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ABSTRACT

Tests were conducted in the Colorado State University 2 m
square by 80 m long speed wind tunnel to determine the distribution of
gas concentrations resulting from gaseous plumes released from short
stacks on top of a model of the Shoreham Nuclear Power Station reactor
building. Basic tests were made on the reactor building model in an
adiabatic atmosphere having a logarithmic upstream velocity profile.
The effects of absolute wind velocity, and approach azimuth, and
variable stack velocities were examined. Data obtained included
photographs of model smoke plume tracjectories, photographs of plume
ground impingement shown by indicator points, and local concentrations

of Kr-85 at downstream locations,
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I. INTRODUCTION

Commercial nuclear power reactors are generally enclosed in an
airtight shell which prevents arbitrary release of gases or air to the
atmosphere. In addition, the reactors are designed and operated with
strict controls for the disposal of waste gases.  During normal operation,
radioactive isotopes of such gases as xenon and krypton, produced as a
result of the fission process, are contained within the fuel rods. For
long-term operation of the plant, design provisions are usually made for
safely accommodating a slight leakage of gases from a small percentage of
the fuel rods which comprise the reactor core. For some boiling water
reactors, such as the Shoreham Nuclear Power Station, a holdup system will
be employed for retention of the gases for radioactive decay and until such
a time that meteorological conditions are favorable for dilution and dis-
persion. Under certain hypothetical conditions, it may be necessary to
make a release in meteorologically unfavorable situations., Hence, it is
necessary to design gas exhaust systems such that adequate dispersal of

gaseous materials will occur under any plausible condition.

It has been a traditional design technique to release the
various gases through the top of a tall stack located near the contain-
ment vessel, where the stack is at least two and one-half times taller
than nearby buildings. Calculation of peak and mean ground concentra-
tions of these gases are then based on some semi-empirical model which
relates the release rate from an elevated point source to the concentra-
tion at some point downwind. Models have been suggested by Sutton, Hay

and Pasquill, Roberts and Cramer.l’z’s’4

These models require the assump-
tions of plane homogeneous atmospheric turbulence and constant mean
lateral and mean vertical velocities. These assumptions are satisfied

for a point release over a flat undisturbed terrain.

In addition, considerable effort has been made to determine the

effects of vertical stack velocity and gas buoyancy on the effective



stack release height. Recently Carson and Moses5 have reviewed over

15 plume rise formulas available 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.

Often it is desirable due to aesthetic, cost, and public relation
reasons to utilize a shorter stack or vent connected directly to the
reactor building. 1In these cases plume dispersion is sufficiently
modified by the presence of the local building structure or ground
topography that the only approach available is one of wind tunnel model
tests. Gy

A number of wind tunnel studies have considered the effects of
variations in a single building geometry on plume entrainment and dis-

persion. 8,9,10,11

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 II.
Since each arrangement of reactor building and auxiliary buildings
or terrain may have separate effects on the generation of mechanical
turbulence and mean flow movement, any specific gas dispérsion problem
will require individual tests. Hence there exist in the literature de-
scriptions of a variety of different model studies on reactor and indus-

trial plants, »12,13,14,15,16

These studies are significant 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 12), 13), 15), and 16) incorporate such compar-

isons within their text. Reference 7) has recently been compared with

prototype measurements at the National Reactor Testing Station in



Southeast Idaho. L

Agreement of the diffusion concentration results
were very satisfactory. Martin favorably compared his wind tunnel study
measurements about a model of the Ford Nuclear Reactor at the University
of Michigan with prototype measurements. M Finally, Munn and Cole 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. 13, 18

It is the purpose of this study to investigate the effect of the
Shoreham Nuclear Power Station complex on effluent releases from a short
stack on the roof of the reactor building, to determine the wind direction
configuration for maximum entrainment, and to determine the feasibility
of increasing stack velocity and flow rate to elevate the plume to a level
where entrainment into the building separation cavities and subsequent
dispersion at ground level is absent.

In Section II the modeling criteria necessary to simulate
atmospheric motions over such a site are listed. Section III describes

the experimental equipment. Finally, Sections IV, and V discuss the

results obtained and their significance,



II. SIMULATION OF ATMOSPHERIC MOTIONS

The use of wind tunnel for model tests of atmospheric gas
diffusion is dependent on the expression of concentration results in a
non-dimensional coefficient whose value is independent of the variations
in scale between model and prototype. The concentration coefficients will
only be independent of scale if certain similarity criteria are met by the
modeled flows. These criteria are generally understood as a result of
analysis of experience, and they are discussed in detail in References 8,
16, and 19. Basically, these model laws may be divided into those of
geometric, dynamic, and kinematic similarity. In addition, one must
specify upstream and ground boundary conditions.

For the present case of the Shoreham Reactor site, geometric
similarity is satisfied by an undistorted model of size ratio 1:200.

This scale ratio was chosen to optimize measuring scale and minimize
wind tunnel blockage*. In addition, this scale ratio allowed the wind
tunnel boundary layer to extend a distance above the model complex.

Dynamic similarity is dependent upon equivalence of the inertial
to buoyancy force ratio from model to prototype. Normally, this is
assumed by equivalence of the atmospheric Froude Number (Richardson number)
and the control of stack gas densities; however, since only the neutral

stratification problem was to be modeled and since the radioactive

*

A consideration in the selection of model scale is the degree of
blockage presented by the model. The ratio of projected model area to
area of the wind tunnel cross-section should not exceed 1 to 2%. A
scale of 1:200 for the Shoreham facility produces a blockage ratio of
1.8%.



effluent may be assumed at ambient temperatures due to dilution berore
release, no special precautions were necessary for the modeled flow.
Non-buoyant stack gases and a neutral stratification were utilized.

Kinematic similarity requires the scaled equivalence of stream-
line movement of the air over prototype and model. It has been shown by
Golden 7 that flow around geometrically similar sharp-edged buildings at
ambient temperatures in a neutrally stratified atmosphere should be dy-
namically similar when the approaching flow is dynamically similar. This
approach depends upon producing flows in which the flow characteristics
become constant (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 Schlichting (20, 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. el

Golden, as cited by Halitsky 7’8, found that for flow about a
cube for Reynolds numbers above 11,000, there was no change in concen-
tration measurements. The minimum Reynolds number encountered in the
present study was 13,000 based on the Reactor model width of 0.207 m and
a minimum velocity of 1 mps. Correlation tests of flow about the Rock
of Gibralter, 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

cunne1 . 21522,23



Buildings and building complexes produce nonuniform fields of
flow which perturb the regular upstream atmospheric wind profiles.
Around each building a boundary layer cxists, where the velocity is zero
at the surface but increases rapidly to a relatively constant valve or
short distance from the building wall. Outside of the boundary layer and
downstream there exists a rcpion 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 deviations
of velocity, turbulence, and pressure from conditions found in the up-
stream atmospheric boundary layer, (See Figure 3a) .

