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Abstract:  Slade gave 3 sets of dispersion coefficients for puff i.e, for Unstable, Neutral & Very 

Stable conditions for 100m and 4000m spread along wind direction. These dispersion coefficients 

were adopted for stabilities B,D&F respectively. The dispersion coefficients for the remaining 3 

stabilities i.e, A,C&E were arrived at by comparing the puff dispersion with the corresponding 

plumes Pasquil-Gifford   had given curves for the different plume spread during A to F stabilities in 

the same way dispersion curves for puff are plotted for stabilities A to F. 
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Introduction 

A plume is a continuous emission from a 

stack. Plume goes along direction of wind (x-

axis) and gets dispersed along the direction 

traverse to the direction of wind (y-axis) and 

along the vertical direction (z-axis). A plume 

is regarded as number of puffs ejected out in 

quick succession. A plume is discredited into 

segments and the segmented plume is 

considered as a puff. Gaussian plume model is 

used to find out the concentrations of the 

pollutants. Martin dispersion coefficients are 

used for plume. Slade’s dispersion coefficients 

of puff are taken at 100m and 4000m. A 

relationship is established between plume and 

puff for different stability conditions [1]. 

For any air pollution model, there are 

certain assumptions that are to be considered. 

The meteorology places a key role for 

modeling. All the meteorological factors like 

wind velocity, wind direction, solar radiation, 

cloud cover, stability, mixing height etc are to 

be considered. The criteria are briefly 

discussed in air pollution engineering manual 

[2]. 

One the first dispersion models in older days 

(later known as ALMANAC) gives  

 

 

 

information about the height of stacks or 

chimneys to be placed to avoid the ground 

level concentrations [3]. The information 

regarding the weather conditions were also 

briefly discussed. 

Atmospheric dispersion modeling 

system (ADMS) is a model created to find out 

the concentration of pollutants released from 

stack. By giving the data of meteorology, the 

concentration can be calculated. This model 

can be used for both plume and puff. This 

model helps in knowing the concentrations of 

air pollutants easily by taking the input data 

[4]. The work book of atmospheric dispersion 

estimates the concentration of pollution 

emitted from continuous sources for a 

particular period of time. The hand book states 

about the estimation of stack height and 

concentration estimation for point, line and 

area sources [5]. The parameters required for 

atmospheric dispersion model are stated. The 

dispersion coefficients required for the 

modeling are studied [6]. 

The box model is used for finding out 

the concentration of air pollutants emitted 
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from a city. The whole city is considered as a 

box. The amount of pollutants entering and 

leaving the city is collected. And the 

concentration is found out to know the 

pollutant level in the city [8]. Gaussian plume 

model is widely used air pollution model for 

finding out the concentrations of the pollutants 

as it gives relatively better results. The 

dispersion coefficients are required to use the 

Gaussian model. So the dispersion coefficients 

given by pasquill are used. And the maximum 

concentrations are found out [9,10]. The 

dispersion of air pollutants generally takes 

place in the wind direction. In any model, x-

axis is considered as wind direction. The 

concentration of pollutants gets dispersed as 

the pollutants move away from the stack. The 

change of concentration with distance is given 

by martin [11]. 

The dispersion of the pollutants 

depends on the stability conditions prevailing 

at the particular time at a particular place. 

There are six stability conditions. Plume has 

dispersion coefficients for all the six stability 

conditions. Puff has dispersion coefficients 

only for three stabilities. And there is no much 

research done on puff. The major difference 

between plume and puff is puff has a time 

factor, but plume has no time factor[12]. 

Case Study 

Bhopal gas tragedy: 

The Bhopal disaster, also known as the 

‘Bhopal Gas Tragedy’, was a gas leak incident 

in India, considered as the world’s worst 

industrial disaster. This industrial disaster not 

only causing air pollution, it is also 

responsible for loss of lives. The industrial 

disaster occurred on the night of 2.12.1984 in 

Bhopal. A poisonous gas called methyl 

isocyanides (MIC) leaked from a tank in 

pesticide manufacturing factory. The factory 

is owned by Union Carbide India Ltd. By 10 

p.m water started entering into tank no.610 

containing 42 tonne initiating an exothermic 

reaction raising the temperature to 200c and 

also raising the pressure. By 10.30 p.m the gas 

started leaking into the tank resulting in the 

formation of huge cloud of MIC. The MIC gas 

was blown in the S-W direction over the old 

city. It travelled 5-7 km spreading over an area 

of 25 km2. People woke up with burning 

sensation in their lungs. More than 20,000 

people were died. And more than 3 lakh 

people were affected by gas. Even today i.e. 2 

decades after the tragedy 1, 50,000 are in need 

of medical attendance and one person a day 

dies because of the gas exposure related 

decease. The disaster took place on winter 

night and temperature inversion engulfed the 

entire area preventing vertical dispersion. 

