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INTRODUCTION

Climatological models and those most widely used for risk evaluation are generally based on the
classification of atmospheric turbulence according to the Pasquill-Gifford categories, and use the Gaussian
solution of the dispersion equation. One of their main limitations is that they deal only with continuous or
instantaneous (puff) emission. Furthermore, a discretisation in the definition of atmospheric turbulence is
performed according to the Pasquill-Gifford categories. This can generate uncertainties, since partial
information on the state of the atmosphere at the time of emission can lead to the choice of one category
rather than another and consequently to select wrong dispersion parameters. Some of these limits, such as
the assumption of flat or slowly varying terrain, and the choice of constant atmospheric conditions during
the duration of the release, are intrinsic to the schematization required by these models. Other limitations,
such as the finite duration of the emissions and the continuous variation of the physical quantities
describing the effect of turbulence on dispersion parameters, can be overcome. This paper describes the
possible improvements which can be made in the dispersion models used in regulating emissions in the
atmosphere and to calculate the associated risk. In particular the turbulence is based on the definition of
some physical quantities varying with continuity which can be easily deduced from simple observations
at the meteorological station at release site. It then analyses the application of this approach to a simple
dispersion model, which can take into account the finite and non-zero durations of accidental emissions.

ATMOSPHERIC TURBULENCE, THE WIND AND ITS FLUCTUATIONS

The fluctuations u', v' and w' depend on the atmosphere thermal states, which are roughly classified as
"stable", "neutral" or "unstable", depending on vertical temperature gradient.

The atmosphere's stability or instability depends on solar irradiation which acts differently on the
atmosphere and on the ground below. The soil's properties thus influence the atmosphere's turbulence; they
can thus be evaluated through the following quantities:

z„ roughness length, ie the height below which the average wind is zero because of the obstacles which
cover the terrain. The value of z0 varies from a few mm (ice) to several m (soil covered by forests or
high buildings).
friction velocity u,, which depends on the vertical transfer of horizontal momentum
the Monin-Obukhov length L, defined as a function of the vertical heat flux H , as follows:

= _
u*

kg H (kgdJT)

with cp specific heat of the air at constant pressure, T the absolute temperature, g the acceleration due to
gravity, k Von Karman's constant. In the second formulation of L given above, the definition of the quantity
0, appears, which is the scale temperature for the turbulent heat transfers. In defining the length L the
relative weight of the wind-induced turbulence and the heat flux-induced turbulence play an important role.
One in fact notes that L is negative for unstable atmospheres, positive for stable atmospheres and infinite
for neutral atmospheres when the heat flux H tends to zero. To describe turbulence, the Lagrangian time
scales TL must be defined as the time scales of fluctuations correlations.
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The quantities L, u, and ZQ can be used in describing the variation of average wind intensity with elevation
from soil. Assuming that the turbulent flux terms u'w' are proportional (through the exchange coefficient
Km) to the scalar wind gradient, it is possible to obtain the the well known logarithmic wind profile with
height. When the atmosphere near the ground is not neutral, the previous equation must be generalised to
include the air buoyancy. This is obtained by the introduction of a correction factor that modifies the
vertical gradient equation:

j ? * d]nf ] = T I ln--1M7>+1MT) ]" T [ j ? ( **> f ] T I
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The correction parameter for the wind's logarithmic profile is usually calculated on the basis of the Businger
formulation for stable (z/L > 0) and unstable (z/L < 0) atmospheres.

TAYLORS STATISTICAL THEORY

Assuming homogeneous turbulence, it is possible to determine the standard deviation of all the possible
trajectories, with respect to the average trajectory which follows the average wind. Since the motion of the
particles which form each parcel is made up of two parts: one due to the average wind (u, y and w) and one
to the turbulent motion (u',v' and w'), an expression can be found for the square of the trajectories deviation:

•.«»•rTdtľRL
Jo Jo

This equation indicates that trajectories mean deviations are proportional to mean wind deviations relative
to the direction considered. If the time T defined above is small, the auto-correlation is high and thus close
to 1. The double integral is thus T2/2. If, instead, the time considered is large, the boundary of both the
first and second integrals tends to infinity. The innermost integral is thus by definition the Lagrangian time
TL and thus the double integral is thus equal to T for TL. In general:

o2
x =

DEPENDENCE OF THE ox, ay, az AND TL

The relation describing the standard deviations of the trajectories of the material released continuously from
a point source, requires the determination of the standard deviations of the wind components. These
quantities are the integral of the turbulence spectra and the Lagrangian time scales, and are not normally
measured. It is in fact easier to measure the Eulerian turbulence, i.e. with respect to a fixed reference, than
the Lagrangian turbulence relative to a reference frame following the emitted plume. The components of
the turbulence energy and the expressions of the Lagrangian time scales can be parametrized as a function
of a few quantities such as the friction velocity, the Monin-Obukhov length and the height of the mixing
layer. A classic parametrization can be found in the literature (Hanna, 1982).

