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The objective of this study is to physically model, at 
a reduced scale, the plant stack and proposed cooling 
tower plumes for a reactor complex typical to those at 
the Savannah River Project for a combination of different 
wind speeds, wind directions, and atmospheric stabilities. 

Visual and concentration data on both the cooling tower 
and plant stack plumes were obtained for sixty-four dif-
ferent run conditions. For neutral atmospheric stability, 
eight different wind directions were studied at each of 
four different wind speeds (4,6,8 and 10 m/s). For stable 
atmospheric stability, eight different wind directions 
were examined at each of two different wind speeds (4 
and 6 m/s). For unstable atmospheric stability, eight 
different wind directions were considered at each of two 
different wind speeds (4 and 6 m/s). 

A small scale model (1:400) of the nuclear power plant 
complex and proposed cooling tower was constructed and 
placed within a wind tunnel capable of simulating the 
turbulent character of the atmospheric surface winds. 
Simulate gases were released at their properly-scaled 
values from the cooling tower and plant stack models. 
Still photographs and video motion pictures were taken 
when these plumes were made visible with smoke. Hydro-
carbon tracers in the plumes were measured at forty-
eight different locations downwind of the power plant 
complex. 
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1.0 INTRODUCTION 

The primary objective of this study was to assist the Savannah 

River Meteorological Group in the determination of environmental impact 

due to the installation of a Markley type circular mechanical draft 

cooling tower at the Savannah River Site. The potential for cooling 

tower plume environment impact is reviewed in the Savannah River Report, 

Environmental Effects of Cooling Towers at SRP, DPST-83-432. It was 

stated that the primary concern, which needed further investigation, was 

the potential for the cooling tower plume to produce ground level fog-

ging and icing near the vicinity of the plant site. To assist the SRL 

Meteorological Group in the prediction of fogging and icing events, a 

physical modeling study (wind tunnel simulation) of the proposed cooling 

tower plume was performed. The secondary objective of this study was to 

obtain model data on the structure of the plume exiting the reactor 

complex's main stack as it interacted with the cooling tower plume and 

complex buildings. 

A 1:400 reduced scale model of the Savannah River reactor plant 

complex, offices and proposed cooling tower were constructed and placed 

within the Meteorological Wind Tunnel facility at Colorado State Univer-

sity. Cooling tower and plant stack plume concentrations were measured 

for sixty-four different approach flow wind conditionsµ combinations of 

four wind speeds, eight wind directions, and stable, unstable and neu-

tral atmospheric stabilities. 

Section 2.0 discusses the physics of modeling plumes at reduced 

scalesµ Section 3.0 describes the data acquisition technique used to 

perform this studyµ Section 4.0 lists the test program resultsµ and Sec-

tion 5.0 is a discussion of selected data. 
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2. o MODELING OF PLUME DISPERSION 

A predictive model for a specific plume dispersion problem requires 

arranging the pertinent physical variables and parameters into a logical 

expression that determines their interrelationships. This task is 

acheived implicitly for processes occurring in the atmospheric boundary 

layer by formulating the conservation equations for mass, momentum, and 

energy. These equations, together with site and souce conditions and 

associated constitutive relations, describe the actual physical interre-

lationship between the various independent (space and time) and depen-

dent (velocity, temperature, pressure, density, concentration, etc.) 

variables. 

These generalized conservation statements are too complex to be 

solved accurately by present analytical or numerical techniques. It is 

also impossible to create a physical model at a reduced geometric scale 

for which exact similarity exists for all the dependent variables over 

all the scales of motion present in the atmosphere. Thus, one must 

resort to various degrees of approximation to obtain a predictive model. 

At present purely analytical or numerical solutions of plume dispersion 

are unavailable because of the classical problem of turbulent closure 

(Hinze, 1975). Alternative techniques rely heavily upon empirical 

input from observed or physically modeled data. The empirical-

analytical-numerical solutions have been combined into several different 

predictive approaches (Pasquill, 1974). The estimates of dispersion by 

these approaches are often crude; hence, they should only be used when 

the approach and site terrain are uniform and without obstacles. 

Boundary-layer wind tunnels are capable of accurately modeling plume 

processes in the atmosphere under certain restrictions. Snyder (1981) 

discusses, in detail, requirements for wind-tunnel simulation of plume 
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dispersion in atmospheric shear layers. These restrictions are reviewed 

briefly in the next few sections. 

2.1 PHYSICAL MODELING OF THE ATMOSPHERIC BOUNDARY LAYER 

The atmospheric boundary layer is that portion of the atmosphere 

extending from ground level to a height of approximately 1000 meters 

within which the major exchanges of mass, momentum, and heat occur. 

This region of the atmosphere is described mathematically by statements 

of conservation of mass, momentum, and energy {Cermak, 1971). The 

mathematical requirements for rigid laboratory-atmospheric-flow similar-

ity may be obtained by fractional analysis of these governing equations 

{Kline, 196 5) . This methodology is accomplished by scaling the per-

tinent dependent and independent variables and then casting the equa-

tions into dimensionless form by dividing by one of the coefficients 

{the inertial terms in this case). Performing these operations on such 

dimensional equations yields dimensionless parameters commonly known as: 

Reynolds number Re = {UL/ v ) 

Bulk Richardson Ri [g { D. T) /T) (L/U2 ) 
number 

Rossby number Ro (U/L ll) 

Prandtl number Pr [ v I< K/ p c )] p 

Eckert number Ee [U2/C { D. T)] p 

] 

Inertial Force 
Viscous Force 

Gravitational Force 
Inertial Force 

Inertial_For~ 

Corio! is Force 

Viscous Diffusivity 
Thermal Diffusivity 
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For exact similarity between different flows which are described by 

the same set of equations, each of these dimensionless parameters must 

be equal for both flow systems. In addition to this requirement, there 

must be similarity between the surface-boundary conditions and the 

approach flow wind field. 

Surface-boundary condition similarity requires equivalence of the 

following features: 

a. Surface-roughness distributions, 

b. Topographic relief, and 

c. Surface-temperature distribution. 

If all the foregoing requirements are met simultaneously, all 

atmospheric scales of motion ranging from micro to mesoscale could be 

simulated within the same flow field (Cermak, 1975). However, all of 

the requirements cannot be satisfied simultaneously by existing labora-

tory facilities; thus, a partial or approximate simulation must be used. 

This limitation requires that atmospheric simulation for a particular 

wind-engineering application be designed to simulate most accurately 

those scales of motion which are of greatest significance for the given 

application. 

2.1.1 Partial Simulation of the Atmospheric Boundary Layer 

For the specific case of the near-field dispersion of a cooling 

tower plume, several of the aforementioned parameters are unnecessarily 

restrictive and may be relaxed without causing a significant effect on 

the resultant concentration field. The Rossby number magnitude controls 

the extent to which the mean wind direction changes with height. The 

effect of coriolis-force-driven lateral wind shear on plume dispersion 
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is only significant when the plume height is of the same order of magni-

tude as the boundary layer height. The Eckert number (in air Ee = 0.4 

Ma 2 (T I AT ) , where Ma is the .Mach nun1ber) is the ratio of energy dis si-r r 

pation to the convection of energy. In both the atmosphere and the 

laboratory flow the wind velocities and temperature differences are such 

that the Eckert number is very small; hence, it is neglected. Prandtl 

number equality guarantees equivalent rates of momentum and heat tran-

sport. Since air is the working fluid in both the atmosphere and the 

laboratory Prandtl number equality is always maintained. 

The Richardson number (Ri) and Reynolds number (Re) determine the 

kinematic and dynamic structure of turbulent flow within a boundary 

layer (Hinze, 1975). This influence is apparent in the variations that 

occur in the spectral distribution of turbulent kinetic energies with 

changing Ri (Figure 1) and changing Re (Figure 2). 

Richardson numbers characteristic of non-neutrally stable condi-

tions can be obtained in wind tunnel facilities that control air and 

floor temperatures. Figure 1 displays the influence of stratification 

on the turbulent structure in the atmospheric boundary layer (Kaimal, et 

al., 1972). Unstable conditions cause the energy of large scale flue-

tuations to increase and stable conditions cause the energy of large 

scale fluctuations to decrease. 

Re equality implies u = (L /L )u • m p m p Re equality at a signifi-

cantly reduced length scale would cause the model flow velocity to be 

above sonic; hence, its equality must be distorted. Figure 2 shows that 

a reduced Re changes only the higher frequency portion of an Eulerian 

type description of the spectral energy distribution. 
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Unfortunately there is no precise definition as to which portion of an 

Eulerian spectrum is dominant in given dispersion application. 

Most investigators use a minimum Re requirement, i.e., 

Re= u*z
0

/ V( 2.5, where u*, the friction velocity, and z
0

, the rough-

ness length, are derived from a log-linear fit to a measured mean velo-

city profile. The value 2.5 is an empirically determined constant. At 

Re below 2.5 it is observed that the mean velocity profiles in tur-

bulent pipe flow lose similarity in shape and deviate from the universal 

curve of a rough wall turbulent boundary layer (Schlichting, 1968). For 

Re above 2.5 it is observed that the surface drag coefficient (and thus 

the normalized mean velocity profile) is invariant with respect to 

increasing Re. For Re between 0.11 and 2.5 the velocity profiles are 

characteristic of smooth wall turbulent boundary layers, and for values 

below 0.11 the growth of a laminar sublayer on the wall is observed to 

increase with decreasing Re. 

Extrapolation of results from pipe flow measurements to flat plate 

boundary layers may cause a shift in the magnitude of the minimum Re 

requirement, but it is generally felt that this shift is small (Hinze, 

1975 and Schlichting, 1968). Precise similarity in the universal form 

of mean wind shear may be necessary for invariance with respect to the 

surface drag coefficient, but this does not necessitate that precise 

similarity must exist for the invariance of passive dispersion. It is 

the distribution of turbulent velocities which has the greatest effect 

on dispersion. It is the mean wind shear, however, which generates the 

turbulent velocities. It is possible that the specification of a 

miniumum Re of 2.5 is overly conservative. The criteria, Re ) 2.5, 
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for example, is not applicable for flow over complex terrain or building 

clusters. 

To define the lower limit of Re for which turbulent dispersion is 

invariant in a particular model setting, the investigator should perform 

several passive plume releases at decreasing wind speeds (decreasing 

Re). The source strength corrected concentration fields (see Section 

2.2.1) of the Re invariant plumes will all display a similar struc-

ture. The minimum acceptable Re is the lower limit of this class of 

similar plumes. At Re below this value the proper portion of the 

spectral energy distribution is not simulated. 

Halitsky (1969) reported such tests performed for dispersion in the 

vicinity of a cube placed in a near uniform flow field. He found that 

for Re invariance of the concentration distributions over the cube 

surface and downwind the Re magnitude (based on H, the height of the 

cube and uH, the velocity at H) must exceed 11,000. 

2.2 PHYSICAL MODEL OF PLUME MOTION 

In addition to modeling the turbulent structure of the atmosphere 

in the vicinity of a test site it is necessary to properly scale the 

plume source conditions. One approach would be to follow the methodol-

ogy used in Section 2.1, i.e., writing the conservation statements for 

the combined flow system followed by fractional analysis to find the 

governing parameters. An alternative approach, the one which will be 

used here, is that of similitude (Kline, 1965). The method of simili-

tude obtains scaling parameters by reasoning that the mass ratios, force 

ratios, energy ratios, and property ratios should be equal for both 

model and prototype. When one considers the dynamics of gaseous plume 
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behavior the following nondimensional parameters of importance are iden-

* tified. 

* 

Mass Flux Ratio (M) mass flow of plume [,:u·,:2] @ 
source 

effective mass flow of air 

Momentum Flux Ratio (F) 

Densimetric Froude 
No. relative to the 
inertia of air (Fr) 

Densimetric Froude No. 
relative to inertia 
of the plume CFr

5
) 

p w2A 
inertia of plume = :..JLJL.& = 

effective inertia of air u2 
pa aAa 

effective inertia of air 
buoyancy of plume 

inertia of plume 
buoyancy of plume 

Flux Froude No. (Fr) = momentum flux of air 
buoyancy momentum flux of plume 

Volume Flux Ratio (V) volume flow of plume = ~ = 
effective volume flow of air U A a a 

[ .:~:. ] @ 
source 

@ 
source 

@ 
source 

a 

[ 
tf L ] 

@ 
source 

The scaling of plume Reynolds number is also a significant parameter. 
Its effects are invariant over a large range. This makes it 
possible to accurately model its influence by maintaining model 
tests above a minimum plume Reynolds number requirement. 
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It is necessary to maintain equality of the plume's specific grav-

ity, pg/pa, over the plume's entire lifetime to obtain simultaneous 

simulation of all of these parameters. Unfortunately a requirement 

for equality of the plume gas specific gravity leads to several compli-

cations in practice. These are: 

1) Equality of the source gas specific gravity between a model and 
its atmosphjf~c equivalent leads to a wind speed scaling of 
um = (L /L ) u • For a significant range of atmospheric wind 
speeds mth~s refationship leads to wind-tunnel speeds at which 
there is a possible loss of the Reynolds number invariance in 
the approach flow. 

2) A thermal plume in the atmosphere is frequently simulated in 
the laboratory by an isothermal plume formed from a gas of 
appropriate molecular weight. Under certain situations of 
specific heat capacity mismatch, this practice will lead to a 
variation of the equality of plume density as the plume mixes 
with air. 

It is important to examine each modeling situation and decide if an 

approximation to complete plume behavior may be employed without a 

significant loss in the similarity of the modeled plume structure. 

2.2.1 Concentration Scaling Theory 

Most plume studies measure the concentration magnitudes at dis-

tances far downwind from the source. In the limit as concentrations 

approach zero, the conventional concentration scaling laws for 

steady state plumes are appropriate. The form of this expression 

is: 

T 
K(x) =Xu L2 /(_.!!.)Q 

H T s 

where Ta and Ts are the temperatures of the ambient air and the 
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source gas respectively. Q in this expression is the total source 

gas flow rate evaluated at source conditions. When modeling the 

plume at a reduced scale the function K(x) is determined by exper-

imental measurements (usually in an isothermal setting where T a 

T ). Provided that the proper similarity requirements were satis-s 

fied then the function K(x) will be equal for field and model 

plumes. The effects caused by volume flux ratio (UhL21 Q) distortion 

and source gas temperature differences between model and prototype 

are corrected for small concentrations by the expression. This 

technique is completely satisfactory in the limit as concentration 

approaches zero. When modeling plume concentration in the near 

field, such as is the case with moist air plumes from cooling 

towers, this relationship is not satisfactory. The problems lie in 

the asymptotic behavior as the concentration, X , approaches one. 

T 
K(O) = U L2 /(__!..)Q indicates that K is not a function of the downwind H T s 

position, x, alone. It is a function of both x 

To alleviate these problems the following generalized concentration 

scaling methodology was formulated. 
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Figure 3 will aid in understanding the derivation of this gen-

eralized concentration scaling methodology. Continuity of total 

molar flow rate of source gas at the source (Section A-A) and at 

some downwind cross-sectional area (Section B-B) requires that 

~ = f ~ 11 
dB . 

s B-B s 
where n is the total molar flow rate of source gas and s 

II 
n s is the 

molar flux of source gas through some differential area dB. Def in-

it ion of molar concentration X requires that 

X= 
II 

n s 

• II 

n s 
II + n 
a 

II x • 
Rearranging this expression to n

8 
= <1_X)na and substituting it into 

the integral expression for n yields s 

n f (_x_)~" dB • 
s B-B 1-X a 

The mean value theorem of integral calculus allows one to rewrite 

the equation as 

n s 
X (Ln) 

1 - X ( ~, n> J •II n dB , 
B-B a 

where X ( ~ ,n) is the value of X at some point, ( ~ ,n) on the surface 

B-B. The total molar flow rate of air across the entire plume boun-

dary up to Section B-B (Surface er) and the molar flow rate of air 

through Section B-B are equal; hence, 

Let n s 

n s 
xo; ,n > f 

1-X( ~ ,n ) n~' dcr • 
Cf 

pu 
....rut and n 11 = ~-e- where 
RT a RT 

s a 

u e is the entrainment velocity of 

air across the boundary er. Dividing the entire equation by l~X' 
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-~-~h 

I A 
ti5 = PQ/RlS 

Figure 3. Notation Definition Diagram for Concentration 
Scaling Theory Derivation 
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where X is evaluated at the point of interest on the Surface B-B, say 

X~ and rearranging the equation cancelling constant quantities such as 

R p and yields 

G:) (i~~L) Q (~,n)/(1-XC~,n> 

The expression on the right side of this equation is a function of 

the profile at the Section B-B; thus, it is a function of downwind 

position position, x, only. Provided that two plumes satisfy the 

proper similarity requirements 

I 
i.e. 

\ 

the concentration profiles will have the same form. Utilizing these 

factors, the final form of a concentration scaling law that relates 

the concentration distributions in plumes that are physically simi-

lar is 

( :: ) ( 1 : x) K(x) • 
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Some observations on the utility of this expression are summar-

ized below: 

e As concentration, X approaches zero 
approaches the conventional definition. 

this expression 

e Note that the quantity uHL2/Q is the inverse of the Volume 
Flux Ratio; thus this expression corrects the entire concen-
tration field for distortions in the similarity of this 
parameter as specified by some enhanced simulation tech-
niques. 

e The quantity Ts/Ta corrects for the fact that concentra-
tions measured at spacially similar points will be different 
for a thermal plume than for an isothermal plume. 

e The function K(x) can be viewed quite simply in the fol-
lowing format 

K(x) 
n /n 
~ . 
n 11/n" a s 

Thus it is the ratio of the quantity n /n evaluated for the 
entire plume to that same quantity8 ev:luated at a single 
point within the plume. 

e Given the equality of K(x) = K(x) then a convenient for-
mula for the conversion from a mEdeled concentration to a 
prototype concentration is given by 

, where V 
x m 

For reciprocal conversion from prototype to model simple 
exchange the m's and p's. 
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~ If the indeterminant behavior of this formulation of K(x) 
as X tT ) is bothersome note that by the transformation 
K'(x) K(x~+l this problem is allevated. 

K' (x) 
x 

This new function K'(x) has the convenient property that as 
X-70, K' (x)-70 and as X-71, K' (x)-71. 

It is reemphasized that K(x) is only a universal function for 

plumes that are similar in both entrainment physics and normalized 

concentration variation in downwind plume cross-sections. All pas-

sive plumes in the absence of wake effects and significant initial 

momentum meet these conditions; hence, K(x) should be a universal 

function for passive plume dispersion. Measurements on plumes of 

this type have universally confirmed such correlations. As the 

source and near field factors such as initial momentum, building 

wakes, and buoyancy effects become more dominant than the background 

flow in determining the entrainment physics and plume profiles, the 

universal character of K(x) is lost. 
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3 .0 DATA ACQUISITION AND ANALYSIS 

Laboratory measurement techniques are discussed in this section, 

along with conversion methods which provide a basis for interpretation 

of model data in terms of field equivalent quantities. Some of the 

methods used are conventional and need little elaboration. 

3.1 WIND-TUNNEL FACILITIES 

The experiments were performed in the Meteorological Wind Tunnel 

(.MWT) shown in Figure 4. This wind tunnel, especially designed to study 

atmospheric flow phenomena, incorpoates special features such as an 

adjustable ceiling, a rotating turntable, temperature controlled boun-

dary walls, and a long test section to permit adequate reproduction of 

micrometeorological behavior. Mean wind speeds of 0.2 to 36 m/sec in 

the MWT can be obtained. Boundary-layer thickness up to 1.2 m can be 

developed "naturally" over the downstream 12 m of the MWT test sec-

tion. Thermal stratification in the MWT is provided by the heating and 

cooling systems in the section passage and the test section floor. The 

flexible test section on the MWT roof is adjustable in height to permit 

the longitudinal pressure gradient to be set at zero. 

During the neutral stability test series the following test section 

modifications were employed: 

e A perforated plate was placed across the entrance of the tunnel 

test section to improve low speed tunnel control. 

e One centimeter high link chains were placed across the entire 

test section floor 

condition. 

to insure the proper upwind roughness 
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& Four one-meter-high vortex generators were evenly spaced across 

the test section's entrance to give the simulated boun-

dary layer on initial impulse for growth. 

& The air flow and wall boundary temperatures were maintained at 

an isothermal condition of 22° C. 

& The power plant model was placed 17 m downwind of the test sec-

tion entrance to permit an equilibrium boundary layer to 

develop. 

During the stably-stratified test series the following test section 

modifications were employed: 

& The perforated plate was removed. 

& Two set of honeycomb flow straighteners were placed at the test 

section entrance 

section exit. 

and one set was placed at the test 

$ The chains were removed from the floor. 

& The vortex generator was removed. 

& The tunnel floor temperature was maintained at an appropriate 

constant value below that of the incoming air over the 

entire test section length of 22 meters. 

During the unstably stratified test series the following test sec-

tion modifications were employed: 

& The perforated1 chains1 and votex generators were not present. 

& One set of honeycomb flow straighteners were placed at the test 

section entrance; another set was placed at the start of 

the heated floor plates1 10 meters from the test section 

entrance; and a third set was placed at the test section exit. 
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~ The tunnels floor temperature was maintained at an appropriate 

constant value abovethat ofthe incomingair overthe last12 

meters of the test section. 

honeycomb to permit an equilibrium boundary layer to develop. 

3.2 WIND AND TEMPERATURE PROFILE MEASUREMENTS 

During neutrally stable flow velocity profile measurements, refer-

ence wind speed conditions, and turbulence measurements were obtained 

with a Thermo-Systems, Inc. (TSI) 1050 anemometer and a TSI model 1210 

hot-film probe. 

During the stable and unstable flows a Datametrics thermally com-

pensated velocity probe was used. This probe was calibrated by placing 

it at the side of a previously calibrate TSI model 1210 probe in a low 

turbulence, isothermal wind tunnel. 

