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FOREWORD

This document is the tenth in a series comprising Guidelines for Air
Quality Maintenance Planning and Analysis. The intent of the series is to
provide State and local agencies with information and guidance for the prepa-
ration of Air Quality Maintenance Plans required under 40 CFR 5l. The volumes
in this series are:

Volume 1:  Designation of Air Quality Maintenance Areas

Volume 2:  Plan Preparation

Volume 3:  Control Strategies

Volume 4:  Land Use and Transportation Consideration

Volume 5:  Case Studies in Pian Development

Volume 6:  Overview of Air Quality Maintenance Area Analysis

Volume 7:  Projecting County Emissions

Volume 8: Computer-Assisted Area Source Emissions Gridding
Procedure

Volume 9:  Evaluating Indirect Sources

Volume 10: Reviewing New Stationary Sources

Volume Il:  Air Quality Monitoring and Data Analysis

Volume 12:  Applying Atmospheric Simulation Models to Air Quality

Maintenance Areas

Additional volumes may be issued.

All references to 40 CFR Part 5! in this document are to the regulations
as amended through July 1974.

NOTE

This guideline is being released in its present form in order to
allow its immediate use by State and local agencies. This guideline
may be reissued in the near future in order to incorporate comments
and suggested improvements offered by the EPA Regional Offices and by
State and local agencies and other concerned groups.



PREFACE

Volumes 7, 8 and 13 present procedures which can be used to
project and allocate emissions within a county. Volume 12 discusses
how projected emission inventories wcorporating various levels of
detail may be used in atmospheric simulation models (which have been
calibrated with valid air quality data) to project air quality levels
within a county. It is apparent from Volumes 7, 8 and 13 that it may
frequently be extremely difficult to project emissions from new point
sources of pollution. The difficulties are threefold:

(1) Uncertainty about the process and control devices to be

used, resulting in uncertainty about the quantity and type of emissions.

(2) Uncertainty about the location of the new source.

(3) Uncertainty about the stack design parameters of the

new source.
Lack of precise knowledge about any of the above three variables
greatly decreases the reliability with which the analyst can (a)
estimate the adequacy of emission density limitations for maintaining
ambient air quality standards, and (b) estimate whether an individual
point source is likely to result in localized violations of ambient
air quality standards.

The foregoing discussion strongly suggests that an air quality
raintenance plan require the analysis of proposed new point sources

to be a two-tiered procedure. The first step would require an analysis
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in which county emissions are projected and allocated using procedures
similar to those outlined in Volumes 7, 8 and 13. This information

would then be used in one or more calibrated atmospheric simulation
models, similar to those outlined in Volume 12, to estimate whether
ambient air quality standards would be met under the projected scenario.
Use of the atmospheric simulation models can be extended to prescribe
emission limitations for the industrial, residential and commercial

zones designated within the county. The projected distribution of

air quality levels obtained by using projected distributions of

emissions as input to calibrated atmospheric simulation models would
serve to estimate urban background concentrations.

The second step in the analysis of a proposed point source should

be implemented after a concrete proposal, specifying the source's
lTocation, stack design parameters and net emissions after the application
of control devices, has been received. The emissions estimated for

the source would be allocated to it from the remaining available allowable
emissions estimated in the first step of the analysis. Assuming there
are sufficient available emissions to perform this allocation, the

second step should proceed. The purpose of the second step is to insure
"that the design, location and emission control devices to be used by

the proposed source are sufficient to avoid the threat of localized
violations of ambient air quality standards. This assurance could be
gained by performing an analysis of the source's impact and superimposing
it on the projected urban background concentration at appropriate

lTocations. The purpose of Volume 10 is to suggest methods which may



be used in estimating the impact of an individual point source of
pollution on ambient air quality. These methods may be used to provide
assurance that a new source will not violate standards and provide
insight into strategies which might be effective in reducing the impact

of an individual source on air quality.
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CHAPTER 1
INTRODUCTION

BACKGROUND

In response to the requirements imposed by 40 CFR part 51 (which estab-
lishes requirements for preparation, adoption, and submittal of state
implementation plans for attaining and maintaining national standards of
air quality), each state must adopt a procedure for the review of new
sources and modifications of sources of air pollution. The adopted pro-
cedure will enable a state or local agency to determine whether the new
source or modification will interfere with the attainment or maintenance
of national standards. The review will consider emissions directiy from
the source and indirectly from mobile source activities associated with
the stationary source. Thus, the review will extend to facilities such
as airports, amusement parks, highways, and shopping centers. This
document is concerned primarily with the review bf stationary sources.
For help in reviewing sources with significant mobile source activity,
consult "Guidelines for Review of Complex Sources" (in preparation, 1974),
This document discusses analytical methods which will be helpful in for-
mulating review procedures and discusses information requirements for
using the methods. The intent ¢f this document is to provide sufficient
guidelines to state and local control agencies that the need for @ajor
revisions to state implementiation plans based on these guidelines will be
greatly decreascd.

PURPOSE OF THE REVIEW

The review procedures to be adcpted by state and local air pollution con-

e

trol agencies !- -
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° To provide assurance that a ncw source will not cause ambient
air quality standards to be violated.

° To bring to 1ight procedures, source designs and siting alter-
natives which would further reduce the impact of air pollutants,
-especially on the more susceptible individuals and crops.

o To provide sufficient knowledge of potential air pollution B
problems resulting from the new source's existence or subsequent
growth that such problems can be adequately dealt with.

HOW TO USE THIS DOCUMENT

The techniques presented in this document are useful in estimating air
quality levels which resull from emissions by a single new or modified
source. It is presumed that the present and future air quality in arcas
affected by the new or modified source is known or can be estimated from
other information. This includes consideration of the extent to which air
quality levels from present sources will be reduced in the future by the
application of control strategies. Such strategies are designed to meet
ial air quality standards and to allow for future development. By
adding the air pollutant concentrations calculated for the new source to
both the present and the projected future concentraiions, one can determine
whether the new source will likely result in concentrations which exceed
national standards. The result will also provide guidance as to whether
the new scurce conforms to applicable control strategies in view of addi-
tional sources which may be expected within the projected degree of future
growth and development.

Selection of Techniques

he methods and techniques presented herein are suggestions and not rigid
~euirements.  There are many situations in which the techniques may be

ap 'ied with a reasonably high degrce of confidence, Their validity is based

on cesults averaged over a large numbar of individual receptor locations.
Hov.ever, even under the most {:ivorable conditions, e.g., situations with
.21l defined air flow in terrain without irregular topographical features
such as vall~y .~ - o darge Tabes, air quality estinates in Lerms

of ground Teved oo LuU7on ol oa single receptor lecation oy vary frem
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observed values by a factor of three. When irregular topographical fea-
tures are present, the results are less certain, and the services of an
experienced air pollution meteoro]ogist should be sought in estimating
air quality levels. The methods presented in this document provide some
Timited guidance for estimating the effects of irregular topographical '~

features.

Whether an emitted pollutant is photochemically reactive or not will affect
the technique selected. However, while references are given to methods for -
treating photochemical reactions, suitable techniques are not included in

this document.

Another consideration which affects the selection of a technique is the
averaging period which must be considered. The national air quality stan-
dards are defined for different periods for each pollutant.

listed in Table 1-1.

These are

T PHOTOCHEMICAL REACTIVITY AND PERIODS FOR WHICH NATIONAL
AIR QUALITY STANDARDS EXIST FOR SIX POLLUTANTS

abie 1-1.

Periods with National Standards
Photochemi cal . IMax{@)max(@tax(ad pax(a) Hax(a)
Pollutant Reactivity [Annual |24-hr | 8-hr {3-hr |6-9 am |l-hr
Sulfur Dioxide Stable X X X
Particulate Stable X X
Carbon Monoxide Stable X X
Nitrogen Dioxide| Reactive X
Hydrocarbons Reactive X
Photochemical Reactive X
Oxidants
(a)

than once a year.

Max. refers to a maximum concentration not to be exceeded more often



Degree of NDetail

For sources located in flat terrain, in which the emissions affect
relatively clean areas, and with continuous emission rates, a few simple
~calculations are adequate. whén‘nearby lakes or mountains, high]} vari-
able emission rates, possible downwash problems or other localized
effects are present, detailed study is required.

Data Requirerents

The data required to carry out the techniques presented here include
emission data, meteorological data, and topographical maps. The emission
data is described in Chapter 2. The meteorological data is described in
Chapter 3. Topographical maps may be obtained from the U.S. Geological
Survey. '

G
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CHAPTER 2
EMISSION DATA

EMISSIONS AND EFFECTIVENESS OF CONTROLS OF POINT SOURCES

An important part of the review process must include a determination of
how much of what pollulants are emitted where and when. If the pollutants
are not emitted at a constant rate {most are not), information should be
obtained on how the emissions may vary with season, day of the week, and
hour of the day. In most cases the emissions will vary with the source's
production rate, which can be specified in terms of output units, e.qg.,
for each kilowatt-hour of electricity produced by a fossi]-f&e] power
plant, a known amcunt of fuel will be consumed and a known amount of each
pollutant will be emitted. The- source operator should be able to deter-
mine appropriate emission factors, giving the amount of each pollutant
emitted per unit of the source's related production process.

Four possible bases for determining emission factors, in decreasing
order of confidence are:

° Stack-test results or other emission measurements from an
identical or equivalent source

° Material balance calculations based on engineering knowledge
of the process

° Emission factors derived for similar sources or taken from a
_compilation by the U.S. Environmental Protection Agency (1973a)

° Enginecring judgment.



For pollutants which are emitted in direct proportioh to production
process rates, variations in emission rates can be determined from vari-
ation in production rates. The source Operator should be requested to
define his planned hours of operation for each day of the week. If his
production rate varies with hour of the day, day of the week, or month
of the year, the expected production rate should be defined for all .
periods as a percentage of the maximum production rate. With this infor-
mation, the maximum production rate and the emission factor for each
pollutant, the emissions can be determined for any hour, three-hour,
eight-hour, or 24-hour period.

Some emissions are best related to factors other than production rates.
Examples of emissions not directly related to production rates are
emissions from fuel burned for space heat, evaporation of stored volatile
materials, and fugitive dust from stored powders or from dirt roads. .The
following equation relates emissions from space heating fuel consumption
for a given day to average temperature for that day, for temperatures below
"18.3°C {65°F):

Q = EF (65-T) (2-1)

where emission rate

emission factor

[}]

average temperature, °F

space heat fuel factor, (unit fuel)/(deg. day)
and (65-T), if positive, is the number of degree days
accumulated that day.

Q
E
T
F

For more detailed treatment of emissions related to space heating refer
o analyses by Turner (1968), Roberts (1970), and Koch and Thayer (1971).

* 65°F (18.3°C) less the average of the daily maximum and minimum

temperatures is the number of daily degree days.




For stored volatile materials EPA has developed convenient methods of

estimaling evaporation emissions from the storage and transportation of
petroleum products, dry cleaning, and surface coating operations (U=S.
Environmental Protection Agency 1973a including Supplement No. 1).

For fugitive sources methods of estimating emissions are necessarily sub--
jective. However, emission factors have been developed for some sources,
e.g., gravel stored in outside piles (U.S. EPA 1973a). Also, guidelines
are available for estimating amounts of material burned per acre by for-
est fires, slash burning, and agricultural burning (U.S. EPA 1973b).

