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Abstract

A problem related to industrial hazards is thaeds$ification of risk type has
increased in recent times. People staying neaidystnial estates in developing
countries are more vulnerable, particularly inahsence of governmental facilities
to cope with disasters.

It is extremely important to study and evaluatkgigelated to industrial hazards for
people living near industrial estates.

Odhav industrial estate with in the Ahmedabad laityt is selected for study and
risk assessment is carried out for 5 Major Accidéatard (MAH) industries.
Possible industrial hazards from chemical storagedentified and hazards foot
prints prepared using Arial Locations of Hazardausospheres (ALOHA). Spatial
and temporal population distribution is carried fsatn Traffic Analysis Zone

(TAZ) to building level, considering the buildingaracteristics and total floor area.
Risk was estimated for day and night time scerfayideterministic approach.

Fire, explosion and toxic gas leakage are thregskaf industrial hazards from LPG,
Chlorine and Parathion-methyl in the study aregufaion vulnerability is higher
for night time scenario than during day time. Reskimation shows that release of
chlorine at industry 2 for wind speed of 1.5 mfgviihg from NW direction has the
highest risk. Maximum numbers of people who neespital treatment is 1300,
while another 47 risk death for such an event duniight time. Numbers of people
below the age group of 6 years are likely to bea#&d. Maximum number of houses
is likely to be affected under the R1 (Slum) and(R@w class) housing. Poor
people are at higher risk than others.

However, risk values for study area are lesser @mticipated since the hazard foot
print and study are have lesser overlap.

Keywords: Industrial hazards, Risk Assessment, Emergengoree, Ahmedabad
Disasters
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1. Introduction

1.1. Back ground

Fire and release of toxic material are common dtugtrial accidents. These
accidents resulted from human errors or techno#&bdgglures during the storage,
processing or transportation activity. The totadttie in such accident gradually
increase with industrial development. Total numiffgseople are death in such
accident is higher in India, Mexico and Brazil trery other industrialized country
(de Souza Porto and de Freitas 2003). India fagesater problem due to rapid
industrialization coupled with increase in popwatilndia has already experienced
Bhopal Gas tragedy, one of the worst industrighstisrs in world. It was followed
by another serious accident in the “process inglugthich occurred on 14
September 1997 at the petroleum refinery of Hirmlu§tetroleum Corporation
Limited (HPCL) at Vishakhapatnam, India (Khan ansbAsi 2001).

Industrial accidents are type of technology haz@rdlker define technology
hazards asthe storage or use of hazardous substances where in the event of a major
accident and release of toxic, explosive or flammable materials local people and the
nearby environment could be serioudly affected "(Walker, 2000). The risk related to
industrial technology of risk is now more serioasd diversify compared to past
(Tixier, Dusserre et al. 2002).

1.2. Research problem

There is a strong competition among various stat@ighments to attract industrial
investments in their respective states in Indigatt, which has been the front-
runner in the overall economic development of thientry, had formulated a new
industrial policy in 2003 to promote the investmtentead competition (Gujarat
2003).

Ahmedabad being the economic capital of Gujaraé ssaone of the largest
industrial hubs of western India. Because of ittieatextile industry it is playing a
significant role in development of state from tlesip In early 1980s industrial
transformation took place from textile to chemidgéstuffs manufacturing aided by
Europe and North America investment in India. Aedtrresult of this was that many




textile mills were closed down and a new type dfistry developed in the
Ahmadabad such as chemical, plastic and pestiBidel, and Modi. 2001).

Three major industrial estates, namely Naroda, &atwd Odhav and one small
industrial estate Behrampur are located with in Atdabad city. Various types of
industry as example textile, petrochemical, cheh@od pharmaceutical are
establish with in these four industrial estates.

Even though Naroda industrial estate has a verg goological network, a toxic gas
leakage is reported on 6 Mar 2004. Numbers of mefgdl skin irritation and
breathing problems in near by village becauseakdge. About 500 residents of
Muthia village were evacuated temporarily afterythemplained irritation (PTI
2004). On December 18, 1998, twenty-three men Wwenet and badly injured when
a gas cylinder exploded in Balco Enterprises ata@dndustrial estate (EXPRESS
1998). Safety expert Srinivas Mudrakartha anchJatieth, believe that
government has not done the sufficient effort famtcol and monitoring mechanism
for industrial estate (Srinivas Mudrakartha 2006).

Country like India should have more strict regaatthen other since Indian has not
adequate infrastructure to handle an emergencatiitu Also the population
affected by such situation in India is comparathigher then any other country
(Gupta 2006). The average population density of Athabad city is 18420 persons
per sg.km according to 2001 census, with this Arabed stands at the seventh
most densely populated city in India. Liberal inliad policy 2003 has increase the
probability of occurrence of undesirable situatibnaddition to looking at
population density shows that subsequently the musnbf vulnerable people are
more. So combination of liberal industrial poliaydahigh population density
increases the threat of disaster like Bhopal.

It is important for city like Ahmedabad to take adeed steps to estimate the risk
and prepare a high-quality risk management pldrerahen wait till an undesirable
situation occurs. Diversification of industry casidathe chances of risks related to
the industrial hazards. In this regard many agemd/industry have developed
different tools of risk prevention, protection arriis management. Due to the twin
factors of the presence of diverse range of ingiustd absence of advanced
technology, it is difficult to estimate the risking the single developed method.
Lack of proper methodologies for assessing thediskto this industrial activity
coupled with lack of technologies to handle theidemts, highlights the need to
carry out this type of research.




This study carried out to assess the risk arisirggtd various industrial and
technological activities in Ahmedabad city. Thigdst includes technique to predict
the various hazards in predominant weather comditicalso prominence on
population distribution at night, day and commutedéme.

1.3. Research aim

To assess the area, buildings and population #medtby industrial
accidents related to industrial storage of hazasdoaterial in various scenarios and
prepare a data base and method that assess effeeteth an emergency situation.

1.4. Research objective

1. To prepare hazard foot print caused by industeiethhological
processes
a. To identify possible hazards related to chemichbtances used in
the industry
b. To calculate the effect distances for various hdmas substances
in different scenarios (BLEVE, VCE, Pool fire, 8taith the
consideration of atmospheric condition

2. To calculate the risk caused by the industrial psses
a. ldentify the elements at risk in surrounding aregislentify
hazards
b. Calculate the vulnerability of the population andldings
- To determine the spatial vulnerability of popidat
- To determine the temporal vulnerability of popigda
c. Calculate the level of risk

1.5. Research question

1. What are possible hazards from the chemical substamsed in
industries for Ahmedabad?

2. Which is the appropriate GIS application to prethet chemical
dispersion behaviour considering the weather cani®

3. What is the spatial and temporal vulnerability opplation for
industrial hazards in Ahmedabad?

4. what is level of risk for industrial hazards indjlarea




1.6. Research approach

To achieve the aim of study the methodology is idated in three phases. First,
hazard identification phase covers collection ébimation related hazardous
materials, storage, process and transportatiorsittesypes of hazards will be
identified from the collected information. Possibktegories of the hazards will be
fire, explosion and toxic releases.

Hazards foot print will be prepared for identifiedzards in each category using the
effective distance modeling in second phase. Hafoartdprint will help to estimate
the zones of influence in surrounding areas of strgu Weather conditions will be
incorporated to model the hazard foot print untientarious climatic scenarios. At
the end of this stage, we will get the hazard foit for the city. Both these two
phases combined will give the level of risk in suimding areas.

Elements at risk mapping is being carried out paraof a larger study in risk
assessment. Current study will make use of the sdemeents at risk in order to
quantify risk. Risk quantification will be restréx to estimating vulnerability of
buildings and population. Different dynamic andiabparameters like age-gender,
day-night scenarios will be generated. Risk assestia the will be done for the
last phases of study. Dynamic model will be preddo guide the necessary action
at the time of crises situation for city Ahmedabad.

1.7. Research methodology

Formulated three phases Hazard identification, amegon of hazard footprint and
risk mapping are further detail out. The flow degr of entire approach is shown in
figure 1-1.

This research is a part of a larger research progng carried out by Mr. Ajay K.
Katuri at ITC. The purpose of this research isrepare a Planning and Decision
Support System for Urban Risk Reduction. The pratan of hazard foot print was
also coordinated for the larger study and the paet® worked out in current study
on “Industrial Risk Assessment”.
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1.8. Research significance

This study is part of a PhD research work titl@svel opment of Spatial Planning
and Decision Support Systems for Urban Risk Reduction”. Outcome will provide
inputs in above mentioned study. In addition td thevill give valuable input in
present off site risk management plan. Techniqee ter prediction of hazards
material behaviour shall help to take immediatéaadn real time situation which
helps to reduction in the loss of human life anoerty in case of any industrial
disaster. Building data based prepared for ind&idhwildings will be help for
multipurpose use such as to take immediate adtiwiiliguide to evacuate the
people from likely to be affected area, nearestiosdacility. Same data set and
population distribution can be used for urban plagmand disaster management.

1.9. Scope and Limitation

Scope of the study limited to the hazards reladechemical used in the industries
and hazard for during the transportation of hazardgerial is limited to the CNG.
Population distribution is carried out for residehbuildings and on side road for
day, night and communicates time. Also, Populatiogage in commercial activities
which are expos to hazards is not cover in studpbse of unavailability of
sufficient data.

Arial Locations of Hazardous Atmospheres (ALOHA}tmmise application is used
to predict the hazard behaviour. Limitation of thiedel is also taken in account
which is discussed in detail in next chapter. Mamdimitation is discussed in
Chapter 8.3 pp. 66

1.10. Expected out come of the study

1. Hazards foot prints for industrial activity for fiifent hazard category.

2. Population distribution in individual building amch road side for study
area at different time scenarios.

3. Vulnerable building and population with respectitoe and space for
different hazards.

4. GIS Database which will help at the time of disafte emergency
planning.




2. Literature study: Industrial Hazards and Risk Assesment

2.1. Introduction

Hazards arising from human activity and interactidth social, environmental, and
technological systems are kind of technologicabidzNuclear technology,
pollution, warfare and industrial accident are eglaa Technological hazards can
be causes during transportation, production, seocaigt time of disposal also.
Influence area, level of effect and duration ogeffis differ bases on types of
substance involve in hazards. Addition to thatdb@ehaves different bases on
surround environment such as landuse, types qfwgedther condition. This sows
study of technological hazards is more complicéiteah the one of natural hazards.
in country like India where industry managememntas willing to share hazards
related information makes the situation more coteple

2.1.1. What is a hazard?

Australian industry standards define a hazardfastirce or a situation with a
potential for harmin terms of human injury or ill-health, damage to property,

damage to the environment, or a combination of these”. Hazard is an extreme event
that poses risk to human settlements (Deyle 19%98xander (1993) defines a
hazard asthe exposure to some risk of disaster in the pre-disaster situation, due to
the presence of human population in hazard-prone areas’

2.1.2. Classification of hazards

Quarantelli states that in the past, hazard wasified based on the hazard sources
such as earthquakes, floods, hurricanes, tornadodsiazardous material accidents.
Later, two major category emerged, natural andrtelogical, based on the its
original sources (Quarantelli 1988).

Natural hazards are those that have an effect palation resulting from natural
processes. Natural hazards are also defined ésaa® natural events which may
result in a threat to human life, or which endarterworks of man like flood, earth
qguake, and drought or land slide. Technology hdszhke industrial hazards arise
because of the mass production, transportatioagtoor disposal process is life
threatening and life supporting resources. It caddfined as the “interaction




between technology society and the environmenth@§8pta 2007). From time to
time, technological hazards have been classifielifierent ways. In 1969, Starr
classified hazards based on the exposures suatiwagary and involuntaryin

1976, Lowrance classified them on the basis oeffext like chronic and acute. In
1983 Hohenemser, Kates, and Slovic classifieldnelogical hazards in terms of
12 anxiety characteristics.

They have divided technology hazards into threenmategories. Hazards which
include nuclear war, radiation, and toxics gaskands of multiple extreme hazards.
Antibiotics, vaccines, uranium mining, asbestosidG explosions, car and airplane
are types of extreme hazards.

In 1984, Perrows used probability as parameterctagsified hazards as low-
probability/high consequences and high-probabitity/consequences hazards. In
1987, Solvic classified hazards based on the nisdfunknown and
common/known. In 1992, Perry created a classiioatased on the different
hazard agent like scope of impact, speed of ongatidn of impact, health threat,
property threat, secondary threat and predictgiiifVANG 2003)

Table 2-1: Hazard agent classification

Defining River line flood Volcanic Nuclear Power
Characteristic Eruption plant Accident
Scope of impact Highly variable, | Highly variable, | Highly variable,
land Narrow broad area broad area
Speed of onset Rapid: flash flood Rapid Variable
Slow: main stem
Duration of impact | Short Long Long
Health threat Water inhalation Blast, burns, aghingestion,
inhalation inhalation, direct
radiation
Property threat Destruction Destruction Contanidmet
Secondary threat Public health Forest fires, Secondary
danger from glacial contamination
water/sewer snowmelt

Source: (Lindell 1994)

2.2. Risk Assessment

Risk assessment is the overall process of riskyaisahnd risk evaluation. Risk
assessment is a combination of various stages.dtrge is the hazard identification
where a hazard source, types and location is asb@sshe concerned locality.




Second stage is probability analysis. In this stégdihood of each identified events
is worked out. Consequence analysis is third anst imgportant stage. Estimating
the amount of impact for each event is part of stége. An impact of each events
are analysed on human and property to rank theigeweéaccident senior. And last
stage is risk analysis. Results from previous ttages are combined and overall
risk associated with each event is calculated esopaisk analysis.

In general, risk assessment is the estimationeofjttantitative or qualitative value
of risk. Risk related to Hazardous material camésessed for the fixed installation
and transportation infrastructure. Method usettis research is to combine the
hazard identification and consequence analysisdhilty estimation requires huge
amount of data and extensive amount of work whsamoit possible with in research
time limit and absence of data. Probability usethis risk estimation is derived
from the past research and which is most acceptalgeneral.

Fixed installation risk

Release of hazardous material is major risk irctise of fixed installation. This can
occur at large refinery, chemical plants and stetagminals, where releases from
storage tank or container may arise due to hunan e opening or loosening of
relief and safety valve, overfills, improper contiee or deliberate action. It may be
a result of technological failure like tank or tainer ruptures or equipment failure.
This can be grouped in transfer loading and uplagdirocessing and storage
activity.

Transportation risk

In most of the cases a hazard material is transgdrom its production site to its
distribution network or user storage facility. #rcbe transported by underground
pipe network, road and rail network. Hazardous nltéke natural gases, crude
oil, LPG and petroleum product is very common aas tonsiderable higher risk
during the transportation. Due to availability @it risk related to transportation of
CNG and petrol, only these two were analysed.

