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AR s AB_QTRACT".‘ S '
\ l.7The problem of air pollution in va}le}s»is reviewed and it is .

1

cqnclu&ed that high-cencentratiene"of’pollutants can red
,eién.tranping, Stagnation,‘ﬁmpinéement, downneshf fnd’teciteulatio‘
air-in vallevaind’eystems[‘The speeiel‘cese'of moton'vehicle sources,.
'._.within”a small urban river valley, involving some but not all of thea@ :
‘processes, is.the subJect of this thesis. ‘A field experimenﬂ that included
simultaneous meteorological and carbon monoxide measurements in a cros<:j
BeCtiOn'ofmthe NonthﬁSaskatcheuan Riveeralley in downtenn,EdmentOn en ‘;
Jqli.zo; 197; is'deseribea;ud;rben,monenide'tieverseeinevealeefa'feitly
well-eefinedleneninglmaxlmum.eencenttetlon_neax the #alley bottem:and two
peak eéneentrations ln the vertical{‘Thé‘latter arelattrinuteu te?ineom-
plete vertical mixing nf emlesionsjfrgm{major'bridgeeuthat'croes.the river
neetly at tWoylevels. A simpleutwoFlatgelbex modelﬁis"fetmulategrfor-tlme'

changes in average_pdllutant.concentrations‘in the valley.:Predidtedlhoure :
ly mean. carbon monoxide concentrations in the lower box are“Similar in
magnitude to observed mean values. The model predicts an evening maximum

- . ) 3 . ”~ .

in carbon monfxide cg¢heentrations because\;;’EEZ;Eheiné verticalzéxchange

P

. ¢ ' , ,
izofital transport. Th& box model is easy to use and well

suited for igtudying time ehanges. However, d‘etailed m.eesu’r‘em'ents are ne’eded
in order to_uerive reliable epatial aver ages because of the large and
‘cemplicated variatlbne ef temperature, wind, turtulence, and pollutané:
'1concentnation'with1n a.Valley;

. : :

iy
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i

A: Area t:akenvo,ver th_e-_c_Mey, plane. (m _)

~>

AT Area of- the end fa.qe of Box 1 in the along-valley axis direction

-

BRI

and is in the upstream side. (m )

5] o

A_: Area of the end face of Box 1 in the alotg-valley axis direction

and is in the downstrean side. (m )y ' .o,

-

% Area taken over the horizohtal plane withjn the valley at height h.

@0

(m)

¢: Pollutant concentration of Box 1. (ppm) ' K

~c: Short-time meanistate’ polﬁ?:'ant concentration of Box 1., (ppm) "
[ ’ _ :

. ’ _
i " . : : .
: Short-time mean-state pollutant concentration measured over plane

1" 2

Al and A2 respgctiveiy. (ppm)

-

‘C(t): Spatial-mean pollutant concentration obtained om CO-measurements,

/
{

(ppm)‘ | i

h: Height of Box 1. (m)

Kc: Turbulent dif‘fusivi:&_y of pollutant mass, (mz.s-l)

R L . -1
Kh .Thermal t:uf_bulent diffusivity. (mz.s, ) ’

Kc(h): Turbulent diffusivity of pollutant mass at height h. w_(mz.s— )
. :,f‘ N ) .

‘L: Length#of Box 1 in the aloqg-valfey'direction. (m) ) !

L': Open ?b'%undary lre‘n.gth, of Box 1 in the along-:valley direction. (m)

M: 'Mass of pollutants. (gm)
T

Qi: Pollutant source strength. (ppm.s-l.)

. -1 -1,
Q1: Line pollutant source strength. (ppm.m ".s )

xiii



P =

q(t} Time-q,e)pendent pollutant concentration of Box 1 which is obtained

\; froui taking the spatial mean of c. (ppm)

a

q (t) \}N\:@%{apendent pollutant concentration of . Box 2 which is obtained.

from takimg the spatial mean of ¢ of Box 2 (ppm)

. qo: Initial pol utant concentrati.on for the modelling calculetvi.\oin.ﬂ

q*:' Quasi-equili" ium pollutant :conceﬁtration.' (ppm) ’ IR - R

«
\.

t': Dimensionléss ti_me. -

. u,v, w Wind veloéity components in east-west north-south and vertical
d\{rectipn respectlvely (in Chapter I1I and Chapter IV) or. in
cross-vaulley, along-valley, and vertncal direction respectlvely (

-1
in Chapter II). (m.s )

. . ) . . 4
‘ul,vlz Wind \'reloc1ty component. measured over‘A'l. »(m.s’ ) -
- : , . . -1 ’
‘u2,v2: Wind velocity cqmponent measured over A2.,. (m.s )
'ﬁb,'\'ib Mean wind speed in the eas\t-west and Iylth south direction .
~1;

respectively, averaged over the helght of Box 1. (m.s ) .
- 2 2 - - '
Vb. ugoovy . (m.s ) |

g E VA - _
'GB: Mean wind speed component in the along-valley dir/ectio.n.. (m.s 1)

V :- Mean wind speed component in the cross-valley direction. (m.s-l‘)
B - '

u¥*: Frictional velocity, (m.s- )’
R : ,Richerdson number
. 'S; Dimensionless height. (m)
¢ : Dimensionless wind shear.
v
L
: q)h: Dimensionless temperature gradient.

: -1
. U*: Bulk value of wind speéd. (m,s )

] . -1
T*: Vertical turbulent flushing frequency. (s )
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T: Temperature. ( C)

T‘1: Temper ature measured at .héig'ht 'z'l' o)

.‘:}',1‘2: Temperature measured at height zzl--' (’O'C)

: ’ - A o
8: Potential temperature., ( K)
» ‘ S e
Td: Dry adiabatic lapse rate. ( C.m )

‘ _ e
Y: Lapse rate. ( C.,m . )
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CHAPTER 1 | " B
INTRODUCTION - ,

-~

> <

1.1 The érobleﬂb

‘A simple defipition of air pollution is the coﬂtaminatioﬁ»of air

around us caused'By the release 9f waste materials into the atmosphere:‘w
B . “‘ v .

A ﬂoéﬁ rigorous,dgfinitioh given by the Engineering Joint Council of the

e g s e <

U.S.A. is "' the presénce‘in the outdoor atmosphere of one or more
contaminants,: such as dust, fumes, gas, mist, odour, smoke; or vapor, in

quantities, of charactefistics, and duration, such as to be injurious to
> ‘ ) ' ’ ) . - . ‘ ' -
human, plant, or animal life, or te property, or to interfere\unreason-

ably with the comfortable'enjbyment to life aﬁﬁ property.'' (1964).

Exdmples of release of waste materials which cause air pollution are the

-

exhaust from\automobiles, generation of energy, industry, etc..

!

to receptorswﬁnd dilute the pollutant concentration. The tendency o
-pollutants to diffusajfcrOSs ‘the, mean wind varies greatly. Empirical and

> theoretical studies show that tge diffusive power of,the atmosphere

\

depends on the wind speed,'surface :oughneés, and thermal stapility of

‘the atmosphere.

Indu%tries, resort and housing devélopments, and associlated
’ transportation systems are often found in low terrain, e.g., along

A
r

»
v

riﬁers, in valleys, at the base~of mountains, or by a lake or ocean

ey e s e e e e e e e

The atmosphere:can transport pollutants from the pollutant jources
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~ shore. Therefore, the problem of how well pollutants will diffuse under

constraints imposed by terrain features is én’hnportant issue. In the

' “present study, wé arée conterned only with an .urban river valley. The

v

?5%}§? acﬁs as a-phyéical ﬁérrier which prevents the Lateral‘ér cross-
vailey diffusion’whigh normally occurs over lgvel country.:If'an
inversién forms thg possibilit& exists for accumulation of pollutants
within the valley because of poor ventilation. in addition, it seems
'péssible that such a valley inversionmmay bévenhanced.ih an urban setﬁiné
because of the heat-island effect whichbléad to advection of warm gLr 
above thevalley?at night. Panofsky (1968) stated ﬁhat the Ebnditions

for pafticulétly severe air pollution are: (1) light wind or talm, (2)

&

~ very small mixing depth, (3) poor ventilation, (4) a rééioﬁ with frequent

_ [ v
anticyclones, (5) a mountain, or hill, or valley region. If these

conditions happern simultaneousiy they can lead to diéﬁstrous conéequences.
. N . . N . . \ " v -
Egan (1975) showed that in sheltered regions under some kinds of weather

conditions poor ventilation occurs with disastrous consequenéesiin the
form of air pollution episodes. A well-known example of this kind of
. . . v :

episode happened in the Meuse River Valley in Belgium in 1930. The Meuse
a ’ . ) S '

/

River Valley is narrow in shape, 1 km between ridgé line,f241£m in length,

and with hills about_éO-m Qigh‘on either side. A\lafgeAnumber of.ihdustri-

°

al plants were‘iocated in the valley. From Firket's report (1936);:Severe '

pdllution occured theré dtrihg the period December 1 to 5,_1930. It was

' &eported that anticyclonic coriditions prevailed during that beriod. An.
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city. of Liege .and from industrial plants nearby into a narrow portion

-

invergion confined the pdlluta%ts within the valley and fog; along_with

very light winds, occurred atsépat time to carry pollutanés from the

{

of the valley. In the originalvreport on the episode; it was estimated =
that' the 802 content of the atmosphere ranged from 9.6 ppm'to 38. 4 'ppm.

These conditions were favourable for particularly 'severe air pollution.

It is assumed that oxidation of the SO2 r€§ﬁits in high sulfuric acid

.

mist»concentratiohs: When SQZ’ dissolved- or otherwise, combined with
water droplets in the presence of a multiplicity of other -pollutants it
was oxidized to sulfuric eeid mist forming particles sufficiently small

to?pedgtrate deeply into'tHe;lpng. As a result several hundred people

suffered from acute respiratory troubles, and‘sixty-three died on

. December 4 and 5. A similar disaster occurred at Donora, Pa., during the

°

" period October 27 to 31, 1948. Donora is located in a_relatively deep
_ o B g | : .
and narrow valley of the Monongahela River at a distance of about

~ 32km from Pittsburgh. During the five-day period of light winds associated

with anticyclonic cohditions, the pollution Qecame severe and twenty

persohs died and hundreds were stricken in and near Donora. The episode

of 1948 in Donora was not unique. A aequence of meteorelogical circumst-

|

ances from October 4 to 14 in ‘1923 also led to serious smo, conditlons in

T2

the vicinity ﬁf Donora. Because of such evidence of 1etha1 pollutant

concentrations in the valley communities, there is an urgent need for

both theoretical and observational programs of study of air pollhtion'
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within valleys. Hewson (1951) suggested that, given.e knowledge of certain
meteorological quantities in and just above a valley, of the rate at
which pollutants are released 1nto the valley, and of the topography of

the valley, we can then compute the rate of accumulatlon of impurities

in a given segction of a valley during<prolonged stagnant atmospheric

" conditions.

The proposed research is believed to be importaﬂt, because the
North Saskatchewan River in Edmonton.passes through almost all core

po;tions~of the city. The objectives of this investigatiOn are to carry

<. out a pilot modelllng study for the North Saskatéhewan River Valley in

Edmonton and experimental studies of air quality in relation to possible

urban beat-island enh3§?é§ent of'valleyhinversions and to organized valley
wind systémsl o Zi{

4

Pl
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"1.2.1 General reviews

1.2 Valley microclimatology and air pollution 4 .

~

-‘Pasquill;(1968) showed that the geometry of the surface over

.which the air stream passes can cause a deflection-of,the air stream,

«

or modify the rate of mixing and consequent dilution of 1he materials
carried with it. Egan (1975) showed that impingement from elevated -
pollutant sources on hill or mountain sides may result in high ground
level pollutant concentration. Valley microclimate has been studied |
for a 1ong time. Munn (1966) and Yoshino (1975) presented detailed re-
views of thisrproblém.,Summarizing'bheir results, we conclude that

L

valley microclimate depends on (1) the geometrical dimensions .of the

\

valley, including length width depth slope of the sides, slope of

" the valley floor, and presence of bends or constrictions, (2) the

orientation of the_valley, (3) the prevailing wind direction, (4) the

i ‘properties of the earth's surface, and (5) the variation of solar

~

. k4 . ) . e -
.- radiation with different’seasons. A complete discussion of valley

microclimate embracing the solar radiation balance, air temperature,

ground temperature, wind, jrecipitation, evaporation fog, and phenology

\@ . ™~
is contained in Yoshino (1975) For the presenq study, we are concerned
R N . ,#r\ 2
primﬁrily with knowledge of the circulation~@nd temperature distribution

of the'hir within a valley. Although all of these climatic elements are

correlated with one another, the valley air circulation and valley

thermal stability determine the advective transport and turbulent

o

transport of pollutants. Therefore, we only consider these two fiactors

F T Tt = e O R e L LR

L
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in the present study.

1.2.2 Wind and temperature in the valley

(

1.2

2.1 Wind ‘ . ' o ' 2

- Mountain-valley regions have their own local éirculatipn patter
Dﬁring the nighttime, the air above the valley sides is cooled and sinks

to the lower portion of the valley. Because the valley itself forms a
. . ' < &

.

slope, as shown by the flow of the water in the river, the denser air .

from the valleﬁmSides £lows downstream under the influencéTdf'é}avity.

During the daytime the valley. sides are heated by insblétf@?;ithe air K

rises'alqﬁg the valley sides and there is a flow of  air upstream aloﬁg

the valley axis. Defant °(1949) has summarized the basic.theory and
observations of mountaih-valley local circulation system caused by the

combination of diurnal surface-heating and -cooling cycles and131oping

)

..surfaces, and he presented a famous schematic illustrétion for the

diurnal variation of gi?culationsystansof the valley reproduced here

in Fig. 1.1 Defant's model was derived assuming no prevailing upper

&ind, and neglecting possible effects .due to or@enta@ion of the vélley

: .. : ‘
7{;§es. Actually, mountain- and valley~ breezes vary according to

topographiéal conditions, seasbnal change of Fhe positioﬁ of the sun,
earth's surface copdifions, prevailing upper ievei wind, etc.. Hewson
and Longley (1944) described the results of observations at Columbia

Garden near the center of tﬁé Columbia &iver Valley in Southern Briq&sh
. ! j\ ' o .
Columbia, near the city of‘Tréil..The eiperimental results show that

the regularity of the down-val%gy motion at hight and the up-valley
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Fig. 1.1 Schematic illustration of the normal .diurnal variations
of the air currents in a valley. (After Defant (1949))

ja) Sunrise; onset of upslope:windSw(white»arrows), continuation
of mountain wind (black arrows). Valley cold, plains warm.

