WIND TUNNEL STUDY OF STACK
GAS DISPERSAL AT
THE AVON LAKE POWER PRANT

by TN
Q?o GLA‘ &%ﬁh
R.N. Meroney*"ﬁQb da
J.E. Cermak* 9y 7%
J.A. Garrison** Ey 7
B.T. Yang** 4@3
S.K. Nayak** As

Prepared under contract to
Commonwealth Associates, Inc.

Jackson, Michigan

Fluid Dynamics and Diffusion Laboratory
Department of Civil Engineering
College of Engineering

Colorado State University

Fort Collins, Colorado

-‘...

April, 1974

* Co-principal Investigators
** Research Engineers CER73-74RNM-JEC-BTY-SKN35



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 Avon Lake Power Plant of the
Cleveland Electric Illuminating Company, Ohio. 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, precipitator location, 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) Stacks for Units 6, 7, 8 and 9 do not entrain directly into the
building complex cavity for any wind angle, velocity, or load condition
studies. Stacks for Units 1-5, being shorter, may entrain for wind
velocities greater than 30 mph.

2) When the new precipitators proposed for Units 6 and 7 are ele-
vated next to the north face of the boiler units the resulting wake ad-
versely affects plume rise for stacks from Units 1-5, 8 and 9 for wind
angles of 285° and 300° true. This position of the new precipitators also
adversely affects plume rise for Units 6 and 7 for wind angles 30° and
45° true.

3) No significant reduction in ground-level concentration for the
new stack proposed for Units 6-7 would be gained for neutral flow

situations by increasing the height from 500 to 600 ft.
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4) Concentration measurements show that maximum ground-level
concentrations will result from Unit 8 at full load for onshore wind
flow. However, similar concentration levels are also reached by the
effluent from Unit 9. Ground concentrations for Units 6-7 reach
maximum concentrations for full load, high wind (>30 mph), onshore

wind angle conditions.

Onshore Breeze with Stably Stratified Flow

5) Plumes from all stacks are entrained into the low-level mixing
layer as it grows over the land. This results in greater ground-levezl
concentrations for each stack than found in the equivalent neutral
situation. The result is most severe for plumes released from the
shorter stack heights.

6) The highest ground-level concentration for any stack durinz
the stratified condition is three times greater than the worst neutral
flow situation.

7) For Units 6-7 high vertical-mixing rates may increase ground-
level concentrations six times over the worst neutral condition. This
statement must be tempered by the realization that the neutral maximum
is itself not very large.

8) Increasing the stack height for Units 6 and 7 from 500 to
600 ft reduces the ground-level concentration maximum by only one-third.

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 II for motion picture sequences). A set of
black-and-white photographs of each plume realization further supplements

the material presented in this paper.
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1.0 INTRODUCTION

A wind tunnel study of the Avon Power Plant, Cleveland Illuminating
Company, Ohio, was motivated by the desire to determine the optimum
height of stacks and location of precipitators 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 west of Cleveland near Lake Erie.
Its particular location is such that the ambient wind may carry stack
exhaust over the land mass. In addition on intermittent occasions a
lake breeze exists which combined with unstable stratification over the
heated land mass may cause stronger vertical mixing.

Commercial fossil fuel steam electric generating stations genzrally
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 damage or nuisance; used without due consideration for its widely
varying dispersion capacity, pollutants may at times remain at suffi-
ciently 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 situa-
tions. Hence, it is necessary to design gas exhaust systems such that
adequate dispersal of gaseous materials will occur under any reliastic

meteorological 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 semi-empirical 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

50,537,40,10" Tpese mathematical models

and Pasquill, Roberts and Cramer.
require the assumptions of plane homogenecus 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%.

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 test5.33’15

A number of wind tunnel studies have considered the effects of

variations in a single building geometry on plume entrainment and



; 4 16,49,12,23
dispersion.

These studies have permitted the specification of
pertinent scaling criteria for model studies of plume excursions near
buildings. Model laws will be discussed in greater detail in Section 2.
Since each arrangment 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

. plants.15’24’11’44’19’29’30’32’7

These studies are signifi-
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.ll
The purpose of this study is to determine the behavior of plumes
created by gases discharged from a proposed new stack for Units 6 anc 7
and existing stacks for Units 1-5, Unit 8 and Unit 9 of the Cleveland
Electric Illuminating Company Avon Lake Plant (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 location, height and precipitator location for Units 6
and 7 by loading level, wind direction, wind speed and thermal strati-
fication of the atmosphere for plumes originating from stacks serving
Units 1-5, Units 6 and 7, Unit 8 and Unit 9. A wide range of meteoro-
logical conditions can be simulated in the meteorological and environ-
mental 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) and the
onshore breeze with a stably stratified lake breeze flowing onto a
heated land surface.

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 conserva-
tion of mass, momentum and energy. Detailed discussions have been
given by Halitskyl6’ Martin29 and Cermaks. Basically the model laws
may be divided into requirements for geometric, dynamic, thermic and
kinematic similarity. In addition, similarity of upwind flow character-
istics and ground boundary conditions must be achieved.

For the Avon Lake Power Plant study, geometric similarity is
satisfied by an undistorted model of length ratio 1:400. This scale
was chosen to facilitate ease of measurements, provide a boundary layer
equivalent to 800-1000 feet 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 Avon Lake
Power Plant at a scale of 1:400 produced a blockage of 2.7 percent in

the MAT and 1.0 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:



p = density of ambient air

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

stack gas
@ = local angular velocity component of earth
u_ = dynamic viscosity of ambient air

V_ = speed of ambient wind at stack height
V_ = speed of stack gas emission

H = stack height

D = stack diameter

8§ = thickness of planetary boundary layer

z = roughness heights for upward surface

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

upon which the dependent quantities of interest must depend:

<

a % D ay
H H’> ¢ ’ VZ’&yD’gp

3|
2|

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

¢ VH Vv

ila 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.

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 2x104. This implies that surface or drag forces are directly
proportional to the mean flow speed squared. In turn, this condition
is the necessary condition for mean turbulence statistics such as
root-mean square value and correlation coefficient of the turbulence
velocity components to be equal for the model and the prototype
flow.16’8

Golden, as cited by Halitsky15’16, found that for flow about a cube
for Reynolds numbers above 11,000, there was no change in concentration
measurements. The minimum Reynolds number encountered in the present
study was 14,000 based on the model scale of 1.0 ft and a minimum velocity
of 2 fps. Correlation tests of flow about the Rock of Gibraltar flow
over Pt. Arguello, California, and flow over San Nicolas Island,
California, may be cited as examples of large Reynolds number flows which

have been modeled successfully in a wind tunnel.M’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 Avon Lake Power Station building
may be approximated by S5H = 1000 ft. Based on the measurements of
Evans13 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 Jensenzs. 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 fie1d§ indicates a strong effect of the
upstream wind profile on the kinema;ic behavior of the fluid near thes
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 rough-
ness height 20.8 For the Avon Lake site typical roughness lengths for
land to sea breezes is assumed to be less than 3 ft, while sea to land
winds may be typified by a length less than 1/2 in.s1 This means the
critical sea to land wind velocities cquld be modeled in the wind tunnel
by a roughﬁess length of less than 1/400 in., or essentialiy a smooth
upstream surface. A turbulent boundary layer approximately 2 ft thick
was produced by an upstream fetch of 40 ft in the wind tunnel.

Equality of the parameter paVaz/(ﬁyD) for model and prototype in
essence determines the relationship between the atmospheric wind speed
and the model wind speed once the geometric scale has been selected
(1:400 in this case). Often this criteria results in (Va)m being too
small to satisfy the minimum Reynolds number requirement. When this
happens to the specific weight difference for the model (ay)m can be
made larger than (ayjp to compensate for the effect of small geometric
scale.

Using the lowest stack height (280 ft) and a wind speed of 15 mph

or 22 ft/sec and a scale of 1:400, the Froude number equality gives
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2

(Va)m o 1 ; (M)m
< 2 4007 (Ay)
(VaJp p
or
I 5
(Va"m =30 [(AY)M/(MJp] 22

When the specific weight-difference ratio is unity

(Vajm = 1.08 ft/sec.
The corresponding model Reynolds number then becomes approximately

Vafall 1.08x1
( u )]Tl o= -4
a 1.5x10

7200 < 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; how-
ever, 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 2.33. The permissible minimum
wind speed (Va}M then becomes 1.67 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
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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

by the ratio of their respective momenta.15’16’49’11’29

When the proto-
type and model plumes have the same density this reduces to a ratio of
velocities. 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
Y P
= sp sp [ am
V=1V ,
sm am V p 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.

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

developed by Hoult.21 It became apparent that given the Froude number,

2 . .. . . 2 2
pava /(AyD), is scaled exactly, requiring equality in psvs /paVa
when Ay/pg is distorted results in too early a dominance of buoyancy,

a raised total trajectory, and an overly optimistic prediction of ground
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level concentration. On the other hand if one requires equality of
only the Vs/Va ratio the initial stack momentum is too low, the tra-
jectory issuing from the stack exit falls beneath the prototype
behavior, and slightly conservative estimate of potential ground con-
centrations 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 Units 6-7, Avon Power Plant, 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:

p VaH
if Re == 11,000
s H
a
pavaz
g/ Fr = M—D : (Fr)m = fFI‘)p
VS
3/ R =->;R =R
= L m p

4/ (z )

— o’m - (zo)p
5/ Similar velocity and turbulence profiles upwind.

Operating conditions for the Avon Lake Power Plant have been

supplied by Commonwealth Associates, Inc. for the various units at

full and one-third load burning Ohio Coal. (See Table 1). Meteorological

data converted to the form of wind rose patterns (Fig. 4) suggest
tests at eight primary wind orientations. Modeled wind velocities,

stack velocities, and plume densities based upon the selected scaling

criteria are tabulated together in Table 2.
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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. During an onshore wind this stable marine air
layer is heated from below by the land surface - assuming a neutral
superadiabatic lapse rate in the lower levels while retaining a stable
condition above. With increased distance from the shoreline the heated
region, or mixed layer, grows vertically until the original stable layer
is destroyed.

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. At some point inland
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 vevey, Haladir 28,508

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
discussed previously by Cermakﬁ, Yamada and MeroneySI, and SethuRaman
and Cermak.43 Similarity of the stably stratified flow approaching the

power plant from Lake Erie can be achieved by requiring equality of

the bulk Richardson number

I
v 2
a

Ri =

ailz

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

is the difference between mean temperature (potential temperature for
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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 fumigation resulting from
destabilization of the stable lake breeze similarity must be attained
for heat transfer from the warm land surface to the atmosphere. The

Monin-Obukhov length scale

_U*3

Lo = Te/D @/C,)

for similarity of the atmospheric surface layer provides a good gross
parameter when combined with the stack height H to form a dimension-
less ratio H/L. In this expression U, 1is the shear velocity (TO/D)%,
T is the surface shear stress, p 1is the average air density, Cp is
the average specific heat for unit mass, q 1is the surface heat flux and
k is the von Karman constant (0.4). To obtain equality of H/L for
the laboratory flow and the atmosphere L must be 400 times smaller

for the laboratory flow than for the atmosphere. This is accomplished
by testing at a low velocity Va of about 1 mi/hr (this results in a
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 as one moves inland from the shoreline.

In addition momentum and heat flux information do not appear to be

conveniently available for the field or model case.
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The similarity between the flow generating mechanisms of sea bresezes
and flow over "urban heat islands' suggest alternative parameters.
Linear numerical analysis of Olfe and Lee36 and experimental and
numerical studies by Yamada and Meroney54 suggest the intensity of
locating by the land surface may be characterized by a heating ratio

R = (Tyand - Tsea)) .

(Tz=H N Tz=z1 over sea Horizontal

|=

=

Since the vertical to horizontal modeling scale is undistorted the
parameter reduces to a single temperature ratio.

A survey was made of available meteorological data which typified
= 3 G . : 25-28

sea breeze - fumigation'" situations in the Great Lakes area.

Only two of four experimental realizations appeared complete enough to
estimate the required parameters Ri and HR. Table 3 summarizes the
field conditions considered and the resulting range of parameters

typical of fumigation. It would appear that laboratory values to

examine are:

HR) = 1.3 ~ 1.9
( )p

. _ i i ;
(RlBulk)p 1.25 ~ 1.5 at H ~ 400'.

Laboratory conditions were chosen to simulate these situations
as closely as possible. Table 4 lists the tunnel conditions and

parameter values examined.
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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 onshore breeze - fumigation 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 MWT test section. Thermal stratification
in the MWT is provided by the heating and cooling systems in the section
passage and the test section floor. The flexible test section roof on
both the EWT and MWT are adjustable in height to permit the longitudinal

pressure gradient to be set at zero.

3.1.1 Test Configuration in the EWT

Vortex generators were installed at the tunnel entrance together
with an initial roughness to accelerate the preliminary growth of the
modeled boundary layer. The Avon Power Plant model was centered on a
6 ft diameter turntable placed 18 ft from the entrance configuration
(Fig. 5). The model was placed on a false floor which simulated the
shoreline height rise from the average lake level. The floor of the

tunnel was pierced by 58 taps arranged in sampling arrays to measure
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ground level concentrations. The false floor was precut in a series of
segments to permit orienting the shoreline - breeze angle to eight cases.
The upwind tunnel floor was smooth to simulate the lake roughness.
Blocks of plastic model trees were arranged on shore to simulate addi-
tional roughness due to wooded areas on built up construction downwind.
The density of these model trees was related to photographs taken of the

area (See Fig. 7).

3.1.2 Test Configuration in the MWT

Only two and approach angles were examined for the fumigation
study - 315° and 345°. The upwind flow thus approached over the lake.
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 (Fig. 8) were placed on the
tunnel floor. These panels were connected to the facility refrigeration
system and cooled to approximately 32°F. Fillets were installed in the
bottom tunnel corners to cover the plumbing connections and reduce
resulting wake turbulence. From 40 ft to the end of the test section
a permanently installed set of electric heaters were used to raise the
aluminum floor temperature to a level prescribed by the heating ratio,
HR. (See Fig. 9). 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 aluminum to a linear scale of

1:400. (See Fig. 10). The basic flat topography was reproduced by
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fixing the model to a 1/4 in. thick aluminum plate. Aluminum was chosen
to allow model heating during the onshore-breeze fumigation study phase.

The model was built to dimensions taken from Cleveland Illuminating
Company Drawing 5BV-149 and sketches of Scheme 2 and Scheme 5 for the
new stack-precipitator arrangement provided by Commonwealth Associates,
Inc. Two stacks were constructed for Units 6 and 7 - one 500 ft and one
600 ft in height. The top exit consisted of two 12 ft diameter exhaust
flues which extended 12 ft from the chimney base structure. Precipita-
tors were movable so that tests could be made in alternative positions -
one at the base of the proposed stack and another elevated to the north
side of the boiler units. In the EWT all connections to the stacks were
made from beneath through the base plate. In the MWT the permanent
aluminum tunnel floor required the addition of fittings at the base of
each stack.

Metered quantities of gas were allowed to flow from each stack to
simulate the exit velocity and also account for buoyancy effects due
to the temperature difference between the stack gas and the ambient
atmosphere. Helium and compressed air were mixed in metered amounts
to adjust the specific weight as proposed in Section 2. Fischer-Porter
flow rator settings were adjusted for pressure, temperature, and molecular
weight effects as necessary. When a visible plume was required the gas
was bubbled through titanium tetrachloride before emission. When a
traceable plume was required a high pressure mixture of 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
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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 Hasselbland
camera. Stills were taken with camera speeds of both 1/30 and 30 seconds -
the first to capture characteristic plume excursions on the short time
scale, the second to identify mean plume boundaries. A complete series
of color motion pictures were also taken with a Bolex motion picture
camera mounted on a movable dolly which was traversed the length of

the tunnel parallel to the plume trajectory at the average wind speed.
Complete sets of these still pictures and motion picture sequences were
provided to Commonwealth Associates as a separate part of this final

report.

3.4 Wind Profiles, Temperature, and Turbulence Measurement

A DISA Type 55DO constant-temperature hot-wire anemometer system
was utilized to measure the up and downstream velocity profiles
(Fig. 11) in the EWT. Thermal stratification in the MWT precluded
straightforward use of the hot-wire system; hence, an eddy shedding
system based on the Strouhol shedding frequency of a cylinder in a cross
flow was constructed.20

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
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be counted by means of constructing Lissajous figures on the oscillo-
scope (Fig. 12). Velocity was determined from Roshko's data relating
Strouhol number to Reynolds number (See Table 5). Previous comparison
of velocity measurement so measured with a smoke wire technique suggests
accuracies to 2 percent.

Measurement of temperature was made with a miniature thermister
(Fennal glass coated bead) system constructed by Yellowsprings, Corp.
(YSI Model 42 SC). Figure 13 displays the thermometer and eddy shedding
equipment. Thermocouples mounted in the MWT aluminum floor were used
to monitor boundary temperatures and set electric heater controls.

Table 6 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. 14a and 14b and described in Ref. 7. A sampling
grid of sample points was spaced on the wind-tunnel floor (Figs. 7 and
15) at suitable locations to establish the plume axis and locate the
points of maximum ground-level concentrations. A reference sample
point was located in the free stream, upwind of the model to measure

the background concentration in the tunnel. The general arrangement of
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the sample points for the eight directions investigated in the EWT is

shown in Fig. 7.

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 cata 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:

Cpm - Background (Cpm) = Cpm*
Cpm* x Counting Yield (p Curie/cc/Cpm) = x(uu Curie/cc)

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

to the readings, and in this case the correction is,
Cpm - Background = Cpm*

Cpm*
1-1.77 x 10_6 x Cpm*

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

- p Curie: pico curie (10_12 curie)

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 ¥ G?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

]

18.0 p Curie/sec

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

-6
xV _ 80 x 10 ~ x 60.96 « 104 - 2.7 m-2

Q 18

(= .25 ft'z)

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

- = m
1 ftlm = 400 ftlp (= 122 *[ ),

one can write

K% = =5 x L )
Q'p 400> QM

or
le (m-ZJ —_— | % le (m—Z)
LK 4007% QM
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or in terms of the above example,

X g%y = Lo x 25 =157 x 107° (867
Q'p 400°
or
A w2 = —25x2.71=16.94 x 10°° @)
Q'p 400°

This sample scaling of the concentration parameter from model to

field appears to give reasonable results.

(7)

specific information concerning the prototype 502 source strength.

To convert these results to concentration in ppm of SO

2 requires

If

the source strength of Unit 6-7 is say 944.6 gm/sec-502 and the mean

wind speed is 22 ft/sec then

o XY Q . -6 944.61/454.
B ® Q|p X le & 1.57 % 10 ¥ ¢ 53 )
5 D148 5 100 16/ft3 - 80,

-6 944.6 =% 3

(or e = 16.94 x 10~ x (iihihﬁfifﬂ = 2.42 x 107 g/m

3.5.2 Errors in Concentration Measurements

2.42 x 10° mg/m3 x 0.375 x 107>

.91 ppm - 802

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

counting rate % for a sample is
s
1/2
Rs ts %
where Rs+b s the observed sample-plus-background rate, Rb is the

background rate, tg 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+b is large in comparison with

Rb’ a long background measurement is not needed to make the error contri-
bution from the background rate negligible. On the other hand, when

R is comparable to Rb’ both ts and t, must be very long for

b

small values of op - In the present experiments, an effort was made
s

to keep the probable errors in concentration measurements within 10

s+b

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.
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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

.
“* @av,
where
x = sample volume concentration
A = frontally projected area of power plant complex
Va = mean wind velocity at some references height
Q = gas source release rate

This expression is specifically suitable for measurements within the
near-wake and cavity region. Data reported herein, however, represent
measurements made at equivalent distances of 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 concen-
tration data has also been reported to Commonwealth Associates under
separate cover in terms of the ratio Vax/Q which has units of length
squared. For dispersion in a homogeneous flow this should produce
similarity for various Va and Q values. The significance of all
results are discussed in the following section.

When interpreting model diffusion measurements it is important

to remember that there can be considerable difference between the
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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 hori-
zontal meandering, should correlate with the wind tunnel data.18 In
order to compare downwind measurements of dispersion to predict average
field concentrations it is necessary to use data on peak-to-mean
concentration ratio as gathered by Singer, et 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

. 18

, - and the sampling time is Ko ™ & Field experiments may be

compared with wind-tunnel data by the formula:

-1 ,-2
ap V—l h—2 T
Qm m m .

vhere Xy is the maximum axial concentration, Q discharge rate of gases

from a stack, V wind speed, h effective height of stack, t sampling
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time, and subscripts p and m represent 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 o, and cy 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.

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 has been made herein 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 was 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 4. 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 which is perpendicular to the shoreline.
Downwind distances refer to lengths as measured from the roof mounted
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 over the open lake.
Figure 11 shows the development of the velocity profile over the model
for an onshore wind. 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
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profiles were carefully produced over roughness tailored to reflect the
characteristics of the site, it is expected that the prototype flow is

adequately represented in the model.

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 intepretation 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 6-7 at wind angle 285°
for full load at various wind velocities. 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 suf-
ficiently large free stream velocity the plume intermittently entrains
behind the stack itself, the plume may intersect the building wake, and
gas is brought to the ground at points near the building. For the
shortest set of stacks (Units 1-5) at high wind speeds the plume may
become completely entrained in the building complex cavity. Entrain-
ment, 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 down-
stream cavity stagnation point from which it diffuses upstream into the

cavity proper. Downwash will be understood as severe entrainment where
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the plume does not penetrate the separation streamline but rather
ventilates directly into the cavity region. A decrease in load from
full to one-third has the same effect on the plume behavior as an in-
crease 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 6-7, wind angle 15°, when the mean effective wind speed

is 15 mph.

It is instructive to examine the plume behavior for both instan-
taneous 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.

For most wind approach angles the building complex appears to have
a similar effect on plume behavior or entrainment. However, for Unit 6-7

(-30°)

a wind direction of 315°True seems most critical over all wind

speed and load conditions. Units 1-5, 8, and 9 are sensitive to wind

(-30°) (+30°)

orientations of 315°True or 45%True

representing slight
inclination between wind and shoreline or building force.

When the precipitators for the new Unit 6-7 system are placed in
an alternate position elevated beside the north face of the boiler

units the plumes emitted from Units 1-5 and Unit 8 are entrained

severely.
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The observed ''touchdown' distances evaluated from the flow visual-
ization tests are summarized in Table 7. 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 photo-
graphs tend to confirm the initial opinion. Complete sets of instan-
taneous (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 11.

4,2.3 Test Results: Concentration Measurements

Turbulent diffusion of gaseous effluent released at four different
stack locations were studied. Three represented effluents from existing
units (1-5,8, and 9) while the fourth represents the presence of a
new stack and its precipitators (6,7). Krypton-85 concentrations at
ground level and in the vertical were measured at distances equivalent
to 250 ft to 8,000 ft downwind; the latter depended on total model
extent. In the initial stage of measurements 50 samples were.taken
over the model including six elevated samples at 6,000 ft downwind. It
was found, however, that the plumes behaved in a predictable manner and
to conserve time the sample locations were limited to 25, eliminating
the unnecessary outlying measurements and the vertical sample wake.

All concentration data have been converted into equivalent levels
of SO, in ppm. The source concentrations assumed for each stack and
load condition are summarized in Table 1 based on the assumed use of

Ohio coal as provided by Commonwealth Associates, Inc. Under separate
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cover the data has been provided in the dimensional form xV!Q(qu)
where x 1is the concentration over the assumed and tunnel averaging
time, Q 1is the source strength, and U is the mean wind at stack
height. 1In addition results were reported therein in terms of micro-
grams of SOZ/meter cubed.

The results for various sources, loads, wind directions, and wind
velocities are presented in Table 12. The coordinates x and y shown
in the tables are explained in the definition sketch in Fig. 7. The
maximum concentration measured and its respective downwind location
for each situation have been gathered together in Table 8.

For full load, Units 6-7, maximum 24 hour concentrations occur at
ground level for 15°True(+30°), 30 mph; 15°True(+30°), 45 mph; 45°True
(+60°), 45 mph; and +275°True(-60°), 30 mph. Values appear to range as
.069, .050, .075, and .041 ppm respectively. For one-third load,

Units 6-7, maximum ground concentrations occur for 15°True(+30°9), 30 mph;
and 2759True(-60°), 30 mph with values of .040 and .047 ppm respectively.
An appendix is included which gives a short discourse on plume calcula-
tional techniques pertinent to the cases examined herein. The example
case supplied would suggest a marked effect on downwind diffusion of
effluent as a result of an intense wake resulting from the building
complex. A single plot of concentration levels as contoured by a
microfilm plotter is provided in Fig. 19 for comparison to the tabulated
results. It is hoped this will provide mental guidance to the expected
variation of ground concentration when examining the many tables.

The cumulative effect on ground concentrations for simultaneous
releases from all stacks for the same load, wind direction, and wind
speed are found in Table 13. These results must be considered at best

representative since it is unlikely all units will be operated
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simultanesouly at full or one-third load. In some configurations plumes
from about nine failed to touch ground over the model extent and thus

they make no contribution to the total concentration level.

4.3 Phase B: Stable Stratification with Fumigation

4.3.1 Test Results: Characteristics of Flow

All experiments were carried out in the MWT over the range of
conditions shown in Table 4. The atmospheric boundary layer was modeled
to produce a velocity and temperature profile equivalent to flow over an
open lake. Figure 12 shows the initial upwind profiles of velocity and
temperature. Turbulence was essentially absent as evidence by the
behavior of smoke plumes released over the cooled model lake surface.
The profiles are conditioned by the heated land surface and the
presence of the building complex. An inner surface flow of turbulent
well mixed characters grows beneath the capping stable lake air.

Figures 20 and 21 display the eroding effect of unstable air. The small
thermister utilized had a short time constant; thus the temperature
fluctations displayed are an indicator of the intensity of turbulence.

Figure 22 displays the inner boundary layer growth for the
three surface heating intensities studied. Initially the region grows
at a rate proportional to downwind distance to the 0.8 power. Subse-
quently beyond about 1,000 - 2,000 ft the growth rate is proportional to
downwind distance to the 0.5 power. The behavior of the initial region
corresponds to previous experience for measurements over slightly
roughened surfaces. The later growth rate corresponds to behavior noted

by Prophet for sea and lake breeze systems.39
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When the model is in place the building complex wake displaces
the inner boundary layer upwards significantly. Thus the maximum
ground level concentration occurs closer to the plant site than if all

emissions were from an isolated stack.

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. 23 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 Fig. 23 show side views of
the behavior of a smoke plume released from Unit 6-7 at wind angle 345°
for full load at various land surface heating rates. The more intense
heating (HR = 1.5) accelerates the mixed layer growth and the entrain-
ment of the plume. A decrease in load from full to one-third has the
same effect on the initial plume as an increase in wind speed; however
the small mixed layer character remains the same. (See Fig. 24).

