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Abstract 

Hazard identification is a key part of any injury and illness prevention program within a business (especially small and medium 

sized companies). If hazards aren't identified, then they can't be mitigated properly. This tool is designed to help company 

leadership as well as workers practice more effectively identifying hazards. The OSHA Hazard Identification Training Tool (Play 

as Owner mode) is a game, aimed at entrepreneurs and managers, in which player’s practice identifying and prioritizing various 

workplace hazards. The game presents five generalized elements of a hazard identification program and a set of scenarios targeting 

different industries. Using hazard identification process fundamentals from the game, it is possible to apply safe work practices in 

any setting. A hazard and operability study (HAZOP) is a structured and systematic examination of a complex planned or existing 

process or operation in order to identify and evaluate problems that may represent risks to personnel or equipment [1]. The intention 

of performing a HAZOP is to review the design to pick up design and engineering issues that may otherwise not have been found. 

The present classification was performed in the areas of M/s HINDALCO Industries Ltd. (Unit - Birla Copper) DAHEJ, District 

Bharuch, Gujarat. The objective of this paper is to identify the zones where there is a need to provide flame proof or intrinsically 

safe electrical fittings because of the possibility of presence of explosive concentrations of flammable vapors or gases in the 

immediate environment.                 

Keywords: Petroleum, Chemical, Risk, Hazards, Plant Layouts, Mathematical Models, Computational Parameters, Fuels, 

OSHA, HAZOP, HAZOP Sheets 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Hazardous area classification is a process of identification of locations and spaces where explosives concentrations remain present 

at all times, or may develop during some phase of operations or may arise due some abnormalities in the system like leakages from 

joints or valves. The objective of such a classification is to prohibit all sources of ignition in such areas and install electrical fittings 

that will not allow the explosions that may take place within the equipment to release from the enclosure of the fittings in such a 

way that explosive mixture present outside the equipment or instrument may get ignited. Such electrical fittings and equipments 

are known as flame proof electrical fittings. Some instruments or equipments are so designed that the sparks generated during 

switching on and switching off of such equipments do not generate incentive sparks. Such types of equipments are known as 

intrinsically safe equipments. 

 Catastrophic failures, such as vessel or line rupture are normally not considered by an area classification study. The process of 

area classification involves notional division of a plant into zones within which the likelihood of the existence of an explosive 

gas/air mixture is judged to be high, medium, low or so low as to be regarded as negligible. An area classification established in 

this way provides a basis for the selection of electrical apparatus that is protected to a degree appropriate to the risk involved. The 

type of protection of the apparatus selected will be such that the likelihood of it being a source of ignition, while the surrounding 

atmosphere is explosive, is accepted as being small. 

 Hazardous Zones 

Hazardous areas are classified in zones based upon the frequency of the appearance and the duration of an explosive gas atmosphere 

as follows: 

1) An area in which an explosive atmosphere is present continuously or for long periods or frequently. 

2) An area in which an explosive atmosphere is likely to occur in normal operation occasionally. 

3) An area in which an explosive atmosphere is not likely to occur in normal operation but, if it does occur, will persist for a 

short period only. There are still the possibilities of formation of explosive mixtures in case any abnormality likes leakage or 

damage of the systems. 

 Major Hazardous Components in Petrochemical Industries 

 Liquefied Petroleum Gas (LPG) 

 Liquefied Natural Gas (LNG) 

 Propane Storage Area 



Study and Analysis on Petroleum and Chemical Industries using Various Tools and Techniques  
(IJSTE/ Volume 5 / Issue 2 / 002) 

 

 All rights reserved by www.ijste.org 
 

7 

 

For study the respective work by previous researchers [2] highlights unacceptable and unfortunate trends in the petroleum industry 

including health, safety, and environment. Work done in paper [3] is performed by independent consultant for safety and health in 

oil and gas industry at sub-Sahara. The main purpose of authors here is to improve the overall condition at the region. This research 

[4] based on toxicity test and evaluation performed on plastic products. They show the hazard and risk on using of these products 

by using a data sheet. [5] Provides us a great knowledge of a study method named ALOHA (The adaptive level of detail for human 

animations) which we applied in our research also. The method aims to a virtual human and virtual environment for the study point 

of view. HAZOP (Hazard and operability analysis) which we taken as main method in our work was come in our mind by taking 

a tour of this research paper [6]. 

II. SELECTION & D-SELECTION OF ANALYSES AREAS 

1) Hazardous Zones Identified 

2) Propane Storage Tanks 

3) Propane Tank Truck Decanting Station 

4) Vaporizer 

5) Hose Vents at the Decanting Station 

6) Pump and Compressor Sheds 

7) Other Point Sources 

8) Safety Valves and Thermo Pop Off Valves, Drain Valves and Process Vents 

9) Natural Gas (NG) Line 

10) Overhead Pipe Line from the Natural Gas Supply Skids to the Furnace Skids 

11) HSD Storage Area 

III. METHODOLOGY ADD OPTED 

The Propane storage tanks and the Sulphur Dioxide tonners were considered to be main sources of flammable and toxic hazards 

in the factory. On the basis of the area the study was accomplish by ALOHA Software. ALOHA is designed to produce reasonable 

results quickly enough to be of use to responders during a real Emergency Therefore, ALOHA’s calculations represent a 

compromise between accuracy and speed. Many of ALOHA’s features were developed to quickly assist the responder. 

