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Chapter-7 

Additional Studies 
(A) Hazards Analysis & Risk Assessment 

7.1 INTRODUCTION 

Industrial plants deal with materials, which are generally hazardous in 

nature by virtue of their intrinsic chemical properties or their operating 

temperatures or pressures or a combination of these. Fire, explosion, 

toxic release or combinations of these are the hazards associated with 

industrial plants using hazardous chemicals. More comprehensive, 

systematic and sophisticated methods of Safety Engineering, such as, 

Hazard Analysis and Quantitative Risk Assessment have now been 

developed to improve upon the integrity, reliability and safety of 

industrial plants. The primary emphasis in safety engineering is to reduce 

risk to human life, property and environment. Some of the more 

important methods used to achieve this are: 

 Quantitative Risk Analysis: Provides a relative measure of the 

likelihood and severity of various possible hazardous events by 

critically examining the plant process and design. 

 Work Safety Analysis: The technique discerns whether the plant 

layout and operating procedures in practice have any inherent 

infirmities. 

 Safety Audit: Takes a careful look at plant operating conditions, work 

practices and work environments to detect unsafe conditions. 

Together, these three broad tools attempt to minimize the chances of 

accidents occurring. Yet, there always exists, no matter how remote, 

probability of occurrence of a major accident. If the accident involves 

highly hazardous chemicals in sufficiently large quantities, the 

consequences may be serious to the plant, to surrounding areas and the 

populations residing therein. 

7.2 RISK ASSESSMENT 

A three „levels‟ risk assessment approach has been adopted for the M/s. 

Prism Industries Ltd. (henceforth Prism) for their greenfield project 
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located at Survey No. 637/23/A1, Kalamsar village, Tehsil Khambhat, 

District Anand, Gujarat. The risk assessment levels are generally 

consistent with the practices encountered through various assignments 

for medium and large chemical complexes. The brief outline of the three 

tier approach is given below: 

 Level 1 – Risk Screening 

This is top-down review of worst-case potential hazards/risks, aimed 

primarily at identifying plant sites or areas within plant, which pose the 

highest risk. Various screening factors considered include: 

 Inventory of hazardous materials; 

 Hazardous Materials properties; 

 Storage conditions (e.g. temperature  and pressure); 

 Location sensitivity (distance to residential areas/populace). 

The data/information is obtained from plant. The results provide a 

relative indication of the extent of hazards and potential for risk 

exposure. 

 Level 2 – Major Risk Survey (Semi - Quantitative) 

The survey approach combines the site inspection with established risk 

assessment techniques applied both qualitative as well quantitative 

mode. The primary objective is to identify and select major risks at a 

specific location in the plant considering possible soft spots/weak links 

during operation/maintenance. Aspects covered in the risk usually 

include: 

 Process Hazards; 

 Process Safety Management Systems; 

 Fire Protection and Emergency response equipment and programs. 

 Security weakness; 

 Impact of hazards consequences (equipment damage, business 

interruption, injury, fatalities); 

 Qualitative risk identification of scenarios involving hazardous 

materials; 

 Risk reduction measures. 
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Selection of critical scenarios and their potential of damage provide 

means of prioritising mitigative measures and allocate the resources to 

the areas with highest risks. 

 Level 3 – Quantitative Risk Assessment (Deterministic) 

This is the stage of assessment of risks associated with all credible 

hazards (scenarios) with potential to cause an undesirable outcome such 

as human injury, fatality or destruction of property. The four basic 

elements include: 

 Hazards identification utilizing formal approach (Level 2, HAZOP etc.); 

 Frequency Analysis. Based on past safety data (incidents/accidents); 

Identifying likely pathway of failures and quantifying the toxic/ 

inflammable material release; 

 Hazards analysis to quantify the consequences of various hazards 

scenarios (fire, explosion, BLEVE, toxic vapour release etc.). Establish 

minimum value for damage (e.g. IDLH, over pressure, radiation flux) 

to assess the impact on environment. 

 Risk Quantification: Quantitative techniques are used considering 

effect/ impact due to weather data, population data, and frequency of 

occurrences and likely hood of ignition/toxic release. Data are 

analysed considering likely damage (in terms of injury/fatality, 

property damage) each scenarios is likely to cause. 

QRA provides a means to determine the relative significance of a number 

of undesired events, allowing analyst and the team to focus their risk 

reduction efforts where they will be beneficial most. 

Prism Industries Ltd. project is hazardous in nature. The QRA for this 

plant is based on Level 1 and Level 2. Table 2.3 in Chapter 2 gives the 

list of products (and their monthly production capacity) to be 

manufactured in the PRISM project. Table 7.1 gives the bulk storages of 

liquid and gaseous raw materials and their consumption. 

7.2.1 Hazardous Materials Storage 

The solid materials will be kept in bags or drums and will be stored in 

chemicals godowns. The products (liquid or solid) will be packed in drums 

and stored in product godowns as per market demand. 
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In addition PRISM will store fuels mainly Bio fuel (Agro waste) for boiler 

and thermic fluid heater and HSD for D. G. Set (during power failure 

only). HSD stored will be ~ 1 kl (in 200 L drums). Bulk storages of liquid 

hazardous materials are given in Table 7.1 below: 

Table 7.1: Bulk Storage of Hazardous Chemicals 

Sr. 

No. 

Chemical Name State Raw material 

consumption  

(MT/month) 

Storage Capacity 

(MT) 

1 Acetic Acid Liquid 0.8 1.0 HDPE Drum 

2 Acetic Anhydride Liquid 1.1 1.0 HDPE Drum 

3 Acetone Liquid 6.0 3.0 HDPE Drum 

4 Acetonitrile Liquid 1.6 1.0 HDPE Drum 

5 Carbon di-sulphide (CS2) Liquid 0.8 0.8 HDPE Drum 

6 Chloroform Liquid 8.2 10.00 HDPE Drum 

7 Dichloromethane Liquid 23.7 5.00 HDPE Drum 

8 Ethyl Acetate Liquid 13.4 10.0 HDPE Drum 

9 Ethylene Di chloride Liquid 4.5 2.0 HDPE Drum 

10 Iso propyl alcohol Liquid 1.5 1.0 HDPE Drum 

11 Methanol Liquid 19.0 20 Tank 

12 n-Hexane Liquid 0.1 0.2 HDPE Drum 

13 Bromine Liquid/ 

Gas 

4.46 4.0 kg Bottle 

14 N-methyl Benzylamine Liquid 17.1 10.0 HDPE Drum 

15 Phenol Liquid 9.5 5.0 HDPE Drum 

16 Di methyl Formamide Liquid 4.1 4.0 HDPE Drum 

17 Toluene Liquid 14.8 20 Tank 

18 Caustic Soda Lye Liquid 80 20 Tank 

19 Chloro sulfonic acid Liquid 83.4 20 Tank 

20 Ortho Nitrochloro 

Benzene 

Liquid 20.8 5 Drum 

21 Sulphuric Acid Liquid 97.2 15 Tanker 

22 Ammonia Gas Gas 6.4 Cylinder 

Drums capacity ~ 200 liters  

7.2.2 Risk Screening Approach 

Proposed Plant: Risk screening of Prism Industries Ltd. plant was 

undertaken through process study and study of data/information 

provided by Prism. Data of major/bulk storage of raw materials, 

intermediates and other chemicals were collected. MSDS of hazardous 

chemicals were studied vis a vis their inventories and mode of storage. 

Prism plant will be using number of hazardous chemicals and also 

producing organic chemicals – hazardous in nature. The chemicals stored 

in bulk (liquid or gaseous) and defined under MSHIC Rule will be 
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considered for detailed analysis. Many of the PRISM chemicals are 

hazardous in nature. However hazards potential (for damage) of products 

and other materials to plant personnel, environment and off-site area is 

different for different materials. Prism will be using a number of raw 

materials but only 7 are stored in bulk/gaseous and are listed under “List 

of hazardous and Toxic Chemicals” category under MSIHC Rules, 1989. 

The raw materials coming under hazardous category as specified by 

MSIHC Rules, 1989 (including subsequent amendments) is given in Table 

7.2 below: 

Table 7.2: Hazards Analysis – Raw materials (stored in Bulk) 

S. 
No. 

Raw Material S. No & Threshold 
Quantity  

(TQ in MT) as per 
MSHIC Rules 

Chemicals Hazards Potential Remarks 

Sche
dule- 

1, 
Part-

II 

Sche
dule-

2,  
Part-

I 

Sche
dule-

3, 
Part-

I 

Hazards Toxic 

1 Methanol 
CAS No:67-

56-1 

UN No:1230 

 

377 --- --- A colorless fairly 
volatile liquid with a 

faintly sweet 

pungent odour like 
that of ethyl alcohol. 
Highly Flammable; 
Behavior in Fire: 
Containers may 
explode.  

ERPG-1: 200 
ppm 

ERPG-2: 1000 

ppm 
ERPG-3: 5000 
ppm 
IDLH: 6000 
ppm 

Health Hazards:  
Exposure to excessive 

vapor causes eye 

irritation, head- ache, 
fatigue & drowsiness. 
50,000 ppm will 
probably cause death 
in 1 to 2 hrs. 
Swallowing may cause 

death or eye damage. 

