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A methodology for the stuay of the air pollution

potential of an urban aren lg described through the tabula-

tion of causal nsnioe snd a2 narrative presentation

of the interdependence

tration of undesgiras]
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are climntology, pnysical
characteristics, poliiutant 2ources, cmbient ailr surveys,

and data reduction and presertntion. Application of the
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demonstration of 1.s usefulness in the collection, analysis,

and presentation of air

data. Many tables, figures,

and maps are inclucded to 1llustirate concisely the methods

o

and results. Afirflow arocund buildirgs is described in the
appendices and sevenivy references are included for verifi-

cation and further study.
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I. INTRODUCTION

Well established interrelationships in the study
cf air pollution parameters are not always easy to apply
in practice to county, city, town or other geographical
area because of a lack of gquantitative information. The
objective here 1s to investigate the Iinterdependent nature
of several of the most important parameters, list casual
relationships for easy reference, and suggest sources of
data which currently exist as a consequence of man's de-
sire to characterize his environment in terms of numbers.
The methodology, if it may be so termed, will be summar-
ized and then applied to the city of Austin, Texas, to
demonstrate its usefulness and limitations.

In broad terms the topics considered will be
these: climatology, physical geography, city climates,
cultural characteristics, and pollutant source descrip-
tion. 0f necessity, ambient air surveys must be included
and it seems useful to suggest methods for reduction and

presentation of data.



IT. PARAMETERS AND INTERRELATIONSHIPS

Locel Climatology

Climate is a composite or generallization of the
day-to-day weather giving averages, trends, ranges, and
deviations in such elements as temperature, winds, preci-
pitation, humidity and sc on., Climatic parameters usually
change gradually with horizontal distance traveled, where-
as weather may change frowm rainy to sunny within a dis-
tance of a few yards since there is no averaging time
involved.

Concentrations of unwanted gases, solids, aero-
sols, smokes, mists, and fumes in the air are directly
affected by the amount of air available for dilution, the
mechanisms for mixing within the air, the speed of trans-
port from the source to the receptor, the mecnanisms of
cleansing available, and the mechanisms for chemical-
phnysical interactions. Source emission levels are also
dependent on climate, as for example, the need for space
heating (combustion products) in the winter. Ceneral

meteorological effects on alr polilution are given in

N



Table 1 and specific effects are ocutlined in Table 2.
Types of inversions are descrived in Table 3.

Meteorological data are collected at stations
all over the world. Locai climatological data are avail-
able for cities In all fifty states; in Texas nineteen
cities are represented. Most cities, however, have only
one weather station which is usuaily located at the local
alrport, and normally, little cr no data are available
for other parts of the city. Climavciogical sunmmaries
usually characterize meteorological data 1in terms de-
scribed in Table 4. Various techniques nhave been used
to manipulate and present numbers in the most meaningful
way; some of them will be illustrated later in application
to the city of Austin.

The prime source of cliwmatological data in the
United States 1s the U.S. Department of Ccmmerce, Environ-
mental Science Services Administraticn, Environmental Data
Service. The state climatoclogist, as the central collec-
tion agent, is the best source for lists of available
data. The U.S. Geoclogical Survey, water resources divi-
sion, has areal rainfall distributlons for some regions

of the country. The Department of Commerce also publishes



monthly climatological data for hundreds of cities

around the world.

Physical Geography

Physical geography plays a role in air pollution
studles because the physical features of the land affect
the flow of air over it. Transport and dilutlion of en-
trained pollutants, therefore, are obviously affected by
features of the land. The features to be considered in
detail are these:

1. Topography, including mountains, hills, valleys,

gorges, plateaus, plains, flats, islands, and

basins.

2. Occurrence of water, including lakes, rivers,
streams.

3. ©Surface conditions, including trees, grasses,

barren ground.

Effects on Alrflows. For ease of application to

actual situations, the effects of topographic features are
listed in Tables 5 and 6, those of bodies of water in Table

7 and those of surface conditions in Table 8. It is



important in predicting the effects on air pollution to
have complete accurate physical descriptions of geo-
graphical features to prevent distortions of scale, Most
of the important parameters can be collected on a map of
suitable scale to show the following:

1. Location (with respect to cultural features);

2. Size (length, depth, width, height, ratio of

length to width, elevation above sea level);

[@N

Orientation (a sixteen-point compass rose should

be used;;

tions may be required);

o

4, Shape (vertical :=e

5. Surface texture (height of trees, grass, rocks,

neight and length ol waster waves);

Color, reflectivity (use standard colors, percent

Ry

(o)}

reflectivity); wnd

7. Percent slope (usefal for degree of effect to be

expected),

Pollutants and Airflow. The effects tables

facilitate the formulaticn of useful causal relationships
among pollutant sources, concentrations, and air flows
such as the following for mountains, hills, valleys, and

gorges:
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High concentrations at great distances (relatively)

N

because of poor mnixing. Higher long term concentra-

-

=

tions because directional deviation of wind less
than a possible 3800,

Upslope and downsliope flow. Intrainment and

transport to unlikely locations up or downslope by

convection flow.

Ee

Up and down-valley Lew. Tranmsport back and

forth independently of prevailing winds. Possible
valley entrapment and siosh elfect. High concentra-
tions tecause of channeiing, poor dispersion.

Shieiding. Area prevailing wind direction and
speed not meaningful causing poor transport and poor
mixing with ocutside air.

o™ a3

Effects of platesus, plains, 1slands, and basins

are merely variations from the vasic relationships out-

lined above,. The same can be sald for effects of surface
conditions of the land.
Table 9 l1lists some important effects that vege-

tation has on air polliution and Tavle 10 gives effects of
meteorological conditions on poilen. Common aerocallergens

are given in Table 11.



Sources of Data. Information and data about

features of the land in an urban area may ve collected in
these forms:

1. U.S. Geological Survey Topographic maps (gquad-
rangle maps: 7 1/2-min, 1:24,000, 10 ft. con-
tour interval; 15-min, 1:62,500, 10 ft. contour
interval)

2. U.3. Geological Survey shaded reiief maps

3. Aerial photograpins: black-and-white panchromatic,
color, color infra-red, black-and-wnite infra-red

4, Radar maps

5. Photogrammetric maps (sterec pairs for direct
viewing)

6. City planning and highway department maps

7. Soil conservation and geclogic maps of soil

8. Oblique photographs ol the city

9. On-the-ground survey data

It is advisable to adjust the scale of all maps
to be the same to facilitate study of interrelationships.
Preparation of a set of photo-interpretative keys is use-
ful in working with aerial photographs (Lueder 1959).

Keys to principal surface Teatures are availlable for



Infra-red photograephs, voth color and black-and-white
(Lueder, 1959). Use of transparent map overlays facili-

tates experimentation with flow for different conditions.

City Climates

Munn (1966) hag summ.rized the mechanisms which

contribute to the concept of « city climate as Tollows:

1.

1. Natural radiation valance is disturved by changes

in the properties of the underlying surfaces
(brick, concrete, asphalt instead of vegetation).
2. Areas of buildings and canyon-like streets between
them charnge the natural Tlow and turbulence of the
air.
5. Water vapor balance is upset by the change from
moist to dry surfaces,.
4, A city emits heot and collutants to the atmosphere.
A summary of changes produced by uarvan develcopment is given

in Table 12.

[l

Heat Islands. The ol Tthe nsatural

jol]
i
2}
ot
o
L
Oy
o
I3
)
[

ct
ng
el

radiation balance glong with generation by man of heat

gives rise to the formation of heat islands within a city.



10

Temperatures in these islands may measure up to several
degrees above the adjacent suburban areas. In addition
larger scale effects can result when convective circula-
tion couples with the tendency toward increased turbulence
over the city to form a cell of closed circulation above
the city. Flow of air toward the inner heat island has
been observed (Pooler, 1963) as has been the so-called
dust dome from the closed circulation (Munn, 1966; Lowry,
1967). Table 13 gives the reflectivity of various sur-
faces and Table 14 gives some temperature differences of

different types of surfaces in mid-morning under the sun.

Airflow. Airflow within a city 1s very complex
because of the different heights, shapes, orientations,
and densities (areal) of the buildings. One way to make
comparisons 1s in terms of the mean wind velocities for
various types of surfaces. In Table 15 are shown the re-
lationships between undisturbed (gradient) velocity and
velcoccity at any height for surfaces varying from open
country to centers of large cities. At street level it
is difficult to arrive at any generalized formulation,
however. Appendix A gives a summary of principles of flow

around geometric shapes; the important factors influencing
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the flow are these (Maccabee, 1968):

1. The height and cross-sectional shape of the
building.

2. The ratio of height to a cross-section dimension,
or aspect ratio.

3. Orientation with respect to the air flow.

4, Proximity to other structures or topographical
features.

5. Secondary variations in body shape due to windows,
cornices, parapets, penthouses, and so on.

6. The mean wind velocity profile and turbulence
characteristics of the wind.

7. Wind velocity in terms of the Reynolds Number.

8. Vortex shedding frequency in terms of the Strouhal
Number,

Investigators in structural design, airfoil de-
sign, windbreak and shelter belt design, and in gas diffu-
sion around buildings have provided a wealth of information
in this area (Caborn, 19€5; Evans, 1957; Halitsky, 1962,
1983%; Olgyay, 1963; Woodruff, et al., 1955). A review of
this literature permits formulation of some useful causal

relationships.
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Greater gusitiness and presence of eddy cells of
all sizes provides good mixing when the wind is
blowing.

Vertical flow up and down is very pronounced at
windward and downwind faces of a building.
Channeling drastically changes the direction for
transport of pollutants from that predicted on
the basis of roof-top wind direction.

Channeling and venturl effects can decrease
gustiness and collapse eddy cells to lower the
overall mixing potential.

Channeling and venturi effects can sweep out
poliutants quickly.

Downwash can bring pollutants from building tops
to ground level in high concentrations in large
closed cells.

Uplifting can occur over closely spaced bulldings
whose roof tops step upward in the downwind direc-
tion.

With lignt winds stagnation of air between build-
ings causes an increase in pollutant concentra-

tions.
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9. Direction of local flow can change drastically
with a small change in the direction of incident
flow and can change concentrations by orders of
magnltude,

i0. Changes in the location of an emitter by a fTew
feet can change concentrations by orders of

magnitude.

City Plume. Just as & point source 1s charac-

terized by its plume, so can *the areal source of a city
cause a plume of pellutant material to move downwind from
the city. Thus metecrological factors which may be favor-
able for lowering concentrations in the city may produce
undesirable levels of pollution in the suburban and rural
areas downwind. Any complete study should include the

effects of the city plume.

Collection of Dava to Characterize City Climate.

The change in types o¢f radiation surfaces can be mapped
using aerial photographs and photo-interpretative keys
mentioned eariier, Percent roofs, pavement, trees, grass,
water, and the like can be determined using a grid system

to organize the data.
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Heat islands can be mapped by setting up record-
ing thermometers over the city, pernaps supplemented by
traverses across the city with mobile temperature sensors
(Wood, 1971). Remote sensing techniques using thermal
photography (not infra-red film directly) can also be used
(Colwell, 1968).

A gualitative view of the dust dome for a city
is obtainable by obligue aerial photography or by direct
observation from high altitude. Convection airflow inward
at ground level can be mapped using a network of anemometers
and wind vanes (Davidson, 1967).

Basic geometry of any part of a city for air flow
studies can be had through photogrammetric techniques.
Ctereo pairs can be viewed directly for qgqualitative infor-
mation or a topographic map of the city blocks can be made
to dinclude not only ground contours but roof-top contours.
Accuracies to within two feet can be plotted with proper
phrotography (Barclay, 1971).

Witnout photogrammetry, bullding heights can be
estimated and plotted on aerial photomaps to obtain the

same information. Heights and dimensions are available

from municipal inspection departments. On-~-the-ground
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surveys would expose such air channeling features as
buiiding pedestrian tunnels, transportation tunnels, ele-
vated roadways, and overnangs., These features appearing
only from the horizontal vantage point must not be over-
loored.

By assuming different directions of wind across
the maps, gross aspects of air flow in the city streets

,

can ne predicted and plotted as flow lines,. For a given
tuilding or perhaps block of buildings, predictions can

be refined only by ground or roof-top observations using
smoke tracers plus wind vanes and anemometers., Wind tunnel
tests with models may be required in some instances (Wood-
ruff, et al,, 1955). Tne city plume can be mapped using

conventional air sampling technlques timed to coincide with

the desired wind direction.

Cultural Cnaracteristics

Cultural characteristics can include the follow-
ing in an air pollution study:
1. Breakdown of principal occupations of the inhabi-
tants of the city.

z. Population density.
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3. Land use, planning, zoning, restrictions, ordi-
nances.,

4, Human activity cycles.

5. Transportation havits, existing and planned
regulations.

6. Trends.

Principal Occupations. What the people of a

city do for a livins 15 a direct indication of (1) types
of air pollution sources and auzounts, and (2) attitude of
the population toward air pollution. Table 1€ is a check
1ist of occupational cate ories normally encountered.

More 1g sald about sources in a later section. Attitudes
ol thne municipal votines population to air pollution abate-
ment depend a great deal on their sources of livelihood.
Factory workers would be most tolerant, and supporting
industvy and services workers also would be, while those

in zovernment and education can afford to be less tolerant.

Population Density. Poilution of the air is a

problem btecause the population of a city is affected by it
in some manner. Pollutant concentrations snould. as a

consequence, pe related to population density in any



determination of tae resources to ve used fTor monitoring
and abatement. Most large cities are divided into census
tracts in wnilch tne population and area are <nown and

densities 1in persons per acr

0]

can be siaown on a iap.
Superposition of =zource locations and ambient quality

data provide the most useful criteria for action.

Land Use Planning, Zoning, Restrictions.

Lin.ed to population density are land use planning and
zoning ordinances whicn should be erffective in controlling
the location of pollutings industries and in restricting
the population densities ty law. Maps of tne master plan
and land use restrictions snhow locations of industrial and
residentilal areas. Trends in direction of =srowbii can
usually be determined and related to wind patterns, topog-
rapay, and land features in seneral. It i1s important to
determine now well master plans and zoning laws are adhered
to in estavlisning trends since evidence indicates that
nuch planning and zoning is done affter financial commit-
sents nave already been made Ty Industry or land devel-

opers.
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Human Activity Cyc Activity cyecles tnat

are significant in affecting pollution levels include the
annual cycle +the weekly cycle, and tne daily cycle of
people. Trends whici are superimposed on shorter cycles
are also inportant.

The dominant factor in tne annual cycle reflects
the average temperature which changes the heating and air
conditioning requirements., Winter heating obviously in-
creases the pollutant load from space heating. As heating
requirements decrease and cause a decrease in pollutant
emissions, air conditioning, in some locations, creates a
heavy demand for electrical power generation with its own
set of emissions.

The five-day work week cycle often means indus-
trial emissions drop on Saturday and Sunday as 6o emissions
from automobiles. Where fireplaces are used for pleasure,
the weekend brings increased emissions from this source.
Certainly population densities change dramatically when
comparisons are made between, for example 9 a.m. Friday
morning and 2 a.m. Saturday morning over a metropolitan
area.