 ALOHA is part of the CAMEO software suite, which is developed jointly by the National Oceanic and Atmospheric 

Administration (NOAA) and the U.S. Environmental Protection Agency (EPA). 

IV. COMPUTATIONS & IMPORTANT TERMINOLOGIES 

 Propane 

The various hazards in the propane storage tank area were visualized and the maximum credible loss scenario (MCLS) was 

identified.  The detailed analysis of the identified worst scenarios of different types was carried out with the help of a computerized 

model for consequence analysis. 
Table - 4.1 

Propane Description 

Sr. No Details of Propane Storage Tank and Properties of Propane Values 

1. Number of tanks 2 

2. Capacity (each tank) 146 MT 

3. Material of Construction MS 

4. Length of the tank 24.536 M 

5. Internal Diameter 2.75M 

6. Safety Valve Size (2 Nos.) 2 inches 

7. Liquid Outlet line (Bottom) 2 inches 

8. Drain line (Bottom) 2 inches 

9. Maximum filling ratio 85 % 

11. Lower Explosive Limit 1.9 % v/v 

12. Upper Explosive Limit 11.4 % v/v 

13. Relative Density (to water) at 15.6oC 0.50 - 0.51 

14. Relative density (to air) of vapor at 15.6oC and 1015.9 mbar 1.40 - 1.55 

15. Relative density (to air) of vapor at 15.6"C and 1015.9 mbar 1957 - 2019 

16. Ratio of gas to liquid volume at 15.6OC and 1015.9 mbar 274 

17. Boiling point - 45oC 

18. Vapor pressure at 20oC 9 bar 

19. Vapor pressure at 50oC 19.6 bar 
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20. TEEL 31 (Temporary Emergency Exposure Limit from toxicity point of view) 33000 PPM 

21. TEEL 2 (Temporary Emergency Exposure Limit from toxicity point of view) 17000 PPM 

22. TEEL 1 (Temporary Emergency Exposure Limit from toxicity point of view) PPM 

 Sulphur Dioxide 

The maximum credible loss scenario for the Sulphur dioxide was identified. The distances up to which significantly toxic levels 

may reach were then estimated and contours of the equal concentrations were plotted for each type of event. The release from the 

nozzles of the tonner and catastrophic failure of the tonner were considered for computations. The liquefied sulphur dioxide is 

being stored in one ton cylindrical vessels called tonners. 

 The length and diameter of the tonner is 7 ft and 2.5 ft respectively. Some Web sites explicitly TEEL Temporary Emergency 

Exposure Limits (TEELs) are temporary Toxic Levels of Concern. TEELs are not peer-reviewed, and are intended as temporary 

guidance.  TEELs do not incorporate safety factors.  Rather, they are designed to represent the predicted response of members of 

the general public to different concentrations of a chemical during an incident.  There are three TEEL levels that are important for 

responders to consider: 

 TEEL 1 

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 2 

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 3 

Maximum concentration in air below which it is believed nearly all individuals could be exposed without experiencing or 

developing life-threatening health effects. 

 Weather Stability Classes 

Table - 4.2 

Stability Class Weather 

Stability Class Choices For Day and Night Time ( Adapted From Turner 1994) 

Surface Wind Speed 

Day Time Night Time 

Incoming Solar Radiation Cloud Cover 

Strong Moderate Slight >5/10 < 5/10 
Miles per hour Meters per second 

< 4 < 2 A A-B B E F 

4 to 7 2 to 3 A-B B C E F 

7 to 11 3 to 5 B B-C C D E 

11 to 13 5 to 6 C C-D D D D 

>13 >6 C D D D D 

The dispersion of gases and vapors is a function of different variations in the weather conditions. The various sets of weather 

conditions have been combined to get the weather stability rating in a single series i.e. A, B, C, D, E, and F. 

V. ANALYSIS & MATHEMATICAL CALCULATION AT DIFFERENT SECTORS 

 Propane 

Table - 5.1 

Basic Information 
S. No Name Specification 

1. Material Propane 

2. Capacity 146MT 

3. Tank Length 24.536M 

4. Diameter of tank discharge line 2 

 Flammable & Toxic Vapor Cloud Dispersion 

In case of continuous release, concentration of propane in some part of the cloud will be in the range of Lower Explosive Limits 

and the Upper Explosive Limits. In case any source of ignition within this range, the cloud will explode. Such explosions, if in 

open air, are called unconfined vapor cloud explosions. It is necessary to avoid any source of ignition within the footprint of the 

Lower explosive Limit when the release takes place. 