(b) Forenoon (about 0900); strong slope winds, transition from
mountain wind to valley wind. Valley temperature same as plains,
(c) Noon and’early afternoon; diminishing slope winds, fully
developed valley wind, Valley warmer than plains. S

(d) Late afternoon; slope winds have ceased, valley wind continues.,
Valley continues warmer than plains. L

(e) Evening? dnsé; of downslope winds, diminishing valley wind,
Valley only siightly warmer than plains, - ° L “

(£) Early night; well-developed downslope winds, transition from
valley wind to mountain wind. Valley and plains at same temper€ture,
(g) Middle of night; downSlope'windsrcontinué, mountain wind fuIly‘
developed, Valley colder than plains., o ‘

(b) Late night to morning; downslope winds have ceased, mountain

wind fills vdlley, Valley colder than plains., '

A

!

p
Y
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motion in the daytﬁhe is striking, and the strength, as well as the

regularity, of dp@n-sldbe and up-slope flows varies with the locaiity.

bavidson (1961} skndiéd valley-wind phenomena in relation to air

pollution problems. The éata presented in his report were obtained from

».

the local wind study program mentioned above and another prqgram carried

' out at a site nedr Peekskill in the Hudson River Valley from 1955 to

"

1957. In the report, he showed that (8) when the prevailing upper level

wind is strong enoughyit will destroy the valley wind system, (2) when
the prevaiiing wind is weak, the wind type in the Valley is a valley-

siope wind, Figl.1.2 from.,Davidson (1961) showed that the turbulence

'experienced in a valley varies markly with location in" the valley, and

<1

ﬁithAthe strength énd direction of the upper level prevailing flow. Of

[

partiéular interest for the present study is the micrometeorological

~

ﬁtudy'of the North Saskatchewan River Valley in Edmonton by Klassen

(1962). He showed that if the prévailing uppér level wind reaches some

v#lue, it ngl penetrate the valléy and predominafe to the v§11ey‘floor.

He alsg épeculated tHat slope wiﬁdénin the valley drain;? down to the

river édge at night and then rose to form a two-cell circulation begause
' [ 2

of the heat source pfovided by river water, Munn (19665 summarized the

air flow in a valley as follows: (1) When a strong prevailing upper-

level wind is blowing in a direction more or less parallel to the valley,

a funnelling effect may occur. (2) When a strong prevailing wind is

blowing at right angles to the valley, wind speed in the valley is less

than that over level country. and.there are reé&ons of intense turbulence

B e . A aia LA B Lt 1'#”%‘““’”@”’«“’ AWty PO 1 s
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750 L paximun turbulence Turbulence 4 Turbulence  steady 4Sharp 4 ¢
—— Wind _ : : \ % increase
moo I.T A . ¢ » B . . <] .
‘ Strong intermittent ‘Intermittent Mostly upslope motion; occasionally
) ¢ vertical current jup and down turbulent
draft
Height o, ;
(m) Mean motion
: almost zero
300 4
150 -+ i
01 v ) , B
— . —+— — — -
0 1.6 . 3.2 . 4.8 \
‘ ° Horizontal distance (km) :

. * - “
Fig. 1.2 Schematic sketch of distribution of vertical currents and turbulence with prevailing
- ‘ !

flow normal to ridge line . (From Davidson (1961)) -
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as shown in Fig. 1.2 . (3) When the prevailing upper-level wind is weak,

the valley wind and slope wind may dévelop fully. In addition, he

concluded that water bodies and minor topographical features may affect

the local wind system in the valley. Table 1.1 and Fig. 1.3 from Stern,

]

et al (1973) show the net results of several principles operating in

\@ountaianalley * topography on the mesoscalg. First, an east-west

tk@nding valley has"only one éhnnyrslope with heated up-slope during -

>phe\daythne. A north-south trending valley has slopes about equally

-heatgd during the high sun hours of .greatest heating. Second, windflow

parallel to a ridge line will scour a land scape without a tendency to

. form |separated flow such as is encountered in flow perpendicular to a

ridge|line. Finally, thermally-produced circulations on slopes (up191ope

K' | - -

with heating, and downsldpe,with cooling) combine with mechanically-

b

produced circulations such Es eddies and'helipes. Three points"emphasized
by Sterh, et al (1973) are that!: (1) vigorous mesoscale circulations _

may supress the features shown in Table 1.1 and Fig.1.3 , (2) under some

’ . -

circumstances one flow pattern may alternate with another during the

~

course of sEyeral hours under conditions when neither one has both

“thermal and mechanical components strongly reinforcing each other, (3)

ra

variable macroscale wind ‘speeds and directions may change the location

~

-
of the separation surface up or down slope unless the presernce of a

salient edge tends to fix its location. The result for a particular site

~

PO _ ,
on an upper slope may be a reversal of wind direction as the surface

-

B A e s R IR A e v s
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Table 1.1‘Generalizgd mesoscale windflow pattern associated with

different combinations of wind direction and ridge line orienta-

tion. (From Stern, et al (1973))

o -
Wind direction  Time Ridge line orientation
relative to of
ridge line day East-west North-south
Parallel Day South facing slope Upslope flow on ‘ //
is heated - single both heated slope g
"helix ~ double helix ///
‘ /
P
/ .
Night .Downslope flow on Downslope_égfﬁybn
both slope - bq£h~sfgae -
- double helix ~ double helix
"'. ) B
. perpendiculaf Day -South facing stope Upslope flow on
- is heated north both heated slope
- wind - stationary - stationary eddy
eddy fills valley one half of the
1
south wind - eddy val Y S
suppressed flow
wi%hout separation
Night Indefinite flow "Indefinite flow -

extreme s%agnation
in valley bottom
B i

extreme, stagnation
in valley bottom

v




£

Doytime , looking East Doytime , looking North
Wast wind South wind .
(o) {b)

-’ ¢ Daytime , looking East Daytime , looking South
North wind - . West wind
= ; / o tc) . (9) _ i .
i Deytime ; iooking East r Night time , looking North
South wind West wind
(e) )
Fig. 1.3 Mesoscale flow patterns described in Table 1.1.
Reinforcement of< thermal and mecha.tical circulations is
X marked 4 ; opRosition, -.. (From Stern, et al (1973))
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. moves across the site.

Davidson (1961) cautioned that valleyé differ enorﬁouslx\with

~

" respect to thé‘heightyof the walls, the slope of walls, the direction of .
the valley, the distance between the ridge lines, the slope of the valley
floor, and the length of the valley. He indicated at the time. of writing

that a general theory of valley winds was not available. Indeed, the

»

situation remains so at present especially when we try to take into
account the vailey surface‘éonditions; latitude of the valley, and man-
made construction within the valley or along the valiey rim. Yoshino .

(1975) discussed several kinds of valley microclimates sith as those

«

associated with very shallow valleys, small valleys, very large vaileys,
V-shape valléys, etc.. He admitted that there are many variations of
mountain-valley ciréulatiqns. For example, where a valley leads to a

plain from a mountain range a strong local wind sometimes -occurs. In
. , ,

: L
“small valleys there 1is an obvious interaction between the prevailin
. - 1 .

_Aupper level wind and the valley wind. In very shallow valleys the valley

winds are often subdued by gradient winds whereas mountain winds may be

~

quite well developed, etc.. For more detail the reader is referred to the
textbooks by Munn (1966) and Yoshino (1975).
' \
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"slopés of the valley under favourable condition such as with wind
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1.2.3 Air®pollution in the valley

< - N
When a strong prevailing wind is blowing over the plain above

’

" the valley in a direction at righ% angles.to_the'valley}orientation, the

wind speed in the valley is usually smaller th;n that oVer thé.plain.
Scorer (1959) showed that theré is an ;érodynamic doﬁnwash~along the
speeds above some threshold value. This cbulg result in-higﬁ ground-

' .
level pollutﬁnt concentrations from elevaté& pollutant soufées on the
plaih. On thélotherlhanq, in ligﬁt preQailing win&s, the'preferréd wind
patterngrwiﬁhin the valley are frequently dominated by up-valley or

déwn-valley flow. Hence, in the valley over long time periods the : N

~

. _ N ’
pollutant concentration from valley sources may be higher than that in

the plain above. : ‘ A
Valleys'arevfavourableblocations for inversions, The/intensity

of the inversion is often not great because of the poﬁtinual overturning

. of air, Usually, the nighttime turbulence levels in the valleys are

«

‘higher than those over the plains above. Accordingly, miking may be

*

_appreciable within the valley at¥ight even though an inversion exists.

- F - : '
If an urban heat-island exists alz;;\fhe.plaina\above the valley such as-

could happen in Edmonton this may enhance the nighttime valley inversion
by the advection of relative warm air from.the Ciﬁy on all sides. As a
result, the vertiq;i exchange between valley air and urban air above

C

may- be suppressed. From the above discussion, as well as from a general
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v consiideration of the sheltering effect'o'f the valley, it seems possible

- - that poor ventilation and g;:cmmxlatioh of pollutants, from local sources

: & could h’appen at times in the urban.valley site under study.

v
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" CHAPTER II | .
MODELLING STUDY OF AIR POLLUTION WITHIN
’ ) - l . . i’ —
THE VALLEY \
2,1 Introduction S , -

An air pollution prediction model will be developed in this (

Chapter fqr*applicafion to tbe“bxediction of air pollution concentrations
- within the valley region. The investigation begins'with’the development.

of a simple box model for time variatiqns in pollgtant concentration,
There4are tw;’boxes iﬁ'the‘modei; in general, one is in thevrivef valley-
and the secondlis in the city/atmoéphere above. In some applicationé
one,b_ox contair;s t\h'eléir within .;:he sur‘face témper_ature inve‘rsj..on-._:laye@
;hich i; located invthé lower portions of the va%iey during tbé nighttime
hours and the second box is just above it. The 5ox modél is ﬁased on tﬁe '
conservation of pollutaPt mass and thé conservafion of air; Molecular
diffusion,‘the‘turbulent flukes in the horizontal di;ection, and the
transpdrt by mean verticél motion will not be considered, because they
are assumed'to be smali‘in comparison with vertical turbulent fluxes

and transport by #he mean horiéontalkwind component, In valleys, the
motion of air is gssumed to be dominated by the aloﬁg—valley wind
component so‘thét horizontal tfansport occurs most1y in the along_valley

dimension. However, if thefe,is an Open‘boundafy existing in the valley

wall somewvhere we have to consider the advective transport of pollutanté
. ‘ .
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by the wind speed compdnent in the cross-valley direction., In order .to
' ) » ’ R . . X

calculate the mean vertical transport of pbllutants by turbulent flux, -

at the very least we neJd to know the bulk value of pollutant concentr-

#tion‘in each of'the tﬁo boxes, The detailed discussion of these simule-

ations will appear in Chapter IV. In addition, we must estimate the

v turbuledt diffusivity of pollutant transport and choose appropriate

-

vertical d%gtances for éétiﬁating thé vertical pollutant ;bncenpration
gradient between ﬁhe two boxes, In order to calculate the‘mean transport -
by horizontal éir motion, At the very least we ﬁged'tq kho%vthe spatial
distribution pf\poil;tant c;ﬁcenffatioﬁ over two cfoss-valley‘sectiqns.

However  some modifications are needed in the present application because.

of equipment and fund limitations. These modifications will be discussed

"thoroughly in Chapter IV, Short-period time averages and dpace averages

L
\

are used to Find the bulk value of pollutant concentration as a time~
. ;’ ! y i
dependent function,

- Following Lettau (1970) the model equation is reduced to a simple

'form‘by the introduction of pew variables such as the bulk value of

e .

horizontal wind speed énd the flushing frequency. The bulk value of
horizontal wind gpeed is a key varihble in the process of horizqgtal

advéktion{ The flushinghfrequeﬁ%y is a measUre‘of_thg\time'dépendencé

'of,the bulk value of pollutanf concentration,

The last bart of this Chaptér concerns the solution to the-

LN a

governingkequation of the model. A more detailed discussion of the method




of solution to the governing equation for practital application to our

‘study region, and some numerical calculation results are presented in

Cl:;apter IV\.

2,2 The model
| The two boxes of the model are la_tbe’lled' 1 and 2 in Fig. 2,1(a).
Box 1 contains the r‘fx;'er valley aiArb .an.'d Box 2 contains thg ufban air,
'If can be seen in Fig.‘ 2.1(b): that ﬁox 1 is assumed to h;.ve a height

h and a constant length L.'Th‘e wi;dth,of Box 17 is expressed by a function

W(x,z) = yz(x, z) —yl(x, z) | A , ¢

The bcoo‘rdinates,vas ‘indicat_:ed in Fig. 2.1(b) are chosen éuch that x is
‘al.on"g 't:ﬁvé’va‘lley, y .is’ across the valley, and z is i“.ngtt‘z'e verﬁical .
directidn;.ng I is defined as follows:

1. fhe bottom of Box l is th<.a plaﬁe EFGH as shown in"Fig. 2.l(b). _'l"h,is-

4 . . [ ', .
plane is coincident with the water surface of the river, ie. , with the

- i

plane z = 0, It is bou‘_‘!nded by the plane's‘ 'x=0and x= L and curves
=y.(x,0) and y =y, (%,0) vwhere x= (xl xe [O,L) . \
IR 2 . - -~
2. The top of Box 1 is the plane ABCD as shown in Fig, 2.1(b). This

4

_plane is assumed‘to be parallel to EFGH and .is at z=h, Curve AC and
“curve BD are alongv“ the rim of the valley sides. This plane' is bounded byx

the' lines x=0 and x =L , and by the curves y=§ (x,h) and
y=-y2(x,,h) vhere x ::-{ X Xe [O,LJ} . » ‘ ,\(’
3. The sides of Box 1 are:_ABCD, CDGH, _ACE,G,‘ and
surface which 1s coincident with the valley side, Mathematically, this

\

BDGH. ACEG-is a curved-

»
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: Fig. 2.1 Schematic-diagrams show the relative positions of boxes
<£? in our Box model where (a) shows the cross-valley 2 dnnen51onal
»

view and (b) shows.;he 3-dimensiona1 view, ‘ E .
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plane can be expressed as y = y2(x,z) where (x,z)= {(x,z) | xefo,L]) , .
z € [O,hJ} . ABEF is a ver_tical cross~valley ‘plane, i.e.‘, -t:he _plane x =1L,

This plane contains the High Level Bridge and is bounded by the pla.nes
.
z=0 and 2z =h, and by curves y= yl(L z) and y __yz(L z) vhere

2= { |z € (o, h]} The.measure of this plane A_ is  given by the follo-

2
: wing equation.

