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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 frﬁm 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 alsp 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 3.5.47

iv
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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 optimum
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.



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 1y ece mathematical models

and Pasquill, Roberts and Cramer.
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. Recently Carson and Moses4 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 bounds for plume rise of 20 percent.

Often, it is necessary, due to aesthetics cost, and public relation
reasons, to utilize a short to medium height stack. In these cases plume
dispersion is sufficiently modified by the presence of the local building
structure or ground topography that the only approach available is one
of wind tunnel model tests.33’15

A number of wind tunnel studies have considered the effects of

variations in a single building geometry on plume entrainment and



16,49,12,25 mye5e studies have permitted the specification

dispersion.
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

L33y 1, 94,19, 28, 80,827 These studies are signifi-

industrial plants.
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.l1
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



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. |

The 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
included the adiabatic lapse rate (thermally neutral flow), the ground
based inversion, and an elevated inversion (thermally stable flows).

The modeling criteria necessary to simulate atmospheric motions
over such a site are presented in Section 2. Details of the model
construction and the experimental equipment are described in Section 3.
Finally, Sections 4 and 5 discuss the results obtained and their
significance.

This report is supplemented by a motion picture (in color) which
shows the plume behavior for all stacks for all operating levels, wind
directions and meteorological conditions investigated during the course
of this study (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.



2.0 SIMULATION OF ATMOSPHERIC MOTION

The use of a wind tunnel for model tests of gas diffusion by the
atmosphere is based upon the concept that nondimensional concentration
coefficients will be the same at contiguous points in the model and
the prototype and will not be a function of the length scale ratio.
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,l6 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, geomet;ic 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:



pa = density of ambient air

Ay = (pa—p )g--difference in specific weight of ambient air and
stack gas

2 = local angular velocity component of earth

B, = dynamic viscosity of ambient air

Va = speed of ambient wind at stack height

V_ = speed of stack gas emission

H = stack height
D = stack diameter
§_ = thickness of planetary boundary layer

z_ = roughness heights for upward surface

Grouping the independent variables into dimensionless parameters with

V. and H as reference variables yields the following parameters

Pa’ Y3

upon which the dependent quantities of interest must depend:

The laboratory boundary-layer-thickness parameter Ga/H was made
approximately equal to that for the atmosphere. A value for this ratio
of at least 1.5 was established for the highest stacks. Equality of
the surface parameter zo/H for model and prototype was achieved
through geometrical scaling of the stacks and upwind roughness. Likewise
the stack parameter D/H was equal for model and prototype.

Dynamic similarity is achieved in a strict sense if a Reynolds

p VH v

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

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

number

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



considered (up to 15,000 ft), the Coriolis acceleration has little
influence upon the flow. Accordingly, the standard practice is to
relax the requirement of equal Rossby numbers.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
than 2 x 104. This implies that surface or drag forces are directly
proportional to the mean flow speed squared. In turn, this condition
is the necessary condition for mean turbulence statistics such as
root-mean square value and correlation coefficient of the turbulence

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

216 found that for flow about a cube

Golden, as cited by Halitsky,l
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 tunne1.14’s’31



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 5H = 1000 ft. Based on the measurements of
Evansl3 the effect of alternate wind approach angles to an elongated
rectangular complex may extend this to 6H = 1200 ft.

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

dimensionless pressure coefficient downstream of a model building.



Such variance in the pressure fields indicates a strong effect of the
upstream wind profile on the kinematic behavior of the fluid near the
building complex. One of the few tunnels currently capable of 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 zo.8 For the Lansing Power Station site typical
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
Envirommental 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 paVaZ/(ayD) for model and prototype

in essence determines the relationship between the atmospheric wind speed



10

and the model wind speed once the geometric scale has been selected
(1:400 in this case). Often this criteria results in CVa)m being too
small to satisfy the minimum Reynolds number requirement. When this
happens to the specific weight difference for the model (&Y)m can be
made larger than (Ay)p to compensate for the effect of small geometric
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

v, 1,y G
(Vajpz 00 ),
or
V) = 35 [Ny @) 112 20

When the specific weight-difference ratio is unity

(Va}m = 1.00 ft/sec.
The corresponding model Reynolds number then becomes approximately

a a 1.0 x 1
( ) =
a 1.5 x 10‘4

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
(AYm)' The minimum Reynolds number of 11,000 can be obtained if the
ratio of specific weight difference is adjusted to 2.24., The permissible
minimum wind speed cva)M then becomes 1.50 ft/sec.

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 w0 o oo

by the ratio of their respective momenta.
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, Vs; is scaled by the same factors as the

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

efflux velocity according to

v P
v =y s /Psp /Pam
sm am V o} P
ap sm ap

—

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 dilemma 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,

paVazl(ayD), is scaled exactly, requiring equality in psvsz/pavaz

when Ay/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 Vs/Va ratio the initial stack momentum is too low, the
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 (VS/Va)p = (Vs/Va)m was
chosen as most suitable.

To summarize the following scaling criteria were applied for the

neutral boundary layer situation:

o) VaH
1/ Re= 3 > 11,000

a

2
pava
2 Br=—ifes Fr), = Cr)

5/ Similar velocity and turbulence profiles upwind.



13

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"
and high concentrations at ground leve1.48’1’25_28’53’g

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



14

discussed previously by Cermak,6 Yamada and Meroney,51 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

S g
v 2
a

Ri =

e||5

for the laboratory flow and the atmosphere. In this expression, AT
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 acceleration
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

o = ke/T) @/ec)

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 (10/0)1/2,

Ty is the surface shear stress, p is the average air density, Cp is
the average specific heat for unit mass, q is the surface heat flux

and k is the von Kdrman 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 Va of about 1 mi/hr (this results in 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,
respectively.36 Panofsky, et al., have produced a nomogram from
diabatic wind profile measurements for the power-law coefficient variation
versus surface roughness, Zgs and stability length parameter, L, which

suggests values for strongly stable situations between 0.25 to 0.6.37
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3.0 TEST APPARATUS

3.1 Wind-Tunnels

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 50 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 'maturally'" over
the downstream 20 ft of the MAT 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, MsS-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 was used in place of the compressed air,

3.3 Flow Visualization Techniques

Smoke was used to define plume behavior over the power plant
complex. The smoke was produced by passing the air mixture through a
container of titanium tetrachloride located outside the wind tunnel and
transported through the tunnel wall by means of a tygon tube terminating
at the stack inlet within the model complex. The plume was illuminated
with arc-lamp beams. A visible record was obtained by means of pictures
taken with a Speed Graphic camera utilizing Polaroid film for immediate
examination. Additional still pictures were obtained with a Hasselblad
camera. - Stills were taken with camera speeds of both 1/30 and 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 paraliel 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
a cross flow,20 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 photogréphically a
white smoke emitted from a wire when light oil is vaporized. In
Fig. 10 A 1is a nichrome wire which is heated electrically, thus
vaporizing an oil coating. O0il is dropped down by gravity through an
0oil 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,
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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 o0il 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). Thermocoupleé 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 uci/cc of Kr-85, a beta emitter
(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
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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 gamma 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(up Curie/cc)
3) For counts over 1,000 a dead time correction® had to be applied
to the readings, and in this case the correction is,
Cpm - Background = Cpm*

Cpm*
1 - 3.77 x 1075 » Cpm*

= Cpm*

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

Op curie: pico curie (10712 curie)

4 The 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 ¥ ??Q was then computed at all
locations. A sample computation is shown below:
q = 600 cc/min = 10 cc/sec

Qtotal = 1.8 p Curie/cc x 10 cc/sec

n

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

x _ 80 x 10°° x 60.96 - i

10 = 2.7 0>

Q 18
(= .25 ft™9)

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 £t| = 400 ft|_ (= 122 ™| ),
m P

one can write

A—| () = x &=| (ft
gl € el |, Et™)
or
xV -2 1 xV -2
= X = m
glp @) = A |, @)
or in terms of the above example,
xV -2 1 -6 -2
e ft = X .25 =1.57 x 10 ft
e €t > (£t™)

400
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or

(éz1p Qm“z] o 7 X 2.71 = 16.94 x 107® (m_2

400

))

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 802

requires specific information concerning the prototype SO2 source

strength. If the source strength of Unit 4 is say 944.6 gm/sec-502

and the mean wind speed is 22 ft/sec then

944.61/454

X, = Bol,  ly = 1.57 x 107 x A2

= 0,148 % 1070 1678¢° - S0,

944.6

3
X (37 0.30°

(o7 X, = 16.94 x 10°° = 2.42 x 10°° g/m

2.42 x 10°° mg/m> x 0.375 x 107>

.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 9 for a sample is
4 :

B B W
RS G t

S b

1/2
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where Rs+b is the observed sample-plus-background rate, Rb is the
background rate, te and t, 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 Rs+ is large in comparison with

b
Rb’ a long background measurement is not needed to make the error
contribution from the background rate negligible. On the other hand,
when Rs+b is comparable to Rb, both ts and tb must be very long

for small values of Op - 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 detailed
information on errors in radioactivity measurements can be found in

Yang and Meroney.55

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

X
K = —2—
VAV,
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where
X = sample volume concentration
A = frontally projected area of power plant complex
Va = mean wind velocity at some references height
Q = gas source release rate

This expression is specifically suitable for measurements within the
near-wake and cavity region. Data reported herein, however, represent
measurements made at equivalent distances of 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 Vak/Q which
has units of length squared. For dispersion in a homogeneous flow this
should produce similarity for various Va and Q values. The signifi-
cance of all results are discussed in the following section.

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 da.ta.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 al. Their data is correlated in terms
of the gustiness categories suggested by Pasquill for a variety of
terrain conditions.45 It is possible to determine the frequency of
different gustiness categories for a specific site.46 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
these adjustments are considered.29

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

_1/2 18

¥ and the sampling time is ¥nax ™ g Field experiments may

be compared with wind tunnel data by the formula:

-1.,-2
(x.) V" h T -1/2
), = —2n e % (o
a’p -1 ,-2 T
Qm V" " h m
m m
where Xg 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 7represent values for a prototype and
model respectively.18 One may assume that T corresponds to 3 to
5 minutes in the atmosphere for the wind tunnel experiment. Pasquill's
suggested values for the standard deviations g, and oy correspond

to 10 minute averages.52’37

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.)
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4.0 TEST PROGRAM AND RESULTS

4.1 Test Program

The test program consisted of (1) a qualitative study of the flow
field around the power plant by visual observation of the smoke plume
trajectory released from the stacks; and (2) a quantitative study of gas
concentrations produced by the release of Kr-85 from the stacks. The
test conditions are summarized 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 plant. 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 angle 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 building
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 from 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 recirculatibn
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 Figure 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. Figure 20 displays the typical appearance of
plume entrainment into the structures cavity and wake. Since the
behévior 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 stack 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 ¥V/Q (m'z) where
X 1is 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. Values are xV/Q (m_z) ¢ 12.9 x 16°° and 11.2 x 107°
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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'z) =

6, 38.3 x 10‘6, and 51.9 x 10°° respectively. The maximum

73.4 x 10~
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 pertinent 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 MWT 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
to an F stability category.56 The atmospheric boundary 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
RiB 2 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 xV/Q (m—zj
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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© (m™2). A 500 £t stack provided enough additional

directions 2.21 x 10~

plume elevation to eliminate measurable levels in the laboratory. For

a one-half load situation the 300, 500, and 700 ft stacks develop ground

level concentrations of 1.63 x 10-6, 0.06 x 10-6, and 0 (m_z} 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 Configurations

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 CONCLUSIO&S

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 fhe 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, 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.