 Down Wind Distances of Toxic Cloud on Liquid Release 
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Table - 5.2 

Downward distance with respect to stability class TEEL 

Wind Speed Weather Stability Class Down Wind Distances 

Meter 

/Sec 
 TEEL 1(5500 PPM) (M) TEEL 2 (17000 PPM) (M) TEEL 3 (33000 PPM) (M) 

5 Very Very unstable (A) 165 86 56 

 Very unstable (B) 190 92 59 

 Unstable (C) 201 98 63 

 Neutral (D) 207 102 66 

 Stable (E) 215 103 67 

 Very Stable  (F) 240 117 76 

3 Very Very unstable (A) 208 106 70 

 Very unstable (B) 223 114 75 

 Unstable (C) 238 123 83 

 Neutral (D) 247 128 87 

 Stable (E) 259 134 89 

 Very Stable  (F) 296 155 102 

1.5 Very Very unstable (A) 299 170 122 

 Very unstable (B) 325 186 133 

 Unstable (C) 353 202 144 

 Neutral (D) 369 211 150 

 Stable (E) 392 224 159 

 Very Stable  (F) 459 262 183 

 Down Wind Distances of Flammable Clouds on Liquid Release 

Table - 5.3 

Downward Distance with Respect to Stability Class % 

Wind Speed Weather Stability Class Down Wind Distances 

Meter/ 

Sec 
 

60 % of the Lower Explosive 

Limit (12000 PPM) (M) 

10 % of the Lower Explosive 

Limit (2000 PPM) (M) 

5 Very Very unstable (A) 108 350 

 Very unstable (B) 115 369 

 Unstable (C) 123 389 

 Neutral (D) 126 400 

 Stable (E) 130 413 

 Very Stable  (F) 147 458 

3 Very Very unstable (A) 131 387 

 Very unstable (B) 141 412 

 Unstable (C) 151 436 

 Neutral (D) 158 451 

 Stable (E) 165 471 

 Very Stable  (F) 189 532 

1.5 Very Very unstable (A) 203 506 

 Very unstable (B) 221 548 

 Unstable (C) 240 592 

 Neutral (D) 251 619 

 Stable (E) 266 657 

 Very Stable  (F) 311 764 

 Down Wind Distances of Areas Affected by Vapor Cloud Explosion on Liquid Release 

 An Un-Congested Area 
Table - 5.4 

Downward wind Distance with Respect to Stability Class (psi) Un-Congested Area 

Wind 

Speed 

Weather Stability 

Class 
Downwind Distance 

Meter/Sec  
Destruction of Building (8 psi) 

M 

Serious injury likely (3.5 psi) 

M 

Shattered Glasses (1.0 psi) 

M 

5 
Very Very Unstable 

(A) 
LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Very Unstable (B) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Unstable (C) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Neutral (D) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Stable (E) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 
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 Very Stable (F) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

3 
Very Very Unstable 

(A) 
LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Very Unstable (B) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Unstable (C) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Neutral (D) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Stable (E) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Very Stable (F) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

1.5 
Very Very Unstable 

(A) 
LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Very Unstable (B) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Unstable (C) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Neutral (D) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Stable (E) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Very Stable (F) LOC is likely not to exceeds LOC is likely not to exceeds LOC is likely not to exceeds 

 Congested Area 
Table - 5.5 

Downward wind Distance with Respect to Stability Class (psi) Congested Area 

Wind 

Speed 

Weather Stability 

Class 
Downwind Distance 

Meter/Sec  Destruction of Building (8 psi) M 
Serious injury likely (3.5 psi) 

M 

Shattered Glasses (1.0 psi) 

M 

5 
Very Very Unstable 

(A) 

LOC is likely not to exceeds 

(LNE) 
79 139 

 Very Unstable (B) 
LOC is likely not to exceeds 

(LNE) 
84 145 

 Unstable (C) 
LOC is likely not to exceeds 

(LNE) 
88 151 

 Neutral (D) 
LOC is likely not to exceeds 

(LNE) 
91 156 

 Stable (E) 
LOC is likely not to exceeds 

(LNE) 
91 157 

 Very Stable (F) 
LOC is likely not to exceeds 

(LNE) 
102 168 

3 
Very Very Unstable 

(A) 

LOC is likely not to exceeds 

(LNE) 
101 180 

 Very Unstable (B) 
LOC is likely not to exceeds 

(LNE) 
106 188 

 Unstable (C) 
LOC is likely not to exceeds 

(LNE) 
113 199 

 Neutral (D) 
LOC is likely not to exceeds 

(LNE) 
117 204 

 Stable (E) 
LOC is likely not to exceeds 

(LNE) 
119 207 

 Very Stable (F) 
LOC is likely not to exceeds 

(LNE) 
138 224 

1.5 
Very Very Unstable 

(A) 

LOC is likely not to exceeds 

(LNE) 
159 287 

 Very Unstable (B) 
LOC is likely not to exceeds 

(LNE) 
175 301 

 Unstable (C) 
LOC is likely not to exceeds 

(LNE) 
190 316 

 Neutral (D) 
LOC is likely not to exceeds 

(LNE) 
202 324 

 Stable (E) 
LOC is likely not to exceeds 

(LNE) 
306 333 

 Very Stable (F) 
LOC is likely not to exceeds 

(LNE) 
236 363 

 Heat Radiation on Vapor Cloud Explosion (Fire Ball) Followed By Instantaneous Release of Propane On Bursting Of 