2 Bromine  
CAS No:7726-

95-6 
UN No:1744 

84 17 
TQ-

1: 
10 
50 
MT 
TQ-
2: 

500 

MT 

106 
TQ-

1: 
40 
MT 
TQ-
2: 

500  

MT 

Stable. Incompatible 
with reducing agents, 

alkali metals, 
powdered metals, 
steel, iron, copper, 
organic materials. 
Toxicology 
May be fatal if 

inhaled. Highly toxic 

by inhalation, 
ingestion or skin 
contact. Causes 
severe burns. 
Lachrymator. Typical 
TLV 0.1 ppm. Typical 
STEL 0.3 ppm 

-- -- 

3 Toluene        
CAS No: 108-
88-3 UN No: 

1294 
A clear 
colorless liquid 
with a 

characteristic 
aromatic odor. 
Flash point 

40°F 

628 --- --- Flammability: Ignites 
at normal temp.; 
Vapor is heavier than 

air & may travel a 
considerable distance 
to a source of ignition 
and flash back;  

Health Hazard vapors 
irritate eyes and 
upper respiratory 

tract; cause 

ERPG-1: 50 
ppm 
ERPG-2: 300 

ppm 
ERPG-3: 1000 
ppm 
IDLH: 500 

ppm 

--- 
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dizziness, headache, 
anaesthesia, 

respiratory arrest. 
Liquid irritates eyes 
and causes drying of 
skin. If aspirated, 

causes coughing, 
gagging, distress, 
and rapidly 
developing 
pulmonary edema. If 
ingested causes 
vomiting, griping, 

diarrhea, depressed 
respiration. 

4 Caustic Soda 

(Sodium 

Hydroxide) 
CAS No: 
1310-730-2                           

571 --- --- Not flammable; 

Corrosive to metals 

and tissue. 
Hazardous. 

ERPG-1: 0.5 

ppm 

ERPG-2: 5.0 
ppm 
ERPG-3: 50 
ppm 
IDLH: --- ppm  

--- 

5 Chloro 
Sulphonic Acid 
[ClHO3S] 
CAS No:7790-

94-5 
UN No:1754 
UN No: 1823 
A colorless to 
yellow colored 
fuming liquid 

with a 

pungent odor. 

136 --- --- Chlorosulfonic Acid is 
a strong oxidizing 
acid. Reacts violently 
with water, strong 

mineral acids and 
bases, alcohols, finely 
dispersed organic 
matter. Dangerously 
incompatible with 
combustible materials 

ERPG-1: 2.0 
mg/m3 

ERPG-2: 10.0 
mg/m3 

ERPG-3: 30 
mg/m3 

 

--- 

6 Sulphuric Acid   
(50%) 

591 --- --- Flammability: Will not 
burn Health Hazard: 

Extremely hazardous 
– use full protection; 
Reactivity: Violent 
chemical change 
possible 

ERPG-1: 2.0 
mg/m3 

ERPG-2: 10.0 
mg/m3 

ERPG-3:  30 
mg/m3 

IDLH: 15 
mg/m3 

--- 

7 Ammonia 31 2 
TQ-
1: 
60 

MT 

TQ-
2: 

600 
MT 

105 
TQ-
1: 
50 

MT 

TQ-
2: 

500 
MT 

Fire Hazards: (Gas); 
Mixing of ammonia 
with several 
chemicals can cause 

fire hazards/or 

explosions; vapours 
are toxic- irritation 
to eyes and 
respiratory tract. 

ERPG-1: 25 
ppm 
ERPG-2: 150 
ppm 

IDLH: 300 

ppm 

Contact with liquid 
may cause frost bite. 

 

 

Note: 

1. TQ-I: Threshold quantity (for application of rules 4,5,7 to 9 and 13 to 15) 

TQ-II: Threshold quantity (for application of rules 10 to 12) 

S. 
No. 

Toxicity Oral toxicity 
LD50 

(mg/kg) 

Dermal 
toxicity 

LD50 (mg/kg) 

Inhalation 
toxicity 

LC50 (mg/l) 

1. Extremely toxic  >5 <40 <0.5 

2. Highly toxic  >5-50 >40-200 <0.5-2.0 

3. Toxic >50-200 >200-1000 >2-10 
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As detailed in the above table out of 7 hazardous raw materials (gaseous 

or stored in bulk five are toxic liquid and two are toxic gases.  

The gaseous raw materials namely bromine and ammonia are stored in 

bottles & cylinders. None of the products are listed in MSHIC Rules, 1989. 

Note: 

1. Oral Toxicity (OT) in LD50 (mg/kg) 

2. Dermal Toxicity (DT) in LD50 (mg/kg) 

3. Inhalation Toxicity in LC50 (mg/l) [4 hrs.] 

7.2.3 Acute Exposure Guideline Levels (AEGLS) 

 AEGL-3 is "the airborne concentration of a substance above which it is 

predicted that the general population, including susceptible individuals, 

could experience life-threatening adverse health effects or death." 

 AEGL-2 is "the airborne concentration of a substance above which it is 

predicted that the general population, including susceptible individuals, 

could experience irreversible or other serious, long-lasting adverse 

health effects or an impaired ability to escape." 

 AEGL-1 is "the airborne concentration of a substance above which it is 

predicted that the general population, including susceptible individuals, 

could experience notable discomfort, irritation, or certain asymptomatic 

no sensory effects. 

7.2.4 Emergency Response Planning Guidelines (ERPGS) 

The 3 ERPG tiers are defined as follows: 

 ERPG-3 is "the maximum airborne concentration below which it is 

believed that nearly all individuals could be exposed for up to 1 hour 

without experiencing or developing life-threatening health effects." 

 ERPG-2 is "the maximum airborne concentration below which it is 

believed that nearly all individuals could be exposed for up to 1 hour 

without experiencing or developing irreversible or other serious health 

effects or symptoms which could impair an individual's ability to take 

protective action." 

 ERPG-1 is "the maximum airborne concentration below which it is 

believed that nearly all individuals could be exposed for up to 1 hour 

javascript:TextPopup(this)
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without experiencing other than mild transient health effects or 

perceiving a clearly defined, objectionable odor." 

7.2.5 Temporary Emergency Exposure Limits (TEELS) 

TEELs are used in similar situations as the 60-minute AEGLs and ERPGs. 

However, in situations where the concentration varies over time, the 

TEEL developers recommend using a conservative 15-minute time-

weighted average concentration. A chemical may have up to 4 TEEL 

values, each of which corresponds to a specific tier of health effects. 

The 4 TEEL tiers are defined as follows: 

 TEEL-3 is "the maximum concentration in air below which it is believed 

nearly all individuals could be exposed without experiencing or 

developing life-threatening health effects." 

 TEEL-2 is "the maximum concentration in air below which it is believed 

nearly all individuals could be exposed without experiencing or 

developing irreversible or other serious health effects or symptoms that 

could impair their abilities to take protective action." 

 TEEL-1 is "the maximum concentration in air below which it is believed 

nearly all individuals could be exposed without experiencing other than 

mild transient health effects or perceiving a clearly defined 

objectionable odor." 

 TEEL-0 is "the threshold concentration below which most people will 

experience no appreciable risk of health effects." 

 The National Institute of Occupational Safety and Health (NIOSH) 

defines an immediately dangerous to life or health condition as a 

situation "that poses a threat of exposure to airborne contaminants 

when that exposure is likely to cause death or immediate or delayed 

permanent adverse health effects or prevent escape from such an 

environment." 

 The IDLH limit represents the concentration of a chemical in the air to 

which healthy adult workers could be exposed (if their respirators fail) 

without suffering permanent or escape-impairing health effects. 
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7.2.6 QRA Approach 

Identification of hazards and likely scenarios (based on Level-1 and 

Level-2 activities) calls for detailed analysis of each scenario for potential 

of damage, impact area (may vary with weather conditions/wind 

direction) and safety system in place. Subsequently each incident is 

classified according to relative risk classifications provided in Table 7.3. 

Table 7.3: Risk Classification 

Stage Description 

High            

(> 10-2/yr) 

A failure which could reasonably be expected to occur within 

the expected life time of the plant. 

Examples of high failure likelihood are process leaks or single 

instrument or valve failures or a human error which could 

result in releases of hazardous materials. 

Moderate 

(10-2 --10-4/yr) 

A failure or sequence of failures which has a low probability of 

occurrence within the expected lifetime of the plant. 

Examples of moderate likelihood are dual instrument or valve 

failures, combination of instrument failures and human 

errors, or single failures of small process lines or fittings. 

Low  

(<10-4) 

A failure or series of failures which have a very low 

probability of occurrence within the expected lifetime of plant. 

Examples of „low‟ likelihood are multiple instruments or valve 

failures or multiple human errors, or single spontaneous 

failures of tanks or process vessels. 

Minor Incidents Impact limited to the local area of the event with potent for 

„knock – on- events‟ 

Serious 

Incident 

One that could cause: 

 Any serious injury or fatality on/off site; 

 Property damage of $ 1 million offsite or $ 5 million 

onsite. 

Extensive 

Incident 

One that is five or more times worse than a serious incident. 

Assigning a relative risk to each scenario provides a means of prioritising 

associated risk mitigation measures and planned actions. 