N A N
A2=/O /YI(L:Z) d? dz ' - |

CDGH is another vertical. cross?valley plane, i;e., the plane x =0,

This plane is assﬁmed to parallel to ABEF and is bounded by the curves
y_y2(0 z) and y ._yl(O z) where z_{ I z e[O h)} The measure of

this plane Al can be found from the followmg equatibn

A = /h Y2;§0,z) dy dz - '
1— 0 yl(O,Z) 4 ) l ‘ ) "

To sum up the above discussion, Box 1'is bounded by the four

planes x =0 , L and 2z=0, h , and by the surfaces y --y (x,z) and

)

,; y_y (x,2) where (x,z)_{(x z) xe[O L) R ze(O h)}
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2.3‘# . Averages and fluctuations .

In order to derive the 'meart_-state equation, it is necessary to
rake time~ and epaee-averages‘.follow:i_ng t*‘xe Reynold's averaging

procedure. The averaging operations vfil.ter out the fluctuat:ions‘ on all
scales smaller than’ithe séaleidefined by the time and space intervals

over which the mean values are taken, If the averaging interval is

v large enough to include many oscillations, the averages. of the fluctu

ations over this interval -vanish by definition, Reynold's averages as
used hereb ar‘e of two kinds; one 1s av time average and the sggond is a
space average, In our study, we always express a physical variable as
a sum of a mean=-state part and a flpemating part, i.e,, we define
A=K+ ar C(@.1.1)
A =[A]'+A"é | - }(2.1‘_.2)
where A. is the iqstantaneous value,‘ A is the time-mean value, [A] is
the space-mean value, A' is the fluctuation of A with respect to A,
and A" is the fluééuarion of A with respect te [A] . ‘
Mieghem (1973) ‘hes presented a very comprehensive discussion

of the averaging problem. He showed that:

- aA'+ bB = aK.+ bB , or [aA+ b_B]:ta[A] +b[8] (2.2.1)
ﬂ-?-z f-, or [[A] B]‘:- [A] [B] ' (2'.2.2)‘
=% ,or [&]=(a] - - (2.2.3)

L}

AB=A3B , or [[A] [B}]= (a)[s] | .,'(2.2.4)
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a and b are constants,

@

Most pollutant c
some time interva
The model variabl

f may be avera

0,or[[A] B''|= 0

§

jt+—

The nature of the model fo
such that we are only concern

having volume measure

A

function £

NE

‘ The space average of f, i.e.,

Again, as d

_ representat

~ this into the ‘time-mean state equation.

of the mode

tn——

Bl

be expressed as fol»lows:

]:%ffﬁ £ dxdyaz

P PINPIRET | 7 L R R tiac v o

((2.2.5)

(2.2.6)

B+A'B' , or [A B] [A][B]+[A"B"] | (2.2.7)

where A and B are functions of spatial coordinates (x,y,z) and time t,
and s >r¢/p.rgsents any coordinate (x,¥,z,t).

oncentrstion obse‘_lr\;ations» must be averaged over
1 because mstantanéouswvalues are extremely variable,

es must be avera:ged over the same time period.. A ¥unction’

ged over a tim interval T centered at time t as follows:

e

(2.3)

r atmospheric pollution Jprcblans is
ed with averages over a particular box.

v, Let the space_ average of the representative

(2.4)

E] is a function of time only.

iscussed . in connection with average, we can express the

ive functions of our model as f—(f]-\"f" and substitute

1 are averaged in accordance with (2.4),

When the time-mean state -equations’

we obtain the final

P i p s

¥
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governing equation of the model,

2.4 VThe govermiggxeguation for the box model

2.4,1 Some assumptidhs

.

" . e
A derivation of the governing equation for the box model is

~

piesented in this sectipn.'The)following assumptions are néeded
7/ - .

L, Horizontal turbulent fluxes are neglected because they are assumed v

" to be small in comparison with horizontal advective transport by the mean

wind,

2, The advective transport of pollutant is dominated by the along-valley

wind component only, because the valley walls act.as a barrier to prevent

[

significant transport of,ﬁgllutants from Box 1 in the cross=valley .

direction, i.e., let %;""0 However the advection of pollutants in’

this direction must be'included when we have an open boundary in some

© -

section of the valley walls,

3, The vertical advection of pollutants is tog}small to ‘be counted in &

dc w
=0 ,
dz

our calculation, i.e., let

4, The mass of pollutants M(x,y,z,&) within the valley is considered

R LR o oy

to be conservative, i.e., no deposition and chemical reaction of pollutants

* occur, Thus, theltotal rate of'chénge.of polldtant mass should be equal

-y

to the fotal rate of emission froﬁ‘Pollutant sources, Mathematically, .
. ' , 0

we can write this-assumption as:

.d_M_ﬁzs;z:_,_:Z o | .8y
L R
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~where M 1s mass of pollutants (gm), t is time (s), and Qi is the
emission rate of pollutants from the ith source (gm.s-} i=1, 2,.., n)
5. There are no ardg sources or point sources in Box 1. The only sources

* - considered here are-the.line sources River Valley Road and the 105th

Streef Bridge. -

* For point sources:

QT Qi +Q

vhere Ql"QZ""'°"’Qn are point source emission.rates (gm.s-l),
For line sources: - \\\ — .
= \ K
Qi‘— QL1+ QL2+ ® & 08 009800 000 .. a o000 0 + % g
where QL are line sburce emission‘rates from ith source (gm.s- .m- s
i - \ - .

i:‘-'l’ 2, 3,00..0..-00’ n)n‘
For area sources:

Qiz QA1+ QA+ @e0 0000000000000 000 +QA

‘ 2 : _1n 2 v .

where QA are area sources emission rates (gmes "om , 1 =1,2,,000.,10),
CAy

' , 2 ,
' and Ai are the measure-of the area source (w’, i =1, 2, 3, ...., n).
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. 2.4.2 Governing eqﬁation
The derivation of the model equations begins with the equation
: dM_ ¢ »
for conservation of pollutants within Box 1, i.e., Tt—: EQi . Since
: : . \ ‘ ' .1=1
M=cV where c 1is t:he‘instantaneous pollutant concentration in Box 1

‘and V is the variable volume of Box 1 then (2.5) can be written as:
y n )

_d__C.)r.%.Q_‘tZ: -xzs_:\n?_l | '(2.6)
t .

Expanding the total derivative, we have:

d ()
dt

: (T)J“V' v ()

o N — . — — ' B
wvhere V is the velocity _( V=ui+v j+wk ). Substituting this equation

into (2.6) we obtain: - n

2C L +ch____;Qi ;
EY AR AT v

t
~Furthermore-%-%:—7 = c. %—l?—ébecause V=A.}. and L is constar:t. The

bcontinuity equation for an incompressible fluid is given by V. v =0,

By definition of vector operations:

-3 . b .._)‘;
V.vetec(v. V)=veV
L

. Therefore, -

=t ’ \ ' ZQ._ " o ~u
T F veV et = |

With reference to (2,1), we have:

ta
&

c==C-+g'

V=V +V

) In A =1n A 4 (In A)?

o

whereth€ overbar denotes time averages dand the prime denotes the

] o -
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flucfuatﬁ{g quantities.

[N

Substituting the above expression: into (2.7), and averaging (2.7)

in accordance with (3.3) gives us ﬁhe shortétime meanfé.tate equéfion:

n
L BEe <c+c') (V+V')+(6+c') (d “‘A+ 1“ A 42_3%
J ' f—
Accord:.ng to th&definition ofwthe averaging operation discuss?d in
Section 2 \3 1 ~

! o . . ’
9 . il .-
LY " ’

e S—

2oty v(cre) (F4V) + E+c') (d:}? d(in %?)__E_Q

In addition‘,‘ we have the following results by definition:

-
4 i -

aCtc' . aTFc' _ pd
at ~ ot )

v.(C+ é')('\7'+ V) = v.GV) + v. (Vv

,dLnA dinA)y., . _dWaA d(ln A)' “ E
(c-f-c) a1 “+ it )= ¢ I3 +c'___'—'dtr
“ﬁe"assumé c“’%ﬂ'

=0, Because this quantity 1is very difficult to

measure -and its value is expected to be very small, Therefore,

12} . -—

= LQ.
- & dl“A+V(c V) +v (c'. v!-)+%t9=¢\71
oy .

Expanding this vector equation into scalar termsg, ‘the short-time mear-

state equation becomes . e

: : ?

n_ \
3¢, [3¢ 30 ¥, 38 W dcu' ' acwh, —dTnA _ Q. ,.
ot + ( d x + + .z )+ ( ¥IX + Y + )+C d t = =1 (2. 8)
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Let us consider the simple~st case and assume that the valley walls have
no open boundaries. Assumptions 1, 2, and 3 in section 2.4.1 take the
( N | ‘ . : ' 4 | A
following mathematical form: - :

- 5 ~ToT e - = o rvs B yor
2C u+acw >acv acw+bcu+}cv

)

oz '3y 2z ?¥x K y
With{_this assumption, (2 8) can be wrltten as f0110w3' : '
3T , 28§ , W' ; ~d T 7&=§91 . .9
ot oX oz o dt vV ‘ ” '
JAgain, #ve‘raging (2.9) in accordance with (2.3) results in the lowing
governing equation of our model: i N .
| 55 "I

3T bcu ac W ._dinﬁ]_ iz i ,
T + > % + + C dt

As 'dischssed in Segtion 2.3 the ébove equation can‘be transform'ed into

the following form by efinition of the averaging operation -
3CY 4 2T T + [___,'_‘LV.'] .+ = [ZIQJ (2.10)
[a t] [ Ix ] 3z J 7 |°¢ d 2 il T
A ’ - B C .D E) :
' ~————p ’

Consider the individual terms in this equation.
‘l., Term A

4

The quantity T 1s a space- and time~dependent function. After

- S

takigg the space average of T over Box 1, i.e; [E] , then the funotion

[E] depends on time only. By letting [E]:q(t), this term'may,. be

E-E s -

_We call q(t) the bulk value of pollutant cohcentration within Box 1.

written:



2, Term B , ‘
According to (2 %), this term is given by [ ] lffg
' Theoretically, -!f-x—u is continuous in Vand V is bounded by a closed
‘surface which is discussed in Sectlon 2.3. Referring to Gauss's Theorem,»
~ the volume : integral canv be tr;'anéformed inl:o the sur.fac'e integrali.als"“
follows for Box l: o o
JIf 288 dv—Sﬁﬁ (séi)—i;’ ds

Vax
_fj;&BEF w7 cis +ffCDGH(cu)1(")ds+

ffacee G @midas + ] feprn €0 B ('ﬁ)ds,
From vector m'ethetnatics, we have 1-1 = 1 , and 'f:ﬁ =0 Th‘ere is'a

' boundary condition whlch states that on the rigid boundary u=20, v=0,
: | w=.0, Because ACEG and B@-I are the valley walls, on these |

_ li‘oundal'ies‘ u= 0 by this Hbundary condition. Therfore, vge obtain

T @ E) =0 on ACEG, and (G €) =0 on BDFH“. The above expresslon ma}b7 be .

simplified to:

f_[/ <3 dV_.[/BEFT; )&sd - "/]C‘DC\;H @ % ds
_ff %y 2)dA A'___ f-/A. © %) d&,

1 | o
T ff o
f./A (€5 Up) b Ry (3, T) A
=8y [CaTya— A ['0'1 U] 4, - | 2.11)

o
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vhere A2 is the_'measure of ABEF, Al is the measure of Cl_)GH,[ ] A an
_ ‘ . A,

[. ] Ay are the surface averaging operators, 'c':'l and ?:'2 are the
pollutant: concentration f elds distributed on ABEF and CDGH, respectively,
and u1 and uz are the _‘ ng -valley wind speed fields distributed on

CDGH and»‘ABEF,, respectively. With,referencé to (2.2), we define

LA RCER

“'2=’[ T""2]A2"'.(‘72)"' - -
R
"._.[ ] +(u)n ' A

whete[ ]Al_ and U[ ]AZ denote .the sps‘cesvereges ‘whieh ste taken
o?er-the surfaces having measure Al ‘ and'Aé > 'tespectively, : and ‘(\ )"'\ |
denetes the fluctu-ation. of the defined vardg evtith respect to its mean
valq"e; | w |
Substituting the preceding expressions i&\to (2.11), referring to

the averaging operation rules discussed in Section 2 3, and omitting the 7

small horizontal tu-rbulent fluxes results in the following equat:ion:
2..(::-'-;-‘11 '::-—1- { icﬂ u + A u
ax v P2 Az [2]A 1[1]A [1]

This equation has vast advantages in relation to the experimental -

- ) ’ \
research work and numerical appl'icatio_ns. -For ‘example, we can make

a—-

measurements of the CO-concentration field and along-valley wind speed

field over the two end faces of Box 1 in the along-valley direction,
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thep we can calculate the advection of pollutanté in the along=-valley
dj.rec'tion. The physical meaning of (2.12) is obvlously that A {[E

[ Z]A} and Al{[ ] [ ] 1} are the fluxes of pollutant entering

and leaving Box 1 through faces ABEF and CDGH, respectively. .

3. Term c S
‘ - l
“A ac'w!
| ccording (2.4), Vbz
As discussed under tem B, using Gauss's Theorem the volume integral

M = de' oy e trnstorned 4 otions:

,[/]\‘fac w # (ctw! )? ds
» f.[ABEF(C Wi) KT +f/(-;DGH(E—'v7')k ({”’)ds+
| fABCD({:"@i.Tzﬁé - f[E-FGH.(W,-‘g‘. (s .
a '»»“ - - ./»/I;CEG(W )'ﬁ..‘ﬁ,as+ | /LDFH(W) '1? ’(-'ﬁlds'

Again, from vector mathematics we have' T: =0, and k=1 . In

A

addition, following Lettau's (1970) suggestion, the quantity”™ (c'w')
= N z=

is assumed to be equal to the area pollutant source strength.v The same
° - \ - N -

A'arguments may be applied to the terms (c 'w')Acm and (c'w')BDFH .

