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Executive Summary 

 
 

Energy makes change; it does things for us. It moves cars along the road and 

boats over the water. It bakes a cake in the oven and keeps ice frozen in the 

freezer. It plays our favorite songs on the radio and lights our homes. Energy 

makes our bodies grow and allows our minds to think. Scientists define energy 

as the ability to do work. People have learned how to change energy from one 

form to another so that we can do work more easily and live more 

comfortably.  

It comes in different forms - heat (thermal), light (radiant), mechanical, 

electrical, chemical, and nuclear energy. Energy is in everything.  We use 

energy to do everything we do, from making a jump shot to baking our 

favorite cookies to sending astronauts into space - energy is there, making sure 

we have the power to do it all. There are two types of energy - stored 

(potential) energy and working (kinetic) energy.  For example, the food you 

eat contains chemical energy, and your body stores this energy until you 

release it when you work or play.   

All forms of energy are stored in different ways, in the energy sources that we 

use every day.  These sources are divided into two groups - renewable (an 
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energy source that can be replenished in a short period of time) and 

nonrenewable (an energy source that we are using up and cannot recreate in a 

short period of time). Renewable and nonrenewable energy sources can be 

used to produce secondary energy sources including electricity and hydrogen.  

Renewable energy sources include solar energy, which comes from the sun 

and can be turned into electricity and heat.  Wind, geothermal energy from 

inside the earth, biomass from plants, and hydropower and ocean energy from 

water are also renewable energy sources.  

However, we get most of our energy from nonrenewable energy sources, 

which include the fossil fuels - oil, natural gas, and coal.  They are called 

fossil fuels because they were formed over millions and millions of years by 

the action of heat from the Earth's core and pressure from rock and soil on the 

remains (or "fossils") of dead plants and animals.  Another nonrenewable 

energy source is the element uranium, whose atoms we split (through a 

process called nuclear fission) to create heat and ultimately electricity.  

We use all these energy sources to generate the electricity we need for our 

homes, businesses, schools, and factories.  Electricity "energizes" our 

computers, lights, refrigerators, washing machines, and air conditioners, to 

name only a few uses.  

We use energy to run our cars and trucks.  Both the gasoline used in our cars, 

and the diesel fuel used in our trucks are made from oil.  The propane that 
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fuels our outdoor grills and makes hot air balloons soar is made from oil and 

natural gas.  

 

Figure 1 – Renewable and non renewable energy 

Liquefied Petroleum Gas is popularly known as LPG. It is used primarily as 

domestic fuel in cooking ranges and in commercial and industrial installations 

as a fuel for furnace. It can also be used as feed stock for petrochemical 

industry. However, since in India, consumption of LPG is more than what we 

produce indigenously, we are mostly using it as a fuel. LPG is a mixture of 

hydrocarbons consisting mainly of Propane (C3H8) and Butane (C4H10) in 

the ratio 50:50 (by weight) with a maximum vapour pressure of 16.87 

Kg/cm2g at 65 deg C. It should conform to IS: 4576 specification. LPG today 

is the most sought after fuel for the domestic sector and demand has constantly 

out-stripped supply. To meet the GAIL's (GAIL India Limited) objective of 

utilization of the various fractions of gas apart from transportation and 
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marketing of natural gas led to the establishment of LPG plants at Vijaipur, 

Vaghodia, Usar and Lakwa. 

LPG and Propane is filled under pressure, stored and transported to the 

consumer. When the cylinder valve is opened reduction of pressure takes place 

and the liquid turns into gas. LPG and Propane is in gaseous form at ambient 

temperature and pressure, and LPG is almost twice as heavy as air. Hence, it 

always settles down to floor level in case of leakage. LPG and Propane is 

colorless and odorless. Therefore, a distinctive fuel odor is added before it is 

filled into cylinder to enable easy detection in case of leakage. 

In India there are three ways to transport the LPG and Propane e.g. through 

underground pipeline, through rail wagons or through road tankers. 

Transportation through underground pipeline is the safest way to transport but 

has its limitation. It depends on topography, proximity of the cylinder filling 

companies etc.  For supplying these products to the industries located at 

remote places or where there is no bulk use or where there is no rail network 

the easiest way is transportation through road tankers.  

While Loading and unloading operation of the Liquefied Petroleum Gas 

(LPG) and Propane from tanker it is important to check the quantity filled 

inside the tank. There is no automatic device to measure the liquid level inside 

the road tankers. This is done with manual intervention to know the liquid 

level content inside the tank of the tanker lorry. Loading and unloading 

operation of Liquefied Petroleum Gas (LPG) and Propane tanker is carried out 

with intermittent checking of liquid level inside the tank with the help of 
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rotogauge. Rotogauge is a devise fitted in the tanker which is useful in 

measuring the liquid level inside the tanker in terms of percentage. In the 

present scenario the rotogauge helps to determine the liquid level inside the 

tank and liquid level inside the tank is ensured.  Maximum allowable liquid 

level is 95% and Vapour space of 5% is left. 

Hydro carbon is released in the atmosphere through rotogauge while loading 

of LPG and Propane in the tankers contributes occupational health problems to 

the workers, greenhouse gas effect as well as revenue loss though it is 

insignificant in case of one tanker but it is significant if we consider loading 

and unloading of tanker at National level per day and Organizational level per 

year. 

At present in India there are about 10,400 tankers (LPG + Propane) having 

valid license to carry / transport compressed hydrocarbon from Petroleum and 

Safety Organisation (formerly Chief Controller of Explosive). These tankers 

are being filled and emptied out regularly at different locations in India. All 

these tankers are having the liquid level measuring device called 

ROTOGAUGE. While filling as well as emptying out these tankers, the 

standard practice is to open the Rotogauge screw to check the level of tank in 

terms of volumetric percentage. Particularly while filling the tankers, the 

liquid level content is being monitored at least three times by opening the 

Rotogauge (approximately hydrocarbon is being released in the atmosphere 

for total 1 minute through rotogauge). During opening the Rotogauge liquid 

hydrocarbon is coming out in the form of mist (containing liquid as well as 
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vapours). While loading of these tankers, operator has to ensure that the liquid 

level of LPG / Propane inside the tanker should not exceed 95% . For ensuring 

the same, operator fixed the rotogauge indicator at 95% mark, so that 

whenever liquid level reaches that mark, LPG / Propane in the liquid form 

starts coming out from the 2 mm diameter size orifice of rotogauge. 

Intermittently they are also checking the exact level of liquid inside the tanker 

by rotating the rotogauge. Moreover while doing this measurement the 

operator is standing very near to the rotogauge device for operating it. During 

this process these operators are exposed to the hydrocarbon. They inhaled the 

air which contains traces of hydrocarbon. The exposure to these hydrocarbons 

for longer service periods impacts cholesterol in blood thereby increasing the 

health risk of these operators. Moreover it was also observed this impact is 

reversible if these operators are rotated frequently from loading / unloading 

gantry of offsite areas where there is hydrocarbon atmosphere is available. The 

impact distance for presence of hydrocarbon traces is verified in the field with 

the help of monitoring and the results are comparable with that the results 

obtained through ALOHA software. 

The literary contributions from the current research are: 

1. The exact process of loading and unloading operation of LPG and 

Propane tankers were documented. Various factors affecting the 

occupational health were described in detail. 

2. Carried out in-depth study regarding discharge of hydro carbon (LPG 

and Propane) while loading activities in loading gantries. 
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3. Carried out in-depth study regarding variation of impact zone in 

different seasons. 

4. Details study was carried out for use of alternate method to measure 

the liquid content inside the road tankers without releasing the hydro 

carbon in the atmosphere. 

5. Details analysis is done regarding the loss of revenue to the 

organization because of release of hydro carbon in the atmosphere 

during loading and unloading activity. 

6. Detail study is done regarding the occupational health effect of VOC’s 

(volatile organic compounds) on the loading operators who are 

involved in loading operations of these tankers over a period of 

different seasons. 

Following advantages are expected from the implementation of research 

recommendations. 

 Occupational health exposure to the loading operators can be 

eliminated during loading and unloading activities of LPG and Propane 

tankers. 

 Open cold venting of hydro carbon in the atmosphere can be 

eliminated. 

 Contribution in Greenhouse gas effect can be minimized due 

elimination of release of un-burnt hydrocarbon in the atmosphere. 
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 Revenue loss of the organization due to release of un-burnt 

hydrocarbon can be minimized. 

 Surrounding area of the loading and unloading gantries can be made 

free from traces of un-burnt hydrocarbon thereby reduces the risk of 

fire and explosion. 

 Countrywide during many of the road accident of the LPG and 

Propane tankers the most vulnerable portion rotogauge is easily gave 

away thereby increased the risk of leakage and fire / explosion. This 

risk can be eliminated in case rotogauge is replaced with another 

suggested measuring device. 

Thus the research concludes with the solution to address the problem in 

existing hydro carbon level measuring device inside the road tanker with an 

aim to improve the occupational health issue to loading and unloading 

operators, to reduce the revenue loss to the organization and also ratifies the 

field outcome of the hydrocarbon presence zone against the software results. 
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Chapter 1. 

Introduction 

 

 

The chapter outlines energy requirement in India. The basis for research, 

scope and objectives are defined in this section. The methodology to achieve 

scope and objectives are also described in systematic research framework. 

Structure of this entire dissertation report is outlined at the end of this chapter 

as content of the report. 

1.1 General 

India is the third largest consumer of Liquefied Petroleum Gas (also known as 

LP Gas or LPG) in domestic sector in the world after china and USA 
34

. Over 

the last fifty years the most significant shift in India’s energy consumption was 

the replacement of non-commercial energy sources with commercial sources 

such as coal, oil and gas, hydro and nuclear power. The latter’s share in total 

energy is expected to go up to 76.5% by 2011-12 from 29% in 1953-54. Share 

of oil in the total energy consumption has also shown significant growth from 



Introduction 

 2 

mere 5 % in 1960 to around 25%, though the share of oil in world energy mix 

is around 40%. India ranks sixth in the total energy consumption in the world, 

but in terms of per capita energy consumption, it is only 20% of the global 

average. This is only the national average. Disparities in consumption are vast 

between regions and income-groups.  

 

Table 1– Energy consumption 

Energy consumption in India has also grown at a rate faster than the 

production and will continue to grow with increasing population which is 

projected at about 1.20 billion by the end of XIth plan (2011-12). India targets 

GDP growth rate of two digits over the next two decades. 

Considering the linkage between GDP growth rate and energy consumption 

growth, the economic growth together with increasing population will 

translate into a very high demand for energy. Presently India is dependent 
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upon the import of crude oil to the extent of around 72%. Demand for natural 

gas has also been increasing and at present Liquefied Natural Gas is imported 

to supplement indigenous gas supplies. Import of natural gas through trans-

national gas pipeline is also being pursued. In the down stream sector India 

has recorded a rapid growth. Its refining capacity has increased to around 132 

Million Tonnes Per Annum (MTA) against a demand of around 112 Million 

Tonnes during 2005-06. Though India imports a large portion of its crude oil 

requirement, yet it is a net exporter of petroleum products. 

Liquefied Petroleum Gas is popularly known as LPG. It is used primarily as 

domestic fuel in cooking ranges and in commercial and industrial installations 

as a fuel for furnace. It can also be used as feed stock for petrochemical 

industry. However, since in India, consumption of LPG is more than what we 

produce indigenously, we are mostly using it as a fuel. LPG is a mixture of 

hydrocarbons consisting mainly of Propane (C3H8) and Butane (C4H10) in 

the ratio 50:50 (by weight) with a maximum vapour pressure of 16.87 

Kg/cm2g at 65 deg C. It should conform to IS: 4576 specification. LPG today 

is the most sought after fuel for the domestic sector and demand has constantly 

out-stripped supply.  Similarly Propane is the most sought after fuel for the 

industrial sector either as fuel or chilling agent.  To meet the GAIL's (GAIL 

India Limited) objective of utilization of the various fractions of gas apart 

from transportation and marketing of natural gas led to the establishment of 

LPG plants at Vijaipur, Vaghodia, Usar and Lakwa. 
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In this research, reason is established for increase in blood Cholesterol level as 

exposure of human being to the un-burnt hydrocarbon for prolonged time. 

Moreover the results of ALOHA software is also established in the field for 

distance of presence of un-burnt hydrocarbon in case of leakage in different 

seasons. 

An attempt was made to shift the job location of loading operators from 

hydrocarbon area to non-hydrocarbon area and it was established that after 

few months the increased blood Cholesterol level has gone down and came 

within the limit. 

1.2 Motivation of Research 

Hydro carbon is released in the atmosphere through rotogauge (Refer Figure-

1) while loading of LPG and Propane in the tankers contributes occupational 

health problems to the workers, green house gas effect as well as revenue loss 

though it is insignificant in case of one tanker but it is significant if we 

consider loading and unloading of tanker at National level per day and 

Organizational level per year. In order to overcome the problem of releasing 

of hydrocarbon through rotogauge (for measuring liquid level inside the 

tanker) it is necessary to study this topic in detail along with the effect of these 

hydrocarbons on the workers working in that area.  The photograph of 

releasing of LPG / Propane from rotogauge is given below – 
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Figure 2 – Releasing LPG /Propane from Rotogauge 

 

1.3 Research Scope 

The scope of the current research is “Study of release of hydrocarbons in the 

atmosphere while LPG and Propane tankers loading and its occupational 

health effects”. The work was carried out in the plants of GAIL (India) 

Limited. The scope of this research consists of the following – 

1.3.1 Distance of presence of hydro carbon in the atmosphere while loading 

operation is under progress in LPG and Propane loading gantries. 

1.3.2 Study of loading and unloading activity across the GAIL (India) 

Limited sites. 

1.3.3 Study the alternate available techniques of level measurement of liquid 

hydrocarbon inside the tank 

1.3.4 Blood Cholesterol analysis of the sample operators during different season. 
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1.3.5 Study the method of construction of LPG and Propane tankers. 

Figure 3: Research Focus – Bird Eye View 

1.4 Research Objective 

The research scope is further divided into five major objectives and they are 

1.4.1 Study the filling mechanism of LPG as well as Propane tankers - Detail 

study is carried out regarding loading and unloading operation of LPG and 

Propane in the tankers at various locations of GAIL (India) Limited as well as 

other petroleum installations.  

1.4.2 Estimate the quantum of hydro carbon released in atmosphere through 

rotogauge while checking the liquid level of hydrocarbon inside the tankers. 



Introduction 

 7 

1.4.3 Study the occupational health effect of VOC’s (volatile organic 

compounds) on the loading operators who are involved in loading operations 

of these tankers over a period of different seasons. 

1.4.4 Use of mathematical modeling to study the of the release of hydro 

carbons over a years (during different season) with respect to occupational 

health effect due to exposure to the operator as well as on the organization 

economy. 

1.4.5 Suggest the recommendations for overcoming the problem of release of 

LPG and Propane in atmosphere/application of technology 

1.5 Research Methodology 

1.5.1 Theoretical framework –  

At present in India there are about 10,400 tankers (LPG + Propane) having 

valid license to carry / transport compressed hydrocarbon from Petroleum and 

Safety Organisation (formerly Chief Controller of Explosive). These tankers 

are being filled and emptied out regularly at different locations in India. All 

these tankers are having the liquid level measuring device called rotogauge. 

While filling as well as emptying out these tankers, the standard practice is to 

open the Rotogauge screw to check the level of tank in terms of volumetric 

percentage Refer Figure for procedure displayed at loading gantry. Particularly 

while filling the tankers, the liquid level content is being monitored at least 

three times by opening the Rotogauge (approximately hydrocarbon is being 

released in the atmosphere for total 1 minute through rotogauge). During 
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opening the Rotogauge liquid hydrocarbon is coming out in the form of mist 

(containing liquid as well as vapours). While loading of these tankers, operator 

has to ensure that the liquid level of LPG / Propane inside the tanker should 

not exceed 95%. For ensuring the same, operator fixed the rotogauge indicator 

at 95% mark, so that whenever liquid level reaches that mark, LPG / Propane 

in the liquid form starts coming out from the 2 mm diameter size orifice of 

rotogauge. Moreover while doing this measurement the operator is standing 

very near to the rotogauge device for operating it. 

The proposed study was undertaken to see the occupational health effects on 

the loading workers due to inhalation of hydrocarbon mixed air, estimate the 

impact on energy and revenue loss due to release of hydrocarbon in the 

atmosphere. 

1.5.2 Source of data –  

Data for study will be collected from various sources like – 

1.5.2.1   Data collection for standard operating procedure for loading of 

tankers is taken from ISO manual of GAIL (India) Limited Vijaipur. 

1.5.2.2 Visual inspection with photographs in support of confirming the 

loading procedure is taken from loading gantry of GAIL (India) Limited 

Vijaipur. 

1.5.2.3 Quantity of hydrocarbon tankers (i.e. LPG and Propane only) is 

derived from the official web site of Petroleum and Safety Organisation 

(formerly Chief Controller of Explosives). 
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1.5.2.4 Material Safety Data sheets and contribution of un-burnt hydrocarbon 

in greenhouse gas emission through various web sites. 

1.5.2.5 Average price of industrial LPG and Propane is collected from GAIL’s 

data bank.(through ERP-SAP) 

1.5.2.6 Medical records of the sample loading operators having different years 

of experience and different age group. 