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 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
combine the experimental results developed herein with the expressions

suggested by Bierly and Hewson or Slade, Chapter 3, Section 3.5.47
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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
downstream by means of analytical expressions.35’38’40’42’43’44
The latest publications summarizing the 'state-of-the-art' for
atmospheric diffusion estimates are very similar in detail.35’44’47

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 measuréments
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.

Although Turner52 recommends the use of Holland's plume rise formula

it may be judged unnecessarily conservative. Stiimke recommended the
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Holland formula be multiplied by a correction factor of 3.0. 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:

(Egs. (5.19) and (5.20)):

. M _ R
Neutral: B - 100 Fr + 1.5R (A)
2 1/3
. .o AH _ RL
Stable with wind: D = 1.63 [Fr Ri] (B)
Vs
where R = '
a
: Hs
L= 'ﬁ'—
S
o0
Fr = - EZ :
TS S
TR (de/dz)

2.2
Tg C""Yaﬂ'ls)

Maximum Ground Concentration

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
dire;tly. Again the A.E.C. monograph suggests: for plume rise in a

neutral or slightly unstable atmosphere (Eq. 5.28):
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2

Xmax VaDs = 0.01 (F_::')lf3 1 ©
—_— P oy —— 573
Q R (L + §§35 3
D
s
at an actual velocity associated with
Fr 500
R - 5H s
L+
s
or
AT 2
T_*® VsPs 173
Va = 7.94 w (E)

for a buoyant source in a neutral atmosphere.

Ground Level Concentration Distributions

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:

o 1 y2 h2 _
Q- Wexp[-(7+ —2)] where h = hs + Ah and

o 20
y z

where the variance terms cy or ¢ are evaluated in terms of downwind
distance and the stability condition. Authors such as Sutton, Calder,
Pasquill, Smith, and many others have suggested variance coefficient
evaluation techniques.47’48
Probably the most convenient method currently is that developed
by Pasquill where Uy and g, figures have been prepared for Simply

defined stability categories. See Figs. A.2 and A.3 and Table A.l

from the A.E.C. monograph.47 Figures 3-2 through 3-9 in Turner's
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workbook also provide a convenient summary of ground level dilution

for various height releases and atmospheric stability conditions.s2

Typical Concentration Results

Montgomery and Cain have compared the adherence of sulfur dioxide
concentrations in the vicinity of a steam plant to plume dispersion
models.34 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 maximum 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;

Xmaxva 6. -2
D(ft) Vs(ftlsec) AT°F R Fr ——10(m °)

Q
Maximum Predicted
by Equations C-E 13.8 100 230 1.48 11.92 9.80
Full Load
Maximum Predicted
for Va = 40 ft/sec 13.8 100 230 2.50 11.92 1.58

Full Load

Maximum Predicted
for Va = 40 ft/sec 13.8 50 230 1.25 11.92 3.34

Half Load
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The maximum ground level concentration xVa/Q % 106(m‘2) 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) wunstable 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
accurate within *19 percent.47 However experience is very varied and
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:
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2
X(x,0) _ 2 £ (0,5,N) 1 By
" { exp [ (=) 1}
g % V21 O, VN (%%5 2 925

where f(8,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.
(cz)s is the vertical dispersion parameter evaluated at

the distance x for the stability condition S.

VN is the representative wind speed for class N,
hV 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 1b. 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 Tunnel, Looking SE.

Figure 8b. Model Topography Construction, Looking SW.
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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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Figure 10.
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0il Outlet (F) Strobe System

0il Reservoir (G) Electronic Counter
Air Bag

A Typical Velocity Profile (Neutral Case)

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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URIT 1-3 80

WIND - 82 15 FPS)
4 To0
LOAD FULL [T

| UNIT 1-3 180

WiND -BE 20 FPs
4 700
LOAD FULL [

WIND -SE 45 FPE
UNIT 1-3 180 |
4 700

LOAD FULL 83

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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WIND - 8E 1.6 FFS
UNIT 4 600

LOAD FULL 45

WIND - 8E 3.0 FPS
UMIT 4 BODFT

OAD PULL a8

WIND - 8E 45 FPS
UNIT 4 SOOFT
LOAD FULL 20

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§ FPS
UNIT 4 300

LOAD FULL o7

WIND - 5€ 30 FPs
UNIT4  300FT |

WIND - 5E 45 FPS

UNIT4 300 FT
LOAD HALF a3

Figure 16¢c. 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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UNIT 4  300F1
LOAD FULL

I'mu(l N® 30 FPs

WING - NW 30 FPE
f 4 200 F1

uNIT o
LOAD HALF

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.



WIND-BF 15 PP WHD 8W  1E FP8
UNIT 4 B0 | UNIT 4 500 |
LOAD HALF ] LOAD. MALF (]

WND-NE 15 FFS WIND - NW 1.5 FPS
> e UNIT 4 OO FT
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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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|whD-NE 30 FPE
[UNIT 1.3 181
LOAD FULL  7p|

E'iilu:--u: 20 FPR
fumiT 1.3 151
| & 700
LOAD FULL 3

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 2la. 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.
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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.

STABLE

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.

VIND-SE
UNIT 4 500
STABLE
OAD FULL 157 8

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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Table 1 Prototype Emission Parameters of Lansing Power Plant

Source Units 1 & 2 Unit 3 Unit 4
Stack (ft)
Diameter 8.0 8.0 13.8
Area (ft) 50.3 50.3 149.6
Height (ft) 151, 190 151, 190 300, 500, 700
Load 100% 100% 100% 50%
VS (ft/sec) 52.3 (50 normal) 50.3 (50 normal) 100.0 50.0
Ts °F 300°F 300°F 300°F 300°F
V, (ft/sec) 20 40 60 20 40 60 20 40 60 20 40 60
or in (mph) 13.6 27.3 40.9 13.6 27.3 40.9 13.6 27.3 40.9 13.6 27.3 40.9
R = stva 2.5 1.25 0.83 2.5 1.25 0.83 5 2.5 1.66 28, 1425 .83
hp.
Pa  70°F 0.302 0.302 0.302 0.302
Fr—vg

28D 32.13 32,13 74.5 18.63
p

co
w



Table 2 Model Emission Parameters™

Model Scale 1/400

Source Units 1 § 2 Unit 3 Unit 4
Stack
Diameter (in) 0.25 0.25 0.41
Area (in?) .049 .049 .132
Height (in) 4.53,; 5.7 " L S 9, 15, 21.
Load 100 100 100 50
R 2.5 1,25 8% 2.5 1.25 .83 5.0 2.5 1.66 2.5 1.25 .83
VS (ft/sec) 3.75 3.75 TS 3.75
QS (cfm) .077 .077 0.412 . 206
I:rs 32.13 32.13 74.5 18.63
Ap
= 0.679 0.679 0.679 0.679
Xe 0.789 0.789 0.789 0.789
QHe (cfm) 0.061 0.061 0.325 0.162
Q .. (cfm) 0.016 0.016 0.087 0.044
air
,t\fa) 1.5 ft/sec 3.0 ft/sec

4.5 ft/sec

98
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Table 3 Model Emission Parameters
Model Scale 1/200

Qair(Cfm)

Source 1-2, 3 1-2, 3 1-2, 3

Nozzle 1:1 1:0.84 1:0.51

Stack Exit 0.525 0.480 0.375

Diameter (in.)

Area (in?) 0.22 0.18 0.11

Height (in.) 9.1,11.4,13.7 9.1,11.4,13.7 9.1,11.4,13.7

Load (%) 100 100 100

R 2.5,1.25,.83 3.05,1.52,1.02 5.0,2.50,1.67

Vs(ft/sec} 3.75 4,58 7.50

Qs(cfm) 0.34 0.34 0.34

Frs 32.13 53.92 185.10

Ap 0.302 0.302 0.302

iHe 0.350 0.350 0.350

QHe(cfm) 0.12 0.12 0.12
0.22 0.22 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
still: Tri-X-Pan-4164 Kodak film, Polaroid

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

Flow meters 1) Fischer & Porter Co. Precision flow rator No. B4-21-10
float B 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

Counters Ultra scaler - model 192A by Nuclear Chicago

Hot-Wire Anemometer Disa 55D0 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 Hewlett and Packard X-Y Recorder Model 7035B

Meter HP Integrating digital voltmeter model 2401C

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

2) Radioactive gas samplers
a) Noool4-68-A-0493-0001-65234
b) Noool4-68-A-0493-0001-65227

Thermistor Fennal Glass coated bead #GB33Ll1, time constant in
air ~2 sec

Thermometer Yellow Springs Corp., YS1 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)

Units Wind Stack Full Load 1/2 Load
(1-3, or4) 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* 0* 0*
190 500* 0* 0*
NE 151 0* 0* 0*
190 2500 0* O¥
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 i 800*
230 150 -- 600*
+ No touchdown i.e. (greater than 10,000 ft)

*

Entrainment observed



Table 6 Summary of Maximum Ground Level Concentrations

[m_z) 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)
NW 20.3 (4000) 56.4 (2000) 65.1 (2000)
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) .488(9000) 11.9 (6000) 4.82(4000)
NE + 282(8000) 4.36(8000) o+ 10.9 (8000) 17.1 (8000)
NW + 2.72 (9000) 7.98(9000) .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) .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) .27 (9000) 38.3 (3000) 51.9 (4000)

+ zero concentrations

[concentration x 10° (m_z); distance (ft)]

06
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Table 7 Observed Touchdown Distances (ft) from
Flow Visualization Tests (Stable)

. Stack
Units D.wlnd. Height Stratification Full 1/2
irection (£t) Load Load
1-3 SE 151 stable occasional
~500
alone SW 151 i B
1-3
with Unit 4 SE 151 " ~200
190 i ~350
SW 151 n
190 "
4 SE 300 " + +
500 i + +
700 1 + +
SW 300 " + +
500 " + +
700 " + +
NE 300 i 9000 6000
500 " 8000 8000
700 1 + +
NW 300 " + +
500 A + +
700 Y + +
4 SE 300 Inversion + +
500 U +
700 " +

+ No touchdown (i.e., greater than 10,000 ft)
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Table 8 Summary of Maximum Ground Level
Concentrations (m-2) and Distances (ft)
Stable Stratifications

. Wind Stack Pt . Full 1/2
Unies Direction  Height Stratification Load Load
4 SE 300 Stable + +
500 i + +
700 it * +
SW 300 s ¥ +
500 o + +
700 i + +
NE 300 n 2.21(9000) 1.63(2000)
500 " + 0.06(9000)
700 n + +
NW 300 n + +
500 " + +
700 n + +
4 SE 300 Inversion + +
500 L + +
700 H + +

+ Zero ground level concentration measured over extent of model.



