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R Tes T L 7 *ABSTRACT

Plume rise and dispersion was studied under stable and neutral
stratification in an environmentally controlled wind tunnel. A 1:300
model of a power plant stack was constructed and positioned in the wind
tunnel to assess the effect of exit velocity and temperature on plume
rise and dispersion. The complete test scenario for each stability
included five exit velocities (from 12.5 to 250 m/s), three exit temper-
atures (200, 366 and 422°K) and three stratifications (D, E and F). The
exit velocity was varied by adding nozzles of different diameter to the
stack top while maintaining a constant volume flow. Exit temperature
variations were simulated by mixing equivalent density mixtures of
helium and air.

For each test case plume dispersion was assessed by traversing the
plume at incremental altitudes and three downwind locations. Concentra-
tions of the helium tracer gas were measured continuously with a Thermal
Conductivity Gas Chfomatograph. Plume rise was assessed using photo-
graphic techniques and by analyzing the concentration data.

The results show the expected tendency for increased plume rise
with increased exit velocity. More significant is the decrease in
maximum centerline concentration at a given downwind distance when exit
velocity increases. Curves comparing the standard plume dispersion
model with the wind tunnel results are presented. Also present are the

plume centerline trajectories for each case studied.
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1.0 INTRODUCTION

The design or modification of a power plant stack may be optimized
so as to meet ambient air quality standards (Petersen, et al., 1975).
Predictions of plume rise may be made using equations such as outlined
in Briggs (1969) or Hewett et al. (1970). Concentration patterns may
then be estimated using the '"Gaussian model' as described in Turner
(1969).

The basic drawback to the plume rise models is the method employed
to close the system of governing equations. Typically, the ambient air
entrainment rate is set proportional to the plume centerline velocity
(Chan and Kennedy, 1972; Fox, 1970; Hoult, et al., 1969). Most of the
theoretical investigators have assumed that the ambient flow is a steady,
horizontal, laminar crosswind with no variation of temperature or wind
with altitude. The atmosphere, on the other hand, is seldom laminar
with no vertical variations of wind or temperature. Hence, to obtain
more realistic estimates of plume rise and plume dispersion, physical
modeling in the wind tunnel is an advantageous alternative. A scale
model of a stack and surrounding topography or roughness positioned in a
long test section wind tunnel would allow for measurements of plume rise
and dispersion in a turbulent cross flow with vertically varying temper-
ature and wind speed.

The purpose of this study is to determine the effect of stack-gas
emission temperature and velocity on the trajectory and concentration
patterns of the resulting plume under varying atmospheric stratifica-
tions. The intent being to provide a data base that will establish the
feasibility of increasing stack gas emission speed or temperature to
achieve greater plume rise and lower concentrations through enhanced

dispersion.



Neutral thermal stratifiéation and ground-level inversions were
simulated in the Colorado State University (CSU) Meteorological Wind
Tunnel (MWT). A 1:300 scale model of a 60.8 m stack was placed in the
wind tunnel. Plume rise was assessed by photographing a visual simula-
tion of the plume. The concentration patterns were determined by
traversing the plume at various locations and measuring the concentrations
of tracer gas (He) released from the stack. While the exit velocity and
temperature varied during the study, the volume of gas flow remained a

constant for all tests. A summary of the test scenario follows:

Test Scenario

Stack-Gas Reference Stack-Gas
Stability Temperature Wind Speed Exit Speed
. i (°K) A (m/s) (m/s)
D 388 2% 45 8, 16 12.5, 30, 60
120, 240
366, 422 2, 4, 8, 16 30, 60
E(F) 366, 388, 422 5.9 (3) 12.5, 30, 60,
_ : 120, 240

Included in this report are a coﬁplete description of similarity
requirements for wind tunnel modeling, the experimental program, the
results and conclusions. A complete set of color slides and motion

pictures supplement this report.



2.0 SIMULATION OF ATMOSPHERIC MOTION
The basic equations governing atmospheric motion (conservation of
mass, momentum and energy) may be eipressed in the following dimensionless

form (Cermak, 1974):
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The dependent and independent variables have been made dimensionless
(indicated by an asterisk) by choosing appropriate reference values.

For exact similarity, the bracketted quantities and boundary
conditions must be the same in the wind tunnel and for the corresponding
atmospheric flow. The complete set of requirements for similarity is

1) Undistorted geometry

2) Equal Rossby number: Ro = uO/(LOQO)

A’I‘ogoLo

3) Equal gross Richardson number: Ri = T
T u
oo



4) Equal Reynolds number: Re = uoLQ/vo

5) Equal Prandtl number: Pr = (_vopono)/ko

6) Equal Eckert number: Ec = u02/[Cp (AT)O]
0

7) Surface-boundary conditions

8) Approach-flow characteristics

All of the above requirements cannot be simultaneously satisfied
in the wind tunnel and atmosphere. However, some of the quantities are
hot important for the simulation of many flow conditions. The parameters
which can be neglected and those which are important to this study will

now be discussed in detail.

® Neglected Parameters

Equal Reynolds number for model and prototype is not possible for

this study, since the viscosity of air is nearly the same and the
length scaling is 1:300. This inequality is not a serious limitation.
The Reynolds number related to the plume trajectory is defined by

. usD

o ==

v
S

Weil (1968) reported that plume trajectories are independent of stack
Reynolds number, provided the plume is turbulent at the stack exit.
Weil suggested a lower limit for Res-of 300 for laboratory simulation.
For this study, all stack Reynolds numbers exceeded this value.
Consequently, similarity of plume trajectories is assured.

Similarity of concentration fields is dependent on the bulk
Reynolds number which is defined by

..uh
Re. = L A

) v
a



Golden, as cited by Halitsky (1963), found that for flow about a cube
there was no change in concentration patterns at the cube surface for
Reb greater than 11,000. Additionally, Golden found that in the wake
region the concentration patterns were invarient for Reb down to at
least 3000. In this study concentration patterns in the wake of a
building or at the building surface are not of interest. However,
Golden's results suggest qualitatively that bulk Reynolds number
independence does occur near Reb = 3000. For this study, Reb was
~greater than 3000 (except for one case).

A second factor confirming Reb independence are the posteriori
results of this study. When the plume centerline dilution (xu/Q) was
plotted versus trajectory distance for different wind speeds and
stabilities, the values fell along ; straight line for each stability.
Since the D-stability cases were taken over four different tunnel speeds
(hence four bulk Reynolds numbers) and the xu/Q values fell along the
expected curve, similarity of concentration patterns is inferred.

The Rossby number, Ro, is a quantity which indicates the effect of

the earth's rotation on the flow field. In the wind tunnel equal Rossby
numbers between model and prototype cannot be achieved. The effect of
the earth's rotation becomes significant if the distance scale is large.
For this particular study, relatively small distance scales are involved
(< 5000 m). Hence, neglecting the term with Ro is justified.

