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ABSTRACT

Unlike other hazardous plant, the transmission pipelines carrying natural gas are not
within secure industrial site, but are routed across land out of owned by the pipeline
company. If the natural gas is accidentally released and ignited, the hazard distance
associated with these pipelines to people and property is known to over 300m for a larger
one at higher pressure. Therefore, pipeline operators and regulators must address the
associated public safety issues.

Though complete climination of accidents is a mirage, but we can minimize its number
through effective programmes. For this an idea about the possible hazards and their
extent associated with the plant and process must be known, then only we can effectively
prevent accidents or mitigate its effects during an emergency. There comes the
importance of consequence analysis. It helps us to find the effect of an accident or their
consequences and to provide preventive methods. A perfectly made risk analysis along
with their consequence report and the implementation of its recommendations will surely
contribute to the improvement of safety standards.

B.Tech (Applied Petroleum Engineering), UPES. Dehradun
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OBJECTIVES

o To know the industrial hazards.
e To know more about the safety practices of the industry.

« To study the fire fighting facilities of the industry.

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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INTRODUCTION TO NATURAL GAS AND ITS PROPERTIES

Natural gas is colorless, shapeless, and odorless in its pure form. Quite interesting, except
that natural gas is combustible, and when burned it liberates a great deal of energy.
Unlike fossil fuels, however, natural gas is clean burning and emits lower levels of
potentially harmful byproducts in the air.

Natural gas is a combustible mixture of hydrocarbon gases. While natural gas is formed
primarily of methane, it can also include ethane, propane, butane, and pentane. The
composition of natural gas can vary widely, but below is a table outlining the typical
makeup of natural gas it is refined.

Table 1-1
Typical Constituents of Natural Gas
Category Components Amount,%
Paraffinic HC’s | Methane 70-98%
Ethane 1-10%
Propane Trace-5%
Butane Trace-2%
Pentane Trace-1%
Hexane Trace-0.5%
Heptane and higher None traces
Cyclic HC’s Cyclopropane Traces
Cyclohexane Traces
Aromatic HC’s Benzene and others Traces
Non Nitrogen Trace-15%
hydrocarbons Carbon dioxide Trace-1%
Hydrogen sulfide Trace occasionally
Helium Trace-5%
Other sulphur and nitrogen compounds | Trace occasionally
water Trace-5%

" Like all gases, natural gas is a homogeneous fluid of low density and viscosity. It is odorless; odor-
added to it during processing to enable detection of gas leaks. Natural gas
e flammable gases. It is flammable within the limits of a 5-15% mixture
from 1,100-1,300°F. Typically natural gas has an
Btw/scf, which is an important parameter because gas these days is often
ntent, rather than mass or volume basis.

generating additives are
is one of the more stabl
with air, and its ignition temperaturé ranges
energy content of 1,000
priced in terms of its energy c0

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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HEALTH RELATED DATA

The principal constituents of natural gas, methane, ethane, and propane are not
considered to be toxic. The American Conference of Governmental Industrial Hygienist
(ACGIH) considers those gases as simple asphyxiate, which are a health risk simply
because they can displace oxygen in a closed environment.

e The effective TLV (THRESHOLD LIMIT VALUE) for an average natural gas
composition as per ACGIH, considering all of these limits as about 10,500 ppm.

e The odor threshold of odorized natural gas is about 10,000 ppm. Therefore it is
unlikely that personnel will be unknowingly exposed to the TLV concentration
since they detect it by odor.

o Natural gas is neither toxic nor corrosive, and it can not contaminate ground water.

The natural gas being produced and transported through the network varies in
composition from one section of pipeline to another, according to the gas produced from
each well. However, all pipeline sections transport natural gas containing some hydrogen
sulfide. The pipeline creates no hazards for persons near the pipeline or well sites as long
as the sour natural gas is contained within the pipeline.

Accidental releases of sour natural gas from the well/pipeline network could create
potentially life-threatening hazards to persons near the location of the release. Due to the
presence of hydrogen sulfide in the natural gas, the vapor cloud created by a release of
gas to the atmosphere would be toxic as well as flammable. Persons inhaling air
containing toxic hydrogen sulfide vapor could be fatally injured if the .combination of
hydrogen sulfide concentration and time of exposure exceeds the lethality threshold. If
the cloud is ignited, persons in or very near the flammable vapor cloud could be fatally

injured by the heat energy released by the fire.

B.Tech (Applied Petroleum En ineering), UPES, Dehradun
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INTRODUCTION TO RISK AND RISK ASSESSMENT:

Before we start with what is actually risk we should know what is a hazard?

Hazard is the term used for those substances or objects which have the potential of
causing harm to people or the environment and other objects.

