CHAPTER 3

MAJOR FACTORS AFFECTING AIR POLLUTION DISPERSION

3.1 Introduction

All air pollutants em / ibuted sources are transported,
dispersed, or concentr wloglcal and topographical
conditions. The airborn ted with emission of the pollutants
followed by their trans : the atmosphere. The cycle is
completed when the po etation, livestock, soil and
water surfaces, and other ed out of the atmosphere by

adversely affect pubh i the area. During the time

period time the pollutangs are airborne they may undergo physical and chemical

changes. Smogﬂ' ulﬂa{}%eﬂsw{?wxﬂ {‘Tﬂﬂ of the interaction in

the atmosphere &f the oxides of mtrogen selected hydrocarbons and solar energy.

The resﬂsﬁmﬁ mm d‘lrﬂ? er sometimes
they are beneficial, as in the case of some mineral salts that are necessary for plant

life.

In large urban areas pollutants emitted from numerous concentrated
sources, as well as distributed sources, are dispersed over the entire geographical

area. Any given location within the urban area receives pollutants from the
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different sources in varying amounts, depending upon prevailing winds, presence
of tall buildings, and so on. If the allowable concentration of a selected pollutant at
a given location is not to be exceeded, the contributions made by different
individual sources must be established.

The dispersion of a pollutant in the atmosphere is the result of three

dominant mechanisms: (1) the general mean air motion that transports the
ity fluctuations that disperse the

pollutant downwind, (2) the t | W
pollutant downwind, (3) & o concentration gradients. In
addition, the general ae?chaﬂctemh as size, shape, and weight,
affect the rate at which : 'i‘\ ‘

pollutants settle to the ground

or are buoyed upward.

turbulence will be discussed i following sections,of this chapter.

The solar radiation is m actor affecting the atmospheric

stability condition in g interested area. It is one of the parameters for
v

determination ﬁlﬁﬁrﬁl% EW mﬁﬁtemperature gradient,

wind velocity, 9and cloudiness, etc. At the upper boundary of the earth’s

atmospﬁr | rﬁﬂ 31 H iati eni “@9{ constant,” is
approxin‘m lg/cm min. m}!:(mmg e(:lc sﬂ wavelengths
between 0.4 and 0.8 mm, which essentially is the visible portion of the
electromagnetic spectrum. Approximately 42 percent of this energy is either (1)
absorbed by the high atmosphere, (2) reflected to space by clouds, (3) back-

scattered by the.atmosphere, (4) reflected by the earth’s surface, or (5) absorbed

by water vapor and clouds. Approximately 47 percent of the solar radiation is
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absorbed by the earth’s water and land surfaces. The earth, approximated as a
body at roughly 290°K (62°F), radiates long-wavelength radiation with the
maximum intensity between 4 and 12 mm (near-infrared region).

Insolation, or the quantity of solar radiation reaching a unit area of the
earth’s surface, is a function of many variables. 'he most important factor is the

variation in the angle of incidence, as illustrated in Figure3.1. In Figure 3.1(a) the

increase in surface area recelv : \\ ,M tity of insolation in the winter
compared with the summer s illus | &r change is illustrated in Figure

Winter
sun

Figure 3.1 (a) Va .. ation with different seasons. (b) Variation in

insolation with geograp

The thickness ofsthe atmosphere-and thus the quantity of solar energy

absorbed is a fﬂctu bifthd ik bl bk & i Fated)if Fighes 2. The sun’s rays

are tangent to tl% earth’s surface ip the mornnﬂ and evening qaj}d approxxmately
preo R TV TR T Y 8y Bpmrromct
twice as ﬂmg as for a winter day. From the preceding discussion we can see that
the actual quantity of solar energy received by a unit surface area on the earth’s
surface is a complex function of location, season, time of day, and composition of

the atmosphere above the surface.
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Sun

Atmosphere
boundary

Figure 3.2 Variation in at Sheri versed by solar radiation with

The specific hea
specific heat of water. T “solar energy absorbed by
a unit surface area of nit surface area of water,

the resulting temperat urrents in water and the

resulting heat transfer by i au ergy received at the surface to be

transported to a greater dep water se in rock and soil, where heat
transfer by conduction alone_.q&gtjf"{.-_.fgi‘ ation of all the aforementioned
effects produces the: erence -t 4nd land temperatures and

hence between marin ﬂx con Dd
I
The wind patteriis near the shore of bodies of Water such as lakes, oceans,

and bays are ¢ i ‘a Qr i ﬁareas. Differences in
the rate of waﬂme nﬁﬂrﬂj m;:]ﬂn the development by
midmorpi istinet € di ﬁ e ﬁ ve the water
and thﬂﬁlﬁﬁ.ﬂiﬂﬂﬁﬁe im E]:I ﬁver the land
causes a general air movement horizontally from the water to the land (sea or lake
breeze). At night the land surface cools at a faster rate by radiation than does the
water. The air over the land gradually becomes cooler and denser than the air over

the water. Hence the general horizontal air movement is from the land to the water

(land breeze). Since major large cities are located near large bodies of water, the
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wind patterns are quite complicated, especially if mountains or large hills are

nearby.

