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ABSTRACT

Tests were conducted in the Colorado State University Meteorological
Wind Tunnel facility, to study the gaseous plumes released from stacks
associated with the Harrington Power Station of the Southwestern Public
Service Company. The tests were conducted over a model power plant to
scale 1/250 including all significant structures, topography, and rough-
ness elements in the vicinity. Effects of wind orientation, stack height,
plant operation load, and wind velocity were established. Data obtained
included photographs and color motion pictures of smoke plume trajec-
tories and contaminant concentration downwind of the power plant at

ground level sampling positions.
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1.0 INTRODUCTION

A wind tunnel study of the Harrington Power Station, Southwestern
Public Service Company, near Amarillo, Texas was performed to determine
the optimum stack height which would eliminate plume downwash and reduce
the concentration of sulfur dioxide at ground level such that the plant
can meet state and federal ambient air quality standards. The power
plant is located on a site north-northeast of Amarillo, Texas.

Commercial fossil fuel steam electric generating stations generally
require an anlaysis of the potential behavior of gaseous effluents
emitted to the atmosphere as a result of combustion processes. The pro-
posed new design incorporates processes to reduce particulate emissions
and ground-level concentrations of gaseous chemical effluents to a mini-
mum. Used wisely the atmospheric reservoir permits disposal without
damage or nuisance; used without due consideration for its widely varying
dispersion capacity, pollutants may at times remain at sufficiently high
concentrations near the ground to cause annoyance.

A primary factor in determining whether these gaseous products are
to be a nuisance is the stack design. Under certain conditions it may
be necessary to make a release in meteorologically unfavorable situations.
Hence, it is necessary to design gas exhaust systems such that adequate
dispersal of gaseous materials will occur under any realistic meteoro-
logical condition.

It has been a traditional design technique to release the various
gases through the top of a tall stack located near the power station,
where the stack is at least two and one-half times taller than nearby
buildings. Calculation of peak and mean ground concentrations of these

gases are then based on some semiempirical model which relates the



release rate from an elevated point source to the concentration at some
point downwind. Mathematical models have been suggested by Sutton (1947),
Hay and Pasquill (1962), Roberts and Cramer (1957). These mathematical
models require the assumptions of plane homogeneous atmospheric turbu-
lence and constant mean lateral and mean vertical velocities. These
assumptions are satisfied for a point release over a flat undisturbed
terrain.

In addition, considerable effort has been made to determine the
effects of vertical stack velocity and gas buoyancy on the effective
stack release height. Carson and Moses (1967) have reviewed over 15
plume rise formulas constructed to calculate effective stack heights
for conditions where there are no effects from local terrain or buildings.
They concluded that no available plume rise equation can be expected to
accurately predict short-term plume rise. Recent results produced by
Briggs (1969) are more optimistic concerning isolated plumes suggesting
error bounds for plume rise of +20 percent.

Often, it is necessary, due to aesthetics, cost, and public relation
reasons, to utilize a short to medium height stack. In these cases plume
dispersion is sufficiently modified by the presence of the local building
structure or ground topography that the only approach available is one
of wind tunnel model tests (Moses, et al. (1964), Halitsky, et al. (1963)).

A number of wind tunnel studies have considered the effects of
variations in a single building geometry on plume entrainment and dis-
persion (llalitsky (1963), Strom et al. (1957), Dickson et al. (1967),
Jensen and Frank (1963)). These studies have permitted the specification
of pertinent scaling criteria for model studies of plume excursions near

buildings. Model laws will be discussed in greater detail in Section 2.



Since each arrangement of the power plant and auxiliary buildings
or terrain may have separate effects on the generation of mechanical
turbulence and mean flow movement, any specific gas dispersion problem
will require individual tests. Hence, there exist in the literature
descriptions of a variety of different model studies on reactor and
industrial plants (Halitsky et al. (1963), Halitsky (1975), Kalinske
(1945), Davies et al. (1964), Sherlock and Stalker (1940), Hohenleiten
and Wolf (1942), Martin (1965), Meroney et al. (1967), Meroney et al.
(1968), Cermak and Nayak (1973), Isyumov, et al. (1974), Smith (1975),
Cagnetti (1974), etc.). These studies are significant in that their
results have been essentially confirmed by either direct prototype
measurements or the absence of the gases or dusts the study was directed
to remove. Kalinske (1945), Davies and Moore (1964), Hohenleiten and
Wolf (1942), and Martin (1965), incorporate such comparisons within
their text. Halitsky et al. (1963) and Halitsky (1975) have recently
been compared with prototype measurements at the National Reactor Testing
Station in southeast Idaho (Dickson et al. (1967)). Agreement of the
diffusion concentration results were very satisfactory. Martin (1965)
favorably compared his wind tunnel study measurements about a model of
the Ford Nuclear Reactor at the University of Michigan with prototype
measurements. Munn and Cole (1967) have taken diffusion measurements
on a power station complex at the National Research Council, Ottawa,
Canada, to confirm the general entrainment criteria suggested by the
model studies of Davies and Moore (1964). Isyumov, et al. (1974) com-
pared predicted wind tunnel model results for SO, concentrations resul-
ting from the operation of a tall stack in hilly terrain with available

full scale data for two comparable stacks. Wind tunnel and full scale



data showed close agreement, the wind tunnel bounding the measured
behavior of the full scale situations.

Smith (1975) compared near wake behavior of a field dispersion
experiment near a small (3m x 3m x 2m high) industrial building with
wind tunnel measurements about similar geometries, (Meroney and Yang,
1971). Similar trends were detected; however field results suggested
care must be taken to appropriately simulate atmospheric turbulence
and aerodynamic roughness of upstream surfaces.

The purpose of this study is to determine the behavior of plumes
created by gases discharged from an existing stack for Unit 1 and a
proposed new stack for a second unit for the Southwestern Public Service
Company Harrington Power Station (Figs. 3-1 and 3-2). Using a 1:250
scale model of the plant in a wind tunnel capable of simulating the
appropriate meteorological conditions downwind ground-level stack-gas
concentrations were determined by sampling concentrations of tracer gas
(Propane) released from the model stacks and overall plume geometry was
obtained by photographing smoke plumes created by releasing smoke
(titanium oxide) from the model stacks.

The general scope includes determination of how plume behavior is
affected by stack height by loading level, wind direction, and wind
speed of the atmosphere. A wide range of meteorological conditions can
be simulated in the Meteorological Wind Tunnel (MWT) of the Fluid Dynamics
and Diffusion Laboratory (FDDL) at Colorado State University. The con-
ditions simulated for this study are limited to the adiabatic lapse
rate (thermally neutral flow) case.

The modeling criteria necessary to simulate atmospheric motions
over such a site are presented in Section 2. Details of the model

construction and the experimental equipment are described in Section 3.



Finally, Sections 4 and 5 discuss the results obtained and their
significance.

This report is supplemented by a motion picture (in color) which
shows the plume behavior for all stacks for all operating levels, wind
directions and meteorological conditions investigated during the course
of this study. A set of black-and-white photographs and color slides
of each plume realization further supplements the material presented

in this report.



2.0 SIMULATION OF ATMOSPHERIC MOTION

The use of wind tunnel for model tests of gas diffusion by the
atmosphere is based upon the concept that nondimensional concentration
coefficients will be the same at contiguous points in the model and the
prototype and will not be a function of the length scale ratio. Con-
centration coefficients will only be independent of scale if the wind
tunnel boundary layer is made similar to the atmospheric boundary layer
by satisfying certain similarity criteria. These criteria are obtained
by inspectional analysis of physical statements for conservation of
mass, momentum and energy. Detailed discussions have been given by
Halitsky (1963), Martin (1965), and Cermak et al. (1966). Basically
the model laws may be divided into requirements for geometric, dynamic,
thermic and kinematic similarity. In addition, similarity of upwind
flow characteristics and ground boundary conditions must be achieved.

For the Harrington Power Station study, geometric similarity is
satisfied by an undistorted model of length ratio 1:250. This scale
was chosen to facilitate ease of measurements, provide a boundary layer
equivalent to 1000 ft for the atmosphere and minimize wind tunnel
blockage. (The ratio of projected area to the area of the wind tunnel
cross section should not exceed five percent. The model of the
Harrington Power Station at a scale of 1:250 produced a blockage of
less than 3.0 percent in the MWT.)

When interest is focused on the vertical motion of plumes of heated
gases emitted from stacks into a thermally neutral atmosphere the
following variables are of primary significance:

density of ambient air

]

Pa

1}

Ay (pa~p )g--difference in specific weight of ambient air and

stack gas



Q@ = 1local angular velocity component of earth
H, = dynamic viscosity of ambient air

Va = speed of ambient wind at stack height

Vs = speed of stack gas emission

H = stack height

D = stack diameter

Sa = thickness of planetary boundary layer

z, = roughness heights for upward surface

Grouping the independent variables into dimensionless parameters with
CIP Va and H as reference variables yields the following parameters

upon which the dependent quantities of interest must depend:

2 2
Yao %2 % b Ve PV fa¥a  ay
2 3 ] s E ] » >
HQ H H H [N o V 2 AyD gp
aa

The laboratory boundary-layer-thickness parameter Ga/H was made
approximately equal to that for the atmosphere. A value for this ratio
of at least 1.5 was established for the highest stacks. Equality of
the surface parameter zo/H for model and prototype was achieved
through geometrical scaling of the stacks and upwind roughness. Like-
wise the stack parameter D/H was equal for model and prototype.
Dynamic similarity is achieved in a strict sense if a Reynolds

p V. H v

and a Rossby number ﬁ% for the model is equal to its
a

counterpart for the atmosphere. The model Rossby number cannot be

number

made equal to the atmospheric value. However, over the short distances
considered (up to 15,000 ft), the Coriolis acceleration has little
influence upon the flow. Accordingly, the standard practice is to

relax the requirement of equal Rossby numbers.



Kinematic similarity requires the scaled equivalence of streamline
movement of the air over prototype and model. It has been shown in
Halitsky et al. (1963) that flow around geometrically similar sharp-
edged buildings at ambient temperatures in a neutrally stratified atmo-
sphere should be dynamically and kinematically similar when the
approaching flow is kinematically similar. This approach depends upon
producing flows in which the flow characteristics become independent of
Reynolds number if a lower limit of the Reynolds number is exceeded.
For example, the resistance coefficient for flow in a sufficiently
rough pipe as shown in Schlichting (1960, p. 521) is constant for a
Reynolds number larger than 2 x 104. This implies that surface or
drag forces are directly proportional to the mean flow speed squared.
In turn, this condition is the necessary condition for mean turbulence
statistics such as root-mean square value and correlation coefficient
of the turbulence velocity components to be equal for the model and the
prototype flow.

Golden, as cited by Halitsky et al. (1963}, found that for flow
about a cube for Reynolds numbers above 11,000, there was no change in
concentration measurements. The minimum Reynolds number encountered
in the present study was 9,300 based on the model scale of 1.0 ft and
a minimum velocity of 1.4 fps. Correlation tests of flow about the
Rock of Gibraltar flow over Pt. Arguello, California, and flow over
San Nicolas Island, California, may be cited as examples of large
Reynolds number flows which have been modeled successfully in a wind
tunnel (Field and Warden (1933), Cermak and Peterka (1966), Meroney

and Cermak (1965)).



Buildings and building complexes produce nonuniform fields of flow
which perturb the regular upstream atmospheric wind profiles. Around
each building a boundary layer exists, where the velocity is zero at
the surface but increases rapidly to a relatively constant value a
short distance from the building wall. Outside of the boundary layer
and downstream there exists a region of low velocities and pressures
called the cavity. In this region circulations are such that flow may
actually reverse with respect to the upstream winds. Surrounding the
cavity but extending further downstream is a parabolic region called
the wake in which the presence of the building is still evident in
terms of deviations of velocity, turbulence, and pressure from
conditions found in the upstream atmospheric boundary layer.

The formation of the wake and cavity regions are associated with
a phenomena called boundary-layer separation. Under certain conditions
the boundary layer actually detaches and enters the flow streaming
about the building. This may occur at the corner of a sharp-edged
building or on a curved surface if the pressure increases due to a
decelerating flow field. The separated boundary layer forms a sheet
which completely surrounds the cavity region which contains relatively
stagnant fluid. The extent of the cavity region for the Harrington
Power Station building may be approximated by 5H = 1000 ft. Based on
the measurements of Evans (1957) the effect of alternate wind approach
angles to an elongated rectangular complex may extend this to
6H = 1200 ft.

The need for scaling of the atmospheric mean wind profile was
demonstrated by Jensen (1963). Substitutions of a uniform velocity

profile for a logarithmic profile results in threefold variation in
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the dimensionless pressure coefficient downstream of a model building.
Such variance in the pressure fields indicates a strong effect of the
upstream wind profile on the kinematic behavior of the fluid near the
building complex. One of the few tunnels currently capable of generat-
ing a turbulent boundary layer thick enough for a 1:250 model scale is
the Meteorological Wind Tunnel at Colorado State University. Other
investigators have attempted to generate logarithmic profiles in short
tunnels by inserting special grids upstream of the test section; how-
ever, this technique normally creates a nontypical turbulence field
which decays rapidly downstream.

The length of scale used for scaling the velocity profile is the
roughness height Z, For the Harrington Power Station site a typical
roughness length is assumed to be less than 0.33 ft. This means the
critical wind velocities could be modeled in the wind tunnel by a
roughness length of less than 1/400 in., or essentially a smooth up-
stream surface. A turbulent boundary layer approximately 4.0 ft thick
was produced by an upstream fetch of 40 ft and a tailored vortex grid
in the Meteorological Wind Tunnel. Considering the flat terrain with
intermittent covering of trees and shrubs it was decided to simulate
the upstream wind profile by a power law exponent of approximately 0.14.
This shape profile is characteristic of flow over flat terrain
essentially free of trees and obstructions.

Equality of the parameter paVaZ/(AvD} for model and prototype
in essence determines the relationship between the atmospheric wind
speed and the model wind speed once the geometric scale has been
selected (1:250 in this case). Often this criteria results in (V)

a’m
being too small to satisfy the minimum Reynolds number requirement.



11

When this happens the specific weight difference for the model (Ay)m
can be made larger than (Ay)p to compensate for the effect of small
geometric scale. However, equality of the density difference ratio for
model and prototype will be maintained in this study. This equality
ensures that the initial plume behavior where acceleration of the stack
gases is maximum will be modeled correctly. This is particularly
important if downwash behavior is to be correctly indicated by a small
scale model.

Using the lowest wind speed of 15 mph or 22.0 ft/sec and a scale

of 1:250, the Froude number equality gives

2
Cado 1,

2 250
V),

or
_ 1.1/2

V), = 22 (g
(Va)m = 1.39 ft/sec.

The corresponding model Reynolds number then becomes approximately

(VapaH) - 1.39 x 1
My TR 1.5 x 10_4

H]

9266 < 11,000.

Since minimum Reynolds number for the 30 and 45 mph cases seem
sufficiently high no corrections are recommended. Inaccuracies in
near field behavior resulting from adjustment in density ratios do
not appear to justify any improvements expected at long distance
downwind.

Rather than heat the model stack gases to obtain the same specific-

weight-difference ratio as for the prototype, helium may be used to
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attain the proper density differences (Ay)m. This approach will be
used since the helium-air mixture can be accurately metered to provide
better monitoring and adjustment of the stack gas.

To summarize the following scaling criteria were applied for the

neutral boundary layer situation:

p VH

1/ Re = > 11,000
pavaz

2/ Fr = o) ; (Fr)m = (Fr)p
A"

3 R = ->;R =R

- Va m P

4/ (zo)m = (zo)p

5/ Similar velocity and turbulence profiles upwind.

Operating conditions for the Harrington Power Station have been
supplied by Southwestern Public Service for the various units. (See
Table 4-1 and 5-1.) Meteorological data converted to the form of wind
rose patterns (Fig. 3-3) suggest tests at eight primary wind orienta-
tions. Modeled wind velocities, stack velocities, and plume densities
based upon the selected scaling criteria are tabulated together in

Tables 4-2 and 5-2.
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3.0 TEST APPARATUS

3.1 Wind-Tunnels

The meteorological wind tunnel (MWT) shown in Fig. 3-4 was used
for this neutral flow study. This wind tunnel, specially designed to
study atmospheric flow phenomena, incorporates special features such
as adjustable ceiling, rotating turntables, transparent boundary walls,
and a long test section to permit adequate reproduction of micro-
meteorological behavior. Mean wind speeds of 0.2 to 120 ft/sec (0.14
to 80 mi/hr) in the MWT can be obtained. In the MWT boundary layers
four feet thick over the downstream 40 ft can be obtained with the use
of the vortex generators at the test section entrance. The flexible
test section roof on the MWT is adjustable in height to permit the

longitudinal pressure gradient to be set at zero.

