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R L S VP S U A I
DiGEST

A study of the relationships between wind, ver-
tical temperature data, and twenty-four hour sulfur
dioxide concentration data, collected from Decemoer 5,
1963 to February 28, 1963, was made. The sulfur dloxide
smaplas were collected at twenty sampling sites in the
St. Louis metropolitan area. '

KMOX ~1V tower, located in the central commercial

£,
and industrial aection of the notropolitan area, was in-

strumented with three aspirated thp*ﬁ"l senaing units,

“feat above the ground. Two

placed a: 12(. 2&9, and {iBE

anomouotcra woro inatalled, one at the 127 foot level
and one at the 452 foot level, wind'a:oording stations
in north, west and south secticns of the metropolitan
area were utlilized. The recorded meteroroloygiocal data
were redused to average hourly val ues by the Publiec
Health Service's, Taft Sanitary bngineering Center,
Cincinnatl, Onhio. '

The assumption of uniform sulfur dioxide poliluticn
Airing the twenty-four hour period was made. The tempera-
ture-differences recorded at the 1TV tower were clagsified
into five stablility categories; suporadiabatlc dry-adia-
batiec, lapse, isothermal, and inversion. The wind data
were reduced to sixteen direction intervals.,

Tbo sulfur dioxido concentrat {ons were related to

e TR0 T ST SRV

tbo!:}kalityho& gbr}o(“apd wﬁhd dixocti%:. The average

pollution consentration was dotorninod for each atability

cttegory and wind interval at each sampling site. The




four highest aversge concentratione, taken rro; pol~
lution roses, generslly indicated the center of the
metropolitan arcs as the pricary pollution source,
A lerge number of the stronger than aversge concen-
trations occurred 1n other than stuble conditiona,
This would indicated that "furmigation" 1a an iczportant
process in this nrei.

An snalysis of the vertical temperature
structure, recoried dy the therral sensing units on
the K¥0X TV tower, showed the 245-452 feet layer to be
more unstable than the 127-249 feet layer when hourly
frequencies of the stability categories were considered.
An atmopheric stability, topography, and sulfur dioxide
relationahip showed sll sampling sites located asbove
500 feet mean sea level exberlonoed maxiour average
stability-concentrations only gurins stable conditions
in the 243-542 feet layer. There was no build-up in
the sulfur dioxide concentrations indicated during the

longer stable periods,
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CONVEIL IOYMS AllD SYMBOLS

COH is defined as coefficient of haze.

COHe 100 log;g Intensity of transmitted light through

the clean paper
Intensity of transmitted Iight through

the soiled paper. (33)

Concentrati:n-day--corresponds to time sulfur dioxide
samplers were started and stopped. 1400 to 1400
twengy=four hours later.

HT--the difference between two levels in feet.
F-«degrees lJahrenheit,
lapse hate Classification:

D=<dry-adiabatie
l-~lapse (between dry-adiabatic and isothermal)

Is--isothermal
S~-superadiabatio

MPH--miles per hour
MSG--missing data
PPliM~=-parts per hundred million

MSL~--mean sea level

PFM--parts per miliion

SITk~~sulfur dioxide mampling alte listed in Appendix
STATION-wind recording stations listed in Appendix
TAL--127-452 foot B yer on KMOX TV Tower

TH1~=249-452 foot dyer on KMOX TV Tower
TL1~-127-249 foot l yer on KMOX TV Tower

Time will be in the 2400 hgur clock Central Standard Time

wind Observing Stations

W-1 Lindbergh High School
W-2 State Highway Patrol Station (Ballas Rea d
and Highway 40)

W-3 Hazelwood High School
W-4 Bottom IMCX TV Tw er
wW-5 Top KMOX TV Towsr
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CHAPTER I
INTRODUCTION

The problewr of air pollution is not what one
would call a new one. Wood was "the fuel" through
earlier periods of histay; as the forests became
denuded a need for a substitute arose. With the
introduotion of coel, approximately in the 13th
century, the problem of air pollution was born. Coal
wvas considered an "unnstural * fuel; its sulfurous com-
bustion products confirmed its suspected asasociation
with anticlerical forces. The use of coal gave rise to
ndighborhood “action committees® to protest against its
ev dent pollutibn of the atmospheres,

In England, Germany and elsewhere on the con-
tinent various limitations to the use, importation, ani
transportation of coal were proclaimed., 1In isolated in-
étanoea thers is evidence that capital penalties were
imposed (5),

Earlier effarts at control centersed around smoke
primarily and later gases; principally, sulfur dioxide.
Chambers (5) relates,

"In 1661 a most remarkable pamphlet
was published by royal command of
Charles II. It consisted of an es-
say entitled, 'Fumifugium: or the
Inconvenience of the Air and Smoke
of London Dissipated; together with
some remedies Humbly Proposed,!

written by Jonhn Evelyn. It is un-
fortunate that the author's 17th




Century style has attracted more
attert ion in the 20th Century

than has the ocontent of his paper.
Evelyn clearly recognized the
sources, and the broad sspects of
the control problem, to an extent
not far surpassed today except for
detail and for chemical and physio-
logical terminology."

Hammon et al (14) couwpared minimum temperatures,
from 1891 to 1695 inclusive, between a Forest Park Me-
teorological observata y, located about one half mile
from the mid point of the east park boundary, and the
United States Weather Bureau Station, located at Eighth
and Olive Streets in St, Louis.

The Weather Bureau instrument shelter was situ-
ated 110 feet above street level and 10 feet above a
oopper roof. In contrast tlLe Forest Park shelter was
10 feet above the sod.

An average difference of plus 4.6F in minioum
temperatures was noted for the urban area compared to
Forest Park. This evidenced the heat island phenomena.
Hammon et al commented that the excess smoke over the
oity was probably the cause for the difference, This
is one of the earlier published air pollution obeerva-
tions in St. Louis.

Ge V. Williamson (38), in an address to the 56th
Annual Meeting of the Air Pollution Control Association

in 1964 commented,
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wAir Pollution control (with very
few exceptions such as the special
field of fallout) is concerned to,
shall we say, the lowest 1500 yards
of our atmosphere., Nor is it con-
cerned, despite occasional efforts
to so extend it, to every part of
our land mass, or 48 states. It
can be pinpointed to a limited
number of isolated places and, by
all odds, mostly to air within a
few miles beyond the periphery of
larger cities. Circles of perhaps
a twenty mile radius would cover
the preponderant numbers of major
centers,"®

These limitations of wWilliamson do not seem to
be warranted by the facts., During this author's three
year residence at Portsmough, New Hampshire, as a wme-
teorologist, visibility was frequently reduced by
ﬁollutants which migrated a minimum of forty miles so
that a good rule of thumb for visibility forecasting
was, "Under anticyclonic influence and a sustained
southerly to southwesterly flow of twentyefour hours or
more decrease the normal ten miles plus visidbility to
six or seven miles and after forty-eight hours decrease
it to a maximum of four to five miles." The cause of
the decreased visibility did not ariginate within twenty
milss, but from a part of the megaopolis which extends
from Boston to wWashington, D. C.

The lLos Angeles Bagin and tha Oxnard Plain are
separated by an extension of the San Gabriel Mountains.

The author of this thesis was a forecaster at Oxnard Alr
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Force Base, California for two years. Foreocasters, at
Oxnard, noted that a sustained southeasterly flow
along the coast advected the pollution thirty to forty
miles from the Los Angeles Basin into the Oxnard Plain,
Here, too, the arrival of pollution drastically reduces
visibility.

Bringing the problem closer to home, in April,
1964, while flying batween St. Louis and Cineinnati,
this author followed the metropolitan St. Louis smoke
plume to a power plant located on the Wabash River, just
northeast of Hutsonville, Illinois, a distance of one
hundred forty miles. The plume was still well defined.
Due to more pressing matters, I was forced to discontinue
my observation. As recently as 1000 Cent:al Standard
Time, 20 February 1965, while flying to Memphis, this
author noticed a well defined smoke plume passing over
Blytheville, Arkansas. The smoke was streaming up from
the south-southeast. I followed it to a factory located
on the northern outskirts of Memphias., The distance
travelled was in excess of fifty miles. These are but
four examples of pollution extending well beyond the
twenty mile limit as proposed by Williamson.

To what degree these constitute a health hazard
has yet to be determined. Thus, we cannot pull our heads

into our shells claiming only a relatively small area is

L—-—-—-—




affected, and likewise, we cannot gallop off on our
white chargers and indiscriminately place limitations
on industry, or for that matter, on the automobile,
bus and truck drivers or the heating of residences, etc.
The metropolitan area needs industiry, as much as indus-
try needs the meto politan area.. The basic aspect of
the complex problem of air pollution demands urgent
attention. We must come to an understanding on the m -~
dical implications of air pollutia ; to set realistic
standards, as well as reasonable and economical control
methods. ‘

It is hoped_that this paper will reveal some of
the meteorological factors that influence variatiams of
sulfur dioxide concentratim s in the Ste Louis Metm -

politan area.




REVIEW OF EKilAl:tD LILERATURE
GRNERAL

‘the fatalities assooclated with the infamous smogs
of Decomber, 1952 at London, sngland and at Donora,
Pennaylvania in Octover, 1948 have drawn attention to
the health aapects of air pollution. The undesirability
of sulfur dioxide in the atmosphere has been recogniszed
because of 1itas highly irritating effect on the respira-
tory syYstem, its adverae effect on plant 1ife in concen-
trations as low as 0.3 PPM. An insidious side of alr
ppllution 1s that of property damage. It i3 estimated
the annual cost to the nation is over $11 billion.

"Sulfur dioxide, a common contaminant
in the air of virtually al 1 towna and
cities, causes deterloration of many
materials, it attacks metals, parti-
cularly Eron arnd steel, Limesatone,
marbls, Toofing slate, mortar, and
other carbonate-containing stone, are
paertially converted to water-soluble
sulfates, which are leached away by
rain. Sulfur dioxide has an affinity
for s ather, causing it to wealken and
rot. Costly damage to upholstery and
bcok bindings has been prodused by

its action. Cotton, wool, and nylon
are all weakened by sulfur dioxide.”