7.2.7 Thermal Hazards 

In order to understand the damages produced by various scenarios, it is 

appropriate to understand the physiological/physical effects of thermal 

radiation intensities. The thermal radiation due to tank fire usually results 

in burn on the human body. Furthermore, inanimate objects like 

equipment, piping, cables, etc. may also be affected and also need to be 
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evaluated for damages. Table 7.4, Table 7.5 & Table 7.6 (below), 

respectively give tolerable intensities of various objects and desirable 

escape time for thermal radiation. 

Thermal hazards could be from fires or explosion. Fire releases energy 

slowly while explosion release energy very rapidly (typically in micro 

seconds). Explosion is rapid expansion of gases resulting in rapidly 

moving shock wave. Explosion can be confined (within a vessel or 

building) or unconfined (due to release of flammable gases). 

BLEVE (Boiling Liquid Expanding Vapour Explosion) occurs if a vessel 

containing a liquid at a temperature above its atmospheric boiling point 

ruptures. The subsequent BLEVE is the explosive vaporisation of large 

fraction of its vapour contents; possibly followed by combustion or 

explosion of the vaporised cloud if it is combustible. Thermal hazards 

have been considered for various scenarios including: Fire in inflammable 

chemicals storage tanks. 

Table 7.4: Effects due to Incident Radiation Intensity 

Incident Radiation 

kW/m2 
Damage Type 

0.7 Equivalent to Solar Radiation 

1.6 No discomfort on long duration 

4.0 Sufficient to cause pain within 20 sec. Blistering 

of skin (first degree burn are likely). 

9.5 Pain threshold reached after 8 sec. Second 

degree burn after 20 sec. 

12.5 Minimum energy required for piloted ignition of 

wood, melting of plastic tubing etc. 

25 

 

Minimum Energy required for piloted ignition of 

wood, melting, plastic tubing etc. 

37.5 Sufficient to cause damage to process 

equipment. 

62.0 Spontaneous ignition of wood. 
 

Table 7.5: Thermal Radiation Impact to Human 

Exposure 
Duration 

Radiation Energy 
{1% lethality; 

kW/m2} 

Radiation 
Energy for 2nd 

degree burns; 
kW/m2 

Radiation 
Energy for 1st  

degree burns; 
kW/m2 

10 sec 21.2 16 12.5 

30 9.3 7.0 4.0 
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Table 7.6: Tolerable Intensities for Various Objects 

Sl. 
No. 

Objects Tolerable Intensities 
(kw/m2) 

1 Drenched Tank 38 

2 Special Buildings  
(No window, fire proof doors) 

25 

3  Normal Buildings 14 

4 Vegetation 10-12 

5 Escape Route 6 (up to 30 secs.) 

6 Personnel in Emergencies 3 (up to 30 secs.) 

7 Plastic Cables 2 

8 Stationary Personnel 1.5 

7.2.8 Damage due to Explosion 

The explosion of a dust or gas (either as a deflagration or detonation) 

results in a reaction front moving outwards from the ignition source 

preceded by a shock wave or pressure front. After the combustible 

material is consumed the reaction front terminates but the pressure wave 

continues its outward movement. Blast damage is based on the 

determination of the peak overpressure resulting from the pressure wave 

impacting on the object or structure. Damage estimates based on 

overpressure are given in Table 7.7 below: 

Table 7.7: Damage due to Overpressure 

Sr. 

No. 

Overpressure 

(psig/bar) 

Damage 

1. 0.04 Loud Noise/sonic boom glass failure 

2. 0.15 Typical pressure for glass failure 

3. 0.5 - 1 Large and small windows usually shattered 

4. 0.7 Minor damage to house structure 

5. 1 Partial demolition of houses, made uninhabitable 

6. 2.3 Lower limit of serious structure damage 

7. 5 - 7  Nearly complete destruction of houses 

8. 9 Loaded train box wagons completely demolished 

9. 10 Probable total destruction of houses 

10. 200 Limits of crater lip 

In Prism case explosion probability is remote. 

7.2.9 Toxic Release 

Hazardous materials handled and stored in bulk in PRISM complex are 

hazardous materials (as detailed in Table 7.1) as defined in MSHIC rules 
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and indicated in Table 7.2. Some of these chemicals are stored in bulk 

(in tank farm). Damage criteria: For toxic release the damage criteria 

considered is IDLH concentration (if data are available). In the absence of 

non-availability of IDLH, „Inhalation Toxicity (IT) data for rats‟ are 

considered. „IT‟ data are used for such chemicals, as IDLH are not 

available for these chemicals. 

7.2.10 Acid/Alkali Hazards 

Various hazards that can occur due to the acid and alkali incidents are  

 Skin irritation and corrosive effects after spillage 

 Spill pool evaporation of Sulphuric/Hydrochloric Acid or Caustic lye 

storage tanks catastrophic failure are limited only  

 Catastrophic failure giving rise to spill pool evaporation dispersion up 

to LC50, IDLH and TLV level 

The more hazardous scenario likely is if spilled acid comes in contact with 

metal and hydrogen is generated resulting in fire/explosion hazards.  

Based on the outcome of the risk assessment, following recommendation 

has been made to avoid any risk associated with the storage and use of 

Hydrochloric acid in the plant: 

 Double drain valve will be provided to sulphuric acid storage tank. 

 Full body protection will be provided to operator. 

 Caution note and emergency first aid will be displayed. 

 All employees will be trained for use of emergency first aid. 

 Safety shower and eye wash will be provided in storage tank area and 

plant area. 

 Total close process will be adopted for Sulphuric acid handling. 

 Dyke wall will be provided to storage tank. 

 Tanker unloading procedure will be prepared. 

 SOP will be prepared for Hydrochloric acid handling. 

 Training programme will be conducted for safe handling and 

emergency handling of Sulphuric Acid. 

 In Storage Tank area, reaction with water generating fumes should be 

displayed and avoided. 
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 Suitable extinguishing media-Extinguish with dry powder/sand. DO 

NOT USE WATER. 

 Fire and explosion hazards-Not flammable 

7.2.11 Likely Failure Scenarios 

Considering the hazardous materials bulk storages, few likely failure 

scenarios have been selected after critical appraisal of raw materials and 

storage inventories. Failure scenarios selected are as given in Table 7.8 

below: 

Table 7.8: Different Failure Scenarios 

Sr. No. Scenario Tank Capacity (MT) Remark 

Raw materials 

RM-1  Methanol 20 Tank Toxic 

RM-2  Bromine 4.0 Kg Bottle Toxic 

RM-3  Toluene 20 Tank Toxic 

RM-4  Chloro sulfonic acid 20 Tank Toxic 

RM-5  Ammonia gas Cylinder Toxic 
 

7.3 QUANTITATIVE RISK ASSESSMENT & CONSEQUENCE ANALYSIS 

7.3.1 Preamble 

In the previous section, we have carried out the hazards analysis of the 

Prism existing complex considering various aspects including bulk 

storages of hazardous chemicals, plant process system, plant incidents/ 

accidents records, critical appraisal and discussion at site for soft spots in 

the plant etc. Based on the hazards analysis 5 critical scenarios have 

been selected for QRA and consequence analysis. QRA quantifies 

vulnerable zones for a conceived incident with various levels of severity. 

Consequence calculations for risk assessment are invariably in terms of 

percentage of fatalities but for emergency handling, fatalities are of no 

interest saving lives is the main objectives then. The injury criteria have 

to be agreed in terms of thermal load or toxic concentration versus 

exposure duration in the first instance. 

In consequence calculation, use is made of a number of calculation 

models to estimate the physical effects of an accident (spill of hazardous 

material) and to predict the damage (lethality, injury, material 

destruction and other property damage). 
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The risk assessment modeling can be roughly divided into three groups: 

 Determination of source strength parameters; 

 Determination of consequential effects; 

 Determination of damage or damage distances (with specific severity 

rates) 

7.3.2 Weather Effect 

The effect of ambient conditions on the impact of fire/heat radiation and 

GLC of hazardous/toxic material can be beneficial as well as harmful. A 

high wind (turbulence) can dilute the toxic material while stable 

environment can extend the reach of IDLH or IT (inhalation LC50 rats for 

products) concentration to long distance. Any inflammable gas/vapour 

release in turbulent weather will soon dilute the hazardous gases below 

LEL and thus save the disaster. 

7.3.3 Incidents Impacts 

The identified failure scenarios have been analyzed (Using ALOHA and 

EFFECT Modules) for the impact zones considering damage due to 

thermal and toxic impacts. Similar impacts are considered for expansion 

unit. Each incident will have Impact on the surrounding environment 

which in extreme case may cross plant boundary. The impact zones for 

various scenarios are given in Table 7.9. 

Table 7.9: Hazards Scenario Impact 

Scenario 
No. 