Since we have assumed that there are no area sources in our box model

= (c'w') =(W") == 0. The above equation is

Ty
then (WD gy = € Dpoms BDFH -

A



i

then simplified as follows:

/ff LI dV "_/]BCD(""") ds

But (E"‘J' ) pey = (cTwh)

and, c'W' ‘=-Kc‘(z)3—c'

Thiarefore,

A" ?C S .
/[/ « ﬂ - dzth ds :

CI)

vhere K (h) is the turbulent diffusivity of pollu’tant mass  at th‘é height

h, Panofsky “(1964) suggested\ 'that . A .
Fo = 5 : .
(z ) 1/2 ln( z /z ,\

3aF|
az "'(Z 2)

1/2=

for a variable that is distributed approximately as the logarithm with

height. Since in our experiment the vertical pollutant concentration

dis_tribution dec ) , ly upward in Box 'l and increase linearly

' 2 ' . _ L
upward in Box 2, T~ can then be calculated by . ;

bz |
w27 %
2wz Z, T % |
- e ‘ o h 3h
where-cpand c2 ,are pollutant concentrations at z1= > and z2, = s

respectively. It is obvious that c1 is measured in Box 1 with height h

‘ ‘ : \
'é' is measured in Box 2 with height h. Thus, we obtain :

dc'w! -K (h) : o
d — rt \
/]/ e /ﬁBcn 2 "5 !

g, )

/




& L

This equati&ﬁ is obtained by decomposing € and

‘5. Term E '
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1

e | )

where'Ah is the measure of the plane ABCD, and[ ] is the averag-

4

ing operator taken over the plane ABCD.

N ~

4, Term D

The same argumenfs can be.used to transfoym this term as follows:
. , : .

d 1nA
dt

into space mean~’
state terms and-turbulent terms, and then, applying the operation rule
discussed in Section 2.3 and lineariéinguit. This term can be regarded

as .a measure of the fractional volume change rate,

S

Ibef%Pint source strength function 55(21 depends on x, y, 2z,
] ._ . \ . ' ] .
. } . n D
and t, It is difficult to obtain the value of z: Qi’ if we consider it
i®] - .

to be a funct%gn of time and space.“Hoééver, if we consider:ft as a

function of time only | Q, should be measureable, Let us define

v,

From this time~-dependent joint source strength function, we can obtain

the'required joint pollutant source strength at éhy'time by adding the

‘péllutént release rates from each source. Summing all terms we obtain:

Therefore, - ¥ ‘ . - 7///

no.o5 ' : oo o
B(0)= [El Yo : | (2.14)

AT e -
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»

| .

K - -
®) Ah 3 2], \=s() C(2.15)
2 A
. h . ‘ L :
This is the governing equation of' our box model for Box l. It simulates
the time variation of pollutant'cqncenttation within Box 1. In order to
make practical use of this equation, we were forced to makeAséveral
.additional assuﬁptions'and‘simplifidations, and these will represent
additdonal error of this model, These are discussed in detail in Chapter

\

IV. Nevertheless, if the errors are within accgptabfg’ranges this

. model equation may be useful for the analysis of field data. The analys-

s g s g, v A R U Y SO N ML N R TIPIERATLL N 4 3 e

TR e

%9+ %{Az[ EZ]AZ[ ‘—‘2]@2'" Al[ 'El] 1[“] } ta(®) [d 1m]+

is of the model errors is an important topic for study. However,_suchla )

' study was not feasible for this thesis, In!addition: it would be very

useful to derive a model for Spatial variations in pollutant concentr-

ation, perhaps along the line proposed by Tang(1974).

°
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2.4.3 Solution of governing equation

| The governing equation (2,15) may be-simpiifigd By introducing .
'time-dependent functions such as those suggested by Lettau (1970).
These fdnctioné are tﬁé bulk value of .wind speed U*(t), £he yertical
turbuient'flushing frequency T*tt), and tﬁg tpgal flushing fréduency
f*(t). Théy are introduced aﬁd discussed below: |
1, U*(t)

Thg'iulk value of wind spéed is a parémeten_indicating the degree

of advection of pollutants into or out of Box 1. It is defined by the

following equation:

. 1 . ‘_ . _ i . _ ) _ l,
U*x(t) ’-_-m {A2[‘¢2]A2'[ u?‘]Az - Al[ »c1]A1[ uI]Al} (2.16)

U*(t) is oﬁtained by dividing the term reprgseﬁting_the advection of

pollﬁtanfs»by q(é). Tﬁe physical meaning of U*(t) is that it is a

measure of the advection speed’ of pollutanﬁ into ér out ;f B§x 1. It SR

dépends oﬁ‘wind speéd and 6n'pollutant.copcentfatioh within Box 1, Tﬁe

reclprocal of .U*(t)bqivided by‘thé lengtﬁ L of Bok‘lAis the characteris-

tic time fqr éransport of pdilutants oﬁt of B;x 1 by advection after the

pollutants are released frém their ;ources.‘ .

"2, TH(E) |

The vertical turbulént flushing frequency can be interpreﬁed in tﬁe
. . : _

same way as L/U*(t), i.e.;\h/T*(t)'represent; the time in which pollutants

will be transported out of ﬁole by vertical tﬁrbulent diffusion after
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release from the sources, T*(t) is defined as follows:

K_(h)-A N -
—_—_C _ -
TO=E oL [cl] Ah} (2.17)
_It depends -on the atmospheric stability, the pollutant concentration
gradient between Box 1 and the box immediately above Box 1, and on the
dimensions of Box 1. . S . W . - '
. 3' f*(t) .‘-\‘ . -

“We define f*(t) as follows :

. .

()+T*(t)+d1nA

f*(t): '(2.18)

I :
This parameter is called the total flushing.frequency. The reciprocal of

fx(t) 1is a measure of.the residence time for pollutants in Box 1 after
they are released from their souxces.
In terms of the above parameters, the original governing equation

~

can be_fﬂitten‘in the foiﬁ:

T dq)
..l' dt

F ER(E) - q(t) =5(t)
Following Lettau (1970) we define a new independent variatle t! as_
- fﬁllows: | |
kdt' = f%(t)-dt
where t' is dimenqitnlesé time, In addition, we define a'quaéi:gquilibfiuﬁ

value of pollutant concentration q* as follows:

'S
!
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: S(t)
*n= S ' T G
q ‘f* o . -. . | , . (2'19)
O . .-' .

. E_a%f_ﬁ_) + q(t) = gq* o (2.20)

wvhich is similar to that of Lettau (197Q). Accordiﬂg to his suggestion
. £ ; putant 4

(2.20) can be solved as an initial-valu problemi if q* is quasi-constant

over short time periods t', The solution is: = _ g
' -t! tt ¢! . ) ’ ) ’
q(t)=e "\ ( q°+£ e .g+vdt')y . . (2.21)
" . _tl ‘ . t' . .
or q(t)=e .{,qo-i- g¥, (e -— 1 )} . (2.22)
’ 3

“

: . . )
vwhere q, is the initial value of pollutant concentration at time t = O.

‘He showed in this pa%%i' that even for a time-independent source strength

§(t), the value q* is actually a variable, because ¢* is controlled by

. 1 v}hich is a factor that depends on changing weather condition.

S

P



L s T e AT S AR Y Ry T

NS

N .
. CHAPTER II1
"INSTRUMENTATION AND DATA" COLLECTION

3.1 Introduction

\

" Simultaneous air quality and meteorological measurements were .

made over a cross-section of theqyorth Saskatchewan River Valley near
the High Level Bridge in Edmonton.“The present study is primarily
concerned with Experiment 2 which was carried out on July 20, 1977

betwéen late afternoon and midnight. Experiment 1 was rejected for lack-:

-
o

of useable carbon monoxideconcentration_data.7Ajbrief description of the
instrumentatidn and data collection procedufeé_is given in this Chapter.

The experimental data are used to estimate certain initjal conditions

. ) . . v
and boundary conditions for the simple box model which was discussed in

Chapter I1. The pollutant emission raESS'and topographical parameters

were derived from data supplied by the City of Edmonton. Some processing '

of these data was necessary because the original .data were not in a form

best suitéd for use in the model. L

L]

3.2 General characteristics of the site

The site chosen for the investigation was a cross~-section of
N . o~

the North Saskatchewan River Valley between the High Level Bridge gnd 1
the 105 th Street Bridge in Edmontdn, Alberta. Edmonton is situated at
53°33'N and 113035’W at an elevation of about 676 m above mean sea

'd .
level on a'sloping plateau. The section of this valley, where the
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Fig 3.1 Profile of the North Saskatchewan River Valley

. _ between High Level Bridge and Mckinnon Ravine,

. . ~
The solid line represents water level and the

- r

.

dashed line' represents ice level. ( Source: City
of Edmonton, Engineering Depértment based on

measurements for February 20, 1961 ).“ o "
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hl .. !
investigation was performed, gently slopes from WNW down to ESE. o
A rough indication of the valley floor can be seen in Fig, 3.1 which
. . . L v )

shows water surface and ice surface‘profiigs'élohg the river. The

-',topogréphicalffzatufgsféf/the stﬁdy area are shown in Fig. 3.2 which is

a contquifmap prov?ded by thé,City of'Edmonton. A proflle at the”

location of the High Level Bridge is shown in Fig. 3.3.>However, the

i

elevation of the High Level Bridge above the water surface can not be

\

obtained directly from Fig. 3.3. It is a variable which\depends on Z}ﬁé
and- location on the bridge. This is because the bridge 1s‘élopedhab ut
0.2 o/o and the water level is changing all the time. For our modelling

!

study, we use the mean elevation for the appropriate éeaSon,

3.3 Instrumentation sitihg

g’ 'A The locations of the instrumentation sites are shown on the

»
ey

. 2 .
contour map in'Fig. 3.2. There were six manned meteorological stations

.,
-~

and two- CO monitor ffaverse routes establishéd across the North
, - o s | )
Saskatchewan River Valley, west of the High Level Bridge in Edmonton.

@

 Meteorological stations are identified by number in Fig 3.2, and the

traverggvroﬁtes for the air quality monitoring are shown by curve AF for

the-south bank and curve AD" for the north bank of the valley. A

:descripéion of the general characteristics and equipment for each
station follows:
() Station 1 o 3

This station was situated on the valley.rim along the north . .

o

/ifk g . | atiéﬁﬁﬁ:
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bank with no obstructions in the immediate vicinity; Tt was at an

elevation of about 50 m above the:water surface of the river. Wind

-

'speed, wind direction, and temperatur&\ere observed. The meteorological .

equipment at this station, pictured in Fig. 3.4, were a cup and vane
AN R

énemqmeter_erectéd on a tower at 3.7 m and a thermograph placeﬂ in a

n

Stevenson screen.

o
o .
«
-
P
Y
'
3
N
O
«
- -
<
\
3
. B
e
vy -
b3
a
5 o' - }’,
""n) : ’
1'«’- & PR

Fig. ‘3.4 Meteorologicaf equipment located at Station 1

at valley rim of the north bank.

o

&,
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(2) Station 2 - - - X

A

Station 2 was located on the’%ailey rim of the south bank, near

the Td#y Building of fhg’ﬁniversity of Alberta._Tﬁe meteoroiogical

equipment was identlcal to that of Station 1 It was found that wind

. vww.. .

L 3
data were not-useable because of nearby obstructions, = o

\
(3) Statiop'3 ' -

Station 3 was located on a gravel bar in the river. The

o o
meteorologica
: .8

' ! i, 273 R "@?‘.; » i R - kK ‘
- a three-dimensional pfopeller anemometer erected at 3.7 m, a thermogtaph

placed in a Stevenson Screen, and a water temperature thermograph. On -
some occasions CO monitor traverse route AD was extended to Station 3

£

- o . "m T PR L N
Fig. 3 5 Meteorological equlpment locateilpt Station 3 ; \b/g//ﬁ~v

‘ situated on a gravel bar in the river.



?

(4) Station 4 o

~

Station 4 was locaUeéﬁin the middle of the High Level Bridge.u

- The elevation of this stetion ab0ve the water surface of the river was

[y

about 42 m. Thermocouples were suspended at four levels at 8 m intervals
below the bridge and connected to a multi-channel digital meter as shown
~in Fig. 3.6."Temperaturekreadings were logged at intervals of 5, 10, or

15 minutes depending on the steadiness.of the data.
o _ s o+

v

Fig. 3 6 The equipment for measuring the: vert1ca1

: temperature proflle ‘below the High Level
Bridge. R
(5) Station 5 | e . S
The location of Station 5 was on the valley slope of the north bank

of .the valley. The elevation’oftthie'sdetion was about. 20 m above the water

. surface of the river. The érrangement‘of the meteorological

L.




equipmgnt‘for‘meaéurement of slopg’wind and_hir-temperature is shown

. . - o ~ Y ..
. .. . -
in Fig. 3.7 o . L
. } . [ : )
) a
A
, .
: , . ,
E . -5
< ° B
y
’ 5 -
Al
7 \
& . .
.
I8
. . o.' i

| A .
Fig. 3.7  sta£ion 5 located on the north bank slgfe’.
... :A'thérmbgraph'in a Stévenson screen was |
. located pearby ;>
(6) Stz:\_t_ion 6
| ?tafion‘6 was located in a forest.clearing on :the siope of the

* south bank of the.river valley..The meteorological equipments was -

. gimilar to that of Station 5.

T e
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3.4 -Dgta collection

3.4.1 Tegpgraéure profile

. For the modelling computations we need temperaturé.profilé'

Ay

déta.in the'vailey atmosphere. The use of thermoébupleg to measure the

air tempetature is Based on the principle that if two or more different

metals are joined to form a circuit, thére will exist an electromotive
force in the circuit if the metals are at different temperatures. .

Therefore, a current will flow in the circuit and.the intenéity of the
current'is'propbrtional’to thé difference in temperature.

In the'inveétigation, we used thermocouples at different heights

-
- -

below the High ﬁevel Bridge in conjunction with a rotary}selector
switch and a digital the;moccuple meter. The precision of the measurement
 ,wasiabout 0.0590. A schematic diagram showing the thermocéuple circuit

for sequential air;tempefature measurements i% given in Fig. 3.4. The

measuting junction was constructed from fine wire (0.005§mm in diameter)v

o

in order to minimize radiation error. Chromel-constantan thermocduples
vere used because of their large sensitivity. The entire circuit wasf

’caIibrated in the léBQratory-at several values of temperature within

its range. In order to make comparisons'of"temperature measured by

various thermometers, it was necessary to cali%ratef the thermocouple

reading with alrefefeﬁce;pthrometeém We have made both laboratory and
field exper iment calibrations, It was found necessary to add 2{7°C:to‘

~each thermocouple feadgng in order to obtain absolute values which represent :

\ ‘the Erue,readings'in our'experiment.»Afteffed0ctionJof the raw data, we
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Fig 3.8  Schema§ié diagram of the thermocouple <circuit used

for  atmospheric temper\atu@’p’rofile measurements..



the temperature prdfil\e as given in Table 3.1

Table 3.1 Témperature data (QC) measured by thermocouplés
vhich were suspended at four levels at 8 m intervals. The
readings were derived from 15-mimute averages of the
original data. The measurements were made on July 20, 1977.

