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EXECUTIVE SUMMARY 

Tests were conducted in the Colorado State University Environmental 

and Meteorological Wind Tunnel facilities, to study the gaseous plumes 

released from stacks associated with the Lansing Power Station of the 

Interstate Power Company. The tests were conducted over a model power 

plant to scale 1/400 including all significant structures, topography, 

and roughness elements in the vicinity. Effects of wind orientation, 

stack height,load, wind velocity, and stratification were established. 

Data obtained included photographs and color motion pictures of smoke 

plume trajectories and contaminant concentration downwind of the power 

plant at ground level sampling positions. On the basis of the experimental 

measurements reported herein, the following comments may be made: 

Neutral Flow: 

1) Plumes from Unit 4 do not entrain directly into the building 

complex cavity for any wind angle, velocity, or load condition studied. 

Stacks for Units 1-3, being shorter, may entrain for wind velocities 

20 ft/sec (13.6 mph) and greater. 

2) The rising topography south and west of the plant site 

intercept plumes released from shorter stacks. A stack height of 

500 ft would appear to lift gases emitted from Unit 4 sufficiently 

such that ground interaction will be noticeable only for the highest 

wind speeds (>20 ft/sec or >13.6 mph). 

3) No significant reduction in ground level concentration for 

the new stack proposed for unit 4 would be gained for neutral flow 

situations by increasing the height from 500 to 700 ft. 

ii 



4) Concentration measurements show that maximum ground-level 

concentrations will result from Unit 4 at one-half load for NE wind 

flow over a 300 ft stack. However similar levels for the same stack 

height may be reached for other wind angles. Ground concentrations 

for Units 1-3 reach maximum concentrations for full load, existing 

stacks, for almost any condition evaluated. 

Stably Stratified Flow 

5) Plumes emitted from Unit 4 stacks of height 500 ft and greater 

remained aloft in the ground based inversion flow for all wind directions. 

6) The highest ground-level concentrations for any Unit 4 stack 

during the stratified condition is at most one-tenth of the maximum 

neutral condition. 

7) The attempt to model a raised inversion condition was only 

partially successful. Visualization suggested a mixed layer was formed 

approximately 300-500 ft deep over the plant site. Unfortunately secondary 

flows and nonstationarity were also present. In any event the plume 

buoyancy sufficed to loft the plume above the inversion for all stack 

heights for the SE wind orientation simulated. 

Since specific maximum source levels may vary depending on the 

source of coal or the load, dimensional prediction tables have been 

prepared in the manner of Pasquill for the Lansing Power Station 

configuration. If percent frequency of winds and stability conditions 

at various wind approach angles are known for the Lansing site, average 

annual concentrations or 24 hour averages including the effects of wind 

angle frequency distribution may be calculated in the manner of Turner52 

44 or Sherlock and Lesher. If one desires the meteorological significant 

situations such as looping, fanning, fumigation, or trapping one may 

iii 



combine the experimental results developed herein with the expressions 

suggested by Bierly and Hewson or Slade, Chapter 3, Section 3.s. 47 
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1.0 INTRODUCTION 

A wind tunnel study of the Lansing Power Station, Interstate Power 

Company, Iowa, was motivated by the desire to determine the optimwn 

height and configuration of stacks which would eliminate downwash and 

reduce the concentration of sulfur dioxide at ground level such that the 

plant can meet state and federal ambient air quality standards. The 

power plant is located in Allamakee County, Iowa, approximately three 

miles southeast of Lansing, Iowa in the Mississippi River valley. Its 

particular location is such that the ambient wind may carry stack exhaust 

over the land mass and against the rising river bluffs. 

Commercial fossil fuel steam electric generating stations generally 

require an analysis of the potential behavior of gaseous effluents 

emitted to the atmosphere as a result of combustion processes. The 

proposed new design incorporates processes to reduce particulate emissions 

and ground level concentrations of gaseous chemical effluents to a 

minimum. Used wisely the atmospheric reservoir permits disposal without 

damage or nuisance; used without due consideration for its widely varying 

dispersion capacity, pollutants may at times remain at sufficiently 

high concentrations near the ground to cause annoyance. 

A primary factor in determining whether these gaseous products are 

to be a nuisance is the stack design. Under certain conditions it may 

be necessary to make a release in meteorologically unfavorable situations. 

Hence, it is necessary to design gas exhaust systems such that adequate 

dispersal of gaseous materials will occur under any realistic meteorolog-

ical condition. 
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It has been a traditional design technique to release the various 

gases through the top of a tall stack located near the power station, 

where the stack is at least two and one-half times taller than nearby 

buildings. Calculation of peak and mean ground concentrations of these 

gases are then based on some semiempirical model which relates the 

release rate from an elevated point source to the concentration at some 

point downwind. Mathematical models have been suggested by Sutton, Hay 
. 50 37 40 10 and Pasquill, Roberts and Cramer. ' ' ' These mathematical models 

require the assumptions of plane homogeneous atmospheric turbulence and 

constant mean lateral and mean vertical velocities. These assumptions 

are satisfied for a point release over a flat undisturbed terrain. 

In addition, considerable effort has been made to determine the 

effects of vertical stack velocity and gas buoyancy on the effective 

stack release height. 4 Recently Carson and Moses have reviewed over 

15 plume rise formulas constructed to calculate effective stack heights 

for conditions where there are no effects from local terrain or buildings. 

They concluded that no available plume rise equation can be expected to 

accurately predict short-term plume rise, More recent results produced 

by Briggs (1969) are more optimistic concerning isolated plumes suggesting 

error boW1ds for plume rise of ±20 percent. 

Often, it is necessary, due to aesthetics cost, and public relation 

reasons, to utilize a short to medium height stack. In these cases plume 

dispersion is sufficiently modified by the presence of the local building 

structure o_r ground topography that the only approach available is one 

of wind tunnel model tests. 33• 15 

A number of wind tunnel studies have considered the effects of 

variations in a single building geometry on plume entrainment and 

, 
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d. . 16,49,12,23 ispersion . These studies have permitted the specification 

of pertinent scaling criteria for model studies of plume excursions near 

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

Since each arrangement of the power plant and auxiliary buildings 

or terrain may have separate effects on the generation of mechanical 

turbulence and mean flow movement, any specific gas dispersion problem 

will require individual tests. Hence, there exist in the literature 

descriptions of a variety of different model studies on reactor and 
. d . l l 15,24,11,44,19,29,30,32,7 Th d . . . f. in ustna pants. ese stu ies are signi 1-

cant in that their results have been essentially confirmed by either 

direct prototype measurements or the absence of the gases or dusts the 

study was directed to remove. References 24, 11, 19, and 29 incorporate 

such comparisons within their text. Reference 15 has recently been 

compared with prototype measurements at the National Reactor Testing 

Station in Southeast Idaho . 12 Agreement of the diffusion concentration 

results were very satisfactory. Martin29 favorably compared his wind 

tunnel study measurements about a model of the Ford Nuclear Reactor at 

the University of Michigan with prototype measurements. Finally, Munn 

and Cole35 have taken diffusion measurements on a power station complex 

at the National Research Council, Ottawa, Canada, to confirm the general 

entrainment criteria suggested by the model studies of Davies and Moore. 11 

The purpose of this study is to determine the behavior of plumes 

created by gases discharged from a proposed new stack for Unit 4 and 

existing stacks for Units 1-3, of the Interstate Power Company Lansing 

Power Station (Figs. 1 and 2). Using a 1:400 scale model of the plant 

in a wind tunnel capable of simulating the appropriate meteorological 

conditions downwind ground-level stack-gas concentrations were determined 



4 

by sampling concentrations of tracer gas (Krypton 85) released from the 

model stacks and overall plume geometry was obtained by photographing 

smoke plumes created by releasing smoke (titanium oxide) from the model 

stacks. 

Th.e general scope includes determination of how plume behavior is 

affected by stack height by loading level, wind direction, wind speed 

and thermal stratification of the atmosphere. A wide range of meteoro-

logical conditions can be simulated in the meteorological and environmental 

wind tunnel of the Fluid Dynamics and Diffusion Laboratory (FDDL) at 

Colorado State University. The conditions simulated for this study 
I 

included the adiabatic lapse rate (thermally neutral flow), the ground 

based inversion, and an elevated inversion (thermally stable flows). 

The modeling criteria necessar,y to simulate atmospheric motions 

over such a site are presented in Section 2. Details of the model 

construction and the experimental equipment are described in Section 3. 

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

significance. 

This report is supplemented by a motion picture (in color) which 

shows the plume behavior for all stacks for all operating levels, wind 

directions and meteorological conditions investigated during the course 

of this study (see Table 11 for motion picture sequences). A set of 

black-and-white photographs of each plume realization further supplements 

the material presented in this report. 
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2.0 SIMULATION OF A1MOSPHERIC MOTION 

The use of a wind tunnel for model tests of gas diffusi~n by the 

atmosphere is based upon the concept that nondimensional concentration 

coefficients will be the same at contiguous points in the model and 

the prototype and will not be a function of the length scale ratio. 

Concentration coefficients will only be independent of scale if the 

wind tunnel boundary layer is made similar to the atmospheric boundary 

layer by satisfying certain similarity criteria. These criteria are 

obtained by inspectional analysis of physical statements for conservation 

of mass, momentum and . energy. Detailed discussions have been given by 

Halitsky, 16 Martin29 and Cermak. 8 Basically the model laws may be 

divided into requirements for geometric, dynamic, thermic and kinematic 

similarity. In addition, similarity of upwind flow characteristics and 

ground boundary conditions must be achieved. 

For the Lansing Power Station study, geometric similarity is 

satisfied by an undistorted model of length ratio 1:400. This scale 

was chosen to facilitate ease of measurements, provide a boundary layer 

equivalent to 800-1000 ft for the atmosphere and minimize wind tunnel 

blockage. (The ratio of projected area to the area of the wind tunnel 

cross section should not exceed 5 percent. The model of the Lansing 

Power Station at a scale of 1:400 produced a blockage of 1.0 percent in 

the MWT and 0.5 percent in the EWT.) 

2.1 Modeling the Neutral Atmosphere Case 

When interest is focused on the vertical motion of plumes of heated 

gases emitted from stacks into a thermally neutral atmosphere the 

following variables are of primary significance: 



6 

pa= density of ambient air 

~Y = (p -p )g--difference in specific weight of ambient air and 
a s stack gas . 

n = local angular velocity component of earth 

µa= dynamic viscosity of ambient air 

V = speed of ambient wind at stack height a 

V = speed of stack gas emission s 

H = stack height 

D = stack diameter 

c = thickness of planetary boundary layer a 

z = roughness heights for upward surface 
0 

Grouping the independent variables into dimensionless parameters with 

pa' Va and H as reference variables yields the following parameters 

upon which the dependent quantities of interest must depend: 

V c z D a a o 
Hn'H'H'H' 

V p H a a 
µa 

~y 
gp 

The laboratory boundary-layer-thickness parameter c /H was made a 

approximately equal to that for the atmosphere. A value for this ratio 

of at least 1.5 was established for the highest stacks. Equality of 

the surf~ce parameter z /H for model and prototype was achieved. 
0 

through geometrical scaling of the stacks and upwind roughness. Likewise 

the stack parameter D/H was equal for model and prototype. 

Dynamic similarity is achieved 

number 
p V H a a and a Rossby number 

in a 
V a 
Hn 

strict sense if a Reynolds 

for the model is equal to its 

counterpart for the atmosphere. The model Rossby number cannot be made 

equal to the atmospheric value. However, over the short distances 

/ 
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considered (up to 15,000 ft), the Coriolis acceleration has little 

influence upon the flow. Accordingly, the standard practice is to 

relax the requirement of equal Rossby numbers. 8 

Kinematic similarity requires the scaled equivalence of streamline 

movement of the air over prototype and model. It has been shown by 

Golden15 that flow around geometrically similar sharp-edged buildings 

at ambient temperatures in a neutrally stratified atmosphere should be 

dynamically and kinematically similar when the approaching flow is 

kinematically similar. This approach depends upon producing flows in 

which the flow characteristics become independent of Reynolds number 

if a lower limit of the Reynolds number is exceeded. For example, the 

resistance coefficient for flow in a sufficiently rough pipe as shown 

in Schlicting (42, p. 521) is constant for a Reynolds number larger 
4 than 2 x 10. This implies that surface or drag forces are directly 

proportional to the mean flow speed squared. In turn, this condition 

is the necessary condition for mean turbulence statistics such as 

root-mean square value and correlation coefficient of the turbulence 

velocity components to be equal for the model and the prototype flow. 16 •8 

Golden, as cited by Halitsky, 15 •16 found that for flow about a cube 

for Reynolds numbers ·above 11,000, there was no change in concentration 

measurements. The minimum Reynolds number encountered in the present 

study was 11,000 based on the model scale of 1.0 ft and a minimum velocity 

of 15 fps. Correlation tests of flow about the Rock of Gibraltar flow 

over Pt. Arguello, California, and flow over San Nicolas Island, 

California, may be cited as examples of large Reynolds number flows which 

have been modeled successfully in a wind tunnei. 14 •5•31 
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Buildings and building complexes produce nonuniform fields of flow 

which perturb the regular upstream atmospheric wind profiles. Around 

each building a boundary layer exists, where the velocity is zero at the 

surface but increases rapidly to a relatively constant value a short 

distance from the building wall. Outside of the boundary layer and 

downstream there exists a region of low velocities and pressures called 

the cavity. In this region circulations are such that flow may actually 

reverse with respect to the upstream winds. Surrounding the cavity but 

extending further downstream is a parabolic region called the wake in 

which the presence of the building is still evident in terms of devia-

tions of velocity, turbulence, and pressure from conditions found in the 

upstream atmospheric boundary layer. 

The formation of the wake and cavity regions are associated with 

a phenomena called boundary-layer separation. Under certain conditions 

the boundary layer actually detaches and enters the flow streaming about 

the building . This may occur at the corner of a sharp-edged building 

or on a curved surface if the pressure increases due to a decelerating 

flow field. The separated boundary layer forms a sheet which completely 

surrounds the cavity region which contains relatively stagnant fluid. 

The extent of the cavity region for the Lansing Power Station building 

may be approximated by SH; 1000 ft. Based on the measurements of 

Evans 13 the effect of alternate wind approach angles to an elongated 

rectangular complex may extend this to 6H; 1200 ft . 

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

for a logarithmic profile results in threefold variation in the 

dimensionless pressure coefficient downstream of a model building. 
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Such variance in the pressure fields indicates a strong effect of the 

upstream wind profile on the kinematic behavior of the fluid near the 

building complex. One of the few tunnels currently capable of generating 

a turbulent boundary layer thick enough for a 1:400 model scale is the 

Meteorological Wind Tunnel at Colorado State University. Other investi-

gators have attempted to generate logarithmic profiles in short tunnels 

by inserting special grids upstream of the test section; however, this 

technique normally creates a nontypical turbulence field which decays 

rapidly downstream. 

The length scale used for scaling the velocity profile is the 

roughness height 8 z. For the Lansing Power Station site typical 
0 

roughness lengths for land to river motion is assumed to be less than 

3 ft, while river to land winds may be typified by a length less than 

1/2 in. 51 This means the critical sea to land wind velocities could be 

modeled in the wind tunnel by a roughness length of less than 1/400 in., 

or essentially a smooth upstream surface. A turbulent boundary layer 

approximately 2.5 ft thick was produced by an upstream fetch of 40 ft 

in the Meteorological Wind Tunnel, and by a tailored vortex grid in the 

Enviromnental Wind Tunnel. Considering the sudden change in terrain 

height, the presence of trees over the hilltops and along the river bluffs, 

it was decided to simulate the upstream wind profile by a power law 

exponent of approximately 0.27. This shape profile is characteristic of 

flow over terrain well covered by numerous obstructions. The irregular 

river valley terrain quickly modifies this to suit itself by local 

separation and reattachment over local surface irregularities. 

Equality of the parameter 2 p V / (t.yD) a a for model and prototype 

in essence determines the relationship between the atmospheric wind speed 
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and the model wind speed once the geometric scale has been selected 

(1:400 in this case). Often this criteria results in 01 ) being too am 
small to satisfy the minimum Reynolds number requirement. When this 

happens to the specific weight difference for the model (fly) can be m 

made larger than (fly) to compensate for the effect of small geometric p 
scale. 

Using the lowest stack height (300 ft) and a wind speed of 13.6 mph 

or 20 ft/sec and a scale of 1:400, the Froude number equality gives 

or 

When the specific weight-difference ratio is unity 

(V) = 1.00 ft/sec. a m 

The corresponding model Reynolds number then becomes approximately 

1.0 X 1 

1 5 10-4 
• X 

= 6700 < 11,000. 

Accordingly the model wind speed would need to be increased to attain 

the desired minimum Reynolds number . 

When the prototype stack gas temperature is 300°F, the foregoing 

expression for Froude number equality requires that the model stack gas 

temperature should be approximately 600°F to reach model Reynolds number 

of 11,000. This temperature is not a practical level for modeling; 
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however, helium may be used to attain the proper density differences 

(~y ). The minimum Reynolds number of 11,000 can be obtained if the m 

ratio of specific weight difference is adjusted to 2.24. The permissible 

minimum wind speed nr) then becomes 1.50 ft/sec. l• a M 

By decreasing the density of the plume gas in the model it is thus 

possible to increase the velocity scale factor and still keep buoyancy 

scaling at the stack exit . Downstream of the stack exit, however, as 

the light plume gas mixes with the much denser surrounding air, its 

buoyancy is depleted at too high a rate to maintain correct scale 

conditions relative to the prototype plume , for which the density 

difference ratio between plume and surroundings is less . Yet the above 

procedure represents the closest approach to correct buoyancy scaling 

that can be achieved with a model plume which is spreading at the 

correct rate at the stack exit. 

The interaction of the emitted effluent with the wind is governed 
. 15 16 49 11 29 by the ratio of their respective momenta . ' ' ' ' When the 

prototype and model plumes have the same density this reduces to a ratio 

of velpcities. When one reduces the plume density there is the problem 

that its momentum flux relative to that of the surrounding air is too 

low if the efflux velocity , V, is scaled by the same factors as the s 

surrounding air velocity , V . This could be corrected by increasing the a 

( efflux velocity according to 

v,m/Psp~am V = V ~ -
sm am Vap psm pap 

'-

Unfortunately, now one finds repercussions on the rate of mixing of 

the plume and hence on its rise on the initial phase. 
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To resolve the stack velocity scaling dilenuna a series of smoke 

tests were made for plume trajectory utilizing different velocity 

ratio factors. These tests were compared with the predictive equations 
21 developed by Hoult. It became apparent that given the Froude number, 

paVa2/(~yD), is scaled exactly, requiring equality in psVs 2/ paVa2 

when ~y/pg is distorted results in too early a dominance of buoyancy, 

a raised total trajectory, and an overly optimistic prediction of ground 

level concentration. On the other hand if one requires equality of 

only the V /V ratio the initial stack momentum is too low, the s a 
trajectory issuing from the stack exit falls beneath the prototype 

behavior, and slightly conservative estimate of potential ground 

concentrations is obtained. A sketch is provided in Fig. 3 to illustrate 

these points. Since early entrainment was not expected for the new 

stack produced .for Unit 4, Lansing Power Station, the trajectories and 

mixing ratio associated with the equality of 

chosen as most suitable. 

was 

To summarize the following scaling criteria were applied for the 

neutral boundary layer s i tuation: 

p V H 
y Re = ~ > 11,000 

µa 

V 2 
y Fr Pa a (Fr) (Fr) = Tyo = m p 

V 
y R s R R = v = m p a 

y Similar velocity and turbulence profiles upwind. 
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Operating conditions for the Lansing Power Station have been 

supplied by Sargent & Lundy Engineers for the various units. (See 

Table 1). Meteorological data converted to the form of wind rose 

patterns (Fig. 4) suggest tests at four primary wind orientations. 

Modeled wind velocities, stack velocities, and plume densities based 

upon the selected scaling criteria are tabulated together in Table 2 

and Table 3. 

2.2 Modeling the Stratified Atmosphere Case 

When air follows a trajectory over a cold water surface, the lower 

layers of the atmosphere are cooled and an inversion develops to a 

depth of from 100 to 1000 ft. Yang and Meroney found that inversion 

stratification causes smaller transverse spread in a diffusing plume 

behind a simple model building. 55 The stratification "freezes" the 

plume growth in the vertical direction once aerodynamic mixing has 

subsided. When a tall stack associated with a power plant that is 

located near the shoreline discharges into the elevated stable layer, 

the plume initially disperses slowly as it moves downwind. If during 

the reduced growth of the plume dimensions it contacts a well mixed 

layer near the ground the plume may descend subsequently more quickly. 

Such mixed layers may be the result of aerodynamic mixing over rough 

terrain or the result of solar heating of the ground surface. Thus at 

some point the mixing layer extends upward to the plume level. At this 

point material in the plume mixes rapidly downward to cause "fumigation" 
. . 48 1 2 5- 2 8 5 3 9 and high concentrations at ground level. ' ' ' ' 

When vertical motion of plumes takes place in an atmosphere with 

thermal stratification, additional requirements must be met to achieve 

similarity of the atmospheric motion. These requirements have been 
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6 51 discussed previously by Cermak, Yamada and Meroney, and SethuRaman 

and Cermak. 43 Similarity of the stably stratified flow approaching the 

power plant can be be achieved by requiring equality of the bulk 

Richardson number 

Ri = liT _!:!_ g 
f V 2 

a 

for the laboratory flow and the atmosphere. In this expression, liT 

is the difference between mean temperature (potential temperature for 

the atmosphere) at the surface and at the height H, T is the average 

temperature over the layer of depth H and g is the acceieration. 

due to gravitational attraction. 

In order to simulate the phenomenon of a raised inversion resulting 

from destabilization of the lower surface layer similarity must be 

attained for heat transfer from the warm land surface to the atmosphere. 

The Monin-Obukhov length scale 

-U 3 
= * (kg/T) (q/pC ) p 

for similarity of the atmospheric surface layer provides a good gross 

parameter when combined with the stack height H to form a dimensionless 

ratio H/L. In this expression U* is the shear velocity ('r /p) 1/2, 
0 

T is the surface shear stress, p is the average air density, C is 
0 p 

the average specific heat for unit mass, q is the surface heat flux-

and k is the von Karman constant (0.4). To obtain equality of H/L 

for the laboratory flow and the atmosphere L must be 400 'times smaller 

for the laboratory flow than for the atmosphere. This is accomplished 

by testing at a low velocity V of about 1 mi/hr (this results in a a 
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low value for U*) and heating the land surface to a high temperature 

relative to the actual land surface (about 250°F) in order to make q 

large compared to the atmosphere. 

Although one can thus obtain an order of magnitude estimate of 

laboratory simulation conditions it is expected that the Monin-Obukhov 

length scale may vary locally. In addition momentum and heat flux 

information do not appear to be conveniently available for the field or 

model case. 

In order to develop the characteristics of a raised inversion 

layer a four foot section of the wind tunnel floor upstream of the 

Lansing Power Plant Model was heated such that ground released smoke 

sources mixed to an equivalent level of 300 ft. Downstream of this 

section the floor was neither heated nor cooled but allowed to reach 

an equilibrium condition on its own. 