Risk is an abstract notion, relating to the occurrence of undesired events in the immediate
_or distant future. The term combines two separate notions of likelihood of one or more
undesired events and severity of consequence resulting from them.

HSE documentation defines risk as the probability a specified undesirable event will
occur in a specified period or as a result of specified situation.

However none of these definitions are complete, for the purpose of safety analysis the
word risk is defined as “the mathematical expectation of the consequences arising from
the failure of some engineering or other system in specified period of time”. This can be
expressed more concisely as” Expected cost of failure”.

So

EXPECTED NUMBER OF DEATHS+

RISK = EXPECTED NUMBER OF SERIOUS INJURIES+
EXPECTED LONG TERM HEALTH EFFECTS+
EXPECTED ENVIRONMENTAL EFFETS+
EXPECTED ADDITIONAL FINANCIAL LOSSES.

RISK can be mathematically defined as,
Risk = likelihood of occurrence x severity of consequence.
This means that in order to reduce risks from a particular event, one can either seek to

reduce the frequency of occurrence of the undesired event or ameliorate the consequence
of its occurrence by suitable siting policy (segregation distances) or other protective

measures.

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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Risk Assessment

Scoping & Screening Analysis
Defi ne the physical and analytlcal boundanes ofthe assessment

Event Identification
ldentrfy the event or sequences of events that could cause

Eonsequence Analysis
Estlmate the seventy impagcts of the.

Feedba

ck
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RISK ASSESSMENT

_A risk assessment should be conducted whenever a potential release can result in a toxic
or flammable release that can affect the people around and the environment.

Risk assessment can be defined as:

“The quantitative evaluation of the likelihood of undesired events and the likelihood of
harm or damage being caused, together with value judgments concerning the
significance of the results.”

The key points are that it is quantitative; it requires estimates to be made of the
likelihood of undesired events and their effects and value judgments have to be made.

A risk assessment consists of:

1.

An estimate of the potential release quantity.

2. A quantitative evaluation of the frequency of the event.
3.
4

A dispersion model of the release.

Consequence analysis of the effects of the toxic or flammable release both on and
off site.

The consequence should be evaluated based on the frequency to determine if the
risk is acceptable. If it is not acceptable, then recommendations must be made to
decrease the frequency or the consequences. The consequences may be lowered
by reducing the amount released, the resulting dispersion, or by mitigating
methods. The frequency can be affected by redundant equipment or by increasing
reliability.

Need of Risk Assessment:

Jt is the first step to make the workplace healthy and safe.
It’s a way to identify significant risks in the workplace and then take steps to prevent

accidents and ensure good health.

Purpose of Risk Assessment:

.
3,

To identify all the factors that may cause harm to employees and others.
To consider what are the chances of that harm befalling anyone in the
circumstances of a particular case and the possible consequence that could come

from it. ) y ;
To enable employers to plan, introduce and monitor preventive measures to

ensure that the risks are adequately controlled at all the time.

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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Risk assessment considers a number of factors such as:

Al S

The likelihood or probability that an accident or incidents could occur.
The severity of the outcome in terms of injury, damage or loss.

The number of people affected.

Frequency of exposure to risk.

The maximum possible loss.

All risks assessments begin with the identification of hazards whose likelihood and
consequence are then evaluated using a variety of techniques to assess the risk. Where the
risk is in excess of previously defined performance standards additional risk control
measures must be derived and implemented to manage the risk to an acceptable level.

The process comprises of seven basic elements:

1.

2.
3.

=N

Identify all hazards and their possible effects i.e., what could go wrong in
connection with all activities, product or service.

Use screening criteria to rank and determine the significance of these hazards.
Assess the risk i.e. how likely is that it occur; how serious would it be to any
combination of personnel the environment, property, image, etc; how could the
risk be controlled.

Set performance standards to allow objective measurement and monitoring of the
effectiveness of control measure.

Select risk control measures by comparing the risk assessment results to the
performance standards.

Implement the controls.

Assess the effectiveness of the risk management controls through review,
feedback, audit, etc and if necessary revisit or modify to ensure and maintain
their effectiveness.

INDIVIDUAL STAGES OF RISK ASSESSMENT

L.

HAZARD IDENTIFICATION

The first major stage in the risk assessment process is that of Hazard Identification.
The methods broadly fall into two categories:

I Fundamental methods: these are structure_d ways for stimulating a group of
people to apply foresight in conjugation with their knowledge to the task of
identifying hazards by raising a series of “What If*? type question.
Examples of this methodology are:

B.Tech (Applied Petroleum En ineering), UPES, Dehradun
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HAZARDS AND OPEARBILITY STUDIES (HAZOP)
FAILURE MODEAND EFFECT ANALYSIS (FMEA)

Hazard and operability studies is a technique widely used in the process
industries for systematically considering deviations from the design intent, by
the application of guide words, to an operation or process flow sheet. It can be
carried out at an early stage on a conceptual flow sheet, in which case only
safety aspects are usually noted, or at the detailed design stage, line by line, on
a piping and instrumentation diagram. In this case all deviations which are
undesirable, either for safety or for operability are noted.

