive limits. For example, Motor spirit/Gasoline once released and not ignited immediately is 

expected to give rise to a gas cloud. These gases in general have medium reactivity and in case of 

confinement of the gas cloud, on delayed ignition may result in an explosion and overpressures. 

Operating Parameters 

Potential gas release for the same material depends significantly on the operating conditions. The gases 

are likely to operate at atmospheric temperature (and hence high pressures). This operating range is 

enough to release a large amount of gas in case of a leak / rupture, therefore the pipeline leaks and 

ruptures need to be considered in the risk analysis calculations. 

Inventory 

Inventory Analysis is commonly used in understanding the relative hazards and short listing of release 

scenarios. Inventory plays an important role when considering a potential hazard. The larger the 

inventory of a vessel or a system, the larger the quantity of potential release. A practice commonly used 

to generate an incident list is to consider potential leaks and major releases from fractures of pipelines 

and vessels/tanks containing sizable inventories. 

Range of Incidents 

Both the complexity of study and the number of incident outcome cases are affected by the range of 

initiating events and incidents covered. This not only reflects the inclusion of accidents and / or non-

accident-initiated events, but also the size of those events. For instance, studies may evaluate one or 

more of the following: 

 Catastrophic failure of container; 

 Large hole (large continuous release); 

211



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT - TANK FARM AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008C 
 

Page 25 of 101 

 Smaller holes (continuous release); and 

 Leaks at fittings or valves (small continuous release). 

In general, quantitative studies do not include very small continuous releases or short duration small 

releases if past experience or preliminary consequence modelling shows that such releases do not 

contribute to the overall risk levels. 
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5.5 Isolatable Sections 

The following table describes the isolatable section considered for the study: 

TABLE 3: ISOLATABLE SECTIONS 

Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

Berth 1 

IS-1 

Transfer of Propane from Jetty to 

Storage 

Tank 2000-FB-01 

7 0.406 8 -42.67 120 143322 

IS-2 25 0.406 8 -42.67 120 144343 

IS-3 150 0.406 8 -42.67 120 159902 

IS-4 

Transfer of Butane from Jetty to 

Storage Tank 

2000-FB-02 

7 0.406 8 -2.90 120 147605 

IS-5 25 0.406 8 -2.90 120 148655 

IS-6 150 0.406 8 -2.90 120 164183 

IS-7 

Transfer of Propylene from Jetty to 

Storage 

Tank 2000-FB-02 

7 0.406 8 -44.86 120 150204 

IS-8 25 0.406 8 -44.86 120 151247 

IS-9 150 0.406 8 -44.86 120 166782 

IS-10 Propylene precooling line 7 0.305 8 -45 120 90158 
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Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

IS-11 25 0.305 8 -45 120 91201 

IS-12 150 0.305 8 -45 120 94736 

Berth 2 

IS-13 

Methanol P/L   

10 0.305 10 35 120 11809 

IS-14 150 0.305 10 35 120 24885 

IS-15 

MS P/L 

10 0.406 10 35 120 18894 

IS-16 150 0.406 10 35 120 35336 

IS-17 

HSD P/L 

10 0.610 10 35 120 48967 

IS-18 150 0.610 10 35 120 82050 

IS-19 

SKO P/L 

10 0.305 10 35 120 12058 

IS-20 150 0.305 10 35 120 21814 

IS-21 

Furnace Oil  

10 0.305 10 55 120 13848 

IS-22 150 0.305 10 55 120 21916 

IS-23 

Crude 

10 0.9144 10 35 120 121023 

IS-24 150 0.9144 10 35 120 177890 
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Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

Tank farm 

IS-25 
Inlet of Boil Off Compressor 2000-GB- 

01A/B(Propane rich BOG)To Inlet of 

Bullet 

2000-FA-07 

7 0.203 20.00 100.46 120 101.8 

IS-26 25 0.203 20.00 100.46 120 358.7 

IS-27 150 0.203 20.00 100.46 120 10122.5 

IS-28 
Inlet of Boil Off Compressor 2000-GB- 

02A/B(Butane rich BOG) To Inlet of 

Bullet 

2000-FA-08 

7 0.203 4.52 61.30 120 51.6 

IS-29 25 0.203 4.52 61.30 120 129.4 

IS-30 150 0.203 4.52 61.30 120 3084.0 

IS-31 
Inlet of Boil Off Compressor 2000-GB- 

02A/B(Propylene rich BOG) To Inlet of 

Bullet 

2000-FA-08 

7 0.203 17.83 111.17 120 117.5 

IS-32 25 0.203 17.83 111.17 120 389.2 

IS-33 150 0.203 17.83 111.17 120 10544.9 

IS-34 

Propane from 2000 -GA-01A/B/C 

to Propane heater I, 2000-EA-05 

&Propane heater II, 2000-EA-07 

7 0.203 25.60 -44.27 120 20700.1 

IS-35 25 0.203 25.60 -44.27 120 22534.5 

IS-36 150 0.203 25.60 -44.27 120 92200.3 

IS-37 Butane from 2000-GA-02A/B/C to 

Butane heater I, 2000-EA-08 & 

Butane heater II, 2000-EA-10 to 

Static blender 

7 0.203 25.60 -4.17 120 21320.8 

IS-38 25 0.203 25.60 -4.07 120 23200.4 
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Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

IS-39 150 0.203 25.60 -4.07 120 94579.3 

IS-40 
Propylene from 2000-GA-02A/B/C 

to heater I, 2000-EA-08 & 

Propylene heater II, 2000-EA-10 

to Static blender 

7 0.203 24.10 -46.45 120 21685.2 

IS-41 25 0.203 24.10 -46.45 120 23581.6 

IS-42 150 0.203 24.10 -46.45 120 92338.2 

IS-43 Inlet of Flash & Off Gas Compressor 

2000- 

GB-03A/B(Propane rich FOG)To Inlet 

of Bullet 

2000-FA-07 

7 0.508 20.00 100.46 120 3218.8 

IS-44 25 0.508 20.00 100.46 120 3475.7 

IS-45 150 0.508 20.00 100.46 120 13229.1 

IS-46 Inlet of Flash & Off Gas Compressor 

2000- 

GB-04A/B(Butane rich FOG) To Inlet of 

Bullet 

2000-FA-08 

7 0.508 4.50 56.22 120 1178.6 

IS-47 25 0.508 4.50 56.22 120 1256.4 

IS-48 150 0.508 4.50 56.22 120 4211.0 

IS-49 Inlet of Flash & Off Gas Compressor 

2000- 

GB-04A/B(Propylene rich BOG) To 

Inlet of 

Bullet 2000-FA-08 

7 0.508 17.70 106.39 120 2570.6 

IS-50 25 0.508 17.70 106.39 120 2788.7 

IS-51 150 0.508 17.70 106.39 120 11073.6 

IS-52 Bullet 2000-FA-07 through Bullet 

Pump 2000- 

GA -07A/B To Static Blender(Propane 

Rich 

7 0.203 23.30 46.00 120 339068.3 

IS-53 25 0.203 23.30 46.00 120 340670.1 
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Isolatable section 

identification 
Description Scenario 

Diameter 

m 

Pressure 

barg. 

Temperature 

C 

Isolation 

time 

s 

Total Inventory, kg 

IS-54 
stream) 

150 0.203 23.30 46.00 120 395837.3 

IS-55 Bullet 2000-FA-08 through Bullet 

Pump 2000- 

GA -08A/B To Static Blender(Butane 

Rich 

stream) 

7 0.203 24.00 46.42 120 410938.9 

IS-56 25 0.203 24.00 46.42 120 412677.4 

IS-57 150 0.203 24.00 46.42 120 478702.0 

IS-58 Bullet 2000-FA-08 through Bullet 

Pump 2000- 

GA -08A/B To Static 

Blender(Propylene Rich 

stream) 

7 0.203 21.00 45.07 120 363254.2 

IS-59 25 0.203 21.00 45.07 120 364797.1 

IS-60 150 0.203 21.00 45.07 120 423390.1 

IS-61 Mercaptan Dosing System 2000-CS-01 

To 

Static Blender 

7 0.025 12.30 36.29 120 1711.6 

IS-62 25 0.025 12.30 36.29 120 3258.1 

IS-63 

Static Blender outlet to Tanker 

Loading Bay 

7 0.356 12.30 15.39 120 27129.1 

IS-64 25 0.356 12.30 15.39 120 28340.6 

IS-65 150 0.356 12.30 15.39 120 74352.2 

 

 

 

  

217



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT – TANK FARM AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008C 
 

Page 31 of 101 

6 CONSEQUENCE ANALYSIS 

6.1 Overview 

Consequence is the measure of the expected outcomes for a given accidental release. For this project, 

consequence is defined as the hazard distance or hazard zone to various fatality endpoints. During the 

execution of site-specific consequence analysis, it is essential to accurately model the release, dilution, 

and dispersion of gases and aerosols if a precise assessment of potential exposure is to be attained. 

Consequence modelling, also known as physical effects modelling, is a technique in which computer 

based mathematical modelling is used to predict physical behaviour under accident conditions in order to 

make a quantitative estimation of risk. Internationally accepted and validated software PHAST v6.7 and 

PHAST RISK v.6.7, (both developed by DNV GL) have been used for this project. 

PHAST v6.7 contains a set of complex models that calculate release conditions, initial dilution of the 

vapour (dependent upon the release characteristics), and the subsequent dispersion of the vapour 

introduced into the atmosphere. It permits the user to evaluate the downwind dispersion of the chemical 

cloud based on the toxicological/physical characteristics of the released chemical, atmospheric 

conditions, and specific circumstances of the release. 

PHAST v6.7 will be used to estimate threat zones associated with several types of hazardous chemical 

releases, including toxic gas clouds, fires, and explosions.  