For a strongly stable stratified flow it is expected that the 

power-law coefficient for the velocity profile will increase in 

magnitude. Sutton reports measurements over an English airfield of 

coefficient values of 0.44, 0.59, 0.63, 0.62 and 0.77 when the tempera-

ture change over a 400 ft depth was 2-4, 4-6, 6-8, 8-10 and 10-12°F, 

. l 36 respective y. Panofsky, et al., have produced a nomogram from 

diabatic wind profile measurements for the power-law coefficient variation 

versus surface roughness, z , and stability length parameter, L, which 
0 

suggests values for strongly stable situations between 0.25 to 0.6. 37 



3.0 TEST APPARATUS 

3.1 Wind-Tunnels 
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The environmental wind tunnel (EWT) shown in Fig. 5 was used for 

the neutral flow study, and the meteorological wind tunnel (MWT) shown 

in Fig. 6 was used for the stable stratification study. These wind 

tunnels, specially designed to study atmospheric flow phenomena, 

incorporate special features such as adjustable ceilings, rotating 

turntables, temperature controlled boundary walls, and long test sections 

to permit adequate reproduction of micrometeorological behavior. Mean 

wind speeds of 0.2 to SO ft/sec (0.14 to 40 mi/hr) in the EWT and 

0.2 to 130 ft/sec (0.14 to 90 mi/hr) in the MWT can be obtained. In the 

EWT boundary layers 3 ft thick over the downstream 20 ft can be obtained 

with the use of the vortex generators at the test section entrance. 

Boundary-layer thickness up to 4 ft can be developed "naturally" over 

the downstream 20 ft of the MWT test section. Thermal stratification 

in the MWT is provided by the heating and cooling systems in the section 

passage and the test section floor. The flexible test section roof on 

both the EWT and MWT are adjustable in height to permit the longitudinal 

pressure gradient to be set at zero. 

3.1.1 Test Configuration in the EWT 

Vortex generators were installed at the tunnel entrance together 

with an initial roughness to accelerate the preliminary growth of the 

modeled boundary layer. 

The Lansing Power Station model and terrain (see Section 3.2) were 

constructed to represent accurately a swath 1200 ft to the right and 

left of the wind orientation chosen. For the SE and NW wind orientations 

the model was placed against the side walls of the EWT. This allowed 
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the clear areas on the wind tunnel floor to represent the broad expanse 

of the Mississippi River. For the SW and NE wind orientations the 

model was centered in the EWT and topography outside the accurately 

constructed terrain model to either side was reproduced approximately by 

temporary canvas and brick construction (Fig. 7). The floor of the 

tunnel was pierced by 58 taps arranged in sampling arrays to measure 

ground level concentrations. The false floor was precut in a series of 

segments to permit orienting the shoreline angle to four cases. 

3.1.2 Test Configuration in the MWT 

A set of vortex generators were installed 2 ft downwind of the 

entrance to give the simulated boundary an initial impulse of growth. 

From 6 to 40 ft a set of 12 roll-bond aluminum panels were 

placed on the tunnel floor. These panels were connected to the facility 

refrigeration system and cooled to approximately 32°F. For those cases 

where a stably stratified approach flow was required the entire tunnel 

floor length was cooled to 32°F . The air temperature at tunnel 

centerline was monitored at about 100°F. As mentioned previously in 

Section 2.2 when a raised inversion was required the first 34 ft of the 

tunnel was cooled to 32°F , the next 4 ft of floor was heated to develop 

a mixed layer approximately 300 ft (9 in . in tunnel) deep, and the 

remaining tunnel floor sections were neither heated nor cooled. An 

array of ground level sampling tubes permitted concentration measurements 

downwind to an equivalent field distance of 8,000 ft. 

3.2 Model 

The model consisted of the power station, the stacks, and the 

auxilliary buildings constructed from lucite and styrofoam to a linear 
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scale of 1: 400. (See Fig. 9) . The basic topography was reporduced by 

fixing terraces of contoured styrofoam to Masonite sheets. 

The model and topography were built at a 1/400 scale to dimensions 

taken from Sargent & Lundy Engineers, supplied drawings. These were 

topographical maps NK 15-3 Lacrosse, Ferryville Quadrangle; and drawings 
' 

MS-110, MS-114, MS-115, MA.-116, MS-117, MS-121, MS-123, MS-126, MS-127, 

MS-146, M-1, M-2, M-3, M-4, M-220, M-221, M-222, M-120, M-121, M-122, 

M-207, M-500, M-501, M-502, Three stacks were constructed for Unit 4--

one 700 ft, one 300 ft, and one 300 ft in height. Two sets of stacks 

were constructed for Units 1-3--one 150 ft and one 190 ft. All 

connections to the stacks were made by the additions of fittings at the 

base of each stack . . 

As a result of the severe entrainment observed as a result of the 

new boiler building influence on Unit 1-3 stacks a larger model, scale 

1/200, was constructed at the request of Sargent & Lundy Engineers. 

This model was used to determine the influence of a number of alternative 

stack-height and exit nozzle combinations on the performance of plumes 

emitted from Unit 1-3 stacks . Stack heights of 150, 190, and 230 ft 

were examined. Nozzle area ratios of 1:1, 1:0.84, and 1:0.51 were 

studied for each stack height. 

Metered quantities of gas were allowed to flow from each stack to 

simulate the exit velocity and also account for buoyancy effects due 

to the temperature difference between the stack gas and the ambient 

atmosphere. Helium and compressed air were mixed in metered amounts. 

to adjust the specific weight as proposed in Section 2. Fischer-Porter 

flow rator settings were adjusted for pressure, temperature, and molecular 

weight effects as necessary. When a visible plume was required the gas 
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was bubbled through titanium tetrachloride before emission. When a 

traceable plume was required a high pressure mixture of Krypton-85 and 

air ~as used in place of the compressed air. 

3.3 Flow Visualization Techniques 

Smoke was used to define plume behavior over the power plant 

complex. The smoke was produced by passing the air mixture through a 

container of titanium tetrachloride located outside the wind tunnel and 

transported through the tW1nel wall by means of a tygon tube terminating 

at the stack inlet within the model complex. The plume was illuminated 

with arc-lamp beams. A visible record was obtained by means of pictures 

taken with a Speed Graphic camera utilizing Polaroid film for immediate 

examination. Additional still pictures were obtained with a Hasselblad 

camera . . Stills were taken with camera speeds of both 1/30 and 30 seconds--

the first to capture characteristic plume excursions on the short time 

scale, the second to identify mean plume boundaries. A complete series 

of color motion pictures were also taken with a Bolex motion picture 

camera mounted on a movable dolly which was traversed the length of 

the tunnel parallel to the plume trajectory at the average wind speed. 

Complete sets of these still pictures and motion picture sequences were 

provided to Sargent & Lundy Engineers, as a separate part of this 

final report . 

3. 4 Wind Profiles and Temperature Measurements 

A standard pitot-static tube was utilized to measure the up and 

downstream velocity profiles in the EWT for neutral flow fields. Thermal 

stratification and low wind velocities precluded use of pitot-static 

tubes or hot-wire anemometer systems in the MWT. Hence two new systems 
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were utilized to measure velocities under such conditions--first, an eddy 

shedding device based on the Strouhol shedding frequency of a cylinder in 
20 a cross flow, and second, a smoke wire method. 

The device requires a "hot-wire" probe positioned in the cylinder 

wake to measure the eddy shedding frequency. The trace of the anemometer 

signal was observed on storage oscilloscope and the probe position 

adjusted so that only the frequency of vortex shedding from one side 

of this cylinder was counted. The signal appeared in wave form and 

could be counted by means of constructing Lissajous figures on an 

oscilloscope. Velocity was determined from Roshko's data relating 

Strouhol number to Reynolds number. Previous comparison of velocity 

measurement so measured with the smoke wire technique suggests accuracies 

to 3 percent. 

A smoke wire method has also been utilized to investigate the flow 

field during thermal stratification. It was perfected for practical 

use at the Engineering Research Center, Colorado State University. 

Figure 10 shows a smoke wire with attached instruments for velocity 

measurements. The advantage of the smoke wire method is an instantaneous 

visualization of the velocity profile. 

The principle of the technique is to follow photographically a 

white smoke emitted from a wire when light oil is vaporized. In 

Fig. 10 A is a nichrome wire which is heated electrically, thus 

vaporizing an oil coating. Oil is dropped down by gravity through an 

oil outlet B. B is connected to an oil reservoir C and an air bag 

pushes the oil in the reservoir through the outlet. To measure velocity 

profiles quantitatively, several auxiliary devices are necessary: a 

strobe, a strobe delay system, an electronic counter, a trigger circuit, 



21 

and a camera (see Fig. 10). A trigger circuit is connected to the smoke 

wire, to a strobe through a delay unit, and to an electronic counter. 

When a start button on the front pannel of the trigger unit is pushed, 

a high voltage (-700 volts) is applied to the nichrome wire, vaporizing 

the oil coating. A white smoke is released instantaneously and is 

carried along by the ambient wind. A typical time-delay photograph is 

included in Fig. 10. The actual velocity profile can be reduced from 

the picture by use of the recorded time difference between the moment 

of firing the wire and the moment of the strobe picture. 

Measurement of temperature was made with a miniature thermistor 

(Fennal glass coated bead) system constructed by Yellowsprings, Corp. 

(YSI Model 42 SC). Thermocouples mounted in the MWT aluminum floor 

were used to monitor boundary temperatures and set electric heater 

controls. Table 4 lists all the instrumentation and materials employed 

in this study. 

3.5 Gas Tracer Technique 

After the flow in a tunnel was stabilized, a mixture of Kr-85 of 

predetermined concentration was released from model stacks at a required 

rate (Table 2). Samples of air were withdrawn from the sample points 

on the wind tunnel floor and analyzed. The flow rate of Kr-85 mixture 

was controlled by a pressure regulator at the supply cylinder outlet 

and monitored by Fischer and Porter precision flow meters. Source 

concentration was from .23 to .48 µc . /cc of Kr-85, a beta emitter 
1 

(half lifetime= 10.3 years) . The sampling and detection systems are 

shown in Fig . 11 and described in Ref. 7. A sampling grid of 

sample points was spaced on the wind tunnel floor (Fig. 12) at 



22 

suitable locations to establish the plume axis and locate the points 

of maximum ground-level concentrations. 

3.5.1 Analysis of Data 

Krypton-85 is a radioactive noble gas with a half life of 

10.6 years. The gas decays by emission of beta particles with small 

amounts of ganuna rays. The gas has many advantages over the other 

tracers used in wind tunnel dispersion studies. It is diluted with 

air about a million times before use, and as such, has properties very 

similar to those of air. Its detection procedure is fairly simple and 

direct. 

The procedure for analyzing the concentration data was as follows: 

1) Counts of the pulses generated in the G.M. tubes and displayed 

by the ultra scaler counter were recorded for each sample location 

2) These counts were transformed into concentration values by the 

following steps:D 

Cpm - Background (Cpm) = Cpm* 

Cpm* x Counting Yield (p Curie/cc/Cpm) = x(µµ Curie/cc) 

3) For counts over 1,000 a dead time correctionA had to be applied 

to the readings, and in this case the correction is, 

DP Curie: 

Cpm - Backgroun<l = Cpm* 

Cpm* ----"------,,----- = Cpm* -6 1 - 1.77 X 10 X Cpm* 

Cpm* x Counting Yield= X(E Curie/cc). 

-12 pico curie (10 curie) 

AThe time taken for the positive space charge to move sufficiently far 
from the anode for further pulses to occur. 
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4) Average concentration values were determined for the known 

probe position and then displayed at the proper locations. 

5) The concentration parameter x V/Q was then computed at all 

locations. A sample computation is shown below: 

q = 600 cc/min= 10 cc/sec 

Q = 1.8 µ Curie/cc x 10 cc/sec total 
= 18.0 µ Curie/sec 

Let V = 2 fps= 60.96 cm/sec, and x = 80 p Curie/cc. Then 

XV 80 X 10-6 
X 60.96 l04 = -2 Q - 18 X 2. 71 m 

(= .25 ft- 2) 

6) So far the values of the concentration parameter apply to the 

model and it is desirable to express these values in terms of the field. 

At the present time there is no set procedure for accomplishing this 

transformation. The simplest and most straightforward procedure is to 

make this transformation using the scaling factor of the model. Since 

1 £ti = 400 £ti (= 122 ml), m p p 

one can write 

or 

xvi (ft-2) 
Q p 

or in terms of the above example, 

xvi (ft-2) = 
Q p 

1 --x 
4002 .25 = 1.57 X 10-6 (ft- 2) 
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or 

CQxVI (m-2) = __!_2 x 2. 71 
p 400 

-6 -2 = 16.94 X 10 (m )) 

This sample scaling of the concentration parameter from model to 

field appears to give reasonable results. 

7) To convert these results to concentration in ppm of so2 
requires specific information concerning the prototype so2 source 

strength. If the source strength of Unit 4 is say 944.6 gm/sec-so2 
and the mean wind speed is 22 ft/sec then 

= 0.148 x 10-6 16/ft3 - S02 
-6 944.6 -3 3 (or xp . = 16.94 x 10 x (22 x 0. 30) = 2.42 x 10 g/m 

= 2.42 x 10- 3 mg/m3 x 0.375 x 10- 3 

= .91 ppm - So2 

3.5.2 Errors in Concentration Measurements 

Where data is obtained with a scaler counter, the apparent 

activity of a radioactive source is found by subtracting the background 

rate from the observed sample-plus-background rate. The background rate 

is measured separately and has an uncertainty of its own due to random 

radioactive sources. 

If the background is present, the standard deviation in the net 

counting rate crR for a sample is 
s 
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where R s+b is the observed sample-plus-background rate,\ is the 

background rate, ts and tb are the measurement time for the sample 

and background, respectively. The standard deviation in the sample rate 

depends, then, upon both the time for sample measurement and that for 

background-rate measurement. When R s+b is large in comparison with 

\•along background measurement is not needed to make the error 

contribution from the background rate negligible. On the other hand, 

when R s+b is comparable to \• both t s and tb must be very long 

for small values of oR. In the present experiments, an effort was 
s 

made to keep the probable errors in concentration measurements within 

10 percent. For this reason the sample counting time and background 

counting time were manipulated with this end in view. More de.tailed 

information on errors in radioactivity measurements can be found in 
55 Yang and Meroney. 

3.5.3 Test Results: Concentration Measurements 

Since the conventional point-source diffusion equations cannot be 

used for predicting diffusion near objects which cause the wind to be 

nonuniform and nonhomogeneous in velocity and turbulence, it is necessary 

to calculate gaseous concentrations on the basis of experimental data. 

It is convenient to report dilution results in terms of a nondimensional 

factor independent of model to prototype scale. 

In Refs. 8 and 16 the problem of similarity for diffusion plumes 

is discussed in detail . It is suggested that concentration measurements 

be transformed to K-isopleths by the formula 
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where 

X = sample volume concentration 

A = frontally projected area of power plant complex 

V = mean wind velocity at some references height a 
Q = gas source release rate 

This expression is specifically suitable for measurements within the 

near-wake and cavity region. Data reported herein, however, represent 

measurements made at equivalent distances of 8,000 ft from the power 

plant. 

Concentration measurements were made at various downwind distances 

in the vertical and horizontal planes. Count rates were corrected to 

concentration in picocuries and compensation was made for Geiger Mueller 

tube dead time. Since measurements were made at a variety of wind 

approach angles, wind velocities, and stack positions, the ground level 

concentration data has been reported in terms of the ratio V x/Q which a 
has units of length squared. For dispersion in a homogeneous flow this 

should produce similarity for various V and Q values. a 

cance of all results are discussed in the following section. 

The signifi-

When interpreting model diffusion measurements it is important 

to remember that there can be considerable difference between the 

instantaneous concentration in a plume and the average concentration due 

to horizontal meandering. The average dilution factors near a building 

complex will correlate well with wind tunnel dilution factors since the 

mechanical turbulence of the wake and cavity region dominate the 

dispersion. In the wind tunnel a plume does not generally meander due 

to the absence of large scale eddies. Thus, it is found that field 

measurements of peak concentrations which effectively eliminate horizontal 



27 

meandering, should correlate with the wind tunnel data. 18 In order to 

compare downwind measurements of dispersion to predict average field 

concentrations it is necessary to use data on peak-to-mean concentration 

ratio as gathered by Singer, et~. Their data is correlated in terms 

of the gustiness categories suggested by Pasquill for a variety of 

. d" . 45 terrain con itions. It is possible to determine the frequency of 

d . ff . . f · f · · 46 i erent gustiness categories or a speci ic site. Direct use of 

wind tunnel data at points removed from the building cavity region may 

underestimate the dilution capacity of a site by a factor of 4 unless 

h d . "d d 29 t ese a Justments are consi ere. 

An alternate technique has also been suggested by Hino who argues 

the relationship between the maximum of time-mean ground concentration 
-1/2 18 

x and the sampling time is Y - T Field experiments may ·~ax ·~ax 
be compared with wind tunnel data by the formula: 

T -1/2 
ci) 

T m 

where xa is the maximum axial concentration, Q discharge rate of gases 

from a stack, V wind speed, h effective height of stack, T sampling 

time, and subscripts p and m represent values for a prototype and 

d 1 . l 18 mo e respective y. One may assume that T corresponds to 3 to 
ID 

5 minutes in the atmosphere for the wind tunnel experiment. Pasquill's 

suggested values for the standard deviations cr and cr correspond z y 
52 37 to 10 minute averages. ' Hence tunnel concentrations could be high 

by a factor of 1.7 if a 10 minute average is desired, or by a factor of 

21.9 if a 24 hour average is desired. 
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An examination of Singer's results for peak-to-mean concentration 

ratios suggests the ratio is a function of both stability and boundary 

surface roughness. Hence for a variation of stratification from unstable 

to moderately stable the peak/mean concentration ratio may be nearly 

equal though the sampling time might vary from 30 minutes to 3 minutes 

respectively and the power law .coefficient in Hino's equation above would 

vary from -0.6 to -0.3. It is not likely that a decisive interpretation 

of the effects of plume meandering will be available in the near future; 

hence, the conservative assumption is recommended that the wind tunnel 

measurements correspond to a 30 minute averaging time and, when correcting 

results to alter sampling periods, a power law coefficient of -1/2 be 

utilized. (A 5 minute wind tunnel equivalent sampling time results in 

24 hour equivalent concentrations 50 percent smaller.) 



4.0 TEST PROGRAM AND RESULTS 

4.1 Test Program 
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The test program consisted of (1) a qualitative study of the flow 

field around the power plant by visual observation of the smoke plume 

trajectory released from the stacks; and (2) a quantitative study of gas 

concentrations produced by the release of Kr-85 from the stacks. The 

test conditions are sununarized in Tables 2 and 3. The test program 

was accomplished in two parts: Phase A involved neutral stratification 

and Phase B involved stable stratification. 

Angular locations of the approach winds are referred to in terms 

of angles from a nominal north. Downwind distances refer to lengths as 

measured from the free standing Unit 4 stack as marked in Fig. 2. 

Unless otherwise noted, the term wind velocity refers to the velocity in 

the free stream above the tunnel boundary layer; however, a velocity at 

any reference height is available by referring to the velocity profiles. 

(Figs. 11 and 12) 

4.2 Phase A: Neutral Stratification 

4.2.1 Test Results: Characteristics of Flow 

All the experiments were carried out in the EWT over the range of 

conditions shown in Table 2. The atmospheric boundary layer was modeled 

to produce a velocity profile equivalent to flow typical of broken terrain. 

Figure 13 shows the development of the velocity profile over the model 

for a neutral situation. The profile is conditioned by the building 

complex as the wind passes over the pla~t. No comparison of model 

velocity data with that in the prototype is possible because the latter 

is not available over a range of height. However, as the model velocity 

profiles were carefully produced over roughness tailored to reflect the 
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characteristics of the site , it is expected that the prototype flow is 

adequately represented in the model. The power law exponent for the 

upstream velocity profile was 0.27. 

4.2.2 Test Results: Visualization 

The test results consist of photographs and sketches showing the 

general nature of air flow and diffusion in the vicinity of the power 

station, (Fig. 16). A general understanding of wake and cavity flows 

is necessary for an interpretation of the plume behavior (see Ref. 16). 

The sequences of photographs shown in Fig. 16 show side views of 

the behavior of a smoke plume released from Unit 4 at wind ang~e SE for 

full load at various wind velocities and stack heights. At low wind 

speeds the plume lofts high above the separation cavity and aerodynamic 

wake generated by the power plant complex. The gas behaves as a plume 

released at an elevated point and is convected well downstream . As the 

wind speed increases the stack effluent plume is bent over and behaves 

as though it were released at increasingly lower effective heights. At 

a sufficiently large free stream velocity the plume intermittently 

entrains behind the stack itself and the plume may intersect the buildi~g 

wake. For the shortest set of stacks (Units 1-3) at high wind speeds 

the plume may become completely entrained in the building complex cavity. 

Entrainment, as utilized herein, will be understood as the presence of 

any of the gas released f r om the stack in the power station cavity. A 

small amount of entrainment usually first occurs under conditions where 

the gas plume follows the cavity separation streamline to the downstream 

cavity stagnation point from which it diffuses upstream into the cavity 

proper. Downwash will be understood as severe entrainment where the 

·plume does not penetrate the separation streamline but rather ventilates 
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directly into the cavity region. A decrease in load from full to 

one-half has the same effect on the plume behavior as an increase in 

wind speed. In general lower load aggravates plume behavior; however 

one must consider the reduced pollutant burden is any assessment of the 

net significance. Figure 17 displays the effect of change in load for 

Unit 4, wind angle NW, when the mean effective wind speed is 40 ft/sec. 

It is instructive to examine the plume behavior for both instantaneous 

effluent boundary location and when averaged over a larger time period. 

Figure 18 depicts the plume outlines when the camera is released after 

1/32 and 30 seconds respectively. In an instantaneous sense a plume may 

contact the ground yet result in rather low ground average concentrations. 

The longer averaging time tends to emphasize locations beyond which 

extensive ground contact will occur. 

The topography appears to have a minimal effect on plume transport 

and diffusion for the SE wind direction (toward the city of Lansing). The 

terrain flattens in the direction of this nearest city and the river 

widens to include marshy areas and islands. When wind is from the SW 

sector (directed from the bluffs toward the river) the plumes do not 

loft as high because of the descending approach stream and recirculation 

behind the river bluffs. Plumes descended to the ground level nearest 

the plant for this wind orientation. When wind is from the NW plumes 

were lifted over the terrain by ascending air. However for the lowest 

stack heights, Unit 4 (300 ft), Units 1-3 (151, 190 ft) the plumes bathe 

the river bluffs with fumes. For taller stacks, Unit 4 (500 and 700 ft) 

the plumes ascended well, only touching the tallest topographical 

features at high wind speeds. Finally when the wind approached over the 

river from the NE the plumes often followed terrain features such as 
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small canyons and terrain irregularities. At highest wind speeds all 

plumes bathe the rising terrain; however, as one can see from the wind 

rose, Figure 4, this will be very infrequent. One observes in Figur·e 19 

for the 500 ft tall Unit 4 stack the plant plume rises well over all 

terrain features even for half load at a wind speed of 20 ft/sec. One 

notes that even this lowest wind speed studied is very infrequent at 

this location. 