Elevation above the water s_u'r‘face of river

Time | ;
10 m . 18 m . 26 m - 34 m
1900 . 23. 82 23. 63 23.620 23, 32
1915 23.8C  23.7°C  23.6C  23.5C
1930 23.9°¢ 23.70¢  23.60¢C 23, 5°c
1945 23.8¢ 23.6 ¢ 23.4C  23.1°%
} 2000 23.2c  23.4¢  23.20C 23, oz .
T2t - 23.1% 23.3%C 2310 23, °o°
A~ 2030 22.9C  23.3%¢  22.9C 22.7C
2045 24.4¢Cc  244C 24,4 Cc © 24.3¢C
2100 23. 92 24.ozc 23.9Zc 23.820
2115 22.0C 22,1 22.4C 22,3
2130 21.5¢  21.20C  21.3¢  21.2%¢
2145 20.7°C  20.7¢C ° 20.9°C  20.9°
2200 _20.420 20.4°C  20.4°C 20. 2:b
2215 19.75¢ - 19.9°C  19.90C. 19.95C
2230 - 19.300‘ 19.300 19.4 C " 19, 3.
2245 19.2°c 18.9°c = 18.9c  18.8°C
2300 18. 82». 18.82C' 18.620 18.620
2315 18.4°C  18:3°C  18.3°C  18.27C.
2330 18. OoC 17.9°C  17.80C  17.7.C
2345 18.0°%  18.0°%¢ . 17.9%  17.9%
2600 - .18.5%  18.5°%¢  18.5% - .18.3%




3.,4,2. Wind i

Wind data are very impoftant for the modelling cdmputétions.

Informat;on on wind speeds and directions at uﬁe valley top and bqttom
isneedgé in order to estﬁmate the wind pr;>tié, Ehe diffﬁsibn of
pollutants f¥om the pollutant sources, the>advection of'pollutants, etc..
Wind direc}ion was‘ﬁeésuredwby a-wiﬁd vane (see Fig;_3.4) whicﬁ ;tilized'
a‘éynchro-motor éystem: The 'vane was coupled to the shaft of a syncho-

o

transmitter which was conngcted.electricalli to the‘syﬁchro-receiverl
~

The shaft of the synchro-receiver reproduced the rotation of the shaft

:'of the éynchro-transmittgr and thereby %ocated thé vane position,

e

Regérding of Qane Position Qas accamplished with a'poténtimmetgr and a
recofding voltmeier; The potentiometer contagt wgs‘cbupled to‘;he vane
Shaft; thqs ény anguiar éosition of theivane corrgspoﬁds to a particular
voltagé that can theﬁ beoapplied to ; suitably calibrated Eecording

voitmeter,.Wind dirécfion measurements are given in Table 3.2 for the

 Station 1.

Table 3.2 Hourly mean ﬁind”directions at Station 1

Variable | Local tﬁpe .
' 17-18 18-19 19-20 20-21 21-22 22-23 23-24
, wind 158°  145°  145° 135° .135° 135° 135°

. direction

The cup anemometer, pictured ithig. 3.4, was used to measure
the wind spéeds at Stations 1, 5, and 6 in our experiment. The ﬁumbe: of

‘revolutions in a given .time measured by fhe cup anemometer can be counted

Ve
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AN

~ and translated into wind speed by means of calibration data. The anemo-

meter.generates electfical
frequepcy measufing circuit that yields a voltageuoutput. ihe voltage
output which is directly proportional to the speed of'fotation of'the

cup wheel, was recorded on a strip-c:hart rec&rder.

The Gill propeller anemomete®s shawn in Fig. 3.9 were used.tq
measure tbree-dimeﬁsionai‘wind speéds‘af Station 3. The cup‘apemometefs'
~and the Gil& propeller anemometersVWere49a1ibrated in.the wind tunnel of
the ﬁepartment of ﬁechagical‘Engineering,:at the University of Albeftah&
in E&moﬁton, oﬁ JulyLB; 1977 prior to the experiment;‘The calibration
is shown in‘%ig 3.9 and Fig 3.1b. Calibration data”are given in Tabiéf3;3;
Calibratibn‘curves?for gaéh»anemometer_wefe fitted‘by the method of
least squares for the range from 1 m.s-1 tod10 m.s-l. At low speeés v
nonlinear calibfations werebused.~Thé reéﬁlté‘forzthé cup ;nemometers are
given in.Fig. 3.11, The:resu1t§ for the Gill proﬁéller anomoﬁe#ers at low
speeds are shown in Fig. 3.12. Having these calibrat;on”charts? we can
convert the recorded voltage output into wind spéeé.,We measured the
wind speéd at vgliey top ahd valley bottom'in-fhe experiment. After
takigg hourly avéfages.wé obtain thelﬁiﬁd data for vallg&ltop.Stationkl
as given in Table 3.4; Similarily, the wind data for Station 3 located

3

at vallﬁy bottom are given in Table 3.,5. - o L ae




the ﬂkpartment of Me hanical Engineering\wet the University
of Alberta on July 8,

"Table 3.3 Anemometec calibration data from the wind tunnel of

Run

Speed Hot film Gi
(m.s~1) (volts) (vo

977.
i1
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O~ Oy PN

22
23
24
25
26
27
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0.00
0.008
0.027
0.046
0.047
0.054,
0.074
0.084

0.100
10.150

0.199
0.251

©0.302
1 0.348

0.403
0.510
0.395
0.298
0.200
0.149
0.096 .
0.074
0.059
0.044
0.029
0.011

NT

Notés:

1, - represents hot film is off.
2. NT represents anemometer is not turn1ng.
3. Factofgjcalibration were used for the Gill propeller

_anemometer at speeds above 1.5 m.s

Station 1 Stati on 2 Station 5
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¢
Fig. 3.9 The calibration o&;éup and Gill propeller
’ ’ - anemometers in’ the wi"nd; tunnel of the Department of '
C . Meéhanica,]: Engineering, the University of- Alberta
- emJuly 8, 1977. ' o o

Fig. 3.10-Wird speed data recorde

' in Fig. 3.9, ] %,?;a S
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(b) Recorder reading (m.s-1)

Fig.3.11 Calibration charts for cup

.0

g%&mnmnmmnmnmnwosmw.N.mza.u.
2nmn:whnm mrons in (a), (b), and (c)
respectively where . means mmrrm obtained
from increasing wind tunnel air speed

and A means data obtained from decreas-

ing wind tupnel air speed.

| [
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 , Wind
- speed

-,

: Table 3; 4 Hourly mean result (V ) and componeﬁt (u

east-west VSO’ north-south) wind

Station 1. - o ‘:l - ;5‘*

'S

speeds (m. s ) at

‘ TN
“'ZleZf.ZZ-ZB 23-24

IR 2SR A 5;4 g.’6;1 sl

- 50

u c1.9  -3.1 - -3.5 '=3.6 -2,

39033 3.9

,Table 3 5 Hourly mean resultant (V

3.7

.east -west; v ', north south) w1nd

Statlon 3

3, 7) ano component (u3;7,

speeds Gm s )~at

R4

Wind <. " local time

' speed 17-18 18- 19 19-20 20-21

21-22 22-23 23-24

i

V... 34 32 1.9

a3 3.0 -1.7
s B30 L7

@)

3.7

v 1.4 1.3 0.7..

1.2 1.4 1.6

gr o
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3.4.3 Témperature

‘Temge:athresi%ere‘meaéufad at Station 1, 3,5, and 6 by
T e e o |
~thermographs in Stevenson Screens aaff}ctured in Fig. 3.4. Thermographs

-

are based on the principle that two'metallic Strips-qf'materialé having ;

kY

- . R . . - LN B :
- different thermal-expansionacoefficients when welded together will form

S

~a unit wﬁidh wiii bend with a change.ih témperaturerbli one . end dfvthe
ﬁnit§is>£ixed in position, thd&ggher end ?qp be used fdr recbrding the
dmbiEnt temperéturef_ld order td make‘thé cdmpariéods*gf thd temperature
daté taken frdm vari?us‘therhographs, wedhaﬁe médé numefous calibrétiqns'

dof‘all thermograpﬁsfat'various’temperatures with the following gesults'

Table 3.6 Results of calibrations of all - <

thermographs used in the experiment work.

Erxror

.Hﬁtation (To be added to chatt’ reading)

1 0.019%C T - 0.0940C£0.1°C _

« L
3 . 0.2°%cx0.1% \ o

“s -6.7% 0. P PRI 3 - q
6 ’-530:‘.:03c '

M.ver wa,ter 8.7 °c :1:0 2%

where T is the ambiént,teﬁperature_at Station 1. Calibrated temperatures
- * SO ' ‘

;-for tﬁé four:sﬁétions‘at‘ls min. intervalé are listed in Table 3;7.'Table

3.7 geems to show a strong inversion over Station 6 but no inversion on
the north>side of the river‘excapt between Station 1 and 5 from 2100 to

2145 and between Sfation 3 énd 5 from 1700 to 17;?.
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Table 3.7 Calibgated f:hertnograph data for: Ex‘eriment 25
1 . . . . . .

1 _J : ‘ -
— — . -
Mme (M}L’{ | Station temperature (“C)
- R | 3 5. 6
1700 232 23.0  23.2  23.5
15 2.9  23.4 235  22.5
3% - 23.2 235 22,6 22.6
of 45 ' 22,3 23,2 - 22,7  21.9
1800 22.5  23.6 236 - 21.9
‘15 . 23,2 2309 23.5 21.9
30 , 23.1 24,2 123.5 22.0
45 - 23,30 24,1 23.4  21.6
1900 - 23.3 . 24.0 23.5 21.0
15 © 23,1 24.0  23.3 20.9°
30 St 231 24.27.  23.2 20.5
45 . . 22.9 239 23.0  20.4
2000 22,80 - 23.7 22.6 19.8
15 LT 2.4 23.5 22,2 18.9
J30 22,2 23,1 . 21.9 - 18.4
45 ER 21.8  22.8 . 21.5 17.8
2100 21,3 22,2 211 17.4
15 21,0 0 21,6 20.7  16.9
30 2003 20.9 . 20.2  16.3
45 = © 0 19.8 - 20.2 19.7 15.7
22000 19.4  19.6  19.6  15.3
S15 . 19.1 0 19.2 19.2 14.9
0. 18.7  19.0  18.9 = 14.6 -
45 0 18,4 18.8  18.5  14.2 :
2300 © 18.1 . 18.5 . 18.2  14.0°
15 ' 17.5  18.1 17.7 - 13.7
30 ©17.3° 17.6 - 17.5 T 13.5
45 17.3  17.5 .~ 17.5 . 13,3
2600 276 177 17,5 13.0
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3.4.4 CO-concentratipn .
i) ‘ -
The CO-coﬁcentration measurements were taken by two.people

'carrying the CO-analyzers and walking up and down the valley badk along

a

' the traverse route shown,in Fig. 3.2 . The portable CO-analyzers were

subject to,ﬁajor zero drift. Laboratory measurements using N2

gas free.
of CO.showed that the'zero drift was a smooth curve with a time constant

1]

of the order of several hours. In experiments 1 and 2 attempts were

: made to qero the CO-analyzers in the field using portable cylinder/ of

%

N, gas.. However, . these attembts'failed because the NZWgas’contained an

uhacggptablefresidual of a few tenths of one ppm of CO.

.’

@ , A _ . '
variablé with time copstants of minutes to tens of minutes in contrast

Experiencerin the field showed that CO values were highly

to the behaviour of zero drift, Furthermore;, during traverses several
apparent. zero readings characterized by low-amplitude noise cnly were

~ found. These minimé.ﬁére‘used to‘COnStrﬁct zZero curves as shown‘inEFigs;
3.13 and 3.14. The departures of the actual recorder trace fyém the.

assumedvzéro curves wefe accepted as true CO”concentration. It is
‘pocSihle that‘the.go_ccncenttatiohsbdetermihed in this way ate
aystematiCally too low but the relative values from stationfto station
and.fromltimé'Jo'tgmeishould-be‘reliable. e ;

 The CO analyzers were calibrated in the laboratories of the Alr

?

Pollution Division of Alberta Environment immediately prior to- each

field‘experiment. At-this thne the instrument was adjusted iflnecessary
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ri“

L3

to yield the correct CO concentration on. the strip-chart recorders that-

RN

~ were used in tﬁk\f}eld. Check calibrations were carrfed out immediately

~_af£er the field experiments. No significant span drift was noted over

periods of several weeks. Occésionai short gaps in data occurred

*  because connectors WereAloosehed-during traverses. In,addition, it was:

3 ‘ i : . .
necessary to change to external batteries for the recorders during the

\-

a coursevdf each experiment, F:aﬁ five or six readings at each point

along the traverses as indicated in Fig. 3.2 » We can construct a diagram
showing the variation of CO-concentration with time'by‘extrgpolatiné
values between consecutive readings. The results é:e'given in Fig. 3.13‘

to Fig. 3.23. From these diagrams“wé can\estﬁnate the hourly mean- -

CO-concentration for each'site for our numerical computations. These

‘mean values are given in Table 3.8 for the time period 2000 to 2400

when the surface-based inversion‘wés.ﬁréseﬁt and the condi;ibns
sa?isfieﬁ:the requirements of our box model as discussed in Chapter 1V.