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 Shoreham Power Station reactor

building may be approximated by

Xc =5o0r6 \/-é}- = 140 to 170 meters.8

On buildings with rounded surfaces, such as the Shoreham reactor
containment vessel, the flow is such that the separation point is depen-
dent upon the Reynolds number. If the boundary flow is laminar then
separation will occur approximately 80 to 90° from the stagnation point,

while if the flow is turbulent separation will be delayed until



110 to 120° from the stagnation point. Variation in the separation point
will introduce changes into the remainder of the flow field. For the
turbulent boundary layer case pressures behind the cylinder will be
nearly ambient.

It is generally expected for large curved surfaces in the
atmospheric boundary that turbulent separation occurs, especially when
there are other upstream structures to perturb the flow.8 It was ex-
pected that the modeled reactor vessel in the wind tunnel flow would also
exhibit turbulent separation. This would result from the presence of the
upstream building complex, the logarithmic upstream velocity profile, and
the sharp edged geometry of the top region of the containment structure.

The turbulent separation condition has been confirmed in two ways.
First a cylinder of similar scale to the model reactor was attached to a
strain gauge shear plate and studied in the wind tunnel over the complete
range of velocities available. The drag force measurements produced a
constant drag coefficient for the entire velocity range. (See Figure 3b).
The absence of a drop in drag coefficient indicates that the flow field
did not pass through a transition resulting from a move in the separation
position. In addition, pressure taps on the actual model of the Shore-
ham reactor structure were monitored around the circumference of the
building at six heights. In those regions near the top of the building
most subject to Reynolds number effects the separation is not evident
until 1200. (See Figure 4).

The interaction of the emitted effluent with the wind is governed

by the ratio of their respective momenta, 7,8,9,13,16

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

velocities. In this study the stack areas were geometrically scaled and



the velocities studied were 15 and 61 meters per second. The wind
velocity was adjusted in a range from 1 to 35 meters per second.

Finally, the need for scaling of the atmospheric mean wind
profile is demonstrated in Reference 11. Substitutions of a uniform
velocity profile for a logarithmic profile results in three fold
variation in the dimensionless pressure coefficient downstream of a
model building.

Such variance in the pressure fields indicates a strong effect
of the upstream wind profile on the kinematic behavior of the fluid near
the building comples. The only tunnel currently capable of generating
a turbulent boundary layer thick enough for a 1:200 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 secion; however, this
technique normally creates a nontypical turbulence field which decays
rapidly downstream.

The length scale used for scaling the velocity profile is the
roughness height Zo' i For the Shoreham Nuclear reactor site typical
roughness lengths for land to sea breezes is one meter, while sea to
land winds are typified by a length of 1 cm. #it This means the critical
sea to land wind velocities could be modeled in the wind tunnel by a
roughness scale of 1/200 cm, as essentially a smooth upstream surface.

A turbulent boundary layer approximately 0.5 m thick was produced by an

upstream fetch of 15 m in the wind tunnel.



III. TEST APPARATUS

A. Wind Tunnel

Tests were conducted on the Army Meteorological Wind Tunnel in
the Fluid Dynamics and Diffusion Laboratory at Colorado State University.
The tunnel, specifically designed to study fluid phenomena of the atmos-
phere, has a 2 meter square by 26 meter long test section with an ad-
justable ceiling to provide a zero pressure gradient over modeled
terrain,25 (See Figure 1). A trip fence, located just upstream from the
test section serves to stabilize the flow pattern as well as provide a
thicker turbulent boundary layer. Mean velocities may be adjusted be-

tween 0 to 37 mps, and boundary layers 0.5 m thick may be obtained.

B. Model

The model consisted of the reactor shell, the stack, and the
auxiliary buildings constructed to a linear scale of 1:200, The basic
flat topography was reproduced by maintaining the model complex on a
large circular plywood sheet which could be rotated into various wind
attack angles. The surface roughness was typically 1 cm for the proto-
type and could be satisfactorily modeled by the smooth tunnel floor.
Figure 2 shows two views of the model in the tunnel,

The model was built to dimensions taken from a Stone and Webster
Drawing 11600-FM-S106A, dated 10-27-67. A set of static pressure taps
were incorporated in the Lucite plastic walls of the containment vessel.
Model stacks were inserted into a threaded hole in the center of the
vessel roof. Two model stacks were studied; one equivalent to a 3.0

meter tall prototype stack with an exit area of 0.031 sq meters, and a
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second equivalént to 3.0 meter tall prototype stack with an exit area of
0.465 sq meters., Auxiliary buildings were constructed from styrofoam and
painted with a latex paint.

A single tall stack was also constructed for comparison of plume
behavior to that over the rcactor complex., 'The stack had a height
equivalent to the rclcasc height of the stack on the containment vessel

roof and the same two exit arcas.

C. Wind Profiles, Pressure, and Drag Measurement

A pitot-static tube was used to measure upstream velocity profiles
and set mean tunnel speeds. Pitot-static tube output was analyzed by a
Transonic Model A, Type 120 electronic pressure meter, This instrument
also monitored the static pressure taps on the model side wall,

Drag measurements were made by means of a shear plate, 0.6 m x
0.6 m in area, inserted in the wind tunnel floor. The shear plate is
instrumented with strain gauges and can measure drag forces as small as
0.001 to 0.0001 grams,. <5 A right circular cylinder having the same size
as the model reactor buildings was mounted on the shear plates. Measure-

ments provided the variation of drag coefficient with Reynolds number.

D. Visualization Techniques

Smoke was used to define plume behavior over the reactor complex,
The smoke was produced by bubbling compressed air through a container of
titanium-tetrachloride located outside the wind tunnel and transported
through the tunnel wall by means of a tygon tube terminating at the
stack inlet within the model containment vessel. A visible record was
obtained by means of pictures taken with (a) a series 100 Polaroid

camera with integrating shutter and (b) a Speed-graphic camera utilizing
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4 x5 in, Tri-X film. (The Speed-graphic camera operated at an f-stop
of 4.5 with a shutter speed of 1/25 second.)