Plumes from Unit 1-3 are strongly influenced by the presence of 

the tall Unit 4 boiler structure nearby. For both 151 and 190 ft stacks 

plumes are entrained into the building wake and cavity for all wind 

approach directions. Figtrre 20 displays the typical appearance of 

plume entrainment into the structures cavity and wake. Since the 

behavior of these stacks appeared most significant a larger model was 

built to a scale of 1/200 to test comparative influence of different 

combination of stack height and nozzle shape for Units 1-3. See 

discussion in Section 4 . 4. 

The observed '. 'touchdown" distances evaluated from the flow 

visualization tests are summarized in Table 5 . Touchdown is defined 

during observation as that point where the plume encounters the ground 

more than 10 percent of the time. Such an interpretation is necessarily 

qualitative but different observers do not vary by more than 500 ft. 

Smoke photographs tend to confirm the initial opinion. Complete sets of 

instantaneous (speed 1/32 sec) and average (shutter speed 1 sec) still 

photographs supplement this report. Color motion pictures have been 

arranged into titled sequences, and the sets available are summarized 

in Table 9 . . 
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4.2.3 Test Results: Concentration Measurements 

Turbulent diffusion of gaseous effluent released at two different 

stack locations were studied. One represented effluents from existing 

units (1-3) while the second represents the presence of a new st1ack for 

Unit 4 . Krypton-85 concentrations at ground level and in the vertical 

were measured at distances equivalent to 1000 ft to 9000 ft downwind. 

Twenty-five samples were taken over the model distributed at ground 

level over the topography in the matrix shown in Fig. 12 . Since the 

stack for Unit 4 was sometimes displaced to the right or left of the 

concentration grid centerline, coordinates x and y of this stack are 

recorded for each set of data. All concentration data have been 

converted to the prototype scale levels as explained in Section 3.5.1. 

The data is recorded herein in dimensional form as -2 xV/Q (m ) where 

x is the concentration over the assumed equivalent averaging time for 

laboratory measurements, Q is the source strength, and V is the 

mean wind velocity at stack height (300 ft). The source flow rate and 

thermal condition assumed for each stack and load condition are summarized 

in Tables 1, 2 and 3. Data in Table 1 were provided by Sargent & Lundy 

Engineers. 

The results for various sources, loads, wind directions, and wind 

velocities are presented in Table 10. The coordinates x and y shown 

in the tables are explained in the definition sketch in Fig. 12 . The 

maximum concentration measured and its respective downwind location 

for each situation have been gathered together in Table 6. 

For full load, Unit 4, maximum concentrations occur at ground 

level for a 300 ft stack for NW and SE wind directions at a wind speed 

of 40 ft/sec. Va1ues are -2 -6 xV/Q (m ) = 12.9 x 10 and 11.2 X 10-6 
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respectively. For one-half load, Unit 4, maximum ground level 

concentrations will occur for NE wind direction at 60 ft/sec (40.9 mph) 

and the NW wind direction at 40 and 60 ft/sec. Values are xV/Q (m- 2} = 

-6 -6 -6 73.4 x 10 , 38.3 x 10 , and 51.9 x 10 respectively. The maximum 

ground concentration at one-half load is approximately four times greater 

than the maximum concentration at full load when the differences in 

source strength are not considered. If one assumes one-half the emissions 

of fumes will occur at one-half load then the worst one-half load case is 

twice as large as the worst full load case. 

An increase in stack height from 300 to 500 ft and then to 700 ft 

reduce maximum full load ground level concentrations by two and four 

respectively. However one should observe that for wind speeds less 

than 20 ft/sec (13.6 mph) no.noticeable ground level gases were found 

out to 9000 ft from the plant site. 

Construction of the large Unit 4 boiler adjacent to the short 

stacks for Units 1-3 definitely increases plume entrainment. Maximum 

ground level concentrations for plumes emitted from Units 1-3 are 

from two to six times greater in the presence of the new boiler 

building . The addition of 40 ft to each stack for Units 1-3 does not 

suffice to reduce ground level concentrations in this situation. Even 

with the additional height the stack height to building height ratio is 

only 1.0; thus the results found are consistent with past experience. 

An appendix is included which gives a short discourse on plume 

calculation techniques pe~tinent to the cases examined herein. The 

example case supplied for a 300 ft, Unit 4, stack when compared with 

laboratory result emphasize the importance of considering topography, 

exhaust velocity ratio, and stack/building height ratio. 
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4.3 Phase B: Stable Stratification 

4.3.1 Test Results: Characteristics of Flow 

All experiments were carried out in the MWf for an approach wind 

speed of 20 ft/sec (13.6 mph) and a bulk Richardon number of ~1.0. 

Based on the recommendations of Pasquill and Smith a bulk Richardson 

number of -1.0 would correspond to a very stable flow situation. In 

terms of the Pasquill stability classification this would correspond 

F b ·1· 56 Th h . b d to an sta 1 1ty category. e atmosp er1c oun ary layer was 

modeled to produce a velocity and temperature profile equivalent to flow 

over a river basin. Figures 14 and 15 show the initial upwind profiles 

of velocity and temperature. Turbulence was essentially absent as 

evidenced by the behavior of smoke plumes released over the cooled surface. 

The profiles are conditioned by the cooled or heated land surface and 

the presence of the building complex. The power law coefficient for 

the lower equivalent 200 ft of the modeled boundary layer was 0.88, the 

slightly less stratified region above fit a coefficient of 0.76. A bulk 

Richardson number evaluated over the height of 300 ft has the value of 

Ri 8 = 1.0 which represents a strongly stable condition. 

Figures 14 and 15 show the influence of heating the lower surface 

on the developing flow profile and temperature profile when an inversion 

condition was modeled for the SE wind orientation. Figures 14 and 15 

show developing velocity and temperature profiles for the situation 

when winds come across the plant site from the bluffs to the SW of the 

plant. Finally Figs. 14 and 15 display the influence of wind approaching 

from the NW. No attempt was made to make measurements for flow rising 

over the bluffs as the wind approached from the NE. 
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4.3.2 Test Results: Visualization 

The test results consist of photographs and movie sequences 

showing the nature of the air flow and diffusion in the vicinity of the 

power station. (Fig. 22 to Fig. 24). One should refer to Section 4.2.2 

for a discussion on building wake and cavity effects. 

The sequence of photographs shown in Figs. 22 and 23 shows side views 

·of the behavior of a smoke plume released from Unit 4 at wind angle SE for 

full load and one-half load at various stack heights. A decrease in load 

from full to one-half has the same effect on the initial plume as an 

increase in wind speed. At no time did it appear plumes intersected the 

surface over the model for this orientation. 

The observed "touchdown" distances evaluated from the flow 

visualization tests are summarized in Table 7. These distances represent 

locations where the visual impression is gained that the plume resides 

greater than 10 percent of the time. Only for the NE wind orientation 

does any plume emitted from Unit 4 (stack heights 300-700 ft) interact 

with the ground surface (See Fig. 24). In this case the topography appears 

to raise sufficiently to intersect the 300 ft and 500 ft plume releases. 

4.3.3 Test Results: Concentration Measurements 

Twenty-five ground level sampling locations were prepared at 

distances equivalent to 1,000 ft to 9,000 ft downwind. Measurements of 

Krypton-85 activity at these locations have been converted to -2 xV/Q (m ) 

prototype per the earlier discussions. The results for various sources, 

loads, wind angles and wind velocities are presented in Table 11. The 

maximum concentration measured and its respective downwind location for 

each situation have been accumulated into Table 8. For full load, 

Unit 4, maximum concentrations occurred for a 300 ft stack at NW wind 
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-6 -2 directions 2.21 x 10 (m ). A 500 ft stack provided enough additional 

plume elevation to eliminate measurable levels in the laboratory. For 

a one-half load situation the 300, 500, and 700 ft stacks develop ground 
-6 -6 -2 . level concentrations of 1.63 x 10 , 0.06 x 10 , and O (m ) respectively. 

The Appendix titled Dispersion Calculations also contains a 

critique of current understanding for dispersion situations. Again it 

is found that the building wake produces a marked increase in ground 

level concentrations not accounted for in the state-of-the-art calculation 

procedures. 

4. 4 Alternative Unit 1, 2 and 3 Stack Configur,i'tions 

As a result of the increase in model scale it was possible to 

simultaneously model plume buoyancy and momentum effects. The laboratory 

settings used are summarized in Table 3. Figures 2la-d reveal that 

entrainment may occur for almost any given modification to the existing 

stacks; however, the addition of a style two nozzle (nozzle area 

reduction of 51 percent) to the 190 ft stacks will decrease or eliminate 

local high concentrations for anything but the highest wind speeds 

(>27 mph). For the lower wind speeds (See Fig. 21d) the added momentum 

provided by the nozzle will loft the plumes above Unit 4 boilers and the 

cavity structure. 
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5.0 CONCLUSIONS 

The investigation was undertaken to determine the dispersion of 

exhaust gases released from stacks of the Lansing Power Station operated 

by the Interstate Power Company, Iowa. The primary aim of the study was 

to determine the optimum height of stack to utilize a new boiler unit 

(Unit 4) and determine the effect of building-complex wake on ground-

level concentrations of sulfur-dioxide. 

On the basis of the experimental measurements reported herein, the 

following comments may be made: 

5.1 Phase A: Neutral Flow 

1) Plumes from Unit 4 do not entrain directly into the building 

complex cavity for any wind angle, velocity, or load condition studied. 

Stacks for Units 1-3, bein~ shorter, may entrain for wind velocities 

20 ft/sec (13.6 mph) and greater. 

2) The rising topography south and west of the plant site 

intercept plumes released from shorter stacks. A stack height of 

500 ft would appear to lift gases emitted from Unit 4 sufficiently such that 

ground interaction will be noticeable only for the highest wind speeds 

(>20 ft/sec or 13.6 mph). 

3) No significant reduction in ground-level concentration for the 

new stack proposed for lhlit 4 would be gained for neutral flow situations 

by increasing the height from 500 to 700 ft. 

4) Concentration measurements show that maximum ground-level 

concentrations will result from Unit 4 at one-half load for NE wind 

flow over a 300 ft stack. However similar levels may be reached for 

other wind angles. Ground concentrations for Units 1-3 reach maximum 

concentrations for full load, existing stacks, for almost any condition 

evaluated. 
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5.2 Phase B: Stable Stratification 

5) Plumes emitted from Unit 4 stacks of height 500 ft and greater 

remained aloft in the stably stratified flow for all wind directions. 

6) The highest ground-level concentrations for any Unit 4 stack 

during the stratified condition is at most one-tenth of the maximum 

neutral condition. 

7) The attempt to model an elevated inversion condition was only 

partially successful. Visualization suggested a mixed layer was formed 

approximately 300-500 ft deep over the plant site. Unfortunately secondary 

flows and nonstationarity were also present. In any event the plume 

buoyancy sufficed to loft the plume above the inversion for all stack 

heights for the SE wind orientation simulated. 

Since specific maximl.llil source levels may vary depending on the 

source of coal or the load, dimensional prediction tables have been 

prepared in the manner of Pasquill for the Lansing Power Station 

configuration. If percent frequency of winds and stability conditions 

at various wind approach angles are known for the Lansing site, average 

annual concentrations :or 24 hour averages including the effects of wind 
\ 

angle frequency distribution may be calculated in the manner of Turner52 

44 or Sherlock and Lesher. If one desires the meteorological significant 

situations such as looping, fanning, fumigation, or trapping one may 

combine the experimental results developed herein with the expressions 

suggested by Bierly and Hewson or Slade, Chapter 3, Section 3.5. 47 



40 

REFERENCES 

1. Barrett, R. V. "Use of the Wind Tunnel to Investigate the Influence 
of Topographical Features on Pollution from a Tall Stack," 
Chimney Design Symposium, April 9-llth, 1973. Edinburgh, 
Scotland, 16 p. 

2. Barry, P. J . , "Estimation of Downwind Concentration of Airborne 
Effluents Discharged in the Neighborhood of Build~ngs," 
Canadian Report AECL-2043, July 1964. 

3. Bierly, E. W. and E. W. Hewson, "Some Restrictive Meteorological 
Conditions to be Considered in the Design of Stacks," Journal 
of Applied Meteorology, Vol. 1, 1962, pp. 383-390. 

4. Carson, J. E., and H. Moses, "Validity of Currently Popular Plume 
Rise Formulas," USAEC Meteorological Information Meeting, 
(September 11-14, 1967), Chalk River, Canada, AECL-2787, 
pp. 1-15 . 

5. Cermak, J. E., and J. Peterka, "Simulation of Wind Fields Over 
Point Arguello, California, by Wind-Tunnel Flow Over a 
Topographical Model, "Final Report, U.S. Navy Contract 
N 126(61756)34361 A(PMR), Colorado State University, Report 
No. CER65JEC-JAP64, (December 1965) . 

6. Cermak, J. E., "Laboratory Simulation of the Atmospheric Boundary 
Layer," AIAA Jl., Vol. 9, No. 9, pp. 1746-1754, September 1971. 

7. Cermak, J. E. and S. K. Nayak, ''Wind-Tunnel Model Study of Downwash 
from Stacks at Maui Electric Company Power Plant, Kahului, 
Hawaii," Fluid Dynamics and Diffusion Laboratory Report 
CER72-73JEC-SKN8, Colorado State University, March 1973. 

8. Cermak, J. E., "Simulation of Atmospheric Motion by Wind-Tunnel 
Flows," Colorado State University, Report Number CER66-JEC-
VAS-EJP-GJB-HC-RNM-SI17. 

9. Collins, G. F., "Predicting Sea Breeze Fumigation from Tall Stacks 
at Coastal Locations," Nuclear Safety, Vol. 12, No. 2, pp. ll0-
ll4, 1971. 

10. Cramer, H. E., "A Practical Method for Estimating the Dispersal 
of Atmospheric Contaminants," Proceedings, First Nat'l 
Conf. on Appl. Meteor., Amer. Meteor. Soc . , C, pp. 33-35. 
Hartford, Conn., (October 1957). -

11. Davies, P. 0. A. L., and P. L. Moore, "Experiments on the Behavior 
of Effluent Emitted from Stacks at or Near the Roof Level 
of Tall ,Reactor Buildings," Int. Jour. Air Water Pollution. 
Vol. 8, pp. 515-533, (1964). 



41 

12. Dickson, C. R., G. E. Start and E. H. Markee, Jr., "Aerodynamic Effects 
of the EBR-II Containment Vessel Complex on Effluent Concen-
trations," USAEC Meteorological Information Meeting, Cha.lk 
River, Canada, AECL-2787, pp. 87-104, (September 11-14, 1967). 

13. Evans, B. H., "Natural Air Flow Around Buildings," Research Report 
59, Texas Engineering Experiment Station, (1957). 

14. Field, J. H., and R. Warden, "A Survey of the Air Currents in the 
Bay of Gibraltar, 1929-1930," Air Ministry, Geophys, Mem. No. 
59, London (1933). 

15. Halitsky, J., J. Golden, P. Halpern, and P. Wu, "Wind Tunnel Tests 
of Gas Diffusion from a Leak in the Shell of a Nuclear 
Power Reactor and from a Nearby Stack," Geophysical Sciences 
Laboratory Report No. 63-2, New York University, (April 19G3). 

16. Halitsky, J., "Gas Diffusion Near Buildings," Geophysical Science 
Laboratory Report No. 63-3, New York University, (February 
1963). 

17. Hewson, E.W., "Stack Heights Required to Minimize Ground Concen-
trations," ASME Transaction, Vol. 77, pp. 1163-1172, 1955. 

18. Hino, M. "Maximum Ground-Level Concentration and Sampling Time," 
Atmospheric Environment, Vol. 2, pp. 149-165, 1968. 

19. Hohenleiten, H. L. van and E. Wolf, "Wind Tunnel Tests to Establish 
Stack Heights for the Riverside Generating Station," Trans ASME 
Vol. 64, pp. 671-683, (October 1942). 

20. Hoot, T. G., Meroney, R. N., and J. A. Peterka, "Wind Tunnel Tests 
of Negatively Buoyant Plumes," FDDC Report CGR73-74TGH-RNM-
JAP13, Colorado State University, October 1973. 

21. Hoult, D. P., et al. "A Theory of Plume Rise Compared with f<ield 
Observations7'M.I.T. Fluid Lab. Pub. 68-2, (PB 179 536), 
March 1968. 

22. Integrated Army Meteorological Wind-Tunnel Research Program, 
Eleventh Quarterly Progress Report, 22 pages, 
(1 November 1967 - 31 January 1968). 

23. Jensen, M., and N. Frank, "Model-Scale Test in Turbulent Wind, 
Part I," The Danish Technical Press, Copenhagen, (1963). 

24. Kalinske, A. A., "Wind Tunnel Studies of Gas Diffusion in a Typical 
Japanese Urban District," National Defense Res. Council OSCRD 
Informal Report No. 10. 3A-48 and 48a, (1945). 



42 

25. Lyons, W. A. and H. S. Cole, "Fumigation and Plume Trapping: Aspects 
of Mesoscale Dispersion on the Shores of Lake Michigan in Summer 
During Records of Stable Onshore Flow," Conference on Air 
Pollution Meteorology, Raleigh, North Carolina, April 5-9, 
pp. 42-47, 1971. 

26. Lyons, W. A., "Mesoscale Transport of Pollutants in the Chicago 
Area as Affected by Land and Lake Breezes," Proceedings 
2nd International Clean Air Congress, Washington, D.C., 
pp. 973-978, 1970. 

27. ---~ and H. S. Cole, "Fumigation and Plume Trapping on the Shores 
of Lake Michigan During Stable Onshore Flow", Journal of 
Applied Meteorology, Vol. 12, No. 4, pp. 494-510, 1973. 

28. ____ , "Detailed Mesometeorological Studies of Air Pollution 
Dispersion in the Chicago Lake Breeze," Monthly Weather 
Review, Vol. 101, No. 5, pp. 387-403, 1973. 

29. Martin, J. E., "The Correlation of Wind Tunnel and Field Measure-
ments of Gas Diffusion Using Kr-85 as a Tracer," Ph.D. Thesis, 
MMPP 272, University of Michigan, (June 1965). 

30. Meroney, R. N., J.E. Cermak, and F. IL Chaudhry, "Wind Tunnel 
Model Study of Shoreham Nuclear Power Station Unit 1, Long 
Island Lighting Company," Progress Report No. 1, FDDL Report 
CER68-69RNM-JEC-FIIC 1, Colorado State University, July 1968. 

31. Meroney, R. N. , and J. E. Cermak, "Wind Tunnel Mode 1 ing of Flow and 
Diffusion Over San Nicolas Island, California," U. S. Navy 
Contract Nl23(61756)50192A(PMR), Colorado State University 
Report No. CER66-67RNM-JEC44, (September 1967). 

32. Meroney, R. N. , J. E. Cermak, and F. IL Chaudhry, ''Wind Tunnel 
Mod.el Study of Shoreham Nuclear Power Station Unit 1, Long 
Island Lighting Company," Progress Report 2, CER68-69RNM-JEC-
FJIC14, October, 1968. 

33. Moses, H., G. H. Strom, and J. E. Carson, "Effects of Meteorological 
and Engineering Factors on Stack Plume Rise," Nuclear Safety, 
Vol. 6, No. 1, pp. 1-19, (Fall 1964). 

34. Montgomery, T. L., and M. Cain, "Adherence of Sulfur Dioxide 
Concentrations in the Vicinity of a Steam Plant to Plume 
Dispersion Models," Journal of APCA, Vol. 17, No. 8, pp. 512-
517 (1967). 

~5. Munn, R. E., A. F. W. Cole, V. A. Sandborn, E. J. Plate, G. J. Binder, 
H. Chuang, R. N. Meroney, and S. Ito, "Turbulence and Diffusion 
in the Wake of the Building" Atmospheric Environment, Vol. 1, 
pp. 34-43, (1967). 



43 

36. Olfe, P. B. and R. L. Lee, "Linearized Calculations of Urban Heat 
Island Convection Effects," Journal of Atmospheric Sciences, 
Vol. 28, No. 11, pp. 1374-1388, 1971. 

37. Pasquill, F., Atmospheric Diffusion, D. Van Nostrand Co., London (1962). 

38. Plate, E. and J. E. Cermak, "Micro-Meteorological Wind-Tunnel 
Facility: Description and Characteristics," Fluid Dynamics and 
Diffusion Laboratory Report No. CER63EJP-JEC9, Colorado 
State University (1963). 

39. Prophet, D. T., Survey of the Available Information Pertaining to 
the Transport and Diffusion of Airborne Material Over Ocean 
and Shoreline Complexes, Technical Report 89(AD-258958), 
Aerosol Laboratory, Stanford University, June 1961. 

40. Roberts, 0. F. T., "The Theoretical Scaling of Smoke in a Turbulent 
Atmosphere," Proc. Roy. Soc., A. 104, p. 640. 

41. Roshko, A., "On the Development of Turbulent Wakes from Vortex 
Steel '' , NACA Report 1191, 1954. 

42. Schlichting, H., Boundary Layer Theory, McGraw Hill, New York, (1960). 

43. SethuRaman, S. S. and J. E. Cermak, "Physical Modeling of Flow and 
Diffusion Over an Urban Heat Island," Proc. 2nd IUTAM-IUGG 
Symposium on Turbulent Diffusion in Environmental Pollution, 
Charlottesville, Virginia, 8-14 April 1973. 

44. Sherlock, R. H., and E. A. Stalker, "The Control of Gases in the 
Wake of Smokestacks," Mechanical Engineering Vol. 62, No. 6, 
pp. 455-458, (June 1940). 

45. Singer, I. A., and I. Kazukiko, and G.D. Roman, "Peak to Mean 
Pollutant Concentration Ratios for Various Terrain and 
Vegetative Cover," Journal APCA, Vol. 13, No. 1, p. 40, (1963) 

46. Singer, I. A., and M. E. Smith, "The Relation of Gustiness to Other 
Meteorological Parameters," Journ. Meteor. Vol. 10, No. 2, 
(1953). 

47. Slade, D. H., editor, "Meteorology and Atomic Energy-1968", U.S. 
Atomic Energy Commission. TID-24190, July 1968. 

48. Smith, M ., editor, "Recommended Guide for the Prediction of the 
Dispersion of Airborne Effluents," ASME, 1968. 

49. Strom, G. H., M. Hackman, and E. J. Kaplin, "Atmospheric Dispersal 
of Industrial Stack Gases Determined by Concentration Measure-
ments in Scale Model Wind Tunnel Experiments," J. of APCA, Vol. 7, 
No. 3, pp. 198-204, (November 1957). 

SO. Sutton, 0. G., "The Theoretical Distribution of Airborne Pollution 
from Factory Chimneys," Quar. J. R. Meteor. Soc. 73, p. 426 (1947). 



44 
7\ 

51. Sutton , 0 . G., Micrometeorology, McGraw-Hill, 1953. 

52. Turner, P. B. "Workbook of Atmospheric Dispersion Estimates," 
U.S. Dept. of Health, Education and Welfare, Public Health 
Service, Cincinnati, Ohio, 1969. 