These estimates combined with available emission factors for fires (U.S.
EPA 1973a) may be used to determine annual and short-term emission rates.
Unfortunately, little or no information is available to estimate emissions
from traffic over dirt roads and other types of fugitive sources of emis-
sions.

Where émissions are reduced by control equipment, the effectiveness of
such controls must be included in the emission estimates. The source
operator will be able to estimate what the effectiveness is and what con-
ditions alter its effectiveness and to what degree.. A survey of the types
of controls and the control efficiencies which have been reported in the
National Emissions Data System (NEDS) for various types of sources is
available from EPA (Vatavuk 1973). A number of other references are also
available which provide more detailed guidelines about emission controls
(e.g., Danielson 1973, Lund 1971, Stern 1968, U.S. Dept. of HEW 1969a,b
and 1970a,b,c; U.S. EPA 1971 and 1973c).

STACK CHARACTERISTICS

The height of emission, buoyancy, momentum and relation to surrounding
topography of emitted pollutants are all important considerations.

As a general rule.thé point of emission is a stack. The following
characteristics of the stack and its effluents should be provided by
the source operator:



] Height

) Exit diameter (may be approximated by 1.13 times the
square root of the cross-sectional area for non-cir-
cular flues)

) Exit velocity ' ‘
0 Exit temperature (buoyant [hot] plumes only).

With the above information, the plume rise can be calculated for the
stack effluents. A recommended method for estimating plume rise is
given in Chapter 4.

If there is no stack so that the emissions are released from vents on

the top or side of a building, the emissions will be subjected to mixing
in the turbulent cavity imnediately downwind of the building. In this
case the dimensions of the building, including height, length, and width,
and its orientation should be specified. These will be used to determine
the minimum crosswind area of the building. In addition, an estimate is
required as to how much the cross-sectional area of the downwind cavity
is altered by the building shape.

If the temperature and velocity of the stack gas effluent are not avail-
able from the source operator, some guideline estimates are available
(Engineering-Science, Inc. 1971).

LOCATION AND TOPOGRAPHY

The location of the source should be determined as accurately as possible
(e.g., within + 0.1 km) in terms of convenient coordinates. Universal
Transverse Mercator Coordinates are recommended since these are the coor-
dinates most commonly used in air pallution reporting systems.

Any significant topographical feature in the vicinity of the source should
2 noted. U.S. Geological Survey Maps are convenient for this purpose.



Important features to note are large lakes or seashore, nearby hills and
mountains, valley configurations, and general terrain roughness. These
characteristics influence diffusion modeling considerations.

MCRGED PARAMETERS FOR MULTIPLE STACKS

Sources which emit the same pollutant from several stacks in close prox- -
imity may often be analyzed by treating the emissions as coming from a single
representative stack. The following rule which is recommended for com-
bining emissions from similar boilers for NEDS may be used to select

stack characteristics to represent the combined emissions (U.S. EPA 1973b).
For each stack compute parameter K as follows:

K = D_%_Is _ (2-2)

where h = stack height

<?
1

%—dzvS = stack gas voiume flow rate
d = stack exit diameter

v. = stack gas exit velocity

—
v
!

= stack gas exit temperature

Q = stack emission rate.

Use the height, diameter, exit velocity and exit temperature of the stack
with the lTowest value of K. Use the sum of emissions for all stacks as
the emission rate.

If the stacks are widely dispersed, use of a single representative stack
for the combined emissions will greatly overestimate fhe concentrations
from the plant. In the case of a very large complex industrial plant,
several representative combined stacks may be used.
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CHAPTLR 3
METEOROLOGICAL DATA

The methods of estimation presented in Chaptér 4 require the use of the
following meteorological parameters: '

Temperature

Incoming solar radiation

Cloud cover and ceiling height
Wind direction and speed

o © o o0 o

Mixing layer height

In some Air Quality Control Regions (AGCR) these parameters are routinely
measured and recorded in a data bank along with air quality measurcments.
More generally, however, these parameters must be obtained from the
National Climatic Center in Asheville, North Carolina. Limited data may
also be obtained directly from local National Oceanic and Atmospheric

A A

Administration (NOAA) observing stations.

A discussion of common measurements of each of the above parameters and
of their relation to the values required for the methods of Chapter 4
follows.

Temperature

Estimates of temperature are required to estimate the emission rate of
pollutants associated with the combustion of fuel for space heat and to
estimate the plume rise of buoyant exhaust gases. In addition to standard
hourly and three-hourly records of temperature, a number of useful clima-
t.logical summaries are available (see Table 3-1). In some cases it will

be . ecessary to cenvert reported temperatures to other units. The following
relationships may be useful:

C = (F-32)(5/9)
K=C+ 273

-10-
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Table 3-1. SOURCES OF TEMPERATURE DATA

Temperature
Characteristic

Sources*

Hourly Observation
Three-Hourly Observation

Monthly and Annual

Daily Max.
Daily Min.
Mean

Std. Deviation
Degree Days
Extreme Max.
Extreme Min.

Monthly and Annual Freq. Dist.

Daily Max.
Daily Min.
Daily Mean

NCC
NCC

LCD, ACB, WWAS
LCD, ACB, WWAS
LCD, SMOS-E
SMOS-E

LCD

LCD, ACB, WWAS
LCD, ACB, WWAS

AFSUM-A
SMOS-E, AFSUM-A
SMOS-E, AFSUM-A

Three-Hourly SSM0-13, 17; SMOS-E; AFSUM-A

*NCC - National Climatic Center, Federal Building, Asheville, N. C. 28801
LCD -"Local Climatological Data", NCC

ACB -"AWS Climatic Brief", NCC

WWAS - "World-Wide Airfield Summaries", NCC

SHOS-E - "Summary of Meteorological Observations, Surface, Part E", NCC
AFSUM-A - “Summary of Surface {eather Observations - A Summary", NCC

SSM0-13, 17 - "Summary of Synoptic Meteorological Observations",
' Tables 13 and 17, NCC

-11-
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where C = temperature, °C

Il

temperature, °F

=~
i

absolute temperature, °K

" Incoming Solar Radiation

The intensity of incoming solar radiation is required to estimate atmo-
spheric stability. AMthough it is not routinely measured at most loca-
tions, it may be estimated from the solar elevation angle and the amount
of cloud cover.

For the purpose of estimating stability, incoming radiation may be quali-
tatively classified as strong, moderate or slight. "Strong" incoming solar
radiation corresponds to a solar altitude greater than 60° with clear
skies; "moderate" insolation corresponds to a solar altitude between 35°
and 60° with clear skies; "slight" insolation corresponds to a solar
altitude from 15° to 35° with clear skies. Table 170, Solar Altitude

and Azimuih, in the Smithsonian Meteorslogical Tables (List, 1951) can

be used in determining the solar altitude. Cloudiness will decrease
incoming solar radiation and should be considered along with solar alti-
tude in determining solar radiation. Incoming radiation that would be
strong with clear skies can be expected to be reduced to moderate with
broken (5/8 to 7/8 cloud cover) middle clouds and to slight with broken
Jow clouds. An objective system of classifying stability from hourly
meteorological observations based on the above method has been suggested
(Turner, 1961).

Irner's objective method is presented in Tables 3-2 and 3-3. Total
1nud amount and cloud ceiling hcight are discussed in the following
s tion. The solar altitude angle may be obtained from List (1951) or

iron the following equation.

-12-
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Table 3-2. NET RADIATION IHDEX VALUES
e ,
Tine | Total i ing Hetoht Indicated Solan ATt tute (o)
Day* Amount (N) (c), (ft) a<l5° | 15°<a<35° | 35°<a<60° | a»60°
"Night | N<0.4 - =2 - - -
Night | 0.4<N1.0 - -1 - - -
Night N=1.0 c<7,000 0 - - -
Night N=1.0 ¢>7,000 -1 - - -
Day** N<1.0 . ¢216,000 1 2 3 4
Day 0.5<N<1.0 c<7,000 1 1 1 2
Day 0.5>N<1.0 16,000>c<7,000 1 1 2 3
Day N=1.0 c<7,000 0 0 0 0
Day N=1.0 16,000-¢>7,000 1 1. 1 2
Day N=1.0 ¢>16,000 1 1 2 3

*Night refers to time from 1 hour before sunset to 1 hour past sunrise.

**This line includes conditions of c]éar or'scéttered clouds with no
cloud ceiling.

Table 3-3.

CHARACTERIZING DIFFUSION

METEOROLOGICAL STABILITY CLASSIFICATIONS FOR

Wind Stability Class for Indicated Net.Radiation Index*
Speed
(Knots) 4 3 2 1 0 -1 -2
0,1 A A B C D F G
2, 3 A B B o D F G
4, 5 A B c D D E F
6 B B C D D E F
7 B B C D D D E
8, 9 B c C D D D E
10 C C D D D D E
11 C C D D D D D
512 c D D D D | D D .

*Net Radiation Index Values are Given in lable 3-2.

-13.
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o = arcsin{sin $ sin 6 + cos ¢ cos & cos [—% (h - 12)]}

5- = 23.5(1‘%0-) sin {%6[30("]-]) + d"80]} . .' 7

where

= solar altitude

= solar declination

= month of year

day of month

= hour of day (local standard time)
latitude.

i

© T o 3 o R
u

Another method of estimating the intensity of incoming solar radiation
suggested by Ludwig, et al (1970) is the following:

Slight = 1<£0.33
Moderate = 0.33<I = 0.67
Strong = 0.67<1 '

where I = (1-0.5N) sin «
N = cloud cover (fraction of sky obscured)
o = solar altitude angle

Joud Cover and Ceiling llcight

Hourly or three-hourly observations of surface weather observations, which
may be ordered from NCC, include total cloud amount and cloud ceiling
height. These observations are used to determine atmospheric stability
~1csses as indicated in a preceding section.

-14..



Wind Speed and Direction 7

Wind speed and direction are available as part of hourly or three-hourly
weather records from NCC.  Surface wind direction and speed are also
commonly measured as a part of Air Quality Control Region Monitoring systems.

Climatological values of wind speed and direction may also be useful.
For example, in addition to the joint frequency distribution of wind
speed, wind direction and stability, distributions of wind speed or
direction are avaialble as a function of hour of the day on both an
annual and a monthly basis.

Since January 1964, wind directions have been generally reported to the
nearest 10 degrees azimuth. However, climatological summaries of wind
directions may be in terms of 8 or 16 compass points instead of 10 degrees
azimuth,

HWind speeds are usually measured at a height near 6 meters (20 feet).
It is desirabie to get an average wind speed over the layer affected by
the plume. The following equation may be used to estimate an average
layer wind speed. '

P
U= _h _L_
p+] Z]

where u = average wind speed for the plume
z]V= anemometer height
uy = observed wind speed
L = _.height to top of plume (use height of the mixing layer
or the effective source height plus 20,, whichever is less)
p = wind profile parameter (sce Table 3-4).