It is most important that the QRA model effectively reflect reality, thus those familiar with the facilities and 

their operation are required for proper evaluation. This is particularly true in relation to the preparation of 

input data and assumptions and the review of results from the evaluation. The QRA model must identify 

the major hazard contributors to the work force and third parties, quantify risks, and identify and assess 

any risk reduction methods that may be proposed. In addition to modelling the current situation within the 

field, the model shall be extendible to add additional facilities as development occurs and provide an 

active method of planning any proposed development. 
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6.2 Consequence Modelling 

Discharge Rate 

The initial rate of release through a leak depends mainly on the pressure inside the equipment, size of 

the hole and phases of the release (liquid, gas or two phase). The release rate decreases with time as 

the equipment depressurizes. The reduction mainly on the inventory and the actions taken to isolate the 

leak and blow-down the equipment 

Dispersion 

A vapour cloud may be formed when a vaporizing liquid is released for an extended duration. If the gas 

cloud does not immediately ignite, it disperses based on the prevalent wind direction, speed and stability 

category (i.e. degree of turbulence). 

The cloud dispersion simulation is carried out to provide the distance (from the leak) at which the 

concentration of flammable material falls below the Lower Flammability Limit (LFL). 

Consequence Events 

The following describes the probabilities associated with the sequence of events which must take place 

for the incident scenarios to produce hazardous effects. Considering the present case, the outcomes 

expected are: 

 Flash Fire (FF); 

 Jet fires; 

 Pool fire; 

 Vapour Cloud Explosion. 

Flash Fire 

The vapour/gas release from a pool would disperse under the influence of the prevailing wind; with 

material concentration in air reducing with distance. At a particular location downwind, the concentration 

will drop below its lower flammable level (LFL) value. If ignited within the flammable envelope, the mass 

of the material available between the LFL and ½ LFL will be likely to burn as a flash fire; rapidly 

spreading through the cloud from the point of ignition back to the source of release. 
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Although flash fires are generally low intensity transitory events, the burning velocity is quite high and 

escape following ignition is not possible. Flash fires often remain close to the ground, where most ignition 

sources are present. It is assumed that personnel caught inside a flash fire will not survive while those 

outside suffer no significant harm. If other combustible material is present within the flash fire it is also 

likely to ignite and a secondary fire could result. 

Jet Fire 

Jet fire causes damage due to the resulting heat radiation. The working level heat radiation impact will 

vary widely depending on the angle of the flame to the horizontal plane, which in turn mainly depends on 

the location of the leak. The flame direction was considered horizontal for consequence analysis of leaks 

and ruptures from process equipment. Jet fire heat radiation impacts were estimated for the identified 

credible and worst case scenarios. 

Upon accidental leakage, the pressurized fluid will disperse as a jet, initially moving forward in the spatial 

direction of the leak until the kinetic energy is lost and gravity slumping or lifting of the cloud occurs, 

dependent upon whether the fluid is heavier or lighter than air. 

The primary hazard associated with jet fires is thermal radiation and potential for flame impingement on 

adjacent pipelines/equipment, resulting in escalation. High pressure releases have the potential to cover 

large areas due to its relatively large flame length. However, the effects of escalation are minimized if the 

flame length reduces to less than the separation distance between other equipment and the jet fire 

source. 

Pool Fire 

A liquid pool is formed during a prolonged leakage if the rate of leakage exceeds the rate of vaporization. 

On ignition, this would result in a pool fire whose size/radius would depend on the mass flow rate, 

ambient temperature, heat of vaporization of material released, vapour pressure, duration of discharge 

and effects of containment or dykes. The pool fire could cause damage to equipment or injury/fatality to 

personnel due to thermal radiation effects. 

A pool fire is not envisaged for liquid systems that are highly pressurized. Any leak or rupture would 

result in a pressurized release leading to a liquid jet fire or flash fire. 
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Vapour Cloud Explosion 

Vapour cloud explosion is the result of flammable materials in the atmosphere, a subsequent dispersion 

phase, and after some delay an ignition of the vapour cloud. Turbulence is the governing factor in blast 

generation which could intensify combustion to the level that will result in an explosion. Turbulence is 

often created by obstacles in the path of vapour cloud or when the cloud finds a confined area, as under 

the bullets. Insignificant level of confinement will result in a flash fire. The VCE will result in 

overpressures. 

6.3 Damage Criteria 

Damage criteria gives the relation between the extent of the physical effects (exposure) and the effect of 

consequences. For assessing the effects on humans, consequences are expressed in terms of injuries 

and the effects on equipment / property in terms of monetary loss. The consequences for release of toxic 

substances or fire can be categorized as: 

 Damage caused by heat radiation on material and people; 

 Damage caused by explosion on structure and people; and 

In Consequence Analysis studies, three main types of exposure to hazardous effects are categorized as: 

 Heat radiation due to fires.  

 Jet fires and flash fires; 

 Explosions; 

The knowledge about these relations depends strongly on the nature of the exposure. The following 

discusses the criteria selected for damage estimation: 

Heat Radiation: 

The effect of fire on a human being is in the form of burns. There are three categories of burns: first 

degree, second degree and third degree burns being the most severe. The consequences caused by 

exposure to heat radiation are a function of:  

 The radiation energy onto the human body [kW/m2]; 
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 The exposure duration [sec]; and 

 The protection of the skin tissue (clothed or bare body). 

The physical effects of hazard events are given in the table below: 

Table 4: Effects due to Incident Radiation Intensity 

Incident 

 Radiation (kW/m2) 
Type of Damage 

4.7 Sufficient to cause pain within 20 sec. Blistering of skin(first degree 
burns are likely) 

12.5 Minimum energy required for piloted ignition of wood, melting plastic 
tubing’s etc. 

37.5 Sufficient to cause damage to the equipment 

 

The actual results would be less severe due to the various assumptions made in the models arising out 

of the flame geometry, emissivity, angle of incidence, view factor and others. The radiation output of the 

flame would be dependent upon the fire size, extent of mixing with air and the flame temperature. Some 

fraction of the radiation is absorbed by carbon dioxide and water vapour in the intervening atmosphere. 

Finally, the incident flux at an observer location would depend upon the radiation view factor, which is a 

function of the distance from the flame surface, the observer’s orientation and the flame geometry. 

Blast Overpressure from Vapour cloud Explosion (VCE) 

The assessment aims are to determine the impact of overpressure in the event that a flammable gas 

cloud is ignited. A Vapour cloud Explosion (VCE) results when a flammable vapour is released and mixes 

with the air to form a flammable vapour cloud. If ignited, the flame speed may accelerate to high 

velocities and produce significant blast overexposure. 

The assessment goals are to determine the impact of overpressure in the event that a flammable gas 

cloud is ignited. The damage effects due to 0.01 bar, 0.1 bar & 0.3 bar are reported in terms of distance 

from the overpressure source. 

In case of vapour cloud explosion, two physical effects may occur:  
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 A flash fire over the whole length of the explosive gas cloud; 

 A blast wave, with typical peak overpressures circular around ignition source. 

For the blast wave, the lethality criterion is based on: 

 A peak overpressure of 0.1bar will cause serious damage to 10% of the 

housing/structures; 

 Falling fragments will kill one of each eight persons in the destroyed buildings. 

The following damage criteria may be distinguished with respect to the peak overpressures resulting from 

a blast wave 

TABLE 5: DAMAGES DUE TO BLAST OVERPRESSURE 

Peak Overpressure Damage Type Description 

0.30 bar Heavy Damage 
Major damage to plant equipment 

structure 

0.10 bar Moderate Damage 
Repairable damage to plant 

equipment & structure 

0.01 bar Significant Damage Shattering of glass 
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The summary of the consequence modelling is shown below in 

TABLE 6: IMPACT DISTANCE IN METER 

Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

Transfer of 

Propane 

from Jetty to 

Storage 

Tank 2000-

FB-01 

7 

8.19104 24.4843 21.0653 6.41862 12.2659 10.1915 4 23.1853 26.7283 25.9291 4 NR NR NR 0.01 NR 74.9525 70.1064 
8.19104 24.4843 21.0653 6.41862 12.2659 10.1915 12.5 17.5949 21.3412 20.4624 12.5 NR NR NR 0.1 NR 29.5322 28.6915 
8.19104 24.4843 21.0653 6.41862 12.2659 10.1915 37.5 13.9777 17.7971 16.878 37.5 NR NR NR 0.3 NR 24.7597 24.34 

25 

52.1634 73.6826 68.0846 35.6415 59.6057 54.5213 4 73.8934 84.2143 81.9038 4 NR NR NR 0.01 228.541 518.96 438.727 
52.1634 73.6826 68.0846 35.6415 59.6057 54.5213 12.5 56.2605 67.2694 64.6926 12.5 NR NR NR 0.1 80.97 147.877 125.695 
52.1634 73.6826 68.0846 35.6415 59.6057 54.5213 37.5 45.5539 56.6361 53.9634 37.5 NR NR NR 0.3 65.4644 108.887 92.8036 

150 

258.749 375.621 337.936 179.492 272.883 239.639 4 364.347 410.315 400.219 4 329.126 371.147 370.567 0.01 1302.15 2534.23 2207.2 
258.749 375.621 337.936 179.492 272.883 239.639 12.5 274.039 323.382 311.984 12.5 226.117 234.372 238.39 0.1 432.507 745.411 655.622 
258.749 375.621 337.936 179.492 272.883 239.639 37.5 219.755 270.113 258.104 37.5 146.3 134.926 139.299 0.3 341.132 557.456 492.594 

Transfer of 

Butane from 

Jetty to 

Storage Tank 

2000-FB-02 

7 

8.35503 24.7542 21.424 6.46825 12.8952 10.4079 4 23.6816 27.0127 26.2689 4 NR NR NR 0.01 NR 77.6978 71.7312 
8.35503 24.7542 21.424 6.46825 12.8952 10.4079 12.5 17.7488 21.3121 20.4816 12.5 NR NR NR 0.1 NR 30.0084 28.9734 
8.35503 24.7542 21.424 6.46825 12.8952 10.4079 37.5 13.9617 17.6272 16.7539 37.5 NR NR NR 0.3 NR 24.9975 24.4807 