The observed '"touchdown' distances evaluated from the flow visual-
ization tests are summarized in Table 9. These distances represent
locations where the visual impression is gained that the plume resides
greater than 10 percent of the time. Once the plume intercepts the
inner boundary layer the smoke is mixed downward at a rate which gives
a lower plume boundary of about 30 to 45°. Hence the plume is not
brought immediately to the surface after it enters the mixing layer

as suggested by the simplified physical model.

4.3.3 Test Results: Concentration Measurements

Twenty-five ground level sampling locations were prepared at distances

equivalent to 1,000 ft to 8,000 ft downwind. Measurements of Krypton-85
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activity at these locations have been converted to equivalent SO2
concentration in ppm per the earlier discussions. The results for
various sources, loads, wind angles, wind velocities, and surface
heating rates are presented in Table 14. The maximum concentration
measured and its respective downwind location for each situation have
been accumulated into Table 10. For full load, Units 6-7, maximum

24 hour concentrations occurred for a 500 ft stack at 315°True(-30°) -
i.e. 0.403 ppm. A 600 ft stack provided enough additional plume
elevation to reduce this to one-third the level - i.e., 0.147 ppm. For
a one-third load situation the 500 and 600 ft stacks develop ground
level concentrations of 0.193 and 0.171 ppm respectively.

The Appendix titled Dispersion Calculations also contains a
critique of current understanding for dispersion during fumigation
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 Stack Location

After all visualization and concentration measurements were
completed it was learned that the stack for Units 6 and 7 would be
constructed at a slightly different location at the eastern edge of the
plant site (see Figure 2). Visualization studies were performed for
Units 6-7 stack in this new location for wind angles -60%and -90°. No
indication was found that this new location would aggravate the plume

behavior for these worst possible approach flow directions.
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5.0 CONCLUSIONS

The investigation was undertaken to determine the dispersion of
exhaust gaseé released from stacks of the Avon Lake Power Plant operated
by the Cleveland Electric Illuminating Company, Ohio. The primary aim
of the study was to determine the optimum height of stack to replace
previous stacks for Units 6 and 7 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) Stacks for Units 6, 7, 8 and 9 do not entrain directly into the
building complex cavity for any wind angle, velocity, or load condition
studied. Stacks for Units 1-5, being shorter, may entrain for wind
velocities greater than 30 mph.

2) When the new precipitators proposed for Units 6 and 7 are
elevated next to the north face of the boiler units the resulting wake
adversely affects plume rise for stacks from Units 1-5, 8 and 9 for wind
angles of 285° and 300° true. This position of the new precipitators
also adversely affects plume rise for Units 6 and 7 for wind angles 30°
and 45° true.

3. No significant reduction in ground-level concentration for the
new stack proposed for Units 6-7 would be gained for neutral flow
situaticns by increasing the height from 500 to 600 ft.

4. Concentration measurements show that maximum ground-level
concentrations will result from Unit 8 at full load for onshore wind
flow. However, similar concentration levels are also reached by the

effluent from Unit 9. Ground concentrations for Units 6-7 reach
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maximum concentrations for full load, high wind (>30 mph), onshore

wind-angle conditions.

5.2 Phase B: Stable Stratification with Fumigation

5) Plumes from all stacks are entrained into the low level mixed layer
as it grows over the land. This results for each stack in greater ground-
level concentrations than found in the equivalent neutral situation. The
result is most severe for plumes released from the shorter stack heights.

6) The highest ground-level concentration for any stack during the
stratified condition is three times greater than the worst neutral flow
situation.

7) For Units 6-7 high vertical mixing may increase ground-level concen-
trations six times over the worst neutral condition. This statement must
be tempered by the understanding the neutral maximum is itself not very large.

8) Increasing the stack height for Units 6 and 7 from 500 to 600 ft
may reduce the ground concentration maximum by only one-third.

Since specific maximum source levels may vary depending on the
source of coal or the load, dimensionless prediction tables have been
prepared in the manner of Pasquill for the Avon Lake station configura-
tion and forwarded under separate cover. If percent frequency of winds
and stability conditions at various wind approach angles are known for
the Avon Lake site, average annual concentrations are 24 hour averages
including the effects of wind angle frequency distribution may be
calculated in the manner of Turner52 or Sherlock and Lesher.44 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 releases from tall
stacks. Unfortunately one cannot depend upon the accuracy of such rela-
tions when nearby buildings are tall enough to cause aerodynamic pertur-
bations 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 Avon Power Plant 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.SS’M’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 measurements
of plume rise; none is universally accepted, partially due to observa-
tional difficulties, and partially due to the fact that some plumes
never really appear to level off.

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

it may be judged unnecessarily conservative. Stumke recommended the
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Holland formula be multiplied by a correction factor of 3.0. In
addition more recent dimensional analysis formulas for buoyant sources
give consistently good results for all source sizes and distances
downwind and take into account atmospheric stability. The formulae
below are conservative but not so severely conservative as other
formulas. The A.E.C.-1968 monograph by Slade suggests the following

expressions: (Eqs. (5.19) and (5.20)):

. M 00 R
Neutral: 5~ 100 i * 1.5R (A)
2 1/3
o oo BH RL
Stable with wind: ) 1.63 [Fr Ri] (B)
V5
where R = +
va
Hs
L= 5>
s
v
Fr =
AT
81D
s
Rj = —8 (de/dz)

2.2
Ts (Vast)

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

directly. Again the A.E.C. monograph suggests: (Eq. 5.28):
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2
xmax VaDs - 0.01 (Exalfs 1 ©)
Q ' R AH.5/3
(L + D

S

at an acutal velocity associated with

Fr _ 500
R, o W
D
L
or
AT ., 2
T; g VD 1/3
Va=734tﬁ:rmr) - &)

for a buoyant source in a neutral atmosphere.

When a plume initially emitted into a stable environment intercepts
a mixing layer growing from beneath it, "fumigation' of the plume
directly to the ground may occur. A number of authors have suggested
means to estimate the magnitude of the ground concentration resulting

9 ;
5278 ye summanized by Golisns” the werhod

from such behavior.
consists of determining the downwind distance at which a plume traveling
horizontally at the effective stack height first intercepts the growing
mixing layer. As a first approximation one may then assume that the
maximum of the elevated plume concentrations at the downwind location
will now occur at ground level.

Alternatively one may estimate the concentrations assuming a uniform

vertical distribution throughout the layer of depth H, is

V_H
max a  _ 1 (Jiq (F)

Q - (2“)1/2 o,

where from Fig. A.2 Ref. 46 for stable flow (Pasquill stability

Category F)
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(o]
_ X
% = 0.04 (%

Lyons discusses a somewhat more complicated procedure which attempts
to correct for rate of plume entrainment and rate of spreading in
the mixing layer.27

In the Nuclear Safety Journal of 1967 Vander Hoven53 has presented
a graphical plot based on the report of Prophet39 for determining the

depth of the mixing layer as a function of initial overwater stability

and overland travel distance. An equation which fits his results is:
H=28.87cE (G)
a

where x(m) = distance overland

H(m) = height of mixed layer

Va(m/secJ = mean velocity

A8(°C) = overwater vertical difference in potential temperature
within inversion layer.

As Prophet notes the inland penetration distance is a function of the
initial overwater stability and the rate of which the air is heated as
it moves inland. In the trials considered he observes 'the same amount
of heating over the land cannot be assessed, ...'; nevertheless '"it
is entirely possible that the intensity of the heat source over the land,
as defined by the initial air-land temperature differential, may have
been somewhat similar during the various trials."39 Additional
evidence for flow of cool air over the warmer water of Hudson Bay,
Canada, clearly indicate greater mixing heights occur when the temperature
differential between air and water is greatest.

Dimensional analysis techniques suggests that if the pertinent

variables required to describe mixing layer growth are
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f(x, H, Va: a8, g, T, AT, §) =0

where new variables listed are

T = absolute temperature
AT = land-water temperature difference
§ = characteristic height over which A6 and Va vary upstream.

Then appropriate dimensionless parameters might be

Vv

AT ABS a
= f&, =, ¢—, )
6’ AB T Vi (gé)l/‘

H
8

£ (&, HR, Rigs Prd.

Examination of the mixing layer growth results for this wind tunnel study
reveals that initially H = XO'S followed by H « XO'S. The initial region
corresponds to behavior frequently observed for inner boundary layer

growth over change of roughness. The subsequent region confirms the

conclusions reached by Prophet. In addition it is found that H « HR6.

When these results are combined with Prophets conclusion that

H «(vaae)'lfz it is found that

1/2 -1/2 -3/2

3= k&2 @) ®®ig VA (Fry) (H)

When this result is compared to Eq. (G) for T = 300°K, &§ =~ 100 m, and

g = 9.86 m/sec2 it is found that K = .01. If the constant is based on

measurements made herein K = 0.015.

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:
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X 1 v2 h2
T exp[- (<=5 + —5)] where h = h, + Ah and
y z oy 202

where the variance terms cy or o, 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 o, figures have been prepared for simply
defined stability categories. See Figs. A.2 and A.3 and Table A.1l
from the A.E.C. monograph.47 Figures 3-2 through 3-9 in Turner's

workbook also provide a convenient summary of ground level dilution

for various height releases and atmospheric stability conditions.52

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).
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The effects of 502 pollutant on vegetation and human health are
extensively reviewed in Volume 1 of Air Pollution edited by Stern.
It appears that it is desirable to maintain maximum 24 hour levels below
0.10 ppm and annual average levels below 0.02 ppm for a desirable
environment. Criteria such as these must be utilized to evaluate the
dispersion of gaseous wastes in the atmosphere. It should also be
recognized that other sources exist in the environment not under the

control of the power station.

Example Calculation

Unit 6-7: full load.
X Ppm

R Fr  Rip Fr_ chg%) V,_(mph) H(ft) 10 minute
Neutral 1.59 21.5 0.0 -- 944.6 30 617 0.020
Stable
(Fumigation) 3.18 5.36 1.0 0.39 944.6 15 697 0.830

This may be compared with a maximum concentration from the model
study of 0.521 ppm for comparable neutral case and 2.80 ppm for the
comparable fumigation

Turner has suggested that estimates based on a Pasquill-Gifford
type approach are probably accurate to within a fraction of three
assuming the plume rise is correctly estimated. This accuracy is
limited to three cases:

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

(2) for neutral to moderately unstable conditions for distances
out to a few kilometers; and

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

with a marked inversion above for distances out to 10 kilometers or more.s2
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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:

2
V2n d .V & zs
where f(8,S,N) 1is the frequency during the period of interest that

the wind is from the direction 6, for the stability
condition, S, and wind speed class N.

(oz)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

Vi
speed N

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.



Fig.

la.

Avon Lake Power Plant, looking north.
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Fig. 4a. Wind Rose (positions on spokes show direction from which
wind is blowing, the length of the segments indicate percentage
of speeds in each group) Cleveland, Ohio/Hopkins Airport
Annual Average 1/67-12/71.
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Fig. 4b.

Wind Rose (Arrows point in direction of wind, numbers at end
of velocities in mph. Length of arrows and concentric circles

reflect frequency of wind direction.) Perry Nuclear Site,
Ohio-200 ft.
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Fig. 8. Aluminum cooling panels installed on floor of the Meteorological
Wind Tunnel, (looking downstream).
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Fig. 10. Picture of the model of Avon Lake Power Plant.



63

x=-1200 ft x=800 ft
2000
1500
Zp i
(tr) 1000F
500
B L] ’
0 | L L1 | - | M - | 1 | L 1 1 | — | |
0 0.20 0.40 0.60 0.80 1.00 O 0.20 040 0.60 0.80 1.00
V/ Vg V/Vq
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Tracer gas and analysis system.

Fig. 14b.
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Fig. 16. Flow visualization unit 6-7, full load, wind angle 285°,
wind speed 15,30,45 mph (shutter speed 1/32 second).
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Fig. 17. Flow visualization unit 6-7, full and one-third load, wind
speed 15 mph, wind angle 15° (shutter speed 1/32 second).
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Fig. 18. Flow visualization unit 6-7, full load, wind speed 30 mph,
wind angle 15° shutter speeds of 1/32 and 30 seconds.
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Flow visualization, fumigation, unit 6-7, full load,
wind angle 345°, wind speed 15 mph, HR = 1.5, 1.4.
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Table 1

Prototype Emission Parameters of Avon Lake Plant*

Units 1-5 6,7 8 9
Boilers 1-8 9,10 11 12
Load Full 1/5% Full 1/3 Full 1/3 Full 1/3
Q(gm/sec'SOZ)
396 132 1890 630 1500 515.0 4628.0 1543
I. D. (ft) 17 1% 16.67 24
Area (ftz) 224 F15 218 452
V. (fps) 16.9 5.3 70.0 24.5 39.0 12.2 62.3 19.6
3-S0
X (gm/m 2) 0.92 0.98 4.21 4.01 6.44 6.83 5.82 6.15
TS(°F) 383 361.3 391.4 363.6 388.5 363.6 394.5 370.9
H, (ft) 383 500 (600) 400 600
q{fts/scc) 3836 1187 7910 2769 8502 2660 28,024 8859

* (Commonwealth Assoc.

Inc., letter Sept 11, 1973.

** Unit (6-7) has 2 flues at top of stack.
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Table 2 Model Emission Parameters of Avon Lake Plant

Units 1-5 657 8 9
Boilers 1-8 9,10 11 12
Load Full 1/3 Full 1/3 Full 1/3 Full 1/3
q (CFM) .1305 .0409 .2695 .0945 .2881 .0909 .9615 .3021
qu(CFM) .1084 .0266 .2414 .0634 «eD17 .0609 .8833 2215
qair+Kr—85(CFM) .0220 .0143 .0281x2 .0311x2 .0364 .0299 .0781 .0806
Vs(fps) 1.52 .48 6.36 2.24 3.52 1.12 5.68 1.8
Molecular Wt
(air = 28.8) 8.22 12.72 6.61 12.22 7.15 12.22 6.03 10.66

S8



86

Table 2 (Continued)

V_ = 15 mph V_ = 30 mph v, = 45 mph
Units Load
R Fr R Fr R Fr
Full 0.77 4.08 0.38 16.32 0.26 36.72
1-5 1/3 24 5.21 0.12 20.84 0.08 46.9
Full 3.18  5.36 1.59 21.46 1.06 48.27
6,7 1/3 1.11  7.16 0.56 28.64 0.37 64.45
Full 1.77  4.00 0.88 15.84 0.59 35.62
8 1/3 0.55 5.15 0.28 20.62 0.19 46.39
Full 2.83 2.6l 1.42 10.46 0.94 23.53
9 1/3 0.89 3.28 0.46 13.11 0.30 29.49
Note: V Vv
ap am

15 mph 2 ft/sec
30 mph 4 ft/sec
45 mph 6 ft/sec



Table 3 Fumigation Conditions: Great Lake Area

Reference Inversion Wind (ft/sec) Temperature Temperature Temperature
Top (ft) Velocity Sea Surfaces (°F) Inland (°F) Upwind z=L (°C) L (ft) Ri, HR*
3 June 1966 ~ 330 ~16 10 27 19 330 1.51 1.89
(60,61)
12-13 August, 67 ~1640 15-19 12 24 21 330 1.45 1.33
(61)
25 June 1970 ~1640 ~19 11-13 16 ? s ? ?
(60) (low level (~5 miles
mixing depth inland)
~492)
12-13 August, 73 ? 15-19 ? ? ? ? ? ?
(61)

* H = 330 feet

L8



Table 4 Wind Tunnel Conditions for Fumigation

88

(Va)m(ft/SGCJ (Twater) (°F) (TH)m (°F) (Tland)m (°F) Rig HR*
2 32 (z=0) 100 260 (z=0) 1.0 1.5
40 (z=15") 130 (z=15")
2 32 (z=0) 100 200 (z=0) 1.0 1.4
40 (z=15") (z=15")
2 32 (z=0) 100 150 (z=0) 1.0 1.35
40 (z=15") (z=15")
4 32 (z=0) 100 260 (z=0) 0.25 1.5
40 (z=15') 130 (z=15')

*Hm

= 1 foot
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Table 5 Computation of Velocity Based Vortex Shedding

z (in) Frequency (Hz) *V (fps) T(°F)
1+.65 2.5 43 64 .4
1.81 2.78 .48 66.2
2.02 3.13 .54 68.0
2.21 3.253 .56 68.9
2.42 5.33 .58 71.6
2.81 3.57 .62 73.4
3.01 3.57 .62 75:2
3.03 4.55 .79 78.1
4.55 5.0 .87 76.2
5.53 6.67 1:16 80.9
6.55 8.33 1.45 82.4
o | 7.69 1.34 84.2
8.50 9.10 1+58 86.0
9.48 10.0 1.74 87.4

10.49 10.2 3 Y 7 A 87.8

11.59 11.4 1.98 89.6

12.35 11.4 1.98 89.6

13,37 11.4 1.98 89.9

14.39 11.0 1.91 90.0

15.53 11.4 1.98 90.1

16.72 11.6 281 91.2

D= 7/16" = ,036!

sy c XD _nx0.036' -
vV = 071 031 fps = .174 n fps
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Table 6 Instrumentation and Materials Employed

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

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

Exposure movie: £-1.9, 18 frames per second
still: f = 8-11, = 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. Precision 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) @adg.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

Thermister Fennal Glass coated bead #GB33L1, 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 7 Observed Touchdown Distances (ft) from Flow

Visualization Tests

Wind Full Load
Direction

1/3 Load

(azimuth
Units angle) 15 mph 30 mph 45 mph 15 mph

30 mph 45 mph

15° 2000 800 600 1000 500 300E
30° 1000 500 300E*  600E 300E 300E
1-5 45° 2000 500 500E 300E S500E 500E
315° 1500 500E 300E 1000E 1300E 300E
300° 1500 1000E OE 800E 700E OE
285° 2000 1000 800 1000 800E 900
345° « 4500 2000 6000 2000 1800
15° o 2000 2000 6000 2000 2500
g 30° ® 2500 2000 2200 2000 2200
a 45° 4000 3000 2000 2500 3000 2000
B 6-7 165° w 4000 3500 4500 2500 2500
o 315° ® 1800 1800 2500 1800 2000
o 300° @ 2000 2000 2500 2700 2200
= 285° ® 4000 2000 3500 3000 2500
4]
Q
B 15° 6000 2000 1800 3000 1500 2100
30° 2500 1500 1300 1000 1800 1500
8 45° 3000 1800 1300 1000 1300 2500
315° 3000 1300 1500 1500 1500 1500
300° 2000 2000 1500 1000 1500 1800
285° o 2000 2000 1500 1500 2000
15° @ 6000 5000 ® 4000 4500
30° o 4000 3700 4700 3500 3500
AN 8000 6000 3800 4000 4500 3400
9 315° © 3700 2800 4500 3000 2500
300° S 5500 2800 4500 3000 2200
285° w 5000 2500 ® 3000 2200
& 1-5 300° 1000 500 OE 500 500 OE
a 285° 1000 800 300 900 500 600
o
o 6-7 30° ® 2500 1800 2000 2000 2000
B B 45° © 2000 2000 2600 2400 2200
[&]
@ 8 300° @ 1200 1200 1500 1000 1100
A 9 285° @ 1500 1000 2000 1500 1200

*E: Downwash entrainments observed



92

Table 8 Summary of Maximum Ground Level 502 Concentrations and Distances

Max G. L. Concentration

Nominal Wind Ppm 503
z Precipitator
Wind Speed Distance 1/2-hr 24-hr _

Run No. Units Direction (mph) Load (feet) Equivalent Equivalent Location
1 1-5 30 30 Full 2,000 . 366 .053 Down
2 1-5 30 30 1/3 1,000 .294 .042 Down
3 1-5 30 45 Full 1,000 .455 .066 Down
4 1-5 30 45 /3 1,000 277 .040 Down
5 1-5 45 30 Full 4,000 .173 .025 Down
6 1-5 45 30 1/3 1,000 - .260 .038 Down
7 1-5 45 45 Full 2,000 .463 .067 Down
8 1-5 45 45 1/3 1,000 .258 .037 Down
9 1-5 60 30 Full 2,000 «523 .075 Down

10 1-5 60 30 1/3 2,000 .319 .046 Down
11 1-5 60 45 Full 2,000/4,000 .459 .066 Down
12 1-5 60 - 45 1/3 2,000 .310 .045 Down
13 1-5 -30 15 Full 8,000 .053 .008 Down
14 1-5 -30 15 1/3 6,000 .065 .009 Down
15 1-5 -30 30 Full 4,000/7,000 .136 .020 Down
16 1-5 -30 30 1/3 2,000 it b § .017 Down
17 1-5 -30 45 Full 2,000 .226 .033 Down
18 1-5 -30 45 1/3 2,000 .104 .015 Down
19 1-5 -45 30 Full 2,000 .329 .047 Down
20 1-5 -45 30 1/3 2,000 .147 .021 Down
s | 1-5 -45 45 Full 3,000 .358 .052 Down
22 1-5 -45 45 1/3 2,000 .166 .024 Down
23 1-5 -60 30 Full 3,000 .302 .044 Down
24 1-5 -60 30 1/3 2,000 .225 .032 Down
25 1-5 -60 45 Full 2,000 .400 .058 Down
26 1-5 -60 45 1/3 2,000 .191 .028 Down
27 6-7 30 15 Full 8,000 .067 .010 Down
28 6-7 30 30 Full 8,000 .484 .069 Down
29 6-7 30 30 1/3 8,000 .274 .040 Down
30 6-7 30 45 Full 7,000 .344 .050 Down
31 6-7 30 45 1/3 8,000 .193 .028 Down
32 6-7 45 30 Full 8,000 .306 .044 Down
33 6-7 45 30 1/3 8,000 211 .030 Down
34 6-7 45 45 Full 8,000 .521 .075 Down
35 6-7 45 45 1/3 8,000 167 .024 Down
36 6-7 60 30 Full 8,000 . .243 .035 Down
37 6-7 60 30 1/3 8,000 .182 .026 Down
38 6-7 60 45 Full 8,000 .245 .035 Down
39 6-7 60 45 1/3 5,000 .138 .020 Down
40 6-7 -30 15 Full 8,000 .190 .027 Down
41 6-7 ° -30 30 Full 8,000 .185 .027 Down
42 6-7 -30 30 1/3 7,000 .180 .026 Down
43 6-7 -30 45 Full 8,000 .165 .024 Down
44 6-7 -30 45 1/3 6,000 .199 .029 Down
45 6-7 -45 30 Full 6,000 .205 | .030 Down
46 6-7 -45 30 1/3 8,000 .125 .018 Down
47 6-7 -45 45 Full 6,000 .250 .036 Down
48 6-7 -45 45 1/3 6,000 .110 .016 Down
49 6-7 -60 30 Full 8,000 .287 .041 Down
50 6-7 -60 30 1/3 8,000 .324 .047 Down
51 6-7 -60 45 Full 8,000 .240 .035 Down
52 6-7 -60 45 1/3 4,000 .099 .014 Down
53 8 30 30 Full 4,000 .915 .132 Down
54 8 30 30 1/3 4,000 .340 .049 Down
55 8 30 45 Full 4,000 .662 .096 Down
56 8 30 45 1/3 4,000 .281 .040 Down
57 8 45 30 Full 4,000 .940 2136 Down
58 8 45 30 1/3 4,000 .436 .063 Down
59 8 45 45 Full 4,000 .824 .119 Down
60 8 45 45 1/3 4,000 . 386 .056 Down
61 8 60 30 Full 4,000 .802 .116 Down
62 8 60 30 1/3 4,000 .425 .061 Down
63 8 60 45 Full 4,000 .716 .103 Down
64 8 60 45 1/3 4,000 .120 .017 Down




Table 8 (Continued)
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Max. G. L. Concentration

Nominal Wind ppm SO,
" + Precipitator
Wind Speed Distance 1/2-hr 24-hr
Run No. Units Direction (mph) Load (feet) Equivalent Equivalent Location
65 8 -30 30 1/3 4,000 .414 .059 Down
66 8 -30 45 Full 2,000 .702 .101 Down
67 8 -30 45 1/3 4,000 .254 .037 Down
€8 8 -45 30 Full 4,000 .691 .100 Down
€9 8 -45 30 1/3 4,000 .434 .063 Down
70 8 -45 45 Full 4,000 .696 .100 Down
71 8 -45 45 1/3 4,000 .288 .042 Down
72 8 -60 30 Full 4,000 .877 0 b g Down
73 8 -60 30 1/3 3,000 .528 .076 Down
74 8 -60 45 Full 4,000 .865 .125 Down
75 8 -60 45 1/3 4,000 .372 .054 Down
76 9 30 30 Full 8,000 .145 .021 Down
77 9 30 30 1/3 8,000 .323 .047 Down
78 9 45 30 1/3 6,000 .786 .113 Down
79 9 45 45 Full 8,000 .236 .034 Down
80 9 45 45 1/3 4,000 .697 .100 Down
81 9 60 45 Full 8,000 .310 .045 Down
82 9 60 45 1/3 8,000 .111 .016 Down
83 9 -30 30 Full 6,000 .185 .027 Down
84 9 -30 30 1/3 6,000 .351 .051 Down
85 9 =30 45 Full 8,000 .464 .067 Down
. 86 9 -45 30 1/3 6,000 +315 .045 Down
87 9 -45 45 Full 8,000 .555 .080 Down
88 9 -45 45 1/3 8,000 .259 .037 Down
89 9 -60 30 1/3 6,000 .833 .077 Down
90 9 -60 45 Full 8,000 .307 .044 Down
91 9 -60 45 1/3 8,000 .178 .026 Down
92 1-5 -45 30 Full 2,000 .706 .102 Up
93 1-5 -45 30 1/3 1,000 .278 .040 Up
94 1-5 =45 45 Full 2,000 .760 .110 up
95 1-5 -45 45 1/3 2,000 .252 .036 Up
96 1-5 -60 45 Full 2,000 .906 .101 Up
97 8 -45 30 Full 4,000 W +112 Up
98 8 -45 30 1/3 4,000 .807 .116 Up
99 8 -45 45 Full 4,000 .789 .114 Up
100 8 -45 45 1/3 4,000 .588 .085 Up
101 8 -60 45 Full 4,000 .807 .116 up
102 8 -60 45 1/3 4,000 - .721 .104 Up
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Table 9 Observed Touchdown Distance (ft) from Flow Visualization
Test at Fumigation Conditions

Load
Nominal Heating
Wind Hall 1/3 Plate
Units Angle 15 mph 30 mph 15 mph 30 mph Temperature
(degree)
1-5 N 1,500 - 1,000 -
-30 1,000 1,500
6-7 N 3,900 5,000 2,000 3,000
(500") -30 4,000 4,500 2,500 3,000
6-7 N 4,500 7,000 3,500 4,000 -~ 260°F
(600") -30 4,500 5,500 2,500 2,500
8 N 3,000 1,200
-30 2,200 1,200
9 N 6,000 4,000 3,000 3,000
-30 6,500 3,200
6-7 N 5,500 3,000
(500") -30 5,000 3,000
~ 200°F
6-7 N 6,500 3,000
(600") -30 5,000 3,000
T_ ~ 110°F

Cooling Plate Temperature ~ 32°F



Table 10 Summary of Maximum Ground Level SO2 Concentrations and Distance at
Fumigation Conditions

Nominal Wind Max. G.L. Concentration Floor
Wind Speed Distance ppm SO2 Temp.