(30)
Bienatosk, Fleld and Benson (4) point out that
s ince wWorld War Il ther» has been an inereased ussge of
low sulfur content fuels. But as these fuela become less
avalilable and fuel demands become greater, more higher~
sulfur content fuels must be used. Though there has
been an improvement in recent years on the sulfur dioxide

emisalion by use of lowu=-sulfur fuels, the problem again

e
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looms on the horison. %here are two general methods
of approach to the controi of sulfur dioxide emission

into the atmosphere; either by removal of sulfur from

the fuel prior to sombusticn, or by removal of sulfur

dicxide from the products of combustion. Blenstoek,
Pleld and Benson diascuss various processes for both
types of esontrol, It 1s pointed out in their discus~
sion that there 1s concern of depletion of the sources
of raw sulfur for use in industrial processes, and yet,
in the United States, the total smount of sulfur ol‘ttod
to the air by burning fuels is larger than the amount
of rew sulfur mined plus the amount imported,
Fletcher (12) analysed the "Donora Smog Disaster"®

showing the primary causes to be:

1, Poiiﬁ:}on sources nearby and active,

2e Té"’%@ by,

3e The lowar atmosphereioc layers having
great stability, and weak winds dblowlng from the p;l-
lutant loureo; |

fo Humidity in the lowest = yors such that
fogs formed and persiated,

Se Large scasle synoptic conditions werse
stagnant for a mainimuw of four days.

Chureh (6) classified smoke plumes according to

visible charmcteristics (figure 2) and analysed these
¢lagsifications for typical 6ccurronoo. atablility, wind,

turbulence conditions, characteristis dispersion, and
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ground sontact. It should be noted, invisible emitted
gases will assume theso same diaspersion characteris-
tics under llke atmospheric ecnditions.

Thus, it is evident, the relationsaip of the
helght‘or the emittin, stack to that of tne inversion is '
most ionrtant. One cannot stop with the mere helight

of the atack, but must oconsider the virtual atack helght,

dependent ont

as volume rate, b. effluent temperature,
¢, ambient air temperature, d. amblent alr tompernturo‘
lapae rate, e, effluent density aut a stated temperature,
fo effluent veloolity, g. wind aﬁeod, he stack diameter.

Fean et al (8) investigated a very sevwis pol-
lution problem assoclated with a smelter at Trai) British
Columbia, Canada, located in the Columbia River Valleye.
Hewson and G111l (B8) performed a very cetailed analysis
on the meteorologicel variants. It was determined that
there were aseveral types of stmoapherie pollution traps.
One, that o” an inversion capping the ares with light
winds below the inversion allowing little latersl and
vertical diffusion and the pollution extending from
the ground to the base of the inversion. A second type
known as "fumigation" is shown by the sequence of eventa
16 figure 1, An isothermal layer, or inversion layer, must
be situated a snort distance above the top of a smoks
stack, The emitted pollution stabilises at the "virtual
stack height (6)." The only dispersion is due to the

wind, which is usually light. Thus, there 1s a high

e e
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soncentration of pollution aloft., The sun heats the
surfase, which in turn heats the layer of surface alr,
producing s superadiabatic condlition, and marked tur-
bulensce, As the upper boundary of the turbulent sur-
face layer moves upward into the layer of bigaly
concentrated pollutants aloft, then the pollutants very
rapldly descend, preducizng neariy slmuitaneous fumiga-
tion over the area, As the upper boundary of the
turbulent layer continues to rise upward, diffusion of
the ges proceeds, leading to exponentially decreasing
surface concentraticn, thereafter. This author noted a
sondition of this type at iwelfth and Market Stru‘
during January, 1964 at $900 hours. The amoke billowing
downward appeared as a well developed mammatus type
cloud, when it reached the surface, the air became very
acrid and caused one to cough, The viaibllity at street
level prior to the fumigation was at least three miles,
With the advent of fumigstion, the visicility decreased
to at best cne-half mile.

Gartrell et, al. (13) attempted to derive a
formula which would give ground ls vel sulfur dioxide
eoncentrations resulting from single scurce emitters,.
Applying Sutton's (32) diffusion equation to aversaged
oonditions, they found fair correl tion, but yhen
applied to.apeciric instances, they found wide disore-
pancies. 7They were dealiny with concentration changes

of intervals hourly or lsss. It was pointed out that
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stacks, which emit below an inversion, frequently send
up gases which are hot enough to break through inver-

- sione; thus, decreasirg the goncentrstions in the lower
level baeiow antiocipated values.

Hosler (20) corpiled sessonal and annual fro-v
quencies for low level inversions over'the United States.
The data consisted of two yeer ssmples, &n® he considered

~only the frequency of ianversions and/or isothermsl laycrs
bseed et or below 500 feet sbove station elevation. The
nocturnal period was considered stable if an inversion
was Observed on the soundings. He did not consider any
daylizht inveraions. ie felt the above agsu:ption 4id
not seriously invalidste his findings through comparison
Or selected instrumented towers and oclose by radiosonde
observations. This suthor feels it would certainly weigh
the observatlions toward inorcased inversion freguency.
Statistical study was uzads Of the relationship of night
tize oloud cover and wind speed to inversion frequenoy.
Foor correlation was found between these parsmeters for
8ll seagons. It wsas noted that the radiosonde stations
located st alrports are locsted on the outskirts of
olties; thus, the inversion frequencies are repregentative,
for the most part, of nocturnal invsrsions of a seni-
rursl or suburban ares. Consequently, one would expect
to find lower frequencies for central clty arca &ue to
mechanical turbulence and heat effects izposed by large

metropolitan area.

e e—
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Landsberg (21) shows the following effect of a
typloally large city on the average climatic eondi-

tions in rural area,

Taole 1. Climatic Coamparison urban vs Rural

Pollution: Combustion Change Compared to
Nuclel Rural Area
802 avout 15 times nmore
co, about 5 times more
co about 10 times more
Smoke several 100 percent nore
Temperature:
Annual mean: +1 to +1.5 P
Winter minipmum; +2 to #3 P
wWind Spe ed:
Mean =25 percent
Extremes =20 percent
calmg +S to +20 percent

Hand (15) on comparing downtown Boaton with the
Blue Hill Observatory ten miles to the gsouthe-southwest
determined that the clty received approximately eighteen
psreent less ingolatlion than Blue Hill. |

Neiburger (25) on comparing odntaminants from
combustion of coal, 0il and natural gas in industrial
boiler (in 1bs/10 3TU): Sulfur dioxide, coal-2l.l,
0oil 17.5, and natural gas 0.02, we smee the more smoke
_ produeing fuels produse more sulfur dioxide. It appears
to be loglcal to asgsume thut an increase or decrease of
smoke shoulX be proportional to an increase or decrease
of sulfur dioxlde.

The thermal structure, voth vertical and horisontal,
were sdudled by Ducxworth and Sandberg (10) "in three ur-
ban communities in California near San Franclsco. Their

study showed not only that k= rge temperaturs
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gradlients occurred at night between cpen and urban areg,
but also tnat tnis tenperature ¢ffect frequently caused
instabillit, up to ubout three tinmes the roof height.
1he study, whicn included San Jose and Palo Altc,
California, alsc related tne magnitude of this neating
effect to tuc size of the éity; the awre developed the
city, the mcre it modified its atmosphere; thua, ac-
cording to this study tne lafgsr the city, the less
likely for It to havo surfuace inversions. Tnhis con-
clusion was vased on threc criteria,

le Tue least distanee in miles alon; which
& lF temperature change was observed, based on measure-
ments from the island center,

£« Tae umcunt of eonti,cus ares, in square
miles, enclosed by the isotherw tawut wus plus 2 F greater
than the mean for the city, as bused on maximum and minie-
mum temperatures,

3. Tone difference between the maximum and mini-
mum temperatures recorded in tae obsarved ureas,

Baulch (3) investigated sulfur dicxlde concentra-
tions and their relatlon to the flucuation of wind
directions, He found tne more variable wind directions
resulted iIn s=aller aulfur dloxide concentrations.

DeMarrais (9) in examining the vertical tempera -
ture changes over urban areas and ocpen country, dis-~
coverdd a great difference between tne two. Unpopulated
areas show surfuce invers.ons almost nightly and auporn-v
diaocutioc lapse rates exist durlng the clear daylight hours.

The urban data other than belng superadiabatic during
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daylight hours showed no other general feature.

Nooturnal inversions rarely ocecurred from 60 to 524 feet.
He made no attexpt t0 correlate tower data with pol-
lutant consentrations.

Using the following assu:ption: that venti-
lation accouplished only by wind, a square oity, sn
inversion liumiting vertiocal escape of gas, & pollutant
source over the ent’' 'e area, an enission mixed izxedi-
ately after releasse into the cities volume atmosphere,
3mith (28) derived the fomulake205ﬁ\’\ as an aid to
determine the order of magnitude of pollutant concen-
tration equilibrium where time is largs. S 1s equal
to the side of oity (kilometers), t 1s timre (seoonds),
4 the mean windspeed (meters/second),h the height of
the inversion (meterc).jngthe rollutant concentration
(grame/cublic meter). He further determined the tine

roquired to achieve ninety percent otf(eil given by

o 23(s/).
oTUDY 5 OF SI. LLUIS

St. Louls has Deen aware of 1ts pollution prob-
lem as early as the late 1800'as., The first mejor step
toward oontrol of poilution care with the enactment of
the Smoke Abaterent Legislation in 1939. St. Louls was
one of the few oities, out of twenty-four listed, that
shoved an increase in vieibility during the time of the
study period (13). The years corpared were 1930 %o
1938 1nclusive versus 1958 to 1960 inclusive,
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This points to the beneficial results from the legisla-
tion. It was estimated the smoke was reduced by
ucvopty-rivo percent,

Schuememan (27) discussing the results of a
1936-37 and 1950 study of sulfur dioxide concentration
in 8t. Louls noted an average reduction of 83 pereent
during the winter months. Schueeman observe,

"esewind volocity’doo- not affect

sulfur dioxide concentrations to .
any extent during the summer but

during the winter there is a de-

cided trend towards lower concentra-
tions with higher wind veloocities."