25 

52.4963 74.8549 68.8995 35.9099 61.1679 55.2733 4 75.6169 85.3103 83.1708 4 NR NR NR 0.01 232.205 530.996 445.155 
52.4963 74.8549 68.8995 35.9099 61.1679 55.2733 12.5 56.808 67.2758 64.8483 12.5 NR NR NR 0.1 81.6056 149.965 126.81 
52.4963 74.8549 68.8995 35.9099 61.1679 55.2733 37.5 45.5372 56.1973 53.6472 37.5 NR NR NR 0.3 65.7818 109.929 93.3604 

150 

252.695 369.884 327.053 178.137 283.149 243.278 4 374.027 417.208 407.894 4 376.004 423.016 421.929 0.01 1344.39 2577.29 2292.63 
252.695 369.884 327.053 178.137 283.149 243.278 12.5 277.694 324.579 313.853 12.5 256.289 266.515 270.538 0.1 439.835 735.63 662.175 
252.695 369.884 327.053 178.137 283.149 243.278 37.5 220.237 268.515 257.08 37.5 167.521 153.603 158.552 0.3 344.791 547.565 490.86 

Transfer of 

Propylene 

from Jetty to 

Storage 

Tank 2000-

FB-02 

7 

8.48215 25.1073 21.6186 6.47378 12.7954 10.4078 4 23.322 26.962 26.1355 4 NR NR NR 0.01 NR 77.4421 71.5503 
8.48215 25.1073 21.6186 6.47378 12.7954 10.4078 12.5 17.7566 21.5923 20.6914 12.5 NR NR NR 0.1 NR 29.964 28.942 
8.48215 25.1073 21.6186 6.47378 12.7954 10.4078 37.5 14.1527 18.0722 17.1118 37.5 NR NR NR 0.3 NR 24.9754 24.4651 

25 

53.298 76.7204 70.6404 36.0195 61.4873 55.5823 4 74.246 84.8547 82.4757 4 NR 33.8476 29.8157 0.01 231.313 517.363 445.217 
53.298 76.7204 70.6404 36.0195 61.4873 55.5823 12.5 56.714 67.9793 65.3411 12.5 NR 27.0093 24.8155 0.1 81.4509 147.6 135.086 
53.298 76.7204 70.6404 36.0195 61.4873 55.5823 37.5 46.0263 57.3125 54.5893 37.5 NR 20.7604 19.6272 0.3 65.7046 108.749 102.5 

150 
261.821 392.817 354.39 177.169 273.005 242.261 4 365.626 412.901 402.501 4 404.296 446.482 443.088 0.01 1332.93 2598.88 2281.88 
261.821 392.817 354.39 177.169 273.005 242.261 12.5 275.88 326.399 314.715 12.5 271.459 287.83 288.582 0.1 446.112 772.777 685.107 
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Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

261.821 392.817 354.39 177.169 273.005 242.261 37.5 221.805 273.177 260.912 37.5 190.319 183.969 187.903 0.3 352.932 581.134 517.331 

Propylene 

precooling 

line 

7 

13.0493 22.6792 20.4644 7.41065 17.6767 15.5991 4 23.5639 27.2164 26.3892 4 11.926 15.4551 14.9825 0.01 50.9971 125.56 108.471 
13.0493 22.6792 20.4644 7.41065 17.6767 15.5991 12.5 18.1806 22.0249 21.1171 12.5 10.3905 12.0427 11.9505 0.1 17.1114 38.3107 35.3463 
13.0493 22.6792 20.4644 7.41065 17.6767 15.5991 37.5 14.8198 18.6104 17.6889 37.5 8.59991 9.03457 8.83125 0.3 13.551 29.1432 27.663 

25 

52.6439 64.8035 59.6876 37.2279 50.7936 46.5364 4 74.3176 84.9283 82.548 4 56.441 70.0417 68.7812 0.01 261.617 529.885 449.768 
52.6439 64.8035 59.6876 37.2279 50.7936 46.5364 12.5 56.8288 68.0994 65.4597 12.5 41.0686 47.3376 47.2271 0.1 86.7074 141.507 119.345 
52.6439 64.8035 59.6876 37.2279 50.7936 46.5364 37.5 46.2006 57.4791 54.7526 37.5 29.0907 30.0176 30.6312 0.3 68.3293 100.699 84.6261 

150 

241.63 361.827 341.00 156.477 238.735 210.132 4 365.639 394.67 385.972 4 412.21 428.202 427.84 0.01 1250.69 2285.99 2098.45 
241.63 361.827 341.00 156.477 238.735 210.132 12.5 275.903 312.104 301.894 12.5 273.449 272.883 275.502 0.1 415.316 627.962 609.652 
241.63 361.827 341.00 156.477 238.735 210.132 37.5 221.838 261.274 250.357 37.5 188.759 171.12 176.19 0.3 327.542 455.408 464.633 

Methanol 

P/L   

10 

13.2879 23.4516 21.0787 6.83624 11.399 11.0517 4 35.979 44.0716 42.1378 4 NR 44.3716 43.1432 0.01 37.965 65.8894 64.6327 
13.2879 23.4516 21.0787 6.83624 11.399 11.0517 12.5 29.5076 37.1441 35.2776 12.5 NR 30.9147 30.7607 0.1 14.8509 27.96 27.7421 
13.2879 23.4516 21.0787 6.83624 11.399 11.0517 37.5 NR NR NR 37.5 NR NR NR 0.3 12.4222 23.9747 23.8659 

150 

76.6849 121.93 106.998 50.0444 70.6208 69.2059 4 209.858 235.718 226.635 4 142.032 136.037 136.988 0.01 226.029 294.232 298.903 
76.6849 121.93 106.998 50.0444 70.6208 69.2059 12.5 171.207 199.537 190.182 12.5 108.836 97.0531 99.1266 0.1 97.0651 125.426 133.727 
76.6849 121.93 106.998 50.0444 70.6208 69.2059 37.5 139.528 NR NR 37.5 75.5624 72.4929 72.3265 0.3 83.5145 109.603 116.841 

MS P/L 

10 

23.2156 32.6662 29.6652 15.2315 26.4028 23.5931 4 33.671 37.5937 36.724 4 NR NR NR 0.01 98.5467 225.457 172.851 
23.2156 32.6662 29.6652 15.2315 26.4028 23.5931 12.5 24.9996 29.3562 28.3433 12.5 NR NR NR 0.1 33.6248 63.9044 46.5137 
23.2156 32.6662 29.6652 15.2315 26.4028 23.5931 37.5 19.8615 24.3735 23.2947 37.5 NR NR NR 0.3 26.8034 46.9296 33.2392 

150 

155.249 207.395 185.209 113.8 169.587 148.074 4 303.961 326.379 321.139 4 168.27 136.482 142.569 0.01 818.819 1189.97 1184.48 
155.249 207.395 185.209 113.8 169.587 148.074 12.5 224.278 249.763 243.019 12.5 82.0953 79.7338 79.518 0.1 266.014 317.542 308.385 
155.249 207.395 185.209 113.8 169.587 148.074 37.5 177.003 204.073 196.518 37.5 NR NR NR 0.3 207.93 248.759 241.121 

HSD P/L 

10 

13.5951 11.582 11.4441 12.8557 11.3689 11.2462 4 11.9794 9.23875 9.2571 4 85.1624 70.0438 73.0102 0.01 32.693 30.4035 31.4317 
13.5951 11.582 11.4441 12.8557 11.3689 11.2462 12.5 8.73359 7.02619 6.95779 12.5 41.0876 37.835 37.668 0.1 13.9364 13.5392 13.7176 
13.5951 11.582 11.4441 12.8557 11.3689 11.2462 37.5 6.71139 5.43322 5.3477 37.5 NR NR NR 0.3 11.9656 11.7673 11.8563 

150 

33.0936 29.5643 29.4502 33.0364 29.5573 29.4445 4 29.4646 28.7595 28.2825 4 218.455 185.219 191.383 0.01 51.2393 29.4186 29.6151 
33.0936 29.5643 29.4502 33.0364 29.5573 29.4445 12.5 21.557 22.1526 21.5302 12.5 118.02 113.912 113.79 0.1 33.6842 21.6338 21.6678 
33.0936 29.5643 29.4502 33.0364 29.5573 29.4445 37.5 16.9013 18.1956 17.4941 37.5 NR NR NR 0.3 31.8397 20.8158 20.8328 

SKO P/L 10 
13.95 17.2974 15.6677 12.9275 11.4289 11.2942 4 33.6751 26.8337 26.8878 4 77.6411 66.7752 69.687 0.01 57.5866 53.7609 55.9137 
13.95 17.2974 15.6677 12.9275 11.4289 11.2942 12.5 24.7386 20.7828 20.5746 12.5 36.4009 35.1158 34.8127 0.1 18.2545 17.5908 17.9643 
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Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

13.95 17.2974 15.6677 12.9275 11.4289 11.2942 37.5 19.4742 17.1296 16.783 37.5 NR NR NR 0.3 14.1217 13.7904 13.9768 

150 

39.798 37.3946 37.767 32.7517 29.2454 29.1351 4 90.2507 88.3046 86.9503 4 147.559 121.643 126.421 0.01 78.1448 72.8802 73.4377 
39.798 37.3946 37.767 32.7517 29.2454 29.1351 12.5 65.7575 67.6656 65.8591 12.5 78.5757 73.4972 73.3811 0.1 38.3513 37.4381 37.5348 
39.798 37.3946 37.767 32.7517 29.2454 29.1351 37.5 51.4125 55.4211 53.3769 37.5 NR NR NR 0.3 34.1701 33.7141 33.7624 