Storage Tank 

Radius of damage from heat radiation due to fire ball on instantaneous release (BLEVE) in an un-congested surroundings and 

immediate ignition is noted that the transmission of radiant heat from a source is mainly effected by the atmospheric transitivity 
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which is mainly a function of atmospheric humidity. The above computations done for different levels of atmospheric humidity 

were done assuming that one of the tanks bursts due to fire under the tank or in vicinity of the tank. The causes of such a 

consequence could be hitting of tank by some external object such as a splinter ejected in the plant due to accident in some other 

place. The external causes like bombardment can also lead to such a consequence. 
Table - 5.6 

Distances for Different Levels for Heat Radiations 

Relative 

Humidity 

Distance For Different Levels For Heat Radiations 

Remarks 
(10.0 KW /(Sq.m.) = potentially lethal 

within 60 sec) (Meters from surface of 

tank) 

(5 .0  KW/sq.m.) = 2nd degree burns 

within 60 sec) (Meters from surface of 

tank) 

Pain within 60 sec. (2.0 

KW/sq.m.) (Meters from 

surface 

of tank) 

10% 710 1000 1600 

 

30% 673 950 1500 

50% 656 925 1400 

70% 644 908 1400 

90% 634 815 1400 

 Heat Radiation from Jet Fire in Propane Tank 

A jet fire, also referred to as a jet flame, occurs when a flammable chemical is rapidly released from an aperture on a container and 

catches the fire -- much like the flame from a blowtorch.    A two-phase jet fire occurs when a gas that has been liquefied under 

pressure is released.  Because the liquid evaporates as it escapes, the chemical is released as an aerosol spray -- that is, a mixture 

of gas and tiny liquid droplets. 

 In some cases, heat from the jet fire may weaken the tank and cause it to fail completely -- in which case, a BLEVE may occur.  

Typically, a BLEVE poses a greater threat than a jet fire. 

 Results of Heat Radiations around the Flame from Jet Fire Atmospheric Conditions 

Table - 5.7 

Jet Fire Atmospheric Condition 

S. No Notations Specifications 

1. Wind 2.5meters/second 

2. Ground Roughness urban or forest 

3. Cloud Cover 4Tenths (50%) 

4. Air Temperature 35° C 

5. Stability Class E 

6. Inversion Height No 

7. Relative Humidity 50% 

8. Leak from hole in horizontal cylindrical tank Leak 

9. Flammable chemical is burning as it escapes from tank Escape 

10. Tank Diameter 4.4 meters 

11. Tank Length 24.54 meters 

12. Tank contains liquid Liquid 

13. Internal Temperature 35° C 

14. Tank 85% full 

15. Circular Opening Diameter: 5.08 centimeters 

16. Opening 0 meters from tank bottom 

17. Max Flame Length 30 meters 

18. Max Burn Rate 2,440 kilograms/min 

Note: The chemical escaped from the tank and burned as a jet fire 

THREAT ZONE 

1. 10.0 kW/(sq m) potentially lethal within 60 sec) 49 meters 

2. 5.0 kW/(sq m) 2nd degree burns within 60 sec) 79M 

3. (2.0 kW/(sq m) pain within 60 sec)  

 Sulphur Dioxide Tonner 

Sulphur dioxide tonners are being used in the factory, which if releases gaseous or liquefied SO2 may lead to a serious emergency 

in the plant and in surrounding areas. The distances up which the gas may reach in significant concentrations from toxicity point 

of view have been estimated for rupture of valve and release of liquefied SO2 or gaseous SO2. 

The following levels of concern for SO2 have been selected: 

 Release of Liquefied So2 under Pressure from the Broken Valve Nozzle (1 Cm Diameter) 
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Table - 5.8 

Level of concern with Respect to Stability Class PPM 

Wind 

Velocity 

(M/Sec) 

Weather 

Stability 

Class 

Level Of Concern 

IDLH (100 PPM) (M) ERPG 3 (15 PPM) (M) ERPG 2 (3 PPM) (M) 

5 A 209 566 1300 

 B 257 700 1600 

 C 323 885 2000 

 D 395 1100 2600 

 E 470 1400 3300 

 F 519 1700 4100 

3 A 274 740 1700 

 B 330 908 2100 

 C 412 1100 2600 

 D 471 1400 3300 

 E 480 1700 4200 

 F 527 2000 5000 

1.5 A 274 740 1700 

 B 331 908 2100 

 C 412 1100 2600 

 D 471 1400 3300 

 E 480 1700 4200 

 F 527 2000 5000 

 Release of Gaseous So2 

Table - 5.9 

Level of Concern with Respect to Stability Class PPM (So2) 

Wind 

Velocity 

(M/Sec) 

Weather 

Stability 

Class 

Level of Concern 

IDLH 

(100 PPM) (M) 

ERPG 3 

(15 PPM) (M) 

ERPG 2 

(3 PPM) (M) 

5 A 198 534 1200 

 B 244 662 1500 

 C 330 834 1900 

 D 370 1000 2400 

 E 445 1300 3000 

 F 493 1600 3600 

3 A 259 699 1600 

 B 316 862 1900 

 C 382 1100 2400 

 D 447 1300 2900 

 E 451 1500 3600 

 F 489 1800 4300 

1.5 A 372 949 2100 

 B 430 1200 2500 

 C 450 1400 3000 

 D 449 1500 3500 

 E 460 1500 4000 

 F 505 1600 4200 

 Heat Radiation from Pool Fire on Spillage & Burning of Fuel Oil in the Dyke Wall 

The flash point of fuel oil is above 650C hence the substance is not likely to catch fire through normal sources of ignition like static 

spark, electrical spark, frictional spark, burning match stick, lighted cigarette etc. Still, if a small portion of the oil is heated up 

beyond its flash point then the emerging vapors can catch fire. 
Table - 5.10 

Radius of Damage due to Heat Radiation from the Burning Pool of Fuel Oil Spilled in the Dyke Wall 