Murino (24) attempted to correlate the sulfur
dioxide concentration mesasured at a single station with
various waather paramsters, measured in the neighboring
vicinity, He found seagonal and diurnal variations of
sulfur dioxide amounts, variations with wind direetions,
with wind velocities, variations with pressure and
hymidity, verliations with temperature and precipitation
smounts,’

Barnum (2) attempted to correlate single station
COH values with raln, wind direction, pressure, speci-
fic humidity and temporal changes in the forementioned
parameters. Results were disappointing, but this su-~
thor feels the brinnry problem was the location of the
sampler. It was located in the center of the heaviest

polluted area and thus variations due to the wind di-

reotion, etc., would be slight. Hebley (16) also
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concurred with this,

"The condition of concentrations of

impurities in the center of an in-

dustrial or emittance area is more

or less constant no matter how the

wind changes its direotion.®
Temporal changéa Yielded very poor correl tions also.
Although Barnum was sampling partioulate matter (COH),
this author concluded earlier, sulfur dioxido should
be direotly related to the amount of smoke produced.

The mesometeorological ecirculation in the
Mississippl River Bottoms (Cahokia Bottoms) was ex-
amined by Arnold (1), He instrumented the WEW Radio
Tower with three anemometers located 15, 110, and 220
feet above the ground. Also, a Gelman Automatic Fhoto-
tape Sampler Recorder was situated 15 feet albove the
ground. The WEW tower is six and one-half miles
slightly south of due east from the KMOX TV Tower.
WEW is located at the intersection of Bunkum Road and
Harding ditch. Among Arnold's findings were;
l. Vind at the WEW tower site varied from

the winds of the Weather Bureau at Lambert Fleld forty-
four percent of the time at night and thirty-four per-

eent by day.
2¢ The temperature at WEW varied from downtown
temperature, recorded on top of the United States Court

and Custom House Building, a mean of =7 F to a maximum
of -15 P on nights with calm or light wind oondi-

tions. The oonvection associated with the large
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temperature differential resulted in a flow towards
the "gitles' heat 1slana”,
3. inversions were Quite common in the
Bottoms. Curing the puriod atudled, inversions of 5°
or more ococurred almoast two-thirds of the mrnings with
the great magnitude of 27 Fe Righty percent of the
inversion magnitudes were below the tops of the sur-
' rounding hills having 600 feet elevations, .
L« AR unexpected finding showed that most
smoke particulate matter, colleoted at the WLw site,
came under southweasterly circulation, 1,e. not from

the direetion of the maximum emittance., This indi-

cated a counterflow under the inverasien.



STATSMERT OF PROBLEM

Eow do the temperature lapse rates;] determined
from temperature-differences, measured at three levels
on an instrumentad EZMOX IV Tower in downtown St. Louls
(1ocntod at 13th and Cole Streets); and winda observed
at the Tower and three other locations in the notropo-
litan ares, relate to the twenty-four hour sulfur
dioxide concentrations sampled at twenty sites in the

metropolitan crea?

19




CAAPTER II
THE DATA
TdE SULFUR DIOXIDE LATA

The United States Public Health Service, én
sooperation with local agencies, is conducting an ex-
tensive alr pollution study in the St. Louls-Eaast 3t,
Louls Metropolitan Area, The sulfur dloxide data from
the multi-station sanmpling network used in this study
were collected durinz tae periocd December, 1963 through
February, 1964. The ceromstriec data from this sampling
network will provide a reliable scientific means of
computing apecirfie amblent pollution concentration
based on diffuslion related to known source emiesions®
and given meteorclogieal parameters (11), 7These data
will also provide basic informetion to assist in
establishing sulfur dloxide alr quality standards in

the future and to ald in air rescurce msanagemeant ac-

tivities.
SAMPLIMG SITES AND SAMPLIN; PERIODS

Amblent eoncentrations of any air pollutant s
& consequence of source emigsion strength and the Als-

persion capanll. .ty of the atmosphere, It was therefore,

The Sulfur [loxlde emiasion inventory 1a bolnb

oollootod at this time,

<0
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deemed desirable to measure ambient congentration of
sulfur dioxide during the season of relative maximum
conoentration; a compromise of highest emission at the
source and greatest atmospherioc stability,

The sampling operation was cyoled on the basis .
of a pollution day. The sampling time began and ended
at 1400 looal time each day. The concentration of sul-
fur dioxide is in the middle of the usual daily inter-
val of low concentration at this time (24)(27). This
allows the simpling cycle to run from daily low conocen-
tration to daily low concentration, thereby reducing ths
chanse of changing collection bubblers on the instrument
in the middle of the diurnal concentration peak. A
total of 1,429 twenty-four hour sarples were taken and
analyzed during the December, 1963 to Pebruary, 1964
operations. The geographiocal locations and area classi-
fication of the twenty stations operated during the
1963-64 sampling season, are included in Appendix A,

elevations are shown in figure 3,
SULFUR DIOXIDE GAS SAMPLER

A twenty-four hour gas sampler was located at
each of twenty sampling sites, figure 4a and 4b. The
sampling units wers mounted on utility poles at appro-
ximately 10 feet above ground level, This wag high
enough to discourage tampering, yet low enough to be
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safely accessible for daily servieing. Elotrie

power was provided, for the vacuum pump, through a
grounded thirty ampere circuit btreaker box mounted on
the pole, Tho'oirouit breaker was connoctod to the
pole's secondary electrical lines, The samplera were
essentially the basie sampling unit employed in the
National Air Sampling Ketwork Gas Sampling Program (26)
modified to aample for a single gaseous air pollutant,

The sampler cconsists of a buddbler sollection unit and

an external vaocuum pump, that operated twenty-four
hours a day, to move the sampled air through the eol-
lector. The gas passes through the budbdbler and a
eritical eonnecting orifice to the vacuum pump. The
oritiesl connecting orifice, a 27-guage, S/8 ineh hy-
podermie needle, was selegted; it delivered a meximmm
flow of 190 to 210 milliliters per minute at an opera-
tion vasuunm of 20 inches of mercury or better. The total
volume of air sampled by a buboler was approximately 290
liters. The coritical airflow through each noodle'wtl
meagured againat a calibrated flowmster before and after
each sample was 6ollected, The maximuam allowabk flow
rate reduction was ten pereent, Under simllar sampling
eonditions in Nashville, Stalker et al (30) estimated a
#10 pereent experimental error for the determinetion of
free atmospheris sulfur dloxide. The calibrated flow
rate, before and after szampling, was recorded,

Sample loses resulted from varying roascns:

malfunstion of vaci'um pump, tampering by in! Jlers and
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freexing of molsture in samplar lines. The ambiont
&ir temperature varied from a low of =6 P to 7(“1.
Freezing was avoided by mounting two 30 watt resistance
type heaters in the sampler. These thermostatically
eontrolled elements maintained an average tempe rature
of 75 F in the sampk rs.

The smpler employs the chemical absorption
principle, using selective liquid reagent filled bub-
blers. Sulfur dioxide is lttipp‘#from the sampled

air stream by the complex action oi sodium tetrachloro-

mecurste absorbing reagent,
AMALYSIS

The ocollected samplos were sent dally to the
Hobert A, Taft 3anitary Englineering Center, Cineinnati,
Ohlo for aralysis. The analytical method used was that
of West and Gaeke (36) as modifled for the Auto-ana-
lyzer Sy wWeloh and Terry (35). Tﬁo results were reported
in microgram per cublc meter and perts per hundred
million., The twenty-four hour median values for

twenty sitses are indicated in figure S,
KMOX TV TOwER LNSTRUMSNIATION

The KMOX 1V Tower is loeated in the commerolal
and industrial distriet of St, Louis, 1l3th and COiC
Strest, centrally lcsated with respect to the metropo-
litan area. It 1s located on the KMOX TV Studios
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(height 38 feet) which haa a roof of tar and brown
gravel (figure 8). To the north and to the eaat of
the tower 1is an asphalt parking lot.

The tower 1s instrumented with two wind re-
cording aya@oms and a vertical-temperature-cifference
moeasuring system. The 1nstrumant; were installed in
the spring cf 1963, They are attached to the northwest
corner of the towsr, Exposure of the tower to atmos-
pheric flow 18 good except for the southeast quadrant,
Adjacent roofs are s proximately 80 feet below she 127
foot tower lsvel., To the -:dth.aut the Post Dispateh
Building rises to approximately 60 feet above the street
level, Beyond that dbuildings gradually increase in
height (figures 7, 3, 9, 10, 11, 12, 13, 14).

TEFPRRATURE~LCIFFLRENCE INCTHUMENTS

The temperature-difference msasuring asystem 1is
a Leeds and Northrup unit (34,). it consists of three
shielded, aspirated thermohm units connected to a
Speedomax Type G recorder by means of a mineral insu-
lated cable., The aspirated thermohm units are located:
127 feet above the street level (L64 feet above the
mean sea level), 249 feat above the strest, and 52 feet
above the street, The recorder 1s located in the bage-
ment of the studio building,

The temperature sensing element is & Leeds and

Northrup Thermohm Detector 1ype 8195-B 10 (34). The
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element is a copper wire resistor, having 100 ochms re-
sistance at 77 F. The response time is @0 seconds,
i.6. 90 percent of temperature change in stirred water
moving approximately one foot per second occurs within
40 seconds. Limit of error is _C.5 F from 1CO to 250 F.
The copper wire resistor is encased in a drawn brass
tube 15/32 inches outgide diameter and 4 3/8 inches long.

The aspirated thermal shield (figure 15) pro-
tects the sensing elewent from sensing thermal condi-
tions other than ambient air. There has been a gradual
deterioration on the paint since installation. No at-
tempt has been made to determine the magnitude of this
effect. But it is felt it should fall within the error
limit of the sensing elements since the primary purpose
is detarmining the temperuture difference and the ele-
ments' shield paint would deteriorate at the same rate,
hence causing little error.

The recorder is a leeds and Northrup Speedomax
Type G (34). It records the temperaturs-d4ifference be-
tween the 127 foot element and the 249 foot element; the
127 foot element and the 452 foot element. The chart
speed is three inches per hour. The temperature-
differences are recorded every five minutes in tenths of
a degree Fahrenheit. The resording elsment cycles and

moves across the chart sc as to print a number (1 to 3)



and beside the number a cdot that records the terpersture-
difference for each leyer. The traces sre then reduced

to average hourly values by the equl-er<es method cdescribed
in the wind section.

The tei,crsture sensin, elezents ure celibrated
by imiersing fach one in & etirred 1ce vatn. The naxlioum
telpersture spresd allowed 1efU.l 7 oetwern Leeds and
Northrup recorder 8and & mercury-in-glass thernoneter

(ersduated 1n ten‘hs of a degree Fahrenhelit),

i

WIND ILITEDWNTS

The three sendix Friez wind transmitters (Model
120) sre loceted 127 freet, 25C feet, and 459 fret sDove
trie etreet. TInese are each individually connected to
Aerovane recordere located In the bullding bssement.