1.5.2.7 Use of ALOHA software for carrying out the mathematical modeling. 

1.5.3 Sampling – 

1.5.3.1 Crosschecking of the amount of LPG and Propane release in the 

atmosphere through 2 mm diameter rotogauge hole is done with the 

help of collecting the content in the sampling balloon and its 

differential weighment. 

1.5.3.2 Blood sample checking and clinical examination of the fixed workers 

of different age and different years of exposure is done. 

1.5.3.3 The data for the study is collected from existing standard operating 

procedures of loading activities. 

1.5.3.4 Data pertaining to number of tankers state wise is taken from the 

official web site of the Petroleum and Safety Organisation (formerly 

Chief Controller of Explosives).  

1.5.3.5 Survey is carried out for standard tanker loading practices in the 

other installation of GAIL (India) Limited so as to determine the 
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impact on health of workers as well as revenue loss at Organizational 

level on yearly basis. 

1.5.4 Statistical tools –  

The result of the study with respect to contribution of un-burnt LPG and 

Propane (due to release from rotogauge) in occupational health effects on the 

workers as well as revenue loss over a period of time is presented. The 

quantum of release of hydrocarbon in actual case as well as result came out 

from statistical tool is compared. 

1.5.5 Schematic flow diagram –  

The flow diagram for loading of tankers is given below- 

 

Figure 4 - Flow diagram for loading / unloading of tanker 
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Figure 5– Tanker with Liquid and Vapor connection 

1.6    Content of this report 

The content of the thesis is structured in the following manner to achieve 

stated objectives of the research. 

Chapter 1 deals with general introduction of research topics, its scope, 

objectives, over all research frameworks and research methodology,  

Chapter 2 covers overview of process of production of LPG and Propane from 

Natural Gas and code requirement for fabrication and instrumentation of LPG 

and Propane tanks for Road transport. 

Chapter 3 deals with various tests conducted on field operators and its analysis 

as well as outcome of each objective and correlation of output from ALOHA 

software and field readings.  

Chapter 4 reviews existing literature in the similar field and allied field under 

various categories. 
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Chapter 5 concludes the research with noticeable contributions in occupational 

health domain for exposure of LPG and Propane for prolonged period. 

Chapter 6 includes References  

Appendix are consolidated and given at the end for cross reference or 

verification purpose. The appendix includes experimental data and key 

documents to support gaps in existing systems and practices. Publications 

based on research are indexed and given at the end of the report. The work 

concluded with 2 published research papers This section concludes thesis 

report. 
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Chapter 2. 

Overview of Process  

 

The chapter outlines the process of production of Liquefied Petroleum Gas 

(LPG) and Propane from the Natural Gas in GAIL (India) Limited. The ways 

of marketing these products is also touched upon in this section. Material 

safety data sheet of LPG and Propane regarding their physical and chemical 

properties are highlighted. This chapter also highlights the LPG tank trucks: 

requirements of safety for design/fabrication and fittings. 

2.1  Process of LPG and Propane Production 

Liquefied Petroleum Gas is popularly known as LPG. It is used primarily as 

domestic fuel in cooking ranges and in commercial and industrial installations 

as a fuel for furnace. It can also be used as feed stock for petrochemical 

industry. However, since in India, consumption of LPG is more than what we 

produce indigenously, we are mostly using it as a fuel. LPG is a mixture of 

hydrocarbons consisting mainly of Propane (C3H8) and Butane (C4H10) in 

the ratio 50:50 (by weight) with a maximum vapour pressure of 16.87 

Kg/cm2g at 65 deg C. It should conform to IS: 4576 specification. LPG today 
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is the most sought after fuel for the domestic sector and demand has constantly 

out-stripped supply.  

To meet the GAIL's (GAIL India Limited) objective of utilization of the 

various fractions of gas apart from transportation and marketing of natural gas 

led to the establishment of LPG plants at Vijaipur, Vaghodia, Usar and Lakwa.  

GAIL has commissioned its first LPG plant on 11th Feb. 1991 at Vijaipur. The 

second plant was also commissioned at Vijaipur exactly one year after i.e. on 

11th Feb. 1992. These LPG Recovery Plants are the largest Natural Gas 

fractionation plants in the country. These plants have a designed capacity to 

process 15 MMSCMD Natural Gas and to produce 1230 TPD of LPG. Lean 

Gas after LPG extraction is compressed and fed back into the HVJ pipeline.  

 

Figure 6 – Overview of GAIL (India) Limited 

LPG Recovery Plant at GAIL (India) Limited Vijaipur, with its efficient 

operation and maintenance practices, have increased production over 1500 
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TPD which is equivalent to about one lakh LPG cylinders (approx. weight = 

14.2 Kg) per day in the domestic circle. 

LPG is filled under pressure, stored and transported to the consumer. When 

the cylinder valve is opened reduction of pressure takes place and the liquid 

turns into gas. LPG is in gaseous form at ambient temperature and pressure, 

and it is almost twice as heavy as air. Hence, it always settles down to floor 

level in case of leakage. LPG is colorless and odorless. Therefore, a distinctive 

fuel odor is added before it is filled into cylinder to enable easy detection in 

case of leakage. 

LPG is different from natural gas. Natural gas is predominantly a mixture of 

methane & ethane with small quantities of Propane & butane. Natural Gas 

cannot be easily liquefied and marketed to consumers in cylinders like LPG. 

LPG is normally available from two sources:- 

(i) Petroleum refineries. 

(ii) Gas fields by fractionation of natural gas. 

Various processes by which LPG can be separated from Natural Gas are:- 

 Oil absorption process. 

 Turbo expander process. 

 External Refrigeration process. 
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2.1.1  Alternate Processes: 

2.1.1.1 Oil Absorption Process:- 

In this process, the desired LPG components are recovered from the gas by 

absorption in oil such as Naphtha. Rich oil containing absorbed components 

flows through fractionating column whereby light ends, LPG and Natural gas 

are separated out. Remaining oil is recycled back to the absorber. The residue 

gas from the absorber and stripper flows into the consumer gas pipeline. 

2.1.1.2 Cryogenic Process using Turbo expander:- 

This process involves expansion of gas isentropically through turbo expander. 

The gas gets cooled and the liquid condensed due to cooling is separated and 

fractionated to recover LPG, Natural Gasoline and Lean Gas. The energy of 

expander recovered through the Turbo-Expander is either used to generate 

power or to drive a compressor for the lean gas. 

2.1.1.3 Cryogenic Process using External Refrigeration Process:- 

The gas is cooled using external refrigeration system. The condensed liquid is 

separated and fractionated to recover LPG, Natural Gasoline and Lean Gas. 

The refrigeration system operates in a closed cycle. 

2.1.2 Choice of Process: 

The Cryogenic process using turbo-expander has been selected on the 

following basis: 

2.1.2.1 Oil absorption process is uneconomical for light gases as in this case. 

This process essentially involves very large quantity of absorbing oil like 
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naphtha from which the desirable LPG components have to be separated out. 

The total thermal duty in the process is also very high. The worldwide trend 

for recovering LPG from natural gas is towards the cryogenic route. 

2.1.2.2 In the cryogenic process utilizing propane refrigeration the butane 

recovery is limited by the minimum achievable temperature of -35 deg C to -

37 deg C. The only way to increase the recovery is to cascade it with another 

refrigerant like ethane which will make the process uneconomical. In this case 

where gas is available at high pressure around 54.2 Kg/cm
2
g and part of lean 

gas is required around 44 Kg/cm
2
g, free pressure drop is available for use, 

favouring use of turbo expander. Using a turbo expander it is possible to 

achieve very low temperatures. With a temperature of around -50 deg C it is 

possible to recover nearly 90% butane. 

2.1.3  PROCESS DESCRIPTION 

The LPG Recovery Plant consists of the following sections:- 

 Gas receiving, drying and regeneration 

 Chill down 

 Distillation 

2.1.3.1 Gas receiving, drying and regeneration:- 

Natural Gas is received from HVJ Pipeline at a pressure of around 54.2 

Kg/cm2g and temperature of around 30 Deg C. The gas flows to a Knock Out 

(K.O.) Drum where any liquid present in the gas is knocked off. After this the 
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gas is dried in molecular sieve dryers to remove water below the 1 ppm level. 

A two bed system is used - one bed for drying the gas and another one for 

regeneration. 

2.1.3.2 Chill down Section:- 

The dried gas is cooled to (-) 65 Deg C in two stages. In the first stage, it is 

cooled to (-) 35 Deg C in chiller by heat exchange with various cold streams in 

the chill down system and external Propane refrigeration. The condensed 

liquid is separated out in Separator - I and vapor is expanded through a single 

stage turbo-expander. The vapor liquid mixture from the turbo-expander is fed 

to a second stage separator (Sep-II). The Hydrocarbon liquids from the two 

separators, after heat exchange are fed to the fractionation section to recover 

LPG, Propane, Pentane and SBPS. 

Vapors (Lean Natural Gas) from the second separator are taken through the 

chiller to recover refrigeration. Then it is compressed to about 31 Kg/cm2g by 

the expander compressor. The quantity of lean gas required for NFL (National 

Fertilizer Plant) and branch line of HVJ Pipeline is compressed in a GT driven 

Lean Gas Compressor to 45 Kg/cm2g and the rest of gas is compressed to 55.2 

Kg/cm2g and sent to Vijaipur Compressor station of HVJ pipeline for further 

transmission. 

2.1.3.3 Distillation Section:- 

The distillation section consists of LEF, Propane and LPG Column. 
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2.1.3.3.1 LEF Column: 

Liquid from the two separators flows to chiller to supply cold and is then 

routed to Light End fractionating Column (LEF). This column removes all 

Methane, Ethane, and most of Carbon Dioxide as overhead vapors. Bottom 

stream consists of a part of Propane, Butane and Heavier Hydrocarbons.  

Reflux is generated by condensing a part of overhead vapors. The refrigerant 

duty is supplied by vapors from the second stage separators and external 

Propane refrigeration. 

2.1.3.3.2 Propane Column: 

Liquid from LEF column bottom is fed to Propane Column where Propane is 

produced as top product.  

2.1.3.3.3 LPG Column:  

Liquid from Propane column bottom is fed to LPG Column for separation of 

LPG and Heavier Hydrocarbons. This column separates LPG as top product.  

2.1.3.3.4 SBPS Column: 

Liquid from LPG Column bottom is fed to SBP Column where Pentane is 

produced as top product and SBP Solvent 50/120 as bottom product. Residual 

heavy hydrocarbon from the column is spiked back into HVJ through NGL 

Booster & Injection Pumps. 

Propane Refrigeration system is provided to supply refrigeration required in 

chiller and 2
nd

 LEF Condenser in Propane recovery case. 
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2.1.3.4 Safety facilities:- 

Gas detectors are placed in order to detect LEL at critical points of the plant 

and it’s indication comes to CCR. Whenever gas detectors indicate LEL 

beyond safe limits, the location is checked for any gas leakage. In case of any 

leak appropriate corrective action is taken.  

Like any other gas processing units, LPG Recovery unit of ours also needs 

certain offsite facilities and utilities systems. 

2.1.3.5 The offsite and Utility systems:- 

a. Water system (Raw Water, Service Water and Drinking Water) 

b. Fire water network for fixed fire protection system. 

c. Cooling Water system 

d. Compressed Air (Instrument Air and Plant Air) system 

e. Inert gas System 

f. Product Storage, Handling and Transfer system 

g. Steam and Soft Water System 

h. Flare and Blow down system 

i. Product Loading and Dispatch system 

j. Effluent Treatment Plant 

k. Chemical Storage and Distribution 

a. Raw Water Treatment Plant:- 

Raw water is required to meet the cooling water makeup, service water, 

drinking water & fire water requirement. The raw water system consists of a 

raw water reservoir, raw water treatment plant, and filtered water reservoir and 
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various pumps to provide water to the different requirements. Based on the 

characteristics of raw water the following lines of treatment are adopted 

namely pre-chlorination of raw water, treatment with alum tocoagulate the 

suspended impurities, treatment with lime correct the pH, chemical mixing if 

required, clarification, filtration through a rapid gravity filter bed and 

stabilization of the filtered water by chlorine for drinking purposes. The water 

is then supplied through designated pumps as service water, cooling water 

make up, drinking water and make up for the fire water system. 

b. Instrument air:- 

It is used for pneumatic instruments and plant air is required for cleaning, 

blowing and operating pneumatic tools. This system consists of air 

compressors, twin bed dryers, instrument and plant air receiver.  

c. Inert gas:- 

It is required in the plant continuously in hot water system to provide inert 

atmosphere under pressure. Inert Gas also requires during initial startup and 

after total shutdown for purging the system. It is used intermittently for 

blanketing methanol tanks. Two inert gas plants each of 150 NM
3
/Hr 

capacities are installed to cater the above needs. Inert gas is produced by 

combustion of natural gas and air in an Inert Gas Generator. 

d. Product Storage and Handling:- 

 8 numbers LPG Horton Spheres of capacity 2500 M
3
 each (corresponding 

to 7 days designed production) have been provided for storage of LPG. 
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Diameter of Sphere is 17 m. LPG is stored under pressure and at ambient 

temperature. 

 3 numbers Propane Horton Spheres have been provided for the storage of 

Propane. 

 1 Fixed dome type roof cylindrical tank is provided for storage of SBP 

solvent. SBPS is stored under atmospheric pressure and ambient 

temperature 

 Five numbers Pentane bullets each having capacity of about 100 MT have 

been provided. Security system has been provided to protect storage tanks 

from fire. In case of fire on storage tank, the thermal fuses located on 

various points on each sphere melt at 85oC, thereby depressurizing the 

instrument air control loop which in turn activates water spray system on 

storage tank.  

e. Low Pressure Steam:- 

It is used in Vapour Absorption Refrigeration (VAR) system for Air 

Conditioning and in Blow down Vaporiser in plant area. It is also used 

intermittently for furnace startup. The system consists of Boiler which is fuel 

gas fired. Steam is generated in a boiler of 5 tons/hr and supplied at a pressure 

and temperature of about 2.5 Kg/cm
2
 and 140oC to various locations. 

Chemicals are dosed in the boiler feed water and the boiler to maintain the 

quality and to prevent corrosion. Soft water is used as boiler feed water. 

Service water is treated in a softener unit regenerable by brine solution. 
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f. A common flare system:- 

It is provided for both trains for safe disposal of flammable by various 

pressure relief units by reducing them to less objectionable compounds by 

combustion. The common facilities consists of knock out drum, molecular 

seal, water seal drum and flare stack. 

g. Liquid effluent:- 

It comprises of oily water, effluent from vessel drain, floor washings and 

storm water. Vessel drains and washings is of very small magnitude. Effluent 

treatment system consists of collecting water from OWS in a surge pool from 

where it is pumped to an API separator. Here the free oil will be skimmed off 

and stored in a storage tank. The effluent will be treated to MINAS standard 

for allowable concentration of pollutants for discharge. The system is designed 

to treat sanitary and process wastes, cooling water blow down and 

contaminated rain water. The treated water is used for horticulture purposes. 

LPG Recovery Plant is being operated, monitored and controlled efficiently 

from a central Control Room having computerized distributed control system. 

The process parameters are thus achieved/ optimized with the state-of-the-art 

Digital Control Systems. All process and machine parameters are available at 

a central control room which are continuously monitored thus ensuring 

product quality conforming to IS specifications and machine safety.  

LPG and Propane storage tank farm is provided with sophisticated in-built 

safety and security systems. LPG and Propane product is evacuated in bulk 

both by Road tankers and Rail wagons. LPG and Propane Road evacuation 
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facilities are provided with 8 bays for simultaneous filling, while LPG Rail 

loading system has provision for simultaneous loading of 80 Tank wagons, 

with an in-motion weigh bridge arrangement for custody transfer. 

 

Figure 7 – Screen shot of loading gantries at GAIL (India) Ltd Vijaipur 

GAIL has launched two new value added products in the year. 1993-94, viz. 

Special Boiling Point Solvent (SBP Solvent 50/120) and Pentane mixture. In 

the following year GAIL introduced Propane, a premier fuel which is 

projected to substitute LPG in the industrial sector. In order to further augment 

the availability of LPG in the country to meet the never ending demand of the 

same, and with the commissioning of the Propane Recovery Plant leading to 

availability of surplus propane, GAIL took up a new project viz. mixing of 

propane with imported butane to produce Blended LPG, for the first time in 

the country, which heralded a revolution by enhancing LPG availability by 
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more than 1.2 Lakh MT per annum thereby saving substantial Foreign 

Exchange. 

To keep pace with the HVJ up-gradation, Natural Gas processing of the LPG 

Plants is increased to around 17.5 MMSCMD (i.e. a capacity utilization of 

120%). The LPG Recovery Plant at Vijaipur, with its strength of about 417 

employees (including contract employees), has consistently displayed 

exemplary performance year after year, which have fetched National Safety 

Awards as well as Excellent Rating in achieving and surpassing the MOU 

targets for the fifth consecutive year, from the Government of India. In July'96 

LPG Recovery Plant received international quality system standard ISO-

9001:2000 certificate maintaining highest level of quality in the operation and 

maintenance of its LPG plants. 