93

Table 9 Summary of Motion Picture Sequences
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Summary of Motion Picture Sequences

Wind Unit Load Wind Unit Load

Run No Dir Vel (fps) No Ht (ft) % Run_No Dir Vel (fps) 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 50 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 50
8 NW 4.5 1-3 700 100 62 NE 1.5 1-3 151 100
4 0 63 NE 1.5 1-3 153 100
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 50
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 5.0 4 300 50 68 NE 3.0 4 300 100
15 NW 3.0 1-3 -— 100 69 NE 3.0 4 300 50
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 50 72 NE 4.5 4 700 100
19 NW 1:5 4 500 100 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 50
22 NW 1.5 4 300 50 78 NE 4.5 4 300 100
23 NW 1.9 1-3 --= 100 79 NE 4.5 4 300 50
24 NW 3o 1-3 - 100 80 NE 4.5 1-3 151 100
4 700 0 81 NE 4.5 1-3 151 100
25 NW J 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 50 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 50 87 SW 1ib 4 500 100
32 SE 4.5 4 300 100 88 SW 15 4 500 50
33 SE 4.5 4 300 50 89 SW 1.5 4 300 100
34 SE 3.0 4 700 100 90 SW 1.5 4 300 50
© 35 SE 3.0 4 700 50 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 50 4 700 0
38 SE 3.0 4 300 100 93 SW 1.5 1-3 190 100
39 SE 3.0 4 300 50 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 >0 4 700 50
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 50 99 SW 3.0 4 300 100
45 SE 1.5 4 500 100 103 SW 3.0 1-3 150 100
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
50 SE | 1-3 151 100 105 SW 4.5 4 J00 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 4 500 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 Motion 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 1-3 150 100 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 L 1-3 151 100 Suction on--NZ 1
138 SW 1.5 1-3 151 100 Suction on--NZ 2
139 SW Yih 1-3 190 100 Suction on
140 SW 15 1-3 190 100 Suction on--NZ 1
141 SW 1.5 1-3 190 100 Suction on--NZ 2
142 SW X5 1-3 210 100 Suction on
143 SW A 5L 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 50 Stable
161 SE 1.5 1-3 151 100 Stable
4 700 0 Stable
162 SE 1.5 1-3 190 100 Stable
4 700 o 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 50 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 50 Stable-Inversion -
170 NW 1.5 4 300 100 Stable
171 NW 1.5 4 300 50 Stable
172 NW 1.5 4 500 100 Stable
174 NE I.5 4 300 100 Stable
175 NE 1.5 4 300 50 Stable
176 NE 1.5 4 500 100 Stable
1 b7 NE 1.5 4 500 50 Stable
178 SW 1.5 4 300 100 Stable
179 SW 1.5 4 300 50 Stable
180 - SwW 1.5 4 500 100 Stable
181 SW 1.5 4 500 50 Stable
182 SW 15 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 1-3R 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 19-75 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
4 SE 700 10-8 10-17 - 10-26 10-9 10-18 10-27
sw. - eaaa- 10-41 10-50  ~=-=- 10-42 10-51
NE  eeeea 10-64 10-73 -=--- 10-65 10-74
Nnwe o eeee 10-88 10-97 —=--- 10-89 10-98
SE 500 10-6 10-15 10-24 10-7 10-16 10-25
sw - eeea- 10-39 10-48 10-33 10-40 10-49
NE  eeea- 10-62 10-71  —==-- 10-63 10-72
Nnwooo eeee 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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LANSTNG POWER Pl AMT« SAWGENT AMI) LUMDY FaH[MFFRS CONCENTRATION = RFCIPRACAL MFTFRS SAUARED TIMES 10 POWERG
UNIT NUMRFR = 1=3 WIND anGLE = SE wIND SPFEN (FPS) = A0 LOAD = FULL STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 151

X 250 500 1non 2000 3000 4000 5000 AODND 7000 8000 9000

Y o483 0aattta0b 000t a oot oo ot nt et et ottt ot et R Ea RNt ROa RN o st RR ANV ERRRLGHORRRRLHERERORRGORRERGRRERRORG
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=1000
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UNTT & LOCATIOMs X = 3725.00 Y = EL LY
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LANMSTNG PAWFR Pl AT SARGRFeT abd UMDY ERS3IabreSy CONCENTRATION = RFCIPRNCAL METFRS SOUARED TTMES 10 POWERAE
UNTT NUMRFR = 1=3% AN ANGLE = SF wIND SPEED (FPS) = A0 LNan = FULL STRATIFICATION = NEUTRAL

STack HEIeKHT (FT) = 151

X = 250 S0 1000 2000 3onn 4000 5000 6000 7000 B00DO 9000
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=1A00
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LANSTNG POwFR PLAMT. SARG-NT

UNTT NUMRFR = 1=3

STACK HFIGHT (FT) = 14n

X 250

100

1200
1on0
a00
00
4no

200

-200
-400
-600
=FR0N
-1000

-1200

=100

MAXTMUM COMCENTRATION =

UNTT & LOCATION, X =

AN UMDY ENGINFERS,
wlnid AMGLFE = SF
5100 1000 2000

«102F+03

el AnF+n 4

329,00 ¥ =

#1104k +03
«13RE+D3
«103E+03
«23Rc+N2

«25HE+01

Zhh AT

CONCERTRATION = RECIPROCAL METFRS SQUARFD TIMFES 10 POWER6

wInl SFEEEN (FPS) = &0

3000 4000 s5non
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e
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Lnan =

A000
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| ANMSTMG PAWFR PLAMT s SAKGELT ava UMDY FraTuFErS CONCENTRATION = RFCIPROCAL MFTERS SQUARED TIMES 10 POWERG6
UNIT NUMHAFR = 4 Wwinl AMGLF = SF WIND SPFEN (FPS) = Af ILNAD = FULLL STRATIFICATION = NEUTRAL

STAaCK HFIGHT (FT) = 200

® = 250 500 1000 2000 innog 4n00 S000 4000 7n00 BONO 9006
Y #8000 osnoa st 000 o n i aa ol Rt R o s SRRSO E R R R SRR R R R RS R R RE IR RGNS G ARG R SRR SRR R R ARSI R ERSIREOE
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1000 .
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=1000
-1200 0.
-1600
MAXTMUM CONCENTRATTIOM = LH5E+N]
UMTT 4 LOCATICM. X = 323.00 Y = FnALAT
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LAMSTNG POWER BlLanmTe SamGENT an!'y LUNTY FhuaThrb ESa CONCENTRATINN = RFCIPROCAL METERS SAUARED TTMFS 10 POWER6G

UNTIT NUMBRFR = 4 wlnh anELE = &F WIND SRPEED (FPS)

~0 Lnan = 1/2 STRATIFICATION = NEUTRAL

STACK HEIGHT (FT) = 13nn

X = 250 SO0 1nna0 2000 3000 4000 5000 AO000 7000 8000 9000
Y 448t nftoteau st oottt oot oot S e w o RO R S USSR SRRSO S REN NSO N DR SRRE SN NS RRGGOR GRS SBBES BB EOBBRBRGESS
1600
1700 Na
1000
BRND 118 Ne «+420E+00
600
400 D 1 «4ROF+00 «159F+01
200 e293F+00
U] (/% «9a9F+00  LJ3T2E+01 L320E+01 L201E+01 L1T7RF+01 L452F+01 L33AE+01 .314E+01
=200 «A3RE+01
-400 LLSTTE+NO ‘ «121F+02 « T45F+01 «439E+01
-A00
=200 Ne «4Z20F+0N0 «15TE+00
=1000
=-12n0 Ne
=1600

MAYTMIM CONCEMTRATTNANM = «171F+n2

UNTT 4 LOCATIONS X = Ak N0 ¥ = RRA AT
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LANSTNG PORF2 BLANTe SARGENMT 867 LUNDY r T Fal, CONCENTRATINN = HFCIPROCA| METEKS SHUARED TTMFS 10 POWER6
UNTIT NUMRFR = & WM AMGLE = ¢ WIND SOFEN (FPS) = A0 LnaD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 500

X = es0 500 1an0 cOu0 ELL 4nno 5000 6000 7000 BOOO 9000
AR -R-F-F- 2 RCR- LR R R R R e R R R R R R R R R R R R R R R R R SRR R R
1600
1200 0.
1000
400 0a 0. 0.
A00
4no Na Oe e «635E+00
200 0.
0 0a 0. N O 0. 0e +169E+00 L55RE+00 ,L123E+01
-200 N
-400 N 0. +952F+00 «T19E+00
=600
-AN0 . 0. «135FE+01 «T79TE-01
-1000
-1200 0
=1600
MAXTMUM CONCFMTRATTINN = «135F+n]
UNTT 4 LOCATINN. X = 325,00 ¥ = Ak 6T
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LANSTNG PAwFk PLANTe SARGFNT A0 LUNDY ENGIMFERS CONCFNTRATINAN = WFCIPRNCAL METERS SOUARED TIMES 10 PNWER6
HMTIT MUMRFR = 4 wWlm) AMGLF = SF STND SPFED (FPS) = A0 Loan = 1,2 STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = %00

X = 250 S00 10c0 2000 3o0n0 4000 5000 ADDOD 7000 BONO 9000
. Y #e4d4toat oottt ottt e e st oot ettt od Rttt RRELOReS RGNS ERS 0SSR ONRGEREBOBSBHHGHOBRSOBGHORBEHBGBRBRHSEBEEE
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1200 0.
1000
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~00
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200 0
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=600
=-ANQ 0. «TBTE+00 «420E+00
=10n0
-1200 0.
=1600
MAXTMUM CONCFMNTRATTON = «l3aF+nl
UNTT 4 LOCATIONs X = 325,00 Y = 3RAR AT
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LANSTNG PAWES P ANMTe SAHGFET AND LUMDY FNGIMFERSS CONCFNTRATION = RECIPROCAL METEHS SQUARED TIMFS 10 POWERA
UNTT NUMRFR = &4 WTND ANGLE = SF “TND SPEEN (FPS) = AO LNaD = FULL STRATIFICATION = NEUTRAL