Failure Mode and Safety Analysis is a qualitative technique for
systematically studying causes of failure and their possible effects. It was
developed to identify critical components or elements in systems involved in
space flight in order that the required reliability could be ensured. However, it
is a general technique with wide potential and has become a standard method
in reliability analysis.

II. Failure logic diagrams: these offer a pictorial for the presentation of formal
logic. They encourage the analyst to speculate how a particular situation
could arise or what may ensure from such a situation and hence identify the
cause or outcomes of the undesired events. Their main purpose is to provide
a structure to the failure logic which can be used in determination of the
frequency and consequences of failure events.

Failure and Logic Diagrams are usually classified as being either top-
down or bottom-up.

For example;

Fault Trees: employ a top down approach involving backwards or
deductive reasoning to translate effect into causes whereas,

Event Trees: employ a bottom up approach involving forward or inductive
reasoning to translate different initiating events into possible outcomes.

2. FREQUENCY ANALYSIS:

The simple purpose of frequency analysis is to estimate the likelihood of each of the
undesired events or accidents scenarios identified at the hazard identification stage. There
are two basic approaches which are commonly employed in trying to estimate event

frequencies. These are o
I. To use relevant historical data. -
II. To synthesis event frequencies using techniques such as fault tree analysis

and event tress analysis.

B.Tech (Applied Petroleum Engineering). UPES, Dehradun
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The two approaches are in fact complementary, each having strengths where the other has
weakness and hence, wherever possible, it is useful to pursue both. However, as with new
or novel processes, there are situations where both approaches cannot be used.

3. CONSEQUENCE ANALYSIS:

This stage consists of assessing the likely impact on adjacent people and property should
the undesired event occur. Normally for safety risk calculations it consists of estimating
the probability that people located in different environments at different distances from
the scene of the incident will be either killed or seriously injured. Sine the undesired
events usually comprise either:

I. Release of toxic materials.
II. Fires and pool fires, flash fires, torches, fireballs etc.
III. Explosions (confined, unconfined, vapor cloud, condensed phase)
IV. Projection of debris.

One needs approximate consequence models for predicting casualty probabilities for
these events. With release of flammable and toxic materials the appropriate models have
to be able to reflect difference in release mode; for flammable release they also have to be
able to reflect possible difference in the mode of combustion.

4. CALCULATION OF RISK LEVELS:

The output from a full ‘safety’ risk analysis would be expected to contain estimates of a
number of parameters:
I. Individual Risk (IR) to members of the general public.
II. Societal Risk (SR) to the general public.
IIl. Occupational Risks (OR) amongst the workforce.

5. ASSESSMENT:

In order to make fullest use of any risk analysis, there i§ an eventual need to .tackle the
fundamental question of ‘what is an acceptable level of r}sk’. U:nlf:ss the question can be
answered on some sort of basis it is difficult to assign ratlona} limits to be expenditure of
resources for safety improvement on a particular activity. It is nearl}f always possible to
effect some reduction in risk levels by increased ca.pltal e.xpegdlpne. However the
problem is that one can soon enter a region of raplflly dlmlm.shm.g returns, where
relatively large capital expenditure only secures a ma.rglna_l reduction in risk and .whel:e
really the money would be far better spent on reducing risks elsewhere. To avoid 'thlS
problem one has to be able to determine when enoggh has' been dqne, and when the risks
are broadly acceptable. However it shou.ld also be 1mmed1atel){ ppmted out that "there are
a number of considerations to be taken lntq account V.Vhel.fl deciding whether a given risk
is acceptable or not, of which the absolute size of the risk is but one.

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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PIPED NATURAL GAS (PNG)

All the gas pipelines carrying gas above 4 bar are seamless pipes steel pipes which
are internationally approved. These pipes are 100% radio graphed for welding
joints and laid1.5 meters below ground level. These lines are also given cathodic
protection inclusive of insulating joints to avoid corrosion. The gas pipelines for
local area network are served by district regulating stations (DRS) and are laid
underground as the gas pressure is above 4 bar. These pipes are yellow in color and

are made of medium density polyethylene material (MDPE).

The pipe is laid at the centre of a trench of adequate depth with non-corrosive
proper quality sand bed of at least 150mm. The MDPE line underground in the
main streets has a working pressure of 4 bar the above pressure is further brought
down to 100mbar and again to 21mbar finally at the customer site by installing a

metering and regulating stations (MRS).
PNG NETWORK DETAILS

For an example sake lets take the network Mahnagar Gas Limited in Mumbai::

Mother Station Steel DRS ) PE
(CGS) 19 bar ) 4 bar
A
[ Service Regulator J
GI 100mb Y
Cu Meter Control
( APPLIANCE - ypewn AL

DRS: District Regulating Station.
MCV: Meter Control Valve

SR: Service Regulator.