2.3. Risk categorisation

Based on the annually probability of any hazamk dan be classified into various
categories. This can be determined from histode#. In general, hazard with
higher probability has low vulnerability, and hadavith lower probability has
higher vulnerability. The five risk classes candescribed as below:

Common accidenfThese take pace at least one time or more iraa ¥éis could
be occurring regularly in local concern.




Likely accident They generally take place once in 10 year ordmaaverage
occurrence of 10 years

Reasonable likely accidentgre events expected to take place once in 13 et
average of 100 years. This means there is probabflil% to 10 % probability of
such even take place in locality of concern in givgn year.

Unlikely accident Events area expected to take places once atye#08. This
means for given year it has probability of 0.1%dpecify scenario.

Very unlikely accident Events are expected take place less than or@0id year.

2.4, Risk assessment method

In order to assess hazard related to industryt, @f lmethods have been developed
by risk professionals. These are later on transfieto international standards or
regulations. Most of them are easy to understandbtmad availability of these
some time makes the choice difficult. At the fimtk some of them seem to be
same, but they have different aim, input and res@bme are use to analyse
probability of hazard, root or causes of acciderttyto demonstrate the failure of
system. Tixier has try to divided most of all resalysis method based on its four
characteristics (Tixier, Dusserre et al. 2002) .

1. Deterministic

2. Probabilistic

3. Qualitative

4. Quantitative
At first he has divided all method in two groupspajualitative and the other
guantitative. Qualitative assessment a risk isvédsased on the level of judgement,
experience and technical knowledge. As it is basethe judgement, knowledge
and experience of individual its results are chdngigh case to case. It is very
popular in small scale industry. Second approatfased on numerical model to
assess the risk. Good model reduce the individaahless. Some time its bring in to
medium and large scale industry (Ring). SafetyewyiCheck list analysis, What-If-
analysis, Hazard and operability analysis (HAZQHR)ilure mode and operability
analysis (FMEP), Systematic identification of ralegoint (SIRP), Master logic
diagram (MLD) and Human reliability index (HRA) attee types of qualitative
methods.

Quantitative methods are completed then qualitatieéhod. Scientific study is
conduced and measure value is compare with stahelsbin quantitative method.
Aim of this method is to quantification of potentieazard consequence and relevant
risk. This can help to identify the possible acaoideits extent and probability. This
method are very popular where there is need ofgreep off site disaster
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management plan. This method gives the magnituth@zdrds in numerical terms
(Sengupta 2007). Probability risk analysis (PRApbability safety analysis (PSA),
Quantified risk analysis (QRA) Quantified rislsassment (QRA), Quantitative
scenario analysis (QSA), Failure mode effect aitetal analysis, Event tree
classification, Fault analysis and cause-conseauanalysis are type of quantitative
method.

This is furthered dived in deterministic, probadiitt or combination of both.
Products, the equipment and consequences for eatdogets, such as people,
environment and equipment, are take account immétestic methods. In
probability approach probabilities of hazard siitor frequency or occurrence of
potential accident are estimate. Combination ofilmoéthods is used where there is
a need to study the whole industry. There are aoeurmmf methods under each
category. Hence, it is very important to selecappropriate method for risk
analysis (Tixier, Dusserre et al. 2002)

In addition to above all some type mix of quanttaand qualitative method used
for industrial risk assessment. In this hazard #ionas carried out by quantitative
approach and risk is calculated based on the pilitpadf event. This study is same
technique is used for analysis which is known agsiSpiantitative method.

2.5. Selection of Method

Each method that has been formulated will havevitls weakness and strength. A
number of factors should be kept in mind while stitgy a suitable method of
hazard identification and risk assessment.

1. Types of industrial process
What- If studies, process checklists or brainstagrare suitable if industry has
simple processes. In normal cases, it is goodedachnique like Hazard and
Operability Study (HAZOP) or Failure Modes and EffeAnalysis (FMECA). This
is the systematic and comprehensive technique gavirariety of interacting
subsystem

2. ldentification of Types of hazards
Type of hazard which is to be investigated alsa@natwhile selecting the
technique. HAZOP and FMECA are efficient technifpreassessing process
hazards like equipment failure, but are not goadhfsessing the hazards like
human errors or external effects and influenceschiique likes what-if tend to be
broader, and are useful for identifying technolbgyards, which take place because
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of natural events. To study hazards related to Inuengors, a task analyses is
considered the best technique.

3. Level of risk associated
More complex and detail methods are used to idetité hazards having the higher
risk. Hazards related to lower risk do not reqaimetailed analysis. Method like
Multilevel Risk Review Process is used, where ttitgil study concludes higher
risk than the defined criteria.

4. Types of hazards that need to be assessed
Type of hazard and the associated technology dsimdgortant for selection of the
risk assessment method. Like gas dispersion mada#isuitable for hazards related
to inflammable gas or liquid leakage. At the saime, selection of technique also
depends on the type of system failures like medahoir electrical failure or human
error.

5. Stage of the project lifecycle
Information available for risk assessment and thientification is different at
different stages of the project. Based on idenigyhazard, the layout can be
changed at the design stage one. Once it is iratiperstage, new hazards
knowledge will be gained by operator feed backnpfaonitoring, or surrounding
environment or other activity. So methods are déffe for assessing the hazards at
design level and operation level (Planningnsw 2003)

2.6. Method used and justification

Industries has a higher amount of storage of hazardmical is available this study
area risk assessment is done for that industrilgs Assessment of the frequency of
occurrence of potential accident is not carriedfoubecause it is time consuming
and required broad range data. As consequencetedideterministic method target
on consequence effect of considerable accidenhanhdccount for quantify the
likelihood of these accidents is suitable for stadga and match the aim of study.
To calculate the risk a probability of occurrené¢hese accidents is taken from the
past studies.

At end of hazards identification for industriesiatance effective modelling is used
to find the effect at the end point in case of,fegplosion and toxic release under
the various scenarios. Effective distance modellsiglone by Arial Locations of
Hazardous Atmospheres (ALOHAThis followed by the risk estimation done based
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on probabilistic approach. Even probability valseobtain based on the past study
and international standard

2.7. Dispersion modelling in ALOHA

Release of toxic or flammable materials is very own in accident situation. Such
hazardous material like gas, liquid, or mixturébofth, is release in the environment
in case failure of storage tank, pipe network, gdhilure or complete failure of
vessel. It is very complex to estimate dispersi@mner of such complex situation.

A dispersion modelling technique is used in thiglgtis to estimate the
concentration and time profile of release toxicammable chemical. In most
cases, release chemical forms a vapour cloud amdltin the down ward wind
direction. So it is very important to account theather condition in such study
along with the other following factor (Planningn2@03) .

Density of the air compared to air
The rate of release

Orientation of release

Weather stability

Wind speed and direction

® 20 oo

These gases or particles can react with air andrwédtich has significant effect in
calculations in dispersion modelling. The levekéfects on people of such material
depends on concentration and time of exposure.Meiy difficult to estimate the

size of cloud and accurate concentration with tifreeavoid such problems, it is
good to assume certain constants. For safety rea@assumption is always based
on the worst condition scenario.

A number of computer programs have been develapedoject the extant of such
hazardous cloud such as AJ Design Software, ARIR $SLAB View, EXSIM, Air
Dispersion Modelling and ALOHA etc. from all the&dal Locations of Hazardous
Atmospheres (ALOHA) is used in this study. A softevanodel ALOHA is
developed by the Environmental Protection AgendyAEand National Oceanic
and Atmospheric Administration (NOAA) office, USA tespond the hazards
situation in a short time after the hazards acditidte place. It is the extending
module of earlier developed Computer Aided ManageroéEmergency Operation
(CAMEO).
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ALOHA is a user friendly computer program to gemetthe scenario of gas
dispersion in emergency conditions. ALOHA contddoat 1000 chemical database
and gives the freedom to define the release sowe&ther conditions. ALOHA
default used the discharge by direct source ifnfiormation is available of
discharge. If the information is available, usem specify the option like gas
pipeline source, puddle source or tank. Secomladter estimation of discharge is
to calculate the concentration of toxic or flamneatpas in down wind direction of
wind from the point of source.

Different chemicals behave differently. ALOHA uge® different models based on
the chemical density and molecular weight. A Garssiodel for gas lighter than
air and heavy gas model for chemicals having higleasity then air is used. Air
molecular weight is around 29 kilograms per kiloewdf a gas has higher molecular
weight than this, ALOHA considers it as heavy dhkghter gas is stored at lower
temperature than room temperature, it also forimsaavy gas cloud. In such cases,
the density of gas cloud is greater then the aisitye (1.1 kilograms per cubic
meter), ALOHA consider the gas to be heavy. Heaag/hodel is based on
DEGADIS model (Spicer and Havens 1989).

2.7.1. Gaussian model

ALOHA uses Gaussian air dispersion model for bubgases or gases having the
same density as air. This model works on the prledhat wind and atmosphere
turbulence force material molecules in downwinckdiion, and hence it spreads out
in crosswind and upwind direction with turbulentximpg. Concentration is very high
at the release sources and it will get diluted avtihveling in crosswind and upwind
direction. Hence it will spread out in bell shapkis means concentration is higher
in the center top and lower on the sides. Afterealistance, bell shape spreads and
the concentration reduces (Planningnsw 2003), (ERIBNOAA 2007)Figure 2-1

100

80

60

40

Concentration (ppm)

20

Concentration

0
Crosswind Distance

Source of Spill Crosswind
Figure 2-1 : Gaussian distribution (left) and Gausian spread (right).

Sources: ALOHA manual
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Further reading on how ALHOA works for Gaussian dapersion is available in
Handbook on Atmospheric Diffusion (Hanna 1982) flifon from a Steady Source
of Short Duration (Palazzi 1982) and Guide to latiision of air pollutants (Beals
1971) .

2.7.2. Heavy gases

When gases heavier than air are released, it belvave differently than neutrally
buoyant gases. Heavy gas first slump or sink afiease. Then its gravity spreads
when it travels in downwind direction; so it mogghtly upwind than the release
sources. After travelling at certain distance,dhs starts to dilute due to the air
Figure 2-2 When its concentration reaches below 1 percentagethe
surrounding air, it behaves like buoyant gas. Tejgends on the amount of gas
release. Higher the amount, greater will be theade at which it will be diluted
(EPA and NOAA 2007). ALHOA works base on the DEG/ADhodel (Havens and
Spicer 1985), heavy gas dispersion model. This inwaegeneral acceptances and
the extensive amount of testing is carried by agtho

Wind

Figure 2-2 : Figure Cloud spread as a result of gnaty

ALOHA can also model fire and explosion scenarithwtihe gas dispersion.
Probability of any type of hazards occurrence melleon the chemical and sources
of release.

2.8. Types of fire and explosion modelling in ALOHA
2.8.1. Fire

A fire is a complex chain reaction of fuel and o&ggvhich generate heat, smoke,
and light. Sparks, static electricity, heat, onfts are major sources to ignite the
fine more over if a chemical is above its auto tigni temperature it can also catch
the fire without any above mention sources. Chehpinaperties like volatility, flash
point, and flammability limits are help to deriveetchances or causes of fire.
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Level of fire hazard is measured in thermal radratievel of Concern (LOC).
ALOHA suggest the three zones based on Acute ExpdSuidelines (AEGLS).
This value is suggested by American Institute oé@ital Engineers 1994 and
Federal Emergency Management Agency.

2.8.1.1. JET FIRE

A jet fire, also know as a flame jet. Released ftaahle chemical from storage or
transported container come in contact with ignggedrces and immediately catch
the fire and turns in to jet fire. Blowtorch flartakes place in such situation.
Because of high kinetic energy jet fire flame haslavant length in the direction
released. A flame jet me be cloud of hundreds eff ife length from a hole less than
a foot in diameter.

ALOHA predict thermal radiation LOC based theorgtth originate in vertical
direction and later on divert in downwind directi@oiling Liquid Expanding
Vapor Explosion (BLEVES) will take place after fet if vessel container is weak
and contain'n a liquefied gas. ALOHA can not prebimth at time user can run
BLEVE scenario after jet fire.

2.8.1.2. POOL FIRE

Uncontrolled combustion of the vapors from a pddlammable liquid resulted a
pool fire. Some time flammable liquid forms a pueldh the ground converted fire
flame is also known as pool fire. Liquid contairpiressurize vessels have higher
chances to catch the pool fire in situation ofiigl@ss in atmosphere.

Like jet fire pool BLEVE take place from jet firtn that case user can model pool
fire first then rerun the model keeping the samgrgpwith BLEVE scenario.
ALOHA

Can not model the pool fire on water, only poatdibehavior on land can be
predict. Other by product hazard from pool fireeli&moke, toxic byproduct or
spreading of fire by surround material can not tegljgt by ALOHA.

2.8.1.8. FLASH FIRE

Flammable vapor clouds catch the fire and staloutm quickly is called a flash fire.
Primary hazard associated with flash fire is thémadiation and by product of
mixture. Like smoke and toxics particles. ALOHAngaredict the flammable area
of fire from vapor cloud. Hazards effect of flastefis measured in Lower
Explosive Limit (LEL) and Upper Explosive Limit (U This shows the represent
the concentration of flammable chemical in vapoudl Air-fuel concentration is
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between LEL and UEL it will get flash fire whencibmes with ignited sources.
Based on the past experiment ALOHA use LEL is 60%.

2.8.2. EXPLOSION

An explosion is a sudden increase in volume arehsd of energy in a violent
manner, with high temperature and the release séggaAccidental situation of
exposition is effect of liquid store at high pregsuViolently oxidation reaction of
chemical is very common in the industry. Thernaaliation, overpressure, and
hazardous fragments (flying debris) are main prinfeazards need to be take when
dealing the explosion accident.

A primer hazard associated with explosion is ovesgpure some time known as
blast wave. ALOHA predict explosion based on theawnding situation specify by
user. If the explosion take place surrounding biding and tree it predict little
higher level then than the actual but damages doeildigher. Like the fire thermal
radiation ALOHA suggest the default suggest by Anger Institute of Chemical
Engineers 1994 and Federal Emergency Managememicigalue and it can be
specify by user.

ALOHA can predict the most common fire and explasiet Fires, Pool Fires,
BLEVESs, Flammable Areas (where a Flash Fire cogltlig), and Vapor Cloud
Explosions with combination of different releaseses like Direct, Puddle, Tank,
and Gas Pipeline.

