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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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Executive Summary

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.

Renewable Non-Renewable

Hydrogen

Secondary ' Gas
Energy Sources

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 (C3Hg) and Butane (C4H1p) 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

Xi
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Executive Summary

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

Xii
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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.

Xiii
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Carried out in-depth study regarding variation of impact zone in

different seasons.

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.

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.

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.

Xiv
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o Revenue loss of the organization due to release of un-burnt

hydrocarbon can be minimized.

o 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.

o 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 **. 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
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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.

ﬂ?epresentative Countries & Energy Usage, 2002\

Country Population in Energy consumption in
millions quadrillion Btu's
China 1295 43.2
India 1050 14.0
United States 288 97.4
Brazil 176 8.6
Pakistan 150 1.8
Russia 144 205
Bangladesh 144 0.6
Japan 128 22.0
Nigeria 121 0.9
Mexico 102 6.6
Germany 82 14.3
France 60 11.0
United Kingdom 59 9.6
Italy 57 7.6
South Korea 47 8.4
\Canada 31 13.1 /

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 Xlth 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 (C3Hg) and Butane (C4H1g) 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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e 2338

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.

——
ol
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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.

——
»
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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 —

1531

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.

Blood sample checking and clinical examination of the fixed workers

of different age and different years of exposure is done.

The data for the study is collected from existing standard operating

procedures of loading activities.

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).

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-

PS5V

.

[
’.@jn LPG/ PROPANE TANKER

ROTOGAUGE

* Vapour line
—NM

-+—

Liquidline

Figure 4 - Flow diagram for loading / unloading of tanker
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PROPANE GAS

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.

12
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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 (C3Hg) and Butane (C4H1p) 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

13
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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.

GAIL (India) LIMITED - OVERVIEW

JANMNAGAR - LONI
LPG PIPELINE

} HVJ NETWORK

RAJASTHAN P/L UPPC & LPG AURAIYA

GANDHAR (_ o
& U
GUJARAT PIPELINE ( - \:4 GREP -
NETWORK <\_ = -z\_\ ,'I
HAZIRA < - VAGHODIA / LAKWA
somsx il 1| pve é VIIATPUR
OFFSHORE 3 -
- VIZAGSECUNDERABAD
URAN PIPELINE  pgar KG BASIN LPG PIPELINE

NETWORK

) | CAUVERY BASIN

MANGLORE-MADURAI
LPG 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

14
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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:-

Q) Petroleum refineries.

(i)  Gas fields by fractionation of natural gas.

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

o Oil absorption process.
o Turbo expander process.
o External Refrigeration process.

15
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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

16
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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?g and part of lean
gas is required around 44 Kg/cm?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:-
e Gasreceiving, drying and regeneration
e  Chill down
e 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 - | 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-I1). 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" 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

20
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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?®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:-

e 8 numbers LPG Horton Spheres of capacity 2500 M?* each (corresponding

to 7 days designed production) have been provided for storage of LPG.

21
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Diameter of Sphere is 17 m. LPG is stored under pressure and at ambient
temperature.

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

e 1 Fixed dome type roof cylindrical tank is provided for storage of SBP
solvent. SBPS is stored under atmospheric pressure and ambient
temperature

e 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 859C, 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? and 140°C 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.

22
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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

23
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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.
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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 1SO-
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 9 - Rotogauge
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Figure 10 — Loading activity of LPG tanker
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Figure 11 — Rail Loading Gantry
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Figurel2 — 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
| - PRODUCT IDENTIFICATION

TRADE NAME: LIQUEFIED PETROLEUM GAS (LPG)

CHEMICAL CHARACTERIZATION: Mixture of Butane and Propane
FORMULA: Mixture of C3Hg & C4Hig.

UN NO: 1075 | HAZCHEM CODE: 2WE
USE (S): Product.

Il - HAZARD INGREDIENTS

MATERIAL OR COMPONENT % AGE HAZARD DATA

Propane 50% Flammable gas

Butane 50% Flammable gas

Propylene NA

Il - PHYSICAL DATA

BOILING POINT (°C): > -40 MELTING POINT(°C):
N/A

——
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SPECIFIC GRAVITY (H20=1): VAPOUR PRESSURE

0.51 to 0.58 at 50 DegC (KPa):
1311.56 mmHg @ -20
DegF

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

VOLATILES: N/A EVAPORATION RATE:
N/A

APPERANCE AND ODOUR: Colorless odorless g

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 | Spray water to keep the container
PROCEDURE: cool. It is preferred to stop the flow of
gas.
PROTECTIVE EQUIPMENT FOR | Use breathing apparatus and proximity
FIRE FIGHTERS: Sulit.

UNUSUAL FIRE AND EXPLOSION | Air vapour mixture highly explosive.
HAZARD:

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 [rritation

SKIN ABSORBTION Not Known

EYE CONTACT Redness

INGESTION Not known

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

VIl- 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.

VIll- 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

| - PRODUCT IDENTIFICATION

TRADE NAME: PROPANE

CHEMICAL CHARACTERIZATION: Dimethyl methane, Propyl hydride.
FORMULA: C3Hg

UN NO: 1978 \ HAZCHEM CODE: 2WE
USE (S): Product.

Il - HAZARD INGREDIENTS

MATERIAL OR COMPONENT % AGE | HAZARD DATA
Propane 100 Flammable gas

1l - PHYSICAL DATA

BOILING POINT (°C): -42 MELTING POINT(°C): -217

SPECIFIC GRAVITY (H20=1): 0.59 VAPOUR PRESSURE:
6840 mmHg @ 20 Deg C.

VAPOUR DENSITY (AIR=1): 1.6 SOLUBILITY IN H2O: 65-mi/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 | Stop the flow of gas and keep the containers
PROCEDURE: cool by spraying water if exposed to heat or
flame.

PROTECTIVE EQUIPMENT | Proximity suit with BA set

FOR FIRE FIGHTERS:
UNUSUAL FIRE AND | Flash back along vapour trail may occur.
EXPLOSION HAZARD:
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 Continue to administer oxygen under low pressure.

PHYSICIAN: 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.

VIl- 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.

VIll- 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 Qil
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 1S: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
145 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 | pressure vessels conforming to 1S: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 1S: 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™ 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™ width
of the pad and not greater than %2 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. Q) 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/sg. 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 1S:6044 (Part 11), 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:

) an arrangement facilitating breathing of the fuel tank and
preventing spillage of fuel in the event of over turning of

vehicle and

i) 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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NOTES

SPREND U W M

]

—_
-

ALL DIMENSIONS ARE IN MM. UNLESS OTHERWISE SPECIFIED.
ALL FLANGE BOLT HOLES TO STRADDLE C/C CENTRES LINE
UNLESS OTHERWISE SPECIFIED,

DisH ENDS SHALL BE MADE BY COLD PRESSING.

CIRCUMFERENTIAL & LONGITUDIAL WELD SHALL BE CLEAR ALL
COUPLING AND REINFORCEMENT PADS.

ALL BUTT WELDS ARE FULL PENETRATION WELD ACCESIBLF_ FROM
OTHER SIDE SHALL BE GOUGED BACK TO SOUND METAL & REWELDED.
ALL SHARP CORNERS WILL BE ROUNDED OFF.

ALL FITTINGS APPROVED BY CCOE, NAGPUR,

ELECTRODES -~ AWS £ - 7018.

15:226 1S WELDABLE QUALITY.

. ALL PADS TO BE TESTED FOR TIGHTNESS PNEUMATICALLY TO

2 KG/SQ.CM.{(G) WITH SOAP SOLUTION OM ATTATCHMENT WELDS,

. FLANGES TO HAVE SERRATER FINISH.

12. PLATE THICKNESS SHOULD BE +VE TOLERANCE.
13. WELD CAP SHOULD BE NORMALISED AFTER PRESSING.
NOZZLE SCHEDULE
SR.NQ, SERYICE TY SIZE SCH./THK. REMARKS
M1 MANWAY 1 18" NB - PAD TYPE W(TH COVER
N4,NS| SAFETY RELIEF VALVE | 2 2" NPT HALF CPLG. | WITH S.R.V.
N1 LIQUID INLET 1 27 NPT HALF CPLG. [ WITH E.FV. + BV,
N10 | LIQUID OUTLET 1 2" NPT HALF CPLG. | WITH E.F.V. + BV,
__N7 DRAIN 1 1°_NPT HALF CPLG. | WITH PLUG
N2 VAPOUR CONNECTION ] 1 1-1/2" NPT FULL CPLG. | WIYH EF.V. + BV,
N8 ROTO GAUGE 1 1" NPT HALF CPLG. | WIYH ROTOGAUGE .
N6 PRESSURE GAUGE 1 13/4" 1/4" NPT [ HALF CPLG. | WITH EFV. + P.G.
NS FiX LEVEL GAUGE 1 1/4" NPT HALF CPLG. | WITH FiX LEVEL GAUGE

DESIGN DATA
DESIGN CODE 15:2825—1969,C.L. 1 SMPV, RULES (UF) 1981.
DESIGN TEMPERATURE AS PER STATUTORY REQUIREMENT
DESIGN PRESSURE 14.5 KG/CM {q). + 3G. EFFECT = 15.77 KG/CM
RADIOGRAPHY 100%
WELD JOINT_EFFICIENCY | 1
PW.H.T. STRESS RELIEVED
CORROSION ALLOWANCE | 0.5 MM
TEST PRESSURE 20.5 KG/CM (g)
SERVICE 1 LP.G. .
WATER CAPACITY 38230 LITRES {APPROX.)
PAINTING TWQ COATES OF WHITE ENAMAL PAINT
PAY LOAD 18000 K.G.S.
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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)

A W m= — - ~— —~— :
ST T jova—.
Lol PRI i | = T

Figure 13 - LPG / Propane tanker with liquid line connection
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22 2338

Figure 14— Opening of rotogauge to check liquid level inside the tanker

The flow diagram for loading of tankers is given below-

ROTOGAUGE .
Vapour line

—N

Liquid line

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 —

Ald a7 through orfice - Message niﬁ“g]
Message | Mchfee E-mail San () e

2 quaranting 3 To Manager W [Res » B a» #Find 6
Alonare x = EMeetmg 3 Quaram & o -
. _é _3 AiTeamEmal o Done . Noneite oA il & ) Related A

v Delete | Reply Reply Forward & - _|| Move Mark  Categarize Follow | Translate Ioom
&J“"k Al 3 Mare (4 Reply uDelete  °7 Create New FT B Adions | ynread o Sl seet
Delete Respand Quick Steps i Move Tags i Editing Zoom
@ You replied to this message on 11/18/2009 %41 AM,
From: rramalzishnan@tce,o.n Sent:  Tue 11/17/2009 707 PM
To: Anant Tandzle
(c kchir@tee.co.n
Subject: Flow through orifice
i
A
Dear Anant,
Ref. the info requested by you
For Propane inside a tank, flow (in liquid phase) through 2 mm arifice would be approx. 5.1 kglhr.
With regards
Ramesh R.
TCE Consulting Engineers Lid
2nd Floor, Raj Plaza, Opp. MTNL, LBS Marg, g
Vikhroli (), Mumbai - 400 083
Tel. +9122 6647 2106 Fax: +9122 6647 2000
Please do not print this email unless it is absolutaly necessary |
Information transmitted by this E-MAIL i3 intended only for the use of the addressee(s) and contains information that is privileged, confidential or exempt from
disclosure under applicable law. If you are not the intended recipient or it appears that this mail has been forwarded to you without proper authority, you are
notified that any use or dissemination and or copying of this email in any manner is strictly prohibited and you are requested to delete this e-mail immediately.
Communicating through e-mail iz not secure and capable of interception and delays. Any one communicating with TCE Consulting Engineers Ltd., and / or its
subgidiaries or associates or group companies by e-mail accepts the risks involved and their consequences.
While this e-mail has been checked for all known viruses, the addressee should also scan for viruses and notify the originator of e-mail.
v
Click on a photo to see social network updates and email messages from this person, o

m ' ' M [ ‘ 236 ||
Pog.. LLg SVN.. - 6] Reie. [0 bm Gl |+ B @40
L i el Rl o s 1 BEDO g

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.

——
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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 —

Abstract of objectives

Sr
No

Detail description of the operators

Photograph

Mr Kala Dharan; Age :- 29 Yrs

Local Address:- 5, SADA Colony, Near Metro

Hotel, Raghogarh, Dist Guna, Madhya Pradesh.

Permanent Address:- Abhiramapuram 3rd

Street, Abiramapuram, Chennai, Tamil Nadu

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

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.

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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Abstract of objectives

Sr
No

Detail description of the operators

Photograph

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.)

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.

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.

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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Abstract of objectives

Sr
No

Detail description of the operators

Photograph

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 YTrs

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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Abstract of objectives

Sr Detail description of the operators Photograph
No

Mr Sri Ram Meena; Age :- 36 Yrs

Local Address:- A-12, Ph-11, GAIL Colony,
Vijaipur, Dist Guna, Madhya Pradesh.

a Permanent Address:- Near Ramubai Ganesh

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

Barmer, Rajasthan.