The windspred 18 neasured oy a slx-pleded 1upei-
ler fastened to ihie arzature ol a tachometer uszsneto.
Ine stert s ecd of the L1up=ller 18 1 3/4 L}h and the
chert 38 set to resd 1 2/4 MihH when wind is celax. The
specd of rotation of the izpeller (rotor) is directly
proportional to the asceed 5f the wind etriking the
bladeg; the voltage gencrated Ly the megneto 1s s func-
tion of the wind s8zfed. Tne sreced of the wind 1s marked
oy the recorder.

wind directicn 18 neasured by & streamlined vane
which 1s coupled to tiie rotor of s tyre 1 K3 Synchro.

Tris synchro electrically transuitte the ;csition of
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the vene to a 1 F synchro in the recorder; the angular
displacenents are messured, trsnsmitted and recorded.
The wind direction sand wind speed were fed into
an Aerovane .ecorder. There was a recorder for each
aneczometer, Inked traces of wind gpeed and wind direec-
tion were sicultaneously produced on a goritlnuous paper
chart by the two-channel recorder. The recorder has s
wind speed range of O to 100 ! ?H recorded on tha right
channel, Direction dsts fron d to 270 degrees is re-
oorded on the left channel. The chart d4drive rate 1s

th.ree inches per hour,

wIND DATA

The wind observing stetions consist of the two
anexometers at XK.CAx IV Tower and one at esach of the
following: indoergh i Cchogl, twelve miles south-
west of the K.Cx TV Tower (w 1 on ares map); ‘issourl

State Highway Fatrol 3tation, thirteen and one half

miles west of the TV Inwer (W 2 on ares map); and

Hazelwood righ School, nine and one quarter :siles from

the TV Tower (w 3 on er-s zap). The anecometers are
lo:ated apporoxizately fifty feet abcve ground level,
The wind equipzent is the saze as on the TV Tower, A
each of the outlying stetions relative humidity and

terperature are aleo recorded on Hdelfort Instrument

corzoration hygrotherzographs,
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The wind data charts were reduced to aversge
hourly wind direction and wind speed at the Taft
Sanitary Engineering Center, Cinocinnatiy Ohio. AN
squi-area method was used, A cursor line was placed
on the direction and windegpeed lines sc that there
was an equal area between the divided data lines and
the cursor line. This was done on a specially built
machine, "Oscar Jay." The machine automatically re-
ecorded the data on machine punch cards. The hourly
data were recorded in miles per hour for aspeed and

in whols degrees for direction,




CHAPIER III
ANALYSIS OF DATA

POLLUTION ROSES

The use of a pollution rose in relating the
-wind field to pollution concentrations and pollution
sources, is common (7). Pollution roses were computed
for the stations described in aerometric seotion. Re-
for ﬁo Appendix B for format,

iho pollution rose used in this study consiasts
of a tabulation of wind directlion at the saesrometris
stations and oconcentration categories for the sulfur
diox1de sampling sites., An average concentration for
each direction intervul was caloulated. The ooncentra~
tions (microgram per cubic meter) are added for all
observations of esch of the sixteen principal direoctions
of the compass. These concentrations f'or each direction
are then divided by the numver of ooservations for each
direction, yielding the average concentration-direction,
Since we are dealing with twenty-four hour concentrations,
it is felt that this is as meaningful an analysis as
can be macde.

A tabulation ol the four maximum average eoncen-
tration-directions for each station and site are shown
in Table 2, 9he sites are grouped according te their
mean sea level, It was then determined whether the

cooncentration fell within one direction interval of the

36




TABLE 2
FOUR MAXIMUM AVERAGE CONCENTRATION=-DIRECTICNS

SULFUR DIOX!IDE

400 TO 449
1-1

SW 8.465
SSW 74820
SE 7Te743
WSW 7517
2-1

W Bel66
WNW 54774
WSW 44754
SSW 3.59;
4=1

SwW 9¢360
SSW Be533
WSW Te815
CLM 6.130
6-1 1
WNW 5,006
WSW Le94Y4
CLM 4,827
Nw 44605
16-1 :
SW 4401
SSW 4,026
S 3,178
WSW  3.116
18~1

Sw 5385
WSW 54210
SSW 54204
CLM 54089
22-1

WSAN 44551
W 44504
SW 44255
LM A.f&&
s6-1 (1
NNE 44309
N 44001
ESE 24870
NNW 20278
25-1

S 44827
SSW 44154
WSW 3,768
S 3.2573°
30-1 (1)
SwW 2elaN1
WSW 2133
S55W le618

N leta77

SITE=4IND
FEET MSLe
1-2
S 8el171
SW Te391
S5SW  Tel47
SSE 64899
2-2 (1)
W Te371
WNY 74170
WSW 54354
NE 4e111
4=2
Sw Be7k6
S5W  beNH5Y
WOW  TeN54
CLM  bebb
6-2
NW SeNN"7
WY 54005
WowW 44876
SW 44630
16=2
S 34878
Sw 34368
S 2e7
SSE 24597 .
18=2
5‘4‘4’ 5.958
LM S5ebla
SSH 449356
l.‘JSV/ ‘4.‘3‘18
22=2
CLM 54,760
WSA 5070
S 407‘)5
W 44358
26=2
NE 34505
NNE 3,434
N 3e434
E.“Z 2.6{06
28-2
5 4e3N7
S5%% 3eIHE6
5 2422
WOA 34356
3IN-2
S 16951
55 16797
wWhv  1e723
5 1.3538

5TA

1-3
SsE
S5W
Sw
WS
2=-3
W
WhW
Woh
SW
43
Saw
WSW
S
CLM
6-3
WS
WNW
W
£oFE
16-3
H56W
<
S

W SW
18-3

S

SSW
WoW
CLM
22-3
WS
Su!
ESE
W
’6-7
N
NNE
NN
MNE
28-3
SCW
SN
wWEW
S
1n-13
SS
S\
Y

S

TI0OM

9.605
86420
7.6“3
Teb96

8e617
649873
56004
Lo147

9.1’&7
7084
94683
beb2Z8
(1)
5561
54556
44738
10.529

3,976
3.728
3.012
26764

54759
5e¢753
54340
5.176
5%7%6
44979
4aeb41
L4628

3856
3.735
26132
26642

445504
4,488
LhgNa?
34314

24433
2075
2.‘02’4
1e527

Be655
74285
Te273
6975

96455
5613
44865
Le0lb

8.588
Beb5GY
8.024
50242

6e025
{#.762
446596
4,598

3793
3.376
26942
26317

5e691
5363
56207
46293

44531
4,234
44225
4,098

3.38Y
3.097

24809
21766

Leb3G
4eN39
3.936
20519

2617
10()15
1e5673

leth22

1-5

Sw 9416%
SSW Te831
S He756
SSE 66347
2-5 (2)
WSW 96592
W Ye7l1l1
ENE 54409
NE 56102
45

W 6712
55w  Be815
CLM  T7.166
Wi N 6e215
6-5

W Se822
WNW 54598
SW 4LePUE
WSW 44592
16-5 (1)
SW 3.782
SSW 346173
S 34429
ESE « 300
18-5 elf
CLM 64375
SW 66077
55v 5867
E 56152
22=5

SW 56340
CLM  5.041
WSW 46771
W /#0577
26=5

NNE 44215
NE Lel8B4
ENE 624
N 34519
28=5

SW 4LeDB2
SSW 44393
S 34340
SGE 24976
30-5 Q)
SW 2720
SSW 26287
WS leb72
NNE lets73



37

TABLE 2 CONTINUED
400 TO 449 FEET MSL CONTINUED

34-1 (1) 34=2 34=3

W 2e369 WOW 24488 WSK 2607
CLM  2.011 v 24094  SW 24379
WSW  1e997 SW 24000 WNW 243673
WNW 1e89YYH WNA 24011 w 234N
38-1 (1) 28=7 38-3 (1)
NNE  5e481 NE 56956 N Seltl
M 4¢103 iy 44927 NNE 44222
CLM  4e10]1 ENE 44135 NNW 44101
ENE 3.779 NNW 34914 LM 4belh4
40-1 40=2 49-3

W 2.650 NE 3,713 W 3.019
NNE 24573 W 2.851 NE 2.881
N 20524 ENE 247046 WSW 24727
ENE 24458 WSW 24528 SuW 24611
450=699 FEET MSL

13=1 13=-2 . 13-3

ESE 9e609 NE Betthls E 84319
Sw BeH563 ENE  TeBUl SSW  84N8n0
NNE  5.888 E 7822 ENE 74500
SSW  Te9C7 SW 74822 NNE 74336
25-1 (1) 25=-2 25-3

S 4.016 S 34790 WOW 34719
SSW 34992 SSW 34769 SSE 34584
CLM 34559 SSE 34605 S 36535
Sw 3525  SW 34517 SW 3466
500=54G FEET MSL

91 9-2 (1) 9-13

ESE 11251 5SE 94553 ESE 1174117
SE 9338 SE 8,707 E 9.709
SSE 94264 E Beb65T7 SSE 94529
SW 9055 ENE Be4ll WOSW Fe42n
21-1 (1) 21-2 21-3

ESE 66379 € Hhe9b%9 E 5e4]2
E 44621 ENE 4,173 ENE 9.061
NNE 44602 HNE 34925 NE 4245
SSW 30637 ESE 30575 N 3.595
23-1 23-2 23-3

ESE 74652 E Te409 ENE 74641
E 6.784 NE 5.9d2 E 7.“92
NNE 66080 ENE 54392 NE 66337
N 5¢594 ESE 54256 NNE 59246
39-1 (1) 39-7 39-13

SW 5765 SSW 54306 SE4 5,161
SSW 5,294 Sy 4,757 ENE 464331
CL""- 4.’08 ENE L*QIOQO E 1‘0850
E 4be628 5 46e2E3  SW  beNTh
AEOVE 6C0 FEET-MsL

29-1 29-7 27=-3 (1)
CLM Te364 SE 54917 SF Hol73
SE 70228 SgE ‘.).815 QQ{ :)o'.')q,b
SSE 54950 5 54502 S 5e155
S 5¢832 CLM 44833 NF 5606k