‘Table 3.8 Hoﬁrly mean COfCOncehtratipns (pﬁm) derived4from data

in Fig. 3.15 to Fig. 3.23 o N . '
- . B ‘
~ Time North slope : o ' Soﬁth.siope.' n
apT). A B c D E . A B cC D

20-21. 0.29 .0.20 0.24 0.24 0.86 0.13‘ 0.07 0.18 0.12
21-22 0.21 0.18 O0j15 0.40 0.79 ‘diaoj 0.06 0.18 0.10
22-23  0.15 0.13 0.06 0.37 0.82 0,34 0.07 0.20 0.07
2324 0.19 0.06  0.08. 0.18 0.60  0.29 0.07}§é§13~'f-"v

4

‘; .

vt om L
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Fig. 3.13 CO=-concentration .m.mnv obtained from the portable CO-analyzer. o

North mmmwmwnwmsmb River <m:mvv. during ,n“_.,Bm period .m.ooo..wboo..db ucu% 20, Houw..., Time scale:-

0.5 mins/div. and CO-concentration scale 0.02 mmﬂ\.&.ﬁ.. R , - L . o
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It is stressed here that we are mostly concerned with the trend

8

i e " 7 .
rather than aB'@.lnute values ow-concentra’tio'xﬁ';in Box 1 foF' comparison

of our modg‘lliﬁg computations with the results derived from field

~ N

L ‘ \ )
measu_r&\ents. In Chapter IV we find the computational results are in.

I

reasonable agreement with the results derived from field data.
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3,4.5 Source stkength : : AN : :

R . . \ @ - . . ‘\\
"q o In»our study the pollutant sources within Box 1 were the 105th

\
[

Stteet Bridge and giver Valley Road It is very difficuit to get a very
good estimate of sburce strength because it depends on some - poorly
. !

defined-factors such as the localized mean emission'factor for-afparkicul-ﬂ'

: ",
.ar jear‘and the tr%ffic flow for the day when the ekperiment was carried
out. In order to simulate the traffic flow data for our pnrposee it is
. [ o : :
3 B :

I . . AN . : ) .
necessary to use ttaffic flow counts that were made at these locafions

en’neekdaysfptiqrftoithebexperiment.lsnort-pequd traffie'counts‘en-River

"Veliey Road ddringvsevefel fietd'expe;iments wete qiﬁhiﬁ 10 nereent of
o : S L L e ‘ ‘

;fhe official counés;,inhorder to leculete;a ndtor vehicle énission.fectorn

"tﬁe need informeti%n en,;ehicle age distribution;aclﬁnate eenditions‘of

' the region;avera#e:vehicle‘maintenance , driving habits‘in the region,

etg;.'Tnere are mgny techniques for calculation of theyloeal mean“ .

W

2Ty~

K . 257
v o . ; ELg

emission factor for different regions and different years.VWe will follow
‘the method ‘suggebted by Taylor (1973). His.method is designed for calcul-

'*'eting the emi sion factor‘for Canade. The required infoﬁé;tien‘hnd fotmula
for the calculation are attached to this text in Appendix A, This method

it (‘

vas used to obtain the emission factor for Edmonton for 1977 Having the o

_anission’factOr, we can calculate'the source strength by the following

'eqnation:'

1

Q= L726X 107 .(EFD.@VD Gaon
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where‘Q is‘the line source strenéth E.F. is the emission factor, and‘

| T V. is ‘the traffic volume This equation vas suggested by Zimmerman ’
/

(1974) The emission factor was 79. 11 gm. mile ;.s (49.4 gm.km 1,3-1)’; | 5

By

using a nationwide average for Canada during 1977

‘The'traffic flow,data,tequired for our calculation Were’obtained .

=

. from the - Engineering Department;;City of Edmonton. Hourly averages are

L]

givep in Table 3.9 for the'line sources withih Box 1.

|

Using the data given in Table 3. 9 we c&n consﬂ‘Mc& traffic flow

patterns ds shown in Fig. 3. 24 and Fig. 3. 25 fof’the ﬂ.@thnStrQEt Bridge

1

and for River Valley Road respectively. ‘The flow patterns given in’

these diagrams are for weekdays. It is assumed that they are valid for

°”“m¢;Table 3.9 can be combined'to'}stimate source strengthsffor,the’two road- -\

any;weekday in 1977; Thetefone,‘the emissionhfactor_and the data in’

P

¢

-

ways. for the houfsfof interest in Expefﬁnent 2. Hourly nean source

»

. -‘a‘; ) : o . . @ .
strengthe for the laqp'evening when invgrsion conditionwgere ohserved
w ,g,, ,. 4{? o : \‘%f’ . :
- are listed “in Tablq 3 10. . :
: ~
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Table 3.9 Traffic flow data for 105th Street Bridge and River
Valley Road which gre considered ‘as line sources within our

Box 1. (Source. Engineering Department City of Edmonton,
Alberta, Canada)

o

s

i105th Street.Bridge

River Valley Road: .

Number of cars P(o/o) Number of cars P(O/o)-,
0100 - 469 0. o13¢e, | 194 0.011
0200 204 0.006 88 - 0.006
0300 125 0.004 . - 50 0.003
0400 . 56 .0.002 42 0,002 -
- 0500 © 64 0.002 54 0.004
0600 |- 117 0.003 118 0.008
0700 \ . 780 10.022 - 413 0.027
0800 2400 - = 0.066 1302 0.084
~ 0900 2641 . 0,067 111 0.072
1000 1921 © 0:053 748 .0.048
1100 1798, . 0,050 754 0.049
1200° 12066 . 0.057 841 0.054
. 1300 2268 10.063 853, 0,055
1400 2343 0.065 950 0,061
1500 2297 - #.063 948" 0,061
1600 2551 - 0.070 ° 1084 0.070
1700 2813 - 0.078 . 1414 0.091
1800 12514 . 0,069 1148 0.074
1900 2215 ~0.061- - 843 0.054
2000 1921 0.053 676 0.044 .
2100 - 1302 10.036 505 -~ 0.033 -
2200 1429 ~0.039- 492 - .0.932 .
2300 . 1311 -7 0.036 464 70,030
2400 813 0.022 L 4lk 0.027

,Table 3 10 Source strengths of ‘the 105th Street Brldge and
River Valley Road for selectedwhours.. ‘

‘

— . 7

. d )_Source strength (gm.s~1.m-=1) -

Time step o S ; ' o R

RN __105th Street Bridge . - River Valley Road

S 20-21 0.018 -0.0069. -
©21-22 ‘ 0.020 "0.0067

22-23 0.018 = -0.0063

23-24 0.011 & 0.0057.
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o CHAPTER TV - . . ‘. \
' NUMERICAL MODELLING COMPUTATION - , \
. 4 o Voo T
..4@1 ‘ Introduction i | T~ 0 T . RN

A numerical application of the model developed in Chapter 11 is

i
\

: presented in’ this Ghapter. A11 of the calculations are based on a box
A = :
: ' 'model in which the height of the box is the top of the surface-based

®

inversion rather than the conventional identification of box heightv

RSP IEANEN

‘-‘.with ‘the depth of. the surface mixg 1ayer. A surface-based inversion ‘

. .f«&
qpmmonly‘txists in the valley region’ during the nightthne hours. The

?’
calchlations ;ie con31stent with the observations of accumnlation of

L)

. pollutants w1thi %ﬁe box during these periods. .« - &
y#‘ o to . . N
4.2  The box o : B o
Tbe boxes chosen for o@% modelbing stu@ﬁ&are such that Box 1 is “ Ca
"W - ‘ f“{ﬂ,}
,located over the valley bottom during tbe nighttihe hours when ‘cold aﬁﬁ S

sinks down to the valley bottom and forms a surface-based inversion ?é

:, i o
whieh is taken‘to be the height of our ‘Box l, and Box 2 is just above * iih'"
- : : . ERRRSES SEPEIEPUREE T - D

; or modelling purposes, we need the dimensions of Box 1 such as’
VA j oy . .

1ts heigbt h the - measure of its ends crossing the valley, and the -
';~1ength of its top bohndary Box 1 bas an irregular shape s0 that -some .
‘»simplifications are needed in order to approximate its dimensions.

A

. These simpli{icationsiare .
. :4 \',.r :\ )
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(1) A representative <va1ue‘of-‘ the measure A of the cross-section area

1

s est‘itnated and assumed to be qpnstant for that: part of the cross,’-

.

I ) valley section containing the High Level Bridge. This aﬁumption ‘

~ may not: be far from the dctual- situation because in our study T gion

. N b\ uu, . . . . P . .

v cross-sectional areas are nearly invariant, i e., the contour llnes
Y , - ) -,* .

"are more or legs parallel, as can be'judged‘ from Fig: &.1.

~ -

-

(2) A representa}tive. value of the measure -Ah of the top hound'ary plane

Y Y

be obtained from t e qur line map as\*shown in. Fig. 4, 1 and frorn the

ey

‘ tempermture-profile measurements for the valley at:nosphere ak Station 4,

A detailed cross—section of the area A - ‘can be extracted from F?.g. 4 1

. - o
s is shown in Fig. . “ a‘&u ew of Box 1 and its coordinates } U

osen for bhe study, a&well as the line sources within it are given—inv

g . Fig. 4.3. A summary of the data required for the modelllng computati‘on

A giv\en in 'l’able 4 1. Note that all of these: data are hourly—mean values.
C | s Other general features or Box 1 Whlch are very impo’ant for thg
simplification of our modelliog equation to a practical form for our .i b

9 s,tu'dy. area‘" 'are: R SN
S .“‘V‘:‘ . NP :

e

°
L]
!

RN
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- .and 105th Street Bridge, from which.we can extract some

B

geometrical characteristics of Box 1. (Source

Engineering .

Department,. City of Edmonton, Alberta, Canada)
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- (1) Box 1 is located just to the west of a right-angle bend in the

. valley. Because the fv,ind direction_was nearly parallel to the'
. vhlley in Experiment 2, 'ye es'smne’t.h‘at no‘polllutantsu entered Box 1.

from the east end AB as shown in Fig. 4.3.

(2) Box 1 has an open section which is labeled AC in Fig. 4.3 so that F‘

we may take the polllutant;s coining out_wf:om Box 1 through this open
. R boundary into ag,count_. Pollutants will c‘oiixe out from this open
: T .pundary, if there is wind component in cross-valley direction.
- “vn . X . )’.‘ '
\ %i’ww : Table b. 1 Characteristics of Box 1- for the modelling P
. ’ Wcomputation. . N 4
. - \ - ) “ N N - o ) ,‘ . '%;?:.“

. {ﬁ?" 5 Ch'aracte_ristics“ o Time (DT). L
| ;% of Box 1 - 20 - 21 21 -22 22 -23 23 - 24

R S A@D 77411 9505.6  9505.6  4953.9 . L
R L@ 650 650 650 650 . o
w (m) o 577 596 596 539 _
| b () | 20 23 23 15 |
y
:
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Fig. 4 3 A plan view of Box 1 and the coordinates ¢hosen for this
| . st.udy. - )
| = K H‘;;f‘*m_“ e



A ARG A 3 R WA R ARV T ST o o T : A R e T T A ORI Y s sy

o

4.3 Computational pfocedur!"

4.3.1  The problem

O

Traditionally, the box model-is applied to mqtox which takes the
. . oL

base of an elevated atmospheric temperature inversion as its upper v
boundary, the so-called ."'1id'' of the box, and it is assumed that the

ipollutant copcentration within the box is uniform, i.e., it is assumed
i e ' l ‘
that the pollutants within the box are well mixed. A schematic view of

i

the traditional box model is shown in Fig. 4.4. If the surfaol.inversion

IEyer_is under the upper mixing layer, it;}s‘not CIear that. the box
™% modgl“is appfﬂ%fiate. In our‘study, a line pollutant source is located

near the bottom of the valley so that the situation depicted in Fig. 4.5

may happen, This would be expected especiall durihg the: nighttime hours

fter carrying out e‘

-

4;{ when cold;air drains down to the valley bo}

series of calculations us}ﬁ?lthe modelling equations developed in previpus

v

Ragy, et

chapters of this thesis for this kind of situatlon, we' obEaln results .
which show_us that the box model is still effective in this-sltuation.
Howeven, the detailed spatiel distribution.of the pollutant oen not te i
obtained byrusing the box model. Tne.box model is useful only‘fot tneyﬁ
P studf ofﬁthne variation'in tne pollutant‘concentration; Itdis not %

necessary for this putpose’to know the detailed spatial distributionfof

. . i
[ . .
- f

4.3.2 Modelling equation fof our study area
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pe " The modelling equation for our study area, Box 1 , as shown in

i

Fig. 4. 2 must be modified from the original theoretical 30verning

~

equation discussed in Chapter 1I. We will discuss these modificati 5 in |

L ' detail as follows: - : ) ‘ - ,
3 (1) In Chapter II we have for the mean-state advection of pollh'in -

the x dimension ‘ \ E o ‘g »

o

[)m]‘"{ [2]A 2L B A1[ 1]A [ IJA} ?

Since ve set A= A=A, V=AXL, and Al [E'l] A[ 1]A1 , due

ﬁ..y
= »

to the assumption that no pollutants enter Box 1 frgg&the upvwind end
' Ve

thevadvection equation reduces to: o {

[%:]L,{[ Lel)

\ 4
It was impossible for us in Experlment 2 to make precise measurcments

- of [CZ]A [-Z]A , because of equ1pment and fund 11ﬁf{ations.
" Hoﬁever, estimates can be obtalned if we express [ 2]A as q(t), and
if we assume a constant wind speed within Box 1. The latter can be
obtained by taking»the mean value of wind speeds at variqus.levels.
.Because we are only:concerned with mean pollutent concentrations, these
approxﬁnations may be.useable Therefore, the above equation tﬁkes tbe

\

following form: _‘_: N . S

‘9
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\
0

S . : ‘;. o
There ig an Qpen boundary of Box 1 im the ‘south~facing slope so that

aw M‘ )

‘ pollut:ants may ent.er or leave in the cross-valley direction. There=-

C(5)

fore, we must take into Msiderhtion the advection by the
* .

y-canpc,gnept wind speed (v] . This leads to:

r ﬂ—*[ ) aw e - @

&)

It was impossible also to measure El and “Eé over horizontal planes

at heights z, and Z, _re;pectively. eréfbre, we must simulate

1

these two measurements by qt(t) and{ q(t), respectivéiy, i.e.:

(&), =q@® C(4.3)
hRE A N : ,
= q(t) o | o L (%)

"

where” qt(t) and qt(t)’are time-dependent_bulk;values of pollutant
concentrations of air in Box 2 and air in Box 1, respectively,

Therefore :

4

[%E‘].___‘K ®) - Ah {q (t)—-q(t)} @

“ | | s

From the above discussion, the modified modelling «equatioh“is then

given as followé;

(o ;.
d q(t) [, __J_ e " d InA \
Tac { Y o+ 4 dt C‘(t) :

: K (h).A .q (t) Sy
= s(t)+ = :b‘ £

B v . ﬂ
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If q* 1s-assumed to be constantior sﬁo;t time bqriods t'=4

or

. ".. ,\j;’ }\3: In

o
-~

-»

s : S

«q(t) = q 4+ q*(l = e” )

N ’ T - t' q]= a Ve
a(t) = q*+ (g% < q ).e 4 <\ :

'qt):

. . . ) . y ,v .
Ghaptex II it was shown that this equation h¥s the

q°+,{,~£tl q*(t) ;yet' E{t’ '} ét '

\
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, 4.3.3 N'mnericaleguetio’n for the governing equation

, ' . /

. 4 . .
'As, discussed in Chapter II, in order to solve the governing
¥ ? ' . »“ : . 3\ .
equation,u wé have to aésume that q*(t) is a const,,ant in‘a short

pe
e

period so that tbe solution of the governing equation can be treated as, o
“ ’ b A .