STack HEIGHT (FT) = 700

X = 250 500 1000 2000 3000 4000 5000 A000 7000 BODO 000
Y o004 cetted et n ot o000 at it nt ot O on N ot aR Rt gtOo st s n st tasN sttt REEaRNRLNRBLAR RN LGRRRNORDROREORRBORRBONE
1600
1200 0.
1000
Aann Na Ne 0.
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0 M. 0. 0. 0 0 0. N 0. «106E+00
-200 0.
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=RNO 0 0e «130E+01
-1000
=1200 D4
-1600
MAXTMUM CNNCENTRATION = J130F+n1
UNIT & LOCATTIOMs X = 325,00 Y = 366.6T
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LANSTING POWED PLANT s SABHGENT AMO LUNDY FRGTNEFRS CONCENTHRATION = QFCIPRNOCAL MFTFRS SOUARED TIMFS 10 PNWERG
UMIT NUMRFR = 4 winMD aMGLE = SF WIND SPEED (FPS) = K0 Lnap = 1/2 STRATIFICATION = NEUTRAL
STACK HEIGHT (FT) = 700

X 250 500 10n0 2000 3000 4000 5000 A000 7000 8000 9000

Y #4848 040 8000008000000 0 0000000000000 000 R00RRG GRG0 R0RRRRRGAR ORI ORRGNAAOGRNOORNTRORGRRRRRRGRERNRGRBRGOORGOH
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=600
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-1000
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=1400
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UMTIT &4 | NDCATION, %X = IPH.NN Y = ELLLYS
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LANSTNG POVER BLANTe SARGENT AMD LUINDY ENGTNFERSS CONCENTHATINN = BFCIPRNCAL MFETFRS SOUARFD TIMES 10 POWERA
UNTT NUMRER = 1=3 WMD) AMGLE = Sw WIND SPEED (FPS) = 20 Lnan = FULL STRATIFICATION = NEUTRAL

STArK HFIGHT (FT) = 151

¥ = 2an S00 1000 2000 3anoo 4000 5000 h000 7000 8000 9000
A X 2253 E-R-X-XR R- R kR R LR R R R R R R R R R R R R R R R R R R R R R R LR R =R Rk R AR RS RE-R- R R R-R - R R 8- R-2-X-2-2-0-£-8-F-3-4-%-2-2-3-%-L-B-£-%-2-%-B-%-3-%- 8-I-X-3 3
1400
1200 0.
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4nn «117F+02 «41RE+0D1 «209F+01 «111E+01
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=1600
MAXTMIM CONMCFMTRATTIONM = +117F+n?
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LANSTNG POWER PLANTs SARGFMT ARD LUNMEY FNMGINEFRSS CONCENTRATION = RECIPHOCAL METFRS SNUARED TIMFS 10 POWERG
UNTIT NUMRFR = 1=3R wIND ANGLE = SW wIND SPEEDN (FPS) = 20 LNAN = FULL STRATIFICATION =

STACK HFIGHT (FT) = 151

X = 250 500 1000 2000 3000 4n00 5000 6000 7000 8000 9000

Y 4GSO HO RN ARG ER R NSRS RS AR R RSN OOORORG NN GRS T RN GRRR RN D ONREGOCERRTGRRBREHSRRRTROROEGHORRERHOLRRRECORBOOERODOE
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A00
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LANSING POWER BLANMTa SANGERT an) LUNDY EMGINFFES, CONCEMTRATION = RFCIPROCAL METFRS SQUARED TTMFS 10 POWER6
UNTT NUMRFR = 1=-3 wIND aNGLE = S WIND SPFED (FPS) = 20 LnaD = FULL STRATIFICATION =

STACK HFIGHT (FT) = 130

X = 250 500 1000 2000 3000 4000 5000 ~000 7000 8000 9000

Y 4440004000000 00000000t SRttt i st raa RSt RRS GGG R GRS R RN R G R R RN SRRSO RS R RO DB SRR REER RSB

1600

1200 0.
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=600

-800 0. 0. 0.
-1000
-1200 0e
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LANSING POWER PLANT. SARGENT AND LUNDY ENGINFFRS, CONCENTRATION = RFCTPRNCAL METFRS SOUARED TIMFS 10 POWERS6

UNTT NUMRFR = &4 wIND ANGLE = Sw wIND SPFED (FPS) = 20 b LOAD = FULL STRATIFICATION = NEUTRAL

STACK RFIAHT (FT) = 300

X = 250 500 1000 000 3000 4000 5000 ~000 7000 8000 9000

Y oo aaadent 0t i g et a et ot e s Rt oot aoRRe RSN a SRRt ad N RNt eSS RSN RN SRR ORERRHNSOERRRNRLEROBROUGS

1600

1200 0.
1000
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400 0. +395€4+00 «938F400 L14TE+01
200 0. -
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=200 . 0.
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-1000

=1200 0.
-1600

MAXTMUM CONCFNTRATION = J156F+0]

UNIT &4 | OCATINN. X = -133,33 ¥ = -1R3.33
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LANSTNG PNwFR Bl anTe SARGFNT anD LUMDY FMGiNFFES. CONCENTRATIOM = 2FCIPRACAL MEFTFRS SNIARFD TIMFS 10 PNWERE
UNTT NUMRERP = 4 wIND ANGLE = Sw #IND SPFER (FPS) = 20 Lnap = 1/7 STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 3n0

X = 250 LS00 1000 2000 3000 4000 5000 ~ON0 7000 8000 9000
Y ot oetadUet it et ottt otodoaotdtLNSoaRattNonteedO RN RSN OORONRER RN RegeRROtEREosRETGHREBOGOBRGRBRGRERBRORSE
1600
1200 0.
1000
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a00
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-1000
-1200 0.
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MAXTMUM CONCENTRATTON = LH01F+01
UNTT & LOCATIONS X = -132,331 Y = -143,33
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LANSTNG PrwF2 PLANTs SARGENT aAnMD LUNDY ENGINFFRSS CONCENTRATION = RFCTIPRNOCAL METFRS SQUARED TIMES 10 POWERS6

UNTT NMUMRER = 4 WIND ANGLE = Swu WIND SPFED (FPS)

n

20 LOAD = 1/2 STRATIFICATTON = NEUTRAL

STaCK HFTGRHT (FT) = &8N0

N =
Y
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400

200
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=400
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G. 0. 0. «209E+00
0. 0. 0.
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NNCFMNTRATION = «4RAF+N0
CATIONS X = -133.33 ¥ = -1#43,33
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LANSTNG POWER PLAMT SARGFNT ahl) LUNDY ENGINFERSs CONCENTHATION = RFCIPROCAL METERS SQUARED TIMES 10 POWERA

UNTT NUMBER = 1=3 , WIND ANGLE = Sw WIND SPEED (FPS) = 40 LOAD = FULL STRATIFICATION = NEUTRAL
STACK HEIGHT (FT) = 151
X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
Y #8808 at 000 ot 0d e TGRS ed RS SNSEHHN SRR RPN BB SR RGGUERHSSBBSNS BB OHGB OSBRSSO BH BB RERBRBEGE
1600
1200 «299E+01
1000
A00 «34TF+01 «A4STE+D] +590E+01
600
4nQ «919E+00 o T44F+01 «962E+0] «543E+01
200 «B48E+01
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=1000
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MAXTMUM CONCFNTRATION = «505F+N2
UNTT 4 LOCATIONs X = =150.00 ¥ = 2le.67
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LANSTNG POWER PLANTs SARGENT aND LINDY EMSINFERS, CONCENTRATTON = PECIPROCAL METFRS SQUARED TIMES 10 POWER6

UNIT NUMBFR = 1=3R wIND aMNGLF = S #TND SPFEN (FPS) = 40 LOAD = FULL STRATIFICATION = NEUTRAL
STACK HEIGHT (FT) = 151
X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
Y #8884 80d 40080000088 0080ta8 0880t st add0addaddasstadadadastSaatNSNORROGROEUOG LSRG RDONRCOGEORRSERHB RO OTERSDEY
1600
1200 «545E+01
1000
ano «462F+01 . «T33E+01 «821E+01
600
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=1200 0.
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MAXTMUM CONCENTRATIOM = «S12F+02
UNTT 4 LOCATIOMNs X = =150.00 Y = Flh.hT
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LAMSTING POWER PLAMTe SARGFNT AN LUNDY ENGINFERSe CONCENTRATION = RECIPROCAL METERS SQUARED TIMFS 10 PNWER6

UNTT NUMRER = 1=3 wIND ANGLE = Sw WIND SPFED (FPS) = 40 LNAD = FULL STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 190
X = 250 500 1000 2000 3n00 4000 5000 6000 TJ000 8000 9000
Y #6888 008 808000008 0aad et et o autdadn ottt pdadSodiodasgutaaddandoantepoaatteed ettt odadReORERBRERBDBEE
1600
1200 «141E+01
1000
R00 «174F+01 «229E+01 «3ITOE+01
600
400 «141E+00 «321E+01 «66SE+N] «423E+01
200 «250E+01
0 «RT2E+01 .120E+02 L132E+02 L109E+02 L.12RE+07 ,901E+01 ,.RASF+01 LH6R4E+01 O,
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-600
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=-1000
-1200 0.
-1600
MAXTMUM COMCENTRATION = « JOYF +02 .
UNTT 4 LOCATIONS X = =150,00 Y = 2le.RT
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LANSTNG POWER PLANT.

UNTT NUMRER = &

STark HFIGHT (FT)

X =

Y 4440080000000 00 0000000000004 040000000000 000004SRG040S0SSNGSOSOGOOGGGOOORSGGRGGHORORGRORBROGRSGHRGRRSGORERDOORE
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wWIND ANGLE
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RECIPHNCAL METFRS SQUARED TIMFS 10 POWERS6

40 LOAD =
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LANSTMG POWER PLANTe SARGFNT a4bD LUNDY ENGINFFRS, CONCENTRATION = RECIPROCAL METFRS SQUARED TIMFS 10 POWFR6
UNTIT NUMBFR = & wINi} AMGLE = SW wIND SPEED (FPS) = 40 Lnap = 1/2 STRATIFICATION = NEUTRAL
STACKk HFIGHT (FT) = 30n

X 250 500 1000 2000 3000 4000 S000 6000 7000 BOOO 9000

Y #4480 8 00008000 0800 0000000000000 0000 0000000000000 00808000000 000 0000000000 RR0RRRROORHEdORGORBERRRGORRBRLEE
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=200 0 0. «315E+00
=1000

-1200 0.
=1A00

MAXTMUM CONCFMTRATTION = L 286F+02

UNIT 4 LOCATIONs X = =150.,0N0 Y = ?lh.AT
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LANSTNG POWER PLANTe SARGENT AND LUNDY ENGINFERS. CONCEMTRATION = RFCIPRNCAL METERS SQUARED TIMES 10 POWER6
UNIT NUMBFR = 4 wlND aMGLE = SW WIND SRFED (FRS) = 40 Lnan = FULL STRATIFICATION = NEUTRAL

STACK HEIGHT (FT) = %00

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
AT R R R R e R R R R R R R R R R T R R R R R R R R R R R R R R Y

1600

1200 0.