RH: Rubber Hose.

Cu: Copper.

PE: Polyethylene.

GI: Galvanized Iron.

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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SAFETY FEATURES OF PNG NETWORK

INBUILT SAFETY FEATURES OF BASIC STEEL GRID:

Basic steel grid conforms to the requirement of ASME b 31.8.
Enhanced wall thickness over design, to take care of mechanical impact.
Steel pipelines meets fracture toughness test requirement, which offers better

impact resistance.
More stringent weld joints acceptance criteria applied over API 1104

requirements.
All welded joints are subjected to 100% X ray / Gamma ray examination against

code requirement of 30%.

World’s best available corrosion protection technique applied in the form of 3
layer PE coating in addition to cathodic protection.

All steel fittings are of forged seamless type and conforms to ASTM a 234.

The steel pipeline is hydrotested at more than 150% of maximum allowable

operating pressure.
Steel pipelines are laid und

requirement of 0.75 m. .
Warning tape with “danger gas maii below” placed 300m above gas pipelines.

alled at approximately 3 km intervals against code

erground with 1 meter top cover against code

Isolating valves inst
requirement of 8 km.
QA/QC of all materi
party inspection agency.

Regular patrolling by pi
party interference damage to the pipeline.

als and construction activities carried out by reputed third

pelines walker for ensuring safety and avoiding third

E Gas Distribution Network

Inbuilt Safety Feature Of MDPE &as S mmmmmmr

"

-+ F

& &

MDPE pipe conforms to the requirement of British Gas Standard BG/PL2-

PARTI. _ .
Type testing of pipe is carried out at 17 bar pressure and at 20 deg centigrade

temperatures for 5000 hrs, before start of commercial production.

Pipeline is laid underground with 1 meter top COVe. ‘
The PE main is pneumatically tested at 1.5 times the maximum working pressure

of 4bar. ) . '
MDPE pipe can be easily squeezed off for stopping gas supply in case of

ency. : i
%Tsetrrgn eth):)d of PE jointing is through use of electro fusion fitting

ion valves are provided in PE network at strategic locations.
Isolation ressure network (0.1 bar), to the extent of 75% of total PE

Maximization of low P . 0.1
network, in and around the domestic societies.
el

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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= Testing of low pressure network at 6 bar though the operating pressure is only 0.1

bar
<+ Use of tapping saddles help in taking tap offs from live gas mains without

stoppage of gas suppl d i i N
supply% g pply and purging operations, thus ensures continuity of gas

District Regulating Stations (DRS): Devi
putrict Ba: ating Stations (DRS): Device Used To Reduce The Pressure From 19

& ansisting of two streams, so that in case of failure of one stream, gas su ly i
still maintained through standby stream, thus ensures continuity of éas sup 113P e
& 2 no’s clam shut valves provided to shut off the gas supply when the prezsi}e t
downstream side increases beyond the desired limits. Hence downstream ?s

' protected from over pressurization.
% Relief valve provided to protect against downdtream over pressurization.

Service Regulators (SR): Device Used To Reduce The Pressure From 4 Bar To 0.1

Bar

& Consists of an inlet and outlet isolation valves.
%4 Over pressure shut off device in built in regulator to protect against downstream

over pressurization.
& Incorporated with creep relief valve to protect against downstream over pressure

Meter Regulators: Device Used To Reduce The Pressure From 0.1 Bar To 21mbar

And Fitted In Kitchen:

< Inbuilt with low pressure cut off device, which shuts off the regulator when the

inlet pressure falls to below 13mbar.
% Lock up pressure is 30mbar which helps in protecting the down stream piping and
apparatus from Over pressurization.
% Re pressurization safety devices fitted to prevent the regulator from re opening
even when the inlet pressure is restored, unless there is downstream back pressure

i.e. all connected appliances have been turned off.

Metering And Regulations Stations_(MRS): Device Used To Reduce The Pressure
From 19 Bar Or 4 Bar To Required Outlet Pressure:

#& Consist of two streams, so that in case of fa}ilure of one stream gas supply is
maintained through standby stream, thus ensuring continuity of gas supply.
ded to shut off the gas supply when the pressure at

& Slam shut valves provi .
downstream side increases beyond the desired limits, hence downstream is

protected from over pressurization. ]
4 Relief valve provided t0 protect against downstream over pressurization.