'an initial-value problem by knowing the initial value of pollutant— o
. / ¢ .

v . ) / [
concegtration, If we set the calculated q(t)‘, by (4 9), as a new init:ial 1

0

copdition and aseume there is a'\‘hew qi'c'(.'t) for this new time .step then

vie,cah solve the governing equation numei:ieaily by this feedbaek techni-

o

que. In general -we can write the numerical equation for our gdverning

equation» for any time period beginning at time t. and ending at,&«ﬁ{e

i
lt‘i+ d t as follows. ‘

: +( . ’e-A'q!f o N . )
93417 Yoo Ty e  (4.10)

Similar to Lettau's (19595) :wdij,k, representative values were assumed for

vsource strength and for atmospheric ,paramete%'s,l ie,, they can be provided
. i B i v R .
by the field experiment work. Therefore i:equired numerical ecfuat_ions’

for our calculation;can bngaob/t‘eined directly fm(m the ’equatiens obtained

in Section 4.3.2. They are

o @),

V . . ' ’ (4.11.1)
L L . .L' ’ ) ':s“ \"' e
EEACE ; | o L (6A1.2)
~ . V.H. , -
o i , : R
in A inal. ., : ’
H *(t) f[ ] - ]1-1 | - v (4.11.3)
3600 sec Lo
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- SRR ‘
¥(t) = U.* - ( ' e
f (t,) LU () + T *(t) + H¥(t) (4.11.4)
Atit — fi*(t)At : \ N ' /"‘(4..11.5) :
‘ - K .(HLA ..q.(t) L/
QL #(t) = ci SHi™ 7t ' 5 ’
| ‘ ’(t) = s, (t) 4 S (4.11.6) "
S © V.H, | -
it
g x(t) ; ’ o s
WW=Tx R
. ‘ ‘ | | k‘ | )

In our numerical ca‘lcuiati'on,_ the time step is taken to be 1 hour,
therefore all of our data for t_he input to the Igodelliné cal€ulation

have to be averaged over one-hour periods as shown .in. Chapters IIl and

1v,
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ta for the modelling computation R T )
Two major categories of data are required by our modelling com- . .. 3

putations. They are tbé.basic data obtained from the field éxperiment
‘and -derived data. The basic data were discussed in Chapter IIT. The derived
. L : o . C . ) C i s
data are Aiscussed in this Chapter. Consider’the derived data.individually &

o,

<

1. Surface inversion height

7 The top of the surface-based inversion is regarded as the height

2 e \

" of Box'i. This can be obtained from the témperature-brofile'measurements

T

) B -
(Table 3.1) and the temperature measurements at Station 3. From these )

& which shbws the.variations of surface ",

data we can calculate the value h
invefsion height with time, The hourly mean heights are required by our
o 3 A
modelling‘ﬁj>9u1ations. W? can calculate these values for (various tirme
“steps froﬁ fdblg 3.1, The calculated values are given in Table 4.1.

2, Temperature-’and-potentialqtemperature‘lapse rates

‘Ffom the temperature-profile measurements, we can calculate the «,

témperafu;e lapse rate for Box 1 by the following equation: 4

-

o

- | T, — T ( . :
T : 2 1N > :

— N2 = : (4.12)
b z (Zl N ZZ) ‘ '(zl.zz)llz.ln(zzlzl) . - N .

Since most.of our experimental measurements Avere made in a thin layer

3
thich,is,below a height of about 15 m ﬁbove'the‘éarth,sprfacé during ' /
time steps 2000-2100 and 2300-2400, it seems reasonable to use the tempe- Ve

rature readings at the lowest two levels to qgéculate the temperature



&

\ . R “i o - 8‘6 - ’ ¢ ‘. . . s
B v: . . \ ’ . . \ | : . | B | ) \ ‘,4.:"\/ f

lapse rate at (z oZ )]'/2 Hith z equal to 10n|uaﬁcl zz equal 'to 18 m,

) 1/2 - ’ D
then (z .22) \/ is 13 4 m, Similar arguments can be applied to -

obtain the lapge rate duringetime st&s 219&2200 and 2200 2300. With

z, equal to 18 m and z, equal to 26 'm thenkﬂ .z ) 1/2 is 21.4 m, Havfn

\_;x,\J

_temperature lapse rates, we can calculate the potential temperatur

( ' (4 . : . .
+lapse rates by using the equation .‘ ' - ' >

'
N

~

-

-

30
T3z

- '—%(YA vy = (19%)2)'9;286:‘( Y- Y’ o | (4.13) |

" where \Pb'is the station ‘surﬁaée ,paressure reading which can be obtainedl ‘- :

| Fx?om’thé dail\y mete.orologigi‘l\’ data ofi Edmo'rlton Municipal Airport, and
3wl1eré ‘Yd “(0>.01°C .m-l) and /Y are the dry-adiabatic lapse rate and thé
"'énvirolﬁnéhthlaps:\ia/té, vr;s?ecéively. Be‘cé:is‘e the readings 6f P “sh'yo.w‘ed
littlevchar.lge during the time periods "cllosenv .for’the mbdellhxé calculat-

ion, we may set P equal to é constant value of 938.9mb  or 93890 Pa.

The values of Y and 36/3z are given in Table 4.2

Table 4.2 The temperature and potential temperature lapse:

‘rates for various time steps.

Variables 20 -21 21 - 22 22 - 23 23 A 24

°c.m 1) - -0.024 -0.018 .0, 0. 063\*\ -

73z¢°c.m"ly  0.035 0029\/6‘01) 6038 - -

—

3. Wind profile and wind shear

-

4

_' In this research, it isk assumed that the winé/profiyle‘ satisfies

-

&
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[

the power law because wind-profile measurements were not made in the

Experimejxt 2, With this assmjnption, we can obtain the wind sBeed for

7

\

eny level, The dal:a required fon the calculation of the exponent of

" the p'ower law\are the wind"speed at two appropriate levels

\ll.:ing wind

data for level 3.7 m ‘a,nd.level‘ 50 m, we can calculate the exhponent from

®

- the following erluation:

—

50p -

- | P
V5o VY 3. '( 3, 7)
where Uso 0 U370 V5o 0 34 Ty 4

- listed in Table 3.4 and Tabbe 3.5, and where P and B

?

-

s

&

(4.14)

T (4.15)

have beén’ defﬂied in Chaoter II:I. and

are the ‘exponents

- of the power law of wi{ul-speed cdmponents in the east-west direction and

JQe south-north direction, respectively. The values of Pu and Pv are

listed in Table l&.‘.3.

)

5 _ 7
L Table 4.3 Hourly mean values of Pu and PV for the Box 1 °
A ent v Hour (MDT) ..
PRPORERE .20 -21 0 21-22 22 -23 23 - 2%
' B " 0,29 0.53 0.34 0.29
* B 0.63 . 0.44 , 0.38. 0,40

Having P and P
» . . u v

f6r each time step and thnen use the mean wind speed to calculate the’

' }nean wind speed _co,mporrents'j in the direction normal té the cross-valley

?

g ] |
we ctan calculate the mean

L 4

ind speed within Box 1

3

~

L

»

t
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. ;\\,, . ~ =
. S ¥

. o) o P
plane and in the djrection parallel to the\ cross-valley plane. The equa-

¥ v

tions .. for ;»th‘e calculation of the jean wind speed are giirén as follows:

+

AR 1Lh,_ .z P |
N ubﬁ—l; b3.7,~( 3.7 ) u -dz $4916)
1/. ”
o _ "1(h_ z_ P dz (4.17)
Y5 b V3,77(3. 70 v 7 :
, where u  and v, are the mean wind-s ¢ ts in the east-west,

e direct‘:ion':_arid;_m the north-south directidfi, respectively, averaged over

—

. the height of Box 1, whgre 1‘1'3.7 ’ v3'7

were defined in Chapter III,

and‘i'r

R r. . - . “- -
and_wh}ere'h ‘is the\height of Box 1, In addition, we can use U A
i . - T

b
to find out the advectii_)n wind 'spee’d wit% respect to the directions in )
3 C : N . o
the cross-valley and parallel valley dimensions.They are denbt_:ed by GB“
- Y [3 .
and GB’ respectively. The computk;d mean wind components are givenfin .

 Table 4.4, |
Table 4.4 Hourly mean wind speed and direction with respect
‘to geographical direction-and with rgsp’e t to position of”®

Box 1. t
//’ ) : < —
- L o . Hour (MDT) . - i
Variables 20 =21 21 - 22 22-23 23-24
) ﬁ; K o
ﬁb (m.s )  =2.0 -Lé -1.4 -1.6

. ) . ~ ‘

t ;b (mts-l) ‘101 1.4 ' ‘ 1.3 1.3
yb.-(m.s-l) 2.;
Gg’\(m.s'l)‘, 2.0
- Vo )

Vg {m.s"l) . 0,7
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The procedure used for calculation of wind shear at any height z

can be obtained from differentiating (4.14) and. (4-.15)b'with‘rpespect to °

/
!

z and the equat/.o@ are given by

Y g

- u‘xl I .
. T «3. - ' Sy : .1
JoodElae w31 gy z (4:18)
ST
) ﬁr'-l S— Py é.Pu;\l ‘
Sz lz~ 3.7 . ..P. i .
2z lz 3.7 (’3.7)31 . B (4.19)

!

where we will use z =13.4 m to approximate‘our needs., Thé results for

various times are given in Table 4,5 ) ’

Table 4.5 Wind shea? i thin Box 1.

Hour (MDT) I

Wind shear (sec-l) . . "
- ’ 20-21 21-22 22-23 . 23=24

3 g - -
L1 -7 0,053 0.055 0,039 0,041
3z|z=13,4 n ) cL . . )
>V 0.076 0.052 0.062 0,050
. 2zlz=13.4m R * A
R SN ' ?
RAA o : ,
/ |, =134 0,091 0.076 0,057 0,065 /

-

4, Vertical turbulent exchange CQéfficient Kc S |

w

1t is assumed that the vertical turbulent exchénge of pdllutants

/

" - depends solely oi,ﬁ‘h\e\'t{lrbulent exchange coefficient K and on the

vertical gradient of pollutant concentration. We may equate the vertical
: , . .

. turbulent exchange coefficient Q to the thermal diffusivity Kb, de.,

oy

K = K = 2 o | C (4.20)
( c IS] ‘4>h ‘ ' ‘
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‘times, which can be calculated from' the following equati,

" Having values of Ri’ we can calculate the dimensionless height'\g from .

(1973) : 5 g

- 90 =

which. is suggestef\Sy Panofsky (1973) Where u* is the' frittional velocity
P . :
which can be calculated by the equation discussed by Panofsky (1973) and

” s
. : . L ¢
is given'by the equation:
t 1
R o . ) .
*— k )u . . .. [ ; ‘ v « i .
- ‘* ¥z - o i - i)
./ - )i, ~ W

where k is a constant having value’O 4, z is the height above the earth

' ‘ e
Rt !
surface desired for‘the,ealculatidn, 4% isathe,dimensionless wind shear,
oL : : -
!

. and 41 15 the dimensicnhgss temperature gradient. In ordé? to calculate

‘ » A
\ N, -
A
] N

above menf¥oned variables,'we\{equire the/Kfcha;dsch\ﬁg?ber for ricus

~
~ Sa ! s
) . S, 7

‘. . .. ' N\ ": ‘; .‘ )

LG . B . .
: t R A - . - 2
Ri='§' W2 ~ (4.21)

K
Zz

& ¢

-2 " .
where g (m.s ) is the gravitational acceleration; and the other

quantities in-this'equatioﬁ were defiﬁed before. Accordingly, the values

© 1
of Ri can be calculated by (4.21) and the results are given in Table &.6;
. h , e < : .

’

the following equation for the case 3'>0x which is suggested by Businger

“

(4. 7) R, — 4. 7}; +(9 4R—0 74)C+R =0 . (4.22)

The calculated results of for various time are given in'Table 4.6 also.

Y L3

Businger (1923) showed that the dimensionle;s temperatu;e gradient

and‘the dimensionless wind shear 4: can be %valuted ffom 3\ . The equations

o

for these calculation are suggested by Businger (1973) and given by equations

o, = 1+ 470 for §>o | ' (4.23)

.



)

\t%=0J4+¢7§ for {>0 . L (4.24)

’ *
Having these values we can calculate u and .K from (4.20) for various
times. The results are given in Table 4.6.
Table 4.6 'Calculated micrometeorological parameters
for-various times. .

