
HAZARDS ANALYSIS & RISK ASSESSMENT 
1.1. 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. 

1.2. Risk Assessment 
A three ‘levels’ risk assessment approach has been adopted for theM/s. NAARI PHARMA PVT. 
LTD (henceforth Naari) proposed pharmaceutical (bulk drug and intermediates) projectat Plot 
14-15-16 & 55-56-57, Sector-5, II E Pant Nagar, Rudrapur - 263153, Dist: Udham Singh  Nagar, 
Uttarakhand. 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 are 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 Vulnerability; 

• Impact of hazards consequences (equipment damage, business interruption, injury, 

fatalities); 

• Qualitative risk identification of scenarios involving hazardous materials; 

• Risk reduction measures. 

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 utilising 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. 

Naariproposed API project is hazardous in nature. The RA for this plant is based on Level 1 and 
Level 2.   

Table in Chapter 2 gives the list of products (and their monthly production capacity) and raw 
materials to be manufactured and used in the proposed Naari project. Table 6.1below gives the 
bulk storages of liquid andgaseous raw materials and their monthly consumption.  

 

Table 6.1. List of Solvents / Chemicals to be stored in Bulk in Naari Project 

Sr
No Material Name State Type of 

Handling 

Tank / 
Cylinder 
Size (KL) 

Remarks 

1.  Acetone (Solvent) Liquid Tank 2 X25   2 X25  KL 
2.  Cyclohexane (Solvent) Liquid Tank 9 Over Ground 
3.  Dimethyl Formamide (DMF) Liquid Tank 2 X 30  Over Ground 
4.  Ethanol - 90 % - Thinner E (Solvent) Liquid Tank 2 X 30  Over Ground 
5.  Ethanol - Dry (Solvent) Liquid Tank 25 Over Ground 
6.  Ethyl Acetate (Solvent) Liquid Tank 10 Over Ground 
7.  Hexane - Thinner ARS (Solvent) Liquid Drums 30  

8.  Liquefied Ammonia (Solvent) Liquid Cylinder 
60 Kg  Line Pr.: 1 to 

1.5 Kg/Cm2 g 
9.  Methanol (Solvent) Liquid Tank 2 X 30 Over Ground 
10.  Methylene Chloride (Solvent) Liquid Tank 25 Over Ground 
11.  Phosphoric Acid (Acid) Liquid Jars 5 Over Ground 
12.  Toluene (Solvent) Liquid Tank 2 X 30 Kl Over Ground 
13.  Dichloro Methane (Solvent) Liquid Tank 25 Over Ground 
14.  Diesel Liquid Tank 25 Over Ground 

Table 6.2. Gaseous Storages 

Sr.
No Material Name State Type of 

Handling 

Cylinder 
Size   ~` 

Remarks 

1.  Acetylene Gas (Critical reactant) Gas Cylinder 
3 Kg;  Line Pr.: 0.5 to 1 

Kg/Cm2 g 

2.  Chlorine Gas (Critical reactant) Gas Cylinder 
100  
Kg  

Line Pr.: 1 to 1.5 
Kg/Cm2 g 

3.  Hydrochloric Acid Gas (Acid) Gas Cylinder 
32 Kg Line Pr.: 1 to 1.5 

Kg/Cm2 g 

4.  Hydrogen Gas Gas Cylinder 
5 NM3 Line Pr.: 1 to 1.5 

Kg/Cm2 g 



5.  Propylene Gas (Critical reactant) Gas Cylinder 
~50 Kg Line Pr.: 1 to 1.5 

Kg/Cm2 g 
the gases will be stored separately in a ventilated shed.  

1.3.  Risk Screening Approach 
Proposed Plant: Risk screening of Naariplant was undertaken through process study and study 
of data / information provided by Naari. Data of major / bulk storages of raw materials, 
intermediates and other chemicals were collected. MSDS of hazardous chemicals were studied 
vis a vis their inventories and mode of storage. Naari 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 considered for detailed analysis.  