The velocity standard used in the present study consisted of a 

Matheson model 8116-0154 mass flowmeter, a Yellowsprings thermistor, and 

a profile conditioning section designed and calibrated by the FDDL staff 

at CSU. The mass flowmeter measures mass flow rate independent of tern-

perature at the exit conditions, and the profile conditioning section 

forms a flat velocity profile of very low tubulence at the position 

where the probe is located. Incorporating a measurement of the ambient 

atmospheric pressure and a small profile correction factor permits the 

calibration of velocity at the measurement station from 0.1-2.0 m/s ±20 

percent or ±5.0 cm/s., whichever is smaller. During calibration of the 

single film probe anemometer voltage values over the velocity range of 

interest were fit to a King's law expression (Sandborn, 1972) with a 
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variable exponent. The accuracy of this technique is approximately ±2 

percent of the actual longitudinal velocity. 

Temperature profiles were obtained from a fixed-vertical rake of 

copper-constantant thermocouples. An Omega Model DSS-199 Digital Ther-

mometer was used to monitor these ten thermocouples positioned at 0.5, 

1, 2.5, 5, 7.5, 10, 15, 25, 35 and 45 cm above the floor upwind of the 

model. 

3.3 POWER PLANT MODEL 

In order to reproduce the cooling tower plume dispersion process at 

the Savannah River site in the MWT, a model to field length scale ratio 

of 1:400 used. The cooling tower modeled was a large diameter (-76 m) 

cylinder which housed twelve mechanical draft fans. The air intake was 

along the circumferential base of the large housing cylinder. The cool-

ing tower model was built from plexiglas and brass tubing (see Figure 

5). The cooling tower plume delivery system was designed to produce 

equal flow from each fan exit port. 

The model cooling tower air intake was simulated by constructing 

the lower circumferential housing wall from fine mesh stainless steel 

screen. A vacuum pump pulled air from the hollow cooling tower base to 

produce an intake air flow. This base was separated into four sectors 

to assure an even distribution of air withdrawal. In each of these four 

sectors, a concentration sampling part was present. 

The model of the reactor building and plant stack was also made 

from plexiglas and brass tubing (see Figure 5). Six different concen-

tration sampling ports and the stack gas delivery path were drilled 

through the solid interior of this building, and connections for 2 mm 



-22-

Actual 

Model 

Figure 5. Savannah River Power Plant 
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R diameter Tygon tubing were placed at the far end of the building from 

the stack. 

An office complex was made from plexiglass blocks, and three con-

centration sampling ports were drilled through the complex interior. 

In addition to the thirteen concentration sampling ports on these 

three model buildings, thirty-five additional sample positions were 

located downwind of the plant complex. Figure 6 shows the near field 

layout of these sensors, and Table 5 list the actual coordinates of all 

positions. 

To change the wind direction between the different tests, the plant 

complex and office building were rotated about the cooling tower placed 

at the center of the wind tunnel. 

The model plume's specific gravity was isothermally adjusted to be 

equivalent to the prototypes plume specific gravity of 0.896. The model 

plume consisted of 91% N2 , 8% He and 1% CH4 • These gases were mixed in 

their proper proportion into a 350 liter high pressure cylinder and then 

released through a two stage regulator and metered by a Fischer-Porter 

flow rator into the model cooling tower delivery system. 

The stack plume specific gravity was -1.0; thus, a neutrally buoy-

ant gas mixture of 85.2% N2 , 10% c2H6 and 4.8% co2 was used as a stack 

simulant. 
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3.4 FLOW VISUALIZATION TECHNIQUES 

A visible cooling tower plume was produced by passing the simulate 

gas through an oil smoke generator (Fog/Smoke Machine manufactured by 

Roscolab, Ltd.). A visible stack plume was produced by placing a cot-

ton swap soaked in titanium tetrachloride in the exit of the model 

stack. A fine white suspension of titanium dioxide was produced when 

the stack-gas simulate flowed through the swab. A visible record was 

obtained from pictures taken with a Speed Graphic camera using Polaroid 

film for immediate examination. In addition, color slides were taken 

with a 35 mm camera and motion pictures were recorded on VHS video 

cassettes. 

3.5 CONCENTRATION MEASUREMENTS 

The experimental measurements of concentration were performed using 

gas-chromatograph and sampling systems designed by Fluid Dynamics and 

Diffusion Laboratory staff. 

3.5.1 Gas Chromatograph 

A gas chromatograph (Hewlett-Packard Model 5710A) (GC) with flame 

ionization detector (FID) operates on the principle that the electrical 

conductivity of a gas is directly proportional to the concentration of 

charge particles within the gas. The ions in this case are formed by 

the burning a mixture of hydrogen and the sample gas in the FID. The 

ions and electrons formed enter an electrode gap and decrease the gap 

resistance. The resulting voltage drop is amplified by an electrometer 

and fed to the HP 3390A integrator. When no effluent gas is flowing, a 

carrier gas (nitrogen) flows through the FID. Due to certain impurities 

in the carrier, some ions and electrons are formed creating a background 
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voltage or zero shift. When the effluent gas enters the FID, the vol-

tage increase above this zero shift is proportional to the degree of 

ionization or correspondingly the amount of tracer gas present. Since 

the chromatograph used in this study features a temperature control on 

the flame and electrometer, there is very low drift of the zero shift. 

In case of any zero drift, the HP 3390A, which integrates the effluent 

peak, also subtracts out the zero drift. 

The lower limit of measurement is imposed by the instrument sensi-

tivity and the background concentration of tracer within the air in the 

wind tunnel. Background concentrations were measured and subtracted 

from all data quoted herein. 

3.5.2 Sampling System 

The tracer gas sampling system consists of a series of fifty 30 cc 

syringes mounted between two circular aluminum plates. A variable-speed 

motor raises a third plate, which lifts the plunger on all 50 syringes, 

simultaneously. A set of check valves and tubing are connected such 

that airflow from each tunnel sampling point passes over the top of each 

designated syringe. When the syringe plunger is raised, a sample from 

the tunnel is drawn into the syringe container. The sampling procedure 

consists of flushing (taking and expending a sample) the syringe three 

times after which the test sample is taken. The draw rate is variable 

and generally set to be approximately 6 cc/min. 

The sampler was periodically calibrated to insure proper function 

of each of the check valves and tubing assemblies. To calibrate the 

sampler each intake was connected to a manifold. The manifold, in turn, 

was connected to a gas cylinder having a known concentration of tracer 

gas. The gas was turned on, and a valve on the manifold was opened to 
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release the pressure produced in the manifold. The manifold was allowed 

to flush for about one minute. Normal sampling procedures were carried 

out during caibration to insure exactly the same procedure is reproduced 

as when taking a sample from the tunnel. Each sample was then analyzed 

for tracer gas concentration. Percent error was calculated, and "bad" 

samples (error > 2 percent) indicated a failure in the check valve 

assembly, and the check valve was replaced, or the bad syringe was not 

used for sampling from the tunnel. 

3.5.3 Test Procedure 

The test procedure consisted of: 1) setting the proper tunnel 

wind speed, 2) releasing the metered mixtures of source gas from the 

cooling tower and plant stack, 3) withdrawing samples of air from the 

tunnel designated locations, and 4) analyzing the samples with a FID. 

The samples were drawn into each syringe over a 300 s (approximate) time 

period and then consecutively injected into the GC. 

The procedure for analyzing the samples from the tunnel is intro-

duced into the GC which separates the methane and ethane tracers and 

then travels through the FID, 2) the voltage output from the electrome-

ter is sent to the Hewlett-Packard 3390A Integrator, 3) the output sig-

nal for methane and ethane are integrated by the HP 3390A, 4) these 

values (µ v-s) along with the response levels for the background mea. 

(µ v-s)bg and source (µ v-s) are converted into source normalized source 
concentration by the 

X -X mea. bg 
xsource-xbg 

equation 
x (µv-s -(µv-s) mea. bg 

(µv-s) -(-µv-s) source bg 
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4.0 TEST PROGRAM AND DATA 

A 1:400 reduced scale model of the Savannah River L-reactor complex 

and proposed Markley-type cooling tower were constructed and placed in 

the Meteorological Wind Tunnel (MET) facility at Colorado State Univer-

sity. Three different simulated atmospheric stabilities and four dif-

ferent approach flow wind speeds were reproduced. The velocity and tem-

perature profiles measured upwind of the model area are described in 

Section 4.1. Simulate gases were released from the power plant stack 

and the cooling tower. The downwind concentrations from each of these 

sources were measured at up to forty-eight spacial locations. The con-

centration measurement program and results are described in Section 4.2. 

The simulate gases were also tagged with smoke to make them visible, and 

photographs for each of the tests were obtained (see Section 4.3). 

4.1 VELOCITY AND TEMPERATURE PROFILES 

The techniques employed in the acquisition of upwind velocity and 

temperature information are discussed in Section 3.2. Scaling labora-

tory measurements up to those expected in the actual field situation is 

described in Appendix A. All flow and concentration values reported in 

this report have been scaled to prototype conditions. Table 1 lists the 

mean velocity, local longitudinal turbulent intensity, and temperature 

profiles (variation with height) for the neutral atmospheric wind speeds 

of 4, 6 and 8 meters/second at a 62 meter height. Table 2 lists the 

mean velocity and temperature profiles for the stable and unstable 

atmospheric stabilities at the reference wind speeds of 4 and 6 

meters/second. 

Figures 7 and 8 display the velocity and temperature profiles for 

the 4 and 6 m/s mean wind reference conditions, respectively. These 
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velocity profiles demonstrate the effect that the temperature gradient 

has upon the transfer of momentum within the boundary layer. In the 

convective situation (unstable) the momentum of the free stream 

penetrates close to the ground due to the large vertical convective 

velocities generated by the thermal instability. In the stable situa-

tion, vertical motions are suppressed. 

An analysis of selected neutral-stability mean wind profiles meas-

ured at the Savannah River T.V. Tower suggested that the apropriate 

value for the local roughness length, z , is 0.4 meters. 
0 

This value 

compares well with the neutral stability simulated boundary layer meas-

urements listed in Table 1. 

4.2 CONCENTRATION DATA RESULTS 

Techniques employed to obtain the concentration data are discussed 

in Section 3.5. Table 3 sumarizes the field test conditions for which 

concentration data was obtained (Table Al summarizes the model test con-

ditions). There were eight different wind directions tested for each 

stability-wind speed group. Four different reference mean wind speeds 

were tested for a neutrally stable condition (4,6,8, and 10 m/s at 62 m 

height). Two different reference mean wind speeds were tested for the 

stable and unstable atmospheric conditions (4 and 6 m/s at 62 m height). 

A total of 64 different approach flow conditions were examined. The 

cooling tower and plant stack release rates remained constant for all 

tests. Tables 5-1 through 5-64 lists the mean concentrations measured 

at up to 48 different locations for both the plant stack and cooling 

tower sources. The origin of the right-handed coodinate system used in 

these tables to specify sample locations is at ground level at the 

center of the cooling tower. The x direction is always in the mean wind 
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direction, and z is the height above ground level, Figure 6 is helpful 

in visualizing the near field sample locations. 

4.3 VISUAL PLUME RESULTS 

Techniques employed to obtain a visual plume are discussed in Sec-

tion 3.4. Three different still camera positions were used during the 

test program. Two of these camera positions are described in detail in 

Figures 9 and 10. The third camera position was inside the wind tunnel, 

and it was used only for the neutral stability test series. VHS video 

motion pictures were also taken during the test series. The IV camera 

was located near the camera position shown in Figure 10, but it was 

often moved around to record the entire plume behavior. Table 4 lists 

the different types of visual documentation for each of the 64 different 

tests. 
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5.0 DISCUSSION 

Cooling tower and stack plume visual behavior are discussed in Sec-

tion 5 .1. Concentration distributions, vertical profiles, and surface 

isopleths are reviewed in Section 5.2. 

5.1 VISUALIZATION RESULTS 

During the visualization experiments, it was observed that the 

model cooling tower plume was internally very turbulent. This self-

generated turbulence was dominate over the approach flow turbulence in 

the near field. The near field cooling tower plume structure was most 

strongly influenced by variation in the mean wind speed vertical distri-

bution caused by changes in approach flow wind speed and stability. For 

unstable flow, (see Figures 7 and 8) at heights greater than the refer-

ence, the wind speed was very nearly constant; thus, the cooling-tower-

plume momentum lofted high into the ambient air mass. For stable flow, 

(again, see Figures 7 and 8) at heights greater than the reference, the 

wind speed was much larger than that at the reference height; thus, the 

cooling tower plume was bent over abruptly, causing higher concentration 

at lower elevations when compared to the unstable condition, at the same 

reference velocity. 

The visual experiments also showed that 1) the plume height 

decreased with increasing wind speed; 2) the cooling tower plume itself 

formed a large turbulent recirculation wake on its downwind side which 

re-entrained portions of the plume; 3) there was no noticeable recircu-

lation of the plume through the tower intake ports, and 4) the plume 

shape was largely unaffected by wind direction (i.e., building orienta-

tion). 
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Visual observation of the model plant stack plume showed that the 

plume appearance was very sensitive to the approach flow turbulence 

level, i.e., very little vertical dispersion in stable flows, pronounced 

looping in unstable flows. 

The exit momentum of the plume was insufficient to prevent stack 

downwash at the higher wind speeds tested. 

When the stack was directly downwind of the cooling tower plume, it 

meandered vigorously as it interacted with the cooling tower wake. 

When the stack was directly upwind of the cooling tower, the stack 

plume was drawn into the cooling towers counter-swirling vortex pattern. 

As the stack plume approached the cooling tower, some of its gases were 

clearly displaced downwind and drawn into the cooling towers intake 

vents. 

It was observed during the visualization test series that the wind 

tunnel approach flow for the low wind speed (4 m/s) unstable tests (Runs 

49 through 56) contained strong wind tunnel scale secondary flows. 

Stack height wind flow displayed wind shear to the right of downwind 

(-15°); however, this low level wind shear did not appear to influence 

the cooling tower plume motion. 

5.2 CONCENTRATION ~~ULTS 

Cooling tower plume surface concentrations increase regularly with 

increased wind speed and became maximum at about 512 m downwind of the 

tower (see Figure lla). 

Vertical profiles of the cooling tower plume for 4,6,8, and 10 m/s, 

when the plant complex is directly downwind, display a consistent pat-

tern of plume rise variation with wind speed (Figure llb). Note that in 

this figure that a comparison between the measured plume rise height and 
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calculated from relations recommended by Hanna, et al. (1982) is quite 

close. 

Surface concentrations from the facility stack are quite small 

(Figure 12a). Vertical concentration profiles display only a small 

variation in plume height as wind speed increases (Figure 12b). The 

plume has such small exit momentum that the effective stack height is at 

stack exit, and even slightly lower due to stack downwind. 

Figures 13a and 13b consider cooling tower vertical plume concen-

trations for a wind speed of 6 m/s under different stratification condi-

tions. Increased elevated peak concentrations were found under stable 

conditions and reduced concentrations under unstable conditions. Since 

the wind speed is nearly constant with height during unstable flow, the 

plume penetrates higher as well as mixes faster. 

Figures 14a and 14b demonstrates that the wind direction does not 

have any major influences on the cooling tower plume structure. These 

figures show ground level concentration isopleths for wind directions 

where the plant complex is downwind of the tower and where the plant 

complex is out of the plume path. The plume is so large with respect to 

the building dimensions that any additional turbulence produced by the 

structures does not seem significant. Figures 15a thru 15c examine the 

maximum concentrations and plume heights observed at the 512 m vertical 

traverse. Consideration of various approach directions, speeds3 and 

stratifications suggest that only when the building complex is directly 

downwind is there a consistent perturbation. When the buildings are 

directly downwind, conentration maximums decrease and plume height 

lowers slightly. 
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Re-entrainment of the cooling tower plume back into the cooling 

tower intakes was only observed at one quadrant of the intake during 

three of the unstable runs. The maximum concentration measured was 905 

ppm. 

Entrainment of the plant stack plume into the cooling tower intake 

vents was observed for many of the runs when the plant stack was 

directly upwind of the cooling tower. The maximum of these plant stack 

concentrations was 323 ppm. 

The maximum concentrations observed at the office complex (tubes 

6,7,8) were 3321 ppm and 937 ppm for the cooling tower plume and plant 

stack plume, respectively. 
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APPENDIX A 

TIIE CALCULATION OF .MODEL SCALE FACTORS 

The following is a list of parameters commonly used in the physical 

scaling of plume dispersion. 

Plume Specific Gravity 

Volume Flux Ratio 

Mass Flux Ratio 

Momentum Flux Ratio 

Flux Froude Number 

Densimetric Froude Number 
(relative to air inertia) 

Densin1etric Froude Number 

p - p 

SG 

v 

M 

F 

Fr 

Fr 

Fr s 

P/Pa 

Q/U L2 
a 

Q/ U L2 
ps Pa a 

4 p Q/p U L s a a 

U L/9 'Q a 

U /g'L a 

p - p 
) LS Q2/ ( s a g p 

s 

where g' ( 8 a)g and Q is the volume flow rate at source conditions. 
p 

a 

The following is a list of the plume source flow rate and approach 

flow velocities scales which are obtained from several different scaling 

procedures. 

Equality of 

l. all parameter listed 
above 

(LS)l/2 

V,Fra or V,Fr 

3. F, Fra. Fr
5 

4. F, Fr 

5. ill, Fr 

6. Fr, SG 

<sG I sr:: >
112 <g' I , >112 cLs> 1' 2 

P 'in m g p 

(Q /Q )1/3(LS)-1/3 
m p 

(LS)5/2 

( , I , ) 1/ 2 (LS) 5 I 2 g m g p 

~SG ISG >
112< ' I ' )112 CLS) 512 

p m 9 m 9 p 
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where LS= L /L and g' lg' = (S~ -1)/(SG -1) m p m p '111 p 

For all scaling approches in which equality of \) is not maintained 

and/or one or both or the plumes are thermal, then the concentration 

fields must be corrected by the following equation 

xm -------T T 
+ ( 1-X ) [(Ta) Vl I [(Ta) Vl 

m s m s p 
x 

m 
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TABLE NO. Al Model Test Condit ions 

Model Values 

Wind Speed Wind Flow Rate Flow Rate 
at 15.Scm Direction Cooling Tower Stack 

Run No. Stability (cm/s) (ccs) (ccs) 

1 N 20 2978 18.9 
2 N 20 Cf) 2978 18. 9 
3 N 20 Q) 2978 18. 9 ::l 
8 N 20 r--l 2978 18.9 ctl 
9 N 30 ::> 2978 18. 9 

10 N 30 
Q) 

2978 18. 9 0.. 
11 N 30 :>-. 2978 18. 9 .µ 

12 N 30 0 2978 18. 9 .µ 

13 N 30 0 2978 18.9 !-I 

14 N 30 P-1 2978 18.9 
15 N 30 0 2978 18.9 .µ 

16 N 30 !-I 2978 18. 9 
17 N 40 ctl 2978 18. 9 r--l 

18 N 40 
•rl 

2978 18. 9 s 
19 N 40 

•rl 
2978 18.9 Cf.) 