53. Vander Hoven, I., "Atmospheric Transport and Diffusion at Coastal 
Sites," Nuclear Safety, Vol. 8, No . 5, pp. 490-'499 , 1967. 

54. Yamada, T. and R. N. Meroney, "Numerica l and Wind Tunnel Simulation 
of Response of Stratified Shear Layers to Nonhomoseneous 
Surface Features," Project Themis Tech. Report No. 9, ONR 
Contract No. N00014-68-A-0493 - 0001, FDPL Report No. CER70-
71 TY-RNM62, 1971. 

55. Yang, B. T. and R. N. Meroney, "Gaseous Dispersion into Stratified 
Building Wakes" AEC Report No. C00-2053-3, CER70-71BTY-RNM8, 
August, 1970. 

56. Pasquill, F. and F. B. Smith, "The Physical and Meteorological Basis 
for the Estimation of the Dispersion," 2nd International Clean 
Air Congress, Washington, D.C., December 6-11, 1970, 
Paper ME-20A, 22 p. 



45 

APPENDIX: DISPERSION CALCULATIONS 

Industrial designers must rely upon generalized dispersion formulae 

to predict concentrations in the vicinity of pollutant released from tall 

stacks. Unfortunately one cannot depend upon the accuracy of such 

relations when nearby buildings are tall enough to cause aerodynamic 

perturbations upon the theoretical plume behavior. Hence, it is considered 

good practice to utilize wind tunnel model studies to determine the range 

of validity of particular formulae and the necessity for correction 

coefficients for a particular application. It is with these thoughts 

in mind that the measurements over the Lansing Power Station complex · 

are interpreted. Corrections applied to plume rise near the source may 

provide a more reliable prediction of contamination at extended distances 

d b f 1 · l . 35,38,40,42,43,44 ownstream y means o ana ytica expressions. 

The latest publications sunnnarizing the "state-of-the-art" for 

h . d"ff . . . ·1 . d ·1 35,44,47 atmosp eric i usion estimates are very simi ar in etai . 

There are some reasons however, to prefer some calculation methods over 

others; thus some of the relations will be discussed in detail below. 

Effective Plume Height 

While a smoke plume quickly attains the wind speed in the horizontal 

direction, its rise is determined by its vertical momentum and buoyancy. 

Numerous formulae have been published to correlate field measurements 

of plume rise; none is universally accepted, partially due to observa-

tional difficulties, and partially due to the fact that some plumes 

never really appear to level off. 
52 Although Turner recommends the use of Holland's plume rise formula 

it may be judged unnecessarily conservative. Stumke recommended the 
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Holland formula be multi plied by a correction factor of 3. O. In 

addition more recent dimensional analysis formulae for buoyant sources 

give consistently good results for all source sizes and distances downwind 

and take into account atmospheric stability. The formulae below are 

conservative but not so severely conservative as other formulas. The 

A.E.C.-1968 monograph by Slade suggests the following expressions: 

(Eqs. (5.1~) and (5.20)): 

Neutral: ~H = 100 ;r + 1. SR 

where 

Stable with wind: 
V s 

R = V 
a 

H s 
L = D 

Fr = 

s 
v2 

a 
tiT D gr s 

s 

Ri = g (d8/ dz) 
T (V2 /H2) s a s 

Maximum Ground Concentration 

tiH RL 2 
D = 1·63 [Fr Ri] 

(A) 

1/3 
(B) 

Often the limiting criteria for a particular stack release system 

is the maximum allowed ground concentration. Since the plume rise 

formulae recommended above incorporate the effect of atmospheric 

stability on plume rise it is possible to include their results in 

expressions which calculate the maximum probable concentration conditions 

directly. Again the A.E.C. monograph suggests: for plume rise in a 

neutral or slightly unstable atmosphere (Eq. 5.28): 
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(L + 

at an actual velocity associated with 

or 

V a 

500 
(L + llH) 

D 
s 

= 7.94 H s 

1/3 

+ llH 

1 

for a buoyant source in a neutral atmosphere. 

Ground Level Concentration Distributions 

(C) 

(D) 

(E) 

Correct calculation of ground level dilution profiles depends, of 

course, on an accurate estimate of the effective stack height . Assuming 

such information is available the most popular expression is the 

Gaussian plume formulae: 

1 2 h2 
--- exp[-cL.. + -)] 
TIO cr V 202 202 y z y z 

where h = h 
s 

+ llh and 

where the variance terms cr or cr are evaluated in terms of downwind y z 

distance and the stability condition. Authors such as Sutton, Calder, 

Pasquill, Smith, and many others have suggested variance coefficient 
. 47 48 evaluation techniques. ' 

Probably the most convenient method currently is that developed 

by Pasquill where cr and y a z figures have been prepared for simply 

defined stability categories. See Figs. A. 2 and A.3 and Table A.l 
47 from the A.E.C. monograph . Figures 3-2 through 3-9 in Turner's 
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workbook also provide a convenient sununary of ground level dilution 

f . h. ht 1 d h . b"l" d" · 52 or various e1g re eases an atmosp er1c sta 1 1ty con 1t1ons. 

Typical Concentration Results 

Montgomery and Cain have compared the adherence of sulfur dioxide 

concentrations in the vicinity of a steam plant to plume dispersion 
34 models . They concluded that general dispersion models cannot 

accurately predict specific pollutant concentrations that can be 

expected to occur at a particular station at a specific time, but they 

can predict the range of concentrations likely to occur. Dispersion 

models generally incorporate a conservative bias, hence they also were 

found to successfully estimate maximtun concentrations 93 to 99 percent 

of the time. Finally, the same mathematical model using different 

diffusion coefficients may yield very different results, hence the 

diffusion coefficients should be developed for the model at the 

particular site of application (if possible). 

The influence of building wake and topographical features may be 

demonstrated by examining a typical calculation for the station considered 

herein . 

Consider, Unit 4, Stack height 300 ft: Neutral flow field; 

D(ft) V (ft/sec) ~T°F R s 
Fr 

Maximum Predicted 
by Equations C-E 13.8 
Full Load 

Maximum Predicted 
for V = 40 ft/sec 13.8 a 
Full Load 

Maximum Predicted 
for V = 40 ft/sec 13.8 a 
Half Load 

100 230 1.48 11.92 

100 230 2.50 11.92 

50 230 1.25 11.92 

Xmaxva 106(m-2) 
Q 

9.80 

1.58 

3.34 
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The maximllln ground level concentration 6 -2 XV /Q X 10 (m ) a measured for 

full load was 12.9 and for half load was 38.3. One attributes the 
\ 

greater concentrations measured in the laboratory to the stack top and 

building wake influence when R < 1.5 and the rise of the terrain to 

meet the plume as it flows out of the river valley. 

Turner has suggested that estimates based on a Pasquill-Gifford 

type approach are probably accurate to within a fraction of three 

assuming the plume rise is correctly estimated. This accuracy is 

limited to three cases: 

(1) for all stabilities for distances of travel out to a few 

hundred meters. 

(2) for neutral to moderately unstable conditions for distances 

out to a few kilometers; and 

(3) unstable conditions in the lower 1000 meters of the atmosphere 

with a marked inversion above for distances out to 10 kilometers or more. 52 

Based on the work of Briggs one expects plume rise results to be 

. h' 19 47 H . . . d d accurate wit in± percent. owever experience is very varie an 

some calculators have been conservative by a factor of five or 

optimistic by a factor of nearly two. 

For a source which emits at constant rate from hour to hour one 

may estimate a 24 hour probability of dispersion based on stability 

wind "rose" data. A stability wind "rose" gives the frequency of 

occurrence for each wind direction (usually 16 points) of each wind 

speed class and stability category. 

If the effluent is assumed uniformly distributed in each angular 

sector an appropriate equation for average concentration is then: 



where 

X (x, 8) 
Q 

so 

=,, { 2 f (8,S,N) 
l l ~ 21rx 
S N v2,r cr zs VN (I'6) 

exp 
2 

[.!. (~) ]} 2 (J 
ZS 

f(e,S,N) is the frequency during the period of interest that 

the wind is from the direction e, for the stability 

condition, S, and wind speed class N. 

is the vertical dispersion parameter evaluated at 

the distance x for the stability condition S. 

is the representative wind speed for class N. 

is the effective height of release for the wind 

speed VN. 

When stability wind rose information is unavailable a first-order 

approximation may be made of diurnal concentrations by using the 

appropriate 24 hour wind rose and assuming all releases occur in neutral 

stability class, Pasquill D. 
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,., _ ... 

Figure la. View of Existing Lansing Power Station Facilities 
(Looking Up River from 400 ft Hill Behind Site) . 

Figure lb. View of Existing Lansing Power Station Facilities 
(From Above - North Toward Top of Picture) . 
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Figure 8a . Model Installed in Meteorological Wind Twmel, Looking SE. 

Figure 8b . Model Topography Construction, Looking SW. 



Figure 9a . Flow Visualization, Units 1-3, Stack Height 190 ft, Units 4 
Stack Height 700 ft, Flow from SW. 

Figure 9b. Flow Visualization, Unit 4, Stack Height 700 ft, Looking 
to NW. 
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(C) Oil Reservoir 
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(E) Trigger Circuit 

(F) Strobe System 

(G) Electronic Counter 

A Typical Velocity Profile (Neutral Case) 

Figure 10. Smoke Wire and Attached Instruments for Velocity 
Measurements. A Typical Velocity Profile Is Included. 
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Figure 13. Velocity Profile : Neutral Flow Field. 
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SW, and NE Wind Angles. 
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WIND Sf 16 f)S 
UNIT 1-3 190 

• 700 
LOAD FUU 

Figure 16a. Flow Visualization Unit 4, 700 ft Stack, Units 1-3, 190 ft 
Stack; Full load, SE Wind Approach Angle, Wind Speed 20, 
40, 60 ft/sec (Long Exposure). 
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Figure 16b. Flow Visualization Unit 4, Full load, SE Wind Approach 
Angle, Stack Height 500 ft, Wind Speed 20, 40, 60 ft/sec 
(Long Exposure). 
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WIND • BE 1 Ii FPS I 
UNIT 4 300 

LOAD FULL 47 

Figure 16c. Flow Visualization Unit 4, Stack Height 300 ft, Full Load, 
SE Wind Approach Angle, Wind Speed 20, 40, 60 ft/sec 
(Long Exposure). 
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Figure 17. Flow Visualization Unit 4, NW Wind Approach Angle, Wind 
Speed 40 ft/sec, Stack Height 300 ft, Load: Full and 
One-Half . 
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Figure 18. 1/32 and 30 sec Exposures. 



Figure 19. Flow Visualization Unit 4, Stack Height 500 ft, Wind Speed 20 ft/sec, Half Load, Wind Approach 
Angles SE, SW, NE, and NW. 
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Figure 20 . Flow Visualization, Unit 1-3 Alone, Unit 1-3 (151 ft Stack) 
and Unit 4, Unit 1-3 (190 ft Stack) and Unit 4, NE Wind 
Approach Angle, Wind Velocity 40 ft/sec, Full Load (Long 
Exposure). 
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Figure 21a . Flow Visualization 1/200 Model, Units 1-3 , NW Wind Approach 
Angle, Wind Speed 60 ft/sec , Stack Height 151 ft, No 
Nozzle, Nozzle 1, Nozzle 2. 
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Figure 21b . Flow Visualization 1/200 Model, Units 1-3, NW Wind Approach 
Angle, Wind Speed 60 ft/sec, Stack Height 190 ft, No 
Nozzle, Nozzle 1, Nozzle 2. 
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Figure 21c. Flow Visualization 1/200 Model Scale, Units 1-3, NW Wind 
Approach Angle, Wind Speed 60 ft/sec, Stack Height 210 ft 
and 230 ft. 
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Figure 21d. Flow Visualization 1/200 Model Scale, Units 1-3, NW Wind 
Approach Angle, Stack Height 190 ft, Nozzle 2, Wind Speed 
20 and 60 ft/sec. 



Figure 22. Flow Visualization, Stable 
Atmosphere, SE Wind Direction, 
Wind Speed 20 ft/sec, Bulk 
Richardson Number - 1.0. 
1/2 Load, Unit 4, Stack Heights 
700, 500, and 300 ft. 
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Figure 23 . Flow Visualization, Stable 
Atmosphere, SE Wind Direction, 
Wind Speed 20 ft/sec, Bulk 
Richardson Number - 1.0, Full 
Load, Unit 4, Stack Heights 700, 
500, and 300 ft. 
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Figure 24 . Flow Visualization, Stable Atmosphere , Wind Directions SE, SW, NE, NW, Wind Speed 20 ft/sec, 
Bulk Richardson Number - 1.0 , Full Load, Unit 4, Stack Height 500 ft. 
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Source 

Stack (ft) 
Diameter 

Area (ft) 

Height (ft) 

Load 

V (ft/sec) s 
T OF 

s 
V a (ft/sec) 

or in (mph) 

R = vs/V 
a 

QE.. 
Pa 70°F 

Fr 
v2 

= s s l@e._0 
p -

Table 1 Prototype Emission Parameters of Lansing Power Plant 

Units 1 & 2 Unit 3 Unit 4 

8.0 8.0 13.8 

50.3 50.3 149.6 

151, 190 151, 190 300, 500, 700 

100% 100% 100% 50% 

52.3 (SO normal) 50. 3 (SO normal) 100.0 50.0 

300°F 300°F 300°F 300°F 

20 40 60 20 40 60 20 40 60 20 

13.6 27.3 40.9 13.6 27.3 40.9 13.6 27.3 40.9 13.6 

2.5 1. 25 0.83 2.5 1. 25 0.83 5 2.5 1.66 2.5 

0. 302 0.302 0. 302 

32 .13 32.13 74.5 

' 

' 

40 

27.3 

1. 25 

0. 302 

18.63 

60 

40.9 

.83 

00 
(/1 



Source 

Stack 
Diameter (in) 

Area (in2 ) 

Height (in) 

Load 

R 

V (ft/sec) s 

Q (cfm) s 

Fr s 

~ 
p 

xHe 

QHe (cfm) 

Q . (cfm) air 
* {Va) m 

Table 2 Model Emission Parameters* 
Model Scale 1/400 

Units 1 & 2 Unit 3 

0.25 0.25 . 
.049 .049 

4.53, 5. 7 4.53, 5.7 

100 100 

2.5 1. 25 . 83 2.5 1. 25 . 83 

3. 75 3. 75 

.077 .077 

32 .13 32.13 

0.679 0.679 

0. 789 0. 789 

0. 061 0.061 

0.016 0.016 

1.5 ft/sec · 3.0 ft/sec 
4. 5 ft/sec 

Unit 4 

0.41 

.132 
J 

9, 15, 21 

100 

5.0 2.5 1.66 2.5 

7.5 

0.412 

74.5 

0.679 

0. 789 

0. 325 

0.087 

50 

1. 25 

3. 75 

.206 

18.63 

0.679 

0. 789 

0.162 

0.044 

. 83 

00 

°' 



Source 
Nozzle 

Stack Exit 
Diameter (in.) 

Area (in~) 

Height (in.) 

Load (%) 

R 

V (ft/sec) 
s 

Q (cfm) s 

Fr 
s 

p 

XHe 

QHe(cfm) 

Qair(cfm) 
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Table 3 Model Emission Parameters 
Model Scale 1/200 

1-2, 3 
1:1 

0.525 

0.22 

9.l,1L4,13.7 

100 

2.5,1.25, . 83 

3.75 

0.34 

32 . 13 

0.302 

0.350 

0 . 12 

0.22 

1-2, 3 1-2, 3 
1:0.84 1~0.51 

0.480 0.375 

0 . 18 0.11 

9 . 1,11.4,13 . 7 9.1,11.4,13.7 

100 100 

3.05,1 . 52,1.02 5 . 0 , 2 . 50,1.67 

4.58 7 . 50 

0 . 34 0 . 34 

53.92 185 . 10 

0 . 302 0.302 

0.350 

0 . 12 

0.22 

0 . 350 

0.12 

0.22 
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Table 4 Instrumentation and Materials Employed 

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

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

Exposure movie: 
still: 

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

Flow meters 

Counters 

1) Fischer & Porter Co. Precision flow rator No. 84-21-10 
float 8 SVT-45 

2) Fischer & Porter Co. Percision flow rator No. FP1/4-
09-G-G3/4 / 4 / 61 

3) Fischer & Porter Co. Precision flow rator No. 2F-1/4-
20-5/70 

Ultra scaler - model 192A by Nuclear Chicago 

Hot-Wire Anemometer Disa 55DO constant temperature anemometer 

Hot Wire Pt (80%) Ir (20%) wire, diameter - 0.1 mm 

Traversing Mechanism Made at CSU, with remote control, range 17" 

Recorder 

Meter 

Sampling Panels 

Thermistor 

Thermometer 

Hewlett and Packard X-Y Recorder ~del 70358 

HP Integrating digital voltmeter model 2401C 

1) Made at CSU, 25 sample point capacity as shown 
in Fig. 

2) Radioactive gas samplers 
a) Nooo14-68-A-0493-0001-65234 
b) Nooo14-68-A-0493-0001-65227 

Fennal Glass coated bead #G833Ll, time constant in 
air -2 sec 

Yellow Springs Corp., YSl Model 42 SC, Tele - Thermometer, 
range - 40°C -150°C. 
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Table 5 Observed Touchdown Distances (ft) from 
Flow Visualization Tests (Neutral) 

llnits Wind Stack Full Load 1/2 Load 
(1-3, or 4) Direction Height (ft/sec) (ft/sec) 

20 40 60 20 40 60 

1-3 SE 151 800 400 600 
alone 190 

SW 151 2000 500* 300* 
190 

NE 151 2200 1200 200* 
190 

NW 151 1000 1000 500 
190 

1-3 SE 151 600 200* 400* 
(with 4) 190 800 500 500 

SW 151 1000* O* 0* 
190 500* 0* O* 

NE 151 0* O* O* 
190 2500 0* 0* 

NW 151 500* 200* 200* 
190 1000 500 600 

4 SE 700 + + + + + 8000 
500 + 8000 7000 + 7000 5000 
300 + 6500 4000 8000 3000 2000 

SW 700 + 7000 4500 + 6000 3500 
500 + 3000 3500 + 2000 2000 
300 3000 1500 1000 2000 1000 1000 

NE 700 + + 7000 + + 5500 
500 + 7500 3000 + 7000 2500 
300 + 7000 2700 7000 2500 2000 

NW 700 + + >4000 + 5000 >4000 
500 + >5000 >4000 6000 3000 3500 
300 5000 3000 3500 3000 3000 3500 

1-3 SW 151 1000 0 
(with 4) 190 1000 0 
(200 scale) 190N 1000 800* 

230 150 600* 

+ No touchdown i.e. (greater than 10,000 ft) 
* Entrainment observed 



Table 6 Sununary of Maximum Ground Level Concentrations 
-2 (m ) and Distances (ft) (Neutral) 

Units Wind Stack Full Load 1/2 Load 
Direction Height 20 40 60 20 40 60 

1-3 SE 151 3.11 (6000) 43.4 (2000) 59. 0 (2000) 
Alone SW 4.19 (4000) 51. 2 (2000) 61. 9 (2000) 

NE 15.60 (7000) 61.1 (4000) 89.8 (2000) 
NW 21. 5 (3000) 51. 9 (2000) 81.6 (2000) 

1-3 SE 151 16.8 (2000) 75 . 6 (2000) 147. (2000) 
with 4 SW 11. 7 (2000) 50.5 (2000) 40. 3 (2000) 

NE 22.5 (1000) 283 : (1000) 161. (1000) 
NW 36.5 (2000) 70 . 4 (2000) 65.5 (2000) 
SE 190 9.55 (2000) 53.2 (2000) 138. (2000) 
SW 8.45 (4000) 39.9 (2000) 34. (2000) 
NE 48.4 (3000) 352 . (1000) 187. (1000) l.O 

0 
NW 20.3 ( 4000) 56.4 (2000) 65.1 (2000} 

4 SE 700 + 2. 29 (8000) 1.30(8000) .251(9000) 11. 0 (8000) 6 .14 (8000) 
SW + 3. 39 (8000) 1. 75 (6000) + 7.53(8000) 2.26(6000) 
NE + + 0.106(9000) + + + 
NW + 2.21 (4000) 1 . 16 (9000) + 2.29(5000) 5.65(9000) 
SE 500 + 6. 96 (8000) 1. 35 (6000) + 11.1 (6000) 1. 34 (8000) 
SW + 0.94 (6000) 2.95(6000) 0 . 488 (9000) 11. 9 (6000) 4.82(4000) 
NE + 282 (8000) 4.36(8000) + 10.9 (8000) 17.1 (8000) 
NW + 2. 72 (9000) 7.98(9000) 1. 34 (8000) 13.2 (8000) 37.2 (5000) 
SE 300 + 11. 2 (8000) 5.06(6000) .307(9000) 20.8 (6000) 12 . 1 (4000) 
SW 1.56 (7000) 8. 35 (6000) 8 . 66(2000) 6.01 (9000) 26.6 (3000) 14.7 (2000) 
NE + 4. 84 (8000) 21. 20 (8000) + 19.8 (4000) 73.4 (3000) 
NW 1.07 (9000) 12 . 9 (6000) 25.3 (5000) 2. 27 (9000) 38 . 3 (3000) 51.9 (4000) 

+ zero concentrations 
[concentration x 106 (m- 2); distance (ft)] 
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Table 7 Observed Touchdown Distances (ft) from 
Flow Visualization Tests (Stable) 

Wind Stack Full 1/2 Units Direction Height Stratification Load Load (ft) 

1-3 SE 151 stable occasional 
alone -500 

SW 151 " II 

1-3 
with Unit 4 SE 151 II -200 

190 " -350 
SW 151 " 

190 " 
4 SE 300 " + + 

500 " + + 
700 " + + 

SW 300 " + + 
500 II + + 
700 " + + 

NE 300 " 9000 6000 
500 II 8000 8000 
700 " + + 

NW 300 " + + 
500 " + + 
700 " + + 

4 SE 300 Inversion + + 
500 " + + 
700 " + + 

+ No touchdown (i.e.,greater than 10,000 ft) 



Table 8 

Wind Stack 
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Summary of Maximum Ground Level 
Concentrations (m-2) and Distances (ft) 
Stable Stratifications 

Full 1/2 Units Direction Height Stratification Load Load 

4 SE 300 Stable + + 
500 " + + 
700 " + + 

SW 300 " + + 
500 " + + 
700 " + + 

NE 300 " 2.21(9000) 1. 63 (2000) 
500 " + 0.06(9000) 
700 " + + 

NW 300 " + + 
500 " + + 
700 " + + 

4 SE 300 Inversion + + 
500 " + + 
700 " + + 

+ Zero ground level concentration measured over extent of model. 
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Table 9 Summary of Motion Picture Sequences 
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SUI11Tiary of Motion Picture Sequences 

Wind Unit Load Wind Unit Load 
Run No Dir Vel {fI!s) No Ht(ft) % Run No Dir Vel {fI!s) No Ht(ft) % 