The daily cycle sees an overnight change in

population density, heating and ailr conditioning required,
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transportation utilized, and many other parameters, Both
the annual and daily cycles coincide with climatological
factors to produce nigher emissions at times when the
atmospaere 1s least able to dilute then, Thus the fall
season stagnating anticyclone coincides with increascd
emissions from space heating, and the early morning in-
version coincides with iIncreased emissions from process

start-ups and automobiles.

Transportation Habits,. Since the internal com-

bustion enéine can be & major source of alr pollutants,
the automobile traffic of a city should be characterized
in terms of the following:
1. Map of frecways, expressways, arteries, streets,
roads both present and planned.
z. Vehicle density wmap of total cars per unit time

for all streets boin present and planned.

3. Vehicles miles in specified grid blocks.
4, Averace speed and numver ol stops per mile,.
5. Motor vehicle registration figures,.

Aircrart traffic should he described in the

following terms for botn departures and arrivals::
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1. Tyve of air~reaft engine. nunber of engines,

tine of day.

N3

. Map of principal flignt tracis over tihe city.

3, Flights per day, wee , and year.
Trends, Sowe important trends wnich snhould be

noted for the city are these:
1. Rate of population growth.
Z. Chances in population density.
3. Direction of geocgraphical expeansion.
4., Location of new residential and industrial zones.
5. Aircraft traffic congestion and plans for regional
airports.
6. Expansion of a given industry, such as transistor

manufacture or metal smelting.

-1

. Exhgustion of or discovery of natursl resources

nearby.

Fach city will have 1its own unique trends driven

'

7 clinate, topography, resources, etc,

Sources of Data. Cultural data discussed here

can be obtained fron the following sources:

U.S. Census Bureagu statistics
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tate employment agencies
Municipal cnamnters of conunerce
Municipal planning departments

funicipal and state transportation departments
State notor veniclc registration records
Airoort adninistrations

Almanacs, yearbooks,

Pollutant Source Description

A conplete source description includes the

following:

1.

Location of emitter on & map having a suitable
grid system.

Nature of emitter such as stack, chimney, door,
window, skylight, ventilator, and so on with
height, length, width, diameter, shape.
Velocity and temperature of gas stream at the
exit.

Time varilation of emissions whether diurnal or
seasonal, shutdown schedules, start-up times,

holiday schedules.
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5. Types of emission such as particulate or gaseous
and specifically waether gases, solids, aerosols,
smokes, mists, fumes, and so on,.

6. Quantity of emissions such as welight per unit time
at emitter, process input weights such as fuel and
raw meteriagls, or product output.

7. Abatement equipient employed.

The location information should be easily relat-
tble to population density, land use patterns, open sSpaces,
and greenbelts, end topogranhic and land surface features
to facilitate determinestion of transport, dilution, and of
sregs effected. Methods for making emission source inven-
tories egre given in several Environmental Protection Agency
publications (Guide for . . ., AP-76, 1971).

Types of sources have been categorized in many
ways. One listing 18 given in Table 17. Sources of data
for use in estinating emissions are listed in Table 18,
Emission factors to be applied to various pollutant gen-
erating processes are given by Duprey in a 1368 version
of "Compilation of Air Pollutant Emission Fsactors'"; a
prelininary revised edition is now available (McCraw and

Duprey, 1971),
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Ambient Air Survey

Ambient air purity for a cility should be ex-
pressed in terms which are currently being used by fed-
eral, state, and municipal watchdog organizations. The
current standards promulgated by the Environmental Pro-
tection Agency are given 1n Table 19 to illustrate both
the units used and the defired acceptable levels.

For both particulate matter and gaseous material,
it is best to display average ambient levels on maps of
the city in the form of isopleths or differently shaded
areas and to show the peak concentration points by means

s

of suitable symbols. Diurnal and seasonal roses showing
concentrations from given wind directions are useful in
determination of source locations.

The type of sampling, time routines to use
(random, continuous, sequential) and the number and loca-

tion of stationms have been studied for urban areas by

Stalker, et al. (1964).

Data Reduction and Presentation

Although local climatology, topography, city

climatology, cultural characteristics and pollutant sources
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and concentrations are each characterized by special
symbols, units, charts, and diagrams, it is necessary to
present all these data in a fashion which (1) permits
correlation of variables, and (2) breaks down the varia-
bles into manageable parcels., Thus a uniform grid system
should be developed for the city or perhaps one already
in existence {voting precincts, census tracts) could be
adopted. BSeldom does an arbivrary equal-area grid work
uniess the grid blocks are small and data are computer
processed.

In the use of topographic maps, the largest
practical size should be used to lcok at airflow. Differ-
ent colored contour intervals make for easy reading of the
elevation differences and trends. Generous use of ftrans-
parent overlays 1is recommended 1in all stages of reduction
and presentation of data. Llberal use should be made of
photographs to illustrate many of the features described
in local climatology, physical geography, urban climatoi-
ogy, and source gnd survey locations.

It is best to use maps of the same size if sev-
eral are needed for data presentation. Effects of a scale
change from map to map are seldom easy to visualize. Be-

cause of practical difficulties with printing and binding,
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of transport and diffusion between emitter and receptor.
Climatology generalizes the day today atmospheric condi-
tions for air flow and mixing, heating and cleansing, and
for conditions favorable for chemical reactions. Physical
geography describes the way in which passive and active
processes 1n airflow are determined by physical features
of the land surface. City climatology tells something
about man-made effects on air flow and mixing within a
city while the cultural characteristics, so closely re-
lated, reveal facts about spatial and temporal distribu-
tion of population and pollutant sources as well as atti-
tudes and trends in the direction of change.

A methodology for investigating interrelation-
ships has been suggested in the foregoing sections., The
steps to be followed are these:

l. Formulate an objective.

2. Decide which parameters have to be included to
meet the objective.

3. Review and tabulate cause-effect interrelation-
ships among the selected parameters,

4, Tabulate sources of data and collect data.

5. Apply the established cause-effect rules.

6 State conclusions toward objective and report

results.



Application to the city o Austin,

lows 1n the next section,

Texas,

fol~-

c
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IMPORTANT METHOROLOGICAL

Meteorologic
Parameter

Wind speed

Wind direction

Mixing dept
Adr temperature vs altitude

Alr temperature - ground level requiremsnts
emiscions,
goneration

bir

Hours of sunshine
Daily solar radistion

Pr

D

cipitation amount

Thunderstorm frequency

Anticyclone behavior
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TABLE

=3

SPECIFIC EFFECTS OF

METEOROLOGICAL PARAMETERS

Calm to light winds Poor wventilation, stagnation: low level
emitters produce higher ground level
concentrations; high level emitters may
disperse fairly well in light winds.

Moderate to strong Good ventilation, low level emissions
winds are moved out. high level emissions may
cause higher ground concentraticns be-
£ ot vending of plume earthward.

causEe

Direction of wind Determines location of receptors.
Weather station annual averages often
misleading. Seasonal averages are bet-
ter. and local effects of valleys,
rivers, lakes, and bulldings must be
considered.

Mixing depth Sreater mixing depth means higher ca-
pacity for dilution while lower means
less capacity for dilution.

Air temperature vs Greater than dry adiabatic lapse means
altitude { ole air and good mixing for bet-
lilution; isothermsal lapse means
Qiocre mixing; 1lnversion means staple
r, poor mixing; inversion below.
erzaiatic above means poor mixing at
und level without a "Lid:" inversion
1, superadiatic below means good
g at ground level with a "1id" of
e &ilr above causing entrapment and

Alr temperature- Lowver temperature means groater space
ground level heating emissions; cold sir drainage
increases incensity of ground level
inversions; higher temperatures in-
trical power generation in

many areas {or alr conditicning.

creege ¢lec
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TABLE 2 (Cont.)

Hours of sunshine More sunshine at ground level means
reater instubility caused by differen-
ial heating of surfaces and thus bet-
er mixing.

Sclar radiation Greater solar energy availlable seasonally
and latitudenally means more chance for
formation of photochemical smog.

Precipitation Greacer rainfall removes more pre-
cipitation nucled (pollutants) from
the atmonsprere, washes out more sus-
vrenced particulates and gases to ground
surface, tends to hold down dust parti-
cles wo groand surfece; runoff concen-

trates and disposes the material col-
lected.
Thunderstorm frequency Frequent occurrence of extreme mixing

to great altitudes coupled with rain-
out and washout tends to clean the
atmosphere: cffect may be local except
for broaa line of frontal storms.

Anticyclone behavior Moving high-pressure air mass not bad;
stationary anticyclone causes very
reduced dilution and transport and
high poliutant concentrations.

SOURCE: Meteorological Aspects of Air Poilution, U.S. Dept. of I.E.W.
Training Manual, 1964,
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TABLE 3

TYPES OF IAVERSIONS

Radiation inversion

Advection inversion

Subsidence inversion

Evaporation inversion

Caused by rapid cooling of the land
surface through loss by radiation
after sunset.

Caused by horizontal flow of warm air
across a cooler surface like a lake.

Occurring when slowly descending air
aloft in high pressure areas under-
goes adiabatic warming.

Caused by rapid cooling from evapora-
tion after a summer rain or over an
irrigated field.

SOURCE:  Munn, 1966.
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TABLE 4

CHARACTERIZATION OF

METEOROLOGICAL DATA

Parameter

Characterization

Wind speed

Wind direction

Mixing depth

Air temperature vs
altitude

Air temperature-
ground level

Hours of sunshine

Daily solar radiation

Precipitation

Thunderstorms

Anticyclones

Diurnal, monthly, annual arithmetic
mean speed. maximum speed, % calm,
% occurrence in given speed categories.

% frequency of occurrence at each of 16
points of the compass, % occurrence in
speed categories of same compass direc-
tions, wind roses combining the two
parameters.

Mean mixing depth in feet above ground
level; estimated monthly values, pre-
dicted daily values.

Lapse rate in degrees/unit altitude;
graphical plot of degrees vs altitude.

Hourly readings. diurnal, monthly, an-
nual adiabatic mean temperature; occur-
rence of maxima, minima, heating degree
days.

Monthly and annual mean number of hours
of sunshine.

Monthly and annual mean in langleys
(g - cal/cm®).

Monthly and annual mean in inchesj; oc-
currence of maxima, minima.

Number of days of occurrence monthly.
Maps of principal and secondary tracks;

total occurrences of 4-day + stagnation
anticyclones as isopleths on a map.

SOURCE: Local Climatological Data, 1970, Austin, Texas., U.S. Dept. of

Commerce.



TABLE 5
EFFECTS OF MOUNTATHS, LILLS, VALLEYS,

ARD BCRGES OW AIR MOVEMERT

Mountains and iHills

~

«Gradual uplifting of laterally moving large air masses.

-Diversion of air mass around a prominent hill in stable conditions
and light winds.

«Increased wind speeds caused by venturi effect between prominent
features.

-Downslope alr drainage in calm cool conditions.

«Convection flow caused by souti-slope heating (valley wind).
«Formation of cold air pools by damming.

-Downwash and backwash of air on the downwind side.

.Fnhancement of vertical air flow (increased turbulence) over small
hills located on flat plains.

«Creation of eddy cells and resulting gustiness at sharp discontin-
ulties at base or peak.

*Channeling of winds to cause peculiar prevailing wind directions
locally.

«Mean wind prctfile relatively steep.

Valleys and Sorges

=

-Channeling of winde to cause locally prevalling directions.

- Upslope and dewnslope air flow caused by differential heating.

«Cold air drainage up or down the valley when prevailing flow 1s weak.
«Increased down-valley wind velocities caused by venturl effect.
-Shielding from prevaeiling flows causing stagnation.

-Downwash and eoddies Trom crosswinds.

+Iddy formation of size to fill valley cross-section and thus little
ventilation with fresh air.

Lofting of air mass at far side of valley in crosswind,

SOURCES: Davidson, 1961: Flohn, 1962: Munn. 1966.
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TR
EFFECTS OF PLATEAUS, PLAINS., FLATS,

ISLANDS, AND BASINS ON AIR MOVEMENT

Platesaus

‘Eddies form on the top of the plateau at the edge facing the wind.

-Iddies form on the downwind side of the platesu but below the level
of the plateau.

-Lofting of air masses from lower surrcunding areas.

*Draining of cold air off to lower elevations.

Plains and Flats

«Direction and speeds of flow relatively undisturbed.
«Geostrophic wind reached at relatively low altitude.

-Tenerally lower turbulence.
Islands

Little of its own effect if of low relief and small compared to the
body of water.

‘Wind profile essentially that over the surrcunding water.

«Analogous to a hiil or mountain in otherwise flat terrain with effects
dependent on topography.

-Pools of cold air generally form in concave terrain.

- Intensely cold stable air can collect causing an intense local
inversion condition.

«Ventilation by wind hignly dependent on size and on surrounding
terrain features.

SOURCES:  Munn. 12€6: Scorer. 1958: Jeiger. 19865,
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TABLE 7

FIWRCTS OF 2ODIWS O WATTR

O ATR MOVEMENT

Lakes

«Differential heating between land and water can cause daytime flow of
air from over water onto the adjscent land, and night time flow of
air from over land out onto the water (sea breeze-land breeze).

«In stable conditions found 1n stagnating anticyclones essentially the
same air mass may move back and forth from over water to over land
and back from differentisl heating.

-4 lake which is cold compared to the air over it can create a local
inversion above its surface. Similarly, a warm lake provides condi-
tions conducive to formation of a steam fog.

-Smoothness of water relative to land can cause shoreline downwash
and upwash effects on air flow: wupwash with onshore flow and down-
wash with offshore flow.

«Movement of a stable air mass (inversion) from out over a lake to
back over land can cause an inversion aloft over unstable air below

as 1t moves over land.

+Smooth water surface results in a flatter surface wind profile than
over most land surfaces.

Rivers and Streams

+Most rivers affect air movement as do lakes except the magnitude of
the effect is much smaller because of the lower mass of water.

‘Movement of water in rivers and streams tends to "wash out"” the dif-
ferential heating effects upon which the effects are dependent.

.Channeling over smooth river surfaces.

SOURCES: Geiger. 1965: Hewson and Olsson, 1967.



TABLE 8

EFFECTS OF SURFACE CONDITION OF

LAND ON AIR MOVEMENT

Trees and Grasses

«Mean wind profile is affected as by any other obstacle or degree of
roughness.

«Increased turbulence above tops of the vegetation caused by their
roughness.

«lower mixing of air within a stand of trees because of lower wind
velocities to ground level,

*Local channeling and venturi effects can occur in groves of trees.
-Blocking or damming of cold air drainage can occur from vegetation.
-Differential absorption of solar heat between vegetatlion covered

surfaces and others gives rise to vertical ailr currents and improved
mixing.

Barren Ground

‘Mean wind profile tends to be flatter as over water surfaces but not
to the same degree.

-Iittle resistance to cold air drainage.
*Mixing i1s effective to ground level.

-Differential absorption of scolar hest among different colored sur-
faces gives rise to vertical air currents and improved mixing.