20 N 40 2978 18.9 
21 N 40 2978 18. 9 
22 N 40 2978 18.9 
23 N 40 2978 18.9 
24 N 40 2978 18.9 
25 N so 2978 18. 9 
26 N 50 2978 18. 9 
27 N 50 2978 18. 9 
28 N 50 2978 18. 9 
29 N 50 2978 18. 9 
30 N 50 2978 18. 9 
31 N 50 2978 18.9 
32 N 50 2978 18.9 
33A s 20 2978 18.9 
34A s 20 2978 18. 9 
35A s 20 2978 18.9 
36A s 20 2978 18.9 
37A s 20 2978 18. 9 
38A s 20 2978 18. 9 
39A s 20 2978 18.9 
40A s 20 2978 18. 9 
41 s 30 2978 18. 9 
42 s 30 2978 18. 9 
43 s 30 2978 18.9 
44 s 30 2978 18.9 
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TABLE NO. Al Model Test Conditions (cont'd) 

Wind Speed Wind Flow Rate Flow Rate 
at 62 m Direction Cooling Tower Stack 

Run No. Stability (m/s) (from North) (ccs) (ccs) 

4S s 30 2978 18. 9 
46 s 30 ti) 2978 18.9 
47 s 30 a.J 

2978 18. 9 ;::::l 

48 s 30 r-l 2978 18.9 Cil 

49 us 20 ::> 2978 18. 9 
so us 20 a.J 

2978 18. 9 0... 
Sl us 20 :>-. 2978 18.9 .µ 

S2 us 20 0 2978 18.9 .µ 

S3 us 20 0 2978 18.9 H 

S4 us 24 P-l 2978 18.9 
SSA us 20 0 2978 18. 9 .µ 

S6 us 20 H 2978 18.9 
S7 us 30 Cil 2978 18. 9 r-l 

S8 us 30 'M 2978 18.9 s 
S9 us 30 'M 2978 18.9 u:i 

60 us 30 2978 18. 9 
61 us 30 2978 18. 9 
62 us 30 2978 18. 9 
63 us 30 2978 18.9 
64 us 30 2978 18.9 

-2-
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TABLE NO. 1 

Velocity and Temperature Profile Data 
(Neutral Stability) 

Neutral Neutral 

Reference (m/s att--- -4 -6 
Wind Speed 62 m 

Height Velocity Turbulent Velocity Turbulent 
(m) Intensity Intensity 

(m/s) (%) (m/ s) (%) 

4 2.5 16.1 3.5 22.0 
6 2.9 17.5 3.9 20.0 
8 2.9 16.7 4.3 19. 7 

12 3.4 14. 4 4.5 19. 4 
18 3.7 12.4 4.8 18. 4 
24 3.9 11.2 5.1 18. 8 
36 3.7 11. 7 5.4 16.5 
48 4.2 9.8 6.0 14.1 
62 4.5 8.3 6.6 12.1 
91 4.4 8.4 6.3 11.0 

137 4.7 5.5 6.7 11.4 
182 4.6 6.0 6.9 11.0 
243 4.6 5.0 7.1 7.6 
304 4.5 5.2 7.1 7.3 

Neutral 

-8 

Velocity Turbulent 
Intensity 

(m/s) (%) 

4.8 25.9 
5.2 23.4 
5.5 23. 4 
5.7 23.0 
6.5 20.8 
6.2 21.3 
7.1 22.9 
7.8 20.6 
7.8 18. 5 
8.6 16.9 

10.0 14. 5 
10.6 11.2 
11.1 10.4 
11.3 8.9 

Height Temgerature* Temperature* 
(oC) 

Temperature* 
(oC) (m) ( C) 

2 22.0 22.0 22.0 
4 22.0 22.0 22.0 

10 21.9 21.9 21.9 
20 21.8 21.8 21. 8 
30 21. 7 21. 7 21.7 
40 21.6 21.6 21.6 
60 21.4 21.4 21.4 

100 21.0 21.0 21.0 
140 20.6 20.6 20.6 
180 20.2 20.2 20.2 

* Adibatic Lapse Rate = -0.01° C/m 
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TABLE NO. 2 

Velocity and Temperature Profile Data 
(Stable and Unstable Stabilities) 

Stab i1 ity ---- Stable Stable Unstable Unstable 

Reference (m/s :t)---- -4 -6 -4 -6 
Wind Speed 62 

Height Velocity Velocity Velocity Velocity 
(m) (m/s) (m/s) (m/s) (m/s) 

8 2.6 3.0 5.8 
16 3.6 3.4 6.0 
24 4.2 3.6 6.2 
32 2.0 4.8 3.6 6.2 
40 2.8 5.2 3.6 6.2 
48 3.2 5.6 3.6 6.2 
60 4.0 6.2 3.6 6.4 
70 4.6 6.6 3.6 6.4 
80 5.4 7.0 3.6 6.4 

120 6.4 8.4 3.6 6.6 
160 8.0 9.4 3.8 6.6 
200 8.4 9.8 3.8 6.6 
280 9.0 9.6 3.8 6.6 
320 3.8 6.8 

Height Temperature Temperature Temperature Temperature 
(m) (oC) (oC) (oC) (oC) 

2 9.0 9.5 32.0 29.5 
4 10.0 10.0 31.0 28.0 

10 9.9 10.9 30.9 26.4 
20 11.8 13 .3 30.8 25.8 
30 13.2 14. 7 30.2 25.2 
40 13 .6 14.6 29.6 24. 9 
60 15.4 15.4 29. 4 24. 4 

100 15.5 16.0 29.0 24.0 
140 15 .6 16.6 28.6 23 .6 
180 16.2 17.2 28.2 23 .2 
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TABLE NO. 3 Concentration Test Program 

Prototype Values 

Wind Speed Wind Flow Rate Flow Rate 
at 62 m Direction Cooling Tower Stack 

Run No. Stability (m/s) (from North) (cfm) (cfm) 

1 N 4 322. 5° 2.02 x 107 128,000 
2 N 4 7.2° 2.02 x 107 128, 000 
3 N 4 52.5° 2.02 x 107 128,000 
4 N 4 97.5° 2.02 x 107 128,000 
5 N 4 142. 5° 2.02 x 107 128,000 
6 N 4 187. 5° 2.02 x 107 128,000 
7 N 4 23 2. 5° 2.02 x 107 128,000 
8 N 4 277.5° 2.02 x 107 128,000 
9 N 6 322.5° 2.02 x 107 128,000 

10 N 6 7.5° 2.02 x 107 128,000 
11 N 6 52.5° 2.02 x 107 128,000 
12 N 6 97.5° 2.02 x 107 128,000 
13 N 6 142. 5° 2.02 x 107 128,000 
14 N 6 187. 5° 2.02 x 107 128,000 
15 N 6 232.5° 2.02 x 107 128,000 
16 N 6 277.5° 2.02 7 128,000 x 107 
17 N 8 322.5° 2.02 x 107 128,000 
18 N 8 7.5° 2.02 x 107 128,000 
19 N 8 52.5° 2.02 x 107 128,000 
20 N 8 97.5° 2.02 x 107 128,000 
21 N 8 142. 5° 2.02 x 107 128,000 
22 N 8 187. 5° 2.02 x 107 128,000 
23 N 8 232.5° 2.02 x 107 128,000 
24 N 8 277.5° 2.02 x 107 128, 000 
25 N 10 322.5° 2.02 x 107 128,000 
26 N 10 7.5° 2.02 x 107 128,000 
27 N 10 52.5° 2.02 x 107 128, 000 
28 N 10 97.5° 2.02 x 107 128,000 
29 N 10 142. 5° 2.02 x 107 128,000 
30 N 10 187. 5° 2.02 x 107 128,000 
31 N 10 232.5° 2.02 x 107 128,000 
32 N 10 277.5° 2.02 x 10 128,000 
33A s 4 322.5° 2.02 x 107 128,000 
34A s 4 7.5° 2.02 7 128,000 x 107 
35A s 4 52.5° 2.02 x 107 128, 000 
36A s 4 97.5° 2.02 x 107 128, 000 
37A s 4 142. 5° 2.02 x 107 128,000 
38A s 4 187. 5° 2.02 x 107 128,000 
39A s 4 232.5° 2.02 x 107 128,000 
40A s 4 277.5° 2.02 x 107 128,000 
41 s 6 322.5° 2.02 x 107 128,000 
42 s 6 7.5° 2.02 x 107 128,000 
43 s 6 52.5° 2.02 x 107 128,000 
44 s 6 97.5° 2.02 x 10 12 8, 000 
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Wind Speed Wind Flow Rate Flow Rate 
at 62 m Direction Cooling Tower Stack 

Run No. Stability (m/ s) (from North) (cfm) (cfm) 

4S s 6 142. s 0 2.02 x 207 128,000 
46 s 6 187. s 0 2.02 x 207 128,000 
47 s 6 232.s0 2.02 x 207 128,000 
48 s 6 277.S 0 2.02 x 207 128,000 
49 us 4 3 22. s 0 2.02 x 207 128,000 
so us 4 7.S0 2.02 x 207 128, 000 
51 us 4 52.S0 2.02 x 207 128,000 
52 us 4 97.S0 2.02 x 207 128,000 
53 us 4 142. s 0 2.02 x 207 128,000 
S4 us 4 187. s 0 2.02 x 207 128,000 
SSA us 4 232.S0 2.02 x 207 128,000 
S6 us 4 277.s0 2.02 x 20 7 128,000 
S7 us 6 322.s0 2.02 x 207 128,000 
58 us 6 7.S 0 2.02 x 207 128,000 
S9 us 6 s2.s0 2.02 x 207 128,000 
60 us 6 97.s0 2.02 x 207 128,000 
61 us 6 142. s 0 2.02 x 207 128,000 
62 us 6 187. s 0 2.02 x 207 128,000 
63 us 6 232.s0 2.02 x 207 128,000 
64 us 6 277.S 0 2.02 x 207 128,000 
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TABLE 4. Visualization Test Log 

TAPE #1 TAPE #2 TAPE #3 
(neutral stratification) (stable stratification) (unstable stratification) 

Photo Photo Photo 
Run Video Position No. Run Video Position No. Run Video Position No. 

No. Index 1 2 3 No. Index 1 2 3 No. Index 1 2 3 

1 25- 62 x x 33A 18 -90 x x 49 529-589 x x 
2 62- 80 x x 34A 91-149 x x 50 590-634 x x 
3 x 35A 150-221 x 51 635-682 x x 
4 80- 99 x 36A 222-280 52 683-727 x x 
5 99-115 x x 37A 281-339 x x 53 728-792 x x 
6 115-125 x x 38A 3 40-390 x x 54 793-835 x x 
7 125-13 8 x x 39A 391-449 x x 55A 836-883 x x 
8 13 8-152 x x 40A 450-498 x x 56 884-930 x x 
9 152-172 x x 41 499-544 x x 57 10-116 x x 

10 172-193 x x 42 545-5 81 x x 58 117-186 x x 
11 193-215 x 43 582-631 x x 59 186-237 x 
12 215-248 x 44 632-675 x x 60 23 8-271 
13 248-276 x x 45 676-716 x x 61 272-3 46 x x 
14 276-295 x x 46 717-770 x x 62 3 47-416 x x 
15 295-315 x x 47 771-812 x x 63 417-47 8 x x 
16 315-33 4 x x 48 813-861 x x 64 479-528 x x 
17 33 4-360 x x 
18 360-3 95 x x 
19 395-425 x 
20 425-455 x 
21 455-485 x x 
22 485-505 x x 
23 505-525 x x 
24 525-555 x x 
25 555-57 8 x x 
26 578-618 x x 
27 618-645 x 
28 645-670 x 
29 670-698 x x 
30 698-713 x x 
31 713-740 x x 
32 7 40-760 x x 
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Table 5-1. Concentration Measurement Results 
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Table 5-2. Concentration Measurement Results 

RiJ 
ST l 
!H 
Ii I t ·-',! 

so R •""""'T .:;.. 1 

so 2020 () 1280 
so ( .... 22 ~~ :..,. 

TUBE ii ~{ z CON i'H~~AT 
t1 ) on ro R K 

i 1 ., ., . () t• -30 ,, . ¢(1 ¢ 4') . -2 172 . 0¢ 0 v. Ov €) () 

3 172 Q('> () 4(1. 0 (• 9 1 0 
4 172 i) i) <) eo. ¢¢ i e v i) J. 

5 i?2 .<Hi 30 <) ~ C• ~I . f} <) 

6 249 16 -t.5 4. 4 i) (J \) 
7 287 3? .-27 4. 40 () Q 
s 26 3 . ()4 -2. 4. 4¢ (t () 

9 246 36 1 S6 14 00 C• (1 
1 () ~-:: c;::: e.., •"::OE:; 4. 4 c;: () '" t:..Vv • I ::. ·-~ •.I 'I' 

i 1 103 .56 i 83 <.,\. (.'1(1 <) 0 
12 2() 3 3£ 203: 25. 20 0 0 
13 241 S3 241 45. 20 (1 <) 
14 16 1 .22 217 12. ()¢ ¢ (_) 
15 512 C) <;1 264 <) • C• \) 0 () 

17 512 • <) t 24 00 0. 0 (: ~ .... 
iS 512.<.\Ct t.2 8t< Q. QQ Q.Q 41 a 
14,; 512 . Q <) 0 <)¢ 0. 00 er <) 5~ . ., 

L 

20 51 :2 . (!t() 0 (t(< 40. 00 ¢. (~f 92. . .... .:... 
21 512 r:) <) C) i:) i.) (~ C) 'I~ 0 ,:.. L v a,..t .. 

22 512 . () 0 () c•. t) (> 21 7 105 2 
23 512.¢¢ 0 0. 00 30. 4 70. 1 
24 512 . Oo 0 () . 00 i 1 ? 1 .., 0 
25 512 .00 0 0. 0¢ 60. 0 5 (} 
26 512 • \) <) ~~¢ (i * !) (; ;;. C' 6 f!1. e• ....,..,. . 
27 512 () (1 v <). (;t ¢ 4E .. e ¢. () 
28 5" .... . ()(1 -t,2 (l . ()(t Q. () Q. (• l.' 
29 512 . (; 0 -124 ¢. 00 (t. 0 0. Q 
3(< 51 :2 .00 -187 0. ()<) (• (« 0. (1 

31 512 0 (j (,1. ¢. <) <) • () 

32 844 . 0(1 (1. ~) (1 (i 231 5 
33 844 .00 <) • <> y 0. v 443. 0 

•"' 
34 844 . 00 0. 00 0 Q 228 5 
35 1264 <) 0. () 0 0. 0 16. (1 
7.· 1284 () i t) ~ \) (;1 ¢. (• 82. 2 .;.>~ 

3? 1284 ~*" v <'H~ 0 c! C',,t 7. 4 
38 1284 . oo 0 (1(1 60. 00 Q. () 2. ? 
39 1284 .00 0 00 120. 0 0 2. 7 
4(• 12S4 . () 0 0 00 UH1 • o c~ (t . 2* 5 
41 128 -91 f,(j c;1 . () 0 (1. () 1 ,.. 

IC• 

42 1294 OQ -1 7 0 ¢. 0(1 <:· 2~ i 
43 1844 _() (: 0. ¢0 0. () 9 . ., •J 

44 1844 . () 0 ¢. 0 (~ Q tr Q. 4 
45 2€ .. 95 <:1 • 0 (1. ¢. () 

46 ~~~ c .~ ;:" <:•. ~:· e· (• (t 
-;;; • -;~ .,J 

4 ... ""' .. . 95 <I . Ov .. ('. . ( - .! to I-ti. ,, 
42 -·)(; 

,..._ 
(~! • 00 0. <L _..., ;1 :i 
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Table 5-3. Concentration Measurement Results 

RU 
ST 
WI 
YI so 
so 
so 
TUBE HO. ...,. 

" 
1 
2 ., 
4 
5 
6 
7 
I) 
'Q 

9 
10 
11 
12 
13 
14 
1 c: 
l. -.I 

1 E. 
17 
10 

21 
22 

01> 
172.<)0 
i72.oo 
172.0\) 
i72.<)¢ 
172.00 .,.::,.:;, 4 0 
222:40 
188.06 

42 4 
- . \)ti 
- • C) Q -.oo 
-.00 

-39 G<> 
512.00 
512.00 
512.Q<) s 1 2 c~ 
512 () 
512.0 

12.00 

1 2 ~ () 
1 2 () 0 
12 0(1 

12.0Q 
4 i:) C1 

4 0 
4 . C«<> 

1 4.0Q 
1 4.00 

37 1 i) 
38 1 4 . () () 
39 128 4 . () 0 
4<) 1284 .00 

1 e i:;1 
1 
1 
1 

26.95 

T 

c: 

- 3() 
Q 
0 
0 

3<) 
i 3tl 
184 
1 tH 
3(.t6 
4 (1 4 
259 
287 
342. 
2 f. 7 

1 e? 20 
124 <) 

'" ,.,.;:.. 
() 
0 
() 
~) 

0 (tQ '\ (1 
¢ 
i:) 
<) - ' .. ) •J ._ 

-124 
-187 
-264 

- fi,2 
() 

62 
187 

'31 

G2 ~=I M s 
2 20 1290 

C) 

- H ti £. 
( M !1 0 it: v. C) u () 

0. <) () 0 9 
4¢. Ov 6 2 so. ot• 2 1 4 

() i) ~~ i) 
4 4t• (,l 

4. 40 <) 
4. 4(1 Q 

14 (d; ¢ <) 
4 (1 

(i. <H: ¢. (! 
25.2(1 (t . (,l 

45. 20 (t. 0 1 ., <) c~ 0. Q 
0. c; O ¢. 
0. 00 0. 0 
0. 0¢ ¢ <) 
0 00 ¢ 

0 (: 0 
A ~1 ~ '1' 

eo. QO 2 6.,. Q 
1:2 0 o;;;! 835 A 

'1' 

16 (: 21 ' 94 4 
43. 9 ,., 
.;;; .... 5 

1 08. 9 
t,"1. ,, 

0. 0¢ (1. C) 
<) (•t• 0. (• 
0. 0 (t 0. () 
Ci. ()(1 (1. (1 
<) ¢. <) 
<:•. 0(1 87 5 
0. (di 0. 0 
Q 00 0. t• 
(i. l;~ ~I• 0 

6 Ct<,\ (1. Ci 
12 Q. ()¢ (t. ¢ 
1SO. <!1 321 4 

<) ()i'.;1 ¢. () 
(;i (1. (1 

0. 'H'.) (1. C• 
6. 0¢ (1. t• 
() ()¢ c~ . c' 
(;! ~ Ct (e Ct 

Ct c; ~l. () 

<> ()(1 (t. ,, 

(~• 
¢ 
(,l 

¢. 0 
<) ~ 0 

f.33. 2 
1203. 2 

445. (,1 
?)) _..,. 0 

(:. 0 
4 ,; .,, 
0 0 
\). 0 
0. 
(t. 
¢. 
Q 

Ci 
C:• 
() 
() 

l 1 
3. G 
7. 0 
3. ? 

92 0 
118. 5 
62. .., ..., 
5?. 4 

5. c;i ,, 
16¢. e 
84. 4 

(t (1 
\;: 
C). 

"" 
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Table 5-4. Concentration Measurement Results 

RU 
ST 
WI 
WI T 6 2. (;t 

so F.: ST 
so ,. C) t) 
so t. .... 2 ·-
TUBE NO. x z N TRtH 0 <PP 

<M ( M > 0 TA K 
1 172.C~ {;a ~ () (;l 18.9 
2 172.00 <). 00 ¢. (t 24.9 
3 1?2 ¢0 4¢.0¢ 238.3 25.9 
4 172.00 80.0 11024 £;! 24.3 
5 i72 () c;1 <) ;> C• c <) ;::: .-, ,• 

.J .:.. !!:,t 

6 65.34 4. 4 (} C• 0 0. 
7 27. 15 4.40 ¢.0 0. 
e 2.83 4.4¢ (t . (t 0.0 
9 - 1 g !!: 3~1 14. ()er (•. (,'t 0.0 

10 5.67 2 4 4 ~I. C) 0.0 
11 3.57 1 <:1. ()¢ (1. 0 0.0 
12 - 03 37 2 25.2 ¢. (,' 0.0 
13 1 . 93 2 4r::: .... 

w~~ (1. Ci (• t\ ... 
14 - 17.22 1 12.0 • Ci (1 0 
15 12.Q(i 2 <). 0 <Lo 6. \) 
16 12.<)0 1 0. (i 0. (t t•. 8 
17 1 0.0¢ t1 • 0 28. 
1e 512~0<) 0. ()(! (t. <) 245. 
19 512.00 ¢.00 (•. 0 312. 
20 512.0 40.¢0 (:. 0 429. t• 
21 512 (t ao.(;t¢ 45 3 94 ~t 

22 r::: 2. Ci 12 <) Q ·H·9. 1 €~. 3 ·-· L 

23 512.00 0. (•0 169.00 903 2 £ ·J . -
24 512 00 0 00 200.00 oe. 1 1 9.e 4 

25 512.0t\ (). ¢0 240.0(1 0¢. 1 t 9.3 
26 !::;'( •"\ (,: 28 Ci~ (;l ¢ 21 ; 52 1 ~ ... • .:. t.. .I. 

27 512. Q {) 32<). ¢(• 1 4 ~1 4 3~. 1 
28 512.00 -E.2. 0. 0¢ ¢.0 162. 2 
29 512.(q} -124. Q.QQ 0. t• 4 I:\ ., .., . -
3<) ... 

()(..! - 87 . ¢ 00 (! ~ {J c!. t) .::: 
31 2 oo £4. ¢.00 (:; (t (t (i 

32 4.00 - f.2. 0.0¢ 0.0 v. ( 

33 4.¢0 () ¢.00 Q. <) ? 5 
34 844 <)¢ 62.80 0.0¢ 0. 98.3 
35 i2S4 <)¢ i87.2o 0.00 (1. (1 .,.., = 

-y . ..J 

36 1264.00 91 0.00 0.0 7. 7 
37 1284 00 0. <). 0 (• (1. (• 5.2 
30 1284.(d) (~ 60.00 (: 9 9 
39 1284.00 \) ·) t'l 12 (•. C1(1 (1. a:' ::: . ,. .. .,J • ...> 
40 1204.<)0 0' (1() 180.0¢ (t. 0 .5 
41 1284. (q,\ - ~i • 6(4 o.OQ (•. (• 5 
42 1204.0(! -187.2 (t. 0¢ 0.0 0 
43 1844 £)(1 3C1. 4 (1. 0¢ _,.'l., _.i, .; ,. . " .&. 

44 1844.<)0 -30. ¢. 0(1 (1. 0 (f 7 . { 

45 26.95 -26. (1. () (• (,\. () 0.0 
4E. 2t· '35 26 <). (10 ¢. <) v <) 
47 -2~.95 -26. o.Oo 0.0 <). c;, 
48 -26.95 26. . t;dJ v.v 0 . 
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Table 5-5. Concentration Measurement Results 

RU M 
ST I T w 

L. 

WI I 
tf I p 1j M/5 AT 62.0 
so 1'"' '.l! 0 0 
so ., 20 0 28 ,,. 
so T R E ( c) 5 
TUB£ HO. x v L N rH~~ r f) 

fO to 01 0 ii: 
i 172.0(1 . 40 (1 <!1 3 • t) 
2 172.<)('.t . 00 0. ()y 3 .v 
3 1?2.00 (t(• 4(r ()¢ 562 .9 
4 172.¢(1 ¢<) e <>. o 33808 2 
5 172.t"l(,l . 40 (). 0 ..., .... 