1000

ROO e +93RF+00 «+Al4E+D0
600

400 0. 0. «169F+00 «296E+00

0 N 0. 0e 0. Ne Oe «+2B2F=01 0, 0.
=200 0.
-400 0. 0. 0. 0.
-600
=R00 0. 0. 0.
-1000

-1200 0.

=1600

MAXTMUM CONCENTRATTION = «93HF+DO

UNIT & LOCATION, X = =133.43 Y = =1A3.33
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LANSTNG POWER P ANTs SARGENT A&ND LUNDY EMGINEFHS CONCENTRATION = RFCIPROCAL METERS SNUARED TIMES 10 POWERSG
UNTT NUMRER = & WIND ANGLE = SWw wIND SPEED (FPS) = 410 Lnan = 1/s2 STRATIFICATION = NEUTRAL
STACK HFEIGHT (FT) = 500

X 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000

Y #4848 800000t 0000ttt o0nd sttt atatedaditadod Nt Rt tNa NNt SLRS NGRS RORdNOaRRRRRROORGRRRRERADNSHERIERBRBROROOR

1600

1200 «110E+02
1000
800 «TOTE+01 «119F+02 BT2E+01
&00
400 112E+01 «BOTE+DL «S44E+D1 «23TE+01
200 «139E+01
0 0. L700£-01 .223E+00 L143F+01 L1R1E+01 ,L115FE+01 ,L976E+00 ,350E-01 O,
-200 «641E+00
-400 0. 0. 0. ; 0.
-600
-800 0. ' 0. «350€-01
-1000

-1200 0.
-1600

MAXTMUM CONCENTRATTION = «119F+02

UNTT 4 LOCATIONs X = =133,323 Y = =113.33
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LANSTMG B

NWER PLANMT s SARGFMNT AND LUNDY ENGINFERSs

UNTIT NUMBFR = 4 wlNl) AMGLE = Sw

STACK HEIGHT (FT) = 700

%=
¥

1600

1200
1000
ROO
600
400

200

=200
=400
=600
-8no0
=-1000

=1200

=1600

250 500 1000 2000

CONCEMTRATINN

#IND SPEED (FPS)

3000

4000

RFCIPRNCAL METERS SQUUARED TIMES 10 POWER6G

40

5000

Lnan =

(000

FuLL

7000

STRATIFICATION = NEUTRAL

A\
B000O 9000

GHTGOHR OGRS RGBSR RGP N DRGNS E R RS R RO RE R RSO R R U BRSSP R R R R AN RENG G DO RE RSN BRIROOBSBHBBHBBBORBRENS

«564FE=-01

Ue

MAXTMUM CNNCFMTRATTION = « 33GF+01

UNTT & LOCATIONy X = =-133.32 vy = -1K3,33

«S64E-01

e

«230F+00

«423F=01

1041

«310E+00

«324E+00

«B6RE+00

«202F+01

«159F+01

«213F+01

«266E+00

«635E+00

.184F+01 0.

«339E+01

«319E+01
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LANSING POWFR PLAMTs SARGENT AMGO LUNDY EMSGINFFRS COMCENTRATION = RFECIPROCAL METERS SQUARED TIMES 10 POWER6
UNTT NUMRER = & winND aMGLF = SHW WIND SPEED (FP5) = 40 Lo&D = 1/2 STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 790

X = 250 500 1000 2000 3noo0 4000 5000 6000 7000 8000 3000

Y a4t oaat ot ottt ot ot at ot s at st d st a0 0t 0 nn O Nt et Ed RS A O E R R RO RERGORROROBOBBEERBABOOBHBBRRBDBHENBSBOLS

1600

1200 0.

1000

80O «210F+00 0. «420E+00

600

400 «105F+00 0. L4T4&F+00 +1ATE+0D]

200 0.

0 N 0. «55BE~01 L735F+00 L14RE+01 L280FE+01 L346E+01 L,325E+01 0.

=200 «530F+00

=400 «133E+01 «2BTE+G1 «5H3E+01] «58BE+01
=600

=800 «44RF+01 «7T39E+01 «T53E+01
-1000

-1200 0.

=1600

MAXTMUM CONCENTRATION = «T53F+N1

UNIT 4 LOCATION, X = =133,33 ¥ = -1#43,33
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LANSING POWFP FLAMTs SARGFNT anD LUNDY FMGINFERSS

UNTT NUMRFE = ]1=14

STArK HFIGHT (FT) = 151

X = 250

wIND ANGLF = Sw

1000 2000

WIND SPFED

CONCENTRATINN

(FPS)

3000 4000

1]

RECIPRNOCAL METERS SQUARED TIMES 10 POWER6

650 Lnap =

5000 6000

FuLL

7000

STRATIFICATION = NEUTRAL

8000 9000

¥ SoHaoastcaaat Ottt ot Rt st et oo 0RO st od SRt RSa NGRSOt RGNS AA RN R RO RGRRORAERBORRRRRHERRROGRERERRARRORRERORER

1400

1200
1000
R0O
A00
400

2no

=200
-400
-600
-H00
=1000

=12n0

=1A00

MAXTMUM CONCENTRATION =

UNIT 4 LOCATIONSs X =

=150.,00 ¥ =

0a
0.
«132FE+01 «156E+01
W142E+07

«403E+02

+4N3F+02

216467

«T42E+00

0.

W 296E+01

«219F+01

«175F+02

«170E+02
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+31BE+00

0

«166F+01

+B49E+00

+986E+01

«14BF+N2

«166E+01

«354E-01

«106E+00

«156E+01 0.

«592E+01

«109E+02
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LANSTNG POWFR PLAMTs SARGENT Anh LLUNDY EMGINFERS CONCENTRATION = RECTIPRNCAL METFRS SQUARED TIMES 10 POWER6
UNIT NUMBFR = ]=3H WIinND AMGLE = Sw WwINND SPEED (FPS) = A0 Lnan = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 151

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
AR R n LT R B e R R F R R R R R T X TR )
1600
1200 0.
1000
AN0 LLTTE+00 0. 0.
A00
400 0. N 0. +113E+00
200 1136400
0 <1P2TF+01  .325F+01 .555F+01 L,272F+01 L,225F+01 L77RF+00 L163E+01 L141E+01 0,
-200 .320E+02
=400 L619E+02 «2H2F 402 .161F+02 «B803E+01]
-600
-A00 «117E+02 .RA52E+01 «661E+01
-1000
=1200 +228E+01
=1600
MAXTMUM CONCENTRATTON = WB19F+02
UNTIT &4 LOCATIONs X = =150,00 ¥ = 216.67
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LANSTNG POWFR PLANTs SARGENT an0 LUNOY ENGINEERS. CONCENTRATION = RECIPRNCAL METERS SQUARFED TIMES 10 POWER6

UNTT NUMRER = 1-3 WIND AMGLE = SW wIND SPEED (FPS) = A0 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HEIGHT (FT) = 190

X = 25n 500 1000 2000 3000 4000 5000 6000 7000 8000 9000

Y #4880 40000 004800080000 00 8RN0 0 0 Sttt att 000Nt aRaROaR N0 R NS0t HSARSRNRRGSORSSGRRARRARSARBRLSBRRGBRRRND

1600

1200 . «177E+00
1000
an0 0. 0. 0.
600
400 «354E+00 0. +563F+00 «310E+00
200 «253E+00
0 : « 149401  .248E+401  L400E+0]1 .223E+401 L273E+01 L1S7E+01 .262E+401 L990E+00 0.
=200 «131FE+02
=400 «346E+02 «156E+02 «989E+01 «513E+01
=600
=800 «163F+02 «134E+02 «944E+01
-1000

-1200 0.

=1600

MAXTMUM COMNCFAMTRATTON = «34nF+N2

UNIT & LOCATION, % = =1580.00 Y = 216,67
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LANSTNG POWER PLAMT. SARGEMT ab) LUNGY ENGINFFRS, CONCFNMTRATION = RFCIPROCAL METFRS SQUARED TIMES 10 POWERA

UNTT MNUMRFR = &4 wIND ANGLF = Sw wIND SPEED (FPS)

50 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HEIGHT (FT) = 100

X = 25n S500 1000 2000 3000 4000 5000 6000 7000 8000 9000

AR E-E-X-F-X-F-E-Fr R R R R R R R R R R R R R R R R R R R R R R R R R R R Y-SR Y

1600

1200 0.
1000

a00 <186E+00 0. «266E-01

400 0. «550E+00 «102E+01 «423F+00
200 «296FE+00
] «1BAE+01 L 372F+01 .633E+01 L436F+01 .461F+01 3136401 L425E+01 L313E+01 0,

-200 RORE+N]

=400 «RARE+O] «BOTE+01 «T39E+01 «580E+01

=600

-R00 «359F+01 «2T4F+01 «199E+01
-1000

=1200 0.

=1600

MAXTMUM CONCENTRATION = dHAAF+N]

UNIT 4 LOCATTONs X = =150.00 Y = 2lbahT
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LANSTNG POWER FLAMTs SARGEMT amb LUNDY FNGINFEFRSS CONCEMTRATION = RECIPROCAL METERS SOUARED TIMFS 10 POWER6

UNTT NUMBFR = 4 WIND ANGLE = Sw WIND SPFED (FPS) = 60 Loan = 1/2 STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 390

Xoe 250 500 1000 2000 3000 4000 5000 6000 7000 BOOO 9000
Y a4t 08 0080ttt et a0ttt p0attta ot pass ottt ettt N oR NN OO RB SR SRR B BR LR LRI BE B OB OGS ORREROHDBORNRRRRERRGRGTRE
1600
1200 0.
1000
R00O Y 0. 0. «262E+00
s00
400 HEPE U0 «SHS5F+N0 .151F+01 «134E+01
200 «AEDE+UD
0 «103F+01  J2H3E+01  JASTE+0] 451E+01 L6B82E+01 L310E+01 L514F+01 L378E+01 0.
=200 « 105k +02
-400 «14TE+02 «134F+02 +107E+02 «6TBE+0D1
-600
-R800 «T51FE+01 « TS6F+01 «620E+01
-1000
-1200 0.
=1600
MAXTMUM CONCENTRATION = J1aTE+N2
UNIT 4 LOCATIONS X = =150.00 ¥ = 2l6.hT
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LANSTNG PAWEF PLANTS SARGENT ARD LUINDY ENGINEERS. CONCENTRATION = RFCIPROCAL METERS SOUARFD TIMES 10 POWER6
UMIT NMUMRFE = 4 wIND AMGLE = Sw wIND SPEED (FPS) = 60 LoaD = FULL STRATIFICATION = NEUTRAL
STACK HEIGHT (FT) = &0n

X 250 500 1000 2000 3000 4000 5000 AND00 7000 HOON 9000

Y #ad ot ea a0 n e e Rt Rt et ORI aa RS R RN GO R SRS S R BRESS AL SRR RIGRRRASRDEFH B RSB GRHE RSB ERI DRSNS SR BEES

1600

1200 0.