MrRajpal Singh Sidhu; Age :- 30 Yrs
Local Address:- 4, SADA Colony, Near Metro
Hotel, Raghogarh, Dist Guna, Madhya Pradesh

14
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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Abstract of objectives

Serum Uric Acid

Serum Protein

Albumin

Globulin

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 —

SR NO

Dinesh Kumar Dixit (32 Yrs)
PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site

Total Cholesterol 387.2 256.4 340.7 255.5
Triglyceride 196 1354 178.3 1253

H D L (High Density Lipoprotein) 57 65 5 56
Cholesterol

L D L (Low Density Lipoprotein) Cholesterol 150 78 98.3 87.5
VLD L Cholestrol 302 27.6 253 28.5
Risk Factor 6.79 3.94 6.55 4.56

450
400 -
350
300
250
200
150 - .\/.\.
100 S
7% X
50 - :7 —A —A
-3 =i X
0 ® ¢ ® ®
Loading Gantry Oft site Loading Gantry Oft site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 18 — Cholesterol variation of Dinesh Kumar Dixit
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Abstract of objectives

Girish Sharma (35 Yrs)
PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 237 142 220.6 160.4
i 149 150.2 152.2 147.6
‘ - , 32 35 33 38
IH D L (High Density Lipoprotein) Cholestrol
120 1123 1184 103.5
L D L (Low Density Lipoprotein) Cholesterol
LD L Cholesterol 23 203 22.6 214
sk Factor 7.41 4.06 6.68 422
250 4
200
150 = —— —a
* 2 a3
50
— —
— - = m— x
0 ® . & .
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Figure 19 - Cholesterol variation of Girish Sharma
Virendra Kumar Tyagi (39 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 300.52 2554 2935 237.1
Triglyceride 192 163.6 189.2 158.9
D L (High Density Lipoprotein) Cholestrol 50.67 532 48.5 37.5
o ) 140 1185 120.4 120.4
D L (Low Density Lipoprotein) Cholesterol
L D L Cholestrol 16 18.9 221 206
Risk Factor 593 4.80 6.05 6.32
350
300
250
20 .\..P/\.
150
"\x " ”
100
50 A h— e
—
o f — > 5 %
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 20 - Cholesterol variation of Virendra Kumar Tyagi
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Kala Dharan (29 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 250 189 261 210
Triglyceride 180 157 152 137
[H D L (High Density Lipoprotein) Cholestrol 40 43 45 51
IL DL (Low Density Lipoprottein) Cholestrol 138 124 1323 1212
L D L Cholestrol 29 23 32 25
[Risk Factor 6.25 4.40 5.80 4.12
300
250 |
200 -
150 4 \ *\‘
—— e —
100
50 . 3¢ >
‘ 4_'_
0 [+ —— - —3
Loading Gantry Off site Loading Gantry Off site
7-0ct11 20-Apr-12 18 Nov-12 15-May-12
Figure 21- Cholesterol variation of Kala Dharan
Banke Bihari (26 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
otal Cholestrol 199.1 169.2 189.14 160.7
Tiglyceride 1232 1134 112.8 110.8
D L (High Density Lipoprotein) 179 502 514 192
holesterol
D L (Low Density Lipoprottein) 12656 loa2 174 110
holestrol
LD L Cholestrol 24.64 342 288 34.1
isk Factor 4.16 3.37 3.48 3.27

250
200 \//\

150
V—-ﬂ; =

100
50 P 4 i —4
— P —3x

X—
0 L @ & ]
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 22 - Cholesterol variation of Banke Bihari
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Abstract of objectives

Subhash Desai (48 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 250 2125 256.25 192.1
Triglyceride 157 153.9 145.2 153.9
D L (High Density Lipoprotein) 132 4536 126 16
Cholesterol
D L (Low Density Lipoprottein) 190 156.7 175.8 1383
Cholestrol
LD L Cholestrol 31 32.1 311 302
isk Factor 5.79 4.68 6.02 4.18
300
250
200
150 =
100
50 A
% —— X
0 ® —— & -0
Loading Gantry Off site Loading Gantry ‘ Off site
7-Oct-11 20-Apr-12 18-Nov-12 ‘ 15-May-12
Figure 23 - Cholesterol variation of Subhash Desai
Pramod Kumar Tiwari (25 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 204 173.4 214.6 175.9
Triglyceride 170 154.7 165.9 154.7
3 [H D L (High Density Lipoprotein) Cholestrol 45 47.25 42.7 458
L. D L (Low Density Lipoprottein) Cholestrol 120 99.4 1173 94.9
[V LD L Cholestrol 30 23 3211 21
Risk Factor 453 3.67 5.03 3.84
250
200 \/‘\
——
- .\'__ o
100 x\‘—/a\x
50 - A ye * A
e ——— —x
0 & O O o
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 24 - Cholesterol variation of Pramod Kumar Tiwari




Abstract of objectives

Hetram (40 Yrs)
PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 23445 199.2 2525 196.87
150.3 142 114.9 148.3
I D L (High Density Lipoprotein) 34 35.7 42 36.4
Cholestrol
D L (Low Density Lipoprottein) 130.7 1003 1023 1004
Cholestrol
V L D L Cholestrol 2 29.3 19.2 267
isk Factor 6.90 5.58 6.01 541
300
250
200
150 [
o0 \ —
50 N
H— — —— —
0 5 —0 ol '}
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Figure 25 - Cholesterols variation of Hetram
Vinod Kumar Dhokia (28 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
otal Cholesterol 190 161.2 193.8 164.7
riglyceride 1104 103.2 1124 100.5
3 IH D L (High Density Lipoprotein) 45 142 458 45.7
ICholesterol
D L (Low Density Lipoprottein) 76.3 80.6 827 814
holestrol
LD L Cholestrol 23 11.3 24.8 12.6
isk Factor 422 3.65 4.23 3.60
250
e \’/\‘
150
= i
100 —{— —
% el el =4
*
30 & e A A
. "______————l\‘
0 @ L
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 26 - Cholesterols variation of Vinod Kumar Dhokia
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Abstract of objectives

Ashish Chaitram (42 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
otal Cholesterol 200.5 170.4 198.5 1764
riglyceride 98.5 673 100.4 68.7
D L (High Density Lipoprotein) Cholesterol 36 353 394 382
D L (Low Density Lipoprottein) Cholestrol 856 90.8 953 80.6
LD L Cholestrol 32 213 29.1 19.8
isk Factor 5.57 483 5.04 4.62
250
e \/‘”\
150
100 " O S
50
— T —4— 4
0 e & < Q
Loading Ganiry Off site Loading Ganiry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Figure 27 -Cholesterols variation of Ashish Chaitram
Siva Kumar (39 Yrs)
PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholesterol 187.47 159 191.7 152.7
Triglyceride 79.3 110.2 76 110
[H D L (High Density Lipoprotein) Cholesterol 40.2 36.3 452 40.2
[L D L (Low Density Lipoprotein) Cholesterol 943 68.4 84.2 743
L D L Cholesterol 25 19.4 273 182
[Risk Factor 4.66 438 4.24 3.80
250
200
150
100 /.
3¢
50 i
A— A Co —A
0 o = o o
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 28 -Cholesterols variation of Siva Kumar
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Abstract of objectives

Ram Acharya (27 Yrs)
PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site

Total Cholestrol 167.48 1422 198.4 148.8
Triglyceride 100.3 89.7 823 78.3
[H D L (High Density Lipoprotein) Cholestrol 342 56 383 36.5
L D L (Low Density Lipoprottein) Cholestrol 874 90.8 110.4 89.3
LD L Cholestrol 349 353 32.1 329
4.90 2.54 5.18 4.08

250
200

150

100 g—— /\

0 ® -0 ® —0
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 29 - Cholesterols variation of Ram Acharya

Sri Ram Meena (36 Yrs)
SRNO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site

otal Cholestrol 2083 150.2 262.5 170.6
riglyceride 174.67 138.2 168.8 1356
D L (High Density Lipoprotein) Cholestrol 45.2 425 46.2 41.6

D L (Low Density Lipoprottein) Cholestrol 1204 1342 125.6 134

LD L Cholestrol 26.3 338 23.1 30.1

isk Factor 6.60 353 5.68 4.10

350 4

250 -

200 -

150 -

100 -

50 1 L = —— :*

+
0 @ O @ —0
Loading Gantry Off site Loading Gantry Off site
7-Oct-11 20-Apr-12 18-Nov-12 15-May-12

Figure 30 —Cholesterols variation of Sri Ram Meena
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Abstract of objectives

Rajpal Singh Sidhu (30 Yrs)
SR NO PARAMETERS 7-Oct-11 20-Apr-12 18-Nov-12 15-May-12
Loading Gantry Off site Loading Gantry Off site
Total Cholestrol 2303 195.7 2403 183.9
Triglyceride 1264 129.1 113.4 147.8
H D L (High Density Lipoprotein) Cholesterol 495 393 51.7 50.2
L. D L (Low Density Lipoprottein) Cholestrol 87.4 109.2 98.8 110
'V L D L Cholesterol 13 142 152 153
Risk Factor 4.65 498 4.65 3.66

300 +
250

200

150 -
—

100 - M +
50 - Ah— . & -4
: % =¥ % =
Loading Gantry Off site Loading Gantry Off site
7-0ct-11 20-Apr-12 18-Nov-12 15-May-12

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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Abstract of objectives

Edit

List

Goto

List Status: Display

Tanker Checking Report
& | & F F| EHE H| 44 Sort criteria|@ | |34

GAIL (INDIAY Limited Check Time o
Cleared Tanker List Data statistics|Number of
From Date ©1 .01 2006 To Date 31.12. 2006

Records passed g,430
5 Mo, (DD No. Truck No Product |Prod
1 BTO61744 IPBOLSYAS |LPG 17.2

List Edit Goto System

Help

Tanker Checking Report List Status: Display
& & T F|EE |l e e

GAIL (IMDIAY Limited

Sort criterid| & |E|3E
Check Time o

Cleared Tanker List

From Date 01.01.2007 To Date 31.12.2007 | | | S

5 No.|DO No. I | g |Fecers passed SRt

GE34 |87186836 MPBEHABT 53 (LPG 17

List Edit Goto System

Help

Tanker Checking Report List Status: Display
& | & FF | HEE| B ]

GAIL (IMDIAY Limited

sort criteria|= |E |38

Check Time W

Cleared Tanker List

Data statistics|Number of
From Date 01 .01 28088 To Date 31 12 2008

Records passed 9,016
5 Mo.|DO No. Truck Mo Froduct |Pr
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Abstract

of objectives

Edit

List Goto

Help

T ] P I B T N2 W 2
IHICY List Status: Display
Tanker Checking Report
Sort criteria|& |9 (B
& & T F EHE H| W
Check Time o
GAIL (IMDIAY Limited
Data statistics|Numbher of
Cleared Tanker List
From Date ©1.01.2006 To Date 31.12. 2006 Records passed G,618
5 Mo, |DO No. Truck Mo Product [Pro
3303 | 8FV1E1231 HR3BE3Y29 |PROPAWE |15.]

List Edit Goto
Tanker Checking Report (e a0 Bla
& & T ¥ EE H| 1
Sort criteria|& |9 |38
GARIL (INDIAY Limited
Check Time o
Cleared Tanker List
From Date @1.01.2007 To Date 31.12. 2007 Data statistics|Mumher of
S No. (DO No. Truck No Product |Proi |[Records passed Famcl=h |
G288 |87191965 HR3BH3197 |PROPANE |16.°%

Edit

Eata

Tanker Checking Repoit

List Status: Display

G| & F ¥ HE | |l W« |sorteriteria| & T (B
GRIL (INDIA) Limited Check Time ¢
Cleared Tanker List Data statistics|Mumber of
From Date 01.081.2008 To Date 31.12. 2003
Records passed 5,614

S Mo, (DO No. Truck HNo Froduct |Pi
1678 |B7223372 |HR3B153832 |PROPLNE |11
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Abstract of objectives

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 —

Sr No. Year LPG PROPANE TOTAL
1 2006 8430 6518 14948
2 2007 9311 7081 16392
3 2008 9016 5514 14530
4 2009 9067 6702 15769
5 2010 9039 7008 16047
6 2011 9080 6908 15988
7 2012 9042 7047 16089

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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Abstract of objectives
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Table — 5 — ALOHA software outcome & field verification




Abstract of objectives

Some of the sample mathematical modeling results for different season is

depicted below -

Flammable Threat Zone ALOHA® 5.4.4 i !

Time: September 3, 2013 2007 hours ST (using computer's oclock)

Chemical Name: PROPANE
Wind: 2 matars/second from ESE at 2 matars

THREAT ZONE:

Threat Modaled: Flammabls Arsa of Vapor Cloud

Model Run: Heavy Gas

Red : 11 meters --- (12500 ppm = §0% LEL = Flame Pockets)

Note: Threat sone was not drawn because affects of near-field patchiness
make dispersion predictions less reliable for short distances.

Orange: 21 meters --- (2100 ppm = 10% LEL)

Note: Threat zone was not drawn because affects of near-field patchinass
make dispersion predictions less reliable for short distances.

Yallow: 92 meters --- (210 ppm)

meters
40

20

< -_—__ — —__—_ —;:1; w.{nd’

-,
- |

40 0 20 40 &0 80 100
matars

|:| greater than 12600 ppm (60% LEL = Flame Pockets) (not drawn)
greater than 2100 ppm (10% LEL) (not drawn)

[] greater than 210 ppm

—— wind direction confidence lines

Figure 32 — Flammable threat Zone for wind speed 2 m/s

72

——
| —



Abstract of objectives

Flammable Threat Zone ALOHA® 5.4.4 !

Tima: Saptombor 3, 2013 2108 bouwrs 5T (uwsing computor's clook)

Chomioal Namao: FEOPANE
Wind: § motars/second from ESE at 3 mators

TEREAT EONT:

Throat Modalod: Flammahlo Arca of Vapor Cloud

Eodol Fun: Hoavy Gas

Red & 11 meters --- {11800 ppm = §0% LEL = Plame Pockets)

Eota: Throat zono was not drawn bocsose effects of near-fiold patohinass
maka disporsion prodictions less rolisble for short distancos.

orange: 11 metars --- (1100 ppm = 10% LED)

Fota: Throat sono was not drawn becanse effects of near-filald patchinass
maka disporsion prodictions less rolisble for short distancos.

