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Predominont wind direction
wind velocitys ¥

-

FIGURE 1-5 Advective transport of a smoke plume as shown in Fig. 1-4. The imaginary square
frame is oriented perpendicular (L) to fluid llow and for convenience has an area of one (in
whatever units we prefer—m?, [i%, etc.). The flux density of smoke, J, is the product of the wind
velocity V and the concentration of smoke in the air, C.

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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WIND DIRECTION —=

LOWER SMOKE
'CONCENTRATION

HIGHER SMOKE :
CONCENTRATION

Unit area
perpendicular to the direction
of smoke concentration grodient &

TO BURNING NO SMOKE

OIL WELL
URE 1-6 Fickian transport by turbulent diffusion in a smoke plume as shown in Figure

As in Figure 1-5, the square frame is of unit area, but in this case is oriented perpendicular

to the direction of the concentration gradient (defined as the direction in which the concentration
changes the most per unit distance.) In this case the x-axis is drawn in the direction of the
gradient. The flux density, J, is equal to the concentration gradient, dC/dx, multiplied by the
Fickian transport cocfficient D, (In this situation, D is called a wrbulent or eddy diffusion
coelficient, because the major agent of Fickian transport is turbulence.)

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2™ Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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Chapter 2 Surface Waters
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Crax @l 13
Emax 9t L3
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FIGURE 2-4 Transport of a chemical in a river. At time zero, a pulse injection is made at a
location defined as distance zero in the river. As shown in the upper panel, at successive times
by by, and 1y, the chemical has moved farther downstream by advection, and also has spread om
lengthwise in the river by mixing processes. which include turbulent diffusion and the dispersion
associated with nonuniform velocity across the river cross section. Travel time berween wo
points in the rver is defined as the time required for the center of mass of chemical 10 move
from one point to the other. Chemical concentration at any time and distance may be caleulated
according to Eq. [2-10]. As shown in the lower panel, £, the peak concentration in the river
at any time ¢, is the maximum value of Eq. |2-10] anywhere in the river at that time. The
longitudinal dispersion coefficient may be calculated from the standard deviation of the concen-
tration versus distance plot, Eg, [2-7].

Image Courtesy of Academic Press, Chemical Fate and

Transport in the Environment, 2" Edition 2002, Hemond, H.F.

and Fechner-Levy, Elizabeth J.



86 Chapter 2 Surface Waters

Summer
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FIGURE 2-7 Measured temperature and oxygen profiles from the Upper Mystic Lake in eastern
Massachusetts, on April 1, 1991 and September 30, 1991. (Left) the lake is unstratified and well
mixed during turnover, which occurs in spring and fall. (Right) during summer, this eutrophic
(productive) lake becomes depleted in oxygen in the lower layer of water (the hypolimnion),
while its upper layer (epilimnion) remains well mixed by the wind and oxygenated by photosyn-
thesis and by contact with the atmosphere. An oligotrophic (unproductive) lake may retain its
high springtime concentration of oxygen in the hypolimnion throughout the summer [data from
Aurilio (1992)].

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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pe and E, of the system lie in the approximate ranges shown on the vertical axis. The broad and
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concentration as a function of time at a fixed point, is shown in the bottom panel. (Compare
with Fig. 3-28, which shows breakthrough curves for pulse inputs.)
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FIGURE 4-1 Vertical structure of the atmosphere. Weather phenomena are confined almost
entirely to the troposphere, as are most air pollutants, which are removed by various processes
before they can mix into the stratosphere, Certain long-lived pollutants, however, such as the
chlorofluorocarbons (CFCs), do mix into the stratosphere, and other pollutants can be injected
physically to stratospheric altitudes by processes such as volcanic eruptions or nuclear explosions.
Note that more than one term may refer to a given layer of the atmosphere (adapted [rom
Introduction (o Meteorology, by F. W. Cole. Copynight © 1970, John Wiley & Sons, Inc. Reprinted
by permission ol John Wiley & Sons, Inc.).

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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FIGURE 4-11 Glohal-scale tropospheric circulation as it would be il Earth did not rotate. Hear
is transporied from the equatorial area to the cold polar regions by both atmospheric and oceanic
currents in each hemisphere.

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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FIGURE 4-22¢ The rain shadow effect. Moist air, shown here as coming off the ocean, is forced
to rise by the presence of a mountain range (orographic lifting). As it rises, it cools according to
the dry adiabatic lapse rate, until the dew point is reached. Precipitation then can occur as the
air continues to rise along the windward side of the mountain range, its further cooling corre-
sponding to a wet adiabatic lapse rate. The air loses much of its original moisture to precipitation,
and as it descends on the leeward side of the mountains, it warms according to the dry adiabatic
lapse rate. Thus, when the air has descended on the leeward side to its original altitude (sea level
in this example), it is drier and warmer than it was on the windward side. The result is a drier,
warmer climate and a dearth of precipitation on the leeward side.

Image Courtesy of Academic Press, Chemical Fate and

Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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FIGURE 4-24 Cross sections of pollutant concentrations at two locations downwind of a
smokestack. Note that physical height of the stack is typically less than the effective height of the
stack, which takes plume rise into account. The total flux of pollutant is identical at each
downwind location, although concentration decreases as the plume widens. The shape ol each
concentraton versus distance plot is a normal, or Gaussian, curve; hence, this is often called a
Gaussian plume (adapted from Boubel et al,, 1994),

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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FIGURE 4-34 A simplified diagram of the tropospheric chemical system. One of the net effects
of this system is the oxidation of reduced gases (methane and hydrocarbons) emitted by biota
and human activities. Some of the oxidized species such as nitrate (in the form of nitric acid,
HNO,) may be deposited to the surface. Note the O,—NO, cycle in the top of the diagram (this
is later shown in more detail in Fig. 4-35) and the routes for formation of the highly reactive OH-
radical. [The atomic oxygen species O('D) and O('P) are singlet and triplei, respectively (see
Section 2.7.1), with D and P referring to the angular momentum of the species. |

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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FIGURE 4-41 Key chemical processes of the Antarctic ozone hole. Of particular importance are
the polar stratospheric clouds, which catalyze the release of ozone-destroying chlorine from
chlorine nitrate and hydrogen chloride (Prinn and Hartley, 1992).

Image Courtesy of Academic Press, Chemical Fate and
Transport in the Environment, 2" Edition 2002, Hemond, H.F.
and Fechner-Levy, Elizabeth J.
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