N E Hour (MDT)

Varisbles 55 _ g1 21 -22 22 -23 23 -2
Richardson - ‘ . ‘
umber Ri 0‘.14.. 0.1.7 | 0.10‘ ‘_ 0,03
Dimensionless ’ o,

height ¥ " 0,53 1.08 0.24 0,047
Dimensionless .

wind sheax ¢v 3.49 " 6,08 2.13 1,22
Dimensionless ©

temperature 3.23 5.82 1.87 0.96°
gradient: ¢, \
AFrictional'* . .

veloc_:ity u 0.12 . 0,08 0.17 " 0,20

. (m. S ) A - » N )

Exchange .

coef‘ﬁ'iciffnt 0.29 0,13 . 0.84 1.25 :
Kc (m .s ) i

!
\ \
\
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|
4,4 Resultsg and discussion

The modelling calculation can be carried out by inputing the
collected data, which are discussed in the previousmparts of this text
to the numerical modelling equations, The results are listed in Table

4.7 and illustrated.in_Figs. 4,6 to'4.?.

e

Table 4.7 Modelling calculation results

Time step (MDT)

Variables 20 - 21 21 - 22 22 - 23 23 - 24

U*(t) (s'l) 0.0043 0,0039 0.0039 0,0045
=1

T#(t) (s 7) 0.00%1 o. 0004  0,0023  0,0091

n*(t) (s'l) 0.0012  0.000L 0.0 -0.0002

Cf£%(t) (s° ) 0.0066 0,0044 0.0062 0,013
S*(t) (ppm  0.0025 .0.0025 0.0024 0.0031 ~
8 )
q*(t) (ppﬁ) 0.338  0.57 0.39 0.2
C(t) (ppm) 0.3  0.3%  0.33  0.29 |

In Table 4.7 and Fig. 4.8 C(t) is the observed mean pollutant concentr-
> \' o

ation for Box 1 obtaieed from'the observations in;Table 3.8. ., Ql(t)
15 Fig. 4,9 is the soerce strength or the rete of pollutants release
from the yellutant‘soutces within Box 1. f*(t) was calculeted for the
time petiod 2900-2400 when the surface-based inversion is beginning to
fotm.~The phyeical meeﬁing of f* has been discussed before, Its

e

reciprocal is the time period in which the pollutants are transported

3

out of Box 1 after emission from the sources, The méchénism by which

the pollutants are transported out of Box 1 are advection by the

¥
—

™
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horizontal wind and vertical turbulent diffusion. Since f£* is an indica-

tion of the magnitude of the tranéporting mechanisms, the léfger the

value of f* the stronger the transporting power and ghe shorter the time

of residence of pollutants in Box l.. According to Fig. 4.6 vertical turb-

qleni diffusion, as represented by T* (dash-dot curve), was small initi-

L)
L4

ally but.increased later and showed much more variation than U*/L. There~

1) .
fore variations in f¥ (solid curve), representing the sum of T* and U*/L

were dominated by variations in T*, Pecaﬁse q*(t) is given?by Sk(t)/£*(t)

_and because S*{t) in this study has little v jation with time, which can
' ’ ) )
be seen from Fig. 4/7, then ¢*(t) may be cohsidered to.be inversely dep- .
. . /
4 , ’ [
endent on f*(t). Accordingly, the larger the value of . f¥*(t), tﬁe smaller

el

ﬁhe;vabge of. ¢*(t). As noted earlier for sufficiently large values of '

¥

the time step, q*(t) caﬁ;ﬁe céhsi&ered to be nearly eqﬁal to q(t).

Therefore, we will assume q¥(t)= q(t) here. Comparing the calculated
pollutant concentrétion q(t) and\the obsépved'pollut;nt éﬁnceﬁtrat}ons
C(t) for each time step in Fig. 4.8 we find ;Omp;rable values and similar

time variations. It is of interest to compare our results with those of

V

uPanofsky (19695 who studied air pollufion within a narrow valley regioﬂ.
He used a Gaussian diffusion model to simulate ground-level concentrations

along plume centreline downwind from a source. The specific formula was:
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------- U*/L
'—._..._C‘. T*
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'0.01
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|
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Fig. 4.6 Modelling calculation results of fluéhiné[
frequencies result from horizontal advection wind speed,

vertical turbulent qiffusion, and total effects.
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Fig. 4.7 Effective pollutant concentration within Box 1,
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‘Fig. 4.8 Source strength of line source 105th Street Bridge
(solid line) and line spurce River Valley Road (dash line).
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Fig. 4.9 Hourly mean pollutant concentration .curves for Boxﬂi

~

obtained from modelling calculation (solid curve)‘and observ-

ation (dash curve):



vhere C is the ground-level centreline pollutant é%ncentration, Q is
the pollutant sbufhé streﬁgth, V is the mean wind speed, D is the width’
: : R ‘

e

of th; valley, and & . is the st;ndard deviatibn of mass Qistribution:
in the vertical. He indicated in the s&me pa#ér that'w%rcan sum’;ll
pointlsou¥ces within the'va1¥gy to simulate line sources or @omplex
arrangements of point-sources..ACCOrdipg’to this formula pollutant‘
concentration ié inverseiy proportional to wind speed, valley width, ;nd
atmospheriC'stabilify‘as represented by }Sz . Similar results can also be
be found frém our governing equation., From q(t):ﬁ q*(t) #:s(t)/f*(t),
we hayé
(15 S(t) is pfopgrtional to Q the pgllﬁtant‘source strength and q(t) is‘
proportional to S(t)VSQ that q(t) is proportionél to Q as discussed
b;fére.
(2) qQk) is inversely proportional to f*(t) which in turn is. a measure

of the magnitude of advection wind speed, atmosphéric stability, J

and the dimensions of the box.
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| CHAPTER V
SUMY AND CONCLUS IONS
" A review of seribps air pollution episodes of the past showed;
that m#ny of these took placé in ratﬁér large valleys containing towns °

or cities and majof pollution sources. Valley micfoclﬁnates may haﬁe
contributéd signifgcantly to tgé severity of these episodes. Strong

. ) C A | : .
nocturnal iﬁversfons cépfdeveiop.under clear skies in light prevailing
winds and the air m;y stagnate  in yalleyé resulting in poor ventilation

s

: o o :
and an aecumulation of pollutants from valley sources. Downwash, inping-

ement, and recirculation of air in complex wind systems can also lead to

< ¢
L]

local ‘air pollution problems in valleys.
Very little is known about air pollution ptoblems in small-scale
{ . s
/ . .
urban valleys such as that of the North Saskatchewan River in Edmonton.

One would expect that urban valley inversions at night would be more

3
[t

intense than those in rural portions of the valley because of the presen-

ce of 'the heat isiand'above, Major roadways and bridges within the valley

result in vechicle emissions that may be tr?pﬁed within the vailey in

O

© certain we;:Ler conditions. Trapping will be favoured by clear skies and

>
. e "
light prevailing winds in the early evening because in such conditions

vertical mixiﬁg is-supressed while source strengths are still large.

A series of field experiments was undertaken in 1977 in an east-

£
» ¥

west section of the North Saskatchewan River Valley just west of the

High Level Bridge in downtown Edmonton as a basis for a better understand-

/ :
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ing of potential air pollution problems. In each experiment temporary
weather stations were erected across the valley for small-scale measure-
ments of wind and temperature. The me;eorologiéal measurements were

supplemented by carbon monoxide traverses on_both valley slopes. Detailed

results of Experiment 2, which was carried out in the late afternoon and

evening of July 20, 1977, are described in this thesis.

[

In ‘Experiment’ 2 the prevailing wind above the valley wa¥ f’romv

‘the souchéast, nearly parallel to the valley axis . Mean hourly wind

£
L]

A -1 ' '
speeds rani; from 3.3 to 6.1'm.s = with the lowest speeds in the late

P ) . =1 :
evening. Southeast winds of 1.2 to 3.4 m.s. were measured at valley
: . . . r .

-

bottom over the river., An inyeréion formed above the north-facing slope

after 1730 IDT. It intensified steadily until 2100 LDT and then remained

»

" steady with a tempefaturé gradient of about 12% per 100 m thereafter.
This cold pool of air over the south bank#river flats in the evening was .
attributed tentatively ‘to nocturnal radiation in a shaded.and shelpered‘

location. Evidently the cool air did not spread to the north edge of the

~

‘river at the gravel bar station. A shallow and rather weak inversion
- . ' . : Ty N\
prevailed over the river in the evéning. -

Carbon monoxide concentrations were very low at all statioms.

The‘largest‘hourly mean values were 0.6 to 0.8 ppm near River Valley’
Road on the north bank. At this location concentrations declined monoton-
ically from maximum values associated with late afternoon rush hour tra~

-

ffic. Away from River Valley Road but still at low elevations in the

-~ M B |
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valley carbon monoxide conceh;rations on both sides of the valley exhib-

itedépronounced late evening maxima in spite of the fact that source

strengths were steady or-declining.,

Carbon monoxide.COnceﬁtrations on hoth siopes revealed double

_<

maxima in the vertical with smaller values at intermediate heights.”

These maxima are thought to be due to the major upwind sources on the

o

105th Street Bridge and on the High Level Bridge.

A simple box model sim11ar~fo that described by Lettau (1970)

!

was applied to an east-west ‘segment of the North Sa échewan River

‘\\

Vélley; The lower box contained the weak inversion layerjfouhd'in the

valley and.the upper‘box enclosed less stable*éir above. The model

* involved gross spatial averaging and attempted to simulate the combined
effects of tﬁne—dependeni horizontal transport, vertical exchange between
boxes, and pollutant‘eﬁission‘rates. Numerous approximations were needed

because of the severe limitations of the experimental data.

Predicted hourly mean carbon monoxide concentrations in the lower

.box‘were fouhd to be gomparable in.magnitude to the mean values derived
from traverse measurements. The pto?ounced‘eyening‘maximum concentration
predicted by the modél, Bowever, was notzfound.in the obse?bed spatiél
mean values although, as pb%ed above, it was present at low levels on
both sidgs Qf the vaLley;‘The'prédicted evening mgximumVWas found to

result mainly from decreasing.vertical ekphanges supported to a lesser .

extent by decreasing horizental transport.
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It is concluded that a simple two-box model can be used to obtain'
¢ s el can b \
rough estimates of spatial mean carbon monoxide concentrations in rdiver

. . Sl '
valley segments with known source strengths. The box model is easy to

" use and potentially useful for investigating time changes in pollutént
- 1] : Iy

 concentrations tbat result from complex interactions between horizontal

transport, vertical exchanges, and variable emission rates. Hoﬁever, the

f v
-~ . .

complekity of the valley micrometeorology as revealed in~Experiment 2is *®
. .such that a fairly'dense network of observation stations is needed in

botk horizontal and vertical directions., Only by this means can reliablé

spatial averages be obtained for use in the bex model.

© If thedptrong inversion' that was found on the south bank flats .
occurred over a majof'thofoughfare it is possible tﬁat signifigantly
highef pollutant concentraéions_wéuld.occur‘1§ca11y. However, an’alongé
valiey yiﬂd-ofl?.to 6 m.s appears to»be stfong,endugh td-pr;venﬁ/the

formation of an intense full-valley evening inversion in July. ;
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APPENDIX 1

» [
¢

EQUATION AND INFORMATIONS REQUIRES ;

TO CALCULATE THE' EMISSION FACTOR

LY

T w

Thé calculations ofvautomotive exhaust gmission factors for
carbon monoxide (CO), hydrocarbon (HC), and oxides of nitrogen (NO )
S - - Yx

A

’

can be expressed mathematically as:'

, E = L, . d. WM\ h(c .v+h)-M,
A flp iz n-8 i=n-8 1 R

" where Enp is the emission factor in grams per vehicle-mile for calendar .

’

is the 1972 'Federal' test procedure emission

/
A

year n- and pollutant p, Lip

N

, . -1 .
rate for pollutant p (gram.mile ) for the ith model year at low milage,

dipn is'theivehicle pollutant p emission deterioration factor for the
ith model year at\calendar year n, Mi is the weighted annual travel of
; 1 n :
s . 4 - . :
the ith model year dutfing calendar year n (the determination of. the
- .

variable ipvolvesﬂthé use of the vehicle model year distribution), W
is the cold weather weighting factor for exhaust pollutants (1.3), Ci is

the evaporative emission rate for the ith model year, V is the cold

weather weighting for'evaporative emisstons (0.5);"and h, is the crank-
X o 1 :

-

case emission rate in the ith model year: The required information for

the calculation fellows Taylor (1973) and is given as follows: .

10 Wy !
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Table A-1 Canadian vehicle age distribut:ion (Source R. L
Polk (Canada) Co. Ltd.) \

Vehicle age (Years) Vehicle population Vehicle population

"from end of model as of July 1 by full model year
year (Oct. 1). (o/o) (o/o)
r = ' . : ,
- ) 0 8.6 . 10.5
1 11.8 11.5
2 12.4 - 12.1
3 11.7 11.5
. St 10.8 10.6
F . 5 8.5, 8.3
a 6 . 7.4 7.2
7 S 5.9 o* ; 5.7
. 8 . 5.3 5.2
/ >8 .17.6 17.4 )

. . e \

' Table A-2 Percentage of annual vehicles travelled by
different age groups.

2

¢ Vehicle age (Years) Total annual vehicle miles

T o , - (o/0)

15.73 .

: 13.64 N :

= 12.02 :
.10.07
9.35
8.18
7.50
- 23.50°

O NOWV P WN
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Table A-B Average new car emission fates in Canada as a function
of model year '

Hydrocarbon - (g.mile~l) Carbon oxides
Model year Exhaust ~ Blowby Evaporat?on Monoxide " of
’ ip ‘ hi Ci (g.mile ) nitroger:1
v - Lip (g.mile 7)
pre-1963 17 4.08 2,77 125 3.6
1963 17 0.82 2.77 125 3.6
1964 17 0.82 2.77 125 3.6
1965 . 17 0.82 2.77 125 3.6
1966 17 -.0.82 2.77. 125 © 3.6
1967 - 17 0.82 2.77 125 3.6
1968 | 7.0 0.00 2.77 71 4.3 ®
1969 7.0 0.00 2.77 71 5.5
1970° 4.6 0.00 2.77 47 5.1
1971 4.6 0.00 2.77 47 4.8
1972, 3.4 0.8y 0.14 39 -4.6
1973 3.4 0.00 0.14 39 2.3
1974 3.4 0.00 0.14 39 2.3 |
1975 ©0.45 0.00 0.14 4.7 2.3¢0
1976 and late  0.45 0.00 0.14 4.7 0.31
Table A-4 Average vehicle emission .degradation factors
. Vehicle
Pollutant _age‘ ' Model year .
’ (years). 1967 1968 - 1969 1970 and *
/; - ) late
HC 0 -1 1.00 1.00 1.00 1.00
1.- 2 1.17 1.17 1.12 1.00
2 -3 1.36 1.28 .  1.20 1.21
3-4 1.44 1.37  -1,28 1.24 .
4 -5 1.50 1.43 1.30 1.28 .
' - 1.55 1.53 1.34 1.31 ‘ N
6 = 1. 1,53 . 1.34 1.33 ‘
co 0 -1 1. 1.00 1.00 1.00
1 -2 1. 1.50 1.21 P27
2 -3 1 1.82 1.35 1.47
3 -4 1 2.03- 1.45. 1.61
4 -5 1. 2.17 1.52 1.70
5 -6 1 2.25 1.55° 1,76
6 - 1 2.28 1.56 , 1.78
NOy . A degradation of 1.00 was used for all model years

- throughout their lifetime

A3
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