In India Loading and unloading operation of the Liquefied Petroleum Gas 

(LPG) and Propane tanker is done with manual intervention to know the liquid 

level content inside the tank of the tanker lorry. Loading and unloading 

operation of Liquefied Petroleum Gas (LPG) and Propane tanker is carried out 

with intermittent checking of liquid level inside the tank with the help of 

rotogauge. Rotogauge is a devise fitted in the tanker which is useful in 

measuring the liquid level inside the tanker in terms of percentage. In the 

present scenario the rotogauge helps to determine the liquid level inside the 

tank and liquid level inside the tank is ensured. (maximum allowable liquid 

level is 95% and Vapour space of 5% is left). 
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Figure 8  - Hydro carbon tanker with rotogauge 

 

Figure 9 - Rotogauge 
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Figure 10 – Loading activity of LPG tanker 

 

 

 

 

 

 

Figure 11 – Rail Loading Gantry 
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Figure12 – Rail wagon Loading activity 

2.2  Properties of LPG and Propane 

2.2.1 Properties of LPG / Material Safety Data sheet of LPG 

MATERIAL SAFETY DATA SHEET 

I - PRODUCT IDENTIFICATION 
TRADE NAME: LIQUEFIED PETROLEUM GAS (LPG) 

CHEMICAL CHARACTERIZATION: Mixture of Butane and Propane  

FORMULA:  Mixture of C3H8 & C4H10. 

UN NO:  1075 HAZCHEM CODE: 2WE      

USE (S): Product. 

II - HAZARD INGREDIENTS 
MATERIAL OR COMPONENT % AGE HAZARD DATA 

Propane   50% Flammable gas 

Butane  50% Flammable gas 

Propylene   NA  

III - PHYSICAL DATA 
BOILING POINT (°C): > -40 MELTING POINT(°C):   

N/A 
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SPECIFIC GRAVITY (H2O=1):  
0.51 to 0.58 at 50 DegC   

VAPOUR PRESSURE 
(KPa):  
1311.56 mmHg @ -20 
DegF 

VAPOUR DENSITY (AIR= 1):   1.5 SOLUBILITY IN H2O: 
Slight at 30 Deg C. 

VOLATILES:   N/A EVAPORATION RATE:  
N/A 

APPERANCE AND ODOUR: Colorless odorless gas. 

IV- FIRE AND EXPLOSION DATA 
FLASH POINT (°F):  -104 Deg C AUTO IGNITION TEMP 

(°C): 466DegC 

FLAMMABLE LIMITS IN AIR: LOWER: 1.9   UPPE
R: 9.5 

EXTINGUISHING MEDIA: Dry chemical powder, Carbon dioxide 
and water spray. 

SPECIAL FIRE FIGHTING 
PROCEDURE: 

Spray water to keep the container 
cool. It is preferred to stop the flow of 
gas. 

PROTECTIVE EQUIPMENT FOR 
FIRE FIGHTERS: 

Use breathing apparatus and proximity 
suit. 

UNUSUAL FIRE AND EXPLOSION 
HAZARD: 

Air vapour mixture highly explosive. 

V- HEALTH HAZARD INFORMATION 
PERMISSIBLE EXPOSURE LEVEL: Not established permissible exposure 

limit. 
TLV (ACGIH+) TWA: 100 ppm, 1800 
mg/M3. 
Odour threshold: 5000 ppm to 20000 
ppm. 
NIOSH PEL TWA: 350 mg/M3. 
CL = 1800 mg/M3 (15 minutes) 
 

ROUTES OF EXPOSURE 

INHALATION Asphyxiate/suffocation/difficulty in breathing. 

SKIN CONTACT Irritation 

SKIN ABSORBTION Not Known 

EYE CONTACT Redness 

INGESTION Not known 

EFFECTS OF OVEREXPOSURE 

ACUTE OVER EXPOSURE Practically no toxicity except that it 
may asphyxiate, highly dangerous 
fire and severe explosion hazard 
when exposed to heat flame (or) 
oxidizer. 

CHRONIC OVEREXPOSURE Not known 
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EMERGENCY AND FIRST AID PROCEDURES 

EYES: Immediately flush with water. 

SKIN: Wash with water and soap for at least 15 
minutes. Remove contaminated clothes. Keep 
warm using blankets. 

INHALATION: Shift victim in a fresh air area. If breathing has 
been leased give artificial respiration first. 
Consult physician. 

INGESTION: Do not indulge vomiting. Consult physician 
without delay. 

NOTES TO PHYSICIAN: Continue to administer oxygen under low 
pressure. There is no known anti dotes for 
acute exposure. 

VI- REACTIVITY DATA 
CONDITIONS CONTRIBUTING TO INSTABILITY:  Stable 

INCOMPATIBILITY:     With oxidizing materials. 

HAZARD DECOMPOSITION PRODUCT:  Carbon dioxide, Carbon monoxide 

CONDITION CONTRIBUTING TO HAZARDOUS POLYMERIZATION: No  

VII- SPILL OR LEAK PROCEDURES 
STEPS TO BE TAKEN IF MATERIAL RELEASED OR SPILLED: 
Do not enter in the gas area without protective wears. 
Get the area evacuated. 
Stop flow of gas if without risk. 
Spray water to keep the container cool. 

NEUTRALIZING CHEMICAL: none. 

WASTE DISPOSAL METHOD:  
Collect the spillage & wash the effected area with plenty of water. 
Allow gas to burn under control. 

VIII- SPECIAL PROTECTION INFORMATION 
VENTILATION REQUIREMENTS: adequate ventilation required. 

SPECIFIC PROTECTIVE EQUIPMENT 
RESPIRATORY (SPECIFY IN DETAILS): 
Respiratory protective equipment required. 

EYE & FACE: Safety goggles. 

HAND & ARM: Hand gloves (PVC synthetic only). 

OTHER CLOTHING AND EQUIPMENT: gum boots, PVC apron.    

IX- SPECIAL PRECAUTIONS 
PRECAUTIONARY STATE MENTS:  
Avoid contact with oxidizers olefin impurities may lead to narcotic effect or it 
may act as a simple asphyxiate a very dangerous hazard when exposes to 
heat or flammable. If fire is big, keep surrounding area cool by spraying. 

OTHER HANDLING AND STORAGE REQUIREMENTS:  
Store the container in a cool, dry and well ventilated specified place, away 
from heat, spark and flame.    
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2.2.2 Properties of Propane / Material Safety Data sheet of Propane 

MATERIAL SAFETY DATA SHEET 

 

I - PRODUCT IDENTIFICATION 
TRADE NAME: PROPANE 

CHEMICAL CHARACTERIZATION: Dimethyl methane, Propyl hydride. 

FORMULA: C3H8 

UN NO: 1978 HAZCHEM CODE: 2WE 

USE (S): Product. 

II - HAZARD INGREDIENTS 
MATERIAL OR COMPONENT % AGE HAZARD DATA 

Propane  100 Flammable gas 

III - PHYSICAL DATA 
BOILING POINT (°C):  -42 MELTING POINT(°C): -217 

SPECIFIC GRAVITY (H2O=1): 0.59 VAPOUR PRESSURE:  
6840 mmHg @ 20 Deg C. 

VAPOUR DENSITY (AIR= 1):  1.6 SOLUBILITY IN H2O: 65-ml/100ml 
water at 35 Deg C. 

VOLATILES: EVAPORATION RATE: 

APPERANCE AND ODOUR: Colourless, odour less compressed liquid gas. 

IV- FIRE AND EXPLOSION DATA 
FLASH POINT (°C): -104.4 AUTO IGNITION TEMP(°C):  450 

FLAMMABLE LIMITS IN AIR: LOWER: 2.1 UPPER: 9.5 

EXTINGUISHING MEDIA: Stop flow gas foam, Carbon dioxide, Dry 
chemical powder. 

SPECIAL FIRE FIGHTING 
PROCEDURE: 

Stop the flow of gas and keep the containers 
cool by spraying water if exposed to heat or 
flame. 

PROTECTIVE EQUIPMENT 
FOR FIRE FIGHTERS: 

Proximity suit with BA set 

UNUSUAL FIRE AND 
EXPLOSION HAZARD: 

Flash back along vapour trail may occur. 

V- HEALTH HAZARD INFORMATION 
PERMISSIBLE EXPOSURE LEVEL: Not established permissible 

exposure limit 

ROUTES OF EXPOSURE 

INHALATION Simple asphyxiant-shortness of breath, headache, 
drowsiness, unconsciousness. 

SKIN CONTACT Frostbite, redness, pain, blisters. 

SKIN ABSORBTION Not known 

EYE CONTACT Frostbite, redness, pain, and pain-imparted vision. 

INGESTION Not Known 

EFFECTS OF OVEREXPOSURE 

ACUTE OVER EXPOSURE Not Known 
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CHRONIC OVEREXPOSURE Not Known 

EMERGENCY AND FIRST AID PROCEDURES 

EYES: First rinse with plenty of water for several min. Remove 
contact lenses if easily possible, then take to a doctor. 

SKIN: On frostbite, rinse with plenty of water, do not remove 
clothes. Refer for medical attention. 

INHALATION: Fresh air rest artificial respiration if indicated. Refer to 
medical attention. 

INGESTION: Do not indulge vomiting. Consult physician without 
delay. 

NOTES TO 
PHYSICIAN: 

Continue to administer oxygen under low pressure. 
There is no known anti dotes for acute exposure. 

VI- REACTIVITY DATA 
CONDITIONS CONTRIBUTING TO INSTABILITY: Stable. 

INCOMPATIBILITY:  Oxidizers. 

HAZARD DECOMPOSITION PRODUCT: none in particular. 

CONDITION CONTRIBUTING TO HAZARDOUS POLYMERIZATION: 
Does not occur. 

VII- SPILL OR LEAK PROCEDURES 
STEPS TO BE TAKEN IF MATERIAL RELEASED OR SPILLED:  
Shut off leaks if without risk. Warn everybody that air mixture is explosive. 

NEUTRALIZING CHEMICAL: Not Known 

WASTE DISPOSAL METHOD: 
Allow the gas to burn under control.  

VIII- SPECIAL PROTECTION INFORMATION 
VENTILATION REQUIREMENTS:  

SPECIFIC PROTECTIVE EQUIPMENT 
RESPIRATORY (SPECIFY IN DETAILS):  
Provide self-contained breathing apparatus. 

EYE & FACE: Safety goggles. 

HAND & ARM:  provide safety hand gloves 

OTHER CLOTHING AND EQUIPMENT: safety shoes. 

IX- SPECIAL PRECAUTIONS 
PRECAUTIONARY STATE MENTS:  
A simple asphyxiant. Flammable gas may cause flash fire. 

OTHER HANDLING AND STORAGE REQUIREMENTS:  
Keep in a cool dry, well-ventilated area, away from heat, flame or oxidizers. 
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2.3  Construction requirement of LPG and  Propane tank trucks 

2.3.1 Introduction: 

2.3.1.1 In view of the increase in the number of road accidents involving LPG 

tank trucks, constraints in the country and experience gained over the years a 

need was felt to standardise design of bulk LPG tank trucks.  This standard has 

been prepared by a Functional Committee comprising of representatives of Oil 

Industry, Dept. of Explosives (Govt. of India) and Consultants, constituted for 

standardisation of the design of bullets along with material specifications, 

fittings, mounting etc for transportation of LPG in bulk by road. This standard 

has been formulated based on various engineering codes, standards and draft 

recommendations prepared by Industry Committee formed for this purpose 

during 1989. 

2.3.1.2 Notwithstanding above, all LPG tank trucks should meet the 

requirements of the Motor Vehicle Acts and Regulations and Static & Mobile 

Pressure Vessels (Unfired) Rules, 1981 as amended from time to time. 

This standard covers basic requirements of safety in design / fabrication of 

vessels with material specifications, fittings and mountings, for transportation 

of LPG conforming to IS: 4576 having maximum vapour pressure not 

exceeding 16.87 Kg/Sq. cm. at 65 Deg. C. in bulk by road tank trucks. This 

standard will be applicable for all new LPG tank trucks. 
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2.3.2 Vessel design: 

2.3.2.1  Design Pressure: 

Vapour pressure of LPG conforming to IS:4576 at a maximum anticipated 

service temperature of 55 deg. C. to be considered.  Providing an allowance of 

minimum 5% as per code requirements the minimum design pressure shall be 

14.5 kg/sq.cmg. In addition, 3g effect to take into account 

acceleration/deceleration shall be considered while designing of the vessel. 

2.3.2.2  Design Temperature: 

The design temperature of the vessel shall be in line with the specification of 

LPG and as per statutory requirement. 

2.3.2.3 Vessel Design Code: 

2.3.2.3.1 Vessel shall be designed, fabricated and tested in accordance with 

requirements of Class I pressure vessels conforming to IS:2825 - 1969 (Latest 

Edition) BS-5500, ASME SEC. VIII or equivalent codes accepted by Statutory 

Authority.  The vessel shall be designed to withstand shocks normally 

encountered during transport including those set up by the movement of the 

contents of the vessel such as acceleration / deceleration of a minimum of 3g 

to be calculated considering that the vessel is full with LPG at 55 deg. C.  

Saddle supports and other attachments shall also be designed according to the 

fabrication code. 

2.3.2.3.2   Joints: Joints shall be as required by the code with all undercutting 

in shell and head material fabricated as specified therein. All longitudinal shell 
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welds shall be located in upper half of the vessel and shall be staggered when 

assembling the cylindrical shell from two parts by means of a circumferential 

joint.  The distance between two such staggered joints shall be at least 5 times 

the thickness of the thicker plate or as specified by code as adopted. 

2.3.3 Material Specifications: 

Material used in the manufacture of pressure parts of the vessel shall be in 

accordance with that specified in IS: 2825 (latest edition), BS-5500, ASME 

SEC. VIII or equivalent code as adopted.  A single code shall be adopted for 

materials, fabrication, inspection and testing. 

2.3.4 Vessel Plate Thickness: 

The nominal thickness of the plate material used in fabrication shall not be 

less than the sum of minimum calculated thickness as per the fabrication Code 

and corrosion allowance (CA), if necessary and in addition, adequate thinning 

allowance in case of formed heads.  For mobile vessels (for which CA may 

not be necessary) an allowance of at least 0.5 mm. shall be included in place 

of CA to safeguard against wear and tear.  The nominal plate thickness shall 

also be not less than the minimum calculated thickness and the under-

tolerance as allowed in material specification and in addition the thinning 

allowance as mentioned above.  The minimum actual thickness of the finished 

formed head shall be physically verified by the Inspecting Authority to ensure 

that it is not less than the required thickness, as explained above.  This shall be 

indicated in the final certificate issued. 
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2.3.5 Connecting Joints/Nozzles and Manhole: 

Connecting joints / nozzles and manhole shall be constructed in accordance 

with the applicable design and fabrication code. 

2.3.6 Baffle Plates: 

Every vessel over 5 cu.m water capacity shall be fitted with baffle plates to 

minimise the surge, the design of which should facilitate complete internal 

inspection. Baffle plates shall be provided as follows: 

2.3.6.1 Over 230 cms in length shall be provided with baffles, the number of 

which shall be such that the linear distance between any two adjacent baffles 

or between any tank head and the baffle nearest it, shall in no case exceed 150 

cms. 

2.3.6.2 Each baffle shall have adequate strength to sustain without undue 

stress or any permanent set a horizontal force equal to the weight of so much 

of the contents of the tank as may come between it and any adjacent baffle or 

tank head, applied as a uniformly distributed load on the surface of the baffle 

or tank head.  Baffles shall be formed with a curvature of 200 to 300 cms 

radius. 

2.3.6.3 Each baffle shall have at least 2/3
rd

 of the cross-sectional area of the 

tank.  Baffles shall have suitable openings at top and bottom, Openings at 

bottom should allow access to the other side.  Baffles shall be attached to the 

shell by means of suitably spaced cleats (min. 8 nos.) of minimum size 150 x 

150 x 6 mm thick.  The weld between baffle to cleat and cleat to the shell shall 
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meet the applicable design code requirements.  No vessel supports or baffle or 

baffle cleat shall be welded directly to the vessel.  All such supports shall be 

attached by means of pad of the same material as the vessel.  The pad 

thickness shall not be less than 6 mm and shall not exceed the thickness of the 

shell material. Each pad shall extend atleast 4 times its thickness in each 

direction beyond the weld attaching the support.  Each pad shall be formed to 

an inside radius not greater than the outside radius of the vessel at the place of 

attachment.  Each pad corner shall be rounded to a radius of at least 1/4
th

 width 

of the pad and not greater than ½ the width of the pad. Weep holes and tell-

tale holes if used shall be drilled or punched before the pads are attached to the 

tank.  Each pad shall be attached to the tank by filler material having the 

properties conforming to the similar filler material used for welding of the 

vessel. Baffle shall be located away from SRV to facilitate ease of access for 

fitment / removal and safety of SRV. 

2.3.7 Painting: 

Vessel external surface shall be sand blasted and painted with two coats of 

red-oxide primer and two coats of enamel paint of the colour stipulated by 

statutory authorities. 