When equal Richardson numbers are achieved, equality of the Eckert
" number between model and prototype cannot be attained. This is not a
serious compromise since the Eckert number is equivalent to a Mach
number squared. Consequently, the Eckert number is small compared to

unity for laboratory and atmospheric flows.



® Relevant Parameters

Since air is the transport medium in the wind tunnel and the

atmosphere, near equality of the Prandtl number is assured.

The Froudé number, Fr, is defined by

Fr -
where

y = 2—=.
Although Fr does not specifically appear in the list of similarity
parameters, it can be thought of as a modified Richardson number (the
inverse of the Richardson number) for the stack gas. Dimensional
analysis reveals that the parameter y is also important for simulating
plume motion. Thus, if Fr and y are set equal for model and prototype,

the following relation between model and prototype velocity is obtained

(ua.)m i (Dm) 1/2

D
P

Since Dm/Dp = 300,

(), = 0.058 (u),

To properly scale the stack exit velocity with the approaching ambient

velocity, the ratio R = us/u8 is set equal for model and prototype.
For simulating stable atmospheric conditions, equality of the

Richardson number between model and prototype is required. The bulk

Richardson number is defined by

£ + g 48
Ri, = T o R



For this study, Pasquill E and F (Turner, 1969) stratification were to
be simulated using the criteria outlined in Atomic Energy Safety Guide
#23. Accordingly, %% = 0.01°C/m for E stability and 0.03°C/m for F

stability. Hence, if Rim = Rip the following relation results

T (Au)2

(_All) —.éi..—A-z.—m
Az N SR V.TF Su

LAVY P

or substituting for Aum
Az
AT s\ Fp A0
(Az)m ( ) = 300 (

Az]p Azm Az 'p
Finally, to simulate Pasquill E and F conditions in the wind tunnel, ;he
respective AT/Az values are 3 and 9°C/m.’

The region of interest for plume dispersion is from 0.2 to 0.5 m
(61 to 161 m - prototype) in the wind tunnel. Thus, the AT values are
0.99°C and 2.97°C for E and F stability, respectively.

Since no specific location was being studied, the surface of the
tunnel was not roughened. The surface roughness factor, Z,s for the
wind tunnel was calculated from the velocity profiles to be 1.14 x 10-4 cm.

To summarize, the following scaling criteria were applied for the
neutral and stable boundary layer simulations.

2
u

a - -
1) CFra= BT E (Fr)m = (Fr)p

u
[
2) R"-"u—;Rm=Rp
a
Pa ~ Ps
3 = b LT
1)Since %% " is usually on the order of 1 and I' is .01, the term I' can

be neglected for model calculations.

s



4) Ri = 5 ®i), = (i),

5) Similar geometric dimensions
6) Sufficiently high Reb and Res‘to insure Reynolds number
independence.

The parameters for each test considered are summarized in Tables

3.2-1, 3.2-2, 3.2-3, and 3.2-4.



3.0 EXPERIMENTAL PROGRAM
3.1 Wind Tunnel

The meteorological wind tunnel (MWT) shown in Figure 3.1-1 was used
for this study. This wind tunnel, especially designed to study atmo-
spheric flow phenomena, incorporates special features such as an
adjustable ceiling, a rotating turntable, temperature controlled boundary
walls, and a long test section to permit adequate reproduction of micro-
meteorological behavior. Mean wind speeds of 0.06 to 39.6 m/s in the MWT -
can be obtained. Boundary-layer thicknesses up to 1.2 m can be developed
"naturally" over the downstream 6.1 m of the MWT test section. Thermal
stratification in the MWT is provided by the heating and cooling systems
in the section passage and the test section floor.

A set of vortex generators was installed 0.6 m downwind of the
entrance to give the simulated bbundary an initial impulse of growth.
From 1.8 to 6.1 m a set of 12 roll-band aluminum panels were placed on
the tunnel floor. These panels were connected to the facility refrig-
eration system and cooled to approximately 0°C for F stability tests and
14°C for E stability tests. The free stream air was maintained at about
24°C for both tests. For neutral condition, no heating or cooling to

the facility was supplied.

3.2 Model

The power plant stack was simulated by constructing a 1:300 model.
To simulate various exit velocities while maintaining a constant volume
flow, five nozzles were constructed for positioning on top of the model
stack. A photograph of the stack and nozzles is shown in Figure 3.2-1.

The stack parameters relevant to all cases studied are given in Table
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3.2-1. Those parametefs which changed for each test case are tabulated
for D, E and F stability in Tables 3.2-2, 3.2-3 and 3.2-4, respectively.
Metered quantities of gas were allowed to flow from the model
stack. Helium (the tracer) and compressed air were mixed in the appro-
priate proportion to simulate the densities associated with prototype

exit temperatures of 366, 388 and 422°K. Fischer-Porter flow meter
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.

3.3 Flow Visualization Techniques

Smoke was used to define plume behavior from the model stack. The
smoke was produced by passing the air mixture through a container of
titanium tetrachloridg located outside the wind tunnel and transported
through the tunnel wall by means of a tygon tube terminating at the
stack inlet. A schematic of the process is shown in Figure 3.3-1.

The plume was illuminated with arc-lamp beams and a visible record
was obtained by means of pictures taken with a Speed Graphic camera.
Additional still pictures were obtained with a Hasselblad camera.

Stills were taken with a camera speed of one second to identify mean
plume boundaries. A plan and top view of the camera set-up is shown in
Figure 3.3-2. A series of 16 mm color motion pictures were also taken
with a Bolex motion-picture camera.

The color slides of the plume visualization were used to identify
the plume centerline trajectory. To determine the centerline trajectory
the color slides were projected onto a blank-gridded sheet of paper.
Thereafter, the plume centerline was traced onto the paper; after which,

the centerline coordinates were key-punched for subsequent analysis. Using



trigonometric relations, the photo-coordinates were corrected for

optical distortion according to Halitsky (1961).

3.4 Gas Tracer Techniques

After the desired wind tunnel conditions were obtained, a mixture
of helium and air of predetermined concentration was released from the
model stack at the required rate to simulate ﬁrototype plume rise. The
flow rate of the helium miiture was controlled by a pressure regulator
at the supply cylinder outlet and monitored by a Fisher-Porter precision
flow meter. A schematic of the system is shown in Figure 3.4-1.

Gas samples of the plumes were obtained by drawing the gas through
a sampling train which ended at the outlet of a Carle Model 1800 thermal-
conductivity gas chromatograph (TCGC). A 40 cm telescoping brass tube
(0.16 cm ID) was mounted on a traversing mechanism in the wind tunnel
(shown in Figure 3.4-2). PVC tubing connected the probe and the TCGC.
The sampling probe was positioned at 10, 41 and 203 cm downwind of the
stack. At each downwind position horizontal traverses through the plume
were made at incremental heights above the tunnel floor. The horizontal
traverse speed was approximately 4.7 cm/min. This traverse speed was
determined by experimentation to be slow enough to prevent smoothing of
the peak values.