Naari will be producing bulk drugs and intermediates. Most of the products are new molecules 
and very little information and data are available for these products. The products are being 
produced in small quantities. The limited hazard analysis of the products are as given below in 
the Table 6.3:  

Table 6.3. Products Hazards Analysis 

 
N
o 

Material CAS 
No 

S. No & Threshold Quantity (TQ 
in Kg) as per MSHIC Rules 

Remarks 

Schedul
e-1, Part-

II 

Schedul
e-2, Part-

I 

Schedul
e-3, Part-

I 
1.  19-

Norandrostenedione 
pure 
C18H24o2 
White Crystalline 
odourless powder 

734-
32-7 

---- ---- ----- NA 

2.  Androstadienedione 
C19H24O2 
Crystal or Powder 

897-
06-3 

---- ---- ----- NA 

3.  Allylestrenol 
C21H32O 

432-
60-0 

---- ---- ----- LD50:>640 mg/kg 

4.  Cyproterone Acetate 
Crystalline Solid 

 2098-
66-0 

---- ---- ----- >5mg/Kg 

5.  Deflazacort 
Crystalline Solid 

14484-
47-0 

---- ---- ----- 5200mg/Kg 

6.  Dienogest 
 
C20H25NO2 
White to yellow 
crystalline Powder 

65928-
58-7 

---- ---- ----- Oral LD 
50(mouse):4mg/Kg 

7.  Dydrogesterone 
No Data 

152-
62-5 

---- ---- ----- Oral LD 
50(mouse):300mg/

Kg 



8.  Estradiol Benzoate 
Crystalline Solid 

50-50-
0 

---- ---- ----- TDLO (rat): 10 
ug/kg 

9.  EstradiolCypionate 
C26h36O3 
Solid 

313-
06-4 

---- ---- ----- NA 

10.  EstradiolValerate 
C23H32O3 
Solid. (Hygroscopic 
crystals.) 

979-
32-8 

---- ---- ----- NA 

11.  Estriol 
 
Highly Flammable 
Liquid 

50-27-
1 

---- ---- ----- Oral LD50 (rat):>2 
mg/kg; 

12.  Estrone 
C18 H22 O22 
White to Off White 
Crystalline Powder 

53-16-
7 

---- ---- ----- >5000mg/kg 

13.  EthinylEstradiol 
C20H24O2 
Odourless Crystalline 
Solid 
 

 

     57-
63-6 

---- ---- ----- 1737mg/kg 

14.  Hydroxy Progesterone 
Caproate 
C27H40O4 
White or creamy 
white, crystalline 
powder; odorless 

 

630-
56-8 

---- ---- ----- Not available 

15.  Levonorgestrel 
 
C21H28O2 
White Powder 

797-
63-7 

---- ---- ----- >4000mg/kg 

16.  Lynestrenol 
C20 H28 O 
White or almost-white 
crystalline powder  
 

52-76-
6 

---- ---- ----- Oral LD 
50(mouse):300mg/

Kg 

17.  Medroxyprogesterone 
Acetate 
Solid 

71-58-
9 

---- ---- ----- Oral LD50 (rat): 
>6400; Oral LD50 

(mouse): >16 
gm/kg; 

18.  Mifepristone IH/US 
C29H35NO2 
Light yellow to yellow 
crystalline powder.  
 
 

84371-
65-3 

---- ---- ----- Oral 
mouse:27mg/Kg 

19.  Mifepristone IP/EM 
C29H35NO2 
Light yellow to yellow 

84371-
65-3 

---- ---- ----- Oral 
mouse:27mg/Kg 



crystalline powder.  
 