Plume contact with the ground surface was determined by an
indicator point method. The indicator point was applied to the ground
surface of the model, and it consisted of white water-base latex paint
mixed with "congo-red' (sodium tctrazodiphenylnapthionate - an organic
indicator of pH intensity). Diluted hydrochloric acid was applied to
the painted surface which sensitized the surface to the presence of
anhydrous ammonia. Anhydrous ammonia was then released at the appropri-
ate rate from the reactor stack into the air stream. A trace of the
diffusion plume of ammonia, indicating the surface wind contact, showed
as a pink area on the blue background of the model. These areas were

also recorded photographically.

*
E. Gas Tracer Technique

After the flow in the tunnel was stabilized, a mixture of Kr-85
and air was released from the model reactor stack, and samples of air
were withdrawn from the tunnel and analyzed. The flow rate of Kr-85
mixture was controlled by a pressure regulator at the bottle outlet and
monitored by a Fisher and Porter flowmeter. Source concentration was
0.169 wu-curie /cc of Kr-85, a beta emitter (half life - 10.3 years).

A sampling rake of eight probes was manufactured from 2 mm
diameter hypodermic tubing and was mounted on a traversing carriage whose
horizontal and vertical position was controlled remotely from outside the

tunnel. Concentrations were measured at gound levels at equivalent

*
This apparatus was developed under the Public Health Service,

Contract No. DHEW, 5R01 APO0091-07.
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scaled distances of 150 and 300 m downwind and at vertical elevations of
31 m and 62 m at the 300 m downwind distance. Samples were aspirated at
a constant rate of 500 cc/min into eight TGC-308 Tracerlab Geiger
Mueller side wall cylindrical counters. Samples were flushed through
the counting tubes for at least two minutes, valve A in Figure 5b

was closed, and each sample was subsequently coﬂnted for one minute on a
Nuclear Chicago Ultra-scaler Model 192A. All samples counted were ad-

justed for background radiation (See Figures 5a and 5b).
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IV. TEST PROGRAM AND RESULTS

A. Test Program

The test program consisted of (1) a qualitative study of the
flow field around the rcactor by visual observation of the smoke plume
trajectory released on the recactor roof; (2) a qualitative examination
of the extent of plume ground contact as displayed by indicator paint
color changes, and (3) a quantitative study of gas concentrations pro-
duced by the release of Kr-85 from the roof stack. The test conditions
are summarized in Tables 1 and 2. The test program was accomplished in
two parts: Phase A involved a stack gas release velocity of 15.2 m/sec
and Phase B utilized a stack gas release velocity of 60.8 m/sec.

Angular locations of the approach winds are referred to in terms
of azimuth angles from magnetic north. Downwind distances refer to
lengths as measured from the center of the reactor containment vessel.
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 (Figure 6).
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25,30)

TABLE 1. EFFLUX CONDITIONS STUDIED
Prototype Model
Program Stack Efflux Jet Stack Jet
Phase Area Rate Velocity Diameter Velocity
(m?) (m3/min) (m/sec) (cm) (m/sec)
A 0.465 425.0 15.2 0.394 15.2
0.031 28.3 582 0.100 557
B 0.465 1700.0 60.8 0.394 60.8
TABLE 2. SUMMARY OF DATA COLLECTION PROGRAM
Phase A:
Wind Wind Stack Jet Photos  Surface Concentration
Direc- Velocity Diameter Velocity of Visual- Profiles
tion (m/sec) (cm) (m/sec) Smoke ization
(Azimuth)
0° (1,2,4,6, 0.394 15,2 yes yes no
8,10,15) '
30° yes yes no
900 yes yes no
180° yes yes no
3150 no yes no
3300 0.394 yes yes yes
3300 0.100 no yes yes
3450 0.394 no yes no
Phase B:
0° (4,8,10,15 0.394 60.8 yes yes no
20,25,30,
35)
315° yes yes no
330° yes yes yes
Single Stack:
0° (1,2,4,6, 0.394 15,2 yes yes no
8,10,15)
0° (4,8,10, 60.8 yes yes no
15,20,
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B. 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 model
reactor, (Figure 7 to Figure 15). A general understanding of wake and
cavity flows is necessary for an interpretation of the plume behavior -
see Reference 8.

The sequence of photographs shown in Figure 7 shows side views
of the behavior of a smoke plume released at various free stream veloci-
ties. At low wind speeds the plume breaks through the streamline sep-
arating the cavity and the displaced flows above the complex, Subse-
quently the gas behaves as a plume released at an elevated point and
is convected downstream. As the wind speed increases the stack effluent
plume is bent over and behaves as though it were released at increasingly
lower effective heights. At a sufficiently large free stream velocity
the plume intermittently fails to penetrate the building cavity stream-
line, and gas is brought to the ground at points near the building. At
even higher wind speeds the plume becomes completely entrained in the
building cavity. Entrainment, as utilized herein, will be understood as
the presence of any of the gas released from the roof exhaust stack in
the reactor building separation cavity. A small amount of entrainment
usually first occurs under conditions where the gas plume follows the
cavity separation stream line to the downstream cavity stagnation point
from which it diffuses upstream into the cavity proper. Downwash will be
understood as severe entrainment where the plume does not penetrate the
separation stream-line but rather ventilates directly into the cavity
region. Figures 8 to 11 display the outlines of the visual smoke plume
for various wind speeds and wind approach angles for Phase A of the

program,



16

For most wind approach angles ©0° to 3000) the building complex
appears to have a similar effect on plume entrainment. Davies and Moore
suggested quantitative criteria for the tendency of a building to draw a

13

gaseous plume released from a roof stack into the separation cavity.

They suggested the specification of the ratios, R, and R2, of stack

1
velocity to reference wind speed at which continuous plume contact be-
comes evident at distances of 300 m and 150 m downstream from the source

position. The critical velocity ratio R, of efflux velocity to wind

2
velocity at which the turbulent motions in the wake region were great
enough to disrupt the plume and produce contact at an equivalent distance
of 150 m downstream was between 2 and 4, In addition, for the 180°
reactor complex configuration, the smoke was strongly entrained behind

the large turbine building over its entire length at a R, ratio of 4,

2

Between 315° and 345° an aggravated case of plume entrainment
occurred. Plume dispersion into the building cavity was evident at R,
ratios of 7 to 15, Separate releases of smoke on the upstream edges of
the turbine building indicated a vortex development from the turbine
roof corners which is drawn downward between the reactor containment
vessel and the turbine plant. This resulted in an extreme low pressure
region with very strong downwash. The strong low pressure region was
also evident in the polar static pressure profile about the reactor
vessel, (Figure 4).