SQURCES: Geiger. 1965; Landsberg., 1958.
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TABLE «

EFFECTS OF VEGETATION

*Dampens the diurnal and seasonal temperature cycle at ground level.
«Reduces particulate matter by filtering processes.
*Reduces particulate matter by not being a source of ground dust.

-Is a source of particulate matter such as leaf parts, pollen, spores,
and other aeroallergens.

-Can be a source of terpenes. carbon dioxide. carbon monoxide, perfumes,
and so on.

-Absorbs solar radiation which otherwise reaches ground level.
-Releases moisture through evapotranspiration.
*Provides space for dilution of pollutants among buildings.

«Provides local circulation cells from differential heating with build-
ings. asphalt. etc.

SOURCES: Munn, 19663 Geiger. 1965; Hill, 1971,
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TABLE 10

EFFECTS OF METEORCLOGICAL

CONDITIONS ON POLLEN

‘Minimum velocity of dry air required to maintain pollen grains air-
borne can be as low as 0.035 miles per hour.

‘Because of the low velocity required to maintain pollen in the ailr,
its dispersal may be more dependent on air turbulence than on wind
velocity.

‘Release of pollen is at a greater rate on days with 80-100% sun than
on days with little or no sun.

+High relative humidity causes a marked decrease in the incidence of
airborne pollen.

+The number of pollen grains collected is usually highest from 6:00 a.m.
to 12 noon and lowest from 6:00 p.m. to 12 midnight.

SQURCE: Shapiro., 19€5.
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TABLE 11

COMMON AERCALLERGENS

Aeroallergens Source

Pollens Wind-pollinated plants, grasses,
weeds. and trees

Molds Usually saprophytic, prevalence
depending upon humidity

Danders Feathers of chickens., geese,

house Dust

Miscellaneous
Vegetable fibers
and dusts

Cosmetics

Insecticides

Paints, varnishes.
and glues

duckss; and hair of cats, dogs,
horses. sheep. cattle, labora-
tory animals, and humans

A composite of all dusts found
about the home

Cotton, kapok, flax, hemp, Jute,
straw, castor bean, coffee bean,

oris root, rye, wheat

Wave set lotions, talcs, per-
fumes. hair tonics

Insecticides contailning pyre-
thrum as a common ingredient

Linseed oil and organic solvents

SOURCE:

Finkelstein.

19859,

Table

L.



TABLE 12

CHANGES PRODUCED BY

URBAN DEVELOPMENT

40

Atmospheric Parameter

Comparison with Rural Area

Temperature (nights)
Relative humidity
Sunshine duration

Radiation, total on
horizontal surface

Ultraviolet
lleating needs
Rainfall

Mumber of rainy days
with small amounts

Snowfall

Cloudiness
fog and low visibility
Wind speeds
Contaminants

solids
Jaseous

increased 1° to 3° C,
reduced 2-10%

reduced £-15%

reduced 15-20%
reduced 10-30%
reduced 10%

increased 5-10%

increased 10%

reduced,depends on
latitude

increased 5-10%
increased 50-100%
reduced 10-30%

increased 1000%
increased 500-2500%

SOURCE:

g¢}

j40]

Landsberg, 199



TAPTE 13

ALBEDO OI" VARIOUS SURTACES

Albedo (perCent) of varicus surfaces for total

Sclar radiation, with diffuse reflection

Freshh snow cover 75-95
Dense cloud cover 60-90
0ld snow cover 40-70
Clean firm snow 50-65
Lightt seand dunes. surf 30-60
Tlean glacier ice 30-46
Dirsy firm snow 20-50
Dirty glacier ice 20-30
Sandy soil 15-40
Meadows and fielas 12-50
Densely bulit-up areas 15-25
Woods 5-20

Water surfaces.s=a 5-10

SOQURCE:  TZeiger. 1965,



TABLE 14
TEMPERATURE DIFFERENCES TO

AIR TEMPERATURE (77°F) O.. CLEAR SUMMER DAY

Type of Surface Difference. °F
Scil surface in shade + 0 to 2
Leaves of oak tree -
Short grass blades (sun) PoLL
Soill surface under short grass i1 to b
Gravel path, 1/2 cm depth L7
Concrete walk + 10 to 15
Asphalt drive + 21
Tron railing At
Aspnalt shingle roof F 30 to 33
Parked cer roof 44D

SOURCE: Landsberg. 1958,



WILD VELOCITY VARTATION WITH JEIGHT

v g}
— n 1,
VaRAD. Berrp.,
Open country, flat coastal beltis,

smarl islands in large bodies of

water, prairie grassland. tundrs O.18 900 ft

Wooded countryside. parklanrd,
towns, outskirts of large cities,
roughh coastal belts, 0.28 1300 ft

Centers of large citlies .40 1400 ft

SQURTE:  hinkle, 1970,



TARLE 14 44

OCCUPATTONAL CATENORIFS FOR A CITY

Manufacturing

Nondurable goods Durable goods
ood products Lumber
Tobacco Furniture
Textiles Stone, clay, glass
Apparel Primary metal
raver Fabricated metal
Printing Machinery
Chemicals Ilectrical machinery
Petroleum reiining Motor vehicles
Rubber Other transportation
Leather equipment

Instruments

Transportation

Communication

Railroad

Suburban highway passenger
Motor freight

Water transportation

Air transportation
Pipeiine transportation

Teliephone and telegraph
Radio, television

Electrical power, gas, fuel
0il, sanitary services

Wholesale Trade Retail Trade
Finance, insurance, real estate .\ .
Services
Bankin .
\ R g B tlotels
Credit agencies ;
] ) s ; Repair
Security, commodity brokers )
- Personal
Insurance .
Real es.ate Amusement
I JALe .
= Medical and health
Retired or incapacitated persons, etc. Legal
mducatvional

Ketlirement homes and hotels

Hospitals
b Covernment

Sanitaria
Schools for blind, deaf, retarded Federal
Institutions for correction State

Local
Military Services

SOURCE: '"National Income by Industry,’ p. 84,
1971 World Almarnac and Book of Facts

New York News



TARLE 17

TYPRES OF SOURCES

45

Incustrial processes of ail types
Electrical power gensrafion

Commercial and institutional space heating

Residential snace

Municipal refuse disposal
Commercial refuse disgposal
Open burning of refuse

Residential fireplace burning

Automobiles, trucks, buses, ships, boats, trains, aireraft

liydrocarbon emissions from fuel handling

fills

Sewage piants o

o
=
T
)’:
o
[
o
4

"
-
&l
o
[oF

Grass. brush, and forest fires

Pollens and dusts

SOURCE: Various Sources.
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TABLE 18

SQURCES OF DATA FOR USh

S T + .
pSTIMATTING EMISSIONS

Fuel combustion, stationary (type, yuantity, location)
local buillding, boiler, and other permit records
local utilities
fuel suppliers
large volume fuel users
local large industries
US Bureau of Census
US Bureau of Mines
Tuel asgsocialbions
petroleum marketing associations

ational Coal Asgsceiation
American Petrolicum Instit

N

Combustion of Refuse
municipal refuse disposal agency
markets, department stores, hospitals incineration records
permit files for oven burning (this assumes control)

Transportation

municipal transportation departments for vehicle density from
traffic counting

same agency for travel time maps, daily variation in flow, esti-
mates for future flow

Compute vehicle-miles throughout city

state motor vehicle registration agencies for number of vehicles,
breakdown by model yeor

gasoline sales from oil company wholesalers of gasoline

aircraft flight operatiocns, type alrcraft from airline guides or
from airport administration; military alrcraft from airbase
authority

Industrial processes
Use state and local directories of manufacturers, send question-
saires, make visits, and apply recognized emission factors to
production data

Natural sources
arass and brush Tires: fire department and weather station
records for occurrences, effects. correlation with winds,
drouth, etc.




47

TABTE 18 (Cont.)

Pollens: 1local pollen counts, published indices for cities,
American Academy of Allergy, Allergy Foundation of America

Dusts: on-the-ground survey of construction sites, maps showing
unpaved streets. regional maps showing open fields, cultivated
areas; weather station rescords of dust transported in from
great distances

Miscellaneous
Sewage plants and sanitary landfills: odors, dusts: records of
complaints., on-site survey
Fireplaces: count from aerial obligue photographs made of resi-
dential areas on a sampling basls under calm wind conditions
Backyard burning: s=ame as for fireplace
HC from gascoline bulk handling: site survey

SOURCE: ide for Alr Pollution Episode Avoidance, AP-76, E.P.A.,

!
197

’A;J



TABLE 19

NATIONAL PRIMARY AND SECONDARY

ATR QUALITY STANKDARDS AS OF MAY 1971

48

rimary Secondary
3 3
Mg/m Ppm Mg/m ppm
Sulfur dioxide
Annual arithmetic mean 80 0.03 €0 0.02
Maximum 24-hour concen-
tration¥ 365 0,14 260 0.10
Maximum 3 hour concen-
tration - - 1300 0.50
Particulate matier
Annual geometric mean 75 - 80 -
Maximum 24-hour conceri-
tration¥* 260 - 150 -
Carbon monoxide
Maximum 8-hour concen-
tration lOMg/m8 9 lOmg/m3 9
Meaximum l-hour concen-
;. o ) I
tration* 40mg/m” 30 &Dmg/md 35
Photochemical oxidants
Maximum 1-liour concen-
tration¥* 160 0.03 160 0.03
Hydrocarbon (nonmetharne )
Maximum 3-hour concen-
tration* (6-9 a.m.) 160 0.24 160 0.24
Witrogen dioxide
Annual aritimetic mean 100 J,05 100 0.05

1pata are corrected

*Not to be exceeded

SOURCHE: Tederal Register, 36.

to 25° and 1013 mbar (1 mbar = 100 u/m” ).

more than once per year.

84, Part IT. April 30. 1971.



ITTI. APPLICATION TO THE CITY OF AUSTIN

Introduction

To demcustrates the usefulness of the foregoing
methodology, it will be applied to the city of Austin,

Texas, located in Travis County. From availlable data for

i

Austin the following aspects of air polluticon will be dis-
cussed:

1. Mixing potential in the air

2. Direction of movement of ailr
5. Cleansing mechanisms in the air-earth system

4, Effect of cultural characteristics

5. Sources and amounta of emissions

o}

Ambient sir quelit
4

Mixing potential

An indication c¢f the degree of both horizontal
and vertical mixing in Austin can be seen in Figure 1
which shows the annual varistion vy month of average wind

speed, estimated mean mixi and percent of pos-

sible sunshine as well as Trequency of inversions by
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seagson. On the average, the mixing potential is lowest
in December and January when the percent of possible sun-
shine is a minimum and the average wind speeds are rela-
tively low. It follows that the frequency of inversions
rises to a high value of 30 tc 35% of total hours. The
data for Figure 1 appear in Tables 20 through 25. How-
ever, use of average data fails to provide an iInsight into
the specific occurrences of poor mixing conditions on any
one day 1in December or January, nor does it express any-
thing about degree of mixing or the spatilal variation
throughout the city.

Hourly observations of wind speed, and heating
conditicns at the surface plus measurement of lapse condi-
tions quickly reveal mixing conditions for any one day.

The degree of poor mixing can be expected to be
worse 1in the low-lying areas of the city indicated by the
shaded area below an elevation of 500 ft in Filgure 3,
Cold air drairnage from the higher elevations all around
would tend to intensify tTemperature inversions in these
areas of lower elevation, A 1limited amount of data shows
that Lake Austin and Town Lake tend to have temperatures

which are, on the average, above the 24-hr average ailr



temperature in the months of Decemboer and January (see

Tables 26 and 27). These warm Llukes would tend to counter-
act the drainage effects locally, since the lakes are main
stream reservoirs (see lake descriptions in Table 28), having
a width usually less than 1,000 feet. Generally speaking,
even main stream reservoirs have the effect of increasing

vertical 2ir movement because of differential heating from

water to land surface., Also, trelr smcoth surfaces have
little braking effect on horizontal airfiow in a path very
near the center of the c¢ity geographically.

T

b))

~

i, 1971) of temperatures

T
W

I
[
o~

Recent measurement

@]

pe

around the city of Austin in late 1970 revealed cold air

pools at several location in Figure 11, caused
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from air drainage into local smell basins. hese spots
mignt be troublesome because of entrapment of ground level
emissions from refuse burning, for example, More will be

said later about cntrepment of emissions,

Direction of Movemeut of 4Ailr

The percentage frecguency c¢f wind direction for
o (&) 1 J
each month is shown in Figure 4 for Austin as are the per-

cent of calm periods. There 1s a vpredominance of south to



south-southeast flow throughout the year so that the an-
nual prevalling wind 1s southerly as is shown by the wind
rose in Figure 5. In December northerly winds barely pre-
dominate, however, as the Tlow in the segment NE to NW
prevails 36.5% of the time while flow in the segment SE to
SW occurs 36.0% of the time. Again, these wind directions
are long time averages and give no indication of direction
for any one day of the year,

The larger view of air movement appears in PFig-
ure 6 which shows the principle tracks of anticyclones in
the winter across the United States. Pacific Maritime,
Polar Continental, and Arctic Alr masses move into the
Austin aresa and on to the east and southeast in the period
from October through April. This large~scale flow is
responsible for the cool northerly flow over the city,
while flow from the Gulf of Mexico brings warm and usually
moist alir causing the southerly flow in the warmer months,

Flow at ground level in the city is affected by
the topography and the man-made structures. Since prevail-
ing winds are northerly and southerly, the predicted effects
of channeling are shown for these directioms in Figures 7

and 8 which have been derived from Figure 2, a contour map
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of Austin. Channeling can be expected to change the pre-
vailing direction to one tangent to the flow lines shown.
The most pronounced effect would pe in the shallow gorge
formed by the Colorado River from about the mouth of Bull
Creek to below Tom Miller Dam. This secticn tends to have
a funnel-like opening to the south which narrows over Tomn
Miller Dam and the smooth surface ol Lake Austin and termi-
nates in the twisting vallicy of Bull Creek, or, turns to
the northwest at that point {(see Figure 2 for topography).
Winds from the south would be more wiflected than those
from the north as & counseguence of the fuunel shape.

Other thean lcocal chuanneling down creek valleys
there 1s no other dominating feature. Certainly the sur-
face of the river, wherever it 1z, beccuse of its swocth-
ness, tends to be a good track for wipds.

Inspection of the vertical section in & north-
south direction througn the cernter of fThe city 1in Figure 9
reveals that the north-scuth flows encouvuter 1ittle in the

experience a

way of natural barriers,
gentle uplifting from the 880 ft alevation south ol the
river to the 800 ft elevations near Balcones Research

Center.
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Through the use of large topographic maps of
the city the natural alir drainage patterns for the city
were determined. Figure 10 shows the paths that cold
dense alr tends to follow in its gross movements under
cool, calm, clear conditions in the months of November,
December, January, and February. The use of long flow
lines tends to give the impression that long streams of
dense ailr can develocp. In reulity, because of trees,
grass, buildings, bridges, and otner hindrances to flow,
the movement is local in nature. The slope ol most creeks
in the Austin ares 1s relatively flat thus favoring col-
lection in basins instead oi large-scale flow. Varilations

also arise from the change in width of the flood plains of

S

[

the creeks, Differential cooling also affects tioe magnl-
tude of flow.