3.1.1 Test Configpration in the MWT

Vortex generators were installed at the tunnel entrance together
with an initial roughness to accelerate the preliminary growth of the
modeled boundary layer.

The Harrington Power Station model (see Section 3.2) was constructed
to represent a swath1750 ft to the right and left of the wind orienta-
tion chosen. The floor of the tunnel was equipped with 25 taps

arranged in sampling arrays to measure ground level concentrations.

3.2 Model

The model consisted of the power station, the stacks, and the
auxiliary buildings constructed from lucite to a linear scale of 1:250
(see Fig. 3-2).

The model was built at a 1:250 scale to dimensions taken from

drawings supplied by Southwestern Public Service Company. Four stacks
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were constructed for each unit, 250 ft, 300 ft, 350 ft, 375 ft,and
400 ft in height. All connections to the stacks were made by the
addition of fittings at the base of each stack.

Metered quantities of gas were allowed to flow from each stack to
simulate the exit velocity and also account for buoyancy effects due
to the temperature difference between the stack gas and the ambient
atmosphere. Helium and compressed air were mixed in metered amounts
to adjust the specific weight as proposed in Section 2. Fischer-Porter
flow rator settings were adjusted for pressure, temperature, and
molecular weight effects as necessary. When a visible plume was
required the gas was bubbled through titanium tetrachloride before
emission. When a traceable plume was required a high pressure mixture

of propane and air was used in place of the compressed air.

3.3 Flow Visualization Techniques

Smoke was used to define plume behavior over the power plant
complex. The smoke was produced by passing the air mixture through a
container of titanium tetrachloride located outside the wind tunnel and
transported through the tunnel wall by means of a tygon tube terminating
at the stack inlet within the model complex. The plume was illuminated
with arc-lamp beams. A visible record was obtained by means of
pictures taken with a Speed Graphic camera utilizing Polaroid film for
immediate examination. Additional still pictures were obtained with a
Hasselblad camera. Stills were taken with camera speeds of both 1/30
and 1 seconds--the first to capture characteristic plume excursions on
the short time scale, the second to identify mean plume boundaries. A
series of color motion pictures were also taken with a Bolex motion

picture camera mounted on a movable dolly which was traversed
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the length of the tunnel parallel to the plume trajectory at the

average wind speed.

3.4 Wind Profiles and Temperature Measurements

A standard pitot-static tube was utilized to measure the up and
downstream velocity profiles in the MWT for neutral flow fields. 1In
addition a Datametrics Series 800-L Linear Flow Anemometer was used

to set and monitor tunnel velocities.

3.5 Gas Tracer Technique

After the flow in the tunnel was stabilized, a mixture of propane,
helium, and air of predetermined concentration was released from model
stacks at the required rate. Samples of air were withdrawn from the
sample points and analyzed. The flow rate of propane mixture was con-
trolled by a pressure regulator at the supply cylinder outlet and
monitored by Fischer and Porter precision flow meters. The sampling

and detection systems are shown in Figs. 3-5a and 3-5b.

3.5.1 Analysis of Data

Propane is an excellent tracer gas in wind tunnel dispersion
studies. It is a gas that is readily obtainable and of which concentra-
tion measurements are easily obtained using gas chromatography
techniques.

The procedure for analyzing the samples was as follows:

1) A sample volume drawn from the wind-tunnel of 2 cc was

introduced into the Flame Ionization Detector.

2)  The output from the electrometer (in millivolt seconds) was

integrated and then the readings were recorded for each

sample.
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3) These readings were transformed into concentration values
by the following steps:
x(ppm) = K(ppm/mvs) E(mvs)
where K was determined from a calibration gas of known
concentration

K = (ppm/mvS) . )ipration gas

The values of the concentration parameter initially determined
apply to the model and it is desirable to express these values in terms
of the field. At the present time there is no set procedure for
accomplishing this transformation. The simplest and most straight-
forward procedure is to make this transformation using the scaling

factor of the model. Since

1 ft = 250 ft = 76 R
I lp ( m )

one can write

Wiy o LX) (g2
or

W2y L 1 Xy -2

Gl @ = —xil, @9

250

The sample scaling of the concentration parameter from model to field
appears to give reasonable results. All data reported herein are in

terms of their equivalent prototype value %;Jp and again as ppm 502.

3.5.2 Errors in Concentration Measurement

Each sample as it passes through the flame-ionization detector is
separated from its neighbors by a period during which nitrogen flows.

During this time the detector is at its baseline, or zero level. When
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the sample passes through the detector the output rises to a value

equal to the baseline plus a level proportional to the amount of tracer
gas flowing through the detector. The baseline signal is set to zero
and monitored for drift. Since the chromatograph used features a
temperature control on the flame and electrometer there is very low
drift. The integrator circuit is designed for linear response over the
range considered. A total system error can be evaluated by considering
the standard deviation found for a set of measurements where a precali-
brated gas mixture is monitored. For a gas of ~ 100 ppm propane + 1 ppm
the average standard deviation from the electrometer was two percent.

Since the source gas was premixed to the appropriate molecular
weight and repetitive measurements were made of its source strength
the confidence in source strength concentration is similar. The flow
rate of the source gas was monitored by Fischer-Price Flowmeters which
are expected to be accurate to * two percent including calibration and
scale fraction error. The wind tunnel velocity was constant to
+ 10 percent at such low settings. Hence the cumulative confidence in
the measured values of xV/Q will be a standard deviation of about
+ 11 percent, whereas the worst cumulative scenario suggests an error
of no more than * 20 percent.

The lower limit of measurement is imposed by the instrument
sensitivity and the background concentrations of hydrocarbons in the
air within the wind tunnel. Background concentrations were measured
and subtracted from all measurements quoted herein; however, a lower
limit of 1 to 2 ppm of propane is available as a result of background
methane levels plus previous propane releases. An upper limit for

propane with the instrument used is 10 percent propane by volume;
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however, chromatograph columns are necessary to avoid overwhelming the
detector at flowrates above 5-6 percent. A recent report on the flame
ionization detector for sampling gases in atmospheric wind tunnels

prepared by Dear and Robins (1974) arrives at similar figures.

3.5.3 Test Results: Concentration Measurements

Since the conventional point-source diffusion equations cannot be
used for predicting diffusion near objects which cause the wind to be
nonuniform and nonhomogeneous in velocity and turbulence, it is
necessary to calculate gaseous concentrations on the basis of experi-
mental data. It is convenient to report dilution results in terms of
a nondimensional factor independent of model to prototype scale.

In Cermak et al. (1966) and Halitsky (1963) the problem of
similarity for diffusion plumes is discussed in detail. It is suggested

that concentration measurements be transformed to K-isopleths by the

formula
= —X_
K = av;
where
X = sample volume concentration
A = frontally projected area of power plant complex
Va = mean wind velocity at some references height
Q = gas source release rate

This expression is specifically suitable for measurements within the
near-wake and cavity region. Data reported herein, however, represent
measurements made at equivalent distances of 5000 ft from the power

plant.
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Concentration measurements were made at various downwind distances
in the horizontal plane. Count rates were corrected to concentration
in ppm and compensation was made for background. Since measurements
were made at a variety of wind approach angles, wind velocities, and
stack heights, the ground-level concentration data has been reported in
terms of the ratio xVa/Q which has units of length squared. For
dispersion in a homogeneous flow this should produce similarity for
various Va and Q values. The significance of all results is dis-
cussed in the following section.

When interpreting model diffusion measurements it is important to
remember that there can be considerable difference between the instan-
taneous concentration in a plume and the average concentration due to
horizontal meandering. The average dilution factors near a building
complex wili correlate well with wind tunnel dilution factors since the
mechanical turbulence of the wake and cavity region dominate the
dispersion. In the wind tunnel a plume does not generally meander due
to the absence of large-scale eddies. Thus, it is found that field
measurements of peak concentrations which effectively eliminate
horizontal meandering, should correlate with the wind tunnel data
(Hino (1968)). 1In order to compare downwind measurements of dispersion
to predict average field concentrations it is necessary to use data on
peak-to-mean concentration ratio as gathered by Singer, et al. (1953,
1963). Their data is correlated in terms of the gustiness categories
suggested by Pasquill for a variety of terrain conditions. It is
possible to determine the frequency of different gustiness categories

for a specific site. Direct use of wind tunnel data at points removed
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from the building cavity region may underestimate the dilution capacity
of a site by a factor of four unless these adjustments are considered
(Martin (1965)).

An alternate technique has also been suggested by Hino (1968) who
argues the relationship between the maximum of time-mean ground concen-

-1/2

tration Xmax and the sampling time is Xpax = T Field

experiments may be compared with wind tunnel data by the formula:

-1 -2
(x) = (Xa)m QP VP HP (229“1/2
Xa P -1 . -2 T
Qm \Y H m
m m

where Xy is the maximum axial concentration, Q discharge rate of
gases from a stack, V wind speed at, H effective height of stack, =t
sampling time, and subscripts p and m represent values for a proto-
type and model respectively. One may assume that . corresponds to
three to five minutes in the atmosphere for the wind tunnel experiment.
Pasquill's suggested values for the standard deviations o, and °y
correspond to 10 minute averages (Turner (1969)). Hence tunnel concen-
trations could be high by a factor of 1.7 if a 10 minute average is
desired, or by a factor of 21.9 if a 24-hour average is desired.

An examination of Singer's results for peak-to-mean concentration
ratios suggests the ratio is a function of both stability and boundary
surface roughness. Hence for a variation of stratification from
unstable to moderately stable the peak/mean concentration ratio may be
nearly equal though the sampling time might vary from 30 minutes to
three minutes respectively and the power law coefficient in Hino's

equation above would vary from -0.6 to -0.3. It is not likely that a

decisive interpretation of the effects of plume meandering will be
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available in the near future; hence, the conservative assumption is
recommended that the wind tunnel measurements correspond to a 30 minute
averaging time and, when correcting results to alter sampling periods,
a power law coefficient of -1/2 be utilized. (A five minute wind
tunnel equivalent sampling time results in 24 hour equivalent
concentrations 50 percent smaller.) The values presented herein have

not been corrected to alternative time average periods.
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4.0 TEST PROGRAM AND RESULTS: UNIT 1

4.1 Test Program

The test program consisted of (1) a qualitative study of the flow
field around the power plant by visual observation of the smoke plume
trajectory released from the stacks; and (2) a quantitative study of
gas concentrations produced by the release of a propane tracer from the
stacks. The test conditions are summarized in Table 4-2. Angular
locations of the approach winds are referred to in terms of angles
from a nominal north. Downwind distances refer to lengths as measured
from the center of the complex as marked in Fig. 3-6. Unless otherwise
noted, the term wind velocity refers to the velocity in the undisturbed
free stream at an equivalent height of 250 feet; however, a velocity
at any reference height is available by referring to the velocity

profiles (Fig. 3-7).

4.2 Test Results: Characteristics of Flow

All the experiments were carried out in the MWT over the range of
conditions shown in Table 4-2. The atmospheric boundary layer was
modeled to produce a velocity profile equivalent to flow typical of
irregular terrain. Figure 3-7 shows the development of the velocity
profile over the model for a neutral situation. No comparison of model
velocity data with that in the prototype is possible because the
latter is not available over a range of height. However, as the
model velocity profiles were carefully produced over roughness tailored
to reflect the characteristics of the site, it is expected that the
prototype flow is adequately represented in the model. The power law

exponent for the upstream velocity profile was 0.13.
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4.3 Test Results: Visualization

The test results consist of photographs and movies showing the
general nature of airflow and diffusion in the vicinity of the power
lstation (Figs. 4-1 to 4-4). A general understanding of wake and cavity
flows is necessary for an interpretation of the plume behavior (see
Halitsky, 1963).

The sequences of photographs shown in Figs. 4-1 and 4-2 show side
views of the behavior of a smoke plume released from Unit 1 for
50 percent load at 15 mph for various wind angles. Observation of
plume behavior suggests that SE and SW wind approach angles develop
flow fields about the plant buildings which encourage plume downwash.
These orientations of the wind to the plant complex seem to develop a
venturi-like behavior between the boiler units. As a result of the
insuing low pressure region the plumes from Unit 1 are swept to the
surface very near the plant and gases are sucked upwind into the center
of the plant area.

At low wind speeds the plume lofts high above the separation
cavity and aerodynamic wake generated by the power plant complex. The
gas behaves as a plume released at an elevated point and is convected
well downstream. As the wind speed increases (see Fig. 4-4) the stack
effluent plume is bent over and behaves as though it were released
at increasingly lower effective heights. At a sufficiently large free
stream velocity the plume intermittently entrains behind the stack
itself and the plume intersects the building wake. For such a short
stack at high wind speeds the plume becomes entrained in the building
complex cavity. Entrainment, as utilized herein, will be understood

as the presence of any of the gas released from the stack in the power
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station cavity. A small amount of entrainment usually first occurs
under conditions where the gas plume follows the cavity separation
streamline to the downstream cavity stagnation point from which it
diffuses upstream into the cavity proper. Downwash will be understood
as severe entrainment where the plume does not penetrate the separation
streamline but rather ventilates directly into the cavity region. A
decrease in load from full to one-half has the same effect on the plume
behavior as an increase in wind speed. In general lower load aggra-
vates plume behavior; however one must consider the reduced pollutant
burden in any assessment of the net significance. Figure 4-3 displays
the effect of change in load for Unit 1, wind angle SW, when the mean
effective wind speed is 15 mph.

Since the Unit 1 stack diameter is fairly large and the exit
velocity is modest the velocity ratio R drops below 1.5 for most
combinations of wind speed and load studied. As a result downwash
behind the stack body is probable; this effect tends to aggravate
pollution levels in the vicinity of the plant. It is instructive to
consider the plume behavior for both instantaneous effluent boundary
location and when averaged over a larger time period. In an instan-
taneous sense a plume may contact the ground yet result in rather low
ground average concentrations. The longer averaging time tends to
emphasize locations beyond which extensive ground contact will occur.

The observed 'touchdown' distances evaluated from the flow
visualization tests are summarized in Table 4-3. Touchdown is defined
during observation as that point where the plume encounters the ground
more than 10 percent of the time. Such an interpretation is neces-

sarily qualitative but different observers do not vary by more than
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500 ft. Smoke photographs tend to confirm the initial opinion.
Complete sets of still photographs supplement this report. Color
motion pictures have been arranged into titled sequences and the sets

available are summarized in Table 4-3.

4.4 Test Results: Concentration Measurements

Turbulent diffusion of gaseous effluent released for three
different stack heights was studied. Propane concentrations at ground
level were measured at distances equivalent to 500 ft to 5000 ft
downwind.

Twenty-five samples were taken over the model distributed at
ground level over the topography in the matrix shown in Fig. 3-6. The
stack for Unit 1 was sometimes displaced to the right or left of the
concentration grid centerline, the zero coordinate rests due west of
Unit 1 stack centered between Unit 1 and 2 boilers. All concentration
data have been converted to the prototype scale levels as explained in

Section 3.5.1. The data is recorded herein in dimensional form as

xV
—2  where x 1is the concentration over the assumed equivalent averag-

Q

ing time for laboratory measurements, Q is the source strength, and
Va is the mean wind velocity at stack height (250 ft). The source
flow rate and thermal condition assumed for each stack and load
condition are summarized in Tables 4-1 and 4-2. Data in Table 4-1
were provided by Southwestern Public Service Company.

The results for various loads, wind directions, and wind

velocities are presented in Table 4-5. Sample positions shown in the
tables are located on the definition sketch (Fig. 3-6). The maximum

concentration measured and its respective downwind location for each

situation has been gathered together in Table 4-4.
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A series of figures have been prepared from the bulk data to
enable some general conclusions to be made concerning the influence of
wind approach angle, load, and wind velocity on the plume behavior
over the Harrington Power Station model. The influence of wind
approach angle for Unit 1 is displayed in Fig. 4-5. Plume downwash is
apparently enhanced for winds approaching the plant from the SE and SW
wind directions. Once entrained into the wake however, the plume
dispersion rate seems very similar. Wind speed or load variation
appears to effect the plume trajectory in a similar manner. Figure 4-6
displays the degrading influence of increased wind speed or decreased

load on plume rise and subsequent ground level concentrations.
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5.0 TEST PROGRAM AND RESULTS: UNIT 2

5.1 Test Program

The test program consists of (1) a qualitative study of the flow
field around the power plant by visual observation of the smoke plume
trajectory released from the stacks, and (2) a quantitative study of
gas concentrations produced by the release of a propane tracer from
the stacks. The test conditions are summarized in Table 5-2. Angular
locations of the approach winds are referred to in terms of angles
from a nominal north. Downwind distances refer to lengths as measured
from the center of the complex as marked in Fig. 3-6. Unless otherwise
noted, the term wind velocity refers to the velocity in the undisturbed
free stream at an equivalent height of 250 feet; however, a velocity at
any reference height is available by referring to the velocity

profiles (Fig. 3-7).