3.2.2 Wind Circulation

The general wind circulation mainly affects the wind direction. The sun, the

earth, and the earth’s atmosph e very large dynamic system. The
al pressure gradients, which in
s the temperature difference
between the atmosphere ~and at. e‘ equator, and between the
atmosphere over the conti ! s 00 \ uses large-scale motions of
the air. (Local winds s ke 76 used by local temperature
' 1ally would tend to flow
directly from high-pre : low pressure which in the
horizontal usually means from a ¢ ' a warm area. In Figure 3.3(a) the
flow is shown to be perpe 10@'1_&1 1e isoB

this situation. In addition of the pressire gra

he rotation of the earth alters
nt F,, one must also consider the
/(The Coriolis force is

X}

This force accounts for the

sometimes termed t '“"' rizontal ¢
apparent deflection of @ moving air parcel to the right- the Northern Hemisphere,

relative to the ﬁ ¢ ﬂﬁ" cm gﬂﬁwg :Tﬂmition of motion of the

parcel. The Coriglis force in this global system i nction of the velocity of the
air par 1.4 ti : -y i ﬂ]ﬁﬂspeed. Itis a
maxim‘;a mammmmﬁﬂn | ector force is
added to the pressure gradient force, then in general the situation is represented by
Figure 3.3(b), with the resultant velocity vector at some angle to the isobars. This
representation is not one of static equilibrium, however, since the forces are not in

balance as drawn. In the upper atmosphere, moreover, air parcels frequently

experience relatively little acceleration. Therefore the forces acting on the parcel
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in this case must essentially be in balance. If we consider only the pressure
gradient force and the Coriolis force to be present in the idealized case, the vector
representation must appear as in Figure 3.3(c) for parallel isobars. Since the
pressure gradient force F, must be perpendicular to the isobars, the Coriolis force
must be parallel to F, but in the opposite direction, toward the high-pressure

region. In addition, the wind velocity and the Coriolis force act at right angles to

each other. As a result, the w' T w_parallel to the isobars. Moreover,

'ty in the Northern Hemisphere.

@reglon is to the left of the

rd toward the earth’s surface.

recall that F,, acts to the right of tk
Hence the wind must l@t thé lo

This idealized or cog | the geustrophzc wind by

very light winds, the dif€ct » ind probably do not differ

by more than 10 degreeS a 7_. __  re ively, from the geostrophic

values. For geostrophic flow th isob sincide with the streamlines of flow.
Another type of wind mféai'éd: n meteorology is the gradient wind,

which is associated ved isobars. Even thoushathe speed of an an parcel

wceleration a, must be taken

into account. The geostr(?hlc and gradlent winds are concepts of practical interest

in the absencef’ uﬁwztﬂcﬂrﬂ ?Wﬁéﬂjﬂ] ovement of air near
the earth’s surfage 1s retarded by frictional effects surface roughness. The
vertlcaldagwb!T ngmym% Yraw[@y e atmosphere
where the; gradie 1t w d the plan oundary layer.

The magnitude of the retardation of wind speed with height and the thickness of

the boundary layer are functions of the surface roughness or terrain, as well as of
the temperature gradient in the lower atmosphere. The effect of this frictional
force, when added to the pressure and Coriolis forces, is to turn the air movement

slightly to the left of the gradient wind (when the observer looks downward
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toward the earth’s surface). In effect, the wind is turned at a slight angle toward
the low-pressure region. The angular shift is a function of the same variables noted
above for the frictional force. The vector diagram in Figure 3-4 illustrates the
direction of the resultant wind for straight isobars. The frictional force is
proportional to the wind speed. The frictional force directly reduces the wind

speed in the boundary layer, thus reducmg the Coriolis force, F¢,. The pressure

force F, remains the same, however it no longer is balanced by the
Coriolis force as in a geost: yphic lt of this imbalance is that the

ard the low-pressure region,

rather than parallel to the i ‘ ¢ that the wind speed is now less than the

geostrophic wind speed. th€s ition  -. .. g the same.

e T
Low pressure region — ' [pressure region  , nq v
Y \\\\ a
| 1005 mbar
U
High pressure region jh pressure reguon
(a) (b)
Low pressurgrégion ©LOW pressure region

F, VJ.;