Scenario Impact Zone 
(m) 

Remarks 

Scenario Raw Material 

RM-1  Methanol IDLH < 10 
< 10 

Stability Class D 
1st degree burn 

RM-2  Bromine IDLH ~ 66 
 

IDLH ~ 103 

Stability Class D 
Figure 7.1 

Stability Class  F 
Figure 7.2 

RM-3  Toluene IDLH ~ 11 Stability Class D 

RM-4  Chloro sulfonic 
acid 

AEGL-2  ~  77 
 

AEGL-2  ~  172 

Stability Class D 
Figure 7.3 

Stability Class F 
Figure 7.4 
IDLH  not available 

RM-5  Ammonia Gas IDLH  ~  34 Stability Class D 
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 Figure 7.1 Bromine Spillage & Toxic Impact Zone Stability Class D 

 

 

Figure 7.2 Bromine Spillage & Toxic Impact Zone Stability Class F 
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Figure 7.3: Chloro Sulphonic Acid Spillage & Toxic Impact Zone  

Stability Class D 
 

 

 

Figure 7.4: Chloro Sulphonic Acid Spillage & Toxic Impact Zone  

Stability Class F 

7.3.4 Consequential Impacts 

The consequential impacts from each incident scenarios can be through 

thermal, over pressure wave and toxic route. The damage can be on 
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plant personnel (and neighbouring residents in case incident crosses 

boundary), property and also loss in production. 

7.3.4.1 Thermal and Explosion Hazards 

Incidents involving thermal hazards are mainly due to raw material fire 

(in tank farms). The impact (1st degree burn) is limited to < 10 m only 

(i.e. within plant boundary). However, the consequences can go to worse 

if the incidents lead to domino effect to other tanks. 

7.3.4.2 Toxic Hazards 

Toxic hazards are mainly due to Methanol spillage and other chemicals 

leakage and their impact can cross the plant boundary (if not controlled 

in time). The impact due to Bromine and Chloro sulphonic acid 

(IDLH/AEGL-2) are going up to 103 m/172 m and may cross plant 

boundary. Chloro sulphonic acid can react with water and/or water 

vapour to produce hydrochloric acid, sulphuric acid and heat and can 

have other hazards. 

7.3.4.3 Other Hazards 

The other hazards in the plant include (but not limited to): 

 Other toxic hazards due to acids/other toxic spillages (mainly limited 

to spillage area only). 

 Mechanical hazards due to machines/equipment. 

 Hazards due to individual soft spots like walking casually and noticing 

a pit and falling or colliding/stumbling or slipping (not noticing a wet 

place etc.). 

7.3.4.4 Other Toxic Hazards 

Acid spillage-its impact will be limited to spillage area. The spillage if 

comes in contact with metal parts will produce hydrogen which is highly 

flammable gas. Any person moving in area and getting splash will get the 

injury. In addition the spillage will cause pollution problem. The spillage is 

to be collected and neutralized for toxic contents before disposal. 

7.3.4.5 Commonly recommended control measures 

A number of preventive control measures for hazardous occurrences have 

been analyzed and discussed above. Some more salient points are 

enumerated below: 
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 All storage tanks in the tank farm should be dyked. Other operation 

and maintenance features shall be based on established best safety 

practices. 

 A schedule for preventive maintenance including health survey of all 

plant equipment should be adhered to as far as possible. 

 Ensure the absence of ignition sources in storage area. 

 Ensure placement of fire fighting facilities, such as, carbon dioxide, dry 

chemical powder and foam type fire extinguishers in addition to fire 

hydrant system, at strategic locations. Spill control measures, such as, 

removal of all ignition sources from the spill area and ventilating the 

area as well as soaking the spilled material with paper, towel or mud 

and letting the volatile substance evaporate slowly in a safe area. 

 Compulsory use of protective clothing, non-sparking tools and warning 

signs during critical operations and maintenance. 

 Training/refresher courses on safety information‟s/norms. 

 Eyewash and showers should be put up at strategic places for use 

during emergencies. 

A group of plant personnel should be trained in first aid, rescue, fire 

fighting & emergency control measures. These personnel will form core 

group/emergency squad who will fight the emergency and also act as 

rescue and first aid team. 

In order to ensure communication from isolated places/locations Walkie-

Talkie be made available to persons working in these areas. This will 

considerably improve the effectiveness of emergency management. 

There is no substitute for training-mock drills and these must be held at 

regular interval keeping the following objectives in mind: 

 Real time mock-drill should be carried out for probable/likely 

hazardous situation (after the plant is successfully commissioned). 

 Target to be set up for various tasks and events during an emergency. 

 Weak links should be marked and corrective action taken to improve 

effectiveness during emergency. 
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 PRISM team already understand the implication and hazards in 

fertiliser industry and has implemented most of the measures in the 

sister organisation existing plants. 

7.3.5 Occupational Health and safety  

Occupational Health and Safety (OHS) are of prime importance more so 

in hazardous industries. Industries have various types of hazards and 

QRA is carried out to understand the hazards potential from various 

incidents. Pre-emptive steps can be planned to safeguards from likely 

causes. Some of the Frequent causes of accidents. 

 Fire and explosion: explosives, flammable material 

 Hazards from Toxic Materials 

 Mechanical Hazards such as: 

o Being struck by falling objects 

o Caught in between machine parts  

o Snapping of cables, ropes, chains, slings 

o Handling heavy objects 

 Electricity Hazards 

o Electrocution 

o Short circuits and consequential fire. 

o Poor illumination etc. 

 Other Hazards: 

o Falls from height inside industrial units or on the ground 

o Struck by moving objects; Slipping on wet surfaces 

o Sharp objects 

o Oxygen deficiency in confined spaces; Lack of Personal Protective 

Equipment (PPE), housekeeping practices, safety signs 

 Consequential hazards due to extreme Temperatures; 

 Consequential hazards due to vibration & radiation; 

 Many more hazards. 

Hazardous substances and wastes 

 Heavy and toxic metals 

 Lack of hazard communication (storage, labelling, material safety data 

sheets) 
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 Batteries, fire-fighting liquids 

 Welding fumes 

 Volatile organic compounds (solvents) 

 Inhalation in confined and enclosed spaces 

Ergonomic and psychosocial hazards 

 Many of the hazards are as result of working environment.  

 Repetitive strain injuries, awkward postures, repetitive and 

monotonous work, excessive workload 

 Long working hours, shift work, night work, temporary employment 

which results in less attention at work place and consequential 

incidents and accidents. 

 Lack of education and training/awareness is another prime cause of 

accidents. 

Considering above, QRA analysis and also the nature of activities 

at PRISM the following steps for OHS activities have been 

suggested: 

 Employee‟s health check-up: pre-employment and periodic check-up 

during employment. The health check-up observations should be 

informed to employees. 

 The health should include any impact due to hazards at work place 

including (but not limited to) due to noise, heat, illumination, dust, 

any other chemicals, metals being suspected in environment and going 

into body of workers either through inhalation, ingestion or through 

skin absorption and steps taken to avoid musculo-skeletal disorders 

(MSD), backache, pain in minor and major joints, fatigue etc. 

 Training and refresher courses on safety to all employees. 

 Employees should be made aware of the hazards in the plant and the 

preventive actions to be safe from such hazards. 

 Response to Injuries: Based on a survey of possible injuries, a 

procedure for response to injuries or exposure to hazardous 

substances should be established. All staff should have minimum 

training to such response and the procedure ought to include the 

following: 
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o Immediate first aid, such as eye splashing, cleansing of wounds and 

skin, and Bandage etc. 

o Immediate reporting to a responsible designated person 

o If possible, retention of the item and details of its source for 

identification of possible hazards. 

o Medical surveillance 

o Recording of the incident 

o Investigation, determination and implementation of remedial action  

Emergency Facilities: Emergency Management Planning should be 

developed considering the likely hazards in the plant and sincerely 

implemented. Mock drills for various scenarios should be carried out and 

results of the drills should be recorded. Weak links in the mock drills 

should be strengthened. 

PRISM will have a well-equipped first aid post. It will also have staff 

personnel trained in first aid. Injured personnel will be immediately 

rushed to hospital after giving first aid. All employees will have regular 

medical checkup as per norms. An emergency vehicle/ambulance will 

always (round the clock) available for meeting any eventuality. 

7.3.5.1 Treatment of workers affected by accidental spillage of 

chemicals 

There is a wide range of chemicals present in the Chemical plants. The 

safe cleanup of a chemical spill requires some knowledge of the 

properties and hazards posed by the chemical & any added dangers 

posed by the location of the spill. 

Employees must notify their immediate supervisor of injury by spillage of 

chemicals or exposure to hazardous materials. All injuries that may be 

work related must be reported. Supervisor is responsible for reporting 

any injuries or occupational illnesses to the management. 

Following steps will be immediate taken by the Supervisor 

 Identify spillage/leakages of hazardous chemicals  

 Chemical Exposure to Skin: 

Immediately flush with cool water for at least 15 minutes. If there are no 

visible burns, remove the cloth from burning part of body. Seek medical 

attention if exposure/spillages occur major possible problems. 
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 Chemical Exposure to Skin – Serious: 

Remove all contaminated clothing. Locate the nearest emergency shower 

and soak for at least 15 minutes. Have someone contact the Hospital for 

immediate medical attention. 

 Chemicals in Eyes: 

Irrigate eyes for at least 15 minutes with tempered water from 

emergency eyewash station. Remove contact lenses if there is. Notify the 

management and immediate medical attention. 