Radiaticnal <ooling of large open fields covered
with short stubble provides z good source for drainage flow,.
Such areas detected by Wood (1971) ir bkis temperature
measurements included locations on Riverside Drive where
open fields still exist and on 45th Street between Lamar
Blvd. and Guadalupe Street where there are grassy fields

north of the State Hospital. Cther cold spots are shown

in Figure 11 from Wood's measurements.
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Lake and land breezes affect airflow only locally
because of the relatively small size of the lakes and their
river~like characteristics, Lakes Travis and Decker Lake
are too far from the city proper to affect airflow. (See
Figure 12.)

Table 29 which shows elevations of familiar loca-
tions in the city 1is useful for maintaining a proper verti-
cal scale while referring to the flow and drainage maps.

Man-made structures in the city are the cause of
complex flow and turbulence. The overall shape of the city
as 1t has developed north and south along the Balcones
Escarpment causes most of the major roadways to be oriented
roughtly along a north-south direction. Channeling along
the expressways, arteries, and even city streets is a com-
mon occurrence. Congress Avenue with its opening to the
south causes a flow of air through the center of the cen-
tral business district. The Expressway has sections at the
river and at Highway 290 that bear almost true north-south.
Lamar Blvd., Burnet Rd., Balcones Trail, and Airport Blvd.
basically run north-south through the city to provide good
pathways for flow.

Because the city blocks are not oriented true to

geographic north, secondary channeling through the



nominally east-west streets is enhanced. The limited

number of north-south streets which tee into east-west

streets causes less east-west flow, however,

Some gemneral conclusions can be made about the

channeling by buildings in the city:

1.

Streets running in a northerly-southerly direc-
tion will influence the prevailing flows to move
along these routes.

Streets moving in an easterly-westerly direction
will experience a lower but more turbulent chan-
nelled flow.

Distinct departures in wind direction from the
prevailing flow will exist more in the downtown
area between 1st and 1llth streets and between
Neches and Guadalupe streets because of the
greater heights of the structures,

Strong north-south flow can prevail in the un-
cluttered mall from 19th &t University Ave. to
the University Tower.

Similarly, strong east-west flow can prevaill in
the mall from Red River at 23rd across Peace

Fountain to the Tower.

56
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6. Channeling in the residential areas will not be
pronounced among the Llow one-stcory buildings
with much of the space filled with trees,.

7. University of Texas campus btuilaings which are
closes togetner witn many trees on the narrow
separating streeits cause local channeling effects

Fal

only, and therefore good mixing at ground level,

0o

i that affect air flow
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8. Among new large oull
locally are the Cambriage Tower,Doble Tower,
LBJ Library, and the Chevy Chase Building in the
Unilversity of Texas area and on Highway 183 west
of TH 35,

Air filow in the immediate vicinity of buildings
follows the patterns outlined in Section II of this paper.
In the downtown area, the air would be very turbulent at
street level with a modest breeze blowing because of down-
wash, backwash, and the accompanying eddy cells, Appendix
B details some effects to be expected in a specific area

of the city near the Federal Building.
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Cleansing Mechanisms

For Austin the movement of continental cold air
masses 1In the winter months depicted in Figure 6 is effec~
tive in moving out polluted alr and replacing it with
fresh clean air. These air masses seldom stagnate in the
Austin area as they do in the southeast and northeast
parts of the country. The map in Figure 13 shows that less
than two incidents of stagnating anticyclones have occurred
in the period from 1936 to 1965, Figure 14 shows that
there has never been a condition of air pollution poten-
tial forecast for the city of Austin. The return flow of
Gulf of Mexico alr after the cold alir masses have moved out
is a complimentary mechanism for statewide ventilation.
This southerly flow persists in the summertime also.

Normal rainfall for Austin averages about 2.7
inches per month (see Table 30). This amount of rainfall
is not too low to suppress large ground level sources of
Gust. Thunderstorms with their high vertical and hori-
zontal air flow occur on the average of 40 times per year.
November, December, and January average only one per

month, however, while April and May, which already have
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better mixing are high with five and seven per month,
respectively. Certainly the thunderstorms which do occur
are effective in cleansing the air through mechanisms of
dilution, washout, and rainout. In the winter months
rainfall is most often caused by warm air over-running
cold to give rains covering large areas 1n Texas.

Rainfall over the Austin metropolitan area prob-
ably does not vary much from the long term averages re-
corded at the Municipal Airport weather station. Table 31
shows a comparison for the year 1968 for two locations two
miles apart within the city where the difference 1is only
0.37 in a year with 38 inches. Short term variations can
be very great, however, for thunderstorm precipitation com-
mon in the April through September period. Correlation of
rainfall amounts with ground level dust sources could be
made using Fire Station rainfall records, although this
study was not made for Austin.

Some indication of the amount of light-scatter-
ing material in the air over Austin is given in Table 32
which lists the percent occurrence of visibility in range
categories from zero to 15 miles and up. Low visibillities

in the range 1/8 to 3/8 miles occur only 1.4% of the time,
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Restrictea visibility in Austin is caused primarily by
fcg in the cooler months and by smoke and haze in stag-
nant conditions. In periocds of statewide drouth, it 1s
not unususl to have restricted visibility from dust
transported from far west Texas. Local brush fires dur-
ing dry periods also 1limit visitility under poor mixing
conditions.

Records of the nature of limited visibilities
(fog, haze, smoke, dust) are available from Weather Bureau
records for statistical study.

Except for the so-called Central Business Dis-
trict of the city (bounded by West Avenue--IH 35 and
First--Nineteenth Streets), the city has a high percentage
of vegetation cover. Major concentrations of vegetation
are shown in Figure 15, The natural vegetation in the
area west of Balcones Trail north of the river and west
of South Lamar south of the river is comprised of juniper
(1ocally called cedar), live oak, and mesquite with a
ground cover of short grasses. There are varying densi-
ties of these trees in the area bounded by Lamar Blvd.,
Anderson Lane, Balcones Trazil, and the river,. Pecan and

elm can be found in the lower elevations or river terraces
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between the Congress Avenue and Montopolils Bridges. The
map in Figure 15 attempts To show the extent of vegeta-
tion in Austin.

Because of tne relavively high occurrence of

@]

vegetatiocn throughout the city, mechanisms outlined in
the first secvion of this pener (Table 9) play an impor-
tant role Iin the alr quuliny for the city.

Trees, shrubs, and 2rasses all over the city
are effective in collecting particuiate matter which will
fall to the ground when the leaves drcp, or, for ever-
greens, will be wasned to the ground by rainfall,

Local ground level temperatures have a lower
diuvrnal and s=asonal cycle under tree cover, differential
heating from open to coverved areas is enhanced, flow is
more turbulent through trees, and, as & consequence, mix-
ing is generally improved. The parks, golf courses, play-
grounds, and cemeteriles shown throughout the city in
Figure 15 not only are not scurces of emissions (man-made,
undesirable) but provide space Tor dilution., The Capitol
grounds and Pease Park are notavie examples of dilution

=3

reservoirs in the central part of the city, alcng with

Wocldridge Park between the Courthouse and Library. Camp
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Mabry and Austin Memorial Park (Hancock Blvd.) in the
north are large areas of vegetvation unbroken by pavement
and buildings. Numerous other stands of trees could be
mentioned (see Aerial Maps at the City Department of
Planning) that have a favorable effect upon the quality
of air in Austin.

Unfavorable effects of Austint's vegetatlion in-
clude higher particuiate levels 1in the fall of the year
when leaves fall and are crushed by automobile traffic,
higher pollen counts in the period from February through
October, and higher incidence of leaf disposal by back-
yard burning.

It is worthwhile mentioning that the effects of
vegetation vary with the time of year. The period of leaf
Tall with more particulates and smoke from burning coin-
cides with the late fall stagnating conditions in the
Austin area, Although live oaks drop their leaves, new
leaves Immediately appear so that the live ocaks and Jjuni-
pers which abound in the avrea always are, for all practical
purposes, in leaf with consequent perennial effects.
Pollen seasons are given below in the discussion of pol-

lutant sources,
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Cultural Charactceristics

Labor Force. The labor force in Austin and

Travis County 1is primerily engeged in nonmanufacturing

. . 5 . . 1
pursuits. Figures from the Texas Employment Commission
for the year 1970 show this breaskdown for the workforce

of 132,300 in Travis County:

Nonmanufacturing 42,0%
Government 34,6%
Other 11.1%
Manufacturing 8.739%
Unemployea 2.34%
Agricultural 1.099

These percentages show that relatively few per-
sons are involved in nmanufacturing activities which might
in some way contribute to the pollution of air in Austin.
Of those persons in manufacturing, Table 34 that gives
the complete breakdown of occupations for 1970 shows none
involved in the primary metal industries and most in-
volved with the manufacture of machinery, transportation

equipment (including boats), and professional and

lAnnual Labor Area Work Force Report, 1970,
Austin, Texas, rev. Jan. 1971, Texas Employment Com=-
mission.
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scientific goods. The locations of many of Austints in-
dustries are shown in the map of PFigure 16. The Directory
of Texas Manufacturers® lists Just over 300 organizations

for Travis County. OCunly a small number fall into the

)

classic industry classification for potential sources of

&

alr polilution. More will be said about sources in the
next section,

It follows from the above data that air pollu-
tion is not closely linked with industry in the city of
Austin and that a low percentage of the working population
is affected by the economics of air pollution prevention

in the city.

Population Density. Population density in

Austin is mapped in Figure 17 for the year 13568. Highest
densities are in the University of Texas area where most

of the 3235 to 40 thousand students are housed in dormitories,
apartments, and a variety of rooming and boarding houses.
The area north of the river between Interstate 35 and

Springdale Road and north to 38th Street is next with

“Directory of Texas Maznufacturers, 1971, Vol. 1,
Bureau of Business Research, University of Texas, Austin,
Texas.
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small low-income, one-family dwellings on small lots.
Although the central business district has a high influx
and movement of people throughout the daytime hours, the
density is correctly shown to be low for permanent resi-
dents. Effects of pollutants will be related to popula-
tion density in a later section. More precise data for
density are given 1in Table 35 which shows population,
number of dwelling units, and gross acreage for each
census tract in the city. Locations of hospiltals and
special schools where persons are living in high density
conditions on a continuous basis are shown in the map of

Figure 18.

Land Use. Land use follows the patterns illus-
trated on the map of Figure 19 which shows industrial and
wholesale concentrations and residentlal areas of the city.
Although broad geographical boundaries have been specified
by the city for industrial areas and residential areas, the
zoning tends to be after the fact, as it 1s in most cities.
Zoning changes are relatively easy to make and there are
no laws specifying upper limits on population density.

Land developers usually determine the overall character

of an area based on economic considerations. Industrial
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concentrations to the north and south mean the potential
for air pollutioneffects is increased because of the
prevailing southerly and northerly winds described

earlier.

Population Growth. The trend in population

growth for Austin is illustrated in Figure 20 (Basic Data,

City of Austin . . ., 1971) which projects a population
in excess of 600,000 in the year 2000, Figure 21 shows
that the territorial growth has been primarily to the
north and south in the years 1969 and 1970 with a mini-
mum of movement to the east. The director of the Austin
Planning Department forecasts that future growth will be
50 percent north of 38th Street, 25 percent south of the
river, and 25 percent as higher density im the middle.®
Development 1s expected in the form of large clusters
which will each inclilude shopping centers, schools, parks,
etc., to the north and south. The trend of north-south
geographical expansion means that the potential for air

pollution problems is increased since emissionsgenerally

SRichard Lillie, Director, Austin Planning Dew
partment, in Austin American-Statesman, June 20, 1971.
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Ben White Boulevard (from IH 35 to
Soutn Lamar)
Highway 183 (from IH 35 to Burnet Road)

A May 1968 study of vehicular traffific flow over
the city4 provides the basis Tor emission computations
which will be described later, The study shows 24-hour
weekday Tlow of more than 54,800 vehicles on IH 35 at

3

l2th Street; 25,290 on Lawmar at 19

ct

n Street; and 21,280
on Guadalupe at 23rd Street. A7 these same intersections
the 1982 traffic flow is expectied to be as follows:
157,700 vehicles on TH 35 at 12th 8t.; 16,800 on Lamar
Blvd. at 19th Sireet.; and 46,900 on Guadalupe Street at

23rd St. The new Mo—-Pact Expressway at Windsor Road is

The number of motor vehicles registered in 1970

in Travis County is as follows:®

“Austin's 1968 Vehicular Traffic Flow. By City
o Austin and Texas Hlighway Department.

SAustin Transportation Plan, 1962-1982., City of
Austin, County of Travis,Texas Highway Dept. 1965,

®Basic Data, City of Austin and Travis County,
1871, Dept. of Plznning, p. 24,




Passenger cars 132,069
Commercial Trucks 24,569
Farm vwrucks 851
Motorcyclies 5,076

Total 162,563

Thousands of additional cars flow Iinto the city
from the transient population of cclleges, universities,
and governmental functlions, A itypical hourly distribu-
tion of person trips is shown in Figure 24. Automchbilie

emissions are discussed 1In =& later section.

gnts
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Alrcraft Traffic. Scheduled airline f1

into and out o the Austin Municipal Airport totalled
25,000 in 1970 and light aircrait accoumnted for 167,000

overations to make total of 192,000 operations where an

o

opavation 18 defined as a landing or a take-off. The

m

1]

seheduled flights as of July 1971 appear in Table 36 and

d =l

e
[

show a total of 64 deparitures and arrivals Tor one day

By

or a mixture of aircraft types. The eguipment and num-
ber of flights {(one landing and one take~off) may be
sumninarized as follows:

16 flights Douglas DC-8, 3 engines, fan Jet.
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9 flights Boeing 727, 3 engines, turbofan
(fan jet)

S flights Convair Turbojet, 2 engines,
turboprop

2 flights Beech 99, 2 engines, turboprop

32 flights Total

Airlines represented are Braniff International,
Texas International, Continental Airlines, and Rio Airways.

Detailed breakdown of the light aircraft traffic
was not available for this study. Information on aircraft
traffic at Bergstrom Air Force Base was also not obtained.
The reconnaissance aircraft, RF-4C Phantom II is operated
out of Bergstrom along with occasional four-engine jets
and various piston-engine aircraft. Traffic does not
compare in magnitude to that at the Municipal Airport,
however.

The number of operations at the Municipal Airport
increased by 25.8% from 1960 to 1965 and by 11.2% from
1965 to 1970,

Aircraft emissions are discussed in a later
section., Flight tracks over the city are shown in Figure

23. Larger aircraft and increased traffic in the future
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may dictate the abandonment of the existing municipal
airport location in favor of one more remote from the

city.

Sources and Amounts of Emissions

Potential sources of undesirable emissions in
Austin are listed in Table 37 and the locations of some
of the sources are shown in Figure 25. Location of the
light industry i1is shown in ¥Figure 16 and heavily travelled
streets and principal aircraft tracks are shown in Figure
21. Major sources of undesirable emissions are these:
motor vehicles, electric power generating plants, home
and commerclal space heating units, iIncinerators and open
burning, building materials processing and construction
excavation, and natural vegetation. Examples of a quanta-

titive description of some of these sources follow.