-15-
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Table 3-4., UWIND PROFILE PARAFETIRS AS A FUNCTION OF
ATHMOSPHERIC STABILITY

Stability Category . Exponent of Wind Speed Profile

A | 0.1
0.15
0.2
0.25
0.3
0.35, 0.5%

m m O O ™

Joint Frequency Distribution of Wind Direction, Wind Speed and Stability

Climatological joint frequencies of occurrence of wind direction, wind
speed and stability by annual, seasonal or monthly periods may be
requested directly from the National Climatic Center (NCC), Asheville,

[N ad 200N
N.U. OOV,

Mixing Layer Height

Climatological summaries of mixing layer heights are available from EPA
(Holzworth 1972). Two relevant summaries are presented in Figures 4-7
and 4-8. In addition, the mixing layer height may be estimated from
radiosonde observations available from NCC. If radiosonde observations
are not available from a rearby staticn, spatial interpolation may be
necessary between two or more stations. During daytime hours, the mixing
layer height may be estimated by projecting the ground level temperature
diabatically (along a line of constart potential temperature) on a thermo-
dvamic chert until it intersects the temperature height graph from the
mo. - recent radiosonde observation. The height of the intersection will
be .he height of the mixing layer. During nocturnal hours, a stable layer
witl likely form over rural terrain, in which case there is no mixing

*A value of 0.35 is appropriate for stacks in excess of 100m. A value of
0.5 may be used when the plume height does not exceed 100m. These values
are designed to represent the very sharp shear in wind speeds which exists
in a shallow surface layer during very stable conditions.

-16-
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layer. Over urban terrain, a new mixing layer will form bencath the late
afternoon mixing layer. The height of the urban mixing layer can be
determined directly from a radiosonde sounding if one is available for
the urban area. If, as is more commonly the case, only a rural sounding
is available, the urban morning mixing layer height can bé estimated by
adding 5°C to the minimum morning temperature and projecting this ground 
level temperature adiabatically until it intersects the temperature sound-
ing as is done for afternoon mixing heights. It is recomnended that the
late afternoon mixing layer height be continued until midnignt and that
the mixing height determined for the morning sounding of the next day be
used after midnight.

-17-
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CHAPTER 4
METHODS OF ANALYSIS

Methods of estimating concentrations of pollutants emitted by a new (or

modified) source are presented for the following types of considerations: -

e Maximum short-term concentration (this page)
© Annual mean concentrations (page 38)
0 Short-term concentrations at critical locations. (page 45)

In order to perform the analyses and calculations suggested here, it is
necessary to obtain meteorological data for the area affected by the new
source. It may also be necessary to supplement or verify the validity
of the emission and stack data supplied by the new source owners and
operators. Chapter 2 discusses sources of emission, emission control
and stack information. The types of meteorological data needed and sug-
gested sources for this data are discussed in Chapter 3.

MAXIMUM SHORT-TERM CONCENTRATIONS

. One-hour ground-level concentrations from emissions by a single source

can best be estimated by means of the Gaussian plume equation. For a

aiscussion of this equation, including its various uses and limitations

the reader should consult the Workbook of Atmospheric Dispersion Estimates

(Turner 1970). The one-hour concentrations may be used to estimate con-

-~ 1trations for longer averaging periods using empirical conversion fac-
~s which are presented in the methodologies which follow. A method is

e onted for estimating maximum short-term concentrations from sources

with cach of the following types of emission situations:

0 Stack with significant plume rise (jet or buoyant plume)

¢ Stack with little or no plume rise

-18-
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o Ground-level source with little or no plume rise

Emissions from a rooftop or side of a building with
little or no plume rise

P Fumigation from an elevated source.

Most sources will fit the first two categories, i.e., they are we]i'defined.
stacks with or without plume rise. For these sources, fuhigation effects
should also be evaluated. Sources (e.g., dumps or open burning areas)
whose emissions undergo some plume rise, but which are not emitted from

a well defined stack, may be treated by the elevated source methodology

by using a low but common plume rise as the source height. Fugitive
emissions from sources without well defined emission points may be treated
either as ground level sources or as emissions from a building.

The following guide outlines the methods recommended for estimating max-
imum short-term concentrations:

1. Determine critical wind speed (Equation 4-1) for emissions
released 10 m or more above ground level. If the critical
wind speed equals or exceeds 1 m/sec, use the methodology
for stacks with significant plume rise - see page 26. Also
evaluate fumigation effects - see page 32.

2. If the critical wind speed is less than 1 m/sec and the
release height is 10 m or more (including sources such as
outside burning with an estimated effective plume height
in excess of 10 m), use the methodology for stacks with
little or no plume rise - see page 30. Also evaluate
fumigation effects is appropriate - see page 32.

3. Treat all other sources by using the ground source meth-
odology - see page 32.

4. If the emissions are released from a building (through a
short stack or vent) such that the release point is less
than or equal to 1.5 times the building height, use the
building methodology in addition to one of the three above
- see page 31.

-19-



Critica! iind Speed

For a given set of stack characteristics, the Gaussian plume-equation can
be used Lo determine the meteorological conditions which will be associ-
ated with the maximum ground—]eQe] ccncentrations and where the maximum
will occur.  The ratio of maximum grcund Tevel concentration times wind

speed to -source emission rate (yu/Q) is given as a function of down-.

nax
max) for various categories of atmospheric stability in .

Figures 4-1 and 4-2. The values in Figure 4-1 are for a smooth, level

wind distance (x

(rural) terrain; Figure 4-2, for level, urban terrain. The categories

of atmospheric stability used on the graphs are associated with the mete-
orological conditions listed in Table 4-1. An alternate method of deter-
'mining these stability categories is given in Table 3-2 and 3-3. C[ach
point on the graphs corresponds to a unique effective source height,
i.e., physical stack height plus the plume rise due to the bucyancy or
momentum of the exiting stack gases. Under neutral and unstable atmo-
spheric conditions (stability ‘classes A through D) there are a critical
which result in the

viind speed u and a critical plume height H

crit crit

maximum ground level concentration.

K

Yerit © E_gf_ (4-1)
p
H ..=h+K (4-2)
crit Yerit
here h = stack height
K = plume rise parameter (see Table 4-3).
f the value for Uepit is outside the range of allowable wind speeds for

stability class (see Table 4-1, P. 23), then use the nearest allowable
s ed for Yepit? and recompute Hcrit for that stability.

-20-
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Note:

For larger effective heights of emissions, use Figure 4-1.
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Table 4-1. KEY TO STABILITY CATEGORIES

Day ' ' Night
Surface Wind Incoming Solar Radiation Thinly Overcast
Speed (at_10 m), or <3/8
m sec-! Strong | Moderate | Slight | >4/8 Low Cloud Cloud -
< 2 A A-B B F F
2-3 A-B B C E F
3-5 B B-C C D E
5-6 c C-D D D D
> 6 ¢ D D D D

The netural class, D, should be assumed for overcast conditioﬁs during day
or night. Uhere two classes are indicated for the same conditions (e.g.,
A-B), an interpolation between the two classes is appropriate.

The variables p and q are related to the diffusion parameters o and L
respectively, in the Gaussian plume equation when they are expressed as

power functions of downwind distance (x) from the source in the form:

= ayP .

= ax 4-3

°y . (4-3)
o, = bx4 (4-4)

where a,b = empirical parameters.

Values of p and q depend on terrain roughness and atmospheric stability.
Suggested values are listed in Table 4-2. Values of the plume rise
parameter (K) depend on the characteristics of the stack. Equations for
computing this parameter are listed in Table 4-3.
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Table 4-2.

VALULS OF DIFFUSION PARAMETERS BY
STABILITY CLASS AND TERRAIN

Rural Terrain

Urban Terrain

Stability Dovnwind
Class - Distance (m) p q q/p p q qa/p
A < 250 0.903 | 1.03 1.14
250-500 0.903 | 1,51 1.67
> 500 0.903 | 2.10 2.32
B < 1,000 0.903 | 0.986 | 1.09 0.745 1 1.14 | 1.53
> 1,000 0.903 | 1.09 1.20 0.745 1 1,14 | 1.563
A11 distances | 0.903 | 0.911 | 1.01 0.730 } 0.97 | 1.33
< 1,000 0.903 | 0.827 { 0.916 | 0,710 | 0.77 | 1.08
1,000-10,000 | 0.903 | 0.636 | 0.704 | 0,710 | 0.77 | 1.08
> 10,000 0.903 | 0.540 | 0.598 | 0.710 | 0.77 | 1.08
E < 1,000 0.903 | 0.778 | 0.862 | 0.650 | 0.51 | 0.785
1,000-10,000 | 0.903 | 0.587 | 0.650 | 0.650 | 0.51 | 0.785
> 10,000 0.903 | 0.366 | 0.405 | 0.650 | 0.51 | 0.785
F < 1,000 0.903 { 0.791 | 0.876 | 0.650 | 0.51 | 0.785
1,000-10,000 | 0.903 | 0.510 | 0.565 | 0.650 | 0.51 | 0.785
> 10,000 0.903 | 0.315 | 0.349 | 0.650 | 0.51 | 0.785

-24-




Table 4-3. PLUME RISE PARAMLTERS BY TYPE OF
STACK AND STABILITY CLASS

Type of Stability ' -
. Stack [xhaust* Class Plume Rise Equation
Jet A K= u(aH) = 3 Vg d
Plume through
D
3/u 3
Buoyant A K=u(aH) =42 A , A<24m/sec
Plume through
D
3/5 3
=66.4 A", A>24m/sec
gt s
" Jet E aHy = 0.945 | ——>—
Plume agd _ TS 9(35)
2
, 1/u
Al = 4 T vgd (use lower of aH,
2 i g(SY| and aH,. &H, rep-

s 9'%2 resents the limiting
case for calm or near
calm conditions.)

0 ] 3 -
Buoyant E aHy = 2.4 -—J:&;— /
Plume ' and ug(g—
F Z
1/u g ,60,]-3/8
aH, = 5F 7 (EEJ (use lower of
AH] and AHz)

* If uncertain whether exhaust is a jet or buoyant plume, compute both ways
and use classification which gives the highest values.

(Continued)
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Table 4-3. PLUME RISE PARAMETERS BY TYPE OF
STACK AND STABILITY CLASS (Concluded)

2

K = plume rise parameter, m /sec
2 f Ts-T 3
A = Vg d ] buoyancy parameter, m /sec
3 . '
aH = plume rise, m
u = wind speed, m/sec C e,
Ve = stack exit velocity, m/sec |
d = stack exit diameter, m
TS = stack exit temperature, °K
T = ambient air temperature, °K.
2
g = 9.8 = acceleration due to gravity, m/sec
%%—= vertical gracient of potential templratiune, °K/m
(representative values are: 0.02 and 0.035 for stability
classes E and F, respectively)
3
F =

|

2/7T -7 )
2.45 Vg d s >= buoyancy flux, m /sec
S

Stack With Significant Plume Rise

The following procedures may be used to estimate the maximum ground;1eve1

concentration from a point source with known emission rate (Q) when the

critical effective source height (Hcrit) exceeds 10 m:

A. For stability classes A, B, C, and D:

1.

Using H find (xu/Q)max and X max from Figure 4-1 or 4-2. If

crit’
Xax does not lie within the downwind distance range which cor-
responds to the sclected q/p value, ) )
I q/p recompute u. .y and Hcr1t

(see page 20, Equations 4-1 and 4-2) using a new q/p value for
another distance range, tnen repeat this step.