D £ 1005mbar — v

ﬂUﬂ?ﬂﬂﬂiWﬂ’]ﬁl‘ﬁ

ARTAIN AN ITIEAA

Figure 3.3 Effect of various forces on wind direction, relative to isobars in the

atmosphere. (a) Pressure gradient force only, parallel isobars. (b) Pressure gradient
and Coriolis forces, parallel isobars. (c) Pressure and Coriolis forces in balance,
parallel isobars. (d) Pressure and Coriolis forces balanced by centripetal

acceleration, curved isobar. (Kenneth Walk, 1981)
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A steady wind can still exist when the frictional force is included in the
analysis. The component of the F), vector in the wind direction just balances the
frictional force, F;. At the same time, the reduced Coriolis force is just balanced
by the remaining component of F,. An interesting consequence of this is with
respect to flow around high- and low-pressure centers, with friction. Figure 3-5 (a)
shows the vector diagram for circulatory flow close to a high-pressure center. The
fri ws are shown, as well as the

’ uperposition of the diagram in

—

Figure 3.4 upon a curv h=The¥important g to note is that the wind

pressure gradient, Coriolis, a

centripetal acceleration vec

velocity is outward from a_eifC] j Ad ﬂ. HHenee flow in the vicinity of a high-

pressure center must pas / d \\\ flow outward. If a more
complete three-dimensiop@l analysis-of ;k\.
d flow ¢ cll as outward. As a result,

Ly
: \a\\\ downward to maintain the

outward flow. This downwe w,is called subsidence and is a possible inhibitor

'»- a high-pressure center is
made, it is found that the £

air must be brought in f

pollutant dispersion in the a

Low-pres ;g‘;:::'ﬁ'&:f:_.

3

i ’
A INENnen3

AMAAIRIN NN INYIAY

Figure 3.4 Effect of frictional force in the planetary boundary layer on the wind
direction (Kenneth Walk, 1981)

Figure 3.5 (b) illustrates flow around a low-pressure center. In this case, the

wind velocity vector is pointed in ward. Thus flow close to a low-pressure center
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is counterclockwise. Additional analysis reveals that the spiraling flow is upward
as well as inward. Hence pollutants in the lower atmosphere will be carried
upward and generally will be dispersed over a wide area. In addition, as the air
rises it will cool as a result of the decrease in pressure at higher elevations. Water
may then condense within the rising air mass. This effect may also have a

cleansing action on a polluted atmosphere.

Y

Figure 3.5 Force balancg§ il the i \\‘\\.

Flow is outward and i Y 7 s \ ¢ region. (b) Flow is inward

Low-pressure regios

low-pressure regions. (a)
and counterclockwise aroun v region. (Kenneth Walk, 1981)

3.3. Local effects

3.3.1 The Atmﬁphe p-$ m
One of the most ‘m ortant charact&)stlc of the atmosphere is its stability.

That is, its terﬁ uﬁf}%ﬁaﬁﬁ-@nW@’*ﬁ% existing turbulence.

This tendency “directly 1nﬂuences the ablhty of the atmogahere to disperse
s Y Y T L Y B s i
of air is @isplaced upward in the atmosphere, it will encounter a lower pressure
and undergo an expansion to a lower temperature. Usually the expansion is rapid
enough that we can assume no heat transfer takes place between that parcel of air
and the surrounding atmosphere. The change in temperature with elevation that is

due to the adiabatic expansion is determined in the following manner.
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The atmosphere is considered to be a stationary column of air in a
gravitational field, and the air is approximated as a dry ideal gas. In the absence of
frictional and inertial effects, a static force balance on a differential element of
thickness dz leads to

dP = -pgdz 3.1)

Where P is the atmospheric pressure, p is the atmospheric density (assumed to be

constant), g is the local gravitati and z is the elevation.

For an adiabatic proc ; thub st law of thermodynamics for a

closed system containing nderg 0ing 4 quasi-static change of state can

be written as

(3.2)

\\

°C at room temperature and g is

Substitution of Equati -Equationg(3.1). ; rrangement gives
(3.3)
|

In SI units C, for dq air -_éﬁW |

9.806 m/s? From these d4ta one ascertains that for dry'aif -

/il = -0.0054 °F/ft
w az dry adia Tm ‘
¢
It is convenient TEI mﬂm%tﬂiﬁ perature gradient in
the atmosphere. e ic "fapse , which¥is given the special
: ¢ o v/
symbol }q w ‘
r = (4(7:} a \ ﬂ=§9§7uc¥nmqgsn§;]0§ E](3.4)

dry adia

The dry adiabatic lapse rate is extremely important in meteorological studies. The
atmospheric stability can be principally determined from the lapse rate sketched in

Figure 3.6
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Subadiabatic, &L = - 8°C/km