The impingement indicating paint confirmed the results of the
smoke visualization. Figure 12 indicates the typical contact parabola
of the plume, while Figure 13 displays the adverse entrainment downwind
of the turbine building for an azimuth angle of 180°. Table 3 summarizes

the minimum contact distances for various wind speeds and approach azimuth

angles.
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In Phase B a higher effluent velocity and flow rate were
utilized to determine if the effects of downwash on the effluent disper-
sion could be avoided. Figures 14 and 15 display the smoke plume out-
line for an efflux velocity of 60.8 mps at various wind speeds and azimuth
angles., The critical configuration of the reactor complex remained be-

tween 315° to 3450; however, the value of the ratio R, appeard to improve.

2
Table 3 also summarizes the equivalent distances to plume contact
for a stack velocity of 60.8 m/sec. The effect on the impingement indi-
cating paint was harder to interpret at higher free stream velocities;
however, strong downwash into the low pressure regime between the con-
tainment vessel and turbine building was found. Paint applied to the
side walls of the model containment vessel indicated rotation of the
plume down the reactor vessel walls into the low pressure region when
the free wind speed exceeded a minimum entrainment condition,
Table 4 tabulates the values of the ratios R, and R, versus

1 2

wind azimuth angles and stack efflux velocities. R1 and R2 are respec-
tively the ratio of stack velocity to reference wind speed at which
continuous plume contact becomes evident at equivalent downstream dis-
tances of 300 m and 150 m. b
Smoke and ammonia were also released from a single stack (Figure
20) for effluent velocities of 15.2 and 60.8 mps, No evidence of ground
contact was found over the entire range of wind speeds. The smoke plume
could not be observed to contact the gound at equivalent prototype dis-

tances less than 600 meters downstream. Further definition was difficult

due to cloud dispersion.
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"C. Test Results: Concentration Measurements

Since the conventional point-source diffusion equations cannot
be used for predicting diffusion near objects which cause the wind to be
nonuniform and nonhomogeneous in velocity and turbulence, it is necessary
to calculate gaseous concentrations on the basis of experimental data.
It is convenient to report dilution results in terms of a nondimensional
factor independent of model to prototype scale.

In References 8 and 16 the problem of similarity for diffusing
plumes is discussed in detail. It is suggested that concentration meas-

urements be transformed to K-isopleths by the formula

c
Ry
where ¢ = sample volume concentration
A = frontally projected area of reactor containment vessel
V = mean wind velocity at some reference height
8 = gas source release rate,.

Concentration measurements were made at ground level at equiva-
lent distances of 150 m and 300 m downstream from the model reactor
vessel and at vertical heights of 31 m and 62 m at the 300 m position,
Samples were taken at eight lateral positions normal to the mean wind
direction, Table 5 summarizes the values of the concentration measure-
ments. The value of K at each sample point was calculated according
to the formula above - a reference wind speed was selected from the
profiles of vertical velocity at an equivalent position of 10 m (Figure
6). The point values were then plotted on graphs corresponding to a
surveyed plane.

Figures 16 and 17 display the results of Phase A measurements for

the critical configuration angle. Figure 18 summarizes the results of
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Phase B for the same angle. It should be pointed out that the K field

v
will be a function of > and a new flow configuration should be estab-

U“’V;

lished for each valuc of ﬁz' (Sce ¥Figure 19).
o

When interpreting model diffusion measurcments it is important to
remember that thcre can be considerable difference between the instan-
taneous 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 disper-
sion. In the wind tunnel a plume does not generally meander due to the
absence of large scale eddies., Thus it is found that field measurements
of peak concentrations, which effectively eliminate horizontal meandering,
should correlate with the wind tunnel data. 16 In order to compare down-
wind 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. 27 It is possible to determine the frequency of different
gustiness categories for a specific site. 4 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. A5
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V. CONCLUSIONS AND RECOMMENDATIONS

This research was undertaken to determine by a wind tunnel model
study the dispersion of radioactive gases released from a short stack on
top of the reactor containment building in the Shoreham Nuclear Power
Station, to determine if a wind approach angle existed which resulted in
aggravated entrainment, and to determine if the effects of downwash could
be alleviated with high effluent flow rates and vertical stack velocities.

On the basis of the experimental measurements reported herein,
the following comments may be made:

1. Drag and static pressure measurements support the assumption
that the scale model of the Shoreham Nuclear Power Station should satis-
factorily simulate prototype conditions in the vicinity of the site.

2. At low efflux stack velocities entrainment will occur at
efflux ratios of R1 and R2 , respectively, of 4 and 8 for most wind
azimuths from 0° to 270°,

3. At low efflux stack velocities entrainment is aggravated by
the local building geometries such that between wind azimuths of 270° to
360° efflux ratios R1 and R2 exceed 7.

4. A somewhat less critical aggravated entrainment also occurs
at an azimuth of 180° where R1 and R, equal 5.4 and 10 respectively

5. Higher efflux stack velocities reduce the tendency toward

entrainment. At 00

R1 and R2 average 4.2 and 7.4 respectively. Be-
tween 270° to 360° R, and R, average 4.2 and 7.4,
6. Estimates of gaseous concentration may be made from the K-

profiles reported in Figures 16, 17, and 18. Examples of calculations

for full scale applications may be found in Chapter 5 of Reference 16.
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The measurements reported in this study are of a preliminary
nature; however, it is evident that higher effluent rates from the
reactor stack reduced the entrainment. Hence it is recommended that
further model tests be made to determine the effects in plume dispersion
of local terrain, of variations in stack height or location, and of

possible changes in the nuclear complex building geometry or

architecture.
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TABLE 3 MINIMUM DISTANCES TO PLUME CONTACT IN METERS

VS = 15.2 mps

v %
6 180

30 0 -15 -30 -45
1 mps 400 none none 250 100 120
2 240 400 none 240 60 50
4 & 120 300 150 45 45
6 * 105 275 60 ® *
8 & 90 150 * * e
10 o 60 60 ® & &
15 * * * * * *
VS = 60.8 mps
Vv
0 0° -30
4 none none
8 350 350
15 150 150
20 * *
25 * x