~;, 0 <) 
6 -130.0¢ . 40 4.4\t (t. ¢ 0. Q .., -184 Oo . 40 4 40 0.0 0.0 l e -1134 (,d) . (;t\) 4 4Q (1. Q 0.0 
9 -306.0() . 40 14.00 o.O 0 0 

10 -404.00 - . (H) 4.4¢ ¢.0 ¢.¢ 
11 -259. GC• - . (t(f 0.0¢ Q. \£ (). 0 
12 -267 .6~1 - . (1() 25 ,.. (:. v 0. Ci .!. 
13 -342 (~ (i - • (1(« 45. 2(1 0. (t (•. ¢ 
14 -267.60 - 3~ . E-0 12. QC'; 0.0 0.0 
15 512 00 264.00 0.00 0 0 C• 0 u. 512.00 87. (t. 0¢ ¢.¢ t.. 0 
17 512 00 124. 0.00 o.O 11. () 
18 512.Q<) 62. 80 Q.00 8£ .. 7 14.0 
19 512 00 Q. (1Q (t. Q(t 77. (• t3.o 
20 512.<)0 ¢. 40.00 <; f .. 5 Q £'· ,,. . '"" 
21 512.0() () . So. 6C1 20 i. 7 13.o 
22 512.0Q 0. 120.(1¢ 1354.Q 10.0 
23 512 0¢ 0 160.0¢ 3()4(1 g 2:2 0 
24 512.00 Q. (t\t 200.00 5313.7 3€ •. 1 
25 512.0() 0 . (•Q 24(1.Q<) g9·~3.4 ? (•. 1 
26 512.0() (). 0¢ 28¢ 00 12051 . e 7-; •") 

1 .. r:.. 
2? 512 (!q) 0 (1\) 32 0. 0 (1 1 ?91 f. 3 io9.2 
28 512 0 <) -62. 80 <). () v (t. v 3.v 
29 512 0 <> -124. (•() 0.00 (•. Q Q. t'l 
30 512.00 -187.20 0.0¢ 0. (t 0 .() 
31 512 0 ~! -264.oo (•. Ot• 0.0 0. \!• 
32 844.QO -62. 80 ¢.00 77.0 e. c. 
33 844.00 0 (t;) 0 (H) £7.3 10.Q 
34 844 00 62.80 <). Q 0 67.3 14.Q 
35 i 2S 4 . 0 Ci 187.2C• ( 1 • OC• 47 8 11. (1 
36 1284.00 91 . 6(1 0.00 67.3 10.0 
31 1284. (H) o . (•c;, Q. <) (1 67 3 8.0 
3~ 1284.00 0.00 120.<)(1 11€·. Ci a 

.:"., 

40 1284.UC• Q • (it> 180. (•Q 194.{) ?. 
41 1284.00 -91. 60 Q.00 57.5 6.0 
42 1294.0Q -127.20 (•. 0 (; (•. <} 0.0 
43 1844.()¢ 30.4¢ 0. (n:) 57.5 Q !) ~· . 
44 1844.0¢ - 30. 40 (1. (1 (1 57.5 b t• 
45 2t .. 95 - 2~. 95 0.0¢ 0.0 33.1 
46 2G.95 26. ~5 ~. Q(t (1 (4 4? 1 
47 -2 t•. 9 s - 26 . 95 <). 00 0. t) 

........ 1 ~t: 

4S -26.95 2G . ~i5 <;• . C• C• C• {~f 44 1 
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Table 5-6. Concentration Measurement Results 

RUH NU BER 6 

TUBE NO. X 
01) 

1 172.00 
2 172.QQ 
3 172 ()<;1 
4 172.QO 
5 1?2.00 
6 -249- 1~ 
? -28?.37 e -2e.3. 04 
9 -246.35 

1(t 5 67 
11 -1 3.56 
12 -203.36 
13 -241.Sl 
14 -161.22 
15 512.00 
16 512.00 
1? 512 \)() 
18 512 OQ 
19 512.('lQ 
2<) 51 2 . ¢ <) 
21 512 ()(• 
22 512.0Q 
23 512 QQ 
24 512.0() 
25 512 00 
26 512 00 
27 512.00 
28 512 00 
29 512 00 
30 512.00 
31 512.Q(t 
32 844 OCt 
33 844.0Q 
34 844. ,,0 
35 1284.00 
36 12S4.00 
37 1284.0(i 
38 1284.00 
39 1284.<H• 
40 1284.00 
41 1284 Q(« 
42 1284.00 
43 1844.()Q 
44 1044.0<> 
45 26.95 
4~ 2t·. 95 
47 -26. 95 
4S -2€ .. 95 

v 
ro 

-30.40 
0.¢0 
0.00 
0.¢0 

30.40 
E·~ 33 
27.15 

2.83 
-186.40 
-2 55. ;p 
-183.5? 
-203.37 
-241. 83 
-217.22 

2£4.¢C) 
187.20 
124. t1 t~ 

€.2. eo 
0. (if) 
0. ¢0 
l\. t•Q 
0.00 
(,\ 00 
0.¢0 o.oo 
0 00 
0 . Ot1 

-t-2. eo 
-124.00 
-187.20 
-264.0Q 
-62.80 

0.00 
62. 80 

187.20 
91.£0 

<). Oo 
0.00 
0 . (•() 
£) • ¢<) 

_ ,1 6t\ 
-187.20 

30.4c> 
-30. 4<) 
- 2G. 95 

26 ~5 
- ;!t; . 95 

26. ''5 

62. (1 
OWER 

2020QOQO. (1 

52.¢ 

CO ~I NT 
TO R 

.Q 
• <) 

173 . s 
2 32 7 . 1 

0 
0.0 
0.0 
(t. 0 
¢ {) 
¢. <) 
(1. 0 
¢. () 
C• .<) 
0. () 
(1. 0 
() ¢ 
(1. 0 
¢.0 
O.Q 

54¢.6 
9Cq,'s. 7 

1127. Q 
26()¢ 1 
4<)07.9 
6886 9 
~921. 3 

137·~4.4 
¢.¢ 
;) . ¢ 
¢.0 
¢.0 
¢.0 
(• .() 
0.¢ 
(,\. <!• 
0.0 
0. (.l 
0.0 
(•. (4 

139.2 
(;. Q 
0.0 
(•. (• 
0. <) 
Q.Q 
0 .(j 
C•. ~· v.v 

T 
ST 

.0 
(t . () 
<L 0 
Q 0 
0.0 
0.0 
o.o 
(). 0 
(,.'_ (1 

() 0 .., .-
' • i::;. 
2.7 
1. i 
6 2 
4 .-, 
"'t 4. 
0. (t 
1 3 
9.2 
t. . t~ 
4.9 
C•. (« 
7.3 
6.S 
9.5 s 9 

t·44. 7 
614.5 
361. 7 
261. 1 
407.6 
4,5 4 
292.3 
17(i.9 
100.5 
351 3 
121 v 
29(• ? 
258 5 

5.G 
5 () 
4 1 
~, e 
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Table 5-7. Concentration Measurement Results 

RUH tWM 
STAB IL I N TRAL 
WI NC1 ()! 2 .5 
WIHD SP 4. c;1 MIS AT 62 0 M 
SOURCE t.HHH 0 T 0 WE R s CK 
SOURCE RA ) 2 20(t0¢¢ c) 128C1 .0 
SOURCE TEM R E ( c) 52 (,'I ~:) 

TUBE NO. x '\I "'? .:. 
00 (f 1) on 0 

1 1?2.00 - 30. 40 (i.QQ 
2 172.00 0. 00 Q.00 0. 0.0 
3 172 ()O 0. 00 40.QO 1851.2 (t. 0 
4 172.0(t 0 eo.oo 2536 . 4 0.0 
5 172.0Ct 30.4 0. 0 (1 (•. (t 0.0 
6 -222. 40 -130. (1Q 4.40 0.0 0.0 
7 -222 40 -184.00 4. 4 () 0.0 Q 0 
8 -188 00 -184.(tf} 4.4C» 0.0 0 0 
9 -42.4 -3 06 . (•() 14.00 (• t• t•. () 

1 () . 00 -4 04 . (tQ 4. 4(• (1. 0 0 . (1 

11 . () 0 -259. 60 0.0¢ (1. 0 3 2 
12 . 00 -287.t·O 25 20 0 <) et. o 
13 . 0 0 -342. (,'at) 45.2t) Q.O 0 <) 

14 39.60 -2£.?.t.O 12.00 0. <) (1. 0 
15 512.00 2£4.Cto o.oc> 0.0 (1. 0 
ti 512 ¢(1 187.20 0 00 (t. 0 <) • (t 
1? 512.00 1 24. oC• 0. (10 0.0 <Lt• 
18 512 00 62.80 0. ¢<;1 0.0 O.v 
19 512.()Q 0. 0(« 0.00 <) 0 0. <-' 
20 512.00 Q. (te) 40. ()(t 65.4 (! 0 
21 5 i ., 00 o. C•o 80.(H) 534.5 •'a r'1 . ... " .... 
22 512 Cd) (). 00 120.00 1372.<;~ ¢.0 
23 512 00 0. (•0 u.Q C•O 324 7. 4 (t () 

24 512 00 () . 0<) 20\• 00 536 9. 2 0 . <;t 
25 512.()t\ 0 (1C) 24C.\,()(• 6762.9 () (,"I 

26 512 00 0 (tf) 280 0 1 75.5 .0 
27 512.0() 0.00 32¢.¢¢ i 1 7. 6 C• 
2e 512.00 -62. 80 0.0¢ (t. <) 0. () 
29 512.0Q -124.oe• O.oo o. Ci ?.3 
30 512.00 -187.20 v.Oc> 0.0 <} 7 

•J 

31 512.00 -264. ;.'tt• 0.0¢ 0.0 s t\ . ., 
32 844.00 - 62. 80 0.0¢ v.O 193.5 
33 844 C) () <). QQ Q.0¢ ¢. (1 1 ,. ·'· i:.. 'I, 

34 844.¢¢ 62.80 <). 0 ¢ ¢.¢ ¢. () 
35 1284.00 187.:20 0.00 <). () 4.7 
36 1284.00 ~1. 60 0.00 0.0 53.0 
37 1284.00 (,\. (•0 0.0Q (• (; 191.4 
38 1284.00 0. ¢0 &o.ov 0.0 13€·. 3 
39 1284.00 o.oo 12l),QQ 313 b 4 .•. s .:!. 

4¢ 1284.vO 0.00 18«).0¢ 462.5 €, 7 
41 1294 Oo -91 6() Q. <)() <> .<:• 9.9 
42 1204.0v -187.20 <). 00 o.v 1 3 6 
43 1844.0t\ 3o.4C) (,\. ()(• (• c• 9. 1 
44 1844.00 - 30. 40 (}_ 00 (t () 4.5 
45 .,, 95 -?' 95 0.0¢ <L <!• (.'a. 0 _-::;; -Q 

4b 2t·. ~5 26 . <;S 0.0¢ O.v 0.0 
4? -26.95 -26 95 0. Q~· (•. 0 (t (t 

48 -2 e. 95 26.95 0.00 0 v 0.0 
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Table 5-8. Concentration Measurement Results 

RUN NUMBER i:' ~ 

STABILIT\' -- HEUTR~L 
WIND DIR. - - -82. 5 
Id I HD SPEE~ 4 00 MIS AT 62 0 M 
SOURCE vESIGNATIO TO R c CK •.t 

SOURCE FL Obj RATE FM;, 2020000 0 t .... I\ .0 .;:.o 

SOURCE GAS TEl'iPERATllRE ( c} 52.0 22 0 

TUBE tto x y z Ii NT TI p 
OD OD (10 0 R K 

1 172.0¢ -30.40 0.0¢ <;:. <) (';. ¢ 
2 1?2.00 0 (tO Ct.Ott (1. 0 o.O 
3 172.00 Q.(tQ 4¢.00 2851. 0 0. <) 
4 172.00 0 . (tt) ao.oo 33592.8 ¢.0 
~ 172.<H: 30.40 0.00 0.0 0 0 "' 6 -65.34 -249.18 4.40 0.0 0. t• 
7 -2 7. 1 s -287.37 4.40 0.0 0.0 
s -2.83 -2£3.04 4.40 0.0 (). 0 
9 186.39 -246.36 14.00 0.0 ¢.0 

1 () 2135.G? -·285.67 4. 4(,\ <,\. 0 0.0 
11 183. 5£. -183.57 0.00 (t. ¢ 0.0 
12 203.36 -203.36 25.2¢ (1. 0 (,l. 0 
13 241. 83 -241.83 45.20 0.0 0 0 
14 21?.22 -161.22 12.00 0. <) 0. ~;,. 
1 ~ 512.<H1 2 E·4 . (t() 0.00 0. <) 0.¢ L "..! 

16 512.00 187.20 0.00 (1. (1 Q. (1 

17 512.(d) 124 (t(f (: ()¢ ¢.0 0.0 
18 512.00 £2.SO 0.00 0.0 (•. t1 
19 512 00 0. (1() Q.00 0.0 0.0 
20 512.0(1 Q . (•() 4c.'t oo 71. 8 0 :) ... 
21 512.QO ¢. ¢0 8¢.00 14Ct.1 0.0 
.... J'\ 512 00 () . (1() 120.00 930.4 0.0 ~;!.. 

23 512.0(• 0 . (te) 1£0.0¢ 2386.9 0 0 
24 512.00 0. 00 200.00 4831. 8 0.0 
25 512.00 0. (10 240.Q(,t 8864. 3 0. tj 
26 512.00 0.00 280.0(• 144?0 8 (1. 0 
27 512.00 Q. ('~ 320.0<'1 21123.1 0.0 
2e 512.00 - b2. 80 Q.00 0. <) 1., ., ..., . -
29 512.0¢ -124.00 v.0<1 {). <) 200.3 
3() 512.0(t -187.20 Q.QQ (t. (1 12~.o 
31 512.<)<) -2 l-4. (d) Q. <}(.: 0.0 i c:: e £ .., 

32 844.0() -b2. 80 <).<)¢ () . <) 488.b 
33 844.0¢ (). ¢0 <). 00 0 0 211.3 
34 844 QQ 62. So Q.QQ (• .<) 6.7 
7C: 1284.()() 187.20 ¢.00 0 (j v.O ._. •J 

3G 1284.00 91 .60 0.<)0 6.6 er;.? 
37 1284.00 0.00 O.Ov (t <) 418.S 
38 12S4.0o 0. (•0 60.00 (•. 0 379.3 
39 1284 0 (t 0. 00 120.00 0 () 308.6 
4() 1284 00 0. (IQ 18<). c)Q i38 3 124.2 
41 1284.0(t -~n 60 0.00 (t. 0 712.4 
42 12S4.o0 -187.20 Q. 0 <) <). <) 398. 1 , ... 1844.<)<) 30 4<) <). (t ,, ¢.0 308. 1 . ..:; 
44 1844.00 -30. 4(1 0. 0 (• o.o 4oS 7 
45 26.95 -2,. ~5 0.00 (1. 0 .0 
46 26.95 2G 95 <). 00 (1. (1 0.0 
47 -26 95 -26 ~5 0.00 0 0 0. ,, 
4S -2~.95 26. ~5 Q. Q(t C• ~ t• , ... 0 
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Table 5-9. Concentration Measurement Results 

RU HUMBER 9 
ST IL! TV -- NEUTRfil 
WIND DIR. -- 3 ~ . ._. 
YIN!) SPEEt• 6. (c M/S AT 62 0 M 
SOURCE l)ESI GNATI ON TO R s 
SOURCE FLOf:§ RATE (CF~) 2020000 .0 12SO 
SOURCE GAS TEMPERATURE ( c) 5 . 0 

TUBE NO x y z H N R T IONS Pf!D 
< M ;. OD ( M > 0 R ST !( 

1 172.0¢ -30.40 0.0¢ 32¢ 7 .0 
2 172 00 Q.¢0 0. ()(1 767.9 0. () 
3 172.00 c . (te) 40.0¢ 1 00.S 0 0 
4 172 00 0.00 SO. OC• 5 24.7 Ct .. Ct 
5 17 2. Q<;t 30.40 0.00 447 1 0.0 
6 13ti.Oo -222.40 4. 4(• o. c, (• 0 
7 184.00 -222.40 4.40 0.0 <). 0 
s 184.00 -188.00 4.40 (•. 0 O.o 
9 306.QO -42. 40 14.00 767.~ 0 <;1 

1 () 404 ()0 0.00 4. 40 1283. 1 (). () 
11 259.60 0.00 0.00 1078.Si 0.0 
12 287.bO 0.00 25.2(1 14??.5 0. () 
13 342.00 0.¢0 45.20 9 '3. 7 3. (t 
14 267.60 39.60 12.00 22. i 0.0 
15 512.<)v 2£4.¢0 i). (t <) t) ¢. (1 
16 512.ttO 187.20 0.0 (1. 0 0.0 
17 512.C)Q 124. ¢0 0.00 v v 0.0 
18 512.00 £2. Sc) (•. (•O 136.1 Q. (i 
19 s12.oo 0. ¢c) <J.0¢ 1224.7 3. () 
20 512.6¢ Q (.lQ 40.0Q 137(1.6 :2 Q 
21 512.t)¢ 0. (:0 ao.oo 3412.5 3.2 
22 512.00 0.00 120.00 10575 9 7.8 
23 512.0<) <) • (t<) lb0.00 1986E .. 7 5 1 
24 512.00 O.Ct¢ 200. t.)() 2 7611. 1 3 0 
25 512.0¢ 0. OC) 24¢.00 31395.Ct Lt· 
26 51 :2 <)0 0.00 290.0(• 26243 (• 3 2 
27 512.0(t 0. (te) :.::20.ov 1394 7. 0 v 0 
28 512 <)0 -£2.So 0.00 ?G?.9 (1. Q 
2s; 512.00 -124.¢0 <). 0 0 58.3 0.0 
30 s12.oo -187.20 0.00 Q Q <L ti 
31 512.vO -·264.vO 0 .()¢ (;t_ C) 0 0 
7.-:. 844.oo -62.Bo o.oo 544.3 0.0 ..J.:t:. 
33 844.QO Q. 00 0.00 748.4 1 C). 0 
34 844. €)<) 62. 8;) Q. 0 <} 398.5 0 (1 
35 1204.00 187. 20 o.oo ¢.0 0.0 
39 1294.00 () . 0(< 120.0(s 84.5 7.o 
40 1284.00 0 . (t(i 180.00 62.3 22.0 
41 1284.00 -91.6;) 0.00 06.9 6 ¢ 
42 1284.00 -187.20 0. C1 0 (•. 0 0. ;;1 
43 1844.00 30. 40 0.0¢ 87.5 0 0 
44 1844.00 -30.40 0 00 13 E·. l 7.0 
45 2b.95 - 26. 95 0. 0 t) (1 . <) 0.0 
46 2E·. ~5 26 . <;5 0.00 0.0 0.0 
47 -26.95 -26. 95 Q 00 0.0 0. 
48 -26.95 26. ,5 0.00 0.¢ 0.0 
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Table 5-10. Concentration Measurement Results 

RUH NUMBER Ht 
STABILITY -- NEUTRAL wum DIR. -- 7.5 
WIND SPEEv £.00 MIS AT 
SOURCE DESIGNATION 
SOUF.CE FLOW RATE <CF~) 
SOURCE GAS TEMPERATURE (C) 
TUBE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 () 
ii 
12 
13 

44 
45 

NO. x v 
OD (10 

1?2 00 -30.40 
172 0¢ c). ¢¢ 
172.09 0 . (•(I 
172.C)\1 0 ¢0 
172.oO 30.40 
24 9. 1 e -65.34 
2s? ~ 3 7 -:27.15 
2i3.04 -2. 83 
246.36 18£. 39 
285.67 285.t·f 
iS3.5£ 183 57 
203.36 2 03. 3, 
24 t . s 3 241.83 
161.22 217.22 

264 ~ (•() 

z 
01) 

0.00 
¢. OC1 

4 (,'I. 00 
eo.oo 

0.00 
4.4¢ 
4.4¢ 
4 40 

14.¢¢ 
4.4¢ 
Q.00 

25.20 
45.20 
12. 0(1 

e;t ~ (:; ::;1 

t,) 
o.ov 
<:1. Q (1 
0. (nj 
\,\.()et 
(). (d) 
<) (1 Q 
0. (;,(t 

o. (H' 
(} 

. (• 
60. (nj 

120.()t) 
e 

STACK 
12800¢.0 

22.0 

C1HH:£NiRAT 
TOWER 
423 6 
984.¢ 

136?4.? 
59322.~ 

541. 5 
131¢.2 
1141.5 
927.1 

0.¢ 
0.0 
<!•. 0 v. () 

41 

(.\ (.'t , .. 
0. 

n 
4. 
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Table 5-11. Concentration Measurement Results 

L 

MIS AT b2. (1 
CK 

( C FM) I'\. Q ~ 

AT URE 22 0 

8E 0. y z ~4 N R TIO s <PPM 
( f1 ;s 0 R ST K 

1 7 ._. 23 .5 . (t 
2 4,6.6 .0 
7 71. () () . •.f 

25 (), 
69. (i tj 

es. 26.3 
¢. 140.¢ 
(1. 68.6 

c;1 0 . (;r 
('' . •' <Lo 

¢ t) ¢. () 
(1 <;1 0. (1 
(1. 0 0.0 
(,). (• (•. 1 
0 0 1 2 2 
(1 !) 6.6 

74. t• 7.4 
4 4. <) (•. (.\ 
47%3 0. (t 
51. 9 Q. <) 
39.6 0. (t 
36.5 (). Q 
51.8 0.0 
72. 7 0. (c 
"7. 7 Ct • (1 
t.?.e 0. () 

0. 72.9 0. 0 
~-. A 
~~ .. (1. (1 (1. Q 0.0 
87. 0. ()(1 0.0 0. () 
l" ti 
0'1' 0.¢0 (1. C) 0. (1 
1::.2 0. <)(a 4()€ •. 3 0.0 

~c ~ Q.QQ 58G.9 7.4 
€·2. V. ~I (1 43<'.t . ., 6.3 

(,'i • (1 (1. {) 6. 1 
v ¢(: (!. 0 7.5 
(' Q t) 8. 5 48.5 

60 00 43€·. 7 ee.e. 
20 0¢ 653.4 52.3 a 230 6 2 3 

254.5 C• ~ (• 'f. () 0¢ 339.9 202. 1 
0.0¢ 3€6.0 51. 5 

<,l ~ <) '". ;;;1 (1. ¢. 
0 0 \}. (t 
¢. 0.0 
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Table 5-12. Concentration Measurement Results 

l 

M/S AT 

E C 

't 

62.0 M 
HHJER 

f'1 
<) 00 
0. (;() 

4(,1. 0 {.l Sv vv 
(; tH) 
4.40 
4 4 t,) 
4 4¢ 

14.0¢ 
4.40 
(1. 00 

25.20 
45. 2<!1 

12.vO 
(t. (,l (• 

¢.¢0 
C• 0(1 
i) . t,.; 

40.()(t 

23 

4; 4. ¢ 
9C•. 5 v <) 

(t <;1 
(t. 0 
(t {;1 

STACK 

TIO S PPM 
ST K 
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Table 5-13. Concentration Measurement Results 

AT ~2. M 
TOWER s CK 

0 . () ( c) 22.0 

N 
..., CON N RAT IONS <PPM) .::. 