 Acid Fumes: 

Anyone overcome by fumes should be removed by fresh air. Never 

attempt to enter a location where potentially dangerous fumes might 

place you at risk. If someone is down, contact emergency personnel and 

let them enter. Self-breathing apparatus is requiring to whom enter in the 

acidic fumes area. Seek medical attention for exposure as soon as 

possible. 

 Chemical Spills: 

There is an HCl present in the chemical plant. The safe clean-up of an 

acid spill requires some knowledge of the properties and hazards posed 

by the HCl and any added dangers posed by the location of the spill. If 

you believe a spill is beyond your capacity to clean up, do not attempt to 

do so by your own, immediately contact to nearest fire/emergency 

station. Spill kits with instructions, absorbents, neutralizing agents if 

applicable, protective equipment, and sealable waste buckets should be 

present in plant area. 

Following Steps to be taken for ensuring health and safety of 

workers engaged in handling of toxic materials 

 Identify chemicals to be used, amounts required, condition followed as 

per the MSDS guideline. 

 Evaluate the hazards posed by the chemicals and the process 

conditions. The evaluation should cover toxic, physical, reactive, 

flammable, explosive as well as any other potential hazards posed by 

the respective chemicals. 
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 Select appropriate controls to minimize risk, including use of 

engineering controls, administrative controls, and personal protective 

equipment (PPE) to protect workers from hazards. The controls must 

ensure that OSHA‟s Permissible Exposure Limits (PELs). 

 Avoid Underestimation of Risk of handling and its reaction.  

 Before working with chemicals, know the facility‟s policies and 

procedures for how to handle an accidental spill or fire. Emergency 

telephone numbers should be posted in a prominent area. Know the 

location of all safety equipment and the nearest fire alarm and 

telephone. 

 Provide popper Ventilation in the plant/process area. 

 Toxic or corrosive chemicals that require vented storage should be 

stored in vented cabinets instead of in a chemical hood. 

 Local exhaust ventilation devices should be appropriate to the 

operations in the plant. 

 Chemicals should be separated and stored according to hazard 

category and compatibility. 

7.4 CONCLUSION & RECOMMENDATIONS 

The hazard analysis and risk assessment of few possible selected incident 

scenarios indicates that such incidents mostly are not limited to plant 

battery limits and have impact on adjoining plants. There are possibilities 

of domino effect and the secondary scenario not predictable can be worse 

than the primary one. Only one scenario (specifically toxic hazards 

scenario) is crossing the PRISM plant boundaries. The direction of impact 

will be in down wind direction (wind direction and speed varies with 

season). Some of the recommendations for Tank farm storage system are 

as given below: 

 Provision of flame detectors/thermal sensors at strategic locations in 

the tank farm area. 

 Auto water deluge system on each bulk storage tank for inflammable 

liquids. The system should automatically start taking signal from flame 

detectors or thermal relay. 

 Fixed foam system with adequate capacity. 
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Toxic Hazards are due to methanol and all other liquid materials. Regular 

„Hazard Survey‟ ensures the detection of leakage in the plant. 

In house „capability building‟ to attend hazardous scenarios is to be taken 

up through mock drills. Real time exercise with controlled release of 

Bromine 

 Train staff in attending such scenarios. 

Human Factors: PRISM should have well equipped Toxic and fire handling 

system and also safety department – safety practices. Human factors role 

in safety cannot be ignored. Odd hours working and over/long hours work 

can drain out individual. It shows in lack of efficiency and also the lack of 

apt attention the modern chemical complex demand. They are to be 

closely looked into and avoided. „Safety‟ has unique features: 

a. If no accident has happened so far probability of incident/accident 

occurring increases. 

b. „No accident‟/good safety record develops complacency inertia/ 

over confidence in the team. This attitude gives rise to gaps/soft 

spots in the system giving chances to incidents/accidents. 

c. Safety requires novelty. Routine training practices get stale with no 

positive results. Look for novel scheme of training/safety practices 

to build up fresh impetus in safety. Involvement of employees with 

refreshed outlook for safety is to be achieved. 

7.5 ACTION PLAN FOR HANDLING & SAFETY SYSTEM 

Flammable chemicals will be stored in open area outside the process 

plant with all the safety measures. Hazardous chemicals 

bags/barrels/drums will be stored and handle in dispensing room for 

taking out sample from the container for quality check-up purpose or for 

the partial use. This activity for Hazardous material handling will be 

carried out by using all PPEs with proper ventilation & under supervision. 

7.5.1 Safety Measures for Transportation and Unloading of Hazardous 

Chemicals 

 Solvent unloading standard procedure will in place and will be 

implemented for safe unloading of road tanker. 

 Static earthing provision will be made for tanker unloading. 
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 Drum handling trolleys will be used for transportation of drums up to 

plant and internal handling from storage to process area. 

 Display Boards will be provided on all storage tanks which include the 

name of the chemicals and its major hazardous characteristics. 

 Fire extinguishers will be provided as required. 

 First aids boxes will also be provided at different places wherever 

required. 

 Water showering system will be provided to the flammable chemicals 

storage area. 

 Area will be declared as “NO SMOKE ZONE”. 

7.5.2 Safety Measures for Storage/Handling of Hazardous Chemicals 

All Hazardous and flammable chemicals will store separately and away 

from the strong oxidant & kept it in well ventilated room. Adequate 

firefighting system will be installed. Safety shower and eye washer will be 

installed near storage area. Flame proof light fitting will be provided at 

storage area. Sprinkler system will be installed near storage area. Safety 

permit system will be followed for loading and unloading. Isolate storage 

will be provided with wire fencing under lock and key. Caution note, 

hazardous identification board will be provided. Only authorized person 

will be permitted in storage area and register will be maintained. “NO 

SMOKING “board will be displayed and Wind Indicator and siren will be 

provided. 

7.5.3 Safety Measures for Process Units 

Safety measures are the most important aspect of selection of process 

technology to ensure safety in production unit. For the safety in 

production area some important critical safety measures will be provided 

within the process technology/equipment itself & will put continue efforts 

for developing new technology/equipment. Company will ensure such 

provision in the technology/equipment/machineries at time of purchase. 

The details of the critical safety measures for process unit are as below; 

any reaction upsets will be confined to the reaction vessel itself as 

defined quantity of raw materials will be issued to the reaction vessel by 

metering pumps/load cells. Process parameters control will be provided 
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as per SOP- Standard Operating Procedures. Materials will be transferred 

by pumping through pipeline or by vacuum from drums. All reaction vents 

will be connected to vapor condensers system. Hazardous materials will 

be transferred by pipelines and in control manners. Trained person will be 

engaged for handling of hazardous materials. Proper safety precautions 

will be taken during handling of hazardous materials. All solvents and 

flammable material with required quantity will be charge in reactor by 

pump or by gravity. All the vessels will be examined periodically by a 

recognized competent person. All the vessels and equipments will be well 

earthed appropriately and well protected against Static Electricity. 

Temperature indicators will be provided near all reactor and distillation 

systems. Flame proof light fittings will be installed in the plant. All the 

Plant Personnel will be provided with Personal Protection Equipments to 

protect against any adverse health effect during operations, leakage, 

spillages or splash. PPE like Helmets, Safety Shoes and Safety Glasses 

will be provided to the employees. 

7.5.4 Safety Measures for Preventive Maintenance 

The safety measures in the form of the general Do's & Don'ts for safety in 

process & other plant area are as below: 

 Do not work on equipments without permission from plant head and 

maintenance head. 

 Make sure equipment is empty and fluxed with nitrogen and air. 

 Check VOC content for flammable and make sure that no flammable 

vapour contents. 

 Keep proper and adequate fire extinguisher near work area. 

 Use proper PPE. 

 Do not allow any employment without pre-medical check-up or without 

checking fitness. 

 Work in any equipment must be conducted in presence of supervisor. 

 Additional safety measures in form of the checklist covering Do's & 

Don'ts of preventive maintenance, strengthening of HSE, 

manufacturing utility staff for safety related measures will be updated 
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timely and will be made available to all concern department & 

personnel. 

7.5.5  Safety measures to prevent spillage/leakage of toxic chemicals 

The preventive maintenance will be planned and carried out as per plan 

to avoid the failure of valve, pipelines and other component of 

transferring line. The spillage will be confined to the dyke area 

underneath the vessel. The resultant splash of such chemicals will result 

in exposure of toxic chemicals to employees. Decontamination facilities 

(Safety shower and eye wash fountains) will be provided in the plant 

area, which can be used to decontaminate the affected employees. 

Suitable decontamination procedure will be used to decontaminate the 

spilled or leaked material. The SOP for decontamination will be reared 

with all related department. 

7.6 ARRANGEMENTS FOR ENSURING HEALTH AND SAFETY OF 

WORKERS ENGAGED IN HANDLING OF TOXIC MATERIALS 

The significance of Safety & Health in chemical/Pharma industries has 

been a vital issue in achieving productivity and quality standard.  

Following is an effort for safety and Health of workers working in chemical 

plant. Numbers of chemicals are used in plant have specific health 

hazards in nature. Following are basic fundamental principles properly 

underlie all the workers working in the plant. Occupational health and 

safety is about preventing people from being harmed by work or 

becoming ill from work by taking adequate precautions and providing a 

safe and healthy work environment. Consideration of each should be 

encouraged before beginning work as part of the culture of safety within 

the plant.  