*

Complete contact downstream of the structure.
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TABLE 4 EFFLUX TO WIND SPEED RATIOS
FOR VARIOUS AZIMUTH ANGLES
AND STACK EFFLUX VELOCITIES

V_ = 15.2 mps

2
180° 10 5.4
30° 8.1 4.0
0° 4.0 2.1
.18° <16 4.0
-30° <16 <16
-45° <16 <16
Vs = 60,8 mps
R
6 R, R,
0° 7.4 4,2

-30 7.4 4.2




CONCENTRATION DOWNSTREAM OF REACTOR BUILDING
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TABLE 5

(micro, micro curies per cubic centimeter)

Concentration Data

L 15.2 mps
6 = -30°
Q = 425 m3/min
East Lateral Position West

v X z 42.5m  30m 20m 10m ¢ 10m 22.5m  32.5m

2 mps 150m G 0 0 0 0 4 0 0 0
300m G 8 4 4 7 9 9 8 7

300m 30m 23 12 35 65 33 20 0 10

300m ~ 60m 407 315 830 1044 716 348 36 100

4 mps 150m G 18 34 29 40 34 31 19 10
300m G 97 91 101 114 110 72 74 45

300m 30m 152 224 274 284 290 155 56 60

300m  60m 96 304 456 647 608 285 87 67

6 mps 150m G 89 82 108 131 125 97 52 39
300m G 177 162 164 195 184 226 127 136

300m 3m ©172 226 313 280 269 183 90 72

300m 60m 46 66 104 118 138 108 60 31

8 mps 300m G 140 120 105 131 132 126 57 5l
300m G 167 170 198 234 238 217 169 170

300m G 164 144 187 207 198 167 116 93

300m G 33 63 67 88 101 74 36 29

10 mps 300m G 112 96 123 152 116 97 58 42
300m G 160 164 150 200 189 181 132 101

300m G 104 110 137 166 154 100 - 53

300m G 15 13 32 56 48 43 26 30



TABLE 5 (continued)

Concentration Data

28

v, = 60.8 mps
0 = -30°
Q = 1700 m3/min
East Lateral Position West

Veo X z 42.5m 30m 20m 10m ¢  10m 22.5m  32.5m

4 mps  500m G 0 0 0 0 0 0 0 -
1000m G 0 0 0 0 0 0 0 -~

1000m Lsm 11 15 29 13 25 40 - -

1000m 1m 0 20 11 28 30 63 9 =

8 mps  500m G 19 38 25 27 20 22 20 0
1000m G 47 64 32 40 37 40 31 -

1000m Ym 175 202 212 226 156 88 65 14

1000m 1m 600 654 854 1023 661 216 65 40

15 mps 500m G 30 32 27 32 28 20 30 10
1000m G 99 81 97 107 49 82 .55 24

1000m m 282 301 358 365 309 165 82 52

1000m 1m 313 300 585 796 537 265 77 60

20 mps 500m G 33 30 36 25 23 25 22 14
1000m G 117 85 85 102 105 59 48 46

1000m m 271 290 370 400 253 146 - 65

1000m lm - 139 127 268 407 319 187 52 34

25 mps 500m G 41 32 47 52 33 45 18 14
1000m G 117 109 133 149 95 85 55 19

1000m m 278 274 348 366 230 130 39 26

1000m 1m 40 69 113 194 154 68 25 24




FIGURES



I8 m

- -

Heating Cooling Coils

Direction of Air Flow

14m t. Model Site

Control R

-2m square

1 A

=

@ -

-

12m

12m Thermal Floor
Test Section
24m

3m Turbulence Stimulators

PLAN VIEW

Fig. 1. Army Meteorological Wind Tunnel

62



30

N
—L—-—‘ A
]
Office
\
\ Heater Bay
Control —— Turbine Gen Unit 1
Room
, ;
Diesél 4— — Pipe Tunnel
Gen
Reactor Building
Unit |
TI Equip Lock
| Rad Waste QIR
. Building
]
-'——A
PLAN
¢
N
Unit 1 Building Equip Lock
Office
N Control
N ' ]
l Room | 1N
N \
Diesel Rad Waste
Gen. Building

VIEW A-A

Fig. 2. Shoreham Nuclear Reactor Complex



31

Uniform Flow

e R

Streamlines

{ l
' \ . .
Stagnation Point of

Upstream Cavity Cavity

Separation Point

/che Boundary

—

Stagnation Point

Fig. 3a. Cavity and Wake Downstream of a Circular Building



|2 s ———’r - : ‘\\\
— \«\ Results for aninfinite cylinder
N / Goldstein, vol. T, pp 419
1.0 N
\
\
\
o8 \
. \
S \
£ \
o \
= o \
e 06 1
- \
g . > \
S \ o
0.4 \ _
(o] —
\—
0.2
Reynolds Numbers are based on
an approximate mean velocity(vs)
]
1Q* 10°
Reynols Number
Fig. 3b. Drag Force Measurements

A%






]
Z

I

ey

N



Regulator

/

Pressure Gage
Sample
Outlet
\Q>Volves
N

—+Krypton and
Air Mixture

Fig. Sa.

To Model Stack

Flowrator

uuanmln

-

Gas

2

Needle Valve

SS

Tracer Apparatus



To Pum£

To Wind Tunnel
| 2 3 —
8 Position
SCOlgr Switc_lj A A A
an
High Voltage / - T—TT—T
Jacketed GM
Lead Shield
Flowrator
Valve 1
A 3
T T K
v v .
—y +

L1

Fig. 5b. Gas Tracer Apparatus

9¢



( meters)

Z

100

-~
(&)}

(6))
(@]

Z

Stack Level

3

Fig. 6a.

5 |
4 5
V ( mps)

Upstream Velocity Profiles

- -

LE



100

i,

(meters)

50

y 4

25

T

Stack Level

T

= |15 mps Voo = 30 mps

10 20 30
V (mps)
Fig. 6b. Upstream Velocity Profiles

8¢



~

Uoo =4 m/sec Uoo = 6 m/sec
V =15.2 m/sec 6 = 330°

Fig.7 Typical Smoke Plume Variation with Wind Speed



20m

6 = 0°
T Vg =15 m/sec
~~
- N e tirecees | P /S 8C
~~
\\\ ————— 2m/sec
| —--m---mm=--——- 4 m/sec
~ ! | ——— — 6 m/sec
\\\ e e 15111741 -
- - _ . AN
— )\-\ — \‘
*-h~\ .\'~ \
\\N~\-\ \
-~ N .
4 ﬂ e i i a0 'd"""----’-* ............ B i SN ‘.-n\\\\- \
g - ‘"‘--.~‘\ 5
’././__- ——— \.~<~“\\" W!nd
= "_—__—:--——r:ac-——-- ——E' i \\\ 3
2+ 15 e i I *§\ -
O et il e
6~ 4 - —T l
-/‘ o —""
/__./ ¢_
115 Reactor
6 Building
Pive Turbine Gen.Unit 1 Heater
THONEE fl—————————enme= 1 Bay
]’ JI- Cotrol b /
Equip Lock ! Room |
AL LRL L LAALLELLL LT LESLLETEELEL LSS LTSS TS ? S S S S S S rsdd

Fig. 8.