Run No. Units Direction (mph) Load (ft) 1/2-hr Equiv. 3-hr Equiv. (°F)
1 6-7(500") -30 15 F 6,000 2.80 1.143 260
2 6-7(500") =30 15 1/3 4,000 1.34 0.547 260
3 6-7(500") N 15 F 6,000 .735 0.300 260
4 6-7(500") N 15 1/3 4,000 1.18 0.482 260
5 6-7(600") N 30 F 8,000 .299 0.122 260
6 6-7(600") N 30 1/3 6,000 .500 0.204 260
7 6-7(600") =30 15 F 8,000 1.02 0.416 260
8 6-7(600") -30 15 1/3 4,000 1.19 0.486 260
9 1-5 -30 15 F 5,000 .081 0.033 260
10 1-5 -30 15 1/3 3,000 .035 0.014 260
11 8 -30 15 F 4,000 .553 0.226 260
12 8 -30 15 1/3 2,000 .951 0.388 260
13 9 -30 15 F 8,000 3.32 1.355 260
14 9 -30 15 1/3 5,000 2.98 15217 260
15 6-7(500") -30 15 F 8,000 1.38 0.563 200
16 6-7(500") -30 15 1/3 5,000 .838 0.342 200
17 6-7(600") -30 15 F 8,000 .164 0.067 200
18 6-7(600") -30 15 1/3 8,000 .613 0.250 200
19 6-7(500") -30 15 F 8,000 .234 0.096 150
20 6-7(500") -30 15 1/3 6,000 .798 0.326 150
21 6-7(600") -30 15 1/3 6,000 .470 0.192 150
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Table 11 Avon Lakes Plant, Cleveland Electric Illuminating Co., Motion Picture Log,
Reel #1 - Neutral Conditions - Environmental Wind Tunnel

Run Wind Wind Run Wind Wind
No. Angle Unit Load Speed Precipitators No. Angle Unit Load Speed Precipitators
1 8 6-7 1/3 2 1 44 6 8 1/3 4 1
2 8 6-7 Full 2 1 45 6 8 Full 4 1
3 8 6-7 Full 4 1 46 6 6-7 Full 4 1
4 8 6-7 1/3 4 1 47 6 6-7 1/3 4 1
5 8 6-7 1/3 6 1 48 6 1-5 1/3 4 1
6 8 6-7 Full 6 1 49 6 1-5 Full 4 1
7 7 6-7 1/3 6 1 50 6 1-5 Full 2 1
8 4 6-7 Full 4 1 51 6 1-5 1/3 2 1
9 4 6-7 Full 6 1 52 6 6-7 1/3 2 1
10 4 6-7 1/3 6 1 53 6 6-7 Full 2 1
11 3 6-7 1/3 6 1 54 6 8 Full 2 1
12 3 6-7 1/3 6 2 55 6 8 1/3 2 1
13 3 6-7 Full 6 2 56 6 9 1/3 2 1
14 3 6-7 Full 6 1 57 6 9 Full 2 1
15 3 6-7 Full 4 1 58 2 1-5 Full 2 1
16 3 6-7 Full 4 2 59 2 1-5 1/3 2 1
17 3 6-7 1/3 4 2 60 2 6-7 1/3 2 1
18 3 6-7 1/3 4 1 61 2 6-7 Full 2 1
19 3 6-7 1/3 2 1 62 2 8 * Full 2 1
20 3 6-7 1/3 2 2 63 2 8 1/3 2 1
21 3 6-7 Full 2 2 64 2 9 1/3 2 1
22 3 6-7 Full 2 1 65 2 9 Full 2 1
23 2 6-7 Full 2 1 66 B 6-7 Full 2 1
24 2 6-7 1/3 2 1 67 4 6-7 1/3 2 1
25 2 6-7 1/3 4 1 68 4 6-7 1/3 4 1
26 2 6-7 Full 4 1 69 7 6-7 Full 4 1
27 2 6-7 Full 6 1 70 7 6-7 1/3 4 1
28 2 6-7 1/3 6 1 71 7 6-7 1/3 2 1
29 1 6-7 1/3 6 1 72 7 6-7 Full 2 1
30 1 6-7 Full 6 1 73 7 6-7 Full 6 1
31 1 6-7 Full 4 1 74 5 6-7 1/3 2 1
32 6 6-7 Full 6 1 75 5 6-7 Full 2 1
33 6 6-7 1/3 6 1 76 5 6-7 Full 4 1
34 6 6-7 Full 6 1 77 S 6=7 1/3 4 1
35 6 6-7 1/3 6 1 78 S 6-7 1/3 6 1
36 6 1-5 1/3 6 1 79 5 6-7 Full 6 1
37 6 1-5 Full 6 1 80 6 6-7 Full 2 1
38 6 8 1/3 6 1 81 6 6-7 1/3 2 1
39 6 8 Full 6 1 82 6 6-7 1/3 4 1
40 6 9 1/3 6 1 83 6 6-7 Full 4 1
41 6 9 Full 6 1 84 1 6-7 1/3 4 1
42 6 9 Full 4 1 85 1 6-7 1/3 2 1
43 6 9 1/3 4 1 86 1 6-7 Full 2 1
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AVON LAKES POWER PLANT MET. TUNNEL THERMAL RUNS

Run No. Wind Unit Load Wind Stack Floor
< Speed Mtn. Temp.
87 1 1-5 Full 2
88 1 1-5 1/3 2
89 1 6-7 Full 2
90 1 6-7 1/3 2
91 1 8 Full 2
92 1 8 1/3 2
93 1 9 Full 2
94 1 9 1/3 2
95 1 6-7 Full 2 600
96 1 6-7 1/3 2 600
97 6 6-7 1/3 2 600
98 6 6-7 Full 2 600
99 6 9 1/3 2
100 6 9 Full 2
101 6 8 1/3 2
102 6 8 Full 2
103 6 6-7 1/3 2
104 6 6-7 Full 2
105 6 1-5 1/3 2
106 6 1-5 Full 2
107 6 6-7 Full 4
108 6 6-7 1/3 4
109 6 6-7 Full 4 600
110 6 6-7 1/3 4 600
111 1 6-7 1/53 4 600
112 1 6-7 Full 4 600
113 1 9 Full 4
114 1 9 1/3 4
115 1 6-7 Full 4
116 1 6-7 1/3 4
117 6 6-7 Full 2
118 6 6-7 1/3 2
119 6 6-7 Full 2 600
120 6 6-7 1/3 2 600
121 1 6-7 Full 2 600
122 1 6-7 1/3 2 600
123 1 6-7 Full 2
124 1 - 1/3 2
125 -- -- Full 2 500 Isolated Stack 1500
126 -- -- Full 2 600 L4 1500
127 -- - Full 2 600 i 2000
128 -- -- Full 2 500 " 200°
129 - -- Full 2 500 i 250°
130 - - Full 2 600 " 250°



Table 12 Ground Level Concentration Results for Neutral Flow Conditions

AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUMBER = 1=5

X =

250

WIND ANGLE = +30

SOQURCE STRENGTH

500

1000

(MICRO GRAMS/SEC) =

2000

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =30,0
«396E+09
3000 4000

5000

¥ 800800000 000408000 l00ticatetoloctooRetRloR0entRORRO0OR 00RO eRRO0RRIRRORERORERTRRRERORRRERORRRREOBEDEN

1600

1200

1000
aco
600
400

200

=1400

«ALTE=02

«101F«00

«239E+00

«A26F-02
«SR9E=D2
«528€E=02
«1TRE«DD
+J66E-00
+1T2E+00
«136E+00
«530E=-01

«215€=01

«951E=-01

«J86F=-02
«134F-01
«14AF=D1
«6THEF=01
«141F+00
«19TF+n0
«21TF+00
«102E+«00
«954E~02
«A4BTF-02

«240E«00

LOAD = FULL PRECIPITATOR POSITION =DOWM
6000 7000 LI
W 244E=-D2 «183E-02
«+46TE=D2 «873E-02
«236F=-01 +40KE~0D]
«11TE«00O «110E+00
«174F+00 L1TBE«00 L14B8E«00
«17RE+00 «F4TE-0O]
«BT4F=01 +104E<00
«231E=01 «392E-01
«650F=02 «146E=01
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AVON FOWER PLANTs CLEVELAND ILLUMINATING COMPANYs

CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 1=5 WIND ANGLE = 30, WIND SPEED (MPW) =30,0 Loanp = 1/3 PRECIPITATOR POSITION =DOWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = «132E+09
X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
AR T L e e R Ry e R T P Y Yy}
1600 0. 0.
1200 0. 0.
1000 0.
HOO 0. 0. «40&4F=01 «623E-01
600 0. «6BAF-01
400 «T29E-01 «151F+00 «124E+00 «952E-01
200 «264F+00 «901E=02
0 0. 0. «294E+00 L255E+00. .245E«00 L204E+00 ,L910E~-01 L10AE«00 O, «B6RE=0]
=200 «135F+00 «177F400
=400 «110E+00 «118E+00 «103F+00 «B29E-01
=600 0. «114F=02
-800 0. 0. «514F=01 «593E-01
=100C 0.
-1200 0. 0.
=1600 0. 0.
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AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUVSBER = 1=5

X =

250

WIND

ANGLE = 30,

CONCENTRATION = PARTS PER MILLION

SOURCE STRENGTH (MICRO GRAMS/SEC) = «396E+09

500

1000 2000

3000

b L L R L L ey e e e R Ll l s

1600

1200

1000
seo
600
400

200

=200
-400
-600
-800
-1000

=-1200

=-1600

0.

0.
0.
«6B9E~01
WILTES00
«445E+00 L420E+00
«215E+00
«231E+00
0.

«415E+00

WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
4000 5000 s000 To00 Bo0O
0, 0.
°I o.
0.
0. «124E=01 «282E-01
«240F=01
«129F«00 «900E=01 «T90E=-01
«106F=01
«352F+00 L153E+00 L121E+00 O, «1B4E«00
«323F«00
«235F«00 «193E+00 «165E+00
«152F=01
[ «104E+00 «134E+00
0-
o. 00
o' ut

00T



AVON

UNTT

POWER PLANTe CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
NUMRFR = 1=5 WIND AMGLE = 30. WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =D0WN
SOURCF STREMGTH (MICRO GRAMS/SEC) = «132E+09
X = 250 500 1000 2000 3000 4000 5000 6000 7000 BOOO
¥ 0000000080 0008 8000000008000 0008Q00 D8R0 00RR000Ces eRsRO30000080800 000000000000 POEeCRODOLOO0RORRORS
1609 0. 0.
1200 0. 0.
1200 0.
ang 0. 0. «S03IF=-02 «HI3E=N2
600 N, .835F-02
w0 +301E=-01 «S09F=01 LIBAF =] +310E-01
200 «170F+00 «I04F=N2
L L 0. «22TE+00  L1T9F+0N  L166E+00 L125F+00 ,.SA2F=01 ,444F=01 0, «S5TTE=-O]
=200 «94TF-01 «12TF<00
=490 +109F+00 +948F-0] «THLE=D] «SARE=D1
=500 0. Y LLE
-8pp 0. 0. «4N3E=01 «525E=01
=1000 0
~17490 Oe 0.
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AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNTT NUMAER = 1=5 WIND ANGLE = 45, WIND SPEED (MPM) =30,0 LDAD = FULL PRECIPITATOR POSITION =N0OWN

SQURCE STRENGTH (MICRD GRAMS/SEC) = +396F+09

X = 250 S00 1000 2000 3000 4000 5000 6000 T000 8000
¥ 2000000000000 0000000000800060008008000000800000000000888000000000C00000R000RsN0CRINRERERCRORRTRRDORES
1670 n. 0.
1200 0. 0.
1000 0.
HOO 0. 0. «TS4E=-02 «135E-01
&CQ 0. «1T9E=01]
400 «28RE=01 «591F=01 «606E=01 «S39E=C1
200 «112E+00 «10RF«00
0 0. 0. «128E+00 L156F«0C L156E«00 4173F«00 L171E«00 L133F«00 0, «136E+00
=200 «118F+00 «162F+00
-4n0 «STTE=01 «118Fs00 «115E+00 «130E+00
=600 0. «563F-01
=800 0. 0. «S42F=01 «B24E-01
=1000 0.
=-1200 0. 0.

=1600 0. ne

z01



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLINN
UNIT NUMRER = 1=5 WIND ANGLE = 45, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «132E+09

X = 250 s00 1700 2000 3000 4nN0c 5000 6000 T000 8000

¥ 0000000000008 000080800C0Q0ABR0BROBRDOPOODOOETORORINRRORODOROCOTERDOEOODEODOOOADORROCERODRDREEBRDODER
1600 0. 0.
1290 0. 0,
1000 0.
aag 0. 0. +51RE=02 «SR2E-D2
600 0. «564F=01
400 +358F=01 .T01E-01 J4R2E=01 +3B4E=01
200 «19RE+00 «113Fs00
0 0. 0. «260E«00 .234F«00 L1B0E«00 L151F«00 L132F+00 LR&2E-01 O, «T90E-01
=200 «1ROE+D0 «154F«00
=400 «137E+00 «122E+C0O «B73F-01 «T29E-01
-600 0. WHBEF=01
-800 0. 0. L460F=01 «525€=01
=1200 0.
-1200 ; . 0. 0.

=1400 0. 0.
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AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMRER = 1=5 WIND ANGLE = A4S, WIND SPEED (MPH) =&5,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRQO GRAMS/SEC) = «396E+09

X = 250 500 1000 2000 3oo0 4000 5000 000 7000 8000
Y 4000000000000 808000080000080088000800000088NUOR0OROeERRNDOOORIRBR0OR0OBRODBROB0000ERDRORI0ERORRBRBRD
1500 0. 0.
1200 0. 0.
1000 0.
R20 0. 0. «22RFE=02 «297E-02 "
600 0. «T43F=-02
400 «J4G6E-0] «291FE=-01 «165F=01 «149E-01
200 +2BRE+D0 5 «104E«00
0 0. Y «442E00 L463E+00 LI65E«00 L3II9Fe00 L24TFe00 L90AF-01 0, «120E+00
=200 +334F 00 «JBIF+00
=400 «254F+00 «309F«00 «24TFE+00 «179E+00
-A00 0. «194F+00
=R00O 0. Ne «10TF+0D +«156E+00
-1000 0.
=-1200 0. 0.

=11:00 0. 0.
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POWER PLANTe CLEVELANN TLLUMINATING COMPANY. CONCENTRATION = PARTS PFR MILLION
NUVBER = 1=5 WIND ANGLE = 45, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +132E+09

X = 256 500 1000 2000 3000 4000 5000 000 7000 8000
Y 8000000000008 0000000080880 000008 URBO00DPBCBBORDTDORPBORDOERBRPOOROLEDODORDR0D000RBIDORDOORCBOBADRROEN
1600 0, 0.
1200 0. 0.
1000 0.
ROO 0. 0. J1BTE-02 «235E-02
£00 0. LATOF=02
400 .321€-01 .298F=01 J1BOF=N1 J143F=-01
2090 «214E«00 .T3BF-01
0 0. 0. +258E+00 L25TF+00 . .1B4E«00 .167F+00 .136F+C0 .546F=01 0. «608E=01
-200 +161E+00 J160F«00
-400 «126E400 +115F+00 +93AE=-01 +66BE=01
-60C 0. «T36E=0]
-200 0. 0. «41AF=01 +56BE=01
-1000 0,
-1250 0, 0.

=1500 0. 0.
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AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNTT NUMARER = 1-5 WIND ANGLE = 60,

CONCENTRATION = PARTS PER MILLION

WIND SPEED

SOURCE STRENGTH (MICRO GRAMS/SEC) = +396F«09

250 500 1000 2000

3000

4000

(MPH) =30,0

5000

¥ 080000800 00000080C000000000000800000000000NB0000800REREe0RROO0BetBR00OORDRORROCE0ODERTRRREDEBRRRREDOS

1400

=200
-400
=600
-800
=-1000

-1200

-1400

0.
0.
«599F=01
«402E«00
0. «313E+00 ,523F«00
+414F+00
«13RF«00
0.

0.

«196E+00

0.

0
+903F=02
«104F+C0O
«J6AF <00
«ALSFeC0
«A2TFeC0
«198F+00
+552F =01

0.

0.

«3T2F+00

LOAD = FULL PRECIPITATOR POSITION =NOWN
6000 T000 8000

0. 0.

0. 0.
«S3TE=D2 «hTAE~D2
«4TOE=01 «4TOE=-01
«187F+00 0, «206E<00
«23RF+00 «216E+00
«519F=01 «116E+00

0. 0.

0. 0.
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AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANY.

UNTIT NUWBER = 1=5 WIND ANGLE = 60,

X =
Y

1600

1200

1000
A00

600

=200
-400

=600

-1600

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =nnWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «132E+09

250 500 1000 2000

2000

L R e e R e R e S YRR,

0.
0,
«434F=-01
«263E+00
0. «302E+00 L3]19E+00
«222F+00
«THTE=D1
0.

0.

«104E+00

4000 5000 6000 7000 8000
L 0.
0. 0.
0.
0. «J0AE=-D2 «240E=02
«ATSE=-02
«TO4F=01 «250F=01 «145E-01
.201F+00
+20TF+00 L1TO0E+00 LRIRF=0]1 O, «TT2E=D]
«229F+00
«113F+00 «131F+00 +914E=01
«411F-01
0. +37AF=01 JT72F=01
0.
0. 0.

0. o.
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AVON POWER PLANT» CLEVELAND ILLUMINATING COMPANY s CONCENTRATION = PARTS PER MILLION
UNIT NUWBER = 1-5 WIND ANGLE = 60, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = «396E+09

X = 250 500 1000 2000 aooo 4000 5000 6000 7000 BOOO
AT L L R L R L L L e Y E PR R I L R Y P YIS YY)
1600 0. 0.
1200 0. 0.
1000 0.
300 0. 0. «40D0E~02 «85TE~-0D2
600 0. «3J22F=01
400 +8T2E-01 «16BF+00 «106E+00 « T96E~D1
200 «403E+00 «450E«00
0 0. 0. «JABE+00 LA36E+00 L166E+00 .459F«00 L3ITSE«00 L179E«00 O, «193E+00
=200 «3IBEF+00 «42TF+00 )
-400 «13RE«00 «1B0F+00 «226E+00 . «1B89E+00 ™
=600 0. «694E-01
-800 0. 0. «529E-01 «BAGE=-D]
=1000 0.
=1200 0. 0.

-1600 0. 0.
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AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 1=5 WIND ANGLE = 60, WIND SPFED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +135E+09

X = 250 500 1000 2000 3000 4009 5000 6000 7000 8000

Y 0000008000000 00000300000000008080000000000000000CC0R0RRREORRORlRERRDLNRROROROTORDASRRREDERRORRERBRD
1500 0. 0.
1220 0. 0.
1000 0.
B0O 0. 0. +JAPE-03 «333E-02
600 0. «115F=01
400 +603E~01 «T94F=01 «2TTE=0D] +164E-01
200 +254E4+00 «161E«00
0 0. 0. «305E+00 L310E«00 L6IRE=-01 L1B6F«00 L143E+00 L607F=-01 0. «643E-01]
=209 «209E+00 «192F+00
-400C «B42E-01 «101E+00 «913E-01 . «T&BE=-D1
=400 0. «365F=N1
=800 0. 0. «219E-01 «ABR1E-D1
-1000 0.
=-1200 v . 0. 0.

=15600 0. 0.
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AVON POWER PLANTe CLEVELAND TLLUMINATING COMPANYs

UNIT NUMRER = 1=5

WIND ANGLE = =20,

CONCENTRATION = PARTS PER MILLION

WIND SPEED

SOURCE STRENGTH (MICRO GRAMS/SEC) = «396

250 500 1000 2000

3000

(MPH) =15,0

E+09

4000

5000

LOAD = FULL

PRECIPITATOR POSITION =DOWN

Y 0000800008 00080 00800800080 00000 0080 CnReRROORtROORRRReRRatORORRORERECRRRREESREtRREsRORERERRERERRRRRS

1600

1200

1000

809

400

200

-200
-400
-600
-B00

=1000

=-1200

=-1600

«122F-02
«913E~02
0.
«3B6E=02
+BS0E=-02 L,T92F=N? ,S4RE-02 L.995E-02
+150E=01
«136E-01
«609E~03

«203E=-0D2

+»203E-02
«609E~03
«609F-03
«304F =02
«995E=-02
«223F=02
«215F=01
«361F=01
«893F=-02
«S6BF =02

«3JB6F=-02

+459E=-01

AN00 7000 8000
«244F=-D2 «244E-D2
«893E-02 «162E-02
«181E=-01 «S0TE=-02
«491FE-01 «296E-01
«266F=01 L333F=-01 ,S2AE=-01
«197E=-01 «223E-01
«913F=-02 «913E-02
«IRGE=-02 WABTE-D2
MATF=07 «1AIE=N?
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AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATIOM = PARTS PER MILLION
UNIT NUMBER = =5 WIND ANGLE = =30, WIND SPEED (MPH) =15,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRD GRAMS/SEC) = «132E+09

X o= 250 S00 1000 2000 3000 4000 5000 6000 7000 B000
Y S0 0ERENee000ER0000000NOR0NONtRcER0RENItNcE0ns0aNt RNt e0TIsNtN0RE0NEsRNcOROROReNaBODREsERRERORS
1600 «209F=02 «TIDE=-02
1200 «151E=-01 «12TE=-01
1000 0.
ROO 0. «3T9F=-03 W421E~01 «435E-01]
600 0. +ATAF=0]
400 [V «275F-02 «64TE=D] +4BTE=-D1
200 +104E=-01 «136F=-01

0 L1TIE=02 L142F=02 L126E-01 L214F=01 ,L124E=-0) ,247F-02 ,L200E-01 .219€E-01 .1BAF-01 ,L327E-01

=200 «300E-01 «25RF=01
=400 «105E=-01 «187F=01 «203E-01 «150E-01
=600 «104E=02 «104F-02
=800 «104F=-02 «569E-03 «108F=01 «T49E~D2
-1000 «759F-03
-1200 «T4OE~-02 «43J6E-02

=-1600 «3T9F=01 +AS4E-03
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AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY . CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = =5 WIND ANGLE = =30, WIND SPEED (MPH) =130,0 LOAD = FULL PRECIPITATOR POSITINN =DNwWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «I94E-D9

X = 250 so00 1000 2000 o000 4000 5000 6000 T000 B00O

¥ 6000000000008 0000D000000000000000000000000N0Re000NEN0R0RNN00R00000000NRNENE0000000NsORAERRORERRRERREERS
1600 «609E-D3 «193E-01
1200 «J0AE~-D2 «248E~-01
1000 «162F-02
800 +101E=-02 «238F=-01 «211E=-01 «HO1E-01
400 «3B0E-O1 «233F=01
400 «1R3E=-D2 +886F=01 «914F-01 «Al3E-01
200 +3J09E=-01 «949F =01

0 W13BE=0]1 .BS3F=02 L634E=01 L136E+00 L3IB3IE~0]1 .244F-02 L10SE+N0 L115F«00 L117E«00 ,L116E+00

-200 «129F+00 +136F+00
-400 «449F=01 .6!95—0'1 «AS1E~0D] +920E-01
=600 «TS1E=-02 «J4SF=02
-800 «142E=-02 «3B6F-02 «225F=-01 «236E~01
=1000 «122E-02
-1200 v ’ «40KF =02 «B73E-02

=-1600 0. «264E-02

40!



AVON POWER PLANTS

UNTIT NUMBER = 1=5

X =

SOURCF STRENGTH

250 500

CLEVELAND ILLUMINATING COMPANY.

WIND ANGLE = =30.

CONCENTRATION = PARTS PER MILLION

WIND SOEED (MPH) =30,0

(MICRO GRAMS/SEC) = «132E+09

lo00 2000

3000

4000

5000

¥ 80000000 RROC0EOO0RRGOEDRRORROROERBOORDRORRORERGBREEDEEERERAROORAGRERTORRORRORORRERRROORECRORNORRERS

1600

1200

1000

600
400

200

=200
=400
=600
-ang
-1000

-1200

=1%00

0.

«232F=01 0.

«142E=02
«219E=-01
«6T2E-01
«11TE+00
+850E-01
«440F=01
«172E=01
JATAE=03

«SH9E-03

«692E=01

LD
«209F=02
«313F-02
«AR6F=-D1
+B838E-01
«114F=02
«551F=01
«3TIE-01
+664F =02
«JT9F=03

0.

«AB9E=D1

LOAD = 1/3 PRECIPITATOR POSITION =NOWN
6000 7000 8ooo0
«379F-03 «142E-02
«21RE=02 «683E-02
«1IRF=01 «2T72E-01
+494E=-N] «S24E-01
«533F-01 .576F=01 L4R4E-01
«575F=01 «S504E~01
W2h4F=n1 +J46E-01
+TINE=N2 J140E-01
+TH9E=-03 «41TE=-D2
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AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUMBER = 1=5

250

WIND ANGLE = =230,

SOURCE STRENGTH

500

1000

2000

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH)

3000

(MICRO GRAMS/SEC) = «396E+09

4000

=45,0

5000

LOAD = FULL

PRECIPITATOR POSITION =DOWN

Y 0800088ttt et i o a0 U eo0at et n Rt R R et o000 OR AR RERRRtOREDROCRRSRROORCERRRCRUEERRRORRRRRRREREREEES

1s6C0

1200

1000
ano
600
400
200

0
=200
=400

-600

=800

=1060

=1200

-1600

«455E=-01

«4T3IF=-01

«159E+00

+T92E-02
«23AF=01
«182E-02
«233E+00
«266E+00
«1S9E+00
«534F=01
«629E=-02

«304F=02

«210E+00

«9TAF=-02
0.

2 2MAF-02
«106F«00
« 166F«00
«264F=02
«1T9F«00
+95TE=-01
«203F=03
«J45E=-02

«183F-02

«188E+00

6000 7000 8oo0
W 24AE=-D2 0.
»122F=02 +AD6E~D2
«10RE=D1 +181E-01
«697F=-01 «514E-01
«9BTE-01 L127E+00 LB33E-01
«123E+00 «109E+00
«504F=-01 «609E=01
«IBSE=-02 «150E-01
«46TF=-02 +32SE-02

1481



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUMRER = 1=5

250

WIND ANGLE = =30,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPHW)

SOURCE STRENGTH (MICRO GRAMS/SEC) = «132E+09

500

lo00

2000

3000

4002

=45,0

5000

Y 088000080040 8000000 0000000808000 R00R0CRRROORCRROORRIRORREDRERRROCRDEREREREROOROREUROORROOREORBRBTEE

1600

1209

1000
800
600
400
200

]
=200
=400
=600
=800

-1000

-1200

=1800

«2T9E=01

«183F=-01

«SB4E=01

«40RE-02
«176E=01
«323E=01
«104F+00
«TAKE=-D]
«4T1E-O1
«1R2E-01
«332E-02

«2PRE=-N2

«TA6E=-01

+IN1E=-N2
«104E=-02
«123F=-02
+398E=-01
«S42F=-01
«104F-02
«813F-01
+34TE-01
«569E~-03
«133F-02

«T59E=-03

«SR1E=01

LOAD = 1/3 PRECIPITATOR POSITION =NOWN
£000 7000 8000
L133g-02 0.