Relative 

Humidity 

Distance For Different Levels For Heat Radiations 

Remarks 
(10.0 KW/(Sq.m.)= potentially lethal 

within 60 sec) (Meters from the dyke 

wall) 

(5 .0  KW/ (sq.m.)= 2nd degree burns 

within 60 sec) (Meters from the dyke 

wall) 

Pain within 60 sec. (2.0 

KW/sq.m.) (Meters from 

the dyke wall) 

10% 47 67 105 

 30% 45 64 101 

50% 44 63 99 
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70% 43 62 97 

90% 43 62 96 

Most of the FO tanks are provided with the heating arrangement up to a temperature which ensures fluidity of the oil and still 

safe from fire and ignition point view. There have been fires due to heating the tanks with manual mode of operation. In case of 

tank failure or heavy leakage of oil, the oil will come into the dyke wall which if ignited somehow or other may lead to pool fire 

of the size of the dyke wall. The radiant heat released from the flames of such a fire has been computed the results of which are 

being presented in the given table 

 Summary of Calculation & Findings 

Table - 5.11 

Summary of Findings 

S. 

No 
Substance Nature of Risk Scenario Type of Likely Effect Downwind All sites 

Distance 

Meter 

1. Propane 

Release of liquefied gas from 

discharge line and dispersion of 

gas in wind direction 

Most severe toxic (Anesthetic ) effects 

(TEEL 3 - 33000 PPM) (Wind speed 1.5 

M/Sec, weather 

Stability class F) 

Down Wind Side 459 

2. Propane (do) 

Risk of ignition of the cloud (60% of LEL 

- 12000 PPM) (Wind speed 1.5 M/Sec, 

weather Stability class F) 

Down Wind Side 311 

3. Propane (do) 

Ignition of the cloud and damages due to 

explosions. (Wind speed 1.5 M/Sec, 

weather Stability class F) 

Downwind side in 

uncongested areas 

Below 

LOC 

4 Propane (do) 

Ignition of the cloud and damages due to 

explosions. 

(Wind speed 1.5 M/Sec, weather Stability 

class F) 

Downwind side in 

congested areas 
202 

5 Propane 
Bursting of tank due to fire under 

the tank or vicinity  of tank 

Heat radiation around the tank (Relative 

Humidity 10%) 

Lethal on 60 sec and 

2nd Degree burn 

710 

1000 

6 Propane 
Jet fire from the aperture on the 

tank 

Heat radiation around the flame Lethal 

within 60 seconds and 2nd degree burns 
All around flame 

49 

79 

7 

Sulphur 

Dioxide 

(liquefied 

Under 

Pressure) In 

Tonners 

Release from aperture (1cm Dia) 

in the Liquid phase 

Toxic Effects 

IDLH 

ERGP 3 

Wind 

Direction 

speed 1.5 m/Sec, 

weather 

Stability class F) 

527 

2000 

8 

Sulphur 

Dioxide 

(liquefied 

under 

Pressure) 

In 

Tonners 

Release  of gas from the aperture 

(1cm Dia) gaseous phase. 

Toxic Effects 

IDLH 

ERGP 3 

Wind 

Direction 

speed 1.5 m/Sec, 

weather stability 

class F) 

505 

1600 

9 Fuel oil 
Spillage of fuel oil into dyke wall 

and subsequent fire 

Heat  radiation from the flames (at 10% 

relative humidity) 

All around the dyke 

Wall 
105 

VI. HAZOP SHEET OF OVERALL ANALYSIS & PROCESS ADOPTED WITH ACTIONS 

 Section/ Location: Birla Copper NG Controls Station in GSPL Line 

 Line/ Vessel: From the Battery Limit to the Supply Point 

a) Design Intention of the Line or Vessel 

To filter the gas and supply to the plant at controlled pressure and flow with flow monitoring and quantity metering safely 
Table - 6.1 

Analysis Sheet Using HAZOP 

Guide 

word 
Deviation Causes Consequences Action taken Action required 

No No flow 

Intentional mischief 

Process 

disturbance 
 Fencing provided but 

not locked 

 Fencing should be 

repaired adequately 

and kept locked to 

Closure of the 

supply from the 

supply station 
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Heavy leakage in the 

line 

 Sign board provided to 

prohibit entry by 

unauthorised persons. 

 Mobile number and land 

line numbers of the 

GSPL station displayed 

in the control room. 

 GSPL is informed. 

avoid unauthorised 

entry. 

 Ensure that SOP 

includes the instruction 

that is to be taken as 

soon as supply is 

interrupted. 

Less Less flow 

Filter choke 

Process 

disturbance 

 Flow and inlet pressure 

and outlet pressure are 

recorded once in an 

hours. 