TYallow: % motars --- (210 ppm)
meters
40
20
T
— | . wind
0
'--._.___|_____‘_
l-‘_‘_-_-_-_‘“-_'—'_‘——-—-r
20
40
20 0 20 40 &0 80 100
meters

[ | greater than 12600 ppm (60% LEL = Flame Poc
greater than 2100 ppm (10% LEL) (not drawn)

[ | greater than 210 ppm
—  wind direction confidence lines

Figure 33 — Flammable threat Zone for wind speed 5 m/s
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Abstract of objectives

Text Summary ALOHA® 5.4.4¢

SITR DATAi
location: GAIL VIJAIPUR, INDIA
Building Air Exchanges Der Hour: 2.33 (unsheltersd single storiad)
Time: September 3, 2013 2048 hours ST (using computer's clock)

CHEMTCAL DATA:
Chemical Name: PROPANE Molecular Weight: 44.10 g/mol
ABCL-1 (60 min)r 5500 ppm  ABGL-2 (60 min)1 17000 ppm  ABGL-3 (60 min): 33000 ppm
IDLE: 3100 ppm  LEL: 21000 ppm UEL: 85000 ppm
Ambient Boiling Pelnt: -43.2° €
Vapor Preasure at Ambiant Temperatura: greater than [ aim
Mmbient Saturatien Concentratiom: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPOT OF DATR)
Wind: 10 meters/second from ESE at 2 meters

Ground Reughness: open country Cloud Cover: 0 tenths

Air Temparature: 46° C Stability Clasa: D

Yo Invaraion Height Relative Bumidity: 508
S0URCE STRENGTH:

Lok from hols in borizontal oylindrical tank
Plammable chemical escaping from tank (not burning)

Tank Diamater: 2.5 maters Tank Length: 7 meters
Tank Voluma: 34.4 cubic maters
Tank contains liquid Intarsal Temperaturar 45° C

Chemical Masz in Tamk: 14,956 kilograms
Tank s 95% full
Ciroular Opaning Diameter: 0.2 cantimetars
Opening 18 1.§ meters from tank bottom
Release Duration: ALOHA 1imitaed the duration to 1 hour
Max Avarage Sustained Release Rater 4.17 kilograms/min
(averagad over a minuts or mora)
Total Amcunt Relsased: 250 kilograms
Note: Tha chemical escaped as & mixture of gas and eerosol (two phase flow).

THREAT ZONE:
Threat Medaled: Flammsble Area of Vapor Cloud
Nodal Runr Gaursian
Red : lass than 10 maters(10.9 yards) --- (12600 ppm = 60% LEL = Flame Pockets)
Note: Threat zome was not drawn because affects of near-field patchinasa
make disperslon predictlons less reliable for short distances.
Orange: 16 metars --- (2100 ppm = 10% LEIL)
Note: Threat zome was not drawn because affects of near-field patchinass
make disperslon predictlons less reliable for short distances.
Yallowt 49 meters --- (110

NDLE

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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. 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.

. Instrument is rated to IP 65 protection levels for dust and water ingress
(water spray and fine particle dust).

. 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.

. Instrument works in the humidity range of 15-90%. Instrument works in the
temperature range -10 deg Centigrade to 50 deg. Centigrade

. 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.

. 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 |,

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 -

e  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
= 16089
e  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

o Revenue loss for GAIL Vijaipur only for LPG

for the year 2012 = 1.36x 36,766.9
= Rs. 50281.12
e  Calorific Value of LPG / Propane = 11950 KCal/Kg

(50032.26 KJ/kg)
o Total amount of Hydro carbon dischargedthrough rotogauge in the year

2012 at GAIL Vijaipur =1367.56Kg

——
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J 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 —

60000 - —4—LPG TANKER
20000 T\ P e X _m—PROPANE TANKER
40000 -
—#—TOTAL TANKER
30000 -
<= AMOUNT OF HC
20000 - DISCHARGE THROUGH
e i an i Sl ROTOGAUGE
10000 - —+—REVENUE LOSS (INR)
eI eI
0 T —9—ENERGY LOSS

b & & O O DO D N H W PER THOUSAND OF
SSRGS NN
FIEIELFT S Kcal/Kg

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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Magnetring . Dip rod with
attached to " Level marking

dip rod .

Level of liquid Magnet ring “Copper tube

Hydro carbon From outer
side of

copper tube

LPG /| PROPANE TANKER

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.

Hazards of hydrocarbon handling, their effects on living 43
things and environment.

Incidents related to various hydrocarbon handling. 17
Design and fabrication requirement of hydrocarbon 4
container.

Statutory requirement, guidelines and standards. 22

83



Review of Literature

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.

e Burn Injuries Related to Liquefied Petroleum Gas and Fire and Explosion
Hazards Associated with the Handling of LPG."? %

o Domestic LPG hazards: a safety management perspective

 Modeling the performance of coated LPG tanks engulfed in fires

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

consequences * %

e Risk reduction in road and rail LPG transportation by passive fire
protection *°

e Understanding the human health effects of chemical mixtures *" >

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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e Analytical investigation of thermal coating °
e Environmental Gas Displacement: Accidental Deaths in the

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

e Assessment of an explosive LPG release accident *> 1%

e Severe accidents in the energy sector: comparative perspective 8’

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

86

——
| —



Review of Literature

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.

e LPG equipments and accessories °
e Design of tankers *

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

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.

e Gas Cylinder Rules 2004 **
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e Guidelines for good safety practices in the LPG gas industry 2* %

e Guide to the Harvard style of referencing 2

e Field Guide to Fuel Handling, Transportation & Storage %% ***

e Fuels and combustion >’

e LPG tank truck incidents which gives Guidelines for handling emergencies

arising out of LPG Tank Truck (TT) incidents and layout of plants ®* ®*®

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.

e Handbook of petroleum industry " *®
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e Laminar burning velocity and explosion index of LPG-air and propane-air
mixtures *
e Greenhouse gas emission 2020 °

e Fuels and combustion %

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.
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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.

o1

.8.4 Revenue loss of the organization due to release of un-burnt

hydrocarbon can be minimized.

ol

.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.

(62}

.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.

Various (

Characterstics

5% Design &

fabrication of
HC container
3%

Statutory
requirements
17%

Incidents
related to
HC handling
13%
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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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Research Center, GUNJ
Nos: Pubologial s heve echaical s, For sy isary eposed examisations are reuled

—
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MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567

Referred by Dr | Name: Pharsd Kusar T
ovechiaatiin reiieds Age | Sex 25)M Referred by Dr I Name: Vitoedin Kiotr Ty
Date: Z-10-0 Investigation reguired: Age / Sex: 39 )4
Date: T-10 -1
AR
‘Toul Chobesrol wye 204 110+ 0 eg® -
WS- 150 ngh Normal Range for Adults
Trghycede nus |30 F40- 10 mgh
X Haemoglotln 13.5-18.5 gma %
KDL Cholesed ws L< ':::.3:: s e
LDL Qelessl s |20 Toad Lessecye Coant §s2 0 Per Carm 4000-10000/Cumnanl
VLDL Chokesed T 10-Dmpdl ool Beyhocyte Comt (= Mill per Crnzm (4.6-6.5)
sk e ws3 PPapverprriry 8 Differential Leucocyte Count
OTHERS
Neweghlls | SSBSH
. Lyngbeoytes ; BEIE
COMBENTS Maonceyes | 164
7~
Entootls [ 4%
T |
Basaphlls l 1%
| MM the cud of s
(‘}f'\ RAKMASAUANG 013 (8 120)
Dr. GLC. JAI'ER Wesmpmt TPy
MD (P2 Mebat) M 0T
Mahavir Nursing Homt
Research Center, GUN Abmbie Vilea
PLY. 5 (M: 40 SURNF: 33 -47%)
MEY, \ Cu Macson (82.9¢ Cu, Mo
—
MCH. Mizo Micr a8 - 32 Miceu Mo geecns
Not: Pt e v e s, o sy dpry g o o 0234
No 3 acoepled, Clinical comelation Is also raquested |
G Patelet ccun \ Lacs/Cu mm {154 LacCy o |
Blond ooy § e

126

—

G
Dr. b.f-:‘-!ﬁl \
M.D (Pat

Mahavir Nursing Home &

Note; Pubological sty bave echaicallimitsicas, Fet repeated aaganiputigas oy mgvired 1)
mq:wmmm“w T,
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MAHAVIR NURSING HOME & RESEARCH CENTRE ‘ MAHAVIR NURSING HOME & RESEARCH CENTRE
Near Over Bridge, A.B. Road, Guna (M.P.),  (07542) 220567

Near Over Bridge, A.B. Road, Guna (M.P.), ¥ (07542) 220567

Lsan

Mahavir Nursing Home &
Research Center, GUNA.

d

lcal tess b limitaions. Foe eny disparity roy
No legal linility accepied, Clilealcomelaic is aso requesied

127

—

Referred by Dr l Name: I\O.'/u,...,,l“ Kauman Tyl | Referred by Dr [ Name: Viteveha K 'r‘n‘
Investigation required: Age / Sex: 29//»] Investigation required: Age / Sex: 39(M
- : “\o-
Date: q- 10~ | Date: 4 ’li
i e L
INVESTIQATION REPORT Normal Range for Adults
Toul Chobeszal mE 200, % 110200 mg%
Tiood Sugar :
s T =% (92 Fa lons
) oMl -
131 1o oy - $0163 ‘,‘,‘3.3$
- 8EY
aizs ~ 0. LD L Chedeswal L3 (4o
ks 154 i yalisl; g VLDL Chelestl : i 10-30 nghtl
Blood Urea sl 1050 myidd . ) S‘-q ) o;‘mm
S Crnutlint 07 gl 0412yl oS
Bersn Urle A
L
Malk: & 3572 %
[ COMMENTS
Feauls - 25-60my %
>
Serun Protelns
Toul T4+9 gk 00 Rgm
Altumin 4 =1 3753 % "\i.«-
37C. JAID
Gibein 219 o 13-36gm % Dr. G. Cmg‘(x?a!:
i sing Home
540T. = L SoMmL v;:?f;rrnNgfe r:mg' GUHA
SART, - L 0 )8 1L
‘Serum Calodum - mh 34-104mg%
/‘.
B
Dr. 6.6 JAIN . »
M.D (Path) Note: lmitacloas. For any disparity repested q
No legal lisbiliry accepted. Clinical correiation i also reqeested
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MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567

Referred by Dr | Name: Subhark Beyan Referred by Dr | Name: Subhath DRge
Investigation required: Ne/Sex | Agln Investigation required: Ag/se | 4E|M
Date: 15 - -1o-1)
Normal Range for Aduits
Haziiglotia 114 135185 gua % st Sogee
Tond Levceye Cont lisoo Per Coan (4000- 10000/ Cumm) e +9 il DI
Toeal Erythrocys Count (R Wl per Conm (4.6-6.51 KBS - wpdl 70130 mgidh
Differential Leucocyte Count PPBS. (N wgll upto LD gl
Newtoptis \ 6% Wood e - ol 1030mpdl
T— \ o) § Craieas 0vg = 0512
[— ' ki Sorem Urkc Ackd
P ‘ Py Male IF 15.72mg%
Busophils | 14 Fesul: = 16-60m9%
ESR. (Wiasobel Metiod i Wk o oo Sorem Protlos
%mm uu‘uu:’.).:"«uo:w Teal §19 puh 60 k3grs
Absolun Vaines " Abutia 2.9 - 37 53gm s
Pey. ‘1 04 40- S5 36- %) i 2 ' 23-30gm
MEY. On Mkn (2284 O Micow) 007, : e s-MmL
uCH ‘ reem———— ~ e 0-38I0L
MCHC. \ P Serun Caietn e 34 104 mgs
— m_ Dr. e
Bliad grosp g &.. » P :Mp,‘,[m-:. )
Dr. G'C. JAL esearch Center, GUNA,
et it RIS T
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MAHAVIR NURSING HOME & RESEARCH CENTRE MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567 Near Over Bridge, A B. Road, Guna (M.P.), % (07542) 220567

Referred by Dr Name: Subhash feal
:’m NL e T Referred by Dr | Name: He bAtom
Investigation required:
Date: 7-1n-1) : Mol | 4oln
3 Date: ei0-1)
ey I ey T ‘f‘
Tod Gl s 560 110 20 g Bormal Rang for Adits
N ) ut s ,‘,,4,:,::: Hasmoglobin H 12 13,5185 gma %
Trghyceride s Fd0- )
DL Cooksd cms W20 P s0mes o B q8eo et ucsao ol
LDL Colaiel i 140 Tond Byt Cous | ¢ /A il per Caun (4665
VLDL ke ; 1 10=30mghd Differsotil Leucocyie Count
. Sundard Risk Nestrophils | FE VS
Rk Futor : 579 o hn Fih R
i Lywosyea \ eI
o Momcyws ‘. W
Eesicplits ‘ W48
| COMMENTS ‘
Busephils ] | %1%
e 610 1od of oo e
SR (Watmbe's Metbod) | D19 120
ESR (Weapma's = | MMt the eod of one how
= Mahod) } | M9)(F:01)
(‘ij., —~ Absate Vilees g {
j C. JAIN -
o ee, \ M 4D- S4RHF 38 %)
MY, : \ b 13- 98 O Mien)
MCH : Micro Miceo grasut2d - 32 Micro Miro rass
MCHC : "\I 52 %%)
Plaes comat 3 i Lace/Cu mm {154 Lacs/Cu mun)
ol O 4 P nfgﬁ'\ AT
Nt Paclopiel st vl oo Feay dispty repeed o ue et DT R 0D (Patn)
No legal lsbilty weegeed. Clked csrelaion i also roquesied Mshavir Nursing Home &
Note: Pthclogicel tets havetohical iion, Fos ey disprty et s & o
No legal labilicy accepted. Clinlcal comrelation is alss requeited
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MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), ™ (07542) 220567

' MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567

Referred by Dr I Name: H2t haws
Referred by Dr | Name: Hafhsn Investigation required: Age / Sex: AofmM
Investigation required: Age / Sex: Lo / M
03-10-11
nghl
gl
gl
Bioad Leea - gl 10:40 mpidl
5. Crealndale : ) il 0612 mgll
Serws Urke Add COMMENTS
Mk Sy 15-12m %
Femahe = 26-80mg%
Serum Protelns 'x"‘j\a o=
Teul 9 e 0.0 pm% Dr. G. CM'D”(\pla'l:
Mahavir Nursing Home {
Abamln 4 % 3153 gm% . Resescch Center, GUNA
Clobelln 2 (1] 23-36pus
560T. o L S
SOPT. y - e 0.3 L
Senm Calohm : y ("3 £4- 104 g% Note: Umitations. For any disperity repeated examinations are reqesed
> No legal lisbility sccepted. Clinical correlstion i alvo reguested
[
Dr. G.C. JAIN
MD (Path
Mahavlr Nursing Home 8
Research Canter, GUNA,
Note; Pachologleal tests bave techical Emisaivos, For say disparky sepeated examing equlred
No legal tisbility accepted. Clseal cocreladon Is also req

130

—
| —



Appendix and Supporting Documents

. MAHAVIR NURSING HOME & RESEARCH CENTRE ‘ MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), ® (07542) 220567

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567

Referred by Dr | Name: Viwod fowa. Dlupe) | Referred by D l Name; Vinoo| Kuwa, Dl
Investigation required: Age/Sex: | k[ Investigation required: Me/sex | 0¥/
Date: “P-10-1f Date: 3-10-1)
Normal Range for Adults

Haeoglobla (REYA 13.5-18.5 gm %6

ot Leusseyte Coust g o Ter Cmem (4000- 10000/ Cusm) rbs. EF Yy  we 2110 mph
Toal Erylocyie Comt $ré Mt per Coam (4.6-6.5) RS, . gl wi0ag
Differential Leucocyte Count PPBS, [13.§  a s 180 gl
Neuzopils \ S5%.65% Blaod Urea - e 1050 mght)
Lyagbocyes ' BEHE 5. Craroiale | it 06- 12091
Moaseyies "is Serws Urle Add

Lostooghils 2945 Male T 3 15 72ng%
Buscphils ‘ o"1n Farae e 26-60m5%
e ||| T |

w:-un'o | u&n‘;%«‘wﬁw Toal (, G e A0 83 prt %
Ao Visee ‘1 Abean b m 1.53pm%
pey, | 04 0- WHF:36-409) Ot 1§ s 213y
ev “ i ANl 5001, - e $-34IL
MCH. I'K P 5027, - n 0- 31
MCHE ".‘ 2% Sk ol - ok
Patelet commt "‘. Lacs/Ou man. (154 LacyCo man )
Rty AL e

Wote: Pathalogical tests have toshwical imitations, Fee sy disparity repetnit
No legsd laility accepted. Clinlcal corvelatica is also requested

Mahavir Nurs

—

a2 L‘J‘“v

AT Ux, b-?K]N
"~°H (Path)
ng Nome &
RAEINA,

131

Note; Puthobegicaltests have technical limitsieas. Fo uny disparity repeased exasiaations are reguired

No logallisbility scepped. Cllacel corelaion s also roquesied

——r



. MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), ¥ (07542) 220567

Appendix and Supporting Documents

‘ MAHAVIR NURSING HOME & RESEARCH CENTRE
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132

—

Referred by Dr | Name:  |Vinod Muwin Dlosg
Investigation required: Age/Sex | 1E|M Rerd by r_ | Name:  |Achish Chaitran
Date: J-to -~ Investigation required: Age / Sex: Aulm
Date: - (o))
IVESTIGATION REPORT Normal Range for Adults %
ol Oholesrol me [0 110+ 200 mg Normal Range for Adults
Thghyesde ms ([0 o ::,"“: Haemoglobln g 185185 gna %
HDL Choletd ws N A et Lescscy Count qreo Per Crusn 4000+ 10000/ Cutnan|
LDL Chelessel w3060 et Bythosyte Conat 4 Ml per Conen (4.6-6.5)
VLDL Choesrd Ly 10-Ymgd Differential Leacocyte Count
ol by v Ok Bk R Newsghils | s554%
oS
Lyagbseyis 18355
= Manccytes L ¥
T i fid
- ns 1%
ES. (Wintmbe's Method) “&"I';)""“lzh
" e B
GJ“':'--- : Ateoie Vaes }
Dr. G. ng%m PCY. : '|} 204 40- S49)F 8 - 7)
+ wanavi s RO . 1 10
ueH \ Mers o gruns28 - 12 e Mir g
WCHE Il w238
Plaelt coust . LacsCs rm. (134 Lacwu
Mote: Pabobogical tests e tschaical limitaioas, For any csperiy repeated exaesiati 4 Moty 0 -v (/:M‘_v- <
Nolepl sty sccepte. Cincal comlstion i also D G thp(;pxa“
Noss: Pathologial ests havetecicalations, F any disprity s anavl[r “53.'.".9.,’2{;"3

No legal Bability acoepted. Clinical comelation is also
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MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567

' MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), ¥ (07542) 220567

Referred by Dr | Name: Actich claidvia
Reerred by Dr | Nemer  Aclish claifi | investgaoon requre: eS| 42| H
Date: ~ta-1)
Investigation required: Mgelse | oM K.
REPORT Normal Range for Adults
: (% 960G 110 200 mg%
w38 R
w3k P s
FBS. 99 gt 41084 w506
VLD L Cholesrsl : 17 1020 myfd
RBS, v i Wi g — : X e
PEBA 3 |2.§ mydl e 140 mgid OTHERS
Dhoé Ura = ol 1Dy
$ Cresiisic A 06-12mylt
Sorum Urk Acd
Mo : 7213 35 00mg R
i : i ol Dr. GIE_JAT !
2 (P2
Sorum Protoias ‘Ml‘.ru"'-‘ ;J:-
Toud : g s 60-11pm% :
Albusia t 1 pu¥ 18 pmt
Olobalin 3 T Ut 2336 pm %
$60T. : - un. 5L
S0PT. ; -~ i 0- 3L Note: Padbologicltsts bave technical Timiatcms. o any dispuriy epeised examizations are reqred
o egal libilty acegsed, Cliicalconelaion & alo eguesied
S Cakin : - agh $4- 104 mgh
Fal
(-};‘ )
o JAIN
Dr.d- Ch"g (pat
Nureing HOmS
e en Center, GUNA
Note: Puological ests have tochaieal imitatons. Poe any disparity sepeatied examinations we required
No gl bty acepte. Clisical oo o equeted
[ 13 ]
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' MAHAVIR NURSING HOME & RESEARCH CENTRE . MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A B. Road, Guna (M.P.), ® (07542) 220567

Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567

Referred by Dr | Name: Civa  Jaiman Referred by Dr l Name: Sira Kaamar
Investigation required: Age / Sex: 29 fﬂ Investigation required: Age [ Sex: ",q}M
Date: M-10-1) Date: 7 -10-1)
Normal Range for Adults
Hacmghin frvé 135185 gms %o
Total Lewocris Count EX R Per Caen (4000-10000/Cumm) Fas e 34 ngid 0110 mpidt
TRyl Comt Ly by Ml per Cream (4.6-6.5) RBS, e nyd 70-130 mpélt
Differential Leucocyte Count PPBS. JI 5 wyd upin 140 sl
Neuvcphils | Iy Biod Urea - P 1050 mpit
Lymehores 1039% §.Cnacalolo 0} ma 612 gl
T P Serwn Urke ASd.
Arow | 2 el L6 5120
Bacpllls Y 1% bt = 16-60m H
|
(Wiszsbe's Mthed) | MMt he e of s et Serun Proselse
o | 04: 1) (F: 120)
BAR. (Wenmprer's \ MMt the end of eve bete: T S e £0.8 et
| M5 F 57
Abslsie Valoos | Albanie 0.  ms 37.53 g %
rev. Y\ S04 3R0P 9. 419) s Lof 1-26pus
|
-~ $-MIUL
Mev, { €M (3296 0. M) s =
T S0PT. - L 0.9 1A
MCH. | Moo Micro grame(28 - 12 Micro Micro prasms
) = % 4. 104 g%
MCHC. | *02-3%) Serurn Calclum g [
Pt ccum \ LactCu e, (154 LaeeCurm)
& Dr.
Blood groap O+u _— \‘.Jl_:“:;,';‘.!m
i M.D (Path) i
Mahavlr Nursing Home & — b

Noto: Pubological et have echical liitatices P any dispcityrepibc bt weiid N A~
INo kegal listiliry ascepied. Clinical comelation s also requesied

—

134

3 tests v ol stions, For s dlspary mepeied e
No Jegal lability sccepted, Clisieal correlaion is also requested
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Neae Over Bidgs, A Boud, Gorn (MLP.) % (07542) 220561 Near Over Bridge, A B. Road, Guna (M.P.), % (07542) 220567
" o
—— I o - ]KWM il l Name: Ra Ackhany 4
Investigation required: Age / Sex: W | M
i Investigation required: Age/sex | 2% [
Date: Fa0- |1
Date: T-ta-1)
INVESTIGATION REPORT Normal Range for Adults
Normal Range for Adults
Total Chokessal o me% TN 110- 100 g%
> Haemoglobln : I 195185 gms %
Trgyeside B e e :z:::x :
= Tl Gt : 4000-10000) Cuamm)
HDL Corterrl c|ms yoob s Lwigs 006 Pes Caum (4000- 10000/
LDL Chclearet Clms ol Tol Btoeye Coent | ¢ 49 Ml per Canen (4665}
VLDL Chelesml ; ne 10-2mga Differential Leucocyte Count
Rk Fase ; by 66 OB o Neaepil | 559458
TS Lyngbecyies W
Mooceyies H dn
s Bunsoshla P
CONMENTS
"~ Bascphils 1%
s it [ e
BSR (Weskagree's ; ( MM .5 the e of e b
M) } . MBS) (F 07)
Absite Vises
POV, : 040 SURYE 31428
Moy, : ’ Cu M (8298 0 Misee)
MCH. : Mo Mo g2 - 32 Mcro Mo rams
MCHC : %1%
Placelet conmnt % i Lacu/Os seen. (1.5.4 Lacs/Cu o |
maun Ao (o
Note: Pabcloglesd et have echalenl Umiioms For any dispurity repeatod cxamisations e required o
No legal abiltyaccepted, Clinical coreation if s eqested WD (15
aaavir NS Fo e,
Noce: Pathalogicel tests have tochabcal lissitations. For any disparity jppes »Mnb&n‘
No legal ity acoepted. Clinical coreation i o cequested

135
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MAHAVIR NURSING HOME & RESEARCH CENTRE MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), ! (07542) 220567

Near Over Bridge, A B. Road, Guna (M.P.), # (07542) 220567

3 0
Relred by Dr | Name: R Achanys |ReemedbyDr | Name: | Rows Achanye
Tnvestigation ; Age ] Sex: 13 /M ! Investigation required: Age / Sex: 2% M
Date: 2 =l Date: A-1s-1)
INVESTIGATION REPORT Normal Range for Adults
Teal Chokesael D ms 16, WT 110+ 200 mg®
= S Trigyeside P m% wper I::ll:::
‘7?‘ e e M- 0 my
e == = HDL Cheleswrad i |med 3l 2 35 0mgh
LDL Coolmtrl i s -
PrBS. 120 g\l uplo 140 my'dl z L L]
¥ LD L Coclestl : 349 1030 mtl
Bhoed Urea - ol 1050 mytd = m
= Risk Packe : hqe (Mot tua 1 High Rik)
$. Creatisinic 09 gl 06-12mphll oS
Servm Urle Acké
Male 17 5. T2 % %
Female -~ 26-60my% COMMENTS
Serum Proseles
Toul 8¢ puk 60 B3gm s
Albmin Lol s 37-S3gm % (50 N
W ol £ x
Globelin L’ % 23-26pm % Dr G. (" - '\-w..n‘
Nt
60T, i i §- 4L
SGPT. o L 038 U8,
Serum Calcium - ["5] 24-104 ag3
G AIN
~ I\
or. G CMg (ath)
pahavir Nursing HOTE . Nose: Pathalagical tests have techuicallimications, For ay disparity repeset examinations ae required
ter, GUNA i
Research Cen No legal Bability scoeptect. Clinical coerelaion s also requested

Nose: Pathological sests have tochaical limiatloos. For any disperity repested exsssinations are required
No legal linbiliry secepted. Clinicad comelation 35 also roqeested
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MAHAVIR NURSING HOME & RESEARCH CENTRE ' MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), ¥ (07542) 220567

Near Over Bridge, A.B. Road, Guna (M.P.), ¥ (07542) 220567

Relerred by Dr | Mame: (G4 Puee Metuns
Investigation required: Age / Sex: %M
Date: J-10-1)
Normal Range for Adults

Haemoglobin 10+ ¢ 195185 s %

ol Lescospie Cosmt G9e0 Per G (4000-10000/ Cumen)
Toeal Erythreyis Count €9 MUl per Cos (4.6-6.5)
Differential Lencocyte Count

Neirphils | 550456
Lyughocyws W3

Blatocytes Wt%
 Ecsnopil 254%

Buopbile 0%1%
s || e
B [ | o i
Abeolt Vaes \

2oV, \ 080, RN 09)
MCY, “{ Cu M (82-96 Cs. Mistm)
MEN, | M0 Mcro grans A - 92 o Mico g
MCHC. “ WN-N%

Pl o ' LietC e (154 Ly mn)
Dlood growp & A4 ;

Note: Pathokgical tests ave lechmical limitations, For any dsgperity

S FATN
Dr. G40 bt

vir Nursing ““"‘el :

o kegal lisbity accepied. Cliakcal comelation s

137

—

Relered by Dr | Name: | Shi Rauw Meta
Investigation required: Age/sex | (M
Date: Do -1
FBS. Q8 gl 410 mpt
RES ¢ gl W10 npl
P2BS, (14 gl s 190
Bioed Urea - E™ 1050 nghl
S, Crastininic o C npd 06- 12 gl
Serum Urke Ak
Male 419, 14 img
Femuls = 26.00mg %
Serum Protelns
Teul P L] 60-K3geu &
Albarin LY e ERRAT )
Giokalln ETES (1] 23 3bpm %
5601, - . 3-3emn
S0PT. N f 0-35 1L
Serum Calcium s 4 10Ang® ]
e
Dr. ¢, gapy