0. «24TE=02
L655F=02 «BOGE=02
«2TRE=0D1 «2TTE=01
W325E-01 L440F=01 L334E=01
L361E-01 <165€=01
L133F-01 L154E=01
+209€-02 .522E-02
L21RE~02 +949E=03

STI



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNTT NUMBER = ]=5

X =

250

WIND ANGLE = =45,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH)

SOURCE STRENGTH (MICRO GRAMS/SEC) = «I9AF 409

500 1000 2000

3000

4000

=30.0

5000

AR LI L L T R R e R R L L L e L Y P R R R Y P Y YTy ]

1500

1200

1000

BOO

400

200

-200
=400
=600
-A0Q
=1c00

=-1200

=1600

0.

0.
+250E-01
+215E+00

0. «111E+00 ,329E+00
+160E+00
«351E-01

0.

«313E+00

0.

0.
«331F=-01
«663F-01
«10TFe00
+294F 400
«252F«00
«179F«00
+»238F=01

o,

0.

«103E+nN0

0.

0.

LOAD = FULL PRECIPITATOR POSITION =N0WN
A000 Tooo 8000
0.
0.
«185F=01 «328BE-01
«TSRE=D1 «797E=-01
«1A5F+00 0, +145E+00
«1ATE«DOD «162E+00
«10PF+00 «11RE+0D
0.
0.

911



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 1=-5 WIND ANGLE = =45, WIND SPEED (MPH) =30,0 LOAD = ) /3 PRECIPITATOR POSITION =DOWM

SOURCE STRENGTH (MICRO GRAMS/SEC) = «132E«09

X = 250 500 1000 2000 3000 4non 5000 A000 T000 BO0O
Y 200000800000 0000000800400000000000000000000P0N0000000RN000I00N0R0aRN000Ne0RRs0ORERREORLOssIEaRRERORS
1600 0. 0.
1200 0. 0.
1000 0.
B0OO 0. 0. «321E~02 «620E-02
600 0. «636F=02
«00 +«TBOE=02 «169F =01 o 143E=01 «158E=-01
200 «520E=-01 «509%-01
0 0. 0. +102E+00 L14TE«00. ,126E«00 .986F-01 ,L334E-01 L42RF-01 O, «494E-01
=200 «951E-01 «109E«00
-400 «304E-01 +801F=-01 «6PAF=D1 . «5T4FE=01
=600 0. «J&3IF=-01
-800 0. 0. «269F=01 «JS0E-01
=1000 0.
=-1200 0. 0.

-1600 0. 0.

LIT



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMRER = 1=5 WIND ANGLE = =45, WIND SPEED (MPH) =45,0 LOAD = FuULL PRECIPITATOR POSITION =NOWNM

SOURCE STRENGTH (MICRO GRAMS/SEC) = «3BE+09

X = 250 S00 1000 2000 3000 4000 5000 6000 T000 BOOO

¥ 4800600000000 0 000ttt otoaRtsnltssod i Oe e ROaRReds Ot st s ROt RRORERRRORRORERORRRERRRtRORRRRIEE
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «2BRE=01 «326E-01
600 0. «621E~01
400 «436E-01 «101F+00 «115E+00 «105E+00
200 «28TE+00 «904E=-D1
0 0. 0. «163E+00 L339E«00 LISAE«00 L31BF«00 L119E«00 L132€+00 0, «138E+00
-200 »1T4E00 W264F400
-400 +239E-01 «159F+00 «115E+00 - «130E+00
=600 0. «+925F=02
=RD0O 0. 0. «179E=01 «458E=-01
=1000 0.
-1200 . : 0. 0.

=1600 0. 0.

81T



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY

UNIT NUvBER = =5

WIND ANGLE = =45,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0 LOAD = 1/3

SOURCE STRENGTH (MICPO GRAMS/SEC) = «132E«09

250 S00 1000 2000

3000

PRECIPITATOR POSITION =DOWN

Y S080080008080080800000000088000808080080808000080RARRRCRENERORCRCRRRRRROPORPRRRRORReORRORensassRIRRRRRAEN

1602

1200

1000
800
600
400

200

=200
-400
=600
=800
=1000

=-1209

=1600

0.

0.

0.
+146E-01
+BBSE~01

0. +9K3E~01 L166E«00
«116E+00
+2TSE=01

0.

«142E«00

4000 5000 6000 7000 8000
0. 0.
0. 0.
o'
0. L363E-02 «433E-02
L116F=-01
L274E-01 W234E-01 +159E=-01
«691F=01
113Fe00  ,IRAE-01 ,L442F=01 O, L4B0F-01
+105F+00
JTLTF=01 L604E=01] +530€=-01
.393F-01
0. J244F-01 0.
0.
0. 0.
o. i o.

611



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 1=5 WIND ANGLE = =60. WIND SPEED (MPH) =30,0 LOAND = FULL PRECIPITATOR POSTTION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «A96E+09

X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000
L L T Y L T T e e
1600 0. 0.
1200 0. 0.
1000 0.
LI 0. 0. «14TE=01 «191E-01
600 0. «380F=-01
400 «619E-01 «917F-01 «AB1E=D1 «STSE=01
200 «233E+00 «242F+00
0 0. 0. «819E=01 L301E+00. ,302E+00 L2T1F+00 L226E+00 L142E«00 0. «159E+00
=200 «21RE+00 «233F«00
-400 «636E-01 «129F«00 «161E«00 . «149E<00
-600 0. «S1RE=0]
=800 0. 0. «STAE~-01 «989E-01
=1000 0.
=-12n9 0. 0.

=1600 0. 0.

0zl



avON

UNIT

POWER PLANT»

NUMBEFS = ]=5

X =

v

1600

-2on

=400

-600

-8n0

=1009

-12n0

=1600

SOURCE STRENGTH

C.

1000

SOP0T2VO200BPCRVVCRBDNDEIT0LDB0BC00ORORODO000D0BDRC0RRORBTDOOOROCODEROVDEROORRRTOUVLRENBRORTEBEDBEBEND

«226E=01

CLEVELAND TLLUMINATING COMPANYs

WIND ANGLE = =60,

2000

0.

0.
+AT9E=-01
«144F+00
+225F+00
«145F+00
«S01E=01

N.

0.

CONCENTRATION = PARTS PER MILLION

3000

«1B6E+00

(MICRO GRAMS/SEC) = «132E+09

WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
4000 5000 6000 BOOO
0. 0,
0, 0.
0.
0. «9TBE=D2 «106E=01
0.
«5B80F=01 +239E=01 «305E-01
«12C0E+00
2 163F«00 LI101Fe00 L579F=01 0, «52RE=-01
«136F+00
«BH2F=01] «B6RE=01 «6R9E~-01
+3T5F=01
0. «404E=01 «521E-01
0.
0. 0.
0. 0.

TEl



BVON POWER PLANTe CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLINN
UNIT NUMBER = 1=5 WIND ANGLE = -60. WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =NDOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «J96E+D9

X = 250 500 1000 2000 3000 4000 5000 4000 To00 AOODO
Y S00080000000000000000000000a00AR0A0N0000R00NERG0 RDORRNS0sNONaRONNERaNORsORRINORORAR0ORRNERDRORREERD
1600 0. o,
1200 0. 0.
1000 0.
ROO 0. 0. «11AF=01 «190E=-01
600 0. «381F=C1
400 «935F=01 «132E+00 «613E-01 «B0SE-0D1
200 «JSAF«+00 «JASE«00
0 0. 0. +»128E+00 L400E«00 L391E+00 327F«00 L290E+00 L113Fe00 O, +148BE«00
=00 «2T2F 00 . «232F <00
-400 «3I9RE-D1 «118F«00 «141E+00 «139E+00
=600 0. «323F-01
=800 0. 0. «2TSF=01 «SA1F=-01
=-l100¢C 0.
=1200 0. 0.

=1600 0. 0.

Zcl



AVON POWEQ PLANTs CLEVELAND ILLUMINATING COMPANY»

UNIT NUMBER = 1=5

WIND ANGLE = =60,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

SOURCE STRENGTH (MICRO GRAMS/SEC) = «132E«09

250 500 1000 2000

3000

4000 5000

Y 08088000000 ARORROOOSRRRRORCRORERRORNROORERORGRORRORRROREENRENRNRBROTDORTERNGECGRIEDEREREORRURRRERERDOE

is00

1200

1000
BoO
6no
400

200

=200
-400
=600
-A0D
=-1000

=1200

-i6n0

0.

0.
0.
«S3RFE=01
«151E+00
0. «442E=01 L191E-00
«98TE-D1
«254E-01
0.

«1T1E«00

0.
0.
«210E=01
«661E=-01
«132E+00
«137F«00 L110E+00
«966F=01
«4B0E-01
«123E-01
0.

0.

0.

0.

0.

LOAD = 1/3 PRECIPITATOR POSITION =NOWN
6000 T000 8000
0.
0.
+S9AF =02 «ASO0E-02
«252E-01 «2TBE-01
+STAF=01 0, «552E-01
«+493E-01 «433E~01
+RA23E=-02 «200E-01
0.
0,

€Z1



AVON PCWER PLANT» CLEVELAND ILLUMINATING COMPANYs CONCENTPATION = PARTS PER MILLION

UNTT NU4YBER = 6=T WIND ANGLE = 30, WIND SPEED (MPH) =15,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STWENGTH (MICRO GRAMS/SEC) = «189E+10

X = 250 500 1000 2000 3000 s000C 5000 6000 T000 8000

Y 020000080000 080800000080000800000000000088 0300000000800 RERDERORRtRORRRCRRRRBIOROROIRsRRRRRRRROORRRRDOS
1600 0. +150E=-01
1200 0. 0.

1000 0.
809 0. 0. «449E=01 W6T4E=01
600 0. 0.
400 0. 0. +S599E=01 SAT4E=01
200 0. 0. '
0 0. 0. 0. 0. 0, 0. 0. W524F=01 L424F=-01 ,3T4E-01
-200 0. 0.
-400 0. 0. «T49E=01 «200E-G1
-600 0. 0.
-8c0 0. 0. 424F=01 «1256-01
=icho 0.
-1200 . : .399€-01 «250€-02

-1600 «99RE=N2 +499E-02

124



AVON POWER PLANT

UNIT MUMBER = 6=T

X =

CLEVELAND TLLUMINATING COMPANY s

WIND ANGLE = +30,

CONCENTRATION = PARTS PER MILLION

WIND SPEED

(MPH) =30,0

SOURCE STRENGTH (MICRO GRAMS/SEC) = «1B89E+10

250

500 1000

2000

3000

4000

5000

R L L I s e Y R ey

1500

1209

1000

0
=200
=400
=600
- L]

-l000

-1200

=1n20

«150E=-01 0.

«250E-01

«T49E=02
«250E-02
«2T4E=-D1
«524F=01
«B649F =01
«S524F=01
«589€=01
«175€E=01

«2T4E=-01

«STAE=D1

«150F=-01
W250E-01
«399E-01
«130F+00C
«14TF+00
«162Fs0C
«252F+00
«212E+00
«200F=01
«225E=-01

«225F=01

«2ROF«00

LOAD = FULL PRECIPITATOR POSITION =NOWN
6000 T000 8000
«T49F =02 «J49E=0]
«250F=01 «122E+00
«15TF+00 «395E+00
«J19E+00 «40TE«0D
+SATEDD L4RPE«00 L4R4E+D0
«3J1S9E+00 «324E+00
«T24F=0N1 «120E+00
«299F=01 +B9BE=-D1
«175E=-01 0.

SCI



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYS CONCENTRATION = PARTS PER MILLION
UNIT NUMRFR = 6=7 WIND ANGLE = 30, WIND SPEED (MPH) =30.0 LOaD = 1/3 PRECIPITATOR POSITION =nOwN

SOURCE STRPENGTH (MICAD GRAMS/SEC) = +630E-D9

X = 250 500 1000 2000 o000 4000 s5000 6000 1000 8000
¥ S008e00CE00NB0R00000000P0R00R000000000N0RB0000000E00a0RNENs00R0NIN000R00RONRODENENSR0NENRNe0ORORO0ORE
1600 0, 0.
1200 0. 0.
1000 De
800 0. 0. «401E=D1 +4TSE=D1]
£00 0. «2T9F=01
400 0. «113F+00 «12RE«00 «15TE+DO
200 «214E=01 «838E=02
0 0. 0. +149E=01 L615E=01 L113E«00 ,L214F¢00 ,L1S59E«00 ,L1u2F«00 0, «26TE+00
=200 «29RE=D1 «191E+00
=400 «373E=-01 «165F«00 «2%50F+00 «2T2E+00
=600 0. «B652F=02
-200 0. 0. «11TF«00 «230E+00
=1000 0.
=1200 0. 0.

~1600 0. 0.

971



AVON

UNTT

POWFR PLANTs CLEVELAND ILLUMINATING COMPANY»s CONCENTRATION = PARTS PFR MILLION
NUVRER = 6=7 WiND ANGLE = +30, WIND SPEED (MPH) =45,0 LOAD = FulL PRECIPITATOR POSITINN =NNWN
SOURCE STRENGTH (MICRDO GRAMS/SEC) = «1B9E+10
X o= 250 500 1000 2000 3000 4000 5000 6000 7000 A000
¥ 0000000808008 00000000000 CE000ERDR0IOODDROEOODTOORERSRRDERELIOOO0O0RRO00OR0DOCEDSORROBDOROOERREBOARS
1600 0. «250E-01
1200 +524F-01 299E-01
10c0 «125€=01
ano «T49E=-02 «225€-01 +399F=01 +499E=01
AO0 0. «549F=01
4C0 «250E-01 « 1605400 «16TF+00 «142E+00
200 «A99E=01 «185F+00
0 0. 0. o TA9E=02 ,LS24E=0]1 L1S0E~01 L1A2Fe00 L1STE«ON ,292F«00 L344F«00 ,L235E+00
-200 +599F =01 «155F«00
=400 «200E~01 «J24F =01 «235FE+00 . «20TE+00
-600 0. «125F=01
=300 «225F=01 «299F =01 «624F=01 «ATIE-01
=1300 0.
-1200 0. «T49E-02

=1600 «3TaF=01 0.

LTI



AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANY. CONCENTRATTION = PARTS PER MILLION
UNIT NUVBER = 6=T WIND ANGLE = 30, WIND SPEED (MPH) =45.0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «530E+09

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
Y 00080000000 GRN00000000RC0R00200REG0000800R0C0RA00RO0RRRRReROROCRRDEROeCROeReRORsORRRORERRRERBRRRREDES
1600 0. 0.
1200 0. 0.
1000 0.
“o0 0. 0. «559E=02 «652E-02
600 0. «838F=02
400 +932E=03 «410E=01 «3TIE-O1 «AATE=D]
200 «242F=01 0.
0 0. 0. «102E=01 .643E-01 L120E+00 .140F«00 L130E+00 ,L913%F=01 O, «193E+00
=200 «363E=01 «149F+00
-400 «2B9E-01 +110F«00 J17TE«00 +195€E+00
=600 0. «186F=02
-E00 0. 0. «5TRE=D1 «146E+00
=1000 0.
-1200 N, 0.

871



AVON POwER PLANT» CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUWBER = 6=7 WIND ANGLE = 4S5, WIND SPEED (MPH4) =30,0 LOAD = FULL PRECIPITATOR POSITION =NDwWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «189E+10

X = 250 500 1000 2000 3000 4000 5000 6000 Tno00 Bo00

¥ €09000080008NE0000000008850000000000000000000000000000880000N00E00000E0D00000000RR0ROBeRNRRRRNERES
100 0. 0.
1200 0. 0.
1000 0.
aco 0. 0. 0. «262E=-01
500 0. 0.
«00 «15TE=01 «15TE=-01 «420E-01 «108E-01
200 0. «699F =01
0 0. 0. «BT4E=-02 .6RA2FE=-01 L99TE-01 L133E«00 ,1S50F«00 ,LTATE=-01 0. «150FE«00
=200 «129F«00 «20RE+N0Q
=400 «T17E-D1 «180F «00 «2HZF+00 «22TE+00
=600 0. +101F«00
=B00 0. 0. «191E«ND +306E+D0
-1200 0.
=120 0. 0.

-1R0n 0. 0,

6C1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PFR MILLION

UNTT

NUVBER = 6=T WIND ANGLE = 45, WIND SPFED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENMGTH (MICRO GRAMS/SEC) = «630E+09

i o= 250 500 1000 2000 3000 4000 5000 6000 T000 8000
AR LR T E L R L A R L R R e R L R R R R R R R R L R
1600 0, 0.
1200 0. 0.
1000 0.
R00 0. 0. 0. 0.
600 0. 0.
00 0. «HB2F=02 «131F=n1 WIMAE-D2
200 «163E=-01 «220F=01
0 0. 0. «315E=-02 L4TTE-01 LT740E-01 LB19F=-01 L100E+00 .6S1F-01 O, «120E+00
=200 «&603F=01 «J4TEL00
=ang A56E=01 «150F«00 «2NTFaNN «103F+00
A0 n, L121Fs00
=g 0. e «132F+00 «211E+00
StANA 0,
-3Pnn 0. o,

=1500 0. 0,

0¢T



avoN POWER PLANTs CLEVELAND TLLUMINATING COMPANY.

UNIT NUWBER = 6=T

X =

250

WIND

ANGLE =

.5.

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

SOURCE STRENGTH (MICRO GRAMS/SEC) = +«1B9E«]10

S00

1000

2000

3000

4000

5000

LOAD = FULL

PRECIPITATOR POSITION =NOWN

¥ 6800000080000 00BCO000000000 0000000 RORRTROORE0O00RORRCEREORAOBROODORIRERRORROCEOORBENENEERERBOOROBRDRD

1500

1200

1000

aco

500

-4r0

=409

=800

=1000

=1230

~1s600

«402E~01

0.
o.
ol

«31SE-01

«114E+00 -

«RISE-D1
+612E=01
0.

0.

«1ASE«00

0.

0.
«262F=01
«559€=-01
«117F«00
«2TBF+00
«J0BE+00
«285F+00
«126F 400

0.

0.

«I60E«D0

6000 T000 B00O

0.

0.
«15TE=0D1 «245E=01
«664E=01] +664E=01]
«196F+00 0O, «521E+00
«553E+00 «ATAESDO
«149F+00 +310E«00

0.

0.

Ie1



AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANYs

UNIT NUMBER = 6=T WIND ANGLE = 45,

X =

CONCENTRATION = PARTS PER MILLION

WIND SPEED

(MPH) =45,0

SOURCE STRENGTH (MICRO GRAMS/SEC) = «630E+09

250 500 1000 2000

3000

4000

5000

Y 0000000000000 0000080000000 C000R 0GR RRRSORRRRCOOORRsRARERERRRRORORTORRRORRRORROROOREOERRRRBRRORENRRODOE

1600°

1200

10c0
800

600

=200
-&00

-6090

0.
0.
«AT2E-02
«15TE=02
0. «367E=02 L205F=01
«3J04E-D]
«1T3F=01
0.

0.

«404E=01

0.
0.

0.

«420F=-02
«J46F=-D1
«913F=01
«11TE«00
«966F=01

«535F=0C1

0.

«119E+00

0.

0.

0.

LOAD = 1/3 PRECIPITATOR POSITION =DOWN
A000 To00 ao00
0.
0.
«262E=02 +420E-02
«115F=01 «231E~-01
+TTTE=01 0. «14TE«00
«151E+00 «16TE«00
+593F-01] «997E-01
0.
0.

0.

el



AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMRER = §=-T7 WIND ANGLE = 60, WIND SPFED (MPH) =30,0 LOAD = FULL PRFECIPITATOR POSITION =N0WN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «1A9E+]10D

X = 250 500 1000 2000 oo 4000 5000 6000 T000 ROOO
¥ c000B8008N000eD 0000000000000 B0EE00N00000000NNE0NNCENTlEnN0000NN0RNE00000000N0EN0ROREs0R00RRREREES
160C 0. 0.
1200 0. 0.
1000 [
ROO 0. 0. 0. 0.
50C 0. 0.
400 0. +350F-02 «332F=01 «S24E-02
200 0. «140F=-01
0 0. 0. «524E-02 L332E-01 .192E~01 L315F-01 .S577€E-01 ,L315F-01 O, «T1TE=-D1
=200 «332F=-01 «STTF=01
-400 «332E-01 «13BF+00 «1TOE«00D . «129E«00
=600 0. -T152F=01
~an0 0. 0. +117F«00 «243E+00
-iC00 ' 1Y
=-1200 0. Oa

=1600 0. 0,

£eI



AVON POWER PLANTs

UNIT MUMBER = 6=7

X =

250

CLEVELAND TLLUMINATING COMPANYs

WIND ANGLE = &0,

CONCENTRATION = PARTS PER MILLION

IND SPEED

SOURCE STRENGTH (MICRO GRAMS/SEC) = «63I0E«09

500 1000 2000

3000

(MPH) =30,0

5000

Y 0000800000000 00000080000000008 0000000ttt ictodoceiooReiicdiesolttitsstoesisdaoosodsonisstcssntasan

1600

1200

1000
1.1
600
400

200

=200
=400
=600
~-800
=1000

=1200

-1600

0.
0.
«TBTF=-02
«252E-01
0. +TIAE=02 L645E-0)
+BTAHE=01
«399E-01
0.

0.

«69BE~-01

0.

0.
«682F=02
«J15E-01
»110F=01
«116F+00
«146F«00
«156F«00
«100E+00

0.

«10BE«00

LOoan = 1/3 PRECIPITATOR POSITION =DOWN
6000 T000 B00O

0. 0.

0. 0.
«99TE=-02 +252E-01
«420E-01 +S14E-01
+861FE-01 0, «114E+00
+151E+00 «175E+00
+144E+00 «182E+00

0. 0.

0. 0.

el



AVON POWER PLANT»

UNIT NUMBER = 6=T

X =

SQURCE STRENGTH

250

CLEVYELAND TLLUMINATING COMPANY«

WIND ANGLE =

500 1000

CONCENTRATION = PARTS PER MILLION

60, WIND SPEED (MPH) =45,0 LOAD = FULL

2000 3000

(MICRO GRAMS/SEC) = «189E+10

PRECIPITATOR POSITION =NOWN

Y 00088000 8R00RRROORSOORORROOBDRORROODODRORROEERRNORRRREDRRORORRORORROUOORBRERROARAREERRROIRNREEREEnE

1600

1200

1000
ROO
600
400

200

=200
=400
-600
-800
-1000

=-1200

-1600

('Y

0.

«350E-02

«140E~01 .420E-01
«IS0E-01
«245F=01

0.

0.

4000 5000 6000 Too0 Bnoo
U. o.
0. 0.
D‘
0. «262E=01 0.
n‘
«210F-01 «105FE=-01 0,
o.
+191F+00 ,224F+09 ,L115F+00 0, 0.
«219F«00
«115F+00 «J04F+00 0.
«402E=01]
0. +A0AF=-0] «124E+00
n.
Dl a.
0. 0.

S¢T



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = &-T WIND ANGLE = 60, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN

SOURCE STRPENGTH (MICRO GRAMS/SEC) = «6I0E«09

X o= 250 €00 1000 2000 3000 4000 5000 6000 T000 8000
¥ 008088330000 88888000000088080000 0080800000 RRRTRRRRRRRRRRRRBRORRRRRRRRRRREOR0RORRORBRDRERRBDRRRERRLES
1600 0. 0.
1200 0. 0.
1000 0.
R00 0. 0. «AT2E-02 0..
600 0. «210F-02
400 +STTE=D2 «152F=-01 «226E=01 «310E-01
200 «4208=02 «645€-01
0 0. 0. «6B2E=02 L362F-01 LS04E-01 L9T1F=01 L13BE«00 LBSSE-01 0. «121E+00
=200 «331F-01 «115F+00
=400 «1T3E~OL «56TF=01 «140E+00 X «150E+00
=500 0. «1B4F=01
=800 0. 0. «IR2E=01 +99TE=-01
-1000 0.
=-1200 0. 0.

=1400 0. 0.

9¢1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY CONCEMTRATION = PARTS PER MILLION
UNIT NUMBER = &=-T7 WIND ANGLE = =30 WIND SPEED (MPH) =15,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «1B9E+10

X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000
Y 280000080080 0088000000000000000000000000000NSRN0RNNERERONONO00000ERA0T00N0N0RR0NNRRRERERE0RORERERORS
1602 «1TSE=-01 0.
1200 «2T4E=-01 N,
1N00 «998E-02
800 «250E-01 «299E-01 «125E=01 «J24E-01
600 «3T4F=01 «250F=01
400 «250E~02 «2TAF=-0D1 «399€E-01 «3T4E-D1
200 «299E=-01 «424E-D1

0 J150E=01 L250F=01 L175E=01 LT49FE-01. L,P25E~01 L175F=-01 L190E+00 L474F-01 ,L799E-01 ,L6T4E-01

=200 +99RE=D2 0.
-400 «299E=-01 «250F =01 «424E=-0D1] 3 «150E=-01
=500 «399E=-01 «125F-01
=800 «T49E=02 «200F=01 +150E-01 «499E-02
-1000 «449F=-0]
=-1200 «225E=01 «299E-01

=1500 «225F=01 «225E-01

LET



AVON POWFD PANTy CLFVELAND TLLUMINATING COMPANY. CONCEMTHATION = PARTS PFR MILLION
UNTT NUMRER = A=T wiND ANGLE = =30, wINN SEFED (MPH) =30,0 LOAD = FuLL PRECIPITATOR POSITION =DOWN

SPURCFE STRFMGIH (MICHO GHAMS/SFC) = «IHYE«]O

NEUTRALs X=133FTWY=40NFT,

o 2un 500 1000 £non anou 4000 5000 6000 T000 Booo
Y 0€00000000000000000 0000000000000 0QOCRERNRB0000%00800RC00R00A0ULNOO0SRIROGROORBREOORRORORINERRRIERRREIEN
1600 0. 0.
12n0 0. 0.
1nno 0.
A0D n, n, W944F=01 «115€+00
ADD 0, «STTF=n]
ann aTPF=01 6295 =01 «126F+00 «185E+00
200 L ARTF=01 «112F+fin
an, n. fPANF=01  2R0F=01  L402F=01] '.4?#-:11 +752F=01 Ll0AF«0D O, «149E+D0
=200 JHPUE=N] «4S55F =01 .
=-40n P5TH=01 P2TF=0] «407F=01 «15TE=-01
=600 N «490F=-01
-AnQ n, 0. «2A0F=01] . «36TE-01
=10n0 0.
=12n0 0. 0.
-1r00 0. 0.