Transportation. Using the vehicle counts from

the May 1968 study described on page 68, the number of
vehicle miles was computed for eight arbitrarily chosen
geographical areas of the city. For each street, the

number of vehicles passing in a 24-hour weekday period
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was multiplied by the miles of street for that number of
vehicles, The results of summing all elements of vehicle
miles is shown in Figure 26. With the values of vehicle
miles travelled, the gross emissiong for the areas were
computed using currently accepted emission factors
(McGraw, et al,, 1971). Results are tabulated in Table
38. For compariscon purposes, the gross emissions for the
city were computed for tne weekday traffic in 1975 using
a growth Tfactor of 1.26 based on the projected national
average growth rate of traffic.’ Results are tabulated
in Table 39. Projections were not made by area because
of the vastly different traffic distribution caused by
the opening of new expressways and arteries by 1975.

Due to improved emission controls required in
1971, even with a projected increase in traffic of 26%,
carbon mornoxide, hydrocarbons, nitrogen oxides, and par-
ticulate matter are estimated to be substantially less
then than in the year 13968,

Tncreased utilization of public transportation

would decrease vehicle miles and emissions.

7Control Techniques for CO, NO, HC Emissions
from Mobile Sources, 1970, E.P.A., AP-66.
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Aircraft. For the July 1971 scheduled airline
traffic listed in Table 36, emissions below 3,500 feet
are shown in Table 40. Emissions were estimated for light
viston-type alrcraft by assuming that the flight opera-
tions were evenly distributed over tae year 1970. Results
are shown 1in Table 41. Tt is clear from these aircraft
emission filgures that automoblles zre a far more signifi-
cant source than sre aircraft in Austin: more than 98% of
the total automobile plus aircraft emissions come from
the automobile., Particulate emissions from scheduled jet
aircraft can be expected to decrease as a program to in-

stall "smoke burners" progresses,.

Space Heating. Naetural gos consumption for the

city of Austin is shown in Tzble 42 for the years 1967
through 1970, Residential usage 1in 1970 constituted
nearly 42% of the total wand practically all of this gas

water heating if Austin

jo]

was burned for space aeating an
fcllows national trends. Monthly resicential gas con-
sumption for 1969 is plotted in PFigure 27 along with num-
ber of degree days per month, Assuming that 90% of the

gas consumed veas burned for space and water heating,a

BFigures gquoted from American Gas Associluation
(Rymer, 1971) give 90% for space and water heating, 7.3%
for cooking, 1.1% for clothes drying, and 1.6% for gas
lights, air conditioning, refrigeration, incineration,
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emissions per December day were calculated and are pre-
sented in Table 43, Since commercial and public authority
usage is primarily in space heating and other combustion
processes, emissions from these sources must be added to
the inventory. In the year 1969, commercial-public
authority consumed 53.5% and residential 41.2% of the
total, or consumption was in the ratio 1.3 to 1. Assum-
ing that the emission factors used for residential com-
bustion also apply to the 53.5% share, emissions for
December 1969 are estimated to be 1.3 times that for the
residential usage. These figures are presented in Table

45 for comparison purposes.

Power Generation. Gross estimates of emissions

from natural gas combustion for electric power generation
are made for the year 1969 using total energy produced

in kilowatt hours, generating efficiencies, and heating
values for natural gas. For the year ending October 1,
1¢69, energy produced stood at 2.0 trillion KwH.® Wood

(1971) reports efficiencies of 10,400 Btu/kwh at the

°From Basic Data About Austin and Travis County,
1971, page 32.
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Holly Btreet plant and 15,500 Btu/kwh at the Seaholm
Plant. Using an average figure of 11,000 Btu/kwh,

based on the above efficiencies, the heat energy required
to produce 2.0 trillion kwh is 22 x 10*% Btu which, for a
natural gas heating value of 1000 Btu/cu.ft., means that
approximately 22 x 10° cu.ft. were consumed. Table 44
shows the emissions from combustion of this quantity of
natural gas in Austin's power plants. Although daily
rates are shown for comparison purposes, these latter
figures should be used with caution since gas consumption
follows the seasonal variation in electric power demand
which peaks in the summer months because of the air con-
ditioning load.

To provide a basis for estimating emissions
should oil be used instead of natural gas, emission fac-
tors for residual fuel oil in pounds per 1,000 gallons of
01l burned were converted to pounds per Btu and compared
to those for natural gas in the same units. Tor example,
assuming heating values of 150,000 Btu/gal for oil and
1,000 Btu/cu.ft. for natural gas, emission factors for
particulate matter are 53.3 1b and 15 1b per million Btu,

respectively, for oil and gas. For the same efficiency
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of conversion to electric power, the oil produces
55.5/15 of 3.5 times as mucn particulate matter. Ratios

for most of the materials listed in Table 44 agre as fol-

1LOowWS:
Nitrogen oxides 1.8
Carbon Monoxide 0.7
Particulate 3.0
Aldehydes 2.2
Hydrocarbons 0.8
Sulfur Dioxide 1740 x s1°©

These factors show that substantial increases
can be expected in four of the emissions including the
emergence of sulfur dioxide as a major pollutant.
Austin electric generating plants are equipped to burn

fuel oil, and standby supplies of oil are maintained.

Incineration. A quantitative evaluation of

emissions from incineration in the clty was not attempted
because no data were available to describe the number,

types, and capacities of dincinerators. Without any system

103 is weight percent sulfur in oil; use a
value of 2% for estimates.
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for registration or inspection in the municipal building
inspection department, no baslc records are available.

The municipal air pollution control agency is currently
(March 1972) compiling a list of incinerators. In Austin,
incinerators are used for solid waste disposal by super-
market chain stores, discount stores, hospitals, schools,
department stores, and other miscellaneous institutions.
One auto-burning incinerator is in operation (see Figure
25). Home fireplaces number in the thousands in the city
where they are used primarily for pleasure on weekend days
in November, December, and January. Burning of construc-
tion and land clearing debris, though permitted, is sub-
Ject to control on the hasis of the hazard or nuisance
created. Open burning is not practiced or permitted at
municipal and county refuse disposal sites. In summary,
incineration is a persistent source of emissions in Aus-
tin but no data are available to characterize the emis-

sions.

Hydrocarbons. Hydrocarbon emissions from the

handling of gasoline can be expected at the bulk storage
facilities concentrated in the southeastern part of the

city near the intersection of Springdale Road and Airport



Boulevard. Similar emissions from tiliing of service
station tanks wnd filling of asutomobile tanks occur at
the more than four hundred gasoline service stations,
Information on throughput was not avallavle for computa-
tion of evaporative losses. ZEmission factors range fronm
12 pounds per 1,000 gallons of throughput for filling
automobile tanks and service station tanks having splash

£1i11 to 7 pounds for submerged fill of station tanks.

Odors. By dinspection of Figure 25 which shows
the location of sanitary landfills and wastewater treat-
ment plants, it 1s apparent that the Walnut Creek and
Govalle treatment plants are located away from densely
populated areas and also that the prevailing north-south
air flow disperses odors over essentially unpopulated
aresz. Farthermore, substantial population growth to the
east and southeast is not expected. The Williamson Creek
plant, although remotely located now, is in the path of
the growth southward and is siltuated along the axis of
the city coincident with the directiocn of the prevalling
southerly winds. Through improved land use planning and

continued gocd plant operation, the wastewater treatment

78



plants can be only insignificant sources of undesirable
emissions,

Sanitary landfills located in the north and
south of the city share a location situation similar to
that of the Williamson Creek wastewater treatment plant,.
These landfill sites will be filled and abandoned and
cease to be sources of odor as the c¢ity spreads nearer to
them, Distance is now sufficient for dilution to prevent
effects on large numbers of pecple. The county and pri-
vately operated landfills north of Highway 290 and east
of Ed Bluestein Boulevard are not in the path of the
city's expansion, odors from them are dispersed over
sparsely populated areas, and they can be closed when
growth of the city encroaches upon them.

Except for an occasionazl accidental episode in
a small chemical pilot plant or plastics fabricating
plant, noxious emmissions from these industries are non-

existent in Austin.
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Fuogitive Dusts. Dusts from building material

processing, excavatlons, and unpaved roads are usually a
proplem when wind speed is sufficient to 1ift loose ma-
terial into the air., No gquantitative description is at-
tempted here except to show in Table 485 that, although
the miles of unpaved streets in Austin have been diminsh-~
ing in number, the Tigure stood at 170 miles in 1970,

11

Figures frcem the Texas Business Review show

that Austin ranked third in total building authorized in
Texas in 1971, behind Houston and Dallas. Construction
permits issued in January 1972 in Travis County (Austin
SMSA) are an indication of the magnitude of construction
planned in Austin. These permits show that 266 one-famil
dwelling units, 56 two-family units, and 341 apartment-
building units are authorized. A large percentage of
these building sites will be assoclated with excavation

and other dust-producing activities.

Pollen. ILittle data &are available to describe

pollen concentrations in Austin, Practicing doctors of

11Texes Business Review, XLVI, 2, Feb., 1972,
p. 31 and XLVI, 3, March 1972, p. 62.

80
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allergy detect types of pollen on sticky slides to assist
in patient diagnosis., Pollen seasons in Austin are given
in Table 46, The Allergy Foundation of America publishes
& ragweed pollen index. The index figure is based on
three factors which directly affect individual pollen ex-
posure: length of season, maximum aerial concentration of
pollen, and total pollen catch on test slides throughout
the season. Although Austin 1s not represented on the
list, the following cities and index numbers can be given:
Big Spring, 5; El Paso, 15; San Antonio, 16; Brownsville,
24, Corpus Christi, 30; and Galveston, 36. Dallas is
highest with 115. Since popular shade trees are sources
of pollen in Austin, it is unlikely that levels of emissions
will diminish in the near future. Juniper (cedar) covers
vast areas to the west and east of the city making this
source unmanageable azlso.

The emissions from sutomcbiles, alrcraft, and
nuatural gas combustion are summarized in Table 45, Except
for motor venicle emissions which are the most significant,
ranking of the other sources depends upon the pollutant
being considered. Natural gas combustion ranks high as a

source of nitrogen oxides and particulate, and ranks low



as a source of sulfur oxides. Particulate from ailrcraft
is of the same order of magnitude as the other sources.
The effects of all sources of emission is reflected in

amblent alr data presented in the next section.

Ambient Air Quality in Austin, Texas

Pollutant concentrations in the air of Austin
are presented in Tables 48 through 53. Except for the
radioactivity levels, the data were derived from that re-
ported bty the Texas Air Pollution Control Services of the
Texas State Department of Health. Examinatioﬁ of the data
reveals that formulation of accurate generalizations about
gaseous pollutants 1s difficult because of lack of several
vears of continuous data. The small geographic coverage
of both gaseous and particulate samples also makes dis=-
cussion hazardous at best. Nevertheless, an attempt is

made in Table 54 to summarize the data, to compare it to

Flj

ederal standards, and to characterize the ambient ailr
gquality relative to each pollutant. On the whole, alilr
gquality i1g good in Austin except for high ozone levels

reported in the year 1971 &t the one sampling site utilized,
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Low incidence of persisting air stagnation conditions
usually precludes development of generalized poor quality
although night-time and early morning inversions do occur
(see Table 25). Poor mixing over the period of a few
early morning hours occasionally causes the formation of
photochemical smog, but inversion breakup occurs con-
sistently by mid-morning. Although data are not available
for reactive hydrocarbons, it can be said that these mate-
rials exist and possibly in undesiravle quantities because
of the emissions from automobiles (see Tables 38 and 39).
Radiocactivity in Austin's cir is characterized
in Tables 52 and 53 in terms of plutonium in the suspended
particulate and gross beta radicactivity in the surface
air, respectively. Using maximum permissible concentra-
tions for radionuclides in alr for occupational exposure

12 the plutonium 239 activity reported

for a 1lG8-hour week,
falls well under the acceptable concentration. The gross
beta radiocactivity also falls below MPC values for un-

identified radionuclides in air. (Note that the above

determinations are not entirely accurate 1in principle

125ee Radiological Health Handbook, 1970 revised
editlion, pp. 206-209.




since the radiation dose reaching the critical organ from

suspended particulate mattsc

15 on size of particles,

[
)

n

o

epe

golubility &t lung surfaces, etc. The comparisons are

conservative, however.)

Summary

Austin

1.

(o))

The gusality of the air and what affects it in

may be summarized as follows:

Mixing ard ventilation are good except for periods
in the months of December and January.

There are no serious topographic channelling or
stagnaticn problems,

Lakes on the Colorado River have only a local ef-
fect on air movement.

Low-lying regions near tne river and the creeks
are susceptible To ccold alyr drainage stagnation.
Numerous trees and grassy areas serve as dilution
and collection mechanisms but add pollens to the
alr.

There are few large industrial emission sources.

Industry locations north and south of the city

are unfavorable because prevailing north~south



10.

11,

lz.

13.

8o

alr flows transport pollutants to the popula-
tlon,

The elliptical shape of the city causes con-
centration of pollutants along its long axis
which 1s coincident with prevailing wind direc-
tions.

There is complex channelling in areas of tall
buildings and along the interregional aighway
with its two levels now under construction.
Principal emission sources are automcbiles,
natural gas combustion, incineration, excuva-
tions, and unpaved streets, and vegetation.

The ambient air condition is good with occasional
periods of air stagnation and pollutant bulidup.
Persons are affected by smokes, odors, and dusts
at all times of the year at varicus locations in
the city.

The gttitude of the people toward air pocllution

abatement 1s good.



Recommendations

For a more nearly complete study of the air
peollution potential in Austin, steps should be taken to
ootain a more nearly complete and more accurate emissions
inventory. Data are needed on incinerators and their
emissions. Time variation of emissions is needed for
automobiles and natural gas combustion, both on a dailly
and seasonal basis. Ambient alir data are needed for more
locations in the city for all pollutants of interest, and
more data are needed on the amounts of reactive hydro-
carbons,

Studies should be made for future emission levels
from all existing sources using best estimates of popula-
tion growth and shifting patterns of culture. City plan-
ners should be made more aware of the effects of clima-
tology and physical geography upon the air pollution po-
tential in order to optimize longrange land-use planning
in the city. Large-size versions should be made of many
of the maps appearing in this thesis and transparent over-
lays should be made to Tacilitate planning and studiles.

A rTural location for monitoring ambient air quality should



be established nearby for control or reference purposes.
Periodic updating of emissions and ambilent air

quality data should be planned for and implemented.
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IVv. CONCLUSIONS

A method for study of the air pollution poten-
tial of an urban area has been outlined 1in terms of per-
tinent parameters in air pollution technology, sources

for data and background information, and methods of ef-

88

fective presentation. When applied to the city of Austin,

the method has provided a series of efficient and effec~-
tive checklists in the collection, analysis, and presen-
tation of data. The details of information gathering
have been demonstrated by the Austin study and deficien-
cles in certain data have been discovered, Use of an
example city has shown that the methodology 1is directly

applicable to a real live urban area.