Concentrations of the tracer gas (He) were determined by using the
TCGC. The TCGC was modified so that continuous sample analysis was
possible. The flow rate through the TCGC was maintained at 2.5 cc/min
and the carrier gas was ambient air.

The TCGC detector is based on the principle that a hot body will

lose heat at a rate which is dependent upon the composition of the
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surrounding gas (McNair and Boudli, 1969). The gas concentrations are
detected by measuring changes in the resistance of a heated thermistor
which has a constant current flowing through it. When ambient tunnel
air flows through the detector, the resistance remains essentially
constant. When air mixed with various percentages of helium flows
through, the heat transfer from the thermistor changes as does the
resistance., If various known concentrations of helium in the air are
run through the analyzer and the voltage output due to maintaining a
constant resistance is recorded, a calibration of the analyzer is

obtained, Figure 3.4-3 shows a calibration curve of helium in N, versus

2
voltage output. Since the calibration was nearly linear, 100 percent
helium was used to record changes in the calibration curve during the
course of the study.

The voltage output readings from the TCGC were transformed into a

helium concentration usiﬁg the relation
x(ppm) = C(ppm/mvs) E(mvs)
where C was determined from the daily calibrations with 100 percent
helium,
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. The simplest and most straight-forward procedure is to

make this transformation using the scaling factor of the model. Since
n| = 300m|p ;
one can write

o D e Sy W
g P, oemmg Gl
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The value for u was determined at the height of the maximum concentration
from the velocity power law relation for E and F stability. For
D-stability the stack-top wind speed was used since the velocity
profiles were nearly uniform. Prototype concentrations were then

calculated using the relation

om - () 25 (9)
o Ty 3007 "o

When interpreting model concentration 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. 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). In order to compare downwind measurements of dis-
persion to predict average field concentrations, it is necessary to use
data on peak-to-mean concentration ratios 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 conditionms.
It is possible to determine the frequency of different gustiness
categories for a specific site. Direct use of wind tunnel data at
points removed 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).

To estimate the equivalent prototype sampling time, another
dimensionless variable was derived by including time as one of the

pertinent parameters. The relation then exists
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Since the model sampling time was approximately instantaneous, it
is reasonable to assume that the prototype sampling time is on the order
of 10 min. A comparison of the concentration results of this study with
the predicted 10 min. values using the Pasquil-Gifford relations as
presented in Turner (1969) also supports this assumption. Consequently,
no correction for sampling time is presented herein since all model com-
parisons are with respect to a 10 min. sampling time.

A total system error can be evaluated by considering the mean
deviation found for a set of measurements where a precalibrated gas
mixture is monitored. For a gas of 100 percent helium, the average mean
deviation from the TCGC was three 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 strengtﬁ
concentration is similar. The flow rate of the source gas was monitored
by Fischer-Porter flow meters which are accurate to 2 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 the dilution factor (égam will be a
mean deviation of about + 9 percent, whereas the worst cumulative
scenario suggests an error of no more than + 20 percent.

The lower limit of measurement (approximately 200 ppm) is imposed by

the instrument sensitivity and the background concentrations of helium in
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the air within the wind tunnel. Background concentrations were measured

and subtracted from all measurements quoted herein.

3.5 Velocity and Temperature Measurements

A schematic of the velocity and temperature sensor arrangement for
the wind tunnel tests is shown in Figure 3.5-1. The velocity probe is a
Datametrics Model 800-LV linearized hot-wire anemometer with a fange
capability of 0.03 to 5.1 m/s and an accuracy of 2 percent of the reading
or 0.03 m/s whichever is greatest. A calibration of the anemometer before

conducting the tests gave the following relation
u(m/s) = 5.91 R + 0.09

where R is the anemometer output reading.

The velocity probe was positioned upwind of the stack, a height of
0.2 m to set and monitor tunnel flow conditions. The same probe was
used to measure velocity profiles at the stack location. The probe was
attached to a vertically traversing carriage and average velocities
(60 sec) were obtained at incremental altitudes. The profiles for D,

E and F stability are shown in Figures 3.5-2, 3.5-3 and 3.5-4. The low
wind speed neutral velocity profiles show a nearly uniform velocity
distribution. The velocity power law relations over a height from 0.2
to 0.6 m‘are shown for E and F stability in the figures.

The temperature conditions in the wind tunnel were set using a
rack of twelve thermistors (positioned at incremental altitudes) placed
upwind of the stack. The rack was taken out of the tunnel once the
desired condition stabilized. Figure 3.5-4 shows the temperature

profiles obtained for E and F stability.
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4.0 RESULTS

4.1 Plume Rise

The assessment of the effects of e;it velocity and exit temperature
upon plume rise was completed using photographic techniques. A summary
of the variables for each case studied is presented in Tables 3.2-2,
3.2-3 and 3.2-4 for D, E and F stability, respectively. The results for

each stability class will be discussed separately.

® D-Stability

Photographs of the plume visualization are presented in Figures
4.1-1 through 4.1-4 for the four stack height wind speeds considered (2,
4, 8 and 16 m/s) and a 388°K eiit temperature. The photographs show an
increase in plume rise with increased exit velocity and an overall
decrease in plume rise with increased ambient wind speed.

From an analysis of the photographs, plume centerline trajectories
were plotted. Figure 4.1-5 shows the dependence of plume rise on exit
velocity for each ambient wind speed considered. The most significant
increase in plume rise occurs for the 16 m/s ambient wind case (Figure
4.1-5d). For the 12.5 m/s exit velocity, the plume rise is nearly zero
while the rise ranges from 20 to 60 m for the 30 m/s and 240 m/s exit
velocities, respectively.

The effect of exit temperature on plume rise is illustrated in
Figures 4.1-6 and 4.1-7 for a 30 and 60 m/s exit velocity. The figures
show a slight increase in plume rise with increased exit temperature.
However, for the range of downwind distances considered, the added plume

rise is small and within the range of experimental error.
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® E-Stability

The plume visualization photographs for this stability are shown in
Figures 4.1-8, 4.1-9 and 4.1-10 for 366, 388 and 422°K exit temperatures
and five exit velocities. A qualitative analysis shows an increase in
plume rise with exit velocity. The effect of exit temperature is
difficult to ascertain from the photographs due to the small changes
involved,

The plume centerline trajectories are plotted in Figures 4.1-11 and
4.2-12. Figure 4.1-11 shows the dependence of plume rise on .exit speed
for each exit temperature considered. In general, there seems to be
little change in plume rise with exit speeds of 12.5, 30 and 60 m/s.
However, with exit speeds of 120 and 240 m/s a significant increase in
plume rise is observed.

Figure 4.1-12 shows the dependence of plume rise on exit temperature
for a 30 and 60 m/s exit velocity. An insignificant change in plume
rise with exit temperature is observed for the range of downwind

distances considered.