Compute x, ..

Xmax Q ) max T (4-5)
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B. For stability classes E and F, pleot Xpax 25 @ function of wind speed

to identify the peak Ymax: TOr each of several wind speeds (u):

1. Compute aH from Table 4-3,

2. Compute H = h + aH.

3. Find (xu/Q)max from Figure 4-1 or 4-2,

4. Compute Xpax = (xu/Q)max Q/u for several values of u.
5.

Plot Xmax 25 @ function of u.

As a result of following procedures A and B above, a value of X nax will
be obtained for each stability class. For the highest Xiax there will be
a corresponding wind speed, stability class and (xu/Q)max. The distance
downwind (xmax) at which this highest Xpay OCCUrs can be read from

Figure 4-1 or 4-2, whichever is appropriate.

If the stack height is less than about 2.5 times the height of any adjacent
buildings, aerodynamic downwash is 1ikely, especially with strong winds.
Under such conditions the plume will be washed downward toward the ground,
resulting in excessively high short term ground level concentrations.
However, this situation can and should be avoided by providing a stack
sufficiently high to prevent its occurrence.

~27-



The emission rate (Q) used in procedures A and B above should be the
maximum which is likely tp occur with each stability class. Since
‘stability_classes A, B, and C only occur during daylight hours and stability
" classes E and F only occur during nighttime hours, the maximum emission
rate for each stability class will depend on the plant operating schedule.
Plants which only operate during the day or auxiliary power plants which
only operate during periods of peak load are examples of sources which
have emission rates of zero for some stability classes. The maximum
number of hours that each stability class may occur is dependent on the
solar altitude, which varies with season, latitude and time of day. The
maximum number of hours for various latitudes are shown in Table 4-4,
The maximum number of hours for which stability classes A, B, and C occur
will be centered on noon (or 1 p.m. for daylight saving time) during
June. For stability classes E and F the maximum will be centered on
midnight (or 1 a.m. daylight saving time) during December. Corrections
to these values for other times of the year may be made by interpolation or
by consulting references which.treat solar altitude (e.g., List 1951).

Where several non-reactive pollutants are emitted from the same stack,
the maximum short-term concentration (x]) of one is related to the
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other (x,) in direct proportion to the ratio of their emission rates
Q). 0,): |
Q, ‘
Xp =X ’ ' (4-6)
2 1 Q;' _

For averaging periods greater than one hour, the maximum concentratioh'étV
any one point will be reduced from the maximum one-hour concéntration,
even under steady meteorological conditions, due to the natural meander
of the wind direction with time. The maximum concentration- for longer
periods occur when the meteorological conditions and emission rates
persist relatively unchanged for the length of the period of interest
(e.g., 3, 8, or 24 hours). Vhen thic is a reasonable assumption, the
correction factors shown in Table 4-£ will enable one to make a rough
estimate of the maximum concentrations applicable for periods longer than
one hour from the maximum one-hour concentration. These factors reflect
normally observed diurnal variations in meteorological conditions and

are most applicabie to the ratio of the average concentration for a
specific period to the maximum one-hour concentration during that period ,

The correction factors for 3- and 8-hour averaging times should be
applied to the highest one-hour concentration estimated above. The
correction factor for the 24-hour averaging time should be applied to
" Cor D stabilities, since A and B stabilities do not generally persist
ong enough to account for the highest 24-hour concentrations. The
following technique is suggested for estimating maximum 24-hour concentra-
tion:
1. Determine the maximum 1-hour concentration for C stability at
he critical wind speed (ucrit)(see page 20).
2. Celculate a 1-hour Timited mixing concentration. This can be
ap, "oximated as follows. Compute the maximum C stability concentration
for a wind speed of 2.5 m/sec using Figure 4-1 or Figure 4-2, and multiply
by 2 to account for the restriction to vertical mixing.
3. Take the larger of the concentrations estimated above, and multiply
by .25 to get an estimate of the maximum 24-hour concentration.



Table 4-4. MAXIMUM DURATION OF STABILITY CLASSES FOR SCLECTED
LATITUDES AND DATES

Latitude

Méximum:Duration of
Stability Class (Hours)*

Date A B o E, F

30°N Dec 22 0 2 7 16
Feb 9, Hov 3 0 4 8 15

Mar 8, Oct 6 0 6 9 14

Apr 3, Sept 10 2 7 10 14

May 1, Aug 12 4 8 11 13

Jun 22 4 8 12 12

40°N Dec 22 0 0 6 17
Feb 9, Nov 3 0 1 7 16

May 8, Oct 6 0 5 9 14

Apr 3, Sept 10 0 6 10 13

May 1, Aug 12 2 7 1 12

Jun 22 4 8 12 11

50°N Dec 22 0 0 2 18
Feb 9, Nov 3 0 0 6 17

Mar 8, Oct 6 0 1 8 15

Apr 3, Sept 10 0 5 10 13

May 8, Oct 6 2 7 1 1

Jun 22 4 8 . 12 10

* Based on duration of solar angle above or below following limits:
Class A - above 60°, Class B - above 35°, Class C - above 15°,
Class E and F - below 0° plus two-hours. )

,_‘p
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A more accurate approach would-be to compute concentrations, hour-by-hour,
at several receptor locations for a number of days with meteorology
conducive to high concentrations. Since a realistic worst day's meteorology
is difficult or impossible to define, computations for a large number of

- days must -be made--a job which may require the use of a computer.

Table 4-5. CORRECTION FACTORS FOR EXTENDING MAXIMUM
1-HOUR CONCENTRATIONS TO LONGER AVERAGING PERIODS

Averaging Period (Hours) Correction Factor
3 .80
8 .66

24 . 25%

* Apply only to stability class C or D. See text for a
suggested method.

Stack with Little or No Plume Rise
The following steps may be followed to estimate the maximum concentration

from an elevated source with 1ittle or no plume rise due to momentum or
auoyancy effects.

A. For each stability class:

1. Using the source emission height, read the (xu/'Q)max value from
Figure 4-1 or 4-2.

2. Using the appropriate maximum emission rate and the minimum wind
speed (umin) for the times of day that the stability class occurs,
estimate the maximum concentration as follows:

Q

)E_
Q max umin

max

If calm winds can be expected %o occur with the stability class,
Unin MaY be approximated as 1 m/sec.
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B. If an averaging period longer than one hour, but no greater than
8-hours, is of interest, the maximum one-hour concentration from Step 2

may be multiplied by the appropriate correction factor from Table 4-5

to estimate the maximum for a lenger term period. For the 24-hour -

. averaging-time, use the approach outlined in the previous section

(pages 28 and 30). SR

Mechanical tubulence around the stack can significantly alter the effective
stack height by creating a downwash in the wake of the stack. This effect
is especially pronounced when the stack gas exit velocity is low and when
fhe wind speed is high. A method of estimating the effect when the down-
wash is created by a building is given in the methodology for emissions
from a roof or the side of a building. As a general rule whenever the
stack height is less than 2.5 times the height of the hfghest building
adjacent to the stack, aerodynamic downwash effects will be present to

some degree. '

tmissions from a Rooftop or Side of a Building

When emissions are released from a vent, short stack or other type of portal
on top or on the side of a building, the emissions will become trapped in
the turbulent cavity immediately downwind of the building. The maximum
concentration is given by the following simple volume approximation

(Smith 1968).

- Qmax
X CAumi

(4-7)
n
where X = maximum concentration downwind of the building, ug/m3
Q = maximum emission rate, ug/sec
C = shape factor
A = minimum crosswind area of the building, me

u . = minimum wind speed (not less than 1), m/sec.
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u is the minimum wind speed likely to persist for the averaging time

min .
being considered, with a reasonably consistent direction. In the absence

of the necessary wind data, a value of 1.0 m/sec may be used.

Ground Level Source

- The maximum concentration from ground level sources will occur in the
inmediate vicinity of the source and will be very hfgh. Exposure to these |
concentrations can be avoided by preventing access to areas within critical
distances of the source. For a specified minimum approach distance

(e.g., distance to the edge of the property on which the source is located)
the maximum relative concentration (xu/Q) for each stability class is given
in Figure 4-3 for rural terrain and ir Figure 4-4 for urban terrain. Using
these values, the appropriate maximum emission rate (Qmax) and the minimum
wind speed (u_. ) for the times of the day that each stability class occurs,

mi

estimate the maximum concentration as follows: g

}
- (XU) Emax
X Q' .
mn

If calm winds occur with a stability class, u
1 m/sec.

min may be approximated as

If an averaging period longer than one-hour, but no more than eight hours,
is of interest, the maximum one-hour concentration may be multiplied by
the appropriate correction factor from Table 4-5 to estimate the maximum
for the longer term period. Maximum 24-hour concentrations can be
estimated conservatively by multiplying the maximum 1-hour concentration
by .25.

rumigation from Stacks with Significant Plume Rise

Th  preceding methods of analysis have dealt with the dispersion of pol-
Tutants into a layer with a well-defined stability which extends from well

. above the effective stack height to ground level. In addition, consideration
must be given to the high ground level concentrations which exist due to

a phenomenon known as fumigation. Fumigation occurs as a result of a plume
in stable air entering a region of instability which extends to the ground-
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A plume enterine unstable air is mixed vertically by thermal eddies resulting
in higher than normal ground level concentrations. Typical situations in
which fumigation occurs are:

"Burning off" of the nocturnal radiation inversion by solar
warming of the ground surface (inversion breakup fumigation)

Advection of pollutants from a stable rural environment to a
turbulent urban environment

Advection of pollutants from a stable environment on or near
water to an unstable inland environment.

‘The maximum fumigation concentration may be approximated by the following
equation (Turner 1970):

- Q :
x = 4"8
P u(oy + H/8) (H + 202) (4-8)

vhere Xp = fumigation concentration
Q = emission rate ‘
u = wind speed in stable layer

oy = horizontal diffusion parameter for stable conditions
(see Figure 4-5) .
o, = vertical diffusion parameter for stable conditions

(see Figure 4-6)

l

H=h + aH = effective source height
h = stack height
AR = plume rise for stable conditions (see Table 4-3),

1]

The maximum fumigation concentrations occur shortly after the plume enters

the unstable air. For the inversion breakup case, this occurs at a distance
X5 = tm u downwind from the source, where u is the wind speed and tm is the
time required to estimate the inversion from the top of the stack to the top

of the plume. Pooler has derived an expression for t

h + hi
)

o C
= 52 &2 (h - h)(

m 52 i
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Using typical

Simp]ified to:

ambient air density (1200 g/m° at 20°C)
specific heat of air at constant pressure (.24 cal/g°k)

net rate of sensible heat}ng of an air column by solar
radiation (about 67 cal/m¢ sec is suggested)

vertical potential temperature gradient
height of the top of the plume
physical stack height.

values for several terms, the above equation can be

h + hi

= - -

If g%-is not known for the region between the top of the stack and the
top of the plume, .01 can be sued for E stability, and .02 for F stability.
For short stacks (less than 100m high), values of .02 and .035, respectively,

would be more

appropriate.
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Solutions to this equation may be obtained by graphical solution by
plotting he + 12x/u and (H + 202)2 as functions of x. The solution is
given by the intersection .of the two lines.