1000

ANO Ne 0. 0.

600

400 0. 0. 0. +635E=01

200 0.

0 LPT5E+00 0., 2336400 .292E+00 L11BE+0]1 .S5RE+00 .656F+00 LT1TE+00 0.

=200 LLGOF+0U0

-400 \266E+00 «212E+01 L203€401 +205€401
-600

-R00 S274E+01 L295F 401 \231E401
-1000

-1200 0.
=100

MAXTMUM CONCENTRATTANM = e PA5F+N]

UNTT & | NCATIONs X = =1%0.00 ¥ = Ple.bT
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LANSTNG POWER PLANTs SARGENT AMD LUNDY EMGINEERSs CONCENTRATION = RFCIPRNCAL MFTERS SQUARED TIMFS 10 POWERG

UNTIT NIIMAFRE = & wiNIb AMNGLF = Sw #IND SPEED (FPS) = A0 Lnan = 1/2 STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = &00
X = 250 500 1n00 2000 3000 4000 5000 /000 7000 BOOO 9000
A2 2 E-2- - 2R R R R R R R R R R R R R R R R R R R R R R R Y- 1N
1600
1200 «94TE+DO
1000
ROO 0e +« 1S5RE+00 «263E+00
ADD
af 118 ! «210F+00 «113FE+01 «335E+00
200 0.
0 «A56F+01 <EBbaF+00 «2TTE+D1 «295E+01 «39BE+01 «2T4FE+01 0. «174E+01 0.
=200 «2EHFE+0]
-4no «3B9E+01 «4B2F+01 «A440E+01 +4TOE+D1
-6N00
-ANN «300E+01 . «2T9E+N1 +353E+01
=-1000
-I?Ol'l Un
=1600
MAXTMUM CONCFNTRATION = W4RZ2F+N]
UNTT 4 LOCATTION. x = =150,00 ¥ = 2lE AT
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LANSTNG FOWFH PLAMTs SARHGENT amD LiNDY FralnEr S CONCENTRATION = RECIPHROCAL METERS SOQUARED TIMFS 10 POWER6E

UNTT NUMARFR = 4 wIND ANGLE = Sw w 1NN SPEED (FPS) = kR0 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 700

¥ = 250 S00 1000 2000 3000 4000 5000 6000 7000 8000 9000
R R R R R R R R R R Rk R R R R R R E R R R R R R R SRR R R R R R R R R R R R R R - R E Y
1600
1200 0.
1000
800 138 Oa 0.
600
400 0. 0. 0. 0.
200 0
0 L465FE+00 0. 0. 0. «B46F=-01 L372F+00 L465E+00 L345E+00 0,
=200 0
-400 0. +338E+00 «144E+01 «152E+01
-600
-A00 BT6F+00 J175E+01 .154E+01
-1000
-1200 0.
-1A00
MAXTMIM CONCENTRATTON = J178F N1
UNTT 4 LOCATIONs % = =150.00 ¥ = 2lb.67
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ILANSTING POWFR PLANTS SARGFMT AND LLUNDY EMGINFERS. CONCENTRATION = RECIPROCAL METFRS SQUARED TIMES 10 POWERG
UNIT NUMRFR = & wiND aMGLFE = S wINND SPEED (FPS) = A0 Lnan = 1/2 STRATIFICATION = NEUTPAL

STArCK HFIGHT (FT) = 700

¥ = 250 500 1000 2000 3000 4000 5000 6000 7000 B00O 9000
Y oSS uGse s ettt RN N LSRR NSNSt RS SR SSRGS RS SR SRS BRSNS NSRS NSRS RS RLBE B R RO R R R GRR RGO
16400
1200 0.
1000
KOO 0. 0. 0.
an0
400 P15E+01 0 0. 0.
200 .125€400
0 0. 0 «41BE=01 0, «B36FE=-01 L525F=-01 L16TE+00 0, 0.
-2n0 05
=400 0. «113E+01 «226E+01 «460E+00
-600
-a00 i «115F+01 «115F+01 «178E+01
-1000
-1200 0.
-1600
MAXTMUM CONMCFNTRATTOM = fPRF&N]
UNIT & LOCATIONs X = ~150.00 ¥ = 21R.6T
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LAMSTNG PruF® Bl atTe SawxGEST

UNTT NUMREP = 1-39

w

STACK HFIGHT (FT) = 151

X 2510 5u0

1600

1200
1000
ROD
&C0
ang

200

—anq

=1000

=1200

=1A00

MAXTMIM CAMCENTRATION =

HNTT 4 LOCATINN, X =

wR) LMY

I1hAnT ¥ =

FamImeruSa

aNGLE = MF

1000 2000

«S4GE+ 00

.113E+01
«413F+00 0,
r'.

(139

LlshFeng

lal.e7

CoNCEMTRATTON

WTHN SBEED

3000

«36RE+Y]

(FRY)

400qg

«284F+01

«TTHF D]

«119F+02

«196F+01

« 354E-01
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wFCTPROCAL METERS SOQUARED TIMES 10 POWER6

20

= 5000
K25 F-2 8- R R R R R R R R R X R R R R R R S R R R R R R R R R R LR R LR R R R R R R R Y

«551F+01

LOAD =

~000

«172E+01

JA49RF+N]

«115E+02

«125E+02

« 9626401

FuLL STRATIFICATION = NEUTRAL

7000 8000 9000

«4B2FE+01

«979F+01

«156E+02

«114E+02

«999E+01

«117E+02

«119E+02
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LANSTNG POWFE ELAMTe SARCFNT AR LINOY EnGINer Sy COMNCENTRATINN = RFCIPROCAL METFEFRS SOUARED TIMFS 10 POWFR6&

20 Loan = FULL STRATIFICATION = NEUTRAL

UNTT NUMRFE = ]1-3 v iMg avGLE = NF wIMD SPFEND (FPS)

STACK HFIGHT (FT) = 1%1

X = 750 s0n 1000 2000 3000 4nno 5000 6000 7000 8000 9000

A L L L R T R R T S g R R R TR TR T R T S TR R R T TR B R R R R A R 9 T e Y

16C0

1200 0.

1000

ang «5HEF+01 «29RF 401 «T49E+01

600

400 195F+02 «136F+02 «TT1E+O] +117F+02

200 «153k+02

0 .P25E4+02 L331F+01 LSR9E+01 .577F+01 L495E+01 L120F+02 L121F+02 L139E+02 L10BE+02

=200 «111F+01

=400 [ «120E+01 «94TE+01 «93TE+D1
=A00

-ang Na «39TE+N] «RS0E+01
=1000

-1200 0.

=1600

MAXTMIIM CONCFATRATTON = JPPRE atig

UNTT 4 1 OCATTOM, x = 1RE AT ¥ = laland
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LAMSTNG BAkFR PLANT SARGFMT ARD LUNDY FMSINFERS. CONCENTRATION = RFCIPHOCAL METERS SQUARED TIMES 10 POWER6

UNTT MUMRFE = |=3 wing anMGLF = WF WIND SPFED (FPS) = 20 LOAD = FULL STRATIFICATION =
STACK WETARRT (FT) = 190
X 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000

Y oot oo s o o s e e s s S R S S G N S S R RS S SR S G R R R R R R R R N R R R S RS S AR RN RS R RS R R R AR AR AR AR R R R AR RO

1600

1260 0.
1000
ROO «192F+02 «H11FE+01 «983E+01
A00
400 «23GF 402 W 29RF 02 «99RE+01 «149E+02
200 A3TE+UE
0 346F 402  L41AE+02  L484E+02  L328F+02  L,949F+01 L1H1E+02 L199F+02 L167FE+02  L9R1E+01
=200 L
] «SE0E+01 «258F+02 «20RE+02 «153E+02
-&N0
BT Jda4re0l «130F+02 «160E+02
-1000

-1200 D

-1400

MAY TMIIM COMCFAETRATTION = JARaF 402

HMTT 4 1LNCATTNNG ¥ = TR AT ¥ = 141.67
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LAMSTNG POWFR PLANTe SARCFRT AMD LINDY Frslrfeiisa CNuUCEnTRATION = PFCIPRACA|l. ETERS SOUARFD TIMES 10 POWERG

UNIT NUMRER = 4 wTND ANGLFE = MNF “IND SPEED (FPS) 20 LLnan = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 300

X 250 S0 1000 en0u 3000 4000 5000 €000 7000 8000 9000

Y 4488884000008 0 000000800003 0000080400000 0000000000000 000 0040000 RRRRRNRROGRRPLRORGGRGBHEEROGOGRBOBRGRDBEROORNRD

1«00

1200 0.

1000

ANOD Ne 0. .0

600

4no aHEnF=N] Ga 0. «14BE+00

200 JARaRF=01

0 L705E-01  ,3%«t-01 0. HAOE=01 0. 24436400 LP4TE+ON L274E+00 ,564F+00

-200 0.

-400 0. 0. LTOSF=-01 «4T2E+N0

-500

-ano N 0. «25TE+00
-1000

=1200 T
-1600

MAY TMUM CONCFMTRATTON = e

UNTT & LOCATIONS ¥ = 1RART ¥ = 14l .67
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LANSTNG BAKFE P AT ¢ SACESAT Bt UIHNY e fmF e Sy COMCEMTRATION = QECTRPINCAL MFTERS SQUARFD TIMFS 10 POWERA
UNTT NUMRFD = & W IMO aMGLFE = niF wIND S2FELN (FPS) = 20 LNnap = 1/2 STRATIFICATION = NEUTRAL

STACK HFIRHT (FT) = 210

L 250 S0 1000 cnun 3000 40600 5000 ADO0D 7000 8000 9000

AR - R R R R R R R R R R R R e R R R e R R R R SR R R R - .22 Y-8 TR 222 -0 8.8 8-

1~00

1200 n.
1000
q00 N, 0, 0.
600
ann 0. [ 0. n,
200 0,
0 Na 0. Na 0 0. 0 D. 0. «139F=01
-200 0.
-anQ n, 0. 0. 0.
-600
=ann 0. D 0.
-1000

=12n0 0.