20.  NandroloneDecanoate 
C28 H44 O3 .10H2O 
Solid 

360-
70-3 

---- ---- ----- LD50(Mouse): 
>566mg/kg 

21.  Nandrolone Phenyl 
Propionate 
C27 H34 O3 

62-90-
8 

---- ---- ----- Not available 

22.  Norethisterone 
Solid Powder with 
bitter taste 

68-22-
4 

---- ---- ----- LD50(Mouse): 
6000 mg/kg 

23.  Norethisterone 
Acetate 
C22H28O3 
Solid Powder 

51-98-
9 

---- ---- ----- Not available 

24.  NorethisteroneEnanth
ate 
C27 H38 O3 
Solid 

3836-
23-5 

---- ---- ----- Not available 

25.  Norgestimate 
Crystalline Solid 

35189-
28-7 

---- ---- ----- Oral TDLO (rat): 1 
mg/kg  

26.  Ospemifene 
C24 H23 Cl O2 
Solid 

12860
7-22-7 

---- ---- -----   

27.  Progesterone 
Crystalline Solid 

57-83-
0 

---- ---- ----- Oral LD50 (rabbit): 
6,300 mg/kg 

28.  Testosterone 
Cypionate 
C27 H40 O3 
Crystalline Solid with 
slight odour 

58-20-
8 

---- ---- ----- LD 50 > 1000 
mg/kg 

29.  Testosterone 
Enanthate 
Crystalline Solid 

315-
37-7 

---- ---- ----- Oral LD50 (rat): >1 
gm/kg 

30.  Testosterone 
Propionate 
C22 H32 O3 
Solid 

57-85-
2 

---- ---- ----- LD 50 > 1000 
mg/kg 

31.  Ulipristal Acetate 
C30 H37 NO4 
Powder 

12678
4-99-4 

---- ---- ----- Oral LD 
50(mouse):300mg/

Kg 
 

Intermediate 

    

32.  3,3-
dimethypropylenediox
y -4,5-seco-estr-9-ene-
5,17-dione (G4) 

  ---- ---- ----- -------- 



33.  Estrenone (Oxide) 3646-
28-4 

---- ---- ----- -------- 

34.  3-Ethoxyestra-3, 5-(6)-
diene-17-one (NET) 

2863-
88-9 

---- ---- ----- -------- 

35.  Nandrolone (PET) 
C18 H26 O2 
White Crystalline Solid 

434-
22-0 

---- ---- ----- -------- 

36.  Norandrostenedione 
Crude 

734-
32-7 

---- ---- ----- -------- 

37.  ADD NPG Ketal 
(Intermediate for 
Estrone) 

13258-
43-0 

---- ---- ----- -------- 

 

Many of the Naari 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. Naari will be using a number ofliquid raw materials but 
onlyThirteen(including liquid ammonia) are stored in bulkand all these are listed under “List of 
hazardous and Toxic Chemicals” category under MSIHC Rules, 1989.In addition five toxic 
gases are also stored and have been listed below. The raw materials coming under hazardous 
category as specified by MSIHC Rules, 1989 (including subsequent amendments) is given in 
Table 6.4 below: 

Table 6.4. Hazards Analysis –Raw materials (stored in Bulk) 

S 
N
o 

Material S. No & Threshold Quantity 
(TQ in Kg) as per MSHIC 

Rules 

Chemicals Hazards 
Potential 

Remarks 

Schedu
le-1, 

Part-II 

Schedul
e-2, 

Part-I 

Schedul
e-3, 

Part-I 

Hazards Toxic 
DT->---
mg/Kg; 
OT----
mg/Kg; 
IT----mg/l; 

(Rats) 
1.  

Acetone 
CAS No:67-64-
1 
Colourless 
liquid with Fruity 
mint odour   BP: 
56.2 0C. 
Flash Point : -20 
0C. 

2 ----- ----- Hazardous in 
case of skin 
contact 
(irritant), of 
eye contact 
(irritant), of 
ingestion, of 
inhalation. 
Slightly 
hazardous in 
case of 
skin contact 
(permeator). 

DT->---
mg/Kg; 
OT—5800 
mg/Kg 
(rat); 
IT—50100 
mg/m3 8 
hrs (rat) 
 
 

 



Highly 
flammable in 
presence of 
open flames 
and sparks, 
of heat. 

2.  Chlorine 
CAS No:7782-
50-5 
UN No:1017 
A greenish 
yellow gas with 
a pungent 
suffocating 
odor. Toxic by 
inhalation. 