When the pollutants are advected from a stable environment to a turbulent
one, the distance (x) will be the distance from the source to the place .
where the turbulent effects are likely to begin.

ANHUAL MEAN COHCENTRATIONS FROM A POINT SOURCE ‘

Two methods are presentcd here for estimating annual mean concentrations
from a point source. The first method is applicable to a source that
emits at a nearly constant emission rate from hour to hour and day to
day. The second method requires many more calculations and is applicable
to a source with varying emission rates. Both methods require a. large
number of calculations to get a desirable degree of spatial resoultion

of the annual mean concentrations and are appropriately executed by means
of a computer program. However, in addition to the methodology for a
complete set of calculations, suggestions are included for estimating by
hand: (1) the location and value of the highest annual mean concentration,
and (2) the contribution of the sourca2 to the annual mean concentration
in critical areas.

Constant Emission Rate

<or sources which operate more or less continuously %ﬁ hours a day with
relatively constant emissions, the following equations provide an estimate
of the annual mean concentration x(x,e) at a distance x from the source

. along an azimuth o, where 8 is one of 16 possible wind directions. If
{Oz)i < 0'8Li R

i 2.030 £. (@) TR K
J 1o . : iy
X(X,O) = 2_4 L LEN exp - "[‘ “‘} (4"]0)
591 im1 (o), uj X .? ozgi
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If (OZ)i > 0:8L1,

N. N,
3 1.2.55Q f, .(a)
x(X,0) = 2, 2, ——p . (4-11)
. j=1 i=1 1Uj X '
vhere x = concentration in g/m3
Q = emission rate, g/sec
(oz)i = vertical diffusion parameter for stabili’y class i
and distance x, m
uj = mean wind speed for class j, m/sec
fi .(“) = relative frequency of occurrence of stability class i
2J and wind speed class j with wind direction blowing
from « and toward 6 (i.e., 6 = a % 180°)
H. . = effective source height (including stack height plus
Y2 plume rise) for stability class i and wind speed
class j, m

L. = height of the mixing layer for stability class i, m.

Equations 4-10 and 4-11 may be usefully applied when the joint frequency
distribution of wind direction; wind speed and atmospheric stability

(stability wind rose data) are known. It

may be noted in the above equation that the sum (Fa) of the fi,j(a)
values will be the frequency that the wind direction a is expected to
occur, which must be a fraction between zero and one. By repeating equa-
tions 4-10 and 4-11 for a sufficient number of values of x and for all
values of e, one can obtain the spatial distribution of annual mean con-
centrations from the source.

A standard joint frequency distribution of wind direction, wind speed

and atmospheric stability classes may be obtained from the National
Climatic Center (NCC) of the National Oceanic and Atmospheric Administra-
tion, Asheville, North Carolina. Compilations are already available for
many locations or can be generated using specified years of meteorological
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data by means ot the NCC STAR computer program. The standard joint fre-
quency distributions available from NCC consist of 576 entries, including

16 wind directions, the six Pasquill stability classes, (A-F) and the six wind
speed classes shown in Table 4-6. There are two other options available

" for the siabi]ity classes: 5 stability classes (E and .F combined); .:

6 stability classes, including A, B, C, D (day only), Dl(night only) and.

E (combined with F).

Table 4-6. WIND SPEED CLASSLS USED BY NCC FOR JOINT FRTQUENCY
DISTRIBUTION OF WIND SPEED, WIND DIRECTION AMD STAB.L1TY

Class Speed Interval, n/sec (Knots) Class Mean, m/sec
1 0 to 1.8 (0 to 3) 1.5
2 1.8 to 3.3 (4 to 6) ' 2.46
'3 3.3 to 5.4 (7 to 10) 4.47
4 5.4 to 8.5 (11 to 16) 6.93
5 8.5 to 10.8 (17 to 21) 19.61
6 >10.8 (>21) 12.52

5 may be adjusted to account for irregu]af—
jties of terrain as well as to reflect the effects of the stack height
and the plume rise.

The effective source height Hi

Hi,j = h + AHi,j + ZS - Zr
where h = stack height
aH, . = plume rise (sce Table 4-3; note that aH. . = K/u; for
15) 143 J

stability classes A, B, and D)

elevation of source (base of stack)

n

elevation of point with coordinates (x,e).

Ex.ept where major terrain variations are present due to valleys and hi]]s}
ZJ and Zr should be taken to be equal. HNegative values and small positive
values are not meaningful for Hi,j when these result from large values of
Zr’ It is recommended that a minimum value of H = 10 m be used.
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Values of (oz)i for various travel distances (x), stability classes i
and two types of terrain (rural and urban) may be obtained from the
following equation or from Figure 4-6 for rural terrain.

q.

) j . . .

Values of the parameters bi and q; are listed in Table 4-2. Values of T
the height of the mixing layer Li may be estimated using Figures 4-7 and
4-8. Annual mean afternoon mixing heights (La) as estimated by Holzworth
(1972) are shown in Figure 4-7 for the contiguous United States. Annual
.mean morning mixing heights are shown in Figure 4-8. These were determined
as the height of the intersection of the dry adiabatic temperature correspond-
ing to the morning minimum surface temperature plus 5°C (to account for

the urban heat island) with the vertical temperature profile observed at
1200 Greenwich Median Time. This may be used as the nocturnal urban mixing
layer height (Ln) if other information is not available. The effective
source height Hi’j may be calculated using the equations in Table 4-3, the
stack characteristics, a representative mean ambient air temperature (the
plume rise equations are not very sensitive to the normal range of ambient
air temperatures), and an estimate of the vertical temperature gradient.

If other information is not available for the vertical temperature gradient,
use 0.02°K/m for class E and 0.035°K/m for class F. For stacks less than
100m high, or .01°K/m for class E and .02°K/m for stacks greater than 100m.

The methodology represented by Equations 4-10 and 4-11 includes the Timited
mixing effects which result from the presence of a finite, ground-based
mixing layer. The methodology is most applicable when the effective stack
height (Hi’j) is less than about one-fourth of the height of the mixing
layer (Li)' To cover cases where the effective stack height is signif-
icantly greater than this, a more complex expression is applicable in

place of Equation 4-10 (e.g., Turner 1970, p. 36).
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Frequently the concentrations from a new source which are most critical
in evaluating its impact, are those which occur at locations which are
already exposed to high concentrations from other sources. These loca-
tions will be known to air qua11ty control agenc1es on the basis of air
monitoring and simulation mcdeling activities. The contr]but10n of a
new source-to the annual mean concentration at critical locations a
distance x in direction 0 from the new scurce can be estimated using
Equations 4-10 and 4-11. It may be noted that both Equations 4-10 and
4-11 may be required to estimate the annual mean concentration for the
Jocation of interest. In applying Equation 4-10, the criterion

(gz)i.j 0.8L, may not be satisfied for some of the N, stability classes.
In this case the terms for this stability class would be eliminated

in the sunmation designated by Equation 4-10. These terms would occur
in the summation designated by Equation 4-11. When both Equations 4-10
and 4-11 are used the resultant annual mean concentration is the sum
of the concentration from kquations 4-10 and 4-11.

MAXIMUM SHORT-TERM CONCENTRATIONS AT CRITICAL LOCATIONS

In order to evaluate the effect of the new source on critical short-term
concentrations of pollutants, one needs to determine the meteorological
conditions associated with the occurrence of critical short-term concen-
trations. If the associated wind directions conduct pollutants from the
new source away from the critical locations, then contributions from the
new source will be negligible. The associated wind directions may be
determined by obtaining wind direction observations for all periods with
measured critical short-term concentrations. Multiple-source diffusion
models for simulating regional air quality levels may also be used to
identi’y wind directions associated with “high air quality levels. If

a well defined pattern of associated wind directions cannot be determined
from the available data, an air pollution meteorologist should be con-
sulted in determining what wind directions may be associated with critical



short-term concentrations. Although wind direction is generally the most
significant associated meteorological condition, other associated condi-
tions should be determined, including wind speeds, étabi]ity c]asseé, times
of day and times of the year.

The following information should be determined for locations with critical
short-term concentrations:

° Coordinates of a representative exposure location in a
critical area

) Range of critical short-term concentrations for this
Tocation (averaged over a time period which corresponds
to an air quality standard for the pollutant of concern)

° Range of associated wind directions

® Range of associated wind speeds

¢ Range of associated stability classcs
0 Range of associated times of year

0 Range of associated times of day.

Four methods follow for estimating the contributjon of a new source to
critical locations which are identified as having high short-term concen-
trations, when the azimuth from the critical location to the new source
is within the range of associated wind directions. A1l four methods
require the use of the following two items:

) Distance from new source to critical location

1 \
A N A AL (4-13)
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where

XS = Last-¥est coordinate of source location

YS = North-South coordinate of source location
XR = Eastfwest coordinate of critical location
YR = North-South coordinate of critical location

Maximum emission rate (Q _ ) for associated times of day

- max
and times of year

Short-Term Concentration at Critical Locations, No Plume Rise

The following steps should be followed.

where

Using the distance given by Equation 4-13, the effective emission
height, and the appropriate type of terrain (urban or rural),

- determine xu/Q for all stability classes associated with critical

concentrations from Figures 4-9 through 4-18. If rough terrain

. is present, major differences in the height of the source and

the height of the critical location may be accounted for by modifying
the effective plume height as follows:

H=h+1Z. - zR_ (4-14)
H = height of source plume above critical location
h = effective emission height
ZS = elevation of source
ZR = elevation of critical location

The above correction proceduvre should only be used where major
terrain variations due to hills and valleys are present.’ It must
be noted that negative values and small positive values are not
meaningtul for H as a result of Equation 4-14. In situations
Teading to such results, the whole plume will be displaced
vertically upward. It is recommended that a minimum value of

= 10 meters be used. An appropriate mixing height (L) can

. be determined using the suqgestions in Table 4-7 and the valucs

shown in Figure 4-7 and 4-8.
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yu/Q with Distance for Various Heights of Emission (H) and

Limits to Vertical Dispersion (L), A end B Stability for Urban Terrain

Figure 4-15.
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2. Using the maximum yu/Q from step 1, the minimum wind speed (umin)
associated with critical concentrations and the appropriate

maximum emission rate (Q ), the maximuain contr1but1on from the

_ : max
new sources is given by

v = X! ._g__. . * ’ e (4_]!’ X
* (Q) Ynin : o >

Short-Term Concentration at Critical Locations With Plume Rise, Neutral
and Unstable Conditions

For each neutral and unstable class of conditions associated with critical
concentrations the following steps should be used to identify which class
results in the maximum contribution from the new source.

1. Estimate the critical wind speed.

o= K
crit h (%)
Values of q/p are listed in Table 4-2 for various combinations
of terrain, travel distance and stability p]ass. The travel
distance of interest is given by Equation 4-13. If the Uepit
value calculated using Equation 4-16 is outside the range of
wind speeds associated with high concentrations at that distance,
should be redefined as the value within this range which is

u (4-16)

Yerit
closest to the value given by Equation 4-16.