MAXY, GROUND LEVFL COMC,= ,]HSF+00

8CT



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUNDES = 4T WIND AMGLE = =30. WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +630E+09

X = 250 S00 1000 2000 3000 4000 5000 6009 T000 A000
A L R e I e L e L L e Y e e Y e Y]
1600 «T4SE-02 «932E-02
1200 «466F-02 «559E-02
1000 0.
800 «TASE=-D2 «252F=01 «252E=01 «354E-01
500 «932€E-03 «J6IF=01
400 0. «172F«00 «11RF+00 «112E+00
200 «652E~01 «155F«00
0 0. «TASE=02 LT4SE=02 4335€E=-01 L97BE=~D1 ,652F~02 L154E«00 ,L155F«00 L1R0F«00 ,L14TE+00
=200 «466E-02 «6T1E=-01]
=400 +838E=-02 «242F=01 +885E-01 . «133E-00
-600 «hS2E-02 «102F=01
-800 «186E=-02 «2T9E=02 «STRE-01 +A29E~-01
=1000 «S59E-02
-1200 «102E=-01 +289E-01

-1600 «1AAF =02 «932E-03

6€T



AVON POWER PLANT» CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PEH MILLION
UNIT NUMBER = « 6=7 WIND ANGLE = =30, WIND SPEED (MPH) =45,00 LOAD = FuLL PRECIPITATOR POSITION = DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «1B9E«10

X = 250 500 1000 2000 3000 4000 5000 6000 To00 8ooo
Y L0 08SE0 0000 RO ROORRCC AR RRRREREORRRRUOCOERREORRRERINTERECDORORORREEOODBORREDORERRRRRRORRRRRLOS
1600 «ITAE-DL «17SE=01
1200 +125E=01 «399E-01
1000 «2TAE=N]
aoo «JASE-0] «299F-01 «449F=-01 +155E+00
600 0. «225F=01
400 0. «9T3E=-01 «162E+00 «110E+00
200 «225F=01 «99RAF-01
0 W2T4E-0]1 0. «JASE=01 LI24F-01° .STLE-01 .2T4F-01 ,S5T4E-0]1 L120E«00 L152E+00 L165E+00
-200 «549F=01 «374F-01
=400 « TASE=-02 +998F=-02 «+624E=01 g «102E+00
=600 +125€=01 +250E-02
=800 +125E=01 +150F=01 «125E=01 «ITAE~D]
=1000 0.
-1200 «250E=01 «250E=-01

=-1600 «250E=-01 0.

ovt



AVON POWER PLANT» CLEVELAND ILLUMINATING COMPANY

UNIT NUMBER = 6-T

X =

WIND ANGLE = =30.

CONCENTRATTION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

SQURCE STRENGTH (MICROD GRAMS/SEC) = +630E+09

250 500 1000 2000

3000

4000

5000

¥ 0880300800800 0000000000RR0CRGRCRTReRRO00RNCROECTeNOReERREnOOROCURORRRPdRROERERRDRORROCRREERERRRORRERGTEE

1600

1200

1000
aco
600
400

200

-200
-400
-600
-800
-1000

-1200

-1600

0.

«1BKE=-D]

«652E=-02

«326E-01

«102E~01 L652E-02 LS5S9E=-02 L34SE-01
0.

«3T3IE=-02

«838F=-02

«112E-01

«S50E=-01

0.
«B83BE-DN2
«932F-01
«136E«00
«103E+00
«149E-01
«391E-01
«643E-01
«373E-02
«2T9F-02

+149F=-01

«BTBE~0D]

LOAD = 1/3 PRECIPITATOR POSITION =DOWN
6000 To000 8000
«168E=01 «838BE-02
«15RE=01 «140E-01
«699F =01 «T92E~01
«199E+00 «1T70E+D0
«126F«00 L144F«00 L116E+00
«503E-01 «634E~01
WAEHE-02 «2TOE~D1
LN «214E-01
«A66E=-02 0.

1841



AVON POWER PLANTes CLEVELAND ILLUMINATING COMPANY

UNIT NUMBER = 6-T

X =

SOURCE STRENGTH

250

WIND ANGLE = =45,

500 ioo00

2000

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =30,0

IMICRO GRAMS/SEC) = «189E+10

000 4000

5000

Y 0000000000080 000000083 00000 000000 RRRROREsRTOOORRROORRsORROTRRRTRDRRRRTROBRRROOOERTRRRRAROORORERD

1600

1200

1000
BoO

600

=200
=400
=600
=800
=1000

=1200

-1600

0.

+225€E-01

0.

0.

0.
«349E-0]
«4TAF=-01
«PT4E=01
«TAGE=D2

0.

0.

0.
0.
«225F-01
«122F+00
«T49F=-01
+JI9E=0]1 LTT4E-D]
«424F=01]
«AT4E-D]
«99RE=02
0.

«2TAE-01

0.

0.

LOAD = FULL PRECIPITATOR POSITION =D0WN
6000 7000 8000

0.

0.
+I2AE-01 11TE+00
«205F+00 «250E+00
+10TF+00 0, +200E+00
+873E=01 «3T4E=0]
+349E=01 «130E+00

0.

0,

0.

44!



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNTT NUMBER = 6-T

X =

250

SOURCE STRENGTH

WIND

S00

ANGLE = =4S,

CONCENTRATION = PARTS PER MILLION

(MICRO GRAMS/SEC) = +630E+09

1000

2000

3000

Y 680800t uaa00 0000800000008 00BB 0000 RDO0000RRsSRRCRRETERRRINRSRORORRRRARCRRRNERENRRRRRRLERBRRRRERRRES

1600

1200

1000
oo
600
aco

200

=200
=400
=600
=00
=1000

=1200

-1600

0

0.

0.

u.
0.
«214F=01

+196E-01

«121E=-01

«102E-01
«466E-02
0.

0.

+ABAE-D]

WIND SPEED (MPH) =30.0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN
4000 5000 6000 7000 BO0O
0. 0.
0. 0.
ol
0. «30TE=-01] +J0TE~O]
«1B6E-01]
«TITE=-0O1 «BTHE=01 «BRASE~01
«T55F=-01
+913E-01 LS03E-01 ,L932F~01 0, «125E+00
«45TF=01
+391E-01 «T1TE=01 «116E+00
«TASE~02
0. «135F=01 «BO0BE=D]
o‘
0. 0.
0. 0.

vl



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATTION = PARTS PER MILLION
UNIT NUMBER = &=T WIND ANGLE = =4S, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «189E+]10

X = 250 500 1000 2000 aooo 4000 5000 6000 T000 8000

Y S80S 8e000080EE00Es00N0NONeNO0E00N00E00000000000000NSIR0EIsRaN0RE000E0RSREROR0NANEeNORtRERSRERIRERS
1600 0. 0.
1200 0. 0.
1000 0.
B8N0 0. 0. «699E-01 «A9BE~01
600 0. «102F+00
4n0 «524E-01 «190E+00 «250F+00 «23TE+00 ‘
200 «HTAE=D1 «122E+00
0 0. 0. +250E=-01 LT49E-01 L11SE«00 ,220F«00 ,94BF-01 ,L9T3F-01 O, «202E+00
=200 +649E=-01 «998F =01
=400 0. +499E-01 «110E«00 +17SE«0D0
=600 0. «250F=~01
-800 0. 0o «ST4E-D] «426E-01
=1000 0.
=1200 . : 0. 0.

-IGQU 0. 0.

27!



AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUWBER = 6-7 WIND ANGLE = =45, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICHO GRAMS/SEC) = «630E+09

X = 259 500 1000 2000 3000 4000 5000 6000 T000 8000
Y G800 CECEN0ES 00000000 R00REN000R00ERRRNRN N0 ORROCE0dTNN00NOERNBDOROOR0ERE000RE0NERERRERSROBORBORSE
1600 0, 0.
1200 0. 0.
1000 0.
A00 0. [ «I94E=-D] «T4O0E=-01
600 0. «561F=01
490 «15TE=-01 «TT1E=01 «110E+00 «104E+00
200 «236E-01 «J94E-01
0 0. C. 0. +110F=01 L,S19E=-01 LBT76E~0! ,L414E-01 ,L525E=-01 0, +913F=01
=200 «420F=02 «AABF=01]
=400 +AT2E-02 «2T3E-01 +JIRE=-01] : «619E-01
=600 . 0. 0.
-A00 0. 0. 0. «17BE-01
=-1000 0.
=1200 0. 0.

=1600 0. o,

SP1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMRER = 4=T7 WIND ANGLE = =60. WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DO0OWM

SOURCE STRENGTH (MICRO GRAMS/SEC) = «189E+10

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
R L L L e T YT Y
1600 0. 0.
1200 0. 0.
1000 0.
A00 0. 0. «S24FE=-02 «S94E-01
&00 0. «315F=01
&no «395E-01 «699E~-01 «92TE~01 +140E+00
200 «122E-01 «154E+00
0 0. 0. «699E-02 0. © «B526E=01 L979F-01 L1S6E«00 L124F+00 0, +2B8TE+00
=200 «2B0E=-01 «94AE=-D1
=400 +699E-02 «S50TF=01 «114E«00 . «219E+00
=600 0. «17S5E=-01
=800 0. 0a «542F=-01 «114E+00
=-1000 0.
-1200 0. 0.

-1600 0. 0.

IVl



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNTIT NUWBER = 6=T WIND ANGLE = =60, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STIENGTH (MICRO GRAMS/SEC) = +630E«09

X = 250 500 1000 2000 3000 4000 5000 6000 T000 B00O

A L R Ty YY)
1600 0. 0.
1200 0. 0.
1000 0.
8no 0. 0. «169F«00 «19TE«00
600 0. «255F«00
400 +B66E=01 «263F+00 «262F+00 «324E+00
200 «661E-01 «219F00
0 0. 0. 0. «142E=-01 ,S40E-01 ,128F«00 L225F«00 L193F+00 0, «22TE«00
~200 «3IRTE=-02 s4laF=n1
=400 «105E=-02 «231E~01 «59RE=-01 - «167Es00
=600 0. «187F-02
-800 0. 0. «210E-01 «ST2E=-D1
-10090 0.
=-1200 » 0, 0.

-1600 0, 0.

Lyl



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANY+ CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 6=T7 WIND ANGLE = =60, WIND SPEED (MPH) =45.0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «189E+10

X = 250 500 1000 2000 3000 4000 5000 6000 7000 B0O0O
A L L L Y T T Y Y
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «262E-01 «S24E-01
600 0. +S94F=01
400 0. «11TF«00 «THOE=01 +10BE+D0
200 +245€6=-01 «159E+00
0 0. 0. «140E-01 L262E-01 L629E-01 L117F«00 L1TBE+00 L115E+00 0, «240E+00
-200 «157E-01 «1B4F+00
=400 «210E-01 «892E=-01 «110E+00 «203E+00
=600 0. «1S5TF=-01
-A00 0. 0. «122E~01 «114E+00
=-1000 0.
-1200 0. 0.

=-1600 0. 0,

8¥1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 6=T WIND ANGLE = =60, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «630E+09

X = 250 500 1000 2000 3000 A000 5no00 6000 T000 8000
Y 000000 cRRO RO RO RN OO ORROOREERROORDBRDRORRRRORREOIETSROROBEBRORBERRERONDPRRBORRRRERDERAREROER
1600 0. 0.
1200 0. 0.
1000 0.
A00 0. 0. «J10F=-D1 «299E-01
600 0. «3J41E=01
400 «14TE=D1 «997E-01 «46TE=01 «BTGE=01
200 «JABE-D] +934E-01
0 0. 0. 0. «121E=01" L446E-01 L.SBBE-0] .6APF=-N1 ,SO0&E-01 O, « T45E=-01
=200 «AT2E=02 «ISTE=-01
=-400 «36TE=02 «AT2F-02 «241E=-01 © «830E-01
-600 o. «AT2E-02
=800 0. 0. «105€6=01 «99TE=-02
=-1000 0.
-1200 0. 0.

-1600 0. 0.

6v1



AVON POWER PLANTe CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = B WIND ANGLE = 30 WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = +155E+10

X = 250 S00 1000 2000 3000 4000 5000 6000 T000 8000

¥ 6aB0000000000000000EB0N00sE0N000R00000000008e0REsN0eDNBsR0R0000N00N0000000000000000000RYR0N0RRRREDS
1600 0. «160E=01
1200 «120E=-01 «T22E-01
1000 «562F=01
BOO «AM1E-D] +522E-01 «602E=01 «193E+00
600 «4B1F-01 +120E+00
400 +120E-01 W241E-00 «I29E+00 +4TBE+0D
200 +BA3E-01 +S02F+00

0 .582E=01 .160F=01 ,L441E=01 ,329E+00 L1S6E+00 ,642F=01 ,L911E+00 ,L6TRF+00 ,LTI0E+00 L642E«00

-200 «A21E«00 «915F+00
=400 «421E+00 «TBIF«00 «B42ESD0 < «&9BE+00
=600 «165F«00 «281F=-01
=800 «B02E=-01 0. +S46E«00 «SO06E+00
=1000 +120E=-01
-1200 . ' «923E-01 «273E+00

-1600 «A01E=-02 «963E-01

0s1



AVON POWES PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUVBER = 8 WIND ANGLE = 30, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =N0OWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +S1SE«09

X = 25n 500 1000 2000 3000 4000 5000 6000 7000 8000
A T T T L L
1600 0. 0.
1200 0. 0.
1000 0.
Boo 0. 0. 0. «15TE=-D2
400 0. +141F-01
400 «TB4E=-02 «157TE=-01 «439F =01 «62TE=D1
200 0. «62TE=D1
e 0. 0. «TBAE~D2 L113F+00 L124E«00 .1BTE«00 LBIIE-O01 L12T7E+00 0, «151E+00
-200 «248E+00 . «JA0E+00
-400 «2T9E«00 «331E«00 «246E+00 - «162E«00
-1 0. «334F+00
-800 0. 0. W 23T7F 400 LLIX ]
=1009 0.
=-1200 0. 0.

-1600 n, n,

IST



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 8 WIND ANGLE = 30. WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =NOWN
SQURCE STRENGTH (MICRO GRAMS/SEC) = «155E+10

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8ooo0
¥ SASNCE00NGENeNTR0000NER0N0P0NNN00RNE0000000ER000ENEENA0NEN0N0000E000EN0000NRE0000NN0NB00R0RRUERERERS
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «AD1FE-02 «BB83E-01
600 0. «201F=-01
400 0. «401E=-01 «923E-01 «963E=-01
200 «201E-01 «14BE400
0 0. 0. +B83E~-0]1 L12RE+00 L165E+00 L.441K+00 L209F+00 ,L241F+00 O, +J45E«00
=200 «J4SE+DQO «662E+00
-400 +3IBSE+00 «S9BFE+00 «526E+00 ’ «429E+00
=600 0. «S1BF+00
-800 0. 0. «A1TE<00 «4TOE+D0
=1000 0.
=-1200 0. 0.

=16N00 0. 0.

¢Sl



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = A WIND ANGLE = 30, WIND SPEED (MPH) =45.0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GPAMS/SEC) = «515E+09

X = 250 500 1000 2000 3000 4000 5000 6000 T000 BO0O

Y S000c0000000008000000000800000000000000 0000000000 RNOR RN ORRRORRCRNORERsARAANRRRANRRERRRNRERUUE
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «172E~01 «157E-01
A00 0. «172F=01
400 0. «15TF=01 «596F=01 «12TE«00
200 0. «140F+00
0 0. 0. «3A5E-01 ,B15F=01 L140E«00 L166FE«00 L102E«00 L113F«00 O, «1B4E«00
=200 +196E+00 «268F+00
=400 «105E«00 «2B1E+00 «240E+00 . «201E«00
=600 0. «1BAE«00
-800 0. 0. «111E+00 «160E+D0
=1000 0.
=-1200 L : 0. 0.

1500 0. 0.

¢St



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY» CONCENTRATION = PARTS PER MILLION
UNTT MNUMBER = 8 WIND ANGLE = A4S, WIND SPEED (MPW) =30,0 LOAD = FULL PPEC!PITlTO“ POSITION =NOWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = «155E+10

X = 250 500 1000 2000 3000 ADDO 5000 6000 T000 Booo
Y 00000000000 0080000800000000000ER0CRONRORORORORORRRRRRRORIROERRNRRRERERRRRRRNRCOReRRRERERRRRDERERS
1600 0. 0.
1200 0. 0.
1000 0.
A00 0. 0. 0. «903E-02
600 0. «294F=01
400 «655€-01 «406F=-01 «TASE=-01 «T90E=-0D1
200 « TASE=01 «145E+0D0
0 0. 0. «AT4E=01 L219E+00. L242E+00 L4TAFeN0 LAT9F«00 .291F+00 O, «330E«00
=200 «ABRE«QD «940F00
=400 «404E+00 «T93F+00 « TI9RE«00 - «ATAE+00
-600 0. «6562F«00
-800 0. 0. «619E+00 «56TE«00
-1000 Y
=-1200 [ 0.
=1600 . 0. 0.

PST



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = B WIND ANGLE = A4S, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «S15E+09

X = 250 s00 1000 2000 3000 4000 5000 ~000 7000 B00O
D T L Y Ty Y YT YTy Yy Yy
1600 0. 0.
1200 0. 0.
1000 0.
AND 0. 0. «106E=-01 0.
600 0. «1326-01
400 «194E=-01 «353E-01 «423E-01 «S64E~-01
200 «39TE=01 «84TE-D]
0 0. 0. «115E=01 L166E+00. ,216E+00 ,282F+00 L233E+00 L1S4E«00 O, «191E+00
=200 «3R0E+00 «436E+00
-400 «293E+00 «A429F+00 «J61E«D0 ) «226E+00
-600 0. «350F4+00
-800 0. 0. «212E+00 «2TTE+00
-1000 Do
=-1200 0. 0.

=1600 0. 0.

SSI



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLTON
UNTIT NUNBER = B WIND ANGLE = 45, WIND SPEED (MPH) =4a5,0 LOAD = FuLL PRECIPITATOR POSITION =N0ww

SOURCE STRENGTH (MICRO GRAMS/SEC) = «155E+10

X = 250 500 1000 2000 3000 4000 5000 6000 Tooo 8000

¥ 0068000080000 0800000080000 00RRRER0R0ORelRRtaROtRect Rt tastetaetentisaitetaaoeenetsesstoeatosessanes
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. J24RF=01 .158E-01
600 0. .452F-02
400 .181E-01 £361F=01 L655€=01 L181E-01
2c0 0. L406F-01
0 0. 0. L104E+00 .192F+00 L309E+00 L316F+00 ,34BE«00 L12AF+00 0, «271E400
=200 «AlRE«00 «B0&F+00
-400 +39AE+00 +TA3E+00 «4IREL00 . 4391E+00
-600 0. LSBTE«00
-800 0. 0. +332F400 «499E400
=-1000 0.
-1200 . . 0. 0.

=1600 0. 0.

9s1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY CONCENTRATION = PARTS PER MILLION
UNIT NUWRER = 8 WIND ANGLE = 45, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «S1SE+09

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
Y 0008000808000 0000040000000 0000 00080080 00800000008C0008008RS0CROO0RERRORRROREOREOORdRRiReORRlRlaRRaEReOER
1600 0. 0.
1200 0. 0.
1c00 0.
R00 0. 0. .9T0E-02 +291E-01
6C0 0, 0.
400 L150E-01 +309£-01 .23RF=01 «609E-01
200 «415E-01 «S4TF=01
0 0. 0. +9TOE=02 T32E~01 L146E«00 L260F«00 ,L261F«00 L13TF+00 O, +195E+00
=200 «229E+00 +3B6F+00
-a00 «159E+00 «J62F+00 +290E+00 . «22BE+00
=600 0. «204E+00
=800 0. 0. «131E+00 +188E+00
=-1000 0.
-1200 0. 0.

=-1600 0. 0.

LST



AVON POWER PLANTs CLEVELAMD TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNTT NUMRER = 8 WIND ANGLE = 60, WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DDwWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «155E+10

X = 250 500 1000 2000 3000 4000 5000 6000 T000 B00O
A L L Y T Ty
1600 C. 0.
1200 0. 0.
1000 0.
800 0. 'Y «452E-02 0.
600 0. 0.
400 +24BE-D] «1S4E+00 «149E+00 «926E-01
200 «926E-01 «SBIAE«00
0 0. 0. «113E+00 L42TE+00 L352E+00 L77SE+00 ,T46E«00 ,T&1E«00 O, «43BE«00
=200 +429FE+00 «B02FE+00
=400 0. «621F+00 « TS9E+00 - «S69E+00
=600 0. +3J09F+00
=800 0. 0. «2BTE«00 «461E+00
=-1000 0.
=1200 0. 0.

-1600 0. 0,

8ST



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY4 CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = B8 WIND ANGLE = 60, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «515E+09

X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000

Y "....IQl'...’........Q'II..0..'I....l."...Q.l".'............l......I....I.......".....l..'l.l....
1600 0. 0.
1200 0. 0.
1000 0.
A00 0. 0. «T94E=02 +BA2E-02
600 0. «229E=01
400 JT94E=02 +891E-01 +573E-01 +TS4E=01
200 +B91E-01 +189E+00
0 0. 0. 0. «255F+00 .160E+00 .339F+00 ,2R3E+00 L160€+00 0. J172E+00
-200 +342E+00 +425F«00
-400 «119E+00 +304E+00 L2R7F+00 +209E+00
-600 0. «135F+00
-800 0. 0. «173E400 «213E+00
-1000 0.
-1200 . ‘ 0. 0.

=1600 0. 0.

6ST



AYON POWER PLANT» CLEVELAND ILILUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUWBER = 8 WIND ANGLE = 60, WIND SPEED (MPH) =45,.0 LOAD = FULL PRECIPITATOR POSITION =DOWNM
SOURCE STRENGTH (MICRO GRAMS/SEC) = +15SE«10

X = 2s0 500 1000 2000 3000 4000 5000 6000 7000 8000
Y 200520000000028500005008000000000000000800000000080008000800000s000000N0000000000080000000008sRRs00E
1890 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «135F-01 +203E-01
600 0. .452E-02
400 «452£-02 «151E+00 +129F+00 .723E-01
200 «113E-01 +36BF+00
0 0. 0. 0. .219E+00 0. «T16E+00 .529E«00 ,366E+00 0, +48BE+00
-200 +2B0E+00 «599€+00
-400 <13BE«00 <A45E+00 +630F+00 - 4544E+00
-600 0. +208E+00
-A00 0. 0. +145E400 +334E+ 00
-1000 0.
-1200 0. 0.

-1600 0. 0.

091



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANYs

UNIT NUMBER = 8 WIND ANGLE = 60,

X =
¥

1K00

1200

1000
A00

A£00

800
=100

=-1200

-1600

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

SOURCE STREMGTH (MICRO GRAMS/SEC) = «515E+09

250 500 1000 2000

3000

4000

5000

LI L R L L L Y R R R Y YT Y}

00
o.
«A24E=02

«179E=-01

0. 0. +4B9E-02 .S4RE-D]

+656F=01
«297F=01
0.

«61TE=01

«101E-01
«290F=01
«911F-01
+«120E+00
«112E+00
«581E-01

«189F=-N1

0.

0.

+104E+00

0.

LOAD = 1/3 PRECIPITATOR POSITION =NOwWN
6000 T000 8000
0.
0.
«424E-D2 «TB3E~-02
«J6SE-01 «261E-01
«TO0SF=01 0, «626E-01
«9THE=D1 «AZ6E-D1
«25AF=01 «4TOE=-O1
0.
0.

191



AVCN POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 8 WIND ANGLE = =30, WIND SPEED (MPM) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +515E«09

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
¥ 8800080000008 00000080000008000 0000000000000 RR0RO0RESRRRROORTREROREREROCERONERORBORRREOReOBEORRRRRRY
1600 0. 0.
1200 0. 0.
1900 0.
a00 0. 0. «282E-01 «172E-01
600 0. «26TE=01
400 .329€-01 .172€-01 +549E=01 «6T4E=01
200 «925E-01 .157F-01
0 0. 0. «226E+00 L,362E+00 L279E+00 ,259F+00 0, «114E+00 0, «100E+00
-200 «334E+00 «A14F00
-400 +198E400 «329F+00 «306E+00 - «223E+00
-600 0. S1STE=01
-800 0. 0. +184E+00 +213E+00
-1000 0.
-1200 - ) 0. 0.

-1600 0. 0.

Zo1



AVON POWER PLANTs

UNIT NUMBER = 8

X =

CLEVELAND TLLUMINATING COMPANYs

WTND ANGLE = =30.

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

SOURCE STRENGTH (MICRO GRAMS/SEC) = +155E+10

250

500 1000

2000

3000

4000

so0co

LOAD = FULL

PRECIPITATOR POSITION =DOWN

Y #88000800008880800 0080000000000 RRERRTRRRRRRRRRRRORARRRRERRPRRCRRERRRERRERRRRRRERBNNERBREERRRBERRRGS

1600

1200

1000
800
600
400

200

=200
=400
-600
=800
=-1000

=-1200

=1600

«2B1E-01 0.

«124E+00

«802E=-01
+963E-01
«AR3E-D]
+2B5E+00
«3B9E«00
«TO2F+00
«209E+00
«hRZE=-01

«401E=-01

«265E+00

0.
«100E+00
«140E+00
«3J49F+00
+40SE«00
+6TBE«00
«125Fs+01
«686F+00
«BB2F =01
«201F=01

«201E-01]

«TA2E«00

6000 7000 8000
«6B2E~D] «441E-01
«602E=-01 «441E-D]
«14RF«00 +156E+00
«361E+00 «ATOE+D0O
+401E«00 ,LATBE«00 L453E«00
«ST4F«D0 +634E+00
«TRTF+00 «6TOE+00
+213F«00 «429E+00
«321F=n1 «209F <00

€91



AVON POwWER PLANTs CLEVELAND ILLUMINATING COMPANYs

CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 8 WIND ANGLE = =30, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = «S1SE«D9
Wi 250 500 1000 2000 3000 4000 5000 &000 T000 6000
R L T T T e Ty
1590 0. 0.
1200 0. 0,
1000 0.
ROO 0. 0. «251E=-01 «188E~-01
690 0, «204E=01
400 «2B2E=-01 «S51AF-01 «314E=-0] «JASE-D]
200 +ATOE=-01 «235€E-01
0 0. 0. +439E-01 L15RE+00 L1BOE+00 L144F+00 L3T6E-01 L7S3E-01 O, «910E~01
=200 +81SE=-01 «254F4+00
-400 «T6BE=~01 «13BE+00 «1BTE«0D0 «122E+00
-600 0. 0.
-800 0. 0. «BTRAE=-01 «110E+00
=1000 0.
=1200 0. 0.
=1600 0. 0.