119 5 
TQ-1: 
10MT 

TQ-2: 25 
MT 

108 
TQ-1: 
10MT 
TQ-2: 

25 
MT 

 
Non 
Combustible;
May ignite 
other 
combustible 
materials 
(wood, paper, 
oil, etc.). 
Mixture with 
fuels may 
cause 
explosion. 
Container 
may explode 
in heat of fire. 
Chlorine 
reacts 
explosively 
with or 
supports the 
burning of 
numerous 
common  

ERPG-1: 
1.0 ppm 
ERPG-2: 
3.0 ppm 
ERPG-3: 
20 ppm 
IDLH: 10 
ppm 

Hazards: 
Poisonou
s; may 
be fatal if 
inhaled. 
Contact 
may 
cause 
burns to 
skin and 
eyes. 
Bronchiti
s or 
chronic 
lung 
condition
s 
Poisonou
s; may 
be fatal if 
inhaled. 
Contact 
may 
cause 
burns to 
skin and 
eyes. 
Bronchiti
s or 
chroniclu
ng 
condition
s 

3.  Cyclohexane 
 C6-H12 
CAS No:110-
82-7 
Liquid with 
Chloroform-like 
odor; solvent 
odor; mild sweet 
odor 
FP-18 0C ; BP-
80.70C  LEL-1.7 
%; UEL-8.4%  

161 --- --- Slightly 
hazardous in 
case of skin 
contact 
(irritant, 
permeator), 
of eye contact 
(irritant), of 
ingestion, of 
inhalation. 
Highly 
flammable in 

DT->--
18000 
mg/Kg 
(Rabbit); 
OT----
12705mg/K
g; Rat 
IT----mg/l; 
(Rats) 

 



 presence of 
open flames 
and sparks, 
of heat 

4.  Dimethyl 
Formamide  
(DMF) 
CAS No:68-12-
2 
Colourless to 
light yellow 
Flammable 
liquid  with mint 
like odour   BP: 
153 0C. 
Flash Point : 
57.7 0C. 

----- ----- ----- Hazardous in 
case of skin 
contact 
(irritant, 
permeator), 
of eye contact 
(irritant), of 
ingestion, 
of inhalation. 

DT->--4720 
mg/Kg 
(Rabbit); 
OT----2800 
mg/Kg; Rat 
IT----mg/l; 
(Rats) 

 

5.  Ethanol 
CAS No; 64-17-
5 
A clear 
colorless liquid 
with pleasant 
odor 

248 ----- ----- Colourless 
liquid  
Flammable: 
FP- 16.6 0C; 
Causes 
respiratory 
tract irritation. 
May cause 
liver, kidney 
and heart 
damage. 
Causes 
moderate 
skin / eye 
irritation. On 
ingestion may 
cause 
gastrointestin
al tract 
irritation, 
vomiting and 
diarrhoea. 

  

6.  Ethyl Acetate 
(C4 H8 O2) 
CAS No: 141-
78-6 
Flammable 
Colourless 
liquid; Pleasant 
Etheral odour  
BP-77 0C 
FP—4.4 0C 

247 --- --- Hazardous in 
case of 
ingestion, of 
inhalation. 
Slightly 
hazardous in 
case of skin 
contact 
(irritant, 
permeator), 
of eye contact 
(irritant). 

(LD50): 
Acute: 
5620 
mg/kg 
[Rat]. 
4100 
mg/kg 
[Mouse].  
VAPOR 
(LC50): 
16000 
ppm 6 

 



FLAMMABLE
: FP (Closed 
Cup)- -4.4 0C 
Flammable 
Limits_ Lower 
2.2%;Upper-
9% 

hours 
[Rat]. 

7.  n-Hexane     
CAS No:110-
54-3 
UN No:1208 
Clear colourless 
liquids with a 
petroleum-like 
odour. Flash 
points -9°F 

306 ----- ----- Highly 
flammable; 
Vapours may 
explode; 
Health 
Hazards: 
Inhalation 
causes 
irritation of 
respiratory 
tract, cough, 
mild 
depression, 
cardiac 
arrhythmias. 
Aspiration 
causes 
severe lung 
irritation, 
coughing, 
pulmonary 
edema; 
excitement 
followed by 
depression. 
Ingestion 
causes 
nausea, 
vomiting, 
swelling of 
abdomen, 
headache, 
and 
depression. 