2. Using the new source stack height (h), estimate the effective
source height (H).

h o+ K ‘ (4-17)

Uerit

-This estimate may be further wodified to account for the effects
of rough terrain by adding the source elevation and subtracting
the critical location elevaticn. See the discussion following
Equation 4-14.
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3. Using the source to rcécptor travel distance from tquation 4-13,
the effective source height from step 1 and mixing height from
Table 4-7 and Figures 4-7 and 4-8, read xu/Q from Figures 4-9
through 4-18. . ' ‘

4. Compute the plume rise parameter (K) using the cquations in
Table 4-3. If both buoyancy and momentum (jet) effects are-

significant, compute the plume rise for each, and select the
higher of the two,

5. Using the appropriate maximum emission rate (Q ) and results

max
from preceding steps, compute the maximum contribution from the

new source 0
‘= (XE) max
U/ Yerit ' (4-18)

Short-Term Concentration at Critical Locations With Plume Rise, Stable

Conditions

For each stability class estimate the concentration contribution from the
new source using the following steps.

1. Determine the concentration versus wind speed relationship by
the following substeps for selected wind speeds in the wind
speed range associated with critical concentrations.

(a) Calculate plume rise (aH) from thé appropriate equation
in Table 4-3. Use the maximum of the jet and buoyant
plume rises if both are applicable.

(b) Estimate the height of the plume above the critical
location

H=h + aH (normal, level terrain)

H-h+ aH + ZS - ZR (rough terrain, see comments
following Equation 4-14)

(c) For the appropriate travel distance (from Equation 4-13),
stability class, mixing layer height (sce Table 4-7 and
Figures 4-7 and 4-8) and type of terrain (urban or rural),
read xu/Q from Figures 4-13, 4-14 or 4-18.
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(d) Using the appropriate maximum cmission rate, (Q
selected wind speed (u) and xu/Q from step 3,

u
y = (sz.) g
(e) Plot the point (x, u)..

nmax

2. Selected the maximum concentration from the re]afionship plotted
in step 1. CE

3. Correct for averaging times other than 1 hour using factors in
Table 4-5.

Short-Term Concentration at Critical Locations, Fumigation Conditions

Under certain conditions, emissions from the source will be released into.

a stable layer (stability class E or F), but part or all of the plume of
pollutants being transported downwind will enter an unstable layer which lies
over the critical location of interest. This is known as a fumigation
situation and may result in abnormally high concentrations at ground

level. Three common fumigation situations are the following:

"Burning off" of the nocturral radiation inversion by solar
warming of the ground surface (inversion breakup fumigation)

Advection of pollutants from a stable environment on or near
water to an unstable inland environment

Advection of pollutants from a stable rural environment to a
turbulent urban environment.

Af.er entering the unstable air, concentrations from the fumigated plume

tend to approach the limited mixing (trapping) situation associated with
Earation 4-11 farther downwind.
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The following method may be used to estinate the maximum ground level
concentration encountered in a fumigation situation. This occurs Jjust
after the plume enters the unstable air.

1. "For the stable condition, estimate the plume rise (AH) from
the equations in Table 4-3. If there is no plume rise, J
aH = 0.

2. For the stable condition and travel distance of interest
(Cquation 4-13), read Iy and o, values from Figures 4-5 and 4-6.

In no case should calculations be made for distances (x)
less than that given by the equation X; = t v (see page 35).

3. Estimate the height (H) of the plume above the critical
tocation. )

H

"

h + aH (normal, level terrain)

]

H=h+ AH + ZS - Zﬁ (rough terrain, see comments

following equation 4-14)
4, Estimate the concentration contribution from the new source
at the point of interest using the lowest wind specd associated
with critical conditions, the appropriate maximum emission rate
and the results from the preceding steps in the following
equation. '
Qax

X = (4']9)
v2n Unin (oy + H/8) (H + zoz)
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CHAPTER 5
BIBLIOGRAPHY OF STATIONARY SOURCE EMISSION INFORMATION

A bibliography of significant documents dealing with emissions, stack

characteristics and effectiveness of controls of various types of

stationary sources follows.

1.

Cuffe, S. T., and R. W. Gerstle, 1967. Emissions from Coal-Fired
Power Plants. AP-35. U.S. GPO.

The Public Health Service and the Bureau of Mines conducted a
study of air pollutant emissions from the six main types of
coal-burning power plants. The components tested include

sulfur oxides, nitrogen oxides, polynuclear hydrocarbons,

total gaseous hydrocarbons, solid particulates, formaldehyde,
organic acids, arsenic, trace metals, and carbon monoxide.

This report relates the effects of variables such as method

of operation, type of boiler furnace and auxiliaries, reinjection
of fly ash, and type of coal burned to the concentrations of
gaseous and particulate pollutants in the products of combustion.

Engineering-Sciences, Inc., 1973. Field Surveillance and Enforcement
Guide for Primary Metallurgical Industries, EPA-450/3-73-002. US EPA,

APTIC, Research TriangTe Park, N. C.

This manual covers a step-wise enforcement procedure intended

for use by state and local air pollution control agencies.

This manual focuses on the primary metallurgical industry and

includes a process description, a discussion of emission sources,

typical control devices, stack gas and process monitoring

instrumentation, and Inspectors Worksheets for operations in the

i*on and steel, aluminum, copper, lead, and zinc industries. A1l
Jor operations in each of those industries were ‘analyzed includ-
~ an enforcement procedure for the storage and handling of raw

m~:erials. Upset conditions and abnormal operating circumstances

kore examined in relation to their role in air pollution.

A 1 major pollutants from these five industrial categories were

e. omined. Generally the pollutant oF most concern was particulate
-atter. Sulfur oxides and fluorides are unique to specific metals
operations and were discussed accord ngly. The manual includes
sections on Liw inspoccion o1 purtineni air pollution cenurel dovices.



Engineering Sciences, Inc., 1971. Exhaust Gases from Combustion
and Industrial Sources. APTD-0805." US EPA, APTIC, Research
Triangle Park, N. C.

A report is presented of a project which proposed to assemble
information on exhaust gas flow rates from selected air pollution
sources. The objectives of the project were to determine the
extent to which operating variables and process through put rates
affect exhaust gas conditions and emission rates, and to recommend
exhaust gas conversion factors to be used in the development of
implementation plans for air quality control regions. The scope

of the project required conversion factors to be developed for

75 major combustion and industrial processes. For each source
category, four parameters were evaluated; gas flow rate, gas
temperature, gas velocity, and stack height. The source categories
are as follows: stationary fuel combusion; refuse incineration;
chemical process industry; food and agricultural industry; metal-
lurgical industry; mineral products industry; mineral products;
petroleum refinery; pulp and paper industry; and solvent evaporation
and gasoline marketing. :

Hemsath, K. H., and A.C. Thekdi, 1974. "Air Pollution in the Carbon
Baking Process," Journal of the Air Pollution Control Association.
Vol. 24: 60-63.

Carbon baking process involves evolution of fumes containing hydro-
carbons and soot particles which cannot be discharged directly

into the atmosphere. An incinerator can be used to clean these
fumes. However, length of the baking cycle, nature of the fumes

and variations in fume volume and temperature may result in excessive
auxiliary fuel usage and inefficient incineration, if the incinerator
is not designed properly. This paper describes the application of
fundamental knowledge of cerodynamics, reaction kinetics and com-
bustion, together with clear understanding of the process, in design
of a highly efficient, fully automated incinerator. The design
incorporates a unique but simple control system which results in
reduction of auxiliary fuel usage without endangering the safety

and efficiency of the incineration process. Operations and economics
of the incinerator are described by illustrating a typical baking
cycle and comparing actual fuel usage with the thermal ratings of

the incinerator. Operating experience from a number of installations
in the U.S. and Canada is also noted.

Kreichelt, T. E., D. A. Kemnitz, and S. T. Cuffe, 1967. Atmospheric
Emissions from the Manufacture of Portland Cement. AP-17. U.S. GPO.

This report summarizes published and unpublished information on
actual and potential atmospheric emissions resulting from the manu-
facture of coeni.  Haw matoriais, process equipuent, and proauccion
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processes arc described, as well as tnae location of plants, and
process trends. Emission and related operating data are presented,
along with methods normally employed to 1imit or control emissions
from the dry, seni-dry, and wet processes.

Lee, W. L., and A. C. Stern, 1973. Stack Height Requirements
Implicit in the Federal Stanuards of “erformance for flew Stationary
Sources,” Journal of the Air Pollution Control Association, Vol. 23:
505-513.

The promulgation of Federal standards of performance for certain
classes of new stationary sources requires tinol such sources have
minimum stack heights to meet the requrirements of national air
quality standards. The determination of minimum stack height

“is complicated by the fact that the parformance and air quality

standards are stated on different averaging time bases; that the
extent of precuption of the assimilative capaciiy o7 ihe air by

any individual source will vary among jurisdictions and, in some
cases, among different geographic areas of a single jurisdiction;
and that some new sources will be designed to emit appreciably less
than the performance standard requirement. However, these com-
plications can be resolved and equations and charts prépared from
which minimum stack height can be selected.

McGowin, C. R., 1973. Stat1onaryqlptcrna1 Combustion Engines in
he United States. EPA-R2-73-210. Shell ”nvolﬁnnnnf Co., Houston,

Texas.

A survey of stationary reciprocating engines in the U.S. was con-
ducted to compile the following information: (1) types and applica-
tions of engines, (2) typical pollutant emissions factors for diesel,
dual fuel, and natural gas engines, (3) differences between engines
that cause emissions to vary, (4) total horsencier and emissions

from engines, (5) pollution potential of stationary engines in
densely populated regions, and (6) pctential emissions control tech-
niques. Where appropriate, gas turbines were included in the survey.

In 1971, an estimated 34.8 million horsepower of reciprocating
engines and 35.5 million horsepower of gas turbincs were operating
in the U.S. The principal functions of engines are oil and gas pipe-
lines (35%), agriculture (22%), and clectric power generation (]6%§
Total NOx emissions from engines are 2.2 million tons annually, of

- wh ch 42 percent are generated by pipeline engines. Carbon monoxide

and hydrocarbon emissions are an order of magnitude lower. Emissions
control techniques having potential as short to 1nte)mnd1ate term
solutions include ptccoubust1on chambers for diesel engines and

water injection and valve timing modifications for gas and diesel
enyines. Over the longer term, catalytic reduction of NOx appears

to have the greaiest potontia].
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Smith, W. S., and C. Y. Gruber, 1966. Atmosphor1r Fmissions from
Coal Combustion - An Inventory Guide. AP 24, USGPO.

Information concerning atmospheric emissions arising from the

combustion of coal was collected from the publ.shed literature
and other sources. The data were abstracted, assembled, and con- - -, .
verted to cormion units of expression to facilitate comparison and '
understanding. From these data, cmission factors were established
that can be applied to coal combustion processes to determine the

magnitude of air pollutant cmissions. Also discussed are the com-
position of coal, theory of coal combustion, emission rates, gaps

in emission data, and fulure research needs.

‘Turner, D. B., 1968. "The Diurnal and Day-to-Day Variations of Fuel

Usage for Space Heating in St. Louis, Missouri," Atmospheric Environ-
ment, Vol. 2: 339-351. :

Data on the wintertime emissions of SO> from residential and
commercial space-heating sources by 2-hour periods were needed for
use in a diagnestic dispersion model. Analyses were made of hourly
steam-outnut data from a centralized heating plant and hourly gas-
sendout data for December 1964 at St. Louis, Mo., tc determine
dependence upon temperature and other factors. Methods were then
developed to determine the rate of fuel use from residential and
commercial space-heating sources for each hour of the day from
values for the hourly tcmperature, the hour of the day, and the
day of the week. Relations developed from December 1964 data were
tested on data for January and February 1965.