Adiabatic, g =-9.7°C/km

(Z+ &) fm—m e s~
[y d_T =
< & Superadiabatic, 7~ = ~12°C/km
N\ 4
$ By J<nmm i o A R S S i
H
g
g
S :
¥ @-89)|--------------a8
g

in an atmosphere with an

Figure 3.6 Behavior offa (
ate, (Noel De Nevers, 1995)

adiabatic, a subadiabati

If the surrounding aﬁfﬂg yatic lapse rate, then, no matter if the
parcel is moved up or dow vill reac ame temperature as the surrounding

air at its new location. In any such-displae

ent the pressures of the displaced air
-_-i-'""::‘p“(‘ 3 )

and surrounding air Wi ¢ not, the higher-pressure

.--\@* 1e. As a result, it will be

parcel would expan 3 :
. srr@‘nding air, and after this

at the same temperag'e and dens
displacement gravity willegot try to maye it up or down. This condition is

described as nﬁuﬁﬂ m EJ mﬁs Wt&l ’%ﬂ ﬁr unstable. In neutral

conditions, WthH generally occur for moderate to high wind speeds, a vertically
dlsplace&)we’])ﬁ?gvﬂ rﬁtmlﬂlﬁ fg]lla\%&’eq @h&’mdltlons thus
result in sa'ong mechanical mixing with negligible convective effects.

If the surrounding air has a subadiabatic lapse rate, the displaced parcel of
air will have a different fate. If it is displaced upward, it will continue to follow the
adiabatic curve, because its motion will be adiabatic, so that it will be colder and

more dense than the surrounding air. Gravity wili drive it back down. If it is
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displaced downward, it will be warmer and less dense than the surrounding air, so
gravity will drive it back up. Whatever disturbs its location, gravity will move it
back toward its original location. Consequently, the condition is stable stability
and vertical air motion is inhibited. Furthermore, turbulence is thus suppressed,
and reduced mixing occurs.

If the surrounding air has a superadiabatic lapse rate, then if the parcel of
air is displaced upward it will folle \ tic curve, so it will be warmer and
less dense than the surrounding air r. &«111 drive it further upward. If it

is displaced downward it Will' b colder an se than the surrounding air,

so that gravity will driyg / / \ Vhatever disturbs it from its
original location, gravig t. e in the direction of that

displacement, and wi hus if the lapse rate is

superadiabatic, the condition 4 | e \ air motion is spontaneous if
b

any minute disturbanc€ tuigg S t;?}‘ g > condition, any vertically
displaced air continues it$ ement, thus/large eonvective cells are set and both

s ool
turbulence and the consequént iXing are € ced.

=L

3

U

Standard dtmmphcrt. T 6.5°Cikm = ~3.6°F/1000 ft

ﬂ Nk abmpa%mw

Wﬁﬂiﬂi;.umﬁmﬂﬂaﬂ

/Dawn +2
~

»
a

S0°F 90°F
Temperature

Figure 3.7 Vertical temperature distribution at various times on a cloudless day

ation above sea level, z

with low or average winds in a dry climate. (Noel De Nevers, 1995)
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The all three stability conditions can occur at the same place but different
times of day and on any clear dry, sunny day with low or average winds as shown
in Figure 3.7. All night the ground surface has been cooling, and at dawn its
temperature is perhaps 50°F. At infrared wavelengths the ground is an almost
perfect blackbody radiator, so it is quite efficient at radiating heat to outer space.

The ground surface has also been cooling the layer of air above it. The cooled air
ir above it, so that there is a steady
&gmund by conduction, slight

convection, and radlatloiw w transparent to visible light,

is not transparent to infrare trion and does transfer some heat by infrared

layer nearest the ground cools t

flow of heat downward

e eytlon up to perhaps 1000ft.
At that point the “cooling bk i d run into the lapse rate left over
ontinues along up the standard
atmosphere curve. \.

Below 1000 feet

pattern is called an inversion; ch'inversions ¢ every clear or slightly cloudy

increases with height. This

night, with low or average wmds‘,ﬂ'éﬁ nostof the world’s land surface. Inside the
inversion the situation is_exireme Stabic \j are strongly

+he standard lapse rate, the

situation is mildly stale vertlcal dlsturbances are damped, but not nearly as

strongly as msﬂ tm ﬁﬁmﬂsﬂﬁwgﬁﬂ? most common one

and is called a rﬁzatton inversion.

LNENARISEV NN LMD L
of air aboqe it, by conduction, con heats the next

layer above it, and so on. Two hours after dawn the ground temperature will be
perhaps 70 °F. There will be a layer of warmed air near the ground, in which the
lapse rate is practically the adiabatic lapse rate. At its top, this layer encounters the
remainder of the previous night’s inversion. Rising air from below cannot

penetrate that inversion, for stability reasons. But at the boundary it mixes with the
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inversion, slowly destroying it, so that by four hours after sunrise the warmed air
layer has grown and almost eliminated the inversion. To simplify the evaluation of
the stability, there are many stability classification schemes. One of the famous
stability classification schemes is Pasquill-Gifford’s whose detail are the

following:

3.3.1.1 Pasquill-Gifford y ssification
In this classification i h\ 1ty in the layers near the ground
is dependent on net radiati vectlve eddies and on wind

speed as an indication o \\ nsolation (incoming radiation)

"/"
1)
r

without clouds during the day i ! \ tude which is a function of
latitude, day of the year, afd i1 - s da \ \ s are present, the extent of
their coverage and S / Oredses ¢ and outgoing radiation.