1 NW 4.5 4 700 100 55 SE 1.5 1-3 190 100 
2 NW 4.5 4 700 50 4 700 100 
3 NW 4.5 4 500 100 56 NE 1. 5 4 700 100 
4 NW 4.5 4 500 so 57 NE 1.5 4 700 50 
5 NW 4.5 4 500 100 58 NE 1.5 4 500 100 
6 NW 4.5 4 300 50 59 NE 1.5 4 500 50 
7 NW 4.5 1-3 100 61 NE 1.5 4 300 so 
8 NW 4.5 1-3 700 100 62 NE 1.5 1- 3 151 100 

4 0 63 NE 1.5 1-3 151 100 
9 NW 3.0 4 700 100 4 700 0 

10 NW 3.0 4 700 50 64 NE 3.0 4 700 100 
11 NW 3.0 4 500 100 65 NE 3 . 0 4 700 so 
12 NW 3.0 4 500 50 66 NE 3.0 4 500 100 
13 NW 3.0 4 300 100 67 NE 3.0 4 500 50 
14 NW 3.0 4 300 50 68 NE 3.0 4 300 100 
15 NW 3.0 1-3 100 69 NE 3.0 4 300 so 
16 NW 3.0 1-3 100 70 NE 3.0 1-3 151 100 

4 700 0 71 NE 3.0 1-3 151 100 
17 NW 1.5 4 700 100 4 700 0 
18 NW 1.5 4 700 so 72 NE 4 . 5 4 700 100 
19 NW 1.5 4 s·oo 100 73 NE 4.5 4 700 50 
20 NW 1.5 4 500 50 76 NE 4.5 4 500 100 
21 NW 1.5 4 300 100 77 NE 4 . 5 4 500 so 
22 NW 1.5 4 300 so 78 NE 4.5 4 300 100 
23 NW 1.5 1-3 100 79 NE 4.5 4 300 50 
24 NW 1.5 1- 3 100 80 NE 4.5 1-3 151 100 

4 700 - 0 81 NE 4.5 1-3 151 100 
25 NW 1.5 1-3 100 4 700 0 

4 700 100 82 NE 4.5 1-3 190 100 
26 NW 3.0 1-3 100 4 700 100 

4 700 100 83 NE 3.0 1-3 190 100 
27 NW 4.5 1-3 100 4 700 100 

4 700 100 84 NE 1.5 1-3 190 100 
28 SE 4.5 4 700 100 4 700 100 
29 SE 4.5 4 700 so 85 SW 1.5 4 700 100 
30 SE 4.5 4 500 100 86 SW 1.5 4 700 50 
31 SE 4 .5 4 500 so 87 SW 1.5 4 500 100 
32 SE 4 . 5 4 300 100 88 SW 1.5 4 500 50 
33 SE 4.5 4 300 so 89 SW 1.5 4 300 100 
34 SE 3 . 0 4 700 100 90 SW 1.5 4 300 so 
35 SE 3.0 4 700 so ; 91 SW 1.5 1-3 151 100 
36 SE 3.0 4 500 100 92 SW 1.5 1-3 151 100 
37 SE 3.0 4 500 so 4 700 0 
38 SE 3.0 4 300 100 93 SW 1.5 1-3 190 100 
39 SE 3.0 4 300 so 4 700 0 
40 SE 3.0 1-3 100 94 SW 1.5 1-3 190 100 
41 SE 3 . 0 1-3 100 4 700 100 

4 700 0 95 SW 3.0 4 700 100 
42 SE 3.0 1-3 151 100 96 SW 3.0 4 700 so 

4 700 0 97 SW '3.0 4 500 100 
43 SE 1.5 4 700 100 98 SW 3.0 4 500 50 
44 SE 1.5 4 700 so 99 SW 3.0 4 300 100 
45 SE 1.5 4 500 100 103 SW 3.0 1-3 190 100 
47 SE 1.5 4 300 100 4 700 0 
48 SE 1.5 4 300 50 104 SW 3 . 0 1-3 190 100 
49 SE 1.5 1-3 151 100 4 700 100 
so SE 1.5 1-3 151 100 105 SW 4 . 5 4 700 100 

4 700 0 106 SW 4.5 4 700 50 
51 SE 4.5 1-3 151 100 107 SW 4.5 4 500 100 
52 SE 4.5 1-3 151 100 108 SW 4.5 4 ,600 50 

4 700 0 109 SW 4.5 4 300 100 
53 SE 4.5 1-3 190 100 110 SW 4.5 4 300 50 

4 700 100 111 SW 4 . 5 1-3 151 100 
54 SE 3.0 1-3 190 100 114 SW 4.5 1-3 190 100 

4 700 100 4 700 100 
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Summary of Mot ion Picture Sequences (Continued) 

Wind Unit Load 
Run No Dir Vel(fps) No Ht(ft) % 

115 SW 4.5 1-3 151 100 Suction on 
117 SW 4.5 1-3 151 100 Suction on--NZ 1 
118 SW 4.5 1-3 151 100 Suction off--NZ 1 
119 SW 4.5 1-3 151 100 Suction on--NZ 2 
120 SW 4.5 1-3 151 100 Suction off--NZ 2 
121 SW 4.5 1-3 190 100 Suction on 
122 SW 4.5 1-3 190 100 Suction off 
123 SW 4.5 1-3 190 100 Suction on--NZ 1 
124 SW 4.5 1-3 190 100 Suction off--NZ 1 
125 SW 4 . 5 1-3 190 100 Suction on- - NZ 2 
126 SW 4 . 5 1-3 190 100 Suction off--NZ 2 
127 SW 4.5 1-3 151 100 Suction on 
128 SW 4.5 1-3 151 100 Suction on- -NZ 1 
129 SW 4.5 1-3 151 100 Suction on--NZ 2 
130 SW 4.5 1- 3 190 100 Suction on 
131 SW 4.5 1-3 190 100 Suction on- -NZ 1 
132 SW 4 . 5 1-3 190 100 Suction on--NZ 2 
133 SW 4.5 1-3 210 100 Suction on 
134 SW 4 . 5 1-3 230 100 Suction on 
135 SW 4.5 1-3 230 100 Suction on--NZ 2 
136 SW 1.5 1-3 150 100 Suction on 
137 SW 1.5 1-3 151 100 Suction on--NZ 1 
138 SW 1.5 1-3 151 100 Suction on--NZ 2 
139 SW 1.5 1-3 190 100 Suction on 
140 SW 1.5 1-3 190 100 Suction on--NZ 1 
141 SW 1.5 1-3 190 100 Suction on--NZ 2 
142 SW 1.5 1-3 210 100 Suction on 
143 SW 1.5 1-3 230 100 Suction on 
144 SW 1.5 1-3 230 100 Suction on--NZ 2 
145 015 1.5 1-3 150 100 Suction on 
146 015 1.5 1-3 150 100 Suction on--NZ 2 
147 015 1.5 1-3 190 100 Suction on 
148 015 1.5 1-3 190 100 Suction on--NZ 2 
149 015 1.5 1-3 230 100 Suction on 
150 015 1.5 1-3 230 100 Suction on- - NZ 2 
151 015 4.5 1-3 190 100 Suction on 
152 015 4 . 5 1-3 190 100 Suction on--NZ 2 
153 015 4.5 1-3 230 100 Suction on 
154 015 4.5 1-3 230 100 Suction on--NZ 2 
155 SE 1.5 4 300 100 Stable 
156 SE 1.5 4 300 50 Stable 
157 SE 1.5 4 500 100 Stable 
158 SE 1.5 4 500 50 Stable 
159 SE 1.5 4 700 100 Stable 
160 SE 1.5 4 700 so St'able 
161 SE 1.5 1-3 151 100 Stable 

4 700 0 Stable 
162 SE 1.5 1-3 190 100 Stable 

4 700 0 Stable 
163 SE 1.5 1-3 151 100 Stable 
164 SE 1.5 4 300 100 Stable-Inversion 
165 SE 1.5 4 300 so Stable- Inversion 
166 SE 1.5 4 500 100 Stable-Inversion 
167 SE 1.5 4 500 50 Stable-Inversion 
168 SE 1.5 4 700 100 Stable-Inversion 
169 SE 1 . 5 4 700 so Stable-Inversion · 
170 NW 1.5 4 300 100 Stable 
171 NW 1.5 4 300 so Stable 
172 NW 1.5 4 500 100 Stable 
174 NE 1.5 4 300 100 Stable 
175 NE 1.5 4 300 50 Stable 
176 NE 1.5 4 500 100 Stable 
177 NE 1.5 4 500 50 Stable 
178 SW 1. 5 4 300 100 Stable 
179 SW 1.5 4 300 .50 Stable 
180 SW 1.5 4 500 100 Stable 
181 SW 1.5 4 500 50 Stable 
182 SW 1.5 4 700 100 Stable 
183 SW 1.5 4 700 50 Stable 
184 SW 1.5 1-3 141 100 Stable 

4 700 0 Stable 
185 SW 1.5 1-3 151 100 Stable 
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Table 10 Ground Level Concentration Results 
For Neutral Flow Conditions 

Note: if Units l-3R are indicated this means test was performed with 
Unit 4 boilers and stacks removed. 

/ 



Table 10 Locator Table for Individual Concentration Results 

Units Wind Stack Full Load 1/2 Load 
Direction Height 20 40 60 20 40 60 

1-3 SE 151 10-1 10-10 10-19 
Alone SW 10-28 10-34 10-43 

NE 10-52 10-57 10-66 
NW 10-75 10- 81 10-90 

1-3 SE 151 10-2 10-11 10-20 
with 4 SW 10-29 10-35 10-44 

NE 10-53 10- 58 10-67 
NW 10-76 10-82 10-91 
SE 190 10-3 10-12 10-21 
SW 10-30 10-36 10-45 
NE 10-54 10-59 10-68 
NW 10-77 10-83 10-92 \0 

4 SE 700 10-8 10-17 10-26 10-9 10-18 10-27 --.J 

SW ----- 10-41 10-50 ----- 10-42 10-51 
NE ----- 10-64 10-73 ----- 10-65 10-74 
NW ----- 10-88 10-97 ----- 10-89 10-98 
SE 500 10-6 10-15 10-24 10-7 10- 16 10-25 
SW ----- 10-39 10-48 10-33 10-40 10-49 
NE ----- 10-62 10-71 ----- 10-63 10-72 
NW ----- 10-86 10-95 10-80 10-87 10-96 
SE 300 10-4 10-13 10-22 10-5 10-14 10-23 
SW 10-31 10-37 10-46 10-32 10-38 10-47 
NE 10-55 10-60 10-69 10-56 10-61 10-70 
NW 10- 78 10-84 10-93 10-79 10-85 10-94 
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3 25 ,00 Y = 31,i:,, F, 7 

o, 

o, o, 0, 

o, o, o. 

o. o. o. o. o. .875E-Ol .251E+OO 

o. o. .976E-Ol 

o. o. o. 

o. 

lo-9 

.... 
0 
0) 



LANSTNG PO WFR PLA NT• SAkh fN T A~O L~NOY EN~IN~ ERS , CONCF.NTPAT!(1N 

w{N[) SPF"ff) (FPS) 

RfCIPROCAL MfTFM S SQUARF"O TIMFS 10 POWER6 

UNIT NUMAFR = 1-3 w [N !_) -~IG LF = SF 40 LOAO = FULL STRATIFICATION= NEUTRAL 

STA<'.I< HEIGHT !FT) = l'il 

X 250 c;,10 1000 cOOO 3000 4000 5000 f.000 7000 8000 9000 
y ***************************~******************************************************************************** 

1h00 

1200 

1000 

AOO 

f,O 0 

4110 

;,oo 

0 

-200 

-4()0 

-hOO 

-fHlO 

-1000 

-120 0 

-lhOO 

MAXTMUM cnNCFNTRATTON 

UNIT 4 LOCITTON, K 

,75nt+o2 

,654E+02 

.393f+()2 

,393F+U2 

.?IOF +02 

,l9'i<+O? 

,lllE+02 ,2l?E+02 ,19hF+O? ,166E+02 ,155F+02 ,906F+Ol ,539E+Ol 

,43Rf+Ol 

,1&9f+OO ,404F+Ol ,317E+Ol 

o. .30f.F.+OO 

.,~hC:+02 

1;,c;. n n v lhh,'17 

10--10 

o. 

,l04E+02 

,518E+Ol 

,332E+Ol ,109E+Ol 

,135E+Ol 

,165E+OO 

o. 

..... 
0 
-J 



L A"JSJ l\!f; Pf1o;FLI PL A1~ T, 'i At< i,F 1~T O"IJ LI.IN OY F~(G I Nti:.f-15 , 

lJNIT NUW.AFP = !-3 rl 

STACI< HEIGHT !FTl = l "i l 

X zcc;n 

wT~ll) A•iGL.f. = Sf 

5 00 1000 ?OOU 

CO~(~N TRATIO N 

~IND SP FFn (FPS) 

3000 400() 

R~CIPROC AL. MFTFµ S 5QU AREO TTME S JO POWER6 

40 L. OAO = FlJ L L STRATIFICATION 

5000 60 00 7000 8000 9000 
y ******************* ** ****~************* **•****************************** **** ******************************** 

1600 

1200 

1000 

1100 

MO 

400 

200 

0 

-200 

-400 

-f.00 

- AOO 

-1000 

-1200 

-1600 

M~XTMUM CO NCF. NTRATT ON 

UNIT 4 LOCATIO N, X = 

,675F.+Ol 

.434f- + 02 

325.on v = 

,4 3 4;:·. 02 

.26'if+02 

,l61 F +02 

.267 E +Ol 

o. 

31,6 . 6 7 

, 23 2E+02 

• 2l~f+O? 

, 2 43t'.+O? 

,236F+02 

,113E+02 

,127f.+Ol 

10-11 

o • 

.113f+02 ,146E+02 

.2Ji, f +02 ,112E+02 

, 232E+02 ,l90 E+02 ,l40E+02 ,103E+02 ,AASE+Ol 

,!:l93E+Ol ,5BAE+Ol 

,4 3 1'> f. +Ol ,391E+Ol 

o. 

NEUTRAL 

.... 
0 
00 



L,HJC:T NG Pr.WED PL a ~, T. C: AR(; f"v T "~" ) LU•Jl)Y Fr,r; J ~.F F ><'i • 

UNTT NU~PFP = 1- 3 .: T•!f) ~'liGLE = SE 

c;rArK HFJr.HT (FT) = 100 

X ?5 0 ':iO O 10 00 2000 

CO"J('J:N Tq AT! Of, 

~TNO SPE FO (FP S ) 

3000 4 000 

PFC{POQC AL MfTEPS SOU ARED TIMES 10 POWER6 

40 LOAD= FULL STRATIFICATION 

5000 fiOOO 7000 8000 9000 
Y ******************* **** ************~*000 0 i•0*00 00 0000000 0 00 000****************** ** ****** **** **** ************* 

H,OO 

12(1 0 

1 000 

fil)O 

hlJO 

400 

200 

0 

-200 

-400 

-600 

-1'100 

-1000 

-1200 

-1600 

MAXtMUM CONCfNTPATTQN = 

ll~IJ T 4 LOCATJ0~1, X 

.lKI E+O? 

.'i'32F+'1 ?. 

1 2 'i.Oll Y 

. 435t+ll2 

. 3>1 2 E+02 

. 5 3?f+ O?. 

.ll">F+ Ol 

o. 

3 hF,.,-,7 

.7 A2E +Ol 

n • 

.238F+02 • 15 9E+02 .698E+Ol 

. 2'iF,F +02 .l49E+02 .205E+Ol 

.343~:+0? .955E +Ol .420F+Ol .lF,7E+Ol .B9fiE.+OO .fi;:>OE+OO 

.1071'+(11 .97fiE+OO .789E+OO 

n. o. o. 

o. 

10-12 
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LA~IC:T"JG Pn•1ER PL_ A':T, S A><(•F N T ,l~ •l l. ' Jr-J'JY t. ~·; p ,FffJS , 

UNIT ~ilJ"qFµ = 4 ., y,,c, A"GLF = C: E 

STA(I<' Hf J GH T
0 

(FT) = 3 nn 

X : ?C.ll ",/)/) 100 0 2000 

CONCf.NTR A TION 

wl"IO SDFED (FPS) 

3000 4000 

RFCIPROCAL M~T ERS SQUARED TIME S 10 POWER6 

LOAI) = FULL STRATIFICATION= J/NEUTRAL 

5000 6000 7000 8000 9000 
y ****************~~*ff********~•(•****************************************************** ****** ** ***************** 

u,oo 

1200 

1000 

ROO 

6fl0 

400 

?00 

0 

-200 

-400 

-600 

-AOO 

-1000 

-1200 

-1600 

MAXJMlJM (()~!CnrT~ _ATJ ()~r 

UNTT 4 LOr.ATION, X 

o. 

,ll?.F+ll 2 

v, .u o y 

o. 

0. o. ,112E+Ol 

n. o. ,2",4F+OO ,219E+Ol 

o. 
,212E+00 ,5 92E+ OO ,567E+OO ,l B? E+Ol ,22RF+Ol ,44(:,E+Ol ,526E+Ol ,4'50E+Ol 

,l97f+()0 

,19,E+OO ,432F+01 ,104E+O? ,111E+02 

,590F+Ol .11?!:+02 ,104E+02 

o. 

V,h , h '1 

10-13 
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l.A~'<;ING POWF'-1 PLA " T• Sh'<t' FNT A•·'1 L.i.J'!r·Y q ,,,;Jr,FFf"'>• co~cE~T..,ATION = '<FCIPROCAL. M~TER<; SQUARED TIMES 10 POWER6 

llN TT f\!lJt.1t:;.,-p = 4 w [ t~fJ ANC;LF: = SF ~INO SPfED (FPS) = 40 LOAO = l/? STRATIFICATION= NEUTRAL 

STArt< HFI',hT (FT) = 1110 

X = 2,;;n son 1000 <'0 0 O 30()0 4000 5000 1,000 7000 8000 9000 
y ***************************~•****~)*********~******i~*******i~***i)********************************************** 

1600 

1200 

1 () () 0 

800 

f,0 0 

400 

200 

0 

-200 

-400 

-F-110 

-i:.no 

-1ono 

-1?00 

-1 f,('0 

MAlfTMIJ., (().,CF~•TRAT fllN = 

UNIT 4 LOCATION, • 

(), 

,;:>Oi<F+02 

325,00 V 

0 . 

0. 

,l>i'if:.+01 

,C,llRE+Ol 

,'i25E +00 

3hh,h7 

.1A2t:+Ol 

o. 

0. .3',0F+OO .A26E+Ol 

o. .315~+01 .146E+02 

.t>30F+Ol .Q3?E+rJl .115(+()? .l~OE+O? .IA1E+02 .195E+02 

.1">2f:+02 .208E+02 • 1',7E+02 

,3ASF+Ol .llAE+O? .124E+02 

o. 

10-14 
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LANSTNG P<)WEP IOLM;T, '- ~~(-F'i T uy,J LI.IN DY l:Y GI 1~ FF PS , CONCENTRATION= HfCTPROCAL METfRS SQUARED TIMES 10 POWER6 

UNIT NU~RF.R = 4 wINl.l ~••G LE = SF WIND SPt.EO (FPS) 40 LO~[)= FULL STRATIFICATION= NEUTRAL 

STACK HFIGHT (FT) = 500 

)( = 250 soo 1000 2000 301)() 4000 5000 6000 7000 8000 9000 
y *******~ * ******* ** * ***********§***********************i***************************************************** 

H,00 

1200 

1000 

800 

600 

4~0 

200 

0 

-200 

-400 

-600 

-AOO 

-1000 

-1200 

-l~OO 

MAXIMUM CONC~NTRATTON = 

UNIT 4 LOCATION, X = 

o. 

o. 
,423E-Ol O, o. 

o. 
o. 

, 6 96F+Ol 

32'i,00 V: 366.67 

o • 

o. o. • 620E+OO 

o. o. .l44f+Ol 

o. .705E-Ol .389F+OO .234E+Ol .349E+Ol .488E+Ol 

.9t:!7f-Ol .361E+Ol .i:;36E+Ol 

o. .542F.+1Jl .696E+Ol 

o. 

10-15 
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LAN<;ll\JG POWEP PLA~•T, St,..,f,•NT ns .rJ LU~Jl)Y ~· '" ' 'l~•EHlS , COI\JCENTRATlOI\J = RECIPROCAL MET~RS SQUARED TIMES 10 POWER6 

UN IT NUMA ER = 4 WHllJ ANG LE = o-i: w[ND SPFEO (FP S ) LOAD= 1/? STRATIFICATION= J/NEUTRAL 

<;TACK HFIGHT (FT) = ~oo 

X 2SO soo 10 00 2000 3000 4000 5000 hOOO 7000 8000 9000 
y ****************~•************** *** **********************0****************************00********************* 

1h00 

1200 

1000 

1:100 

600 

400 

200 

0 

-200 

-4()0 

-600 

-800 

-1000 

-1200 

- -1600 

MAXTMlJM CQNCENTRATTON 

UNTT 4 LOCATIO N, X 

0. 

,lllf:+ 02 

:3?5,00 Y 

0. 

o. 
0. 

0 . 

0. 

3'>h ,(-,7 

o. 

o. o. ,945E+OO 

o. ,27QE+OO ,354E+Ol 

,J 39E+OO ,245F+OO ,892E+OO ,255E+Ol ,"i24E+O 1 ,672E+Ol ,558E+Ol 

,625F+Ol ,109F+02 ,948E+Ol 

o. .lllf+02 ,998E+Ol 

o. 

10-16 
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L AI\J<; f l\J/; Po,,EP PL~ "!T, c; ~ fi(;f td ~~,u L f!N f) Y C: , ,,, 1,,F E PS , 

UNIT I\JlJMf'FP = 4 ~,, f. ~ID ;1"-1(,1_ f. ::: Sf 

<;TACI< HF lGHT (FT) = 7 00 

X = 2c;o SO() I O O 0 2 000 

CON(FI\J TRATJ ON 

~ TND SPEED (FPS) 

JOO() 4000 

f/f'C TP f/ )CAL METFR<; SQIJARFO TJMFS 10 POWER6 

= 40 Lf\AO = FULL STRATIFICATION= NEUTRAL 

5000 6000 7000 8000 9000 
Y *************i•***O*~*****i~~•**~~*i~~t~•i• ~•* ****~•********************i~***** * i>OOOOU*****OOOOOOOO*O****************** 

l 1',00 

1200 

1000 

AO 0 

F,[)Q 

400 

200 

0 

-?00 

-400 

-600 

-AOO 

-1000 

-1200 

-1600 

MAXJMUM CONCFNTPATTOI\J 

IINTT 4 LOCATT(W, X = 

n • 

,224F+()} 

, ?5 . 00 Y 

.!O lif +OO 

.!'>5 E+O O 

o. 
0. 

o. 

:i,-,,s. (, 7 

,423E-Ol 

o. 

o. o. o. 

o. ,141E-Ol ,931E+OO 

,354E-Ol ,7051:-01 ,531E-Ol ,917E+OO ,158E+Ol ,210E+Ol 

o. ,1',0liE+OO ,2?9E+Ol 

o. o. ,lOBE-tOl 

o. 