B.Tech (A lied Petroleum En ineering), UPES, Dehradun
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COMPRESSED NATURAL GAS:

An alternative fuel for motor vehicles, considered one of the cleanest fuels because of
low hydrocarbon emissions and its vapors are relatively non-ozone depleting. However, it
doe; emit a significant quantity of nitrogen oxides. Compressed Natural Gas, is the best
available environment friendly auto fuel in India, for Western India in par;icular (and
hopefully in Eastern India in near future) with the availability of Natural Gas and the long

coastline permitting the import of LNG.

CNG IN INDIA:

CNG movement was started by GAIL in Delhi, Mumbai and Baroda in 1992 as a pilot
project. Gujarat Gas Co. Ltd. also established a few CNG stations in Surat and
Ankleshwar. Delhi and Mumbai have now developed CNG distribution infrastructure on
e largest players of CNG business in India today are IGL

a fairly large scale. Th
(Indraprastha Gas Limited) at Delhi and MGL (Mahanagar Gas Limited) at Mumbai.

ADVANTAGES OF CNG:

4 The most economical and environmental friendly fuel available.
—4 Though the initial cost of conversion kit may seem to be high, the same can be
recovered in less than 2 years because of low operating cost.
& CNG is environment friendly, no cancer causing particulates, less carbon
monoxide and hydro carbon emission, less ground level ozone contamination and

green house gases effects. .
% CNG is much safer than gasoline, diesel fuels or LPG. If released, CNG does not

liquefy or accumulate. It dissipates in the air because Natural Gas is lighter than

air and thus less prone to ignite or explode.
& CNG reduces engine wear, more than doubling engine life because CNG burns

clean and leaves no carbon deposits.
& CNG offers lower maintenance cost. It is dry gaseous fuel and does not dilute the

lubricant oil, thus saving on oil filter and oil changing. Intervals between tune ups

for CNG vehicles are stated to be more than 70,000 km.
_#& If CNG is used, there is complete freedom from adulteration by solvents, kerosene

or any other harmful substance.
& Because CNG is already in a gaseous state, it offers superior drivability even

under severe hot and cold weather conditions. '
& CNG has high Octane Number when compared with petrol/ diesel which makes it

superior in terms of combustion efficiency.
& Per unit of energy Natural Gas contains less carbon than any other fossil fuel and

therefore produces Jower CO2 emission per vehicle kilometer traveled.

B.Tech (A lied Petroleum En ineering). UPES, Dehradun
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Safety in Compression Storage And Dispensing Of Natural Gas

1. SAFETY ASPECTS FOR CNG COMPRESSORS:

+

-
&

FEEEEEE ¥

¥

Desi

Stang:r g:’.compressors conforms to API 618/ Other Relevant International
Construction of piping/ tubing of compressors conform to ANSI B 31.3
All electrical devices, control panel, instrumentation and electri ot
(ﬂarge proof type) are suitable for hazardous area classiﬁcatioif I';lotors
Division I, Group D as per NEC or Zone-I, Group II A/II B as <iass b
specification or equivalent specification. per IS/EC
Pressure Relief Valves on inlet and all sta :
above predetermined set point. ges to prevent pressure built-up
Protection against high gas discharge temperature.

Protection against high cooling water temperature and low flow

Protection against high inlet pressure, inter stage and discharge '
Protection against low lube oil pressure. '
Intrinsically safe control system.

Gas detection system inside compressor enclosure.
Noise level < 75DB at a distance of lmeter around the perimeter of

compressor enclosure.
ESD (emergency shut down) system is provided.

CNG CASCADES

2.

+

3+

o All cylinders

e is fabricated using structural steel to house 20-40

The cascade fram
id displacement, both lateral and rotational

cylinders fixed rigidly to avo
movement.
The cylinders are m
7285, Gas Cylinder Ru
Explosives, GOL

ipped with a shut off valve and safety relief device

Each cylinder is equip
consisting of burst disc assembly and the cylinder valve conforms to

requirements of IS: 3224.
Pre piping/ inter connection tubing of cylinders and fittings meet the

requirements of ANSI B31.3.
Each cylinder is clearly marked:
v For CNG only!
v Manufacturer’s m
v Date of last Hydro

v Working Pressure.

v Tare Weight, Water Capacity.
are periodically examined and retested once every five years

rements of Gas Cylinder Rules 1981.

ade of seamless chrome-mol alloy steel as
C er IS:
les 1981 and prior approval of Chief Contrgller of

arking and serial number.
Test with Test Pressure.

as per the requi

B.Tech (Applied Petroleum Engineering), UPES, Dehradun
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3. SAFETY ASPECTS FOR DISPENSING UNITS:

SAFETY ASPECTS FOR DISFILINSI Ny UNA2D

*

S

Design of dispenser conforms to NFPA- 52, NZS 5425/ relevant

international standards.
Dispensing units have overfilled i
. ha . protection through pressure limi i