2.3.8 Marking: 

Vessel Identification Plate: 

Each vessel shall have a non-corrosive metal plate permanently affixed by 

brazing or welding on the rear dished end in a place readily accessible for 
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inspection and maintained legibly.  Neither the plate itself nor the means of 

attachment to the vessel may be subjected to impingement by the tank 

contents.  The plate shall be plainly marked by stamping or embossing or by 

other means of forming letters to the metal of the plate with the following 

information in addition to that as required by local regulations: 

1. Vessel Manufacturer  

2. Vessel Manufacturer’s Serial No. 

3. Design code 

4. Radiography 

5. PWHT 

6. Design Pressure 

7. Design Temperature 

8. Hydrostatic test pressure 

9. First test date and subsequent test dates  

10. Water capacity in liters 

11. Licensed Product capacity in tonne and symbol or chemical name. 

12. Name of the Inspection Agency with their stamp. 

13.  Certificate number of Inspecting Agency. 

14. a) Shell thickness 

 b) Dish End Thickness 

15. This vessel shall not contain any product having vapour pressure in 

excess of 120 RVP at 55 deg. C. 

16. Next hydrotest date of the vessel shall be painted on the body of the 

vessel. 
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2.3.9 Valves and Accessories: 

LPG pipes, fittings and other equipments mounted on the vessel shall be 

suitable for LPG service i.e. corresponding to Vapour Pressure of LPG at 55 

deg.C. and shall be capable of withstanding the most severe combined stresses 

set up by the following: 

a) Maximum vapour pressure of the product in service. 

b) Superimposed pumping pressure. 

c) The shock loading during transport movements. 

2.3.10 Fittings: 

Fittings to be provided on the vessel shall be as follows: 

2.3.10.1 Safety Relief Valve: 

There shall be minimum two safety relief valves with each one sized to suit 

the full relieving capacity of the vessel.  The design and operation of Safety 

Relief Valves shall conform to the provision of SMPV rules as amended from 

time to time.   

SRV shall be so installed that it does not project out of the top surface of the 

vessel.  If necessary, recessed cup formation on vessel shall be made to house 

the SRV. (Refer OISD Std. 160).The safety relief valves shall be installed at 

the top surface around the central portion of the vessel. 

Safety relief valves shall have following marking punched: 

a) Manufacturer’s name and Serial no. 
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b) Set Pressure 

c) Rate of discharge in Cu.M per minute of the gas at 15 deg. C. and 

at atmospheric pressure. 

d) Date of first test 

e) Name of the Inspecting Agency with their stamp. 

2.3.10.2 Liquid / Vapour Connections: 

1 no. 50 mm size liquid inlet / outlet and 1 no. 40 mm size vapour connection 

shall be provided at the bottom of the vessel. The vapour line shall extend 

internally with a clearance of 50 mm from the top of the vessel surface. 

2.3.10.3 Internal Valve with Excess Flow Check Valve: 

Internal valves with EFCV of appropriate ratings shall be installed on LPG 

liquid and vapour line.  `Built in’ internal valve shall be remotely operable 

from drivers cabin/rear end of vehicle manually or pneumatically with a lever 

through a cable system extending to driver’s cabin and fitted with a thermal 

fuse link.  This valve shall have an in-built internal excess flow check valve.  

(Refer Annexure B). 

2.3.10.4 Liquid Level Gauging Device - Roto Gauge: 

a. The vessel shall be equipped with a liquid level gauging device for ready 

determination of liquid level in the vessel at any time.  The liquid level 

gauging device shall be of the direct level gauge type with zero leakage of 

product to atmosphere.  The design shall be such that the unit 
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encompasses a tough, durable steel shock absorber to prevent transfer of 

any vibrations sustained in transit. 

b. This liquid level gauging device shall be located on the shell near the 

midpoint /top upper half of the vessel in a recessed cup formation. 

c. To avoid damage to this liquid level gauging device, a suitable hinged 

cover shall be provided. 

2.3.10.5 Liquid Level Gauging Device: Maximum Level Indicator: 

Suitable fixed level indicator shall be provided. 

2.3.10.6 Pressure Gauge: 

2.3.10.6.1 One no. dial type (100 MM) glycerine filled pressure gauge with 

EFCV shall be provided on the rear dished end in the vapour space.  This shall 

be protected by 10 mm thickness U-type shield metal plate. 

2.3.10.6.2  The range of the pressure gauge shall be from zero to 21 kg/sq. cm 

(min.) gauge. 

2.3.10.7 Temperature Gauge: 

Provision is considered not necessary.  However, subject to suitable 

amendment to SMPV Rules, 1981. 

2.3.10.8 Drain: 

Suitable drain of maximum 25 mm NPT plug to be provided on the bottom 

side of vessel with proper shield. 
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2.3.10.9 Manholes: 

One no. manhole of size as per IS 2825 or code followed for design and 

fabrication of vessel shall be provided on the rear dished end. 

2.3.10.10Protection of Fittings: 

a) All valves, fittings, safety relief devices and other accessories to the 

vessel proper shall be protected against such damage as could be caused 

by collision with other vehicles or objects and due to overturning. 

b) The protective devices or housing must be designed to withstand static 

loading in any direction equal to twice the weight of the tank and 

attachments when filled with the lading, using a safety factor of not less 

than 4 based on the ultimate strength of the material to be used without 

damage to the fittings protected, and must be made of metal at least 5 mm 

thick. 

2.3.11 Filling Capacity: 

The maximum quantity of LPG filled into any tank shall be such that the 

vessel shall not become liquid full due to the expansion of LPG and shall leave 

a vapour space equivalent to 5% or as stipulated by Statutory authority of its 

volume with the rise of temperature of its contents to a maximum of 55 deg. 

C. To arrive at the filling capacity, the maximum filling densities at 15 deg. C. 

for LPG of various related densities shall be calculated and effected by loading 

bases as per IS:6044 (Part II), 1972 (Latest Edition).  The RLW of the vehicle 

shall not exceed the authorised Registered Weight of the vehicle by the 
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concerned transport authority or chassis manufacturer, whichever is less.  The 

Pay Load filled should not exceed the licensed capacity as permitted by the 

Statutory authority. 

2.3.12 Vehicles - general safety considerations: 

2.3.12.1 General Safety Considerations: 

a. Each tank truck shall be provided with at least one rear robust bumper, 

designed to protect the vessel and piping in the event of a rear-end 

collision and minimise the possibility of any part of the colliding vehicle 

striking the vessel.  The design shall be such as to transmit the force of a 

rear end collision in a horizontal line to the chassis of the vehicle.  The 

bumper shall be designed to withstand the impact of the fully loaded 

vehicle with a deceleration of 2 ―g‖ using a safety factor of 4 based on the 

ultimate strength of the bumper material. 

b. Extension to chassis, if any shall not be more than 300 mm and the 

extension piece shall not be welded to the chassis. 

c. The maximum width and height of vessel and its service equipments shall 

be such that these do not project beyond the overall width and height of 

the rest of the vehicle.  The maximum height of the vehicle shall be in 

accordance with Motor Vehicles Act, 1989 as amended from time to time. 

Each vessel shall be provided with a height barrier and designed as 

stipulated in OISD Std. 160. 
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2.3.12.2 Stability Considerations: 

Provided the distance from the center of the vessel to the road surface is less 

than the distance between the center of the outer wheels of the rear axle then 

the tank truck will be reasonably stable.  This is also essential in order to 

ensure maximum stability especially where the tank truck is to operate in areas 

where there are numerous hurdles and the roads are bad.  In accordance with 

IS: 9618, 1969 (latest) the ratio of H/W shall be kept less than 1.  (where `H’ 

is the height of the center of gravity of the vessel from the road level and `W’ 

is the distance between the center of the outer tyres of the rear axle). 

2.3.12.3. Safety Equipments: 

The vehicles shall carry the following: 

a) A First Aid box. 

b) 2 nos. 10 Kg DCP (ISI marked) and 1 no. 2 Kg CO2 fire 

extinguishers (ISI marked). Periodicity of testing to be 

followed as per OISD Std. 142. 

c) Leather hand gloves and heat resistant hand gloves. 

d) Safety Goggles 

e) 2 nos. red flags  

The above equipment should be in good working condition.In addition, each 

vehicle must carry non-metallic tools, wooden plugs of appropriate size and 

sealing compound for any emergency.  
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An emergency information board should be displayed on the vehicle 

mentioning the important telephone nos. of contractor, Oil company’s loading 

base, attached Bottling Plants and easier contact nos. in the event of accident 

in addition to other details enumerated as above (Ref. OISD Std. 161).  

2.3.13  Mountings: 

2.3.13.1  Vessel should be securely attached to the chassis. 

2.3.13.2   It is recommended to adopt the design of the mountings / drawings 

as recommended by the manufacturers of the chassis. 

  2.3.14 Design Safety Requirements - Mechanical: 

2.3.14.1  The engine of the vehicle shall be of Internal Combustion (IC) type. 

2.3.14.2 Where the fuel system is gravity-fed, a quick action cut-off valve 

shall be fitted to the fuel feed pipe in an easily accessible and clearly marked 

position. 

2.3.14.3  The engine and exhaust system together with all electrical 

generators, motors, batteries, switch-gears, and fuses shall be efficiently 

screened from the vessel or the body of the vehicle by a fire-resistant shield or 

by an enclosure within an approved fire resistant compartment.  All vehicles 

carrying LPG should be equipped with a spark arrester of approved design 

from approved manufacturer.  As per Static and Mobile Pressure Vessel Rules 

1981 and Petroleum Rules 1976, the exhaust of all such vehicles is required to 

be routed on the front side of the vehicle.  The exhaust is to be fitted with an 

approved spark arrestor. 
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2.3.14.4  When the equipment referred to in the above Clauses are mounted 

forward of driving cab, the cab can be considered to act as an acceptable 

shield, provided the back, the roof and the floor of the cab, are of fire-resisting 

type construction for the full width of the cab, without any openings in the 

back or roof, and that the back extends downwards to the top of the chassis.  

For rear view, in case of trailers, toughened reinforced glass may be provided. 

2.3.14.5  When the equipment referred to in above clauses are mounted to the 

rear of the cab, it shall be contained wholly within an approved fire-resisting 

compartment. 

2.3.14.6  In such cases where the fuel used to propel a vehicle gives off a 

flammable vapour at a temperature less than 65 deg. C, the fuel tank shall not 

be mounted behind the shield unless the following requirements are complied 

with namely, 

a) the fuel tank is protected from external blows by stout steel guards or 

by the under frames of the vehicle. 

b) the fill pipe of the fuel tank of the vehicle is provided with: 

i) an arrangement facilitating breathing of the fuel tank and 

preventing spillage of fuel in the event of over turning of 

vehicle and  

ii) suitable locking arrangement. 
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c) the fuel-feed apparatus placed in front of the fire-resisting shield is 

used to lift the contents of the fuel tank. 

2.3.14.7  The cabin shall be painted with color scheme as stipulated by the 

Transport Authority. 

2.3.14.8 The overall height of the vessel shall not exceed the height of the 

driver cabin including the height barrier if any. For fixed chassis, a guard 

railing of 2‖ dia. pipe should be provided along the entire length of the vessel.  

The height and width, however, shall not exceed as that stipulated by the 

Transport Authority. 

      

ANNEXURE-V 
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Chapter 3. 

Abstract of objectives  

 

The chapter outlines the outcome of various objective of the study, process of 

selection of testing samples, details of medical checkup conducted during the 

study in various periods. This chapter also highlights the use of ALOHA 

software and its validation in field. This chapter highlights the detail result of 

objectives of the study.  

3.1 ABSTRACT OF THE VARIOUS OBJECTIVES 

There were total five objectives of the study which are discussed in details 

3.1.1 To study the filling mechanism of tankers at various installation 

3.1.1.1 Study was carried out regarding loading and unloading procedure of 

LPG and Propane in the tankers at various locations of GAIL (India) Limited 

like Vijaipur, Vaghodia, Gandhar, PATA and Standard operating procedures 

are collected. 

3.1.1.2 From the procedure at different site, it is established that loading 

procedure at all the above mentioned installation are similar. During the 
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loading and unloading activity, rotogauge is being opened to check the liquid 

level inside the tanker at least 3 three times. 

3.1.1.3 While filling as well as emptying out these tankers, the general practice 

is to open the Rotogauge screw to check the level of tank in terms of 

volumetric percentage. 

3.1.1.4 Particularly while filling the tankers, the liquid level content is being 

monitored at least three times by opening the Rotogauge (hydrocarbon is 

being released in the atmosphere for 1 minutes through rotogauge). During 

opening the Rotogauge liquid hydrocarbon is coming out in the form of mist 

(containing liquid as well as vapours)  

 

Figure 13 - LPG / Propane tanker with liquid line connection 
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Figure 14– Opening of rotogauge to check liquid level inside the tanker 

 

 

Figure 15– Schematic flow diagram for loading of tankers 
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Figure 16 – Procedure of loading displayed at loading gantries 
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3.1.2 To study the quantum of hydrocarbon release through rotogauge 

Discharge rate of hydrocarbon (i.e. LPG and Propane) through 2 mm diameter 

size hole of rotogauge is determined theoretically with the help of software 

available at following site - http://www.mechengcalculations.com/index.html 

as well as same is crosschecked practically by collecting the discharge through 

rotogauge in the sampling balloon. The discharge rate of the LPG / Propane 

from the 2mm hole is 5.1 Kg/Hr. The same was also established with the help 

of Tata Consultancy Services (TCS) Mumbai. Screen shot of the 

communication is appended below – 

 

Figure 17 – Screen showing discharge rate of LPG / Propane 
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3.1.3 To study the occupational health effect of VOC’s (Volatile organic 

compounds) on the loading operators who are involved in loading 

operations of these tankers over a period of different seasons. carbons 

For doing the detail study of occupational health effect of prolonged exposure 

of the LPG and Propane vapour on the loading operators following activities 

were done – 

3.1.3.1 Total 14 numbers of loading operators of different age groups were 

selected. 

3.1.3.2 Clinical examination of the operators conducted every six months. 

3.1.3.3 Total 7 operators each deployed for loading operations in LPG and 

Propane tanker loading gantry. 

3.1.3.4 Following precautions taken during study period for the operators – 

a. Living conditions were monitored. 

b. Regular food intake of operators. 

c. Proper scheduling of duties and rest 

3.1.3.5 After a period of six months, pathological tests conducted for certain 

parameters. 

3.1.3.6 Duty locations of all the operators were changed where there is no 

release of hydro carbon during normal operational activity for next six months. 

Again pathological tests were conducted after the completion of six month at 

new work location. 



Abstract of objectives 

 55 

Result – The change in lipid profile of almost all the operators were noticed. 

The total cholesterol level was decreased thereby decreased the risk factor.   

In order to verify the outcome again all the operators were sent back to the 

loading gantries for next six months and at the end medical tests were 

conducted. 

Result – The change in lipid profile of almost all the operators were noticed. 

The total cholesterol level was increased thereby increased the risk factor.   

Again duty locations of all the operators were changed where there is no 

release of hydro carbon during normal operational activity for next six months. 

Result – The change in lipid profile of almost all the operators were noticed. 

The total cholesterol level was decreased thereby decreased the risk factor 

When operators were exposed to the hydro carbon during the winter season, 

then there is more effect on lipid profile. 

The effect of hydro carbon on lipid profile (cholesterol) of human being is 

found to be reversible when exposure duration and quantity is reduces. 
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Following loading operators were selected for study – 

Sr 

No 

Detail description of the operators Photograph 

1 

Mr Kala Dharan; Age :- 29 Yrs 

Local Address:- 5, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh. 

1. Permanent Address:- Abhiramapuram 3rd 

Street, Abiramapuram, Chennai, Tamil Nadu  

2 

Mr Dinesh Kumar Dixit; Age :- 32 Yrs 

Local Address:- 5, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh. 

Permanent Address:- 287 New Nandavan 

Colony, Nagpur, Maharashtra 
 

3 

MrGirish Sharma; Age :- 35 Yrs 

Local Address:- 5, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh  

Permanent Address:- 24, Karmachari Nagar, 

Near Railway station, Durg, Chattishgarh. 
 

4 

MrBankeBihari; Age :- 26 Yrs 

Local Address:- 5, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh  

Permanent Address:-Kadru-By-Pass Road, 

Ranchi, Jharkhand.  
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Sr 

No 

Detail description of the operators Photograph 

5 

MrPramod Kumar Tiwari; Age :- 25 Yrs 

Local Address:- 9, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh  

Permanent Address:- E-7, Gandhinagar, 

Gwalior (M.P.)  

6 

MrVirendra Kumar Tyagi;Age :- 39 Yrs 

Local Address:- 9, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh 

Permanent Address:- B/34, Sisodiya Colony, 

Guna, Madhya Pradesh.  
 

7 

Mr Subhash Desai; Age :- 48 Yrs 

Local Address:- Near Awan Gram Panchayat, 

Awan, DistGuna, Madhya Pradesh. 

Permanent Address:- Near Awan Gram 

Panchayat, Awan, Dist Guna, Madhya Pradesh.  