Note: Pubological foss have techaical limiacons. Foeany

Mah,

MO (Path,
3VIr Nursing Hom:(:'

(P

No legal lisbilty accepied. Clinical corredaticn iy also reqoested
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138

—

Referred by Dr Name: G o, Moeiia "
| Relerd by Dr_| Bital Gel Gidl
Investigation required: Age / Sex: 16[H 4
Date: F1s -] Investigation required: Age [ Sex: '30/:‘7
B =101
INVESTIGATION REPORT Normal Range for Adults
Toral Coobeszel me LA 2 110+ 200 sy Normal Range for Adults
Trglyoei B FTEREE T ioms Hacaoagiobln 13 135185 g
HDL Chnesed fms 492 5. Bomen Tot Lvcoeys Cot %00 Per Caum (4000-10000/ )
LDL sl my Lo ! Cout G+3 Ml per Caum 4.6-6.5)
VLDL Chelesel Z Lc. 3 .M-!Wf Differential C
Risk Factor 10 ¥
el (Mo han 6 Figh Rsk) RS ; PRy
Lysghocytes e
Macocys 6%
-~ Sl | 2%4%
Bunphils \ 0518
1
| ESR. (Wistrobe Method) \ b T
{TA', BS R, (Wessagron'y MMt e end of cac bowr
o, L amy B | i
i MO AR Abvokae Vs l
Mahavir N ,, GUNA 1
research CENt P [ % (M: 0. SURHE I8 AR)
MLY. ti‘ O Microa (B2 98 Cu. Micoe)
MCH '\ Misto Micro grares(28 - 52 Micro Micro grases
MCHC, w0-4H
Note: For smy disparkyrepeated examinst % Pttt couat \ Loty man, (184 LoowCs om )
” s say disparity repe epieet
Ne legad linbilicy socepeed. Climical comelation is also requessed Bleod growp 9_1 “ (:(,'\'
~C.JALL
Dr. 6. C, o0
Note: Pudbological st have echnicllitaions, For sy dispecty repessdd BRANL w{%
lests Y
No legal lsbliy secested. Cissca coevelution s also i /<1 =11
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MAHAVIR NURSING HOME & RESEARCH CENTRE . MAHAVIR NURSING HOME & RESEARCH CENTRE

Near Over Bridge, A.B. Road, Guna (M.P.), % (07542) 220567 Near Over Bridge, A.B. Road, Guna (M.P.), # (07542) 220567
Relered by Dr | RN TN OO N e | N [Rap] dieh Gl
Investigation required: Age / Sex: %M Investigation required: Age / Sex: -'Koff\

Date: dote-1)
Date: q-10 1) 3
. ‘ REFORT Normal Range for Adults

ms 2340 3 10 00 mg%

w0l T
FBS. : \i¢ nyd MO mpd! HDL Caalertrol . | s L..‘\'( );;:_—:::
RBS. : _ o D g LDLQolessi < ms g2l
rens : 1(9 i - VLDL Chalesmel 3 IL;J y ::::*
Blood Urea = e 10:50 =gl iz J ks {Moce a6 High Rish)
$ Comlainh : 0'< gl 06- 12l
Serum Urke Acd -
e : =) 18 72mg% | COBENTS
Feale : - 26-60mg% o
Serum Proteias
Towd 1} 7 ’ s A1) pre %
Albumin H < s 17.53gm %
Globalia : 1) o % 13.35gm%
SGOT. : & L S UL
AGEY WL 035 TuL
Serum Calsfom - g B4- H4mg%

Gyl ;
QrMC.JAIN Note: Patholagical tests bave techaical Lewtations. Foe required
MO (Path Nﬂhﬂwwmnidndmuuw
GUNA
i Wh}::::wm&m:nm o
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Note: Puthological tests bave lechaical limitations. For any disparity
No legal liabelity accepted, Clinical correlation i also
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Referred by Dr T Name: Kala Dhana, sl [ sl Kals Oleia
Investigation required: Age/sex | 29N Investigation required: Age / Sex: u?[rlq
Date: 20(§ |12
Date: m iasid8 q“
E 3 _L o
- INVESTIGATION REPORT Normal Range for Adults
Normal Range for Adults
Hasmoglobin 1$12 135185 gms % g
: Ry 1K
Total Livcoryte Cetst 1830 Rer Conmn 14000-10000/ Camn i o =
w— 70130 mgdl
Total Erytheocyte Cosnt N Mill per Conm 14.6-6.5| it i
= PRBS. 2 ng g0 14O mp's
Biood Usea = gl 1050 ot
Nesmghy 8658
 Crtinie 04 =l 06- 120yt
Lymphonyts 2835
Serum Urle Ackd
Mooxytes i
: \ Make Lq.’ 31572 %
= Feaul: — 26:600g %
Bascphils 1%
\ Sarem Protelne
BSR W e \ T -t
ESR (Weeapen's \ MMt e cod of oo bowe ™ 6l s ziics
Mathod) (NOS) (R O7) Albsaia 3‘6 L] 37 83pms %
Abicise Vabses
\ Gobein Y Lk 23 Mmy
PCY. - 3
) \ 5 04:40- SUBNE: 8- 419) e oy o P
MCV. \ Ca Microe (32 - 93 Cu. Micrus) sapT . e 0.3
MCH \ Micto Mo (28 - 2 Miceo Micr grass = — . 14+ 104 gt
ueie \ 02-95%) G
Jain_—
Pl ot \ Lacs!ts mm. (L34 LacwCu mm ) Dr. G.C, .}AIT'
— M.D (Pat
ey ! (‘LVI“ JAIN Mahavir Nursing Home 8
e "o (Pa“'g Resaarch Center, GUNA.
7 \oeeing HoM® 1 echalcal Foc any dispcily epealed w0 oguined
ahavir N”'j‘fg, UNA " o lgal lshllity azcepted. Clinial comreition s s requesied
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Refered by Dr | Name:  |Kala Dhacuy inech Kuwa Dixil
e W | TalN Referred by Dr | Name: inesh Kigas Digi
Date: 2/l Investigation required: Age [ Sex: 31//‘1
: Date: Lefylf
maeraaron [ xooxt | semanaeorniw | [ WAENATOROGIGAURVESTGATIONS
Teta Chslesrd s lms 169 110200 g% Normal Renge for Adults
Tigyonids Cfms {57 R Harmoglobin {1 135185 pu%
HDL Cholamet ms 4 1 Tood ey Coe 5660 Per Cam (4000-10000/ Cumu)
LD L Cholesed o w124 Tetal Erytisecye Count L‘-" Ml per Conm {4.6-6.51
¥ LDL Ohaiestrul 23 1010 mpid Differential Leucocyte Count
m_“‘h o ﬂb:‘rli;nw Neutroptils | B
. Lyughocyes \ 18355
COMMENTS Besncpbils \ gl
/ o \ o1
—
ESR. (Wiatmte's Method \ uu;t.l.;)‘(‘?«l-:)w
o WML ¢ e o o Nt
Gjﬁ;_ e \ 0009807
Dr.G/¢. JAL] | A Vi \
Mahayir Nwsmgo,.g(,ﬂ;’f: BCY. \ 50L0- HHEB-T9)
Research Canter, Guna
MEY, \ e Micon (8298 Cu Micos)
MEH, \ Miro Micro raa(2s - 32 Miso Micr gras
MCHE. \ W2-%%)
Phateles covunt \ Lacs/Co mms, {154 LacaCv )
Noae: Puhologicl tests have technical imitadons, For any dipariy epented exambsations i s
ol iy ey, Qi combste s oot i é(\'\(:dﬂh
Dr. Mo (rat

Jr Nursing Home
MWQMMMNQMM et GUNJ
N gl lsbiliy scegted, Clincal comelation i lso
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Relerred by Dr | Wame |Dintsh Kuwy Bty |RefemedbyDr | Name: _|Dinesh Kumar Bixid
= : Ao/ 8 «DM Investigation required: Age / Sex: 22/M

i il i = IS Date: 20(412
i A :
PO DIVESTIGATION REFORT Normal Range for Adults
INVESTIGATION REPORT Normal Range for Adults
- w250 100 X0y
Bicod Sugar Trgheeride | (%04 '!‘4’::33
RRS 913 i THR DL Cholessed Cms 65 v fac
RIS - il fidssinae LDL ol | T8
PERS (25 g wolmpd VLDL Ciksrol : 16 10- 0l
o - i wsh gl Rk Pt : 3194 ey re
§ Creniiic : {0 wa e kg
v Tk A /
\ Ny 35-T2i4 %
oz, A 452 » TCOMVENTS
Femle : - 1-60m % /
Serem Prting
Toal 7_1 pus ® 6083 gme % (;,“" R
o hy e 51w Dr. G €. gain
M.D (Path
e 7 Mahavir N 4
: kY % 28-36guu% ursing M
Ghtuln > i esearch Ccn:egr, co{;“;:
SGOT, = L UM
SGPT. : - e 0.35 A
S Ok : i m #4-104 g%
(i
}«‘A,—— Al
Dr. G 4o (path Note: Bthologica test hve e liittions, Forsay isprky mepesid examingons e requlied
ing Home § No legal by acospld. Cliical coreltion s alo reesied
Manavir Nuts!
pasearch Centé

MW&MMW.MW&MMMnM
NoSegal liabality acexpied, Clalcal coerelition s also rquested
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mettyle | Ve [Gitsh Shoves [Relemsdbyor | N | Gikish Aladiccs
st i Age [ Sex: 35(M Investigation required: Age / Sex: 35 /M
Date: ul'ﬁ“"* Date: %lqhi
T N
Normal Range for Adults
Haemoglodm (43 135185 g %
Toud Lescocpe Cou 4s70 Per Cion (4000-10000/ Cusus) o T e
ot Nyieeyt Cind Yoo Ml per Conm (46,51 ey = e
Differential Leucocyte Co
= PPBS, (hy-3 e oo 140 gl
- = Biod Una - i 1040 mgll
sas 3. Creatinle 0-" el 05-12mgtdl
Mooacyses 6%
l Serum Urke Add
Fusiophile inas
Mle % 35-12mg %
TBasaghils 1%
(Wizmbe's ‘ MM e cnd o ote o Pk - 26-t0mg %
i o \ 1) 1:20)
%M\ ‘ MM e ol e b Serum Protetss
L O
=R Toul [.[‘ puh 60-3.3 pos
Abeskte Vilies \
LV, \ 0640 S4RKF: 31 47%) Alhanin 0 3133 pm%
MCV. \ Cu M (8298 Ot Miswa) Globulin 2% s 23 04pm%
MCH Micro Micw gram2d - 3t Mo Miso s | $G0T- - wm 5.
MCHC A02-% % SQPT. - L 0351
Platelet count Lacw/Oy mam. (134 LacwiCu man ) Steum Caleram s 0 84+ 104 mg®
Bled group D4 G . ( -
hall) 74 ,j I oG -
Mahdvlru MD (Path '. “\
st o For sy i '7”"‘"' i, Mahavir Nursunu Ho‘:;n;‘&
No logal tiability sccepted, Clinical coerelasin Is also requested N R‘“ar en(er
mwmmmmr«mmw m
o legal Mability sccegeed. Clinscelcorelaion i lso requested
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Near Over Bridge, A.B. Road, Guna (M.P.), % (07542) 220567 Near Over Bridge, A.B. Road, Guna (M.P.), % (07542) 220567
Refered by Dr_| Name: [Ginidh Shama :
S poeyvog T Referred by Dr | Nme | ke Bika

Date: 20/4 12 Investigation required: Age/Sex | 96[H

5 - ol

Tol Caslesrnl e {42 10- 20 g%
Trgycede s t502 7 e Hucmoglobin ' 11§ 135185 gms %
HDL Cholessl cms 35 Fisoms Totl Lescorye Comt : §us) Per Crsun (4000-10000) Comae)
LEL - we {123 Totl Byt Cosct lpq Mill per Cam 14,668}
VL DL Cholesel t LIV 10-30 mpt
== : = i Diferental Leucocyte Count
OTHERS t f 140455