=1A00

MAXTMUIN CONCFNTRATTION = el A9F =01

UNTT &4 LOCATIONMe X = 1eh 0T ¥ = lalakT7
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LANSTMG PAWFR PLAMTe SA2GFMT aml LHNDY fMG[nbERS. CONCENTRATINN = RFCIPROCAL METFRS SQUARED TIMES 10 POWERA

UNTT NUMRER = 1-=3 WINM AMGLE = nF w TN SPEED (FPS)

]

40 LOAD = FULL STRATIFICATION = NEUTRAL

STArCK HFIGHT (FT) = 151

X = 250 an0n 1000 2000 3000 4000 5000 6000 7000 anoo 9000
Y 448840800080 040 0SSPSOt S OSSOt USRS a Rt RSGdES eGSR ERU SRS SSEBOOGRBOOHESOBLREGBGBRORRBNB RSB ES
100
1200 0.
1noo
ANn «300E+02 «141F+02 «908E+01
a00
400 eléat+d s «25TF+02 «149F+02 «T2TE+D1
200 = o 1256+03
0 LPAIF4NT (S3ASF+02  L41TE+02 L202F+02 L24TF+02 L136E+N2 L126E+02 LT4RE+N]1 ,528F+01
=200 JH2HE 0]
=400 «HO1E+00 «635E+01 «156F+02 «934E+01
=600
=800 «4T1E+00 «148F+02 +A04E+01
=1000
-1200 Ne
=1600
MAX MM COMCEFNTRATTON = = ]
UNTT 4 LOCATTION, ¥ = TH& AT ¥ = lalan7
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LANSTMG PAWER PLANT s SASCEwl &3 LUNDY EMGTMEERS, COMCEMTRATINN = WeCTHRROCAL METFRS SQUARFD TIMES 10 POWFR6
UNTT NUMREE = 1-3 vIhG AMGLE = NF wIND SPFED (FRS) = a0 LNAD = FULL STRATIFICATION = NEUTRAL

STArCK HFIGHT (FT) = 151

X = 260 Ann 1o00 2000 3000 4n00 5000 A~000 T000 8000 9000
Y o880 00ttt 0ada sttt sttt ettt ot a NS Sea RS nd SN oR Nttt NS CRSRNOROORESDRRODRHGGESSRBRSEUBOGERBERGROOODBROGE
1600
1200 0
1000
A00 «hl1F+02 «3J01F+02 «209E+02
A00
400 R e (OF 402 «332F+n2 «150E+02
200 «532F+01
0 «P9TE+01  L10RE+0]  J699E+01  J49AF+01  3TTE+02 L2H4F+N2 L135E+02 L105E+02 L731E+01
-2n0 «131E+400
=400 N +376E+00 «205F+02 +103E+02
=600
-RAN00 «259E+00 147402 «ATOE+D]
-1000
-1200 0,
-1600
MAX TMUM CONMCFNTRATTON = el 1FaDg
UNTT & LOCATICN, ¥ = IRh AT ¥ = la]l,67

10 58

GGt



LANSTNG PNWF2 Pl ahTe SAkGENT and LUNOY ERGIMFRES, CONCEMTRATION = RFECIPROCAL METERS SRUARED TIMES 10 PNOWERG
UNTT NUMRER = 1=3 wIND ANGLE = nE WIND SBFEN (FRPS) = 40 LnAD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 140

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
Y #4880t o000 ot 008404 dad oot ot s oot ot oeadaaR it adeda S ad BRSO oR BRSO RSHSUERRENERREBHERHRORRODERED
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LANSTMG PRwFie PLAMT e SAWGENT 2P0 LUNTY R T F RS COMCENTRATTION = RECTIPENCAL METFRS SQUARED TIMES 10 POWERG
UNMTT NIMARFR = 4 wir AMGLE = pNE wIND SPFED (FPS) = &40 LNAD = FULL STRATIFICATION = NEUTRAL
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LANSTNG PAWFPR PLANTY SAkGHET anmi) LUNDY ERoTNFERS CONCENTRATION = KFECTPRNCAL METERS SOUARED TIMES 10 PNWER6
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LANSTNG BALFL B AT SAHGEMT abn LUKDRY FNGTNFERS, COMCENTHATTION = 2FCIPRACAL MFTFRS SOUARED TTMES 10 POWERG
UNTT NUMBFR = 4 Wit AMGLE = NF WIMD SBFED (FPS) = 40 LOaD = FULL STRATIFICATION = NEUTRAL
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LANSTNG PNWEw Pl AMTs SaSGENMT apg 1Dy
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LANSTNG PNwFe BLEFTe SawirnT AN [ 1INOY FMa]MFFES CONCENTRATION = PFCIPPNCAL METFRS SQUARED- TIMFS 10 POWER6
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LANSING PNWER BLanTe SewGrt T AR LUMGY ¢l [mEEr Yy COMCREMNTRATION = DECIPKOCAL METERS SQUAHED TIMES 10 PDOWERS
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LAMSTMG PAWER P AETe SAHGENT 480 LUMAY cp fe-f it CONCERTRATION = QFCTIMRACAL METERS SQUARED TIMES 10 POWER6
HMTT NUMHFER = 1=73 wlrmi) a%FLE = 4F #InD SOFED (FPS) = A0 LOoan = FULL STRATIFICATION = NEUTRAL
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LANSTMG PAOWER PLANTs SarGFMT At LIINOY rmnoltrekSe CONCENTRATTON = RECTIPROCAL METERS SQUARED TIMFS 10 POWERG
UNTT NUMRFR = 1-3 WIMD) AMGLE = ME AIMD SPEED (FPS) = 60 LOAD = FULL STRATIFICATION = NEUTRAL
STACK HFEIGHT (FT) = 151
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LAMSTNG FPOLED DLanTe SAHGENT AnD LUNDY ENGINEERS, CONCENTRuTION = wFCTIPRNCAL MFTERS SQUARED TIMES 10 PNWERGE
UNTT NUWMRFR = 1-3 wing AMGIF = NF wTND SPEED (FPS) = AD LOAlDY = FULL STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 140
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LANSTNG BPOWER PLANTs SARGFHNT ARD LINDY clin]hebESy CONCEMTRATION = RECIPROCAL METERS SQUARED TIMES 10 POWER6

UNTT NUMRER = 4 WIND ANGLF = NF WIiMD SPFEN (FPS) 0 LOAD = FULL STRATIFICATION = NEUTRAL

n
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LANSTNG PNAWER Pl AMTe SAEGr T aMir LHSEY plnfanf S CONCEMTRATION = RFCIPPOCAL METFRS SQUARED TIMES 10 POWERG
UNTT NUMRFR = 4 ST amta Fo= b wIND SPFEN (FPS) = &0 Lnan = 1/2 STRATIFICATION = NEUTRAL
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LANSTMG PNWER PLAMT e SARGCEMT AN LUNGY FMGTMFERS. COMCEMT=ATION = RECIPROCAL MFTFRS SQUARED TIMES 10 POWER6
UNTIT NUMRFR = & WINMDY AMGLF = NF wIND SPFED (FPS) = A0 LOAND = FULL STRATIFICATION = NEUTRAL
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LANSTNG PAWFR PLANTS SARGFRT abd LUMLY =toakF 5. CONCEMTRATION = RECIPROCAL METERS SQUARED TIMES 10 POWER6&

UMIT NUMBFR = 4 WTND AMGLF = Np WIND SPFED (FPS)

i
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STACK HFIGHT (FT) = &00
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LANSTING PNWER PLANTe SARGENT Amn LUNDY ENGINFERS CONCENTRATION = RFCTPROCAL METERS SQUARFD TIMES 10 POWER6
UNTT NUMRFR = & wWIny ANGLE = NME wIND SPFED (FPS) = 60 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 700
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LANSTNG POWER PLART e SAFGRLT and LURDY FNGINFERSS CONCENTRATION = RECIPROCAL METERS SQUARED TIMFS 10 POWER6

UNTT NUMRFR = 4 wlnl AMGLE = ME wIND SDFER (FPS)
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LANSTING PNWER PILAMT s SARGFENT At LIINDY Eno INFERSS CONCENTRATION = RECIPROCAL METERS SQUARED TTMES 10 POWER6
UNTT NUMRFR = 1-3 WIND ANGLE = Nw . WINN SPEED (FPS)y = 20 LoaD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 151
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LANSTNG POWER PLAMT. SARSENT and LUNODY ENGTINFERS, CONCENTRATION = WFCTPROCAL METERS SQUARED TIMES 10 POWER6
UNTT MUMRFR = =3 winD aNBLE = Hw WIND SPEEN (FRS) = 20 LOAN = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 151
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LANSTNG POWER PLANTe SARGEENT AN LUNOY FlaTMrERS, CONCENMTRATINN = RFCIPROCAL METFRS SOUARFD TIMES 10 POWER6E
UNTT MUMRFR = 1-3 WIND ANGLFE = W WIND SPFED (FPS) = 20 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 140

X = 250 S0 1000 2000 3000 4000 5000 A000 7000 AROOO 9000
Y 08444808 S8Rt a et ad Bt oat NS oSNt et U H SSRGS NSO G AR RSSO BB OB RS HSHGGRBSSBRONERRREBOHBBSOBOBOHBBBRGRGEY
1400
1200 ‘ 0.
1000
ano oD T3E+01 «140E+(2 «96TE+D1
AD0
anQ «B3IHE+U] «203E+02 «163F+02 «216E+01
200 «Fab4E+0]
0 WB29E+00 J15BE+02 J1A9E+02 o315E+01 L272F+01 L259E+00 ,554E+00 L12RE+01 L125E+01
-200 194 +01 -
=400 «354E+00 «H26F +00 «18RF =01 «441E+00
=600
=800 Do Ne i +TOTE=D1
-1000
-1200 0.