5.2 Test Results: Characteristics of Flow

All the experiments were carried out in the MWT over the range of
conditions shown in Table 5-2. The atmospheric boundary layer was
modeled to produce a velocity profile equivalent to flow typical of
irregular terrain. Figure 3-7 shows the development of the velocity
profile over the model for a neutral situation. No comparison of
model velocity data with that in the prototype is possible because the
latter is not available over a range of height. However, as the model
velocity profiles were carefully produced over roughness tailored to
reflect the characteristics of the site, it is expected that the
prototype flow is adequately represented in the model. The power law

exponent for the upstream velocity profile was 0.13.
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5.3 Test Results: Visualization

The test results consist of photographs and sketches showing the
general nature of airflow and diffusion in the vicinity of the power
station (Figs. 5-1 to 5-6). A general understanding of wake and cavity
flows is necessary for an interpretation of the plume behavior (see
Halitsky, 1963).

The sequences of photographs shown in Figs. 5-1 and 5-2 show side
views of the behavior of a smoke plume released from Unit 2 for
50 percent load at 15 mph for various wind angles. Since Unit 2 stack
sets some distance from the tall boiler units of the complex the plume
is not strongly influenced by the immediate cavity and wake of these
buildings. Nevertheless it was the opinion of those observing the
visualization experiments that plumes spread more rapidly downward to
the surface for wind approach angles from the W, NW, and SW. In no
case did the plume appear to travel upwind on the ground surface or
become directly entrained into the building complex wake cavity.

At low wind speeds the plume lofts high above the separation
cavity and aerodynamic wake generated by the power plant complex. The
gas behaves as a plume released at an elevated point and is convected
well downstream. As the wind speed increases the stack effluent plume
is bent over and behaves as though it were released at increasingly
lower effective heights. At a sufficiently large free stream velocity
the plume intermittently entrains behind the stack itself (see Fig. 5-4)
and the plume may intersect the building wake. For a short stack at
high wind speeds the plume may become entrained in the building complex
cavity. Entrainment, as utilized herein, will be understood as the

presence of any of the gas released from the stack in the power station
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cavity. A small amount of entrainment usually first occurs under
conditions where the gas plume follows the cavity separation streamline
to the downstream cavity stagnation point from which it diffuses
upstream into the cavity proper. Downwash will be understood as severe
entrainment where the plume does not penetrate the separation stream-
line but rather ventilates directly into the cavity region. A

decrease in load from full to one-half has the same effect on the plume
behavior as an increase in wind speed. In general lower load aggravates
plume behavior; however one must consider the reduced pollutant burden
in any assessment of the net significance. Figure 5-4 displays the
effect of change in load for Unit 2, wind angle W, when the mean
effective wind speed is 30 mph.

As a result of low stack velocity ratio, R, resulting from the
large stack diameter, low exit velocities, and range of wind speeds and
loads examined plume downwash behind the stack occurred frequently.
Indeed the advantages associated with taller stacks (see Fig. 5-3) were
to a large extent diminished by the progressive decrease in R which
occurs with increasing wind velocities found at greater elevations.

A series of tests were performed on a 300 ft stack for Unit 2
with an exit area one-half that used in earlier tests (runs 70-81).
This change increased the velocity ratio R by two for equivalent wind
speed and load scenarios. Plume behavior in Figs. 5-5 and 5-6 may be
compared with corresponding plates from Figs. 5-1 to 5-4. [Increased
stack velocity definitely decreases a tendency toward plume downwash;
thus it increases effective stack height. It is instructive to consider
the plume behavior for both instantaneous effluent boundary location

and when averaged over a larger time period. In an instantaneous sense
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a plume may contact the ground yet result in rather low ground average
concentrations. The longer averaging time tends to emphasize locations
beyond which extensive ground contact will occur.

The observed ''touchdown" distances evaluated from the flow
visualization tests are summarized in Table 5-3. Touchdown is defined
during observation as that point where the plume encounters the ground
more than 10 percent of the time. Such an interpretation is necessarily
qualitative but different observers do not vary by more than 500 ft.
Smoke photographs tend to confirm the initial opinion. Complete sets
of still photographs supplement this report. Color motion pictures
have been arranged into titled sequences and the sets available are

summarized in Table 5-3.

5.4 Test Results: Concentration Measurements

Turbulent diffusion of gaseous effluent released for three
different stack heights was studied. Propane concentrations at ground
level were measured at distances equivalent to 500 ft to 5000 ft
downwind.

Twenty-five samples were taken over the model distributed at ground
level over the topography in the matrix shown in Fig. 3-6. Since the
stack for Unit 2 was sometimes displaced to the right or left of the
conceéntration grid centerline, the zero coordinate rests due west of
Unit 1 stack centered between Unit 1 and 2 boilers. All concentration
data have been converted to the prototype scale levels as explained in
Section 3.5.1. The data is recorded herein in dimensional form as

xV
—2  vhere x 1is the concentration over the assumed equivalent

Q

averaging time for laboratory measurements, Q is the source strength,
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and Va is the mean wind velocity at stack height (250 ft). The
source flow rate and thermal condition assumed for each stack and load
condition are summarized in Tables 5-1 and 5-2. Data in Table 5-1 were
provided by Southwestern Public Service Company.

The results for various loads, wind directions, and wind velocities
are presented in Table 5-5. Sample positions shown in the tables are
explained in the definition sketch in Fig. 3-6. The maximum concentra-
tion measured and its respective downwind location for each situation
has been gathered together in Table 5-4.

A series of figures have been prepared from the bulk data to
enable some general conclusions to be made concerning the influence of
wind approach angle, stack height, load, and wind velocity on the plume
behavior over the Harrington Power Station model. The influence of
wind approach angle for a single unit is indicated in Table 5-4,
runs 25-39. Unit 2 stack is far enough from the boiler that wind angle
is not a dominant factor in plume behavior here. Plume downwash is
apparently enhanced for winds exceeding 30 mph for all loads. Once
entrained into the wake however, the plume dispersion rate seems very
similar. Wind speed or load variation appears to effect the plume
trajectory in a similar manner. Figure 5-8 displays the degrading
influence of increased wind speed or decreased load on plume rise and
subsequent ground level concentrations.

Increase in stack height definitely provides some site protection.
Figure 5-7 depicts the advantages of increased stack height with
respect to ground level concentration profiles. Increase of the units
stacks from 300 to 350 ft decreases maximum observed concentration by

about 25 percent. A further increase in stack height to 400 ft reduces



32

the ground concentrations to about 50 percent of the maximums observed
for a 300 ft stack. Unfortunately the advantage of added stack height
is degraded by the strong stack downwash associated with low exit
velocities. A series of measurements were made for conditions which
increase R by two in runs 71-81. A marked improvement is noted on

Fig. 5-8 and photograph Figs. 5-5 and 5-6.
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6.0 CONCLUSIONS

The investigation was undertaken to determine the dispersion of
exhaust gases released from stacks of the Harrington Power Station
operated by the Southwestern Public Service Company, Texas. The
primary aim of the study was to determine the optimum height of stack
to utilize for a new boiler unit and effect of building-complex wake
on ground-level concentration of sulfur dioxide.

On the basis of the experimental measurements reported herein, the

following comments may be made:

6.1 Unit 1 Stack

1) Plumes from Unit 1 do entrain directly into the building
complex cavity for a number of the wind angles, velocities, and loads
studied.

2) For a 250 ft stack on Unit 1, there is significant visual
evidence of ground contact within 500 ft of the plant when the wind
speed exceeds 30 mph.

3) The plume-building wake influence for all plumes is a maximum
for the SE and SW wind approach directions and a minimum for the E to
NE orientation.

4) Concentration measurements show that maximum SO2 ground-
level concentrations of .404 ppm will result from a 250 ft stack at

50 percent load for a 15 mph and approaching from the SW.

6.2 Unit 2 Stack

1) Plumes from Unit 2 do not appear to entrain directly into the
building complex cavity for any wind angle, velocity, load, or stack

height considered.
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2) For a 27 ft I.D. stack significant stack downwash occurred
for most wind velocity and load combinations studied. This influence
decreased the value of increasing stack height since downwash was more
frequent at the higher velocities found at greater elevations.

3) For a 19 ft I.D. stack the probability of stack downwash
decreased due to the increased momentum of exhaust gases at stack exit.

4) Concentration measurements show that maximum SO2 ground-level
concentrations of .210 ppm will result from a 300 ft 27 ft diameter
stack at 50 percent load for a 30 mph wind approaching from the SW.

Since specific maximum source levels may vary depending on the
source of coal or the load, dimensional prediction tables have been
prepared in the manner of Pasquill for the Harrington Power Station
configuration. If percent frequency of winds and stability conditions
at various wind approach angles are known for the Harrington site,
average annual concentrations or 24-hour averages including the effects
of wind angle frequency distribution may be calculated in the manner
of Turner (1969) or Sherlock and Stalker (1940). If one desires the
meteorological significant situations such as looping, fanning,
fumigation, or trapping one may combine the experimental results
developed herein with the expressions suggested by Bierly and Hewson

(1962) or Slade (1968, Chapter 3, Section 3.1.5).
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Figure 3-1. Views of Harrington Power Station Site.
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Figure 3-2. Harington Power Station, Model Scale 1:250.
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Figure 3-5b. Tracer Gas Sampling and Analysis System.
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Figure 3-7. Approach Velocity Profiles, Neutral Flow,
Meteorological Wind Tunnel.

1.2



Figure 4-1.

Flow Visualization:

Unit 1, 250 ft Stack, 15 mph, 50% Load, N, NE, E, SE Wind Directions

Ly



Figure 4-2. Flow Visualization: Unit 1, 250 ft Stack, 15 mph 50% Load, S, SW, W, NW Wind Directions



Figure 4-3. Flow Visualization: Unit 1, SW Wind Direction, 250 ft Stack 15 mph, 50, 80, 100% Load



Figure 4-4. Flow Visualization: Unit 1, SE Wind Direction, 50% Load, 250 ft Stack, 15, 30, 45 mph



S0, (ppm)

51

04r Vg = 15 mph o SE
os

0.3} A ow

ol 250' Stack

Unit |

0.1

O.1

i i

(0] i i
o 1000 2000 3000 4000 5000 (ft)

Figure 4-5. Maximum Ground Concentration Profiles for Various
Wind Speeds, SE, S, SW Wind Approach Angle and for
a 50% Load Emitted from Unit 1 Stack.
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Figure 5-1.

Flow Visualization: Unit 2, 300 ft Stack, 50% Load, 15 mph, N, NE, E, SE Wind Directions
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Figure 5-2.

Flow Visualization:

Unit 2, 300 ft Stack, 50% Load

15 mph, S, SW, W, NW Wind Directions

vs



Figure 5-3.

Flow Visualization:

Unit 2, 80% Load, 30 mph, W Wind Direction, 3u0, 350, 375, 400 ft Stacks

SS



Figure 5-4.

Flow Visualization:

Unit 2, W Wind Direction, 300 ft Stack, 30 mph, 50, 80, 100% Load
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Figure 5-6.

Flow Visualization:

Unit 2, W Wind Direction, 300 ft Stack, 30 mph, 50, 80, 100% Loads

8S



.15

O 300 ft Stack
X 350 ft Stack
D 375 ft Stack
0O 400 ft Stack
)
O.I0F
o A
- A
o
o O
~ 0
(»
7))
s ]
0.05} /A
O
%
)
0 -, 1 i i 1
0] 1000 2000 3000 4000 5000 (ft)

Figure 5-7. Maximum Ground Concentration Profiles for Various
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Table 3-1. Instrumentation and Materials Employed

Camera movie: Bolex 16 mm camera lens
still: Speed Graphic Camera 4" x 5" & Hasselblad 2" x 3"

Film movie: Extachrome - 7242, ASA 125 - Forced developed ASA 500
still: Tri-X-Pan-4164 Kodak film, Polaroid

Exposure movie: f-1.9, 18 frames per second
still: f = 8-11, t = 1/30 sec or 1 sec

Flow Meters Fischer § Porter Co. Precision flow rator No B4-21-10
float B SVT-45

Concentration System

Hewlett-Packard Model 5711-A Gas
Chromatograph; dual flame
ionization detector; electrometer
isothermal oven controller; 1/2 cc dual
sampling loops.

Sampling Panels: CSU design; 16 sample
volumes; transfer equipment; and
flow rators.

Hewlett-Packard Integrating Digital
Voltmeter Model 2401C

Velocity Control System

Trans-Sonics type 120B Equibar
Pressure Meter-Serial 44801

United Sensor Pitot-~Static Probe

Datametric 800-L Linear Flowmeter



Table 4-1. Prototype Emission Parameters.

Unit 1: Harrington Station*

Load 100% 80% 50%

Stack Size (ft) 27 27 27
Stack Area (ftz) 573 573 573
Stack Height (ft) 250 250 250
Gas Temperature (°F) 160 160 160

@ (26.57'" Hg)
Gas Velocity (ft/sec) 33.6 26.8 16.8
Actual Source Strength (SOZ) (50% removal) 156.0 124.5 78.0

Q (gm/sec)
Free Stream Velocity (ft/sec) 22,44,66 22,44,66 22,44,66

(15,30,45 mph)
R

T-T, A
Ao/pa = ( T )
a
2
Frg = ~%"—
g-2D
pa

1.52,0.76,0.50

8.77 5.58

1.22,0.61,0.41
0.15 0.15

0.76,0.38,0.25

0.15

2.19

*
Taken from tables proved by K.

ATa = 68°F + 460 = 528°R

Ladd, August 25, 1975 and Haragan Report, July 20, 1974 (Table 3).

29



Table 4-2. Model Emission Parameters.

Unit 1: Harrington Station

Load 100% 80% 50%
Stack size (in.) 1.30 1.30 1.30
Stack area (in.z) 1.33 1.33 1.33
Stack height (in.) 12 12 12
R 1.52,0.76,0.50 1.22,0.61,0.41 0.76,0.38,0.75
Ap/pa .150 .150 .150
Fr 8.77 5.58 2.19

S

Vam(ft/sec) = Vsm/R
Vsm(ft/sec)

Q, (cfm)

Mol Wts = 29(1-Ap/pa)
*He
[

X
Props

1.39,2.79,4.25
2.13
1.18

24.7

0.20

0.05

1.39,2.79,4.25
1.70
0.94

24.7

0.20

0.05

1.39,2.79,4.25
1.06
0.59

24.7

0.20

0.05

£9



64

Table 4-3. Observed Touchdown Distances from Flow Visualization
Tests (ft).
Unit 1: Harrington Station
Wind Stack Distance to
Run Speed Direction Load Height Touchdown
(mph) (ft) (ft)

1 15 N 50% 250 5000+

2 NE 1000

3 E 2000 occ 3500
4 SE 500

5 S 1000

6 SW 700

7 W 1200

8 NW 1000 -- 2200
9 30 N 750

10 NE 700

11 E 500 -- 1000
12 SE 0

13 S 1000

14 SwW 400

15 W 500

16 NW 500

17 45 SE 0

18 Sw 500

19 15 SE 100% 250 1000 occ 2000
20 80% 250 500

21 30 SE 100% 250 0

22 80% 250 0
23 45 SE 100% 250 0

24 80% 250 0
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Table 4-4. Maximum Ground Concentration (ppm) and Distance to Maximum
(ft).

Unit 1: Harrington Station

Distance to Maximum
Wind Stack Maximum Ground Concentration
Run Speed Direction Load Height Concentration (-~ 10 min avg) (ppm)
(mph) (ft) (ft)
1 15 N 50% 250 2875 .075
2 NE 4500 .048
3 E 2875 .075
4 SE 1000 .220
5 S 1750 .078
6 SW . 500 .404
7 W 5350 . 057
8 NW 1000 .115
9 30 N 1000 .310
10 NE 1750 .175
11 E 1750 .150
12 SE 1000 .367
13 S 1750 .242
14 SW 1000 .283
15 W 1750 .205
16 NW 1000 .403
17 45 SE 1000 .346
18 SW 1000 .274
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Table 4-5.



