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A NUMERICAL STUDY OF POLLUTANT DISTRIBUTIONS IN SEA BREEZE CIRCULATIONS
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Field studies in coastal locations have led
to the observation that sea/lake breeze~flows may
increase the air pollutant burden of a region
through a recirculation of contaminants, and af=-
fect other locales with an along-shore displace-
ment of the recirculating pollutants (Lyons and
Olsen, 1973; Raynor, et al, 1974). In this paper,
preliminary results of a numerical study of the
effect of sea breeze circulations on air pollut-
ant distributions are examined.

The meteorological fields are obtained using
a modification of a cross-sectional model for
coastal circulations developed by Tingle (1971),
which simulates wind .and temperature fields in the
planetary boundary layer assuming a hydrostatic,
compressible, and dry atmosphere. Turbulent
transport in the vertical is parameterized using
K-theory dependent on the local Richardson number,
and is based on the Level I formulation of Mellor
and Yamada (1974).

A three-dimensional Particle-in-cell model,
develaped hy Sklarew, et al (1972), is nsed for
the simulation of pollutant distributions for an
airborne, chemically inert, non-buoyant material.
In this model the diffusive components are com—
puted as turbulent flux velocity vectors which
are then added to the wind vector components to
obtain a total transport wind velocity. For
example, the flux velocity in the vertical is
computed from
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where C is the concentration of the cell and KZ

is computed as discussed previously.

Results are presented for zero gradient flow
conditions for which well-defined sea breeze cir-
culations are simulated to occur. At the present
stage of the study we are simulating air pollut-
ant distributions from shallow volume instanta-
neous surface sources situated at the coastline
for a period during the day when the circulation
is at its maximum intensity. The development of
the circulation is shown in Fig. 1, with the cor-
responding turbulent diffusivities shown in Fig.
2. The simulated transport and turbulent diffu-
sion of the puff for a 6~hour period is shown in
Figs. 3-5, for which the computed sea breeze cir-
culation as it existed at 1400 hours was used.
The circulation is seen to limit the landward pro-
gression of the puff with stretching and vertical
transport occurring in the sea breeze front, and
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seaward in the upper return flow layer. A recir-
culation of the material is evident, as seen in
Fig. 5, although this occurs at a very slow rate.
The effect of the Coriolis force for the case
presented results in a circulation at an angle
less than perpendicular to the coastline but the
flow and the pollutant transport occurring in a
near vertical plane.
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Figure 1lb. Meteorological fields at (a) 1100
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hours local time and (b) 1400 hours. Scale of
the abscissa in kilometers with the land-water
boundary at 20 Km. Dashed lines for potential
temperature (°C), full lines for the vertical
velocity field drawn in intervals of 5 cm/sec and
maximum and minimum values plotted where appro-
priate. Vectors represent the horizontal compo-
nent of the wind with the arrow centered on the
grid points. An arrow parallel to the abscissa
with the arrowhead pointing to the right would
represent on-shore flow, an arrow pointing to the
bottom of the figure would represent flow down
the shoreline, etc. Vector magnitude drawn in
proportion to the maximum vector, which is shown
at the top of the figures in m/sec.
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Figures 2a, b. Logarithm (base 10) of computed
turbulent diffusivities at 1100 and 1400 hours.
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Figures 3 a, b. Three dimensional perspective of
pollutant puff at (a) 1 hour and (b) 6 hours
gimulation time showing the 2 x 10™* m™° surface.
Vertical scale in hundreds of meters, horizontal
scale in kilometers from the position of the

source. Source is of unit intensity.
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Figures 4a, b, ¢, d. Contours of pollutant conceantration in planes perpendicular to the shore-
line at (a) 1 hour, (b) 3 hours, (c) 4 hours, and (d) 6 hours simulation time. Contours plotted
at 2, 25, 50, 100, 150, and 500 x 10~% w3, Scale as in Figure 3.

Figures 5a, b. Contour of vertical planes for (a) 4 hours, and (b) 6 hours. Vertical planes
are at the surface, 200 m, 400 m, 600 m and 800 m. Contour levels as in Figure 4.
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