8 

MrHetram;Age :- 40 Yrs 

Local Address:- 9, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh 

Permanent Address:- Near RTO office, Pardesi 

Colony, Guna, Madhya Pradesh   
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Sr 

No 

Detail description of the operators Photograph 

9 

Mr Vinod Kumar Dhokia; Age :- 28 Yrs 

Local Address:- 9, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh 

Permanent Address:- Near Asian Paints outlet, 

Atladara, Vadodara, Gujarat 
 

10 

Mr Ashish Chaitram; Age :- 42 Yrs 

Local Address- Near Awan Post Office, Guna 

Bhopal Highway,  Awan 

Permanent Address:- Near Awan Post Office, 

Guna Bhopal Highway,  Awan  

11 

Mr Siva Kumar; Age :- 39 Yrs 

Local Address:- 9, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh 

Permanent Address:-Kanniyamman Village, 

Dist Chennai, Tamil Nadu.  

12 

Mr Ram Acharya; Age :- 27 Yrs 

Local Address:- 4, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh 

Permanent Address:- India Colony, 

Surendranagar, Gujarat  
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Sr 

No 

Detail description of the operators Photograph 

13 

Mr Sri Ram Meena; Age :- 36 Yrs 

Local Address:- A-12, Ph-II, GAIL Colony, 

Vijaipur, Dist Guna, Madhya Pradesh. 

Permanent Address:- Near Ramubai Ganesh 

Mal, Govt. Sec. School , Adarsh Stadium Road, 

Barmer, Rajasthan. 

 

14 

MrRajpal Singh Sidhu; Age :- 30 Yrs 

Local Address:- 4, SADA Colony, Near Metro 

Hotel, Raghogarh, Dist Guna, Madhya Pradesh 

Permanent Address:- Raghvendra Nagar, 

Shivpuri- Jhansi Road, Shivpuri, Madhya 

Pradesh 

 

 

Table – 2 -Detail description of the operators 

The pathological test results for all the operators for different season and 

different locations are conducted at Mahavir Nursing Home and Research 

Centre at Guna, Madhya Pradesh. Following pathological tests were 

conducted – 

a. Haemoglobin 

b. Total Leucocyte count; Total Erythrocyte count 

c. Blood group 

d. Fasting blood sugar (F.B.S.); Postprandial blood sugar (P.P.B.S.) 

e. S. Creatininie 
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f. Serum Uric Acid 

g. Serum Protein 

h. Albumin 

i. Globulin 

j. Lipid Profile (Total Cholesterol, Triglyceride, HDL Cholesterol, LDL 

Cholesterol, VLDL Cholesterol and Risk Factor). 

The result of individual loading operators is mentioned in Annexure. The 

variation in Lipid profile for all the operators are appended below – 

 

 

 

 

Figure 18 – Cholesterol variation of Dinesh Kumar Dixit  
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Figure 19 - Cholesterol variation of Girish Sharma 

 

 

Figure 20 - Cholesterol variation of Virendra Kumar Tyagi  
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Figure 21- Cholesterol variation of Kala Dharan 

 

 

Figure 22 - Cholesterol variation of Banke Bihari  
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Figure 23 - Cholesterol variation of Subhash Desai 

 

 

Figure 24 - Cholesterol variation of Pramod Kumar Tiwari  
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 Figure  25 - Cholesterols variation of Hetram  

 

 

Figure 26 - Cholesterols variation of Vinod Kumar Dhokia  
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Figure 27 -Cholesterols variation of Ashish Chaitram 

 

 

Figure 28 -Cholesterols variation of Siva Kumar 
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Figure 29 - Cholesterols variation of Ram Acharya 

 

 

Figure 30 –Cholesterols variation of Sri Ram Meena  
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Figure 31 - Cholesterol variation of Rajpal Singh Sidhu 

3.1.4 Use of mathematical modeling to study the of the release of 

hydrocarbon over a years (during different season) with respect to 

occupational health effect due to exposure to the operator as well as on 

the organization economy 

All the data of loading of tankers of LPG and Propane is captured in ERP-SAP 

software of the company. The exact number of tankers loaded at GAIL (Inida) 

Limited Vijaipur is derived from the same. The screenshot of SAP-ERP for 

different tankers loading is depicted below – 
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Table – 3 – Tanker checking report  

Accordingly the data of last seven years regarding quantity of LPG and 

Propane tankers loaded at GAIL Vijaipur is depicted below in the table – 

 

Table – 4 – Seven years data for tanker loading 

Mathematical modeling for the release of hydrocarbon (LPG and Propane) is 

done with the help of ALOHA Software for the following weather conditions– 

a. Season was considered as Winter, Summer and Rainy 

b. Wind Speed of 2 Meter per Second; 5 Meter per Second and 10 Meter 

per Second.  

c. Wind Direction was considered as ESE – East to South East 

d. Cloud cover was considered as complete cover; Partially cloudy and 

Clear. 

e. Air Temperature was considered as 15 Deg C in winter; 30 Deg C in 

Rainy season and 46 Deg C in summer season. 

f. Stability class of D was considered. 

g. Humidity was considered as Wet, Medium and Dry. 

The result of mathematical modeling is summarized in the appended table  
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Table – 5 – ALOHA software outcome & field verification 
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Some of the sample mathematical modeling results for different season is 

depicted below - 

 

Figure 32 – Flammable threat Zone for wind speed 2 m/s 
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Figure 33 – Flammable threat Zone for wind speed 5 m/s 
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Figure 34 – Flammable threat Zone for wind speed 10 m/s 
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The LEL distances were actually measured with the help of MSA make Altair 

5X model hand held portable gas detector at site during three different seasons 

as considered for mathematical modeling by actually opening the rotogauge 

for 1 minute. The results of the same are mentioned in the Table No- . The 

details of the MSA make Altair 5X model hand held portable gas detector is 

mentioned below – 

 

Figure 35 – Portable Gas Detector 

The hand held portable gas detector is having following features – 

a. The ALTAIR 5X can measure up to six gases simultaneously. 

b. Instrument is small, portable in size, handy, compact and impact resistant. 

The enclosure of the instrument is of non-corrosive high strength, which 

prevents spark generation. 
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c. Weight of the equipment is less than 650 gms with NiMH battery, in pump 

mode. Battery of the instrument is equipped with a rechargeable Li-ion 

battery pack as well as charger. The instrument run time is minimum 16 

Hours with rechargeable batteries. 

d. Instrument is rated to IP 65 protection levels for dust and water ingress 

(water spray and fine particle dust). 

e. Display of the equipment is Continuous LCD (Liquid Crystalline Display) 

with large, easy to read characters. It is provided with back light for low 

light viewing. 

f. Instrument works in the humidity range of 15-90%. Instrument works in the 

temperature range -10 deg Centigrade  to 50 deg. Centigrade 

g. Instrument is with following sensors i) Catalytic combustion Type for 

combustible gases and IR type (both separately installed in same 

instrument). ii) Electrochemical types for Oxygen. Sensors must be having 

over-range protection. 

h. Instrument is capable of measuring minimum two gases, including 

combustible gas and oxygen simultaneously at a time with the help of both 

IR and CAT sensor with the following range – 

 

LEL (IR- CH4) – Range 0-100% Vol and accuracy = 1% Vol 

LEL (CAT) – Range 0-100% LEL and accuracy = 1% LEL 

Oxygen – Range 0-30% Vol and accuracy = 0.1% 

i. The detector is intrinsically safe and UL approved for Class I, Division I, 

Groups A, B, C & D and have PESO (CCOE) approval.  
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LEL distances table for various atmospheric condition in case of Propane 

leakage is attached in Annexure. 

Sample calculation for the revenue loss & energy loss due to discharge of LPG 

and Propane in the atmosphere during loading activity at GAIL Vijaipur is 

discussed below -    

 

 Discharge rate of LPG & Propane from  

2 mm diameter hole of rotogauge   = 0.085 Kg / Min 

 No of LPG + Propane tankers loaded at GAIL Vijaipur in the year 2012 

       = 1608 9 

 Total amount of Hydro carbon discharged through rotogauge in the year 

2012 at GAIL Vijaipur    = 0.085 x 16089  

= 1367.56Kg    

 Average cost of LPG& Propane 

in the year 2012     = Rs. 36,766.9 perMT 

 Revenue loss for GAIL Vijaipur only for LPG  

for the year 2012    = 1.36x 36,766.9  

        = Rs. 50281.12  

 Calorific Value of LPG / Propane  = 11950 KCal/Kg  

      (50032.26 KJ/kg) 

 Total amount of Hydro carbon dischargedthrough rotogauge in the year 

2012 at GAIL Vijaipur     = 1367.56Kg 
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 Energy loss for GAIL Vijaipur only for LPG & Propane  

for the year 2012    = 11950 x 1367.56 

       = 16342342 Kcal 

      = 68422117 KJ  

 

The extrapolation of the results of revenue and energy loss due to release of 

hydrocarbon (LPG and Propane) over a period of year is given below – 

 

 

Figure 36 – Energy loss and Revenue loss to GAIL Vijaipur 
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3.1.5 Suggest the recommendations for overcoming the problem of 

release of LPG and Propane in atmosphere  / application of technology 

 

The Root Cause of all objectives is the discharge of hydro carbon (LPG and 

Propane) while loading activities in loading gantries. The prolonged exposure 

to these hydrocarbon leads to increase in blood Cholestrol level for the persons 

involved in loading and unloading activities of the road tankers. This was also 

established while studying the objective number 2 of this research work. 

Based on the results of objective no. 2 following recommendations are 

proposed to overcome the root cause of the problems  

 

3.1.5.1  Loading crew needs to be shifted frequently, but this provides only 

temporary solution and every time special training to the crew for loading 

activities needs to be given. 

3.1.5.2  Change the loading procedure ensuring zero leak during loading 

activity, but without changing the measuring mechanism, zero leak in tanker 

loading activity can not be achieved. 

3.1.5.3  Use the zero leak mechanism for knowing the quantity of LPG / 

Propane inside the tanker thereby eliminating the risk of exposure of 

operators. 
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Figure 37 – Magnetic level gauge 

 

Working principle of Magnetic ring for measuring liquid level - 

 Magnet floats on LPG and Propane. 

 Hollow copper tube is placed inside the tank. 

 Magnetic ring is place encircling from outer side the hollow copper tube. 

 Circular magnet is attached at the bottom of the dip gauge. 

 Calibrated Dip Gauge is inserted inside the hollow copper tube. 

 Whenever LPG / Propane level increases inside the tank, outer side 

magnet which encircles the copper tube floats on the liquid level. 

 Whenever the dip gauge is inserted inside the hollow copper tube, the 

magnet of the dip gauge attaches the floating magnet, thereby showing 

the liquid level inside the tank through calibrated scale. 

 This helps to measure the liquid level without discharging any hydro 

carbon in atmosphere 
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By using this technique and deploying the operator in the loading gantry, it is 

found that cholesterol level of them is reduced. The same is shown in the 

appended graphs for the operators who have been deputed in these loading 

gantries where measurement of liquid inside the tanker is done with the help 

of magnetic level gauge– 
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Chapter 4. 

Review of literature 

 

The chapter discusses existing literature available in the similar and allied 

areas. Literature was reviewed under broad relevant heads and the inferences 

are recorded briefly under each category. It is evident from the literature that 

various studies are done without considering the effect on blood Cholesterol. 

The chapter ends highlighting gaps in existing standards systems and 

procedures. 

 

4.1 General 

Literature review carried out under the following broad categories. Summary 

of inferences from literature review is given under each category. 

Category 
Number of 

references 

Hazards of hydrocarbon handling, their effects on living 

things and environment. 
43 

Incidents related to various hydrocarbon handling. 17 

Design and fabrication requirement of hydrocarbon 

container. 
4 

Statutory requirement, guidelines and standards. 22 



Review of Literature 

 84 

Various characteristics of Liquid hydrocarbon. 7 

Other documents related to the field of the study. 39 

Table 6 – Literature survey categories 

4.2 Hazards of hydrocarbon handling 

Following documents are reviewed under the category of Hazards of 

hydrocarbon handling, their effects on living things and environment. 

 Burn Injuries Related to Liquefied Petroleum Gas and Fire and Explosion 

Hazards Associated with the Handling of LPG.
1, 2,  20

 

 Domestic LPG hazards: a safety management perspective 
3
 

 Modeling the performance of coated LPG tanks engulfed in fires 
8, 64

 

 Boiling Liquid Expanding Vapour Explosions (BLEVE), the causes and 

consequences 
13, 21

 

 Risk reduction in road and rail LPG transportation by passive fire 

protection 
16

 

 Understanding the human health effects of chemical mixtures 
47, 51

 

From overall review of the literature it is understood that Liquefied petroleum 

gas (LPG), which is used as a type of fuel, is stored as a liquid under high 

pressure in tanks. Liquefied petroleum gas (LPG) has been in use as household 

fuel all over the world for several decades. Until the late 1980s, its use in the 

developing world was largely confined to the economically well-off strata of 

the society but it has since spread over a much larger catchment. Immediate 

and sudden explosion of these tanks can release a large amount of gas and 
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energy into the environment and can result in serious burns. There are various 

correlations for BLEVE and pool fire calculation for the size of the fireball, its 

duration and thermal flux and flame height at a distance for an isolated LPG 

tank, and the effect of thermal radiation on the population at various locations. 

It is found that the heat intensity at a distance has performed impact on the 

fatalities in the population.  There are various techniques to reduce the risk 

while road and rail LPG transportation by doing the passive fire protection. 

Provision of PSV’s, Excess flow check valves etc. 

Most research on the effects of chemicals on biologic systems is conducted on 

one chemical at a time. However, in the real world people are exposed to 

mixtures, not single chemicals. Although various substances may have totally 

independent actions, in many cases two substances may act at the same site in 

ways that can be either additive or non-additive. Many even more complex 

interactions may occur if two chemicals act at different but related targets. In 

the extreme case there may be synergistic effects, in which case the effects of 

two substances together are greater than the sum of either effect alone. In 

reality, most persons are exposed to many chemicals, not just one or two, and 

therefore the effects of a chemical mixture are extremely complex and may 

differ for each mixture depending on the chemical composition. 

4.3 Incidents related to various hydrocarbon handling 

Following documents are reviewed under the category of incidents related to 

various hydrocarbon handling. 
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 Analytical investigation of thermal coating 
9
 

 Environmental Gas Displacement: Accidental Deaths in the 

Workplace 
29, 31, 78, 80, 81, 83, 84

 

 Assessment of an explosive LPG release accident 
35, 126

 

 Severe accidents in the energy sector: comparative perspective 
37, 87

 

Displacement of oxygen is caused due to leakage of hydro carbon (like LPG 

and Propane). The special characteristic of propane gas is that it is an 

asphyxiant agent. An accident occurred during a liquefied petroleum gas 

(LPG) tank filling activity. During the transfer of LPG from the source road 

tank car to the receiving fixed storage vessel, an accidental release of LPG 

gave rise to different final consequences ranging from a pool fire, to a fireball 

and to the catastrophic rupture of the tank with successive explosion of its 

contents. 

Three cases of sudden death due to inhalation of portable cooking stove fuel 

(case 1), cigarette lighter fuel (case 2), and liquefied petroleum gas (LPG) 

(case 3) were studied. Specimens of blood, urine, stomach contents, brain, 

heart, lung, liver, kidney, and fat were collected and analyzed for propylene, 

propane, isobutane, and n-butane by headspace gas chromatography. n-Butane 

was the major substance among the volatiles found in the tissues of cases 1 

and 2, and propane was the major substance in case 3. A combination of the 

autopsy findings and the gas analysis results revealed that the cause of death 

was ventricular fibrillation induced by hard muscle exercise after gas 

inhalation in cases 1 and 2, and that the cause of death in case 3 might be 



Review of Literature 

 87 

hypoxia. It is possible that the victim in case 3 was under anesthetic toxicity of 

accumulated isobutane which is a minor component of liquefied petroleum 

gas. Most cases of acute poisoning by butane and other volatile compounds 

occur as a consequence of substance abuse by inhalation. Clinical symptoms 

are caused by asphyxia and mainly affect the cardiovascular, respiratory and 

central nervous system. There are also reported deaths from intoxication of 

butane inhalation. 

4.4 Design and fabrication requirement of hydrocarbon container 

Following documents are reviewed under the category of design and 

fabrication requirement of hydrocarbon container.  

 LPG equipments and accessories 
5
 

 Design of tankers 
96

 

 Liquid propane gas (LPG) fuel cylinders (horizontal or vertical) mounting 
101

 

Review of the documents gave insight about Transportable refillable welded 

steel cylinders for LPG, its design and construction, design of bullets along 

with material specifications, fittings, mounting etc for transportation of LPG in 

bulk by road. 

4.5 Statutory requirement, guidelines and standards 

Following documents are reviewed under the category of statutory 

requirements, guidelines and standards.  