 Explosive gas meter 

available. 

 Fixed monitor for 

explosive gas also 

provided. 

 Process vent provided 

with two valves in series. 

 The isolation valves are 

provided before each 

safety valve. 

 Differential pressure 

should be recorded 

once in a day 

 Isolation valve before 

safety valve should be 

locked/ sealed in open 

position under normal 

conditions 

Partial leakage in 

the line 

Valve partially 

closed 

Valve or other 

partially blocked 

Process Vent 

leakage or partially 

open 

Safety valve leakage 

or stuck up in open 

position 

More More pressure 

Failure of pressure 

regulation in the 

supply side 

Possibility of 

system damage and 

possible emergency 

 Safety valve provided at 

the inlet of the system 

 Safety valves provided 

after each PRV in the 

line. 

 Isolation valve before 

safety valve should be 

locked/ sealed in open 

position under normal 

conditions. 

Failure of PRV due 

to diaphragm 

rupture 

Isolation valve prior 

to safety valve in 

close position 

 
More 

temperature 
Fire in the vicinity 

Temperature rise 

and possible 

bursting 
  

 Ensure that the fire 

detector with alarm is 

provided in that area. 

Alarm should sound in 

an area which is 

manned all the time. 

 More flow 
Flow controller 

failure 

Process 

disturbance 

 Flow controller is not in 

use control is done with 

the help of manual valve 

provided at the furnace 

 

As well 

as 

Leakage in the 

line 

Leakages from the 

flanges 

 

Possible formation 

of vapour cloud and 

subsequent ignition 

leading explosions 

 Whenever the flanges 

are opened the flange 

gaskets are replaced 

 Leakage is monitored 

occasionally with 

explosive gas meter and 

soap solution 

 Online Explanation gas 

monitored with alarm 

institute 

 Frequency of testing 

should be fixed and 

should be included in 

SOP Records of each 

testing should be 

maintained. 

 Explosive gas Alarm 

should be extended to 

place which is manned 

all the times 

Leakages in the line 

Leakages from the 

valve glands 

Leakage from the 

instruments 

 
Ingress of NG 

into propane line 

Leakage of isolation 

valve 

Process 

disturbance 
 

 Need for double 

isolation valve may be 

considered if the 

propane system is to be 

maintained. 

 
Corrosion of the 

pipeline 
Effect of ambience 

Possible leakages 

and subsequent 

emergency 
 Line has been earthed 

 Painting schedule 

should be considered. 

Present conditions are 

not good 

 Thickness monitoring 

should be done at fixed 

intervals. Records of 

dates of monitoring 

should be kept 
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 Static charge 

Generation of 

charge due to flow 

of gas 

Possible ignition of 

the leaking as due 

to static spark. 

 All the flanges have been 

bonded 
 

 Electrical sparks 

Operation of 

electrical fittings 

and equipments 

do 

 Originally the electrical 

fittings were provided 

with flame proof 

electrical fittings. But 

presently the system is 

not being followed 

religiously 

 

 

Frictional sparks 

due to striking of 

ferrous tools or 

other objects. 

Sparks from the 

automobiles 

passing through 

the road 

Generation of spark 

on falling or striking 

of tools or other 

metallic objects and 

subsequent ignition 

of leaking gas 

do 
 Non sparking tools are 

used for all the 

maintenance work. 

 Hazardous area 

classification of the 

area should be done 

and entry of 

automobiles in such 

areas should be 

prohibited 

 Naked flame or 

smoking should also be 

prohibited. 

Reverse 
Reverse flow of 

gas 

Heavy leakage in the 

inlet side 
 

 NRV provided in the 

line. 
 

Other 

than 
Maintenance   

 Complete isolation of the 

skid during maintenance 

work. 

 

 Fire in the skid leakage and ignition 
Emergency in the 

plant 

 Gas detectors provided. 

 Fire extinguisher point 

available. 

 Hydrant stand-post 

nearby. Fire tenders are 

available. 

 

 Section/ Location: Birla Copper NG Controls Station in GAIL Line 

 Line/ vessel: From the Battery Limit to the Supply Point 

a) Design Intention of the Line or Vessel 

To filter the gas and supply to the plant at controlled pressure temperature and flow with flow monitoring and quantity metering 

safely. 
Table - 6.2 

Analysis using HAZOP in Birla Copper NG Controls Station in GAIL Line 

Guide 

word 
Deviation Causes Consequences Action taken Action required 

No No flow 

Intentional mischief 

Process on are 

disturbance 

 Fencing provided 

but not locked. 

 Sign board provided 

to prohibit entry by 

unauthorised 

persons. 

 Mobile number and 

land line numbers of 

the GAIL station 

displayed in the 

control room. 

 Overhaul schedule 

for Slam shut off 

valve and PRV. 

 Fencing should be 

repaired adequately and 

kept locked to avoid 

unauthorised entry. 

 Ensure that SOP 

includes the instruction 

that as soon as supply is 

interrupted GAIL is 

informed. 