34~4

W 2480
VISW 2e0N72
S 2006
S5SW  1e98¢
38-4

NV 4eT36
MNE 54050
N 44736

NME 264732
\'JS'N 2.730
SW 2559
NE 20164
13-4

ENE 74921
S 7371
NNE 74116
S5W 6933
25-4

) 4o017
5k 44017
SS‘a 30‘0‘01
S 34273
9-4 (1)

E 94299
) 8e¢790
SF 8,900

EFQE Be517
21=¢4

ENE 54198
E Le356
NE 3,749
NNE 34,360
23-4

ENE 66923
NF Se74l
E 56597
MNNE HLe974
19=4

S 44539
WhW  LellH
ENE 34962
SC:W 3.72».)
27=4

FoF 74351
SE Se40
“SE 5469
QLM 54023

s54-5 (1)

W 24798
WS 26377
WNW 26262
SSE 26152
38-5

NE 5651
ENE 5391
N 5112
NNW DO
40~5 ?l?
Nt 34454
ENE 34,069
w 24584
CLM 2,384
13-5 (1)
ENE 10e478
NE 1n.270
E 10.066
‘ESE  BebRY
25=5

S5SE 44394
S o102
SW 34841
SSW 34034
9~5

ESE 124037
E 1ne.812
SW 104374
ENE 94531
21-5

3 64202
NE S5e774
ENE Be544
NNE Leb26
23-5

E Te331
NE 6861
ENE 66340
ESE 641657
1048

Sk $e225
£ 44937
S 44900
SSW 4766
29=9%

CLM 74666
SE 66109
SSE 5850
S HYelbu
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concentration directions of other stations for a partic-
ular site. We see in Teble 2, site 22, and wind station
3, (22-3) that one of the four highest maximums oocurred;
4,64) micrograms per cubic meter, when the wind was
blowing from the ESE, Looking at the data from the four
other wind stations and site 22's concentrstions, no two
other maxinmums were repo}ted in the intervals &, KSE,
or 8%, wne then consider 22-3 a deviation. Devigtions
are listed in parenthesis to the right of site-station
designator, .

Sulfur dioxide Site 4 shows the best agreement
between the five wind stations. Sites 38 and 34 have
the greatest spread. Both of these latter sites are
looated pnear to the bluff which borders the rissisasippl
River flo0d plaln on the east indlcating a possible
topographicsl effect. |

wind station 4 shows the least nunber of devia-
tions, of the five wind etations for all sites.

The four highest concentration-direction vectors
of wind station 4 were plotted on an area map (figure 16),
The vectors extend in the direction from which the wind
s blowing. The vector length is proportional to t.ue
sulfur dioxide concentration (microgrtmolper cubic meter).

The majority of the slte vectors point in toward
the general sector center of the metropolitan St. Louls
business and industrisl couplex. This is a typical pat-

tern for s metrogolitan erea (27). 3Sites 23, 35, and &0
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indiecate sulfur dioxide source to the south and west of
their location., 7The pollution rose for Site 9 indiocate
relatively high concentrations from the northeast, going
clockwise, through the west-southwest. This site is
located in a residential area where coal 1s used as a
domestic heating fuel. There ls also some heavy in-

dustry nearby. 3Jee Appendix 4 for lit‘vclllliflcltlonlo
(11),

VERTICAL TEMPSRATURE DIFFERENCES

The temperature lapse rates recorded on the
HKMOX TV Tower Ciffer appreciadbly from the normal open
country vertical thermal astructure. The data show a
greater frequenoy of unstable ecnditions. The TLL®
appears to be most stable, with THL showing incressed in-
stability. Appendix D shows the hourly frequencies and
percentages for each of five stabllity eategories.

The teamperature-differences were divided inio
five oategories: superadiadbatic, dry-adiabdbatic, lapse,
isothermal and inversion. The dry-adiabatic lapse rate
in the lower boundary of the atmosphere approximates
Sel4 F per 1000 feet, Therefore:

TLL HT = 122 feet, Lry-edlabatio I;bao
Rate = =0,0588 =04 TAL HT=325 feet. Lry-adiabatis
Lapse Rate= ~1,755 =-1.8F THL HT=203 feet. Dry-adiabatio

» Doflnod in Convention and Symbecls pp tux.
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Lapse Rate = =1.096 - 1,17. .us superadisbatic lapse rate
is less than dry-adiabatic lapse rate. rbbilnpad 6ondi-‘
tion is greater than =0,7F and » ss than 0,0F. The
fsothermal lapse rete is equal to 0,0P and the inversion
is érontor than OLOF.

Figure 17 arows the hourly frcquodcioa tor the
atability cutogori‘u. The requirement for a apooitie 
'tomporaturo difference for the dry-adlsbatic and lsothermal
eategories roiult in a lower frequency of ocsourrence,

There is im the TLL data an apparent six hourly
cycloior frequencles in the nuporadlabatio'and inversion
categories. The aup&radiabatic bullds up to peaks at
0600, 1200, 1700-1800, and 2,00 local time then falls
rafpdly. The fluctuations in the inversion eonditions
have peaks ogcurring one hour later and deerease gra-
dually, The major maxima of frequency of occurrences in
these peaks occur when ohe would expeot them; 1206 for
the supsradiadatic eonditions and 0700 for the inveral on
OQnditibnl. This feature needs additicnal investigationm,

The lapae sonditions show an 0700 and 1,00 trough,
otherwise they sre spread throughout the day with the
maximum ocourriag during daylight hours,

THL instadbility ia largely attributable to the
presence of superadiabatic econditions, 40,9 perecent of
the time during daylight hours and the maximum of 66
occurrences at 1300, 1he superadlebatic econditions drop

off sharply at 1600 and continue through the night
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averaging 22 occurrences for each night hour.
The THL dry-adiabatic conditions were diapersed
over the twénty-foUr hour period with a maximum ocour-

ring late afternoon-early evening.
The THL lapse condition shows a maximum during

the nocturnal period with an approximate average of
thirty ocourrences t>r each hour. XNoticeable is a
minimum numbsr of ocourrences during the superadiabatic

maxioun.
During night time an average of tw hourly THL

isothermal conditions ocour over the sampling period
with none during daylight hours. <lhere also wae an.
absence of inversions during daylight hours with a maxi-
mum frequency of twenty-six hours at 0400 and twenty-five
times at 0700. The occurrences fall off sharply ffom

0800 to none at 1300.
The temperature differences over the iAL interval

show the lapse to be the predominant condition. A slight
maximum occurrence during the evening hours and a wini-

wum during the period 0400 to 0900,

The TAL inversion catsegory shows no occurrunces
from 1400 througn 1800 with maximum ocourrences at 0700,
1'hs frequency of occurrences drop off rapidly after 0900.
Dry-adiabatic conditims have the same configuratim with

maximum frequencies during daylight hours.
" Table 3 giving the durations of superadiabatiec

and inversion oonditions also shovs THL to be most unsiable.
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AV:iRAGe HOURLY TeMiERATUR. CiFZ?eRANCLS

The averages hourly temperature difference curves
for the XMOX 1V Tower date are shown ln figure 18,
Four hourly observatlons were clmcarccé asz being in

error because ¢f extrenely high valuess ,
: Station Station

11 Ceceioer OQBO THL  19.4 F‘ 053/10 06&;15
28 Decewber 1302 TLL 19.9 F 0O44/0L  146/06
2 February 0609 TLL 19.4 F 096/06 MSG

13 February 1100 TLL 1.4 F 312/15 277/13
Poallbly these were due to a smoke plume engulfing the
tbornohd unit. The wind direction wus not the sire
in all cases, ruling out the sxoke cominy from one
source,

| The TLL ocurve and its refleotlon of the 1AL
curve c“oes not portray a systeumatic progression of
tomp;rnturo-difforonooa tnrough the daye 71he maximum
posltive dilference occurred at 2000 ratuer than at |
lunfl;c as one would expect,

The THL ocurve shows a normal hourly pro.ression.
¥rom 0000 to U700 increasing stapllity atter sunrise
anreanlng instabllity to & maximum at 130C and gradual
increase in ntub;llty thereafter.

The only conclusions one can draw from tiuls are
that tuere is incressed instavillity in the THL oconm-
pared to the TLL. Since TAL is an additlcn of TLL and
fBL, it represents a s:wothing of the TLL ourve by the

THL. No specific relationship ocan be determined,

46
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TUNsR LAPSE KATn=CUNCENTRATIONS

The sulfur dloxido esoncentrations at various
sitea were examinud to determ.ne thelr relationship
to the tower temycrature=~dli!ferance accord.ng to the
five lapse rate categorics descrived ubove in the
vertical temperature differences section. The per-
centage frequenclies were determinud for concentzations
cutegories egual to or greater than ,00 less than ,01 PPH,
equal to or groat;r than 0l less tnhan «V3 PPii, equal
to or greater than ,u3 and less than (0f rPii, and griator
than .05 PP and tne averuge concentration (microgram
per cuoic meter) for tane durstion of vacn lapse rate
conditlon,

As a 1irst approacn, one would expsct muximum
concentretions to occur with au stable lapse rate; pri-
marily with an Lnversion, secondarily with an isothermal
condition., 2The lupse rate ocondition versus sulfur
dioxide concentrations were computsd for each aite using
the three temperature-dirferesnces =vrasured on tne tower,

1ne averaye slte concentrations fur each Mk yer
lapse rate were then examined for conforaity to the
"Claasical Thecr,". ine deviatin, and eonformir,
sites were plotted on oharts . sce if there was an
areal dlstribution of the avnormalities (figures 19,
20, 21, <2, 23, <4). Only sites 13 ana 22 conformec in
all cases. Site 22 ls located in the floca plain and

site 1) is located on hign ground,

e
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On exanining the anomaly charte, we find the
TLL Chart (figure 22) shows the greatest number of
deviatione. The deviations are dispersed througliout
the sampling area. Thus, there is not an apparent
topographical reason for the deviations frouw the
"Classical Theory”.