TO R K 
Q . 1 

2 (;1 • 
.., 
·-· . \'t .3 

3 4¢ 8 .~ . 1 
4 v. .... 5 8 .7 v 
«:;; 0. (1 <) .9 w 

4.4¢ .v ¢ 
4.40 <) .Q 
4 40 .0 0 
4 Q(t C• . (t 
4.40 . \} . (t 
(r . (1 (,\ • <) .Q 

25.2¢ .0 . (t 
45. 2(1 (,~ • (1 
12.00 (t. v • (t 

(,'i tj <) (•. Q .0 
0 75.5 .¢ 

85.4 () 
37.2 0.¢ 
4 7. .. b.4 L 
39.7 4. f, 
32.0 10. 1 
25.3 2 4. f, 
41. 9 58.7 

1 27.7 9 3. f, 
2 5G.8 49 9 
7 25 (t 50.2 •.,! 

3 08.3 86.4 
97 1 c; 1 '.I • 

<L (• 3.9 
0 .<) 0.0 
0 \) 0.0 

-: ·-· ~ 3. 1 
0 (J <) 0.0 7 Q • J' 

0.00 212.2 (t Q 
(t. 0¢ 441. 4 (1. 0 

6<L e1 0 423.3 <LC• 
20 583. €· 0 0 

·;; 3 1 '3 3.3 
3':?3.4 (j ¢ 

0.0 Q 0 
34C1 c;: (). ¢ ·-· lf.2. 1 <L () 

v 0 5.4 
(1. 0 o.3 
0.¢ 02 ? 
(1. 0 ¢1.3 
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Table 5-14. Concentration Measurement Results 

TRAL 
5 

S AT 

) 
E < C 

0 
0 (1(\ 

(10 
() (;1 t:( 

62.0 " 
TO~JEF. 

:Ht 2 1) (t(q) o tt 
S CK 
0 . 0 

z 
OD 

<}. () v 
t• <H• 

40.00 
St1 • <.H• 

0.¢¢ 
4.4¢ 
4.4v 
4.40 
4 00 
4.4¢ 
0.00 

25*2<> 
45.2¢ 
i 2 00 
0.00 
{).<Ht 
¢ (: 
Q. ()t.) 
(t. 00 

40 00 e <>. 
20 00 

0. 
t=1 ~· 
Q • ~I 
(t. t• 
¢ i) 

() 
0.00 o.oo 
0. ¢(• 
0.00 o OC• 

(; 
<). 0 \) 
0 

120.00 
18 0¢ 

<) • (j 
0.0¢ 
0.00 
~;. \:t (• 
(t. () 0 
(!1 ()~I 

¢.00 
(t 00 

52 0 .0 

1 

2 
3 
2 

HCEHTF.ATIOH 
OWER 
91 2 

i Q ·;.Ci ·;· i<se:¢ 
6702.b 
1¢22.¢ 

<.\. t\ 
<) • () 
(1. Q 
¢.0 
Q.Q 
v.O 
() 0 
O.v 
¢.o 
0 0 
<). 0 
0 0 

904.? 
7 8. () 
Sf .. 2 
13.8 
29 0 
51. 7 
14 2 
62.2 
06. 1 
82. (1 

g 1. 3 
(s. 0 
(). 0 
Q t) 

97.1 
45 5 
? 7. 1 
0.0 

66(• 4 
54.2 
56.2 

2 11 E. 
999.5 

0 0 
(.\. Q 

102.7 
519.B 

(t. 0 
(•. 0 
(t «) 
<!• 0 

<PPf'D 
ACK v. 1 
<). 0 
0.0 
<). <) (). v 
<L <!« v. <) 
0. Q 
0. 0 
(). 0 
0 0 
<Lo 
0.0 
(I. t,) 
() 0 
<L 0 
0 0 
1. 6 
3.3 
G.9 
7.? 
8 0 

31. 5 
2 (1. 1 

9.0 
<L 0 
0.0 
3.4 e.o 
4.3 
~.4 
8.0 
7.4 
4.2 
7.3 

101. 6 
405. 1 
287.0 
89.5 
07.2 

1. 1 
6 . ·~ 
9 8 
5.4 
0. C: 
(• 0 
(). 0 
<!• (• 
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Table 5-15. Concentration Measurement Results 

AT 6 2. () M 
WER c .;; 

) 2 0 <;1 0 
E 2. "~ 

't .... 
~ M tHRAT !OM <PPM!i 

01 0 R ACK 
() i C' 0. 0 ... • .J 

• i:;1 Q~.3 i) . i) 
<) " 0(•. (1 0. (,l .L 

~ l) 4 27.3 (t . () 
. {)(t 13.6 (• . 0 

4.40 0.0 ¢. ¢ 
4.4¢ o.O 0.0 
4. 4 () 0. (r () . 0 

14. <H• (•. <) 0. 0 
4.40 (t. 0 <) • (I 
<,"I. 06 () () o.o 

25. 2(: (t . <) (t . (t 
45. 2(• 0. <) Q. (,'l 

12 ¢() 0.0 (), ¢ 
0.00 (). 0 ¢.0 
0. (t¢ (• 0 Q. (t 
<). 0 (• 157.8 (•. 0 
¢.¢¢ 482.4 0.0 
t,.i. 00 231. s 0.0 

40.0¢ 42.9 0. () 
So. <Hi 32.8 (). 0 
20. 0 68.S ¢.¢ 
6 C1 ~I 1 6¢. 1 0.0 

~· ~H) 2 ?8.6 ¢.0 
0. \)(1 3 () 6. 8 0.¢ 

320.<)<) 25860.0 ¢.0 
() ¢ (I. (• o.O 

<;,. 0 0 0. () 68.6 
o. o~· (1. (.'. 765.5 
0.0¢ ¢.0 132¢.5 
6.0¢ 336.8 144.4 
(J. 0 521 e. 4.6 0 ,., . "' 463.4 tL 0 
0.00 ¢.0 ¢.0 
Q.00 344.<) 0.0 
<) 0¢ 378.2 172.2 

Go. oc, 477.? ~' 5. 4 
1 (),()() 2€ .. 4 31. 3 

0 6(1 66.7 9. i 
0. \)Q 3¢.9 5.~ 
<."I. Oo 61. 1 8.9 
<). 00 341. 4 8.7 
0. ()(1 (t c:• •• 7 

~ .. 
Q ¢ 0 .() 0. () 
0. (1 (• 0 (1. Q 
(s 00 ¢.0 0.0 
0. ()(t (•. ¢ 0.0 
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Table 5-16. Concentration Measurement Results 

L 

iVS AT 62.0 M 
OYER STACK 

) 0 (t (1 1200¢() () 
E .... 5·? ... 22 \) t.r -. " 

T z NC£tHRAT ION PtO 
01) OWER K 

1 () ~ () (t 63.3 . () 
".I c).()¢ 2t·. e .0 ;::. 

3 40.€)¢ i 49.6 .¢ 
S0.0¢ 4 72.v .0 

0. (}(1 3g 0 . t) 
4. 4 0 ~· v 0.0 
4.4¢ e•. <.." 0.0 
4. 4(: 0 0 0.¢ 

14 <) (1 (t. Q 0. 0 
4.4¢ 0.0 0.0 
0.0¢ 0 0 C) • () 

25 20 <) 0 ¢.0 
45.2¢ Q. (} (.l. 0 
12 ()¢ 0 0 ¢.0 

Q.0¢ (t. 0 Q. 0 
<) 00 Q 0 1¢9~.0 
<) • ()(1 (1. c~ 0. 0 
0 00 6t·. 9 0. 0 

.0 937.'3 (). 0 
4(1. 00 1Ci5.4 0.0 

351. 4 (1. (t 
85.5 O.Q 
76.4 Q.¢ 

(}. (tQ 53.2 ¢.0 
26.7 0. 0 
68.3 <). 0 

Ci. 00 43.9 (). 0 
f) 0¢ 21. 3 46. 1 
(,'I. ()\) ¢. (1 749.9 
0.00 <). () 847. 1 
0.00 0.0 29.5 
(i (1¢ 2 3 ~ \) 833.9 
0. ()(• 4 5. 1 78.4 
(1. () ¢ 74.7 6.8 
0. () 0 0. <) (). 0 
0 00 ¢.¢ 11. 1 
0. (1() !37.~ 39?.4 

60. ¢ 238.£ 296.5 
2 c). (1 973.S 221. 1 

892.8 11 7. 1 
4-;• 7 .... ...;, 41?.6 

<;1 <;1 Cr 0.¢ 42.2 
\,'>. 0(• 43.S 94.S 
O. c;n-:1 f., 2 252.6 
tf. t\ (• . ,. (.'l. 0 vv (;. 0 0.0 

~ (1 (• 0. t• 0 •) • \i 

0¢ (,i. 0 0.0 



5 
G 
7 

12 

fi 
I 
I 
p 
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Table 5-17. Concentration Measurement Results 

R 

M/S AT 
) 
E 

6 2 <) M 
T 0 F. 

2 00 t't 
52.0 

s 
280 

z H tf RATIOHS p ti) 
( M ;1 

C) () £) 
t~ 0 t~~ 

4().()¢ 
So. oC• 

0. ()¢ 
4 4t) 
4.40 
4.4¢ 
4 00 
4 4 
(i 0 (t 

25.:H1 

5.2¢ 
2. () ¢ 
0 ¢ (; 
<) ()Q 
() () 0 
(c. (q) 
0.0¢ 

ti ~H1 

(1 <)(a 
o. <H1 

¢.00 
Q(• 
(1¢ 
() (1 

0.0¢ 
0. (!i(1 
(t. 00 
<) (,''!() 
<). 0 
0. (l 
0. (t(t 
0 ()(1 

(1 (1 
G 4) (.'I (1 
2 . ()(1 

g o<> 
0.0¢ 
{;a. e• (• 
0 () 0 
<!1 • <!• (• 
¢ 0¢ 
(1. (/(t 

Q . <) (} 
() • (~I ,. 

1 
5 

1 
":'. 

" 3 
2 
1 

0 R 
4 .6 ,, 4 
7 . 2 
7 5 
€.Si. 8 

•'; f'1 11, ... 

¢ 0 
Q.Q 

1270.0 
1782.2 
5,9.3 
667.0 

13.3 
s~ .. s 

¢ 0 
C• ,, :.) 
Q.¢ 

564 1 
42.3 
61 0 
() 9 6 
14 1 
01.7 
35.S 
94.3 
30.4 
1 (t. 5 
'2. :2 

0.0 
(1. (t 
(1. 0 

559.3 
117(t.8 
866.5 

(t. 0 
G 4 ~1 '3 
677.5 
-;t()(•. 7 

C) 8. 8 
12 (,l 
0.0 ,;. ~ () 

606.7 
39f .. 3 

¢.¢ 
(1. (1 
(j . <} 
{> t• 

ST K 
0 

• <) 
.0 
.Q 

(1 (; 
Q () 
0.0 
(1. 0 
0.0 
0 () 
(). 0 
;;1 0 

24.5 
(). 0 
() Q 
0 0 
0 0 
0 0 
1. 4 .-. .. 
~-~ 
I) . 1 
b.3 
1. 1 
4.8 
7 9 
8.9 
0.¢ 
\.'s. 0 
0.0 
0. (1 
Q.O 
0.0 

2(•. 7 
5.3 
0. (} 
(t. (• 
9.2 

11. g 
25.5 
42.? 

() . () 
(t. (• 
6.4 
(1 0 
(t v 
(1. (1 c!. o 
0. ,, 



33 
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Table 5-18. Concentration Measurement Results 

L 

MIS AT 
) 
E ( c) 

844.00 

62. (t 

2 2(¢ 

z 
r1 

C) (,'i 

<) 0 
4¢. ¢(1 
eo. <;·o 

c;. <;• (• 
4.4 
4 4C• 
4.40 

14.00 
4.40 
0. tH1 

25.20 
45.2(} 

2. !;i(i 
t• '~f e~ 
0. <)¢ 
¢ <H• 
c;i <;it; 
0.¢0 

4¢.00 
SC•. t1 0 
2<).0¢ 
6¢.<H1 

() 0 0 
(:. ()(t 
0 (tQ 
0.00 
0.0 
(1. 00 
0.00 
(). 0 0 
0.0 
(1. (,\¢ 

. <H1 
Q.00 
0 0 
0 <) 

~0.0 
12;) (• 
180.4)0 

(.\. ()(1 v 0¢ 
t'J . <> 0 
() (d,t 
0. ()(i 
(1. 0¢ o.oo 
0.00 

M 
OldER STACK 
00 0 280¢0 () 
52. () 

~27 4 
582.3 
1~79.1 

<). C• 
f;. 0 
(1. ti 
¢.0 
0. () 
0 0 

22 0 

PPM) 
K . ,, 

.0 

.0 
(). () 
<L 0 
0.0 
0.0 
<) <) 
0.0 
0 0 
(t . (t 
0.¢ 
0.0 
0.0 
0. tj 
3. 1 
4.3 
S.9 
0.0 
0.0 
ti.o 
<). 0 
0.0 
0.0 
Q. (.'i 
0 0 
0.0 
0.0 
<L 0 
0.0 
Q. , .. 
0.0 

b9.1 
637.? 
125.9 
385.3 
143.3 
184 6 
130.2 

71. 3 
C.\. 0 
Q . (t 
o.s 
3~4 
0. (« 
(• 0 
o.O 
<L 0 



1 

1 
12 
13 
14 

5 
€. 

32 

M 
r 
p 
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Table 5-19. Concentration Measurement Results 

,s 

E 

AT 
STACK 

280¢0 () 
22 () 

z N MTR IONS <PPM> 
f1 0 R STACK 

. i.) s ""!! 
.~ (1 0 

<L 00 7 . 1 ¢.0 
40.0¢ 2 2 .6 0.0 
8<). 00 ' 27.2 0.0 

0.0¢ 85.0 0.0 
4.40 ¢ ¢ 13. 1 
4.40 ¢.0 1a1. 9 
4.40 Q.O 81. 1 

14.00 ¢.0 ¢.0 
4.4¢ ¢. <) 0.0 
¢. (,l(l (,'l. C) 0 0 

25.20 (t. 0 0.0 
45.2¢ ¢.0 (,,'i. 0 
12.00 0.¢ 0.0 

¢ 00 Q 0 508. 1 
0.0¢ 2 3~2 997.6 
(1 • () (•. Q 37 1 . , .. 
¢.<Hi 630. 1 10.3 
<) {) Q 1872.5 0. (i 

40 <)(1 244~.5 (). 0 
SO.t'r(1 8152.3 0.0 

( 1 • 00 1 .,e 1 3. e. 0. () 
0.00 309?3.5 , ... 0 

00 38408.7 0.0 
~ 0 (1 33515.4 (,\. 0 

6065.3 0.0 
(:1. 0 <:1 982. 1 0.0 
O.<)¢ 0.0 ¢.0 
0 ()() 0. () 0. () 
() 00 (). () <). 0 
(•. (1¢ 661. 6 ~) ~) 

(1. (}(;1 1262.<i 3.0 
(1. (1¢ 02(•. s 144.8 
0.00 637.8 312.4 
0. (,lQ 822.4 16. 1 

ft0.00 944.1 36.S 
2(1 () (• 1861.8 31. 2 
8¢ £) 4461. 2 15.5 

(). 0 ? ~1 g 0. (1 
0 () Q 0. () 0.0 
(1. 0 (• 662.3 9().8 
¢. ¢ (:1 ¢.0 c). () 
(ii. ()(1 (1. (1 (t. 0 
0 vo C•. ¢ (i. 0 
(1. {)(t (1 (a t•. ,. 
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Table 5-20. Concentration Measurement Results 

RUN NUMBER :20 

TUBE NO. 
.. 
l. 

..:f 
4 
~ 
•.! 

6 

NEUTRAL 
~7. 5 
. 00 MIS AT 
TIOH 

A < C Fri ; 
T M RATURE ( 

~ 
!O 1 ., .-, t t!, 00 

72.00 
72. ;:)() 
72. (,1 

r::: 
,J 

27~ i !::;: 
l. .... 

2.83 
36.39 
f;5 *- "'; • l!"I t 

,:.f! ::: '? .., l 
., 7 7 
.;] . ..;.; . 

-2 7 ~22 
5 2. Q (i 
512 . .00 
512 ()() 
512.00 
5 

26.95 
-26 95 

2f. 95 

'y' 
OD 

-30. 40 
Q.0¢ 
0 . (•o 

• 4€) 
2 18 
2 --. .:.. ( 

2 (14 
2 7~ .... .., 
2 67 
1 5& ...... 

' .3£ 
1 . 22 
2 • (,'l <) 
1 .20 
1 . (1() 

. 80 

. t\t'i 
() 

z 

STACK 
128000.0 

22.0 

COHCEHTRATIOHS <PPM 
TOWER STACK 
723.2 0.0 

23422.5 0.0 
61339.S 0.0 

234.3 3.3 
0 0 t'i.0 
0.0 0.0 
C• O <L(• 
O.Ct <LO 
(t. 0 0. (t 
0. 0 (t. 0 
¢ 0 0.0 
0.0 0.0 
Ct.¢ 13.8 
0.0 229.9 
<;1.0 5S4.<) 

114.9 454.9 
1902.2 64.3 
2471.7 ?7.2 
8459.3 50.5 

19347.l 24.8 
30113.1 0.0 
34,95 5 0.0 
28908.0 0.0 
~815.4 0.0 
339£ 1 0.0 
1115.1 0.0 
125.9 0.0 

¢.¢ 0.0 
(1 (t ~\ 0 

31~.2 7.0 
138£.1 131.9 
211.3 467.3 

Ct.ti 139.4 
104 4 338 1 
823.1 114.2 

1032 3 132 0 
1968.3 123 3 
449£.S 93 5 

113 1 4.7 
0. 0 (• 0 
o.<) 22.4 

151.3 32.9 
(1.(1 ('f.t\ 
0.0 0.0 <Lo (• o 
0.0 0.0 
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Table 5-21. Concentration Measurement Results 

G. 
4 . 0 0 
9.6¢ 
7 . fi.<) 
2 <) 

-267 t. 
512.l" 
512.() 
512 () 
512.00 
512.0Q 
512.<:1 0 
512 0() 
512.¢ 
512 0 
5 2.0 

l 
MIS AT 

) 
E f 

'f 
( 

z 

0.00 
40. ()(1 
eo.oo ,1 ¢ 

4.40 
4.40 
4.40 

14.l)Q 
4.4¢ 
<). \) (,'t 

25.2¢ 
45.20 
12.00 

(t. 0 Q 
Q.0¢ 
(t. 00 
0.¢¢ 
¢.00 
0. <) ¢ 
<) (}(; 
0 <) () 
c). (10 
() 00 
(1. 0 (1 
9.0¢ 
(1. (1 (1 
0.0¢ 
¢ (1(• 
<). 0 ¢ 
(1. 00 
0 ()0 
(i <)¢ 
<). vo 
<). <) 0 
0 00 
0.0¢ 

6 (). () ¢ 
120.(•(1 
180.00 

(1. (,1 (• 
(•. Ov 
ti (l(t 
0.00 
<L 00 o.oo 
0. (1(t 
0 0 (.= 

STACK 
128000.0 

22.0 

'26., 
27229.0 
68,15.7 

290. 1 
<). 0 
0.0 
0.0 
Q c) 
¢.0 
¢.0 
0.0 
(1. Q 
(t. 0 
O.ti 
¢.0 
¢.o 

169.£ 
197B.9 
4224 3 

t5to6.9 
25415.2 
32381.9 
33189.3 
2131G.9 

8£.28.8 
22 29. 1 
13'.H·. 4 

0.0 
0. <) 
Q. (t 

~20 5 
1506.6 

"'0 .... ,,. 
c! v .. :.. t-

0. 0 
157.2 
938.9 

1382.6 
3553.8 
72 31. 7 

179.1 
(t . () 

294.1 
2 71. 7 

¢.<,'I 
(i. 0 
Q. (1 

7~.3 
20,.9 
409.7 
47.9 

0.0 
0 ¢ 
0.0 
(t. () 
0.0 
0.0 
0.¢ 
(1. 0 
0.0 
<Lo 
0.¢ 
(• () 
3.5 

46.3 
32.1 
SS.1 

14v. 1 
186. 1 
198.5 
130. ·1 
56.0 e. 1 
27.8 

(,l (t 
<}. 0 
0. () 

10.2 
13.6 
~ ., 
•J • .._. 

<Lt• 
0.0 
5 0 
5.7 

1 .., .-, 
i .:!. 

37 0 
3. 1 
<). 0 
4.9 
4.2 

1 s?. 1 
323.¢ 
235.4 
265 0 
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Table 5-22. Concentration Measurement Results 

.-, 
;:,. 

E L 
87. 

e.oo 111s AT 
NATION 

A ( C ) 
AT E ( C) 

62.0 M 
TOWER 

2(,•2<)¢000. 0 
52. (1 

z N NTt;:ATIONS PM> 
<ro 0 ~: ST K 

<). 00 s .5 2 .6 
<). 00 1 • <) 0.0 

40.00 24 s .4 0.0 
e . () ¢ 641(J2.1 0.0 

C• o 767.9 ¢.¢ 
4 4¢ 0.0 0. () 
4. 4(• 0 •\ . \. <) t't 
4.4¢ 0.0 <) 0 

14. ()(1 0 (1 (• ~;. 

4.4¢ <L () 0.0 
() (•¢ (•. 0.0 

25.20 0. <) 0.0 
45. 2(• 0. () <:1 . <) 
12.00 <L 0 0.0 
0.¢¢ ¢.\) 0.0 
0 0¢ 0. <) 0.¢ 
o. O(• ¢ t\ 0.0 
0.¢¢ 7?.8 0.0 
<;1 <) (t 93 5 SS.4 
0. C)O 97. f. 112.t. 
(). () ¢ 1 24 .... 