10-17 
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I_ A•1C:T f\JG P()i.E µ .:>t_ A, ,T, <;Al-1l;1-: ,"T il ~'ll l.. 1J'!f1Y ~ , ,f,! ,- •~µ c; , CIJ1JCP1TRA TI ON P ~CT PPOC AL METFk<; SUU ARE O T[MfS 10 POWER6 

UNIT 1\/Uf"RER = 4 • ' [ NI) A~ 1(,LF = '-,F w!Nfl SPFEfl (FP S) 40 Lf1AO = l/? STRATTFICATTON = NEUTRAL 

C:TAC:I< HFT'iHT (~Tl = 1n o 

X = 2so ', QO 1000 20 00 3 000 4000 5000 hOOO 7000 AOOO 9000 
Y ************** ******************~~***~~************0*04t 0 00**** ** *************** ******************************* 

lf. 0 0 

pno 

1000 

A OO 

i',00 

400 

200 

I) 

- 200 

-400 

- lie o 

-<>no 

-1000 

-1 ;>no 

-1 60 0 

MAXfMl)M cnNC l" NTP ATT 0~-1 

UNIT 4 1..o roTT ON , • 

0 . 

o. 

fl. 0 . o. 

o. 

0 . 

.i] OF + 02 

-:C?""'l . 11( . y = .-l.,,..,. 1-,7 

o • 

o. o. • 175E+OO 

0 . o. .290E+Ol 

0 . .167f+ll0 .140E+Ol .541E+Ol 0 746E+Ol .974E+Ol 

0. .77AE+Ol .898E+Ol 

0. .7U4 f +Ol .!!OE+02 

o. 

10-18 
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L.AN<;HIG Po•.~EQ PLH•T, c;A~GF,1T A'II) LIJ''f)Y f' "1 1, [ 1,1FF~ s . 

UNIT NllMRF.R = 1-3 .iINO 11,1,;L.E = 5E 

5TACI< HfIGHT (FT) = l'il 

X = 2'i0 500 1000 2()0 0 

CONCENTRATION 

~TNO SPFEn (FP5) 

3000 4000 

~F.CfPQnCAL MFTFFl5 501JAFIEO TIMES 10 POWER6 

fiO LOAO = FULL STRATIFICATION= NEUTRAL 

5000 fi O 00 7000 800 0 9 0 0 0 
y **************************** *********** i> *************** *** ************************************************** 

1 liPO 

1200 

10()0 

800 

fiOO 

4.0 0 

200 

0 

-200 

-40 0 

-600 

- ROO 

-1000 

- 1200 

- 160 0 

MAXTMUM CnNCF. NTMATT ON = 

UNTT 4 LOCATION, X = 

,l45F.+03 

,1471'+03 

.J27f+03 ,923E+02 ,R80E+02 

, 1401:.+02 

.l B4E+Ol 

,l47F+03 

3 ? 5 .00 v 31,,.,. r-, 7 

o. 

,147E+02 ,743f+Ol ,l79E+02 

,206F+02 .25l f +02 .180E+02 

.528F+02 .353F.+02 .2>iR~: +02 ,2':>1E+02 , 190E+02 ,173E+02 

.998E+Ol ,927f+Ol ,307E+Ol 

o. ,530f+OO .354E - Ol 

o. 

10-19 
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LAN<;TNG PowFo PL6·\1 T, <;A,i(;f,,, r ,v.111 Li''1DY 1:..• . .- ·; 1~·~ i:'t>'.:> , 

UNTT NLJMRfR = 1-3~ 

<;TArl<' HFJ GH T (FT) = l 'i l 

X ? 50 

.'1 T N!J A•, <iL F = SF 

',()() 1000 ?000 

cn~CENTRAT!QN 

wINn SPEED (FPS) 

30 00 4000 

PfCJPPOCAL MF.TF~S S0UA~ED TJMES 10 POWEP6 

= 60 LOAO = FULL <;TPATIFICAT!ON = NEUTRAL 

5000 6000 7000 8000 QOOO 
y ****i•***it******i>~~**********i~**********~t**************************************************~****************** 

1600 

1?00 

1000 

f'()O 

600 

400 

?no 

0 

-?.00 

-400 

-600 

-800 

-1000 

-1?00 

-11',f'O 

' 

MAXJMLJM CONCENTRATTON 

IJ~JJT 4 L0CATI 0M , X = 

,445E+Ol 

,";C.OF+02 

3;:,c;,on v 

o. 

.463F+Ol .244F+Ol .101E+02 

,c;«of'+O?. .1031:+02 .lJC.f+O? .127E+02 

. 5 131:..+0?. 

,1~3F.+O? .366E+0 2 .292F+02 .203F+02 .lb~F+02 .l'i2E+02 .9AOE+Ol .972E+Ol 

,704£+00 

o. .245f+Ol .566F+Ol ,400£+01 

o. ,4?4E+OO ,l?OE+Ol 

o. 

31::6 , t,7 

10-20 
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LAI\J<;TI\JG P () "< fO PLH! T• 'o APG.rd ,IH I Ll"lfl Y tr, rj{/\J >~: ""• cn ,,,( fc~. TP A TI n,, "f ([P f.'() CAL Mf. TFY <; <;Ql!ARFO TJMfS 10 POWER6 

lll\•TT l\! U.,AFP = 1-3 w [ ' lil A"G I_F = SF w!NO <;Pff.fl (FPC..) -,r, LflAO = FIJLL STRATIFICATION= NEUTRAL 

<;TaCI( HFI GHT (FT) = \<-rn 

X = ,'':,O ",,)(J 1000 20 00 iOOO 40011 5000 fiOOO 7000 8000 QOOO 
y *** ************~******** ~>************************ ********~•**&******* ******** ******************************** 

l '10 () 

1200 

1000 

AOO 

f,00 

400 

200 

0 

-200 

-400 

-600 

-ROI) 

-1000 

-1200 

-l '-0 0 

MAXTMUM CO NCF NTPATTON = 

IJNIT 4 LOCATION, X 

.102f+03 

.11-iF+OJ 

J2-, • \i [' V 

.l04f+03 

.13 Rf+ 03 

.101f+ 03 

. ?31',f+02 

0 ?':>Ht:+Ol 

3 h"·"7 

o • 

• I40E+02 .~5?F.+Ol .185E+02 

.20IF+02 .238F+02 .217E+02 

.Q07f+02 .622E+O? .463F+02 .335E+02 .362E+02 .246E+02 .222f+02 

.435 F +ll2 .36QE+02 .244E+02 

o. .R2RF.+Ol .757E+Ol 

o. 

10·-21 

.... .... 
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1.a~tSTMG P nwfP PLANT, '3 A'-I C.Ft,r 1,, ,,1 LU~t f)Y f,,,;r,, ,Ftk S , 

UNIT NIJ.,RFP = 4 ·•fNr, AN C, LF = SF 

STac1< 11FIGHT (FT) = ~'JO 

l( ;;,c;n 5 1l() 1000 ?000 

C0~CE NTRATI 0N 

~JN() SPFFfl (FPS) 

3000 4000 

t/ FCIP P()CAL t,f. TEP<; <;1)111\RED TTMf', 10 POWER6 

hO l_f'A[l = FULL <;TRIITTFICATION = NfUTRAL 

5000 hOOO 7'100 8000 qooo 
Y O*OOO~O*OO***** OO OOOO O** * ****************************************OOOO*********O OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

1h00 

12 0 0 

10110 

AOO 

;:;no 

41l0 

200 

n 

-21)0 

-400 

-f,00 

-&no 

-1000 

-1200 

-1~00 

MA)CTMUM <:()1';CFNTRATTrJ~, : 

U~JIT 4 L 0CATI0~1 , t 

(l. 

.<;i)'">~+nl 

]?-; .1.,0 y 

o. 

o. 
o. 

,ll><F+ 0 1 

.37?1:: +t)O 

',t,h. h 7 

,llhE+lll 

o. 

o. o. ,637E+OO 

o. ,275f+OO ,l,2E+Ol 

,637F+OO ,71Qf+OO ,1!50F+OO ,328E+Ol ,4-91E+Ol .3,3E+Ol 

,4-l7E+Ol 0 506F+Ol ,4-70E+Ol 

o. • l 33F::+()l ,A7f>E+OO 

o. 

10-22 
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L.l\"'15T"'·JG P()1,111f~ PLb":T. c~r,;.;ir~c: ., ; f 41\! ) t_ t1 ~ :~1Y t· "·11 ·T!',, rt ~ 'i • cn~Cf.NTWAT!ON = AFCIPAOCAL MfTE~~ sauAAFO TJMFS 10 POWER6 

U~fIT NlJ~flFP = 4 ,.., r ,,n A~·•'L" = q, ,,JN() ~'-'ff.[1 (FP~) = t,O LOAJ) = l/2 ~TRATIFICATION = NEUTPAL 

STICK HEIG~T (FTl = lnn 

X 2'i0 '-,i](I 1000 ? nO 0 31\i)(J 4000 5000 60(10 7000 flOOO 9000 
Y *************************~*UUU O* i;!~**0**************************************00000000000***********0000000*000 

l 61JO 

1200 

1000 

AOO 

f,00 

400 

?00 

0 

-2ro 
-41)0 

-600 

-<JOfl 

-10(10 

-1?00 

-1600 

VftYJHUM CONCFNT~ATTO~ 

IJ~ITT 4 1..0<:~TTON, X 

o. 

• l?lF•~?. 

:lch • l_l () V 

o. 
.293F+OO 

.9<+'>f +ll0 

.63hf+()l 

."77E+OO 

li-,h. "7 

.372E+Ol 

o. 

o. 

.320E+Ol 

.1211'"+0? 

o. 

10-23 

o. 

o. .420E+OO 

.46Qf+OO .159F+Ol 

.201E+Ol .17AF+Ol .452E+Ol .:'lJAE+Ol .314E+Ol 

.745F+Ol .439E+Ol 

.4?.0E+()O .157E+OO 

n. 
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ts:) 
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LANSTNG P ()W F: ::i P Lll'IT, c.;~><(·,e NT :1r ': L IJ\! :) Y ,,, · .. , ,,. F,·,, ,, , ( 1)"J (': t,1TPA T Jl ) N HFC IP RQC AL "'ETE RS SQU ARED TJMFS 10 PQWER6 

UNIT NU,-R f' R = 4 'A. l"'Jl.i A"-lb!_':° : :"I t" WIND S"FFT• (F PS) = 1,0 LC\Af) = FULL STRATIFICATION= NEUTRAL 

STACK HFI GHT (FT) = 500 

X = 2'-iO 7> 0 0 1000 c O O ti 30011 4000 5000 li OOO 7000 AOOO 9000 
y ******************* ********* ~~*~,<~***~~** ***************** ** ******** *** ******* ********************************* 

) ',l)Q 

1200 

1000 

ROO 

liOO 

4fJO 

?00 

0 

-200 

-400 

-liOO 

-Ano 

-1000 

-1200 

-lliOO 

MAXIMUM CO NCF NTQATT() N = 

UNTT 4 LOCATIONo X 

0 . 

u. 

(l . 0 . n. 

n . 

n • 

.11",f +Ol 

3?.'> . 1)0 y = 3',t, .1,7 

o, 

o. o. o. 

0. o. .635E+OO 

o. 0. o. .16QE+OO .55AE+ _OO .123E+Ol 

o. ,952f+OO .719E+OO 

0. .115f+Ol .797F-Ol 

o. 
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L AN<:Y•iG P nwE!.i PLO " T, S M•C;• ,\JT nsfl LIJ•:l)Y ~-. ,(, ]1,,F fRS , CO"lr.fNTRA TT ON gFr,JPROr.AL METfRS SDUAREO TIMfS 10 POWER6 

IINIT I\IUWRFP = 4 ~[ NI) A~ •G LF = SF ·• fi'Jfl SPFEf\ (FPS) f,0 LOA[)= l/2 STRATIFICATION= NEUTRAL 

'iTIICK HFJGHT !FT) = <;OO 

X = 2"11 500 1000 ?r> 0 () 3000 40 00 5000 fiOOO 7000 8000 9000 
V ******* * ******** ********************************************** ************* **********************~********** 

H,00 

1200 

1000 

~no 

f-00 

400 

200 

0 

-?no 

-400 

-f>OO 

-f'OO 

-1000 

-1200 

-l 1,00 

MAXJMUM C0NCfNTRATf()N 
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LAN~TNG P0WfP PLA NT. <; Aw G~ NT ANn LU ~DY fNG I NFfRS , 

UNTT Nll"f' • P = 4 1.l"IJ A't GLE = SF. 

<;TAr,t< Hfl G"'T !FT) = 700 

-x 2<;() 'ii) n 10 00 ?.000 

CWKENTWAT JON 

"I T•)[.) <;PFEn (•P S) 

301)0 4000 

PEC IP POC AL ~ETEPS SQUARED TJMFS 10 POWER6 

= h0 l'"lAf) = FULL STRATIFICATION= NEUTRAL 

5000 '10 00 7000 8000 '1000 
y ****************************~>******************************************************** *********************** 
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L AN<;t ll!G P OwED PLA NT, <;ak 1; •·1" T ~''ti LU N()Y f,,c.; TNtF rlS , CONCEN Th'ATTO N = Qf"C ! PPrJC AL MFT fD <; <;(.)!JAP E D TIMF:S 10 POwER6 

UNIT NUMFl fP = 4 ~ 1 ND A~'GLE = S F WTN D SP EE D (FP S ) = '>0 L () A[l = l/ 2 STRATIFICATION= NEUTRAL 

STACK HEI GHT (FT) = 7 0 0 

)f = ? c; o '-> 0 0 1000 20 0 0 300 0 4 00 0 50 00 hOOO 7000 >1000 9000 
y ********************* ******* ***** ************** ************ ***************** *** ******** ********************* 
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[.Af\J<;T~!C, D()~!F.P "LAt-.T, S A"'(;f~1T AH, LIII\Jf)Y ~.t,J<; J r~~t'lS , 

UNTT NUM8F.Q = l-3 .; 1'11) A"G LI: = Sw 

<;TAf'K Hl={GHT (FT) = l'il 

X : ;;>",I) ,on 1000 21)00 

C()~(F.NTWAT!()N 

WJI\JO SDF.fO (FP S ) 

3000 4000 

QFC !~Qn(AL ~F.Tl= R<; SQUAAFD TJ~F.S 10 PnWEA6 

?.Q LnAO = FIJI.L STRATIFICATION= NEUTRAL 

':>ODO 6000 7000 801)0 9000 
y ****************~******* * **********~~00000000000**********0************************** ************************ 
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l Af\/<;T"'i P()WE R PLA NT, <; ARG f'' •T A'·D Lll ND Y EN,; f l"t f R<; , co ~•CE I\JTR,lTI0N JJf. CI PR OC AL ME TF R5 SOlJARfO TI MF.S 10 POWER6 

UNIT NU~AFR = l-3 R 

SHCK 1-tFIGHT <FT) = l'il 

)( = ;:> ~ () 

w{"IO A•.' GLE = SW 

SOCJ 1000 

wtNn SPEEfl (FP5) 

cOOO 3000 4000 

= ?.0 LnAn = FULL STRATIFICATION= NEUTRAL 

5000 hOOO 7000 8000 9000 
y OO***** * ***** ***** O** *** * **O OOOO********** * *** ** * * * * * * ******* ** * ** * *** * **** ****** * ******OOOOOOOOOOOOOOOOOOOO 
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LA~1c;r,1 r; POWE R PLA~,r. -;11PGFN T A~·') Lil'l f)Y l:~•(, JS1FF PS , CON CE~ TRATTO N = RFCIP ROC AL METE RS SQUARED TTMFS 10 POWER6 

UNIT NUWRFP = 1-3 "' I ND A"l;Lf 'i i·' wTNn SPEED (rP 'i ) = ? O L0/\0 = FULL STRATIFICATION= NEUTR~L 

'iH CI< HFI<;f-'T <FT) = l 'l O 

X = 250 'iO O 1 000 2000 3 000 4 0 00 5000 6000 7000 AOOO 9000 
y 0 0 *0 0 00 0 0 000 000 ********4~it *******************O***** *O O O OOO i• O ~OOOOOOO tt Ott0 0 00000000000 000*00 0 00 0 00** ** * * ******* 
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LAN<;{NG P (I WE P PLA~tT, SA'11,l:~: T Al\i i) Lll~1l)Y E::N,i !NFF RS , 

lJNTT Nll'-"'lFP = 4 wTN O r.~1GLF. = 'i"1 

STACK H,f !GHT (FT) = 3 00 

X = 2"'0 500 10 0 0 ?() 0 0 

COlllCE NTRATTON 

wINf) SDF:EO (fP S ) 

3 0 00 4 00 0 

PFCTPROCAL METF PS SQUARED TIMFS 10 POWF.R6 

= 20 LOl>O = FULL STRATIFICATION= NEUTRAL 

5000 "'0 00 7000 8000 9000 
y * ***** *** ** * * *** * **************0000 ~ 000000~00000000* 0* 000*0*00000000000000000000 0000 00*000000000000000000000 
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LAN5TNG Pl)-Eµ PLA NT, ~ Aµ GF~ T A~D LU~ny F~GINFFP5, CO•iCF.r-iTµI\ Tr n,, "t'C: I PQ,'1C: AL MfFP<; 501JAPF() TI"IF.:S 10 POWE'R6 

llNTT NUtJflfP = 4 idND A~ll.,l_l: = 5w ·•!"ID C.PFEP (F P5) ?I) LOAD= II?. STRATIFICATION= NEUTRAL 

"TACt< HFIGHT (FT> = 3no 

X 2">0 ~00 1000 2000 3CJ 00 4(100 5000 h0 00 7000 8000 9000 
y ************************************************************************************************************ 
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LAf\l<;T ~I(; Pr: wi:- o Pi_ A~J T• <; Ak(, FN T IH.o n L IJNOY ENG JNFF il S . 

UN I T ~I U'-'flER = 4 ~I TNO ANG LE = 5 ~1 

STA<:K HF TGHT IFT) = i; oo 

X = ? 5 n !:,00 1000 2000 

CONCENTR ATI ON 

WINI) SP FEO (FP 5 l 

3000 4000 

R""CTP RO CAL MfTF RS SQ UARED TIMES 10 POWER6 

= 20 LOAD= l/2 STRATIFICATTON = NEUTRAL 

50.00 '> 0 00 7000 8000 9000 
y ***************** *********** **************************************** **************************************** 

l "'0 0 

1 2 00 

1000 

AOO 

,;no 

400 

200 

0 

-200 

-4 (1 0 

- 6 00 

-AOO 

-1000 

-1200 

-16 0 0 

MAXIMUM CONCF N TRAT{ ON 

UNIT 4 LOCATION, X 

n. 
o. 

o. o. o. 
o. 
o. 

. 4 Ai:l F+no 

-133. 3 3 Y = -1 H3. 3 3 

o • 

o. • lO<;E+OO .l75E+OO 

o. .307!: +00 .?79E+OO 

.8751:-01 o. o. .209E+OO 0. .4A8E+OO 

o. o. .;>09E+OO 

o . o. o. 

o. 

10-33 

.... 
w 
0 



LANC::tNG POWEP PLA '1T, <;AflGf NT AM J LU'IIOY fN GIN•Ei;; S , CONCENTRATION 

WTNO SPEED (FPS) 

PFCIPROCAL METERS SQUARED TIMf.S 10 POWEP6 

UNIT NU~BEP = 1-3 'Nll\lD ANGLE = Slri = 40 LOAD= FULL STRATIFICATION= NEUTRAL 

STIICK ~EIGtH (FTl = l'il 

X 250 <iOO 1000 2000 3000 4000 5000 6000 7000 8000 9000 
y *******************~Y***~ *******~*************************************************************************** 
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LAN<;J•1G P()WER PLA ~1 T, S AP (;J:-~JT II Nl1 Llll\if>Y E~• ,~ H,FF PS, CONCEI\JTPATTON = PfCIPROCAL METfQ<; SQUARED TIME~ 10 POWFR6 

UNIT NLJ~~FP = l-3P 

<:;TAr.K 1-H: lG>H (FT> = !SI 

vlll\Jl1 ANf,Lf = Sw ••JN() SPFEn (FPS) = 40 L0AO = FULL STRATIFICATION= NEUTPAL 

X = 250 ~00 1000 2000 3000 4000 5000 6000 7000 8000 9000 
y *** *** *********** ** *************** ******* ******** ******* *******************************•******************** 
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LAM<;II\/G POw fR PLA •, T· SARG FNT A,.,, u 1,1f)Y E•JG JNF fRS · CO I\/CEI\/TR ATION = AfCIPAOCAL !AETER<; SQU A~ED TI"1FS 10 POWER6 

UNIT NUIARfP = 1-) .t!Nl) ANGLE= Sw wII\/D <;PF.ED (FPS) = 40 LOAD= FULL STRATIFICATION= NEUTRAL 

STACK HEIGHT CFTl = 1qo 

X 2',0 'iOO 1000 2000 3000 4000 5000 6000 7000 8000 9000 
y ********~******************************* ******************************************************************** 
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LAN<;T~I G P 0 1'1 ER PLA '·JT• SARGl: f\JT A~•O LU NfW fMC;r f\JF ERS , CONCE N TRATION= RECIPR OC AL Mi:TFR<; SQUARED TtMFS 10 P OWER6 

UNIT NUMf3f: P = 4 w T NO ANG LE = <;,i wINO SPFEO (FP S ) = 40 LOAD= FULL STRATIFICATION= NEUTRAL 

<;TA/'.I<' HFIGHT (FT) = 300 

')( = 2 5 0 C, QO 1000 2000 3000 4000 5000 6 000 7000 8000 9000 
Y * **** * * ** * *** ***** * **U****** * ******* * ********* ** ** * * *** *** ** *i} * ****** * *********** * *********************** *** 
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LANST NG PO"'ER PLANT. SAfJGf' ' •T o, ,L) Llll\lf)Y Etv f' l f\ifFP S , CO I\J CE,1Tl'lAT TON = PEC Tf'POCAl. "'ET FPS SQUARED T TMF.S 10 POWFR6 

lJN IT NUMRFP = 4 .,y,11) A~, GLE = SW wTNO SPEEO (FPS> : 40 U1AD = I /2 STRATIFICATION= NEUTRAL 

STACK HFICiHT (FT) '7 '300 

X : 2 50 500 1000 2000 3000 4000 5000 6000 7000 8000 9000 
y *****************~************************************** *************************** ************************* 
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LANSTNG POWER PLANT, SARGENT A~O LUNDY fNG[NFEHS, CONCENTRATION= RECIPROCA L METERS SQUARED TIMES 10 POWER6 

UNIT NUMBfCl = 4 ,,; [ Nil A•1GL.f: = Sw wJNn S1JF£I) (FP S ) = 40 LOAO = FULL STRATIFICATION= NEUTRAL 

STAC~ HEIGHT (FT) = c;oo 

X = 2<;(1 500 1000 20 00 3000 4000 5000 6000 7000 8000 9000 
y ***************************{~******************************************************************************** 
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LAN S TNG PQWE P PLANT, S A~GFNT ANO LUNDY ENGINEF.kS, 

UNTT NUM8f R =· 4 WTNI) ANGLE = SW 

STACK HF.JGHT (FT) = c;oo 

X : 2-.0 500 1000 2000 

CONC:l:NTRATION 

wTNO SPfEI > (FPS) 

3000 4000 

PFC IP POC AL ME TERS SQUARED TIMF.S 10 POWER6 

40 L()A() = l/2 STRATIFICATION= NEUTRAL 

5/lOO 60 00 7000 8000 9000 
y ******************** * * * **** ****** *******O*******O OOOOOOOOOOO*OOOOOOOOOOOOOOOOOOOOOOO OOOO* O+OO+******* ******* 
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LAI\J<;T~IG POWfP PLAI\JT • S AFI GFNT /\Ml l.lJNl;Y ENGH, FER S • Cnl\JCENTRATTnN = RFCIPHOCAL METERS SOUAAED TIMES 10 PO~ER6 

UNIT NU.,AF.P = 4 wINf) A~1GLE = Sw wINO SPEE[) (FPS) 40 L0A.f.1 = FULL STRATIFICATION= NEUTRAL 

STAC~ HfIGHT (FT) = 700 

\ 
X = 2''i0 ',()Q 1000 2000 3 000 4000 5000 1,000 7000 8000 9000 

y ** ********** ** *******i•*********************** *****'********************************************************** 
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LANSI NG P0 ~FP PL ANT , S~PGF~ T ~, -~ LUNOY tNG I NFFAS , 

UNIT NU~Rft:l = 4 " ['JD A'•GL F = SW 

STAC ~ HFI G~T (FT) = 700 

X 2"i0 "iO O 1000 2 000 

CONC ENT RATI ON 

WINO SPEED (FP S ) 

30 00 4 0 00 

RECIP t:i0C AL ~E TEP ~ SQ UA RED TIMES 10 PO~ER6 

= 4 0 LOAD= l/2 STRATIFICATION= NEUTRAL 

5000 6000 7000 8000 9000 
y *************** ******************* ************** *************************** ********************************* 

16 00 

1200 

1000 

eoo 
600 

400 

200 

0 

-200 

-400 

-600 

-RO 0 

-1000 

-1200 

-1 60 0 

MAXIMUM CONCENTRATI ON = 

UNIT 4 LOCATION, X 

o. 