FURNACE OIL 

10 

14.7963 NR 11.7005 13.4331 NR 11.3746 4 NR NR NR 4 79.8512 67.7607 70.0269 0.01 NR NR NR 
14.7963 NR 11.7005 13.4331 NR 11.3746 12.5 NR NR NR 12.5 42.2865 38.5883 38.4596 0.1 NR NR NR 
14.7963 NR 11.7005 13.4331 NR 11.3746 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

150 

NR NR NR NR NR NR 4 NR NR NR 4 109.734 94.4439 97.0658 0.01 NR NR NR 
NR NR NR NR NR NR 12.5 NR NR NR 12.5 66.4692 61.6346 61.5704 0.1 NR NR NR 
NR NR NR NR NR NR 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

CRUDE 

10 

24.9248 35.8405 32.5164 16.6034 28.6941 25.8864 4 29.749 34.6209 34.0991 4 NR NR NR 0.01 104.653 237.787 206.342 
24.9248 35.8405 32.5164 16.6034 28.6941 25.8864 12.5 21.3767 25.8094 25.124 12.5 NR NR NR 0.1 34.6841 66.043 60.5885 
24.9248 35.8405 32.5164 16.6034 28.6941 25.8864 37.5 16.4918 20.6567 19.8868 37.5 NR NR NR 0.3 27.3323 47.9976 45.2739 

150 

269.536 403.72 348.47 202.34 332.297 283.898 4 268.919 325.533 314.373 4 163.372 164.136 170.158 0.01 1583.86 2994.33 2733.84 
269.536 403.72 348.47 202.34 332.297 283.898 12.5 198.353 247.302 236.963 12.5 81.2582 96.7701 95.8433 0.1 489.64 791.031 754.644 
269.536 403.72 348.47 202.34 332.297 283.898 37.5 156.56 200.903 191.054 37.5 NR NR NR 0.3 374.667 590.249 547.046 

Inlet of Boil 

Off 

Compressor 

2000-GB- 

01A/B(Propa

ne rich 

BOG)To Inlet 

of Bullet 

2000-FA-07 

7 

3.95939 5.69915 5.3805 2.59421 3.23132 3.13596 4 5.76976 6.14772 6.10136 4 NR NR NR 0.01 NR NR NR 
3.95939 5.69915 5.3805 2.59421 3.23132 3.13596 12.5 NR NR NR 12.5 NR NR NR 0.1 NR NR NR 
3.95939 5.69915 5.3805 2.59421 3.23132 3.13596 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

25 

25.2116 44.6141 41.4835 8.62918 11.9576 11.4839 4 25.77 25.6478 25.6709 4 NR NR NR 0.01 56.3862 83.3316 82.6209 
25.2116 44.6141 41.4835 8.62918 11.9576 11.4839 12.5 21.3237 20.4915 20.6151 12.5 NR NR NR 0.1 26.3116 47.5164 47.3931 
25.2116 44.6141 41.4835 8.62918 11.9576 11.4839 37.5 17.5892 16.2824 16.471 37.5 NR NR NR 0.3 23.1516 43.7532 43.6916 

150 

200.447 319.821 319.826 134.394 244.158 237.316 4 144.978 145.496 145.553 4 NR NR NR 0.01 723.876 1134.21 1076.15 
200.447 319.821 319.826 134.394 244.158 237.316 12.5 111.284 106.445 107.231 12.5 NR NR NR 0.1 290.872 395.112 401.57 
200.447 319.821 319.826 134.394 244.158 237.316 37.5 86.3595 80.8619 81.6215 37.5 NR NR NR 0.3 245.376 342.868 330.691 

Inlet of Boil 

Off 

Compressor 

2000-GB- 

02A/B(Butan

7 

2.45641 3.57427 3.36176 1.63578 2.06461 1.99585 4 NR NR NR 4 NR NR NR 0.01 NR NR NR 
2.45641 3.57427 3.36176 1.63578 2.06461 1.99585 12.5 NR NR NR 12.5 NR NR NR 0.1 NR NR NR 
2.45641 3.57427 3.36176 1.63578 2.06461 1.99585 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

25 
8.44544 16.9822 15.956 5.1015 6.99531 6.66499 4 14.7788 14.4225 14.4778 4 NR NR NR 0.01 NR 36.5785 35.9817 
8.44544 16.9822 15.956 5.1015 6.99531 6.66499 12.5 11.8075 11.0018 11.118 12.5 NR NR NR 0.1 NR 14.6104 14.5068 

226



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT –TANK FARM AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008C 

 

Page 40 of 101 

Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

e rich BOG) 

To Inlet of 

Bullet 

2000-FA-08 

8.44544 16.9822 15.956 5.1015 6.99531 6.66499 37.5 NR NR NR 37.5 NR NR NR 0.3 NR 12.3021 12.2504 

150 

106.375 192.361 154.192 71.0223 122.021 108.628 4 85.4202 85.5175 85.6015 4 NR NR NR 0.01 373.054 636.474 585.652 
106.375 192.361 154.192 71.0223 122.021 108.628 12.5 67.1765 62.8469 63.5541 12.5 NR NR NR 0.1 147.364 242.65 225.569 
106.375 192.361 154.192 71.0223 122.021 108.628 37.5 53.0092 47.5393 48.3427 37.5 NR NR NR 0.3 123.651 201.27 187.734 

Inlet of Boil 

Off 

Compressor 

2000-GB- 

02A/B(Propy

lene rich 

BOG) To 

Inlet of 

Bullet 

2000-FA-08 

7 

3.74988 5.37039 5.07568 2.44292 3.03678 2.94537 4 5.11187 5.28508 5.27753 4 NR NR NR 0.01 NR NR NR 
3.74988 5.37039 5.07568 2.44292 3.03678 2.94537 12.5 NR NR NR 12.5 NR NR NR 0.1 NR NR NR 
3.74988 5.37039 5.07568 2.44292 3.03678 2.94537 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

25 

22.3451 39.7375 37.8588 7.89982 10.7341 10.3657 4 23.1513 23.1449 23.1507 4 NR NR NR 0.01 53.3822 69.0904 68.6161 
22.3451 39.7375 37.8588 7.89982 10.7341 10.3657 12.5 19.2151 18.622 18.7105 12.5 NR NR NR 0.1 25.7905 36.7807 36.6984 
22.3451 39.7375 37.8588 7.89982 10.7341 10.3657 37.5 15.7669 14.7774 14.9189 37.5 NR NR NR 0.3 22.8914 33.3858 33.3448 

150 

195.067 329.94 297.749 129.692 244.385 199.975 4 134.061 134.213 134.277 4 NR NR NR 0.01 674.044 1067.71 1022.77 
195.067 329.94 297.749 129.692 244.385 199.975 12.5 103.747 99.3784 100.078 12.5 NR NR NR 0.1 273.963 408.373 417.108 
195.067 329.94 297.749 129.692 244.385 199.975 37.5 81.1141 76.0181 76.7142 37.5 NR NR NR 0.3 231.926 340.567 353.469 

Propane 

from 2000 -

GA-01A/B/C 

to Propane 

heater I, 

2000-EA-05 

&Propane 

heater II, 

2000-EA-07 

to static 

blender 

7 

19.761  31.425  28.524  11.2991 23.8286 21.2006 4 28.6403 32.5995 31.6409 4 NR NR NR 0.01 60.2337 152.037 120.419 
19.761  31.425  28.524  11.2991 23.8286 21.2006 12.5 21.9826 26.3452 25.2892 12.5 NR NR NR 0.1 18.7136 51.1687 37.4188 
19.761  31.425  28.524  11.2991 23.8286 21.2006 37.5 17.9353 22.4273 21.3381 37.5 NR NR NR 0.3 14.351 40.5703 28.6978 

25 

69.8805 84.949  92.733  50.7261 75.225 67.8084 4 90.7644 102.242 99.4697 4 NR NR NR 0.01 331.136 713.254 606.746 
69.8805 84.949  92.733  50.7261 75.225 67.8084 12.5 69.0289 81.8424 78.7467 12.5 NR NR NR 0.1 107.032 198.111 171.37 
69.8805 84.949  92.733  50.7261 75.225 67.8084 37.5 56.0267 69.3661 66.1407 37.5 NR NR NR 0.3 83.4846 143.983 125.624 

150 

332.293 511.80  452.15  228.004 373.582 319.509 4 448.824 499.767 487.531 4 384.649 388.834 392.24 0.01 1636.84 2534.65 2391.51 
332.293 511.80  452.15  228.004 373.582 319.509 12.5 337.395 394.824 380.99 12.5 264.012 246.374 252.914 0.1 548.421 705.959 710.059 

332.293 511.80  452.15  228.004 373.582 319.509 37.5 270.747 331.247 316.64 37.5 170.826 142.871 148.642 0.3 434.058 562.789 544.81 
Butane from 

2000-GA-

02A/B/C to 

Butane 

heater I, 

2000-EA-08 

& 

Butane 

heater II, 

7 

 20.040 31.591  28.678  11.5227 24.1719 21.5152 4 29.2466 32.9126 32.0248 4 NR NR NR 0.01 74.1382 156.082 123.826 

 20.040 31.591  28.678  11.5227 24.1719 21.5152 12.5 22.1385 26.2542 25.2582 12.5 NR NR NR 0.1 29.3909 51.8705 38.0098 
 20.040 31.591  28.678  11.5227 24.1719 21.5152 37.5 17.8779 22.1732 21.1338 37.5 NR NR NR 0.3 24.6892 40.9207 28.9929 