&2}



AVON POWER PLANTe CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 8 WIND ANGLE = =45, WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =NOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +155E+10

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

Y (Z R L Y Y R R R R R R R R R R R R R R R R R S L
1600 0, 0.
1200 0. 0.
1000 0.
800 0. 0. 0. «2T1E-01
A00 C. +339E=-01
400 «2T1E=01 «T6BF=01 «111E+00 «113E+00
200 +135E+00 23TE-00
0 0. 0. «610E=01 L418E+00 ,S556E+00 L452F«00 L169E+00 L2TRE+00 0. «IRBE+00
=200 «B0TE00 «6R9E+00
=400 « 1565400 +691E+00 «619F+00 3 <4TI9E+DO
=00 0. «ATSE+D0
-800 0. 0. «S1TE+00 «SB1E+00
=19209 0.
=1200 . 3 0. 0.

-1600 0. 0.

591



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANY CONCENTRATION = PARTS PER MILLION
UNIT NUMRER = 8 WIND ANGLE = =45, WIND SPEED (MPW) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «515E+09

X = 250 500 1000 2000 o000 4000 5000 6000 7000 ROOO
D L T T YY)
1690 0. L
1200 0. 0.
1000 0.
800 0. 0. «J44E-D] +432E-01
600 [ «459F=01
400 +8R2E-02 «TBS5F=01 «109E+00 «105E+00
200 «213E4+00 «2T9F«00
0 0. 0. «B4TE=-01 ,354E+00 L424E+00 ,L41BF«00 L139E+00 ,L20AF«00 O, «20RE+00
=200 «2TGF00 «a3AF+00
=400 «114E+00 «JATF+00 «293E+00 *. «230E+00
=600 0. «280F+00
-800 0. 0. «24HE«00 «163E+00
=1000 I 'R
-1200 0, 0,

=1600 0. 0.

991



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLIOM

UNIT NUVMBER = A WIND ANGLE = =aS, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOUPCE STRENGTH (MICRO GRAMS/SEC) = «155E+10

X = 250 So00 1000 2000 3000 4000 5000 6000 T000 8000
T Y Y Y YY)
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. 0. «452E-02
600 0. 0.
400 «ATAE=D] «T23E-01 «8SRE=-01 «113E+00
200 +903E=01 «2T1E«00
0 0. 0. 49TE=01 L291E+00- .499E+00 .558F+00 L156E«00 L2TAE+00 0, «ISSE«00
-200 +J93E+00 «696E+00
=400 «122E+00 «4IBE-00 +20RE«00 . «368E«00
=600 0. «242E-D0
-A00 0. 0. «1BTE+DOD +ISSE«00
=-1000 0.
=-1200 0. 0.

-1400 1Y 0.

L9T



AVON POWER PLANTy CLEVELAND ILLUMINATING COMPANY, CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = A WIND ANGLE = =45, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN
SOURCE STRENGTH (MICRO ORAMS/SEC) = «S1SE«D9

X = 250 s00 1000 2000 3000 4000 5000 6000 7000 8000

A L L L
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «9T0E=-D2 +1T6E=D1
600 0. «282E-01
400 0. «326E-01] s J4AE=0] +«158E+00
200 «T41E-01 «130F«00
G 0. 0. +626E=01 L1BBE+00 L215E+00 .263F+00 LB29E-0]1 L148E+00 O, «16TE«D0D
=200 «1SSE«00 +288F+00
-400 «J26E=-0D1 +205E+00 «1BRE«00 = «161E+00
=600 0. «AS6F=-01
-800 0. 0. «520E=-01 +AB2E~01
=1000 0.
=1200 . : 0. o,

=1600 0. 0.

891



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNTIT NUMBER = A WIND ANGLE = =69, WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION aDDOWN

SCGURCE STRENGTH (MICRO GRAMS/SEC) = +«155E+10

X = 250 500 1000 2000 3000 4000 5000 6000 To00 8000
L L T N T L L T Iy
1400 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «542E-01 «406E-01
600 0. «6TTF=01
400 +294E-01 «1T6F«00 «T6RE=D1 «196E+00
200 «31AE+0DD «SB8TFe00
0 0. L. «TEBE=01 ,4T4E+00 L829E+00 LBTTE+00 ,T91E+00 LS11E+00 O, «S6TE+00
=200 «J9SE+00 «B31F+00
=400 1T4F+00 +S13F«00 +6ASF+00 g «63ITE+DO
=600 0. «233F+00
=800 0. 0. +AOTE+00 «S556E+00
=1000 0.
=1200 0. 0.

=1600 0. Uy

691



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = A WIND ANGLE = =60, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SQURCE STPENGTH (MICRO GRAMS/SEC) = «S515E+09

X = 250 500 1000 2000 3000 4000 5000 6000 7000 sooo
AR L L I L L L e e P e Y Y SR Y )
1600 L 0.
1270 0. 0.
1000 0.
ROO 0. 0. «362F=-01 «T32E-01
600 0. «8T3F=-01
400 +B29E-01 «251F«00 «124F+00 «163E+00
200 +259E+00 +421F+00
0 0. 0. +RATE=01 .429F+00 L.S28E+00 .4R2F+00 L410F«00 L196E+00 O, «254E+00
-200 «A96E+00 «4T2E+00
=400 «2T3E00 «312Fe00 «Z24KE4DD . #234Es00
=600 Ne «139F«00
-800 0. 0. «111E+00 «1T4E+0D
=-1000 0.
=-1200 0. 0.

-1600 ' 0. 0.

0LT



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATICN = PARTS PER MILLION
UNIT NUMRER = 8 WIND ANGLE = =60, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPI'I'HOD'POSITIDH =D0WN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +«155E«10

X = 250 500 1000 2000 aooo0 4000 5000 6000 7000 8000
Y 8000008800080 08000000000C0R00000308000080800000008000CRR0RERR0RRCRRRRROERERRREREROIRRRRRRRRRERORRERD
1500 0. 0.
1200 0. 0.
1000 0.
ao0o 0. 0. «655E~01 «632E-01
600 0. «138F+00
409 «115E+00 +445F+00 «20RF+00 +314E+00
200 «296E+00 «A54F«00
0 0. 0. «HTTE=01 4545400 L761E«00 LB6ESF«00 LAPTE+00 LA9PE+00 0. «S51E+00
=200 «24AF+00 «635F+00
=400 W4 06F=01 «256F+00 «400F+00 «A61E+D0
=600 0. «429F=-01
=800 0. 0. «361E=-01 «125E+00
=000 0.
-1200 . : 0. 0.

~1600 0. 0.

TLT



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY

UNIT NUMBRER

SOURCE STRENGTH

250

WIND ANGLE = =60,

500 1000 2000

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH)

3000

(MICRO GRAMS/SEC) = «S15E+09

4000

=45,0

5000

Y #805808¢ 0000000800000 000000000800 00R0RRsRRURARRORURRBORROORBRRRTOORBORRRINRERROERtRARRCRRRRRRRRRERRERS

1600

12¢0

1000
800
600
400

200

=200
=4C0
=600
=-A00D
=100

-1200

=1600

0.
0.
«61TE=01
«165F+00
«185E=01 L217F+00
«142F+00
«176E-01
0.

«299E+00

0.

0.
«ATEF=01
«199F«00
«IT2F+00
«301F+00
«252F+00
«10BE+00
«362€-01

0.

0.

«J26E+00

0.

0.

LOAD = 1/3 PRECIPITATOR POSITION =DOWN
/000 T000 8000
0.
0.
«23RE=-D1 «415€E-01
«105E«00 «131E«00
«13RE«00 0. «161E+00
«131E+00 «1TOE+00
«2T3E-01 «265E=-01
0.
0.

0.

L



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 9 WIMD ANGLE = «30 WIND SPEED (MPH) =30.0 LOAD = FULL PRECIPITATOR POSITION =D0WN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «463EL10

X = 250 S00 1000 2000 3000 4000 5000 6000 7000 sooo0
Y 208300000008 0000080300800000000080080R00000000RRRROREEROERERROO0ROORROROORORBRDROOBRROORRREORRORADED
1600 «250E=01 «949E=01
1200 0. «499E-01
1000 0.
BOO 0. 0. «949E=01 +300E=-01
600 0. 0.
400 0. 0. «H9%E=-01 «5S99E=01
200 0. 0.
0 0. 0. 0. 0. D 0. 0. +AA9F =01 LT99E-01 LS599E-01
=2n0 0. 0.
=400 0. 0. «399FE=-01 «250E=01
=500 0. 0.
-8c0 0. 0. «T4GF=01 «145E+00
=1000 0.
=1200 «T49F=D1 «120E+00

=1600 «300E-01 +699E-01

LT



POWER PLANTs CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
NUVRER = 9 WIND ANGLE = 30, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =D0OWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = +154E«10
X = 250 SCIICI 1000 2000 3ooo0 4000 5000 6000 7000 Booo0
Y 600000000000t ont000000800000RR0RORRRlOSORORRtROORRERRRReRRERRRRRRROORRRRRORRRORRRRERRERERRRRRODES
1500 0, 0,
1200 0. 0.
1000 0.
800 0. 0. «B6RE=02 IATE-02
600 0. «191E-01
400 «139E=-01 0. «B&AF=02 «226E=-01
200 «»1226-01 0.
0 0. 0. 0. «226E-01 ,122E-01 0. +«330F=-01 L365F-01 0, «120E+00
=200 «1226-01 «260F=01
-400 0. +101F«00 J153F«00 . W«1TTE«00
=600 0. +53AF=01
=-RD0 0. 0. «1BRE«DO «323E+00
=1000 0.
=1200 . - 0, 0.

=1600 0. 0.

PLT



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = 45, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =NNwN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «154E+10

X = 250 500 1000 2000 3000 4000 5000 6000 7000 B00O
AR A e e e R L L L e e e R e R e e e eSS e s
1600 0, 0,
1200 0. [
1000 0.
aro 0. 0. «166E=-01 «S4TE=01
600 0. 0.
ano «293E-02 «606E=-01 «224F+00 +320E+00
200 +SBEF=02 «289F 400
o 0. C. «ITTE=02 L192E+00 ,.266F«00 L4B0F+00 L.532E«00 ,SBTE«00 O, «69BE«DO
=200 «2TOF«00 «H604F 00
=400 «211F+00 «64TE0D «TBG6F 00 . «TOOE«00
=600 0. «4T3F+00
-A00 0. 0. «36AF 400 «S16E+D0
=-1000 0.
=-1200 0. 0.

=1600 0. 0.

S&1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = 45, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «463E+1D

X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000
Y 1086000000008 00800000080000000800008000N00sEs0000000NONNERENERNOR0000R00NARORORENRRNDER0ORODER0REDS
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «460E=01 0.
600 0. «2THE=D1
ACO «245E=01 «613E-02 «245F=-01 «123E-01
200 «920E=01 «153F=-01
0 0. 0. «1B1E+00 L10TE«00. .245E-01 L613E-01 .766F-01 .T3IKE-0) O, «126E+00
=200 «B5RE-01 «30TE-01
=400 «TH6E=01 «BTAE=-0] «104FE«00 . «156E«00
=500 0. «337F-01
-E00 0. n, «123E+00 «236E+00
-1000 0.
=-1200 0. 0.

=i600 0. 0,

9L1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNTT NUMRER = 9 WIND ANGLE = AS, WIND SPEED (MPH) =AS5,.0 LOAD = 1/3 PRECIPITATOR POSITION =D0OWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «154E«10

250 500 1000 2000 3000 4000 5000 6000 7000 BOOO

2 : eSO ESNEsN00ER el R00a0000R000ER00Nc0000RsER0NRNI0000EORORNI000R0O0ROORORERERERRERERERRRRRS
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. 0. 0.
600 0. 0.
400 0. «293F=-02 «371F=01 «235E~01
200 «12TE=01 «586F=-01
0 0. 0. «ITTE=03 .919E-01 L166E+00 LI44E+00 L441E«00 L221F+00 0O, «415E+00
=200 «J09F+00 «690E-00
-400 «290F+00 «69TE+00 «609F+00 " «ATZ2E+0D0
-600 0. «ATTE«00
=800 0. 0. «275E+00 «A34E.D0
=-1000 0.
=-1200 . ' 0. 0.

-1600 (Y 0.

LLT



AVON POWER PLANT» CLEVELAND ILLUMINATING COMPANY» CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = 60, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DNWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «463Ee10

X = 250 sno 1000 2000 jooo 4000 5000 6000 7000 8000

¥ 00800080 C OSSR O0BRRtRRO00OBROO0OOOG0CRORBERROREEDORRERRROBOrOOOORRREROCEDRBEOABRERRGROREAREEREERREEEN
1600 0. 0.
1200 0, 0.
1000 0.
800 0, 0. +36RE=D1 «552E=01
600 0. «245F=01
400 ' +SA2E-01 +306F=-02 +245E=01 «705E=01
200 L644E=01 +613F-01
[ 0. +30TE-01  L153F-01 ,644E-01 0, +613E-01 ,920F-01 O, «212E+00
-200 0. +521E=01
-400 .123€-01 «T0SE=01 «21RF+00 © <21BE+00
-600 0. «919F-02
-800 0. [ LT9TE=01 «310E+00
-1000 0.
-1200 . ) 0. 0.

-‘16'_.10 0. 0.

8LI



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUWBER = 9

250

WIND ANGLE = 60,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =4S5,0 LOAD = 1/3

SOURCE STRENGTH (MICRO GRAMS/SEC) = «1S4E+10

500

1000 2000

ooo

PRECIPITATOR POSITION =DOWN

AR Ty L R L e e e e e R R e R Y R R R R R R RS SR R YT

1600

1200

1000
800

600

=200
=400
=600
=300
-1000

=-1200

=1600

0,

0.
0.
«9TTE=D2
«ABOE=-D2
«205E=01 L117E-01
«TB2E=-0D2
«12TE=01
0.

0.

«391E=-02

4000 5000 6000 Tooo 8000
o. o.
0. 0.
0.
0. «BRAOF=02 «6BAE-D2
0.
+1B6F=01 «SBAF=D2 «168E=01
«293IF=02
«14TE=-01 .2T4F-01 L313E-01 0. +8B0E-01
«127F=01
«254FE=01 «T33E=01 +B31E-01
«3625-01
0. «469FE=01 «111E+00
u-
n. - o.
o. a.

6L1



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = =30, WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SQURCF STRENGTH (MICRO GRAMS/SEC) = «463E«10

X = 250 500 1000 2000 3000 4000 s000 6000 7000 8000
¥ 200000000003 000000040000000800C0000000000000000000RR0OEERIOROEOORRROTlBORRROTENOROORROEREDBOORRRRERORD
1600 0. 0.
1200 0. 0.
1000 0.
ano 0. 0. «200E6=01 «J49E-D]
600 0. «599F=01
400 0. +200F=01 0. +300E=-01
200 «300F=01 +599F~01
0 0. 0. +250E-01 0. . «T49E=01 LT49F-01 0. «105F«00 0, +135E+00
-200 «998F=01 »499F=01
-400 «499E-01 0. «115F«00 - «1B0E«00
=600 0. «599F =01
=800 0. 0. «1RSF«00 «165E+00
=1000 0.
-1200 0. 0.

=1600 0. 0.

081



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY.

CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 9 WIND ANGLE = =30, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN
SOURCE STRENGTH (MICRO GRAMS/SEC) = «154E+10
X = 250 500 1000 2000 3000 4000 5000 6000 To000 8000
¥ 60%0000088008008 0000000000000 000000800000R00000 0000000ttt RacREReRit RO ORTOROREGRTReRRsERRERdRERN
1600 0. 0.
1200 0. 0.
1000 L
800 0. 0. «191E=01 «226E=-01
600 0. «86BE=02
400 0. «695F=02 +20RE=01 «260E~01
200 0. «278F=01
0 0. 0. «104E-01 L20RF=01 L1S6E-01 L.625F-01 ,226E-N1 .TBIF=-01 O, +18BE+00
=200 «4B6E=01 «142F+00
=400 «122E-01 «1T9F+00 «3S51E+00 «299E+00
=600 0. «3ATF=01
=800 0. Oe «J1AF+00 «J13E+00
-1000 0.
-120C 0. 0.
0. 0.

-1600

181



AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = =30, WIND SPEED (MPH) =45,0 LOAD = FuLL PRECIPITATOR POSITION =NOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «463E-10

8 250 500 1000 2000 3000 40190 5000 6000 T000 8000
¥ 0030808000000 0000000000%00000800008000000008000CRRRRERRRRIRROO0RERtROO000R0OlRR0RBORERRBRARsRRERRES
1600 0. 0,
1200 0. 0.
1000 0.
800 0. . «20NE=-01 «JA9E-D1
600 0. +549F=01
400 «250E~01 «SA9F=-01 0. «799E=01
200 «150E=01 «399F=01
0 0. 0. 0. «TAGE=01 ,LS49E=0]1 ,L349F=0]1 ,L449E=-0]1 ,L150E+00 O, «255F+00
-200 «J00F=01 «160F+00
=400 +250E=-01 0. « IGAE+00 . «43AE+DD
-600 0. «549F=01
=800 0. 0. +295F+N0 «ABAE+00
=1000 0.
=1200 0. 0.

-1600 0. 0,

Z81



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = =45, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN

SOURCE STRENGTH (MICRD GRAMS/SEC) = «154E+10

X = 250 500 1000 2000 3000 4000 5000 6000- T000 8000
Y 088000000008 0000000000C00000000R000REORORRRCRCeERREOROOEREREREORRtEREtOREROOREROTERRERRRRRRERRRRRREREDE
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «107E-D1 «254E-01
600 0. «6B4F=-02
400 «14TE=-0D1 «107E=01 «205E=-01 «2T4E-01
200 +4B9E-02 «127F=01
o 0. 0. «117E-01 .6B4E-02 L20SE-01 L723F-01 L704E-01 ,929E-01 O, «13TE«00
=200 0. «128F«00
-400 +8B0E-02 «115F+00 «2T9F+00 . «240E+00
-600 0. +101F«00
-800 0. 0. «315F«00 «ATSE+DD
=-1000 0.
=1200 0. 0.

-1600 0. 0,

€81



AVCN POWER PLANTs CLEVELAND TLLUMINATING COMPANYs

UNTT NUVAER = 9

X =

250

WIND ANGLE = =45,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

LOAD = FULL

SOURCE STRENGTH (MICRO GRAMS/SEC) = «4RIESLD

500

1000 2000

3000

PRECIPITATOR POSITION =DOWN

¥ 0000000000008 00000000000000C000R0R00RR0CR00RRCRRARORO0ERRRREROCEORORE0RORRRBERETORBROORROEBRRERRRODRBRS

1600

1200

1000

600
agn

200

=200
-400
-600
-800
-1000

-1200

=-1600

0.

0.
0.
+36RF=01
«245F=01
«221E+D00 ,564F=-01
«113F«20
+120E+00
0.

[

«104E+00

4000 5000 6000 7000 8000
0. 0.
0. 0.
o.
0o 0. +33TE=01
«A60F=01
«307E~01 +552E=01 «10TE+00
«10TF+00
«123F400 L644F-01 «129E+00 0, +294E+00
«644F=-01
«129F+00 «322E+00 «33TE+00
«101F+00
0. «221F4+00 «555E+00
u.
0. 0.
0. 0,

V81



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY: CONCENTRATION = PARTS PER MILLION
UNIT NUMBER = 9 WIND ANGLE = =45, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «154E«]10

A = 2519 500 1000 2000 iooo 4000 5000 000 To000 B00O
Y SeCCSEOCNN0NO0eNCN 00000000008 SRR ItOR oSO e 0NN 0NeNsNN0E000000C000S0Rt0RR00NRRNNNEREtORTTRRRRRDY
1500 0. 0.
1200 0. 0.
1000 0.
800 0. 0. 215F=01 +13TE-01
600 0. «9T7F=03
400 +137€=-01 «12TE=01 0. «195E=-01
200 +127€-01 «235F-01
0 0. 0. «6B4E=-02 L166E-01 ,264E-0)1 L323F-01 ,LH606E-01 ,772F-01 0. «101E«00
=200 «10TE=-01 «116F«00
=400 +156E=01 «93BE=01 «20RE«00 +198E+00
-600 0. «538F=01
=830 0. 0a «131E«00 «259E+00
-1000 0.
=1200 0. 0.

=1600 0. 0.

S81



AVON POWES PLANTs CLEVELAND ILLUMINATING COMPANY CONCENTRATION = PARTS PER MILLION
UNIT NU~MBER = 9 WIND ANGLE = =60, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRD GRAMS/SEC) = «154E«10

X = 250 500 1000 2000 3000 aC00 5000 6000 T000 BooO
¥ 800000000000 0000000 00000000800 0000080 8000000000000 R0RRENEORERECRA0OReERRORR0RRE0OReROERDRCERRsRORERD
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. 0, +137E=01
A00 0. J14TE=01
400 0. J14TF=01 L127F=01 +23SE-01
2n0 «ABOE=02 «205€=01
0 0. 0. +5B6E=-02 ,176E-91 .S1BE-01 ,L635F-01 .6B84E-01 LBT70E-01 O, «196E+00
=200 «9TTE=-02 «182F«00
400 +489E=02 +257F+00 +A4B2E+00 . +392E+00
=600 0. «19TE«00
-850 0. 0, «533E+00 +619E+00
=1000 0.
-1200 0. 0.

=-1600 0. 0.

981



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY.s CONCENTRATION = PARTS PER MILLION
UNIT KUMBER = 9 WIND ANGLE = =60, WIND SPEED (MPH) =45.0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = «463E+10

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

Y 2088000000808 000800008008000000800800068000800000R8B0000CRRCRRRORRRR0RRRRRRBRRCRRPP0RRRRRRRRRRRIRERIROLERS
1600 0. 0,
1200 0. 0.
1000 0.
800 0. 0. «2THE=01 «A460E=01
600 0, +521F=01
400 «6TAE=01 +33TF=01 «6TAE=0] «TOSE=D1
2c0 0. «828F=01
0 0. 'IY «613E=C1 L2156-01 LA44E-Q1 ,T66F-01 ,L21S5F«00 L13RF+00 O, «3J0TE+O0
=200 «245F=01 «153F+00
=400 +39RE=-01 +110F+00 +20RE+00 «29TE+00
=600 0. «&TAF=01
-800 0. 0. «490E-01 «13RE+00
=1000 Y
=1200 . : 0. 0.

-1600 0. 0.

L8I



AVON POWER PLANTs CLEVELAND ITLLUMINATING COMPANY, CONCENTRATION = PARTS PER MILLION
UNIT NUMBEP = 9 WIND ANGLE = =60. WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITIOM =DOWN

SOURCE STRENGTH (MICRO GRAMS/SEC) = +154E+10

X = 250 500 1000 2000 3000 4000 5000 6000 To000 8000
¥ 0000000t iecRasnotalocROlOReRROORReas iRl e Rt RCe Rt RRRRRes R 0ROt RRTReRRRRERERRRRERRRRRRRRERERRGRAEE
1600 0. [
1200 o. 0.
1000 0.
L1 ] 0, 0. [ «14TE=-N]
600 0. «195€E-01
400 «TR2E=-02 +«195F=02 +391F=02 «215E-01
200 +4B9E=-02 «4B9F=-01
0 0. 0. «391E-02 .5B6F=-02 L1TGHE=-01 L410F-01 ,LB&O0E-01 L10RE«00 O, «131E+00
=200 «215E=-01 «831F=01
=400 0. «SSTE=D1 «1TOE+00 ~ «1TBE+00
=~00 0. «313E=-01
-R00 0. 0. «JA1F=01 +144E+00
-10c0 0.
=1200 0. 0.

=1600 0. 0.

881
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Table 13 Grouped Concentration Data at Neutral Conditions



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION

UNTT NUMBFR = 647 WIND ANGLE = +230, WIND SPEED (MPH) =15,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
xs 250 509 1000 2000 3000 4000 5000 6000 7000 8000
AR R R L R R L L R R R R R R e R R R R R R R R R R R R R
1600 0. +«150E=-01
1200 0. 0.
1000 0.
800 0. 0. «H49E=-D1 «6T4E=01
600 0. 0.
aro 0. 0. +«599€~01 «ATAE-O]
200 0. 0.
0 0. 0. 0. 0. 0. 0. 0. «S24E-01 L424F-01 L3T4E-01]
=200 0. 0.
-400 0. 0. «T49E=01 «200E~01
=600 0. 'Ry
=800 0. 0. A24F=0] «125E-01
=-i0C0 0.
=-1200 «399E=01 «250E-02
=-1600 «99RE=-02 «499E-02

MAXIMUM CONCENTRATION=  ,T49FE-01PPM

061



AVON POWER PLANT»

UNIT NUMRER =

X =

1600

1200

1C00
ao0o0
600

400

=400
=600
-R00
-1000

-1200

-1600

CLEVELAND TLLUMINATING COMPANYs

CONCENTRATION = PARTS PER MILLION

1=5+6sTs B49 WIND ANGLE = +30 WIND SPEFD (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DOMN
250 500 1000 2000 3000 4000 5000 6000 J000 8009
Y lci.-’Cliﬂollllbooibolil..ll."lﬁll.....DOI|D..lbll.l.l.|..l.l.!.l'llll..l.'.lilliiiblllt.ﬂllblllilﬁ
+349E-01 «148E+00
«41TE=01 «253E+00
«T150F=01
+559E=01 +905E~01 «JIAF+00 +663E+00
«565E=01 «175F+00
«A4AE-01 «AJBELCD <AIGF+ND «105€+01
«313F+00 «T90FE+00
«BT6E=01 L11TE«00 L30RE«00 LTHO0E«00 L309E«00 L423F«00 L143E«01 L134Fe01 L14TE+01 L133E«01
+H4BE+DD «138F+01
«613E+00 +110F+01 «11AF+01 «942E+00
«235E400 «5TEE=01
«129E+00 «2T3F-01 «TBOE+00 «BT4E-DO0
«345F=01
«220F+00 «522E+00
+S5T9E=01 «181E+00
CONCENTRATION= «14TE+O1PPM

MAXIMUM

SUOT3ITPUO) [BIINSN 3B BIB( UOTIBIJUSDOUO) padnoin ¢1 91qe]

161



AVON POWER PLANT»

CLEVELAND TLLUMINATING COMPANY s

CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 1=5¢ 52Ts Be 9 WIND ANGLE = 30, WIND SPEFD (MPH) =30,0 LNAD = 1/3 PRECIPITATOR POSITION =DOWN
X = 250 sco lo00 2000 3000 4n00 5000 6000 To00 anoo
Y L L I L R L P R R R R RS ER S )
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «A92E=-01 «115E+00
600 0, «130F«00
400 «946E=D] W2T9F+00 +304E«D0 +JIBE+00
200 +29RE+00 «BO1F=01
0 0. 0. «ALTE+D0 L452E«00 LA94E«00 L605F«00 L3IATE+00 L451F«00 0, «624FE 400
=200 <A24E+0N «T35Fs0N
-&00 «426E+00 «595F+00 «152E+00 +694E+00
-600 0. «396E+00
=ANn0 0. 0. «593E+00 «BOLE+00D
=1000 Oe
=1200 0. 0.
-1600 0. 0.
MAXIVUM  CONCENTRATION= «801E«00PPM

61



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

1600

1200

1000
800
6500
4n9

200

=200
=400
=600
-80¢
-1000

=-1200

-1600

CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = 1=-5+ 6,7,8,9 WIND ANGLE = 30, WIND SPEFD (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =pOWH
250 500 1000 2000 3000 AC00 5000 6000 T000 B00O
¥ 4000000000080 C088000 000000000000 ORRsRORREROOROORR RSB REsORIORORORDRORPRRORORETERPORRORESOORRERERBREE
0. +250E-01
«S24E=-01] +299E-0]
«125€E=01
«T4GE=-02 «225F=-01 «5S63E=-01 +166E+00
0. «989F =01
«93RF=01 «329F«00 «J49F+00 «J1BE+DD
«JBTE+00 «344F400
0. 0. +«S41E+00 L601E+00 L595E+00 L975F«00 «S19E«00 «E54F+00  L344F+00 TAME«DO
«620E+00. «114F«01
«53TE+0D «BEAE+00 +954F+00 «BO2E+00
0. +S45E+00
«225E=-01 «299E-01 «SA3E+00 «691E+00
n.
0. «T49E=02
+3TAE=0] 0.
CONCENTPAT]ION= «114E+0]1PPM

MAX VUM

€61



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MTILLION

UNIT NUMBER = 1=5. 6,7,8,9 WIND ANGLE = 30, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN
X = 250 S00 1000 2000 3000 4000 5000 6000 7000 8oo0
Y S0C0cCo0Rs00008R00stTl0RORENINE000000s0sLE000R0000N00N0NTNONR000eNUNNNEOERRENe0ONeNO0ANANceNROsRERORE
1600 0. 0.
1200 0. 0.
1000 0.
00 0. 0. «279F=01 «291E-01
600 0. «JA0F=-01
A00 «310E-01 «10TF+00 «134E+00 «203E+00
200 «194F«00 «143E+00
0 0. 0. +2T1E+00 .325E+00 L426E«00 L431E+00 L2R9F+00 L249E+00 O, «4I4EL00
=200 «32TE«0D0 +S44F <00
=400 «P43E+00 «ABBESOD «493E+00 +A54E+00
~500 0. «189F+00 )
-A00 0. 0. «209E«00 «3IS9E+00
=1000 0.
-1200 0. 0.
=1A00 0, 0.