 Plan ahead. Determine the potential hazards associated with 

production. 

 Minimize exposure to chemicals. Do not allow toxic chemicals to 

come in contact with skin. Provide proper ventilation devices to 

prevent/minimize airborne. 
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 Do not underestimate hazards or risks. Assume that any mixture 

of chemicals will be more toxic than its most toxic component. Treat 

all the chemicals as toxic substances. 

 Be prepared for accidents. Before beginning of any batch reaction, 

know what specific steps to take which cause to accident if any 

hazardous substance release accidently.  Proper follow SOP- Standard 

Operating procedure to take batch reaction. 

Unit will assess is careful examination of what, at work, could cause harm 

to workers, accidents and ill health. All risks in the workplace must be 

identified and assessed for control measures to be put in place. 

Follow the five steps of hazard identification will be taken by unit namely; 

 Identify the hazards 

 Decide who might be harmed and how 

 Evaluate the risks and decide on precaution 

 Record your findings and implement them 

 Review your assessment and update if necessary 

Following Information workers should know regarding hazardous 

chemicals 

We shall ensure that the employee is adequately trained with regard to:  

 The contents of the hazardous chemical substances 

 Potential source exposure to chemicals 

 Potential risks to health caused by exposure 

 Measures taken by the employer to protect employees against any risk 

from exposure 

 Precautions to be taken by an employee to protect himself against the 

health risks associated exposure 

 Correct use, maintenance of safety equipment, facilities and 

engineering controls 

 Importance of good housekeeping at the workplace and personal 

hygiene 

 Safe working procedures 

 Procedures to be followed in the event of spillages or leakages. 
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7.7 DISASTER MANAGEMENT PLAN (DMP) 

Disaster Management Plan (DMP) is proposed to meet the extremely 

adverse situations caused by the various hazardous accident scenarios. A 

sample Disaster Management Plan is attached to develop the DMP for the 

plant and submit to Factory inspector for approval. Mock drills are to be 

carried out in association with district authorities. Any weak points 

observed during the mock drills are to be strengthened. 

Disaster/Emergency Management Plan is essential for a chemical plant as 

the processes adopted for manufacturing are classified under Factory Act 

as Hazardous due to handling and storage of toxic, flammable and 

explosive hazardous materials. Over the years, the chemical process 

plant has created adequate infrastructure and adopted risk mitigation 

measures to tackle any emergency that may arise during the 

manufacturing process. The important aspect in emergency planning is to 

control an emergency by technical and organizational means, minimize 

accidents and consequent losses. Emergency planning also brings to light 

deficiencies, such as, lack of resources necessary for effective emergency 

response. It also demonstrates the organization's commitment to safety 

of employees and physical property as well as increases the awareness 

among management and employees. Disaster Management Plan for the 

plant is necessarily a combination of various actions which are to be 

taken in a very short time but in a pre-set sequence to deal effectively 

and efficiently with any disaster, emergency or major accident with an 

aim to keep the loss of men, material, plant/ machinery etc. to the 

minimum. A major emergency in a Hazardous chemical plant is one, 

which has the potential to cause serious injury or loss of life. It may 

cause extensive damage to property and serious disruption of both inside 

and outside the plant. Sometimes, it would require the assistance of 

outside emergency services to handle it effectively. Although the 

emergency at the plant may be caused by a number of different factors, 

e.g. leakage of toxic and flammable materials from piping/tanks, 

total/partial power failure, earthquake or sabotage, it will normally 

manifest itself in fire/toxic release. 
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Primarily, DMP is prepared to furnish details which may require at the 

time of the emergency, to delegate responsibility, to estimate the 

consequences in advance and to prepare ourselves to control any type of 

emergency. The plan explains basic requirements as follows: 

 Definition, 

 Objectives, 

 Organization set up, 

 Communication System, 

 Action on site, 

 Link with Off-site Emergency Plan, 

 Training rehearsal and record aspect. 

7.7.1 Definitions 

Various definitions on different analogy used on On-site & Off-site 

Emergency Plan are as follows: 

Accident: An accident may be defined as “an undesirable and unplanned 

event with or without or major damage consequence of life and /or 

property. 

Major Accident: It is a sudden, unexpected, unplanned event resulting 

from uncontrolled developments during an industrial activity, which 

causes or has the potential to cause, death or hospitalization to a number 

of people, damage to environment, evacuation of local population or any 

combination of above effects. 

Emergency: This can be defined as any situation, which presents a 

threat to safety of person's or/and property. It may require outside help 

also. 

Major Emergency: Occurring at a work is one that may affect several 

departments within and/or may cause serious injuries, loss of life, 

extensive damage to properly or serious disruption outside the works.  It 

will require the use of outside resources to handle it effectively. 

Disaster: Disaster is a sudden calamitous event, bringing great damage, 

loss or destruction. 

Hazards: Hazard may be defined as “the potential of an accident”. 

Hazard exists in man and the system of materials and machines. 
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Chemical Hazards: It is a hazard due to chemical(s) (including its 

storage, process, handling, etc.) and it is realized by fire, explosion, 

toxicity, corrosively, radiation, etc. 

Chemical Hazards: It is a hazard due to chemical(s) (including its 

storage, process, handling, etc.) and it is realized by fire, explosion, 

toxicity, corrosively, radiation, etc. 

Risk: Risk may be defined as the combination of consequence and 

probability or likelihood of an accident being caused in a given man-

material – machine system. 

On-Site Emergency plan: It deals with measures to prevent and control 

emergencies within the factory and not affecting outside public or 

environment. 

Off-Site Emergency plan: It deals with measures to prevent and 

control emergencies affecting public and the environment outside the 

premises. 

7.7.2 Objective of the Disaster Management Plan 

The primary purpose of this Disaster Management Plan is to equip the 

Plant with required resources and information for prompt implementation 

of the set of actions to be undertaken in the event of an accident posing 

hazards to the people and community after commissioning of the plant. 

The objective of Disaster Management Plan (DMP), for the plant is to be 

in a state of perceptual readiness through training, development and 

mock drills, to immediately control and arrest any emergency situation so 

as to avert a full fledge disaster and the consequence of human and 

property damage and in the event of a disaster still occurring, to manage 

the same to that the risk of the damage consequences to life and 

property are minimized and thereafter, proper rehabilitation, review and 

revisions of the DMP to overcome the shortcomings noticed are 

undertaken. 

The DMP document is prepared keeping in view and to conform the 

requirements of the provisions of The Factories Act, 1948 under section 

41 B (4), Guidelines issued by the Ministry of Environment and Forests, 

Govt. of India and Manufacture, Import and Storage of Hazardous 
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Chemicals Rules, 1989 amended in 2000, Schedule-11 under 

Environmental Protection Act, 1986. 

Following are the main objectives of the plan to: 

 Defined and assess emergencies, including hazards and risk  

 Control and contain incidents. 

 Safeguard employees and people in vicinity. 

 Minimize damage to property and/or the environment. 

 Minimization of risk and impact of event accident. 

 Preparation of action plan to handle disasters and to contain damage.  

 Inform employees, the general public and the authority about the 

hazards/risk assessed and to provide safeguard, and the role to be 

played by them in the event of emergency. 

 Be ready for 'mutual aid' if need arises to help neighboring unit. 

 Inform authorities and mutual aid centres to come for help. 

 Effect rescue and treatment of casualties. 

 Effective rehabilitation of the affected persons and prevention of 

damage to the property. 

 Identify and list any fatalities. 

 Inform and help relatives. 

 Secure the safe rehabilitation of affected areas and to restore 

normalcy. 

 Provide authoritative information to the news media 

7.8 Emergency Organization 

7.8.1 Incident Controller 

Incident Controller‟s role will be to control the emergency at the incident 

site. 

7.8.1.1 Duties of Incident Controller 

Incident Controller will proceed to the place of emergency after hearing 

siren/announcement. He will: 

 Assess the scale of emergency and decide if a major emergency exists 

or is likely, accordingly activate emergency procedure. 

 Immediately give his feedback to Emergency Control Centre (ECC) 

regarding emergency. 
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 Direct all operations within the area with following priorities. 

o Secure the safety of personnel 

o Minimize damage to plant property and environment 

o Minimize loss of material 

 Direct rescue and firefighting operations till the arrival of the outside 

Fire brigade; he will relinquish control to Sr. Officer of Fire Brigade. 

 Ensure that the affected area is searched for causalities. 

 Ensure that all non-essential workers in the affected area evacuate to 

the appropriate assembly point. 

 Set up communication point to establish Radio/Telephone/Messenger 

contact as with emergency control centre. 

 Pending arrival of works site controller, assume the duties of the post 

in particular to: 

o Direct the shutting down and evacuation of plant and areas likely to 

be threatened by emergency. 

o Ensure that the outside emergency services have been called in. 

 Ensure that the key personnel have been called in. 

 Report all significant development to the Site Main Controller. 

 Provide advice and information, as required to the Senior Officer of the 

Fire Brigade. 

 Preserve evidence that would facilitate any subsequent inquiry into the 

cause and circumstances of emergency. 

Dy. Incident Controller will carry out above said duties in absence of 

Incident Controller. 