.:!. a"' .. \. ... 
0.00 2 b6 2 39.0 
¢ (,'H,'l 2 24.3 16 0 o.oo .... e3.v 0 () .j 

(1. 0¢ 2 76.1 (• ,., ... 
C•. 00 31. 7 f). 0 
(1. 60 sa 3 (t (1 
0 00 45 e 8 ... .... 
Q (•o 0. <!• 4 Ci-.~ 

0.00 ¢.0 5.2 
(,'t 0¢ (1 . () 3.4 
(). 0 ¢ 92.9 s.e 
0. (1(1 1315.4 7 g 
<:1. 0 (t 1141. 7 3.2 
0.0¢ O. (e Ci. 0 
0.00 59.8 2~2.3 

Go 0¢ 72.8 231. 5 
12¢.<Hi 78.5 145.4 
1so. oc~ 59.5 92.7 

0. ()(1 (1. (• 122.? 
<). (1 Q (1. 0 47.3 
() (10 251. 8 150.? 
6.0Q 174 g 59.-;; 
(). (10 ¢. (1 0.0 
Q Ci (1 *) t"• " ... ¢ Q 
0. () ¢ <L 0 0.0 
(1,()(t C• Ci (). 0 
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Table 5-23. Concentration Measurement Results 

()t) 
~i 6 c) 
2.0¢ 
2 Oo 
2.iH1 
2 00 
2. 0 <) 
2 . Cn> 
2 () <} 
2,. () t• 
2 f; 
2. t• 
2 c~ 

2 'l 2 () 
2.0 

L 

t1/S A 62.<) M 
TOWER STACK 

fM) 02¢0000 O 128 0 . 0 
.0 URE C> 52.0 

v CONCENTRATIONS <PPM> 
TO R ST K 

1 4 2 . 0 
2¢666.0 0.0 
71406.0 0.0 

748.3 0.0 
<L(• 0.0 
0 0 0.0 
0.0 0.0 
0.0 0.0 
O.<;t (•.O 
(t 0 (•. 0 
0.0 ¢.0 
0.0 0.0 
(!,<) (1.() 
0.0 0.¢ 
¢.0 6.0 
¢.<) ¢.0 

G31.1 0.0 
1840.7 0.0 
3b94.4 ¢.0 142es.o o o 

24597 s 0.0 
33715.5 0.¢ 
32464.o o.o 
20167.7 0.0 

?490 6 0.0 
1719.3 0.0 
304.1 0.0 
123.1 2.0 

Q.<) 9.7 
230.1 6.5 

1329.4 5.5 
920 8 0.0 

89.8 0.0 
1498.0 117.0 
3722 2 25.2 
745£.8 0.0 

S<.'1.2 359.8 
~t. C) 26 3. 4 

917.6 192.B 
716.6 1~7 e 

Ci (1 (1 .0 
0.¢ ¢.0 
(t.Q (•.(• 
o.r; ¢.O 



-83-

Table 5-24. Concentration Measurement Results 

11 
I 
I p 

BE r4 0 . X 
OD 

1 1.72 0 
2 1 7 2 0 
3 72 C)() 
4 72.tHi 
5 72.0 
6 ;;5_34 

2 7 15 
-2 B3 
186.3~ 
285.67 
U~3.56 
2(~3. 36. 
2 1. 83 
2 ? 22 

z 
( M 

(t 
0.00 

40.00 
ao <><· 

¢.¢¢ 
4.4¢ 
4.4¢ 
4.4C. 

14.¢¢ 
4.40 
(t. 0 ¢ 

25 2¢ 
45.2¢ 
12.00 

0.0¢ 
<.\ . <) (1 
¢.¢¢ o. Ot• 
(t. 0 ¢ 
t•. t1 (• 

¢.0¢ 
Q. (1(• 
0.00 
Q. 0(• 
0.¢0 
c) • <.'-<} 
¢. 0 () 
(1. (,) (1 
0.0¢ 
0. 0 (1 

<). 0 ¢ 
<) • (,\ (1 
0. ()(j 
0. ()<;1 

0.0¢ 
0. () 0 
0.00 

60.0(1 
12 v ¢0 
HH>. t1t;;1 

0. (t¢ 
ti. 0 (1 
0 (t 
0.00 
<;. 0 
0.00 
(1 0¢ 
,, . ¢ (1 

STA 
120000. 

22.0 

HCENTRATIONS <PPM) 
OWER STACK 

230.1 0.0 
8£8.2 0.0 

22623.9 ¢.¢ 
62416.7 0.0 

880.5 ¢.0 
O.o O.o 
¢.0 ¢.<) 
Q.Q 0.0 
0 ¢ ¢.0 
o.t) \.1.0 
(t.O ¢.¢ 
(.l. (1 0. (.'i 

0.0 0.¢ 
(•.O <LO 
¢.0 0.¢ 
<,\,(1 (r.0 
(t.¢ ¢.<) 

215.0 0.0 
1836.6 ¢.0 
3958 0 ¢.0 

13246.3 ¢.¢ 
24157.7 0.0 
31863.9 0.0 
33803.6 0.0 
24201 4 0.0 
12365.8 0.0 

2694.2 0.¢ 
5b3.1 12 3 

07.0 513.3 
¢. (.'w 881. 5 
0 0 59.9 

349.8 647.S 
15¢3.2 31.2 
27¢.3 0.0 

0.0 0.(1 
120.0 3.0 
990.6 364.9 
382.0 232.1 
83.4 105.6 
81.6 47.6 

113.3 343.4 
0.0 42.5 

347.5 170.9 
234.9 166 ? 

0.0 0.0 
0.0 0.0 
¢ .<) <). ¢ 
0. ¢ (.'t Q 
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Table 5-25. Concentration Measurement Results 

l 

MIS AT 
) 
E 

't 
OD 

-3C'. 40 

62.0 M 
TO R 

2 2 ¢ . 0 
52. (1 

STACK 
128000.0 

22.0 

z 

0.00 
40.00 eo.oo 

<> 0 ¢ 
4. 4 0 
4.40 
4.40 

14. <)0 
4.40 
0 (.lQ 

25 20 
45 20 
12.0¢ 

<!1 ~·¢ 
0.00 
(!1. (1 (1 
<i.00 
(1. 0¢ 
v.Oc> 
¢.00 
C) 0 (,i 
o.oo 
0.00 
Q. (1¢ 
v. ()(1 
\).CH) 
(1. 00 
c;.. ()(1 
0.0¢ 
0.()6 
0.0<'1 
Q.0¢ 
0. 0(1 

(1. t.)(1 
¢.00 
(t. (1 (1 

12 0 C:t;1 
190 00 

t). Q (: 
0.00 
(.1. 00 
0. 0~1 
¢.0¢ 
0.00 
0.00 
Q. t\¢ 

CO CENTRATIONS (PPM) 
TOWER STACK 

1319.¢ 0.0 
1917.7 0.0 

3155,.2 o.O 
75832.5 0.0 

1461.0 0.0 
0 v 0.0 
(). {.l (•. t• 
0.0 Ct.O 

1694.4 0.0 
3?85.4 0.0 
30b4.6 0.0 
3734.~ 3.0 
5186.6 11.0 
2841.3 0.0 

(• <) Q.(• 
50.7 O.v 
91 3 O.t• 
29.1 <J.O 
98.i S.Q 
99.9 23.0 

i 82.2 192.4 
2 63.8 486.0 
3 25.3 58~.2 
3 42.7 292 6 
1 51.6 31.1 

68.6 11.¢ 
t,1 (1 0.0 

1055.1 0.0 
t\.O o.O 
(1. 0 0. 0 
Ct.¢ o o 

74.0 3.0 
78.9 10.0 
64 0 12.¢ 
91.3 o.o 
81.3 8.0 
1C1 .S 12.C• 
8~.0 2~.1 
71 5 5¢.1 

64~.3 0.0 
81 2 t•.O 

140¢.1 7.0 
943.5 4.0 

O.<) 0.0 
(1.¢ Ct.O 
(1. 0 0. 0 
¢. 0 0. (1 
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Table 5-26. Concentration Measurement Results 

M/S AT 62 0 M 
TOWER STACK 

fPi) 2 0 128000.0 
TU E ~·":'I •• u!. 0 22.v 

TUE:£ D. }{ \' z CONCEtHRAT IONS <PPM> 
fO .. M. TOWER STACK '-.. .. ; 

i 2. <) 0 (•. 00 1~)17.7 0.0 
'":! 2 . 0 <) 0. <) v 103f .. 4 0.¢ .::. 
3 2 0 <} 40.0¢ 4t'503. 4 (). 0 
4 2. () v eo.oo 83358.2 o.v 
t: .-, 

C: '" <>. oo 596.2 <>.o .J .:. 
Si, , . 1 s 4.4¢ 33 21 . 2 0. £) .., 7 '"1"'J 4.4¢ 2b3S.3 0.0 e . .:; t 
s:; 3 . £) 4 4.4¢ 1302. 1 ,, . () 
'..! 

9 G 36 14. ¢(1 Q. (1 s.s 
(~! 5. €- 7 4.4¢ (t. 0 0.0 
i ~ Sb (.l. ¢0 0.0 o.o .:, ... 1 83 45.20 ¢.0 14.3 .:, 
4 .; 22 1 ., (·, "' (t <) 0. <) l. ....... y v 

16 o.ov 0.0 200.8 
17 o.oo 97.7 ?42.5 

0.00 54¢.5 153.6 
¢.00 :2'1 t 7. £ <L t't 

4¢.¢¢ 8624.2 ¢.0 
12 (q,\ 80.0¢ 21439.7 0. (r 
12.00 120.00 3450f. e (). 0 
12 00 160 0¢ 3£112.6 0.0 
12.00 2C'O (i () 27505. 1 0.0 
i2.<)C) 24¢.¢(1 13476.4 0.0 
12.00 280.00 4322.5 (t. 0 
12.00 320 (•Q 945. <!• 0.0 
12.0 <) • (1 (t 2443.9 0.0 
1 ~: 0 t'i. ()(1 225.9 0.0 

2 . (d) (1 (.i<) (t (,! ¢. C) 
.... t) Cc (; QQ Q. C) 0. 0 .:. 

0.00 1947.0 147 s::: .., 
(1. ~H> 648.t\ 550.0 
<). 0¢ 0.0 55. 1 
0 ~ () (• 336 g 2G6.? 
Ci. (H; 15.5 224.1 

.. 0 (i 60.00 15.6 174.? 
39 120.00 99 1 108.9 
40 180.(ic;i 54.3 58.0 
41 0. <) 0 54.2 6.5 
42 0. (10 47.0 Q. C« 
~ (1 Q(:l 759.7 192.9 

44 1844 o . c11;. 1018.(• 95.S 
45 2€. 0.00 (: () 0.¢ 

2~'~95 Q. l)Q <,\. 0 ¢.0 
6 ~ - 26. 35 Ci. 00 0.0 ¢ 0 
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Table 5-27. Concentration Measurement Results 

M 
I 

11/S AT 62.0 M 
TO R STACK 

F!O 2 20 0 .0 128000.0 
TURE 52. (1 22.0 

v z NCENTRATIONS <PPM) 1"\ 

01) OD OWE R STACK 
1 "':\ () <) ¢ Q(: 38.7 ¢.0 t:.. 

2 2 '0 (1 <L (• (1 45.8 0.0 
7 ".: C) <) ¢.00 3 12.8 0.0 -.! .:. 

2 t~ c) (1. ()(1 7 56.5 0 0 
2 ~ 0 (• 0.00 39.4 0. (1 
.p, 
~ 4 C) 4.4¢ 0. <) Ct. 0 
2 4 <) 4 4 (j 0.0 155 3 e. oc1 4.40 <L C) 63.6 
2 4 C) 14.0¢ 0.0 0.0 - 0 (1 4.4¢ (•. 0 Q.Q 

<) <) 0.0¢ 0.0 0.¢ - . Ci 0 25. 2t• (1 t1 (,\. 0 
.00 45.2¢ ¢. <) 0.0 - 9. b <) 12.00 0. C1 CL 0 

2. 0 <) 0.0¢ ¢ 0 405.0 
2. \)(1 ¢ 0¢ <> C) 681. g 

12 () () <) C) • <) 188. 1 
12.0 () (1 G-=· -:z -. .;;, 0. (1 

512.<Ht 0 0 (,i 55.6 0.0 
512.t'r<) 40.Q(• 26.3 (,\. Q 
5 2 0¢ 80.00 1 2 2 ~ (! <;1 (i 
i::: .-, c) ('1 120.t.)6 .-. 07.2 () • (1 .... .:.. .:. 
5 ~ <) ., 20.7 0.0 .:.. •J 
; 
..J 2 (1. (1 (1 3 185.3 0.0 
c; 2 0 <)(,• 2 89.3 ¢.¢ -.!' 
C' 2 Q. ¢t1 55.3 (t. 0 .J 

5 0.00 89.0 0.0 
;:;: .,. <). 0 C::1 179.8 0.0 

t;. 0¢ ¢ 0 ¢. 0 
<) Ot• (,1. (1 0.0 
(t 0¢ ¢. (t 0.0 
0.00 ?31. G (). 0 

-: 7 ~!. 0¢ 1~29.8 0.0 .. ,,,,,.,,,.,. 
34 <) • Ci o 119£.6 59.3 

c;i. <)(; ¢.0 3St7 6 
0 00 78.8 185.5 
I'· .,. ¢ ,,~2.4 3 6 

GC1. 00 650.0 11.? 
33 (} Of• 120 ('.1¢ .., <::.: 4 c:: Q .. ,.. ~ .t' ·J"' J" 

(jt't 180.CH) 65. 1 Q. (1 
(1. <) ¢ 12 (t. 3 <). 0 
<). 0 (• 0.0 ti.O 
(j. 0 (1 992. 7 35. 1 

44 () G15.6 <L ¢ 
t;i (:. 0 Ci 0 

95 (!1 0.¢ (,'i. Q 
-2€·. 95 0 0 0 0.0 

2 {fa~ 9 S ¢ (1 <) ('1 1 '1 , • \i 
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Table 5-28. Concentration Measurement Results 

•'\ 
M ) 

72 '.t t) 
-;! •'") 
~ ==- () v 
72 0 <) 
72 i} v 
72 0 t) 
65 J4 
27 ·1 C' .. ..J ....,, 

.:.. 83 
(;1 \) ~) 

-285 67 -
-

83 57 
t,-: 7 7 
~"" ~J oJ t 
.; •! 83 '1" J. 

22 
() (1 

51 ·".l 
'- (1 

51 2 C• 
51 2 0 <) 
C' <: .-. \) <) ..J l .:. 

2 <) 0 

512 .() 
512 ~)(1 
512 0 
512 CH) 
512 ()() 
5 2 0 

00 

E 

l 

t1/S AT 

28 
18 
20 
."\.A'. 
~'1' • 
1f,1 . 
264. 
187.20 
124.(1 (< 

t.2 . 
fJ • 

0 . 

'" . ·- 62. 
-124. \) 
-· 187. 
264~ 

z 
M 

0.0 
0 0¢ 

4t'i Oc1 

130.()t) 
{~1. <H, 
4.4¢ 
4 4(• 
4 4¢ 

i 4 . t.) ti 
4.4¢ 
(,l (1 (;! 

25 2¢ 
45 20 
12.00 

l~I. Q (1 
.00 

(;1 0(• 
0.00 
(t. 0 (1 

4<).0(1 e o. o (• 
12C1.¢(1 
Htt Oo 

(J.()(J 
(,"I.()(& 
0. (}(} 
(1. (.l (1 
¢.00 
t.) . t.) c;1 
0 0 (; 

0.0¢ 
(1 0¢ 
¢.00 

0 00 
(1. (q) 

~o. ()(• 
1;!(1. ¢¢ 
1 sc;, oo 

<) \) 0 
¢. 0 

STACK 
280 0.0 

ti NTRATIO 
0 F. 
3 . 2 
5 . 4 

4 9 . 7 
? 4 . 6 

9 . 2 
.<) 

(~I 
(1 .() 
(1 • <) 
(t. 0 
ti. (1 
o.o 
(,'l. (1 
0.0 
0. (1 
¢ ¢ 
(;1 • {,\ 

680.8 
2?36.t• 
6881.~ 

1~105.5 
3 52.2 
3 01 (1 
3 1¢. 8 
1 3~.4 

89 2 
CtS.8 

1144.2 
<:•. e, 
0.0 
<:1 .<) 

1007.5 
214~·.1 
1035.5 

0.0 
8435.2 
2?8 9 

02.9 
?2.9 

"51~. 6 
157 ti 

0. () 
1 5-;1. 6 
27t•. 7 

(t ~! 

(1. (;! 

(;! t~ 
(! 0 

S ( PP!O 
STACK 

(•. 0 
<) • <) 
{.\. (1 
(J ~ 0 
3.4 v.v 
(1 &) 
0. C) 
<L t'r 
0. (1 
0.0 
0.0 
0.0 
0.0 

27. t'« 
229. f. 
417. 2 
293. 1 
47.6 
62. Ci 
34.6 

9.2 
3.5 
0. (J 
(Lo 
0.0 
Ct. 0 
0.0 
0. (1 
0.0 
0.0 
E·. 4 

103. (• 
31 e.. 1 
1?9.9 

2 9 
~.4 

89.5 s 1. 7 
st: .. 9 

5 4 
0. () 

115. 2 
21.0 

t• ~ C1 

v. 
(1. 
0 
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Table 5-29. Concentration Measurement Results 

l 

M/S AT 62.;) 

2 2 

t~· 
<) ' 

40 
S<.'l. 

¢. 
4. 
4. 
4 0 

1 4 . (;i(t 
4. 4(1 

<) • ()(t 

25.20 
45.20 
i 2. Q(t 

<). <HI 
0. 0(• 
0.<)0 
¢. (•0 
<;: 0 (.1 

4¢.<)0 
C) (;r 
<) • (1 
0.0¢ 
0' ()(1 
¢.¢¢ 
0.00 
0.0¢ 

.00 
0.0¢ 
(1. (i (t 
¢.00 
0. ¢ 

00 
.00 
0¢ 

. ()(1 
0 

20. <)0 
8¢. (; 

0 0¢ 
0. 0 (t 

(1 
t.). ¢(1 
0 0 (I 
0 t'r¢ 
0 00 
0 () (1 

128 

N NTRA 
G R 
6 7 
b 4 

4 0 . 3 
7 7 . 4 

6 . 8 
.0 
• Ci 
• <) 

(1 0 
(1. <> 
(1. 0 
(;1 • (1 
0.0 
0. (1 

, ... (1 
74 1 
71. 4 
32 t• 
1 (1 8 

2472 . 1 
30770.6 
3 43.1 
2 77.G 
126SE-.2 

441 7.? 
810.0 
1~40.7 
1~2.5 

t't. (1 
0.0 

1581.0 
31~9.9 
1837.6 

138.1 
4 7(•. 5 
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Table 5-30. Concentration Measurement Results 
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Table 5-31. Concentration Measurement Results 
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Table 5-32. Concentration Measurement Results 
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Table 5-33A. Concentration Measurement Results 
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Table 5-34A. Concentration Measurement Results 
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Table 5-35A. Concentration Measurement Results 
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Table 5-36A. Concentration Measurement Results 
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Table 5-37A. Concentration Measurement Results 
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Table 5-38A. Concentration Measurement Results 
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Table 5-39A. Concentration Measurement Results 
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Table 5-40A. Concentration Measurement Results 
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Table 5-41. Concentration Measurement Results 
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Table 5-42. Concentration Measurement Results 
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Table 5-43. Concentration Measurement Results 
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Table 5-44. Concentration Measurement Results 
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Table 5-45. Concentration Measurement Results 
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Table 5-46. Concentration Measurement Results 
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Table S-47. Concentration Measurement Results 
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43 4 . <) Q ·1 
4 4. 0\; 4 
4 ~ 95 

!£,. 95 
6 . ·:; 5 
t• 95 
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Table 5-48. Concentration Measurement Results 

RUN M 
STAB I 
WI ND I 
f.f I ND p T 2. 
SOUR T 0 ~JE R STACK 
SOUR 2 123 
SOUR 

TUBE N x "( z T 
M ;1 r1 

1 172.0(1 ().()Ct 
2 172.00 ¢. ¢ (!. (.! 
3 172 () 4¢.QQ 978 
4 172 <> eo. Q(: 33921.8 
5 172.00 0 () C• 
6 -65 34 Q '" \y • 

7 -2 7. 15 0.0 0.0 
e -2 e ., Q. 0 0 .... 
9 186 39 0. (!1 . () 

10 i:::' €,7 (:. 0 <J 

11 3 56 t) 

12 3.36 25.20 0.0 0.0 
13 1 .93 45. 2t• <). 0 (!. 0 
14 ?.22 1 2: . <;t<; c· o. c~ ,. . 
15 2. <) 0 \!J e OC• 0. (1 . ~) 

16 512.00 0. 0 0 
17 s12.oo <,\ ~t. ti 
18 512.0() <}. 0¢ ¢. 0 
19 s12.oo Q 00 (•. 0 
20 512 C• 4(1.Q(.! 
21 512.{) eo 00 
22 512. O . (tO 12¢.Ct 
23 512 () H,t•. Ot1 2 \) t'1 ... 
24 512 Qt) . (i 3 (• 0 ,. 
25 s12.oc1 {) (1 4 ~!1 . 
26 51 2. C• ,. (t 7 .., 
.. -. ..,. 512 Ci ('1 f1 i .::. t . , " 
28 512.0 0 v (i r;.77 7 (1. 0 .C..v I • •J 

29 512 () Q.00 (•. (,l (). (• 
30 512.0 ¢ ¢ (1. 
31 512. (• <> ¢ <} 
32 . (• <) ~' 42~t . 
33 <) <!i. 0 ,. G? 1. 4 
34 4 0 <). QQ J 11. 1 
35 1 4 . () \1. <Hi t'+. <) 
36 1 (,1 (). 0 (1 e . 4 () . 
37 1 f) ("t ~)(· 9 ? <;1. 
38 1 . (1 G ,, (+~I 7 ..,. 87 ~ ( 

39 1 . (i 12 (t ()(1 3 .5 iS 
40 1 4.00 100 C1(1 1 7 . t• 0 
41 1 4. (){!4 <) o c~ 7 7 Ci. 
4" 1 4 . <) v c; ()¢ 0. z c 
·"-

.... 
43 1 4 .()(1 (1 <) :;. 134 .'j Ci 
44 1 4. <H> \). (1 ¢ 948 9 38. 1 
45 6.95 (). 0 (1 0. (,'t <Lt• 
46 t. QI::;; (). C)¢ c~ 0 .,..., 
47 - 6.95 0. (,\ (1 (1. 0 
48 ,. 