TABLE 20

WINDS, AUSTIN, TEXAS

89

Fastest mile

Mean Speed Prevailing Speed Direction Year
Direction

Jan. 2.8 S 47 N 1962
Feb. 10.2 S 57 N 1947
March 11.0 S 44 W 1957
April 10.8 SSHE 44 NE 1957
May 10.1 SSE 47 NE 1946
June 9.6 S 49 SE 1956
July 8.6 S 43 SE 1969
Aug. 8.3 S 53 NwW 1969
Sept. 8.0 ) 45 NE 1961
Oct. 8.2 S 47 Nw 1967
Hov. 9.1 s 48 NwW 1951
Dec. 9.2 S 49 NW 1956
Year 9.4 S 57 N Feb.
1947

SOURCE: Local Climatological Data, 1970, Austin, Texas.
U.S. Dept. of Commerce




TABLE 21
MEAN NUMBER OF HOURS OF SUNSHINE

1931-60 Austin, Texas

January 148
February 152
March 207
April 221
May 266
June 302
July 331
August 320
September 261
October 242
November 180
December 160
Annual 2790

SOURCE: HNational Climatology Atlas of U.S., 19863, Sheet for Mean
Total Hours of Sunshine, Monthly, Annual, U.S. Dept. of
Commerce.




TABLE 22
PERCENT POSSIBLE SUNSHINE

Austin, Texas

January 48
February ol
March 54
April 53
May 58
June 70
July 78
August 77
September €69
October 67
November 58
December 51
Annual Mean 62%

SOURCE: Local Climatological Data, 1970, Austin, Texas.
U.S. Dept. of Commerce.




TABLE 23

MEAN DATLY SOLAR RADIATION

IN LANGLEYS FOR SAN ANTONIO, TEXAS

(liot available for Austin, Texas)

97

January
February
March
April
May

June
July
August
September
October
November
December

Annual Mean

279
247
417
445
541
612
G639
585
493
398
295
256

442

1 Langley = 1 Gm Cal

SOURCE:

Cr®

National Climatology Atlas of U.S., 1963, Sheet for Mean
Daily Sclar Radiation, Monthly and Annual.

Commerce.

U.5. Dept. of



TABLE 24

ESTIMATED MEAN MAXTIMUM MIXTING

Depths (Feet Above Surface)

Austin, Texas

December

January

February

March
April
May
June
July
August

September

October

November

1800
1570
2530
3120
3770
4170
4920
5810
6230
4820
3770
2690

SOURCE:

Weather Bureau State Climatologist. E.S.S.A.,

Austin.

Texas.



TABLE

25

FREQUENCY OF INVERSIONS AND/OR

TSOTHERMAL LAYERS BASED BELOW 500 FT.

94

(¢ of Total I'ours ).

Austin, Texas

December
January
February
March
April
May

June
July
August
September
October
November

30-35
30-35
30-35
z0

20

20

10-15
10-15
10-15
25-30
25-30
25-30

Weather Bureau State Climatologist, E.S.S.A.

Austin, Texas



TABLE 2¢€
AVERAGE SURFACE POOL TEMPERATURES FOR LAKES

TRAVIS AND AUSTIH VS, AVERAGE AIR TEMPERATURE, °F

Lake Travis Lake Travis Lake Austin

Month Year Air Pool Tail Race Pool
December 1944 51.1 57.2 Warn 54,7 54,3 Warm
(143 'c2 . '64)
January 1863 48 .7 25,7 Warnm - 53,7 Warm
February 1865 51,7 57.7 Warn - 53,7 Warm
March 1844 86,0 6z.7 Cold 59.5 64,0 Cold
April 1963 7.4 €2.2 Cold - 65,8 Cold
May 1985 66,5 63,2 Cold - 72.6 Cold
June 1944 83,3 64,2 Warm 56,5 5.8 Cold
July 1963 85,6 81.7 Cold - 75.6 Cold
August 1985 83,6 79.2 Cold - 72.6 Cold
September 1944 68,9 78,7 Warm 73,3 73,1 Warm
October 1583 73,2 76.5 Warm - 74,5 Warm
liovember 1965 70,4 72.5 Warm - 72 .1 Warm
12-Mo. 1944 67,4 70,7 Warm 65.5 66,7 Cold
Ave, 1963 69,7 69.3 Cold - 69.7 Same
1965 68,1 68,4 Warm - 64,2 Cold

SOURZE:  Yor Alr, Local Climatological Data, 1970, Austin, Texas,
.S, Dept., of Commerce,
For Lakes. ILCRA Bi-montlly Temperature Data, Lakes Travis
and Austin,
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TABLE 27

TOWN LAKE POOL SURFACE

TEMPERATURES VS, AVERAGE AIR TEMPERATURE, °F

Date Air Town Lake Pool
March 15, 1968 57.3 59.6 Warm
May 3. 1968 74,7 68,9 Cold
July 10, 1968 82,2 82,0 Cold
August 2, 1968 84,1 87,2 Warm
tovember 1. 1968 55.6 90,5 Warm
January 27, 1969 53,6 79,4 Warm

SOURCE: Fruh and Davis, EHE 69-07, CRWR 40, March 19€9,



TARLE 28

PEYSTCAL DESCRIPTIOK OF LAKES

IN AUSTIN, TEXAS AREA

97

Lake Travis

Lake ALustin

Town Lake

Decker Lake

Normal Surface

BElevation

Maximum Surface

Elevation

Surface Area -~

Sormal

Surface Area -~

Maximum

Capacity -
Normal

Length by River
Crannel Miles

Maximum Lake
Width

Location of Max-

imum Width

081,1

gy |
}7
>
}_.

18,930ac,

29,013%ac,
1,172,000
ac, f't,

€3.75 mi,

11,500f¢,

~1 mi, up
from dam

I
[<0)
[AS)
e}

S
O
aV]
o8]

1,8%0ac,

1,830ac,
21,000
ac,ft.

20,25 mi,

1.,300ft,

~1 mi, up
from dam

555,0

1,300ac,

1,300ac,
33,940

ac.ft,.

Not on river

5,600 to 6,800
£,

400ft, up from
dam

Retention Time 80 to 1800 Main stream Main stream
3 . :
days reservoir reservolr -
; g 2 P q
Depth 180t , 10-50ft. 30ft, Max, 65ft, at dam
NOTES:  Lake Austin and Town Lake are main stream reservoirs,

Decker Lake level is maintained by pumping from Colorado River
telow Town Lake,

tScaled from a map,

~ o . 3 tal
“In old river channel, with surface at 681,

SFruh el al, 1969,



ABSOLUTE ETEVATICONS AND INLEVATIONS

TARLE 20

938

RELATIVE TO SURFACE OF TOWN LAKE, AUSTIN, TEXAS AREA

Location %bsolute Elev, Above
Flevation Town Lake
Town Lake Surface 429 0
Barton Springs Pool 440 11
Webbervilie Rd, at

Walnut Creek(Bridge

approach ) 450 21
Covalle Playground 450 o1
Lamar St, at 19th 3t, £80 51
Lake Austin Surface 493 64
Fast Riverside Drive

at Ben Wnite Blvd, 550 101
Travis State School 230 101
North Fnd, Main Runway,

Bergstron AFE 541 11z
Capitol Grounds 545 116
Manor Rd, at ¥d Bluesteiln 550 121
Decker Lake Surface 555 126
Univ, of Texas, near tower 586 167
Austin State School &0u 171
Municipal Airport 615 186
Austin State liospital 650 221
Ben Wiite Blvd, at I 35 650 2¢
Northwest Pcol 6680 25
Ben White 3lvd, at 290W 700 27L
Balcones Dr, at Spicewood

Springs Rd, 710 281
Lake Travis Spillway 714 285
Lamar Blvd, at Hwy. 183 760 331
Mount HBonnell 780 581
Mount Barker 840 411
fortn Hille Dr, at Mesa Dr, 220 471
Bee Caves Rd, at Loop 360 900 471
Mount Larson az20 491
Cat Mountein 9z0 491
Jollyville Piateau (EWY, 2

Mile east of WY, 620) 1060 831
River below Longhorn Dam 400 29

SOURCE: U,S8, Dept of Interior Geological Survey Topographic Maps, 7,5
min, Series, 1966, Austin Fast, West. Montopolis, Oak Hill,



TABLE 39

FPRECTPITATICL , THUNDERSTORMS, AND RELATIVE HUMIDITY, AUSTIN TEXAS

Precipitation
Snow Ice Pellets No, of Relative
Days Humidity
1493
— &
© g
o . —~ . O
O 6] « w 42 a0
42 IS +> & w O
g g > Sl O SR > [Sp ~ =
— = o = >3 +2 = — ] ] ~ S ~ £
© SRl E o g < B o el g < g = ot = 3 =3
E 4 5 P ~ ol 5 = D 42 a0 o] = > o] ke Re ke
S 5% ¢ 58 § E< § 0§ &% % & © 2 g = o= o= 0=
= = = = = B = = e = = 80 = = > = = 00 06 ¢z 13
29 z2 29 29 29 29 29 29 o] 9 g o
Jan, 2,35 7,94 1968 0,07 184z 3,44 1985 O,6 7.0 1944 7.0 1944 1 4 73 78 60 57
Feb, 2.58 6,34 1gbs 0,28 1984 3,73 1958 0,5 €,0 1866 6,0 1966 z 5 71 19 B7 B2
Mar, 2,13 4,98 1945 0,22 1983 2,63 1951 0,1 2.0 1865 2.0 1965 3 2 71 79 55 49
Apr, 3,55 8,93 18B7 0,10 1gel 3,86 194z 0,0 0.0 0.0 5 1 78 83 52 55
May 3,71 9188 18965 0,81 1960 4,4 1970 O,C 0.0 0.0 7 1 80 87 &% &7
June 3,22 11,43 1¢61 T 1967 6,50 1964 0.0 0,0 0,0 4 ¥ 78 88 54 52
July 2,18 8.40 1961 0,00 1962 5.46 1981 0,0 0,C 0.0 4 ¥ 71 g6 48 42
Aug, 1,94 6.21 1966 0,00 1¢bz 4,68 1945 O,0 0,0 0.0 5 ¥ 70 84 48 47
Sep, 3.44 8§.11 1942 0,07 1947 4,61 194z 0,0 0,0 0.0 4 1 78 86 56 55
Cet., 2,85 12,31 1260 T 1852 4,88 1945 0,0 0.0 0,0 3 2 73 82 52 53
Nov, 2,12 7,91 194¢ T 1870 3,98 1946 T 1,0 1958 1,0 1959 1 2 75 81 55 57
Dec, 2,53 5,91 1944 T 1850 4,02 1953 T T 1963 i 198¢3 1 4 74 80 59 B8
Oct Jul Oct Jan Jan
Year 32,58 12,31 1960 0,00 1gsz 7,22 1960 1,2 7.0 1944 7,0 1844 40 23 74 83 55

SOURCE: Iocal Climatological Date, 1970, Austin, Texas, U,3., Dext, of Commerce,

66
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TABLE 31
RAINFALL AT ATRPORT VS, AREA ABOVE

38th ST, IN WALLER CREEK WATER SHED, INCHES, 1968, AUSTIN, TEXAS

Month Adlrport Above 38th St,

January 7,94 8,37

February 1.64 1.63

March 2.09 2,77

April 1.87 2,49

May 8.75 6,68 Note: Locations
June 3.10 2.90 are approximately

2 miles apart.

July 3,11 2.30

August 0,74 0,77

September 3,42 2.98

October 0,60 0,58

Kovember 4,91 5,59

December 0,55 0,68

Year 38,72 38,35

SOURCE: Local Climatological Data. 170, Austin, Texas, U,S, Dept. of
Commerce; Robbins. W,D,. Annual Compilation and Analysis of
Iyvdrologic Data for Urban Studieg in the Austin, Texas Metro-
peolitan Area, 1969, U,S5, Dept, of Interior.
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TABLE 32

ANNUAL VISIBILITY, AUSTIN, TEXAS

Visibility. 4 of

miles Time
0 to 1/8 0.7
3/16 to 3/8 0.7
1/2 to 3/4 0.5
3 to € 5.1
7 to 15 and

up 90,2

1009

SOURCE: Summary of Hourly Observations, Austin, Texas, 1951-60, U,3,
Department of Commerce, 82-41,

g
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TABLE 33

TEMPERATURE, AUSTIN, TEXAS

Temperature
o . Normal
rormal Extremes heating
Daily Daily Record Record days

Month maximum wminimum Monthly highest Year lowest Year (Base 85°)

Jan, £0,3 40,5 50,4 8€ 1963 12 1963 4683
eb, €4.0 43,5 53,8 a7 1962 2z 1967 325
Mar, 70,6 48,7 59,7 96 1967 23 1962 223
Apr, 78,0 57,3 67,7 98 1963 35 1870 50
May 85.2 64,9 75,1 99 1967 L7 1970 0
June 2.0 71,7 81,9 100 1867 53 1970 0
July 5.1 73, 84,5 103 1564 64 1970 0
Aug. 95,6 75,7 84,7 105 1869 6l 19e7 0
Sep, 89.7 68,5 79,1 102 1963 47 1967 0
Oct, 81.9 59,5 70,7 95 1963 38 1970 31
Hov, £9.6 47 .9 58.8 89 1963 27 1966 225
Dec, €z.8 42,6 52,7 84 1986 21 1966 288
Aug Jan
Year 8.7 57,7 68,3 105 196¢ 12z 1963 1711

SOURCE:  Logal Climavological Data, 1970, Austin, Texas, U,S, Depart-
ment of Commerce,
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TALE 54
BRISAKDOW!D OF LAROR FORCE, AUSTIN, UTXAS

FOR THE YEAR 1270--ANNUAT, AVERAGE

Civilian Work Force 132,300
Unemployment 3,100
Employment Total 129,200
Manufacturing 11,550
Durable Goods ‘ 7,250
Ordnance and Accessories 0
Lumber and Wood Products 200
Furniture and Fixtures 900
Stone, Clay and Glass Products 600
Primary Metal Industriles 0
Fabricated Metal Industries 400
Machinery. Transportation Equipment,
and Professional and Scientific Goods 4,050
Electrical Machinery, Equipment, and Supplies 700
Other 400
won-durable Goods 4,300
Food and Kindred Products 1,900

Textile Mill Products -
Apparel and Other Finished Textiles ~
Paper and Allied Products -

Printing, Publishing, and Allied Industries 1,700
Chemicals and Allied Products 400
Petroleum Refining and Related Industries -
Rubber and Miscellaneous Plastic Products 150
Leather and lLeather Products -
Other 200
syon-Manufacturing 55,503
Agriculture. Forestry, Fisheries 100
Mining 200
Contract Construction 8,150

Transportation, Communication and Utilities 3,150




TABLE 34 (Cont., )

Transportation and Allied Services 1,350
Communication 1,850
Wnolesale Trade 3,700
Retail Trade 19,000
Finance, Insurance. Real Estate 5,700
Business and Personnel Services 8,400
Medical and Professional Services £,750
Jovernment 48 .800
Federal 6,250
State and Local 32,550
Other Employment 14,850
Agricultural 1,450