[ COMOENTS
/- ‘ <
- \ "%
! : MMt the ead of cos hous
i = ESR. (Wistx ; \ it
s SR ekt P
. JA‘A‘ =
iy dﬁ:n.o (Path i
Mahavir Nursing Nom:ni Absclse Vabos
Research Center, GU
PCY. H 50V 40 - HNE M4
— : Cu Micron (82 - 9% O Miceea)
MCH. : Micro Micse grams(2s - 12 Mices Miceo s
Clinical conrelation roqured — : R WW
Note: have tichalial For - Paielet comt H LacalCs rm. (1.5.4 LacsCv m )
L *umm”w*ﬁﬁ :
— : U~
R et TAL
DTTOUoEEE
Pubsiogial MD (Pat
Jecdaical limisations Mahavir Nursing Home
- o mh.’ : UNI
No Jegal lishility accepted. mwhhmm
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Referred by Dr | Name; Bouge Bikav Redesred by Dr | Name: | Banke Bidan
— o] S %M Investigation required: Age/se | 24[M
Date: A s il
IVESTIOATION REPORT Normal Range for Adults
e Toul Chakeel = {692 110-20mgh
FAS. 9 myd 10 apd o t|ms 134 ‘:"g:‘l‘,:::
R HDL helestl (m® 502 :J‘:::::
RBS - mpd T0-130 sl
LDL et fms 1042
PERS. (2%l wa i VLDL Chelesel 2 10-30mpd
Biod Urea = gt 104 gl
sk P 137 Moy
§, Creatisinie 1 gl 04+ 12 mgfd OTHERS
Serum Urle Ackd /"’j
S s 37 35-120g % '
T : 26-60m %
H — Rk
Toul : (big W% 0w g
. : . G.C. JA
Alusia : §q 353 g pr. mo (P
- - : ir Nursing Hom
Gobln { 43 s 13-Jop ::::;;rch Center, GU
$GOT . - . $-HL
SOPT. H - . 0380
Strum Calcum : _ ngs B4 104 ug®
—
AT JAL
pr. (aﬂ (";4% (Pt
Mahavit Nul’Sift‘g'“&T:‘ ot:Pdolegcl s have i inaon, Foe sy ity epesedcrainatons e el
aeseafth (enter, o legal tibility acoepted. Clinical ccrrelation s also muested
Note: Pahoogeal ests hve echnicalHovarons. For uy dispeiy repested exasinaiont are required
No legal Eabilty sovepted. Clnicel cxrelation 1 lso requesied
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Refered by Dr | Name:  (Phesd Kusat Tiig
Dr Name: wat Tha
Date: 20lu| Evestigaion required: il oo 51N
; 2¢lalin
T s |
Haemoglobin {3 135185 gms % INVESTIGATION
Total Liwcocyte Count 56(“- Per Crm (4000- 10000/ Cutsen] Blood Suger
Totl Erytheooyte Count 1 G Mill per Crun [4.5:6.8) FBS. 9(, gl 0110 my/d
Differential Lencocyte Count N _ e g
| i PRI 120y ma upto 10 gl
Lympbacytes pLAY
\\ Diood Ursa: e nyd 10-50 gl
Meocoyes men
§ Couaininie 09 04-12mg/0
Eotinophis 4%
Bascghils %1% neshointo
KSR (Winrabe Mehod) uu&:!’-gl‘;u Male f)'.‘] 35 120
ESR. (Wesngree's ‘ MMt e e of coc bt Fenale ~ 26-60mg'%
Metod) (MB)(F0D
Abeslte Vitues \ Serum Pretelas
PV, l M0 SIH)E I8 0TR) Towl 8.(, 1) 6003 peu %
MCY. \ Cu Micron 82+ 91 Cu. Miceea) Abomin S0 ms 783w
MCH \ Micso Micro gramet28 « 31 Micro Mo grams Geballn ‘):'l‘ ok 23365 %
MCHC \ *O MW SaAT. &) - A
Lacaiu
Platelet eoust l\ e (154 LacoCu mm | 2 N o e
b Gein .
T Dr. G7C, JA |Yemlida .- kv
RN Grain_—
f
ote: Pathologial et hav echica listains. Fe may dispariy peaied gt ursm‘ s Dr G.C.JAIl
No'lgal fahly acosped. Clinical corrltion i o 2 MO (Pat
Mahavir Nursing Home
Rm“‘h Center,
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Name: A L v
Referred by Dr l Prevanid Kusar Ti by Or I — Vi 3
Investigation required: Age [ Sex: 25(M i fonna
: 20(4 (i o o Ap/sex | 99[M
; 7 Date: 20(ulp
Normal Range for Adults )
z 1 143 135185 gms %
Tetal Levoscyre Count ALY Per Canms (4000- 10000/ Cume)
Teul Erydhrocye Cocat (4 Mill per Coen (4665
Differential Count
VLDL Chelestrol 22 1030 mg'dd s
: 1 x Newruphils [ 8695
i 37 Mot 2 High Rik)
OTHERS \ BEUH
T Mosocyws \ I8
Buopis \ 1%
e ES, (Winmbes Metof) \ “&Tﬁﬁ;ﬁ
ESR. (Westengreas \ MMt 06 cod of mos bt
— Meto) O40:5) 01
ﬁﬂi»jAll\ Absce Vibies \
Dr.G:C.d (Path |ecy. \ 5040 S84 8.41%)
Manavir Nursing Home {
Resezrch Center, GUNA | Mcv. \ CuMicron (82- 98 O, Miren)
MCH \ Micro Miro gras28 - 32 Micro Micro ras
MCHE \ 402.3%)
Plateles cost ‘ Lace/Co rum (154 Laea'Cu )
orTGLCOTAT
Mm#u;mwwmwm%rdMwa Mahavir Nursl".ono(%u
L mm%ﬂ:‘
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Refered by Dr | Name: Vieuebr Koty T [Refemredypr | Name:  |Vitendha Kuwan Tingi
Investigation required: Ag/Ses | 29[H Investigation required: Age/Sex | 39[M

20(4 (L Date: 20/412
INVESTIGATION ] eromr Normal Range for Adults IRVESTIGATION REPORT Noemal Range for Adults
Mo Sagar Toal Gl w2554 110-20mg%
¥BS {03 =t 0110 mp Trglyeense me {636 ‘:2.':3::
RES, = ngil 10 ngh) HDL Qalwrel | me G302 s
PPES. 160y oo 140 mgll LDL Qelestel clms {1808
BodUrea - nghl 108 0gtl VLDLChelemd ; 1£:9 0-0mgd
8 Crnialie (] gl 06+ 12mgd Yide Fasr ; 4.80 Papveryr-ry
[
Seruan Urke Akt
Mak 65 35-72mg % //
Fenue : _ 26-60m
"
Seraan Protelis
Teal : g\" - 60-13gm % /
Auatin ! L m 1753 s =
Cypin
= T br.6.E, Jai
S I
SOPT, : - R 0-35 L - Lenter, GUN,
Serum Calchim : - s B4+ 104my
(—‘f\i_v«___
Dr.G'C. JA
M0 (F
Mahavir Nursing Hor
Research Center, GU
P | fests By Snical limitstions. Foe ity repealed examinations are required MWWM:MMMMWWWMW
— mmmmwmww No legal ity ocepted. Cisica cotelason s also equested
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Refered by Dr | Sublogh £ | [Reemedtynr | Name: Subbagly DRsat
Investigation required: Age [ Sex: 43( A Investigation required: H
2oly|fr 4|1
Normal Renge for Adulte ] »

Harmaghatin 1'1_-(, 13,5185 gms %

Total Lavencyts Covnt 5440 Per Cam (400010000 Cumm) 85, g2 it W0 B

“Totl Erythrooye Count b v 9 Mill per Cous (4.6.6.5) ah . gl N0l

Differential Leucocyte Coant PPRS. {0513 =pu o 10yl

Nutopils \ I TR = ol 1050 s

Lymjixcyis \ Gl 5 Crattni 0.8 04- L2wgll

Moaccyns \ i Seru Urke A4

Eoiytuly \ bl Ve G3 52w

funtls \ on Fenuls = 26-60mg %

TER (i liied \ Yy Serm Protee

o \ T Tond gy (0-3)

e \ Alamin [0 % 1753 s

i \ ok et [ 43 s 23-26 g

i \ gmmsoellaletuiged sa0T. - o S-umL

MCH T i M g 2 M Mo s | [ B A BN

MCHC. \\ AAR S Ciiha - 0% 84104 o

Plaelet coust LacaiCo mes (1,54 LaceCo mm ) v

o Gy Or. G'?,C_M !gl"
PrG: C&gt(lpa Mahavir Nursing Ho
Mahavir Nurslnd e fiaegarch Center, G

T T
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Refered byDr | Name:  [Gublady Desad
Investigation required: Age/Sex | AR[M Referred by Dr | Name: Hethou
Date: wl4l12. Investgaton requed: A/ | AvlA
' Date: el
INVESTIGATION REPORT Nermal Raage for Adults TR
Tetal Chaleatrol B LR R 110-00my% T ’“m
fa—, |ms 15329 iR
HDL Chnluael s K5I - Haesogibin {904 136185 gme
LDL Chses) Cme (56T Toul Lescoeye Coust 4940 Rer Cm (4000-10000)/ Cumanl
VLDL Choleseel i 32 W0-0mped Total Exythmcyte Count S Mill per Crun [4.6:6.5)
Rk Fet : loég Ot T i Diferential Leueseye Count
Neusophlls 19045
[
,/ e \ pRL AL
iy Bosnophils ‘ 254%
Buphis \ 0%
vy
i MMt the o of e bout
Dr. G.‘JC. JATN [ Ve \ OF 1 12
M.D (Path | ESR. (Westengres'y \ MMt the e of s het
Mahavir Nursing HOme & | Methed) (M0-5) (F. 1)
Research Center, GUNA. e \
PV, \ (M. 40- S4B 1. 47%)
MCY, \ (Cu Miren (82 98 0. Mise)
MCH \ ‘Mieto Miceo grams(28 + §2 Micro Micso gress
mw:mm%qm.ruMmm MeHe \ *2. %%
i . Platelet cosat \ LaceCs reem. (1.5.4 Lucs/Cu man.)
\ byt
i pr. I

MO (P
Mahavir Nursing Hom

Research |
mwmmmmmqmwmée" 8y GV
No legal lishility secegead. Cliead comelation i also requested
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Referred Referred by Dr Name: He v
i | Mo Hethae oo | t
f-l\}{ Investigation required: Age | Sex: oM
Investigation required: Age / Sex: 1‘1 ! e
¥
REPORT Normal Range for Adults
=% {992 110- 20 1%
= _Un T
Chalesrol - WM& -0 ngh
FBS. 95t = Ml ngit KDL T o
RAS gl iongH LD Chelesrol = foti 3
VLD Chelestrol Q'r:1,3 103 mghl
o (29 e ups 10 gl - T Sumdud Rk
s 55¢ Mo than 6 Figh Rsk)
Bed U T 105 nghl e -
§, Creatinisie o1y upidl 061204t ) /,
Serum Urle Add
[CoeomNTs
" 69 14-72mgd /
e -~ 20:60mg%
Serwm Protetins jo -
Dr. G C. JAI
e 9| g 60- Lg% (AL
| Mahavir Nursing Home
= 9‘ i cdicees Research Center, GUN
o 1S 13 36mk
$60Y. oe w ol
iy - L 0-35 UL
i - % 84+ 104ngt
3. JA - - ons. s ay dispary regeod craminasiess e equired
Dr. G:C. JA] Nolga by oepe. Cl r
MD (P
Mahavir Nursing Hom
Regearch Center, GUI
Note: Pabclogical s timitcioes. Poc any dispariy repested A
No gl bl sccepted. Clinial comiation i also regees
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Nate: Pathological tests have tochical limieaioos, For any disparty repeated

D (P

M.
Mahavir Nursing Momy

No logal Eability scospted. Clisseal comelasion is also requestsd
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152

Referred by Dr | Name: Vivad foswes Dlof |ReferreabyDr | Name:  |Viud Kuar

e i e Aeisw | 2(M Investigaton required: /s | 23IM
Date:

Haemoglobln (FEEY 135185 gms %

Tota Lewcocyn Court ; $45U Per Cunis (4000-10000/ Cumn)

Tetul Eytheoeyte Cocnt Lf Mill per Cruan (4.6.6.5)

Differeatiol Leucocyte Cout

Neophil s

Lymphocytes

Motocyes : 6%

Eoencpiils : J 4%

Basopbie : 1 %1% Make S 3512 %

B, (Winwobes Method) \ uo.‘:;l:l‘l;h Ferul - 26-60mg%

i \ Bt | [

Abusute Vabies \ Teal T3 =1 (TR

PLV. \ W (M: 40 - 4% )GF- 3. 4T) Abena L‘d’ 1] -Spud

MY, \ Cu M (2.9 O M) el 9 1316 pm s

MR, \ Voo Miceo runu(28 - 32 Mk Moo paes || $G.OT, - L S

MCHL, \ A02-36%) S0P s L 0351

Pt coust \ Lacs/Cu s (154 Lsew ) S O _ o 14~ 10 gh

Blosd peup = hg? T (324‘—

LIRS F o | ot GC. dA

M.D (
Mahavir Nursing Ho(
Research Center, GI

mwmmmmhqmwm‘ s sre sequired
No legal bty ovepeed. Cliclconels b o requesed
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Study of Release of Hydrocarbon In The
Atmosphere While LPG And Propane Tankers

Loading

Dr Nehal Anwar Siddiqui, UPES Dehradoon; Dr Ashutosh Gautam, India Glycols Limited; Anant Tandale

Abstract:- Hydro carbon is released in the atmosphere through rotogauge (Ref photo @) while loading of LPG and Propane in the tankers
contributes occupational health problems to the workers, greenhouse gas effect (Ref $) 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. To know the effect of released hydrocarbon on the
loading operators their medical checkups were done in three different seasons. The result of the study will tell the effects of these hydrocarbons
on operators, extent of energy loss and revenue loss as well as the method to minimize the loss of hydrocarbon in atmosphere during loading and
unloading of tankers thereby limiting the exposure of the operators to hydrocarbon vapours.

Index Terms:- Rotogauge, Occupational health, Hydrocarbon, Different seasons, Operators, Tankers

1 INTRODUCTION

Rotogauge is a device which is used to measure the
volumetric quantity of liquid level inside the pressurized
container. The release of hydrocarbon from the rotogauge
cannot be contained and is allowed to disperse in the
atmosphere.  (Ref #). 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 (Ref #).
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) (Ref *). Hydro carbon is
released in the atmosphere through rotogauge (Ref photo @)
while loading of LPG and Propane in the tankers contributes
occupational health problems to the workers, greenhouse gas
effect (Ref $) 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 —

*

e2 2338

(@
2 MATERIALS AND METHODS

Photograph of Road tanker which is used for loading,
unloading and transportation of LPG & Propane is given below

T —

K S

HYDRO CARBON TANKER WITH ROTOGAUGE
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ROTOGAUGE

The study is designed at every stage keeping in view of the
following objective

2.1 To 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. Standard operating procedures are
collected.

2.2 To estimate the quantum of hydro carbon released in
atmosphere through rotogauge while checking the liquid level
of hydrocarbon inside the tankers — 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 (Ref ©) as well as same is crosschecked
practically by collecting the discharge through rotogauge in the
sampling balloon. The exact quantity of hydro carbon released
through rotogauge is established for one tanker with the help
of differential weight of sampling balloon. Data for number of
LPG and Propane tankers loaded (at GAIL Vijaipur) during last
three years is collected for calculating the quantity of unburnt
LPG and Propane released in atmosphere.

2.3 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.

2.4 Use of mathematical modeling to study the of the release
of hydro carbon over a years with respect to occupational
health effect due to exposure to the operator as well as on the
organization economy.