25 

70.154  94.000  85.768  51.0051 77.1093 68.493 4 92.9257 103.529 100.971 4 NR NR NR 0.01 346.894 732.265 618.804 

70.154  94.000  85.768  51.0051 77.1093 68.493 12.5 69.7011 81.7708 78.8568 12.5 NR NR NR 0.1 118.031 201.408 173.462 

70.154  94.000  85.768  51.0051 77.1093 68.493 37.5 55.95 68.6765 65.5977 37.5 NR NR NR 0.3 93.9833 145.63 126.669 
150 315.764 467.07  422.24  221.611 363.052 316.332 4 441.45 507.849 496.596 4 422.199 427.104 430.462 0.01 1543.58 2571.79 2385.38 
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Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

2000-EA-10 

to 

Static 

blender 

315.764 467.07  422.24  221.611 363.052 316.332 12.5 330.12 395.927 382.938 12.5 288.016 270.183 276.926 0.1 514.011 695.511 678.844 

315.764 467.07  422.24  221.611 363.052 316.332 37.5 263.714 328.735 314.856 37.5 188.405 156.971 163.396 0.3 406.863 542.383 524.217 
Propylene 

from 2000-

GA-02A/B/C 

to heater I, 

2000-EA-08 

& 

Propylene 

heater II, 

2000-EA-10 

to Static 

blender 

7 

19.844  31.462  28.529  11.3612 23.9377 21.3021 4 28.5746 32.6279 31.6498 4 NR NR NR 0.01 61.7557 155.459 123.806 
19.844  31.462  28.529  11.3612 23.9377 21.3021 12.5 22.0029 26.4434 25.3708 12.5 NR NR NR 0.1 18.9776 51.7623 38.0064 
19.844  31.462  28.529  11.3612 23.9377 21.3021 37.5 17.9849 22.5362 21.4337 37.5 NR NR NR 0.3 14.4829 40.8667 28.9912 

25 

70.291  92.734  84.917  50.6028 74.3666 67.4316 4 90.4281 102.184 99.3588 4 NR NR NR 0.01 343.836 711.515 608.42 
70.291  92.734  84.917  50.6028 74.3666 67.4316 12.5 68.9988 82.0344 78.8932 12.5 NR NR NR 0.1 117.5 197.809 171.661 
70.291  92.734  84.917  50.6028 74.3666 67.4316 37.5 56.1259 69.6339 66.3678 37.5 NR NR NR 0.3 93.7184 143.833 125.769 

150 

 333.78 519.81  472.86  223.71 363.798 314.673 4 446.51 498.668 486.229 4 437.366 449.931 450.833 0.01 1632.17 2525.39 2390.76 

 333.78 519.81  472.86  223.71 363.798 314.673 12.5 336.675 395.089 381.066 12.5 294.286 290.819 294.3 0.1 547.612 710.325 712.117 

 333.78 519.81  472.86  223.71 363.798 314.673 37.5 270.824 332.113 317.333 37.5 207.007 186.668 192.342 0.3 433.655 556.628 540.831 
Inlet of Flash 

& Off Gas 

Compressor 

2000- 

GB-

03A/B(Propa

ne rich 

FOG)To Inlet 

of Bullet 

2000-FA-07 

7 

3.95954 5.69831 5.38078 2.59431 3.23143 3.13617 4 5.77006 6.14799 6.10163 4 NR NR NR 0.01 NR NR NR 
3.95954 5.69831 5.38078 2.59431 3.23143 3.13617 12.5 NR NR NR 12.5 NR NR NR 0.1 NR NR NR 
3.95954 5.69831 5.38078 2.59431 3.23143 3.13617 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

25 

25.2116 44.6141 41.4835 8.62918 11.9576 11.4839 4 25.77 25.6478 25.6709 4 NR NR NR 0.01 56.3862 83.3316 82.6209 
25.2116 44.6141 41.4835 8.62918 11.9576 11.4839 12.5 21.3237 20.4915 20.6151 12.5 NR NR NR 0.1 26.3116 47.5164 47.3931 
25.2116 44.6141 41.4835 8.62918 11.9576 11.4839 37.5 17.5892 16.2824 16.471 37.5 NR NR NR 0.3 23.1516 43.7532 43.6916 

150 

200.584 349.068 315.935 134.43 260.457 210.956 4 144.908 145.421 145.478 4 NR NR NR 0.01 723.645 1167.51 1124.99 
200.584 349.068 315.935 134.43 260.457 210.956 12.5 111.24 106.408 107.193 12.5 NR NR NR 0.1 290.832 425.683 451.37 
200.584 349.068 315.935 134.43 260.457 210.956 37.5 86.3319 80.8407 81.599 37.5 NR NR NR 0.3 245.356 367.265 380.591 

Inlet of Flash 

& Off Gas 

Compressor 

2000- 

GB-

04A/B(Butan

e rich FOG) 

To Inlet of 

Bullet 

7 

2.47275 3.60481 3.38894 1.65008 2.08582 2.01659 4 NR NR NR 4 NR NR NR 0.01 NR NR NR 
2.47275 3.60481 3.38894 1.65008 2.08582 2.01659 12.5 NR NR NR 12.5 NR NR NR 0.1 NR NR NR 
2.47275 3.60481 3.38894 1.65008 2.08582 2.01659 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

25 

8.53475 17.3862 16.3397 5.14268 7.07018 6.72097 4 14.9219 14.5433 14.6019 4 NR NR NR 0.01 NR 36.868 36.1891 
8.53475 17.3862 16.3397 5.14268 7.07018 6.72097 12.5 11.9244 11.0832 11.2034 12.5 NR NR NR 0.1 NR 14.6606 14.5428 
8.53475 17.3862 16.3397 5.14268 7.07018 6.72097 37.5 NR NR NR 37.5 NR NR NR 0.3 NR 12.3272 12.2684 

150 
105.912 172.455 153.129 70.9915 122.296 108.688 4 85.6548 85.8061 85.8891 4 NR NR NR 0.01 374.617 654.652 591.271 
105.912 172.455 153.129 70.9915 122.296 108.688 12.5 67.3363 62.9594 63.6787 12.5 NR NR NR 0.1 147.636 254.069 226.544 
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Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

2000-FA-08 105.912 172.455 153.129 70.9915 122.296 108.688 37.5 53.1171 47.5709 48.3869 37.5 NR NR NR 0.3 123.786 211.978 188.221 
Inlet of Flash 

& Off Gas 

Compressor 

2000- 

GB-

04A/B(Propy

lene rich 

BOG) To 

Inlet of 

Bullet 2000-

FA-08 

7 

3.75984 5.39311 5.09535 2.45411 3.05385 2.96217 4 5.13068 5.29607 5.28927 4 NR NR NR 0.01 NR NR NR 
3.75984 5.39311 5.09535 2.45411 3.05385 2.96217 12.5 NR NR NR 12.5 NR NR NR 0.1 NR NR NR 
3.75984 5.39311 5.09535 2.45411 3.05385 2.96217 37.5 NR NR NR 37.5 NR NR NR 0.3 NR NR NR 

25 

22.5011 40.1051 37.9405 7.94576 10.8439 10.4094 4 23.2472 23.2237 23.232 4 NR NR NR 0.01 53.5631 79.4429 68.7383 
22.5011 40.1051 37.9405 7.94576 10.8439 10.4094 12.5 19.2892 18.6681 18.7608 12.5 NR NR NR 0.1 25.8219 46.8418 36.7196 
22.5011 40.1051 37.9405 7.94576 10.8439 10.4094 37.5 15.8213 14.7922 14.9399 37.5 NR NR NR 0.3 22.9071 43.4164 33.3553 

150 

193.846 333.968 296.976 128.965 246.587 199.259 4 134.211 134.38 134.446 4 NR NR NR 0.01 674.291 1078.48 1029.12 

193.846 333.968 296.976 128.965 246.587 199.259 12.5 103.808 99.3808 100.096 12.5 NR NR NR 0.1 274.006 410.24 418.209 

193.846 333.968 296.976 128.965 246.587 199.259 37.5 81.1133 75.9729 76.6781 37.5 NR NR NR 0.3 231.947 343.568 354.019 
Bullet 2000-

FA-07 

through 

Bullet Pump 

2000- 

GA -07A/B 

To Static 

Blender(Prop

ane Rich 

stream) 

7 

15.393 31.4454 27.8761 6.62655 9.94566 9.32763 4 21.9862 25.2871 24.4518 4 NR NR NR 0.01 39.9469 66.9189 55.8825 
15.393 31.4454 27.8761 6.62655 9.94566 9.32763 12.5 16.9759 20.5051 19.6324 12.5 NR NR NR 0.1 15.1946 36.404 26.2242 
15.393 31.4454 27.8761 6.62655 9.94566 9.32763 37.5 13.9611 17.5581 16.6875 37.5 NR NR NR 0.3 12.5939 33.1977 23.108 

25 

73.9247 117.339 104.627 50.358 88.9154 77.6929 4 70.8513 80.8057 78.2743 4 NR NR NR 0.01 270.677 500.108 439.698 
73.9247 117.339 104.627 50.358 88.9154 77.6929 12.5 54.4237 65.1486 62.4967 12.5 NR NR NR 0.1 104.81 177.669 158.925 
73.9247 117.339 104.627 50.358 88.9154 77.6929 37.5 44.7288 55.7172 53.0473 37.5 NR NR NR 0.3 87.3817 143.789 129.423 

150 

377.4 692.051 606.159 277.529 549.239 472.385 4 346.189 403.16 391.408 4 NR NR NR 0.01 1755.09 3733 3221.82 
377.4 692.051 606.159 277.529 549.239 472.385 12.5 264.98 321.556 309.162 12.5 NR NR NR 0.1 610.261 1217.84 1054.79 
377.4 692.051 606.159 277.529 549.239 472.385 37.5 216.785 272.573 259.986 37.5 NR NR NR 0.3 489.971 953.571 827.091 

Bullet 2000-

FA-08 

through 

Bullet Pump 

2000- 

GA -08A/B 

To Static 

Blender(Buta

ne Rich 

stream) 