S02 CONCENTRATION
PPM

SO? CONMCFNTRATION
MICRO GM PER CUlM

COEFFICIENT

(FT)#u=-g
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RUN NUMRER 4
UNTIT NUMRHFR 1
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PUN NUMRER o

UNIT NUMBFPR 1
WIND DIRECTION S
WIND SPEED (FT/S) 27
PERCAENT L NnaN w9
SO0? RELEASF RATF (GM/S) 75
STACwY LOCATION (FT) 5: lﬂ?
= =]Nn
STACK HFIGHT (FT) L
STRATIFICATION NEUT=AL
STACK VFLOCITY (FT/S) 168410
SAMPLFE POSTITION CONCFNTRATTION COFFFICIFNT SOP CONCENTRATION S02 CONCENTRATION
X Y K#](seire (FT) #%=p MICKD w PFR CUeM PPM
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RUN NUMKER i

UNIT NUMRFR 1
WIND DIRECTION G u
WINN SPEEN (FT/S) 2
PERCENT L0AD . =0
502 RELEASF RATF (nmM/S) T
STACK LOCCATION (FT) X= -
Y= -t R
STACK HEIGHT (FT) 250
STRATIFICATIOM NFUTRBI
STACK VELNCITY (FT/S) 16,40
SAMPLE POSITIOM CONCENTRATYON COEFFICIENT S22 COMCFNTRATION S02 CONCENTRATION
X Y K] (e (FT)#stap MICRO R PER CUM DOM
500 4720 1.787 723,04 « 0836
500 210 B ,E54 1070.61 «4015
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500 “‘?ln -".GO') 0.0“ 000000
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RUN NUMRER 7
UNTT NUMBFR 1
WIND DIRECTION w

wWIND SPEEN (FT/S) 22
PERCFNT LOAD 510
SO02 WRELEASF PATF (GM/S) 74
STACK LOCATION (FT) X= =10y
) Y= 0
STACK HEIGHT (FT) 2% 0
STRATIFICAT ION MEUT~AL
STACK VFELOCITY (FT/S) 14,40
SAMPLE POSTITINN CONCFNTEATIORN COFFFICIENT SO? CONCENTRATION S02 CONCENTRATION
X Y K] e (FT)#it=p MICRO 311 PER Clem PPM
sno 420 «NT1 Re92 «0033
500 2lo BTN T1a37 0268
500 0 0147 17.44 «0067
S00 -210 N.090 G400 0.0000
Q18 420 eN71 He92 «0033
91¢ 210 eG2F 53,53 «0201
9]¢ 0 «NT7) .92 «0033
918 =210 4000 0eNO 0.0000
918 -420 NeNU NeNO 0.0000
1750 540 .356 44,61 «0167
1750 270 o717 KQ4,22 «0335
1780 0 N1 > e97 «0033
17860 -270 N trizn 0.00 0.0000
PRTS 54() W& T fl 37 « 0268
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2875 n WGP A0 .30 «0301
2878 -276 e r & 35,63 «0134
?87‘5 -Rl‘f) of‘la (Q.77 00100
4500 g40 e 627 115,98 «0435
48500 270 .Owﬂ 124,90 0468
a5non 0 a7 #0430 «0301
4500 =270 AL 11,37 « 0268
4500 -S40 o 2la 2677 «0100
R385 f 1.7212 151.A7 « 0569

MAXTMUM VALUFS 1e212 151467 « 0569
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QUN NMUMLFLQ "

UNMTIT NUMRFD 1
WIND DIRECTINM N
wWINN SPEEN (FT/S) 22
PERCENT L0aN =0
SN2 RELEASFE PATF  (GM/S) 7R
STACK LOCATION (FT) X= Y
Y= &oq
STACK HFIGHT (FT) 20
STRATIFICATION NFOT=al
STack VFLNCITY (FT/S) 1A RO
SAMPLF POSITTON CONCFRT<ATTON COEFFICIENT SU¢ CONCENTRATION S02 CONCFNTRATION
X Y K] )ese (FT)#s#mp AICRO GM PER CUOM POM
500 420 Nannn N,00 0.,0000
500 21n el PH 53.53 «0201
S00 1 o713 n9,22 «0335
s00 -210 (e N1} Ne00 0,0000
918 420 o714 Chell <0100
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RUN NUMPER 16
UNIT NUMRFR 1

WIND DIRECTIOMN Nw
WIND SPEENR (FT/S) 46
PEFRCFNT LOAD w9
S0O? RELEASF RaTF (nM/S) 7H
STACK LOCATION (FT) ¢= -gg
= ~
STACK HFIGHT (FT) 750
STRATIFICATION NFUT~AL
STACK VFLOCITY (FT/S) 16.,R0
SAMPLF POSTTTON CONCENTRATTOM COEFFICIENT SO0?2 CONCFNTRATION S02 CONCENTRATION
X Y K#]D#4a (FT)#%=2 MICRO GM PER CUeM PPM
500 420 1.N609 6h vl «0251
s00 210 A.020 501445 .1882
500 ) 4,544 284 430 «1066
500 -210 0,000 Ne00 0.0000
918 42n R 864 535.30 «2007
918 210 17109 1070.61 04015
915 0 4.010 250,92 « 0941
918§ =210 N.000 0,00 0,0000
918 420 0,000 ().00 0,0000
1750 540 6.R17 426,57 «1600
1750 270 9,757 610,54 «2290
1750 0 3,743 234,20 .0878
1750 -qlbf) o*‘(’? 50018 .0188
2875 540 683 412,21 «1568
PR7TS 270 J.4T5% 17447 .081l6
28758 ] 4,143 259.29 «0972
2878 =270 RO? 901K «0188
BR7S8 =540 o hHH 41,42 «0157
4500 840 2.941 184,01 « 0690
45100 270 1203 718,28 «0282
4500 0 1,470 92.01 «0345
4500 -840 o134 8,36 «0031
538& n -y 5G4148 «0188

MAXTMUM VA UFS 17,100 1070,K1 «4015
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Table 5-1. Prototype Emission Parameters.
Unit 2: Harrington Station”

Load 100% 80% 50%
Stack size (ft) 27,19 27,19 27,19
Stack area (ftz) 573,287 573,287 573,287
Stack height (ft) 300,350,375,400 300,350,375,400 300,350,375,400
Gas temperature (°F)
@ (26.57" Hg) 313 313 313
Gas velocity (ft/sec) 40.9,81.8 32.7,65.4 20.5,41.0
Actual source strength (502)
Qs(gm/sec) (0% removal) 331.0 264.8 165.5
Free stream velocity (ft/sec)
(15,30,45 mph) 22,44,66 22,44,66 22,44,66
R 1.86,0.93,0.62; 1.49,0.74,0.50; 0.93,0.47,0.31;
3.72,1.86,1.24 2.97,1.49,1.00 1.86,0.93,0.62
T -T
Ap/pa = ( i‘ a)A 0.32 0.32 0.32
s
Ve
Frs v 6.06 3.88 1.52
g—D
Pa

*
Taken from tables proved by K. Ladd, August 25, 1975 and Haragan Report, July 20, 1974 (Table 3).

ATa = 68°F + 460 = 528°R

S8



Table 5-2. Model Emission Parameters.

Unit 2: Harrington Station

Load 100% 80% 50%
Stack size (in.) 1.30,0.92 1.30,0.92 0.30,0.92
Stack area (in.2) 1.33,0.665 1.33,0.665 1.33,0.665
Stack height (in.) 14.4,16.8 14.4,16.8 14.4,16.8
18.0.19.2 18.0,19.2 18.0,19.2
R 1.86,0.93,0.62; 1.49,0.74,0.50;  0.93,0.47,0.31;
3.72.1.86.1.24 2.97.1.49.1.00  1.86,0.93,0.62
Ap/pa .32 .32 .32
Fr_ 6.06 3.88 1.52
v, (ft/sec) 1.39,2.79,4.25 1.39,2.79,4.25 1.39,2.79,4.25
V__(£t/sec) 2.59 2.07 1.30
Q,, (cfm) 1.43 1.14 0.72
Mol Wes = 29(1-0/p ) 19.8 19.8 19.8
X, 0.40 0.40 0.40
€s
0.05 0.05 0.05

X
Props

98
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Table 5-3. Observed Touchdown Distances from Flow Visualization
Tests (ft).
Unit 2: Harrington Station
Wind Stack Distance to
Run Speed Direction Load Height Touchdown
(mph) (ft) (ft)
25 15 N 50% 300 >5000
26 NE >5000
27 E >5000
28 SE 4000>5000
29 S >5000
30 SW 4000
31 W 3000-5000
32 NW 3000-4200
33 30 N 1500-2000
34 NE 1500
35 E 1000-1500
36 SE 1000-1500
37 S 1000-2000
38 SW 1000-1200
39 W 500-1000
40 NW 700-1500
41 15 W 80% 300 3500
42 NW 80% 300 3500
43 30 W 80% 300 1500-2000
44 NW 80% 300 2000
45 15 W 80% 350 4500
46 NW 80% 350 2000(occ)-3500
47 30 W 80% 350 1500
48 NW 80% 350 700-1500
49 15 W 80% 375 2000 (occ)->5000
50 80% 400 3000(occ)->5000
51 30 W 80% 375 1000 (occ) -2000
52 80% 400 1800-2500
53 45 W 50% 375 1000-1500
53A 50% 400 1000-2000
54 15 W 100% 300 2500 (occ) -4000
55 80% 300 3000
56 30 W 100% 300 1000-2000
57 80% 300 1000-1500
58 15 W 100% 350 4000
59 80% 350 3500-5000
60 30 W 100% 350 2000-2500
61 80% 350 1500-2000
70 15 W 50% 300(SD)* 4500
71 80% 300(SD) 3000
72 100% 300(SD) 2500
73 30 50% 300(SD) 1000
74 80% 300(SD) 1500
75 100% 300(SD) 2000
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Table 5-3 (continued)

Wind Stack Distance to
Run Speed Direction Load Height Touchdown

(mph) (ft) (ft)
76 45 50% 300(SD) 1000
77 80% 300(SD) 1000
78 100% 300(SD) 1000
79 30 SW 50% 300(SD) 1500
80 80% 300(SDh) 1500
81 100% 300(SD) 2000

*
(SD) refers to Unit 2 stack diameter of 19 ft.
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Table 5-4. Maximum Ground Concentration (ppm) and Distance to Maximum

Unit 2: Harrington Station

Distance to Maximum
Wind Stack Maximum Ground Concentration
Run Speed Direction Load Height Concentration (~ 10 min avg) (ppm)
(mph) (ft) (ft)
25 15 N 50% 300 5350 .095
26 NE 4500 . 069
27 E 4500 .037
28 SE 2875 .038
29 S 1750 .134
30 Sw 4500 .115
31 W 2875 .120
32 NW 5350 .127
33 30 N 2875 .086
34 NE 2875 .081
35 E 1750 . 086
36 SE 2875 . 090
37 S 2875 . 050
38 SW 2875 .210
39 W 1000 .180
40 NW 2875 .108
41 15 W 80% 300 5350 . 005
42 NW 80% 300 5350 . 005
43 30 W 80% 300 4500 . 065
44 NW 80% 300 2875 .120
45 15 W 80% 350 2875 .037
46 NW 80% 350 2875 .005
47 30 w 80% 350 4500 .124
48 NW 80% 350 4500 .096
49 15 W 80% 375 2875 .011
50 80% 400 2875 .011
51 30 W 80% 375 5350 .091
52 80% 400 5350 . 069
53 45 W 50% 375 1750 .121
53A 50% 400 2875 .126
70 15 W 50% 300(sSD)Y* 4500 .036
71 80% 300(SD) 4500 .056
72 100% 300(SD) 2875 .041
73 30 50% 300(SD) 2875 .076
74 80% 300(SD) 4500 .044
75 100% 300(SDh) 4500 .051
76 45 50% 300(sSD) 4500 .103
77 80% 300(sSD) 4500 .053
78 100% 300(sSD) 4500 .039
79 30 SW 50% 300(sSD) 4500 .100
80 80% 300(SD) 4500 .051
81 100% 300(sSD) 4500 .053

*
(SD) refers to Unit 2 stack diameter of 19 ft.
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Table 5-5.



nNNZNonoNo . UD
o NSO Qi
(et (Y &
1 =
20
T8
waH

3K >

v

~ -~
¥ o
PN ~
- ol
—~ W ~ u
(721 [ TS P .

N - |18
2 QL >
OCu oo ChH
bug e 0N et e e Pt
Qe <« IO
owOCoOvda CacC
WWW. IO O
T WO Wl
DAk dd Tu>
JZ2ouvnzu -
£ LaXx MXkX
—OCOU O Od0O
-2 2Z20xNNda «aixr«a
S &t liOb b
TOIZIFAN ©nnn

S02 CONCENTRATION
PPM

TRATION
PFR CU.M

S02 CONCEN
MICRO GwM™

(FT) ##=2

CONCENTHRATTION COEFFICIENT
K#lO##A

SAMPLE POSITION

91

MNONMMOOMNONOCOONMNOMNMOMNNINSOS

Nt QNN rt NN NN O O © ON vt e et O T M G

O\ Nrtet \J (Ut © F OO O OO NINNM T OISO

COOOODOOOCOOOOOCOOOOOCOOOOOC

es s R OB CGCESEOGOONOSCEEOIEOIOSEOEOEEOCEOOEOETORTOON
DOOC

NI INTO-DDOCTNINTINROPT O~
SO TICOOIRTLICOCOT T LIIONNLMS
L B R I Y Y B IR N B B I R BN N JEY NN N NI R R N
et LY O oot L et 75 v (5 8 O et OOV I 1) ot U ek ek
FTHNOFLNNT~—r FTHHNNBINLT P

- — et ek gt et O\ }

Lirt FEL vt rd L (GNNC OOC X vt et et S P {7

Lt G Nt et O NN D O O O ek L= P T M

AN LN~ O S COCCNE NI L0

R EEEERE R TN I I IS
cCoC

OCOCC T CCOoOCOOOCOCOCCTCCTOC

Nt (et (i I I MO

0N 442 [4F2- 37414V Q%R? 445? 04
| ]

coccococrinfnnNcocool.rinreccoccoy:
QO CCrtomt smtrmtot ININMNCHUN N MM MNOOCOCU
WNIININNOC OO I~ I C 00 0 O BINNNLNINM

it e (UWINAI G S S S S

«051 251.71 « 0944

MAXTMUM VALUES



ONWARA NS NO IO
N AN LD ay

-\
]

(FT/S)

RUN NUMRER
UNTT NUMBFR
WIND DIRECTION
EED
L
FA
0cC

X e
-

S02 CONCENTRATION
PPM

502 CONCFNTRATION
MICRO GM PER CUl.M

< X

COMCENTR
K#10

SAMPLFE POSITION

92

OOMNOMMNOOMNOOOOOOOMMNMNNNMING
OCONNOINNOOYOCOODOO L OIS
COMrOOMmMOOMOOOOOCOMMNCTIMS
OCOO0O0O0CO0OOOOOOVOO0ODOOCOOOOD
S0 s0 00 c0 000tV RSEOIBSIEOIECEES
QO o OC OOOQOOOO

CONTCNPNOSICOOIDICTOT INT OL O
OSSP ITCITTCALCOTOCOTTLLINITIX
® & 5 0 0 & 0 0" S OO O S B PSSO O P e D
Ol CrmmiCCh O oCT TS M e
e T3 > O T DHOBNNT~

et g gk g pnd

CCNrCIL ICCCOCOCOCOOCCrmd N
QOMNONNOOMOCCOCCTONMNNTAMNN~
CCmCCMmmMCOrCODC MM LTI
& & &6 8 0 0 0 ¢ s e 0 " O S S e s s 0
oo [}