Horizontal spread rapidly occurred over an 

area of 40 km2 and radical to distance of 5 to 8 

km. Air pollution episodes occur only during 

night time and that too in winter[17,18]. 

Visakhapatnam Gas Leak: 

LG Polymers were setup in 

Venkatapuram village near Gopalapatnam on 

the outskirts of Visakhapatnam, Andhra 

Pradesh, India, in 1967 in an area free from 

human habitation. Mushroom growth of 

housing colonies with no norms or regulation 

occurred during the last 53years. The industry 

expanded its production with new units 

producing hazardous intermediate products 

with or without the knowledge of the city 

planning trust. The Visakhapatnam gas leak 

was an industrial accident that occurred at the 

lg polymers chemical plant in 

R.R.Venkatapuram village near Gopalapatnam 

on the outskirts of Visakhapatnam, Andhra 

Pradesh, India, during the early morning of 7 

May 2020.The resulting vapor cloud spread 

over a radius of about three kilometers, 

affecting the nearby areas and villages. As per 

the National Disaster Response (NDRF) the 

death roll was 11, and more than 1000 people 

became sick after being exposed to gas. 

Disasters occur either due to negligence or 

https://en.wikipedia.org/wiki/Gopalapatnam
https://en.wikipedia.org/wiki/Visakhapatnam
https://en.wikipedia.org/wiki/Andhra_Pradesh
https://en.wikipedia.org/wiki/Andhra_Pradesh
https://en.wikipedia.org/wiki/India
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lack of proper maintenance. The industries 

should be well equipped to meet industrial 

hazards emergency that is accidental release 

of any hazardous and inflammable gases. 

Chembur of Mumbai has clear air today which 

was a gas chamber earlier. We expect our 

cities to have industries to feed a few mouths 

but should not kill many by letting off 

hazardous wastes. Gaseous pollutants 

including particulate matter may spread over 

the entire city with varied range of 

concentration. People may co-exist with these 

air pollutants within safe limits. It is the job of 

the city administration and industrial 

management to see that the public are not 

affected because of these pollutants. To assess 

the concentrations of the pollutants at different 

places from the source a number of models are 

available. A relative study of the most 

acceptable models is here with studied[18]. 

Plume: 

A plume is a continuous emission out 

of the industrial stack.  It goes along the 

direction of wind (X-axis) and gets dispersed 

along a horizontal direction transverse to the 

direction of wind (Y-axis) and along the 

vertical direction (Z-axis).The dispersion 

coefficients for different distances from the 

source are given by Pasquil-Gifford curves[7]. 

 
Atmospheric Stability 

Stability is the tendency of the 

atmosphere either to resist or to enhance 

vertical motion or turbulence of air. It controls 

vertical dispersion of the air pollutants[19]. 

 
Stability A: It is supposed to occur during the 

Day time with clear sky. When strong or 

moderate solar isolation occurs around the 

noon of summer, this stability is seen. The 

wind velocity will be < 3m/s. Temperature falls 

at more than 1.9 ᵒC per 100m rise of altitude. It 

is highly desirable condition as the pollutants 

are made to drift away from the stack, emitting 

them and dispersed and diluted over a longer 

height of infinite atmosphere. However its 

duration is much short lived, spreading for 

about 1 to 1/1
2 hour on either side of noon in 

summer. 

Stability B: It occurs during the clear, sunny 

day time when strong or moderate solar 

insolation with the velocity of the blowing 

wind at 1 to 5m/s. Its temperature gradient lies 

between -1.9 to -1.7ᵒC/100m rise. 
Stability B is likely to occur for most part of 

the day i.e. before and after stability A for 

double its duration on sunny day. 

Stability C: It occurs during the day time 

when moderate insulation and a wind velocity 

between 3 to 7 m/s and slight solar isolation 

but wind velocity is between 2 and 5m/s. 

Temperature gradient lies between -1.7ᵒC to -

1.5ᵒC/100m rise. Stability C precedes stability 

B at dawn and succeeds it at dusk for 1 to 11
2 

hour. 

Stability D: When ELR is very close to 

DALR, the stability is said to be Neutral. 
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While unstable conditions cannot occur during 

night and stable conditions may not occur 

during day time – Neutral stability may occur 

any time i.e. both during day and night. 

Stability E: When ELR is more than DALR 

this situation occurs. It occurs because of sub 

adiabatic lapse rate and the lapse rate is said to 

be weak indicating minimum vertical 

dispersion. It occurs only during nights when 

the sky has >50٪ clouds with wind velocity 
between 2 and 3m/s and sky had less than 40٪ 
clouds with wind velocity of 3 to 5m/s. The 

temperature gradient is -0.5ᵒC to 1.5ᵒC/100m. 