MAXTMUM  CONCENTPATION= «S44E+00PPM

P61



AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANYs CONCENTRATICN = PARTS PER MILLION

UNIT NUMAER = 1-5+ 6,7,8,9 WIND ANGLE = 4S5, WIND SPEED (M®H) =30,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
Xz 250 500 1000 2090 3000 4000 5000 60007 T000 BO0O
¥ #9080000000000080000 0000000000000 0S0RS00Re0RORRATORORP0EROC0ORRRRRCROOdRRORROORREOROORRRRERRERRRRRROS
1600 0. 0.
1200 0. 0.
1000 0.
BCO 0. [\ W T54E-0D2 «4BTE-O01
600 0. «ATIE-D]
400 «110F«00 «115F+00 «1TTFE+00 «143E+00
200 «1B6E«00 «322F+00
0 0. 0. «1BAE+00 L443E+00 L49TE+00 L7B0F+«00 LBOOE+00 L,S03FE+00 0, «616E+00
-200 «T15F«00 «131F«01
=400 «S44AE.D0 «109F«01 . «119E+01 «BILE+DOD
=600 0. «B20F+00
=B00 0. 0. «AGAF 00 «955E+00
=1000 0.
=12C0 0. 0.
=1600 Ba 0e

VAXTMUM  CONCENTRATION= +131E+01PPM

S61



AVON POwWER PLANTs CLEVELAND TLLUMINATING COMCANY, CONCENTRATION = PARTS PER MILLION

UNTT NUMBER = 1=Ss 647s Bs 9 WIND ANGLE = 45, WIND SPEFD (MPH) =30.7 LCAD = 1/3 PRECIPITATOR POSITION =DOWN
{ = 259 500 1000 2000 3000 4000 5000 6000 T000 Booo0
Y 00800000 eaeosra0ntfioasiodotseneononeticooteeiocstOTReRNoRUEeeCROReReURORRROOOORRReREOARRORRRRRRTRRS
1800 0. 0.
1200 0. 0.
1c00 0.
800 L 0. «3J24F =01 «606E~01
&00 0. +696E=01
ano +SB1E=D1 «173F+00 «326F+00 «A24E+00
202 «260E+00 4695400
0 0. 0. +2B8SE+00 L639E+00 LT26E«00 L101E«01 L110E«01 LR91F«00 0. «109E+01
=200 +ABGE«00- «134F+01
-400 +68TE«00 «135F+01 «144F+01 «110E+0D1
=600 0. «101F«01
-8C0 0. 0. «TSEE+DD +106E+01]
-1000 0.
=1200 0, 0.
=1600 . 0. 0.

MAYIMUM  CONCENTRATION= «J44E+01PPM

961



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY,

CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = 1=G4 647+ 8. 9 WIND ANGLE = 45, WIND SPEFD (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =n0WN
X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
Y SO EeEa 00O 00RO ENO P00 R 0000 OREROORRO0CRPRRttO0OORRERROOReEO00CRRERRORRORROCROETReRRRRaRERERRRRRS
1600 0. 0.
1200 0. 0,
1000 0.
ano 0. 0. «324F=01 +606E=01
600 0. JB96F-01
400 +581E=01 +173F+00 +326F+00 «A2AES00
200 26000 JABIES00
0 0. 0. +285FE+00 L639E+00 LTI6E«00 L101E«01 ,L110F+01l LA9LFe00 O, +109E+01
=200 +BBYE«00 +134F401
-400 +6BTE00 «135F«01 l44Fe0) «110E+01
=600 0. «101F«01
-800 0. 0. «TSKE+00 +106E+0]
-1000 0.
'1290 0. 0.
-1600 0. 0,
MAYIMUM  CONCENTRATION= +144E+01PPM

L6T



AVON POWER PLANT» CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = 1=5s 6¢Te Rs 9 WIND ANGLE = 4S5, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000
R L LT T T e R Y YY)
1600 0. 0.
1200 0. 1
1000 0.
800 0. 'Y «ABRE=-01 «433E-0D1
600 0. «658F=01
400 «TT2E=01 «12TF«00 «1T3F+00 «117E+00
200 «Al1E«00 «2TTF+00
0 0. 0. «THTE+00 LBT6E«00 LRALEOD L994F«00 ,L103E+01 L4BAF+00 0. «104E+01
=200 «921E+00 «153F+01
=400 «TB9E+00 «141E+01 «134F 401 «120E+01
=600 0. «941F+00
=800 0. 0. «T10E«00 «120E+01
=1000 0.
=1200 0. 0.
-1600 0. [

MAXTMUM  CONCENTRATION= «1S3E+01PPM

861



AVON POWER PLANTs CLEVELAND ITLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLTON

UNTIT NUMBFR = 1=54 6+¢Ts As 9 WIND ANGLE = 4S5, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 ooo 4000 5000 6000 T000 sooo0
¥ 080040800080 00 0080800000080 000 000800000 00dRtRt ROttt tacoRORRePBRlOREeDRERROORRARERRRRROEROORERBREE
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «142F=-01 «35TE=-01
600 0. «ATOE=-02
400 +519E=-01 «6TRF=01 «905E=01 «122E+00
200 «2TOE+0Q0 «222E+00
0 0. 0. +2T2E+00 L 442E+00 LSITE«00 4B6E3E«00 L9ISTE+00 L490F+00 0. «81TE«CO
=200 «T29E+00 «135F+01
=400 «592E+00 «12TE«D1 «114F+01 «934E-00
=600 0. «B08F+00
=800 0. 0. «50TE+00 «TT9E+00
=1000 0.
=-1200 0. 0.
=1600 0. 0.

MAYTMUM  CONCENTRATION= «135E+01PPM

661



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY.

CONCENTRATION = PARTS PER MILLION

60, WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

INTT NUMBFR = 1=5, 6,7,8,9 WIND ANGLE =
X = 250 500 1000 2000 iopo0 4000 5000 000 7000 Booo
¥ 288000000008 0000000000 ROReREN0ORCDRRRRREERERRRRORRERERTORRROERRENTRRDRROORESDOREROGRERNORRCERERRRERES
1600 0. 0.
1200 0. 0.
1000 0.
asn 0. 0. «9B9F =02 «6T4E=02
600 0. +903F=-02
400 «BARE-D] «261E+00 «229F+00 «145E+00
200 «AG4E+DD «965F+00
0 0. 0. «431E+00 L9B3E+00 LS6TE+00 L125F+01 L11RE«D1 ,L9ROE+00 0. «T16E+D0
=200 «8TTE=00 «129F+01
=400 «1T1E+00 «95TF+00 . «11TFenl «914E+00
-600 0. «4&40F+00
=00 0. 0. «456E+00 «B20E+00
=-1000 0.
=1200 0. 0.
-1600 0. 0.
MAXYTMUM  CONCENTRATION= «129E+01PPM

00¢



AVON POWER PLANTe CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = 1-%, 6,7,8,9 WIND ANGLE = 60. WIND SPEFD (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 3000 4o0c0 5000 6000 TO000 8000
AR LA LT L L e L L L L L R e Y Y Yy}
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «209€=-01 +364E-01
600 0. «345F=01
400 «592E-01 «191E+00 «124F+00 «145E+00
200 «ITTE+00 «400F«00
0 0. Oe ¢309E+00 L8639FE«00 L334Ee00 .652F«00 ,562F«00 J32BF«00 0. «363E«00
=200 «651E+00 «B00F«00
-400 «236E+00 «584F«00 «569F«00 «4TSE+00
=600 0. «2T6E+00 )
=800 0. 0. «354F+00 +ATZE+0D0
=-1000 0.
=1200 [ 1Y 0.
=-1600 0. 0.

MAXTMUM CONCENTRATION= +B00E+00PPM

10¢



AVON POWER PLANTy CLEVELAND ILLUMINATING COMPANYs

CONCENTRATION = PARTS PER MILLION

UNIT NUMPER = ]=5¢ 6+7s Ay 9 WIND ANGLE = 60, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000
B L L L T T YT YTy
1600 0. 0.
1200 0. 0,
1000 0.
8no 0. 0. «AOSE=01 «B41E-D1
A00 0. «613F=01
400 «150F+00 «3J43F+00 «2TOF«00 «222E+00
200 «ATRF D0 «BB0F+00
0 0. 0. +3B2E+00 L6B8B4F«00 L2T3E«00 137F«01 L119FE«01 L TS2E+00 0. «+A92E+00
=200 «TOL1E«00 «130Fs01
-400 «312E+00 «Al1F+00 «13RFe01 +951F+00
=600 0. «32TE+00
=800 0. 0. «3I5RF+00 +B85TE+00
~1000 0.
-1200 0. 0.
=1600 0. 0.
MaAXTMUM  CONCENTRATION= +13RE«01PPM

20



AVON POWER PLANT» CLEVELAND TLLUMINATING COMPANYs

UNIT NUMBER = 1=54 6479 Bs 9 WIND ANGLF =

X =

250 so0 1000 2000

CONCENTRATION = PARTS PER MILLION

Y 0884800000800 0000000000008 C00008008R000000 0GP RTRREtReRtREsstEORtEERtOOeORRBORCORROERsOEROORRBRORERED

1600

1200

1002
800
600
400

200

-200
=400
=600
~BO0
=1000

=1200

-1600

MAYMUM

0.
0.
«B01E-01
«285E+00
0. 0. «JIAEL00 ,412E+00
+31SE«0C
«144E+00
0.
0,

CONCENTRATION= «432E+00PPM

60, WIND SPEED (MPH) =45.0 LOAD = 1/3 PRECIPITATOR POSITION =DCWN
3000 4000 5000 6000 T000 8000
0. 0.
0. 0.
0.
0. «1R1E=-0] +180E=-0]
«237E=01
«142E+00 «92TE=-01 «+901E=-01
«319F 00
«1B0E+00 o41TE«O00 L41P2E«00 L24RF400 O, «3IRE+00
«AIZE«00
«241F«00 «40PFE+00 «390E+00
«110E+00
0. «131E+00 «3J06E+00
Co
0. 0.
0. [

£0¢



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATTON = PARTS PER MILLION

UNIT NUMBFR = o« 1=54 607 WIND ANGLE = =30 dIND SPEED (MPH) =15,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
X = 2%0 500 1000 2000 3000 4000 5000 6000 T000 8000
L L T T T Y Y Y T Ty
1609 «199F=-01 «244E-D2
1200 «J64E~01 «162E-02
1000 «120E-01
B0O «262E-01 +306E-01 «JOSE=01 «375E-01
600 «466E=01 «256E=-01
400 «250E-02 «305F=01 «A91F=-01 «6TIE=-D]
200 «338F=01 «S24E-01

0 J215E=-01 o329E=01 .229E=-01 .B4BE~0]1 L245E~01 L197F=01 .236E+00 ,LT40E-01 L113E+00 L120E«00

=200 +250E=-01 «215FE=-01

-400 «435E-01 «611F-01 «621E-01 +3T3E-01

-600 +40SE=-D1 «214F=01

-800 «TAGE=-02 «256E=01 «241E=-0D1 «141E-01
-1000 +488F=-01
-1200 «263E-01 «J4BE=-D]
=-1600 «2T1F=-01 +243E-01

MAXIMUM CONCENTRATION= +236E+00PPM

y02Z



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = 1=5 WIND ANGLE = =30. WIND SPEED (MPH) =15,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 3000 4000 5000 000 Tooo B000
Y Sesa0NecCIeeN0ENc NN 0s000s00000000000N0R00s0NNORst0N0esO00NNEs0000RSEENI0Ec000RR0OPEOOERREREES
16920 +209E=-02 +TI0E=02
1200 +151€=01 «12TE=-01
1000 0.
BoO 0. +3T9F=03 «421F=-01 «43SE=-01
600 0. «ATAF=07
400 0. «275F=02 «B64TE=-01 «ABTE=01
200 «104E=-01 +»136E=-01
9 J171E=02 J142F=02 L126E=-01 L214E=-01 L]124E-01 .247E-02 L200E-01 ,L,219E-01 ,L1BBE-01 L32T7E~01
=200 +300E=-01 «2585=01
=400 «105E=01 «1BT7E=-D1 «203E-01 «150E=-01
-&6N0 «104E=-02 «104F=02
=800 «104E=02 +569F=03 «109€=-01 «TA9E-02
=-1000 «T159F=03
=1200 «TADE=02 «436E-02
=1600 «3T9E-03 «AS4E-03

MAXTMUM  CONCENTRATION=

«BATE=D1PPM

sS0¢



AVON POWER PLANTe CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION

UNTIT NU~AER = 1=54 64Ty 9 WIND ANGLE = =30, WIND SPEFD (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITINN =DOWN
X = 250 500 1000 2000 000 4000 5000 /000 7000 ROOD
Y I I Y r R R R R R R R R R
160C «609E=03 «193E-01
1200 +J0AE=-D2 «24BE-01
1000 «162E=-02
800 +101E-02 «238F=01 «292E+00 +455E+00
600 «3B0E=01 +369F+00
400 «S515E=01 «590F+00 «TB&F+00 «B59E+00
200 +14SE«00 +6BIEL00

0 J13BE~01 (BS3F=02 L104E«00 L19PE+00 LP45E«00 L3ATE«00 L6TIE+00 LBl16E«D0 ,L11TE+00 LB13IE«00

=200 «319E+00 «335E«00

=400 «117E+00 +128F <00 +ARZES00 +69TE+00

=600 +T51E=-02 «T2TE=01 )

=800 «142E=-02 «JBHE=D2 «266E«00 +«J0GE+D0
=-109%0 «122F=02
=1200 «40AF=02 «BTIE-D2
-1600 0. «264E-02

MAXTMUM  CONCENTRATION= +85GE«00PPM

90¢



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUMBER = 1=S, 6+7s

250

As 9 WIND ANGLE = =30,

500 1000

2000

CONCENTRATION = PARTS PER MILLION

3ono

4000

WIND SPEED (M2H) =30,0

5000

Y 4804408000080 88 00000000080 R000 0800000000 RRTRRERERRRRRRET RS ROOERERORETR0RROCSSRRRRRROlTRRBRDREDEER

1600

=200
=400
=600
-800
=1000

~1200

=-1600

MAX TMUN

0. +J0TE=01 L244E+00

CONCENTRATION=

+BO3ENOPPM

«BBAE~-02
«229E-01
«100F+00
«2TSE+00

+S02E+00

«431FE+00

«235F+00
+TO0E-02

«243E-02

«4B2E00

N,
«272E=01
«TABE=D]
«245F+00
«282F+00
«329F«00
«6TIE+CO
«STOE«OO
«613E-01
«31TE=-C2

«559E-02

«243E+00

LOAD = 1/3 PRECIPITATOR POSITION =DOWN

6000 7000 8ono
«TB3E-02 «10TE-D1
«6A4E=D2 «128E-01
«B6H2E=0] «102E+00
L243F«00 «25BE+00
«S01F+00 L23BE+00 L484E+00
+B02FE«00 «TOSE+00
«SA4F+00 «643E-00
J176E-01 «429E=-01
«262E-02 «S11E=-02

L0Z



AYON POWER PLANT»

UNIT NUMRER =

1=5+ 6+7+ Ry 9

CLEVELAND ILLUMINATING COMPANY,

WIND ANGLE = =130,

CONCENTRATION = PARTS PER MILLION

WIND SPEED (MPH) =45,0

L0AD = FULL

PRECIPITATOR POSITION =DOWN

X = 250 500 1000 2000 3000 4000 5000 6000 7000 8000
BT T T T L LT g S g T T ey
1600 L108E+00 J616E-01
1200 .739€-01 .881E-01
1000 .372E-01
800 L123€400 +130F+00 \224E400 L364E+00
600 .120E400 .220F+00 ‘
400 J115E400 L60TF+00 +593E+00 JT11E+09
200 \555E+00 JTLIE00
0 o101E+00 JA73E=01 .319E+00 ,763E+00 ,SATE+00 oT43F+00 .103Ee01 ,770E400 TSTES00 o956E+00
-200 VIA6E+00 (163E401
-400 .295£400 L792E+00 L115E+01 .12B€+01
=600 +8T0E=01 «126F+00
-800 .556€-01 385601 J114E401 J123E+01
-1000 L219€-01
-1200 J241E+00 W469E+00
-1600 L61TF=01 .212E400

MAXIMUM

CONCENTRATION=

+163E+01PPM

807



AVON POWER PLANT

CLEVELAND TLLUMINATING COMPANYs

CONCENTRATION = PARTS PER MILLION

UMNIT NUMBER = 1=54 6,7,8,9 WIND ANGLE = =~30,. WIND SPEFD (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN
X = 250 500 1000 2000 3coo0 4000 5000 6000 T000 B00O
A T T Y Y
1600 «1B1E-D1 «B3IRE-02
1200 «158F =01 «164E=-01
1000 «341F-02
800 «40BE=-02 +«943FE-02 «102F+00 +106E+00
600 +363E-01 «226F =01
400 «6TOE-01 «228F+00 «259F+00 «232E+00
200 «1B4E+00 «181F+00
0 «381E-01 .248F=-01 L10BE«00 .26TE«00 .309E«00 L160E«00 L1B3IE+ON L234E«00 L1AAF+00 L240E«00
=200 «129E+00 +3S5E+00
-400 «98RE=-01 «23TE«00 «2T3E+00 «202E+00
=600 +11TE=0D1 «430F=-02 2
=8n0 «135F=01 WA12F=02 «10AF+00 «152E+00
-1000 «157F=01
=-1200 «209E=-02 «266E~-01
=1600 «HRGF-D2 «949E=-02

MAXTMUM

CONCENTRATION=

«3I5S5E+00PPM

60¢



AVON 20WER PLANTs CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION

UNIT NUMQER = 1=5, 6,7,8,9 WIND ANGLE = =45, WIND SPEED (MPH) =30,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2o0co0 Joo0 4000 5000 K000 7000 8000
R L T Yy
1600 0. 0.
1200 0. 0.
1000 0.
AnQ 0. 0. +510E=01 «1TTE«OO
£C0 0, +895F=01
400 «S21E=01 +265E+00 «391F«00 «442E+00
200 «J85F+00 «419Fs00
0 0. 0. «194E+00 LT9SE+00 L90BE+00 LB823F+00 L300E+00 .550FE«00 0. «T3I3E«00
=200 «594E+00 «9R8IF+00
-400 «19RE+0D0 «917F«00 +BT3F+00 «6TBE«0D
=600 0. «S513E+00
-800 0. 0. +655F«00 «B2RE+00
-1000 0.
-1200 0. 0.
=1600 0. 0.

MAXTMUM  CONCENTRATION= «9B3E+00PPM

01C



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLIOM

UNIT NUMBER = 1=54 6+Ts Rs § WIND ANGLE = =45, WIND SPEED (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN
X = 250 500 1000 2000 3000 4000 5000 6000 7000 Bo0O
A T T Yy
1600 0. 0.
1200 0. 0.
1000 0.
800 0. 0. «T91E-01 «106E+00
600 0. «TTTE=DL
400 «52TE-01 «1TBF«00 +232E+00 «23TE+00
200 «2R9E+00 «ALBF+00
0 0. 0. +199E+00 ,520E+00 L619E+00 L6B0F«N0 ,293E«00 L435E+00 O, «S19E+00
=200 «3B2E+00 «T1TE«00
=400 «1SRE«00 «581F+00 «TOBE+DD «643E+00
=600 0. «422F+00
-800 0. 0, «622E+00 «TILE«CO
=1000 0.
-1200 0. 0.
=-1600 0. 0.

MAXNTMUM CONCENTRATION= «TIAE+O00PPM

112



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUMRER = 15, 6s7s Rs 9 WIND ANGLE = =45, WIND SPEFD (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
X = 250 500 1¢00 2000 3000 4000 5000 6000 7000 8000
¥ 0000888000000 8000%0000000000000CS0RR0ORGRRRRORRRORRORRRROORORCO0RR0CRRRRERRRRRROORRsRRBRRRRRRRERRERS
100 0. 0.
1200 0. 0.
1000 0.
800 0. 0. +98TE=01 «161E+00
600 0. +210F+00
400 +180E+00 +394E+00 +505F«00 +562E400
200 «ABQE+00 «591E+00
0 0. 0. +4S9E«00 L,T70E+00 L10BE«0l L122F«01 ,L434E+00 ,H3I6F+00 O, L9B9E+00
=200 +T4SE+00 «110F+01
-a00 L265E+00 JTT6E00 .T54E«00 L101E+01
-500 0. LITTE<00
-800 0. 0. L4HIES00 L998E«00
-1000 0.
=-1200 0. 0.
-1600 0. 0.

MAXIMUM  CONCENTRATION= «122E+01PPM

[AY4



AVCN POWER PLANTs CLEVELAND ILLUMINATING COMPANY» CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = ]1=59 64T Be 9 WIND ANGLE = =AS5, WIND SPEFD (MPH) =45,0 LO&D = 1/3 - PRECIPITATOR POSITION =DOWM
X = 250 500 1000 2000 3000 AQ00 5000 6000 7000 8000
R e Y Y T )
1600 0. e.
1200 0. 0.
1000 0.
800 0. 0. «T42E=-01 «110E«00
600 0. «969F =01
400 WAAOE=D1 «150F+00 «168F«00 «Z29BE+00
200 «199F+00 «262F+00
o 0. 0. «166E+00 ,381F+00 LAIEE«00 L496F«00 L221E«00 ,322F+00 O, «40TE«00
=200 «2BTE+00. +«553F«00
=400 +AO0SE=-D1 +39TF+00 «490E+00 24 TAE+DD
=600 0. «179E+00 )
=800 0. 0. «20TE+00 «J6SE-00
-1000 0.
-1200 0. 0.
~1600 t. 0.

MAXIMUM CONCENTRATION= +SSIE00PPH

£1¢



AYON POWER PLANTe CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION

UNIT NUYRER = 1-54 6,7,8,9 WIND ANGLE = =60, WIND SPEED (MPH) =30.0 LOAD = FULL PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 3oo0 ADN0 5000 6000 7000 8000
¥ 008000 0C 00000000008 00300000 OCC000R0OORORRRREROeRe0OREeRRtOOORORRDRROROORREERORseRDRORBRRROERRRRRRDRY
1600 0. 0,
1200 0. 0.
1000 0.
800 0. 0. «T42E-01 «119E+00
600 0. #«13TE«00
400 «130E+00 «3IBF+00 «218E+00 «394E+00
200 «S61F«00 «983Fe00
G 0. 0. +156E«00 LTTSE«00 L11BE«0l L125F+01 J117E«01 L776E«00 O, «101E+01
=200 «641E«00 «116F«01
=400 «2HAE00 «693F«00 «959F+00 «101E+01
=600 0. «J02F+N0
=R00 0. 0. «S18F+00 «THBE«00
-1000 0.
=-1200 0. 0.
-1600 0. 0.