2.8.2.1. BLEVEs

Boiling Liquid Expanding Vapor Explosion (BLEVESg)gically occur in closed
storage tanks when liquefied gas store under tjie hiessure. Cooling below the
boiling point or storage at the high pressure awerhethods to store the gas in
liquefied form. But the flammable and nonflammalii@efied gases have chances
to react in form of BLEVE in case of containedighiefied gas comes in touch with
fire ignited sources increase the pressure inghk. in case of failure of tank
chemical is released with the explosion (BLEVES).

When the container fails, the chemical is releaseh explosion. If the chemical is
above its boiling point when the container faitsme or all of the liquid will flash-
boil—that is, instantaneously become a gas. Ittiemical is flammable, a burning
gas cloud called a fireball may occur if a sigrafit amount of the chemical flash-
boils. Thermal and over pressure are associateatdmzith BLEVE but ALOHA
focus on thermal radiation because it impact isaghigher then over pressure.
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2.8.2.2. VAPOR CLOUD EXPLOSION (VCE)

There are number of chemical has a characteristibsilt a vapor cloud when it is
released in the atmosphere. This chemical hastegde travel in the downwind
direction. If this could comes in contact with gmition source where concentration
is with in the flammable rage it will start to bu®ome time it will burn so fast and
resulted explosion. The hazards impact of suctpésion depends on cloud size
and type of ignition. Consecration of flammable enitl also effect on its severity.
This hazards area overpressure and hazards fragnier®HA can model a
overpressure it can model hazard fragments.

Deflagration and detonation

The devastation from the vapour cloud explosioredes on rate at which the flame
travels. After starting the flame it will ignitedtfire through out the vapour cloud
where concentration is in flammable range. Thequmescoming out from that
explosion can be causes damage the people andyrdpigher the speed of flame
fronts higher the pressure and higher severe efféamne travel speed is 2.2 miles
per hour called as deflagration. In worst cas&égel fast then this speed is
consider as detonation explosion.

Obstruction with could generate the turbulencesTtistruction is means by smaller
object. Higher number of small obstruction highgbtilence. This accelerates the
front flames which resulted power full blast. Thisstruction is defines by the
volume blockage ratio. Based on the experimentlifime blockage ratio is less
then 1.5 % then it is consider as uncongested ahich has lower effect compare
to if volume blockage ratio is higher then 1.5 %@(@ested cloud).

Source Toxic Scenarios Fire Scenarios Explosion Stegios
Source Toxic Scenarios Fire Scenarios Explosion
Scenarios

Direct

Direct Release | Vapor Cloud Area (Flash Fire) Vapor Cloud

Toxic Flammable Explosion

Puddle

Evaporating Toxic Vapor Flammable Area Vapor Cloud
Cloud (Flash Fire) Explosion

Burning (Pool Pool Fire

Fire)
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Tank

Not burning Toxic Vapor Flammable Area Vapor Cloud
Cloud (Flash Fire) Explosion
Burning Jet fire/Pool Fire
BLEVE BLEVE(Fireball &
pool fire)
Gas Pipeline
Not burning Toxic Vapor cloud Flammable Area | Vapor Cloud
(Flash Fire) Explosion
Burning (Jet fire) Jet fire

Table 2-2 : Source Toxic Scenarios Fire Scenariosxglosion Scenarios in

ALOHA

Source; ALOHA user manual

2.9.

@ ™0 o

Salient feature of ALOHA

ALOHA can predict dispersion behaviour of releas#terial in real time
situation

It has ability to predict for heavy as well as ligias dispersion

Checks the input parameters simultaneously antsateorrect input of
information, which helps minimization of human eso

Ability to predict outdoor as well as indoor contration

Hazards under the different accidental situatiantoa predict

Its gives the result in both text and graphicahfat

Inbuilt database of 1000 chemicals.

Although, ALOHA is user friendly, quick and compattftware application, it has
the following limitations:

a.

b.
c.
d

ALOHA does not account for change in topography.

It considers a constant wind speed and directi@engaten height

Initially it did not consider buoyancy properties

Emergency response is the main aim of ALOHA, siois not address any
long term air quality issues

It predicts the effect at minimum 100 meter and imasn 10 km from
release sources to the down wind direction

Liquid release from the pipe can not be modelled

ALOHA assumes that release substances evaporatesaetlin the down ward
direction in form of pool surface with out consithgr any reaction with air or water.
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It alerts when the user selects a material whichdh@nce of reaction with water or
air (EPA and NOAA 2007), (EPA and NOAA 2007),

In put Information
Atmospheric, Chemical,
Site location

Use the direct

Information available for

amount of release option
emical have properties to Calculate
form a pool fire souyrce
strepgth
Source of release Use tank option
. Use pipe line
Form of release material :
option
ALSIFIR (?an fef Rate of release with
predict 8
respect to time
e iznik epitam el L(.).C Selection of dispersion model
s SpEfie Gaussian model
Default - AEGV
_ERPG Heavy gas model
_IDLH Let ALOHA decided

ALOHA hazard foot
print

Figure 2-3: ALOHA user guide flowchart

2.10. Elements at risk

To analyse the risk it is important to know thenedats at risk. These elements
could be environment, human lives, buildings ardepproperties, trade and various
economic practices, infrastructure and utilitiédentification of elements at risk and
their relationships with the hazard is an importsyect in risk analysis. The
elements at risk are limited up to population beeaof unavailability of data.
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More over, to estimate population at risk is a vattical step. Population
distribution varies with time and types of land uséocality. Number of people
affected even varies with the time of event taleeel

2.11. Vulnerability assessment

In this industrial era, it is difficult to avoid graccident. What we can do is that try
to minimise loses of such event. To minimise important to know what elements
are and at what level of degree that can affecin&fability define “as the degree of
damage to a specific element at risk (e.g. buildimigastructure, population etc.)
for a specific endangering phenomenon (e.g. fixplasion or toxic release) with
certain intensity”(Westen CJ 20040 general vulnerability is “degree of loss
resulting from the occurrence of the phenomenoMNDB/UNDRO (1994) defines
vulnerability as “the extent to which a communggructure, service, or geographic
area is likely to be damaged or disrupted by thaeich of a particular disaster
hazard, on account of their nature, constructiad, @oximity to hazardous terrain
or a disaster-prone area”. Human and buildingenalhility increases in cases of
inefficient planning and insufficient emergency ragament or if a particular event
is not expected. In cases of industrial hazardstlikic release, children and aged
are more vulnerable than adults. Building havingat and/or wall material like
grass, thatch, bamboo, wood, mud and Plastic, lpeig are more vulnerable then
tiles, stone, galvanised pipe, or concrete material

2.12. Industrial accidents in India

During 1980s and 1990s, India progressed with im@lisation and achieved one of
highest economic growth in the world. This rapidustrialization has created new
kinds of hazards. During this phase, India expegdrthe worst industrial disaster
in 1984. On the night of December 3, 1984, a depdigonous gas methyl
isocyanate (MIS) was released from storage tank fite pesticide plant of M/S
Carbide India Ltd., in Bhopal. MIS gas cloud reneairover the highly populated
area of city. In the first three days total deattsvabove 5000. This number reached
over 8000 with time. In addition to that scientifiemmission study noticed a long
term effect like damage to the brain, eyes andexanc

This was followed by an explosion of liquefied péum gas in Nagothane in 1990,
which killed 35 and injured 15 persons. Governnwdfitials claimed that only 33
people were killed in the tragedy. On 14 Septeni®&7, LPG explosion took place
at the petroleum refinery of Hindustan PetroleQorporation Limited (HPCL) at
Vishakhapatnam. Un-official figure claimed arour@i8lled in blast where official
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limited to 33. There are number of such small talion® scale accidents which even
not notice by media.

2.13. Industrial policy in India

Government of India realises the importance of gtdal legislation for safety of
workers as well as vicinity people after experiegoivorld most terrifying Bhopal
gas industrial disaster. The Bhopal gas tragedy8# led to the introduction of a
comprehensive legislative framework of Environm@rbtection) Act (EP) 1986,
administered through Ministry of Environment andds. A number of rules have
been formulated under this Act related to the mhgmardous industries namely
emergency planning, and transport of hazardousgydddnufacture, Storage and
Import of Hazardous Chemicals Rules (MSIHC Rul&889, Hazardous Wastes
(Management and Handling) Rules, 1989, Rules f®mnthnufacture, use, import,
export and storage of hazardous micro-organismtgally engineered organisms
or cells (1989), Public Liability Insurance Act @B, The Bio-Medical Waste
(management and handling) Rules, 1998, Manual ergency preparedness for
chemical hazards (1992), The Chemical Accident®(gency planning,
preparedness, and response) Rules, 1996, A gugiddadransport of hazardous
chemicals (1995) were formulated, revised and amegder the intervening years
under the EP act 1989 (Gupta 2006). At the same itils necessary to strengthen
the local government to strictly implement the fokated rules. On account of lack
of coordination among various institutions, it iffidult to collect data related to
hazards. Hence emergency control department afgleito work efficiently (Arifa
Nabi and van Westen 2005).

2.14. Initiative taken by Government of India

In India state government is responsible to prepayekind of disaster management
plan and implementation of related program. In stades on besides formulation
and implementation of industrial safety relatedg@oGovernment of India has

taken certain effort to strength state governmentiésign the disaster management
plan and policy implementation.

In last decade High Powered Committee (HPC) wasgpsahder the Prime Minister
to review and access the issues of disaster mamaggtanning at the National and
state. National committee for disaster managenid@GD(M) is established to
suggest institutional and legislative measureofmeap with the any kind of
disaster with state political party.
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NCDM has prepared a hand book for Disaster Riskdgament in industry for the
Corporate Sector under the India Disaster Resdueteork (IDRN) program.
Industrial Safety and Disaster Prevention Projedatplemented to with joint effort
by MoEF and World Bank to promote the cost effecafety measures and
disposal of hazardous waste in 1998.

There are number of other efforts taken by samentittee to make India safer. At
last in tenth five year plan government of India facus to disaster management.
This time government has done effort on preparesiard planning function rather
then response and relief. Still experts think trettre government ha more
concerned with natural disaster then technologlisalster. This is because natural
disasters are frequent and number of people adeadeemuch higher then
technological disaster in India. Bureaucrats apdatificial believe that strict action
in this direction can be slowdown the economic tigwaent of India.
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3. Case Study area: Ahmedabad City

3.1. Introduction: Mega city Ahmedabad also known as Kanavati

Sultan Ahmed Shah has built Ahmedabad as his ¢apit@l11 A .D. on the bank of
the river Sabarmati. He has built his new capitigh\a castle and twelve gates and
named it Ahmedabad. The city was earlier knowrhasManchester of the East”
because of its textile growth in past. Ahmedabatond largest city in western
India and sevéhin India. National level prestigious project liBabarmati River
Front Development a (SRFD) and Bus Rapid Transite3y (BRTS) are in progress
in Ahmedabad.

3.2. Ahmedabad profile

3.2.1. Geographical location

Ahmedabad’s strategic location gives its advant£geoximity to Bombay,
commercial capital of India. Western, Middle Eastl @&frican markets are also
accessible through near by port. Ahmedabad wasideths mega city in 2006. The
city has expanded along both sides of Sabarmati bank.

It is lies between longitude 22°56' to 23°1' N &atitude 72°30’ to 72°41’ E.
Average height of 50 m above mean sea level thdsseveli largest urban
conglomeration of India with around 190.84 sqg. krd &as a population of
4,519,278 including urban agglomeration (Censugs 200

With the limitation of time frame of research, ady narrows down to the part of
city. As mention previous there are mainly thredustrial estates are located with
the city limit (1.2 pg 1). Out of these Odhav isttial estate is considered for
analysis. As shown iRigure 3-1this covers the eastern part of the city. Total 20
traffic analysis zone (TAZ)surrounded by Odhav are selected for study. Sefect

! Ahmedabad and surrounding of 3000 sq.Km ared®éess initially divided in to major subregions such
as Walled City, AMC east, AMC west, AUDA, GUDA anther villages. These sub-regions have been
further divided into 427 traffic analysis zones @)/ased on the ward boundaries, census zonesgeill
boundaries, district boundaries of the study aneluding major highways, railway lines, natural
watercourses, land use and population density SI8flidy report for Ahmedabad — LB Associates,
2000)
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based of TAZ boundary helps to estimate accurateilition ofpopulation. It is
the smallest available unit for further analysippfoximately 23.67 sq. km from the
total city area of 190.84 sq. km is covered by 2ZFigure 3-1

Ahmedabad City

>z

Location of Ahmedabad

Legend

I:l River

I Industries
I:l Study Area
[ ] amc warDs

2500 1250 0 2500 | O Industrial Estate
—

Figure 3-1: Location map of study area

3.2.2. Climate

City has hot and humid climate. The weather cooditihanges with season.
Typically three main seasons are summer, monsoomarier experience in a year.
December-January is reported coldest moth in wistenmer is hottest in May-
June. Monsoon sets by middle of June to fist wéekugust and the average
rainfall of last 20 year is 650-750 mm. Relativertidity is around measures 60%
and over during South-west monsoon season in lgsas In summer, humidity is
around 25% while highest humidity goes up to 80y monsoon. In general
winds are weak over the Ahmedabad. Velocity of wsthoderate in city that vary
between 5-7 kmph.

Weather parameter like temperature, humidity, vipeed, wind direction and
weather condition are required as input in ALOHAd®bwhich is used for
dispersion modelling. Monthly data of year 20040@@nd 2007 is used to derive
predominate weather condition.
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3.2.3. Land use pattern
Land use pattern of Ahmedabad is shown in table 4.1
Land use Total area Area Table 3-1Shows that highest area
Type Sg.km % 36 % is occupied for residential
Residential 68.7 36 purpose. It is followed by industry
Commercial 3.8 2 15 %, village settlement 9.5 %.
Industry 28.6 15 Road and rail is 9%. Ajay K. Katuri
Open land 45.8 24 states this is almost half than
Village o5 c minimum requirement in UDPFI
settlement ' norms (Katuri, Sharifi et al. 2006).
Water body 7.6 4 This shows the chances of accident
Road 13.4 7 while transportation of hazardous
Rail 38 2 material is comparatively high. In
Other 95 5 this study accident scenario is
Total 190.8 100 limited to risk related to petrol and

Table 3-1 : Landuse distribution of Ahmedabad
CNG transportation. Very large proposition of 24#éa is vacant in the locality
where Ahmedabad Municipal Corporation (AMC) acqdideiring that period.

3.3.