W423

oC CoocoooCc

ccocotcccoococcocCcCcoCoocoCoOoRo
Nt Nt IS I I~ g
TN 442 4452 Jﬁﬁ? 445? Qﬂ

cococoihrinrneococeocrrryryceoccoccelr
COCQrmirmirmtmt=NINNININISN NSNS OO OO
(7ol VoA Tatlale Jo Ho o Fo o o ol o o o~ of - o 3. o of. AT AT o FT 9T 1T 410}

rtrtemet - (UVOVAWN S S S U

eART 181a7v « 0682

MAXIMUM VALUFS



93

>4

o

[

(-

<

24 ,

| NINOCNNOOCINNOCOOOOCONMNNMNSNMNONMN
Z QOCOOINTOO~MNOOO~MOOININV O~ONC
[Ty et O OO OCOCMOCT O ONC O rmirmi(M M) (\J (V) st vt
O DOO0VOOVOOOOOVUOOVOOOOOOOCDO
£z G 0 85 0 0 0 08 Q000 OGO OOCEEDLPEECOOPPOEES
oa [ =] OO OO0 OO

oo

N

o

(72}

a3

O e

-2

-0

«

(24 4

-

Za M OOMICOODTCDOIOOWNHNT R IF I NN

a FPICCIIOOCTITIOOCCITOOCTIIITILID
OS2 8 % 00 9 FECE E O E SIS SIOCEESEEE S POEOES
Z ¢ MO OMMCOOMMOCCING Crmirmis NN
(= NN Nt X et n TIRIAILIEN
(S e
x
NO
Drt
(7203
—
Z
W
—t
OnN
-1
o3
[T
[TRPN
(o] o
Ol
< CLOOLT OO MOCOmCUCXLOCT AL
C COoOCCONOOCO~NOCO~OOIN N rm D
—L e C C~CCOTC MO T O COCNCC MY
~NuWiNONnoO e o - e 8 0 5 0 0 08 ¢ 800888 as 008 e e
o e e~Cay <% o oco coD oOC
e (\J(NY e ac
] - -
20 %
i Ll X
tn Zz (8]
3 > <
v C
~ -~ ©
b 3 w
(AP /
-~ w ~ Lu
Vi W -
NG = z
- Qg ~IZ> C
Clh QO Ch — COOOOOOCCOCOCOOOCLOCOCOCOCO
Lt I B ool - Nt it —~NS SIS N~ M2

e < IO —D= D S ASII N0~ A UNN A OX- BT ok o VR A M1 T ol Tl (VIR A U3 T o Tl A U A V1 T o
aguOoCcoOrra C«acC ['g [ ] (] t i LN } [ ]
W IO Ol C
La2xu WC Ll a
T2o=Arlll Tu>
2Zcnaw bt Wi
£ LEXY Xk X -

-CCOLU O Qe a coociiNnrurnocococoiNyrrincocccow
2-2Z22Z20Nd A« X CCOCmimmimimiINIf NN N OOoC OO
D ZrrtliGOb b < NN C OO MMM I 0 CNNNNINM
a0 N w Ll Lo Lo TAH AV (VL VT VRS 2 20 - 2 3 T o]

«0367

9749

«370

MAXIMUM VALUES



TNWNONNoOOoO IO
N oM oo an
- (N e
-
on
T8
wy =

o~ >

w

~N -~
b3 w
PN ~
S s |
- b ~ W
v W~ -~

N - "
i @z ~2Z>
Cu ac Ot
LRt S-S T o T
ar- Q- I-C
auLcome CaC
Wl QO ~0O.J
a2 WO e
2 O=0.+_J.d Tu>
—Z2ourzZu —
£ Lo Xxbk-X
o0 C CaC
2mZ20axNag a o
D vt O e
a3 VNNW

S02 CONCENTRATION
PPM

SO0? CONCENTRATION

MICRO GM PER CUeM

(FT)##=2

CONCENTRATIOM COEFFICIENT
Ke10#24

SAMPLE POSITION

94

SN FOOMOOOOIOOCETN S ~ONMM

NG OO0 OOOO~OONOMNNC O

NOMNONNOONOOOCTNOO MMM eNO O

QOO0 O0OOCOOOOOLOOOOOOOOOOOOO

® 6 0 0 8 & 005000 08 SO eSO E PSSR
oo OO OO

ONNININNOODPNODOOoOoONITNONINY N
SNMNANCOCCONOCOCCOO NN NNN
® & @ & 5 S O 9 OO VOO E S OB O N e DN
MNP IS CmNCCOCMCC ORI N~ I
Dt Nt 0 I~ n TFNPL it

NI GO NCOOOCCINCOMIRM~O IS

~OM DN OHOOYOCOO~MOOMOMN OUNU

L I R R A A A R A A A R A A A )
o OOCO OO

COoOCICOCULIILOCCOOCOOOCOOoD

et t\let =t SIS M~ Mo

L 43N n%“? n%“..ﬁ? nurine Q%R—o._.ﬂ.e n".ém,
J (I}

COOOrmirmtmirmim NN MO OO OO
WMININNC OO OXE E SINNDNINDNM
et (VNN A S S S S SN

«0374

«377 99,75

MAXTMUM VAL UES



INNNONC NO_IO
N S e—goain
—Q MY o

nu
—~ >

72}

= Zr1LiOk=
(e @ 3 Jo W/ 17y

“o
o
]
2

SO02 CONCENTRATION
PPM

SO2 CONMCFNTRATION
MICRO GM PFR CUlM

(FT)##=2

CONCENTRATTONM COEFFICIENT
K] Qe

SAMPLE POSITION

95

COOTOINMUOC~OONOMOPMOrmF ONL
COOIFTITNIODMOVINMME ~IF F0DON O
COOOCONNOCCMMEMOTMN~NC (M~
COVOOOOCOOO~OOOOOCr4rtCOrirtrit miO O
¢ @ 6 0 0 6 5 00 0 & 00 0000 0000 O
(=¥ ~T= o

DDLU LTCTM~NONLENINNMNSTTMPIMNAIL
CCCTCLESICDICUNIMAUNLT ~TNNOINT
@ 0 00 0 0 000600000000 OCCOLOLIEOTRLES
CTTOANL PNO—NN—= I X T CCIN L LN

et M=t O NS NN I 3NN

COTAXAMMLCMH~ACOMONEENTITOMMNY
COOIITNIOVINTVILCMIEIP—NITONLC O
CCOTCONU.CTMMEMCAMNANC MM~
® 00000 0000000 00000000000
oco (= —t et e et =t

CoCoOCCooOoCcCCcCCocCcoOoCcCooCcCOoOoocCCcoC e

N— U S NS~ s S

YU AN NGNS e o
' " '

cCcocovrrrnrnrroococcurnyrrroccceoewrn
COOCmmm~~UNNNNINNt~NSNNOo oo OO
VLN 0 0V0N O NI 0 Q0 CC G WG NN M

rtetete=t =NV NS S S D

1.341 358,01 «1331

MAXTMUM VALUES



S02 CONCENTRATION
PPM™

GM PFR CUeM

S0? CONCFNTRATION

MICRO

(FT)##=2

CONCENTRATION COEFFICIENT
K] )aea

RUN NUMRER
NIT NUMRER
SAMPLE POSITION

23300V

96

O RSUNMUNIUN O O Mt AWM OO XD DXL s=te=t OO
OSIFORNMNTORNVNNEMOBONIC & FUNND
COOOCONINO~NCRNDOLT X NRQ~r~TOM
OO0O0O0O0O0OOO0O0OOOOOOOOOOO~M~OO0O
0000 0000000000000 000000 e
o (= o

OXXTOOINCNNMTLONSOINOLCRIINTMN
SOLCoOMNIMCOS IO NNNNNNS 3
S0 000 000 eO 00O COOOGEEOGESISIOEEOETOCEOEO
SOANNCNPILELCOPMEMMMNNIL LT I I M—
~et NS NN O CN IO LOoONND

—— Ll A AV T T VAL U A G W Tag T A o W)

CTAOYLMONMNONNILCOCCCIALLI T AL
O FTOONMTONRNNOMMN~LOOOST T CPNX
CCOCCC U INC—UOCALCLALICT—IATM
® ® 6 0 ¢ ¢ &0 0 6 0 0 00 & 00 0 00 00 00
< [=1 < — Pt gt g g

CoooCoCCSCoooOcCcOoOCCcCcOoDC Cc o
Nt N =S IS NIE N
N e A SO

cCcoorvrrrruncocccirrryurircococctn
COCCmtmimimim (N INNNNNSNMOOCOOCN
(ToTTal VoIV oTe Fo Yo e No W ol o o ot - o oT- o] of - ] VoV RT3 ¥V o1V 9 T0p}

etodetmit (WO NS ¢ S C 2N

1.140 306409 1141

MAXTMUM VALUES



97

<

c

Pt

-

L

[+ &

- WAL DLMLNDTMSOOMOO = CIMNMM S L

< CAA LA E NS £ L L Tolnlel £ £ 2ottt JTotu]

Wi COCOOMNOO MO EM YO et~ NSO

(S OO0 OO0COO VOO0 im0 OO ~OO

23 ® 9 00 8 00 & 00000000 0O CE OIS

oa

oo

o

(=]

wi

3

(o2

-2

—Q

<

xo

b .

Za XXV LLIPILOXLIMOODTRANINNTLO~NN

& COOLELTOmMOCTEI SN~ MNMT NPT = T O

CM ® © & 9 & 8 68 8 & 00 s s O s e s e

¢ NN T - OIS LT O X3

o =t et et et 4 1) OOt S PO OOt NP DY L

oo b et ek ot ot ) O\ O et ot O\ TGO\ ot
X

[J S &)

Ot

(V-3

#=2

T0M COEFFICIENT
A (FT)#

ACAXLAXIIOLAIMCTATCTEINTRC O
SIS IMNT I IV NN Pttt SO
-~ ZNNCNCOO 0O —% ® 6 0 0 0 6 08 0 2806060800080 6O
o AN CLCmCan < R el gt gt —t
——t NTY xc
I =-C = i
=N 2%
[T} WX
nn (&4
o~ > <
wn C
~N -~ [ &
-3 7]
& - ~N
- -
[¥23 [TER | —
N - '8 <
ek «WZE ~-E> C
Cuh O Ch~ — coCcoCooooocoCcocoCCccocooc oo
Y b e bt et - CNird ettt NS I 3 M2
axk— <Qut- IO D= L RACER A VA" S3 G SUE- S To (VRS (VYU olT o QWY A 3T ot Vol FANNR AW of
cLeoOna CacC w ' {3 ] (3 ] (I ] [ ]
Wi JagQ ~Q ) (o
AIaxw WO il a
ED0O=AF_JJl Tu>
- Jalls At and [TH
< LwWoxy X=X P
0CcU O LaQw a ccecocoryrrrnocccoonrnrycooccown
2=ZZaNd <« = COOOmimirmimir NN WNINNSN M MOOCOC N
D 2= Obe e a3 NN ONO\ON O M-I 0D CC O DN NN M
a>3oOnWN v w ettt et WOV (NS 2 2 S S U

1197 31A,97 1189

MAXTMUM VALUES



CONCENTRATION
PoM

S02

M PER CUeM

S02 CONCHFNTRATION

MICKO

COEFFICIENT

(FTy##=2

CONCENTRATTION
K#]O##e

(GM/S
(FT)

(FT/S)

NUMRER
WIND DIRECTION
WIND SPFED
LO&D
S02 RELEASE PATE
STACK LOCATINON

PERCENT
SAMPLE POSITION

UUNIT NUMRER

RUN

98

rNONINMROONOOOOCOOOOMSTINC VO

DUDNNONONOOMOOOOOC~MMENN TN

=t rtO OOt iO O FTCOOCOCONDEMNOVORNN

OO0 OO0OCOOOOOOCOOOCOOOOM~Om

® 0 00000 00006000 0080 0 000 0000
o Y- -T-T-Y-7-)

NHNTOTNODLOODOOOIT I I T ~TVON
FOITOTAICTLOOCOCOTIMNNITALNE
® 0 060 ® 00 06 060 00 0 0 80 0 0 000 0 00 0
ottt (VIO MM O T NS T SONMMNGE NS
FTEE~ ~NIS N SHSONNINONSNOM

— [ AV T Ta WA e ]

FxaAMCOCrLICccyfcococo~rfca Iy
CNDNOINODONOCMC OO0 INNIMYE,
—_e—eC OCm~CC ICOCCCNAAMY LS
® & 6 & 5 0 0 00 0 00 0 ¢ 00 0 00 0 0 0

(=} o cococ —

DS
=&
[ =N\ N
.
—t

1.

cCccoccoccCccCcoooTccococococccoocoCco

Nt et =S N3N I 9

0N AN NFUN QJS? (39 el Tk A VIR o G
' U | t '

cCocCcCifNryfncocoocccinryrnnocccececcy
COCOOmmm ==t INNININN Mo OOCOW
NNNNG G O OO MM 00 X0 T ONNINININM

it (VA NN\ S @SS QU

1,768 335462 «1259

MAXTMUM VALUFS



mNZ S

oOUONO IO

[\ FU e Cas,
~O\Jrt (7Y @
11 =O
o0
'y
N 2z

~>X >

v

~ -
¥ v
¢~ N
ol o -
o w o~

N - I
2 Qa2 ~-I>
Ok oacC Ch
Pt () et e et e
k- daub IO
a2LOCOVa Wwac
W daQ Ol
o Lo Wl
TO=Ak-_Jdd ITu>
Q2zZzonzZw =
< Lt x XkXx
—occe O LaQ
Z2—2Z2Z20Ndgd «aQ <
DZmLCh
aSEFANY LG

S02 CONCFNTRATION
PPM

SU2 CONCENTRATION
MICRO Gm PFR CU.M

(FT) =2

CONCENTRATION COEFFICIENT
K] N#se

SAMPLF POSITION

99

Ve MOOMLNC MMM I~MNC I OMNOM S

T ONO ST ONM S I~OMMPMNNNN NN ™

O st O O vt OUN N et F I F NN O F N 0N M

OO0V COOOODOVOOOOOOOCOOOOO

I N NN RN NN
(=)

NORNOMINNSGT R FNODIN FAUNSNIIN
MNONICH—T O~ = NNLC T LT TSHNT IO
LI N B A A I AR A A I I I I A
~NDO MAMOMTMNONCHNN NN~ —~MOND

Nt byt ot N ot ot o (] 1ot o omend poved pmed

I ACCLLNA T X et GO PO DO
& & 8 & & 5 &85 & & 8 0 5 0" s 0 e S8 e B e e s
it et —te—t ot

LanE aad o ] Lo o Lo ]

CoooOCoCCooCCOoOooCoCDOoOCcCOoOCCCCe
QNirt =i\t (NI~ PSS~ N~
L ] ' [ |

occcocifrrmMrrrococc einrrrrroecccoccol
C O OCrmirirmimimt iNINNIC NS MMNOOOCCOY
(TalVofTaliale Vo ¥e Yo o o ol o O Sl oY o o X - o To 1T o173 g Teg)

oot e (WL NS S T S S U

1.730 229,04 « 0859

MAXTMUM VALUES



JSNWonponolo
™M 2 modisn
~0\ MO e
] -o
o0
Wi
nn 2z
~3 >

S02 CONCENTRATION
PPM

S02 CONCENTRATION

MICRO GM PER CU.M

(FT)##=2

CONCENTRATION COEFFICIENT
Ka]0#eg

SAMPLF POSITION

100

SMNOUNMSBNO~EFCON~OTO~NM~OMON
OS¢ OMONMS OB MNNNID DO NN D
C=MNO ¢ CUNN=tMT O M~\O O TN DO M
OCO0O0O0O0O0O0OVOO0O0OOCOO0O0O0OO0OOO0OO
0000000t 000000000000 OCEOO
o

OMONNIIMNNON~EINOON NN SNNOC
O=LECIN~IMPCOIAITIM~ITMNFTNIOIX
© 0 000 0000000000000 000
CL~MUIEMNICOCC IO ~CLCONCINU NN~

MOONNMMNSNONUNLCONNSSO~MANLONCD

CNME~O MOU.(LCINAMMU.MNCC T Numsiu~
® & 6 06 06 & 0 0 006 08 060 00 0 0 000 0 0o
(=] —t i ot g ) g gud el g g

COOOOCCCOCOODOOOCODOCOoOOCO
Nt =t =N IS NS M9
0N vI N J.i.:.v?. J;.ﬂc)?. J.J.:.?“ J.,S

] ]

cccCcocurinNnryrnocooccinNnnNinfnccocen
COCOmmmm~NNNNKIN~SSNSN~NOOC CON
NN C OO M0 0NN NNINM

ettt (WVOL(US S @ @S

1.730 229,04 «0859

MAXTMUM VALUES



101

QNNMM OO MO NNSONUNICNMS NN~
QNG ONSNONUNMSDO VNN ™M
OO irmtrt (\ Frt © F MU C F NN FIN S DN
QOCOOOOCOOLOOOOOOOOOOOOOOC
0 000 00 0PSSO EPINPOSIPOIEDLPOEESELTDIYIES
o (=4

