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Air Quality Dispersion Models
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 Air quality dispersion models consist of a set of mathematical equations that
interpret and predict pollutant concentrations due to plume dispersal and
impaction.

 There are four generic types of models:

 The Gaussian models use the Gaussian distribution equation and are widely used
to estimate the impact of nonreactive pollutants.

 Numerical models are more appropriate than Gaussian models for area sources
in urban locations that involve reactive pollutants, but numerical models require
extremely detailed source and pollutant information and are not widely used

 Statistical models are used when scientific information about the chemical and
physical processes of a source are incomplete or vague and therefore make the
use of either Gaussian or numerical models impractical.

 Physical models require fluid modeling studies or wind tunneling. This approach
involves the construction of scaled models and observing fluid flow around these
models.
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 Selection of an air quality model for a particular air quality analysis is dependent
on the type of pollutants being emitted, the complexity of the source, and the
type of topography surrounding the facility.



Gaussian Distribution
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 The Gaussian distribution equation uses relatively simple calculations requiring
only two dispersion parameters (i.e. σy and σz) to identify the variation of
pollutant concentrations away from the center of the plume.
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 This distribution equation determines ground level pollutant concentrations
based on time-averaged atmospheric variables (e.g. temperature, wind
speed).

In order for a plume to be
modeled using the Gaussian
distribution the following
assumption must be made:

 The plume spread has a
normal distribution

 The emission rate (Q) is
constant and continuous

 Wind speed and direction is
uniform
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Stability Classifications
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 For the dispersion estimation and modeling purposes, the levels of stability are
classified into six stability classes based on five surface wind speed categories,
three types of daytime insolation, and two types of nighttime cloudiness.

 These stability classes are referred to as Pasquill-Gifford stability classes:

Strong
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Gaussian form of plume equation
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Dispersion coefficients for plume model for rural releases.
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Dispersion coefficients for plume model for urban releases.
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Gaussian Model Assumptions
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Gaussian dispersion modeling based on a number of assumptions including

 Source pollutant emission rate = constant (Steady-state) 
 Constant Wind speed, wind direction, and atmospheric stability class
 Pollutant Mass transfer primarily due to bulk air motion in the x-direction
 No pollutant chemical transformations occur
 Wind speeds are >1 m/sec. 
 Limited to predicting concentrations > 50 m downwind
 σy and σz depend on the atmospheric conditions
 Atmospheric stability classifications are defined in terms 

of surface wind speed, incoming solar radiation 
and cloud cover



Plume Dispersion Equations
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 Ground-level concentration due to an elevated source (z=0 , H)

C

 Ground-level concentration due to an elevated source, directly downwind 
of the source at ground level (Center Line), (y=z=0 , H)

C
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 Ground Level Center Line –Ground Point Source (y = 0, H = 0)

 If the emission source is at ground level with no effective plume rise then 
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 Maximum Ground Level Concentration

The ground level concentration at the center line is

where,      e = 2.71

The maximum occurs at
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Example   (Process Safety Book, Page 208)
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Chlorine is used in a particular chemical process. A source model study indicates that for a
particular accident scenario 1.0 kg of chlorine will be released instantaneously. The release
will occur at ground level. A residential area is 500 m away from the chlorine source.
Determine

a. The time required for the center of the cloud to reach the residential area. Assume a
wind speed of 2 m/s.

b. The maximum concentration of chlorine in the residential area. What stability conditions
and wind speed produces the maximum concentration?

c. Determine the distance the cloud must travel to disperse the cloud to a maximum
concentration