@ F-Stability

Photographs of the plume visualization for this stability are
presented in Figures 4.1-13, 4.1-14 and 4.1-15 for the three exit
temperatures and five exit speeds considered. The expected result of
increased plume rise with exit speed is observed. The effect of exit
temperature is difficult to ascertain from the figures because of the
small changes.

Figure 4.1-16 shows the centerline plume trajectories versus exit
speed for each exit temperature considered. The results show no

significant increase in plume rise for exit speeds of 12.5, 30 and 60
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m/s. For exit speeds of 120 and 240 m/s a significant increase in
plume rise is observed,

Figure 4.1-17 shows the effect of exit temperature on plume rise
for the 30 and 60 m/s exit speeds. For the 30 m/s exit speed it appears
that a 422°K exit temperature gives approkimately 20 m of additional
rise over a 388°K exit temperature. The remaining results show little

change in plume rise with exit temperature.

The concentration data were analyzed to obtain peak concentration
values for each downwind distance and atmospheric condition studied. The
results of the analysis are presented in Tables 4.2-1, 4.2-2 and 4.2-3
for D, E and F stability, respectively. To quantitatively assess the
dependence of maximum centerline concentration on exit temperature and
exit velocity, the dilution (xu/Q)P was plotted versus downwind and
trajectory distance. The trajectory distance was computed from the
plume rise graphs in section 4.1. The plume travel distance (trajectory)
to each downwind location was obtained for each exit velocity and
temperature considered. The results of the analyses will be discussed

by Pasquill stability class.

® D-Stability

Figure 4.2-1 shows the maximum centerline dilution versus downwind
distance for ambient wind speeds of 4, 8 and 16 m/s, a 388°K exit
temperature and the five exit velocities considered. The velocity
used for calculating (xu/Q)p was the stack top wind velocity.

The figure shows that the dilution decreases with increased exit
velocity. The greatest decrease is for the high exit velocities

(120 and 240 m/s). This is to be e&pected since the plume travels



19

farther to each downwind location as the exit velocity increases. All
of the dilution values fall below the Pasquill D dilution curve. This
curve was obtained by using the Gaussian diffusion equation and tech-
niques outlined in Turner (1969). Relatively close to a stack one would
ekpect the observed dilution to be less than that predicted by using the
Gaussian model, That is because the model assumes a point source
emitted parallel to the wind whereas in reality the plume is emitted
perpendicular to the wind. Hence, a bent over plume results.

In order to correct for the point source effect, the plume travel
distance from the stack nozzle was calculated from the plume trajec-
tories discussed in section 4.1. Figure 4.2-2 shows the dilution
plotted versus plume trajectory distance. For all wind speeds con-
sidered the dilution values, when scaled in this manner, fall along the
Pasquill D curve. The best fit was observed for the 4 m/s case. The
best agreement for this case is to be expected, since the wind speed
was nearly uniform with height. Consequently, no error would be
introduced by using the stack top winds instead of the winds at plume

altitude.

® E-Stability

The plume centerline dilution versus distance for this stability is
shown in Figure 4.2-3. The trend of decreasing dilution with increased
exit velocity at a given downwind distance is evident. No consistent
change in dilution with exit temperature is apparent from the figures.
All of the dilution values tend to approach the Pasquill E curve as the
downwind distance increases.

To account for the point source effect, the dilution was plotted

versus trajectory distance. These plots are shown in Figure 4.2-4 for
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the exit temperatures and. speeds considered. The dilution values
scatter about the Pasquill E curve when plotted in this manner. This
indicates that increased exit velocity or exit temperature does not

affect plume dispersion.

® F-Stability

Figure 4.2-5 shows the plume centerline dilution versus distance
for this stability and the various wind speeds and temperatures
considered. Again, the trend of decreasing dilution with increased
exit speed is evident at downwind distances of 30 and 120 m. At 600 m
the dilution is nearly invarient with exit velocity. From the figure
no consistent variation with exit temperature is apparent.

Figure 4.2-6 shows the plot of dilution versus trajectory
distance. For this case all values scattered about a curve falling
below the Pasquill F curve but close to the Pasquill E curve. This may
be explained by referring to the Richardson number for this series of
data. The Richardson number for the F-stability data was 0.31 while
for the E-stability data it was 0.57. Thus, the F-case was actually
less stable than the E-case. Consequently, if Richardson number
were used to classify the stability instead of the lapse rate, both
the E and F cases would be classified as E-stability. The plots of

dilution versus trajectory distance also verify this comclusion.
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5.0 SUMMARY
The results of the wind tunnel study show qualitatively and
quantitatively the effect of exit temperature and exit velocity upon near
field (less than 600 m) plume rise and dispersion under various simulated
atmospheric conditions. The results can be summarized as follows.
® For ekit velocities of 12.5, 30.0 and 60.0 m/s, small changes in
plume rise were observed. A larger change in plume rise was
observed for the 120 and 240 m/s exit speeds.
® Exit temperature changes (366, 388 and 422°K) produced little
change in plume rise for the downwind distances considered.
® The plume centerline dilution (xu/Q) generally decreased with
increasing e;it velocity at downwind distances of 30 and 120 m.
The greatest decrease was observed for the 120 and 240 m/s exit
velocities.
® The dilution values, when plotted versus trajectory distance, fell
along the Pasquill D and E curves for the respective simulated
cases. The xu/Q values for the F-stability cases fell along the
Pasquill E curve, suggesting that lapse rate is not an effective
method for determining Pasquill category. The Richardson number

was more indicative of stability.
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Table 3.2-1 General Model and Prototype Parameters

..... Parameter...............Prototype.... . Model

1. Stack Height (h) 60.8 m 0.2 m

2. Volumetric 3 o
Emission Rate (V) 320 m™ /s 2.14 x 10 " m’/s

3. Ambient 3 3
Density (pa) 1.17 kg/m 1.17 kg/m

4, Viscosity -5 3 -5 248
of Air (va) 1.82 x 10 " kg m 1.82 x 10 " kgm "s

5. Ambient
Temperature (Ta) 293°K 293°K

6. Nozzle Height 8.57 m 2.86 cm

s .03 cm 1.14 x 104 cm

Roughness Length (z )
-]



Table 3.2-2 Model and Prototype Parameters for the Pasquill D Wind Tunnel Tests

Run # u.p Uy (Reb)p (Reb)m Y Ts Frm=p Rm=p u, DP Resm
(@/s)  (m/s) %) o @
1 2 .12 7.85 x 106 L5 x 103 .245 388 .29 6.25 12.5 5172 960
2 .45 15.0 30.0 3.69 1400
3 .64 30.0 60.0 2,61 1900
4 .91 60.0 120.0 1.83 2700
5 1.29 120.0 240.0 1.29 3800
6 31 422 .36 15.0 30.0 3.69 1400
7 .51 30.0 60.0 2.61 1900
8 .20 366 .55 15.0 30.0 3.69 1400
9 .78 30.0 60.0 2.61 1900
10 4 «23 1557 x 107 3 x 103 .245 388 1.28 3.75 12.5 5.72 960
11 1.81 7:'5 30.0 3.69 1400
12 2.56 15.0 60.0 2.61 1900
13 3.64 30.0 120.0 1.83 2700
14 5.17 60.0 240.0 1.29 3800
15 .31 422 1.43 735 30.0 3.69 1400
16 2,02 15.0 60.0 2.61 1900
17 .20 366 2.21 735 30.0 3.69 1400
18 3.13 15.0 60.0 2,61 1900