The [iHL and TiL snomsly charts (22) (23) show
a rolitlonship with the topogra hy. None of the high
ground stations sre displayed on these charts. The
chart shows the THL anomalies occurring mostly in the
northern flood plalin sites and TAL snomalies st the
;outhorn flood plain sites,

The maximum concentrations occurring during
other than stable atnos:heric conditions would indicate
that the "fuwigation" process is of considerable
inportance at these gsites. This 18 fur . -er iup;orted
'by the greater number of deviations with TLL. Thus, we
would conclude at selected sites, aore sulfur dioxide
is collected during unstable conditions. The .HL and
TAL sre equally representative of "Clsssical [heory".

xanining extended lapse rete conditions, Table
3 shows superadlabatic and inversion conditions lasting

ten hours or more,
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TEMFLRATURE DIFrBRBEICES AMUX TV 1GWER
V3. Mi33is.iPPI RIVeR BOTTIUMS

Arnold (1) mentions the difference oetween tem~
perature scundings, made with a wWiresonde Set AN/UMy=i,
at the WEW lower in the [llssissippl River bottoms and
at the KMOX TV ‘Yower, The WEW Tower is six and one~half
miles slightly south of due east trom the nMOX IV lower,
it 18 located at the intersection of Bunxum Road and the
Harding ditoh., Lhe ground elevation at waw is 415 feet
MSL. An analysis of Arnold's data covering the period

September 6 to November 30 is snown on Table 4.

Tabls L. Comparison: .MOX TV T'ower exoeeds
. WEW wiresonde Temperature

September &, 1963 to November 3V, 1963

Level Feet Sunrise Sunset
455 5% 56%
125 J5% 60%
GMND L3% Lu%

- Osctobe Ty 1963
LSS 78% sy
125 92% 674
GXD ‘ 62¢ 71%
November, 1963
455 79% 66%
125 87% 66%
G¥D 32% BL
__Total Qbservation Period
45S 63 58%
125 96% 663
GMD L6 s50%
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Arnoldé determined the helght of the kytoon by
sighting 1t through « clinometer and then reading tuse
helght from a table supplied with tne wiresonde and
adjusted for five percent altitude loss due to mooring
ocable sage. Hls lowest azcent was 800 fest, This ex-
perience of the author of tnis thesis lndicates a one
degree error with a clinometer sighting is quite feasible.
inerefore, at 800 feet and with a 2,200 feet mooring
capble, the sighting error would result in approximately
38 feet altitude error or a +0.,14 F. This 1s only
slightly higher than the AMUX TV waor temperature
error, anc well within Arnold's calibration sheck, a
deviation of plus O.4 F with a thermograph one-half
nmlle away, |

Tnis indicates that tnere ls, as one would ex-
peot, a diffsrent vertical thermal structure vetween
the central oity versus the flood plain interurban area,
Because of & possible mean error of plus .04 F we can
only consider this as an 1pdicator and attempt to draw
some inferences from it,

In the winter witn tne wind vlowing heated air
from the centrel city, one would expeot stablization
of the boundary layer uf the atmosphere, resulting in
more stable conditions in the suburban areas, -

Also analysis reveals on only four coccasions did

an isothermsl or inveraion ecndition not exist at sunrise
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and sunset at the KMOX Tower. Tvo times during the
period there was pot an inveralon in the 1KMOX Towor,
while one existed at Wk, and on one occasion an

{nveralon exiated at AMOX and none at Whkd. The 1ln~

versions at WLEW werse generally stronger than at KMOX,
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WIND DIRBCTION ANDL SiAplLI®Y

The complexity of the air pollution problem be~
comes more evident upon examining figure 25, Lntered on
the chart is the; wind direction, lapse rate conditions
for the THL and TLL, and strength of the inversions,
site cvoncentraticvus per oonceﬁtraticn-dc;. zpan and
median concentration for tie sampling period, and
directions rr99 which maximum eoncentrations oecur,
ihe day of the week is entered since a possible deorease
in industrial activity over the week end would cause a
decrease in concentratio:, 1lhe stubility category hour se-
ctions were divided into THL on the top half and 1LL on
the bottom half, The inveralon category was furthsr
classified according to intensity. A bar covering only
the lower one half of the layer's portion nigniriba a
weak inversion, i.6. less than plus 1.0 Fo A bar
covering the entire layer's hour portion waas used to
indicate a strong inversion of plus 1.0 P or greater,
The eoncentrations have units or.PPhH to the nearest
tenth of a PPHM,

An inversion of ten hours or more was the ori-
teria for tbe 1listed days with the sxeeption of
January 16-17 and February 2-3. Site 2% experienced
the maximum concentratlon collected during the sampling
period on January 16-17., February 2-3 was nrbitrﬂfily

selected as a week end day with a minimum of inversion
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! ocgurrences., Kote also at the extreme right of the
ochart, the concentration day, Lecember 3l-January 1,
is ocut of calendar sequence,

In the following discnssicn 1deal obnoltlons

| will mean a stable lapse rate and wind blowing from
the dlirections listed in Taole 2, station i (the winds
recorded at the 127 foot level ut the TV Tower).

- 9pProper" will refer to winds blowing from pollution
source regions, and 'poor" or "wrong" r;{or to winds
not blowing frou pollution source rogioﬁu &8 analysed
before.

Considering Site 35, we find 1deal stability
and wind direoction during the sampling perliod on De-
cember 25~26, jat we note the concentration is
exceptionally low for the site, On January 4=5 with
virtually the same conditions as above, we note the
maximum coneentration of the iumpling pﬂrlod ocourred,
Henoe we must know what is osourring at the potential
sources, Poussibly the prime source, for sulfur dioxide
at Site 19, was shut down for the Christmas holiday.,

With Site @9 under & strong inversicn and proper
wind direotion, we note ths vccurrence of‘tnc pericd of
maxi mum cuncentration on January 7. On Jmuary S5 a
1LL weak inversion and pooi wind direction produced a
concentration lower than the mean, Jmuary 17 with
the wind blowing from the source region and under pre-

dominantly lapse condliticvns, we agaifi realize a

e
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eoncentration above the meun. On December & snother
variable is injeccted; stuble TLL and unstable THL
oceurred with a concentfation of JVe3 PFdii. .o coODnocen~
tration of 04,3 FPHM ia measurod.on January 4 and 16,
Here tne winds are still {rom the wrong direction, but
more stable conditions prevail., Under these varyling
eonditious, aqual soncentrations occur, %These were

not 1deal conditlions ss on Jamusry 7, &né as & oonse~

-

5o
v

quence, not as high concentrations,
Tne maximun cuncentration of Y.z PPall at ciio
40 ocourred 1n a sample collected Decemcer 74 and 25,
not shown on the chart., Tue wind direction durling the
twenty=four hour perliod waes favorabls und there was a
strong THL and TLL invers on for five hours. It is |
possible that tnhe bulk of the sample was collecfod
during this short atable period. The second highest
concentration ocourred Decemoer 3l-January l.! Here
THL indlcated a varlable weak to a strong inversion,
The wind direction was favorable, ocming first .¢om
the northeast quadrant and later awinging to the
southwest quadrant, Both were shown previously to be
conducive 80 high concentrations (figure 16), February
10 the winds held predominantly from the northeast
quadrant with a weak inversion noted in TLL and THL
walch was mostly unstadble. The resulting concentration

was higher than the msan of 1.7 PPhHk. January 4«5
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shows & strong inversion lasting for fourteen houras
and & TLL inversion for twenty-three hours, of whish

ten houra were strong inversions. A maximunm of plus

S¢9 F was recorded for 1AL at 0800 on the 5th with
THL maxi mum of plus 4.8 F. The winds were generally
proper with e concentration well uwbove the median and
mean concentration. it appears that oconditions in
general were mre ideal tban on December 2i;-25,

Investigating the twenty~four hour sulfur

dioxide concentrations at site 25 we find a paradox. The
muximym eoncentration occcurred on January 17 under pre-

dominantly lapse conditions, with the wind dJdirection .

ooming from the aresa of maximum pollution as determined
by the ;ollution rose, Concentrations eolle cted on
January 13 under ideal oonditiona for site 25 ylelded
twenty-four hour concentration of 7.6 rPHM; this was
less than the maximum econcentration for the sampling
pericd under lesa than ideal conditions. Jasnuary 19
and January 20, site Z5 oconcentrations were 5,3 and
1,1 PPdM respectively, not shown on the chart, Por
the January 19 sample TdL reccrded seventeen hours of
1npie. one hour superadiabatio and six hours of weak
inversion. THL at the same time reported four hours
dry-adiabatic, three hours -upqrndiabatlc..sovon hours
lapae, and seven houra of continous inversion 4in
wnioh three hours were strong inversion. Winds were

generally proper holding from the south,

-
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The January 20 concentration day shows 1LL
eonditions to bo:}onc hour weak invers.on, one hour
{aothermal, sixteen lours lapse and six hours super-
adiabatic. 17HL ocondltions were; ten hcurs lapse and
fourteen hours superadiabatic. wind oconditions were
proper for only twelve hours,

Lecemoer 5-6 shows ideul eonditlong and we find
& neglilgivle ooncentration, Thus, there ia agaln an-
other factor~-most likely tue pollutant svurce. 1his
dramatioally polints out the necessity of carefully
examining all factors involvea: the emount of emiassion,
transport of pollutant, atmospheric stubility, and the

chance of possible error in sample analysis,
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CORCLUSIONS

l, A comprehensive investigation of alr pol-
lution problem requires; an intimate knowledge of the
emiasion sources, the pollutant samples of a ashorter.
time duration than the twenty=-four hour sulfur dioxide.
lampIQ used in tals theslis, and knowledge of what is
occurring in and atove the first five hundred feeot
above the surface,

2o The data on lapse rates and concentrations
indicate stronger average concentrations occurring, in
pany oases in other than stable conditions. ‘lhLoese re-
sults are certainly subjeot to question. The assumption
that the pollution was uniform throughout the twenty-
four hours is questionable since a diurnal variation in
the sulfur dioxide concentration has been snown in tne
studies by Schuememan (27), Murino (24) in the 3t, Louis
ares, also at Nashville (37) and Birmingham (18). In
the 3t, Louis area the samples used by Murino and
Schuememan were taken in the source regions, thus some
other dlurnal variation maey ococur in remote sites.
Regardless of the errors that may oe introduced by the
agsumption, it would seem that the large number of
cases showing maximum concentrations ococurring during un-
stable conditions show that "fumiyation" is an important
process in the St. Louls metropolitan area, The maxi mum

average concentrations were indicated for all sulfur

54
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diomide sites, aubove 500 foot MSL, during stable sone
ditions at the 1HL (figure 20). The THL u_p.urs to
fulfill the "Classlicul Theory™ for sites above 500
Loet M3L,

| 3. The pollution roses based on wind data at
station 4 (Table 2) indicute directions fron‘umich
maximum concentrations originate. The dlroctibna in-
dicated for the twenty sites in this atudy (flgure 16}
appear to be realistic. witn samples of suorter gura-
tion, these will be further.refinod.' Stetion 4, the
towsr's lower snemometer, seemod to ve most representa-
tive when compared with the other four wind stations.