S02 CONCENTRATION
PPM

-3
O e
D
 ad &
<Q
xa
W
Za QNN INIOCONITTNHNITNNNSAIN S SO N
W CSIT=~MNPCSNOOCMINMTITCININTOOE
WX ® © 0 060 8 0060 0 00 e OO0 OR O OO
20 ST TOTCOIONCNISNLCOTIONC oM
o 2333725 ~t O NI T N =~ NN O
(S]] ot (\j et ot ot gk et gt et gt
[+ 4
(4 &3
O i
(7203
[
z
W
et
LN
[l ]
[T -3
W%
s~
Ch-
Gl
< OONMNT AN oG O CMP O i P P P DD ot e et
o OV ORNOOMNNNCN NN ONOoONNXT o
b 9 CeCNNY OMOAMN~N~ U COICTCT OoOTMmS
NI ONNOo IO -3 ¢ & # 8 8 & 006 6 & 8 & 00PN LGOS PS BSOS
[ FrLL—~camn < < -~ [~ L] e T e B e Lo |
e (\IHY @ X<
i | d e ot
el U Z %
Lo wx
N 2z Q
o~ D Z
w C
~N - (&)
-3 [72]
[Lapes) ~N
el [ oad
- b -~ L
[T B VO
N fa £
- Qz ~Z> C
Ccu ac Ch- [l QOCCOCCCOOOOCOOCOOOCQOCOC
[oald =T e B o ol ol - Nt mit\rt O SIS N~ Mo
o <~ IO Pt e D S A CRNN QWEC 3 (I JVRC 7ol ( VRN A NI T2 1Y oUo VAN A NIV o TT o1 4 VI L V1Y o
uwOCCwnag OaC v ] [ ] i 1t {3 ]
Wil QO —O o
T WC Wil Q
000l Tu>
DZonZu land 18]
< LiXY XkX -t
-cCce O CaQ Qa occcoyrinnNnococconNnirnrroc cocin
2=2Z2aNa «aOQa X COOOmimimirm = ININCIC NN NCC OOOWN
o -4 T i TH el i o o o < WINNING OO0 O MMM 0 O O ONHS NNDNM
ax2OTANY LBV (72} retoetot et md (LU OVUE S S S S LD

«0859

229,04

1.730

MAXIMUM VALUES



[+ @k 3 §RV 174

S02 CONCENTRATION
PPM

MICRO GM PER CUWM

S02 CONCFNTRATION

(FTy#aa=p

CONCENTRATTION COEFFICIENT
K#l10#&6

SAMPLE POSITION

102

COCOOOOOCOOLOOOOOOOOOCOOOC
COoOONININOONOOoOoOINONOOMINOOIN
OCCOCOOMOOCINL~OCORNE O OS rmtrimiOO
OCCOO0O0OOOOOOOOOOOOOOOOOOO0
S 00000000 RRCECEOIOCEOIROENINRNOEOITOTTES
QOO0

(=1} oo (=) o

CCOOMLMOOSP N OOMMNMO~T L INOM
COCOMPMOOU. I VCCT OMOLIr I OCH
® ® 00 20 00 00 000800 s e eSO OSOOES
CCOOMPMCCOCLRAYCOTITI OMOLOo Com
() 4 NN Mttt DOV, o~

-t gt [y -t

COOTmrmtOON Lt C NN et et S N ot S i
QUAOLVOVDOCCOOOMOIOOODOOOOO
OCOCOr-iMmiOCmANOCOC LT NM~CA MNC —
e & & 6 & & & & 4 S S PSSO SN s o

cCoCo QQrmiry OO (=] <

COOCCOTCOOOCOOOCOOLODOCCOC
Nt if\Jrt (NP IS I~ M2
]

cccoryrNNeCccCoC Ny oco ooy
CCCCmimtrimtmiNISN NN NOOC OOIN
IMDNNC GO OO O SN INIDINMm

it gt et OOV OGN 8 8 22U

1.R172 239,87 «0900

MAXTIMUM VAL UES



~Nn e
™ <

ON
FT/S)

10N
(

o @ o

SN o IO
WL Ay
-t (\f ot (7Y @
-
oNg
s
Hun 2
w
-
3
G)
St
[T -~
i~ -
- L
a2z ~Z
axc C
O vt e
S IO
Cvra CeC
O O
w el
o Tu>
P4 -t
L x XkX
C C Cag
aNdg QO «a
WO b=
ann vrvw

“ITY (FT/S)

S02 CONCENTRATION

S02 COMCENTRATION
MICRO GM PER CU.M

(FT) #%=2

CONCENTRATTION COEFFICIENT
K] e

SAMPLF POSITION

PPM

103

OO0 COOOOOOOOCOOOOCOOCOOOD
LOOOONOOOOOOOCOONOQOONINNNY
OCOOOCOCOO~NOO ONNrirtritlf rmird miO O
OO COOOOOOOOOOOVOODODOOOO
® 0 0660006000 0000800000000

OO0 OO [oleY =]

DOODDOMOOONDCOD LMD L X D0MmM
cCcoocoMmocoCc LMo cOoNLEC NI Mm
060000 0000000000 eBB RGO
000!\0310“{ Mo TorLLLLomMoeg mmmm
~ NN ™M LN YY) )k ot

— —t

COCCOmTCCC miMIC C O rt st e (O Nirt e
COOODDVDCIOVCCOOOOICIIVODOC
CCOCC-CCONICOTCTUNNANCMM (Mm e—
® . ® & ¢ ¢ ¢ O & 2 0 5 S S GO e O e e e RPN
cCoCoCc coc OC C —

COOCOCITTCOoOCOCTDOoOCDOCoCCCODOCT
ot =t \lrd e\ F I I~ Mo
O NN J.:.wc-z aﬁqﬁ,? ?J.R.? e

] [N

ccocourrfnroccococifyryyoeoceccow
COCOmirmirirmirm (NNNNINSNNMNNMMNOCOCOY
CHIONNO OGO MMM MO T T InNnm

ettt (UL OOV S S S S

«0500

133,26

1.007

MAXTMUM VALUFS



aDx3ony

IGHT (FT)
CATION
LOCITY (FT/S)

HE
IFI
VE

Xk-Xx
cCal

Ta
TR
Ta

v

S02 CONCENTRATION
PPM

S0? CONCENTRATION
MICRO GM PER CUeM

CONCENTRATION COEFFICIENT
Y K#lO#ie  (FT)##-2

S:MPLE POSITION

104

COOOCOOCOOORPOCOPRPOOROCOOOO
COODOOROONITIONIGIOoOOTNONON
COOOOML™NONT S 1FOPN~IFOIFNOO
COO0OOTVOOVOOMmI0O~NJOODO~NOOD OO0
060008000000 Cs 00O IO EOETSES
CCOOO o >

COCOCOINNOAUNLOT LT PIPONNIF~MOM
CTOCOLILOP~OLEONMNL~MLEINL L™
® S 9 5 0 0 5 & 5 0 O 00 0" S SN OY O E O S
CCCOOYILIDINMTNLITCTTTLCL L LEOT

NN M PO MALLONTSD L ~

OCODOCOOOT~NTONN=NOT~-COTSDC
COCCCTNNANCTUMIMOCNITI INTNI L ™
R R I I A A I A A A I
COCCC e~ < [ X (et c

CCOoOCOLOOOCIooOOTOOCOCOCCTCD

Nt it =N IS N3~ N~

T 44? Qdﬁ? Ly Tl el et 465? 44
L)

cococyyryrcococeocyryryyyryoceco
O COrimimirim [ NN NN COCOC OO
[Vl T adVatTVate v oo fe e o pud pd g o s o o o Y- AU TV o 7T o FT 1T of

ettt et (VLW S S 2 @

550,69 «2099

boerh

MAXTMUM VALUES



105

4
C
[
(-
L}
2 4
- ~MNYE F FTNOVONNNDTNIMN O OONINTOOND
Z N NeO O M AN T O NN L OUN mi O P rmtrmt rmd Do O
(19 O e NNt i O - OO IN e~ F LM NNO NSO ™M
O COOOOrimiCriOOO-OOOOO~NODOOOOD
3 ® 6 60 06 06 000 6000000000080 0000
oa <
a
N
(=]
[75]
23
C »
2D
| ol &
<
ax
—u
22 ~-NGLSTINOLONINTNIINNDNODONIITO D
i LTNREIIOIOMSTONTMMAI =i L
CM. ¢ 0 8 & & 0 00 ¢ S8 S s 6 OSSO SO S S S DB
¢ MO OCIIMNMTIAL ST = AMNTOLNT —~F -
e —_FPONN~PON CIPVUNMNIN~D I OIMITT
wC -t (a2 ST W 4 N NNt = I

s 4
{9 &
(DY -t
v ¥

(FT) ey

X TPt PAFIOC TSIT AL NNLCTT I T X
STt CONT OML I SNF NN TG e

CONCENTRATION COFFFICIEMT

< ~EIIIOATU CUINAT OSSR
IMAITIONNCO IO % N EEEEEEEE T EEE Y
[a¢ FULCL~C Gl * — AT i M et s P\ gt gt gt ot gy
(Y @ <o
| I o = —
o0 *
i X
ni 2
- >~
[
~ ——~
z 7]
o~ ~
— -
~ w -~ L
n\: [TRA P -
N - u <
ZF- «aZ ~Z> C
Cu ac [l ] — oo vCcoc cococooccococ oo oo
rry e T [ Nirt i\t =N IS NI~ N2

ar «<au- IO - G0 NN NN ANt A e oo
TLOCCVa CaC (7] ! i L} [} t
Wkl JaQ =0 C
I WO Wi a
2O Ud TL>
polr-dall gl - W
< LY XkX -

-CCcO Q Cag Q coccenynriroccoconrirynecoccoln
e—Z2a\a «aO«a >3 C O OO rtmtmirmtr (NI NN MCCOCOW
D2t iOb b < NN OOCD IS O & O NS WHNNM
aTETAVY OV 73] Laiancanl o T [NV LW T S VR 20 0 0 2 274

3599 476436 «1786

MAXIMUM VAL UFS



OSNTLONSNCCS IO
¥ I ILMLCcay
~ UMY e
-0
p 14U
W
wnan 2
o~ >
[72]
~ -~
X w
LS /
hadt od |
N s~ - -
S L
- agz ~2)>
Cu xC Chr
Pt s 0N et pad et
- dub- IO
TLwOOCVa Yac
Wi JagO Ol
I WO we-u
IOt _Jd Tu>
2Zownzu el
4 LAY XbX
FCCO C CaC
22 Z20x0Ndad aQ«a
DEr = WO b
XTRAIQNY OV

S02 CONCENTRATION
PPM

MICRDO GM PFR CUWM

502 CONCFNTRATION

(FT)##=2

CONCENTRATION COFFFICIENT
KHE]O#Ee

SAMPLE POSITION

106

CMOCMmtP DOV L X~ IS UNRNOROT TN
SNONNN OO O OO OO UNUIN P rtemt N D et i)
CSM=OTORITNINOONSCRRNTON~OM
COOOOLOOOOOOVOOOOO~MOOOODOOO
NN I I S I A R AT A B B A O B R

o
OMEMe=tTLRL FL~NMNFNSIOT M NN
CLLEXLLIMNMTLITINNTTOIICT =4I TLHAMN
® 0 & 0 06 0 00 89 0 00 0P LGOS O Reoe
SO N A ILIT CLAINYTILN LTMN
FLI~NNIFIONOINSONT LTSI LCR
et (\irt bttt et (N (\J O\ 7t ot o ettt

CAMA LA -t Mt M ~JU O S~~~ IC
COmDC N TN~ N =\ NN MM
COLTMe=INAL LA~ ~OXL ST VO~
® 6 0 5 8.0 0 55 060606 00 08 00 0800000
< -y gy ot gt gt N\t oot ot gond ot

OO O C e CCOOCOOtCeOTCOCOOC
Nt it i SIS I~ S
I Qa? QARE Qﬁ%? %GS? Qﬁ

cooocurinyrcoccornryirocceoccy
OC COmimimimirt i (NN NN MOCOOCOY
(Tl VaRTalTato o Te o do o o ol o of - af: o+ ofc o3 17 7T oRT TV 1T o7 o

ettt (VO (VN G S S0

1072

o
N

2.159

MAXTMUM VAL UFS



107

4
o
Pt
-
[
24
- COOOROOCOOCCOOOCTrirtreOC O ratradmmt
Z QCOO0OOOOOOoOooOOoOINNNCoONNN
i LLOODOOCOOOCOOCOOOCOOOCOO
O OOOCOOOOOOOOOCOCOOLTOODOOD
P 3 ® 80 0 0 0 000 000 00 000 OGO OCEEOIOETDS
oa OOCOCOOODOoOOOOOOO D2CD
oa
3V}
[
v
23
C e
-2
O
L~
xXx
L' M}
Za COCOCOCOOCOTTTOOIDOMNMMNDTO DN
(T COCOOOCoDC oo oCOoooIdIdIIcecTITy
(& D3 ® 0 0 0 0% 60 80 086 OO 00 O OSSO S BEGIBOE
Z & ococoocococosSocC oo MmMmMmococMmmee.
o ot ol gt ot o o
[SXe
x
e
D=t
X
-
Z
B
Pt
(&1 ¥
el ]
a3
[T ]
[TEPEN
O
Ol
< COoOCTLOCCOCOCCCOONMNNNCC TN
(] QOOOOOOOOOLRLOCIDOMMMISOSMMNM
—\L CCoOOC OO CoCOoOoOCCCocTCcCcoCo oo
~{\]| ENICHiCC 0O % ® 06 0 06 0 0 00 0950000 c0 s e OSSO OOES
<3 AN XL~ aM < COOCOCUCCOoOTCOoOCOOOOC cCcCo
NN MY » axro
| g A\ b= -
oM L%
ey WX
nn 2 (&}
- D Z
(%2 C
N o~ (&}
= w
LS /
~ = [ g
-~ b -~
(20 TEE N
N - 'S r4
Z— QL ~Z> C
Ckh acC G - COVOCCCOoOOOOCODTUOCOCCOCTCOOOC
Len et R N ol i) - Nt maf\jrd =S I I~ D
- «aluik IO =i N SN NI NSO A e
uccocyra CcaC w L ] 11 it LI ] (I}
WowWw IO ~-OQ o
LTIOxW wC W= a
SO0 r-_JJ Iu>
DZCcn2uw - [T
< LdXx XkY -t
FCCC O 0OQ0 a. coccoccupnrvyrncooccyinyurcococy
2-2Z2Z00d «aa 3 COC T mimmpl = NDUHINW NN OOCCOC
Sl Ch - << NN GC O OO O MMM 0O QO O TN NN M
aIO>E3IQANY VU 172} [l Lol T TA UL G U (ML R0 6 25 - 2 3T

«0051

13,47

« 032

MAXIMUM VALUFS



S02 CONCENTRATION
PPM

CONCENTRATION

MICRO GM PER CUM

S02

TON COEFFICIENT
(FT)##=?