~- 95 v. ,, () 
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Table 5-49. Concentration Measurement Results 

RUN R 9 

ST 
LH 
WI fi T E.2.0 
so R c •J 

so 20 12SO 
so 
TUBE N. x 

Oi •. 
\ 

1 172.00 Q () 0 
2 172.00 (),$0 . <) (• ~\ 

3 172.0 40.0(~ 156 2 (;t. 

4 172. 8(),()(1 4094. (;f 0 
5 172 00 0. (}(:• 0 €) (t. 0 
6 13f).00 4.4¢ 0.0 0.0 
7 194.00 4.4¢ ¢ 0. () 
8 184.00 4.40 (• C• t'1 

S' 3()t. (i 4.Q 7 4 
1 t) 4t) 4 C• 4.40 ,. "1 

~ . .;; 
11 25~.6<) 0.0¢ 0. 0 0. ¢ 
12 287 GO 25.2<) 0.Q <) • t\ 
13 2.0 5.2 0. (J u .. 
14 7 6 2. ()(1 (1. <) (a. 0 
15 2.0 (t () 0 0 (,'t .() 

16 2.00 (). 0 (1 (1. <) 0. ,, 
17 12.00 ¢.0 0. 0. 
1S 1:2.<)<) 0. ()(1 (1. (1. 0 

12 0 0.¢ ¢ €) (1. <) 

12.0 40.o (t i 1. 3 
12.00 eo.oo <:•. <) 1¢1.f. 

22 512 00 120. t,\(1 (1 0 ,- '"' ~.at. 

~ ... 512.00 16 Ct 0¢ 53. 8 2 5 .:!. .j 
24 512.0<} 20 Q. (; () 11£.9 0 .-. 

.f.. 

25 512 0 C) 240 ('.t() 597.5 S'i. e 
26 512 00 286 <,\¢ 1124. 8 s 9 
27 512 00 32 ¢. ~! ¢ 1869 2 5. 6 
2S 512.0 C•. <) o 0. (1 4 2 
29 2 0 0. (1 0 i) 3 2 
30 2 ~ (i 'l (1 ei. c' 8.7 ". 31 2.0 <) (; 0. Ci (t. 0 
32 4 . (,\ <) I' <!t. t,\ Q. (,l .,1 _ ... 

4 00 <) ¢ (1 (!. # ,, .......... 
34 4 <}<) ¢ Q ¢ Ci. 
., a:: 1 4. ~! ~f c~ . ¢ ,2. Ci ¢ !) ._ . ._. 
36 1 4 . tte) 6. 6 (.\. Q o.o 
37 1 4.ov o.ov 0 () (t. v 
38 1 4 _(){;1 Go. <H1 

<L '' 
1 .-, •"\ .:. . .:.. 

1 () 12 (t (1. 44 i) 
i <) i90. 0. 95.S 
1 4.00 0 (t 0 (1 

i 4 () (1 o. 388 (1. 0 
1 4 ~d) 0. 64. 5. 

6.95 <:• . (!1. t'• .,. 
E. 95 O.t.}¢ 0 v Ct. 

- G.95 Q. C)O {~I <) <) - t·. 95 ('. c;i (t. ,. . 
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Table 5-50. Concentration Measurement Results 

RU 
ST T ~ ;:._ 

WI 
liJ I Ml~ . ;;;;; AT 62 () M 
so 0 
so 2 l,20 0 t 
so 5 

TUBE NO. x v l. N r I -=· f ·-· M> on ( M > 0 ST 
1 172 .00 -30.40 <LO r; 0 0 
2 172.0(1 0. Cf(• <) () (;1 0. <) 
3 172.0<) 0. 4 (:. (t 3 <; 4 13 
4 172.0¢ 0. 8¢.<)<) 4043.3 () • (« 

5 172.00 30.40 (}. (H:;I 0. () 0. () 
~ 24~. 8 -65.34 4.40 (1. (• () . t\ 
'::;} 

7 7.37 -27 4.40 0.0 C1 .<) 

a 3.04 -2. 4 4 (1. C• C•. t• 
9 46 . 3E. 186. 14.00 0.0 5.B 

10 5 67 285. 4. 4(• (t. () 0 0 
12 .., .36 203. 25 2¢ Ci (! 0. ('.t 

-.I' 

13 41 83 2 41 45. 2(1 ¢ (,l (,l 

14 61 . 22 217. 12 00 0. Ci • 
15 12. <)(;'J 264 {,l 00 (1. 0 0. 
H 12.¢<) 187 ().0¢ c;i . <) 0.0 
17 1 2 . tj 0 124. (1. <Hi ¢.o := 5 .,J 

18 12.00 £~ c;1. i) o <Lo 1 8 . .C• .! . 
19 1 .-, ()(1 i) . (1. (1 (1 Ca k (• 9 r:: 

.f.. .j 

2<) 12 . 0 () v. (). 00 (t 0 6.5 
21 12.00 0. C!1 • (!1 197 9 4.9 
22 12 . 00 O~ v. () 380.2 1 1 
.... '7 12 ¢0 Q. ~!. (1 625 1 4 .fl ..:...;;/ 
24 12.0<) () 0.¢¢ 1422.0 2. 9 
25 12 (ft') 0 ¢. Q(f 1297 9 0 0 
26 12.<)<) 0 v _<;1 1351.4 0. () 

27 12 tl <) \) ~ (a ~ <) 166B.9 <L t.) 

2e 12.00 -f.2. 0.0¢ 0. <} 2 8 . ., 
29 12 (.'H) -·124. <) • (,1 <:~ tL <;1 ,,.. . () 
30 2 . () 0 - 87 v. Gt<) C• t) (• . () 
31 4 . 0 (~I 64. {:1. 0 t1 (> <> 0 t'· .,, 
32 4 0¢ -62 <).<)0 <:• .t) 9. 1 
33 4 .06 Q. o.oo <) () 0. ? 
34 4.00 62. 0 () 0 , •. i) 1 . (} 
35 i 4. ()("1 187 <) c)t; (.'l • (,l ti. t1 
36 1 4. 0 () 31 <). 0¢ 0.0 <) • <;t 
37 1 4 . CH) Q. (}. 0 (• 121.6 15.5 
38 1 4 Ov 0. 60.()y 122 2 45. .., 

•J 

39 1 4.()() <) • 12(1 • (,'IC; 19? i 137 <!1 
40 1 4 ,, Q 18 • <;1 585.3 185 . ~ 
41 1 " <) -~H Q. (1() 193 .-. 46 3 '1' .!.,, 

42 1 4.00 -187. 0.00 133. l 35. 7 
43 1 4 () <) 30. 0 C• (1 423 & 4. 1 -~ 

44 1 44 . <;1 (1 0. ()(1 342.6 10.7 
45 2G.95 <) ()(1 (•. c;1 () (:1 

46 26.95 ¢ €) 0 0 (t C) <) 
4? -26.95 ¢. () (1 0. () (i . 0 
48 -2€· a=:: 26. 95 0 . t;1 0.0 .,..<* "•1 
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Table 5-51. Concentration Measurement Results 

RU i1 
ST I E 
fJ I T 

L 
WI PEED C' 

.j (,' 
so f;tES 
so FLO 29 
so GAS c 
TUB£ NO. ~I v 2 {\ 

M ;, on 
1 172.00 -30. 0 (•. <,\ c• 
2 172.(d) 0. 0. t) ¢ <;t .<) 0 
3 ., '"l'J'\ 0 <) 0 . 4 0 .(}el 1634.5 0. .:. t ~ 
4 172.0<i 0.00 eo.oo 9~ r:)Ct. 7 ¢. <) 

5 1,. ., 0() . 40 <).\)Q o.O 0.0 . -
6 222 4¢ . ¢0 4 4 0.0 40 1 E· 
7 222. 4(1 4. 4 <> (1 0 19 5 
e 188.00 4.4 <;t 58. <) 
9 42.40 i 4. (,'t() t.). Q 22. 1 

1<) - . ()(1 4.4¢ ¢.0 o.v 
1 i ._. Oo «_';. Q ,., <) () f). Q 
12 -.00 25 20 ¢ 0 0. 
13 - . ()(<t 45. 2(t (,l. <.'I (1. 

14 -39.60 12.0¢ <} <> 0.0 
15 512 00 o. <Hi (1. 6 0. (,l 

16 2 0 () (t. <) 0 Ci 2 7 
{ 

17 2.0¢ ti •'1 "' (!• 8 9 • 'I,., 

18 2.00 v. (j(j (.· 9 4 • I" 

19 2 ''{ (1 (1. (Ht • <) 5. (; 
20 2.00 0. \}(! .0 €$ 6 
21 :! . (,l (1 Q. (H) 0. (• 4. .-, 

t't.. 

22 2.00 0.00 o.o 4. 2 
23 2 • (JCI Q. 0(• ~ S:• r'i ·:• 1 5 g. * ...... 

24 2 00 v. c;ie~ 19.9 2. 3 
25 2 <) () ().00 1606. 7 i. 6 
26 2.00 0.0¢ 24?3. -: v.O ..,, .-, ., "' 00 0. Cit* 3395 B 0. ;_\ 
~t .:. 
28 2 0 () <). (:d) ¢.0 ... - 5 I! i' 
29 2 () (1 Q. <) ,, Q 0 46 f:• 

"' 30 2.00 0.00 0.0 (t C) 
31 2.0o 0. 0 (1 (1 • {) t'* . (• 
32 4. () C) 0 0 ·:~ (!. 0 0. 1 
33 4 . <) <) (•. (1 (1 <;• . e-. 2 0 
34 4. <) 0 0.0¢ <). 0 S.5 
35 1 4. 0 <) Q. () (1 0 0 0. (« 
36 1 4 '~ ¢ Q 0 <) \) <). 0 
37 1 4 QC) 0. (.lQ Q. c) 8.8 
38 1 4 00 6().()(1 201.6 36. 1 

L 

39 1 4.00 120.0¢ 534. 1 72.0 
40 128 . Ci Ci 180.(1¢ a 1. 113. ? 
41 1284 0 (,\ 0. ()(• t• . \) 11 .6 
42 1284.00 0.00 288.4 50.2 
43 1844.00 0.00 1316 o! 5 2 .I. 

44 1844.00 Q. Q (: 1463.7 1£. ? 
45 ? •• . 95 i) oo e•. .0 

-~ 
46 26.95 (: 0¢ ¢.0 0.0 
47 -26 95 . 95 0 (t¢ (1. (• Ct .. :; • 
48 -2 c; c::.: 

".raw• 
Q~ 
./* ~J 0 0 Ci. 
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Table 5-52. Concentration Measurement Results 

RUH M R 52 
STAB I u T 
WI NO I Si 
WIHCi p " ('t s '\" 2 "t. , I 

SOUR G TI ON 0 s 
SOUR TE < C FM) 2 C•20 0 t) 
SOUR TEMPE 5 

TUBE NO x y 2 N T 0 c p '. 
t .... ,. 

OD OD OD 0 ST K 
1 172.<)Ct -30 4~1 (.r t;t ~' 

..,. 
•.! 

2 1.., , ... ' .:.. oe1 0. (.l\) 0.0 ¢. C• (1. 1 
3 172.<H1 0.¢0 40 .<H1 1251£ .. 4 4. 1 

L 

4 1?2.00 0 . (,'1<) Sr>.<)¢ S7~H:.S 8.5 
5 172 £;! Ci 30 ~ 0. (}<;t 0.0 7.2 
6 ,5.34 24~. 4. 4(1 0 ~> <) ~~ 

7 27. 15 287. 4.40 (t. 0 (t . 0 
s 2.83 263. 4. 4(• (1 (• Q. () 
9 -186 39 246. 4. <..' (1 ¢. <) (). 0 

10 -285 67 285. 4. 4(1 Q.Q ¢ <-' 
11 -183.5? 183 0 QO (t . <) 0.0 
12 - 2t} 3 37 203. 25. 2c• <,\. <) 0 Q 
13 -241.83 2 41 . 45. 2'> <) .() (t £) 
14 -217.22 161 12.0t• 0 0 0. (t 
15 512.00 2t·4. 0.00 0. (t O.v 
16 s12.o<> 1SL 0 () C• (1. (• <L () 
17 512.(H) 124. <) • () <;t 0 <) (;1 • (;1 

18 512 00 ~ •'"l (,l. (,'t (t <,\. (,'i 6.6 Q.:!; 

19 512 00 ¢. <I. 0 (t (t (t 6.2 
2¢ 5; ., 0 <) Q. 40. (,'i(i (~I • (1 5.5 ... -
21 512 00 eo.oo o.v 7 9 
22 512.00 120.6(• ~'3.9 s 3 
23 512.0Q 16 <) 00 61 9 7.? 
24 512 Q <) 200. ()(i i6 <) 5 9 
25 512 v C1 24 C• 00 2 C•. 8 2 1 
26 512 00 2so.oo 33.7 1. 1 
27 512 Q () 320 C•O 42 5 2 1 
28 512 0 (.l <,\ t>C!• (• Q 7.9 
29 512 0 (t -·1 o.C•(1 <) Q 6 ·") 

.:. 
30 512.()(t -1 0. OC• (1. Q 4.8 
31 512 Q <) -2 0.00 0 () .:,. 1 
32 844 \) \) 0.0¢ (,\ •\ 5 .... 

. " ~ 

33 844 0 () 0.¢ 0.0 c:;: 1 ·-· 
34 844.0<) () . () 6 .. , C• 0 .. " 
35 1284 v (.: <) C:•O (t () 0.0 
36 1284.0, .. <). 0(• <.L 0 (• t't . " 
37 1284.00 0.00 240.0 0.0 
38 1294.00 60.00 5(19. 7 9.5 
39 1284.0 120.QO 16 2 t•. 3 15.3 
4Cc 1284 00 100.00 2498.0 33.5 
41 1204 Ov -91. 6({ 0.00 (t Q 4.3 
42 1284 oo -187.20 0.00 300.9 3 t'> 
43 1844 0 . 4C) Q.O 24 2 4 4 
44 1844.00 . 40 0. t,10 9 :2. 9 13 (1 

45 2€·. ~~ . ~5 0.00 (} (• 2¢. 3 
46 2E..95 . 95 0 Oo 0. (1 24 ? 
47 -2E· 95 -26. 95 0. 0(: v.v 72 7 
48 -26 95 2G . ·;ts <). 0(1 (1. <;1 0 ''i . "' 
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Table 5-53. Concentration Measurement Results 

RUN NiJ M R 53 
STAB IL I - - UNST LE 
WI trn !)! R -- 142. 
WIND SPEED 4. C)(J MIS AT 62 0 t1 
SOURCE t•ES GNATION T ~HIER ST::tCK 
SOURCE FLOW ATE ( FM;. 20200000.0 128000.<;f 
SOURCE GAS T PER URE ( c !1 z 22 Cor 

TUBE HO >C y z N NT 
to (t0 01) 0 R ..:- K •..! . 

1 172 00 -3() 40 (,l. t'r 0 .0 2: 
2 172.00 0 . (1{) Q 00 • <) .5 
3 1 "7 .... 0 (.l \) • <,'if) 4(•.()(1 97 .4 . () l ;:. 

4 172.0Q 0 . (t() S0.00 5550.9 • Ct 
5 172 Q<) 30.40 <). 0 Q ¢. (t • (,'r 

6 -13t'l.0() 222.40 4.4¢ (t. 0 .0 
? -iS4.6'-" 222.40 4.40 e•. <> .0 
e -184.00 188.¢0 4 40 0.0 . (;: 
9 -306 \) (,l 42. 40 14.00 0 t• . t'r 

10 -404.00 - . ¢0 4.4¢ (t. 0 0 
11 -259.6(1 - . (•O O.QO (t 0 (.'t 

12 -287.6<1 - . (d) 25.2t'J v.v .0 
13 -342 0 (,l - . (,l{) 45. 2(1 0. C• (1 
14 -267.6(• -3~. t·O 12.00 ¢. <) .0 
15 512 0¢ 264.(t\) (,l. f)C1 <,i. (t . () 
1G 512 0¢ 187.2(s 0.¢¢ c~. o <) . I.) .. ..., 512.0(• 124.C•Ct 0. ()(• (1 Q (• . ~) 1 l 

10 512.00 62.80 o.vo v.O v. f) 
19 512 0 (1 O.QO (). 00 0 Ci 4 y .u 
20 512.00 0. (t(t 40.<Hi v.v 7. <;1 
21 512 00 0. <,'tQ St•. oo 4 r; 9 3 7.0 
22 512 00 0. ¢() 12v. ov 1652. t• 10.e 
23 512.0(1 0. <.'t(i 160.QQ 300<.\. 5 12 3 
24 512 (t(t 0. (tQ 2ov.oo 5727 7 1 7. f. 
25 512 ,, t\ 0. (,'t(,l 2-H\. 0<!1 8439 4 1 ,:\ ., 

". -
26 512.00 Q • (te) 280. (t(t 11348.2 2~.7 .... ..., 
.:!... t I:' i •"\ 

,.J. • .!... () f.l £) . (·~· 320.0(1 14522.1 Se•. 4 
28 512.00 -e.2. so <). ¢ ¢. <) 4.9 
29 512 e{ t• -124. (1 0 ~; 0 0. 25~8 
3Ct 512.00 -187.20 Q.0¢ (t. 0 34.6 
31 512 00 -·2 64 . <,\Q (). 0 (• (1. Q ?~ e 
32 844.()() -62. 8() Q. <) v 0. () (t . () 
33 1344.00 (). (,'t() <). (1 (• (•. (1 0 (,l 

34 844.00 62.80 Q. (.d) 0. () C1 • 0 
35 1284.00 187. 20 0. 0(1 568.4 (1 (t 

36 1284.00 ~1 . (;. () 0 909. 1 0.¢ 
37 1284.00 0 . O.QO 981. 8 (t "' ~) 

38 1264.0() 0. 60.<)0 2212 1 9.2 
39 1284.0f) Q. 12~).Q(• 45 41 i;~ 6 t'i 

4<) 1284 . 0 <) 0. (1Q 180.0Q 5955.€. 23.7 
41 1284.Q() -91.60 ( 1 • 0 C• 908.4 4.3 
42 1284.0 - 87. 2C1 ( 1 • o c~ 661 €,. 0 2 
43 1844.00 30.40 0.00 2482 4 8.9 
44 1844.00 -30.40 0 Q(t 224€· 7 8.4 
45 ? ,. 95 -2r;. 95 0. (,l 253. 21~€.4 

-~ 2 €.. 9 5 QI:; ¢ . (!. 0 0.0 .,..., 
J'\ ,• 95 . 95 Q ¢.0 33.3 -;::,,,~ 

-;H. 95 qt: 0. 0 v (t 0 ~ .., 
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Table 5-54. Concentration Measurement Results 

RUN M R 54 
STAB I - - UNST LE 
WI tm I 18?. 
WIHO p Ct 4.00 11/ s AT ,2.0 f1 
SOUR SIGNATION TOWER ST::tCK 
SOUR OfJ } 20 128 . () 
SOUR .... '1" R E ( c ) 52. (:t 2~~ :;,. I 

TUBE MO. v ,, z ON TI .'\ I 
f1 '• OD on TO T K ,. 

1 172 () () .4C- Q. Q(• C• 3 .a 
2 172 QO . (tf,) Q.00 <:~ . 0 65.8 
3 172.0<) . ¢{) 40. Q(i 5102.s~ G..., 7 i • .., 

4 172.Q<) 0. QC) S0.00 1€·156. 7 27.4 
5 172 00 30 . 4C) (;1 • (,\ (t (1. (;l 14.3 
6 -249.19 €·5. 33 4.4¢ (i . <.~1 0. (1 
7 -20?.37 27.15 4. 4 (t (•. 0 (s. <) 
8 -26 3 04 2. 83 4.40 0.0 0. i) 
9 -246.35 -18G.44J 14.Ci(• (1. (,l 0. (t 

10 -205.67 -285.67 4.4¢ 0 0 0.0 
11 -183.5~ -183.57 o. 0<!1 (1. (• Q. (.'r 

12 -2(s3.3t· -·203. 37 2s.2v 0 .<) Ci . t;1 
13 -241.83 -241.03 45. 2(i (,\. <,\ (1 ti 
14 -161.22 -217.22 12.<)Ci €) .. (,'t () v 
15 512 Oo 264.¢0 Q. () c!• Q (1 (1. () 

16 512.0() 187.20 <). £) 0 ¢. ~! <) • (,': 
17 s12.oo 124. (,lQ <,\. ()(1 (1. () <Lt') 
18 512.0(t 62. ac~ (). 00 (•. Ct (1. t) 
19 s12.oo 0. <,\(« o.t-0 (1 .<) 6.6 
20 512 0 Ci O • C•O 40. (,'tQ (t (t 3.3 
21 512.,lti Q. (1t'« 9¢.(H) 271.9 3.5 
•"':..,, 512.<H• 0. (t(i 120.00 87.0 3.2 .!...:. 
23 512.00 0 00 Hti.00 44.4 3.7 
24 512.¢¢ t) . (t(« 20(1. ()(! 8¢.9 8.3 
25 512 00 f) . <)(c 240. (,l(t i 98.6 J.e1. 4 
2t: 512 <) (• 0.00 280.€)Ct 1 12.2 31. 4 
27 s12.o<> 0 . (1() 32¢.00 1 31 .. 3 7. 1 J. 