Le KMUX IV lower temporuture differences ‘show

. possible man-made six huur periocdie influences on the

iLLe 7The THL was saown to be mcre unstadle than 1iLL.

5S¢ Analyals of Arncld's (1) cata sbows a dife-
ference in the vertical thermal structure between the
EMOX TV Tower and the Hisslsslppi River flood plain
during the i1l season, and this author feels this
would be accentuated in winter time,

6s There wss no build-up in the pollution
level inaicated during the longer stable periods. Such
bulld ups would be more typlcal of fall when there are
stagnation perloas laating for as lony as five days,

T+ The singls twenty-four hour samyle of the

sulfur dioxlde concentrat.ons is mors appropriate for

an air quality study than for u meteorological investi-

gation,




SUSGESIsD FURTHER RESEARCH

le Very little data have been publighed re~
garding the vertical thermal structure over urban areas,
The ahort three-month perlod sug.ested & periodie

~character in the TLL, Since it was held to 0600, 120v,
1800, and 24,00, this may be a men-made infiuence., The
reason for tais phenomenon should be determined,

. 2¢ Kytoon or simller tempersture measuring
Sechniques should be usged 1in differsnt locngicas ia
the urbvan area, This would allow determination of the
atmospheric stabllity ubove the tower and help to in-
terpret fumigetion situations.

’ 3. Thermsl mapping of tne atmospnere and
ground sufface in metrcpolitan St, Louls would determine
the center of tne heut ialend and thermal variations
across the metropolitan ares. 7These variationas may be
reladed to pollutant concentrations,

4o Sulfur dioxide snould be sampled in the
fall so as to include a prolonged period of stagnation,
Partioular attention should oe given to examining pol-
lutant build up over the atagnation period,

Se¢ The inter-relationships betwesn broad scale
synoptic patterna and metropclitan vertical temperature
struoture should be inveatigated.

6o Tower wind gustiness and pollutant concen-
trations, wind direction flucuations and their effect

on sulfur dioxide concentrations should be examlned,
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7. In the St. Louls-East St. Louls area
wind observations in the Mississippi River flood
plain should be made., Under stable conditiona.*

there could be significant differences.
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PENDIX A. SULFUR DIOXIDE NETWORK

APCA RECO/MENDED STANDAERD METHODS OF N4
CLASSIFICATION
te Zone Sources "Wwbirection Ac
i
L FF 2 steam generating power plants ! N Ir
1 chemical plant ! E Ir
Several industrial and commerclal power plants S S
i W C-.
] BD Low income residential area : N Re
Consliderable space heating accomrlished with E R¢
hand fired units i
Small heavy industrial area spproximately | S Re
1/2 mile away s W Re
3 BF Industrial power pfénts approximately 1/3 mile N S
away in east to south quadrant | E Re
F S Re
l W R¢
1 AE Commercial and industrial activity 1/3 mile in N ﬁc
E Re¢
S Re
w Re
3 CE Commercial activity to north and east TN T e
Resldentlal to south and west E G-
8 Re¢
w Re
5 AA ) N R-
E R¢
S Re
w R«
9 AA Shopring center 1/2 mile south N R
E R:
S R
W R
9 AA  Chemical plant 1/2 nile west N R
Cement plant 1/2 mile south 5 R
S, R
w R
2 FF B N I:
E I
S I
W 1
4  AB  Pover plant 1/3 mile southwest Y
Mixed industrial 1/3 mile east E R
S Re¢
SR R B} W 34
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NARRATIVE CLASSIFICATION BY DIRECTION FROX SAMPLING STATION

ion

Activity

Industrial

Industrial, commercisl and storehouses, Mississippi River 1/3 mile
Storehouses and industrial

Commercial and industrial

Residential ’

Residentlal and commercial, with industriel ares approximately
1/2 rile

Residentizl and commercial

Residential

School and residential

Residential, with industrial 1/3 mile awsy
Residential, with industrisl 1/3 mile away
Residentinal and commercial

Residential with commercial and industrial activity 1/3 mile away
Residential _

Reeldential
Residentlal with commercial and industrial activity 1/4 mile awsy

Coxmerclial
Cozmercial
Residential
Regidential

Residentlial
Residential
kesidential
Residential

Residential ¢
Residentlial

Residential with commerclal 1/2 mile
Regidential

Regidential
Regidential
Residential with cement plant 1/2 mile south

Residential with chezical plant 1/2 mile west

Industrial
Industriel
Industrial
Industricl

Kesidenttal with commercicl 1/3 mile
Residential with 1ndustry 1/3 mile -
Reesidential with power plant 1/3 mile
Resldentisl :

1> &




ypendix A continued

APCA RECOMMENDED STANDARD METHODS OF

¢

CLASSIFICATION |

.ts Zone Sources - T Direction
6 FF  Large industry but not heavily developed N
E
; S
| W
.6 AA  Heavy industrial 1/3 mile southeast E N
E
S
w
8 FB Industrisl west, residential and commercial 5 N
east E
S
W
12 AA  Chemical plant 1 mile north h N
E
, )
6 AA N
E
)
L]
8 GG N
E
S
w
0 AB Heavy 1ndustrial 1 mile south o N
' E
; )
f w
Y AG i N
r E
| ]
! w

8 AA !

.k
§ S

e i i w__
0 AA N
E
S
W

~ e

Y Svt e -
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NARRATIVE CLASSIFICATION BY DIRECTION FROM SAMPLING STATION

Direction

Activity

Industrial

Induetrial large industry, not heavily developed
Industrial _

Industrial

Residential

Residential

Residential with some heavy industry 1/3 mile
Vacant land '

Industrial-regidential
Residential-commercial
Induetrial-resgidential
Residential-commercial

Residential with commercial activity 1/4 mile - chemical
plant 1 mile

Resldential

Residential

Residential

Residential
Residential
Residentiul
Residential

Rural

Rural-residential 1/2 mile
Semi-rural

Rural

Residential

Residential

Residential-heavy incCustrial 1 mile
Residential - apartments

Rural
Rural
R2sidential-rural
Rural

Residential
Residential
Residential
Residentisl

TUMZ M2 (Z2uom=2 |[fEumz2 | fomz 2um=Z [ Z2um 2 | f2um=Z | 2om=Z [z

Residential .
Residential
Reeldential
Residential

"
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Appendix A (continued)
Sulfur Dioxide Network
Classification of the Area

The urea served by each Jar will bte classified
according to the charscter of ‘urbsn activity 1n
the vieinity of the station. The type of activity
within one quarter mile of the stetion will determine
the primary classification. A secondary clessifica-
tion will be determined by the tyne of activity
w!thing one-half mile fror secondary classification,
such as Zone AA or AT etc.

Note should be mede of amy major source or
gources of sulfur dioxide discharged within one mile

of the station.

The areas will be classifled es follows:
Zone A Residential; low density (leass than
ten units/acre end non rural).
A dwellin unit= one family occupancy

Zone B Residential high density seven to ten
units/acre

Zone C Commercial neighborhood
Shopping district

lone D GCommercial centrsl district

Industrisl low air vollutlion rotentlal

Zone E
Zone F Industriel with air zollution potentisl
Zone G Rural one dwelling/five acres or larger

ares
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' APPENDIX B

'S02 POLLUTION ROSES 4 1
CONCENTRATIO% FREGQUENCY=-PERCENT TOTAL HRJ

WND = PPM PP PP GREATER TOTAL AVG
- LIR «00=¢01 ¢01-e93 «03~e05 THAN W05 PERCENT UI5/CU M
. N . 305 le711 24689 1e466 6el73 ,a.687.
" NNE - <244 “e366. e 733 &89 148373 5eN97
- NE . 244 27 122 4183 - 9977 3,403
"ENE 488 . 244 0,007 e183 916 264729
E . le344 1475 e395 14161 4Le217 3.’!5‘3.
. ES[‘. - o183 0488 ouf)l D77 10711 51153
- SE ‘0.000 24750 0122 lel61 4eQ34 44491
¢ - SSE - e3C5 1.589 e 3656 16222 . 3e4Bua 5521
5 " e6T72 3.,056 2567 HeB 27, 17.819 6eNL 2
88w 427 e915 e 244 5012 Eebt] £e4533
.84 e122 «733 122 24261 34232 94360
CUWSW. o 82T «855 el22. 1e955 3e361 Te815
W - 36309 44951 o427 LeS R4 134264 LeBULE
WMNwW 3e0156 3eb22" e 366 26261 - S4107 34758
N/ l.650C 44645 «£59D «G77 Te323 2eE45
NN #4277 249375 14283 e611 54317 3,760
~ CALM CeOXD 0244 183 - o061 - 483 €e139
TOTAL NO. VALlD HCURS lﬂ TIME PERICD 1636 -
! sC2 POLLUTIOV QPCEC 4 2
P - COMNCEMTRATION FREJUEHLY=-PZ "(E.T T'TaL hPC'
’ WND . PPM PP pp G“Eﬂrﬁo TOTAL AVG
DIR ¢00=e31 eC1l=eT3 403=425 THAMN 05 PEQCE‘T UG/CU ™
N e611 2576 le711 l 053 Gel84% L4457
NNE . el27 101":‘ 1,587 oé?g 5e78&7) ’&.2'?"4
NE «e183 = G483 0193 511 letbg Se374
ENE 0552 e375 e122 e55n 16529 4,123
E le344 lel5bl 0172 915 3o bt 24757
ESE 1.283 e 9 1A o0l 0?27 26807 24060
SE ' .‘794 3.3729 122 letnt 54623 | 2,547
SSE e672 24135 14739 2,261 6ell?> R, 2p=
S 488 2elslity l1ed34 56745 108574 HeBR1
55w e183 letso5 0427 Sel2y Talbl BenE A
Sy e325 o754 e 32% Loty s)D . HSeR67 ReTHAH
WSW o427 le283 o427 25026 LebHB Ten54
W ‘14833 34973 572 Y o) 106880 5,286
WNW 36300 20628 o 244 le772 TeG44 ,.Jas
MW 26261 L4217 o572 2ol 45954 0759
M 26872 4954F 16772 lelbl 10452 7.P5\h
CALM Nen0N Denn e122 o288 s484 4447