Daytime insolation mus

dlﬁ? ac " ' ‘\' ¢ existing cloud cover. Six
stability categories are define m”l; 3 \

J _3.1.3 JJJ

Table 3.1 Pasquill-Gifford h.,g.,e'j,_;- r

 — A4
Surface Wind - L m Night-Time Cloudiness

(Measured at 10m) m 7

ﬂﬂﬂ?%ﬂﬂTWEaﬂip

p 48 o <38
AN AL W Sk Plcioud
(m/sec) “|W(mph) | © 1 Cloudiness*
<2 4.5 A _
2-3 4.5-6.7 A-B E F
3-5 6.7-11.2 B D E
5-6 11.2-13.4 & D D
>6 134 C D D
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*The degree of cloudiness is defined as that fraction of sky above the local

apparent horizon that is covered by clouds.

Notes:

1. Insolation is the rate of radiation from the sun received per unit of earth's
surface.

2. Strong insolation corresponds to sunny mid-day in summer. Slight insolation

W'nter.
% values, respectively
@ to 1 hour after dawn.

I ?&"u D should be assumes for

corresponds to similar condition
3. For A-B, B-C, etc. take
4. Night refers to the pe
5. Regardless of wind
overcast condition ¢ sky conditions during the
hour preceding or fo

1 mph (Milefpe 7
i adl
A = Extremely Unstable#” @= Slightly s '- E = Slightly Stable

B = Moderately Unstable /D Neéutral - : F = Moderately Stable

PETT L

A S

332 Mixing R U
53 IXing beigh m

Figure w Ej‘so"j i i uﬂ ept in air pollution
meteorology, ﬂ mixing he;gY;| ﬁm‘lgureﬂomﬁrﬁ afternoon condition,
there wi i S i oS ﬁr ﬁ 0 ft, and then
neglig‘;a Ei&gnﬁm\ﬂﬁjm ?jEIu ' provide good

vertical mixing induce large-scale turbulence in the atmosphere. This turbulence is
three-dimensional, so it also provides good horizontal mixing. Pollutants released
at ground level will be mixed almost uniformly up to the mixing height, but not
above it. Thus the mixing height sets the upper limit to dispersion of atmospheric

pollutants.
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In the same figure we can see that in the morning the mixing height must be
much lower and that it grows during the day. Similarly, we would except that the

mixing height would be larger in the summer than the winter (see table 3.2.2)

Table 3.2 Typical values ot the mixing height for the contiguous United States

Mixing height, m

Reéhe

Jike Average

Summer : 200=1100 | 450

H a ‘ h in A000
Summer afternoon \m. 0. | 2100

Winter 16 Nl nter k\\\?\ 470
Winter a i :ﬂ'& }{;m
L

0 | 970
o\

In a major industrial/€it; * 1 above the mixing height
the air is clear and blue, " whereas’ __ the mixing height the air is hazy and

-l

brown or gray. The same phenofienon ca bserved from mountains, hills and

tall buildings when the mixing fayer s thifi/ s

- "—45‘—5 h
v;,,—'——— “‘ “

-

3.3.2.1 Measurﬂe m

-

L
1L 111 R LML
are talking about. Nieusta

as precisely as p@ssible, what we and van Dop define

¢ a -
- top(;q;ﬁ Et@ﬁﬁtﬁomha;mghjg ‘tm c%l!\:;ltﬁ %J)undary layer

(CBL) is the height of the lowest temperature inversion
(b) For stable conditions, the height of the stable boundary layer (SBL) is
the height at which the turbulence falls to ‘say 5 percent’ of the turbulence

level ‘near the surface’
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In fact, mixing is occurring in the stable air at the top of the CBL and
fluctuations in velocity due to gravity waves occur above the height at which
turbulent mixing is insignificant in the stable boundary layer. Therefore neither of
these definitions is entirely satisfactory. It is the maximum height from which
material currently being released into the atmosphere with no buoyancy or vertical

momentum will diffuse to the surface. It is also the maximum height which

rface will reach.
“Mo very precise definition and

_‘

m& the mixing depth.

bvious transition from the

material released in a similar fashi
e

From the above it a
consequently no prospect
The mid-point of :
properties of the air massd r tropospheric air mass, is
probably the definition. rrespond to a minimum in

the wind velocity gradient tial temperature gradient.