Guijarat Industrial policy 2003

To promote the investment in the state of Gujasatghment has introduced a new
industrial policy in the state in 2003. The newipphdopted more proactive
approach then the reactive approach to encouragenfarket forces. This policy is
formulated to achieve Gujarat vision to see thgbaé plays a major role in
industrial growth in the global arena and beconmeAsian leader. So government
has provided the friendly environment in termsystemic support by limiting its
preliminary role. The primary objective of the Iradital Policy 2003 istb achieve

global competitiveness for Industriesin Gujarat”

3.4.

Agency Involve in Industrial activity

Guijarat being one of industrialise state in Indimumber of agencies has been
created for various purposes like planning, impletaigon, attracting foreign
investment, policy implantation and monitoring andrketing by Government of

2 Urban Development Plan Formulation and ImplemeoiatUDPFI) Guidelines, Ministry of
Urban Affairs and Employment
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Guijarat (GOG). List of agency are working in Gujastate is shown in the
Annexure 1

3.5. Industry at glance in Ahmedabad

Ahmedabad as a trading and commercial hub wassfaisted by its ruler Sultan
Ahmed Shah in the year 1411. Sultan Ahmed is fomuler from whom the city
derived its present name Ahmedabad (its former ragirgy Karnavati).

Trading and commerce accelerated after the formatigts municipality in 1858
and by commencement of railway connectivity withrivhai in 1864. During that
period the city became a hub of textile manufantyrHistorically, Ahmedabad has
been one of the most important hub for trade amdneerce in western India.

3.5.1. Industrial Development in Ahmedabad

In the past when industrial estate was developedwuding Ahmedabad, industry
was not within the municipal limit. So the regutatiunder the law is not applicable
when the major industrial estate like Vatva, Naradd Odhav were established.
After extension of AMC limit and coming of AhmedabBirban Development
Authority (AUDA) the development area was extenteglond the limit to looking
at the demand. This way restriction came laterarrd has already developed in a
haphazard manner. Major three industrial estatesehaNaroda, Odhav and Vatva
are now with the AMC limit and surrounded by iniahis. Graphical
representation of the growth of the city is showtthie nexfFigure 3-2

« The area of city during the period 1411-1770 was
5.3 sq.km.

« The establishment of the first textile mill in 1861

but only on the Eastem side of the river.

+ Construction of Ellis Bridge in 19%1 century opened
or urban expansion ~ mainly

pment — Walled City.
. ded beyond present municipal limits &
crossed limits of AUDA on Westem side.
« After 1982 growth was observed on main
transportation routes, where agriculture was
predominant,
GROWTH OF AHMEDABAD
(1411-2000)
[Tt [ 1932
[J1ss7 [ 1936
[J1ss4 [ 1939
B 001 [ 1956
[ J1em1 1958
[ 1920 MM 1950
I o2 I 1960

B 2000

Source: Unpublished Thesis work, CEPT University

Evolution of the City

Figure 3-2 Growth pattern of Ahmedabad city from 1411 to 2000
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3.5.2. Industrial estate in city

There are total 8 industrial estates in Ahmedalistdict. Out of that three main
industrial estates fall with in the boundary of Adalabad Municipal Corporation
(AMC) namely Naroda, Vatva and Odhav. Naroda indgalséstate is spread over 30
sq.km areas, and has approximately 700 diverse aoiepincluding
pharmaceutical, dyes, chemicals and textiles. Vistastrial estate is established in
an area of over 560 ha and includes 2200 industniidd, comprising mainly of 65%
engineering, 25% units and remaining other units ofixed variety. Odhav
industrial area extends to 75.42 ha and has 49fsiridl plots.

3.5.3. Hazardous industry in Ahmedabad

The Government of Gujarat (GOG) has categorisedistsict on the basis of
chemical and industrial hazard category. AA catgg@Arcategory and B category is
given to district based on the industrial unit Itkghly hazardous, hazardous and
less hazardous respectively. Ahmedabad districirfahe second A category of
hazardous. GIDC allows the installation of hazand within the estate only, so
GIDC can maintain fire tenders in state. The dgradfithazardous installation
suggested that all three estates in Ahmedabad Baxadva and Odhav are
comparatively high than other estate in Gujaraestdame of hazardous industries
install in these estates, type of chemical usednaaximum storage capacity is listed
in Annexure 2
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4. Data description and handling

4.1. Data requirement

First task as part of data collection is to pre@aohecklist for data require. Data
checklist has been prepared based on the avalitdvbgure as part of field
preparation. Part of the data is collected by Péd2archer Mr. Ajay K. Katuri.
Required data is categorised mainly in primary sexbndary data. This further
separated out for data which is available and needpgraded or collected during
the fieldwork. The data check list is showrAinnexure 3

4.2. Data collection

As mention previous required data is categoride primary source and secondary
source. As this is part of PhD study most of thenpry data like building foot print
is available. Secondary data related to industmpate and demography is collected
during the field visit.

4.2.1. Primary data collection and description

The on-going PhD research, provided a detailediimgjifoot print for this current
study. The footprint was digitised from the GooBkrth imageries and later the
attribute information was collected through primaryvey. While preparing the
field work plan a need is realised to upgrade thiding foot. The building blocks
are classified into 13 residential, 10 institutibrdaeducational, 10 industrial and
other land uses. Other land uses described areatemal, commercial,
transportation, and others. To estimate buildirtggsk and total population can be
affected with time, same land use classes aredusthb classified. Detail
classification is show id\nnexure 4

During the field work, buildings from Google Eaithage were visited at the
location and verified as shown in Annexure 4-2. ifig information related to
buildings is added as attribute in building foahprRandom checking is also
carried out for the earlier map building. It hagbeealised that available data is
good enough to use it for further analysis. OfltB&663 buildings, about 649
buildings (about 2%) were cross checked / addeddouracy. In most cases, the
data collected was accurate.
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4.2.2. Secondary data collection and description

Secondary data like estate map and industrial remdeaddress are collected from
Guijarat Industrial Development Cooperation (GID6J &ujarat Pollution Control
Board (GPCB). Information related to Major Hazarslédccidental (MHA) unit,
types of hazardous chemical used and maximum saragacity is collected from
the office of Chief Inspector Factories. Data retetto meteorological information
like humidity, wind direction, wind speed and wesatlonditions is collected from
the Indian Metrological Department (IMD) for yedd@ and 2007. Data related to
the accidents in industries is collected from ttaidhal Institution of Occupational
Health (NIOH).

To analyse population at risk, people engaged iiiowa types of commercial
activity, educational activity or recreational adij is collected from AMC.

4.3. Data preparation

Creation of spatial data from various secondaryassiand establishing a spatial
reference was part of data preparation work. Deddlable was not in GIS format.
To bring all data in to same GIS format is alsoaggantask of data preparation.

4.3.1. Updating building foot print

Available building foot print which is prepared wseo update. Google Earth™
data is used for updating building foot print. Oneter spatial resolution image is
downloaded from free image application, Google liF&rt Available image is geo-
referenced based on the vector layer of buildireg fwint. New identified buildings
were digitised using ArcMap9.2, ESRI. Final accetaase map is overlaid on
satellite data as shown in thégure 4-1

4.3.2. Updating building inventory

Updated building is verified by ground survey ftassification. Building foot print
is classified based on its usage i.e residentiatitutional, educational, recreational,
commercial, industry, transportation, and othdris further classified based on its
specific function and construction pattern for geif.

4.3.3. Preparation of estate map

As mention previously, Odhav industrial estategiested for studyk-igure 4-2
showing plot level detail is collected from the @Dvas in AutoCad format. This
map is converted to GIS environment. Geo-referepimone with help of Google

3 Refer annexure 4-1 for detail classification
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Earth™ image. Information related to industry napreduct and location is
collected in excel format which is attach with pietel polygon layer of estate with
unique id of plot number.

= & ooHas

Figure 4-2 : Plot level detail for GIDC Odhav
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5. Hazard assesemnt

Hazards identification and preparation of hazaatgant are the first two stages of
risk assessment of hazards. Risk assessmentiisccaat for Major Accident

Hazard (MAH) units which are identified by Chiespector Factories, Government
of Gujarat. Total 5 out of 42 MAH units in Ahmedabdistrict fall in study area.
Names, address, types of hazardous chemical uskesh@ximum storage capacity
of all 42 MAH industry units are giveAnnexure 2

5.1. Hazard idetification

Hazard identification is the first step in risk @ssment. Industrial hazard, oil spill,
transportation accident are types of the technolddiazards. In this research, study
is limited to potential industrial accidents rethte chemicals. Fire, explosion and
atmospheric dispersion of toxic gases are commpestyf industrial hazards. As
mentioned previously, 5 MAH units are located ia thudy area. Location MAH
units shown ifFigure 5-1: Location of MAH UnitDetails of possible hazards
from those units are listed in Table 5.1.

Legend
|:| Study area boundary

Building blocks

Figure 5-1: Location of MAH Unit
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1 Mr. XYZ1 Itd LPG 18.8 YES YES YES
2 Mr. XYZ2 Itd Parathion- 5.2 YES NO NO
methyl
3 Mr. XYZ3 Itd Parathion- 1.2 YES NO NO
methyl
4 Mr. XYZ4 Ltd | Chlorine 20 YES NO NO
5 Mr. XYZ5 Itd Chlorine 18 YES NO NO

Table 5-1: Possible hazard in study area
These industries are referring by its number onlhis report from this point

forward.

5.2. Consequence scenario

Chlorine and Parathion-methyl toxic chemical anglid Petroleum Gas (LPG)
flammable gases used in the MAH units are critidaments in the study area.
Release of toxic materials has both short and teng effects on the human,
aquatic and wild life. Since emergency responseas objective of the study, only
short term effects on humans are considered faystg the consequences of toxic
release, apart from fire and explosion scenariezaltls followed by leakage of
LPG gas vary according to the surrounding envirammoéleakage area. Possible
scenarios from each industrial unit are listed abl€ 5-2.

Table 5-2 : Possible scenario in study area

Scenario Possible hazards ALOHA
Model
LPG
Not burn Down wind toxic effect Yes
Vapour cloud flash fire Yes
Over pressure (Blast force) from vapour Yes
cloud
Burn asjet fire Thermal radiation Yes
BLEVE (If tank failure) Yes
Toxic effect of fire by product No
Burn asfire ball Thermal radiation Yes
Hazard fragments from by product No
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Down wind toxic effect from by productf No

Parathion-methyl Down wind toxic effect Yes
Chlorine Down wind toxic effect Yes

From Table 5-2 it is clear that all possible hagardthe study area can not be
predicted by ALOHA model. Due to time constraimsly consequence analysis is
carried out for likely threatening events.

5.3. Consequence analysis

The second step after hazards identification isequence analysis for risk
assessment method. Estimation of area that ig/lthebe affected from the
identified hazards and assessment of the levedw#rgty at the end point is a part of
consequence analysis. Dispersion behaviour of sgydses depends on release
chemical properties and weather conditions atithe bf the accident. To find
predominant weather conditions, meteorological déthe last three year (2004,
2005 and 2007) is analysed.

5.3.1. Weather conditions

Dispersion behaviour of release chemical or gaspemntls on release time weather
condition. Weather parameters like wind speed, wdinection, air temperature,
cloud cover, ground roughness and relative humaligyrequired inputs in ALOHA
model. Humidity value of 60% and temperature of@& used for study, since
these are the average values for the entire yeaur@ roughness is assigned a
constant value of 0.7 for urban areas accordif§OHA guidelines. Cloud
conditions are clear during summer, winter andlpartmonsoon also. For analysis,
cloud conditions are assumed to be clear for eeehasio.

Wind directions and speed change frequently wi¢hiday also, and hence it cannot
be assumed constant through out the year. To antilgswind data a free available
software WRPLOT view is used. Three year data theear 2004, 2005 and 2007
were analysed.

Frequency distribution for wind speed (WS) v/saviirection (WD) is shown

Wind rose diagram prepared by WRPLOT view is shawfigure 5-2

And frequency distribution is shown Trable 5-3

Most predominate weather situation is wind spe@dm/s blowing from
NW direction( 9.1%) followed by wind speed 2-3 rblswing from SW
direction (8.7/% ) and wind speed 1-2 m/s blowirant NE (7.9 %).
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Analysis for all assumed scenario which is disdugker are carried out for
all three weather condition

Year 2004, 2006 and 2007

wind Rose Diagram : Ahmedabad City

Wind Speed
Direction (blowing from)

justrial Risk Assessment for
ind Emergency Response:

WIND SPEED
(mis)

I - 60

Planning ar
case of Ahmedabad

1418 hrs. 19.75%

1.83m/s

International Institute for
Geo-information Science and
Earth Observation (ITC,
Netherlands)

Dushyant Desai

—
—
et e e cams: 1075
Figure 5-2: Wind rose diagram for year 2004, 2005ral 2007
Wind Speed/Wind 1.0-2.0 20-3.0 3.0-5.0 5.0-6.0 >= 6.0 Tota
direction
N 4.3018 1.4104 0.141 0 0 5.8533
NE 7.969 3.6671 0.4231 0 0 12.05p2
E 3.5261 2.0451 0.9873 0.0705 0 6.62P1
SE 0.7757 0.6347 0.07058 0 0 1.481
S 0.9168 0.5642 0.4231 0.2821 0 2.1862
SW 5.0776 8.7447 6.0649 1.5515 0.9168 22.3554
W 4,725 4.2313 3.244 0.3526 0.2116 12.7645
NW 9.0973 5.3597 2.3272 0.0705 0.0705 16.9252
Total 36.3893| 26.6572| 13.6811 2.3272 1.1989 80.2539

Table 5-3: Wind frequency distribution Frequency dstribution wind

Frequency of Calm Winds: 19.75%
Average Wind Speed: 1.83 m/s
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5.3.2. Worst case scenario

Since entry was forbidden in places where hazardmisrial is stored, certain
conditions were assumed for analysis of worst Sdnacenario.

» Large amounts of hazardous materials stored inglesvessel

» All release of hazardous material takes place @iyt level

»  For first 10 minutes, release is at ambient pressur

* Unstable wind conditions
To study consequence effects of all identify pdsditazards in study area (Table
5-2), a number of scenarios are analyzed. Theggaranditions of chlorine and
parathion methyl are not known. So the releasessraed as direct sources from
storage container. All scenarios are discussetdurt

Scenario for LPG

Case 1:

Leakage takes place from 1.5 inch valve till thetamer is emptied and it does not
come in contact with another ignited source.

Case 2:

Leakage takes place from 1.5 inch valve till camtaiis emptied and the gas burns
as jet fire.

Case 3: Leakage takes place from 1.5 inch valveshndomes in contact with the
ignited source after 20 minutes resulting in taxilesion (BLEVE).