National Air Pollution Control Administration, January 1969. Control

Techniques for Particulate Air Pollutants. U.S. Dept. of HEW.” NAPCA
Pub. Wo. AP-LT, USGPU.

Particulate matter in the air originates from both stationary and
mobile sources. Althouagh particulate emissions from internal com-
busiion engines arce estimated to contribute only 4 percent of the
total particulate cmissions on a nationwide basis, they do contribute
as much as 38 percent in certain urban areas. Industrial sources are
the largest single source producing more than 50 percent of the total
particulate pollution. Other sources include stationary combustion,
construction and demolition, and solid waste disposal. Control tech-
niques are varied and include gas cleaning, source relocation, fuel
substitution, process change, good operating practices, source shut-
down, and dispersion. Sources vary, but the major methods of control
depend on the type and size of particulate emissions. Particles
larger than 50 microns may be removed satisfactorily in inertial
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and cyclone separators and simple low-energy wet scrubbers. Par-
ticles <maller than one micron con be arrested effectively by
electrostatic precipitators, high energy scrubbers, and fabric
filters. - For fuel combustion sources, gas cleaning devices are
currently being used with the newer systems controlling bLoth
particulate matter and sulfur oxides. For construction and o
demolition, control can be effectec by various means which include
Toading and ventina to air pollution control equipment, wetting down '
working surfaces with water or oil and using sanitary land fill.
Control of local solid waste disposal needs includes sanitary
TandfiT1 composting, shredding and grinding, and haulin® to another
Tocale. Also discussed arc emission factors, economic vactors,
disposal of collected particulate emissions, and current research
in control of particulates.

Naticnal Air Pollution Control Administration, January 1969. Contrnl

Techniques for Sulfur Oxide Air Pollutants. U.S. Department of HEW.
NAPCA Pub. No. AP-5Z, USGPU.

The burning of sulfur-bearing fuels produce approximately 75 percent

of all sulfur oxides, largely SOUp, emitted into the atmosphere. Of
this coal combustion contributcs the largest part. These sulfur

oxide emissions can be controlled by one or more of the foilowing

five major methods. (1) change of fuel or energy source, (2) desulfur-
ize the fuel, (3) increase combustion efficicncy, (4) removal of sulfur
oxides from flue gas, or (5) dispersion of that-gas by tall stacks.

(1) Changing the fuel or encrgy scurce can include either switching
to a lower sulfur content fuel or switching to a nuclear energy
source.

(2) Cesulfurizing processes vary with fuels. For coal, cleaning
techniques include crushing and flotation. Here sulfur reduction
depends on the pyrite content and type of coal. Generally this
method produces approximately a 30 percent reduction. For
residual oil desulfurizing is accomplished by catalytically
treating it with hydrogen. This method reduces the sulfur con-
tent by 60 percent.

(3) Increasing combustion efficiency using heat recovery, high
pressure coubustion, two-step combustion, magnetohydrodynamics,
or electrogasdynamics produce varing results.

(4) Cleaning the flue gas can be accomplished by wet or dry limestone-
dolomite injection. The former has an 80-90 percent efficiency,
and the latter has a 40-60 percant efficicncy. Alkalized alumnia
sorption may remove 90 percent of the sulfur oxides while the
sulfur produced by the regeneration of the metal oxide can
partially offset operating costs. Catalytic oxidation recovers
and condenses sulfuric acid removing about 90 percent of the
sulfur oxides. Caustic scrubbing works, with varying operating
efficio. ... : CocoDen i procelans,
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(5) Dispersion by tall stakes has limited value depending on local
conditions and the presence of other sources.

The report contains a discussion of various process sources, dis-
persion, and evaluation of sulfur oxide emissions.

National Air Pollution Contrnl Administration, March 1970. Control.
Techniques for Carbon Monoxide Emissions from Stationary Sources. =

U.S. Depariment of HEW. HNAPCA Pub. flo. AP-65, USGPO.

Stationary sources contribute 56.2 percent of all man-made CO.

This is the sum of: 10.7 percent prescribed agricultural and forest
burning, 9.7 percent industrial processes, 7.8 percent solid waste
burning, 5.0 percent non-prescribed forest and structural fires,

1.8 percent fuel combustion in a stationary source, and 1.2 percent
from coal refuse fires. Alternatives to agricultural and forest
burning include utilization, transport and disposal in remote areas,
and abandonment or onsite burial. Control of process sources can

be effected by using the CO generated as a fuel or burning it as
waste but may be prevented by proper design, scheduling, operation,
and maintenance. Solid waste disposal could rely on sanitary land-
fill to replace open-burning or incineration. Prevention is the
only available method to reduce CO emissions from non-prescribed
forest and structural fires. CO emitted from fucel combustion in a
stationary source can be conLro]]ed by one or more of the following:
properly rcgulated air supply, long enough residence time, high
temperature (up to 2,800°F), good mixing, and elimination of flame
contact with cold surfaces. Other methods could include a change
of fuel or energy source or switching from small installations to a
more efficient central installation. Also included are carbon
monoxide emission factors.

National Air Pollution Control Administration, March 1970. Control
Techn1ques for Nitrogen Oxides from Stationary Sources. U.S. Depart-

ment of HEW. HNAPCA Pub. No. AP-67, USGPO.

Stationary sources comprise 60 percent of all man-made NOx. This
is emitted by vairious sources of fuel combustion, 1nc1nrrat1on,
other burning, industrial processes, and chemical processes. Of
this about 40 percent is attributed to eleclric generating power
plants, using fossel fuels as the source of cnergy. About 1 per-
cent of the total man-made HOx emitted to the ambient air is formed
by chemical sources, mainly related to the manufacture and use of
nitric acid. -Concentrations from these sources are, however, usually
much greater. Comnerically demonstrated control techniques for the
above vary; for a boiler, a decrease of 30-50 percent NOx can be
effected by using a two stage combustion system, 30-60 percent for
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using a low excess air in a gas or oil operation, and 30-40 percent
when firing is changed from front-wall or opposed to tangential
Tiring. An other means by which the NOx emissions can be decreased,
is to change fuel or encrgy sources. Control techniques with varied
comnercial success include: (a) the use of electricity to gencrate
heat; "(b) relocation to reduce exposure in a densely populated arca;
(c) catalytic abatement yielding elemental nitrogen, but having short
catalyst life and high temperature problems; (d) caustic scrubbing
using suspensions of caustic, or celcium hydroxide forming solutions
of nitrate and nitrite; (e) incineration using 10 percent more gaseous
fuel than required for reaction with oxygen and NOx to produce 75-90
percent reduction in NOx, but becavse of the fuel rich conditions
employcd, CO and HC may be present in the exit gas, requiring a second
reactor; (f) where strong nitric acid solutions are used urea will
inhibit or prevent release of NOx. Speculative control techniques -
include: (1) lowering boiler peak flame temperature and diluting the
combusion by steam and water injection in internal combustion engines,
(2) flue-gas recircuTation, (3) stack-gas trealments such as those for
removal of sulfur oxides from flue-gases, (4) selective catalytic
reduction of NOx using ammonia in the presence of oxygen to reduce
NOx, (5) absorption on molecular sieves of dry gas low in NOx concen-
tration. Other items covered include nitrogen oxides emission factors
and a look at possible new technology in this area.

National Air Pollution Control Administration, March 1970. Control
Techniques for Hydrocarbon and Organic Solvent Emissions from Stationary
Sources.  U.S. Department of HEW. HNAPCA Pub. No. AP-68, USGFO.

Stationary sources of hydrocarbens and organic solvent emissions
account for approximately 50 percent of the organic vapors emitted
in the United States. Sources for hydrocarbon emissions include
petroleum refining, gasoline distribution and marketing, chemical
manufacturing, coal coking, fuel burning, waste disposal, and food
processing. Sources of organic solvent emissions include manufacture
and application of protective coatings, manufacture of rubber and
plastic products, decreasing and cleaning of metal parts, dry cleaning
operations, printing, and manufacture of chemicals. Methods used to
control these cmissions are operational or process changes, substitution
[ materials, and installation of control equipment. Control techniques
nclude: (1) incineration, (2) adsorption, (3) absorption, and
1) condensation.

Y Incineration devices are of two types, direct flame and
catalytic afterburners. ,

Z) Adsorption methods collect organic vapors in the capillary surface
of the solid adsorbent (usually carbon). After the optimum amount
of organic material has been adsorbed the bed is steam stripped
to remove the oryanic material.
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(3) Absorption usecs a nonvolatile liquid absorbent to absorb the
soluble component of a gas phase. Contact betlween the gas
and liquid is provided bubble-plate columns, packed towers,
jet scrubbers, spray towers, and venturi scrubbers,

(4) Condenation and collection of organic emissions rely on lower-
ing the tomperature of the gaseous stream until the organic
material condenses. Condensers are of two Lypes, contact and -
surface. In contact condensers, the gaseous stream is brought . °
into direct contact with the cooling liquid while in a surface
condenser, the vapor and codent are separatec by a metal wall.
Absorption and condensation cannot achieve high removal
efficiencies at low concentrations.

Discussed topics include specific control systems for many
industrial process, emission factors, economics and current
research,

Environmental Protection Agency, February 1973. Control Techniques
for Asbestos Air Pollutants. Pub. No. AP-117, USGPO.

_ Asbestos is the generic name for a group of hydrated mineral silicates

that occur naturally in a fibrous form. The technological utility

of asbestos derives from its physical strength, resistance to thermal
degradation, resistance to chemcial attack, and ability to be subdividec
into fine fibers.

The subdivision of asbestos into fine fibers produces particulate matter
that is readily dispersed into the atmosphere. - Adverse affects of ajr-
borne asbestos on human health have been associated primarily with
direct and indirect occupational exposures, but a level of asbeastos
expesure below which there is no detectable risk of adverse health
effects to the general population has not yet been identified. Becausec
of the lack of a practical technique of adequate sensitivity for measur-
ing small concentrations of airborne asbestos, neither accurate emission
factors nor emission-effect relationships are available.

Engineering appraisals, based on limited data, indicate that the milling
and basic processing of asbestos ore (crushing and screening the ore

and aspirating the fiber to cyclones for grading) and the manufacture

of asbestos-containing friction materials, asbestos-cement products,
vinly-asbestos tile, asbestos textiles, and asbestos paper account

for over 85 percent of total asbestos emissions. _Other sources

such as paints, coatings, adhesives, plastics, rubber materials, and
molded insulating materials, (2) the use of spray-on asbestos products
such as those used for fireproofing or insulating, (3) the demolition

of buildings or structures containing asbestos fireproofing or insulating
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materials, and (4) the sawing, grinding, or machining of materials

that contain asbestos, such as brake Tinings and molded pipe insulation.
In most of the manufacturing operations, the major emissions of asbestos
occur when the dry asbestos -is being handled, mixed with other dry
materials, or dumped into the wet product mix, but the wcaving of
asbestos fibers into textiles and whe machining or sanding of hard
asbestos products also produce major emissions.