7 

18.0602 32.9234 29.4777 8.72707 18.2068 15.9082 4 25.873 29.166 28.3313 4 NR NR NR 0.01 49.2502 94.6799 80.357 
18.0602 32.9234 29.4777 8.72707 18.2068 15.9082 12.5 19.6235 23.304 22.3954 12.5 NR NR NR 0.1 16.8084 41.2195 30.4696 
18.0602 32.9234 29.4777 8.72707 18.2068 15.9082 37.5 15.8982 19.7442 18.8067 37.5 NR NR NR 0.3 13.3997 35.6023 25.2279 

25 

72.3968 105.704 95.1811 51.8335 84.5054 75.4253 4 82.834 92.5141 90.0481 4 NR NR NR 0.01 314.625 635.469 549.553 
72.3968 105.704 95.1811 51.8335 84.5054 75.4253 12.5 62.3516 73.3069 70.5951 12.5 NR NR NR 0.1 112.433 192.883 169.715 
72.3968 105.704 95.1811 51.8335 84.5054 75.4253 37.5 50.299 61.8356 59.0224 37.5 NR NR NR 0.3 91.1883 146.38 129.804 

150 

360.661 622.827 540.527 261.807 499.795 420.565 4 384.434 458.029 446.927 4 178.057 267.805 268.903 0.01 1828.95 4095.64 3440.8 
360.661 622.827 540.527 261.807 499.795 420.565 12.5 290.582 358.573 346.232 12.5 132.748 177.183 181.202 0.1 614.807 1222.89 1043.18 
360.661 622.827 540.527 261.807 499.795 420.565 37.5 234.759 299.176 286.246 37.5 97.9639 110.99 115.047 0.3 487.234 921.044 791.255 

Bullet 2000-

FA-08 
7 

15.5519 31.7013 28.0916 6.65713 10.0513 9.44351 4 21.362 24.6549 23.8245 4 NR NR NR 0.01 39.7807 66.7162 55.7614 
15.5519 31.7013 28.0916 6.65713 10.0513 9.44351 12.5 16.5553 20.0587 19.1968 12.5 NR NR NR 0.1 15.1658 36.3689 26.2032 
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Isolatable 
Section/Des

cription 

Rele
ase 
cate
gory 

Flash Fire Effects: Flash Fire Effects: 
Radiation Effects: Jet Fire Ellipse Radiation Effects: Pool Fire Overpressure 

0.5% LFL Ellipse 100% LFL Ellipse 

Distance in meters Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters 
Radiat

ion 
Levels 
(kW/m

2) 

Distance in meters Over-
pressur
e level 

bar 

Distance in meters 

5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 5D 1.5F 2F 

through 

Bullet Pump 

2000- 

GA -08A/B 

To Static 

Blender(Prop

ylene Rich 

stream) 

15.5519 31.7013 28.0916 6.65713 10.0513 9.44351 37.5 13.6536 17.215 16.35 37.5 NR NR NR 0.3 12.5795 33.1802 23.0975 

25 

74.7468 118.35 105.513 50.9086 89.4158 78.2911 4 68.8686 78.8204 76.2963 4 NR NR NR 0.01 269.355 493.622 434.984 
74.7468 118.35 105.513 50.9086 89.4158 78.2911 12.5 53.1168 63.7821 61.1481 12.5 NR NR NR 0.1 104.58 176.544 158.107 
74.7468 118.35 105.513 50.9086 89.4158 78.2911 37.5 43.8033 54.6917 52.0498 37.5 NR NR NR 0.3 87.2672 143.228 129.015 

150 

382.916 696.441 611.555 279.588 553.017 474.306 4 342.116 393.336 381.595 4 NR NR NR 0.01 1766.46 3690.47 3193.18 

382.916 696.441 611.555 279.588 553.017 474.306 12.5 262.03 314.896 302.567 12.5 NR NR NR 0.1 620.498 1210.47 1058.08 
382.916 696.441 611.555 279.588 553.017 474.306 37.5 214.513 267.709 255.224 37.5 NR NR NR 0.3 500.089 949.888 833.743 

Mercaptan 

Dosing 

System 

2000-CS-01 

To 

Static 

Blender 

7 

8.76848 20.4176 17.7923 5.10721 7.68888 7.17258 4 23.5058 27.679 26.6694 4 21.3157 23.6326 23.3148 0.01 NR 50.025 39.1027 
8.76848 20.4176 17.7923 5.10721 7.68888 7.17258 12.5 18.7109 23.1002 22.0398 12.5 16.8955 17.0496 17.1706 0.1 NR 25.2082 15.0482 
8.76848 20.4176 17.7923 5.10721 7.68888 7.17258 37.5 15.5379 19.7614 18.7482 37.5 12.1308 12.8416 12.5558 0.3 NR 22.6006 12.5207 

25 

41.7166 63.6041 57.0692 28.0319 49.5263 43.2257 4 74.0322 86.2239 83.2895 4 57.5445 58.5861 58.7422 0.01 159.92 287.457 244.99 
41.7166 63.6041 57.0692 28.0319 49.5263 43.2257 12.5 58.5121 71.4845 68.3505 12.5 43.5203 40.6053 41.6678 0.1 60.8016 99.4551 83.8234 

41.7166 63.6041 57.0692 28.0319 49.5263 43.2257 37.5 48.6416 61.5374 58.393 37.5 26.3682 25.5562 25.7562 0.3 50.387 79.7013 66.8892 

Static 

Blender 

outlet to 

Tanker 

Loading Bay 

7 

13.6154 28.3587 25.1053 6.27307 10.5873 9.90391 4 20.7819 23.8571 23.0804 4 NR NR NR 0.01 39.8233 58.8711 57.8912 
13.6154 28.3587 25.1053 6.27307 10.5873 9.90391 12.5 16.0653 19.3962 18.5737 12.5 NR NR NR 0.1 15.1732 26.7426 26.5727 
13.6154 28.3587 25.1053 6.27307 10.5873 9.90391 37.5 13.1989 16.6142 15.7855 37.5 NR NR NR 0.3 12.5832 23.3668 23.282 

25 

64.3399 96.2879 86.7139 44.8784 75.7985 66.7298 4 66.7074 75.8667 73.5449 4 NR NR NR 0.01 251.737 493.866 422.679 
64.3399 96.2879 86.7139 44.8784 75.7985 66.7298 12.5 51.2749 61.2991 58.8218 12.5 NR NR NR 0.1 93.2591 160.055 139.442 
64.3399 96.2879 86.7139 44.8784 75.7985 66.7298 37.5 42.111 52.4465 49.9368 37.5 NR NR NR 0.3 76.6074 124.981 109.681 

150 

325.171 622.282 594.779 235.55 514.597 492.699 4 334.771 376.434 365.819 4 NR NR NR 0.01 1559.32 2656.32 2609.2 
325.171 622.282 594.779 235.55 514.597 492.699 12.5 254.438 300.485 289.077 12.5 NR NR NR 0.1 534.975 931.757 894.491 
325.171 622.282 594.779 235.55 514.597 492.699 37.5 206.721 254.722 243.02 37.5 NR NR NR 0.3 427.345 769.024 733.982 

 

*NH- No Hazard, NR- Not Reached 
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7 FREQUENCY ANALYSIS 

7.1 Overview 

Frequency of occurrence of the representative hazardous events needs to be evaluated by 

referencing appropriate generic industry data. Both generic industry and company / vendor based 

information has been used, and particular care has been taken to ensure its validity. Generic failure 

data was applied where site specific or company / vendor data is not available. 

Initiating event failure frequencies for each case developed have been estimated using various 

sources (listed in order of preference) including: 

 TNO Guidelines for Quantitative Risk Assessment (Purple Book);  

 OGP Risk Assessment Data Directory, Process Release Frequencies, 2010; and  

 Health & Safety Executive (HSE) failure rates & event data for land use planning. 

Given the potential for release from each of these scenarios, an event tree of possible outcomes has 

been developed using this individual component failure data. The table given below shows the 

frequency of failure of the selected isolatable sections calculated by parts count. 

7.2 Event tree analysis 

A release can result in several possible outcomes or scenarios (fire, explosions, un-ignited release 

etc.). A specific outcome for a release scenario may be dependent on other unrelated events 

following the initial release. Event tree analysis is used to identify potential outcomes of a release and 

to quantify the risk associated with each of these outcomes. The event tree for this QRA study is 

shown in Figure 7: 
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Figure 7: Event Tree  

 

For calculating the frequency used for modeling, the following modification factors were taken into 

consideration: 

 Design/Quality Maintenance 

 Time is use 
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Table 7: Failure Frequency of an Event 

Isolatable Sections Description Scenario Total 
Frequency 

IS-1 

Transfer of Propane from 
Jetty to Storage 

Tank 2000-FB-01 

7 1.94E-04 

IS-2 25 1.06E-06 

IS-3 150 1.25E-07 

IS-4 

Transfer of Butane from 
Jetty to Storage Tank 

2000-FB-02 

7 1.49E-04 

IS-5 25 8.78E-07 

IS-6 150 6.83E-08 

IS-7 

Transfer of Propylene from 
Jetty to Storage 

Tank 2000-FB-02 

7 1.49E-04 

IS-8 25 8.78E-07 

IS-9 150 6.83E-08 

IS-10 

Propylene precooling line 

7 1.69E-04 

IS-11 25 5.00E-06 

IS-12 150 5.00E-06 

IS-13 
Methanol P/L   

10 2.28E-06 

IS-14 150 1.44E-08 

IS-15 
MS P/L 

10 2.50E-06 

IS-16 150 1.58E-08 

IS-17 
HSD P/L 

10 7.03E-06 

IS-18 150 4.56E-08 
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Isolatable Sections Description Scenario Total 
Frequency 