Closure of the supply 

from the supply 

station 

Heavy leakage in the 

line 

Mal- operation of 

slam shut off valve 

Blockage of PRV 

Less Less flow 

Knock out drum high 

liquid level 

Process disturbance 

 Flow and inlet 

pressure and outlet 

pressure are 

recorded once in a 

hours 

 Explosive gas online 

monitor available 

 Frequency of knock out 

drum cleaning should be 

defined in SOP 

 Draining should be done 

with records 

Filter choke 

Partial leakage in the 

line 

Valve partially closed 

Valve or other 

partially blocked 
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Process Vent leakage 

or partially open 
 Fixed monitor for 

explosive gas also 

provided 

 Process vent 

provided with two 

valves in series 

 The isolation valves 

are provided before 

each safety valve 

 Draining out procedure 

should be defined and 

displayed 

 Differential pressure 

should be recorded once 

in a day 

 Isolation valve before 

safety valve should be 

locked/ sealed in open 

position under normal 

conditions 

 Records of safety valves 

testing and inspection as 

per the statutory 

requirements should be 

maintained 

Safety valve leakage 

or stuck up in open 

position 

More 
More 

Temperature 

Failure of PRV in 

steam line 

Pressure rise and 

possible 

overpressure 

 Safety valve has been 

provided in the 

downstream of Gas 

line 

 Online monitoring of 

final gas temp and 

pressure 

 Manual temp 

monitoring and 

recording hourly. 

 Safety Valve in the 

downstream of steam 

line should be provided. 

(Legal requirement) 

 

 More pressure PRV failure  

 Safety valve 

provided after PRVs 

 There is an inbuilt 

safety valve in the 

first PRV. 

 

 
More Pressure in 

steam line 

Leakage of heat 

exchange surface and 

transfer of gas to the 

steam side. 

   

 Need for safety valve in 

the steam inlet line to 

release excessive 

pressure 

 The explosive gas 

should be monitored in 

the steam traps 

 Frequency should be 

recorded in SOP. Log 

sheet of testing should 

be filled 

As well 

as 

Leakage in the 

line 

Leakages from the 

flanges 

Possible formation 

of vapour cloud and 

subsequent ignition 

leading explosions 

 Whenever the 

flanges are opened 

the flange gaskets 

are replaced 

 Leakage is 

monitored 

occasionally with 

explosive gas meter 

and soap solution 

 On line explosive gas 

monitoring with 

alarm in situ 

provided 

 Frequency of testing 

should be fixed and 

should be included in 

SOP. Records of each 

testing should be 

maintained 

 Explosive gas Alarm 

should be extended to 

place which is manned 

all the times 

Leakages in the line 

Leakages from the 

valve glands 

Leakage from the 

instruments 

 
Ingress of NG into 

propane line 

Leakage of isolation 

valve 
Process disturbance  

 Need for double 

isolation valve may be 

considered if the 

propane system is to be 

maintained 

 
Corrosion of the 

pipeline 
Effect of ambience 

Possible leakages 

and subsequent 

emergency 

 Line has been 

entered 

 Painting schedule 

should be considered. 

Present conditions are 

not good 



Study and Analysis on Petroleum and Chemical Industries using Various Tools and Techniques  
(IJSTE/ Volume 5 / Issue 2 / 002) 

 

 All rights reserved by www.ijste.org 
 

17 

 Thickness monitoring 

should be done at fixed 

intervals. Records of 

dates of monitoring 

should be kept 

 Static charge 
Generation of charge 

due to flow of gas 

Possible ignition of 

the leaking as due to 

static spark 

 All the flanges have 

been bonded. 
 

 Electrical sparks 

Operation of 

electrical fittings and 

equipments 

do 

 Originally the 

electrical fittings 

were provided with 

flame proof 

electrical fittings 

 But presently the 

system is not being 

followed religiously 

 

 

Frictional sparks 

due to striking of 

ferrous tools or 

other objects. 

Sparks from the 

automobiles 

passing through 

the road. 

Generation of spark 

on falling or striking 

of tools or other 

metallic objects and 

subsequent ignition of 

leaking gas 

do 
 Non sparking tools 

are used for all the 

maintenance work. 

 Hazardous area 

classification of the area 

should be done and 

entry of automobiles in 

such areas should be 

prohibited 

 Naked flame or smoking 

should also be 

prohibited. 

Reverse 

Entry of gas into 

steam line 

creating reverse 

flow in the steam 

line. 

Leakage in the heat 

exchange surface. 

Process disturbance 

and possible release 

of gas through 

steam traps 

 

 Safety valves should be 

provided in the steam 

inlet line 

 Explosive gas should be 

tested periodically in the 

steam traps at defined 

frequency with 

recording of results in 

log sheets. 

Other 

than 
Maintenance   

 Complete isolation 

of the skid during 

maintenance work 

 

 Section/ Location: Continuous Cast Copper Rod Plant 

 Line/ Vessel: Natural Gas Control Station in the Plant. 

a) Design Intention of the Line or Vessel 

To reduce the NG pressure from about 7 KG/cm2 to about 0.7 Kg/cm2 and supply to the burner safely. 
Table - 6.3 

Analysis using HAZOP in Continuous Cast Copper Rod Plant 

Guide 

Word 
Deviation Causes Consequences Action taken Action required 

No No flow 

No supply 

Failure in the 

skid 

Heavy leakage 

on the line 

Heating will stop 

leading to 

solidification of 

copper. 