7.8.2 Site Main Controller 

Site Main Controller will be overall in-charge of emergency organization: 

7.8.2.1 Duties of Site Main Controller: 

 Relieve the Incident Controller of responsibility of overall main control. 

 Co-ordinate ECC or if required, security for raising evacuation siren 

and also all clear siren, in case emergency is over. 

 Declaration of major emergency ensures that outside emergency 

services will be called and when required nearby firms will be 

informed. 
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 Ensure that key personnel will be called in. 

 Exercise direct operational control on parts of the works outside the 

affected area. 

 Maintain a speculative continuous review of possible development and 

assess these to determine most possible cause of events. 

 Direct the shutting down and evacuation of plants in consultation with 

key personnel. 

 Ensure causalities are receiving adequate attention; arrange for 

additional help if required.  Ensure relatives are advised. 

 Liaison with Chief Officers of the Fire and Police services for providing 

assistance in tackling the emergency. 

 Ensure the accounting of personnel. 

 Control traffic movement within the work. 

 Arrange for a chronological record of the emergency to be maintained. 

 During prolonged emergency, arrange for the relief of the personnel 

and provision of catering facilities. 

 Contact the local office to receive early notification of impending 

changes in weather conditions, in case of prolonged emergency. 

 Issue authorized statements to the news media and informs H.O. 

 Ensure that proper consideration is given to the preservation of 

evidence. 

7.8.3 Other Key Personnel 

The key personnel required for taking decision about further action for 

shutting down the plant, evacuate the personnel, and carry out 

emergency engineering works in consultation with Site Main Controller in 

light of the information received. HOD‟s/Senior Managers/ Section Heads 

will be responsible for safety, security, fire, gas and pollution control, 

spillage control, communication system including telephone, wireless etc. 

Also medical services, transport, engineering, production, technical 

services, will form part of advising team. 

7.8.3.1 Emergency Response Team 

The role of Emergency Response Team members is to actually combat 

the emergency at the site and control the emergency situation and carry 
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out rescue operations. All team members will be thoroughly trained to 

deal with fires, explosions, chemical spills and atmospheric releases, first 

aid. As per priority list during emergency, the activities will be carried out 

as per emergency control plan. 

7.8.3.2 Emergency Personnel’s responsibilities Outside Normal Working 

Hours of the Factory. 

The duties of Shift In-charge & team members have been brought out 

in emergency control plan. All team members after evacuating the area 

shall report to ECC/ Incident Place. The non-essential workers shall be 

evacuated from the plants if need arises and this will be determined with 

the forcible rate with which incident may escalate. Non-essential workers 

shall assemble at the earmarked/specified point of assembly. 

7.8.3.3 Assembly Points 

At the proposed plan, at least 2 assembly points will be identified and 

marked properly.  

7.8.4 Emergency Control Centre 

It will be headed by Site Main Controller, HOD – PD, HOD- P&A and it is 

sited in Office of Site Main Controller in Admin Building & New 

security office (after office hours), which is readily accessible & with 

minimum risk, equipped with telephone facilities and other 

announcements extra communications facilities needed. It has enough 

means to receive and transmit information and directions from site main 

controller to incident controller and other areas. In emergency control 

center due to its safer location and advantage of easier accessibility, all 

necessary personnel protective equipment‟s firefighting extinguishers will 

be stocked in sufficient quantity. 

7.8.4.1 Role of Emergency Control Centre 

In case of mishap or accident like fire, toxic gas leakage, explosion in the 

factory, The Emergency Control Center will be Office of Head- Operations  

 The plot plan indicating all the activities in the factory premises 

including that of storage‟s utility services, production area, 

administration, will be kept for ready reference, showing the location 

of fire hydrant and firefighting aids. 
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 Normal roll of employees, work permits, gate entries and documents 

for head count, employees blood group, other information and 

addresses will be available and the person, who will handle this 

operation will HOD  P & A. 

 The requirement of personnel protective equipment and other 

material, like torches, have been worked out and the quantity required 

during emergency will be kept in the Control Room (ECC). The 

responsible person for maintaining the said requirement/inventory will 

be HOD- HSE. 

7.8.5 Fire & Toxicity Control Arrangements  

The plant will be well equipped with suitable numbers of firefighting and 

personnel protective equipment. The staff will be trained regularly to 

handle the various emergency situations. 

7.8.6 Medical Arrangements  

Availability of first aid facilities in sufficient quantity will be always 

ensured. In case of emergency arrangements will be made to avail 

outside medical help immediately. Emergency transport facility will be 

available. 

7.8.7 Transport & Evacuation, Mutual Aid Arrangements: 

Transport & Evacuation and Mutual Aid arrangements will be available in 

the factory. 

7.9 Communication System 

7.9.1 Declaring the Emergency  

In case of any emergency in the plant, speedy and effective 

communication of the same to all concerned in least possible time is the 

most important aspect of any emergency-handling plan. An early 

communication increases the chances of control of emergency in the bud 

stage. Blowing siren will be adopted as method of communication of 

emergency, to all employees in the plant. 

7.9.1.1 Types of Sirens  

Three different types of sirens have been identified for communication of 

emergency. 
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Alert Siren: Single Continuous Siren for One Minute. This indicates 

that there is some accidental happening in the plant. All have to become 

alert. Incident controller will be rush to the site of emergency. Plant area 

people have to start safe shut down. Rescue team and other emergency 

control teams have to reach at the site of emergency. 

Siren for evacuation: wailing & waning siren for three minutes. 

This siren indicates that emergency is of serious proportion and 

everybody has to leave his work place. All people having their role in 

emergency control have to assume their assigned role. All non-essential 

workers have to proceed immediately to assembly area and wait for 

further instruction.  

All clear siren: Long continuous siren for two minutes. This is a sign 

of return of normalcy. On hearing this siren everybody should go back to 

his or her respective workplace. 

7.9.1.2 Location of Siren  

Siren will be located in centre of the plant for wide coverage of the whole 

campus. Switch for siren will be provided at security gate. The switch at 

Security gate should be operated only as a general rule. 

Emergency manual call bell will be installed which will be used in case of 

total failure of electricity. It is responsibility of HOD (HSE) to maintain the 

upkeep of electric call bell and HOD- Security and administration to 

maintain manual and Hand operated siren. 

7.9.1.3 Raising Alarm 

Any person noticing any emergency situation in the plant should 

immediately call security gate with following information: 

 Identify oneself 

 State briefly the type of emergency i.e. whether fire, explosion, toxic 

gas release etc. 

 Give the location of the incident 

 Estimated severity of the incident. 

Security personnel after ensuring genuineness of the call shall raise the 

ALERT SIREN. At the same time he will also contact the incident 

controller and ECC in order and inform about the incident. He will keep 
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the gate open and rush his two security personnel at the site of 

emergency. ECC will be located at the office of Head- Operations on 

normal working hours and at Security gate after normal working hours 

(during night). ECC shall be immediately manned on hearing alert siren. 

If the authorized people to handle ECC are not available, any senior most 

people out of the available person nearby shall occupy ECC till authorized 

person comes. Incident controller, on hearing alert siren or by any other 

way of information of the emergency, will immediately reach at the site of 

incident and assess the situation. He will immediately give his feed back 

to ECC. ECC shall direct security gate to raise evacuation siren, if the 

need arise. SIREN FOR EVACUATION shall be raised on instruction from 

Site Main Controller or any Manager of the plant in the ECC. Security gate 

person will be authorized to raise ALL CLEAR SIREN on instruction from 

Site Main Controller or ECC, after the emergency is over. Incident 

controller shall assume the responsibility of site main controller in his 

absence. 

7.9.2 Internal Communication 

It shall be responsibility of ECC to communicate to all employees in the 

plant. They may take help of telephone operator for such communication. 

However, telephone operator can directly communicate information about 

emergency to all internal departments, if such message comes from 

incident controller or site main controller. Telephone operator will 

continue to operate the switchboard advising the callers that staffs are 

not available and pass all calls connected with the incident to ECC. 

7.9.2.1 Availability of Key Personnel outside Normal Working Hours 

The details of key personnel availability after working hours will be made 

available at Security Gate, ECC, telephone operator as well as production 

units. Security personnel shall call required key personnel from their 

residence in case emergency occurs outside normal working hours. 

Availability of emergency vehicle/Ambulance will be ensured to fetch the 

key personnel residing outside. It will be the responsibility of HOD (P & A) 

to maintain it. 
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7.9.2.2 To the Outside Emergency Services  

Decision to call outside help to deal with emergency like fire brigade, 

ambulance, police, etc., shall be taken by Site Main Controller. However, 

in absence of Site Main Controller, if the incident controller realizes the 

situation going out of control, he may ask for immediate help from 

outside. ECC will be responsible for calling help from outside. A list of 

emergency services available in the area with their telephone numbers 

will be provided at ECC, at Security gate and with telephone operator. 

Facilities such as phones, emergency vehicle, and security personnel will 

be available to help calling outside emergency services and authorities. 

7.9.3 Communication to the Authorities 

The emergency will be immediately communicated to the government 

officers and other authorities such as SPCB, police, district emergency 

authority, Factory Inspectorate, hospital etc. by Emergency Control 

Centre. 

7.9.3.1 To Neighboring Firms & the General Public 

In case of emergency having its outside impact, public will be cautioned 

regarding the same. Co-ordination of police will be sought for speedy 

action. This is to be ensured by ECC. 