3.3.3 Winds

3.3.3.1 Wind velocity

L}

Wind speed im'qa' Wi -of the troposphere. As we

mentioned previously, the movement of air near the earth’s surface is retarded by

¢ o -

o/
o i DT OIY PP o e o
density of trees, the location an

terrain, the locatipn an 1ize of lakes, rivers, hills,
L : g - L. 7
and buﬂan1mdaﬁlﬂr?mjmq?ﬁ@jﬁﬂcal direction.
The air layer that is in luence y friction extends a fi red meters to
several kilometers above the surface of the earth. Typically the wind will reach its
frictionless velocity (called geostrophic or gradient velocity) at about 500 m (1640
ft) above ground. The region below this elevation, where ground friction plays a

significant role, is the planetary boundary layer. The ground-level wind velocity is

largely determined by how well this layer is coupled to the fast-moving



29

geostrophic layer above it. When the atmosphere is stable or has an inversion,
there is little vertical movement; and the coupling between the planetary boundary
layer and the geostrophic wind is weak. Thus, inversions and stable atmospheres
are normally associated with low ground-level wind velocity. The depth of this
boundary layer is greater for unstable conditions than for stable conditions. Thus

pollutants will be dispersed over a greater vertical distance under unstable

atmospheric conditions.

600

g

200*

Height above ground, meters
w
8

- \
-

1l
Windispeed, meters per second

Figure 3.8 crﬂgu)&%meﬁ mtﬁ w&t;] nﬁource D.B. Turner.

Workbook for Atmosphertc Dispersion Estimates=Washington, B.C.: HEW, 1969.)

RIAINIWNAING A
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600 Urban area Suburbs Level country
Gradient wind
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—-94
400 ~90 - Gradient wind
2
3 -85 -98
£
~ 300 - - -95 - )
= 80 95 Gradient wind
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L
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Figure 3.9 Effect of tesfai d profile. With decreasing

: ectﬁ' ayer

Prdor
.ﬂ*wj’:‘l
}u - ,.-r
Typical wind-speed po } g}

e

roughness, the depth of >, shallower and the profile

steeper.(Davenport, 1963.

.,r

¢ day and the night are shown in

Figure 3.8. Because 0fia 'a at night, the profile for

Note that the wind-speed

the night is usuall . stee 3
an approximate h&ht of 600 m. Above this

variation levels out in.m‘;is case 4
height the frictio ﬂal effeétds, neihslble and the wind speed becomes that of the

uﬂa@e ghobs aiédf gTherkdin rohghness on the wind-

speed profile is s own in Figure 3.9 In this particular example,the change in the

overalt s et b anprakify oyt 280 m, o

decreasmg roughness the profile also is steeper near the surface. Because of the

gradient wind

appreciable change in wind-speed value must be quoted with respect to the
elevation at which it was measured. The international standard height for surface
wind measurements is 10 m. The wind direction and wind speed data at 10 m of

Saraburi area during Jan-March, 2000are shown in Figure 3.10.
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@ wmd speed 0-1. 5 m/s

. () wind speed 1.5-2 m/s
400 +------ Ry A @ wind speed > 2 m/s

Frequency of Occurrence
w
o
(=)
|
|

225-270  270-315  315-360

Figure 3.10 Wind speed 3 ‘. & f Sarabu during Jan-March, 2000

(source: Pollution Contro

Frequently kno some height other than at the

standard is necessary. its have been made to develop suitable

analytical expression relating ght. Because of the complexity of

the phenomena, no comple ession is available at this time.

However, the -v—‘——mf_,j d useful for boundary
layers up to several hundre ’-‘l'r- rc as follows:
!

e R Ty
QRBINIRNAING 1A

3.3)

Where {/ is the average wind speed at height z, Um average wind speed measured

at height z,,, and p is an exponent whose value is dependent upon atmospheric



32

stability condition and surface roughness. Values of p have been found that range
from 0.02 to 0.87. (Schnelle, K. B, 2000 )
When the environmental lapse rate is approximately the adiabatic value and

the terrain is generally level with little surface cover, the value of p to be chosen is

approximately ; )

stability characteristics of - ‘ pproximation. Sutton (1953)
—

has suggested that p c 2 which is a function of the

stability of the atmos

(3.6)

ar¢ given in Table 3.3. The

nd parameter p from elevations

The value of n for
relationship between the'te
of 5 to 400 ft is presented i
Table 3.3 Relationship-betweei-the-stabitity-paiaine: ' equation (3.6) and the

V
stability condition of tﬁ > & OO )

L~

Stability Condifigr] 1 21 7) ¥ 1Y/ %’w i)

Large lapse rate 4! 0. 20

e QARARGN L NN TN

Moderateanversion

Large inversion 0.50
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Table 3.4 Relationship between the temperature difference and the parameter p
for air layers from 5 to 400 ft thick, where AT =T, — 7

AT (°F) p AT(F) B

4102 0.145 2t0 4 0.44
-25t0-1.5 4106 0.53
-2t00 0.63
ltol 0.72
0to2 0.77

According to the Ui fect of surface conditions

ven in Table 3.5.

clocity profile equation

for urban and rural areasf@ndss

Table 3.5 Estimates of the

A E F
Urban __ 0.15 015 020 030 030
Rural 0.07 |

007 0. 1 035 0.55

J [
< UEANENTNYINS
SHTRE S BT RLERIR 44 B Y e o seris of

disturbanges call high-pressure zones (anticyclones) and low-pressure zone

(cyclones). They are formed from large-scale instabilities, often involving the

boundaries between the three circulation zones in each hemisphere.