Smoke Plume Sections for a Gas Stack,
Velocity of 15.2 mps, 6 =0



-

Fig. 9.
Velocity of 15.2 mps,

Smoke Plume Sections for a Gas Stack,
8 =

300

—_— T o g = 30°
s = IS5 m/sec
= T - ————— | my/sec
b - 2 m/sec
———————————— 4 m/sec
i —+ _ 6 m/sec
! 2 - -
3
4 — - ———
- pi———r Wind
6
| 5
}L :
f /",r‘ /| , Reactor
" ! Buiidir .
- ’ ;;;;;; / ' * u, "9 Turbine Gen. Unit 1
i R ) |
6, / ' ; : / :
| ] : :
I B _ . : : Office
I : Equ‘p - :. : \
¢! - : ! !
| Lock | : { Heater !
| | . : Bay
PP o Pl PR L LT L P LELLL LS ELLLLLLELELLLLLS L L L L LA LAEERLLETELLL AL LA LLLLLS




[N ——.
6 =180°
V= 15 m/sec
- 4 m/sec
———— 6 m/sec
10 m/sec
4 —
T = S—
6 \\
T N
e —— h‘__\_ \\\
T T ==33 Y
',/ /’__—‘/‘ = --\.
—”"’ .,/
”_,// T — =
4 7 _// /
V,/””’A ””” /”/////’
0] s~ - ¢
/
Reactor
10 Turbine Gen. Building |
Unit 1 Equip
Lock
: Control .
Office Room Rad Waste
L Building
AT T W T AT G 7 7 T T T 7 7 A T P T 7 7T A T T T 7 85 G G ST 7 7 7 7 57 7 7 5 A

Fig. 10.

8 = 180°

Smoke Plume Sections for a Gas Stack,
Velocity of 15.2 mps,

A%



20 m

8= -30°
Vs= 15 m/sec

2 m/sec
--------------- 4 m/sec
6 m/sec
Wind N~
(93]
4 Reactor
12 - Building | H
6 quip ! ,
/ ‘| Turbine Gen.! Heater
ock i . '
! Unit 1 : /BOY
s W gy =1 I e e s e e e e e e
Rad Waste __| | r n= ! R 7
Building | | I : I : !
| | 11 | : |
TS0 77 7777777777777 77777777 77T 7777777777 7

Fig.

11.

Smoke Plume Sections for a Gas Stack,

Velocity of 15.2 mps,

6 = - 300



= 8 m /sec
15.2 m/sec 8= 30°

Fig. Ammonia Contact Traces, 8 = 30°




Fig. 13

<
w
"

1 5.2 m/sec

©
"

1 80°

Ammonia Contact Traces, 6= 180°



20 m

e =\
6 = 0°
Vg =6 0.8 m/sec
————————————— 4 m/sec
—————8 m/sec
< S IR Y 20 m/sec
\\ ‘\
8
- “--\-\.. \\\
,——""_——_ \\‘N‘. \
BT il \\'\ ;
4 _———T —] " Ny
— T | —T o ‘\‘ Wind -
.//_/ // A
/‘ g
/- / |
8+ /
Reactor
Bu‘lldnng Pipe Turbine Gen.
TUnne| Un” 1 Heoter
o ( r ““““““ ‘.r__ Bay
Equip i E 'l Control Room | /
Lock | ! —‘ I :
|
LELS AL S S ST

Fig. 14.

LSS S S S S S S S

Smoke Plume Sections for a Gas Stack,
Velocity of 60.8 mps,

6 = 00



20 m

6 = -30°
V = 60.8 m/sec
B A 4 m/sec
—remmcee—es B m/sec
20 m/sec
e B —
\\{\
\\
\\
\
I - Jpp——— ——— T == \
8 I §;q>- \\\
§ ST = X —~——— Wind -
N — &
/ .__—__.—_“\\ \\“\
/ - —T" S~ \
/ ./"/ \_\\
20_ l‘/./ -
/ ¢
25 Reactor
Building
| T
Equip Lock : i I
\ | Turbine Gen. | Heater
\ : T | Buy
Rad Waste_| T . i Unit L :
Building |~ i || ! | ; |
! | | |
S S S S S S S SSSSSSSSSY ///////7///////// LRSI TLIL LIS IS ET LSS

Fig. 15. Smoke Plume Sections for a Gas Stack,
Velocity of 60.8 mps, 6 = - 300



= 15.2 mps
= -30° (o] Voo =4 mps
o] H
| =150 m A = 6 mps
= Ground 0 = 8 mps
o] =10 mps
e p
0
5 I
o 5
A .
% A
N | o o
A
O
B
» H A
A
o & 2 o) o
o)
1 1 ] '} 1 1 O
30 20 10 0) 10 20 30
Meters

Fig. 16a. K-Profile for Gas Released at Vs = 15.2 mps,
6 = 3300 , Q = 425.0 m3/min

8



28 Vs =15mps @ =2 mps
6 =-30° o =4 mps
x =300 m A =6 mps
z =Ground o o = 8 mps
O
24} 0 =|O0 mps
0
Q )
20}
u) o 3 =
.6 F
A
A O
l.2F A
0.8
o o
0.4}
o}
(0] ® @ 8 )
50 40 30 40
Fig. 16b. K-Profile for Gas Released at VS 15.2 mps,

6 = 330° , Q = 425.0 m3/min

6V



28} Vs =15.2 mps
8 =-30° ® Voo = 2 mps
x =300m a ¢ 0 = 4 mps
z =30 m A = 6 mps
2.4 A m) = 8 mps
8 i o =10 mps
O
20F :
A o}
o O
I.6}F g & o ? %
a ]
o |
L.2F
0
o} : o}
08} % o
A
04}
' O O
[
&
0] " ) ® 1 Sl r hd 1 1 ® J
50 40 30 20 10 0] 10 20 50

Meters
Fig. 16c. K-Profile for Gas Released at VS = 15.2 mps,

6 = 330° , Q = 425.0 m3/min

40

0S



51

364 © ¢
Vs =15.2 mps CI? ® Vo= 2 mps
g =-30° o = 4 mps
3oL x =300 m A =6 mps
z =60m ' 0 =8 mps
0 =10 mps
28l "
o}
2 4t
@
2.0- ]
[
o}
.6} A o
2 |
®
m}
A 2
0.8f ¢ o =
=) = :
o A ? ©
o)
o]
04} .
o o
O L 1 1 1 1 1
50 40 30 20 10 0 10 20
Meters
Fig. 16d.