7.10 Pre-emergency activities  

Internal Safety survey with regard to identification of hazards, availability 

of protective equipment‟s, checking for proper installation of safety 

devices will be carried out periodically. 

 Periodic pressure testing of equipment & lines  

 Periodic safety/relief valve testing 

 Periodic fire hydrant system testing. 

 Mock drill to check up level of confidence, extent of preparedness of 

personnel to face emergency is being contemplated. 

 Regular training is being imparted to all personnel to create 

awareness. 

 Adequate safety equipment will be made available. 

 Periodic check-up of emergency lights. 

 Safer assembly points will be identified. 
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 Storage of adequate first aid treatment facilities. 

 Statutory information is imparted to workers. 

 Post emergency activities. 

7.11 Post-emergency activities  

Following post emergency actions will be carried out to study in detail and 

preventive measures to be taken. 

 Collection of records 

 Inquiries 

 Insurance claims 

 Preparation of reports comprising suggestion and modification 

 Rehabilitation of affected personnel 

 Normalization of plant 

7.11.1 Evacuation and Transportation  

In case of emergency, evacuation and transportation of non-essential 

workers will be carried out immediately.  The affected personnel will be 

transported for medical aid. 

7.11.2 Safe Close Down  

During emergency plant shut down will be carried out if situation 

warrants.  This will be as per the instruction of site main controller under 

guidance of incident controller. 

7.11.3 Use of Mutual Aid  

Mutual aid agreement with nearby industries will be ensures to provide 

help to each other in the emergency, 

7.11.4 Use of External Authorities  

As and when necessary, statutory authorities, police, pollution control 

personnel, medical aid/center, ambulance etc. will be contacted.  

7.11.5 Medical Treatment 

The affected personnel will be brought to safer place immediately to give 

them first aid. Immediate medical attention will be sought.  

7.11.6 Accounting for Personnel 

Proper accounting for personnel will be laid down in all the shifts. The 

number of persons present inside the plant premises, their duty etc. will 
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be available with the P & A. This record will be regularly updated and will 

be made available. 

7.11.7 Access to Records 

The relatives of affected personnel will be informed. The details regarding 

all employees will be made available to Administration building. 

7.11.8 Public Relations 

In case of emergency, Manager P & A will be available for official release 

of information pertaining to the incident. 

7.11.9 Rehabilitation 

The affected area will be cleared from emergency activities only after 

positive ascertaining of the system in all respects. The entry to affected 

area will have to be restricted until statutory authorities visit and inspect 

the spot of incident. Nothing should be disturbed from the area till their 

clearance. The site main controller will be in charge of the activities to be 

undertaken. The plan will cover emergencies, which can be brought under 

control by the works with the help of emergency team/fire services. The 

Disaster Control Plan for gas leak and fire will be prepared. 

7.12 Causes of Emergency: 

7.12.1 Risk 

7.12.1.1 Nature 

In the plant, the nature of dangerous events could be of the following: 

 FIRE   : Chemical/Electrical 

 LEAKAGES  : Equipment, pipe lines, valves, etc. 

Release of vapours like bromine gas can result in highly toxic 

environment. Improper handling of products (raw materials/finished 

products) 

 Large spillage to ground floors resulting in pollution & fire. 

 Failures of Equipment/Instruments. 

 Release of safety valves or ruptures of vessels due to excessive 

pressures. 

7.12.1.2 Various Emergency Actions 

a) Onsite 

 Safe shut down of the plant and utilities. 
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 Emergency control measures. 

 To attempt with the help of trained crew in firefighting to contain the 

fire spread up/gas emission and limit within limited space. 

 To cut off source of oxygen by use of firefighting appliances/to cut off 

source of gas emission. 

 Cut off fall sources of ignition like electrical gadgets. 

 To protect fire prone area from the fire. 

 To remove material that can catch fire to the extent possible from fire 

prone area. 

 Evacuation of non-essential persons. 

b) Medical Facilities/Treatment  

 The Plant will have a Health centre which is manned with trained male 

nurse on continuous basis who can render medical first aid. Doctor will 

visit two times a week for two hour each time. The plant is searching 

for a full time medical officer and will appoint as and when available. 

 Depending on seriousness the injured person shall be shifted to any 

other hospital. 

 Vehicle will be available round the clock for transportation. Ambulance 

will be also made available in the campus on regular basis. 

c) In the event of Fatal Accidents 

The information shall be given to following authorities: 

 Inspector of Police 

 Inspector of Factories 

 Mamlatdar 

 Corporate Office 

 Regd. Office 

 Insurance the plant 

 Regional Officer, SPCB  

d) Emergency Siren 

Emergency siren shall be blown for announcing the emergency which 

shall have different sound for identification/differentiation than the 

normally used for commencement of factory working etc. 

 Location of Siren  Above Plant 
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 Type of Siren   Industrial Siren 

 Position of siren switch  Located at Main Gate   

e) Seeking help from neighboring industries/sources for fire engine 

f)   Advise for vacation of other areas 

 Since the effect of fire/gas emission shall be contained within the area 

of the plant advice of vacation of other areas is not necessary. 

7.12.1.3 Response Time-Minutes 

Hazard Fire Fighting Police Medical Services 

Fire & 
Explosion 

Immediate with whatever 
facilities available with the plant 

10 
min. 

10 minutes 

External Help within 15 minutes   
 

7.13 Off-Site Emergency Plan  

7.13.1 Need of the Site Emergency Plan  

Depending upon the wind direction and velocity of the effects of accident 

in factory may spread to outside its premises. To avert major disaster it 

is essential to seek guidance/assistance of statutory authorities, police 

and health department. The movement of traffic may have to be 

restricted. Required information will be given to the authority and 

consultation will be sought for remedial measures. 

A purpose of the off-site emergency plan is: 

 To provide the local/district authorities, police, fire brigade, doctors, 

surrounding industries and public the basic information of risk and 

environmental impact assessment and appraise them of the 

consequences and the protection/prevention measures and to seek 

their help to communicate with public in case of major emergency. 

 To assist district authorities for preparing the off-site emergency plan 

for district or particular area and to organize rehearsals from time to 

time and initiate corrective actions on experience. 

7.13.2 Structure of the Off-Site Emergency Plan 

Available with concerned authorities. 

7.13.3 Role of the Factory Management 

The site main controller will provide a copy of action plan to the statutory 

authorities in order to facilitate preparedness of district/area off-site 

emergency plan. 
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7.13.4 Role of Emergency Co-ordination Office (ECO) 

He will be a senior police or fire officer co-ordination with site main 

controller.  He will utilize emergency control center. 

7.13.5 Role of Local Authority 

Preparation of Off Site Plan lies with local authorities. An emergency-

planning officer (EPO) works to obtain relevant information for preparing 

basis for the plan and ensures that all those organization involved in 

offsite emergency and to know their role and responsibilities. 

7.13.6 Role of Fire Authorities 

The fire authorities will take over the site responsibility from incident 

controller after arrival. They will be familiarized with site of flammable 

materials, water and foam applies points, fire-fighting equipment. 

7.13.7 Role of the Police and Evacuation Authorities 

Senior Police Officer designed, as emergency co-ordination officer shall 

take over all control of an emergency. The duties include protection of 

life, property and control of traffic movement. Their functions include 

controlling standards, evacuating public and identifying dead and dealing 

with casualties and informing relatives of dead or injured. There may be 

separate authorities/agencies to carry out evacuation and transportation 

work. Evacuation depends upon the nature of accident, in case of fire 

only neighboring localities shall be alerted. Whole areas have to be 

evacuated in case of toxic release. 

7.13.8 Role of Health Authorities 

After assessing the extent of effect caused to a person the health 

authorities will treat them. 

7.13.9 Role of Mutual Aid Agencies 

Various types of mutual aid available from the surrounding factories and 

other agencies will be utilized. 

7.13.10 Role of Factory Inspectorate 

In the event of an accident, the Factory Inspector will assist the District 

Emergency Authority for information and helping in getting Neighboring 

Industries/mutual aid from surrounding factories. In the aftermath, 
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Factory Inspector may wish to ensure that the affected areas are 

rehabilitated safely. 

7.14 Training Rehearsal and Records  

7.14.1 Need of Rehearsal & Training 

Regular training and rehearsal program of emergency procedures shall be 

conducted with elaborate discussions and testing of action plan with mock 

drill. If necessary, the co-operation/guidance of outside agencies will be 

sought. 

7.14.2 Some Check Points 

 The extent of realistic nature of incidents. 

 Adequate assessment of consequences of various incidents. 

 Availability of sufficient resources such as water, firefighting aids, 

personnel. 

 The assessment of time scales. 

 Logical sequences of actions. 

 The involvement of key personnel in the preparation of plan. 

 At least 24 hours covers to take account of absences due to sickness 

and holiday, minimum shift manning. 

 Satisfactory co-operation with local emergency services and district or 

regional emergency planning offices. 

7.14.3 Records and Updating the Plan 

All records of various on-site and off-site emergency plans of the factory 

will be useful alone with those of the factors by which statutory 

authorities draw a detailed plan for the whole area/district. The records of 

the activity will be updated regularly. 