Scenario for Chlorine

Case 1: Leakage takes place from 1.0 X 0.5 incé tibthe container is emptied.

Case 2: Leakage takes place from direct sourc@Cd grams/sec for 30 minutes.

Scenario for Parathion-methyl

Case 1: Leakage takes place as direct source atgs@éns/sec for 15 minutes.

Case 2: Leakage takes place as direct source ajrafs/sec for 30 minutes
5.3.3. Weather condition for consequence analysis

CASE 1: Wind: 1.5 meters/second from NW at 3 meters
CASE 2: Wind: 2.5 m/s blowing from SW at 3 meters
CASE 3: Wind 1.5 m/s blowing from NE at 3 meters

Ground Roughness: urban or forest  Cloud Cd¥éenths
Air Temperature: 36° C StabilityaG$: B
No Inversion Height Relative Hidity: 60%
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This weather is used to model all consequence sisalyAbove mention scenario for
all three chemical are as follows.

5.4. LPG Hazard foot print

Liguefied petroleum gas is a mixture of hydrocarlgases. It is primarily a mixture
of Propane (CAS # 74-98-6)and Butane (CAS # 106-97-8). The usual mix
comprises of propane (60%) and butane (40%), ththighs dependent on the
weather. In winter propane concentration is higiiile in summer butane
concentration is higher.

In this study area, Industry 1 has maximum storzgeacity of 18.8 tonnes of LPG.
Storage details are not available, and hence éowtbrst case, it is assumed that
LPG is stored at ambient temperature in a singlk. tor the purpose of analysis,
the LPG is considered to be solely consisting op@ne. This assumption is
justified because the propane has the lower flaght - 104°C) among the mixture
of propane and butane; and such an analysis waaldde conservative results.

5.4.1. LPG Scenario 1

Leak from short pipe or valve in horizontal cyliredl tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 3 meters anK Length: 5 meters
Tank Volume: 35.3 cubic meters

Tank contains liquid Internal Temperature: 36° C
Chemical Mass in Tank: 18 tons TanR8% full

Circular Opening Diameter: 1.5 inchesOpening is 0 meters from tank bottom

Hazards foot prints are prepared for first two prathant wind conditions where
wind speed is 1.5 and 2.5 m/s from NW and SW daatespectively. For the third
predominate condition, wind speed 1.5 m/s from N&zards foot print is likely to
be out side the study area, and hence consequealysia is not carried 1.
Hazards foot print prepared by ALOHA is shown igutiie 5-3. Figure 5-4 depicts
the first two predominant wind conditions. The fesare listed in Table 5-4.

4 Chemicals are often identified by their uniquee@ical Abstract Service (CAS)
Numbers
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Wind Direction | Wind Speed Distance in km
m/s AEGL1® | AEGL2® | AEGL3’
NE 15 0.247 0 0.095
SW 25 0.2 0.2 0.2

Table 5-4 : Effective distance for LPG hazards foscenario 1.

Note:

Acute Exposure Guideline Levels (AEGLSs) are Tox@vels of Concern (LOCSs)
that can be used in ALOHA to predict the area wizet@xic gas concentration
might be high enough to harm people. The AEGLwarer development by the
National Research Council's National Advisory Cotteal on AEGLS. More details
is available at http://www.epa.gov/oppt/aegl/indm

5.4.2. LPG Scenario 2

Leakage from 1.5 inch valve in horizontal cylindditank till its gets emptied and
burnt as a jet fire.

Effect of weather condition is negligible for tlisenario, and a consequence
analysis is carried out for wind speed of 1.5 ns#tercond from NW at 3 meters
height.

Flammable chemical is burning as it escapes frark ta

SOURCE STRENGTH

Tank Diameter: 3 meters Tank Len§tmeters
Tank Volume: 35.3 cubic meters  Internal Tempera 36° C
Tank contains liquid Chenhigkass in Tank: 18 tons

Tank is 98% full
Circular Opening Diameter: 1.5 inches
Opening is 0 meters from tank bottom

® AEGL-1: The airborne concentration of a substaatoeve which it is predicted
that the general population, including susceptfibdividuals, could experience
notable discomfort, irritation, or certain asymp#iim non sensory effects.
However, the effects are not disabling and aresteamt and reversible upon
cessation of exposure.

® AEGL-2: The airborne concentration of a substarkeva which it is predicted
that the general population, including susceptfibdividuals, could experience
irreversible or other serious, long-lasting advérsalth effects or an impaired
ability to escape

" AEGL-3: The airborne concentration of a substaatweve which it is predicted
that the general population, including susceptibdividuals, could experience life

threatening health effects or death.
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Hazard foot print for LPG scenario 2 prepared byOMA is shown in Figure 5-5.
LPG will burn as jet fire for 31 minutes after ra¢e under assumed situation.
Maximum rate of burn is 586 kilograms/min. Total320 kilograms amount will
burn in 31 minutes. As per Acute Exposure Guidelieeels (AEGLS) it is
predicted that the extents of yellow threat AEG2D kW/(sq m) = pain within 60
sec) is predicted to extend for more then 28 metamnge threaten zone AEGL 2
(5.0 kW/(sq m) = 2nd degree burns within 60 sepré&licted to extend for more
then 18 meter and red threaten zone AEGL 3 (10.0d¢y\n) = potentially lethal

5.4.3. LPG Scenario 3

SOURCE STRENGTH

Leakage from 1.5 inch valve comes in contact withignited source after 20 min
resulting in tank explosion involving 100 % mas&EYE).

Flammable chemical tank explosion when it escapes fank

Tank Diameter: 3 meters Tank Len§tmeters
Tank Volume: 35.3 cubic meters
Tank contains liquid Internal Tenature: 36° C

Chemical Mass in Tank: 18 tons Tank is 98fo

Circular Opening Diameter: 1.5 inches

Opening is 0 meters from tank bottom

As effect of weather condition is negligible forslscenario, a consequence analysis
is carried out for Wind speed 1.5 meters/seconeh iV at 3 meters height.
Flammable chemical tank explosion when it escagmen fank

GAS : LPG (Case-1)
Wind: 1.5 meters/second
THREAT ZONE:

Threat Modeled: Flammable Area of Vapor Cloud

Model Run: Heavy Gas

Red :95 meters --- (12,000 ppm = 60% LEL = Flame Pockets)

Yellow: 247 meters --- (2,000 ppm = 10% LEL)

~

Wind Direction

Key Map

4
Legend Y
=
iiding blook
Mmoo 0 100 200 300
— $tstors L] Studhared bondary

Figure 5-3 : Hazard foot print for LPG: Scenario 1(CASE 1)
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GAS : LPG (Case-1)
Wind: 1.5 meters/second
THREAT ZONE:
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Heavy Gas
Red : 95 meters --- (12,000 ppm = 60% LEL = Flame Pockets)
Yellow: 247 meters --- (2,000 ppm = 10% LEL)
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Figure 5-4 : Hazard foot print for LPG: Scenario 1(CASE 2)

GAS LPG (Case - 2}
Wind: 1.5 meters/second from N at 3 meters

THREAT ZONE
Threat Modeled: Thermal radiation from jet fire

Red 13 meters — (10.0 kWi{sq m) = potentially lethal within 60 sec)
Orange: 18 meters -— (5.0 kW/(sq m) = 2nd degree burns within 60 sec)
Yellow: 28 meters —— (2.0 kMy#(sq m} = pain within 80 sec)

Wind Direction

[Effect

Discamfort, Irritation, Certain
asymptomatic nonsensal
longHlasting adverse health
effects or an impaired ability

to escape

lite-threatening health effects
or death

Possiblility of change in wind
direction

Study area boundary 5 125 0 P
ey —
Building blocks Meters

Figure 5-5 : Hazard foot print for LPG: Scenario 2
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SOURCE STRENGTH

Tank Volume: 35.3 cubic meters

Tank contains liquid Internal Temperature: 36° C
Chemical Mass in Tank: 18 tons Tan@8% full

Circular Opening Diameter: 1.5 inches Openin@ iseters from tank bottom

Hazard foot print prepared by ALOHA shownFfigure 5-6 LPG will burn for 10
seconds. As per Acute Exposure Guideline LevelBGRBs), yellow threat AEGL 1
(2.0 kW/(sgq m) = pain within 60 sec) is predictecektend for more then 703
meters. Similarly, orange AEGL 2 (5.0 kW/(sq m)rddiegree burns within 60
sec) threat is predicted to extend for more thHehreters, while red threat AEGL
3 (10.0 kW/(sg m) = potentially lethal within 60c3és predicted to extend for more
than 320 meters. Fire ball diameter is 147 mdtera the source to the down wind
direction (SW).

5.5. Chlorine hazard foot print

Chlorine is the non-metallic chemical element of$Aumber 7782-50-5. Itis a
greenish yellow gas with a strong suffocating odidis not flammable, but is toxic
if inhaled. Chlorine is widely used for water gigétion and for preparation of
many compounds. Two industrial industry 4 and sidu5 use chlorine as raw
material. They have a maximum storage capacityddbfnes and 18 tonnes
respectively.
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Hazard Foot Print

Wind: 1.5 meters/second

THREAT ZOMNE:

Chemical : PROPEN {Case - 3)

Threat Modeled: Thermal radiation from fireball
Red 320 meters -— (10.0 K¥W/(sq m) = potentially |ethal within 60 sec)
Orange: 452 meters --- (5.0 KA¥{5q m) = 2nd degree burns within 60 sec)
Yellow: 703 meters - {2.0 KWW(sq m) = pain within 60 sec)

Wind Direction

Key Map

Discomfart, Irritation, Certain
asymptomatic nonsensol
long-lasting adverse health
Legend effects or an impaired ability
to escape
:l Study area boundary life-threatening health effects
N building blocks or death
[ 280 125 0 260 s00 Possiblility of changs in wind
\ —— ] direction

Figure 5-6 : Hazard foot print for LPG: Scenario 3

5.5.1. Scenario 1 Chlorine
Leakage from hole size 1 X 0.5 inches till the ieaittank gets emptied.
Industry 4 in study has maximum storage capacit®ofonnes and industry 5 has
maximum storage capacity of 18 tonnes. In thisaderHazard modeling is done

for Shyam Chemicals Pvt. Ltd

SOURCE STRENGTH

Tank Diameter: 4 meters Tank ltlng meters

Tank Volume: 25.1 cubic meters  Internal Terapee: 36° C

Tank contains liquid ChealiMass in Tank: 20 tons
Tank is 52% full Opening is 0 meters from tdnattom
Opening Length: 1 inches Openinglihi 0.5 inches
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Hazards foot print prepared by ALOHA for chlorimeic gas release under the
assumed scenario 1 for all three predominant wamdlitions is shown in

CASE 1: Wind: 1.5 m/s blowing from NW N
CASE 2: Wind: 2.5 m/s blowing from SW \
CASE 3: Wind 1.5 m/s blowing from NE

Legend

[ =tudy area boundary

Building block

/ CASE1 CASE2 CASE3
AEGL1

N .
4
confidence [ | [ ] []

Note : Detail of AEGL Refer Note 6, 7 and 8

AEGL2

AEGL3

Kilometers
1} 2

Figures-7. Effective distance at the end point is listedisted in

wind Wind Distance in km
Direction Speed
m/s AEGL1 | AEGL2 | AEGL3
Casel NW 1.5 2.6 7.8 > 10
Case 2 sSwW 25 2.1 6.7 >10
Case 3 NE 1.5 2.6 7.6 > 10

Table 5-5 : Effective distance for chlorine hazard$or scenario 1

5.5.2.

Scenario 2 Chlorine

Leakage takes place for 10 min as direct sourcatatof 1000 grams/sec.

In this scenario hazards modeling is done for $tiud where maximum storage is

20 tonnes.

SOURCE STRENGTH:

Direct Source: 1000 grams/sec
Release Duration: 10 minutes

Source Hegh
Release Rate: 60rkitog/min
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Total 600 kilograms chlorine will be released inrhihutes. This chemical may

flash boil and/or result in two phase flow.
In this scenario, hazard modeling is done for PeEkterprises Pvt. Ltd.

Hazard foot print prepared by ALOHA for chlorinii gas release under
the assumed scenario 2 for all three predominamd wonditions is shown

Effective distance at the end point is listed igufe 5-8

Wind wind Distance in km
Direction Speed
m/s AEGL1 | AEGL2 | AEGL 3
Casel NW 15 0.824 2.7 5.1
Case 2 SW 2.5 0.628 2.1 4.3
Case 3 NE 1.5 0.824 2.7 5.1

Table 5-6 : Effective distance for chlorine hazard$or scenario 2

CASE 1: Wind: 1.5 m/s blowing from NWW N
CASE 2: Wind: 2.5 m/s blowing from SW \
CASE 3: Wind 1.5 m/s blowing from NE

Legend
[ Study ares boundary

Building block

/ CAZE1 CASEZ CASE3
AEGLA1

oLz
AEGL3 B
confidence ][] [_]

Nate - Detail of AEGL Refar Note 6, 7 and 8

Figure 5-7 : Hazard foot print for chlorine: Scenario 1

5.6. Parathion-methyl

Parathion- Methyl is a white crystalline solid dik&d in a liquid solvent carrier.
The commercial product is a tan liquid (xylem s} with a pungent odour. It is
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slightly soluble to insoluble in water. If it comn to the direct contact with
humans, it can affect the central nervous systémodh heart, liver and eyes.

CASE 1: Wind: 1.5 m/s blowing from NW N
CASE 2: Wind: 2.5 m/s blowing from SW A
CASE 3: Wind 1.5 m/s blowing from NE
Legend
[ Study ares boundary
Building blocks
CASE! CASE2 CASE3
AEGL1
sz [
AEGL3 B
Kilometers Confidence [ [ []
2 i}
L 1 Note : Defail of AEGL Refer Note 6, 7 and 8

Figure 5-8 : Hazard foot print for chlorine: Scenatio 2

Industry 2 has industry 3 in study area (Odhav GIth maximum storage
capacities of 5.2 tonnes and 1.2 tonnes respegtiVie plant with the capacity of
5.2 tonnes (Industry 2) is selected for analysizalgsis is done for same weather
condition as previous case (5.3.3 pg 36) with thiakt frequent wind speed at 1.5
m/s from NE direction throughout the year.

5.6.1. Scenario 1: Parathion- Methyl

Leakage of Parathion- Methyl takes place from disetirce at rate of 1000

SOURCE STRENGTH

grams/sec for 10minutes.