 Gas Cylinder Rules 2004 
10, 12
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 Guidelines for good safety practices in the LPG gas industry 
23, 25

 

 Guide to the Harvard style of referencing 
24

 

 Field Guide to Fuel Handling, Transportation & Storage 
22, 104

 

 Fuels and combustion 
57

 

 LPG tank truck incidents which gives Guidelines for handling emergencies 

arising out of LPG Tank Truck (TT) incidents and layout of plants 
61, 62, 67

 

 

There are documents which provides guidance on acceptable industry practice 

for managing fuel handling, transportation and storage in rural and remote 

areas. Various requirements for design and fabrication of unfired pressure 

vessels were understood. Moreover there are guidelines which helps to 

identify the key stakeholders within the LP Gas industry and go on to describe 

their responsibilities to ensure a safe environment for LP Gas throughout the 

distribution chain; from the LP Gas producers at the refineries and gas fields, 

right through the distribution chain to the final application for the product. The 

importance of a sound regulatory framework for the LP Gas industry and the 

impact that has on a safe environment is understood. In-depth design criteria 

for bullets along with material specifications, fittings, mounting etc for 

transportation of LPG in bulk by road are discussed. 

4.6  Characteristics of Liquid hydrocarbon 

Following documents are reviewed under the category of characteristics of 

liquid hydrocarbon. 

 Handbook of petroleum industry 
7, 11, 60
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 Laminar burning velocity and explosion index of LPG–air and propane–air 

mixtures 
41

 

 Greenhouse gas emission 2020 
46

 

 Fuels and combustion 
93

 

Various process in petroleum industries are discussed. The handbook has 

been compiled to give readers who are interested in the oil and gas 

production industry an overview of the main processes and equipment’s 

used in the Oil and Gas Industry. It contains explanations of how oil and 

gas are discovered and extracted today. The determination of burning 

velocity is very important for the calculations used in hazardous waste 

explosion protection and fuel tank venting, which has a direct impact on 

environmental protection. The detail study is done regarding the 

projection of fugitive greenhouse gas emission to 2020.   

4.7 Summary 

It is evident from the literature that Liquefied petroleum gas (LPG) and 

Propane, which is used as a type of fuel, is stored as a liquid under high 

pressure in tanks. There are various hazards associated with these fuels. These 

fuels are stored in pressurized vessels and either transported through road 

tanker or rail wagons. There are various techniques to reduce the risk while 

road and rail LPG transportation by doing the passive fire protection. 

Provision of PSV’s, excess flow check valves etc. The special characteristic of 

these gases is that it is an asphyxiant agent. Most cases of acute poisoning by 

these volatile compounds occur as a consequence of substance abuse by 
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inhalation. Clinical symptoms are caused by asphyxia and mainly affect the 

cardiovascular, respiratory and central nervous system. There are also reported 

deaths from intoxication of inhalation of these gases. 
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Chapter 5. 

Conclusion and Contribution 

 

The chapter concludes current research work and noticeable contributions are 

mentioned in this section. Recommendations of the research and the benefits 

in implementing research finding to all stakeholders of business are given in 

this section. Also, scope for future research was outlined at the end of this 

chapter.  

5.1 Summary 

Although the procedure for loading and unloading of road tankers for carrying 

LPG and Propane is well established and practiced in all LPG and Propane 

producing industries from decades but the method for measuring the 

volumetric quantity inside the road tankers with the help of rotogauge is not 

focusing towards the adverse impact on human health due to prolonged 

exposure to hydrocarbon vapour while loading and unloading operations of 

tankers. This is identified as a gap in this study and considered as basis for the 

current research to know the impact of exposure for prolonged period on 

occupational health. Detail study of loading and unloading procedure at 
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different locations of the Organisation is carried out. The theoretical outcome 

from mathematical modeling software (ALOHA) was correlated in the field 

with actual readings and found comparable. Economic loss to the Organisation 

due to release of un-burnt hydrocarbon was established including impact on 

occupational health of the persons involved in the activity. The effectiveness 

of the suggested measure was established.  

5.2 Conclusion and Noticeable contributions 

Research contributions are segmented in under the following board categories- 

1. Study of LPG and Propane filling mechanism in road tankers. 

2. Estimate the quantum of hydro carbon released in atmosphere through 

rotogauge. 

3. Study the occupational health effect of VOC’s over a period of different 

seasons. 

4. Use of mathematical modeling to study the release of hydro carbons over 

the years with respect to occupational health effect as well as on 

Organisation economy. 

5. Suggest the recommendations for overcoming the problem of release of 

LPG and Propane in atmosphere/application of technology. 

5.3 In depth study of LPG and Propane filling in road tankers 

From the procedure at different site, it is established that loading procedure at 

all the installation are similar. During the loading and unloading activity, 

rotogauge is being opened to check the liquid level inside the tanker at least 3 
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three times. While filling as well as emptying out these tankers, the general 

practice is to open the Rotogauge screw to check the level of tank in terms of 

volumetric percentage. Particularly while filling the tankers, the liquid level 

content is being monitored at least three times by opening the Rotogauge 

(hydrocarbon is being released in the atmosphere for 1 minutes through 

rotogauge). During opening the Rotogauge liquid hydrocarbon is coming out 

in the form of mist (containing liquid as well as vapours)  

5.4 Quantum of hydrocarbon (LPG & Propane) released in atmosphere 

Discharge rate of hydrocarbon (i.e. LPG and Propane) through 2 mm diameter 

size hole of rotogauge is determined theoretically with the help of software 

available at following site - http://www.mechengcalculations.com/index.html 

as well as same is crosschecked practically by collecting the discharge through 

rotogauge in the sampling balloon. The discharge rate of the LPG / Propane 

from the 2mm hole is 5.1 Kg/Hr. 

5.5 Occupational Health effect of VOC’s 

When operators were exposed to the hydro carbon (LPG as well as Propane) 

during the loading activity of road tankers, their Lipid profile changes viz 

Cholesterol level is increased. The increase in Cholesterol level was found 

more during the winter season. The effect of hydro carbon on lipid profile 

(cholesterol) of human being is found to be reversible when exposure duration 

and quantity is reduces or eliminated. 

 

http://www.mechengcalculations.com/index.html
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5.6 Use of mathematical modeling to study the release of hydro carbons 

Mathematical modeling for the release of hydrocarbon (LPG and Propane) is 

done with the help of ALOHA Software. The same was also crosschecked in 

field by releasing the LPG / Propane form rotogauge for 1 minute in different 

weather condition and results are found comparable. The energy and 

economical loss based on quantity of un-burnt hydrocarbon released over the 

period of years were calculated. 

5.7 Recommendations 

1. The measuring device in the road tankers needs to be replaced with 

suggested measuring device (magnetic ring with calibrated measuring rod) 

to achieve the zero leak during volumetric measurement. 

2. Frequent job rotation for the operators needs to be done to avoid the 

exposure to un-burnt hydrocarbon vapours for prolonged period. 

3. Online weighment of road tankers while loading / unloading is in progress 

to be implemented with interlock for stoppage of operation on 

predetermined values. 

5.8 Advantages 

Following advantages are expected from the implementation of research 

recommendations. 
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5.8.1 Occupational health exposure to the loading operators can be 

eliminated during loading and unloading activities of LPG and Propane 

tankers. 

5.8.2 Open cold venting of hydro carbon in the atmosphere can be 

eliminated. 

5.8.3 Contribution in Greenhouse gas effect can be minimized due 

elimination of release of un-burnt hydrocarbon in the atmosphere. 

5.8.4 Revenue loss of the organization due to release of un-burnt 

hydrocarbon can be minimized. 

5.8.5 Surrounding area of the loading and unloading gantries can be made 

free from traces of un-burnt hydrocarbon thereby reduces the risk of fire and 

explosion. 

5.8.6 Countrywide during many of the road accident of the LPG and 

Propane tankers the most vulnerable portion rotogauge is easily gave away 

thereby increased the risk of leakage and fire / explosion. This risk can be 

eliminated in case rotogauge is replaced with another suggested measuring 

device. 

Thus the research concludes with the solution to address the problem in 

existing hydro carbon level measuring device inside the road tanker with an 

aim to improve the occupational health issue to loading and unloading 

operators, to reduce the revenue loss to the organization and also ratifies the 

field outcome of the hydrocarbon presence zone against the software results. 
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Chapter 6. 

References 

 

The references are segmented in six different categories under hazards of 

hydrocarbon handling, incidents related to handling of hydrocarbon, design 

and fabrication, statutory requirements, characteristics of LPG and Propane 

and other related documents. Details references are given in this section. 

 

 

 

Hazards of HC 
handling

33%

Incidents 
related to 

HC  handling
13%

Design & 
fabrication of 
HC container

3%

Statutory 
requirements

17%

Various 
Characterstics

5%

Other 
Documents

29%



References 

 97 

 

 

Following literature is reviewed which is mentioned below. 

1. Bozkurt, Mehmet ; Kulahci, Yalcin; Zor, FatihKapi, Emin, (2008),Burn 

Injuries Related to Liquefied Petroleum Gas, November/December 

2008 - Volume 29 Journal of Applied Fire Science - Issue 6 - pp 897-

901. 

2. Nilambar Bariha, I. M. Mishra, A. K. Gupta (2009-10), Fire and 

Explosion Hazards Associated with the Handling of LPG, Volume 

19Journal of Applied Fire Science. 

3. Ramesh V.M. and Dr. Sakthivel R (2013), Domestic LPG hazards: a 

safety management perspective. SCMS journal of Indian management. 

March 2013, pp.101-118. 

4. AntonetteDaSa and K V Narasimha Murthy (2004), LPG as a cooking 

fuel option for India.  Energy for sustainable development, International 

Energy Initiative25/5 Borebank Road, Benson Town, Bangalore 560 

046, 2004 VIII no.3, pp.91-106 

5. British Standards Institution (2006), LPG Equipment and 132 

Accessories, 2006. BS EN 1442:2006. 

6. Chandra A, Joint Secretary MOP&NG Govt Of India (2010), Indian 

LPG Market Prospects. 

7. David T. Day (1922),A handbook of the petroleum industry. New York 

Hetram 



References 

 98 

8. Gabriele Landucci, MensoMolag and Valerio Cozzani (2009), 

Modeling the performance of coated LPG tanks engulfed in fires, 

Journal of Hazardous Materials. 172(2009), pp.447-456. 

9. Gabriele Landucci, Menso Molag, Johan Reinders and Valerio 

Cozzani(2009), Analytical investigation of thermal coating, Journal of 

Hazardous Materials. 161(2009), pp.1182-1192. 

10. GOVERNMENT OF INDIA. Ministry of Commerce and Industry, 

Petroleum and Natural Gas (2004), Gas cylinders rules, 2004. Rules 

distributed 2004.  

11. Havard Devold (2006), Oil and gas production handbook-an Introduction to 

oil and gas production, Edition 1.3. ed. Oslo: ABB ATPA. 

12. Bureau of Indian Standard, Code for unfired pressure vessels. New 

Delhi: bureau of Indian standard, IS 2825: (1969). 

13. J. E. S. Venart New Brunswick: Department of Mechanical 

Engineering, University of New Brunswick (1995), BOILING LIQUID 

EXPANDING VAPOR EXPLOSIONS (bleves): THE CAUSES AND 

CONSEQUENCES. 

14. Menso Molag, Johan Reinders and Stefan Elbers (2005), Measures to 

avoid A hot BLEVE of a LPG tank, 2005 Environment and 

Geosciences, Department of External and Industrial Safety. 

15. Niaz Bahar Chowdhury (2013), Pressure-temperature diagram analysis 

of liquefied petroleum gas and inspection of retrograde phenomenon, 

Advances in Pure and Applied Chemistry. Vol. 1,No. 1, pp.106-110. 



References 

 99 

16. Nicola Paltrinieri, Gabriele Landucci, Menso Molag, Sarah Bonvicini, 

Gigliola Spadoni and Valerio Cozzani (2009), Risk reduction in road 

and rail LPG transportation by passive fire protection, Journal of 

Hazardous Materials. 167(2009), pp.332-344. 

17. Rego products (2003), LP-GAS Serviceman's manual. 

18. Phani K. Raj, Theodore C. Lemoff (2006), Fire Safety Analysis Manual 

for LP-Gas Storage Facilities, USA: Propane Education & Research 

Council. 

19. Cornwell, J.B., D.W. Johnson, and W.E. Martinsen (1990), Relief 

Valves and Vents, American Institute of Chemical, Engineers 

http://www.questconsult.com/relief.html 

20. Ramesh V.M. and Dr. Sakthivel R (2013), Domestic LPG hazards, 

Journal of Indian Management.2013, Issue March, pp.101-118. 

21. S. M. Tauseef, Tasneem Abbasi and S. A. Abbasi (2010), Risks of fire 

and explosion associated with the increasing use of liquefied petroleum 

gas, Journal of Failure Analysis and Prevention. 10, pp.322-333. 

22. NFPA Standard (2002), Fire Safety Analysis Manual for LP-Gas 

Storage Facilities 

23. Sunil Mathur, David Tyler and John Dunne (2008), Guidelines for good 

safety practices in the LPG gas industry, 2008 France: World LP Gas 

Association. 

24. Online: Anglia Ruskin University (2013), Guide to the Harvard style of 

referencing, University Library. 



References 

 100 

25. Y. Kisioglu, J. R. Brevick and G. L. Kinzel (2008), Design for propane 

end closures, Journal of Pressure Vessel Technology. Vol. 130, pp.1-9. 

26. Yasin Kisioglu (2009), Burst tests and volume expansions of Vehicle 

toroidal LPG fuel tanks, Turkish J. Eng. Env. Sci.33, pp.117-125 

27. IS 3196 (Part 1): 2006, Welded low carbon steel cylinders exceeding 5 

liter water capacity for low pressure liquefiable gases part 1 cylinder for 

liquefied petroleum gases (LPG) - specification. 

28. IS 3196 (Part 3): 2012, Welded low carbon steel cylinders exceeding 5 

litre water capacity for low pressure liquefiable gases part 3 methods of 

test. 

29. Gill, James R.; Ely, Susan F.; Hua, Zhongxue (2002), Environmental 

Gas Displacement: Three Accidental Deaths in the Workplace, 

American Journal of Forensic Medicine & Pathology. March 2002 – 

Volume 23- Issue 1 –pp 26-30. 

30. T.S. Clarkson, R.J. Martin (1997), Ethane and propane in the Southern 

marine troposphere, Atmospheric Environment. Volume 31, Issue 22, 

November 1997, Pages 3763–3771. 

31. Fonseca, Carlos A.; Auerbach, David S.; Suarez, Ronald V. (2002), The 

Forensic Investigation of Propane Gas Asphyxiation, June 2002 - 

Volume 23 - Issue 2 - pp 167-169 American Journal of Forensic 

Medicine & Pathology. 

32. M. Simoni, M.S. Jaakkola, L. Carrozzi, S. Baldacci,F. Di Pedeand G. 

Viegi (2003), Indoor air pollution and respiratory health in the elderly, 

May 1, 2003 vol. 21 no. 40 suppl 15s-20s. 

http://www.sciencedirect.com/science/article/pii/S1352231097002203
http://www.sciencedirect.com/science/article/pii/S1352231097002203
http://www.sciencedirect.com/science/journal/13522310
http://www.sciencedirect.com/science/journal/13522310/31/22
http://www.ersj.org.uk/search?author1=M.+Simoni&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=M.S.+Jaakkola&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=L.+Carrozzi&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=S.+Baldacci&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=F.+Di+Pede&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=F.+Di+Pede&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=F.+Di+Pede&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=F.+Di+Pede&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=G.+Viegi&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=G.+Viegi&sortspec=date&submit=Submit
http://www.ersj.org.uk/search?author1=G.+Viegi&sortspec=date&submit=Submit


References 

 101 

33. Leuenberger P, Künzli N, Ackermann Liebrich U (1998), Swiss study 

on air pollution and lung diseases in adults (SAPALDIA), Schwiz Med 

Wochenschr 1998;128:150–161. 

34. Zhendi Wang, Merv Fingas (1997), Developments in the analysis of 

petroleum hydrocarbons in oils, petroleum products and oil-spill-related 

environmental samples by gas chromatography, Journal of 

Chromatography. Volume 774, Issues 1–2, 11 July 1997, Pages 51–78. 

35. Roberto Bubbico, Mauro Marchini (2008), Assessment of an explosive 

LPG release accident: A case study, Journal of Hazardous Materials. 

Volume 155, Issue 3, 15 July 2008, Pages 558–565. 

36. Shigeo Kondo, Kenji Takizawa, Akifumi Takahashi, Kazuaki 

Tokuhashi, Akira Sekiya (2008), Study on flammability limits of fuel 

mixtures, Volume 155, Issue 3, 15 July 2008, Pages 440–448 Journal of 

Hazardous Materials. 

37. Stefan Hirschberg, Peter Burgherr, Gerard Spiekerman, Roberto 

Dones(2004), Severe accidents in the energy sector: comparative 

perspective, Journal of Hazardous Materials. Volume 111, Issues 1–3, 

26 July 2004, Pages 57–65. 

38. Diarmid Campbell-Lendrum, Carlos Corvalán (2007), Climate Change 

and Developing-Country Cities: Implications For Environmental Health 

and Equity, Journal of Urban Health Volume 84, Issue 1 Supplement, 

pp 109-117. 

http://www.sciencedirect.com/science/article/pii/S0021967397002707
http://www.sciencedirect.com/science/article/pii/S0021967397002707
http://www.sciencedirect.com/science/journal/00219673/774/1
http://www.sciencedirect.com/science/article/pii/S0304389407017220
http://www.sciencedirect.com/science/article/pii/S0304389407017220
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/155/3
http://www.sciencedirect.com/science/article/pii/S030438940400086X
http://www.sciencedirect.com/science/article/pii/S030438940400086X
http://www.sciencedirect.com/science/article/pii/S030438940400086X
http://www.sciencedirect.com/science/article/pii/S030438940400086X
http://www.sciencedirect.com/science/article/pii/S030438940400086X
http://www.sciencedirect.com/science/article/pii/S030438940400086X
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/111/1


References 

 102 

39. WHO (1978), Atlanta, Georgia, Centers for Disease Control and 

Prevention, 1978.Occupational health guidelines for LPG. 