TOTAL MOe VALID HAURT % TIME DED DD 1624




APPENDIX B CONTI

[ § ey
S02 POLLUTION ROSER 4 3
CONCEMTRATION FREQUENCY=PERCENT TOTAL HRA
. WND PPM [=F=1%] PP GREATER TCTAL
DIR «00=ef1 e21=673 o03=eC5 THAN 055 PERCENT
N 0211 2.824 34219 0823 66779
NNE 0353 «538 eBu7 eG4 34036
NE 6211 0423 0282 . 422 le34]
ENE 1.059 0776 D007 775 2612
E le341 847 211 le412 30813
ESE 282 918 NelO? 14759 26259
SE 0494 2.118 «211 14229 44025
SSE ek 23 le90C6 l1e053 B 60073
5 0847 14836 20189 116511
Ssw ¢353 «918 270 50296
Sw 0282 0918 0353 44237
WSW o070 353 282 34177
W 1977 3.248 «211 9.039
WNW 34107 3,319 e353 94392
N 3,248 belDT «211 12.072%
NN .988 2754 169056 66697
CALM 0e709 14200 0282 14977 34460
TOTAL MNGCe VALID HZURS I TIVE PERIID 1616
S02 PCLLUTIOM RCSES 4 4
CONCENTRATION FREQUENCY=PSRCENT TOTAL HR5
WD PPM PP PPv.  GREATE? TOTAL
DIR 470=001 e71=6¢"3 o03=405 ThAM "5 PERCENT
N 1-032 36157 2e185 1e63% Be0ly
NME 728 16457 e300 371 34460
NE 1e335 1,092 " 6303 667 34470
ENE le214 «728 "elB2 1le032 36157
E e 546 o667 o121 s 607 1.942
ESE e182 14639 NelD 0364 "24185
SE o425 20489 e 242 971 44122
- SSE o425 24428 letss7 1e750 50010
S 850 263567 1e27¢ Se77% 144268
SSwW 60 971 e182 beblh 5e8285
Sy 0121 len32 242 betlu 6e01C
WEN le821 2e357 o2h? 287132 Telb4
B 2185 Le735 7285 0217 10868
Ny 1092 34035 o242 e 50343
rivd le214 14214 el2n 0787 3 o6l
NNW l1e396 1e%42 2eGH 16375 7e164
CALM 0eNN72 16457 len32 lel53 3e642
TOTAL M2e VALID HOURS 1'% TIME DI217D 15647
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MUE

AVG
UG/CU o
46208
4eT1T78
46923
36149
348619
5084
3,946
54718
64887
Gelh2
8e£32
GeNB9
54387
LaD15
26942
34784
64528

VG )

UG/Clie
34,9456
44070
Ze953
3479¢
34363
360482
349785
L6531
SeN24
Be559
BeSARR
54716
Lehy
34275
34318
34865
502“&
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APPENDIX B CCNTINUED
$02 POLLUTIOM ROSES 4

“WND

N .
NNE
NE
ENE
E

ESE
SE
SSE

S

.- SSswWw

s "Q‘l .
wWeW
v
WNW
N

“CALM

DIR

NHV

PP PP PPt GREATER TOTAL.
eC0=eN1 oN1=e"3 o"3=e05 THAN 05 PERCENT
«307 26338 2030 1784 50461
0246 e561 14169 e 73% 3.01%
0246 0123 o245 ° 7327 1+353
0615 3.3?0 3'33: ‘10230 108“6
553 Je020 0123 e300 le 756
2184 4123 34000 492 $ 799
0246 16046 . eC61 o861 | 26215
e 246 2e461 1353 2400 hets61]
14169 26215 14532 2123 1340456
«307 e515 «307 21,753 Le3B4L
. e430 e 8737 s 184 14753 T he TV
14292 24038 «1232 2546 He(12
24461 44051 e3273 4e245 1leb672
lel7 2535 e 154 1e415 G4e13%
lea756 l,415 .ZQb l1el6% 4;3;7
1723 24030 1e252 0223 56969
ne0NG e 25h1 Se0" o124 o245

_,CONCENTRATION FREGUENCY=-PERCE

TOTAL NOe VALID HOURS

5

NT TOTAL HRS

j'1 TIME PIZIRICD 1625

z

AVG-
LG/CU o
40395

T 4361

656115
5953
40392
4e923
LeT733
Se220
64617
5eH15
94312
56215
4eB05
447173
34E37
34437

Tel56
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APPENDIX D - : : :
: PERCENT OF LAPSE RATE PER HGUR OF DAY
. FREQUENCY OF LAPSE RATE PER HOUR OF DAY
HOUR  SUPER DRY "LAPSE J1SOTHERMAL INVERSION
. - ADVABATIC AUIABATIC : e
127-249 FOOT LAYER . ' -
L -3 ) 18 : 4 - 61

1 -
«145 04000 o875 194 20966
-2 R 2 20 : 10 50
194 e 097 «972 " «486 C 2e431
3 4 3 25 : 7 47 '
0194 o145 14215 - ,34C 2e28%
4 : 6 1 3n -5 44
o «291 0048 1,459 0243 26140
5 N : 2 39 6 31
¢340 « 097 1896 «291 14507
6 10 .2 43 6 24
_ o486 o097 2091 «29 lel67
7 5 c 12 , 5 ' 63
e263 C.000 583 0243 34064
. 8 -5 -2 .27 7 H4
' 0243 eN97 . 14313 e340 24100
9 .10 N 34 12 29
‘ehB6 0000 1.653 ~ «583 lettl0
12 _ 10 2 . 51 -3 19
o486 097 20480 ' «145 « 824
11 11 4 57 . | 13
535 s 194 20772 « 048 e632
12 . 21 U 45 6 : 10
1e021 ' 194 2.188 : «291 s 485
13 b 4 - 44 3 31
’ 0194 .194 2.1472 oll"5 10507
l1a , 8 5 46 ) 21
‘ 389 0243 24237 «291 14021
18 9 7 473 7 20
oa37 ) .3“0 : 2.391 0340 .972
16 o 11 ' 6 48 - 12 11
 #535 0291 24334 AT 5135
17 17 1 44 5 19 :
,"326 e« 48 28142 e203 e 924
18 _ 17 Z 693 £ : 15
«B26 TeN0 26383 «243 «729
193 -2 . 21 é 58
.597 ."&8 ‘OT?.}. 0791 2.723
-2 3 " 2% 7 : 47
o145 T o35 les12 0347 26285
21 ' 4 1 32 11 38
+ 134 T8 le™56 «535 1e848
22 5 1 T e 15
2473 on4n l1e772 437 1e712
23 - 7 2 22 7 31
e 347 o7 1e%0.8 0349 1527
24 11 3 3q 7 P8
+ 535 e 145 1e3%6 340 le2864
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APPENDIX D COMTINUED
249=452 FOOT LAYEPR o ‘
1 27 9 29 4 18

10313 o437 lats59 o194 . 0778
2 18 : 7 43 2 19
875 o347 le%45 097 0924
3 25 : 4 31 3 23
le215 - 0194 le527 o145 l.118
4 27 - 6 - 32 2 2
: e 972 0251 le556 «0G7 1e264
& 15 8 37 3 22
o723 ¢339 107')9 145 1,079
6 25 6 31 . 3 20
ls215 0291 105")7 0145 0972
7 26 9 24 1 25
1.264 o437 10167 u“’_‘*g 10215
e 3 3 27 2 23
10459 el45 l1e313 «357 10118
9 33 6 24 4 18
10665 0291 1.167‘ e 154 0875
13 : 38 9 25 2 11
' 1e848 o637 lel15 «NH7 e535
11 D] 1z 32 : 1 4
. 10(5914 .[.‘?-6 1.“:? QCAQ -.196
12 55 12 16 1 2
24675 »383 e778 Y 8037
13 &5 7 13 o N
24217 e 247 05272 Ne N0 “eTN"
14 61 9. 15 N 0
2 eGhHb 137 7789 TelNC SelHN
15 52 la 20 i 0
. 26529 o530 e 772 Nel"C "eCIN
l¢ 61 ] 17 o 0
ceGts e 287% 0324 Ned2N "o 0N
.17 46 14 25 r: 0
. 26227 eH 372 lelfis T Te TN
10 45 7 27 2 7
- 2e1RK7 0" le?12. Nentn s 347
12 22 14 31 » -9
' le5%¢ o HETD 1e377 NeTN70 o432
27 cE 1 EX 2 12
le261 0436 le0BR 7 e5873
1 18 12 44 1 M
e ETE o283 2elln e DL «e535
22 27 G 35 1 13
le212 o 27 le772 N4 H o537
23 2t 1”2 23 1 1%
l1e215 0156 leA75 o4 «77A
A 27 7 32 z 128
1213 e342 1e356 .0a7 e375
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" APPENDIX D CONTINUED
127-45
1.

0
04000
1

0048

0

04000

- 0

0000

2
e097
2
«097
0
0000
1
0048
0
04000
.2
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8

¢389
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«583
5
e2473
7
e3490
4
0194
3
e145
£
0387
1
eZ48
1
o043
n
Te700
1.
4B
2
237
5
«243

66
3,210
63
3064
59 .

2869

55

2675

54

26626

56
24723
54
2626
.56 -
26723
54
26626
59
24869
&7
24918
43
24C91
60
24918
69
2,918
62
3,015
67
3.258
72
24801
60
20718
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36550
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APPENDIX D CONTINUED

AVERAGE LAPSE RATE PER LAYER

LAYER 127 FTe TO 249 FTe =4229 DEG F,

LAYER 249 FTe TO 452 FTe -4670 DEG F.

LAYER 127 FTe TO 452 FTe =4899 DEG F.

THE FREQUENCY LAPSE RATE CONDITION PER LAYER

THE PERCENTAGE A LAPSE RATE CONDITION EX1STS PER LAYER
SUPER DRY LAPSE ISOTHERMAL INVERSION

. ADIABATIC ADIABATIC

127-249 FOOT LAYER

194 53 . 869 155 785
9435 26577 424266 - 7538 38,1890
249-452 FOOT LAYER
841 210 675 '35 295
40904 10214 - 32,830 le702 14,348
127-452 FOOT LAYER o
210 73 1454 11 308

104214 34550 706719 535 14,989