2.5 To suggest the recommendations for overcoming the
problem of release of LPG and Propane in
atmosphere/application of technology

3 RESEARCH METHODOLOGY

3.1 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
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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 (Please see photographs of procedure
displayed at loading gantry is enclosed). 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 vapours). While loading of these tankers,
operator has to ensure that the liquid level of LPG / Propane
inside the tanker should not exceed 95% (Ref *). 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 is
undertaken to see the occupational health effects on the
loading workers due to inhalation of hydrocarbon mixed air,
estimate the impact on greenhouse gas emission and revenue
loss due to release of hydrocarbon in the atmosphere.

3.1 Source of Data
Data for study will be collected from various sources like —

3.1.1Data collection for standard operating procedure for
loading of tankers is taken from ISO manual of GAIL (India)
Limited Vijaipur.

3.1.2Visual inspection with photographs in support of
confirming the loading procedure is taken from loading gantry
of GAIL (India) Limited Vijaipur.

3.1.3 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).

3.1.4 Material Safety Data sheets and contribution of unburnt
hydrocarbon in greenhouse gas emission through various web
sites.

3.1.5 Average price of industrial LPG and Propane is collected
from GAIL's data bank.(through ERP-SAP)

3.1.6 Medical records of the sample loading operators having
different years of experience and different age group.

4.0 Sampling
4.1 The data for the study is collected from existing standard
operating procedures of loading activities.

4.2 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).

4.3 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.
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4.4 Survey is carried out for standard tanker loading practices
in the other installation so as to determine the impact on health
of workers as well as revenue loss at Organizational level on
yearly basis.

4.5 Blood sample checking and clinical examination of the
fixed workers of different age and different years of exposure.

5.0 Statistical Tool

The result of the study with respect to contribution of unburnt
LPG and Propane (due to release from rotogauge) in
occupational health effects on the workers, in greenhouse gas

VOLUME 1, ISSUE 11, DECEMBER 2012 ISSN 2277-8616

emission as well as revenue loss over a period of time will be
presented.

6.0 Review of Literature

As far now with the best of information research in the same /
similar field is not undertaken. Same is confirmed from NFSC,
NCDC, DIFR, DGFASLI (Directorate General, Factory
Advice Service and Labour Institutes) etc. However
following literature is reviewed which is tabulated below with
brief summary.

——

163

Sr No. Themes Author Context Inference
1 Green house gas Dr Lawrence International Projection of fugitive greenhouse gas emission to
emission Leung 2020
INTRODUCTION TO FUELS, PROPERTIES OF FUEL OIL,
2 Fuels and combustion B#.re.au of energy Indian COAL AND GAS, STORAGE, HANDLING AND
efficiency
preparation of fuels, Principles of Combustion,
Combustion of Oil, Coal, and Gas
3 Meteorological Indian DATAWITH RESPECT TO TEMPERATURE, HUMIDITY,
METEOROLOGICAL DATA department WIND SPEED AND W IND DIRECTION IN DIFFERENT
SEASONS.
The international
4 Energy sector overview | energy outlook Indian RESERVE OF HYDROCARBON AND ITS CONSUMPTION
2005 PATTERN.
5 LPG tank truck incident | OISD GDN 161 Indian GUIDELINES FOR HANDLING EMERGENCIES ARISING
ouT ofF LPG Tank TRUck (TT) INCIDENTS
6 Composition of LPG Indian
ENERGY NEED FOR INDIA
Functional
7 Design of tankers committee (OISD Indian DESIGN OF BULLETS ALONG WITH MATERIAL
+PESO + SPECIFICATIONS, FITTINGS, MOUNTING ETC FOR
Consultants) TRANSPORTATION OF LPG IN BULK BY ROAD
TERI the energy
resource institute
Nat}onal energy map of anq Qfﬂce of . . Estimated energy demand. Production of primary
8 India Technology vision | Principal Scientific | Indian ] -
- sources of conventional energy in India.
2030 Advisor
Government Of
India.
9 I;i(:r:)tlscg:sr:‘qel;ir;cce)fs of S S Gautam Indian Survey of criticality of risk from LPG storage
P K Saxena tanks at user sites
LPG
10 Loading procedure of 1SO | Indi Detail d d i  rot
LPG road tankers manual ndian etail procedure and operation of rotogauge
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Loading procedure of GAIL (India) ) Detail procedure for measuring the inside

11 ’ L Indian

LPG rail wagons Limited content.
Safety
requirements on design, layout, storage,

12 Design layout of plants. | OISD GDN 144 | Indian loading / unloading, operation, inspection &
maintenance, fire protection, emergency
planning and safety audit systems of LPG
Installations.

13 De:_;|gn aspects of tank 0ISD GDN 151 Indian Safety in design, fabrication and fittings of

lorries. propane tank trucks
Operation of equipment and facilities connected
Handling of bulk with storage and handling of LPG at Gas
14 9 OISD GDN 158 Indian Processing Plants, Refineries and other Bulk
petroleum gas -
Handling installations. Some basic concepts for
design and construction of such facilities
Klaus Abraham,
Hans Mielke, Elevated internal exposure of children in
15 Effect of VOC’s Wilhelm Huisinga International .  SXpos )
simulated acute inhalation of VOC's
& Ursula Gundert-
Remy
Lug FUNCTIONAND | ngete of
REACTIVITY IN gr;\éll;oz?iwoenn;and Study was to investigate whether vapors of
ASTHMATICS DURING P - organic solvents at low concentrations could
16 Medicine, International -
EXPOSURE TO ) exert an adverse effect in the lower airways.
VOLATILE ORGANIC University of Under controlled conditions in a climate chamber
c Aarhus, Aarhus,
OMPOUNDS Denmark.
£ LPG US Department of
17 FFECT OF ON health and human | International MSDS, monitoring and measurement procedures
HUMAN BEING -
services
E LPG US Department of
18 FFECT OF ON health and human | International MSDS, monitoring and measurement procedures
HUMAN BEING -
services
Major Hazard - Fire, explosion and BLEVE conditions during
19 HAzARDs OF LPG control by ILO International release of LPG
International

20 CHEMICAL SAFETY program on International Effect of LPG on environment and animals

chemical safety

21 CHEQA;Q!I‘_\?ROCESS Roy E Sanders International Various case studies are discussed

22 CHEMICAL PROCESS Danial A, Crowl, International Discussion on different source models

SAFETY Joseph F, Louvar
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ABSTRACT

To know the effect of released hydrocarbon on the loading operators their medical checkups
were done in three different seasons. The result shows that the workers exposed to the LPG and
Propane vapours during tanker loading activity for prolonged period (six months) are having higher
cholesterol level and it is reversible when they are shifted to the area where there are no vapours of
hydro carbon available in working atmosphere. The study also helped to know the extent of energy
loss and revenue loss as well as the method to minimize the loss of hydrocarbon in atmosphere
during loading and unloading of tankers thereby limiting the exposure of the operators to
hydrocarbon vapours,

INDEX TERMS: Rotogauge. Occupational health, Hydrocarbon, Different seasons, Operators,
Tankers

1. INTRODUCTION

Rotogauge is a device which is used to measure the volumetric quantity of liquid level inside
the pressurized container. The release of hydrocarbon from the rotogauge cannot be contained and is
allowed to disperse in the atmosphere. (Ref #). 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 (Ref #). 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
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ensured. (Maximum allowable liquid level is 95% and Vapour space of 5% is left) (Ref *).

Hydro carbon is released in the atmosphere through rotogauge (Ref photo @) while loading
of LPG and Propane in the tankers contributes occupational health problems to the workers,
greenhouse gas effect (Ref $) 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 —

2 Steps used in the research
Photograph of Road tanker which is used for loading, unloading and transportation of LPG &

Propane is given below

(@) HYDRO CARBON TANKER WITH ROTOGAUGE

ROTOGAUGE

The study is designed at every stage keeping in view of the following objective

To 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. Standard operating procedures are
collected.

To estimate the quantum of hydro carbon released in atmosphere through rotogauge while
checking the liquid level of hydrocarbon inside the tankers — 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 (Ref ©) as well as same is crosschecked practically by collecting the discharge
through rotogauge in the sampling balloon. The exact quantity of hydro carbon released through
rotogauge is established for one tanker with the help of differential weight of sampling balloon. Data
for number of LPG and Propane tankers loaded (at GAIL Vijaipur) during last three years is collected
for calculating the quantity of unburnt LPG and Propane released in atmosphere.

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.
Use of mathematical modeling to study the of the release of hydro carbon over a years with respect
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to occupational health effect due to exposure to the operator as well as on the organization economy.
To suggest the recommendations for overcoming the problem of release of LPG and Propane in
atmosphere/application of technology

2. RESEARCH METHODOLOGY ADOPTED

2.1 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 (Please see
photographs of procedure displayed at loading gantry is enclosed). 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 | minute through
rotogauge). During 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% (Ref *). 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 is undertaken to see the occupational health effects on the loading
workers due to inhalation of hydrocarbon mixed air, estimate the impact on greenhouse gas emission
and revenue loss due to release of hydrocarbon in the atmosphere.

3.1 Source of Data
Data for study will be collected from various sources like —

3.1.1 Data collection for standard operating procedure for loading of tankers is taken from ISO
manual of GAIL (India) Limited Vijaipur.

3.1.2  Visual inspection with photographs in support of confirming the loading procedure is taken
from loading gantry of GAIL (India) Limited Vijaipur.

3.1.3 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).

3.1.4 Material Safety Data sheets and contribution of unburnt hydrocarbon in greenhouse gas
emission through various web sites.

3.1.5 Average price of industrial LPG and Propane is collected from GAIL’s data bank.(through
ERP-SAP)

3.1.6  Medical records of the sample loading operators having different years of experience and
different age group.

3.1.7 Use of ALOHA software for carrying out the mathematical modeling.
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4. SAMPLING

4.1

42

43

44

The data for the study is collected from existing standard operating procedures of loading
activities.

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).

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.

Survey is carried out for standard tanker loading practices in the other installation so as to
determine the impact on health of workers as well as revenue loss at Organizational level on
yearly basis.

Blood sample checking and clinical examination of the fixed workers of different age and
different years of exposure.

5. FINDINGS AND CONCLUSION

(A) The occupational health effect after prolonged exposure to Hydro carbons were studied
and results are as under -

5.1

5.2

Loading operators of different age groups were selected.
Clinical examination of the operators conducted.

Total 7 operators each deployed for loading operations in LPG and Propane tanker loading
gantry.

After a period of six months, pathological tests conducted for certain parameters.
Following precautions taken during study period for the operators —

Living conditions were monitored.

Regular food intake of operators.

Proper scheduling of duties and rest

Pathological tests were conducted at the end of first six months.

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.
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Result — The change in lipid profile of almost all the operators were noticed. The total cholesterol
level was decreased thereby decreased the risk factor.

5.12  In order to verity 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.

5.13  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.

5.14  When operators were exposed to the hydro carbon during the winter season, then there is
more effect on lipid profile.

5.15 The effect of hydro carbon on lipid profile (cholesterol) of human being is found to be
reversible when exposure duration and quantity is reduces.

The data for exposure of loading operators during three different seasons were measured.
Area monitoring were done in three different seasons to know the level of various environment
polluting parameters like SPM and Presence of Hydrocarbon traces and for the study total 15
loading operators (three groups of different age range i.e. 21 yrs — 30 yrs; 31 yrs — 40 yrs and 41 yrs
— 50 yrs) were monitored for the following parameters —
Blood cholesterol level.
Ergonomic postures while doing loading operations.
Various symptoms like cold, cough, headache, dizziness etc.
Habits while working.

e Alertness of the operators.

Based on the collected data it is concluded that —

1. For Age group 21 yrs - 30 yrs
¢ Cholesterol level was found increased.
e They were complaining regarding intermittent pain in the right side potion of their body
particularly right groin and shoulder.
e Teeth colour found change from White / off white to Reddish spots due to continuous
chewing of tobacco or tobacco product.
¢ Mild headache at the end of shift.

2. For Age group 31 yrs — 40 yrs

® Cholesterol level was found increased including triglycerides.

¢ They were complaining regarding pain in the right side potion of their body particularly right
groin and shoulder during morning.

¢ Teeth colour found change from White / off white to Reddish spots due to continuous
chewing of tobacco or tobacco product.

¢ Mild headache at the end of shift.

¢ No sensation for ethyl mercaptan smell.

220

170

——
| —



Research papers published in journals

International Journal of Advanced Research in Engineering and Technology (IJARET), ISSN 0976 —
6480(Print), ISSN 0976 — 6499(Online) Volume 4, Issue 7, November — December (2013), © IAEME

3. For Age group 41 yrs — 50 yrs

® Cholesterol level was found increased including triglycerides.

e They were complaining regarding pain in the back and thigh muscles.

e Teeth colour found change from White / off white to Reddish cum blackish spots due to
continuous chewing of tobacco or tobacco product.
Cold during morning.
These age group operators suffered from fever 4 to 6 times during study may be due to
deteriorating immune system.

® No sensation for ethyl mercaptan smell.