S¢



Table 3.2-2 (continued)
Run # up u (Reb)p (Reb)m Y Ts Frm=p Rml= p u, Dp Re 8
@/s)  (w/s) B e @ k
19 8 46 3,1x%100  sx10° .28 3% 5.1 1.88 2.5  sorpt W60
20 7.2 3.75 30.0 3.69 1400
21 10.2 7.50 60.0 2.61 1900
22 14.6 15.0 120.0 1.83 2700
23 20.7 30.0 240.0 1.29 3800
24 .31 422 5.71 3.75 30.0 3.69 1400
25 8.07 7.50 60.0 2.61 1900
26 .20 366 8.85 3.75 30.0 3.69 1400
$7 ' 12.51 7.50 60.0 2.61 1900
28 16 92  6.2x10° 1.2 x10 .245 388  20.4 ;78 .94 5.72 960
29. 28.9 '1.88 30.0 3.69 1400
30 40.9 3.75 60.0 2.61 1900
31 58.3 7.50 120.0 1.83 2700
32 82.7 15.0 240.0 1.29 3800
35 .31 422 22.8 1.88 30.0 3.69 1400
36 32.3 3.75 60.0 2.61 1900
37 .20 366  35.4 1.88 30.0 3.69 1400
38 50.1 3.75 60.0 2.61 1900

97



Table 3.2-3 Model and Prototype Parameters for the Pasquill E Wind Tunnel Tests

Run # Rim=p (2_6) u u (Reb)p (Reb)m Y Ts Frm=p Rm___p ug Dp (Re s)m
z’p P p
(°K/m) (m/s) (m/s) (°K) @/s) (m)

49 57 01 AN .34 2.3x10° 4.4x10° .20 366 3.1 2.1 12.5 571 375
50 4.8 5.1 30.0 3.69 1371
51 6.8 10.2 60.0 2.61 1940
52 9.7 20.3 120.0 1.83 2707
53 13.8 40.7 240.0 1.29 3825
54 L5 RS - 2.5 TR 12.5 5.72 875
55 ‘5.9 P51 30.0 3.69 1371
56 5.6 10.2 60.0 2.61 1940
57 7.9 20.3 120.0 1.83 2707
58 11.2  40.7 240.0 1.29 3825
59 31 422 2.0 oL 12.5 5.72 875
60 3.1 5.1 30.0 3.69 1371
61 4.4 10.2 60.0 2.61 1940
62 6.3 20.3 120.0 1.83 2707
63 8.9 40.7 240.0 1.29 3825

LZ



Table 3.2-4 Model and Prototype Parameters for the Pasquill F Wind Tunnel Tests

Run # Rim= p (2_:_ up u (Reb)p (Reb)m Y Tsp Frm=p Rm=p ug DP (Res)m
Ck/my @) @/s) (°K) @s) @
64 .31 .0y 297 .17 1.2x1¢’ 2.2x10° .20 366 .79 42 12.5 5.2 835
65 1.22 10.1 30.0 3.69 1371
66 1.72  20.2 60.0 2.61 1940
67 2.46  40.4 120.0 1.83 2707
68 3.49  80.8 240.0 1.29 3825
69 .245 388 .64 o 2505020 &%
70 1.00 10.1 30.0 3.69 1371
71 1.41  20.2 60.0 2.61 1940
72 2.01  40.4° 120.0 1.83 2707
73 2.85  80.8 240.0 1.29 3825
74 .51 w3z St 42 425 EN 87
75 .79  10.1 30.0 3.69 1371
76 1.11  20.2 60.0 2.61 1940
77 1.59 40.4 120.0 1.83 2707
78 2.25  80.8 240.0 1.29 3825

8¢



Table 4.2-1la. Summary of Concentration Measurement Results for the Pasquill D Wind Tunnel Tests

SOURCE STRENGTH OF PROTOTYPE = 215,00 (PPM)
SOQURCE STRENGTH OF MODEL = «33E+Ub6 (PPM)

WIND SPEED AT STACK TOP OF MOLFL = .23 (M/S)

WIND SPEED AT STACK TOP OF PROTOTYPE = 4,00 (M/S)
VELOCITY PROFILE POWER LAW EXPONENT = @00
CALIBRATION FACTOK = 2420.2 (PPM/MVS)

EXIT VELOCITY RUN NO. CISTANCE (M) CONCM CONCP DILUTION HGT MAX WIND SPEED
(M/S) DOwNwIND/ (PPMm) {(PPM) (M=2) (M3 AGL) (M/S)
TRAJECTORY

12,5 10
30,5 /7 11lu,0 38236,.91 25.15 «145E=02 95,27 40
122.0 7 260.0 12235,.81 8.05 +464E~-03 99,09 4.0

30,0 11 :

30,5 /7 170,0 3058Y,53 20el2 «116E-02 95,27 4.0
122.0 7 340.0 12331.40 .8.1} «468E=03 121,95 4.0

60,0 12
30.5 /7 250.0 200/74,38 13.20 s 762E-03 110,52 4.0
122,0 /7 430,0 8698,90 5.72 +330€E-03 144,82 4.0

120.0 13
30.5 7 320,0 13996,47 9.18 +530E-03 129,57 4.0
122.0 7 570,0 5831,13 3.8¢ «221E-03 163,87 4.0

240,0 14
30.5 7 390.,0 9750,41 6.41 «370E~03 160,06 4.0

122,0 /7 690,0 3967,08 2461 «151E=-03 163.87 4,0

62



Table 4.2-1b. Summary of Concentration Measurement Results for the Pasquill D Wind Tunnel Tests

SOURCE STRENGTH OF PROTOTYPE = 385,00 (FPM)
SOURCE STRENGTH OF MODEL =  .33E+06 (PPM)
WIND SPEED AT STACK TOP OF MODEL = .46 (M/S)
WIND SPEED AT STACK TOP OF PROTOTYPE = 4,00 (M/S)
VELOCITY PROFILE POWER LAW EXPONENT = 00
CALIBRATION FACTOR =  2426.2 (PPM/MVS)
EXIT VELOCITY RUN NO. DISTANCE (M) CONCM
(M/S) DOWNWIND/ (PPM)
< TRAJECTORY
12.5 19 )
30.5 / 60,0 40148, 76
122.0 7 180,0 13850 .88
610,0 / 710.0 2198.62
30.0 i 20
30.5 / 110.0 3536Y.14
122.0 7 220,0 13765.29
610.0 7 730.0 1816.25
6040 .21
30.5 / 150,0 28677,68
122.0 7 260.0 12331,.,40
610,0 / 800,0 2342,01
120.0 22
30,57/ 220,0 15103.58
122.0 /7 340.0 7073,83
610,0 / B60.0 2819,97
240.0 23
30.5 / 26040 10993.11
122.0 /7 420,0 4B879.21
610,0 /7 9200 1290.50