Construction of piping/ tubing of dispenser conforms to ANSI r]r;gtirg’dewce.
All glectr}cal and electronic component is suitable for hazard(;
classification class I, Div. I, Group D. us area
Dispenser is provided with emergency shut of valve
All electrical solenoid valves close with removal of : i

! : power from d
Dispenser automatically shuts off CNG supply, in case of powésrptgr{?er.
low flow and overfill. e
Refupling hose designed for a minimum burst pressure of four time
maximum working pressure with electrical conductivity. °

4. CNG INSTALLATION SAF ETY:

+

+
e 2

All CNG installation are done as per the layout plan ap .
: proved by C
Controller of Explosives (CCOE), Nagpur. Safety guidelines for ﬁcagl:f
CNG equipments as laid down by CCOE/ OISD179 is followed. s
All electrical fittings, lighting etc used in CNG installation area are

suitable for hazardous area classification.
All dispensers are installed on raised plinth to prevent hitting of vehicle

that comes for refueling.

5. CNG VEHICLE SAFETY:

&
=

& ¥

&

Mobile cascades are mounted and secured on dedicated Light Commercial

Vehicles/ Trailer.
All carriers carry
transporting hazardous gases.

system for safe operation.
All carriers are provided with spark arrestors on exhaust pipe.
de of high pressure stainless steel tubing.

Fuel feed lines are ma
A non return valve in the vehicle refueling connection protects against

warning sign boards on all its 3 sides as per rules for
Trailers are provided with hydraulic braking

back flow.
CNG regulator provided with relief valve in the 1** stage to avoid excess

pressure built-up.
Quick action shut off

refueling valve.

valves, one at the storage cylinder and other at
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Benefits Of Natural Gas A Transportation Fuel

Economics

4 On a gallon-equivalent basis, natural gas costs an average of 15 to 60% less than
gasoline and diesel.

+ Natural gas is clean-burning fuel that reduces vehicle maintenance. Many CNG
vehicles owners report that oil changes are needed only every 16,000-
32,000km.Standard spark plugs last as long as 120,000km.

= Natural gas, unlike liquid fuels, cannot be siphoned from a vehicle. Fuel theft is
an ongoing concern of fleet mangers.

4 Vehicles can be ‘fast filled” in five to six minutes using compressed gas stored in
cascades of natural gas cylinders or fuelled overnight on a “timed fill” basis in
about five to eight hours. Many private fleet fueling across stations use a

combination of fast fill and timed fill.

Emissions

4 Natural gas is the cleanest burning alternative fuel. Exhaust emissions from CNG
vehicles are much lower than those from equivalent gasoline-powered vehicles.
For instance, CNG vehicles emissions of carbon monoxide are approximately
70% lower, non-methane organic gas emission are 89% lower, and oxides of
nitrogen emissions are 87% lower. In addition to these reductions in pollutants,
CNG vehicles also emit significantly lower amounts of greenhouse gases and
toxins than do gasoline vehicles.

% Dedicated CNG vehicles produce little or no evaporative emissions during
fuelling and use. For gasoline vehicles, evaporative and fuelling emissions
account for at least 50% of a vehicle’s total hydrocarbon emissions. Dedicated
CNG vehicles also can reduce carbon dioxide exhaust emissions by almost 20%.

% Exposure t0 the levels of suspended ﬁne partic!es matter found in many U.S.
cities has been shown 0 increase the risk of respiratory illness. Diesel exhaust is
under review as a hazardous air pollutant. Natural gas engines produce only tiny

amounts of matter. .
«% Green House Gases, natural gas contains less carbon.than any other fossil fuel,
Jower CO2 emissions per vehicle mile traveled. While

and thus produces _ 1 ¢t
compressed natural gas vehicles do emit methane, another principle greenhouse
gas, any slight increase in methane emissions would be more than offset by a

substantial reduction in CO, emissions cqmpared to .other fuels. CNG vehicles
also emit very low levels of carbon mongmde (approximately) 70%nlower than a
comparable gasoline vehicles and volatile organic compounds.. Although these
two pollutants are not themselves greenhouse gases, they play an important role in
helping t0 break down methane and some other greenhouse. gases in the
atmosphere, and thus increase the global rate of methane decomposition.
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Vehicle emissions

By PETROL
(gms/km)

By CNG
(gms/km)

Daily reductions
(Kgs/day)

Carbon dioxide

272 212 465144

Carbon monoxide

3.80 0.90 22482

Nox

0.52 0.33 1473

Sulphur dioxide

0.01 1550

0.21

Particulates

0.0035 0.00 27

Benzene

0.01 0.00 78

1,3 Butadiene

0.001 0.00 8

Total

490762

SAFETY:

%

"