6

CONCENTRAT
K#1 0w

(FT/S)

WIND DIKECTION
S02 PFLEASFE RATF
STACK LOCATION
SAMPLE POSTITINN

RUN NUMRER
UNIT NUMBFER
WIND SPEED
PERCENT LOAD

108

COOOOODOOOOOOO OO rmidri O rmt rmt reet rbymdd p=d
OO0OO0DOOCOOOOCOOOOOONIINNNNNIYN
QOOOCOCOOOOOCOCOOCOMOOCOOOOO
OO0 OO0OOOCOOO0ODOO0OOOOOO
© 000 0600060000060 006000000000
00000 OCOOODOOO0O (=]

COoOOCOODOODOCOCODIMNOIONSANNNANN
QOCODTSOCCTSOCTCOOCTCTICIIIIIIY
® ®© 00 0 00000 0000 0020000090200
cocococcoc oo ocoovmommMmmmm

NSt st e o e el o=

cooCcCcocooccococCc ool AT AANANN
SO0O000COOCDDOCOOD LM IOIDMIMMMM™
cCooCcCoccoccCcoCCcCCccCcITCcTCcoCco
® 00 0 006000 00 ¢ 08 0000000 000
coccocccoocccocToca <

coocloocococcccococoococoocococococ

Nt =Nt ~NI~ NI NI~ 2

L 4N Qk? (3" S Tal 4N Qﬁq? [Tt Tal 4V Qq
[ ] "l ]

cocCccunnNrrcocccirry rrcceoeccy
COOCrmimmmmf I N NSNS Cc oo Cou
(ToXVallelVale o e e Yo d o ot o ol s o oF. o of - o1V QBT QAT 9T TV of o

Ll L T TAVT AN VT VT W2 8 3 2 3 g T

«0101

26494

63

MAXTMUM VA UFS



S02 CONCENTRATION
PPM

S02 CONCENTRATION
MICRO (m PER ClUeM

(FT)#8=p

CONCENTRATTON COEFFICIENT
K#]l0#e

(FT)

(FT/%)

LOAD

WIND DIRECTION
S02 RELEASF RATF
STACK LOCATIOM
SAMPLE POSITION

WIND SPEED

RUN NUMRER
PERCFENT

UNIT NUMAFR

109

FIIICOIOOOOMOO Trirtd S rtiNraM P~

DHABN O O INC O OO VOO NN INNINM DN~

COOO0OOCOOO~NOCONNOOUMNMON

SO0 ODODOOOOODOO

* 0 & & 8 & &6 ¢ O 6 & O O P OGSO OO SO NS
oo ococoo oo

COHLLDCTLODDCTRTDLRITI LI INCM
TIFIC MRl SV U B S RN R 2 o

LR BN BN ® & 8 &8 5 & * O " " N 0 0
I ICcCOFCoCTONCOINATIMINMIG~
o e dan o - £ 4 it et et P B -t
—t
ALLACOACCCTICOUCCUALNLI CTIXN
VEEOLOYCTTOOCDOOIFT OO—OITDOM~
cCcocooCooc oo oo oMmMmTocX $MNANC
e & & & 5 ¢ 5 0 & 8 S S 9" Ve " S O SO e

T ocCcTo oo

COoOCCCOoOoCCCooCCOOoCOOOCTCOC

et milet i MG I~ N~

3 N 44? ?%92 ZJS? Jﬁqz Qﬁ
4 '

coccocryrnrcoccoccyrrrrccococour
COCCOmmimteim iNINC N NN COOCOW
[TaTT okt alT ol e e Yo W o 8 ¥ o o e e o« of s X< ol TR RT oRTRITo IV o]

ettt WL OVOVVE S S S QU0

0651

«B1A 113,50

MAXIMUM VALUFS



INELONNODIUD
4 sasLrmLecam
(AN B3 Waoto G ]
[ 4
=m
i
nn 22
- >
w
~ .
= [72]
€ ~
b Pom
-~ b -~
[V B T L R
N - TR
&L QaZ >
Cu o Ch=
g e T et P Pt
Ak QA IO
aulUCcCuvra CucC
W W QO =0 )
T2a L WO wel
S OQA -l Tu>
z2CwnZu el
2 Wwiax xkX
FOCCC © CaO
2—Z220Na aaga
DZri=CH -
alxEOUVV V.V

S02 CONCENTRATION

CONCFNTRATION COEFFICIENT

PPM

GM PER CUeM

S02 CONCFNTRATION

MICRO

(FT)##-2

K#t]N##e

SAMPLE POSITION

110

COCOCOIOOOTXNIOXV~MNTONNTCMR
COOCOONDOOOITOOOMINNGNOION
COCOCOOOOOHINOMN MO N i~
SOCODOOOOOOOROCO~OOOOOODO
® O 8 8 0 06 0800 8000 00 8000 O
SooCcoD O0D o

OO0 LCCONDNONT T NOFTN 0NN~
coSoocoooocrnNodneMh TN~
® & 6 O 0 9 0 0" 00 0 O s 0 s 0 OO DS
CCOCCCITCTDOITICINTLCITUNMION
- NIN NPt NS TONIO

p— o™ et - (NG

CCODCCATCOLCLC T EITAIL IN T
CODOOOPIIOOMAMOMIE ITL IS LmtOY
CCCCCCCCCTOTmELrmCeIICTHhm—L LN
€ e 000 s 000 00000000 s e

ccoocCcoooocoCcCcocccooCcoooceoeo

Ny tOet IS DI I M2

S0 442 N ?pﬂ,q? ?—“,R.? aﬂ.rn.
[ | ' '

cCcocyyyyyrecocoeccuyyuvymnoocococy
CC OCC rmtmirtmimi UL NN MCOOCOY
[TalVaRUaliVels o Wo o Ro d ol o ol o s - oF0 oF eFe o1 TV o BT o100 1T o op]

 atanian L LT AN VT 6 A O PO 0 0 2 B 27 of

1e49¢ 31k,0R8 «1193

MAXTMUM VALUFS



111

COCOOOMOCOOOOOOCM~NOCIORTOO
COOOOONDOOOLOOCONM~OOINININOIN
COOCOOOOOOCOOCOCON N\ rmirt st st sdrwt it
[efelelefelolele]lolelelelelelelololelelelele Lele ).
L BN BN BN BN BN BN R B 2R R B BE R K B BN BN R R R BN IR BN
CO0COO0 OODOOOOO

S02 CONCENTRATION
PPM

2%
C o
-t D
-

-4
xoax
- W

20 CCOOCDONDCOTIDOISNING G NN NI
[T OOOOOOIOOOQOOQOIRaZ?B%dé?
CM ® & % & & & 6 0 & 8 0O L E e O N e .
Ly OOOOOOAOOOOUUOOQﬁﬁﬁR???h?
C — ~ P ONNS F NS
wC

hd
[y &
vt
a3

(FT)##=2

coocooocrrocococococrimMoEycoc oo
CO0DODMIOOOVOOOMMMPLEISOTSLT

CONCENTRATION COEFFICIENT

&£ CCOCOCCCCCOCTCCCCTCNMmTC rmirdrC ri
PNTNDLANOOID x ® & & 0 2 9 2 6 ¢ 5000 08B e ESO S EOEES
<3 NX ONC it~ & ocCcoooe ooocoocc
Nied MO » <
| I Y —
>m *
[’ X
nn 2
o~ >
w
~N -
z w
[ Lo ~
~p -
w F‘l\ P '
N - |78 z
&b QAL ~Z> (e
Cu aco Ok b cococcCococCoOtCecCtoCCOoOOTOCo
= I Lt ST - Nt iUt U I g 2
o <k IO —m F0 OGO LI RN QR e
YLOCCUa Cao v ] it [ } it L ]
woewil g0 =0l o
20l WO - [+ W
IO=Ak_J.J Tu>
D2ZCcVvZu bt [T
Z wo x Xk X -t
-cCC O Cay a cooCcinNyryyecocococoinNrrroccecey
22 Z0xNa «afa b3 COOCrmmimmim iGNNI NN RO C O
DL WiCh - <1 X W o C oo MMM O NN M
aIzIQVNY Luruwm 74 B o e L] A G 4 V1 A U VWP e e T

«0371

9R, K2

232

MAXIMUM VALUFS



LNINONNOO IO

+ Z0CMeinan
NINMO e
| B Y
=m
[T
e 2
D D=
v
~ —~
3 w
<~ ~N
o o -
-~ b -~ W
v W~ - -
N L
2 a9z ~2Z)>
ou acC O~
Pt L bt e et
e Q- -0
YLWOQOWNa Cal
Wit IO =0
WX WO il
OO b dod TD>
2ZzonZw -
< Wwory kX
OO0 O O«
Ze2Z2200Nd aiX<a
2Dt WO e
O34V ninwm

S02 CONCENTRATION
PPM

ATTION COEFFICIENT
(FT)##=-2

RQ
Quie

CONCENT
K#1

SAMPLE POSITION

112

COOCOOITOOITOCOOOII LTI IS IS
OO OSOSINOOIN OO SO OINNN NN
OO0 OSOCOOD
OO0 OO0 OOOD
o 8 & 9 8 5 & 068 0 5 0 SO PSS O OSSO e
OO OO Coooo

OOt Ot CO D C C pomd pot gl it ol v s, pomd ek oo
CoOoQOOIOCCITOOOOOCIIIITIIIIITT
@ % & 2 5 & & 60 0 5O S s Es P S S s E 0
COCOOCICOICOOOOIIII I I IITE

-t — ok ot o et ok ok ek el ol

cCOoOOoCoOYCOoOdCcCOooOCOIIIIIIIIITY
SOCDTOMOOMOTODOMMMMMMM MMM
cCoCCoCoCcCOCc oo oo aoce
S & & @ 5 4 & S 5 5 SO N s e U S & & O Sy
CoOoOOCC OC oocod

COoOCOOOoOCOCOCCOOOOOOOOOOTC

Nt it i I I~

Nt Qdﬁ? e NS b
]

ccoonninMnoococcyniniRinoococin
COOC rmirmimdrte N NN~ O OO C O
NN ONC O OO N M X GO NNDINNWNGMG

et L Lo T AT A VA M L FTAVE 25 = 2= - 3 T od

« 034 l4,41 « 0054

MAXIMUM VALUES



113

P gt ol € g e gty g gosd gt et ot O 0t (O D NN O NI S

WO XVOVDBOOANNDNIONOFNOS OO ITN

OOCOOOCOC rirmirdrtrt O O riF & O MM O NN

COO0OO0OOOOOOOOCOOOCOOOOMOO

e & 6 & & & ¢ 80 6 00 S 0SS SO O E ee 8BS
o .

S02 CONCENTRATION
PPM

2%
O e
D
-0
<
[s 42 4
bl .
Za COLONMA LTI~ MOFTMO VDO DNOINN
'y ITFFOIT IS FIVNINTNIFAICNN—NMOTT O
CM ® & 6 & 0 & 0 & O 5 O OO s O 00O E DS 0O
& et gt ok O et ot et ot OO OGN = O (OO N S OO MO
o NN NN M TN ~MMNNINO M MO ™M
Cnuw ~NOON O —t
QO
Dt
wn=
T
P4
L
et
[@14V]
- |
L 3
%
LS o
Ok
Ol
Z Tt gt ot €3 ot et et ot O OO OO 1t 0t (Nt et S O OINE TN
o DOOCOOCOONINONONNIO WL~ OON
i et et 7ot ) et gy gl gt ot (Yt (et ¢t © i L OO T ot il OO
PTG ONINOO. IO - % ® o e 0 008 00008000 0SNG ELOSOLE
W T XL —Ir < % <y —t ——
NemiQ0UMMY @ Qo
1 e et
oM 2%
78] Wwx
Hu 2 Q
o~ D> £
wn C
~N ~ [
2 o
—p —
- uw ~ L
(7o I VVE I
N T8
2 «az2 —2Z>

OO OO0 OO0CoCOOOCOOO00S
Nt it i s N3t
> R\ VY VI (WO NTY U (HT AT Q%SZ Qﬁ
) 1 1t

coccinNiNrincooCc eiNinNrrNinoocc oo,
CCOCTrirmtrmimir CINCWNEE NN M-OO0C oo
» [FaltaTTaltalo o Yo Xo No o ol o o o o« el oF s X+ oo VR ITRTT o3V o [Tl 1g]

aOIIAVV ViU et (NN S N

1.566 333,00 1249

MAXTIMUM Val UES



S02 CONCENTRATION
PPM

$S0? CONCENTRATION
MICRO 6GM PER CU.M

(FT) ##=2

CONCENTRATTIOM COEFFICIENT
K#10##6

(FT)
N
Y (FT/S)

HE IGHT
IFICATIO
VELOCIT

TAC

TRA

TAC
SAMPLE POSITION

114

o g gt D ety gt gt gt o 1t (\] vt oot 2= (\J 3 LY DN O LD

DONOOXXCONOVOVD VT DRONITXSIOOVITT

OrmiO OO OO N rtrtrt(\ O ONNDMS S SO DONY

OO0 OVOOOOOOOOCOOOOOOOOOOC

e e 8000 0B OOOCEOCEOSEOOOIEOEOEOECOCPEETSTTPBPNOED
(-]

VN OXNLTXAsNMPINDT DI LOM G it
IOAUNIOLSINDPO~OP I G AN ] O T LT L
LK B R B BN BN N BN BN BN BN N NN BN BN NN BE BE BN B NN BN NE BN
Lad A il la L Tag AT A U T o AW Tt T Toghs 8- SR B X ol 240
NN NNNNDM $ I NN O D =0\ 00 0

el gt g g e D\ (N} ot

ot Ot O ot et et (VU I F (Nt et F L LL L e MM
ot et gt ot et ot (oot O U (Nt s (T O LA SO XG
L I B K BN BN N I X BN BN BN N NS BN N I B BRI B B NN

CCOCCOCOOOCCCOoOCCCOoOCCoOCC

Nrt ed\rt (G~ P I M3 O

S0 %62 44Q? ZJSQ,QﬁB? Qﬁ
¥

cooocnyrnocoocrfrrrrecooccy
CCCCTrmirmetmmiDICIN NN NOCC O OO,
WNINTNC PO MMM D O C TN NN

ot gt et i et (UL UG < € 2 2D

257 4%1 0967

1.7213

MAXTIMUM VALUFES



O ZANQINNO N IO

3 QAL N P I
N QOIVY @

L] -0\
ol op
[TE
nw =
-~ D~
w
~ —~
z Ui
LA ~
v -
P w o~
[V T
N .
L «ag ~< >
T ac Ch
ot T bt e e et

$Oma_d] Iu>
SZowzuw —
Z Lax XkXx
FCCU O LaC
Zm2ZZan<d <@a«<
DZrICh b
aS3x3avYy COn

S02 CONCENTRATION
PPM

SQ2 COMCFNTHATION

(FT)##=2

CONCENTRATION COEFFICIENT
K] 0n##e

SAMPLF POSITION

MICRO GM PtR CUeM

115

QOOCOOMOCOOOOOOOUYUVOMNMEO LMY
OOO00OVNOOCOODOCOODIONMNMNOONIC
COOOCOOCOCODOCOCOritrtOOCrdriCOet
DOVOOCOOCOOOOOVOOOOODOCOO
EL K B BN BN BE N BN B B BN BN BN BN BN R BN BN NN BN BN BN BN AN BN

| OO0 SO0OCTOOOD o

DOOOONTOODODOOO T TONNT NG
CCCOCOmMOOCOCOOOOC A N CmmaN Nimi\,
* & & & & ¥ 6 8 0 " ST O E O S e S S0 s e
CCoCoCOICCOCCCOoOOCLATEIT LY

-t NN et Nt

coocdCcoMmMoocooc oo YLommLLmye
COOOCOMOOCOOOCODOLLITMMLOM
LCOoOQLiCcococcaouocoooccocc
® 9 6 0 0 0 00 8 8 G000 e e PEeEr IO

COOTOCT TOoOTOCOCOD (=

066

cocococcocoocooooocooorooae

Nt ea\Jet =D I NI 2

D ALV U XA UNNE S0 STol o ¥ Qkﬂqﬁr (4N To ¥ o AU o U T o
i L | |} LI} 18

coccy ryincocococcirryyrocccocy
CCOCrirtedrim NN NSO C OO O
NN GO0 MMM U O TN UM

ettt gt (UL NS F 2 F LD

«0106

2H 424

« 066

MAXTMUM VALUES



ODNBENDSLDOID
o AT —O G

Nem ST @
1 =N
pen
e
nn 2
3 D=

w
~ -~
s i
LA ~
~ -
- w -~
(720 TR

T 7S

i QAE —E
Cu ac& Ch-
[ O N o ]
Q- <k IO
ulCCClra OaC
WrwwWoiaQ wOul
TE2XLW WO Wk
S OO i) HFV

2ZOo00nzZw
< QX KTK
-oCce O Ceael
=2 200N«a gt «
D2riraOb= b
aOoXIAVY LU

S02 CONCFENTRATION
PPM

CONCENTHATION
MICRG G PER CUoM

502

(FT)##=p

CONCENTRATTOM COEFFICIENT
Kel0sek

Y

S:MFLE POSITINON

116

MOMOOMMOMOOMMOMMEUL VMO OOLM
DNMINO O ININONO OINNONNO ODNO VOO YN
COODOOOOOCOOOOCOCO mirtrmitC) stomtirmir< O
COOOOCOOOOOOOOCIOOOOOOOOOO00O
[ A A RN I I I O O B SR A B B R N I A

o0 L= B =1 =] (=4

NNNODODNNCSNDSNNNDNNG S INT S I TNV
et ol ot €D L et et St T2 0 eh et D et et T\ (NG Nt (NI S ?
© © ¢ @0 e 00 00 80 OO PO NPOESELIOOGLE

4440(4&”400“&0&4&Hﬂagﬁkka
vl o el o g oy g peend o SN TN I\t NG N NI et

3330@330100310?36h6366663

MEMCOMMOMCOoOMNOoOMNLLLMNoeeem

CoCoOCCCCCCoCoCCCcTCOCCCcCCCTCCTC

s 0600 s 0000 s e 00 e 000
[enf ) o o [

coooCcooocooCccoCcocCc oo Cco

Nt Nt =S NI S g

AR 4452 NTY ST Y VR VT YY Y O WY
' '] e

cCcocrnryrccococrrrrroccoecy
COCOCmmmmim(NINNINIE NSNS MO COOCH
NN OSSN T O OnINU NN M

[l TaT o TaVIA V] G L VE A N0 20 2 R0 2 4 T3]

0106

2R 24

«06A

MAXTMUM VALUFS



117

<

o

L]

[

<

x

- OOCOCOO0OOOOOOOMITLOLOITM
Z COoO0O0COOOOOOOOOOMMN VOVINANMOO

W COOOOCCOCOCOOOOONINONET O+~

O OO0 OOO0OOOODOOOOOOOCOOOOO
- 3 ® 0 06000 0600 0000600000000 0000

oa DO0O0ODOOCOOOCODO0 (-]

oa

N

(o]

v

£ &

O e

-

-0

<

s dfa 4

[ ¥ .