MAXTwUM  CONCENTRATION= +125E+01PPM

1 A¥4



AVON POWER PLANT» CLEVELAND ILLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION

UNIT NUVBER = =5+ 6479 Ry 9 WIND ANGLE = -60. WIND SPEFD (MPH) =30,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
X = 250 500 1000 2000 3000 4000 5000 6000 T000 8000
Y 000000000000 0880000400080 0000C00000a0Rai0ROCeOORisctetoltoltinsndstotoROoROtRsRtetetatERocssRORaastRand
1600 0. 0.
1200 0. 0.
1000 %
8co 0. 0. «214E+00 «294E+00
500 0. «ISTE«00
400 «21TE«00 «SBTE«00 «422FE+00 +541E+00
200 «AG4E+00 +TB1F+00
0 0. 0. +113E+00 ,L686E+00 LRZ0E«00 LBITE+00 LROAE«O00 ,533F«00 0. «T29E«00
=200 «555E«00 «832F+00
=400 «329E+00 . «6B0F+00 . «ATSFe00 «B62E+00
=600 0. «JA0E«00
=800 0. 0. «TOAF 00 «902E+00
=-1000 0,
-1200 0. 0.
=1600 0. n,

MaXTMUM  CONCENTRATION= «Q0PESQOPPM

SIC



AVON POWER PLANTs CLEVELAND ILLUMINATING COMPANYs

UNIT NUMBER = 1=5s 647

X =

1600

1200

1000

-400
=600
-800

-1000

=1200

=-1600

CONCENTRATION = PARTS PER MILLION

8. 9 WIND ANGLE = =60, WIND SPEED (MPH) =45,0 LOAD = FULL PRECIPITATOR POSITION =DOWN
250 sec 1000 2000 3000 4000 5000 4000 To00 aooo
¥ 00000%008% 0008 0SRISOROSRDBOOEORDODAEONORBDEODOORENDRELARBBOO0ORABBBPOCOODORBRBDORDOBRRDDOBNRORRRRBRES
u. n.
o. 0.
o.
0. 0. «131F+00 «1BlE+00
0. «2BTE«00
«2THE+0D «T2BE+DO +411E-00 +5T3E«00
«6TIED0 «14aF+01
0. 0. +2T1E+00 L902E+00 L12BE«01 L139F«01 L151F+01 LBSRE«0D O, «125E+01
«560FE+00 «120F+01
«141E«00 +SBAF+00 «B59F+00 +110E+01
0. «15BE+00
0, 0. «125F+00 «436E+00
0.
0. 0.
0. 0.
CONCENTRATION= «151E+01PPM

MAX TMUM

91¢



AVCN POWER PLANTs CLEVELAND ILLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION

UNIT NUMBER = 1=54 6T As 9 WIND ANGLE = =60, WIND SPEED (MPH) =45,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
X = 250 sno 1000 2000 3000 4000 5000 6000 TO000 8000
Y 0880000800 i0008C00 0000800000000 00RO 0R0RRRO00RRR et RORREROReOOORORORORERREeRCERECERORDRRREsRREERRARRRES
1600 0. 0.
1200 [ 0.
1009 0.
800 0. 0. +60RE~D1 «945E-01
600 0. «122F 400
400 «138E+00 «36TE«D0D «1R1IE+DO «268E+00
200 +356E«00 «6ATF+00
0 0. 0. SB6TE=01 L426F«00 ,S32E+00 LS3TE+00 ,590E+00 .354E+00 0, «421E+00
=200 «26TE«00 «A6BF+00
=400 WABTE-O1 «21TE«00 +375F«00 +454E+00
=500 0. «B45F=-01
-800 0. 0. «R42E-D1 «200E+00
-1000 0.
-1200 0. 0.
=-1600 0. 0.

MAXIMUM CCNCENTRATION= +GATE+DIPPM

L1Z
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Table 14 Concentration Data at Fumigation Conditions



.

AYNN ONWEQ PLAMT. CLFVELAMD TLIUMINATING COMPANY . CONCFNTRATION = PARTS PFR MILLION
UNTT NUMAFR = A-=7 wIND ANGLF = =30, WIND SPEEDN (MPH) =]15,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SNUECF STRFMGTH [(MICHD GRAMS/SEC) = «HI0E09

THERMAL s FLONR TFM=]S0F, STACH HT=A00FTs £=34FTs Y=400FT

X o= 240 snn 1000 2000 3o00u 4000 5000 K000 To00 8000
¥ 008a8annotounadlisgieleuvelouaoceatdncecdiosoeootiiootooociodcnooetotetentoetsntaoeeneseonsinsealasssnes
1600 0, 0.
1200 0. 0,
1000 0.
Hno n, Ne «186F=0] «186E=01
a0 n 0, «183F=-01
400 JHENF =02 «BIIF=0] «1A5F+00 «16SE+00
2nn W 16F =02 «153F .00
n n, n, «1SHF=01 LPKTF=-02 .nnt-rw' «112Fe0N . P7RS5F+00 L4TOF«00 0, «455E+00
-200 L1a3E=01 «115F =01 N
-&N0 , N, <2HNF+00 «JG4E+00
=hhQ N «STIF=02
-AND n, Oe «100E=01 «229E~01
=1000 0,
=1200 0. 0.
-1A00 0. 0.

MAX, GROUMD LFVFL CONC,=  L4TNF«00

61¢



AVON DPOWFR PLANTs CLFVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNTT NUMRFR = A=T7 wWIND ANGLE = =30, wWIND SPFEN (MPH) =15,0 LOAD = 1/3 PRECIPITATOR POSITION =DONWN

SOURCF STRERGTH (MICRND GRAMS/SEC) = «B3INEL09

THFRMAL s FLONR TEw™ =]50Fs STACWY HT=500FTs X=33FTs Y=400FT

X = 2en ~nn loon 2000 inoo 4000 5000 A000 T000 Bo0O
¥ S000G000000C00UBOONGLORO0OLOORO0ORNO0B0000ROBNO000000000C0ULUENCORRORERTORORROCOROCEERRERRRRDRERRERES
_1s00 0, 0,
1200 0. 0.
1000 [
k0 0. 0. «BT4F-01 +602E=01
y 0 2T =01
400 W2HTE =02 s 193F«nn «320F+00 «22TE+00
2na 0, Y LIEYT]
nn, n, N, LAHaE=01  LT7APE=N1 ‘.«\u «00 ,T&IFeN0 LT9AFeN0 0, «RR4E+DD
=200 «115E=01 «211F+un <
=400 LT178=-02 dbar=n) STAE«00 +T91E+00
=£00 N BROF=N?
ELUT] (% 0. 0, «229E-01
=1000 n,
-12n0 0. 0.
-1600 0. 0.

MAY, GROUND LFVEL FONC,=  ,TOHF+00

0Z¢



AVON POWER PLANTs CLEVELAMND TLLUMINATING COMPANYs CONCENTRATION = PARTS PER MILLION
UNTT NUvBFR = A=T wTND ANGLE = =30, wIND SPEED (MPH) =15,0 LOAD = FULL PREC.PITATOR POSITION =DOWN

SOURCF STPENGTH (VMICRO GRAMS/SEC) = «1R9E+10

THERMALs FLONP TEM=150F« STACK HT=500FT« X=33FTs Y=400FT

X = 2an ann 1noo 2000 noo 4nnn 5000 6000 To00 8000
¥ O0COn000Cu00eRnEeNen 0000000 UUReORE0O00000000000 000000000000 ROCOBRBBROORORRARAROERORsRRRBRERARRERBREN
1600 0. 0.
12n0 0. 0.
1000 0.
Ann n, Ne «906F=01 0.
&ann 0, «STaF=-01]
400 «+430F=01 «4TBF=01 «6TOE-D1 «ABI1E-D1
20n WaTRE=02 «AlIF=01
0N, n. n. SATOF=01  L191F=01 .S74F=0]1 ,430F=01 L182E€+00 0, <1TTE+00
-2n0 S6TOE=N] ABLF=0] .
=400 0. SP6F=-01 «JRIE-D] «234E+00
=&00 n, LATAF=0?
-R00 0. 0. 0. «4TBE-01
=10n0 0.
=12n0 0. 0.
1600 0. 0,

MaX, GROUND LEVEL COMC,= L234F«00

122



AVOM POWER PLANTs CLEVELAND TLLUMINATING COMPANY. CONCENTRATION = PARTS PER MILLION
UNIT NUMRFR = f=T wIND ANGLE = =30, WIND SPEEN (MPH) =15,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN
SOURCT STREMGTH (MICRO GRAMS/SFC) = «630E+09

THFAMALs FLOOD TEM=200Fs STACK HT=6A00FTs x=33FTs Y=400FT

X o= 2sn . &N 1000 2000 3000 4000 5000 6000 7000 8000
Y 8080000000000 00000 0008000000000 000000000RRNR00000000RRRODONROERR0ORALeRROROORORERRRsRRRORRRERRREERS
1600 0, 0,
1200 0. 0.
1000 0.
ano 0. 0. .310E=-01 +383E+00
600 0. .131F=-01
400 JPRPF=02 «315F-01 +223E4+00 +613E+00
200 JTATF-02 +129F+00
0 0. 0. JS25F=07 JHIGF=02 L17AE=01 .140F+00 .3IA9F+00 +504F+00 0, +S91E+00
-200 JSP5E=02 «6S1F=-01 )
-4nn .315F=02 JTI6F =07 +AS55F =01 «194E+00
-A00 n, 0.
=R00 0. 0. SHHPE=02 «136E=01
-1000 0.
-17200 0, 0,
=100 0. 0.

MAY, GRNAUND L FVFL CONC .= A1 e0N

(A



AVON POWER PLANTs CLFVELAND TLLUMINATING COMPANY CONCENTRATION = PARTS PER MILLION

UNIT NUMAFR = A=7 wIND ANGLF = =30, WIND SPEED (MPH) =15,0 LOAD = FULL PRECIPITATOR i’OSITION =DOWN

SOURCF STRENGTH (MICHD GRAMS/SEC) = «1HIF+10

THFEMAL. FLONE TFM=20NF. STACK =T=H00FTs Xx=33FT, Y=4NOFT

X 3 2&n &na 1000 2000 3nnn 4nnn 5000 6000 7000 8000
¥ S0 eeNROR 00RO 00 IERBCaBO NN OEOR O RDReRsREUCEE 0P RRR LR NS e RRaORNARSORANERORENRIRERBRORRRBRERRES
1£00 0. 0.
12n0 0. 0.
1000 n,
LT n, 0. «175F=01 «133E+00
ACD 0. «140F=01 Q)
(a8}
anp 0. «617F=-01 «699E-01 «143E+00 [
200 +hQ9F =072 «315F=01
o n, Ne «108F=n1] J1TSF=07 0, shaTE=01 «524FE-01 « 150F=-0]1 0, «1HAE=00
=200 0. Ne a
~4nn JHTAF=02 «175F=01 +122F=01 «149E+00
=&N0 0, «175F=n2
-f00 0. 0. 0. «699E-02
=1000 0.
=1200 0. 0.
=1A00 0. 0.

MAX, GROUND LFVEL CONC.= ,164F+00



AVON POWER PLANTs CLFVELAND TLIUMINATING CAMPAMNY, CONCENTHATTION = PARTS PER MILLION

HUNTT NUvarFR = A-T7 wIND ANGLF = =30, wIND SPFED (MPH) =15,0 LoaDp = 1/3 PRECIPITATOR PbSIYIDN =DOWN

SOURCF STRENGTH (MICHO GRAMS/SEC) = «HINES09

THERMALs FLONP TEM=200NFs STACK HT=R00FTe X=33FTy Y=4NOFT

X = 25n 500 1000 2000 anan annn 5000 6000 7000 8000
Y 090000000 0COC000000R0R000000C0RCRO00ECOCE000RO0R0R000000000CO00CO00C0RReRR00OGCRORNRRaGRRRsRRRORRRRORRN
1600 . 0. 0.
1200 0. 0.
1000 n.
ann 0. N «116E+00 «13BE+00
00 n, «17HF =01 .
anp JAP1E=01 «135F«00 «502E«00 «245E+00
200 16TE=0] «SOIFe0G
non, N, JINGF =01 ,QUTF=0P ,lekFsnn ..hlw.nﬂ «AIRE+ND L,T2T7F+0n0 0, «361E+00
=200 AT72r=-02 «163F+00 <
=ann «AhANF=02 «105F=01 «4TTE-01 +190E+00
-0 (LI «TATF=-N2
~HrD 0. 0. 0. «4T2E-02
=10n0 0.
=12n0 [ 0.
=1&00 0, 0o

MAX, GROUND LEVEL CONMC.= JA34F«00

vze



*

AVON POWER PLANTs CLEVFLAMD TLLUMINATING COMPANY . CONCFNTRATTINN = PARTS PER MILLION
MTT NUMBER = A=T wIND ANGLF = =30, wWIND SPEFD (MPH) =15,0 LOAD = FULL PRECIPITATOR Ph!ﬂlou =DOWN

SNURECE STREAGTH (VICHN GRAMS/SFE) = ,1AGF+10

THERMAL s FLONR TEM=200F, STACK HT=G00FTs X=33FTe Y=4N0FT

¥ = 2en s0n 1000 2000 nno 4000 5000 6000 7000 8000
Y 0000s000000000000000C0ORUCRRCO0R000RCOEORR0O0RANNRDOROEREENERRCLUEReORROEElCR0RGCORRORORRERERERRRRRORARD
1600 0. [
1200 0. 0.
1nan 0.
ano 0, 0, «T17F=01 «138E+01
AND 0, «36TF=01
400 shU9E =02 «a02F=01 «210E+00 e 124E+01
200 W dhaF=0] JAZPF-01
non, n, WPUTF=01 LaTre =01 L4NPF=N] ..IOI‘-l!t‘I L175F+00 ,327F+00 O, +O50E+00
-2n0 «210F=01 +192F=01 .
=400 «15TF=01 «29TF=01 JAN&F=01] «149E+00
-ANN N, «hQGF =2 :
=-ang n, N «245E=01 . «J32E-01
-1000 0.
-1202 0. 0.
-1400 0. 0.

MAX, GFOUND LFVEL CONC,= L138F+0]

StC



AVON POWFR PLANTs CLFVFLANA T LUMIMATING COMPANY CONCEFNTRATION = PARTS PER MILLION
UNTT NUMAFK = @ wIND ANGLE = =30, WIND SPFED (MPH) =]15,0 LOAD = 1/3 PRECIPITATOR POSITION =NOWN

SNIRCE STREMAGTH (MICHD GHAMS/SEC) = «15&Fe1N

THFRMAL s FLONE TEM=2ANF

t = ?en 00 1000 2000 aonn L4000 5000 6000 T000 8000
¥ 20080000000 C000300000 L0000 NO0URO0000DRDR0RERRDECROD000R00OOLLNOO00R0R00C00R0SOROREREERBePRORERRERARER
1600 0. 0,
1200 0. 0.
1000 0.
EN0 n, 0N, «196F«00 «J4SE«00
ann N, «1PAF 00
a0 N, «16RFs0] «141E+n] «223E+00
200 LGHOF =N? SPHOE 1]
oo, 0, SRAGF =02 127601 L190Fe00  L2Y8Ee0] JPURFeN]  L120Fen]l 0, «210F«00
~200 JHHNE=02 JlezFan} .
-4ng SGHAF =02 «baTF 0N «121Fe01 «241E+00
600 0. « 195F 00
=AN0 0. 0 «H2RF+00 «195E+00
=100 0,
-1200 0. 0.
-1600 0. 0.

MAN, GROUNM LFVEL CONC,= ,29HF+0]

9z¢



AVON POWER PLANTe CLFVFLAMD TLLUMINATING COMPANYs CONCENTHATTON = PAKRTS PER MILLION
IINTT NUMBFR = 9 WTND ANGLE = =30, WIND SREED (MPH) =15,0 LOAD = FULL PRECIPITATOR POSITION =DOWN

SNURCF STREMATH (MICHO GRAMS/SEC) = «46TE+10

THFRMAL « FLUNG TFM=2A0F

‘= 2en A00 1000 2000 nnn 4000 5000 6000 7000 8000
¥ 000 pesa0 0000000 OLOOUUUPUREUURNROeODURRPRRRUOs00R00LA0RR0 00RO ORO0OCRORRRRORORCRRNRRRRBIRERRIRRERBEN
1600 0. 0.
1210 0. ) 0.
1nnp n.
anp n, 0, «30TE=01 «251E+00
won n, [
ano «123F=01 n, «4B&F+00 «114F+01
?no AlLIF=NP o 123F=0]
noe, L JANTF=01 0, PISE=01 285F=01 L45TF«00 L214E+01 0O, «2TOE+D1]
=200 0. «153F=01
-4rn fY19F=N2 « 9195 =07 «PHTED] +JOAE+O]
ap n, 0.
=RAND N 0 «129E+01 «332E+01
=1000 0.
=12n0 0. 0.
=160r0 0. 0.

MAX, GROUND LFVFL CONC.=  L,332F+01

Lz



AVON POWFR PLANTs CLFVELAMD TLLUMINATING COMPANY 4 CONCENTRATION = PARTS PFR MILLION
UNTT NUMBFR = R wIND ANGLF = =30, WIND SOFED (MPM) =15,0 Loan = 1/3 PRECIPITATOR POSITION =DOWN

SNIURCE STSFEMGTH (MICKHN GRAMS/SEC) = «S15E+09

THEBMAL s FLONK TEM=ZANF

X = 2en s0n 1000 2non anoo 4000 5000 6000 T000 8000
Y .I...ODOIIOOUGIOGD.QOGI.GGBD..Dllﬂlﬂlﬂ.'I.l.!e".l..ll..i.0l6.Gfl...IIl.I'ClO..I..'.l.“.l..l....l.'
1600 0, Gs
1260 0. o,
1000 [
arn n, 0. 0. +24TE=01
a00 n, 0. .I
anp a8 1F=02 W1TEF =072 «36PE=-01 .«38BE=01
200 L121F+00 J9T9F =01
non, [ WPRAF=N]  LU81F+00  LAS3E+00 ;zrnr-uo +129F+00 ,LA29F=-01 0, «S4TE=01
=200 <1 IHF+00 «190F+00 "
=anmn 0. «10AF+00 H1TF=01 «6HZE=-01
600 0, +300F=01
=A00 0. 0. «353E=01 +459E-01
-1000 0.
-1200 0. 0.
=1600 0. 0.

MAX, GRCUND LEVEL CONC.=  L951F+00

8¢¢



.

AVON POWER PLANTs CLEVELAND TLLUMINATING COMPANY, CONCENTRATION = PARTS PFR MILLINN

UNTT NUWBFR = R

WIND AMGLE = =30, WIND SPEED (MPH) =15,0 Lnan = FULL PRECIPITATOR PdSITIQN =D0OWN

SOURCE STREMGTH (MICRN GRAMS/SEC) = «155F«10

THERWAL FLONR TFM=2A0F

X = 750 500 1000 2000 3000 4000 5000 6000 7000 8000
Y 0000000000000 R000OC00RR0000RE0RURORERRUe00R000RROUEO00REROR0RROeRERRd0RR0e0O000eRRAENERTRREREERRERREN
1600 0. 0.
1200 0. 0.
1000 0.
a0n 0, 0. «HTTE=D2 «339€-01
ANO n, 294F =011
400 L113F-01 .113F-01 0. +A9TE-01
2n0 n, 154700
non. L1A8F=01 .34 =01  L495Fenn . ,5536+00  ,501F+N0 ,364F+00 0, +156E+00
=200 «316E=01 «524F 400 -
=400 0, «230F 00 +II9E+00 +215E+00
=A0D 0, JANRF=N]
-800 n, 0. JhO0BF=01] «104E+00
=1000 0,
-120n 0. 0.
-1R00 0. 0.
MAX, GRNUND LFVEL COMC,= ,553F+00

62¢



AVON POWFR PLANTs CLFVELAMD TLIUMINATING CUMPANY, CONCFNTRATINN = PARTS PFR MILLION
UNIT NUMBFE = |-§ WIND ANGLF = =30, WIND SPFED (MPH) =15,0 LOAD = 1/3 PRECIPITATOR pos'nlou =NOWN

SOURCF STREMGTH (MICRO GRAMS/SEC) = «132E+09

THFGWALs FLONDG TFuz2&NF

¥ = 750 snn 1000 2000 3oo00 4000 5000 6000 7000 8000
Y 0000000000000 00000000CR0RRC00OROCR0URCRDRDRNRRRRLNRORR0RICRBDN008B0D0E000R0C00SSRRERRERRRRBEROBADREEN
1800 ) 0. 0,
12no 0. 0.
1unp 0,
noo n. n. «IT4E=-D2 «6TBE-D2
ADD 0. BB PF=02
aNg PAuF=02 «l45F=0] «90AF=02 «96TE=02
2nn «315E=N? 2L1F=01
0 n, 0. «AHAF=-02 L177F-01 L351F-01 ..‘.HAF—-(I! «?h6F=01 L203E=-01 0O, «133E-01
=00 «153F=-01 203F=01 .
-&fh WPPUF=N? «13BF=01] «121F=01 «175E-01
=AND n, «AH5eF=Np
=HND n, 0, +556FE=02 «119E~01
=10n0 0.
-1200 0. 0.
=1600 0. 0.

uAX, GROUND LFVFL CONC,=  (351F=01

0ez



AVON POwER PLANTs CLFVELAND TLLUMIMATING COMPANY, CONCENTHATION = PARTS PER MILLION
UNIT NUMARFE = =8 winn aNGLF = =30, wn NN SPEED (MPH) =15,0 LOAD = FULL PRECIPITATOR POSITION =NOwWN

SNUACF STREMGTH (MICAN GRAMS/SFC) = « J95F+09

THERMALs FLNNE TEM=2A0 F

Y = 2en 00 1000 2000 non 4000 5000 6000 7000 8000
¥ 80 f 0000 n000000B8000000800000 0000000000 R000R0OE00RRdCRRO0OR0RREN00RREERURBRORRCERORNCOORtRORAREOREREOERE
1600 0. 0.
12n0 0, 0.
1000 [
OO (U Ne «60KE=02 «130E-01
600 n, LANOF =02
400 «1ANF=-02 w2TaF=01 «141E=01 +1ASE=-01
200 <6 =U? JH9eF=01]
anon, r. JlHar =02  JTAF=N]  3HUE=01 LTIAF=01 LANTF=-01 LS5A4F=01 O, +433E-01
=200 4Y91F=-02 Wh19F=01 <
=400 LUNF=02 «3VTF=01 «323F=n1 «495E-01
=800 n. «111F=n1
-RN0 0. 0. «101E=01 «329E-01
=10n0 0.
=12n0 0. 0.
=1K00 0, 0.

MAX, GROUND LFVEL CNNC,=  LADTF=01

12



AVON POWFD PLANTs €L FVFLAND TLI UMINATING COMDANY. 5 CONCEMTRATION = PARTS PER MILLTION
UNTT NUMRFE = /=7 wINn amGLE = =33, wlMD SOFED (MPH) =15,0 LOAD = 1/3 PRECIPITATOR POSITION =DOWN

SOUACF STREMGTH (MICHN GRAMS/SFC) = «6INE D9

THFAOMALs FLONKW TFY=2R0Fs STACR MT=AN0FTs X=NDFTs YS2&HAFT

¥ = Pen a0 1000 2000 anon annn 5000 6000 7000 8000
Y 0000000000000 000C0000U0RCO0DO00CRCRTOROBONBE0CCOD0R00URRPLUDODO00RRRBO0B00RC00RECRRRORRDRGERRERRROEN
1400 0. 0.
1200 0. 0.
1000 LY
ace D Ne «110E-01 +1TBE-01
LT 0. fTTTE=01]
ann STTE=02 P ELT ] «19AF+ND «289E-01
700 WPRAF =07 JHTAF LN
nn, 0. LTF=D2 Lalnr=02  J134Fe0n L1197 01  LRAQ2F+00 L4TAF+00 0, «99TE=-01
=200 Na P THF s 00 5
=4nn LSP5F=03 L «252F=01 «ISTE=-01
-AND 0. «5P6E =3
=A00 0, 0. 0. «210E=-02
=1000 0.
=1200 0. 0.
=1400 0. 0.

vaAX, GROUND LEVEL COMC,.= ,119F«01

A4



AVON DOWER PLANTs CLFVELAST TLLUMIMATING COMPANY, CONCFNTRATION = PARTS PFR MILLION
UNTT NUNRER = A=T wWING AMGLE = =30, Wit SEEEN (MPH) =15,0 LOAD = FuLL PRECIPITATOR POSITION =DOWN

CSMIBCF STEFMATH (MICRN GRAMS/SFC) = «IHGF 10

THESMALs FLONE TFY=2ANF,s STACS HT=ANCFTs a=0FTs Y=2AGFT

X = 250 wan 1noo 2000 ionn &nnn 5000 6000 T000 BODO
¥ 0000000000000 00000000000000000 00000 ORO0R0000DERORAULOR00N0000C00ORORR0E0Ra00IGDORRERBERRREREsRORRRDRSE
1600 'Y 0.
12ne 0. 0.
1000 0.
BNO N, n, «559F=01 «922E+00
ADO n, 0.
ann olank =0l «TRTF=01 «210F+00 «102E+01
2nn o PuNE=N] fPUTF=01
0 n, Na PPTF=01  L192F=01 « IHGF =0 ] .IJI‘:‘-HI «2TAF+N0 L430F«N0 0. «HP2E+D0D
=200 $192F=01 «I15F=01 3
=400 L1058 =01 192F=0] +350E-01 «944E=D]
=600 0. «PhPFE=0]
T n, N 0. +350E-02
=-1000 N,
=1200 0. 0.
=100 0. 0.

MAX, GROUND LFVEL COMC,=  L1NPF+01

£€C



AVOM POWED PLANTe CLFYELAMD TLLUMIMATIMNG COMPANY . COMCENTRATION = PARTS

PER MILLION

PRECIPITATOR POSITION =DOWN

Booo

0.

+493E-01

+300E«00

+4RSE+D0

«413E+00

«163E-01

UNTT NUVAFR = A=T wIND ANGLFE = 0, WIND SPFFN (MPH) =130,0 Loan = 173
SNUYRCF STRFMGTH (MICHN GHAMS/SFC) = «HIA0F 09
THFEMALs FLONE TFuM=2ANF, STACY WT=A(IF T x=0, ¥Y=133FT
X = Pan “nn 1000 2000 non &nnon 5000 &000
¥ 0000000030000 00000000000ULONIVULUDROBDUNO000DURR00NDODOLBOOUOIVLB0BB0CRVEDADBOONOSVROBBIOLURDERERRGLS
1A00 0.
1200 0.
10n0 n,
RON n, . «J1R4F=01
L] Ne R ELIETR
ann Jde2F=ul Jl10F=n] «lRIFeD0O
2ng JHGAF=NP fNHF =]
e n, n, 125520 JHEaF =02 310F=0] wlreb snin «J1AF«0N «50NF+00 O,
=2N0 JlaTE=02] JATHF LN
-4nn JATPFE=N2 JANGF =] «2hOF+00
=fR00 n, «Fe4F =02
=A00 0a Ue o1572F=01
=10nn 0.
-1200 0,
~1&00 0.

MAX, GROUND LFVEL COMC,=  ,S00F+00

0.

vee



AVON POWFR PLANTs CLFVELAKND TLI UMINATING COMPANMY, CONCFNTRATION = PARTS PER MILLION

UNIT NUMRFR = A=T winD ANMGLF = Ne ATMN SPEFD (wPs) =30,0 LOAN = FULL PRECIPITATOR POSjTION =DOWN

SANRCFE STYFMGTH (MICRN GRAMS/SED) = «1HOF &N

THFOMAL s FLONR TEM=ZENF. STACK HT=AR0N FTe X=0FTe Y=]33FT

X = 2en ann 1000 2000 annn 4nnn snon A000 7000 B000
Y 00000000000 CO00000000CRB0R00OO0RA0ONOUOOEOVR0O0B00RRDOVROPOLAN0O00ODCE0000SOSRROROCROORORRBORRRERERS
1600 0. 0.
1200 0. 0.
1000 0.
L] n. e «STTF=01 +699E=01
] 0. LRPAE=D]
ano CHRTE=D1 e 4TF =N «119F «N0O «213E+00
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