Emissions are controlled in several ways: (1) by careful handling of
dry materials to avoid generating dust, (2) by enclusing dusty oper-
ations, (3) by substituting wet processes for dry processes, (4) by
wetting dry materials before handling, sawing, or grinding, (5) by
cleaning the dust-Taden air by drawing it into ducts that lead to
filters; and (6) by reducing the amount of asbestos added to products
the use of which leads to the generation of emissions. The last tech-
nique is particularly applicable to situations where the control of
emissions by other methods is very difficult, as with spray application
of insulation or demolition of structures. The costs of neceded emission
control techniques can be estimated from those associated with existing
practices.

Environmental Protection Agency, February 1973. Control Techniques
for Berylljum Air Pollutants. Pub. No. AP-116, USGPO.

Beryllium in almost all forms is known to have adverse effects upon

human health. Concentrations as large as 0.01 microgram per cubic

meter of air over a 30-day period have been determined to be safe

for nonoccupational exposures. Properties of beryllium such as high
strength-to-weight ratio, high modulus of elasticity, and low coefficient
of thermal cxpansion make it ideally suited for many aerospace and
precision instrument applications. It is also utilized as an alloying
constituent in other metals, most extensively with copper, to induce
improvements in physical properties. The oxide of beryllium is used

as a high-tcmperature ceramic. Domestically, approximately 300 facilities
either extract beryllium or manufacture beryllium-containing products.
Beryllium extraction processes genecrate atmospheric emissions that

include bcry]lium salts, acids, beryllium oxide, and other beryllium
compounds in the form of dust, fume, or mist. Facilities engaged in
nrocessing beryllium-containing materials into finished products generate
¢ more restricted range of emissions, including beryllium dust from
machine shops, beryllium oxide dust from ceramic production, and
beryllium-containing dust and fume from beryllium-copper foundry operations.
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Beryllium cmissions can be centrolled by the following classes of
gas-cleaning equipment: prefilters, dry mechanical collectors,

wet collectors, fabirc filters, and high-efficiency particulate

air filters (HLPA filters).. The choice of specific control cquip-
ment is governed by process variables, effluent properties, and
economics. In most cases, emission control costs, including capital
investment, operating and maintenance costs, and capital charges, = s -
do not excced 10 to 15 percent of the cost of manufacturing equip-
ment.  Beryllium-contaminated waste can be buried at controlled
disposal sites unless it presents an explosion hazard. CerylTium
propellant and other hazerdous beryllium-contaminated wastes can

be disposcd of by controlled incincration or delonation aploying
appropriate emission control devices. An appendix to this document
presents descriptions of geometrical configurations and performance
characteristics of filters and presents examples of specific design
parameters and operational features of filters in use in beryllium
machine shops and foundries.

Environmental Protection Aqency, February 1973. Confro] Techniques

for Mercury [missions from Extraction and Chlor-ATKziT Piants.

Pub. No. AP-118, USGPO.

The Lloxicity of mercury, combined with its high volatility, creates
a potential hcalth hazard. This publication deals with two sources
of mevcury cmissions, the primary mercury processing industry and
the mercury-cell chlor-alkali industry. An effort is made (1) to
identify the process steps that may produce atmospheric mercury
emissions, (2) to summarize the emission control techniques and low
mercury emission processes used or applicable to these industries,

and (3) to evaluate these techniques in terms of cost and effectiveness.

The condenser gas stream is the major source of mercury emissions
from a primary mercury processing plant. The amount of emissions
can be reduced by converting to processes that inherently produce
fewer emissions or by treating effluent gases Lo remove nercury.
Process changes that inherently produce fewer emissions include
benefication of ore, retort processing, and hydrome allurgical
processing. Appropriate control techniques include cooling and
mist elimination, wet scrubbing, or adsorption beds. '

Major emissions of mercury from a chlor-alkali plant using mercury
cells are from the hydrocen gas stream, the end-box ventilation
stream, and the cell rooim ventilation air. The emissions from all
sources can be eliminated by converting to the diaphragm-cell process.
The cost of converting a 100-ton-per-day plant is estimated to range
from $3,700,000 to $8,0C00,000.

Mercury emissions can also be reduced by the installation of control
systems and the use of good housekeeping practices. The hydrogen

gas and tho Tttan ate stessne e be traat Lo fagling
ond mist e o ©veedoscrubhing, or adsnrption boos, 1

techniques aic picucaniy wvadbable 10 Lreat the celd room ventiiation
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air; therefore, the control of mercury emissions from this source
is dependent on good housekeeping practices:

A control system for a primary mercury facility using cooling (down
Lo 45° to 55°F) and mist elimination would cost Letwecn $86,000 and
$108,000 depending upon the type of mist elimination device used.

The cost of a similar control system for a chlor-alkald plant is
estimated at $202,000. Chemical scrubbing, which is too expensive -
for existing primary mercury facilities, can be applied to the chlor-
alkali process at a cost from $160,000 to $350,000 for a 100-ton-of-
chlorine-per-day plant.

The cost of a’carbon bed adsorption system for a primary mercury
facility is estimated at $66,000. The capital investment for an
adsorption bod system for a chlor-alkali plant of 100-tons-per-day
capacity would range from $279,000 to $349,000.

Environmental Protection Agency, Harch 1973. Guide for Compiling A
Comprehensive Emission Inventory (Revised). Pub. No. APID-1135.

Detailed procedures are given for obtaining and codifying information

about air pollutant emissions from stationary and mobile sources.

The systiem has been developed specifically for use by state and local

air pollution control agencies. Because of the large amount of infor-
mation that must be collected, the data must be handled by ADP means.

A uniforin coding system for the data is encouraged in order that the
infcrmation from one region may be compared with that from another.
Detailed procedures are given concerning the information to be gathered
from each source, the methods to be used to gather the information,

the codes to be used to simplify Lhe information on standard coding
forms, the geographical and population information needed about the
arca of interest, the apportionment techniques and emission factors
nceded, and the methods of displaving the data. The relation of

state and local emission inventory systems to the EPA NEDS system is
also explained.

Fnvironmental Protection Agency, June 1973. Background Information
for Proposed New Source Periormance Standards: Pub. No. APTD-135Za.

This document provides background information on the derivation of the
wropesed second group of new source performance standards and their
»conomic impact on the construction and operation of asphalt concrete
y ants, petroleum refineries, storage vessels, secondary lead smelters
and refineries, brass or bronze ingot production plants, iron and
steel plants, and scwage treatment plants. Information is also pro-
vided on the environmental impact of imposing the standards on new
inst>1Tations.
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The standards developed require control at a level typical of well
controlled existing plants and attainable with existing technology

To determine these levels, extensive on-site investigations were
conducted, and design factors, maintenance practices, available test
data, and the character of stack emissions were considered. Economic
analyses of the effects of the proposed standards indicate that they
will not cause undue reductions of profit margins or reductions in
growth rates in the affected industries,

Environmental Protection Agency, April 1973. Compilation of Air
Pollutant Emission Factors (Second Edition). Pub. No. AP-42, USGPO.

Emission data obtained from source tests, material balance studies,
engineering estimates, etc., have been compiled for use by individuals
and groups responsible for conducting air pollution emission inventories.
Emission factors given in this document, the result of the expansion

and continuation of earlier work, cover most of the common emission
categories: fuel combustion by stationary and mobile sources; combustion
of solid wastes; evaporation of fuels, solvents, and other volatile
substances; various industrial processes; and miscellaneous sources.

When no source-test data are available, these factros can be used to
estimate the quantities of primary pollutants (particulates, CO, S0,
NOy, and hydrocarbons) being released from a source or source group.

Environmental Protection Agency, September 1973. Atmospheric Emissions
from the Pulp and Paper Manufacturing Industry. Pub. No. EPA-450/1-73-002.

This report contains information on the nature and quantities of the
atmospheric emissions from chemical pulping operations, principally
the kraft process. The information was gathered in a cooperative
study by the National Council of the Paper Industry for Air and Stream
Inprovement, Inc. (NCASI), and the Environmental Protection Agency
(EPA). Principal sources of information were a comprehensive
questionnaire sent to all the pulp mills, special NCASI studies
reported in Technical Bulletins, other literature sources, and a
field sampling program conducted by EPA. Control techniques are
described and emission ranges reported for each of the operations
involved in the chemical pulping processes.

Environmental Protection Agency, July 1973. National Emissions Data
System Control Device Workbook (NEDS). Pub. No. APTD-1570.

Information is presented on the pollutant control devices and methods
most commonly used by the majority of the industries, processes, and
facilities grouped under the Source Classification Categories as
definsd by Lhe Nativnudd Duisuions Data Systam of “hn [roiiarnt o
Protection Agency. Data for each category include the name of the

-73-



23,

source classification category; the source classification code; the
control cquipment identification number; the mean control device
efficiency for particulates, sulfur dioxide, nitrogen oxides,

carbon monoxide, and hydrocarbons; the range of observed control
efficiencies; and the data Source from which the information was
obtained. These data are intended to be used in the preparation of
emission inventories or other similar studies and do not necessarily, .
reflect the extent of pollutant control at any single facility. This
vorkbook supplements information presented in the Guide for Compiling
a_Comprehensive Emission Inventory (APTD-1135).

Slade, D.H., ed. 1968. Meteorology and Atomic Energy 1968. U.S.
Atomic Energy Commision. (Available as 110-24190 from NTIS,
Springfield, Va.)

This report will serve as a quide to the reader requiring general
knowledge of the factors relating the atmosphere and the nuclear
industry. It will introduce him to the concepts and terminology

of the meteorologist and health physicist. Since it contains
equations, graphical aids and an extensive bibliography, the report
will serve as a handbook to professional workers in various fields.
It contains an outline of subject material which will serve as a
text to students which can be used with a variety of other publica-
tions in the same and allied fields. The report also serves as a
rescarch report containing the results of vecent work, the implica-
tions of which are not yet fully evaluated. The topics treated
include the following:

¢ Meteorological fundamentals for atmospheric transport and
diffusion studies :

0 Theories of diffusion in the lower Tayers of the atmosphere

© Diffusion and transport experiments

0 The effects of momentum and buoyancy, deposition, pre-
cipitation scavenging, and buildings on effluent concentra-
tions

) “eteorological instruments

0 Radioactive cloud-dose calculations

° Environmental safety.

2 report presents quantitative techniques for treating practical
s.tuations along with a broad variety of assumptions engendered

by the iwperfect knowledge of the atmosphere and the pollutant
producing device, rather than hard and fast rules. :
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Turner, D.B., 1970. Workbouk of Atmospheric Dispersion Estimates.

U.S. Environmental Protection Agency. Office of Air Programs,
Pub. No. AP-26, USGPOQ.

This workbook presents methods of practical application of the
binormal continuous plume dispersion model to estimate concentrations
of air pollutants. Estimatcs of dispersion are those of Pasquill as
restated by Gifford. Emphasis is on the estimation of concentrations -
from continuous sources for sampling times of 10 minutes. Some

of the topics discussed are determination of effective height of
emission, extension of concentration estimates to longer sampling
intervals, inversion break-up fumigation concentrations, and con-
centrations from arca, line, and multiple sources. Twenty-six
example problems and their solutions are given. Some graphical aids
to computation are included.
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