29 512 00 -e.2. 8(~ O.i)O (t. C) 9.8 
29 512.<.H' -124.<H) <). 0 (1 Q. () 23 5 
3Ci 512.0() 187 20 0. 0 (~ 284. f, 22.4 
31 512.0<) -264.00 (). 00 557.B 4(1. 6 
32 844 l;d) -E·2. 80 <).0¢ 0. • C) 
33 844.00 0. (•Q <). 00 (a. 0 (1. (1 

34 844.0¢ e.2. eo ¢. 0 (: 0.¢ 0.¢ 
35 120 4 . 0 (,\ 187.20 0. 0(1 1253.3 C• 0 
36 1284 (; 0 f.() 9.CsO 1867.7 7~5 
3? 1294.0C• .00 0. 0(• 2194 2 8 ..., 

.:; 

38 128 4 . 0 (t Q. QC) 6<',i.00 3538 c;1 4. 
39 1204.QQ \) . (t(c 120.Q(t 6234.2 ~.~ 

40 1284.00 0. (it) 180 00 7175.4 19 9 
41 1284.0\) -91.60 (•. 0¢ 23s1. 5 7.4 
42 1204.00 -18?.20 (t QO 2223.5 8 6 
43 1844 00 30.40 0.QO 1676.6 1 i. a 
44 844.<)(t -30. 40 <). <H! 1348 f.. ~ €· .., 
45 26 95 --26 95 ¢.QQ 9()6.5 78.4 
46 26 ~5 26 95 <> ()(1 ¢. <) v. C1 

47 -26 95 - 26. 95 0. ()~1 0.0 4 7. ·3 
48 -26.95 26. 95 (!. 0 0 ¢. <} 0. () 
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Table 5-SSA. Concentration Measurement Results 

RUN HfJfiBER 5 
STAB IL I T1' - - NS TABLE 
WINO f) Iii! . - - 232. 5 
WI ND SP EE!) 4. Ot" M/S AT 6., t't 

- • y M 
SOURCE liE I GNAT TOWER CK 
SOURCE FL RA ) 2020(•()0(}. (.l 128 "~( 

SOURCE GAS TEM E (C 52.0 .0 

TUBE HO x y z N N R T p 
OD OD U1 !t 0 R K 

1 172.00 -30.40 0 00 <) <) 
..... 172.00 Q . (.1() (.'i. () ¢ .0 .0 L 
3 172.00 0. ¢0 40.0¢ 261 .7 .6 
4 172.0\t Q (ie) S\t.otr 184? s • Ci 
s 172.00 30.40 <I. Ov .0 .0 
b -222 40 -130.QQ 4. 4(1 .0 Q 
? -222 40 -·184. (tf} 4.40 0. <) • C} 
a -1aa.t«o -184. ~\~) 4. 4(• (1 f'i .. , .0 
9 -42.40 .. <H•£. ¢¢ 14.0¢ ¢. <} (t. <~f 

1\,'i Q (,l -4 t14 . (•;) 4.4¢ <.'t. () ¢ v 
11 Q <) -259.6{) 0.0¢ 0.0 <> ¢ 
13 . ()(1 -·3 42 . <,\C) 45.2¢ 0. <) (• () 
14 39.6<) -2£7.60 12.0¢ 0. C• 5. 7 
15 512 0<.'* 264.(•f) <,1. ()(1 ¢. <) (•. C) 
16 512.C)(i 187. 2\1 ¢ C) 0 0.0 (;. (t 
17 512 00 124. (t() 0.00 <.\. <) <>. 0 1e 512 00 £2 . <).¢¢ 0.0 C). C) 
19 512 .¢¢1 Q. Q. Q(t 0.0 0.0 
20 512.(i(t 0 40.0 0 0 0. <;1 
21 512.0(1 0. (•Q eo. e·c, <L t• (1 

22 512.00 0. (rC« 12¢.00 ¢.0 0.0 
23 512.00 0 . <)c) 160.0(1 64.7 <L <) 
24 512.(d) 0 (1Q 2vo 0 (J 69.9 (;t_ 0 
25 512 .00 0. 00 24 (t (s(t 29.2 Q •~I 
26 512 () 0 ¢ . (:C) 200.¢¢ 7 f.. 0 0 C) 
.. -.. ..., 
'' 512.00 0 . (I\) 320.0(• 90.3 (.'t. 0 
28 512.00 -62. 0.00 0.0 0.0 
29 5 i ·:;:· tH1 -·124 0. {)Q (_\. 1 •') 
3() 512 00 -187.20 0.00 0.0 7.4 
31 512 00 -264.¢0 0. 0(• 0.0 2 5.9 
32 844.00 -e.2. eo 0.00 338.4 4. () 
34 844.0(• 62.SO (•. 00 (t. 0 ~.4 
71:; ._ . ..., 1284 OQ 187.20 <).f)y 0. «) (!. (} 
36 1284.00 91.60 ¢.00 0.0 (1. t~i 
-::~ .. _. i. 1284 0¢ () . (t(f 0 00 0 <) 0.0 
38 1284.0<> 0. (•O 60.0¢ ¢. <) (• . () 
39 1284 00 Q. OCt 120.00 0. <) 5 7 
4() 1284. <H• Q. (•() !Sc). Oo (• .<) 7. 7 
41 1284.0¢ -'31.6() <). () Q 0.0 1 0. 1 
42 1294 (IC) -187.20 0.00 (1. ,, 2f>~? -~ 1844.00 30.40 0.00 0 <) ¢. 

1844.0(1 -30.40 0.00 £!• (• (• t'i . "' 
45 26.~5 - 2~. ~5 0. <H1 0 ('· ,,. 0.0 
4~ 26.95 2G. 95 (1 . () t.) 0.0 t• ~ Q 

t -2Ei.95 - 26. ~5 (1. 0¢ <) .<? 
-:26.~5 26. 95 () OCt (t ~ \) C•. 
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Table 5-56. Concentration Measurement Results 

RUN t1 
STAB I NSiABlE 
iJ I NJ) I -S2. 5 
WIND p • () <) MIS AT 62.() M 
SOUR TI 0 T Ob.IE R s CK 
SOUR TE ) 202('.f{t<)()¢ <) 1 28 (J .¢ 
SOUR T pc D E ( c I:".-. t• . t) I .J~ 

TUBE NO. x y z C!J N TRAT IONS ( PP~I 
Ot ) M> ( M > TO R •*" ACK ~:· 

1 172.<)(;1 -3(). 4t) (i . ()(t . <> (1 . () 

2 172.0Q <) • 00 ¢.0¢ ¢. <;1 0 ~ Ct 
3 172.0t'l <) • QC) 40. Q(• 51(•. 1 (,'t. Q 
4 172.00 0.00 80.00 14278.5 0 C) 
5 172.0<~1 3~ 4() (). () (t (1. (1 <L (1 
6 -65.34 -24~. 1e 4.4¢ <>. 0 O.v 
7 ."'\ ""? ..! t:' -287.3? 4. 4C:1 <L c,'t (•. <:· .:.. t • .t. ;.J e -2.83 -2 63. (t4 4.4¢ ¢. c;. 0.0 
9 196 39 -24G.36 14.0¢ (1 t• ,, . () 

10 205.67 -285.67 4.40 ¢.0 C) • () 
1 i 183. 5£ -183.57 Q. ()(e Q C) <L () 
12 203.:.H. -203.36 25. 2(t ¢ .() (t. 0 
13 241. 83 -241.83 45. 2(• (). (• (1. (4 

14 217.22 -161.22 12. O\• ¢. <) (J. 0 
15 512 Oo 264 ¢{) c:1 ¢(1 c:1 • (1 0. (t 
16 512.00 187.20 <}. 0 0 (t. 0 0.0 

s12.oo 1 24 . (1() 0. 0(• (,\. (1 t1 () 

512.<)¢ £2. eo 0.0¢ 0.0 <). 0 
512.00 0 (t () (1. (,l (1 t) (1 e1 () 
512.<)<) <) . (1(} 49.()(1 €) v () .C) 
512.0(1 () . (1() So. (1(• Q <) t) . (;t 

512.0<) Q. (re) 120.0¢ ¢ <) <L <;: 
512.00 0.¢0 160 0 (1 120(1. 9 (•.er 
512.0¢ 0. 2(d).Q(• 349¢.2 (; • C) 
512 00 0. 24t).t\(1 4758.5 G.4 
512.¢<) 0. 28¢.¢¢ sese1.v 7 7 

"' ... ".I 

512 Ct (1 320.€)t• ?S 51. 7 ., i) , •• 
'-f;,/ a.,,, 

512 (d) 0 0¢ ¢ 0 3t·. 7 
5 i ·:· 0 (1 (• ()(1 3?·) ~ 561. s .. - .......... "' 

30 12.00 <l.0¢ 313.0 585 5 
31 12 <;1 (• ,.. :'i t'1 o ~ e· 283.6 #""#"I 

32 4.0<) 0 0 (t 0.0 21. 4 
33 ,i: ()(,l (I. 0 ,, (• 0 3. <) 'T 

34 . 0 <) 62 8('$ 0.0¢ (;t_ () 0.0 
35 1 . () (1 187.20 C!1. ()(1 5¢6 2 o.O 
3G 1 4.00 ~1 60 0.00 724.4 0.0 ... .., i . () (1 0. (1() C• .. <)Ci 641. 2 'l :". :.,. ( .... " 
38 1 4. Q(t 0.00 60.0¢ 99.3 <) . <) 
39 "' 4 00 0.¢0 120 0 (i 99.5 23.4 .:. 
40 1 4.00 ¢. 180.00 46 () ~. 7 71:; 7 

".f ..... .,.; 

41 1 -91 (a.() (1 :i4S 4 7.5 
42 1 -187. 0.0¢ <;1 • () 15.6 
43 4 30 . 0 ()(1 G4.0 21. 7 L 
44 1 -30. 40 0. (1(1 04.5 p 5 "' s - 26. 95 0. (,'I (1 ¢. <;1 (• 0 
46 2E·. 95 . ~5 () 0¢ 0.¢ 0. () 
47 -26.95 . 95 (.l {;i (• ... t'f (;1 ·~) I., ... 

48 -26.95 95 0. (1¢ (t. 0 <) • 



TUBE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

H! 
1 i 
12 
13 
14 
15 
1€. 
17 e 
20 

25 
26 
27 
28 
29 
3t• 

43 
44 

rm 
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Table 5-57. Concentration Measurement Results 

x '"( 
on (PD 

2 00 -30. 40 
2.00 o. <>o 
:2 ()(! <> . oo 
2.ov 0 . ()() 
2. t.H• 3().40 
O.QQ -2 22. 40 
4 () \) -222.40 
4 00 -188.¢0 ,• 
0 0 (1 -42. 41') 

404 0 (t 0. (1C) 
259.6¢ ;J . (!1<) 
287.60 Q. (1¢ 
342.00 () • <,\f) 
26 7. 6 <) 3~ f,Q 
512 0 () 2£4.00 
512.00 1 87 . 20 
512.¢(1 124. (1t« 
512.0<1 62. 5 ~ •"'\ '" 1.. ,!. (t ~(,. 

512.00 0. 0<) 
512.00 0. (•ti 
512 C) (~ (}. <)¢ 
512.0(t 0. (•Q 
512.<) ~!<) 
5 1 ., 0 . (1(~ 
512.<)0 .¢0 
51:2.0(j 'so 
512 (d) -1 4.00 
51 2. (q,'i -1 

1 2 .<) -·2 
44.0 

. 00 

62.0 M 
T l~E R 

2 20¢0 0 (t 
52. 

z no 
0.00 
C•. 0(1 

40.00 
SO.£)!/ 

0. <,\¢ 
4. 4 () 
4. 4(• 
4.4¢ 

14. Q(i 
4.4¢ 
Q. 0(• 

25 2(• 
45.2(1 

2.00 
0 ¢¢ 
0.00 
0 () (1 
(). 0 0 

4 (1 0¢ 
80.0¢ 

12(•. 00 
160.¢0 
20 t•. Cu'.) 

(1. ¢ (; 
(). ¢ ¢ 
¢.¢<) 
(1. () (• 
0. ()(,t 
0. () 0 

NCENTRATIONS CPPM) 
O~JER STA K 
5.2. 4 t•. 0 

738.6 O.G 
S596.7 o.o 

36639.4 0 0 
1947.2 0.0 

¢.0 ¢.t) 
c•.O <Lo 
0.0 <)_() 

332~2 O~O 
634 2 
472.9 
618.2 
948.2 
981 2 

(1 0 
~8. aa1 

846.v 
906 B 

3035.6 
5428.8 
851~.4 

11505.~ 
13798.2 
134 4 7 4 
14168.9 

90.? 
0 . <) 
(,l • 

632 . 
GSE·. 

3. fi, 
0.0 
(1 . ¢ 

45 2 
<). ¢ 
0.0 

18 6 
31 1 
1 t• 8 
19.3 

4 3 
? 2 
~.4 
4. 1 

20 ';. 3 
as. 1 
4 8. <} 
3~.3 
2 7. 1 

\). f.l 

3.5 
3. ~) 

2(1. 7 
27.2 

4 3 
9.7 
\':) ') 
'-* "' t:... 
9.0 
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Table 5-58. Concentration Measurement Results 

913 2 
44. t• 

T TI 

2 . 3 
5 . '3 
?4.1 
25.6 
49.? 
26.5 
-:?' ~-'.l 1• 

.J .:!. • 0 
11. e 

(s. () 
5 3 
(1 (• 
0.0 
6.7 

34.9 
53 4 

4. 1 
e 7 
4.4 

16 4 
31. 5 
46.2 

c1 
i} 
(1 

. 1 
? 
8 
1 
I) 
t1 
·' () 

C' 



0. 
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Table 5-59. Concentration Measurement Results 

S AT ~2 

) 
E 

z on 
TR T 0 

¢. <!• 
(i. () 

05.7 
87. 7 '\. 29 0 
<)8 1 
57. 3 
70.5 
65. 4 
52.8 

0 (• 
c;i 

C• t• 
0 

• (1 

T 

Ci. 
(~ . 

. 0 
¢ 

•'1 ~ . \) 

13.4 
E.. 6 

1 b. 2 
Q ... . 7 s. 1 

1(1. r:;: .., 
3 5 
4. 2 
4.3 
7 8 ..., . 
6. 3 
¢ 
(•. 

¢ 
(} . 
5. 
Q () ,,. 

13. 4 
27. 

(1 . .,, 
~ ~ 

2(•. 2 
'7 7 "J ...... 7 

() . (1 
0. (;f 

<.'». () 



1 
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Table 5-60. Concentration Measurement Results 

v 
I 

AT 6 
TO R 
oO . 0 

52. 

. (t 
Ci 

0.0 
<>. 0 
¢. <} 
(,\ ;) 
(! <) 
(,\ () 
¢. 

22 0 

TRAT ON 

1 
.2 

4 . 4 
27.2 

Ci. Ci 
0.0 
(). 0 
0.0 

.0 
¢.0 
<) (.l 
0 
(t. 
¢ 0 
8.6 

30.2 
65.9 
87.8 
68. (• 
S\f •. 
7 (•. 
02.¢ 
7'3.6 

2. (t 
4.? 

118.3 
5.2 
¢ () 
(1 . (! 
0.0 
¢. () 
4.6 
(•. 4 
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Table 5-61. Concentration Measurement Results 

S AT 62 (t M 
TOWER ) 202Qovoo.o 

E ((:) 52 0 

z 

25.20 
5. 2(1 

2 0¢ 
0 00 
0 00 
0. (q;1 
0 

00 
4¢.()0 
ao oo 

~I v 0 
1011(-..S 

37 t· 
8 9 

() 
.0 

(J <) 
Q 0 
0 (! 
Q. (t 
0 0 
(t. 0 
0 0 
0 Q 
(t. () 
(;t 

0 ¢ 
(t. Q 

7 ~. €. 
38.2 
08 8 
99 4 
?E· e. 
0 3 (i 
12 9 
46 9 

¢ 
(.\. 0 
C) ¢ 
(> • <!• v 0 
C• (• 

58.2 
() 4 8 
1 9. l 
9 7 r; 
44.3 
s 1. 4 
99. 1 
7(1. 7 
15.9 
¢3 4 
4 e. 1 ,, . t• 

0 () 
t• C• 
¢ <) 

pp l'1) 
f( 

.? 

.7 
2 5 
1 ~ 0 
18.8 

0 0 
0. () 
0.0 
0 0 
0.0 
¢ <) 
0. () 
(a. () 
Ct 0 
?.3 

18 9 
31. G 

f,. ') 
(1 0 
3.5 

13.2 
15.5 
:27.t.) 
34.0 
3 9. (,'r 
57.8 
5S 8 

t;t. 0 
<Lo 
0.¢ 
0. () 
(t . i} 
C• 0 
3.0 
3.S 
(t. 0 
(,l • () 

10.3 
1(L6 
21. 1 

(t. (,'r 
0.0 
6.5 
0.2 
(). <) 

5€ .. 7 
(t \) 
4~2 
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Table 5-62. Concentration Measurement Results 

AT 62. <;1 
WER STACK 

} 2 (: 0 28 0 
E 2 0 

z RATI N 
f"' •. 

<) 
0. <)¢ ¢ ¢ 

40.00 ~4.7 
77 
7~ (1. 6 

0.¢ 0.¢ 
.4 0. (,l (). 0 

4.40 ¢ 0 ¢.0 
4 (,\ (• (,'l Q Q t\ 

• '# 

4.4 .0 0.0 
0 0 0 (). () 

25.20 0 0 0 0 
45.20 (). 0 0.0 
12.0¢ ¢.0 0.0 
0.0¢ 2rE.9.G 5 .., • l 

Q . <) 594.5 3~.7 
f). ¢ 1<)7 6 9 SS.1 
0.0¢ 314.8 156.6 
(I c) ¢ -338.2 1G%).3 
(t. ()(1 7 4. 1 149.9 
<) 0 ~I 4 ~i 7 130. (,\ 

55.3 124.5 
55.4 it'd.? 
'3 ¢. 5 105. (t 
()2.3 ?7.3 
4 7. 1 66.4 
59.7 62.7 
55.5 156 4 

(w <) 181.<) 
(1 1 7 ...... .., .I' ..... 
(1 1 2. 1 

92. ·~ 49 ~ 
•..I 

<Lo '"'7. 9 54.7 
0.00 24.6 60.5 
(1. ()(1 57. 1 1 (t. 3 
9.00 26 9 15.0 
(;. 0 (1 O~\. 7 16.9 

60.00 61. (1 J 6. () 
12t}.0(1 51. 1 34.6 

8 7 ..... 7 
•J 34.1 

1. 9 24.? 
8 24.3 
1. u· ·=· Q.-

6 4. 1 19.7 
(,.\ (1 (1. (,l 25.4 

¢ (t (:1 0.0 
(i (,\ (• 23.4 
0 0 0 0.0 



1 
2 
7 
""' 
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Table 5-63. Concentration Measurement Results 

LE 
MIS AT 

) 
E .-. :... 

62.0 

20 2Cr 

( 10 
<) 00 o.oo 

40. ()(I 
<). () 
<) 0 
4.4 
4.4¢ 
4.40 

14 0 (1 
4.4¢ 
0.00 

25. 20 
45. :2\!2 

2. OC* 
0.0 

. (1 
(1¢ 

.0¢ 

.00 
'()¢ 
. () ¢ 
. 0 () 

M 
TOfLfER STACK 

0¢ 
52 

0 280 .0 

C: NT ATI 
R 

• <) 
.9 

<) • 5 
8168.0 
524.¢ 

0. <) 
¢.¢ 
0 <) 
tj () 
0. () 
0.0 
(t. ¢ 
t'i ¢ 
0 ¢ 
¢ 0 
(1. 0 

756.5 
800 ¢ 

Q <) 
97.3 
40.5 
58.6 
SB. 0 
48.5 
22.4 
OC•. ¢ 
41 (1 
7 4. () 
11.5 

(1 0 
<:1. 0 

9f .. 7 
67.9 
84.4 
86. 1 
57.2 
07.2 
71. 2 
16. 1 
39 8 
93 (1 
74.3 
90.4 
4(1. 8 

(1 (• 
i) ¢ 
C• (• 
¢. 

Q 

9.5 
(•. (1 
¢.¢ 
Ct ~· 
0.0 
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Table 5-64. Concentration Measurement Results 

LE 
MIS AT 62 0 M 

TOWER STA K 
'• 2 20()000 (: 128000 ,. 
E ( 52 (,'i 22. 

z TIO s ( PPfti 
"!" T K ! 
;;:: .0 .,; 
711.<) 0.¢ 

0.00 4¢.00 91¢2 8 0 . (« 
80.(H; 2 6f .. g ¢. <) 

;::: Ci () 14.4 c:•. (* ..; 
.40 ¢.0 0. () 

4(1 0.0 0.0 
4.40 0.0 v. () 
4. ()(1 ¢ (1 (1. 0 
4 4¢ r; 0 1 1 e 
et. o o ~· <,i 0. C1 

25.2<) 0.0 0.0 
45. 2(• <) .<!1 64.8 

2. <) ¢ 5€ .. 8 (;t. (• 
ti . <) (• s 1. 5 t\. (.l 

C). (1 ¢ 13~5 0 0 
C) ()(1 96.8 (r 0 
(1 ¢¢ 01. 4 16.2 
(.'i (.'IQ ?5.9 59.2 

50. 1 48 0 
77.2 46.3 
12.3 (t. 0 
98.3 (). 0 
18 ~ <) ¢ 
Cq;. 4 <L t'r 
77.4 0 0 
13 4 o.O 
51 4 195.2 
1£.3 4c1 ·=· ., .... 1 
98 8 716.S 
97.9 4~t b. s 
t. 7. 9 41 5 
73.5 2 9. (,\ 
9f .. 4 1 (t. 2 
35 7 (,'I.() 
7- ... ..., { . . :,. 0 (1 
22.6 2.4 
86.8 7.5 
57.~ 11. 1 
68 9 17.7 
13 1 14.4 
07 9 24. 1 
39.9 0. Ci 

• <) 0 42.5 0.0 
0 () :;1 5 ().? (,.'r (t 

. 0 C1 0. (,s (1. 0 

.00 f} (t 0 t'I . "' 
<;1 () 
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