<2 DT ODTOODOCODTOTODIA~IDIT T~FO

& SoToCcCCoCEo oo TSN IS T L~LMmY

(&3 ® 6 © 06 0 86 060 0 0 0606 0 06 060 9 000 0 0 000
zT CcTosCcococococoTS oSN C O INSC

o [ ala Vi B RAND R VIAV IR J

oC — Nt 0§
a

N

Cr

2

(FT)##=2

CoOoCOQCCOoOCOoCcCcTCoTCoMdoOMmMoMmMovommMm
S OoOCODOCOoOoOCOoOCODD L MTMELCODMM

CONCENTRATTON COEFFICIENMT

Y coecococoooccoccccac TN MOMmT AL rmrm
—_N\, T JFONNOoN I 3 ® © 0 06 & ¢ 09 0 0 6 0 0 80 00 8 00 0 0 000
(U FALCL ~ ™~ x ccocoocoaoccoococcoodc [ ~—
N NJ(mY ® o
I 0 —
= %
w b 4
nn =2
D=
(74
N -~
p-3 v
<~ N
~r -
~ w -~
" W~ - -
N - u <
k- «QZ ~—Z> C
Cu 2C ChH — coococoooococcocococooT oo
o had o SN o B ol o] ) - Nt e NI~ S NI M3
o <k IO 0 D SAUNEN NS JAUR A NR- 3T ok s VN AUV ol T of A\ URNNN o T gV Ak W 4 MV
oguooaQowe C«acC v ] [} t 1t 1
owwIadO —OJ o
oW wC we—w Q

ccccurryyrecccoccyyyryyycceoececcy
CCCTCrmemmim NN NSNS NNOCOCOw
x NENNC G IC OSSNSO X CXNG NNINMm
) Lo Lot o Lam 1 AW A W A S OF L R R g JEK SC 3T

N

N

R

2

A

A

R

A
SAMP| F

1.133 240 an6 «0903

MAXIMUM VAL UFS



118

4

(=

[

[

&

- COCOOOCOCOCOCOOTNIMO~INOMm
4 COOOOOOCCOODOODIINNNLNOMNNOIND

uw! COOCOOOOLOCOOOCOmIE~ONINENCY

[ COO0OOOOOOOOOOCOOOOOOOOOOOC
Z3 0 0000606060600 0 0060000000020

oa COOOOCOOOOOOOCO

Lo

[y Y]

o

wn

22X

C e

-0

-Q

<

X

-l

20 OCOCOCOOCOIOOTOOCCNOMNIIISTINDT

'y COCCCCODOTCCOT O M ril LM Xt

W ® 0 9 900 006 9 00 90050 S R0 SO e
P STOCCCTCITCCOSCCCNUMA'IT~NNC T

< E Rk R e o

LC e g ot —
o

NC

[

(723

(FT)##=-2

CCCOCCOOCCCOTCTCOCCTMONTOMMMNLT
COCOOCOOOOOCOOOOMOLMOMMOL

CONCENTRATTION COEFFICIENT

& CCOCOCOCOCCOCOCOCONnNS NOCMEnIM.Ca
N2 DN IO -3 ® 0 0 060 0 0 60 00500 00N OO GO E OSSN
o FTaCL~O T * COCCOOOOCOHCTCOD
NN Y ¢ < .
| I s \Y] -~
2 ]
W b 4
ne 2
-3 >
[*4]
N -~
>3 7))
(L N
el od b
-~ w ~
(TS
N T8 b4
L «QaZz 2> C
Cu Q0 Chb= - CCOOOULOOCLOTCOCOOTLOCICOOCCT
Laniadt = T O B ol ol ad | Nt et iV P S 9
- i IO et 3 0 NI AU DA AN A
WLOCra CaC v t [ ] t i {3}
wWorww.JgO =OJ <
T2 WwC W=l Q
IOk _JJd Tu>
SZouvnaw -t u'
P-4 Lax XX el
oL O QaE Q ccecoyrrrnccoccINtirnreccecy
2220 N\Na «Q«a b 3 COCTrmirtmmim NMLNUC NN MM NMNOCOC T
DL v O b -« x VRl alTall oY e ¥o Yo Mo ¥ ol ol o e o1- O o o - T QAT gFT o T4 1T oV o ]
aJx3avivi K w Ll l L DAV N UL NN 2 3 B ¥ ST g

«ROEA 18419 « 0691

MAXTMUM VALUFS



MmEBCoONNonNJo
o L L i
~ et O @

t ~C
o0
L

wn

)
X
Y

(GM/S

(FT/S)
(FT)

NUMRER
UNTT NUMRFDR
SPEED
FNT LOAD
RELFASFE RATF
K LOCATION

ND
RC

2

AC

WIND DIRECTION
Wi
PE
S62
ST

RUN

S02 CONCENTRATION
PPM

S0? CONCFNTRATION
MICRO GM PER CUem

ON COEFFICIENT
(FT)y w2

TRATT
LA DAL

CONCEN

SAMPLE POSITION

119

MONHMOSOMMMO OOV OMECTMMMNN & M

NNNOOINININO COM G INOMNINMUN O Omi )

COO0COCOOOOOOMINO~ONENNOGNT

OOV OOOODODOODOOO~MOOOIDOOO

L A N N N N R
oo oo

TXLoOXTXTRSONCNISNINMEIOTMNIEI IO
et et S S e et © SO D = NN I X et et T
® # & ¢ & & 2 & B S S & B " OSSO0 SE ¢ e 0D
F I IOOIEIITOTIAING AXC LN et O L
ek g yoed e NN~ NN O NNy

—t —Ma A N

ot e gt £ L3 et ot et PN G et et O P (VY B 07, (LU O
CLOCLOTOLLOONITECNNIPT FOTMNE
et O C ottt © OMNF WL T L A LER O
S 6 8¢ e s 0P 0 s EBPEIOEECEOIEEOEESLETBSEBETS

o oot ST e~ —_O =N

coocl oo oorocrooocaccroocco

Nt et w003 I N 8

L EAVEEE AW 24N 44%? Zﬂq? [N al7 214N wq
i ! ! [} [}

cCoCocCyyyrococococyryryrecococeur
CCOCTmmmme (NINNIC NSNS NSNC COOC Y
IR0 o000 MM X NG DN M

lantanlan TP 1oV AW WA B 0 8 20 2 371

3.,A97 R YA A 1223

MAXTMUM VALUFS



IN BTLO NNOC IO
o L~ g
—“——y Y @

X=

v

~N

z

L~

had od

-~ L

S Fm‘l

N -

e «aZ
Cu aco
LRl sl S
o «alu -
LOCCU a
W W JaxQ
daaxu WO
S2Om0 iy
zZov zu
< La Xx
Coce
2—2Z220aNa
D& = WO
azza2auwm

Y=

-0
on

uw
2

(FT)

ATION
OCITY (FT/S)

GHT

S02 CONCENTRATION
POM

FNTRATION

-~
-

Gv PER CUeM

S02 COMN(
MICKO

(FT)##=3

CONCFNTRATION COEFFICIENT
K#]0#aea

SAMPLFE PNSITIOM

120

CO0OO0CMOOOCMNOL VNN NNIMM~NMD
OOO0O0OCNOOOINNVOOMMS T OMNNL~
COCOCOOOCOOMN~~N. NN T NN~
OO0O0O0OOOOOOOOODOOOOOD~OO0O
® & 9 & & & 0 S 28 0O SO B SN e PGS SOOGS
OOOOO0O ODO

DSOODOOCLODNPINNMINMONIOINMM S~
COTOOQCIOC DI MTMAL S T T CNMON
@ & ¢ & & & 0 0 08 S0 B S B E B OO P e BSOS
DOCTSCOIDCOIICAX~T IONI S L LN
-t et Al XA VEAVEC g 6 oF o S VEQ U o DY S W o ]

ot (ot et (VO i\

COOCCCmOCC rmll Jerdome X &I (et
COOOCOPOOOOUNDINNONFICT ET T O~
COCCOOOCCOmmI MMM ACAILIMTE
LR N NI B S I B SR S NP S I R R R

coeccoccooOoococCoCc oo oo
Nt = N P N~ M~ 3
L Z1NEERAVE- S NI O~ 27 o (NI A UV o Vol A URIR A N T @ TR 4 © a-/ .

-

¢ LI | i1 (I}

cococyyyyryyncococcocryvuvuycocococoy
COCCrmimmimimf (NN NN NCCCOCCOT
WO 20 COMNMSMNSTEE NN Em

—edemir=i= (NLA A S I I EIU

1277

349443

3.85F

MAXTMUM VAL UFS
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WIND DIRECTION w
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STACK LOCATION (FT) X= %?3
STACK HEIGHT (FT) 00
STRATIFICATION NFUTRAL
STACK VELOCITY (FT/S) «N0
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RUN NUMRER T4

UUNIT NUMRFER 2
WIND DIRECTION W
WIND SPEEND (FT/S) 44
PERCFNT LOAD » RO
S02 RELFASF RATE (6M/S) PhYS
STACK LOCATION (FT) ¢= 1?5
= =210
STACK HEIGHT (FT) 3040
STRATIFICATIO NFUTwWAL
STACK VELOQCITY (FT/S) 68,40
SAMPLE POSITION CONCFNTRATTON COEFFICIENT S0O2 CONCENTRATION S02 CONCFNTRATION
X Y K] ()dee (FT)##twmp MICRO Gm PER CUlM PPM
500 420 0629 9] .28 «0342
500 210 e F BheH3 «0326
500 0 e 39% B4 enl) « 0317
915 420 e397 B4 ,~0 +0317
918 210 + 391 B3,49 <0313
91% 0 eb4la H7.94 «0330
915 -210 272 57 .49 «0217
918 -420 o194 41,19 « 0154
17580 S840 «23A 50410 .0188
1750 270 LY 55406 «0209
1750 0 «283 60,11 « 0225
1750 -840 e 340 72436 « 0271
7878 K40 e 2R3 60,11 « 0225
P2RT7S 270 Y 97,96 « 0367
2878 0 W 4HT 103.53 «0358
PRTS 270 50K 107,98 « 0405
PR175 -S540 «503 100 A7 «0401
4500 840 e 340 772635 <0271
4500 270 etbh] 97 .96A « 0367
4500 4] i) Y7496 « 0367
4500 -270 o5l 110.21 «0413
4500 -540 e 550 11,89 0438
5388 0 e 35A 15,70 « 0284
MAXTMUM VAL UFS « 55N 1lhexy «0438
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PUN NUMRER 75
UNIT NUMRBFR 2
WIND DIRECTION v
WIND SPFED (FT/S) 44
PERCFNT LOAD 100
S02 RELEASF PATE (GM/S) 331
STACK LOCATION (FT) = _les
= <210
STACK HEIGHT (FT) 300
STRATIFICATION NEUTRAL
STACKk VELOCITY (FT/S) A]l,R0
SAMP| F POSITION CONCFENTRATTONM COEFFICIENT SO0? COMCFNTRATION S02 CONCENTRATION
X Y K#]O##A (FT)##=2 MICRO (M PFR CUeM PPM
500 420 «480 127,44 «0478
500 210 e 455 120443 « 0453
500 0 «459 121493 « 0457
500 =210 0,000 0,00 0.0000
91K 420 «430 114417 «0428
918 210 o413 109,74 «0412
918 0 «447 118,61 « 0445
915 -210 «409 162,673 «0407
918 =420 «250 6R,H1 «0249
1750 840 «363 YA, 44 .0362
1750 270 «3AQ7 9T455 «0366
1750 n e 3TA 99,76 «0374
1750 =270 «430 116,17 «0428
1750 =540 401 10hq,42 «0399
287% 540 «33R K9 479 «0337
2875 270 <392 104,20 <0391
2875 N W 4BHR 129 ,h9 « 0486
2878 -270 «S3R 143,00 + 0536
287S =540 «bla 162,95 «0611
4500 540 «413 106,74 «0412
4500 210 e84 30 114,17 «0428
4500 ] 672 129,725 «0470
4500 -270 <501 133,02 <0499
4500 -‘340 .FOQ 13"’0)“ 00507
5368 0 e434 1154724 « 0432

MAXTMUM VALUFS oflé 1672455 «0611
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RUN NUMRER 77

UNIT NUMBFPR 2
WIND DIRECTION W
WIND SPEEN (FT/S) At
PERCENT LOAD a4y
SO? RELFASF RrTF (6BM/S) PhY
STACK LOCATIONM (FT) X= 5?3
Y= -
STACK HEIGHT (FT) 3no
STRATIFICATIOM NFUTRAL
STACK VFLOCITY (FT/S) 65,40
SAMPLE POSITION CONCENTRATTON COEFFICIFNT S0?2 CONMCFNTRATION S02 CONCENTRATION
X Y Ki#louta (FT)##=2 MICRO G4 PFR CUM PPM
S00 420 « 351 449,74 «0187
500 210 «33% 47,48 «0178
500 0 « 367 572,00 «0195
500 -210 0000 ) oN0 0,0000
91% 420 « P95 41.“3 «0157
91K 210 «310 454,22 «0170
918 -210 «?71 38,44 0144
913 "‘?0 0104 1“.70 00055
1750 540 «?2h3 37.31 +0140
%7%0 270 o231 37.7H «0123
750 0 «” 39 33.492 «0127
1750 -270 I ede 41,43 «0157
1750 “540 .231 3?-73 00123
2RTS 540 e 255 3h.18 «0136
2878 270 «343 44 4n81 0182
2875 0 2R 74,61 « 0280
2875 «-?70 bk 91,57 «0343
?875 -540 ch?O "‘QQ“ .0356
4500 K40 o4 U 57 eH6 0216
4500 270 «51n 1235 »0271
4500 0 b 3R 90 eb6 «0339
4500 -270 1.008 142,44 « 0534
4500 -5410) .3“? 54,26 «0203
K388 0 « 2795 41483 «0157
MAX TMUM VAaILUFS 1.31% 184,53 <0700
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RUN NUMHER 80

UNIT NUMBER ¢

WIND DIRECTION SW

WINN SPEEDN (FT/S) 44

PERCFNT {aaD 1]

S02 RELEASF PATF (AM/S) 2HY%

STACKx LCOCATIONM (FT) §= ?22

STACK HEIGHT (FT) 3ng

STRATIFICATIOM NFUTHAL

STACK VELNCITY (FT/S) 65,40
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X Y Klpnan (FT)##=p MICRO M PER ClU.M PPM
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500 210 ol1# 25,15 « 0094
500 0 220 46476 L0176
500 -210 0.000 0.00 0.0000
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918 210 ell5 25.15 20094
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91% -420 «N1A 3,473 «0013
1750 8540 035 Re00 «0030
1750 270 .102 21,72 <0081
T80 ] o710 44.5!‘} «0167
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1750 n‘iaﬂ 00“3 qol‘i' 00034
2875 K40 097 20517 « 0077
2875 276 Wblé HR, (] +0330
2878 -270 ¢392 H3 444 «0313
4500 540 et 41,17 «0154
4500 270 057 Ya,01 +0360

4500 0 34 134,28 « 0506
4500 -270 ‘613 100,59 L0377

4500 ~54h «134 2R .HA .0107
5358 G 10K 22.RA +0086
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