TEEL-1: 
400 ppm 
TEEL-2: 
3300 ppm 
TEEL-3: 
8600 ppm 
IDLH 
1100 ppm 

 

8.  Hydrochloric 
acid (Gas)                 
CAS No: 7647-
01-0 UN No: 
1789 

313 ----- ----- Not 
Flammable; 
Inhalation of 
fumes results 
in coughing 
and choking 
sensation, 
and irritation 
of nose and 
lungs. Liquid 

ERPG-1: 
3.0 ppm 
ERPG-2: 
20 ppm 
ERPG-3: 
150 ppm 
IDLH: ---- 
ppm  
 

Plant 
uses 
liquid 
and 
emits 
HCl gas  



causes burns 

9.  Hydrogen 
CAS No:1333-

74-0 
 

Hydrogen is a 
colorless, 
odorless, 

flammable gas 
BP:--252.8 0C 

247 --- TQ-1: 
2MT 
TQ-
2:50 
MT 

The main 
health hazard 
associated 
with releases 
of this gas is 
asphyxiation, 
by 
displacement 
of oxygen. 
The liquefied 
gas can 
cause 
frostbite to 
any 
contaminated 
tissue. 
Hydrogen 
poses a 
serious fire 
hazard when 
it is 
accidentally 
released.  

------ Highly 
Flammab

le/ 
Explosiv

e 
 

10.  Ammonia 
 CAS No:7664-
41-7 
UN No:1005 
Colourless gas / 
liquid with 
ammonical 
irritating odour 

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 
froast 
bite. 

11.  Methanol 
CAS No:67-56-
1 
UN No:1230 
FP—54.5 0F ; 
BP-64.5 0C   
A colorless fairly 
volatile liquid 
with a faintly 
sweet pungent 
odor like that of 
ethyl alcohol. 

377 ---- ---- human 
poison by 
ingestion. 
Poison 
experimentall
y by skin 
contact. 
Moderately 
toxic 
experimentall
y by 
intravenous 

ERPG-1: 
200 ppm 
ERPG-2: 
1000 ppm 
ERPG-3: 
5000 ppm 
IDLH: 
6000 ppm  
 

Health 
Hazards:  
Exposure 
to 
excessiv
e vapor 
causes 
eye 
irritation, 
head- 
ache, 
fatigue 



Highly 
Flammable;  

and 
intraperitonea
l routes. 
Mildly toxic by 
inhalation. 

and 
drowsine
ss. 
50,000 
ppm will 
probably 
cause 
death in 
1 to 2 
hrs. 
Swallowi
ng may 
cause 
death or 
eye 
damage. 

12.  Methylene 
Dichloride 

CAS No: 75-09-
2 
 

Liquid 
BP-39.75 0C 

May be 
combustible at 

high 
temperature 

400 --- --- Very 
hazardous in 
case of eye 
contact 
(irritant), of 
ingestion, of 
inhalation. 
Hazardous in 
case 
of skin 
contact 
(irritant, 
permeator). 
Inflammation 
of the eye is 
characterized 
by redness, 
watering, and 
itching. 

DT->---
mg/Kg; 
OT---1600 
mg/Kg 
(Rat); 
IT----mg/I; 
(Rats) 

 

13.  Toluene 
C6-H5-CH3 
 
CAS No: 108-
88-3 UN No: 
1294 
A clear 
colorless 
Flammable 
liquid with a 
characteristic 
aromatic odor. 
Flash point 
40°F 

628 ---- ---- Flammability: 
Ignites at 
normal 
temperatures; 
Vapor is 
heavier than 
air and may 
travel a 
considerable 
distance to a 
source of 
ignition and 
flash back; 
Health 
Hazard 
Vapors irritate 

DT->--
14100 
mg/Kg 
(Rabbit); 
OT----636 
mg/Kg; 
IT----49000 
ppm; 4 hrs 
(Rat) 

 



eyes and 
upper 
respiratory 
tract; cause 
dizziness, 
headache, 
anesthesia, 
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. 

14.  

Acetylene Gas  
CAS No: 74-86-
2 
UN No: 1001 
Colourless gas 
with unknown 
odour 

8 ---- TQ-1: 
5 MT 
TQ-2: 
--- MT 

 
 Acetylene is 
extremely 
flammable 
and slightly 
lighter than 
air. Acetylene 
ignites easily 
and burn with 
an extremely 
hot bright 
flame giving 
off black 
smoke. 