SOURCE: Annual Labor Area Work Force Report, 1970, Austin, Texas,
rev, Jan, 1971, Texas Employment Commission,



TABLE 35 105
POPULATION, DWELLING UNITS,
ACREAGF., AND DENSITY OF CENSUS TRACTS

Austin: April 1, 1968

Census Dwelling Jross Density,
Tract Population Units?t Acreage Persons/acre

1 7.741 Z.652 2.195 3.5

2 13,183 3,837 1,486 8.9

3 135.785 5,846 2,306 6.0

4 10,324 3.988 957 10,8

5 4,375 1,94 320 13,7

6 16,859 3,211 57¢ 29.1

7 3,759 2,124 400 9.4

8 17,022 4,975 1,338 12.7

9 12,008 5.097 e79 2.3

10 6.416 1,653 595 10,8

11 3,486 1.858 621 5.6

12 3,977 1,701 625 6,4

13 18,835 5,827 2,398 7.9

14 5,434 2.256 871 6.2

15 20,451 7,062 2,841 7.2

16 22.139 7,048 2,724 8.1

17 5.873 2,603 1.,4707 3.9

18 14,156 5,990 3,289 4.3

19 2.275 816 203% 2.8

20 6,899 2,209 1,513 4.6

21 24,814 8,367 4,479 5.5

22 1.430 390 734% 2.0

23 6,773 2,614 1,555 4.4

24 5.452 2,385 858 6.4

TOTAL 247,605 84,454 35,701 6.9

thAs of December 31, 1968,

ZDoes not include City Park and Lake Austin frontage west of
Dry Creek,

SDoes not include Lake Austin frontage north of Tom Miller
Dam,

“Does not include Decker Lake or Travis State School,

SOURCE: Reported in Basic Data, City of Austin and Travis County, 1971,
p, 43,




TABLE 36
HOURLY SCHEDULED AIRLINE OPERATIONS

AUSTIN, TEXAS

July, 1971
Time Departures Arrivals Total

6-7 a.m, DC-9: 1

727: 1 2
7-8 DC-9: 3 DC-9: 2

727 : L 6
8-9 DC-9: 1 ne-9: 1
99: L T27: 2

99 1 6

9-10 727 1 727 1 2
10-11 727 1 T.J 1
bDCc-2 1 DC-9 2

T.J 1 727 1 7

11-1Z2noon DC-G: 1 1

1z2-1 727 L 1
1-2 727 1 DC-9: 2

T.J 1 T.J 1 5

2-3 DC-9: 2 C-9 1 3
3.4 DC-S 1 DC-G 1

727 1 3
4.5 DC-9: 3 DC-9 1
727 L 99 1

99 1 7

5-6 DC-9: 1 1
6-7 T.J.: 1 DC-9: 1
727 1

T.J.: 1 4
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TABLE 36 (Cont,)

Time Departures Arrivals Total

7-8 DC-9: 2 DC-9: 1

727 2 727 2 7
8-2 T.J 1 T.J 2 3
g-10 DC-9: 1 DC-9 1

T.J.: 1 3
10-11 727 1 127 1

DC-9 1 DC-9 1 4
11-12 0
Cperaticns 64

Adrcraft Type Key:

DC-9: Douglas, 2 engines, fan jet, Pratt & Whitney JT-8D
engine,

727 : DBoeing, 3 engines, turbofan (fran jet), Pratt & Whitney
JT-8D engine,

T.J.: Convair, 2 engines. turboprop. General Motors Allison
501-D13,
89 : Beech, 2 engines, turboprop.

SOURCE: Airline schedules from Austin Chaember of Commerce,



TABLE 37 108

POTENTIAL COURCES AND EMISSTIONS

TN AUSTIN, TEXAS

Source

Emission

Automobiles

Aircraft

Electric Power Generation
watural Gas
0il (standby only)

Space itleating - Natural Gas

Incineration

rurniture factories
Department stores
Supermarkets
Institutions

Auto salvage
Construction debris
Landclearing debris
Backyard

Home fireplaces

Bulk Jasoline Handling
Jasoline Service Stations

Wa

as
an

tewater Treatment Plants
itary Landfill

Industry

Chemical plants

Agphalt batching plants

Building materials plants

(stone, sand. cutting,
polishing)

Feed and milling vplants

Food processing plants

Ready~-mix concrete plants

Lime plants

Building excavations

Sandblasting of masonry
buildings

Unpaved roads

Vegetation

co, H.C., NOX, SOX, lead, aldehydes,

Particulate

co, 11.C.. I«

jx aldehydes. particulate

.

NOy. 80g. aldehydes, particulate
50y, NOx. li,C,, CO, aldehydes., partic-
ulate

KOy, 504, CO, particulate

CO, particulate, NO», organic acids
(acetic). S0z, H,C. (hexane), alde-
hydes, ammonia

T

i

.
:
H

O
.C.
Odors, bacteria

Odors. methane., dusts

Various gases, particulates
Particulate, dusts, water vapor
Dusts

Dusts
Odors
Dusts
Dusts
Dusts

Dusts. silica particles
Dusts
Pollens, leaf parts, spores

SOURCE: Various sources,



TABLE 328

ESTIMATED AUTOMOBILE EMISSIOKS FOR

AUSTTE , TEXAS I YEAR 1968, WEEKDAY TRAFFIC DENSITY
Emis-
sion
Area 1 z 3 4 5 6 7 8 Factor
(See Fig. 26) 1b/1000
v-m
Thousands of
Vehicle Miles/Day le4 536 414 193 209 433 296 104 2,329 -
Total
Lb/Day
Carbon Monoxide (CO) 36,100 118,000 91,000 42,400 4¢,000 @¢5,500 65,200 22,900 517,000 22Zu
lb/day
Hydrocarbons 6,750 22,100 17,050 7,940 8,600 17,900 12,200 4,280 96,000 41 .2
1b/day
Nitrogen Oxides (NOs) 5,240 10,600 8,170 3,810 4,130 8,570 5,850 2,050 46,200 1¢.8
1b/day
Sulfur Oxides (SCZ) 65 213 164 76 83 172 118 41 azhs 0,297
1b/day
Particulate Matter 108 575 273 127 138 286 195 68 1,540 0,661
1b/day
Aldehydes 130 425 328 153 166 244 235 82 1,850 0,744
1b/day
Organic Acids (Acetic) 47 153 119 55 €0 124 85 30 665 0,286
1b/day
‘mission factors are adapted from McGraw. H.J,, R,.L, Duprey., Compillation of Air Pollutant Emission S
0

factors, Preliminary document, E,P.A..

Research Triangle Park. I1,C,

April 1971, p.

z

4

1
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TABLE 39
ESTIMATED AUTOMORILE EMISSIOIS FCOR

AUSTIN, TEXAS IN YEAR 1975, WEEKDAY TRAFFIC DENSITY

Emission®
Factor
1b/1000v-m
Thousands of
Vehicle Miles/Day 2,935t
Carbon Monoxide (CO) 388,000 1v/day 132.3
lydrocarbons 49,400 1b/day 16.8
hitrogen Oxides (NOs) 45,400 1b/day 15.4
Sulfur Oxides (S0s) 1,165 1b/day 0.397
Particulate Matter 645 1b/day 0.220
Aldehydes 2.330 1lb/day 0,794
Organic Acids (Acetic) 83¢ 1b/day 0.286

1Based on Projected National Average Growth Rate of 1,26
x 1968 Year Vehicle Mileage,

“From McGraw et al, 1971, p. 24,
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TABLE 40
ATRCRAFT EMISSTONS, POUNDS PER DAY, AUSTIN, TEXAS

JULY 1871, SCHEDULED AIRLINES ONLY

Emission DC-9 and 727 Turbojet Total, lb/day
Particulates 415 60 475
Co 940 20 960
HC - controlled 175 - 175
HC - uncontrolled 2,950 30 2,980
SOX 120 10 130
NOX 415 50 465
Aldehydes 30 2 32

Using Emission factors from MeGraw et al, 1971, p. 32,
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TABLE 41
ESTIMATED EMISSTONS FROM LIGHT ATRCRAFT, POUNDS

PER DAY, AUSTIN, TEXAS, YEAR 1970

For 167,000 operations or 83,500 landing-takeoff cycles or 228 cycles
per day for a 365 day year.

Particulates 45
co 2,740
HC S0
SO 450
NO™ 45
Al&ehydes 20

Using Fmission factors from McGraw et al, 1971, p. 32,
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TABLE 42
NATURAL GAS CONSUMPTION

AUSTIN, TEXAS, 1967-70

Year Residential Commercial Industrial Public Auth,

(MCF - thousands of cubic feet)

1967 4,647,000 2,244,000 589,400 4,170,000
1968 E.619,000 2,788,000 871,600 4 453,000
1969 5,683 .000 2.938,000 630,000 4,582,000
1970 6,183,000 3,216.500 538,200 4,881,000
1970 41,79 21.7% 3.6% 33.0%

Source: Hosford. 1971,
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TABLE 43
ESTIMATED EMISSIONS FROM
COMBUSTION OF NATURAL GAS FOR RESIDENTIAL

SPACE HEATING, DECEMBER 1969, AUSTIN, TEXAS

December 1968 Residential Consumptionl 723 million cu, ft,.

90% VUsed for Space Heating or Weter

Zeating 650.7 million cu, ft.
Converted to Daily Consumption 6%51) 20,99 million cu, ft.
Emissions® 1b/day
Mitrogen Oxides (NO») 1,050
Carbon Monoxide (CO 420
Particulate Matter 398
Aldehydes (HCHO) 210
Fydrocarbons as Clig 168
Sulfur dioxide® 12
Organics 21
1

Hosford, 1971,
“Emission factors from McGraw et al, 1971, p, 11,

SAssuming sulfur content of 2000 grains/million cubic feet.



TABLE 44

ESTIMATED EMISSIONS FROM

COMBUSTION OF NATURAL GAS FOR ELECTRIC

POWER GENERATION, YEAR 1969, AUSTIN, TEXAS!

115

Emissions® tons/year 1b/day®
Iitrogen oxides (N0 ) 3,190 17,905
Carbon monoxide (CO) 4.4 24,1
Particulate matter 15 305
Aldehydes (HCHO) 33 181
Hydrocarbons as CH4 440 2,410
Sulfur dioxide® 6.6 36.2
Organics 44 241

Year ending October 1, 1969; all plants, producing 2 X 107

kwh/yr,

“Emission factors from McGraw et al, 1971, p. 11,

®To be used with caution since generating level varies

seasonally,

4Assuming sulfur content of 2000 grains/million cubic feet,



TABTE 4%
COMPARISON OF SIGNIFICAKT EMISSION SOURCES

AUSTTI, TEXAS - ALL FIGURES IN POUNDS PER DAY

Dec 1969
Dec 1969 Commercial Year 1969

Tear 19683 Year 1975 July 1971 1570 Residential Public Auth Electric

Weekday Weekday Scheduled Light Space Space Power

Traffic Traffic Aircraft Aircraft Heating Neaving Generation
Carbon monoxide 512,000 338,000 960 2,740 420 545 24
{ydrocarbons 26,000 49,400 175 90 168 218 z.,410
Nitrogen oxides 46,200 45,400 465 45 1,030 1,365 17,500
Sulfur oxides 925 1,165 130 450 1z 15 36
Aldehydes 1,850 2,330 e =0 210 273 181
Organic acids 665 839 -- -- 21 27 241
Particulate 1.540 645 475 45 398 518 905

lsee tables 38,59,40,41,43 and 44 and the text for important qualifying information before

using these figures,

S1T
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TABLE 46

UNPAVED ROAD MILEAGE, AUSTIN. TEXAS

1960 1965 1970
Total Street Miles 690 774 934
Unpaved Miles 310 201 170
% 44,99 25.99 18,29
Paved Miles 380 573 764
% 55.1% 74,19 81.99

SOURCE: Basilc Data for City of Austin and Travis County, 1971, p, 29,
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TABLE 47

POLLEN SEASONS IN AUSTIN, TEXAS

Spring Pecan, ocak, Spring elm, cotton-
wood, sycamore, hazelberry,
Summer-Fall Bermuda grass, Johnson grass,
Fall Ragweed, marshelder, Fall elm,
December-February Juniper (commonly called cedar)

SOURCES: Allergy Foundation of America, 1966; King, 1972,
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TABLE 48
POLLUTANT CONCENTRATIONS
CITY OF AUSTIN, JUNE 1967

FROM 27 SAMPLING SITES

Pollutant Rangel Mean Remarks
Particulate 21-2386 56(Geo) 979 Samples <125
Sulpnates 1.7-18 5,4
Nitrates 0.,2-3.0 1.3
Benzine Soluble

Fraction 1.0-11.3 3.3
Lead <0,1-1,3 0.3
S0 <0, 05ppm -
HoS <0, 005ppm -
02 <0, 0Z2ppm -
e (total) Sppm 3ppm
Aldehydes 0,002-0,006ppm -
Ozone <0, 0lppm -

lMicrograms ver cubic meter unless noted,

SOURCE: Air Quality Survey of Austin, Texas, June 1967, Report by
Texas State Department of Hhealth, February 1969,
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TABLE 49

DUSTFALL, CITY OF AUSTIN, 1970

July bug Sep Oct Nov Dec

]
ft

5.7 o,

v

12.0 6.3 5.1 in tons/sq.mi/mo,

SOURCE: Annual Report, 1970, Texas Air Sampling Network, Texas
Department of Health, Air Control Section,



POLLUTANT CONCENTRATIONS, CITY OF AUSTIN

TABLE

50

1961-1970, (Micrograms per Cubic Meter)
Pollutant 1961 1962 1963 1964 1965 1966 1957 1968 196¢ €7l
Yearly Avg. 76 146 122 94 81 97 103 €9 54 £
Quarterly Avg
Suspended 1 &7 46 cc
Particulate 2 6l ol 2
3 €5 48 £Z
4 92 7L Tz
Yearly Avg. 5. 5,5 5.5 6.2 S, 5.8 5.5 5.6 4.z £z
' Quarterly Avg, 5 2 4.z e
Benzine Soluble- 1 5 0 3 4 o
Organic g 6.7 5.0 2.5
4 5.3 6.3 £.4
Yearly Avg. 4.5 5.5 g.=
Quarterly Avg,
Sulfat L 41 47 =0
ulfate > _—— 12.6 4.3
3 .1 z.5 £ ¢
4 2.2 2.3 z2.%
Yearly Avg, 2.5 2.1 c0
Quarterly Avg,
. 1 2.z 3.2 1,2
Nitrate 5 L 3.0 L8
3 2.8 2.0 1.6
4 2.4 0.3 !