Direct Source: 5000 grams/sec Source Heght
Release Duration: 10 minutes

Release Rate: 300 kilograms/min

Total Amount Released: 3,000 kilograms
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Hazard foot print prepared by ALOHA for parathiomethyl release under the
assumed scenario 1 for all three predominant wamdiitions is shown ifrigure
5-10.Effective distance at the end point is listed @ble 5-7

Hazard Foot Print (Scenario 1 : Parathion - Methyl) N
CASE 1. Wind: 1.5 m/s blowing from N
CASE 2 Wind: 2.5 m/s blowing from S¥y
CASE 3 Wind 1.5 mis blowing from NE
Legend
Building blacks
[ study area boundary
CASE1 CASE2 CASE3Z
«crz [
LS 777
Kilomsters confidence | [ [

Figure 5-10
Figure 5-9 : hazard foot print Parathion- Methyl Case 1

Wind Wind Distance in kms

Direction Speed

m/s AEGL1 | AEGL2 | AEGL 3

Casel NW 15 1.2 2.2 5.1
Case 2 SW 2.5 0.628 2.1 4.3
Case 3 NE 15 1.2 2.2 5.1

Table 5-7 : Effective distance for parathion - metkl hazard scenario 1

5.6.2. Scenario 2 Parathion- Methyl
Parathion- Methyl leakage takes place a from diseatce at rate of 100 kg/min for

30 minutes.

SOURCE STRENGTH
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Direct Source: 100 kilograms/min Source Heigh
Release Duration: 30 minutes

Release Rate: 100 kilograms/min

Total Amount Released: 3,000 kilograms

Hazard foot print prepared by ALOHA for parathiomethyl release under the
assumed scenario 2 has same weather conditiohe psevious three and is shown
in Figure 5-11 Effective distance at the end point is listed able 5-8

Table 5-8 : Effective distance for parathion - metll hazard scenario 2

Wind Wind Distance in kms
Direction Speed

m/s AEGL1 | AEGL2 | AEGL 3
Casel NW 15 3.8 1.4 0.628
Case 2 SW 2.5 3.0 1.1 0.551
Case 3 NE 15 3.8 1.4 0.628

Hazard Foot Print (Scenario 1 : Parathion - Methyl)

CASE 1. Wind: 1.5 m/s blowing from My
CASE 2 Wind: 2.5 m/fs blowing from S
CASE 3 Wind 1.5 m/s blowing from NE

Legend
Building blocks

[ study srea boundary

CASE1 CASE2 CASE3

AEGL2

B
AEGLI B
Confidence [ [ ] [_]

Figure 5-10 : Hazard foot print for Parathion- Methyl: scenario 1

47



Hazard Foot Print (Scenario 2 : Parathio

CASE 1 Wind: 1.5 m/s blowing from Ny
CASE 2 Wind: 2.5 mis blowing from S
CASE 3: Wind 1.5 m/s blowing from NE

Kilometers

n

- Methyl)

AEGL1

AEGL2

AEGL3

Legend
[ siwdy area boundary

CASE1

B N
confitence ][] [

Building blocks

CASE2 CASE3

Figure 5-11 : Hazard foot print for Parathion- Methyl: scenario 2

5.7.

Result

This chapter describes hazards identification acutation of end distance point as
per AEGLs guide line for selected scenarios usih@BA model. The analysis is
carried for three most predominant weather conastiof year (2004, 2005 and
2007). Calculated effective distance under varleusls of AEGLs is listed in

Table 5-9
Calculated End Point Distance {km)
WD WS [Yellow zone | Orange Zone | Red Zone
Industry |Chemica Scenario AEGL 1 AFEGL 2 AEGL 3
ME [ 1.5 0.247 a 0.095
ndustey 1 LPa ot h”m_ SWv| 2.5 02 02 0z
LPG Burn as jet fire [MNW[1.5 0.028 0.018 0.013
LG Explostion ME [ 1.5 0.703 0.452 0.147
NW | 1.3 =10 T8 26
Industry 2 |Chlorine i:fage from  oas > 10 6.7 21
HE | 1.5 =10 Th 26
. NW | 1.3 0.224 a7 3.1
Industry 3 |Chilotine ];zi‘:eg: as ditect o2 s 0628 21 43
HE | 1.5 0.224 a7 51
Parathion. Leakage at 1000 MW 1.5 1.2 22 3.1
Industiy 4 methyl gramsSsec for B 25 0.628 21 43
10tnin NE | 1.5 1.2 232 5.1
Parathion. Leakage at _rate MW |15 32 1.4 0.628
Industey 5 methyl of 100 kgdmin |97 2.5 3 1.1 0.551
for 30 min NE | 1.5 38 1.4 0.628

Table 5-9 : Effective distance of industrial hazard
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6. Vulnerability Assessment

In general for quantification purposes degree sf lim a given element at risk is
defined as vulnerability (Katuri, Sharifi et al.@8). However a working definition
of vulnerability is provided by Plers Balaik whofithes it as “characteristics of
person or group in terms of their capacity to apéte to cope with resists and cover
from the impact of hazards”. Some groups in socegymore prone than other
groups. Concept of vulnerability clearly involvearying magnitude from high to
low level vulnerability. These groups could be lihsa the economic class, caste,
ethnicity, gender, disability, seniority, age aeda.sEffect of inhalation of toxic gas
could depend on age of person. Children under agmbare likely to be more
affected than an adult. Taking this into consideratthe total population in study
area is distributed according to age. Vulnerabdggessment is limited to human
beings in this study.

6.1. Population distribution

Total area of Ahmedabad city is approximately 18G§.km., which is managed by
Ahmedabad Municipal Corporation (AMC). The surroungdurban jurisdiction area
has been developed by Ahmedabad Urban DevelopméhbAty (AUDA). This
area is much greater then AMC limit area. AMC dsedivided in to 43 municipal
wards for administrative purposes. Municipal agfuither divided in to 147 TAZ
levels for transportation planning of the city. pRtation and traffic behaviour data
is available at TAZ level which is the smallest ipigyg unit available for the city.
Part of the city taken as study area covers 20 TA#al population with in this area
is 64, 6919. Main objective of population vulnetipiassessment is to estimate the
precise number of people in all age groups at idiffetimes that are likely to be
affected if a particular identified event takesgalaTo achieve the higher accuracy,
population distributions is done at building lefreim the smallest available
mapping unit TAZ.

There are 38,663 buildings in the study area. Thefidings are classified mainly
in two categories to estimate the distribution wfriber of people within these
buildings at different time. The first categoryésidential, while the second
comprises of institutes, commercial, industrialyeational and all others combined
together. Total 34,729 buildings are in resident&egory which accounts for 92 %
of the total buildings in study area. There are tillage settlement within the city
area which is taken as single unite because ittipoassible map individual building
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separately. Population distribution is conductely dor the residential buildings for
night time (8:30 PM to 7 AM) and day time (7 AM2d°PM).

Study conducted by (Singh 2005) shows that in Imdiantext, around 2 % of the
population is away from their house during the higghe. These may be people
working in night shifts, like the security guard® simplify calculations, it is
assumed that during the night time, total popufatitays at home. This is because
the study area is a core business district surredibg Odhav industrial estate.
Built up area is a key criterion for distributiohmopulation in residential buildings.
Built up area is derived from high resolution siteedata (Google Eartht"), while
the number of floors and types of buildings is at@t from the field survey as part
of PhD research titled>evelopment of Spatial Planning and Decision Support
Systems for Urban Risk Reduction” by Mr. Ajay K. Katuri. Population details are
available at TAZ level which are further disaggregiin to gender, workers and
different age categories from wards level censtis. da

6.2. Calculation of population in individual buildings:

Population in each building is calculated in a szmpe of following four steps.
1. The total floor area for each building is calcuthte the basis of the
following formula:

Total floor area for TAZ =
Traffic Analysis Zone (TAZ) and Ward Boundary

N D" BLilt Up Area x Number of Floors .....
(A)

2. Population per unit floor area can be
assumed to be same for all classes
of buildings. In general looking at
the Indian urban characteristic
density in slums is higher than other
classes of housing. To overcome
this problem, population distribution
is calculated separately for both
classes of housing.

Population residing in slum areas in each
Legend ward are taken from the census data. From
e . ] warasouncay the building footprint, buildings under the
e ——— e [ ™z Boundary

category R1Annexure 4 are

Figure 6-1 : Study area (ward and TAZ boundary)
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defined as slums. Details of TAZ 158 is shownfrigure 6-2
Figure 6-1 shows that TAZ unit is smaller than advén addition to that boundary
of TAZ and ward is not the same. In that case o2 dould be part of one or even

more than one wards.
Due to this configuration of TAZ, following stepseataken to derive the slum

population at TAZ level.

Building use class for TAZ No 158 : Nikol road N

Legend
Buildinguse Class
-
B ro
| Ll
B Rz
[ RE]
I Ria
-
L
I R
s
I R
=
R
0 I R

Meters For Detail Refer to Annexure : 4

500 260

Figure 6-2 : Land use classification for residentibbuilding

3. Slum population for TAZ (i) =

Z Sum population of ward inwhichTAZ (i)islocated (B)
No of wardsin which TAZ (i) islocated

4. Value obtained from equation (B) is distributedridividual building
based on floor area of each building in followiagltion.
Population/built up =
Sumpopulationof TAZ _ B
Total Floor Areaof TAZ A

5. Population in individual building =
Polpulation x(

: Built Up Area x Number of Floors)--(D)
Built Up
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Using the same steps, population in other categafibuilding from R2 to R12
(Annexure 4is also calculated. Total population of othetegary is derived by
subtraction the slum population from TAZ populatitmequation C the population
in the other category is considered in place ahshopulation. Population
distribution in side the building at night timessown inFigure 6-3. After
distribution total population in study area645,478. The difference 1,441 between
the actual and distribution is because of errageio-referencing in wards boundary
with TAZ boundary.

Number of People : Individual Building
Night Time : 8:30 PM - 7:00 AM }N
Legend
[ 78z Boundary
Population
0-16
1744
45-179
1 05 o 1 | Rt
e = e MR EEES - 498 - 3905
Nate: Assumption taken that during the night tine aiip opuistion stay at home

Figure 6-3 : Population distribution in building at night time

6.2.1. Gender and worker distribution

Estimation of number of males, females and numberookers in individual
building is estimated from the total number of pedp the buildings. Estimation of
working population in residential building is impant, because at office time
working people are not present in the residentiélting and so they are not likely
to be affected if any accident takes place durivag time.

At the level of TAZ, census data only provides filgerres for total population and

no individual breakup on the basis of gender etcpmovided. To estimate the
gender and worker distribution at building levegrd data is first segregated at TAZ
level. Method used in population distribution isalised to segregate the gender
and working population at TAZ level from wards. tikaf male-female and
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percentage of working population from total popiolatat TAZ level is applied to
the individual building. Chances of accuracy aghbr in this way because TAZ is
the smallest mapping unit in the study area. Gedidtribution inside the building
shown in Figure 6-4 pg54 . Worker distribution imen inFigure 6-5pg 54

6.2.2. Age distribution

Age distribution is essential at the building levscause children below 6 years are
more susceptible to greater injuries than adulistedver, school going children are
not present in residential buildings from 8 A.M.2d® .M. If an accident takes place
at that time, this section of population is notlikto be present in the residential
building. 1981 census data is available for makkfemale population under various
categories at the city level. This ratio is apgplie individual buildings after

deriving the gender distribution at building levésl. pg 49).

6.2.3. Temporal variation of population

As mentioned before it is assumed that all peotalg & home during the night.
Workers are not present at home from 7-18 hourdewbhool or college going
students are not present at home from morning fields. Study conducted by
(Singh 2005) shows that in Indian context arour&d92.of non working females are
away from home for maximum 2 hrs during that tiffikis time varies between 9-14
hours. For simplification of distribution, moventaxf non working females during
this time is not considered (Singh 2005).

Number of people in building during daytime (7:0MAo 2:00PM) =

Total population - workers - population below the age 19 year

Population distribution inside the building duridgy time is shown ifrigure 6-6
pg 55

6.3. Population distribution on road

People travelling on the road at the time of actidee more vulnerable than people
in side various buildings. It is thus importanetimate the number of people who
are likely to be affected directly while estimatirgk.

There are 20 TAZ zones in the study area. Origthgestination data collected
under Bus Rapid Transport System (BRTS) projeaséd to conduct traffic
assignment modelling. Total 58715 origin and dhegibn surveys for peak and off
peak hours is carried for Ahmedabad city undeBR&S project. Numbers of
people are entering each TAZ (Attraction trip) ajodhg out (Production trip) from
each TAZ for peak and off peak time is used fos thsk. Traffic assignment study
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is carried out for both peak and off peak hoursuRe obtained from traffic
assignment modeling in Flowmap7.3 software is shmwFigure 6-7 pg 55

Gender distribution : Individual Building

Legend
[ 782 Boundary

Male | Female

000-0.85

I o108

108-1.30

05 o 1 130-1.50

Bl 150200

Figure 6-4 : Gender distribution of population in gde the building

Number of people working : Individual Building

Legend

[ 7a2 Boundary

Number of people

f 05 0 f 123-327
Emlumstsr- 328-748

Figure 6-5 : Worker distribution of population in side the building
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Population distribution at Day time : Individual Building
Day Time :7:00 AM - 2:00 P

Legend
[ 12z Boundary

Day time population
0-7
| ER
42-122
0s 0 1 123-327
e, | 1o meters [ N

Day tim e population:
Tatal population - worker - Schanl going chiliren

1

Figure 6-6 : Population distribution in building at day time

Legend

Off peak time

Number of people on road segment
—— 01227

—— 1228 - 3398

—— 3399 - 5595

e 5547 - T35

e 7737 - 14556

[ stuey srea boundary

Legend

Peak time

Number of people on road segment

— 0-2927

—— 2928- 7494

— 7485 - 11637 2 1 [t} 2

— 11638 - 16525 P S [0 0151875
e 1B5 26 - 27476

Figure 6-7 : Traffic flow along the road
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Fields data is available for some of routes in gtaicka. Comparison between model
output and field data for some of routes indicalbes predicted traffic value is
around 8 % higher. This is because FlowMap7.3 softwises Gravity model which
works on the shortest distance method. This meithadt accurate for accurate
traffic flow assignment but it gives a good idedloW pattern. Flowmap 7.3 is used
in this study since it requires less input inforimatand is user friendly.

6.4. Population vulnerability assesment

After preparing the hazard foot print and populatiistribution, further analysis is
carried out to estimate the number of people likbe affected for hazards. More
people are likely to be affected if the accidertuss during night time.