------  

15.  Benzyl-
(2bromoethyl)et
her 
CAS No: 1462-
37-9 
 
BP:254 0C 

---- ----- ---- Harmful if 
swallowed; 
causes 
skin/eye  
irritation 

----  



16.  CKT [(2-(3-
CHLOROPROP
YL)-2,5,5-
TRIMETHYL-
[1,3]-
DIOXANE); 
C10H19ClO2 ] 
CAS No: 
88128-57-8 
 
BP: 
247.7±15.0℃ 

---- ----- ---- ---- --- No data  

17.  Di Ethyl Ether 
C4H100   CAS 
No: 60-29-7 
Colourless 
Liquid with 
sweet ether like 
odour 
BP: 34.6 0C 
 

---- ----- ---- Extremely 
flammable 
liquid and 
vapour. May 
form 
explosive 
peroxides 
Harmful if 
swallowed 

DT->--14.2 
g/Kg 
(Rabbit); 
OT-1215 
mg/Kg 
(rat); 
IT----32000 
ppm; 4 hrs 
(Rats) 

 

18.  Heptane 
 
CAS No:142-
82-5; UN No 
1206 
Flammable 
colourless liquid 
and vapor. Will 
be easily ignited 
by heat, spark 
or flames. with 
gasoline like 
odor;  
FP- -4 0C ; BP-
98.5 0C 

--- --- --- Harmful or 
fatal if 
swallowed. 
Causes skin 
and eye 
irritation. 
Causes 
respiratory 
tract irritation. 

High 
vapor 
concentration
s may cause 
drowsiness 
and irritation 
of the eyes or 
respiratory 
tract. 

DT->---
mg/Kg 
(Rabbit); 
OT--------
mg/Kg; 
IT----103 
mg/l; 4 hrs 
(Rats) 

 

19.  Propylene 
CAS No: 115-
07-1  
Colorless Gas 
(Liquid under 
pressure)  
Odor: Mild 
Olefin  
Vapor Density: 
1.4 (air=1) 
 

--- ---- ----- F P: -108°C  
LEL: 2.0% 
UEL: 11.1% 
Flammable 
Gas 
Unusual Fire 
and 
Explosion 
Hazards: 
Vapors are 
heavier than 
air and may 

NFPA 704 
(1997)  
Health: 1 
Flammabil
ity: 4 
Reactivity: 
1  
 

 



travel along 
the ground or 
may be 
moved by 
ventilation 
and ignited by 
flame, sparks, 
heaters or 
other ignition 
sources at 
distant 
locations. 
Vapors may 
explode if 
ignited in a 
closed area. 
Containers 
may explode 
in a fire. 

20.  
Pyridine  
4-(p-
nitrobenzyl)- 
C12-H10-N2-O2 
CAS No:1083-
48-3 
Powder Solid 

547 ---- ----- Hazardous in 
case of skin 
contact 
(irritant), of 
eye contact 
(irritant), of 
ingestion, of 
inhalation 
(lung irritant). 

-----  

21.  

THF 
Tetrahydrofuran 
C4H8O 
CAS No:109-
99-9 
Flammable 
clourless  liquid 
with Ethereal 
odour 
BP:65 0C 
 

---- ---- ---- Hazardous in 
case of skin 
contact 
(irritant), of 
eye contact 
(irritant). 
Slightly 
hazardous in 
case of skin 
contact 
(permeator), 
of 
ingestion, of 
inhalation 
 

DT->--1650 
mg/Kg 
(Rabbit); 
OT--------
mg/Kg; 
IT----24000 
mg/m3; 2 
hrs 
(mouse) 

 

22.  Phosphoric Acid 
(85%) 
H3PO4 
CAS No 7664-
38-2 
Syrupy viscous 
odourless liquid 

497 ---- ---- Very 
hazardous in 
case of skin 
contact 
(irritant), of 
eye contact 
(irritant), of 
ingestion, . 

DT->--2740 
mg/Kg 
(Rabbit); 
OT--
1530mg/Kg
; 
IT----850 
mg/m3; 1 

 



Hazardous in 
case of skin 
contact 
(corrosive, 
permeator), 
of eye contact 
(corrosive). 
Slightly 
hazardous in 
case of 
inhalation 
(lung 
sensitizer). 

hrs 
(rat) 

note: 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) 
 

As detailed in the above table out of 22 (17- liquid/ 5-gaseous) materials stored in bulk only 14 
are coming within Schedule I part II (List of Hazardous and Toxic Chemicals) of MSIHC 
Rules.Only fourmaterial (Chlorine, Hydrogen, Ammonia and Acetylene) of them comes under 
Schedule 3 (list of hazardous chemicals for application of rules 5 and 7 to 15). 