34

Subsiding air

Polar ca\(crhc\/_:) (:\
Rlslng air

// 25
/_. W N Subsiding air
g‘ it~ --__ ‘-0 ﬁ Rising air

2 ubsndmg air

Weslcrhcx\ / o .I\E\ \ ' N b
DreSSul: . vt‘/“v

Figure 3.1 The wind cigfulatiof of thesatmosphere (Frederick K. Lutgens/

Edward J. Tarbuck, the Atmosp --——-:-“:
L J_;"..FH} Aifa

Near the cen ;f fa | Is associated with them can
be strong enough to Eerw C 2 effﬂts. Mountains, valley, and

shoreline all influence ayind direction ,and magnitude as well as other

meteorologicafopatanetbrs) Tl hiifhe ‘jm ) 58 fopG@raphical effects are

discussed in the hext section. Thusy estimating the wind directiop at any time and
any locﬂo%ﬁan’]@b% AP R V121 &
aJor rapidly moving storms and fronts overwhelm local influence;
local ground-level winds blow the way that the major storms dictate.
2. In deep valleys the daily alternation---wind up the valley in the daytime,
down at night--- overcomes most other influences and determines most of the local

flow when no major storm or frontal passage dominates. The valley effect is
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greater in deep valleys than in shallow, in steep valleys than in gentle ones, at
night than the daytime, and under conditions of light wind and clear sky than of
strong wind or cloudiness.

3. On shore and offshore breezes dominate when there is no major storm.
They are more likely to control the wind direction in light wind, clear sky
conditions.

4. Absent all of the prec

other effects of local topography, the
wind direction is more like than any other. Figure 3.12 is a

better predictor near the

3.3.4 The effect
Obstacles whi roduce additional turbulence
and frictional effects. eing considered within this

review will generally oc i largesscale -forcing mechanism, in form

Local air flow-patterns cd by juxtaposed geographic

configurations. For exaril'ple mountains and valleys, @ mountain pass, or a land-

water-air mterﬁ ﬁ ical kTTTﬁxe often described in

terms of one v ﬂglt a change in one vzg)ﬁmus always be associated with

change mjemeﬁw )Uja?T H@iuﬁ ain localized
E‘ el’ Eﬁﬁ gn

and do

3.3.4.1 The sea breeze: One common phenomenon of this type is the sea
breeze which develops during the warm season along oceanic coastlines. A similar
type breeze will occur at any land-air-water interface where a significant

temperature difference exists between the land and water. During the day the

L o05KA4OX
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water warms more slowly than the land. Air over the land warms and rises
drawing in the cool air from over the water to replace the rising warm air. The
rising warm air moves out to sea aloft where it cools and sinks. In this way a
circulation cell develops from the water to the land at low levels and from land to
sea aloft. The cell system is usually rather shallow, less than 1000 m high, but it
may penetrate deep over the land, up to 40 to 80 km. Frequently at night after the

sea breeze has dissipated, a lan W m where the circulation is weaker
than the sea breeze and is m mter
3.3.4.2 Flow pat tapo r\wture: There is an infinite

variety of flow patterns i ope ical or manmade obstacles.

air flows over an obstacle.
Separation of the flow m 2 Stnoke san be caught in these vortices
. , mountain ranges which
produce uplifting of the produc e variations in rainfall throughout an
extended geographic area. Otyin Sic and [{€ascade mountains are responsible
for unusual rainfall distrib‘ﬁ%%@ﬁ' the
distortions of the ~’-'“m':r-z-*!'-:: [S—the—WAE asses over a valley or
through a mountain pas: |

0
An isolated hill mday affect the wind speed by causing a speedup of flow at

the brow, w1thﬁlﬂ@dﬁ§gﬂezj ﬁﬁ w ‘downwind. In strong

stable stratification, air is likely to ﬂow around rat er than over an isolated 3D hill,

and woﬂ]i wqwm grnjuarﬂ Whilst these
flow feature may cause some effect on wind speed wi ight increases,

the greatest effect would be on wind direction. Furthermore, mountains can act as
barriers to low-level winds. For example, the Los Angeles Basin has high
mountains on its north, east, and southeast. These impede the wind. Air mass are
trapped in the basin and dilution of emission is prevented. As for Saraburi’s

topography, the area is quite mountainous as shown in Figure 3.13.
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d

Figure 3.12 Distortions of the wind flow by topographic obstacles.(a) Channeling
of the wind by a valley. (b) The effect of a mountain pass on the wind flow. (K. B.