Hazards foot prints are overlaid on population éistion layer to estimate the total
number of people affected by the individual hazalkisnbers of people that might
needhospital treatment is also (vulnerability of popida) estimatedIn an earlier

study Gurjarhas derived the totalncer risk due to hazardous chemicals in the state
of Gujarat(Gurjar and Mohan 2003). Data from that study iscut® ascertain the
individual health risks for those people who magahbospital treatment. Based on the
given data, the annual risk factor for hospital@aand mortality will be2.45x10° and
8.95x10°respectively.

This value varies with level of hazards. In theserg study, individual health risk is
higher for people who are affected by AEGL3 linhieh the AEGL1. Due to the non
availability of sufficient information, it is asswad to be same for all levels of
exposure. The number of people likely to die amb¢hrequiring hospital treatments
is calculated by the following two formulae respesly:

Number of people likely to be affected Health risk factor for
in all categories from hazards X people needs treatment

Number of people likely to be affected )
in all categories from hazards X Health risk factor for peop|

Number of people that are vulnerable for day aghtiime scenarios are shown in
Table 6-1 and’able 6-2
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No of people

(]
© o w IS o
gl E E| B 2 |_ %
3 e 3 a) 5)/ 0 S |2 8|S <L
< O = = v o | 03
£ @) ) = = < QlzE |5
NW 1.
LPG Not burn > 0 0 0 0
SW 25 | 12 0 0 0
1 Burn as jet
LPG NW 15 0
fire 0 0 0
LPG Explosion NW 15| 7252 1 18 19
NW 1.5 | 566006 51| 1410, 1461
. Leakage
2 Chlorine sSwW 2.5 | 252217 23] 628 651
from hole
NE 1.5 409241 37| 1020 10564
Leakage as | NW 1.5 198661 18| 495 513
3 Chlorine | direct SW 2.5 | 47506 4 118 123
sources NE 1.5 | 521611 | 47| 1300 1346
. Leakage as| NW 15 | 267510 | 24| 667 690
Parathion| .
4 “methvl direct SW 2.5 47075 4 117 122
y source NE 1.5 | 519137 | 47| 1293] 134(
. Leakage as| NW 15 | 216274 19| 539 558
Parathion| .
5 “methvl direct sSwW 2.5 | 30441 3 76 79
y source NE 1.5 451177 40| 1124 11645

Table 6-1 : Vulnerable population (night time scengo)
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No of people

ko)
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£ &) w |l 2|2 |P% z 2 | S
LPG Not burn NW | 15] 0 0 0
1 SW | 25| 10 0 0
LPG jet fire NW | 1.5/ 0 0 0
LPG Explosion| NW| 1.5 248 1 1
NW | 1.5| 34983 87 90
. Leakage
2 Chlorine SW | 2.5| 17060 43 44
from hole

NE | 1.5| 23388
Leakage | NW | 1.5| 12915
3 Chlorine | as direct | SW | 2.5| 3272

sources NE 1.5| 30574
Leakage | NW | 1.5| 17361
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4 | aranion| o direct [SW | 25| 3928 10 | 10
-methyl
sources NE 1.5| 31051 77 80
. Leakage | NW | 1.5| 15319 38 40
Parathion

5 as direct | SW | 2.5| 2996
-methyl
sources NE 1.5| 28090

Table 6-2: Vulnerable population (day time scenarip
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6.5. Summary

The first phase of this chapter describes the esitim of temporal variability of
population in residential buildings in the studgarPopulation density in various
classes (Slum and other) is considered as a keyrder. Origin and destination
(OD) data collected under the BRTS (Bus rapid TpansSystem) is used to
calculate number of people likely to be affectedtmroadside. Population
vulnerability is calculated in last part of thisagiter.Table 6-1lreveals that highest
vulnerable population (1461) arises out of hazaiddustry 2. This is followed by
industry 3 (1346) and 4 (1340). This sequencernsesfor day time scenario as well.
Risk assessment is carried for these hazards farday and night time scenario.
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7. Risk assessment

7.1. Introduction

After completition of hazard identification and npépg of elements at risk, this
chapter deals with risk quantification as the tlardi final phase of study. Risk is
defined “as the expected number of lives lost, gessnjured, damage to property
and disruption of economic activity due to a patac landslide hazard for a given
area and reference period” (Westen 2004). Basedathematical calculations,
“Risk is the product of hazard, vulnerability armbstof the elements at risk”(Westen
2002). It can be define as in terms of formula as

7.2. Risk estimation
Risk= (H xY (VxA ) € )
Where:

H = Hazard expressed as probability of occurrenitieiva reference period (e.g.,
year)

V = Physical vulnerability of a particular type e@iement at risk

A = Amount or cost of the particular elements skie.g., number of buildings, cost
of buildings, number of people, etc.).

To estimate the risk [using formula (1)], the reqdiinput value is H (Probability of
occurrence). Calculating the probability occurreisca very detailed task and
requires an extensive data set which is not aVailf the study area. To overcome
this limitation, a value calculated by Cozzani inRbino, Italy is used for present
study. He has used risk-based approach for calenlaf expected occurrence
frequency of possible accident scenarios for fisiekl sources in Piombino. This
method approach is followed in the United Kingdomd &l etherlands for certain
cases of hazards (Cozzani, Bandini et al. 2008)stdidy for various hazardous
chemical reveals that the frequency probabilitydonstant release of toxic gas
varies from 9.47x10 to 3.03x10°annually. By considering the worst case
scenario, the higher probability value of 3.03%Hhnually is taken for risk
analysis. Probability for occurrence for LPG jeefand LPG explosion is 1.5xF0
and 1.0 x1¥Prespectively. Direction of wind is also importamtcase of toxic
chemical release. Hence percentage of wind dinecsialso considered while
calculating individual risk.
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Second required input [using formula (1)], is V*&hich is the number of
vulnerable people. This has already been deriveders.4, pg 56). Since released
toxic gas scenario have no effect on housing atildibgs, hence the buildings at
risk are not relevant.

Risk estimation is carried out for both day andhhigme. Risk value for time spent
on commuting is also important, since populatiamglthe road will be in direct
contact with hazards. Due to time constraints ac#l bf information, study is not
extended to commuting time scenario.

7.2.1. Risk estimation for night time scenario

As mentioned before, during night time all peopie assumed to be staying at
home. The calculated risk for all possible hazésdisted inTable 7-1 : Risk
value for night time

H VA R
8 c
% ) g g % o o g
= C = —_—

2 |5 3 = z |2¢ 225 |3

o @ S| > o
1 LPG Not burn NW 15 | - 0.9 0 0.0000
SW 25 | 0.0000015 087| 0 0.0000
LPG jet fire NW 15| - 0.9 0 0.0000
LPG Explosion NW 15| 0.000001 0.9 19 0.0040
2 Chiorine | Leakage NW 15 | 0.0000303 0.9 1461 0.0443
from hole SW 25 | 0.0000303 0.87| 651 0.0198
NE 1.5 | 0.0000303 08 1056 0.032p
3 Chlorine Leakage as | NW 1.5 | 0.0000303 0.9 513 0.0156
direct SW 25 | 0.0000303 0.87| 123] 0.003f
sources NE 1.5 | 0.0000303 0.8 1344  0.0408
4 Parathion | Leakage as | NW 15 | 0.0000303 0.9 690 | 0.0209
-methyl | direct SW 2.5 | 0.0000303 0.87| 122 0.003}
sources NE 1.5 | 0.0000303 0.8 1340  0.0406
5 Parathion | Leakage as | NW 1.5 | 0.0000303 0.9 558 0.0169
-methyl | direct SW 2.5 | 0.0000303 0.87| 79 0.0024
sources NE 1.5 | 0.0000303 0.8 116§  0.0358

Table 7-1 : Risk value for night time scenatrio.
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7.2.2.

People staying at home are likely to be affectedendnalyzing the day time

Risk estimation for day time scenario

scenario. Refer (6.2.3 Pg. 53 ) for details of pation distribution according to the
day time scenario.

= ©
o X
> <
@] s R
© 28 @
(] = [0} o
- T = 2g | 8 5 3
2 Q = 8 0 Q © a
2 £ e g5 - 2 >
3 2 8 | e °cg | £8 | S v
£ (@] [9)] = = o o s > > o
NW 1.5 - .
LPG Not burn 0.9 0 0
1 sSwW 2.5 | 0.0000015 0.87 0 0
LPG Burn as jet fire NW 15| - 0.9 0 0
LPG Explosion NW 1.5| 0.000001 0.9 1 0.0000
Loakade f NW 1.5 | 0.0000303 0.9 90 | 0.0025
. eakage from
2 Chlorine hole g SW 2.5 | 0.0000303 0.87 44 | 0.0012
NE 1.5 | 0.0000303 0.8 60 0.0015
. NW 1.5 | 0.0000303 0.9 33 0.0009
3 Chlorine Leakage as direc SW 25
sources . 0.0000303 0.87 8 0.0002
NE 1.5 | 0.0000303 0.8 79 0.0019
_ | Nw 1.5 | 0.0000303 0.9 45 | 0.0012
4 Parathion- | Leakage as direc SW 75 | 0.0000303 08 0 0.0003
methyl sources : : 87 1 :
NE 1.5 | 0.0000303 0.8 80 | 0.0019
. . NW 1.5 | 0.0000303 0.9 40 0.0011
5 Parathion-| Leakage as direc W 75
methyl sources . 0.0000303 0.87 8 0.0002
NE 1.5 | 0.0000303 0.8 73 0.0018

Table 7-2 : Risk value for night time scenario

7.3. Summary

This chapter describdébe calculation ofisk for possible hazards in three most
predominant wind directiond.able 7-hndTable 7-Zillustrates that the predicted
risk to population from industrial hazards is véaw in the study area. Highest risk
to population is from industry 2, followed by indrys3 and 4 respectively for the
night time scenario. Risk value at night time sg@s is much higher than day time
scenario. Possible reasons are discussed in themexter.
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8. Results and conclusions

The main aim of study is to assess the area, bgi#dand population threatened by
industrial accidents in the study area. Hazardsgaat prepared for identified
hazards is described in Chapter 5. Chapter 6 descmapping of elements at risk,
while risk value is calculated in Chapter 7. THisyoter discusses the number of
people and residential building categories whiahlikely to be affected by hazards
in case an event takes place.

The answers of all the research questions are enatmaein the Conclusions section.

8.1. Results

8.1.1. Risk value on population loss

Fire, explosion and toxic gas leakage are thredskof hazards are possible in 5
MAH units in the study area. LPG, Chlorine and B#om-methylare hazardous
chemicals used in these industrial units. Vulnexabdiex for all analyzed scenarios
in various MAH units are shown in Figure 8-1. Riskue for estimated population
loss is shown idrigure 8-1

Risk (People)
o
o
R
L

NE | NW
15| 15

SW
25

NE
15

NwW
15

SW | NW
25 | 15

NW | NwW
15| 15

SwW
25

NE | NwW
15| 15

S
25

NE | NW
15 | 15

SW
25

LPG MAH1 | LPGMAH 2| Chlorine MAH 1 Chlorine MAH 2 Parathion-methy| Parathion-methy|
MAH 2 MAH 2

scenarios

Figure 8-1: Risk value on population loss for nightime scenario

8.1.2. Vulnerable population

If any of the three highest risk events occursnttie number of people likely to be
effected in such a scenario is calculated. Theutations are made both according
to age and gender to enable preparation of riskagement plan for the entire study
area.
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Figure 8-2 : Gender and age distribution of peopldékely to be affected from
hazards at industry 2
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Figure 8-3 : Gender and age distribution of peopldékely to be affected from
hazards at Industry 3
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Figure 8-4 : Gender and age distribution of peopldéikely to be affected from
hazards at industry 4

Figure8-2 - Figure 8-4 reveals that children (1-14 years)raore likely to be
affected compared to other categories, for allsa$dazards. Although hazards at
industry 2 has a higher risk, but number of chitdiikely to affected from hazards
at industry 3 is more than that of industry 2. Reéffie foot notes 5, 6, and 7 on page
number 42 for information on the level of effectelaer AEGL1, AEGL2 and
AEGL3.
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8.1.3. Vulnerable building

Since the three most vulnerable hazards belongetaategory of toxic releases,
there is no direct effect on building structureswéver, the number of residential
buildings falling under affected area in variousdaise categorie®\(nexure 4
are summarised below.

1800 +
1600
1400 +
1200 +
1000 4
800 -
600 -
400 +
200 -
0 i

Number of building

Residential

Figure 8-5 : Categories for building likely to be dfected from hazards at
industry 2

1800 4
1600
1400
1200 4
1000 +
800 -
600 -
400 -
200 -

Number of building

Resitential class

Figure 8-6 : Categories for building likely to be dfected from hazards at

industry 3

Figure 8-5 -- Figure 8-7 indicates that the maxirmumber of buildings likely to be
affected in all three hazards are R1 (Slums) andLB® class housing) followed by
R6 (apartment < 3 floors). Since slums and lowslasusing are more likely to be
affected, we can safely conclude that it is thergmmple who are more vulnerable.
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Figure 8-7 : Categories for building likely to be dfected from hazards at
industry 4

8.2. Conclusion

The study encompasses various likely industriabhde in an urban area, with
reference to Ahmedabad city.

Five industrial units under the MAH category aredted with in the study area.
LPG gas, Chlorine anBarathion-methyl are the main hazardous chemicad in
these industries. Possible hazards from theseichkare jet fire, explosion and
leakage of toxic materials.

ALOHA model which is used in this study is not atiepredict all possible hazards
in the study area. Fire or downwind toxics effaft®yproducts which will be
generated by LPG gas can not be modeled by ALOHali modeling has been
carried out for fire, explosion scenario for LPGlatownwind toxics effect of
Chlorine, Parathion-methyl and LPG for three prephamt weather conditions
(2004, 2005 and 2007).

Population distribution is another major task ia gtudy. Population is distributed
from TAZ to building level separately for slums awtther types of housing.
Difference between the actual population and digted population in the study
area is a mere 0.23% ,which is negligible. Peaplesting on road who directly
come in contact with released hazardous matenialsalculated using Flowmap 7.3
education version. The result outcome indicatesrttaor traffic for peak and off-
peak hour occurs through the North-South corriffégre 6-7. Peak hour time
traffic is higher than off-peak hour by whopping p& cent.
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Risk estimation shows that release of chlorine findustry 2 for a wind speed of
1.5 m/s blowing from NW direction has the highésk (0.0443 people)T his is
followed respectively by release of chlorine framduistry 3 and release of
Parathion-methyl from industry 4 when wind speed.&6fm/s blows from NE
direction.

Risk value calculated in the study is much lessantexpected. Two possible
reasons could be postulated for this.