K-Profile for Gas Released at VS = 15.2 mps,

6 = 330° ,

q = 425.0 m3/min



50

Vs fl.52 omps o 5 e =B s
8 =-30 ° -
4 0F x =150 m =4 mps
z = Ground o = 6 mps
O
35F A
o A
30F A
a
A
a
25F . o
A " O
A A
A
2.0
a a
o & o
LS}
A
(o]
o O o A
I.OF
o o A
0.5F o
o
O O o o
o) L 1 2 1 ] 1 'y . ] |
50 40 30 20 10 0] 10 20 30 40
Meters
Fig. 17a. K-Profile for Gas Released at VS = 15.8 mps,

6 = 330° , Q = 28.3 m3/min

Zs



O Voo = 2 mps
Vs = 15.2 mps A = 4 mps
2ob g = -30° ¢ o = 6 mps
x = |50 m
z = 30 m
6.0}
A
A
5.0F
m] ]
a
4 m]
40F A O
A S oa
(o} lo] o
2.0F A A
u]
o} O o
A
20F AN A
o © o
1] O
a o © ’
(o]
I.OF O o
g o
A fe) o
O 1 | 1 L 1 1 i '
40 30 20 10 0] 10 20 30 40
Meters
Fig. 17b. K-Profile for Gas Released at = 15.8 mps,

6 = 3300 , Q = 28.3 m3/min

¢S



70

6.0

5.0

4.0

30

2.0

¢
Vg = |5.2°mps O Vo = 2 mps
6 = -30 A = 4 mps
o
x = 150m (] = 6 mps
z = 60m i
o
®)
@)
A
]
) O
O
a A
! O
A
R a A A (m] o A
o o =
L 1 & L 1 ] L £ ]
40 30 20 10 0o 10 20 30 40
Meters
Fig. 17c. K-Profile for Gas Released at Vs = 15.8 mps,

6 = 3300 , Q = 28.3 m3/min

12



55

O V, =2mps
V =15.2 mps & = 4 mps
8 =-30° a = 6mps
X =300m ¢
z = Ground -
A
3.2} A
A
o D
2 8t o)
]
(o]
A A & A
=] 0 0
2.4F
o A
0
| (@)
O (o]
2
|6}
.2}
o8} =
04}
O Il 1 1 1 1 1 i
40 30 20 10 ) 10 20 30 40
Meters
Fig. 17d. K-Profile for Gas Released at VS = 15.8 mps,

8 = 3309 ,

a = 28.3 m3/min



40

Vg =15.2 mps ¢ O Ve =2mps
8 =-30°mps o A = 4mps
x =300 m 0 = 6 mps
351 z =30 m
3.0F
o
N
2or o
o
2.0F "
A o B
o A &
N
'.5‘ A =
o o .
o . &
0
|.OF 0 ©
o
A o &
o o a
OS5
& m]
o
] ]
O 1 3 i 1 1 : | A L
40 30 20 10 ) 10 20 30 40
Meters
Fig. 17e. K-Profile for Gas Released at VS = 15.8 mps,

8 = 3300 ,

5 = 28.3 m3/min

99



2.4

2.0

0.8

0.4

O Vo, =2 mps
Vg = 15.2 mps ¢ A = 4 mps
g =-30° O = 6 mps
x =300m
z =60 m
A
A
o
m| a
)
] o o A
o o}
A
A
o o ©
A
R & a © o
i 1 Ol L O ) 1 L O—1 -
40 30 20 10) 0 10 20 30 40
Meters
Fig. 17f. K-Profile for Gas Released at \/S = 15.8 mps,

6 = 330° , Q = 28.3 m3/min

LS



o6l Vs =60.8 mps 0 Vo =8 mps
6 =-30° A =15 mps
x =150 m O =20 mps
z = Ground o =25 mps
05 B ]
Q
o]
0.4 K
03} o +
a
o
0.2} c -
A
. N
O
O.lF o) A o
o}
0 = J) o (o] A
0 0
50 40 30 20 10 o) 10 20 30 40
Meters
Fig. 18a. K-Profile for Gas Released at VS = 60.8 mps,

6 = 3300 ,

Q = 1700 m3/min

89S



O Voo =8 mps

L4}
- ¢ A =15 mps
) =20 mps
0 =25 mps
L2 o Vg =60.8mps
6 =-30°
‘ x =300 m
{ 5 z = Ground
’ O
0
0.8} a
8 T
0-6’_ a A
A
' o
A A
0.4} i
o o
A
YN
0.2}
o ! o
A
o < $ . o}
(0] | 1 1 1 | 1 | |
50 40 30 20 10 0] 10 20 30 40
Meters
Fig. 18b. K-Profile for Gas Released at VS = 60.8 mps,

6 = 330° ,

Q = 1700 m3/min

6S



O
32+ ® Vo =4 mps
' o ¢ o) = 8 mps
A =15 mps
O =20 mps
28} B o =25 mps
Vs = 60.8 mps
(] g *= -30°
o o i X = 300 m
24+ z = 30 m
0
a
2.0t
] A & +
X |6 & T
A
I.2 = °
S
A
0.8}
0]
o @ o
O A a
04t Q
Pay
' O o O
0 -8 K 1 \ J — X ) L4 L L o
50 40 S0 20 10 0 10 20 30
Meters
Fig. 18c. K-Profile for Gas Released at VS = 60.8 mps,

60

6 = 330° , Q = 1700 m3/min



61

= 60.8 mps A ® Vo = 4 mps
-30 mps o) = 8 mps
X 300 m A =15 mps
z m ] =20 mps
o = 25 mps
-
A
o A
o
o u]
o
o 0 é)
A
o & :
! A
o
o
m
o 0
. o}
ai
8
30 20 10 ) 10 20