CONCP
(PPM)

26441
9el2
145

23.26

9.05 -

le19

18.86
8.11
1le54

9.93
4.65
1.85

7.23
3.21
«85

«305E~02
«105€-02
«167E=03

«269E-02
«105€=02
«138E-03

«218E-02
«936E-03
«178E-03

«115€=02
«S3TE-03
«214E=03

«835E-03
«370E~-03
«980E~04

HGT MAX
(MsAGL)

76.22
80,03
124.81

91.46
99,09
101.94

91.46
106,71
115.28

114,33
114,33
139.10

121.95
137.20
150,06

WIND SPEED
(M/S)

8.0
8,0
8.0

0¢



Table 4.2-1c. Summary of Concentration Measurement Results for the Pasquill D Wind Tunnel Tests

SOURCE STRFNGTH OF PROTOTYPF = 385,00 (PPM)

SOURCE STRENGTH OF MODEL = «A3E+06 (PPM)
WIND SPEED AT STACK TOP OF MODEL = .92 (M/S)
16,00 (M/S)

WIND SPEED AT STACK TOP OF PHOTUTYPE
VELOCITY PROFILE POWER LAW EXPONENT

EXIT vekbcxrv RUN NO.
(M/5)

#00
CALIBRATICN FACTOR = 2426.2 (PPM/NVS)

DISTANCE (M)
DOwWNW NI/

TRAJECTORY

12.5 T
30,5

/

122.0 7/
610,0 7

30.0 29

30.5 7/
122.,0 7/

610.0
60,0 30

30,5 7/
122.0 7
610.0 /

120.0 31
30.5

122.0 7

610.0
240,90 32

30,5 7
122.0 7

610.0

40,0
130.,0
630,0

60.0
130.0
695V,0

80,0
180,0
080,0

130,0
220,0
730.0

160.0
200,0
780,0

CONCM
(PPM)

40148,76
y937,.,88
1609,99

35847.10
11767.,41
1395,65

30035,09
11557,.11
1338,29

18544 ,90
8230,50

1228,36

11471.07
SY93.64
YH5 w2

CONCP
(PPM)

26.‘1
S5.88
«93

23.58

TeT4
«92

19.75
7.60
«88

12.20
Se4l
81

Te54
3.94
«63

«610E~02
e 136E~02
«214E-03

«544E~02
«179E~02
«212E-03

«456E~02
«175E=02
«203€E-03

«282E~02
«125€-02
«187E-03

«174E=02
e910E-03
«145E-03

HGT MAX

(M AGL)

64.79
SS5.26,
60.98

76.22
76,22
80.03

83.84
87,65
100.99

91.46
95.27
106,33

102,90
99,09
100,51

WIND SPEED
(M/S)

16.0
16.0
16,0

1640
16,0
16,0

16,0
16.0
16.0

16.0
16.0 *
16,0

16.0
16.0
16.0

1€



Table 4.2-2a. Summary of Concentration Measurement Results for the Pasquill E Wind Tunnel Tests

SOURCE STRENGTH OF PROTOTYPE =  35%.00 {(PiPm)
SOURCE STRENGTH OF MONEL =  .23F+0h (PPN)

WIND SPEED AT STACK TOP OF MDDEL = .34 (M/S)

WIND SPEED AT STACK TOP OF PRUTOTYPE = %,%3 (M/S)
VELOCITY PROFILE POWER LAw EXPONENT = .27
CALIBRATION FACTOR =  2387.2 (PPM/MVS)

EXIT VELOCITY RUN NO. DISTANCE (M) CONCM CONCP
(M/S), VOWNWIND/ (PPM) (PPM)
TRAJECTORY
12.5 49 j

30.5 /7 90,0 35804,00 33.69
122.0 7 230.0 18717.76 Te4l
610.0 7 830.0 " 1312.96 l.24

30.0 i 50
3U.5 7 160.0 26730,64 25.16

122.0 7 300.0 8116,48 Tebd

0lU.0 / B0ULO 1193,60 l.12

60,0 51
) 30.5 7 190,0 30285,44 34.14
122.0 7 300,0 71639,U4 7.19
610.0 /7 875,0 1193.60 1.12

120.0 52
30,5 /7 275.0 10981,12 10.33
122.0 7 430,0 4T74,40 4,49
610.0 / 960,0 107424 1.01

240.0 53
30.5 /7 360,0 " 8993,92 8409
122.0 /7 520,0 2984,00 2.81
610.0 /1060,0 495,20 o84

«306E-02
«765€-03
«135E~03

e 243E-02
o TT4E~03
»125€-03

¢333E~-02
«729E-03
«125€=-03

«107E-02
s47BE=-03
«118E-03

+855€~-03
«306E=-03
«103€E-03

HGT MAX
(Ms AGL)

76.22
121.95
152.44

95.27
114,33
160,06

99,09
114,33
163,87

123,86
137,20
194,36

133.38
148,63
224,85

WIND SPEED
(M/5)

6.3
Tel

7.6

6.7
7.0
7.7

6.8
7.0
Te7
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Table 4.2-2b. Summary of Concentration Measurement Results for the Pasquill E Wind Tunnel Tests

SOURCE STRFNGTH OF PROTOTYPE = 389,00 (FPM)
SOURCE STRENGTH OF MODEL = o P9E+06 (PPM)

WIND SPEED AT STACK TOP OF MODEL = .46 (M/S)

WIND SPEED AT STACv TOP OF PNOTOTYPE = 5.93 (M/S)
VELOCITY PROFILE POWER LAW EXPONENT = ,27

CALIBRATION FACTOR =  2387.2 (PPM/MVS)
EXIT VELOCITY RUN NO. DISTANCE (M) CONCM ConCP DILUTION HGT MAX WIND S
(M/S) DOWNW IND/ (PPM) (PPH) (M=2) (MsAGL) (M/S
TRAJECTOKRY

12.5 . sS4
30,5 /7 90,0 34283.30 25458 «236E-02 80,03 6e4
122.0 / 240.0  13459.37 10.06 <959E=-03 91.46 6.6
610.0 / 830.0 1881.11 1440 <1526-03 144,82 7.5

30.0 ss
30,5 7 135,0 29157.¢6 21.76 «217€E=02 106,71 6.9
122.0 7 290.0 14860,80 11.09 «113E-02 118.14 ' 7.1
610.0 / 860.0 1891.11 1440 «152E-03 144,82 7.5