First, the geographical extent of the hazard ageaLich higher than our study area.
Moreover, only a portion of the study area fallsleinthe possible hazard coverage
map. The total area and population covered by #zaid is much more, but it does
not overlap entirely with our study area. The iséation of our study area with the
hazard coverage being lesser, the extent of aita@pulation falling under risk
category in study area is lesser than the totalijaipn at risk.

The health risk data has been obtained from off@tgistics, which tends to be on
the lower side. This also resulted in the finalifig of vulnerable population being
lesser than anticipated.

In addition, children below the age 14 year areaniikely to be affected by hazards
at industry 4. Vulnerability assessment reveals ploar people staying in slums and
low class houses are more likely to be affected tither housing classes. The
highest risk arises by hazards at industry 2, whitee children are likely to be
affected by hazards at industry 3. People livintpiv class housing or slums are
more likely to be affected by hazards at industry 4

8.3. Limitations of study

* Non working people and people engaged in commeaciality are not
taken into account in the study. Hence the riskdfytime scenario is
lower than that of the night time scenario.

» Level of severity caused by hazard is also depearwethe building
construction materials. Due to the lack of inforimaton the materials used
for construction, it was not considered while ctdting the risk.

* Flowmap 7.3 software used for traffic assignmentetiong uses the
shortest distance method. The shortest distanceatiean not provide
accurate information of people who are travellitapg inner or minor
roads.
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8.4.

Assessment of risk requires very detailed infororatif population, and its
spatial and temporal distribution. However sucloinfation was not
available in study area, and hence it was ignored.

Recommendations

Ground verification of temporal and spatial aspe¢tsopulation
distribution needs to be conducted before embaréimgsk management
plans.

Detail information such as traffic volume survegstof travelling and
vehicle speed if used as an input in Flowmap safivean provide a better
idea of people travelling behaviour.

Numbers of poor people likely to affected is mdience there is an urgent
need to make provisions for free medical facilifieshe study area.

This study can be further extended to prepare a@lddtcity level risk
management plan for Ahmedabad city. However sucittampt would
require information regarding movement of non wogkpeople, people
engaged in commercial activity as well as typebuiliding material.
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Annexure 1 : List of agency working for industrial activity in Gujarat state

Authority

Purpose/clearance

iINDEXTb

For identification of project, project
formulation and counseling on various
Government formalities to set up an
industrial project in Gujarat.

Secretariat for Industrial Assistance

IEM/LOI/LOP

Office of the Development
Commissioner

100% EOU - for automatic approval

Foreign Investment Promotion Board

Foreign equityraval

Concerned DIC or Industries
Commissionerate

SSI No through DIC/incentives
registration/ incentives claim/Govt
land/site clearance/powerloom
registration

Gujarat Industrial Development
Corporation (GIDC)

GIDC Estate: acquiring land, building
plan approval, water connection

Gujarat Pollution Control Board

Clearance from pttin angle —
NOC/consent

Guijarat Electricity Board

Sanction of power, costiraates for
drawing the line and execution for givin
power connection.

Gujarat Energy Development Agency

Non-conventicoairces of energy

Energy & Petrochemicals Departmen

t  Captive power

Gujarat Industrial Investment
Corporation Ltd (GIIC)

Term loan

Gujarat State Financial Corporation
Ltd. (GSFC)

Facliate the fund for industrial activity

Reserve Bank of India

Public issue, automatic aygdrfor
foreign technology, collaboration
agreements

Regional Office of Textile
Commissioner (GOI)

Power loom registration

Commissionerate of Geology &
Mining

Mining of minerals — prospecting
licence/mining lease

Commissionerate of Food & Drug

Administration

Registration from Food & Drug
Administration for manufacturing
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Chief Inspector of Steam, Boiler &

Smoke Nuisance

Boiler Registration

Directorate of Explosives

Storage of explosive mate

Continue from previous from page

Chief Inspector Factories

Handling of hazardousdgefactory
registration

Commissioner of Tourism

Registration of hotels

Milk & Milk Products Board

Registration for milk pducts

Registrar of Companies

Company registration

Registrar of Firms

Firm registration

Gujarat Maritime Board

Port clearance

Collectorate of Customs &
Central Excise

Customs bonding for 100% EQUs located
outside SEZ

Bureau of Indian Standards

Quality registration

Ministry of Environment &
Forests (GOI)

Environment impact assessment

Forest & Environment
Department

Environmental clearance

72




Annexure 2 : List of major hazardous accidental untiin Ahmedabad city

S > %E ; [0} % .5
n | z £ 6 =0 F F o T > m
1 | Advance Petro Ethylene 12 YES YES YES
Chemical oxide
2 | AIMCO Carbofuran 10 YES NO NO
Pesticide
Phorate 30 NO NO NO
3 | Ashima LPG 18.8 NO YES YES
dyecot
4 | Baroda Parathion- 11 YES NO NO
minerals Methyl
Grinding
5 | Bharat Parathion- 5.2 YES NO NO
pesticides Methyl
6 | Bharat Parathion- 1.2 YES NO NO
pesticides Methyl
7 | CHEMET Parathion- 1 YES NO NO
Chemicals Methyl
8 | Dharangadhar Phorate 2 NO NO NO
a Chemicals
9 ENCORE Ethylene 25 YES YES YES
natural oxide
polymers
10 | Ganesh Chlorine 2 YES NO NO
pharmacies
11 | Guijarat Agro | Parathion- 0.5 YES NO NO
Chemicals Methyl
12 | Gujarat Parathion- 0.2 YES NO NO
industries Methyl
Phorate 5 NO NO NO
ENP 1 NO NO No
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13 | Gujarat LPG | LPG 60 NO YES YES
bottling

14 | Guijarat Parathion- 0.5 YES NO NO
Pesticides Methyl

15 | GUICOMSAI | Parathion- 1.75 YES NO NO

Methyl

16 | Hindustan LPG 19 NO YES YES
gum

17 | HPCL POL Motor Spirit 2562
depot

18 | Indian oil Gasoline 6195 NO YES YES
corporation

19 | INDICHEM Parathion- 1 YES NO NO

Methyl

20 | Jay Chloral | Chlorine 12.6 YES NO NO
Chemical

21 | Jayendra Ethylene 13.5 YES YES YES
kumar hiralal | oxide

22 | Karnavati Chlorine 73.8 YES NO NO
Chemicals

23 | Matangi Ethylene 15 YES YES YES
Industries oxide

24 | Mayur Dye Ethylene 12.8 YES YES YES
Chemicals oxide

25 | Meghmani Chlorine 12.6 YES NO NO
organics

26 | Metro dye- Ethylene 21.5 YES YES YES
chem oxide

27 | Pratiksha Chlorine 19 YES NO NO
chemicals

28 | R.K. Item Ethylene 7 YES YES YES
diates oxide
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29 | Rohan Dys Oleum 55 No YES NO
(Sulphar
trioxide)
30 | Sagar drugs Ethylene 21.8 YES YES YES
oxide
31| Shiv Chlorine 22 YES NO NO
Chemicals
32 | Shree chem Chlorine 22 YES NO N(
33| Shyam Chlorine 18 YES NO NO
Chemicals
34 | Sun Chloro Chlorine 15 YES NO NO
chemical
35| Super Parathion 0.4 YES NO NO
Industries
Phorate 4.5
36 | The Arvind Naphtha 3200 NO YES YES
Mill
37 | Vimal Phorate 5 NO NO NO
pesticides
38 | Dintex Ethylene 15 YES YES YES
Dychem oxide
39 | Pioneer Agro | Monodchroto-| 400kg
industries phos
Melathion 500kg
Tech. Forate 200kg
40 | Guijarat krushi| Parathion 500kg YES NO NO
Forate 600kg
41 | Gujarat Super| Hexaconazole| changin
Phosphate
Acipet changing
42 | Anar Chlorine 12.9 YES NO NO

Chemicals
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Annexure 3 : Data required for study

Method of
Type of data collection Source Status
High Resolution Need to be
Building foot print | Satellite data upgrade
Institute Detail
Secondary Data, | AMC, AUDA Field Need to be
School Field Visit survey upgrade
Guijarat state police
housing corporation Need to be
Police station Secondary Data| limited upgrade
Fire Brigade Need to be
Fire bridge Secondary Data| Department upgrade
Hospital Secondary Data Available
Government
Health Center Secondary Datal Health and family Available
Private health care  Secondary Data welfare department Available
Building Usage
Residential Field Visit Field survey Available
Recreational Field Visit Field survey Available
Hotel Field Visit Field survey Available
Government
Office Field Visit Field survey Available
Private office Field Visit Field survey Available
Shopping Center Field Visit Field survey Available
Shop Field Visit Field survey Available
Religious Building| Field Visit Field survey Availéb
Historical
Monument Field Visit Field survey Available
Petrol station Field Visit Field survey Available

Building condition
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Method of

Type of data collection Source Status
Construction
Material Field Visit House hold census Available
Roof condition Field Visit House hold census Avbla
Height Field Visit House hold census Available
Building Age Field Visit House hold census Availabl
Other
Secondary Data, | AMC, AUDA Field Need to be
Open Space Field Visit survey upgrade
Secondary Data, | AMC, AUDA Field Need to be
Community center| Field Visit survey upgrade
Secondary Data, | AMC, AUDA Field Need to be
Food zone Field Visit survey upgrade
Secondary Data, | AMC, AUDA Field Need to be
Vacant Plot Field Visit survey upgrade
Secondary Data, | AMC, AUDA Field Need to be
Market area Field Visit survey upgrade
Infrastructure
Secondary Data, | AMC, AUDA Field
Road Field Visit survey Available
Secondary Data, | AMC, AUDA Field
ESR Field Visit survey Available
Waste water Secondary Data, | AMC, AUDA Field
treatment plan Field Visit survey Available
Drinking water Secondary Data, | AMC, AUDA Field
treatment plan Field Visit survey Available
Industry
Attribute
Industrial Foot Need to be
print Remote sensing Image Interpretation| upgrade
Name of Industry | Secondary Data| Gujarat pollution Not Availal
Types of material control Board, Gujarat | Not Available

handle: Process,

Secondary Data

Industrial Corporation

7
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Method of

Type of data collection Source Status

Storage, transport

Chemical Storage

amount Secondary Data

Built up area Secondary Data Not Available

Final Product Secondary Data Not Available

Hazards Material Secondary Data Not Available

Weather
Metrological

Wind Direction Secondary Data | Department Not Available
Metrological

Wind Speed Secondary Data| Department Not Available
Metrological

Temperature Secondary Datal Department Not Available
Metrological

humidity Secondary Data | Department Not Available

Not Available

Demographic

(Detail at

building Level)

Population at ward

and TAZ level Secondary Data AMC, AUDA Available

Population age

breakup at ward

and TAZ level Secondary Data AMC, AUDA, CensUy alale

Density at

ward/TAZ level Secondary data AMC, AUDA Not avaiab

Built area at

ward/TAZ level Secondary data AMC, AUDA Not avaieb

Secondary Data,

Age break up Field Analysis Filed visit, Census Not Available

Traffic

Traffic volume Secondary Data BRTS Survey Available
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Annexure 4 : Detail land use classification

Land use class Explanation
Residential
1 R1 Make-shift,/ squatter dwelling Slums, tengygrhousing,
unplanned
2 R2 Small, single, low class houses Individuatipstructed,
unplanned
3 R3 Mix low class houses &
(work)shops
4 R4 Row housing Tenements, usually upto 2 floo
5 R5 Row housing, shops/offices in Tenements, usually upto 2 floors
ground floor
6 R6 Apartment buildings < 3 floors Planned buitgin Society 1
7 R7 Appartment buldings with Planned buildings - Society 2
stilts/parking < 3 floors
8 R8 Apartment buildings > 3 floors including graufoor office, etc
9 R9 Appartment buldings with including ground floor office, etc
stilts/parking > 3 floors
10 R10 Single independent houses Societies
11 R11 Banglows with wide open spaces around
12 R12 Hostel, Hotels, Student homes,
Dormitories
13 R13 Pole Houses in Old City Old and sturdy, pdckery
closely, high density
14 R14 Other
Institutional
13 11 Government offices closed to public  Corpanati ward / zone offices
14 12 Government office open to public Post office
15 13 Police station Essential facility for emerggn
response
16 14 Fire brigade Essential facility for emergency
response
17 15 Ambulance service Essential facility for egercy
response
18 16 VS Hospital Essential facility for emergency

response
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11

19 17 Civil Hospital Essential facility for emergan
response

20 I8 Medical care space Doctor's clinic, singlemounits,

21 19 Dispensary, clinic, nursing home Nursing HoMaternity home,
X-ray clinic etc

22 110  Military buildings in Cantonment  Might be utilized for emergency

area response

23  Educational

24 E1 School (primary, kindergarten) includesgaanwadi/balwadi, pre
school, ...

25 E2 School (secondary) excludes studestelx) boarding
houses,

26 E3 School (university, college) exclutiestels, staff quarters

27  Cultural /Recreational / Religious

28 C1 Covered space for cultural activities  Theatimema, museum, libraryj

29 C2 Trade fair, conference center, hall Sporlis bavered sports facility
trade fair

30 C3 Community center Meeting places

31 C4 Religious buildings Temple, church, mosque et

32 C5 Garden / parks / sports field Party plots;rimge plots

33 C6 Cemetery, cremation space

Commercial

34 O1 Mix of shops, offices, workshops Without gabsial residential
components

35 02 Market area Market stalls, in open air

36 03 Shopping malls department stores, super nsark|

37 04 Hotel, motel, resort, with indication of Nfrrooms

38 05 Office Buildings Multi-storey office buildisg

39 Industrial

40 M1  Mix of various small industrial Type of activities might be

activities hazardous

41 M2  Lightindustrial zone Service industries, kairops,
small factories,

42 M3  General Industry Not hazardous

43 M4  Hazardous Industry Possible explosion, fitesic
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release

44 M5  Storage of flammable goods

includes LPG, Cpegrol, diesel,

46 M6  Storage of toxic goods

Type should be mewtion

47 M7  Water treatment plant

Critical facility

48 M8  Sewage treatment plant

Critical facility

49 M9 Power Plant

Critical facility

50 M10 Electricity Distribution Station

Critical ¢dity

51 Transportation

52 T1 Public transport terminal

Railway stations Istation

53 T2 Service station, petrol filling station

Pdsiexplosion, fires

54 T3 Parking area, open spaces

Possible evacuatan

55 T4 Street

56 T5 Main street

57 T6 Highway

58 T7 Square

59 T8 Railway

60 Miscellaneous

61 V1 Unused space

62 V2  Agricultural area

63 V3 Actual use unknown

Inaccessible, secretsible

Source: (Katuri, Sharifi et al. 2006)
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