All solvent materials are inflammable and some may be explosive also. Some  of these 
hazardous liquid materials are toxic also such as Methanol,  Ethyl Acetate, Methylene Chloride, 
Pyridine, Toluene and Phosphoric Acid.  

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.] 

 

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 nonsensory effects. 

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 without experiencing other than mild 
transient health effects or perceiving a clearly defined, objectionable odor." 

1. 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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1.4. Hazardous Materials Storage 
The solid raw materials will be received in bags or drums and will be stored inchemicals 
godowns. The products (liquid or solid) will be packed in drums and stored in product godowns 
as per market demand. Many of the materials will be stored in tanks in bulk. Appropriate 
arrangement will be done for absorption of gases/Cooling of storage tanks/Vent condenser (if 
required)/ Sealing arrangement etc. 

The bulk storages of liquid hazardous materials are given in the Table 6.1 

 

The solid material powder or granules spillage can results in polluting small area only. The 
damage to personnel can be through ingress- dermal (if individual come in contact), oral (if 
individual food gets infected through fugitive dust) or inhalation (fugitive dust). The main route is 
fugitive dust which incovered area will move to short distance only. 

The risk is through liquid / gaseousmaterials which are volatile material. The toxic vapours due 
to spillage of such material can travel to some distance (as they are stored in covered godowns) 
and cause damage.  

1.5. 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 below asTable 6.5: 

Table 6.5. 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 One that is five or more times worse than a serious incident. 



Stage Description 
Incident 
Assigning a relative risk to each scenario provides a means of prioritising associated risk 
mitigation measures and planned actions. 

1.6. 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 evaluated 
for damages.Table 6.5, Table 6.60andTable 6.7(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 6.6. 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 6.7. Thermal Radiation Impact to Human 

Exposure Radiation Energy {1% Radiation Energy for Radiation Energy for 



Duration lethality; kW/m2} 2nd degree burns; 
kW/m2 

1st degree burns; 
kW/m2 

10 sec 21.2 16 12.5 
30 9.3 7.0 4.0 
    

Table 6.8. 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 

 

1.7. 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 6.8below: 

Table 6.9. Damage due to Overpressure 

Sl. 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 

 

1.8. Toxic Release 
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 (AEGL) data are 
considered. ‘AEGL’ norms are used for chemicals, as IDLH are not available for these 
chemicals. 



1.8.1. 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 are 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 ofacid and other hazardous liquid chemicals 
in the plant: 

• Double drain valve will be provided to 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 hazardous chemicals  handling. 
• Dyke wall will be provided to storage tank 
• Tanker unloading procedure will be prepared. 
• SOP will be prepared for sulphuric acid handling. 
• Training programme will be conducted for safe handling and emergency handling of 

hazardouschemicals. 
• In Storage Tank Area, reaction with water generating fumes should be displayed and 

avoided 
• Suitable extinguishing media-Extinguish with dry powder / sand. DO NOT USE 

WATER. 
Fire and explosion hazards-Not flammable. May evolve toxic fumes in fire (sulphur oxides/ 
Carbon Monoxide or other toxic gases). 

1.9. Likely Failure Scenarios 
Few likely failure scenarios have been selected after critical appraisal of raw materials and 
storage inventories. Failure scenarios selected are as given in Table 6.10 below: 

   

Table 6.10. Different Failure Scenarios 

S. No. Scenario Remark 

 RM-1  Chlorine line leakage Toxic 
RM-2  DMF Tank Spillage Toxic 
RM-3  Ammonia gas Leakage Toxic 



S. No. Scenario Remark 

RM-4  Methanol Tank Spillage Toxic 
RM-5  Dichloro Methane Tank Leakage Toxic 
RM-6  Cyclohexane Tank pillage & Fire Thermal 
RM-7  Toluene Tank Spillage Toxic 
RM-8  Propylene Line Leakage & Fire Thermal 
RM-9  Diesel Spillage & Fire Thermal 

1.9.1. 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) or AEGL (in absence of IDLH data) 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. For toxic materials Stability class “F”  (wind speed 1.5 m/sec and Temp. 
15 0C) has been considered and for inflammable materials stability class “E” (wind speed 4 
m/sec and Temp. 35 0C) has been considered. 