60.0 56
30,5 / 210.0 25089, 35 18.72 «1926-02 118.14 7.1
122.0 7 335.0 11662.90 8.70 <898E-03 121.95 7.1
610.0 / 835,0 2398,42 1.79 +207E-03 186,74 8.0

120.0 57
30.5 /7 250,0 126426.76 9e27 <980E=03 133.38 7.3
122.0 7 390,0 72642429 5440 «ST1E=03 133,38 7.3
©10.0 / 950.0 1598,95 1419 .142€-03 205,79 8.2

240,0 s8
30.5 / 300,0 8239.28 6415 «645E-03 129,57 7.3
122.0 7 500.0 4232.51 3.16 «341E-03 144,82 7.5

610,0 /71060,0 1363.81 . le02 «121E-03 205,79 8.2

¢e



Table 4.2-2c. Summary of Concentration Measurement Results for the Pasquill E Wind Tunnel Tests

SOURCE STRENGTH OF PROTOTYPE =  J89,U0 (HPM)
SOURCE STRENGTH OF MODEL =  .36F+06 (PPM)
WIND SPEED AT STaCk TOP OF MODEL = .34 (M/S)
WIND SPEED AT STACK TOP OF PROTOTYPE = 5,93 (M/S)
VELOCITY PROFILE POWER LAw EXPONENT = .27
CALIBRATION FACTOR =  2387.2 (PPM/MVS)
EITUSECITY N Ne. opimctu o GaER GNT WMV LAl Mg
TRAJECTORY » s s
12.5 59
30.5 / 100.0 31511.ve 18,94 «170E-02 72.41 6.2
122,0 7 240.0  12613.44 746 o 72BE-03 99,09 6.8
61U.0 / 836.0 2029.12 1.22 +137E-03 167.68 - 7.8
30.0 60
30.5 /7 170.0 15278.08 9.18 «856E=03 83.84 6.5
122.0 7 310.0 15278.08 9.18 «Y31E-03 116,33 7.0
010,0 7/ 870.0 2664.04 1.72 «194E-03 167,68 7.8
60,0 61 . .
3U.5 / 1H0.0 30556,.46 18637 «17SE-02 91.46 6.6
122.0 7 330.0 11458.56 6.89 »T11E=03 121,95 T.1
610.0 / 840.0 3103,.36 1.87 «212€E-03 175.30 7.9
120.0 62
30,5 /7 235.0 17187.84 10.33 «109E=02 114,33 7.0
122.0 /7 42040 7161.60 4,31 «451E=03 129.57 7.3
61U,0 /7 990.0 1790.40 1.08 «125€-03 186.74 8.0
260.0 8 63
30,5 7/ 300,0 14323,20 8.61 «9U3E=-03 129.57 7.3
122.0 / 985,0 5251,.84 3.16 «346E=03 152,44 Te6

610,00 71045,0 1432.32 «86 e 104E=03 219.51 8.4

ve



Table 4.2-3a. Summary of Concentration Measurement Results for the Pasquill F Wind Tunnel Tests

SOURCE STRENGTH OF PROTOTYPE = 385,00 (PFM)
SOURCE STRENGTH OF MODEL =  +73E+06 (PPM)
WIND SPEEC AT STACK TOP OF MODFL = 17 (M/S)
WIND SPEED AT STACK TOP OF PRUTOTYPE =
VELOCITY PROFILE POWER LAW EXPONENT = .43
CALIBRATION FACTOR =  3519,2 (PPM/MVS)
EXIT VELOCITY RUN NO. DISTANCE (M)
(M/S) DOWNWIND/
1RAJECTORY
12,5 B-Y )
30.5 /7 90,0
122.0 7 210.0
610.0 7/ 690,0
30.0 65
30.5 7 160.0
122.0 7 27040
610,0 7/ 780.0
60,0 &6 ’
305 /7 90.0
122.0 7 325.0
61U.0 / 830.0
120.0 67
30.5 /7 265,0
122.0 / «20,0
61U,V 7 %30,0
2400 68
30.% 7 300,0
. 122.0 7/ 480.,0
610,0 /1000.0

2497 (M/S)

CONCM
(PPM)

33277.96
10191.25
221l8,50

2T7131.,30
11785,80
2426049

19550.56
10670,55
2357.16

10399,24
6378,20
- 1663.88

10260,58
4367,68
1594,55

CONCP
(PPM)

31.26
Yeb7
2.08

26.05
11.07
2.28

18.36
10,03
2.21

9.77
5.99
l.56

Y.64
4010
150

TION
2)

DILUV
(M-
«174E~-02

«ST4E~03
«12%E~03

¢ 156E=02
«732E~03
«160E-03

«125E=-02
o T24E-03
+186E-03

o TUSE=03
«503E-03
¢ 143E-03

«B809E=-03
e 368E~-03
0.

HGT MaX
(MeAGL)

83,84
91,46
91.46

91.46
102,90
110,52

106,71
114,33
137,20

114,33
137.20
152.44

137.20
148,63
0,00

WIND SPEED
(M/5)

4.2
4.6
‘.9

407
5.0
5.8

S.0
S.8
64

S.8
6.2
0.0

SE



Table 4.2-3b. Summary of Concentration Measurement Results for the Pasquill F Wind Tunnel Tests

SOURCE STRENGTH OF PROTOTYPE = 385,00 (PPM)
SOURCE STRENGTH OF MODEL =  .29E406 (PPM)

WIND SPEED AT STACK TOP OF MODEL = .17 (M/S)

WIND SPEED AT STaCk TOP OF PRUTOTYPE = 2,97 (M/S)
VELOCITY PROFILE POWER LAw EXPONENT = .83
CALIBRATION FACTOR =  3519,2 (PPM/MVS)

SUReT O EREE queme T ome s  SuGov grgd gl
TRAJECTORY 3 .
12.5 69
30.5 7/ 0.0 65164,55 48.55 C2T1E-02 83.84 3.9
. 122.0 / 200.0 15113.56 11.26 <6526-03 87.65 4.0
‘ 610,0 / 60,0  3397.08 2.53 «173e-03 106471 4.7
30.0 70
30.5 /7 140.0 61702,13 45,97 «276E=~02 91.46 4,2
122.0 7 260,0 1764.16 5.78' «394E=03 106.71 4.7
610,0 / 780,0 3605.07 2.69 «194E=~03 114.33 5.0
60.0 71
30,5 /7 190,0 45756,64 34.09 <219E=02 99.09 4c4
122.0 7 300,0 15806, 84 11.78 +850E-03 114.33 5.0
610,0 /7 830,0 3605,07 2.69 «205E-03 121.95 5.3
120.0 72
30.5 / 260,0 27038,01 20.14 e 1a5E=02 114.33 5.0
122.0 7 390,0 8135,.36 6451 «S4TE=03 137.20 5.8
610,0 7 9lu,0 2634,47 1.96 «198E-03 171,49 7.0
240.0 73
30.5 / 380,0 '14697,59 10,95 +920E=03 137.20 5.8
122.0 7 470,0 6239,.54 4,65 *»426E=-03 152,44 6.4