Vehicles that run on clean burning natural gas are as safe as vehicles operating

n traditional fuels such as gasoline. .
%here are two fundamental reasons for this excellent NGV safety record: the

structural integrity of the NGV fuel system and the physical qualities of
tural gas as a fuel. .
%:r fueflg storage cylinders used in NGVs are much stronger than gasoline fuel

tanks. The design of NGV cylinders are subjected to a number of federally

required” severe abuse” tests, such as heat and pressure extremes, gunfire,

collisions and fires.
While fuel storage CY
composite material use

linders are stronger than gasoline fuel tanks, the

d to encase the tanks are fundamentally more

i . amage than metals under abusive conditions. For this

SUSCCP“T;:; 5::{: K:Ltirialsg on NGV cylinders must always be properly

reasglI:d and protected. Incidents involving natural gas cylinders ruptures

?:\r/lealed that some form of chemical a}ttack or physical damage to the
on the cylinders was involved.

ite over wrd . .
composite p prevents any spills or evaporative

tems are «gealed”, which
Il:])sGs‘e':,s ﬁli:irleliyii” a leak were to occur in an NGV fuel system, the natural gas

would dissipate into the atmosphere because it is lighter than air
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PNG HAZARD IDENTIFICATION . . . o
Hazard identification plays a major role in preventing acmdentg Pipe laymg 1nvqlx{es
various activities which are highly dangerous for those who are involved in the activity
and for the public. A proper identification of hazarfls in each and every activity helps. to
take preventive actions to avoid accidents and to train the workers about the safe working
procedures. Here some of the major activities which are taken and its hazards are

identified. . .
Main Activities Identified For Hazard Identification

[ ROUTE SURVEYJ

/

EXCAVATION MOLING
CONFINED
SPACE
r ~Amy BRIDGING | {;IPE TRANSPORTATION ]
TEMPORAR "

A

(COILED PIPES ]

Y

{ PIPE LAYING }

A

ELECTROFUSION }

PRESSURE TESTING

PURGING & COMMISIONING

ACTIVITIES
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ROUTE SURVEY.
MOLING.

CONFINED SPACE.
TEMPORARY BRIDGING.
PIPE TRANSPORTATION.
PIPE LAYING.

WORK AT HEIGHT.
COILED PIPES.

. ELECTROFUSION.

10. PRESSURE TESTING.

11. PURGING & COMMISSIONING.

12. REINSTATEMEN.

VN YW

HAZARD IDENTIFICATION
ACTIVITY NO: 1 ROUTE SURVEY AND EXCAVATION
SNO: | SAFE PROCEDURES FOR HAZARDS IF NOT
1 ROUTE SURVEY AND EXCAVATION FOLLOWED
1.1 Use a cable locator before and during If not usc?d, _excavators - may
excavation. damage pipelines and other
utilities  including  electricity
which may lead to loss of the life
and property.
R E—
1.2 Dig excavations by hanfl to €xpose
underground plant prior to using mechanical DO
| excavao® d de in -Chances of caving and
i 1.2m deep, or made 1 persons
13 All excavations over p In | oy get trapped inside.

unstable  ground conditions, shall

rted.
supporte S 300mm shall be Danger of small work tools and

1. ront space (minim e failing
4 f‘;xi:tffg::‘r;e :II: e (trench side and excavated | debris failing in to the trench, and
it workers getting trapped
material). underneath.

or other aids), where it is not Overstressing may cause cramps

1. ladder ] "
5 Use ? ot in gmd out of trenches. also person may tumble in to pit
easy 10 & due to inappropriate access.

d road plates daily. | Collapse of these items will cause
1.6 Check trench supports an P serious injuries or death.
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1.7 Seek advice before you enter a trench | Some trenches may contain
deeper than 2m use a safety harness and | poisonous gases or less oxygen
lifeline. which may lead to fainting/death.

With out life line rescue will take
more time

1.8 Provision of suitable protection like Lack of these indicators result in
barricades caution tapes 1O show the persons failing in .to excavations
existence of trenches. especially during night time.

1.9 Wear high visibility clothing when working | Workers may be hit by vehicles.
in or near a main road.

1.10 | If excavations is done in water logged area | Water logged trenches may
first the water should be pumped out use | contain sharp objects snakes etc.

m boots which may not be visible also the
i ’ chance of trench collapsing is
there due to wet soil.

1.11 | During excavation if any new lines are WQrking near  a newly
observed the matter should be immediately | unidentified exposed line may
reported and work should be stopped. lcr:ﬁte pt{oblems of shock, gas

eakage, fire.
[1.12 Signs and barriers and/or road tape and pins | Persons/ vehicles will fall or get
shall be used around the excavations. t};apged. -
number should be | During an  accl ent emergency

L13 }he leme;gency telephone services may be delayed which

1splayed. will worsen the situation.