40. Junfeng (Jim) Zhang and Kirk R Smith (2003), Indoor air pollution: a 

global health concern, British Medical Bulletin. Volume 68,Issue 1. Pp. 

209-225 Oxford Journals. 

41. A.S. Huzayyin, H.A. Moneib, M.S. Shehatta, A.M.A. Attia (2008), 

Laminar burning velocity and explosion index of LPG–air and propane–

air mixtures. Volume 87, Issue 1, January 2008, Pages 39–57. 

42. AsimSaha, N Mohan Rao, PK Kulkarni, PK Majumdar and HN Saiyed 

(2005), Pulmonary function and fuel use: A population survey, 

Respiratory Research 2005, 6:127  doi:10.1186/1465-9921-6-127. 

43. H.J. Pasman (1992), Major hazards in the process industries: 

Achievements and challenges in loss prevention. Journal of Hazardous 

Materials Volume 30, Issue 1, March 1992, Pages 1–38. 

44. Stacy Young, LinaBalluz, Josephine Malilay (2004), Natural and 

technologic hazardous material releases during and after natural 

disasters: a review. Science of The Total Environment. Volume 322, 

Issues 1–3, 25 April 2004, Pages 3–20. 

45. Cruz, A., Steinberg, L., and Luna, R (2001), Identifying Hurricane-

Induced Hazardous Material Release Scenarios in a Petroleum Refinery. 

Hazards Rev., 2(4), 203–210.Natural Hazards Review. Volume 2, Issue 

4 (November 2001). 10.1061/(ASCE)1527-6988  (2001) 2:4(203). 

46. Dr Lawrence Leung (2009), Greenhouse gas emission 2020 

http://bmb.oxfordjournals.org/search?author1=Junfeng+(Jim)+Zhang&sortspec=date&submit=Submit
http://bmb.oxfordjournals.org/search?author1=Kirk+R+Smith&sortspec=date&submit=Submit
http://bmb.oxfordjournals.org/content/68/1.toc
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/journal/00162361/87/1
http://www.sciencedirect.com/science/article/pii/030438949287072N
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/30/1
http://www.sciencedirect.com/science/article/pii/S0048969703004467
http://www.sciencedirect.com/science/article/pii/S0048969703004467
http://www.sciencedirect.com/science/article/pii/S0048969703004467
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697/322/1
http://www.sciencedirect.com/science/journal/00489697/322/1
http://www.sciencedirect.com/science/journal/00489697/322/1


References 

 103 

47. David O Carpenter, Kathleen Arcaro, and David C Spink (2002), 

Understanding the human health effects of chemical mixtures. Environ 

Health Perspect. 2002 February. 110(Suppl 1): 25–42. PMCID: 

PMC1241145. 

48. Thomas Petry, Peter Schmid, Christian Schlatter, The use of toxic 

equivalency factors in assessing occupational and environmental health 

risk associated with exposure to airborne mixtures of polycyclic 

aromatic hydrocarbons (PAHs), US National Library of Medicine 

National Institute of Health. 

49. Hiroshi Takenaka; Ke Zhang; David Diaz-Sanchez,  Albert Tsien, 

Andrew Saxon (1995), Enhanced human IgE production results from 

exposure to the aromatic hydrocarbons from diesel exhaust: Direct 

effects on B-cell IgE production. PMID:7529782 [PubMed - indexed 

for MEDLINE]  

50. D M Fry (1995), Reproductive effects in birds exposed to pesticides and 

industrial chemicals. Environ Health Perspect. 1995 October; 103 

(Suppl 7): 165–171.  

51. Pia M. Berglund and Göran Petersson, Health Effects of Gasoline 

Refueling Vapors and Measured Exposures At Service Stations in 

Public, Environmental & Occupational Health, Agency for Toxic 

Substances and Disease Registry Division of Toxicology 1600 Clifton 

Road NE, Mailstop E-29 Atlanta, Georgia 30333. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20DO%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arcaro%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spink%20DC%5Bauth%5D
http://www.sciencedirect.com/science/article/pii/0045653595003487
http://www.sciencedirect.com/science/article/pii/0045653595003487
http://www.sciencedirect.com/science/article/pii/0045653595003487
http://www.sciencedirect.com/science/article/pii/0045653595003487
http://www.sciencedirect.com/science/article/pii/0045653595003487


References 

 104 

52. Lauri Saarinen (2000), Recent development of exposure to gasoline in 

the distribution chain. 

53. Ravnskov U. Magle Stora Kyrkogata, Lund, Sweden (1993), 

Hydrocarbon exposure may cause glomerulonephritis and worsen renal 

function: evidence based on Hill's criteria for causality. 

PMID:10924538 

54. Zimmerman SW, Groehler K, Beirne GJ (1975), Hydrocarbon exposure 

and chronic glomerulonephritis, PMID:51959. 

55. Guy Claireauxa (2010), Effect of exposure to petroleum hydrocarbons 

upon cardio-respiratory function in the common sole (Soleasolea). 

Aquatic Toxicology June 2010, Volume 98, Issue 2, Pages 113-119 

56. F Uboh, M Akpanabiatu, M Eteng, P Ebong, I Umoh (2007), 

Toxicological Effects of Exposure to Gasoline Vapour in Male and 

Female Rats, Internet Journal of Toxicology. 2007 Volume 4 Number 2. 

57. Bureau of energy efficiency, Fuels and combustion. 

58. BSI (2009). BSEN 12807:2009 (2009), LPG equipment and accessories 

- transportable refillable brazed Steel cylinders for liquefied petroleum 

gas (LPG).  

59. Meteorological department (2012), Meteorological data from 

meteorological department for temperature, humidity, wind speed and 

wind direction in different seasons 

60. International energy outlook (2005), Energy sector overview by the 

international energy outlook. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ravnskov%20U%5BAuthor%5D&cauthor=true&cauthor_uid=10924538
http://www.ncbi.nlm.nih.gov/pubmed?term=Groehler%20K%5BAuthor%5D&cauthor=true&cauthor_uid=51959
http://www.ncbi.nlm.nih.gov/pubmed?term=Beirne%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=51959
http://ispub.com/IJTO/4/2/3485
http://ispub.com/IJTO/4/2/3485


References 

 105 

61. OISD Guideline 161 (1993), LPG tank truck incidents which gives 

Guidelines for handling emergencies arising out of LPG Tank Truck 

(TT) incidents. 

62. OISD Guideline, Design of LPG and propane tankers by Functional 

Committee of Oil Industry Safety Directorate 

63. TERI, National Energy Map for India. 

64. Dr S S Gautam and P K Saxena (2001), Likely consequences of events 

on release of LPG for Survey of criticality of risk from LPG storage 

tanks at user sites. INDOSHNEWS Vol.6 No.1 January-March 

2001Published by the Directorate General Factory Advice Service & 

Labour Institutes, N.S. Mankikar Marg. Sion, Mumbai 400 022.INDIA 

65. GAIL (India) Limited (2008), Loading procedure of LPG road tankers 

from ISO manuals of GAIL India Limited. 

66. GAIL (India) Limited (2008), Loading procedure of LPG rail wagons 

from ISO manuals of GAIL India Limited 

67. OISD Guideline 144 (2000), Design layout of hydro carbon plant. 

68. OISD Guideline 151 (1999), Design aspects of tank lorries for Safety in 

design. 

69. OISD GDN 158 (2000), Handling of bulk petroleum. 

70. Klaus Abraham, Hans Mielke, Wilhelm Huisinga& Ursula Gundert 

(2005), Effect of VOC’s. Remy regarding elevated internal exposure of 

children in simulated acute inhalation of VOC’s, Arch Toxicol. 2005 

Feb;79(2):63-73. Epub 2004 Nov 25. 



References 

 106 

71. Henrik Harving, Ronald Dahl, and Lars Mølhave (1991), Lung Function 

and Bronchial Reactivity in Asthmatics during Exposure to Volatile 

Organic Compounds by Institute of Environment and Occupational 

Medicine. American Review of Respiratory Disease, Vol. 143, No. 

4_pt_1 (1991), pp. 751-754.  

72. US Department of health and human services, Material Safety Data 

Sheet of LPG. 

73. ILO, Major Hazard control. 

74. Roy E Sanders (1983), Chemical process safety. 

75. Danial A,  Crowl, Joseph F, Louvar (2011), Chemical process safety 

fundamentals with application 

76. http://cngeurope.com (2013), CNG Europe 2013. 

77. Alternate Energy Systems 

78. Hideaki Sugie, Chizuko Sasaki, Chikako Hashimoto, Hiroshi Takeshita, 

Tomonori Nagai, Shigeki Nakamura, Masataka Furukawa, Takashi 

Nishikawa, Katsuyoshi Kurihara (2004), Three cases of sudden death 

due to butane or propane gas inhalation: analysis of tissues for gas 

components, Forensic Sci Int. 2004 Jul 16;143(2-3):211-4. 

79. Rohrig TP (1997), Sudden death due to butane inhalation, Am J 

Forensic Med Pathol. 1997 Sep;18(3):299-302. 

80. Rossi R, Suadoni F, Pieroni L, De-Giorgio F, Lancia M (2012), Two cases 

of acute propane/butane poisoning in prison, J Forensic Sci. 2012 May ;  

57 (3) : 832-4. doi: 10.1111/j.1556-4029.2011.02003.x. Epub 2011 Dec 8 

http://www.ncbi.nlm.nih.gov/pubmed/15240046
http://www.ncbi.nlm.nih.gov/pubmed?term=Rohrig%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=9290881
http://www.ncbi.nlm.nih.gov/pubmed?term=Rossi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22150071
http://www.ncbi.nlm.nih.gov/pubmed?term=Suadoni%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22150071
http://www.ncbi.nlm.nih.gov/pubmed?term=Pieroni%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22150071
http://www.ncbi.nlm.nih.gov/pubmed?term=De-Giorgio%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22150071
http://www.ncbi.nlm.nih.gov/pubmed?term=Lancia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22150071
http://www.ncbi.nlm.nih.gov/pubmed/22150071


References 

 107 

81. Gross A, Kłys M (2002), Suicide by propane-butane inhalation, Arch 

Med Sadowej Kryminol. 2002 Jan-Mar;52(1):37-42. 

82. Williams DR, Cole SJ (1998), Ventricular fibrillation following butane 

gas inhalation, Resuscitation. 1998 Apr;37(1):43-5. 

83. Rieder-Scharinger J, Peer R, Rabl W, Hasibeder W, Schobersberger W. 

(2000), Multiple organ failure following inhalation of butane gas, Wien 

KlinWochenschr. 2000 Dec 22;112(24):1049-52 

84. Tatsushige Fukunagaa, Hidetaka Yamamoto, Akio Tanegashima, 

Yoshio Yamamotob, Katsuji Nishib (1996), Liquefied petroleum gas 

(LPG) poisoning: report of two cases and review of the literature, 

Forensic Science International 82,1996, 193-200. 

85. T. Ohmura, H. Matsumoto and Y. Yoshida (1967), The experimental 

study on the properties of liquefied petroleum gas, Jpr. J. Legal Med., 

21 (1967) 215-230 

86. M.Z. Haq and A.Z. Hameli (1980), A death involving asphyxia from 

propane inhalation, Jan;25(1):25-8. J. Forensic Sci., 1980, 25, 25-28 

87. Fukunaga T (1996 Oct 25), Liquefied petroleum gas (LPG) poisoning: 

report of two cases and review of the literature. Forensic Science. 

International, 1996, 82:193–200 

88. Natural Gas Organization (2013), 

(http://www.naturalgas.org/environment/ naturalgas.asp) 

89. Environmental and social guidelines for occupational health and safety 

(2003),Washington DC, International Finance Corporation 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gross%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14669660
http://www.ncbi.nlm.nih.gov/pubmed?term=K%C5%82ys%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14669660
http://www.ncbi.nlm.nih.gov/pubmed/14669660
http://www.ncbi.nlm.nih.gov/pubmed/14669660
http://www.ncbi.nlm.nih.gov/pubmed/9667337
http://www.ncbi.nlm.nih.gov/pubmed?term=Rieder-Scharinger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11204316
http://www.ncbi.nlm.nih.gov/pubmed?term=Peer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11204316
http://www.ncbi.nlm.nih.gov/pubmed?term=Rabl%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11204316
http://www.ncbi.nlm.nih.gov/pubmed?term=Hasibeder%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11204316
http://www.ncbi.nlm.nih.gov/pubmed?term=Schobersberger%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11204316
http://www.ncbi.nlm.nih.gov/pubmed/11204316
http://www.ncbi.nlm.nih.gov/pubmed/11204316
http://www.ncbi.nlm.nih.gov/pubmed/11204316


References 

 108 

90. Majid Ezzati, Robert Bailis, Daniel M. Kammen, Tracey Holloway, Lynn 

Price, Luis A. Cifuentes, Brendon Barnes, Akanksha Chaurey, and Kiran   

N. Dhanapala (2004), Energy management and global health. Annual 

review of environment and resources. Vol. 29: 383-419 (Volume 

publication date November 2004). DOI: 10.1146/ annurev. energy. 

29.062103.121246. 

91. Uday Kumar Chakrabarti, Jigisha K. Parikh (2011), Route risk evaluation 

on class-2 hazmat transportation. Process Safety and Environmental 

Protection. Volume 89, Issue 4, July 2011, Pages 248–260 

92. Dr Lawrence Leung, Green house gas emission. 

93. Bureau of energy efficiency, Fuels and combustion 

94. Meteorological department, meteorological data. 

95. The international energy outlook (2005), Energy sector overview 

96. Functional committee (OISD + PESO + Consultants), Design of tankers 

97. TERI the energy resource institute and Office of Principal Scientific 

Advisor Government Of India, National energy map of India 

Technology vision 2030. 

98. Klaus Abraham, Hans Mielke, Wilhelm Huisinga & Ursula Gundert-

Remy, Effect of VOC’s. 

99. Institute of Environment and Occupational Medicine, University of 

Aarhus, Aarhus, Denmark, Lung Function and Bronchial Reactivity in 

Asthmatics during Exposure to Volatile Organic Compounds. 



References 

 109 

100. Jonathan A. Patz, David Engelberg, and John Last (2000), The Effects 

of Changing Weather on Public Health. Annual Review of Public 

Health Vol. 21: 271-307 (Volume publication date May 2000). 

101. ANSI (2011). ANSI/ITSDF B56.11.7-2011 An American National 

Standard (2011), Liquid propane gas (LPG) fuel cylinders (horizontal or 

vertical) mounting. 

102. Surajit Roy, R. S. Dhalla (2010), Management of Supply Chain in 

Petroleum Corporations in India. International Conference on Industrial 

Engineering and Operations Management, January 9 – 10, 2010, Dhaka, 

Bangladesh. pp. 162-166 International Energy Initiative. 

103. Hermann Knoflacher (2001), Transport of dangerous goods through 

road tunnels - quantitative risk assessment model reference manual 

SCMS Journal of Indian Management. 2001, Issue March, pp.19-23 

104. Ministry of Water, Land and Air Protection (2002), A Field Guide to 

Fuel Handling, Transportation & Storage, 

105. Stephen Karekezi (2012), ENERGY ACCESS, The Hivos Knowledge 

Programme. Humanist Institute for Co-operation with Developing 

Countries Nairobi, Kenya. 

106. Susmita Dasgupta, Benoit Laplante, Nlandu Mamingi (2001), Pollution 

and Capital Markets in Developing Countries, Journal of Environmental 

Economics and Management Volume 42, Issue 3, November 2001, 

Pages 310–335. 

107. M R Elliott, Y Wang, R A Lowe, P R Kleindorfer (2004), 

Environmental justice. Journal of Epidemiology and Community 

http://www.sciencedirect.com/science/article/pii/S0095069600911616
http://www.sciencedirect.com/science/article/pii/S0095069600911616
http://www.sciencedirect.com/science/article/pii/S0095069600911616
http://jech.bmj.com/search?author1=M+R+Elliott&sortspec=date&submit=Submit
http://jech.bmj.com/search?author1=Y+Wang&sortspec=date&submit=Submit
http://jech.bmj.com/search?author1=R+A+Lowe&sortspec=date&submit=Submit
http://jech.bmj.com/search?author1=P+R+Kleindorfer&sortspec=date&submit=Submit


References 

 110 

Healthjech.bmj.com. J Epidemiol Community Health 2004;58:24-30 

doi:10.1136/jech.58.1.24 

108. Susan McDade (2004) Fueling development: the role of LPG in poverty 

reduction and growth, Volume 8, Issue 3, September 2004, Pages 74–81. 