610,0 7/ 960,0 1802,93 1.34 'H 0.00 0,0

9¢



Table 4.2-3c. Summary of Concentration Measurement Results for the Pasquill F Wind Tunnel Tests

SOURCE STRENGTH OF FKOTOTYPE =  3b85,00 (PPM)
SOURCE STRENGTH OF MODEL = «3hE+l0 (FPM)

WIND SPEED AT STACK TOP OF MODEL = .17 (M/S)

WIND SPEED AT STACK TOP OF PROTOTYPE = 2.97 (M/S)
VELOCITY PROFILE POWER LAW EXPONENT = .83
CALIBRATION FACTOR = 3519,2 (PPM/MVYS)

EXIT VELOCITY RUN NO. PISTANCE (M) CONCM CONCP DILUTION HGT MAX WIND SPEED
(M/S) DOWNWIND/ (PPM) {PPM) (M=2) (M9 AGL) (H/S)
TRAVECTORY
12.5 16
' 30,5 7/ T0.0 ¥1499,20 54.91 «283E-02 76.22 3.6
122.0 7 210,0 C 1220117 T.32 «424E~03 87.65 4.0
610.0 7 740,0 1802.53 1.08 «T3TE-04 106,71 T 4.7
30.0 75
30.5 7 158.0 55462459 33.29 °  .200€-02 91,46 4.2
122.,0 7 295.0 15529,.53 9.32 «635E~03 106,71 &1
610.0 /7 820.0 1871,.86 1.12 «Bl11E-04 114,33 5.0
60,0 76
30,5 7 200.0 39517440 23.72 «152€E-02 99,09 44
122.0 7 330.0 13372.96 8.03 «5T9E-03 114,33 5.0
610,0 7/ 840,0 2019,85 1.25 «112€-03 148,63 6.2
120.0 77
30,5 /7 250.0 22878.32 13.73 «991E~03 114,33 5.0
122.0 7 400,0 9359,31 5.62 «428E-03 121.95 5.3
610,0 7 900,0 2079.85 1.29 »131€~03 179,12 7.3
240,0 18 :
30.% 7 300.0 20798,47 12.48 «926E-03 118,16 Sel
122,0 7 460.0 9779.28 5.87 «4TOE=03 129.57 Se6

610,0 7 980.0 1,27 ’-13 e616E=-04 198,17 7.9

LS
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Figure 3.2-1. Photograph of model stack with the five
nozzle attachments.
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Figure 3.5-2. Velocity Profiles for Neutral Conditions
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Figure 3.5-3. Velocity Profiles for E-stability
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Figure 4.1-1. Plume visualization for neutral
stability, a stack height wind speed
of 2 m/s, a 388°K exit temperature, and
®xit velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.




Plume visualization for neutral

stability, a stack height wind speed

of 4 m/s, a 388°K exit temperature, and
exit velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.



Plume visualization for neutral
stability, a stack height wind speed
of -8 m/s, a 388°K exit temperature,
and exit velocities of a) 12.5 m/s,
b) 30 m/s, c¢) 60 m/s, d) 120 m/s and
e) 240 m/s.



Figure 4.1-4.

Plume visualization for neutral stability,
a stack height wind speed of 16 m/s, a
388°K exit temperature, and exit velocities
of a) 12.5 m/s, b) 30 m/s, c) 60 m/s,

d) 120 m/s and e) 240 m/s.
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Figure 4.1-5a. Plume Centerline Trajectories for
D-stability, a 388°K Exit Temperature,
Various Exit Velocities and a Stack
Height Wind Speed of 2 m/s
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Figure 4.1-5b. Plume Centerline Trajectories for
D-stability, a 388°K Exit Temperature,
Various Exit Velocities and a Stack
Height Wind Speed of 4 m/s
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Figure 4.1-5d. Plume Centerline Trajectories for
D-stability, a 388°K Exit Temperature
Various Exit Velocities and a Stack
Height Wind Speed of 8 m/s
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Figure 4.1-6a. Plume Centerline Trajectories for
D-stability, a 30 m/s Exit Velocity,
Three Exit Temperatures and a Stack
Height Wind Speed of 2 m/s
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Figure 4.1-6b. Plume Centerline Trajectories for
D-stability, a 30 m/s Exit Velocity,
Three Exit Temperatures and a Stack
Height Wind Speed of 8 m/s
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Figure 4.1-7a. Plume Centerline Trajectories for
D-stability, a 60 m/s Exit Velocity,
Three Exit Temperatures and a Stack
Height Wind Speed of 2 m/s
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Figure 4.1-7b. Plume Centerline Trajectories for
D-stability, a 60 m/s Exit Velocity,
Three Exit Temperatures and a Stack
Height Wind Speed of 8 m/s



Figure 4.1-8.

Plume visualization for E-stability,
a stack height wind speed of 5.9 m/s,
a 366°K exit temperature, and exit
velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.



Figure 4.1-9.

Plume visualization for E-stability,
a stack height wind speed of 5.9 m/s,
a 388°K exit temperature, and exit
velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.



Figure 4.1-10.

Plume visualization for E-stability,
a stack height wind speed of 5.9 m/s,
a 422°K exit temperature, and exit

velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.
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Figure 4.1-11a.

Plume Centerline Trajectories for
E-stability, a Stack Height Wind
Speed of 5.9 m/s, Various Exit
Velocities and an Exit Temperature
of 366°K
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Figure 4.1-11b.

Plume Centerline Trajectories for
E-stability, a Stack Height Wind
Speed of 5.9 m/s, Various Exit
Velocities and an Exit Temperature
of 388°K
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Figure 4.1412a.

Plume Centerline Trajectories forxr
E-stability, a Stack Height Wind
Speed of 5.9 m/s, Three Exit
Temperatures and an Exit Velocity
of 30 m/s.
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Figure 4.1-13.
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Plume visualization for F-stability,
a stack height wind speed of 3.0 m/s,
a 366°K exit temperature, and exit
velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.




Figure 4.1-14.

Plume visualization for F-stability,
a stack height wind speed of 3.0 m/s,
a 388°K exit temperature, and exit

velocities of a) 12.5 m/s, b) 30 m/s,
c) 60 m/s, d) 120 m/s and e) 240 m/s.



Plume visualization for F-stability, .
a stack height wind speed of 3.0 m/s,
a 422°K exit temperature, and exit

velocities of a) 12.5 m/s, b) 30 m/s,
¢) 60 m/s, d) 120 m/s and e) 240 m/s.
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Figure 4.1716b.

Plume Centerline Trajectories for
F-stability, a Stack Height Wind
Speed of 3.0 m/s, Various Exit
Velocities and an Exit Temperature
of 388°K
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Figure 4.1-17a. Plume Centerline Trajectories for
F-stability, a Stack Height Wind
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