1.14 | Excavations shall be Tluminated at night People will fall in to the trenches.

: " . : Jamps Wwhere
with appropriate waning
necessary- : ; d to th 11

dation level, | This may lead to the collapse of

1.15 [ Do not go P‘;«_lovl"l;(i’:ltsc’;;igoun the structure which in turn results
unless speciiica ' in huge fatalities.

] n The pit will collapse which will

116 Do not load edge of the pit cause the workers inside the

| trench getting trapped.

117 W Falling of personnel.

: . ed.
the cover 18 properly securl ing soil Dangerous reptiles will be present

118 | Always keep aneyeon excavating sometime.

\—///
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Activity No: 2 Moling

S.NO:
2

SAFE PROCEDURES FOR
SOIL DISPLACEMENT MOLING

HAZARDS
FOLLOWED

IF NOT

2.1 Detailed working instructions for the use of | Working with out knowing the
particular type of equipment should be | proper operations will result in
obtained from the manufacturer and used. accidents.

22 Follow the cable avoidance procedure. Shock, fire etc may result.

23 Avoid launching the mole towards cables or | This will damage those utilities
other plant. which may led to gas escape fire

etc.

2.4 Never leave the equipment unattended | The equipments  will lose
whilst in operation. direction some times and may

damage other utilities structures
etc. which may lead to
emergency.

25 Make sure that the air supply valve is | If not then machine can not be
within easy reach of the operator. stopped in the event of an

emergency.

2.6 The operator shall not stand in the reception | Because of the risk of being
pit. struck by the equipment.

Activity No: 3 Confined Space

S.NO: | SAFE PROCEDURES FOR HAZARDS IF NOT

3 CONFINED SPACE ENTRY : g;)cllzlz)?wrﬂ?t —

; it is obtaine ermit may lead to man

31 Entry only if work permit 1S ob problemf which can put the life o);‘

workers into danger. Like abrupt
energizing of electric lines, flow
of gases.

i ned space should be | If not during emergency he may

TP s e T S U i 1o i
emergency procedures to be followed. cost his life. _ .

33 All sources of energy affecting the space gclzli'gigt :nerglzmg will lead to

i ed. :

= l%zzfi:;en olsolzimospheres is_conducted, | If not done, the work space may

verified and repeated as often as defined by | catch fire due to flammable gas,

1 assessment. lack of oxygen or presences of

risk as poisonous gas will danger the
worker.

35 Standby person is stationed. :I‘(:l e*:;zlrf;;he worker in case of
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3.6 A]l necessary PPE’s should be used|Lack of PPE’s will cause injury
(including oxygen cylinder in case of | suffocation etc.
oxygen deficient atmosphere)

3.7 Sufficient fire fighting equipment’s should | To deal with any unexpected fire
be in place. .

Activity No: 4 Temporary Bridging

S.NO: [ SAFE PROCEDURES FOR HAZARDS IF NOT

4 CONFINED SPACE ENTRY FOLLOWED

4.1 Where temporary steel road plates are | Collapse of plates will cause
required, then they shall be minimum | vehicles fall into trenches.
thickness:
Heavy traffic load 20mm
Light loading traffic 10mm
Driveways and accesses Smm

4.2 Do not work under a roadplate unless traffic | Working under traffic will result
is halted. in serious injuries if vehicles fall

in to trench.

4.3 Check the condition of all roads plated | Deteriorated plates will collapse.
daily.

4.4 Support all road plates by overlapping each | This practice will give adequate

L side of the trench by 600mm. stable support.

Activity No: 5 Transportation

;_ this.

from the build-up of static electricity whilst

handling polyethylene pipe.  Persons
handling pipes should be made aware of

S.NO: | SAFE PROCEDURES FOR HAZARDS IF NOT
S PE PIPE TRANSPORTATION FOLLOWED
5.1 Pipe should not be pushed or Pulled over | Pipe strength deterioration leaks
rough or sharp edges. Protection against | which will result in gas escape
contact with sharp objects is necessary and | fire etc. ’
pipe should not be dropped.
5.2 No other materials should be placed on top | PE pipe will get damaged which
of polyethylene pipe during transportation. | will cause the gas to escape
| |Care must be taken when cutting the straps. | leading to emergency.
5.3 Crane hooks, chains and wire ropes should
not be used in direct contact with pipe coils DO
| |or bundled packs.
5.4 It is possible to receive a mild electric shock Shock even if small, the person

will lose his balance and fall
down.
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5.5

Where the pipes may be subjected to intense
prolonged sunlight they should be protected
from direct exposure during storage.

Quality of pipe will be lost which
will affect the strength of the pipe

5.6

Polyethylene pipe and fittings should not at
any time be situated where c