109. Dr David Russell; Andrew P Jones; Peter G Davies; Dr Lynne Harris; 

Dr Ciaran Humphreys; Dr Simon Wilkinson; Edwin Huckle; Dr Raquel 

Duarte-Davidson and Dr Channa V Krishna (2009), Petroleum 

hydrocarbons, JP-8 spillage, environmental contamination, community 

exposure and multi-agency response. Volume:9 Issue:1 Year: 2009 

110. Ann Florini, Benjamin K. Sovacool (2011), Bridging the Gaps in Global 

Energy Governance. Bridging the Gaps in Global Energy Governance. 

Global Governance. A Review of Multilateralism and International 

Organizations: January-March 2011, Vol. 17, No. 1, pp. 57-74. 

111. Sustainable Energy Strategy (1995), Environmental effect 

112. Matthew A. Cole, Robert J.R. Elliott (2003), Determining the trade–

environment composition effect: the role of capital, labor and 

environmental regulations. Journal of Environmental Economics and 

Management. Volume 46, Issue 3, November 2003, Pages 363–383. 

113. National Energy Strategy, Executive Summary (1991/92), 

Environmental effect 

114. Michael Wang, Hanjie Lee, John Molburg (2004), Allocation of energy use 

in petroleum refineries to petroleum products. The International Journal of 

Life Cycle Assessment. January 2004, Volume 9, Issue 1, pp 34-44. 

http://www.sciencedirect.com/science/article/pii/S0095069603000214
http://www.sciencedirect.com/science/article/pii/S0095069603000214
http://www.sciencedirect.com/science/journal/00950696
http://www.sciencedirect.com/science/journal/00950696
http://www.sciencedirect.com/science/journal/00950696/46/3


References 

 111 

115. Keith A. Kvenvolden (1999), Potential effects of gas hydrate on human 

welfare. PNAS vol. 96 no. 7. Keith A. Kvenvolden, 3420–3426doi: 

10.1073 / pnas.96.7.3420 

116. Behera D, Jindal SK (1991), Respiratory symptoms in Indian women 

using domestic cooking fuels. Chest, 1991, 100:385-388. 

117. Oyeronke A. Odunola, Emmanuel Uka, Kazeem A. Akinwumi, Michael 

A. Gbadegesin, Olabode O. Osifeso and Madu D. Ibegbu (Sept 2008), 

Exposure of Laboratory Mice to Domestic Cooking Gas: - Implications 

for Toxicity. 

118. I.C.Prodan, I. Fulga, C.L. Chitescu, N. Dobrovici-Bacalbasa, C, Atypical 

combination-zopiclone and LPG in a case of planned complex suicide 

119. Propane Education and Research Council (2013), Details about propane 

gas. http://www.usepropane.com, accessed 5 January 2013 

120. Wixtrom RN, Brown SL (1992), Individual and population exposures to 

gasoline in J Expo Anal Environ Epidemiol.Jan-Mar; 2(1):23-78. 

121. Sliwinska-Kowalska, Mariola , Zamyslowska-Szmytke, Ewa ; 

Szymczak, Wieslaw ; Kotylo, Piotr ; Fiszer, Marta ; Wesolowski, 

Wiktor; Pawlaczyk-Luszczynska, Malgorzata; Bak, Marek; Gajda-

Szadkowska (2004), Effects of Co-exposure to Noise and Mixture of 

Organic Solvents on Hearing in Dockyard Workers. Journal of 

Occupational & Environmental Medicine. January 2004 - Volume 46 - 

Issue 1 - pp 30-38. 

http://www.pnas.org/search?author1=Keith+A.+Kvenvolden&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/1380368


References 

 112 

122. Robert M  Bruce, Joseph Santodonato, Michael W. Nealm(1995), 

Summary Review of the Health Effects Associated With Phenol in 

Public, Environmental & Occupational Health. New York in Environ 

Health Perspect. 1995 October; 103(Suppl 7): 165–171. PMCID: 

PMC1518881 

123. GrażynaBieniek and AgnieszkaŁusiak (2011), Occupational Exposure 

to Aromatic Hydrocarbons and Polycyclic Aromatic Hydrocarbons at a 

Coke Plant. Ann OccupHyg (2012) doi: 10.1093/annhyg/mes016 First 

published online: April 26, 2012  

124. Camille Gilliers, Guy Claireaux, Robert Galois, VéroniqueLoizeau and 

Olivier Le Pape (2012), Influence of Hydrocarbons Exposure on 

Survival, Growth and Condition of Juvenile Flatfish. 

125. Kaufman, Laura R. PhD, MD; LeMasters, Grace K. PhD; Olsen, Donna 

M. PhD; Succop, Paul PhD (2005), Effects of Concurrent Noise and Jet 

Fuel Exposure on Hearing Loss.Journal of Occupational & 

Environmental Medicine: Volume 47 - Issue 3 - pp 212-218. 

126. Bozkurt, Mehmet, Kulahci, Yalcin; Zor, Fatih; Kapi, Emin (2008), Burn 

Injuries Related to Liquefied Petroleum Gas-Powered Cars. Journal of 

Burn Care & Research: November / December 2008 - Volume 29 - 

Issue 6 - pp 897-901. 

127. P. Mark L. Sandercock (2001-2007), Fire investigation and ignitable 

liquid residue analysis—A review. Forensic Science International. 

Volume 176, Issues 2–3, 7 April 2008, Pages 93–110. 

http://tih.sagepub.com/search?author1=Joseph+Santodonato&sortspec=date&submit=Submit
http://tih.sagepub.com/search?author1=Michael+W.+Neal&sortspec=date&submit=Submit
http://annhyg.oxfordjournals.org/search?author1=Gra%C5%BCyna+Bieniek&sortspec=date&submit=Submit
http://annhyg.oxfordjournals.org/search?author1=Agnieszka+%C5%81usiak&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0379073807007189
http://www.sciencedirect.com/science/journal/03790738
http://www.sciencedirect.com/science/journal/03790738/176/2


References 

 113 

128. Donald L. Phillips, James L. Pirkle, Virlyn W. Burse, John T. Bernert 

Jr., L. Omar Henderson, Larry L. Needham (1989), Chlorinated 

hydrocarbon levels in human serum: Effects of fasting and feeding by in 

Environmental Contamination and Toxicology. July–August 1989, 

Volume 18, Issue 4, pp 495-500. 

129. M. N. Moore; D. R. Livingstone; J. Widdows; D. M. Lowe; R. K. Pipe 

and R. E. Jones (1987), Molecular, Cellular and Physiological Effects of 

Oil-Derived Hydrocarbons on Molluscs and Their Use in Impact 

Assessment. 1987 doi: 10.1098/rstb.1987.0041 Phil. Trans. R. 

130. L C Backer, G M Egeland, D L Ashley, N J Lawryk, C P Weisel, M C 

White, T Bundy, E Shortt, and J P Middaugh (1997), Exposure to 

regular gasoline and ethanol oxyfuel during refueling in Alaska. 

Environ Health Perspect. 1997 August; 105(8): 850–855.  

131. C. Venkataraman, G. Habib, A. Eiguren-Fernandez, A. H. Miguel, S. K. 

Friedlander (2005), Residential Biofuels in South Asia: Carbonaceous 

Aerosol Emissions and Climate Impacts. Science 4 March 2005: Vol. 

307 no. 5714 pp. 1454-1456. 

132. Stellman JM (1998), Encyclopedia of occupational health and safety. 

Geneva, International Labour Organization, 

133. Ehrenberg RL, Sniezek JE. (1989), Development of a standard 

questionnaire for occupational health research. American Journal of 

Public Health1989, 79 

http://link.springer.com/search?facet-author=%22Donald+L.+Phillips%22
http://link.springer.com/search?facet-author=%22James+L.+Pirkle%22
http://link.springer.com/search?facet-author=%22Virlyn+W.+Burse%22
http://link.springer.com/search?facet-author=%22John+T.+Bernert+Jr.%22
http://link.springer.com/search?facet-author=%22John+T.+Bernert+Jr.%22
http://link.springer.com/search?facet-author=%22John+T.+Bernert+Jr.%22
http://link.springer.com/search?facet-author=%22L.+Omar+Henderson%22
http://link.springer.com/search?facet-author=%22Larry+L.+Needham%22
http://link.springer.com/journal/244/18/4/page/1
http://rstb.royalsocietypublishing.org/search?author1=M.+N.+Moore&sortspec=date&submit=Submit
http://rstb.royalsocietypublishing.org/search?author1=D.+R.+Livingstone&sortspec=date&submit=Submit
http://rstb.royalsocietypublishing.org/search?author1=J.+Widdows&sortspec=date&submit=Submit
http://rstb.royalsocietypublishing.org/search?author1=D.+M.+Lowe&sortspec=date&submit=Submit
http://rstb.royalsocietypublishing.org/search?author1=R.+K.+Pipe&sortspec=date&submit=Submit
http://rstb.royalsocietypublishing.org/search?author1=R.+E.+Jones&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=C.+Venkataraman&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=G.+Habib&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=A.+Eiguren-Fernandez&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=A.+H.+Miguel&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=S.+K.+Friedlander&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=S.+K.+Friedlander&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=S.+K.+Friedlander&sortspec=date&submit=Submit


References 

 114 

134. Ramesh V.M. and Dr. Sakthivel R. (2013). DOMESTIC LPG 

HAZARDS: A SAFETY MANAGEMENT PERSPECTIVE. SCMS 

Journal of Indian Management. 2013, Issue March, pp.101-118. 

135. ANSI (2011). ANSI/ITSDF B56.11.7-2011. LIQUID PROPANE GAS 

(LPG) FUEL CYLINDERS (HORIZONTAL OR VERTICAL) 

MOUNTING – LIQUIDWITHDRAWAL FOR POWERED 

INDUSTRIAL TRUCKS. USA: An American National Standard. 

136. AntonetteDaSa and K V Narasimha Murthy (2004). LPG AS A 

COOKING FUEL OPTION FOR INDIA. Energy for Sustainable 

Development. VIII no.3, pp.91-106. 

137. Hermann Knoflacher (2001). TRANSPORT OF DANGEROUS 

GOODS THROUGH ROAD TUNNELS - QUANTITIATIVE RISK 

ASSESSMENT MODEL REFERENCE MANUAL. SCMS Journal of 

Indian Management. 2001, Issue March, pp.19-23. 

138. Indian Standard (1969). IS 2825: 1969. CODE FOR UNFIRED 

PRESSURE VESSELS. New Delhi: Bureau of Indian Standard. 

139. Niaz Bahar Chowdhury (2013). PRESSURE-TEMPERATURE 

DIAGRAM ANALYSIS OF LIQUEFIED PETROLEUM GAS AND 

INSPECTION OF RETROGRADE PHENOMENON. Advances in 

Pure and Applied Chemistry. Vol. 1,No. 1, pp.106-110.  

140. Nicola Paltrinieri, Gabriele Landucci, Menso Molag, Sarah Bonvicini, 

Gigliola Spadoni and Valerio Cozzani (2009). RISK REDUCTION IN 

ROAD AND RAIL LPG TRANSPORTATION BY PASSIVE FIRE 

PROTECTION. Journal of Hazardous Materials. 167(2009), pp.332-344 



References 

 115 

141. Ramesh V.M. and Dr. Sakthivel R. (2013). DOMESTIC LPG 

HAZARDS: ASAFETY MANAGEMENT PERSPECTIVE. SCMS 

Journal of Indian Management.2013, Issue March, pp.101-118. S. M. 

Tauseef, Tasneem Abbasi and S. A. Abbasi (2010). RISKS OF FIRE 

ANDEXPLOSION ASSOCIATED WITH THE INCREASING USE 

OF LIQUEFIEDPETROLEUM GAS. Journal of Failure Analysis and 

Prevention. 10, pp.322-333.  

142. YasinKisioglu (2009). BURST TESTS AND VOLUME 

EXPANSIONS OFVEHICLE TOROIDAL LPG FUEL TANKS. 

Turkish J. Eng. Env. Sci.33(2009), pp.117-125.  

143. Susmita Dasgupta, Benoit Laplante, Nlandu Mamingi. Pollution and 

Capital Markets in Developing Countries. Journal of Environmental 

Economics and Management Volume 42, Issue 3, November 2001, 

Pages 310–335. 

144. T.S. Clarkson, R.J. Martin. Ethane and propane in the Southern marine 

troposphere. Atmospheric Environment. Volume 31, Issue 22, 

November 1997, Pages 3763–3771 

145. Fonseca, Carlos A. M.D.; Auerbach, David S. B.A.; Suarez, 

Ronald V. M.D. The Forensic Investigation of Propane Gas 

Asphyxiation. American Journal of Forensic Medicine & Pathology:  

June 2002 - Volume 23 - Issue 2 - pp 167-169 

146. A.S. Huzayyin, H.A. Moneib, M.S. Shehatta, A.M.A. Attia. Laminar 

burning velocity and explosion index of LPG–air and propane–air 

mixtures. Fuel. Volume 87, Issue 1, January 2008, Pages 39–57.  

http://www.sciencedirect.com/science/article/pii/S0095069600911616
http://www.sciencedirect.com/science/article/pii/S0095069600911616
http://www.sciencedirect.com/science/article/pii/S0095069600911616
http://www.sciencedirect.com/science/article/pii/S1352231097002203
http://www.sciencedirect.com/science/article/pii/S1352231097002203
http://www.sciencedirect.com/science/journal/13522310
http://www.sciencedirect.com/science/journal/13522310/31/22
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/article/pii/S0016236107001706
http://www.sciencedirect.com/science/journal/00162361
http://www.sciencedirect.com/science/journal/00162361/87/1


References 

 116 

147. AsimSaha, N Mohan Rao, PK Kulkarni, PK Majumdar and HN 

Saiyed. Pulmonary function and fuel use: A population survey. 

Respiratory Research 2005, 6:127  doi:10.1186/1465-9921-6-127.  

148. C. Venkataraman, G. Habib, A. Eiguren-Fernandez, A. H. Miguel, S. K. 

Friedlander. Residential Biofuels in South Asia: Carbonaceous Aerosol 

Emissions and Climate Impacts. Science 4 March 2005: Vol. 307 no. 

5714 pp. 1454-1456.  

149. H.J. Pasman. Major hazards in the process industries: Achievements 

and challenges in loss prevention. Journal of Hazardous Materials. 

Volume 30, Issue 1, March 1992, Pages 1–38.  

150. Stacy Young, LinaBalluz, Josephine Malilay. Natural and technologic 

hazardous material releases during and after natural disasters: a review. 

Science of The Total Environment. Volume 322, Issues 1–3, 25 April 

2004, Pages 3–20.  

151. F Uboh, M Akpanabiatu, M Eteng, P Ebong, I Umoh (2007), 

Toxicological Effects of Exposure to Gasoline Vapour in Male and 

Female Rats by in Internet Journal of Toxicology. 2007 Volume 4 

Number 2.  

152. L C Backer, G M Egeland, D L Ashley, N J Lawryk, C P Weisel, M C 

White, T Bundy, E Shortt, and J P Middaugh (1997), Exposure to 

regular gasoline and ethanol oxyfuel during refueling in Alaska by in 

Environ Health Perspect. 1997 August; 105(8): 850–855.  

http://www.sciencemag.org/search?author1=C.+Venkataraman&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=G.+Habib&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=A.+Eiguren-Fernandez&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=A.+H.+Miguel&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=S.+K.+Friedlander&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=S.+K.+Friedlander&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=S.+K.+Friedlander&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/030438949287072N
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/30/1
http://www.sciencedirect.com/science/article/pii/S0048969703004467
http://www.sciencedirect.com/science/article/pii/S0048969703004467
http://www.sciencedirect.com/science/article/pii/S0048969703004467
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697/322/1
http://ispub.com/IJTO/4/2/3485
http://ispub.com/IJTO/4/2/3485


References 

 117 

153. BSI (2009). BSEN 12807:2009. LPG equipment and accessories - 

transportable refillable brazed Steel cylinders for liquefied petroleum gas 

(LPG) - design and construction. England: British Standards institute. 

154. T. Ohmura, H. Matsumoto and Y. Yoshida (1967),The experimental 

study on the properties of liquefied petroleum gas. Jpr. J. Legal Med., 

21 (1967) 215-230 

155. Atlanta, Georgia, Centers for Disease Control and Prevention, 

(1978).Occupational health guidelines for LPG.  

http://www.who.int/occupational_health/about/en/index.html 

156. Majid Ezzati, Robert Bailis, Daniel M. Kammen, Tracey Holloway, 

Lynn Price, Luis A. Cifuentes, Brendon Barnes, Akanksha Chaurey, 

and Kiran N. Dhanapala. ENERGY MANAGEMENT AND GLOBAL 

HEALTH. Annual Review of Environment and Resources. Vol. 29: 

383-419 (Volume publication date November 2004). DOI: 

10.1146/annurev.energy.29.062103.121246.  

157. Uday Kumar Chakrabarti, Jigisha K. Parikh. Route risk evaluation on 

class-2 hazmat transportation. Process Safety and Environmental 

Protection. Volume 89, Issue 4, July 2011, Pages 248–260 



 

118 

 

 

 

Appendix and Supporting Documents. 

 

In this chapter, additional material that supports current research work is 

given for cross reference. Experimental data and primary data is also 

mentioned. Based on the research the author published research papers in 2 

international journals. 
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