Dinesh Kumar Disk (32 Yrs)
SEXO PARAMETERS 0k M apel2 18%ow-]2 1312
Loading Gartry | Offsite Loading Gentry Off siee
otal Cholasizsol 71 54 3407 iBK
Tighcerid 1% 1354 1783 153
DL (igh Densi Lipopmicin) o & 2 %
obsterol
D (Low Derisit Lipoprcteis) Cholesterc 15 b 083 373
"L [ Chskestral 02 14 33 %3
ik Fagsor 67 ] .35 136
Virendra Knmar Iyagl (39 Yrs)
SRNO PARAMETERS T0ct-11 20-Ape-12 18-Nav-12 15-May-12
Loading Gantry | Offste | Loading Ganry Offste
3052 %54 M5 il |
192 163.6 1892 1589
DL (High Density Lipoproteir) Cholestrol il 2 183 3
, 140 1185 1204 1204
Cholesterol
16 189 221 106
59 48 605 63

(B) Use of mathematical modeling to study the of the release of hydro carbon over a years with
respect to occupational health effect due to exposure to the operator as well as on the
organization economy
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Mathematical modeling for the release of hydrocarbon (LPG and Propane) is done with the
help of ALOHA Software for the following parameters.
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The result of the study with respect to contribution of unburnt LPG and Propane (due to
release from rotogauge) in occupational health effects on the workers, in greenhouse gas emission as
well as revenue loss over a period of time is calculated and found that —

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 summarized below —

¢ Discharge rate of LPG & Propane from 2 mm diameter hole of rotogauge = 0.085 Kg / Min.

e No of LPG + Propane tankers loaded at GAIL Vijaipur in the year 2012 = 16089.

e Total amount of Hydro carbon discharged through rotogauge in the year 2012 at GAIL
Vijaipur = 0.085 x 16089 = 1367.56Kg.

e Average cost of LPG in the year 2012 =Rs. 36,766.9 per MT.

e Revenue loss for GAIL Vijaipur only for LPG for the year 2012
=1.36x 36,766.9 =Rs. 50281.12

e Calorific Value of LPG / Propane = 11950 KCal/Kg (50032.26 KJ/kg).

e Total amount of Hydro carbon discharged through rotogauge in the year 2012 at GAIL
Vijaipur = 1367.56Kg.

® Energy loss for GAIL Vijaipur only for LPG & Propane for the year 2012
= 11950 x 1367.56 = 16342342 Kcal = 68422117 KI.

6. STUDY OF LITERATURE

As far now with the best of information research in the same / similar field is not undertaken.
Same is confirmed from NFSC, NCDC, DIFR, DGFASLI (Directorate General, Factory Advice
Service and Labour Institutes) etc. However following literature is reviewed which is tabulated
below with brief summary.

6.1 Greenhouse gas emission by Dr Lawrence Leung. The detail study is done regarding the
projection of fugitive greenhouse gas emission to 2020.

6.2 Fuels and combustion by Bureau of energy efficiency. Introduction to fuels, properties of fuel
oil, coal and gas, storage handling and preparation of fuels, preparation of fuels, principles of
combustion, combustion of oil, coal and gas.

6.3 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.

6.4  Meteorological data from meteorological department for temperature, humidity, wind speed
and wind direction in different seasons.

6.5  Energy sector overview by the international energy outlook 2005 gave insight about Reserve
of hydrocarbon and its consumption pattern.

6.6  OISD GDN 161 regarding LPG tank truck incidents which gives Guidelines for handling
emergencies arising out of LPG Tank Truck (TT) incidents.

6.7  Composition of LPG by Indian author gave insight regarding detail properties of LPG and
energy need for India.
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6.8  Design of LPG and propane tankers by Functional Committee of Oil Industry Safety
Directorate gave in-depth design criteria for bullets along with material specifications,
fittings, mounting etc for transportation of LPG in bulk by road.

6.9  National Energy Map for India by TERI for estimated energy demand Production of primary
sources of conventional energy in India.

6.10  Likely consequences of events on release of LPG by Dr S S Gautam and P K Saxena for
Survey of criticality of risk from LPG storage tanks at user sites.

6.11 Loading procedure of LPG road tankers from ISO manuals of GAIL India Limited for
studying Detail procedure and operation of rotogauge.

6.12  Loading procedure of LPG rail wagons from ISO manuals of GAIL India Limited for
studying detail procedure for measuring the inside content.

6.13 OISD Guideline 144 for design layout of plants wherein details regarding Safety
requirements on design, layout, storage, loading / unloading, operation, inspection &
maintenance, fire protection, emergency planning and safety audit systems of LPG
Installations.

6.14  OISD Guideline 151 for design aspects of tank lorries for Safety in design, fabrication and
fittings of propane tank trucks.

6.15 OISD GDN 158 for Handling of bulk petroleum gas gives insight about Operation of
equipment and facilities connected with storage and handling of LPG at Gas Processing
Plants, Refineries and other Bulk Handling installations. Some basic concepts for design and
construction of such facilities.

6.16  Effect of VOC’s by Klaus Abraham, Hans Mielke, Wilhelm Huisinga & Ursula Gundert —
Remy regarding elevated internal exposure of children in simulated acute inhalation of
VOC's.

6.17  Lung Function and Bronchial Reactivity in Asthmatics during Exposure to Volatile Organic
Compounds by Institute of Environment and Occupational Medicine, University of Aarhus,
Aarhus, Denmark. In this book study was done to investigate whether vapors of organic
solvents at low concentrations could exert an adverse effect in the lower airways. Under
controlled conditions in a climate chamber.

6.18  Effect of LPG on human being by US Department of health and human services. The details
regarding MSDS, monitoring and measurement procedures are studied.

6.19 Hazards of LPG by Major Hazard control by ILO wherein Fire, explosion and BLEVE
conditions during release of LPG are studied.

6.20  Chemical process safety by Roy E Sanders. Various case studies are discussed.

6.21  Chemical process safety by Danial A, Crowl, Joseph F, Louvar. Different source models are
studied.
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6.22  CNG Europe 2013 through http:// cngeurope.com for Calorific value of LPG and Propane.
6.23  Alternate Energy Systems, Inc for Calorific value of LPG and Propane.

6.24  Three cases of sudden death due to butane or propane gas inhalation: analysis of tissues for
gas components by Hideaki Sugie, Chizuko Sasaki, Chikako Hashimoto, Hiroshi Takeshita,
Tomonori Nagai, Shigeki Nakamura, Masataka Furukawa, Takashi Nishikawa, Katsuyoshi
Kurihara.

6.25 ATYPICAL COMBINATION-ZOPICLONE AND LPG IN A CASE OF PLANNED
COMPLEX SUICIDE by I.C.Prodan, 1. Fulga, C.L. Chitescu, N. Dobrovici-Bacalbasa, C.
Georgescu, V. Ardeleanu, D.Perju-Dumbrava. The autopsy findings together with zopiclone
and the gas analysis results revealed that the cause of death was anoxic asphyxia following
liquefied petroleum gas (LPG) inhaling.

6.26  Tatsushige Fukunagaa, Hidetaka Yamamoto, Akio Tanegashima, Yoshio Yamamotob, Katsuji
Nishib, Liquefied petroleum gas (LPG) poisoning: report of two cases and review of the

literature, Forensic Science International 82, 1996, 193-200.

6.27 T. Ohmura, H. Matsumoto and Y. Yoshida, The experimental study on the properties of
liquefied petroleum gas. Jpr. J. Legal Med., 21 (1967) 215-230.

6.28 M.Z. Haq and A.Z. Hameli, A death involving asphyxia from propane inhalation. J. Forensic
Sci., 1980, 25, 25-28.

6.29  Exposure of Laboratory Mice to Domestic Cooking Gas: - Implications for Toxicity.

6.30  Oyeronke A. Odunola, Emmanuel Uka, Kazeem A. Akinwumi, Michael A. Gbadegesin,
Olabode O. Osifeso and Madu D. Ibegbu.

6.31  Propane Education and Research Council [website] (http:/www.usepropane.com, accessed 5
January 2013).

6.32  Stellman JM, ed. Encyclopaedia of occupational health and safety, 5th ed. Geneva,
International Labour Organization, 1998.

6.33  Ehrenberg RL, Sniezek JE. Development of a standard questionnaire for occupational health
research. American Journal of Public Health, 1989, 79 (Suppl.):15-17.

6.34  Behera D, Jindal SK. Respiratory symptoms in Indian women using domestic cooking fuels.
Chest, 1991, 100:385-388.

6.35 Fukunaga T et al. Liquefied petroleum gas (LPG) poisoning: report of two cases and review
of the literature. Forensic Science. International, 1996, 82:193-200.

6.36  Natural Gas Organization [website] (http://www.naturalgas.org/ environment/naturalgas.asp,
accessed 5 January 2013).
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6.37

6.38

6.39

Occupational health guidelines for LPG. Atlanta, Georgia, Centers for Disease Control and
Prevention, 1978.

Occupational health is closely linked to public health and health systems
development, and WHO is addressing all determinants of workers ‘health, including risks for
disease and injury in the occupational environment, social and individual factors, and access
to health services. WHO is implementing a Global Plan of Action on Workers’ health 2008-
2017 endorsed by the World Health Assembly in 2007 with the following objectives:
devising and implementing policy instruments on workers’ health;
protecting and promoting health at the workplace;
improving the performance of and access to occupational health services;
providing and communicating evidence for action and practice; and
incorporating workers’ health into other policies.

Further information about the work of WHO in the area of occupational health is available at:
http://www.who.int/occupational_health/about/er/ index.html.

Environmental and social guidelines for occupational health and safety. Washington DC,
International Finance Corporation, 2003.

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.
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7.7 # - Standard Loading procedure of LPG and Propane Tankers given in ISO:9001 Manual as well
as displayed in the loading gantry at GAIL Vijaipur.
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Trained First Aider by St. John Ambulance Association, New Delhi
Participated in “Fire Risk Management conducted by Gujarat Safety
Council, Baroda

Safety Management System in Process Plants

Certified safety auditor from National Safety Council, Mumbai.

Member of Red Cross Society of India.

Skills Summary

Process Safety Management (OSHA) & OISD.

Accident / Incident / Near Miss Investigation.

Fire Safety — Prevention and Protection (OISD,NFPA)

Safety & Fire Training Requirements.

Carried out Safety Audits of various units of Gas processing plants and

Cross country Natural gas, LPG pipelines and heated crude oil pipeline.

——

180

'



Authors Profile

¢ Carried out Emergency /Disaster mitigation Planning.

¢ Certified inspector for Scaffolding.

¢ Conversant with ISO/EMS/OHSAS management systems

¢ Auditor of ISO-9001, 14001/ OHSAS-18001.

¢ Knowledge of SAP/ERP on HSE and MM module.

¢ Knowledge in Applicable Indian Legislations & OISD Codes

¢ Trained in “Radiological Safety Aspects”, from BARC, Mumbai.

¢ Task based Risk Assessments, Job Safety Analysis, Hazard identification.
¢ Liaisoning with Factory inspectorate and statutory authorities.

¢ Liaisoning for consents and approvals form Pollution control board.

Employment History

1999 — 2009 : GAIL (India) Limited — New Delhi

Manager (Safety & Fire)

2009 —Present: Cairn India Limited

Manager (HSE)

Qualifications and experience gained through significant HSE work done for
more than Fourteen Years, have produced a HSE and fire professional capable
of coordinating and participating in HAZOP / HAZID studies, safety audits

and reports, training sessions, investigating incidents and advising on HSE
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matters in one of the India’s premier Navratna company, operating world’s

longest LPG Pipeline, primarily deals with Natural Gas distribution, LPG

Recovery and production of Petrochemicals.

Coordinated HSE aspects for Safe and Successful commissioning of Crude,
Gas pipelines and NTGG plant

Monitors the F&S aspects including Pollution control board requirement,
first aid centres and occupational health aspects of employees and contract
workers.

Developed HSE systems for contractors

Conducted pre commissioning safety audits of pipelines and plants.
Involved in engineering aspects of fire water network during upgradation of
the existing system.

Participated in HAZOP and HAZID studies for Cross country pipeline and
gas processing plants.

Designed and implemented the PLC based fire control systems.

Provides regulatory compliance and on-site inspection services to industry
on HSE matters.

Responsible for planning and technical support for safety and fire
equipments for cross country pipeline and gas processing plants.

Provides regulatory compliance with respect to statutory requirements such
as Factory Act, Petroleum Rules, OISD, MSIHC Rules, Pollution control
boards etc.

Developed and conducted HSE and fire fighting training courses.
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e Significant Support has been provided to the HSE and fire fighting systems

R/
L X4

for LPG Plant and Natural Gas Compressor Station which includes:

Implementing HSE Management System

Total Fire Prevention and Protection of the installation, includes
handling of diverse types of emergency calls

Conducting, Coordinating of HSE Audits to determine the
conformance of the SMS and monitoring of their recommendations &
their compliance.

Coordinating for smoother & safe plant shutdown activities and for
new projects

Developing Emergency Plans with complete line responsibility
Conducting & Evaluating — Emergency Drills, Safety Awareness
Surveys, training lectures to plant personnel on HSE

Coordinating and organizing Safety Committees.

Rendered efficient services to get “ Five Star” Certification for two
different units in GAIL

Instrumental in getting “ Sword of Honour” from BSC, UK at GAIL,

Vijaipur for the fourth time.

Implementation and supervising plant safety ( includes Personnel and
Process)

HSE audit, liasioning with all statutory bodies.

Responsible for coordination of Mutual aid with other PSU’s.

Preparation of Budgets, Inventory controls and other MIS reporting
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Conducting & Evaluation of Safety Committees, Emergency Drills, Safety
Surveys

Attending Road Side accidents of LPG, Naphtha, Hydrocarbon tankers,
including leakage as well as fire.

Responsible for Designing and implementation of various HSE campaigns
and ensuring Schemes for promotion of HSE

Preparation and issuing of Safety Manuals, Pocket hand books, safety
literature, etc

Ensuring Safe practices, occupational health safety and Industrial Hygiene
Scripting Site’s HSE Policy, Safety Plan & steps to meet the goals of HSE
Policy

Developed “Fire Training Centre” with various world class simulation

models like BLEVE

Papers Submitted

“Safety Management System” of GAIL at GSC, Vadodara.

“Major Hazard Control”

Effect of hydro carbon on occupational health of workers in International
Journal of scientific and research publication.

Occupational health effect of exposure of LPG and Propane on human.

Study of release of hydro carbon in atmosphere
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Professional Affiliations

% National Safety Council
% International Institute of Safety & Risk Management, London

¢ Institute of Fire Engineers, India.

Address

Local Address: Anant Tandale,
244, Vibhusha Bungalow, Behind Kabir Enclave, Ghuma

Ahmadabad (Gujarat), India
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