Stability F: It occurs when <40٪ of clouds 

spreading in sky with a velocity of wind 

between 2 and 3m/s. Temperature gradient is 

1.5ᵒC to 4ᵒC/100m rise i.e. inversion. The 

dispersion of air pollutants is confined to 

horizontal plane at a low phase and no vertical 

dispersion occurs. 

Meteorology 

Pollutants in air travel depending on the 

moments of air in the atmosphere. This is 

called as dispersion of pollutants. The 

dispersion of pollutants depends on the weather 

patterns called meteorology. In the study air 

quality, it is important to measure the 

following factors that help in understanding the 

mode of dispersion that occur in the 

atmosphere such as Wind speed and direction, 

Solar radiation, Temperature, Atmospheric 

stability, Mixing height[16]. 

Plume Dispersion Curves 

 

σy=a*X
b 

σz=c*X
d
+f       martin analysed them 

numerically[7,20]. 

 

Puff: 

Puff is an instantaneous intermittent emission 

whose dispersion is related to time unlike a 

plume. The dispersion coefficients of a puff are 

different and smaller values of a plume. It may 

be because of closed shape of the puff 

compared to the free expanding conical 

diverging shape of the plume of infinite 

length[13,14]. 

 
 

 A puff is a closed figure expanding in 

all the three directions as it spreads.  

 A puff is a 3-D mass expanding over a 

centre which travels along a trajectory. 

 A puff is an instantaneous ejection 

whose time of emission is less compared to 

time of travel. 

 A puff shall be emerging out after the 

explosion of a tank containing the vaporous 

fluid. 

https://www.qld.gov.au/environment/pollution/monitoring/air-monitoring/meteorology-factors/#windspeed
https://www.qld.gov.au/environment/pollution/monitoring/air-monitoring/meteorology-factors/#solar
https://www.qld.gov.au/environment/pollution/monitoring/air-monitoring/meteorology-factors/#temperature
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Methodology 

A Plume of dispersion coefficient, σy along y 

axis and σz along z axis is segmented at 

intervals of u.dt where u is wind velocity (a 

constant) and dt is the time interval (variable 

with distance) volume = ℼ σy σz u.dt 

Its volume is equated to a corresponding 

volume of puff of ellipsoidal shape of 

dispersion coefficient of p along X and Y axis 

and q along Z axis =(4/3) *ℼ*p*p*q 

The three values given by Slade were adopted 

for stabilities B, D and F as in after assuming 

exponential propagation. i.e. p=a*xb and 

q=c*xd [15]. 

 

 
To assess the dispersion coefficients for the 

other three Stabilities parameters for respective 

plumes are taken into account. Assuming 

stability C to lie between stability Band 

stability D, its dispersion coefficients are 

analyzed. Similarly, assuming dispersion 

coefficients of  E to lie between those of D and 

F they are found out. Having found out the 

dispersion coefficients of C and those of B 

already available, dispersion coefficients of  A 

maybe analyzed by assuming them to lie away 

from B and far away from C[16]. 

 
puff has an additional advantage of 

involving time factor unlike a plume ,it had an 

additional advantage of spreading through 

greater length than of a plume. The plume had 

different dispersion coefficients for different 

stabilities of A to F which are plotted 

graphically by Pasquil-Gifford 

Results 

Table 5: A to F stabilities Correlation 

between plume and puff (x>1km) 
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Stability A 

σy = 213*x0.894 

σz = (459.7*x2.094) -9.6 

p = 157.94*x0.941 

q = 1039.23*x1.04 

 

 

Here the horizontal dispersion of pollutants in 

x direction are considered below 1km. 

Stability A 

σy = 213*x0.894 

σz = (440.8*x1.941) +9.27 

p = 157.94*x0.941 

q = 1039.23*x1.019  
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It may be noticed that u.dt values for different 

stabilities were following a regular pattern for 

distances 0 to 20km either increasing or 

decreasing with distance also they followed a 

decreasing pattern from stability A to stability 

F. 

Conclusions: 

Under different stability conditions puff may 

be conveniently adopted to get detailed 

dispersion particulars of a plume when 

segmented under different stability conditions 

.the segmentation is adopted at different time 

intervals of dt. a segmented plume form an 

individual puff. Dispersion coefficients for 

stabilities A to F  of puff are derived 

analytically. graphical dispersion  of puff are 

drawn accordingly for dispersion of stabilities 

A to F. puff had an additional advantage of 

involving time factor unlike a plume it has an 

additional advantage of spreading for greater 

length than as plume. 

Often in accidents, the releases are essentially 

instantaneous and no plume develops.  
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