Schnelle, 2000)
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Figure 3.13 Topography agaburi province. (Meechumna, P.

1999)

3.4 General cuaracteristics of stack plumes

v

A

As noted in tlm preceding section, the dis;ﬂsion of pollutants in the
atmosphere is ﬂm ﬁ( ISIS; average wind speed
and the atmosﬂﬂ ulénce. j:lf tﬁmﬁ simply to carry the
pollut ind t ;ﬁ c 1 amlﬂuctuate from
the m:aﬁ?‘jﬁeifj:ﬁ: eﬁmﬁ ﬁﬂ:ﬁl tions. The two
types of atmosphere turbulence—mechanical and convective—usually occur
simultaneously under any atmospheric condition, but in vafying ratios to each

other. Because of these variations, the general geometric forms of gas plumes

emitted from stacks are quite different.
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Six classifications of plume behavior are noted in Figure 3.14. In addition
to the general variation in geometric shape in the x-y coordinate plane,
approximate velocity and temperature profiles are also shown. The looping plume
shown in Figure 3.14(a) occurs when a high degree of convective turbulence
exists. As noted on the figure, the looping plume indicates a superadiabatic lapse

rate in the atmosphere, which leads to strong instabilities. A looping plume is

usually associated with a clear dayti dition accompanied by strong solar

heating of the earth’s surfac

A coning plum under essentially neutral

L.

atmospheric stability, an ical turbulence dominates. The

coning plume occurs wh er the day or night. Winds
are typically moderate \ prevents incoming solar
radiation during the tgoing | terrestrial ation at night. Unlike in

looping, in coning the tration is carried fairly far

P __ _.a .
downwind before reachi g lev ificant amounts. This is an
especially good condition orqegtﬁn : 0 tant dispersion by the diffusion
equations A .

A fanning plug in the prese iegative lapse rates, so that
a strong surface inver able horizontal distance above

the stack height. The atmosphere is extremely stable anid mechanical turbulence is
suppressed. If ﬂ ﬁ ifferent from that of
the surroundingg@atmosp ﬁ-e eﬂi‘j’-ﬂn w ﬂﬁmd at approximately
constan )?.IT é! inversions are
charactﬁﬁ‘j‘lﬁ qﬂmﬂﬁﬁe t m by outgoing
radiation. When viewed from above, a fanning plume may appear to meander in
the horizontal direction as it is carried downwind. It is difficult to predict
downwind pollutant concentration and littie pollutant effluent reaches the ground.

Fumigation plumes occur when a stable layer of air lies a short distance

above the release point of the plume and an unstable air layer lies below the
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plume. Figure 3.14(d) illustrates the general profiles when an inversion exists
aloft. The temperature profile necessary for fumigation usually arises in early
morning, following a night characterized by a stable inversion. During that time
period, relatively high ground-level concentrations will be reached. Fortunately
the conditions for fumigation normally do not last for more than half an hour.

The conditions for the loftin plume indicated in Figure 3.14(e) are the

inverse of those for the fumigatio inversion layer lies below and the

unstable layer lies through and at ve . This is a favorable situation,
. .-,d . .

since the pollutants are di persed dow) Wl@any significant ground-level

concentrations. While 182100 €0 ‘\ s ize the early morning after

sunrise, lofting condition$ p _‘ oon and early evening under

clear skies. During the day a or 1ent is set up throughout the

lower atmosphere, as'a resulffof s¢ ate afternoon radiation from

-

the surface leads to am"Inyers ‘ g?‘: ar oTOL id level. As the inversion layer

deepens, a lofting plumewi ha‘[&_ -;x- ume. Hence lofting is usually a

transitional situation. When a 5t Yersi on'e: both below and above stack height,
. : L \ .
trapping results. The diffusion _—:f_., n;u;:,‘ | everely restricted to the layer

between the two stableregions..as-shownin tronre 3=t

V-f B Y]

fﬂ 0
ﬂﬂﬂ’)‘ﬂﬂ"ﬂ‘ﬁﬂﬂ'ﬂﬂ‘i
ammmmummmaa
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x-y coordinate sys eric ‘cor iabatic lapse

rate, ---; ambient lapse rate,—.) (a) looping, strong instability; (b) coning, near
neutral stability; (c) fanning, surface inversion; (d) fumigation, aloft inversion; (e)
lofting, inversion below stack; (f) trapping, inversion below and above stack

height. (Kenneth Walk, 1981)
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