IS-19 
SKO P/L 

10 4.94E-06 

IS-20 150 3.12E-08 

IS-21 
Furnace Oil  

10 1.20E-05 

IS-22 150 7.56E-08 

IS-23 
Crude 

10 4.05E-07 

IS-24 150 1.26E-08 

IS-25 
Inlet of Boil Off Compressor 

2000-GB- 
01A/B(Propane rich 

BOG)To Inlet of Bullet 
2000-FA-07 

7 1.92E-04 

IS-26 25 1.32E-06 

IS-27 150 2.88E-07 

IS-28 
Inlet of Boil Off Compressor 

2000-GB- 
02A/B(Butane rich BOG) To 

Inlet of Bullet 
2000-FA-08 

7 1.98E-04 

IS-29 25 1.35E-06 

IS-30 150 2.90E-07 

IS-31 
Inlet of Boil Off Compressor 

2000-GB- 
02A/B(Propylene rich BOG) 

To Inlet of Bullet 
2000-FA-08 

7 1.98E-04 

IS-32 25 1.35E-06 

IS-33 150 2.90E-07 

IS-34 Propane from 2000 -GA-
01A/B/C 

to Propane heater I, 2000-
EA-05 

&Propane heater II, 2000-
EA-07 

7 2.99E-04 

IS-35 25 1.35E-06 

IS-36 150 2.90E-07 

IS-37 
Butane from 2000-GA-

02A/B/C to 7 2.97E-04 
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Isolatable Sections Description Scenario Total 
Frequency 

IS-38 
Butane heater I, 2000-EA-

08 & 
Butane heater II, 2000-EA-

10 to 
Static blender 

25 1.57E-06 

IS-39 150 1.97E-07 

IS-40 Propylene from 2000-GA-
02A/B/C 

to heater I, 2000-EA-08 & 
Propylene heater II, 2000-

EA-10 
to Static blender 

7 2.97E-04 

IS-41 25 1.57E-06 

IS-42 150 1.97E-07 

IS-43 
Inlet of Flash & Off Gas 

Compressor 2000- 
GB-03A/B(Propane rich 
FOG)To Inlet of Bullet 

2000-FA-07 

7 8.98E-05 

IS-44 25 4.36E-07 

IS-45 150 4.02E-08 

IS-46 
Inlet of Flash & Off Gas 

Compressor 2000- 
GB-04A/B(Butane rich 
FOG) To Inlet of Bullet 

2000-FA-08 

7 1.19E-04 

IS-47 25 7.76E-07 

IS-48 150 1.53E-07 

IS-49 
Inlet of Flash & Off Gas 

Compressor 2000- 
GB-04A/B(Propylene rich 

BOG) To Inlet of 
Bullet 2000-FA-08 

7 1.19E-04 

IS-50 25 7.76E-07 

IS-51 150 1.53E-07 

IS-52 
Bullet 2000-FA-07 through 

Bullet Pump 2000- 
GA -07A/B To Static 

Blender(Propane Rich 
stream) 

7 9.77E-05 

IS-53 25 4.60E-07 

IS-54 150 5.36E-08 

IS-55 
Bullet 2000-FA-08 through 

Bullet Pump 2000- 
GA -08A/B To Static 
Blender(Butane Rich 

stream) 

7 9.77E-05 

IS-56 25 4.60E-07 
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Isolatable Sections Description Scenario Total 
Frequency 

IS-57 150 5.36E-08 

IS-58 Bullet 2000-FA-08 through 
Bullet Pump 2000- 

GA -08A/B To Static 
Blender(Propylene Rich 

stream) 

7 9.77E-05 

IS-59 25 4.60E-07 

IS-60 150 5.36E-08 

IS-61 Mercaptan Dosing System 
2000-CS-01 To 
Static Blender 

7 1.75E-05 

IS-62 25 1.08E-07 

IS-63 

Static Blender outlet to 
Tanker Loading Bay 

7 1.26E-04 

IS-64 25 7.95E-07 

IS-65 150 8.37E-08 

 

8 RISK ASSESSMENT & PRESENTATION 

8.1 Overview 

Risk is often defined as a function of the likelihood that a specified undesired event will occur, and the 

severity of the consequences of that event. Risk is derived from the product of likelihood and potential 

consequence. Risk in general is a measure of potential economic loss or human injury in terms of the 

probability of the loss or injury occurring and magnitude of the loss or injury if it occurs. 

(Severity,Frequency)Risk f  

Quantification of effects of the hazardous event were done using the Event Tree approach in which all 

the possible outcomes of the hazardous event were considered and the likelihood of each type of end 

event determined. This step in the process involves the use of consequence modelling to predict both 

physical phenomena such as dispersion of gas, size and duration of fires, overpressures due to 

explosions, and the performance of equipment and systems such as availability of a fire & gas detection 
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system, availability of emergency shutdown system, and availability of fire protection system. The end 

result of this phase of the assessment is a series of “end events”, together with their estimated frequency 

of occurrence. 

8.2 Risk Results 

The risk modelling has been performed using DNV PHAST RISK 6.7 software. Thereby, the details of the 

input data used for the risk modelling such as vulnerability criteria, ignition probability and occupancy 

data are given in the QRA Assumption Register (Appendix 2). The results of a QRA are expressed using 

Individual Risk Contours and Societal Risk Graphs. 

The Individual Risk represents the frequency of an individual dying due to loss of containment events 

(LOCs). The individual is assumed to be unprotected and to be present during the total exposure time. 

The Individual Risk is presented as contour lines on a topographic map. 

The Societal Risk represents the frequency of having an accident with N or more people being killed 

simultaneously. The people involved are assumed to have some means of protection. The Societal Risk 

is presented as an F-N curve, where N is the number of deaths and F the cumulative frequency of 

accidents with N or more deaths. 

The Individual Risk estimated due to the activities being conducted at the Adani Mundra port is 

represented by a risk contour in the Figure 8 below.  
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Figure 8: Risk Contour 

 

The Societal Risk pertaining to group of individuals is represented in Figure 9. 

Figure 9: FN Curve 
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9 RECOMMENDATIONS 

             The Following measures shall be implemented for safe operation 

1. F&G mapping study to be carried to identify the location of the detectors and voting logic to be 

used to ensure tripping of the unit, in case of any hydrocarbon leak 

2. Hydraulic analysis and simulation study to be carried out, to operate heating trains at the 

minimum pressure possible to reduce the effects of LFL and jet fire scenarios 

3. Consider converting level indications on Propane BOG / Flash Condensate Receiver (2000-

FA-05) and Butane BOG / Flash Condensate Receiver (2000-FA-06) as 1oo2 voting logic for 

tripping on low level and average selection control philosophy for controlling the level to 

improve the reliability 

4. Consider shifting the PSV on the inlet of the CW supply header of Propane BOG / Flash 

Condenser (2000-EA-03) and Butane BOG / Flash Condenser (2000-EA-04) to return header 

with reduced set point and LFL sensors at the outlet of the PSV 

5. Consider providing discharge PT on 2000-GA-05/06 discharge common header with alarm 

provision 

6. Revisit fail safe conditions of ROV-063/64 (considered as fail open) by HAZOP study 

7. Consider additional PSV on Propane BOG / Flash Condensate Receiver (2000-FA-05) and 

Butane BOG / Flash Condensate Receiver (2000-FA-06)  to increase the reliability and 

standby condition in case of maintenance of other PSV (same nozzle with separate isolation 

valves) 

8. Consider providing remote operated sprinklers systems based on LFL sensors covering 

Propane BOG / Flash Condensate Receiver (2000-FA-05) and Butane BOG / Flash 

Condensate Receiver (2000-FA-06) and propane and butane handling pumps.  

9. Consider trip logic for the steam boilers based LFL sensors on the tank farm 

10. Consider shifting the PSV-063/PSV-034 provided downstream ROV-063 and ROV-064 

relocated to Propane BOG / Flash Condensate Pumps (2000-GA-05) and Butane BOG / 

Flash Condensate Pumps (2000-GA-06) common discharge headers.  
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11. Consider voting logic between PT-016/017/018 for tripping on high and low pressure 

interlocks of the propane and butane tanks and MID point selection control philosophy for 

controlling the tank pressure to improve the reliability 

12. Provide flow meters in N2 line to PSV headers to ensure continuous flow of N2 

13. Ensure SOP developed and followed on all critical activities, interlocks checking before 

unloading operations 

14. SOP and work instructions on display in local and English near the critical activity locations 

15. Consider HAZOP and SIL study before commissioning the facility and concerns addressed 

16. Ensure CCTV coverage of critical locations and remote monitoring is done continuously 

17. Ensure all portable electrical equipment used in the location are Ex rated and covered under 

PTW systems, and certified 

18. Selection of electrical and other instruments based on hazardous area classification (IS 5572: 

2008) 

19. All flanges shall be connected for bonding for electrical continuity and earthing of the 

equipment’s to be ensured as per IS-3043 

20. Lightning protection shall be provided as per the requirements of IS:2309  

21. Periodical maintenance schedule should be implemented and meticulously followed 

22. F&G systems management to be inspected periodically and availability ensured 

23. Periodical inspection of pipeline and drain systems 
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APPENDIX 1 CONSEQUENCE CONTOURS 
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PROPANE PIPELINE FROM BERTH 1 - 25mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION  
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BUTANE PIPELINE FROM BERTH 1- 25mm LEAK 

FLASH FIRE 

 

 

JET FIRE 
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EXPLOSION  
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PROPYLENE PIPELINE FROM BERTH 1-25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

EXPLOSION 
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METHANOL PIPELINE FROM BERTH 2-25 mm LEAK  

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

 

EXPLOSION 

 

 

249



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT-TANK FARM AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008C 

  

Page 63 of 101 

MS PIPELINE FROM BERTH 2-25 mm LEAK  

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

EXPLOSION 
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HSD PIPELINE FROM BERTH 2-25 mm LEAK  

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

EXPLOSION 
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SKO PIPELINE FROM BERTH 2-25 mm LEAK  

FLASH FIRE 

 