1.10. Incidents Impacts 
The identified failure scenarios (Table 6.9) have been analysed(Using ALOHA Module) for the 
impact zones considering damage due to thermal and toxic impacts. 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 6.11. 

Table 6.11. : HazardsScenario Impact 

Scenario 
No. 

Scenario Impact 
Zone (m) 

Remarks 

Scenario Raw Material 
RM-1  Chlorine  133 

 306 
IDLH ; Stability Class D; Template 1 
IDLH ; Stability Class F; Template 2 

RM-2  DMF Tank Spillage  < 10 IDLH; Stability Class D 

RM-3  Ammonia gas 
Leakage 

 22 IDLH; Stability Class D 

RM-4  Methanol Tank 
Spillage 

 <10 IDLH; Stability Class D 

RM-5  Dichloro Methane 
Tank Leakage 

 75 AEGL 1; Stability Class D; Template 3 

RM-6  Cyclohexane Tank 
Spillage & Fire 

 13 1st degree burn; Template 4 
 

RM-7  Toluene Tank 
Spillage 

 <10 IDLH; Stability Class D 

RM-8  Propylene Line 
Leakage & Fire 

 <10 1st degree burn 
 

RM-9  Diesel Spillage & 
Fire 

 28 
 1500 

1st Degree Burn 
Vapour Cloud Explosion; Serious Injury 



Scenario 
No. 

Scenario Impact 
Zone (m) 

Remarks 

Scenario Raw Material 
Likely (from the center of fire ball) 

 

Template 1. Chlorinepipe leakage: Toxic Impact Zone Stability Class “D” 
 



 
Template 2. Chlorine pipe leakage: Toxic Impact Zone Stability Class “F” 

 
Template 3. Heavy Dichloromethane Spillage – Toxic Zone 

 



 
Template 4. Cyclohexane Spillage: Fire- Thermal Impact Zone 

1.11. Consequential Impacts 
The consequential impacts from each incident scenarios can be though thermal, over pressure 
wave and toxic route. The damage can be on plant personnel (and neighbouring industry/ 
residents in case incident crosses boundary), property and also loss in production.  

1.11.1. Thermal and Explosion Hazards 
Incidents involving thermal hazards are mainly due to raw material and fuel (Diesel) spillage and 
fire (in tank farms). The impact (1st degree burn) is limited to ~ 28 m (Diesel)  and ~ 13 m 
onlydue to Cyclohexane incident. The thermal impact will be limited within plant boundary only. 
The impact can cross plant boundary due to vapour cloud explosion (rare case). 

1.11.2. Toxic Hazards 
Toxic hazards are mainly due toChlorine, Ammonia and Dichloromethane and other chemicals 
leakageand their impact can cross the plant boundary (if not controlled in time). The impact due 
to Chlorine and Ammonia release may go up to ~306 and 22mi.e. it may cross plant area 
/storage area and may also have impact on outside plant area. Any suchrelease will have 
adverse impact outside the plant battery limit and may involve district authorities to contain the 
damage. 

 

1.11.3. 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.). 

1.11.4. 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. 

1.12. Occupational Health 
Naariwill 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.  

1.13. Emergency Management Plan 
Naari already have Emergency Management Plan based on existing Formulation unit.  The plan 
is to be reviewed and revised based on additional hazards. Naari has to add additional facilities 
to deal with preventive measures for thermal and toxic hazards. Some of the preventive 
measures/ facilities are given below:  

• Fire Fighting Measures 

a. Fire Water reservoir along with Fire water pump etc. 

b. Fire hydrant around sensitive areas like Storage Tank area, Ware house, 

process area etc. 

c. Emergency Water Spray system on sensitive solvent tanks.  

• Toxic Hazards:Gas masks, Chlorine safety kit and other safety appliances. 

• Toxic Gas detectors at sensitive locations. 

• Additional training system considering process details. 

• Solvent/ fuel tanker unloading facility with all safety measures. Etc. 

• Mutual aid agreements to be made with neighboring industries. 
EMP is to be revised and submitted to authorities. 
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