DETERMINATION OF u. AND L

While there are tables giving values of the roughness length z0 as a function of the type of terrain, u, and
L must be measured in the time interval in which one wishes to simulate the evolution in air of the
substance studied. The values of u, and L are obtained accurately from their definition, if one has available
the spectrum of the fluctuations with respect to the average value of the horizontal and vertical wind
components and an accurate measurement of the heat flux upwards, i.e. if one has a sonic anemometer-
termometer. When these instruments are not available, approximate though reasonably correct values of
the friction velocity and the Monin-Obukhov length can be obtained with two methods described below.
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Temperature profile method:
Knowing air temperature T(z) and horizontal wind speed U(z) at height z and its vertical gradient [ôT/ôx]2e

together with zO, then one can determine u, and L. In fact, assuming the heat flux at the surface H (K m/s)
proportional to the temperature gradient, by means of the turbulent conductivity Kh (m

2/s) and taking a
linear expression for it, one obtains an expression for L as a function of u, and the quantities measured:

özlz° e

where the difference between the temperature gradient ô0/ôz and ôT/ôz is -0.01 K/m (gradient of the
adiabatic). To define the representative height where the gradient must be measured, one can use the
geometric mean between the two heights in which the temperature is measured (unstable or neutral
situations), or the arithmetic mean between the two heights (stable situations). The relations for L and for
the wind profile form a non-linear system of two equations in the two unknowns L and u,, which can be
solved by iteration.

Energy balance method:
In most situations information is not available on the temperature differences along the vertical. One then
starts with the information available on the energy balance at the surface:

H + IE = Q*- G

where H is the heat flux to the surface already defined, the product A E is the latent heat flux (X is the latent
heat for evaporation and E is the flux of water which evaporates), Q* is the net radiation and G the flux of
heat in the ground. In this equation, if unknown terms can be parametrized as a function of easily
determined quantities, such as the total sky cover, the solar elevation, the air temperature and as a function
of the same quantities to be determined (ut, 0, and L), one can obtain an expression for 0, which, coupled
to the wind profile for similarity and to the L-definition equation, forms a non-linear system of three
equations in three unknowns which can be solved by iteration (Van Ulden and Holstag, 1985).

SIMULATION OF THE MIXING LAYER DEPTH

During the night, or in general in stable conditions, the height of the mixing layer is generally calculated
using the well known Zilintinkevich model (1988). This relation can be used to determine the layer height,
once L and u, are known. In neutral conditions, one may assume that if there is no inversion layer which
limits the mixing layer to a high level, Z; is given by the expression: Z; = 0.3 (u,/f). A model for convective
atmosphere (Gryning and Batchvarova, 1990) can be used starting on the description of convective motions
generated by the flow of heat from below, which generates the development of the mixing layer. This model
assumes horizontal homogeneity, (only vertical dimension is considered) and that the mixing layer is
limited above by a thin layer characterized by a positive gradient of the potential temperature. Above this
layer (called the Entrance Zone, EZ), the atmosphere is considered stable and stratified. The equation,
derived by the model's authors, equals the reduction of the potential and kinetic energy due to the input of
cold air from above the inversion layer to the production of thermal and mechanical energy inside the PBL.

The integration of this equation starting from the stable conditions of the night before, allows the
determination of mixing layer depth, using only the physical quantities u, and L.

h2 Cul T dh

(\+2A)h-2BkL + yg((l +A)h-BkL) dt
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A NON GAUSSIAN MODEL FOR ATMOSPHERIC DISPERSION

The MRBT [STRM] model (Short-Term Release Model) follows the evolution in time of the concentration
field determined by transport and turbulent diffusion of primary pollutants emitted in the low atmosphere
and subject to a possible chemical and physical decay in the presence of a mixing layer with finite
thickness. The model's structure is based on the special analytical solution for the case of constant release
of finite duration t from a point source, derived from the more general solution proposed by Bianconi and
Tamponi (1993) for the non-steady atmospheric dispersion equation. The mathematical expression of the
solution adopted by MRBT which supplies the concentration field at t, in each point of domain is reported
in Andretta et al.(1993). This solution describes the time evolution of the concentration field for a pollutant
emitted from a point source at height h during a release of duration t r. The finite thickness of the mixing
layer is taken into account and the possible chemical and physical decay of pollutant emitted is considered.
The wind speed is supposed constant in the model and is determined assuming an average value of its
vertical profile, from the ground to the source height, according to the parametrization previously described
here. The model can also evaluate the effective source height following the rising of fumes because of the
buoyancy force and the momentum. The model is presently in development stage. One of the more
important model characteristics is that the exposure defined as the integral of concentration between ^ and
to + T has still an analytical expression.
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