-1600

MAXTMUM CONCFNTRATION = «203F +02

UNTT 4 LOCATICN. x = 400,00 y = 25K,.33

10-717

PLT



LANSTHMG PNWES PLANMT. SAQGFAT andt L0 By s'hafefrbs, CoMCFNRTRATINN = RFCIPANOCAL METEHS SQUARED TIMES 10 PNWERG
UNTT NUMRFE = 4 w N ANMEE = vy #IND SPEED (FPS) = 20 LOAD = FULL STRATIFICATION = NEUTRAL
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LANSTNG PAwEw OLANMT. SARGENT Ak) | LNy ENGTMNFEAS CONMCENTRATINN = RECIPRNOCAL METEFRS SOQUARFED TIMFS 10 POWERGA
UNTT MUMBFR = 4 wiND aMGLE = MW WwIND SPEEN (FPS) = 20 LoAD = 1/2 STRATIFICATION = NEUTRAL
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LANSTNG PAwFR B ANTy SARGEMT AN LUNEY ENGINFERS, CONCEMTRATTION = RFCTPROCAL METFRS SQUARED TIMES 10 PNWER6
UNTT NUMHFR = & WIND ANGLE = MW wInND SPFED (FPS) = 20 Loan = 1/2 STRATIFICATION = NEUTRAL

STACK HFIGWT (FT) = S00

¥ = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
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LANSING POWER FLANMTW SARGENT anh LUNDY ENMGINFERSS CONCENTRATION = RECIPRNCAL METFRS SQUARED TIMES 10 POWER6

UNTT NUMRER = 1-3 WIND AMGLF = N wIMD SPEED (FPS) = 40 LOAD = FULL STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 151
X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
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=-1000
=1200 [/

-1600
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LANSTNG PnwFR PLAMT, SARGENT abn UMDY EMGTMERRS. CONCENTRATION = RECTIPRACAL METERS SNUBRED TIMES 10 POWERE

UNTIT NUMRFR = 1-3 WD AMGLE = NW wJND SPEED (FPS)

40 LNnan = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 1%]

X = 2sn 500 1000 2000 3000 4000 5000 6000 7000 8000 5000
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1600

1200 0.
1000

200 ' L164F+02 J142F402 J142E402

600

400 J619F 402 V3326402 <153E402 J127E+02

200 JTUGF 402

0 ©309E402 .5YTE+02 .403E+02 .252E+02 .196F+02 .123F+02 .992E+01 .91BE+01 .532F+01

-200 ' L3HPES02

-400 L156E+02 L1375402 L663E401 +355€+01

=600

-RA00 <236F+01 <1R9F+01 L156E+01
-1000

=1200 0.
-1A00
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UNTT &4 LOCATIONS x = afif.nn v = PoHL 43
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LANSTNG POWFER PLANMTs SARGFNT AMD LUNMDY ENAINFEES. CONCEMTRATINN = RFCIPROCAL MFTERS SQUARED TIMES 10 POWERS

UNTIT NUMRFR = 1=3 WIND AMGLF = NW wTnD SPEED (FPS) 40 LOAD = FULL STRATIFICATION = NEUTRAL

STaCK HFIGHT (FT) = 190
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LANSTNG POWER PLANT e SARGENT At LUNDY EhGTNFERSS CONCENTRATION = RFCTRPROCAL METERS SOUARED TIMES 10 POWER6G
UNTT NUMRFR = 4 WIND ANGLF = MW vIND SPEED (FPS) = an L&D = FULL STRATIFICATION =

STacw HFIGHT (FT) = 3Ing

X = 250 500 1000 2000 3000 4000 5000 A000 7000 BONO 9000
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MAXTMUM CONCENTRATTON = L1PuF+02
UNTT & LOCATIONS X = 400,00 Y = 258,433
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LANSTNG POWER PLANT SARGEMT AND LUNDY ENGINEERSS CONCENTRATION = BFECIP=OCAL MeETERS SNUARED TIMES 10 POWER6
UNTIT NUMREFR = 4 wIn AMGLE = N wIND SPEED (FPS) = a4l Loan = 1/2 STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 3N0

X = 2sn s0n 1000 2000 3009 4000 5000 AON0 T000 8000 9000
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UNTT & LOCATION, X = afin,on v = PHR, 33
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LANSTING POWES PLANT. SAPGENT abi) LUMDY ciGINErFRSe CONCEMTRATINN = RPECIPRAOCAL METERS SOUARED TIMFS 10 POWERG

UNTIT NUMRER = &4 wIn ANGLF = Nuw wIND SPEED (FPS) = 40 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HFEIGHT (F1) = =00
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LANSTING POWER PLANT.
UNTT NUMRFR = &
500

STACK HFIGHT (FT) =

X = 250

SARGENT AMD LUNDY ENGTINEERS.
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LANSTNG PAWEE FLANTe SARGENT AMD LUNMDY EMSINEFRS.

UNTT NUMRFR = & w[ND ANGLF =

STACK HFIGHT (FT) = 700

X = 250 “00 1000

M
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CONCENTRATION = RECTP&NCAL METFAS SQUARED TIMES 10 POWERSG
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LANSTING POWER B ANTs SARGFMT AND LUNDY ENGINFERSS CONMCENTRATION = RFCIPHOCAL MFTFRS SQUARED TIMFS 10 POWERSG
UNIT NUMBRFR = & wIND AMGLE = N #IND SPEFD (FPS) = 40 LNAD = 1/2 STRATIFICATION = NEUTRAL
STACK HEIGHT (FT) = 700
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LANSTING POWFR PLAMT s SARGEMT ARG LUMODY FRGTMEERSS CONCENTRATTION = QFCIPROCAL METFRS SNUARED TIMES 10 POWERG

UNTT NUMRED = ]-3 WIND AMGLE = Nu WIND SPFED (FPS) = 60 LOAD = FULL STRATIFICATION = NEUTRAL
STACK HETGHT (FT) = 151
X = 250 590 1000 2000 3000 4000 5000 A000 7000 8000 9000
Y ﬂﬁ*ﬁ-ﬁﬂ-ﬂé-ﬁ-ﬂ-nﬁ%ﬂﬂﬂ-ﬂ-ﬁ-t‘-ﬂ-ﬂﬁﬂ-ﬂ-#hﬁ&#*ﬁﬁﬂﬁﬂ"}ﬂ'-ﬂ*d-':(-ﬂﬂ#*.ﬂ'!lﬂ'#L‘ﬂ'ﬁ‘ﬁ'*##ﬂﬂ"ﬂ‘ﬁﬂﬂﬂﬂ##ﬂ#ﬁ**ﬂ"ﬂii{f#ﬂ'#D‘ﬂﬁGﬂGﬂﬂﬁ#ﬂ-ﬂ#ﬂ*ﬂ'ﬂ‘ﬁﬁﬂ-ﬂﬂ-ﬂ-#ﬂ‘#ﬂﬁﬂ'
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LANSTNG POWFE PLANT e SARGENT AnG LUNDY FMGTMEERS. CONCEMTRATION = RECIPRNCAL METFRS SQUARED TIMES 10 POWER6

UNIT NUMRER = 1=3R wIND ANGLE = nw ATND SPEED (FPS) = 60 LDAD = FULL STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 151
X = 25n 500 1nno0 2100 3on0 4000 5000 6000 7000 8000 9000
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=1A00

MAYTMUM CONCFNTRATTOM = JALAF+NP
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LAMSTNG PowF& PLAMTs SARGENT aAND LUMDY ErRGINFERSS CONCENTRATION = BPFCIPROCAL METERS SOQOUARFD TIMFS 10 PNWERG

UNTT NUMRFP = 1=3 WIND ANGLE = Nk wIND SPFED (FPS)

n

60 Lnan = FuLL STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 190
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=1000

=1200 0
-1600
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LANSTNG POAWFR FLANTs SAHGFNT AR LINDY ENGIMEFLS. CONCENTRATION = RECIPROCAL MFTEKS SQUARED TIMES 10 POWER6

UNTT NUMRFR = 4 wlND ANGLFE = MNu WIND SPEED (FPS) 60 LOAD = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 300

X 250 500 1000 2000 3000 4000 5000 6000 7000 8000 9000
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LANSTNG PNwER PLAMTs SARGFNT and LUNMDY FMGINFFERS. CONCENTRATION = PECIPRNCAL METERS SQUARFD TTMES 10 POWER6
UNTT NUMRFR = 4 WInND eNGLE = MW WIND SPFED (FPS) = Al Lnanp = 1/2 STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 3np
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LANSTNG POWFR PLANT .
UNTT NUMRBFR = &4
STack HFIGHT (FT) =

X 250
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| ANSTNG PNWER Pl ANTe SARGFAT amb LUNDY EMGTNEFRS CONCENTRATION = BFCTPROCAL METFRS SOQOUARED TIMES 10 POWER6
UNTT NUMRFR = &4 wlMi) aMNGLF = Nw «InD SPFEN (FPS) = 5 LNaAD = 1/2 STRATIFICATION = NEUTPRAL

STACK HFIGHT (FT) = 520
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Y #ed4utad e sttt s nd et sttt H eSSt St RS d 0B SRR ORI RN SR DRI RHDUBNURG S HR S VGGG B GHTOGEHBUBHBF BB RERERBEBGHEE
1600
1200 0.
1000
ANo «H20F+01 «124F+02 «4B83E+01
aN0
400 N, «119F+02 «1B2F+N2 «P4RAFE+02
200 «163E+01
0 S13RF 01 J15TE+01  LJ11TE+02 L279F+02 L3T2E+02 L170E+N2 L162FE+02 L206E+02 L145E+02
=200 «S85E+00
=400 «525F =01 J4aHF 01 «506F+01 «581E+01
-600
-AN0 «36TF+00 «157F+00 W241E+01
=1000
-1200 0.
=1600
MAXTMUM COMCEMTRATTION = «3T2F 402
UNIT 4 LOCATIONS X = 40N, 00 Y = 2e8,33

10-96

€61



LANSTNG POWER PLANMTs SARGFMT AND LUNDY eMoINFERS. CONCENTRATION = RECIPROCAL METERS SQUARED TIMES 10 POWER6E
UNTT NUMRER = & wiND ANGLF = NW wIND SPFED (FPS) = K0 Lnan = FULL STRATIFICATION = NEUTRAL

STACK HFIGHT (FT) = 700
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LAMSTING PAWER PLAwTe SARGFMT A LUNDY FMGIMEFRS. CONCEMTRATION = CECTPRNCAL MFTERS SWUARED TIMFES 10 POWERG
UNTT NUMRER = 4 i wIMND AMGLF = MW wlnh SPFED (FPS) = A0 Lnan = 1/2 STRATIFICATION = NEUTRAL
STACK HFIGHT (FT) = 7n0
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Table 11 Concentration Data for Stable
Flow Conditions



LANSTNG POWFR PLANTS SARHGFNT amh LUNDY ENGINFFRSe CONCENTRATION = RECIPROCAL METFRS SQUARED TIMFES 10 POWERA
UNIT NUMBFR = & wlhnD AMGLE = NE WIND SPEED (FPS) = 20 LOAD = FULL STRATIFICATION = STARLE

STack HEIGHT (FT) = 300
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LANSTNG POWER PLANTs SARGFNT AMD LUNDY FNGIMFFRS. CONCENTRATION = RECIPRNCAL METFRS SQUARED TIMES 10 PNWER6
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LANSTNG POWER PLANMTs SARGFNT anD LUNDY ENGINEERSS CONCENTRATION = RFCIPROCAL METFRS SQUARED TTMES 10 PNWER6E
UNIT NUMRER = & WIND AMGLE = NE wIND SPEED (FPS) = 20 LOAD = 1/2 STRATIFICATION = STARLE
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