JET FIRE 

 

 

254



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT-TANK FARM AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008C 

  

Page 68 of 101 

POOL FIRE 

 

EXPLOSION 
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FURNACE OIL PIPELINE FROM BERTH 2-25 mm LEAK  

POOL FIRE 
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CRUDE OIL PIPELINE FROM BERTH 2-25 mm LEAK  

FLASH FIRE 

 

 

JET FIRE 
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EXPLOSION 
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PROPYLENE PRECOOLING PIPELINE FROM BERTH 1-25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

EXPLOSION  
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INLET OF BOIL OFF COMPRESSOR 2000-GB-01A/B(PROPANE RICH BOG)TO INLET OF BULLET 

2000-FA-07 – 25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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INLET OF BOIL OFF COMPRESSOR 2000-GB-02A/B (BUTANE RICH BOG) TO INLET OF BULLET 

2000-FA-08 – 25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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INLET OF BOIL OFF COMPRESSOR 2000-GB-02A/B (PROPYLENE RICH BOG) TO INLET OF 

BULLET 2000-FA-08 – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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Propane from 2000 -GA-01A/B/C to Propane heater I, 2000-EA-05 &Propane heater II, 2000-EA-07 

to Static Blender - 25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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Butane from 2000-GA-02A/B/C to Butane heater I, 2000-EA-08 & Butane heater II, 2000-EA-10 to 

Static blender – 25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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Propylene from 2000-GA-02A/B/C to heater I, 2000-EA-08 & Propylene heater II, 2000-EA-10 to 

Static blender – 25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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INLET OF FLASH & OFF GAS COMPRESSOR 2000-GB-03A/B(PROPANE RICH FOG)TO INLET OF 

BULLET 2000-FA-07 – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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INLET OF FLASH & OFF GAS COMPRESSOR 2000- GB-04A/B(BUTANE RICH FOG) TO INLET OF 

BULLET 2000-FA-08 – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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INLET OF FLASH & OFF GAS COMPRESSOR 2000-GB-04A/B(PROPYLENE RICH BOG) TO INLET 

OF BULLET 2000-FA-08 – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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BULLET 2000-FA-07 THROUGH BULLET PUMP 2000-GA -07A/B TO STATIC BLENDER (PROPANE 

RICH STREAM) – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 

 

 

279



ADANI MUNDRA PORT – NEW LPG FACILITIES 

QUANTITATIVE RISK ASESSMENT-TANK FARM AREA 

DOC NO: H003-E-LPG-GEN-BP-R-E-008C 

  

Page 93 of 101 

EXPLOSION 
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BULLET 2000-FA-08 THROUGH BULLET PUMP 2000-GA -08A/B TO STATIC BLENDER (BUTANE 

RICH STREAM) – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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BULLET 2000-FA-08 THROUGH BULLET PUMP 2000-GA -08A/B TO STATIC BLENDER 

(PROPYLENE RICH STREAM) – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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MERCAPTAN DOSING SYSTEM 2000-CS-01 TO STATIC BLENDER – 25 MM LEAK 

FLASH FIRE 

 

JET FIRE 
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POOL FIRE 

 

EXPLOSION 
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STATIC BLENDER OUTLET TO TANKER LOADING BAY – 25 mm LEAK 

FLASH FIRE 

 

JET FIRE 
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EXPLOSION 
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Organogram of Environment Management Cell, APSEZ, Mundra 

 

 

 

 

 

 

CEO APSEZ 

Mundra 

Associate General 

Manager 

(Functional Support: HO) 

M.E. Environment 

Senior Manager 

M.Tech & M.Sc. 

Environment 

Deputy Manager 

B.E. (Chemical) 

Assistant Manager 

B.E. Environment 

Senior Officer 

M.Sc. Environment 

Senior Officer 

M.Sc. Environment 
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Cost of Environmental Protection Measures 
 

Sr. 

No. 
Activity 

Cost incurred 

(INR in Lakh) 

Budgeted Cost 

(INR in Lakh) 

2015 – 16 2016 – 17 2017 – 18 2017 – 18 
1. Environmental Study / Audit and 

Consultancy 

45.45 36.78 9.00 21.00 

2. Legal & Statutory Expenses 3.30 4.76 9.48 16.00 

3. Environmental Monitoring 

Services 

26.80 27.95 12.00 36.00 

4. Hazardous / Non Hazardous 

Waste Management & Disposal 

34.56 12.52 31.9 90.84 

5. Environment Day Celebration 7.18 6.71 2.68 10.00 

6. Treatment and Disposal of Bio-

Medical Waste 

1.22 1.27 0.75 1.44 

7. Mangrove Plantation, Monitoring 

& Conservation 

73.64 72.38 60.0 60.0 

8. Other Horticulture Expenses 434.72 555.00 494.0 556.5 

9. O&M of Sewage Treatment Plant 

and Effluent Treatment Plant 

(including STP, ETP of Port & SEZ &  

Common Effluent Treatment Plant) 

18.18 61.50 39.89 69.35 

10. Expenditure of Environment 

Dept. (Apart from above head) 

135.90 131.83 22.83 104.91 

Total 837.73 910.70 682.53 966.04 
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Adani Skill Development Center Activities

Adani Foundation Mundra 
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Adani Skill Development Center: Mundra 

Along with computer related trainings, Stitching and Bagging training, Beauty 

Parlor and Mobile Repairing Training are also in full fledge at Gundala, Adani 

Ports, Navinal and Mundra 

Soft Skill training 

Sr. No. Course Name Location Male Female No.of students 

1 Beautification training. Mundra 0 20 20 

2 Advance Excel training Adani house 20 0 20 

3 IT Basic Computer training Navinal 13 7 20 

4 IT Basic Computer training ASDC 2 4 6 

5 IT Basic computer-CRTG student training  ASDC 7 0 7 

6 Wedding Mehnadi training Gundala 0 16 16 

7 Thread work training Gundala 0 20 20 

8 IT Basic computer-CRTG student training  ASDC 7 0 7 

9 Spoken English ASDC 13 3 16 

10 IT Basic Computer training Adani house 20 0 20 

11 IT Basic Computer training ASDC 0 7 7 

12 IT Basic computer-CRTG student training  ASDC 7 0 7 

13 Thread work training Luni 0 14 14 

14 Computer Excel training Adani house 19 0 19 

15 IT Basic Computer training ASDC 7 0 7 

    Total - A 115 91 206 

292



Adani Skill Development Center: Mundra 

Technical Training 

1 Checker cum RTG crane operator training APSEZ 21 0 21 

2 Tailoring training Borana 0 30 30 

3 Tailoring training ASDC 0 14 14 

4 Tailoring training Mundra 0 41 41 

5 Vocational training Zarpara 38 7 45 

Total - B 59 92 151 

Carier Guidance and Knowlage bage training 

1 Personality Devlopment training ASDC 23 4 27 

2 Personality Devlopment training ASDC 13 3 16 

Total - C 36 7 43 

Grand Total A + B+C = 210 190 400 
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Adani Foundation -Mundra 

Education Budget Utilization - April to September 2017 

F.Y. 2017-'18 
(Rs. In Lacs) 

 

Sr. 

No. 

   

 

Budget Line Item 

   

Budget 

F.Y. 2017- 

18 

 

Budget 

Plan upto 

Sept.2017 

 

Expenditure 

up to Sept.17 

% of total 

Utilization 

against 

Planned 

budget 

% of 

utilization 

from FY 

2017-18 

budget 

 

 

Remarks 

1 
Support to Government / Private Educational 

Institutes 
           

1.1 Educational Support at various Govt. schools 8.00 4.00 3.55 88.79% 44.40% 

1.2 Support to ITI     2.00 1.00 0.00 0.00% 0.00% 

      Sub Total 10.00 5.00 3.55 71.03% 35.52% 

2 
Adani Shaikshanik Vikas Kendra 

(Strenghening Primary Education) 
  5.90 2.95 1.87 63.55% 31.78%  

2.1 Coaching & project staff Exp. 4.60 2.30 1.75 76.09% 38.04% 

2.2 Housekeeping Exp.   0.60 0.30 0.00 0.00% 0.00% 

2.3 Teaching & Learning Material Exp. 0.50 0.25 0.07 27.20% 13.60% 

2.4 Other Administrative Exp. 0.20 0.10 0.06 56.77% 28.39% 

3 
Training and Development 

(Strenghening Teachers of High School) 
0.95 0.48 0.17 36.33% 18.17%  

3.1 
Seminar on " Qualities of an effective teacher" 

(Quarterly) 
0.50 0.25 0.17 69.04% 34.52%  

3.2 
Workshop 1 : "Continuous and comprehensive 

evaluation" 
0.15 0.08 0.00 0.00% 0.00%  

3.3 Workshop 2 : "Effective Lesson Planning" 0.15 0.08 0.00 0.00% 0.00% 

3.4 
Workshop 3: " Effective Administrative Skills" for 

Principles 
0.15 0.08 0.00 0.00% 0.00%  

4 Educational Support to Migrated Labour Children 10.00 5.00 0.00 0.00% 0.00%  

5 Support for Higher secondary students of AVMB 3.75 1.88 1.03 54.79% 27.40%  

6 Education Project Staff Salary & TA (1 CM) 3.10 1.55 1.25 80.48% 40.24% 

7 Education for Fisher folk 

9.1 Education Initiative for children at vasahat 22.00 11.00 7.56 68.73% 34.36% 

 

9.2 

Exposure tour, Fee & Other Edu. Support to poor 

students and cycle support to Fishermen 

Students 

 

4.00 
 

2.00 
 

0.89 
 

44.67% 
 

22.34% 
 

        SUB TOTAL : 26.00 13.00 8.45 65.03% 32.51% 

      GRAND TOTAL (BUDGETED) : 59.70 29.85 16.33 54.70% 27.35% 

  294



Annexure – 8 



295



296