.7', 3F+ Ol 

-1 3 3. 33 Y 

.l0 5E +OO 

o. 

o. 
• 530 F. +OO 

.l33E+Ol 

-lH J , 33 

.558E-Ol 

o • 

• 2 10F+OO 0 . ,420E+OO 

o. ,474 F +OO .1R7E+Ol 

.735F.+OO .l48E+Ol .280f+Ol .346E+Ol .325E+Ol o • 

.287E+Ol .5H3E+Ol .588E+Ol 

.448f+Ol .7 39E+ Ol .753E+Ol 

o. 
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LANST NG P()WFP PLA " T, ,APGFI\J T A> ·fl L l ll\J OY F~11; 1~1 • FRS , 

UNTT NU~RFP = 1-i w {NI) AMliLF = SW 

STAr,I( HFI GHT (FT) = l'il 

X 2',~ sno 10 0 0 t:'00 0 

CO NC!:NTRA T JON 

wJNn SPFfO (FPS) 

300 0 4000 

PECIPROCAL METERS SQUARED TIMES 10 POWEP6 

60 LOAD= FULL STRATIFICATION= NEUTRAL 

c;noo 60 00 7000 8000 9000 
y *** ****** ***** ** *** ********** ************ *** **** ** ****** ********* ******************************************* 

11,n o 

1200 

1000 

~00 

600 

400 

200 

0 

-200 

-400 

-AOO 

-llOO 

-1000 

-1200 

-lf.00 

Mt,)( T MlJM COf\lCfNTRA TI ON = 

UNIT 4 LOCATION, X = 

o. 
o • 

• 132E+Ol .l56E+Ol .296E+Ol 

• 142t.+0? 

,403E+02 

.403F+02 

-1c:;o.oo v = cl6.67 

.354E-Ol 

.742E+OO .31AE+OO .106E+OO 

o. o. o. 

.219F+Ol .l66E+Ql .849E+OO .166E+Ol .156E+Ol o • 

• 175E+O? .986E+Ol .592E+Ol 

.1701:+0? .14!\F+();> .109E+02 

o. 
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LANC:TN!, POWf R PLA,1T, "AR<,n"T o••li lllNOY E•IGH,FE:PS, 

UNIT NU~8FR = l-3R 

<;TACK HFIGHT !FT) = l'>I 

2'i() 

lo!ND A''G LF = SW 

'iOO 1000 2000 

CO~CENTRATJON 

WINn SPFEO (FPS) 

3000 4000 

RfCTPROCAL MfTFR<; SQUARED TI~ES 10 POWER6 

= hO L0AO = FULL STRATIFICATION= NEUTRAL 

'iOOO 6000 7000 8000 9000 
y ********************** *~>** ****** ~·**** ****(~ ~•********** ********************************* ********************** 

11'.00 

1200 

1000 

flOO 

i:.o o 

400 

200 

0 

-200 

-400 

-hOO 

-ROO 

-1000 

-1?00 

-1i:.oo 

MAXIMUM CONCENTRATTON 

UNIT 4 LOCATTON, X 

.1?7f+Ol 

,619F+02 

-1 'iO. 0() Y 

o. 
,113£:+00 

.32'if+Ol 

.320£+02 

,Al9E+02 

? I A. h 7 

.55SE+Ol 

o • 

• 177F+OO 0. n. 

0. o. ,113E+OO 

,272f+Ol ,22'if+Ol ,77AF+OO ,163E+Ol ,l41E+Ol O, 

,2H2F+02 .161£+0? ,803E+Ol 

,117£+02 ,AS2E+Ol ,661E+Ol 

,228E+Ol 
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LANSING POWF R PLANT• SAPGfNT ANO LUN8Y ENGINEERS, CONCENTRATION= PECIPP0CAL METERS SQUARFO TJMFS 10 POWER6 

UNIT NUMRFP = 1-3 WI NO A•.1GU c = SW WINO SP EED <FP S ) f>O LOAD= FULL STRATIFICATION= NEUTRAL 

STACK HEIGHT !FT) = 140 

l( = 2'ifl .:;o n 1000 2000 3 000 4000 5000 6000 1000· 8000 9000 
y ******************************* ********* ***********************************.******************************** 

1"'00 

1200 

1000 

800 

600 

4·00 

200 

0 

-200 

-400 

-f.00 

-~oo 
-1000 

-1200 

-1600 

MAlCJMUM CO NCF NTPATT0N = 

UNIT 4 LOCATI0N, X = 

, '.154E +UU 

,25 3E+OO 

o. 

o. 

,l4gE+Ol ,24AE+Ol ,400E+Ol ,223E+Ol 

,131 E+ Oc 

,346E+02 ,156E+02 

,lh3F+O~ 

, 341,F +Oc 

-]">1),00 Y = 21(,,f:,1 

10-45 

,l77E+OO 

o. o. 

,563F+OO , J lOE+OO 

,273E+Ol ,152E+Ol ,26?.E+Ol ,990E+OO O. 

,989E+Ol .513E+Ol 

,134E+IJ? ,944E+Ol 

o. 
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LAN S T"IG POWEP PL.ANT, SAfJ<+~•T o~,fl lt.lNr)y E~•G!hWF.fJS, 

UNTT Nll'-'Rf P = 4 wlh•Ll A~IGlf': = S\s 

STAr.t< HEIG4T (FT) = VlO 

X 25(1 SilO 1000 2000 

CONCFNTRATION 

w!NO SPEED (FPS) 

3000 4000 

RfCIPROCAL METFRS SQUARED TIM~5 10 POWER6 

= 60 LOAD= FULL STRATIFICATION= NEUTRAL 

'iOOO 6000 7000 8000 9000 
y ****************************************~*i•***************************************************************** 

1600 

1200 

1000 

ROO 

600 

400 

200 

0 

-200 

-400 

-6 0 0 

-ROO 

-1000 

-1200 

:-1600 

MAXTMLJM CONCF NTPATTON = 

UNIT 4 LOCATION, x = 

, l 8 6E+Ol 

• "l'-hF+Ol 

-150,00 Y = 

o. 
.296E+OO 

, :H2f +01 

,':9'1E+lll 

,Rf:,fiE+Ol 

2lh,h7 

,633f.+Ol 

o • 

• l86E+OO o. .266E-Ol 

.550E+OO .102E+Ol .423E+OO 

.436E+Ol .46lF+Ol .313E+Ol .425E+Ol .313E+Ol o. 

.807E+Ol .7391:+0l .5BOE+Ol 

.359E+Ol .274F+Ol .199E+Ol 

o • 
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LAN<;t ~IG P()w E'l P LHJT, <::: Af;GFM T A~·I.• L! JNOY FN,;]', H :J:;S , CONCENTRATI ON= RECIPROCAL METERS SQUA'lED TIMFS 10 POWER6 

UNTT Nll"P E R = 4 v.• Y,J () ANG L E = Sw WINO SPF.EO <FPS) = 60 LOAD = l/2 STPATIFICATJON = NEUTRAL 

5TACK HFI GHT (FT) = 3 00 

X = 2 5 0 5 0 0 1000 2 000 3 000 ~000 5000 6000 7000 8000 9000 
y * * ***** ** *** * * * ***D****************OOOO~OOOO OOO OOO OO O OOO O O OOOO OOOO OO OOOOOOO O OOOOO OO O OOOOOOOOOOOOOOOOOOOOOOOO 

1600 

1200 

1000 

~00 

':>00 

4 00 

200 

0 

-200 

-400 

- 6 00 

-flOO 

-1000 

-1200 

-1600 

MAXTMUM CONCENTRATinN = 

lJMJT 4 L Ol".ATJO~I, X = 

,lh ~F+Ul 

,l47F+02 

-150, UO Y = 

, 6d?f +UO 

,4 b OE+OO 

,?.H 3 E::+Ol 

.10 5f. +0 2 

,l47f +02 

?l b ,h7 

,657E+Ol 

o. 

o. o. ,262E+OO 

,5H5F+OO ,15lf+ Ol ,134E+Ol 

,45lE+Ol ,682E+Ol ,3lOE+Ol ,514E+Ol ,378E+Ol 0, 

,l34E+02 ,102E+02 ,678E+Ol 

,751F.+Ol ,756F:+Ol ,620E+Ol 

o. 
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LAN<;I~IG Pnlolf.l' P l._ ~~1T, SAf)(,f~,T A~·i 1 l.il'J () Y i: ~ (; If',. l:f_P S , CONCE NTRATION RFCJPROCAL MF.TF.PS SQUARF.0 TJMfS 10 POWER6 

lWIT NU"RF. ~ : 4 ••!NU A'IGLf = .S •I tN! ND 5Pl:E[) (FPS) : 60 L0/10 = Fllll STRATIFICATION= NEUTRAL 

STACK HfJGHT (Ff) : <; OO 

X = 2"'0 ',00 1000 2 000 3000 4000 5000 f,0 00 7000 l:lOOO 9000 
Y **********~OOOOOOOOOOOOOOUO***********~tO*O******************OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

lf>OO 

1200 

1000 

flOO 

(:,00 

400 

200 

0 

-?00 

-400 

-f.00 

-AOO 

-1000 

-12no 

-J f,00 

MAXTMUM (O NC FNT RATT~ N : 

UNTT 4 LOCATION, X 

o. 
o. 

• ?7SE+OO O • 

• l90 E+UO 

.266f+OO 

0 ;?0',F+I) } 

-1.., 0.or Y ? l". 6 7 

o. 

o. o. o • 

o • o. .635E-Ol 

• 233E+OO .292E+OO .ll8E+01 ,55AE+OO .6S6F.+OO .717E+OO O. 

.212E+Ol . _203E+Ol .?05E+Ol 

.274E+Ol o24SF+lll .231E+Ol 

o. 
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LANSING PQwE ~ PLANT, SAPGFNT ANO LUNDY fNG INEfPS, 

UNIT ~11_11,RFR = 4 w l I\Jfl 11•.1(;u: = Sw 

STAr,K HFIGHT (FT) = c;oo 

X = 2SI) <;()I) lfJOO 2000 

CONCENTRATION 

·•TNO SPfEO (FPS) 

3000 4000 

AF.CTPAOCAL MF.TEAS SQUARED TIMES 10 POWEA6 

= <,O LOAD= l/2 STRATIFICATION= NEUTRAL 

5000 AOOO 7000 AOOO 9000 
y ** * *****************~~************** ~~*******************************i~******************* ********************* 

1600 

1200 

1000 

AOO 

<,QO 

400 

?00 

0 

-?.00 

-400 

-61)0 

-AOO 

-1000 

-1200 

-1600 

MA1IMUM CONCFNTAAT!O N = 

IJ_N J T 4 LO CA TT fl N • ~ = 

0. 

o. 
,356F.+Ol ,6b4F+OO ,277E+Ol 

, 2r.-'ll" +Ol 

.3B9F.+Ol 

,4A2f+Ol 

-J'ir),()n y __ 211': ,f. 7 

,947E+OO 

o. ,15AE+OO ,263E+OO 

,210F+OO .1131:+0l ,335E+OO 

,295£+01 ,39AE+Ol ,274F.+Ol O. ,l74E+Ol o. 

,482F+Ol ,440f.+Ol ,470E+Ol 

,300E+Ol ,279E+Ol ,353E+Ol 

o. 
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LANSI NG "' Owf'"'-1 PLA<-H , .;Af;(;~ \i T as,n Li)Ni'Y ic"i1,!Nft-<~, 

UNTT " U~R F P = 4 "'TI\J t.J 1"1.; 1_ [ = ·:.. w 

<;TA CK HEIGHT (FT) = 7 00 

X = 2so -,oo 100 0 2000 

CONCfNTRA TtON 

••l"J O SPFEO (FP S ) 

:1000 4000 

PF.C IP RO CAL METFP<; SQ U~REO TI~FS 10 POWfR6 

,:,o LOAO = FULL STRATIFICATION= NEUTRAL 

c;ooo f>OOO 1000 8000 9000 
y ***** * **********i•******~•**~>*******i·~·i~*****i•** ******* * ** * *~~* ** ************** i•**** * *************************** 

1600 

1200 

1000 

800 

f>OO 

400 

200 

0 

-200 

-400 

-1'100 

-800 

-1000 

-1?00 

-11=.oo 

MAqMIJM CONCFNTPATTON 

UNIT 4 LOCATION, X 

o. 
0. 

,46~F.+00 o, 0, 

I), 

o. 

,17",F+nl 

-1~I),00 Y : ?16,n7 

o, 

o, o, o. 

o, o, o, 

o, ,846E-OI ,372F.+OO ,465E+OO ,345E+OO 0, 

,338[+00 ,l44E+Ol .152E+Ol 

,8 76-.+00 ,175F.:+Ol ,154E+Ol 

o, 
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I_AN<;TNG POWF R PLA"T• "A><GF"T A~'l l_l) .,J[) y FH'lNF t>< S , cn~CENTRATION = RECTPROCA~ METFPS SQUARED TIMES 10 POWER6 

UNIT NUl'RFP = 4 "'r.,o A"GLF = s,,, wtNO SDFFD (FP<;) = 60 t_nAD = l/2 STRATIFICATION= NEUTRAL 

STA,:!< HF.Ir.1-H (FT) = 700 

X = 2">0 soo 1000 20 UU 3000 4000 5000 6000 7000 8000 QOOO 
y ****************~>*** ************~•i•*****~·**i~**************i}************************************************** 

l ",(10 

1200 

1000 

~()0 

600 

400 

200 

0 

-200 

-400 

-600 

-1100 

-1000 

-1200 

-11,00 

MAITMU~ CnNCF NTPATTUN 

UNIT 4 LOCATION, X = 

• ?I'i f +Ol 

,12'iE+OO 

n. o. 
0. 

0. 

0 ,' ? AF+Ol 

-1c;o.on v-= 2 lf, .f,7 

o. 

o • o. o. 

o. o. 0 • 

.4lflE-Ol o. • A36F.-Ol .525F-Ol 0 167f+OO n. o • 

.113E+ul .22f>l::+Ol • 460E+OO 

oll5f +Ol .115E+Ol .178f+Ol 

o. 

10·-51 

..... 
i,i:,. 
00 



LAMSTJ\J(~ P(' 1'-1FP PL_('Jt T" ~ t:,:-~C·~ ~, . T l, f\ • ! ) l_ 1 !f'- 1fiY f.: ,,;,~ .. J r·i ;.· r, ;.;s " 

UNJT Nl)I/PFP = 1-3~ 

STA<:i< HFU,'-'T iFTl = 1°, l 

X ;,c;n 

wT.:q1) {\ '\1 f.,1._F. = "! E 

suo 1000 2000 

cn -. ir1·,.; Tlh T] n 'i = '-'fCTP R(\ CAL Mf.T!.': RS Sf)IJAPEO TI"'1F5 10 POWER6 

'•iT"C\ SP FF.fl (fP<.,) = ?fl LnAf) = FULL STRATIFICATION: NEUTRAL 

3000 4000 5000 1>000 7000 8000 9000 
y ****i•**************************~>~t*i>~>***~•**~•*************~•****~~*~•itUO*******~tOO***********************OOOOOOOO 

1600 

1?00 

1000 

AQO 

'-,C 0 

4.1)0 

?00 

0 

-200 

-400 

-6()0 

-«r, 0 

-1000 

-1?00 

-1600 

M/IXP,A!Jt~ cm,cf,,T;,ATU)Sj = 

IINTT 4 LOr:t.TTl'~1 , X 

• Sc19t + 0 I) 

• 113E+Ol 

.411F•OO o • 

r,. 

o. 

• 1 ~hV • 0r.:' 

l h',. ,-, 7 Y : I 4 l • I' 7 

o • 

• 284F+Ol .172E+Ol .482f+Ol 

0 77HF+Ol .49f'f+Ol .979f+Ol 

• 3hf'F • U l .119f"+02 0 '351F+;)l .ll'iE+02 .1561:+02 .114E+02 .999E+Ol 

.196F+Ol .l2'iE+02 .117E+02 

.3S4E-fll .Sll':,2E+Ol .119E+02 

o. 
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Lll~!<:J~!G P()wf'-' 1-'LH, T, sn<iC-F "-i T Mo"J LIJ>,r.y f:. 1,,,,!N•· rl-' C: , co,:n. ,~T;;,AT[()N = .. FCIP.;l)(AL '-'ETFRS <;(,U/1>11:0 TP•FS 10 POWF.Rb 

UNIT NU~PFD = J-1 v• r~1d A-..1 :,LF~ = r-., F ,,JI "') SPFEI> CFP S ) 20 L()Af) ·= FULL STRATIFICATION= NfUTR4L 

5T6i.K 1-tFIGHT CFTl = J'il 

){ = ?'iO ..,r,n 1 000 20 tJ O 3000 '•000 5000 6000 7000 8000 9000 
y *******i~*********~•***i>~********i~***~************* ******* *****i~*********** **** ******** *********************** 

l6CO 

1201) 

l O O 0 

~no 

f,0 0 

4·0() 

200 

0 

-200 

-400 

-600 

-~on 

-101'0 

-1?'10 

-lf>O 0 

"AKT"''" CO ll!C F~1T-'lATT0t-1 

UNIT 4 I Oi.ATTO'<, ~ 

.l', ',f:. +02 

.l::3f:.+()2 

,?2~E+02 , 33 1F+Ol ,o;A9~+0l 

,lllF+Ol 

o. 

. ?? ~i:+qc 

I;,;,. '>7 v I 4 l.;, l 

o. 

0 S1:16F+Ol ,29RF:+Ol ,749f+Ol 

.131:>F+CJ2 ,771E+Ol .117f+02 

,':>77f+Ol ,495E+Ol ,l20f.+02 ,121F+02 .139E+02 ,l08E+02 

,120E+Ol ,947E+Ol ,937E+Ol 

o. .397F.+Ol .A50E+Ol 

o. 

10-53 

..... 
C}l 
0 



LA ,,c; T ,,r, on1eF;:; PL A ,, r. <; A,«, n ., r A, 1) L us.i n Y F_, 1 -"i l NF ~_P':,. 

UNTT N~~PF Q = J-1 11-.1 T1'J1) A"•GLF = 1,: F: 

STar l( .... ·yr;>,f (FT) = \ 'lO 

X 2"- 0 'itl() ]01)() 2000 

CONCfNTPATJON 

WINO SPFEr (FP S ) 

3000 4000 

RFC J P~O rAL Mf TF.P S SQUARF.O TIMES 10 PQWEA6 

20 LOAO = FULL STRATIFICATION= NEUTRAL 

5000 hOOO 7000 8000 9000 
y ************** *******~~*****~~**{~* ~~(~~~* *****~~*4~*************************************** ************************* 

1600 

1?00 

1000 

ROO 

AOO 

4 0 0 

200 

0 

-200 

-400 

- h OO 

-f'flQ 

-1000 

-1?00 

-1 ~111) 

MA lo' TMUM (0,;(F l\; TPA TT 1)~1 

ll'ITT 4 1_nc 0Trn"· ~ 

. 23Gf +0 2 

.437~ +<)<' 

. 3 '>4F:+02 0 41AE+ 02 . 4d4£ +0 2 

. ?~~ f-. +t)? 

• '"'" 01: + 0 1 

.4~4F+Oi 

I 1-'- •"7 Y = I 41. r:, 7 

o. 

.l':i2F+02 .hllE+Ol .983[+01 

0 2':>HF+O? 0 Q9AF.+O] .149E+02 

0 328F+02 .CJ4 9F +Ol .1HlE+02 .199[+02 .167E+02 .9AlE+Ol 

.25flF"+02 .20AE+02 .153E+02 

• l'>4F+t) 1 .LjOf+O? .160E+02 

o. 
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) 

LAM<;TNG P()\oE;, PL1\:, T, SA f;>f->td Ai•n LtJrJ{H ;:,,,,; p .,a·er,<, , cn NC ~~ TRAT) ON = DF(fPPn(AL METER<; <;QUARFD TIMES 10 POWER6 

I.INJT NI.IM8ED = 4 w T " 0 A',•Gt. F. = ~,F ·N(l\if) SDFl: f> (FPS) = 2 0 !_()AT)= FULL STRATIFICATION= NEUTRAL 

STH:1< HFIGHT (FT) = :rnn 

X ;,c;n ',f) fl 1000 ?0 0 0 3000 4000 5000 t.O 00 7000 8000 QOOO 
y G* * * ** * * ** ** **OOi>O* ** * ** ************** * **~* ** ** * * * *** * ** * * **** * * ** *********** * ****************************** 

I -,no 

1200 o. 
l(HJO 

P.00 0. o. o. 
fiOO 

400 , t' « ", F-01 0 . 0 • . ,l4AE+OO 

200 ,M4hf-Ol 

0 ,7()<;[-01 ,V.;4 F -Ol o. ,'i ? OF-IJl O, ,443f+OO ,?47E+OO ,274E+OO .564F:+00 

-?()0 fl, 

-400 o. 0. • 70<;F-Ol ,472E+OO 

-'iOO 

~AOO o. o. ,257E+OO 

-1000 

-1200 o. 