14T



TABLE 50 (Cont.,)

Pollutant 1961 1962 1963 1964 1965 1966 1967 1968 1969 1370
Yearly Avg, 2.0 1.2 G.8
Quarterly Avg.
Lead L 1.4 1.7 0.3
2 S 0.3 G.2
3 2.6 0.8 C.4
4 2.1 1.8 2.1

SOURCE: Annual Report 1970.Texas Air Sampling Net Work, Texas State Dept, of Health,Air Control Section,

22T
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POLLUTANT CONCERTRATTONSG

CITY OF AUSTIN, YEAR 1S71

Location 30°17'00"N  Lat . Pollutant: Carbon Monoxide
97°44'00"W, TLong,
Interval 6/21/71 to 9/30/71 Results: Max lhr,  9.8.g/m°
No. of Samples 1739 Max, 8hr, 4.0
Arith, Mean 1.5
Sampling Continuous 1l-hour Std., Dev, 1.3
Geo, Std., Dev. 23,42
Location 30°18'00"N, Lat. Pollutant: Carbon Monoxide
97°44'00"W, Long.
Interval 8/23/71 to 9/28/71 Results: Mex, 1 hr, 13,2
Max, 8 hr., 4.7
No, of Samples 229 Arith, Mean 2.3
Std. Dev, 1.7
Sampling Continuous 1-hour Geo,Std.Dev., 2.47
Location 30°18'50"N, Lat, Pollutant: NOo
97°42'50™W, Long.
Interval 7/20/71 to 9/29/71 Results: Max, 24hr. 178ug/m°
Arith, Mean 69
No, of Samples 23 Est,Ann Mean 78
Std ., Dev, 38,4
Sampling three-day Geo,3td ,Dev, 1,9
Location 30°20'00"N, Lat, Pollutant: Qzone
97°45'20"W. Long. Results: Max, l-hr 293ug/m°
Interval 6/20/71 to 9/30/71 Arith, Mean &0
No, of Samples 2,134 otd, Dev. 39
Sampling Continuous 1l-hr, Geo,8td,.Dev. 2.89
Location 30°18'50"N, Lat. Pollutant: Particulate
97°42'50"W, Long., Results: 24-hr, max,lléug/m°
Interval 1/5/71 to 11/18/71 Arith Mean 62
%o, of Samples 30 Std. Dev. 21
Sampling 24-hr, samples Geo, Mean 59
Geo,Std ., Dev, 1.4
SOURCE: Texas Implementation Plan, Jan, 28, 1972, Texas State Department

of Health, Air Pollution Control Services,
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TABLE 52
PLUTONIUM IN AIRBORNE
PARTICULATES, AUSTIN, TEXAS, YEAR 1970, a Ci/m®

(a Ci is attocurie or 10718 ci)

Plutonium-238 Plutonium-239
Jan-March 7 42
April-June 11 110
July-Sept & 73
Oct-Dec No Sample No Sample

SOURCE: Radiological Health Data and Reports, 12, 3 and 6,



TABLE 53
GROSS BETA RADIOACTIVITY IN
SURFACE AIR, AUSTIN, TEXAS
January-February, 1971

(p Ci is picocurie or 10712 Ci)

Gross beta radiocactivity

lio, Samples (5-hour field estimate)
pCi/m®
Max Min Avg
January 1971 1 2 & 2
5 2 1 2

February 1971

T

SOURCE: Radiological Health Data and Reports, 1z, S and g,
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FIGURES ARF IN pgrams/m

AT
TABLE

SUMMARY FOR AMBIEWT AIR QUALITY I AUSTIH,

52

TEXLS

DXCEPT AS NOTED

Pollutant Standards
e Primary  Secondary  Austin levels . . Relative Alr Quality
Suspended 75 €o 54 to 146 Acceptable for years 196€8-70, earlier years fzlir,
particulate
Sulfur dioxide 80 519] Less than 150 No sulfur dicxide problem unless pow 132
(305) {(threshold) high-sul fur fuel
Carbon monoxide 10 15 4.3 and 4,7 food exceplt high concentrations can be expecrtai v
(co) roadways in peak traffic hours,
Nitrogen dioxide 100 100 78 Acceptable but emissions from automobiles sni tower
(1105 ) plants are substantial,
Ozone (0s) 160 160 293 Not acceptable basad on maximum 1 hr, concentrzticon:
low incidence of stagnation conditions lessens Trob,
(=)
Benzene soluble Mone None 4.2 to 6,2 Indicates low level of corganic material in susvended
fraction particulate,
Sulfate None None £,% 1o 6,4 Indicates low degree of corrosiveness,
Nitrate None None 2.0 to 2.5 Indicates low degree of corrcsiveness,
Lead None None 0.8 to 2,0 Relatively low but higher concentrations czn te
expected on roadways in peak traffic hours,
Hydrocarbons 1/0 160 fo data avail-  June 1967 data for total hydrocarbons and slisnydes
{(non- (non- able indicates relatively low concentrations st <he time,
methane) methane)
Dustfall Hone None 2.1 to 12 tons/ Relatively clean if average urban value is consider-
sq,mi,/month ed to be in 30 to 50 range,
SOURCE:

Tables 18, 48-51,

2l
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Figure 1. Annual Climatological Parameters, Austin, Texas

SOURCE: Climatological Data, Austin, Texas, 1970. U.S. Dept. of Conimerce
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Figure 2. Topographic Map of Austin, Texas, Contour Interval 100 Feet;
Scale 1" = 2 Miles :

ADAPTED FROM: U.S. Dept. of Interior Geological Survey Topographic Map,
NH 14-6.



Area Below 500 ft. Contour, City of Austin

Figure 3.

U.S.G.S. Map NH 14-6, Austin, Texas 1954,

ADAPTED FROM
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Figure 4. Monthly Wind Roses, Austin, Texas, 1951-1960

SOURCE: Summary of Houriy Observations, Austin, Texas,
1951-60, U.S. Dept. of Commerce, 82-41.
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Figure 5. Wind Roses, December and Annual, Austin, Texas; 1951-1960

SOURCE: Summary of Hourly Observations, Austin, Texas, 1951-1960,
U.S. Dept. of Commerce, 82-41.
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North Wind Channeling by Topography, Austin, Texas

Figure 7.
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South Wind Channeling by Topography, Austin, Texas

Figure 8.
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North-South Vertical Section through Austin, Texas

Figure 9.
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Figure 11. Measured Cold and Warm Areas, Austin, Texas
10:00-12:00 Midnight Aug-Dec 1970
W warm
C cold

SOURCE: Wood, J. L. Nocturnal Heat Island in Austin, Texas, U.T. Austin,
Thesis, May 1971.



Figure 12. Austin Area Map



Figure 13. Stagnating Anticyclones--Total Number of Stagnation Cases (4 or
1936-1965.

SOURCE :

Texas State Climatologist, E.S.S.A., Austin, Texas.

more days),
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33 EPISODES WE3T 7l EPISODES EAST

1 OCT. 1963-31 OCT. 1969 1 AG. 1960-31 OCT. 1969

Figure 14.

Air Pollution Potential Forecasts (Number of times in which stagnation
conditions were expected to persist for at least 36 hours for areas at
least 58,000 square miles.)

SOURCE: Texas State Climatologist, E.S.S.A., Austin, Texas.
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Figure 15. Areas of Natural Tree Cover, Austin, Texas

City Owned
Parks & ParEways 2100 ac.

Golf Courses 382 ac.
Playgrounds 222 ac.
Cemeteries 300 ac.

Areal Coverage-Dec. 1970

Land 47,000 ac. 90.4%
Water 4,900 ac. 9.6%
Total 52,000 ac

SOURCE: Aerial Maps and City of Austin Planning Dept.



N
Tkxasln:frumcnfs

APC I\m’us“fr': ©5
Communications Rts

Avtomation Pmduc‘l’s
e Antenna odu¢+s
1. IBM
2. Instrument Engi-
neering
3. Electro-Mechanics
f 4. Nagel
4 5. Balcones Research
1 Center

6. Nuclearay
7. Glastron Boat
8. Texas Nuclear
9. Quality Machining
10. Economy Furniture
11. Serta Mattress
12. Astro Mechanics
} 13. Austron
= 14. Steck-Vaughn
15. Steck-Warlick
16. Sportcraft Homes
17. Jefferson Chemical
. 18. Rainhart
-~ 19. Infotronics
20. Polarmatic
21. Austex
22. Texas Quarries
23. Tracor
24. Columbia Scientific
25. Hall Level

Y R

. U.S. Steel Homes
Industrial Laminates
Premco

. Glastron Motor Homes
Holloway

. Texwood

. Raytor

. Davis Electronics

. White Instruments

. Woodward

. Southwesterr. Analyt-
ical Chemicals

. American Polystyrene
. Applied Nuclear

. Accelerators

. Chatleff Controls
Colony Arts

ABM Machinery
Cupples Coiled Pipe

/4 1) I “rPaceco ? int 7 ./ 44. John Roberts
o ‘“'4.\{\*, Adu.m G’x‘hr < S »
¢ 7 S U B U ' P

Figure 16. Location of Austin Industry

SOURCE: Austin Chamber of Commerce.




43

ity for

jon Dens
in 1968

Populat
Austin

Figure 17.

PERSONS

POPULATION DENSITY

R ACRE

P

Ly
>
4
i c
[@] =]
>|S
e
—iu
Ofer—
>
~|m©
(@] 5
Y=l -
el
G| O <t
S
C|o| o
o o
=
Opr—| =
ol bnd
wnlunis
[=1=1 =)}
o |<C b

SOURCE

1-2
2-6

-10

6

10-14




144

27

ﬁ; Y
T

§§§b

ons
i

KH 2

Dense Population Centers in Austin

Figure 18.

¢ Hospitals

o State Schools

o Colleges and Universities
20 + Nursing, Convalescent Rest and Retirement Homes are not shown.



Figure 19. General Land Use Patterns in Austin

Industrial, Commercial, Wholesale
Residential

ADAPTED FROM: Use District Map, City of Austin, March 1971.
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Figure 20. Population Growth for Austin and Travis County

SOURCE: 1960 and 1970 Data from U.S. Census; City and County Forecasts by
Planning Department, City of Austin for Highland Lakes System,
Comprehensive Wastewater Study: 1970-1990., State Forecasts by
Texas Research League. Reported in Basic Data for City of Austin
and Travis County, 1971, p. 7.
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Figure 21. Territorial Growth for Austin
Acreage Annexed by Direction from Jan. 1, 1969 to Jan. 1, 1971.

ADAPTED FROM: Basic Data, City of Austin and Travis County, 1971, p. 5.
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ADAPTED FROM: Expressway and Major Arterial Plan, City of Austin, April 1969.



Figure 23. Heavy Traffic Streets and Aircraft Tracks for Austin

st Traffic
—— Aircraft

TRAFFIC MAP ADAPTED FROM: Vehicular Traffic Flow, 1968, City of Austin.
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Figure 24. Hourly Distribution of Internal Person Trips, Austin, Texas,

SOURCE:

Fall of 1962

Austin Metropolitan Area Transportation Study, Origin Destination
Survey, 1962, p. 51.



ABP
ASP
BGH
BMP

EPG

Figure 25. Some Emission Sources in Austin

Asphalt Batching Plant PEP
Auto Salvage Plant RMC
Bulk Gasoline Handling SLF

Building Material Processing; Stone, etc. WWT
Electric Power Generating Station

Pilot Chemical Plant
Readymix Concrete Plant
Sanitary Landfill
Wastewater Treatment Plant
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Average Weekday Vehicle Miles Travelled Per Day, April-May 1968

Figure 26.

See Table 38 for emissions.

Areas arbitrarily chosen.
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Figure 27. Monthly Residential Natural Gas Consumption and Degree Days
(65 deg.F Base) for Austin, Texas for Year 1969
SOURCE: Hosford, 1971: Local Climatological Data, Austin, Texas. 1970,
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Thirty~day Average Suspended Particulate Matter, ug/m3, June 1967,

Austin, Texas

Fiqure 28.

Air Quality Survey of Austin, June 1967.

SOURCE:
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APPENDIX A

AIR FLOW AROUND SHAPES

Secondary airflow arises from the interaction
of primary flow or geostrophic winds with obstacles in
the path of flow, or with surface irregularities 1n the
alr-earth interface.

Secondary airflow is an important conslderation
in air pollution work because pollutant concentration
levels depend directly upon flow and mixing in the vicinity
of the source. Airflow may result in the unexpected ap-
pearance in space and time of unusually high or low levels
of pollutants.

Halitsky (1962) has made low-speed wind tunnel
measurements around basic shapes using smoke to show
streamlines in laminar flow. Figure 1 shows the stream
flow patterns that can be expected around most shapes en-
countered in structures, The flow into and out of an
orifice shown in the bottom two sketches of Figure Al 1is

from Scorer's informative book entitled Natural Aero-

dynamics, Figure A2 shows streamlines for several varia-

tions in edge and corner configurations that aid further



in the prediction of flow around buildings.

These figures lead to the generalization that
flow around obstacles is accompanied by (l) creation of
flows 1n directions greatly different from the approach-
ing flow, and (2) the generation of clocsed cells of
circulation called eddy cells or vortices,

Classic laminar flow around a building block
is shown in Figure A3 adapted from illustrations by
Smith (1968) and Munn (1966). It can be seen that the
entire cube 1s enveloped in the cavity of closed circu-
lation except for the windward side which may have its
own small cavity. The cavity is characterized by (1) the
reversed direction of flow at ground level, (2) the re-
duced pressure relative to the undisturbed flow, and
(3) the surface of separation at which little flow oc-
curs perpendicular to the surface.

Low-speed wind tunnel work done by Evans (1957)
with a wide variety of building shapes and sizes provides
a wealth of information on airflow around buildings.
Figure A4 reproduces six flow diagrams from the more than
one hundred reported by Evans, These sketches provide a

glimpse into the complexity of airflow in showing the



158

effect of height, roof shape, length, bottom channelling,
and orientation, Evans provides a table of downwingd
eddy dimensions as a function of building length, type,
and roof pitch. Some eddy dimensions are shown in Fig-

ure A4 to illustrate the scale of secondary flow,
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Adapted from Scorer, 1958,

Figure Al. Flow Around Basic Shapes
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Adapted from Halitsky, 1962

Fiqure A2. Flow at Edges and Corners

160



16l

N\

Top

Figure A3. Flow Around a Building

Adapted from Smith, 1968 and Munn, 1966.
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Fiqure A4, Typical Flow with Cavity Dimensions



APPENDIX B
AIRFLOW NEAR THE FEDERAL BUILDING,

AUSTIN, TEXAS

Flow around downtown buildings is illustrated
in Figures Bl and B2 for the region near the Post O0ffice
and TFederal Building. From a point south of the Inter-
state Highway 35 Bridge whose elevation is approximately
egqual to that of the street-level of the Post Office and
Federal Building, the 9th Street Post Office tunnel can
be seen along with practically all flcors of the Federal
Building. These buildings therefore have a long un-
obstructed run-up for a southerly wind. The flow lines
of both figures are but a mere suggestlon of actual flow
and serve to emphasize the complexity of the secondary

airflow patterns in an urban area.
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Figure B1.

Flow Around B

uildings in Downtown Austin, Tex

as for south Wind
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View in

_—— Figure Bl.

i

Figure B2. South Wind Channelling, Plan View, for Area Shown in Figure BT,
Austin, Texas
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