 Two alternate 

supplies are 

available which will 

be brought into line 

 As soon as supply 

stops the use of 

molten copper will 

be stopped 

 Alarm will be 

sounded 

 Ensure that the SOP provides complete 

guideline about the actions to be taken 

under such conditions 

 

No 

Instrument 

power 

  

 Valve will shut off 

and stop the 

operation with 

alarm 

 UPS provided 

 

More 
More 

pressure 

Failure in 

upstream side 

Possibility of line 

rupture. 
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PRV diaphragm 

rupture 

 High and low 

pressure shut off 

system provided 

with alarms 

 Safety valve should be provided in the 

downstream line with discharge pipe 

to vent the releasing gas at safe place. 

A system may be provided in the 

discharge pipe to sound the alarm of 

safety valve pop off 

Less Low flow 

Problem in the 

gas supply 

system 

Process 

disturbance 

 Low pressure alarm 

with trip system 

provided. 

 

As 

well 

as 

Leakage of 

gas 

Flange leakage 

Instrument 

damage 

Aperture in the 

line 

Line rupture 

due 

catastrophic 

even 

 

 Soap solution 

testing is done 

during monthly shut 

down 

 Provided in the 

maintenance 

schedule 

 Flame proof 

electrical fittings 

have been provided 

 Explosive gas monitoring at fixed 

intervals with record should be 

ensured 

 Instruments should be checked for 

leakages 

 Ensure that thickness is monitors at 

fixed periodicity with records. (Legal 

requirement) 

 Warning should be displayed that no 

ordinary electrical fitting will be 

installed and no ordinary electrical 

hand tools will be used 

 An on line explosive gas monitor with 

alarm should be considered to avoid 

serious flash fire 

 Static charge    
 Ensure that conductive jumpers are 

provided across all the flanges 

 
Frictional 

sparks 

Striking of steel 

tools with 

objects or floor 

Possibility of 

ignition of gas if 

leakage exists 

 
 Only non-sparking tools should be 

permitted 

 Naked flames From furnace 

Flash fire and 

subsequent 

damages 

 Asbestos roof will 

function as 

explosion vent. 

 Leakage prevention should be done 

meticulously 

Other 

than 

Flash or jet 

fire 

Leakage from 

flanges or holes 

in the line Serious emergency 

 Generally the area 

is not manned. 

 Fire hydrant stand 

posts provided for 

cooling 

 

Instrument 

failures 

 Maintenance  

Maintenance is 

done only by work 

permit system. 

  

VII. RESULTS & CONCLUSION 

As known the whole method and procedure was developed for finding appropriate conditions for hazard analysis at different 

sections of industry. As from study and overall methodology adopted by us we found some important results and facts which we 

concluded here in this section. 

1) We discussed in the previous section that in our analysis we used an ALOHA software which helps us to minimize the risk 

and also overcome the hazards. 

2) Section 3 clears ALOHA software and the method used on it gives us highly appropriate results with minimum cost. 

3) Software also helps us to analyze the values easily and because of particular software own library of chemicals were created 

which shows come benefits as compare to other methods. 

4) Section 4 shows the overall computational parameters put on the software according to the separate terminologies. All 

prepossessed documents for chemicals, conditions and surrounding conditions were given in the section for calculation. 

5) The main sector of analysis and calculation was put at section 5 in which some of the important outcomes generated by using 

this US software’s like 

a) All the assumptions taken considered during the study and analysis was taken considered in Table 5.1. 

b) The analysis of weather stability class with downward distance shown for three classes TEEL at different PPM’s. 

c) We also shows different classes according to the grades which are represented by different diagrams. 

d) The same parameters were taken in the study based on % Explosive limits as shown in Table 5.2 with same diagram 

conditions and at different risky parameters. 

e) Table 5.4 shows the destructive parameters at different stability classes and shows overall summarized results. 

f) The finalization of results with respect to relative humidity percentages was discussed at different distance levels which 

were shown in Table 5.6 and arrange the results with respect to heat radiation. 
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g) We develop the summary of results and find out the actual thread zone as shown in Table 5.7 of our study. The study was 

done with respect to different atmospheric condition which helps one to overcome from hazards. 

h) Level of wind velocity was measured with respect to weather stability at different levels of concern was shown on table 

5.8. 

i) Some more tables were also added in the section for study under same parametric conditions but with relative other 

conditions. 

6) The overall study was analyzed by HAZOP sheet in chapter 6 depends on HAZOP guide. So the terminologies in this chapter 

consist of different parameters which have to be studied in industries while working on HAZOP. Chapter 6 provides 

knowledge for one about the steps using flow charts and various recommendations generated after our work for the 

effectiveness of industry. 

7) In chapter 6 one of the most important summaries developed by HAZOP was placed. The section finally concludes the various 

Hazards parameters are taken to be considered. We provide here the audit report generated by our work included the factor of 

risk and in similar the overcome actions recommended by us. We also give one of the most important parameter i.e. the 

methods that used to destroy the risk factor. 

The section here shows the best possible outcomes developed in our study by using different methods works computationally. 

All factors and outcomes of our work placed effectively and highlighted in this Result portions. 
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