-1 F-00 

MAKJMUM cn~CE~TPATT O~ •'"'~Ld· + '.!{) 

UNTT 4 LOrnTJQ~. Y 1 f;if. • h,7 Y : 141,1-7 
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LAl\l~tr-..,r; 00...iF c;.. Pt O!\·l • ~ r.wr-.r: r- ,T D"'!t ) L l H>J "Y r· l\.1( .. J ,·1 ~ F ;:·"> • cr, , 1c ~: I\JTf'<1 TJo,, -= !J fC IP q()( AL .. ;:n:- p, S(JU II RF.fl TIMf S 10 D()WER6 

UNTT I\IU•""F D : 4 , ; {'If) <l"G L F: = ,·.1F ½f,'>J[) S·JFE l 1 <FP S> ;,o L()IIO = I I? STRATIFICATION= NEUTRAL 

STACI<'. HF yr:>-<T !FT) = -J1 0 

X ;>.:;(J ', (10 l •J 00 <'0 llO JOO 0 4000 5000 f.000 7000 8000 9000 
Y *** *~**** ** *** * ****i•****** *i>*******0**~~*~~~~**************************** *** *** ******** * *********************** 

l '-00 

POO 

1n oo 

'lOO 

600 

400 

200 

0 

-?00 

-4()0 

-1',0Q 

-A()() 

-1000 

-li'fiO 

-lF-00 

MA)(p~tlM r:n•'1 CF,, Tr;t. r u:,,, = 

IINIT 4 L0f'.ATI0'•• ~ 

0 . 

() . 

n • 0 . 

o. 
o. 

• J 3-,F - () l 

1 r" • ..,1 v l " l • "7 

(). 

n. o. o. 

o. o. (). 

o. o. 0. o. o. o. .l39F:-Ol 

0. o. o. 

o. 0. o. 

o. 
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LA~1sp,c; P()., fQ PLA•" T• SA?Gr~, r ""r' 1_11 , jpv r. , 1,[ ,, •·i:- p.., , cn"rt:,1TRATifl"J PFC TPROCAL MET"QS SQU ARED TIMES 10 POWER6 

UNIT NUVRfQ = l-3 WT'-lf• A"Glf: = •,F .,; fl\lll SPFE O (fP ",) 40 LnAD = ·FIJLL STRATIFICATION= NEUTRAL 

STA(:K H"I<,HT (FTl = Jt;J 

'J( 2'i'l ',/\ 0 l O liO ;,ooo 3000 4000 5000 6000 7000 8000 9000 
Y ************0000000******* 0***0~~ ****************00*000000*0***000000*****************************00000000000 

lf.00 

1200 

10(10 

AOO 

60 0 

400 

200 

0 

-200 

-400 

-600 

-Ano 

-1000 

-1200 

•1600 

MAXTMUM C()NCF~TPATT O~ 

UNIT 4 LOr::ATTON, • = 

.! ~4 E+D3 

,125f +03 

,300f+ 02 

,2 '>7f +O?. 

o. 

,l41F+02 ,908E+Ol 

,l49F+02 ,727E+Ol 

,?M)F+Ol .,3~F+0 2 ,417~+02 ,202f.+02 ,247E+02 ,l36E+02 ,126E+02 ,74AE+Ol ,528E+01 

,423E+Ol 

, f<O lE+OO ,635E+Ol .l56f+02 ,934E+Ol 

,471':+00 ,l4AE+O.?. ,A04E+Ol 

o. 

.? :.:,t 3F+ fJ3 

l h ~ • ~7 Y I 4 I, 'i 7 
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LAN<; T 'JG Pn•1F. o PL A , , r , c; A ~-r.< ·,, 1 '- " ; , L.!J<s:r)Y ... ~"·,IM: t i<S , 

UNtT NU~ RF.R = 1-3 \I T"- 1:) .\~ '\J L f: = "if 
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LAN<;T NG P ()•,Jf::) Pt.o:a T, <;Af..1;c ,,, f °'" ' l LIJ',11Y EHil ~l •tlC S , ( (1',: <: E.N TPAT TCll\i PfC J P,'H)C: AL "'E.TEP 5 SQIIAPED TIMES 10 POWER6 
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L/lfl.lc;T~ IG P lj :...i i:.- t-t1 Pl_l'\"·T• ~ ~µ r, i:•\J f .,~,. :"I L'J"- ,r , y f-, ,1t-. J /\1fi::- ~ ...,. CO"CEN TR<I TT 0'1 RFC TPFOC dL METERS SQUARED T[MfS 10 POWER6 
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LA•1<;JtsiG Priw FP P1_11,.,T, <; 11;,c:,·,., r ~ , <1 J 1_1_1,;:-iY t.•·-.,r..,,,- i:;., S , co~rENT~A TIO N 
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L.AM<;T NG pn 1.Jf~ PI_O MT, ~ti:..jr,~ "I T !l. l' ··J LU"•f"'V ~· :,..,i'JT'..!FF-1-f...;• 

UNIT NU'-<'11:P = 4 ·IJJ:'\Jj } ~'·•11Li::· = ~.I~ 
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LAN5TNG P') c.f_>< FLt.l•" T• <;A,i(; ,. ,, , ~- ~·" I ,1,,::, y t'~H ,] MFFµ<, , 

UNI T NI JVAFP = 4 'ill T NI) ll"- 1(il. F.: = /\JF 

<; T Ar K l·ffT r- •--IT !•Tl = 7!10 

2">0 <.;q 0 1 110 0 t'OdO 

CO~IC!:>! T P~ TI O'J 
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O~CIPP OC AL ~ETFR5 SQUARE~ TIMES 10 P OWER6 
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LAf\l<;f ".1r, pr,•.Yf R PLA:1r . c:. c~ f~F r r ,"I. I'- " L!! r,·r; y r "·!' · I N~f t-J t..; , COM1.fJ;Tf, 11 TI (\ " UtC IDij O(AL "'ETERS 5QU A~ED TI~FS 10 POWER6 

IJll/tT I\JIJ,,Rl'O = 4 :-. f /\if) At- r;I.. ~ = '·,1 f •,I,, ,) 'i'-'l=f:() (~ pc; ) .. o LOA() = 1/2 STRATIFICATION= NEUTRAL 
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Ll!i"' l<;J~.·G Pfl\.lJ[P Ptor.,T • c.. ri1.10~·1,1T ·\" •1 L ' t ~1··') y 1-: ~ · , I1··-·Fl~·...:. . 

lJNTT l\i l J'-HlfP = J - 3 -, I Mi) ~ , , , L.f. = : J, 
<;TACI< !-'FIGHT CFTl = l 'i l 

X : ?Sn SOli 1000 2000 
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300() 4000 

QF (TPP 0C AL METERS SQUARFD TIMFS 10 PnWER6 
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LA"J5PH, P f1wiER Pl_u,.J T• SokGF,,T ~"'·.> L' l ',r;y '-'•l> J r.,,· ;._kS • CO~CENTMATTO"J = RE CIP ROC AL METE RS SQUAMEO TIMF5 10 POWER6 

UNTT NU~RF R = 1-3 ·.of'·:) ~' !\,L f = NE. t1I'IO SPE~D (FPS) = 60 LOllfl = FULL STRATIFICATION= NEUTRIIL 

STA<:K HfI GHT <FT) -, l " l 
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I_HJ<:T NG ~ f1 ~f ;> DLA t1 T. <:A;J(,F~, T ~,. r, LL1' 1DY f r1,<; [ r1,,_H< ':> , C()'J(FNTf.: 4TJ ()N ~~C TP RQC AL MFT~P<; SOUARF.D TIMES 10 PnwER6 

IIMTT ~IIJ"'PJ::P : 1-3 , , Tl\JI.> A" GLF = Iv e w{W) 5P<"f:cf' (~P S ) = ',Q LOAD= FULL STRATIFICATION= NEUTRAL 
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Jl', (10 

1? 0 0 

IO O (J 

8fi 0 

1,no 

4f\O 

?.O 0 

0 

-? 0 0 

-400 

-1',00 

- AO O 

-1000 

-]? 0 0 

-u, oo 
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LAfllS TMG C() WER PLA NT, 'iHH,FtoT hH1 L' " if, Y ci",l"•': f' R<; , CONCF~TRATIO N = RECIPROCAL METERS SQUARED TIMES 10 POWER6 

UNTT I\JU"RF.R = 4 w ! "D 0~1GLF = N!' WTNO SPFEO (FPS) = 60 LOAO = FULL STRATIFICATION= NEUTRAL 
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LA".IST~G P () WE P PLA N T. 5A~G,- :\IT i)"' : ~1 l_ 1 J•' ;['. Y t "!·.: ; ,{ f,, f"_J'..., t..; . CO~CF~ TRATJON = Wf(IPPOCAL METFRS SQUARED TIMES 10 POWERb 

UNJT Nl.lMAl'"A = 4 -..: T r.;f) e. r .. r.,1 r.- i\l F ~ INO SPFFO (,PSl = 60 LOAO = l/2 STRATIFICATION= NEUTRAL 

STACI<' Hl"IGHT (!CT) -= ~on 
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y *************o** ** *4>i~oi•~~~>~•~•~~~{~~~~~*~> ~~**~~i•i~***************** 4~********~• ** ** ************************************* 
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Lt.Nc;n,r, P'lvlf:Q PLAt.,T . "~".'r-• ,,T ~,,,, u•~:r,y r,, ;,1H-t'_f;S , 
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LAI\J<;f,J(; P() iolf P PI_A ~1 T, c;n ::i(;F,,T At ·') l.1.J \ilJY :: , ,,, j .,,ffQS , CO~C E~TRATJO N = PE C!PROCAL METERS SQUARED TIMES 10 POWER6 
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LAN<;TNG P(U~l:P PLA,, T, 'iAPGF_~,f A•, 11 Li l•,i f)y t: ~,G !', •F.R',, co~1 r.<::NT RATIO N RFCTP ROCA L METER<; SbU ARFO TIMES 10 POWER6 
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X = 2t; O "i/JO l (JOO ?000 30()0 4000 5000 6000 7000 8000 9000 
y *****************0********4~****************i~***4~*************************** ********************************* 
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LAN<;T NG Pnw E'-' Pi_Ai' ·T, ; ~,.:, 1:, ,., T O~·.) Lt /~·r,y Ft" f,T ~t••'HS , CONCE~T AATION = AfCIPA OCAL MET~R<; SQUARED TJMFS 10 POWER6 

UNIT NlJ MRFP = 4 1-1Tr,1f) f.!.!\•f,Lf .::: ~1E WINO <;PfE O (FPS) = 60 LOAD= l/2 STRATIFICATION= NEUTRAL 

STACK HFJ GH T (l'"T) = 7 /J O 

X = 2"'·11 ",()I) 1000 2000 300 0 40Ll0 5000 6000 7000 8000 9000 
y *** **********************~**************************** ***** ~****** ****************************************** 
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LANSING Pn'<IEP PLll ''JT, <;A R<; Fl'd ~Hl L111,11)Y ;:,,H, INff.f-1<;, CONCEl\iTRATION RECIPROCAL MfTfRS SQUARED TTMES 10 POWER6 

UNIT NU~8f'l = 1-1 WI NO A"GLE = Nw wtNtl SPEED (FPS) = 20 L()AO = FULL STRATIFICATION= NEUTRAL 

STACK HFTGHT (FT) = l'il 

X = ;,,;o 500 1000 cOOO 3000 4000 5()0 0 6000 7000 8000 9000 
y **********~~**********************i•*********i>**************************************************************** 
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LAN<;TN(; P()INFf< PL.t~•T, .;; A,-,;;~·,,r ~~.,_) Lll'!f)Y f1,,r,Pvf'r. "S, 

IJNTT NU'-'l::n:o = J -3 w f. "'U f\J\_;(:;L i:: = ,.,...,., 

<;TAri< 1-lF TGf-<T (•Tl = 1c:;1 

X ?.:;n .:.,qn 1000 ?000 

Cfl'JCF:t,1TRA rr ON 

WJNn c;oEi:::n (FPS) 

3000 40 (I 0 

QfCTPROCAL METERS SQUARFO TIMES 10 POWfR6 

= ?O L.nAn = FULL STRATIFICATION= NEUTRAL 

50()0 f.000 7000 AOOO 9000 
y ****************~~******~***************i~*******~~************************************************************ 
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LAN<;TI\J G PflwE fJ PLA tJT, S oR(, C- •., T ,,,.I) LIJ'J OY Ff,i,i H,~E>iS , (0NC~~T~ATI0 1\J = R~CIPQ OCAL MfT"'RS SQUAAFO T!MfS 10 POWER6 

llNIT NUMBfR = 1-3 WI NO o,1GLF: = '•"' wTNP '-f>Ff n (FP S ) = ?.O LOAD= FULL 5TPATIFICATI0N = NEUTRAL 

<;TACK Hl'Jf'HT (FTl = J <:.O 

X = ?"0 .:;,·, () 1000 ?000 :10 0 0 4000 5000 6000 7000 8000 gooo 
y *** ************ *~~* *******~~****** ~t************** i~** *************** ******************************************* 
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LA~l~TMG P 0 '•:E...; DLA ,...1T. <;A~bF'\,f :~ r-_,: .. J :_ 1 ~ii •Y '"- ·.: r f'· c t" ~":' • CQ h1C•: ~, H ? AT I rJ;s 4FCJP40CAL "E T~R5 SQUARED TIMES 10 POWEA6 

IJNTT NU"RF R = 4 .. , I ~,f) II ,11 , 1_ f \ ! l y .;fNfl SPF.f r> (FP S) = 20 LOAD= FULL STRATIFICATION= NEUTRAL 

<;TAC:K Hf! GHT !FT) = .10!) 

~ 51) 500 1000 2000 3000 4000 5000 60 00 7000 AOOO 9000 
y *************** * ******i~***~*************** ** ************* ***** ********* **** ******** * * *********************** 
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,· 
LA~I C:: T"JG D(].,f:P DLA~IT, <:;AP (; ••\' f M , J [. I IMf"\Y c:,,,,p,; f-"f-. ri 5 , co~,r.E~;T.:; AT[ (]N = PfC TPP()( AL ME H : PS S OlJAl'lf.D TJMf S 10 POWERf> 

UNIT NIJ"'P. FP = 4 ,,. To\11.1 11•-•(; LE = ,\JI~ w!Nf' 5Pff:f"I (FP S ) = 20 LOAD= l/2 STRATIFICATION= NEUTRAL 

STA CK Hf ! GHT (FT) = 1/JO 

l( = 2 "- 0 son l O O 0 20 0 0 30 00 4 0 00 5000 6 000 7000 8000 9000 
y ************************************************ ************************************************************ 
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L~NC:l"JG D/J l<E ... Pt_t , ,r , c:~;,,: i:- " r 6•'1) Ll.1:,JGY ENr, JNFf>'/ 5 , 1./JNCENTRATTON = <lFCTPROCAL "lf.TF.RS SQIJAREO TTMF.S 10 PO\IIER6 

UNTT "IU••HFµ = 4 v-.! T•\h) /J. ~.i11 LI: : ~IVJ wTllii1 ':i>'FEf'I (FPSJ = 20 LOAD= l/2 STRATIFICATION= NEUTRAL 

STA/".K 1-'F{(, HT (Ff) = C..,00 

~ = ?'ifl ",()') 1C00 ?000 30()0 4000 5000 6000 70 00 800 0 90 0 0 
V **********0**************** * ***0~000**************** * *** ** ****** ** 0000000*00000000000000000000000000000 0 0000 

H,ro 

I ?.CIO 

1000 

1<()0 

hOO 

4()0 

200 

0 

-200 

-4()0 

-1',00 

- !< 00 

- 1000 

- l?OO 

-l6CO 

MAXTMUM C/JNCfNTPATJON = 

UNTT 4 1.01".HJn~, . x 

0 . 

,279E - Ol 

n • o. n. 

.l34E.-ul 

o. 

.J,4•+ 01 

4 () 0 • () C) Y = ,''i>-, , 33 

o. 

0. o. o. 

0. .697f-Ol .488E+OO 

o. • l67E+OO . 525F.-O l .27 9 f+O O .542E+ OO .S"iBE+ OO 

o. .6"17f-Ol .l34E +Ol 

(). o. .682E+O O 

o. 

10-80 

.... 
-:J 
-:J 



LAN<;ING P() WEP PUl" T, c;~ ,H,f/\i l o•·D LIJl\1[' Y r: l\,t; Jl';H_y<; , CONCf NTRATI0N = RfC IP AOC AL ~t:TfRS SQUARED TIMES 10 POWER6 

UNIT NU~RER = 1-3 ·JJ I 1\1!) aM<.;Lf = f-JW WI"!I) SPEED (FPS) = 40 LOAD= FULL STRATIFICATION= NEUTRAL 

STA<:K HF!Gi1T (FT) = }SJ 

X = ?.'iO 500 100 0 200ll 3000 4000 5000 AOOO 7000 8000 9000 
Y ******************** ******600******* *** * * **** *************0*** **** ****************************************** 
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LANC::T NG o n"'Fo PL 0•1T, S AP <,,Fr;T "" ' ' LIJ•J[1Y EM,l'i··F1- s , cn~~ E~ TRAT{ ON = UfC JP ROCAL METED<; S OUARED TIM ES 10 POWER6 

UNIT NU ~~F P = 1-3 'i l Ml 0'1GLF = NW - r~n ~PEE D (FP S ) = 4 0 LOAD= FULL 5TRATIFICATION = NEUTRAL 

STA CK HFI<;HT (FT) = J <; J 

X = ?0. 0 S Ofl 1 00 0 2000 3 0 0 0 4000 5000 0000 7000 8000 9000 
Y * *******O *OO O OOOO~ Gff* OOD 0 0 0 000* * **0 000000 00 000 0 0 0 0000000000 00 00 0 0 0000000000*00 0 000 0 0 000000000000000000000000 
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LAN<;TI\JG POWEfl PLA,1T, 'i.A><GF r..T H •f; Li"JnY i:: ,, rqNFEP ', , CONCENTRATION= RFCIPROCAL "1FTfRS SOUARFD TI"1ES 10 POWERb 

UNIT NUMAFP = 1-3 WI Ml) ,1o:c; 1 __ F :: N•I wTNO S0 tED (FP S ) = 40 LOAD= FUL.L STRATIFICATION= NEUTRAL 

STACK HFI GI-IT <FT> = lQO 

X = 2',I) 500 10 00 ?000 3000 4000 5000 6000 7000 8000 9000 
y **************************~•* ********i>UOOOOOO*********** ** **********************************OOOOOOOOOOOOOOOOO 
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LANSTNG PrJ,!EP PLA '\•T, <; Ai->h~ ~,T ,, ,,., , L_I J•l!) Y t:~, ,;T "J>' t- i>', , c o~c€ ~TR4TION = ~FCTPPOCAL MfTEP<; SQUARED TIMFS 10 POWER6 

lJNJT NlJMRFR: 4 w I 'Jl/ AN('LF : N•' ·d t\!D ':,i'fEO (FP S > 4/l LOAD = FULi_ STRATIFICATION= NEUTRAL 

STACW HFIGHT (FT) = ~no 

X 2c;n <;()0 10 0 0 2 00 n 300 1) 4000 5000 fiOOO 7000 8000 QOOO 
Y *********** ****************~• * **** * ***~~ O*Oi~O* * * ** * * ***** * ** ** *O OOOOOOOOO OOOOOOOOOO OOOOOO*OOOOOOOOOOOOOOOOOOOO 
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LA~•c;Tl\l G P ,11-EP PLA "' r, "AP r«:.- ~,r ·-'·'' L tJNr·,y ~N, ; fl,Et-1-<; , CO"i Cf' NTf.l AT 1 f\P\J = P f CI P'-it) C AL "°t. Tl-. RS SQIJA RED TI MES l O POWER6 

UNIT NIJ~RfP = 4 " [ I\H) ~) JGLf = t\J\•J wl"J[l SPE En (FP S ) = 40 LOAD= l/2 STRATIFICATION= NEUTRAL 

<;TA('t< H•fGHT (FT) = 11JO 

X : 2':ifl c;on 1 000 ?000 300 ') 4 00 0 500() 6000 7000 8000 QQOO 
y ****************************~t**i~~****** ** i•i~ *********** * **i•************************************************** 
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LA NC: T Nfi PnwF!:1 PL A ,,T • <; A p (; i::,, T ~H ) LI 1,1r, Y r e1r, J Nt. f RS • CO"lC f:"TPl\TTON RECIPR OCAL tJETERS SQUARED TJMFS 10 POWER6 

UNIT NUtJl'lFfl : 4 w T'i 1l AI\I GL.F = '\J W wT\11) SPfE() (FPS) = 40 LOAD= FULL STRAT I FICATION= NEUTRAL 

<;T11rv HfIGHT (Fl) : '-,llO 

~ = 2":iO 500 1000 ?OOU 3000 4000 5000 hOOO 7000 8000 9000 
y **** ** ******************* **** *** **** *** *** ***** ********* * ****~•** ***** ***** *** ******************************* 

I /-00 

1200 

1000 

AOO 

F,00 

400 

200 

0 

-:>oo 

-400 

-hOO 

-A()O 

-1000 

-1200 

-1600 

MAXIMUM CONCFNTRATTO N : 

UNIT 4 LOCATION, x = 

0. 

0. 

(l, o. 0. 

(1. 

(l. 

, ? 72F+Ol 

4110, 0 0 Y 2':i><. :B 

o. 

o. o. o. 

0. o. .145f:+Ol 

.106E+Ol ,87-.E+OO .lOf>E+Ol .159E+Ol .l61E+Ol .272E+Ol 

,lo9F.+OO .lOhF+Ol .168E+Ol 

o. o. o. 

o. 

l0-86 

.... 
CX) 
c.,.., 



LAN'-ll\!G P QWEP PLANT• S A!>GF~;T ll~,;) LUNflY O"HMEF.:PS, roNCENTPATTON = PFCIPP OC AL MfTF.:R<; SQUA RED TIMES 10 POWER6 

UNIT NUMRf P = 4 w !".ill HIGLF = N~· ..,,Nfl SPFEfl (FP S ) = 40 Lf1AI) = 1/2 STRATIFICATION= NEUTRAL 

STACK HFtr,~T (FT) = 500 

l( = ? <;O 'iOO 1000 2000 3000 4000 5000 fiOOO 7000 8000 9000 
y ******* * ** * ****** **** ******* ****O***** * ***********OO OOOOO OO OO OOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO O OOOOO O OOOOO 
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LANSJ l\iG P /)••E" ~LA•,T, SA>l(i •NT AH) u1•;ny f-. N'; f •.,F f(;S , 

UNTT NlWREP = 4 w { N I) A~IG LF = N1< 

5TACI< HF IGHT (FT) = 700 

)( <'"'0 c.on 1000 2000 

cn~C~NTP4TION 

wTNO SPEED (FPS) 

3000 4000 

PfCTP~OCAL METFPS SOUAQFO TIMES 10 POWEP6 

= 40 LOAfl = FULL STRATIFICATION= NEUTPAL 

5000 6000 1000 8000 9000 
y UO*********************************~•**********************i~************************************************* 
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LAN5TNG POWE Q PL~NT, 5 6 QG FMT A~n LUNn Y (~G INF f RS , 

UNIT NU'-'AFR = 4 w {Ni) A~• GLE = Nw 
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Table 11 Concentration Data for Stable 
Flow Conditions 
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