Meters

Fig. 18d. K-Profile for Gas Released at Vg = 60.8 mps,
6 = 3309 , Q = 1700 m3/min



62

®)
4
~N—wOYT S o
©WOWOW T MW a 4 oz
NEMMAN N — = o
LTI T U T | B TR 1 M
S
~N
wn
> O =» 4 <o
oqOunodemnd %
ad < ® <o |©
#-O £ (K000
o @ < e owol®
@]
& [ ] 4 ® Omo |y
=
2 ® “ e xio |}
o &
" n
x N %
L < ® Odoo
L i 1 A 1 1 1 w
© < o © SV @© < o
al ol (aV] - —= @) @)
A
Fig. 19a. K-Profile for Gas Released at Various <m\< Ratios

Meters



63

O Vg/Veo =76
A =407
=] = 38|
32r o} = 3.05
x = 300 m A =2.54
z = Ground ¢ ® =244
bl = 1.9l
2.8} O o =|.52
. s
202
]
2.4}
&
% ]
O
2.0F
- " A R "
A
.6 F
" A
0]
A A °
L.2F ® i
®
& A
08} o
: 5 )
@]
W a § .
04} A i 8 =
A 2 0
o}
O ) 4 __£) . 0 (@) O o8 (4
50 40 30 20 10 0 10 20 30 40
Meters
Fig. 19b.

K-Profile for Gas Released at Various VS/V Ratios



64

® V. /Vy =153
X =300 m & o = 76
L Z =30 m A = 407
e & o =38 |
0 =305
A =254
s (o] @ =244
£ w = .91
A o = .52
° w
24} 6
¥
o)
20t A |
o A
& $ n
1 8
.6 3 8 > (u] A
o
u]
.2 @
o) ]
@
o o}
o8t
' A o
0 2 © ® 4
oab ° 0 & o
o P
' o
o (L o) g
o)
0 8 "] ® ry (3 -4 Q Ke)
50 40 30 20 10 (0] 10 20 30
Meters
Fig. 19c.

K-Profile for Gas Released at Various VS/VQo Ratios



65

4.5
x =300 m ® Vs /Vo= 153
z =60 m '®) = 76
A = 407
a0l A o = 3.8l
o] = 3.05
A = 2.54
o @ = 244
35} 4 ] = [.9]
<o = |.B52
A
3.0F
s 1
e}
o
& 2.5+
o l
20} '
o)
A 8 g .
o A A
I.5F
A
o)
o ]
|.OF o ® ]
8 A 4
o ! .
-~ - g
8
0-5'_ D o a
& 'y ﬁ
% o 3 5
o) 8- D I ] [ ? @ 1.0
50 40 30 20 | O. 0 |0 20 30
Meters

Fig. 19d. K-Profile for Gas Released at Various VS/V Ratios



Uco

= 4 m/sec

Fig .

%

20a

e |

Uow = 2 m/sec

Uo = 6 m /sec
=15.2 m/sec

Smoke Plume for Simple Stack



| ———

Uo = 10 m/sec

Ueo = 15 m/sec Uo = 20 m /sec
Vg =15.2 m/sec

Fig. 20b Smoke Plume for Simple Stack



	CERF_68_69-01_Meroney_0001
	CERF_68_69-01_Meroney_0002
	CERF_68_69-01_Meroney_0003
	CERF_68_69-01_Meroney_0004
	CERF_68_69-01_Meroney_0005
	CERF_68_69-01_Meroney_0006
	CERF_68_69-01_Meroney_0007
	CERF_68_69-01_Meroney_0008
	CERF_68_69-01_Meroney_0009
	CERF_68_69-01_Meroney_0010
	CERF_68_69-01_Meroney_0011
	CERF_68_69-01_Meroney_0012
	CERF_68_69-01_Meroney_0013
	CERF_68_69-01_Meroney_0014
	CERF_68_69-01_Meroney_0015
	CERF_68_69-01_Meroney_0016
	CERF_68_69-01_Meroney_0017
	CERF_68_69-01_Meroney_0018
	CERF_68_69-01_Meroney_0019
	CERF_68_69-01_Meroney_0020
	CERF_68_69-01_Meroney_0021
	CERF_68_69-01_Meroney_0022
	CERF_68_69-01_Meroney_0023
	CERF_68_69-01_Meroney_0024
	CERF_68_69-01_Meroney_0025
	CERF_68_69-01_Meroney_0026
	CERF_68_69-01_Meroney_0027
	CERF_68_69-01_Meroney_0028
	CERF_68_69-01_Meroney_0029
	CERF_68_69-01_Meroney_0030
	CERF_68_69-01_Meroney_0031
	CERF_68_69-01_Meroney_0032
	CERF_68_69-01_Meroney_0033
	CERF_68_69-01_Meroney_0034
	CERF_68_69-01_Meroney_0035
	CERF_68_69-01_Meroney_0036
	CERF_68_69-01_Meroney_0037
	CERF_68_69-01_Meroney_0038
	CERF_68_69-01_Meroney_0039
	CERF_68_69-01_Meroney_0040
	CERF_68_69-01_Meroney_0041
	CERF_68_69-01_Meroney_0042
	CERF_68_69-01_Meroney_0043
	CERF_68_69-01_Meroney_0044
	CERF_68_69-01_Meroney_0045
	CERF_68_69-01_Meroney_0046
	CERF_68_69-01_Meroney_0047
	CERF_68_69-01_Meroney_0048
	CERF_68_69-01_Meroney_0049
	CERF_68_69-01_Meroney_0050
	CERF_68_69-01_Meroney_0051
	CERF_68_69-01_Meroney_0052
	CERF_68_69-01_Meroney_0053
	CERF_68_69-01_Meroney_0054
	CERF_68_69-01_Meroney_0055
	CERF_68_69-01_Meroney_0056
	CERF_68_69-01_Meroney_0057
	CERF_68_69-01_Meroney_0058
	CERF_68_69-01_Meroney_0059
	CERF_68_69-01_Meroney_0060
	CERF_68_69-01_Meroney_0061
	CERF_68_69-01_Meroney_0062
	CERF_68_69-01_Meroney_0063
	CERF_68_69-01_Meroney_0064
	CERF_68_69-01_Meroney_0065
	CERF_68_69-01_Meroney_0066
	CERF_68_69-01_Meroney_0067
	CERF_68_69-01_Meroney_0068
	CERF_68_69-01_Meroney_0069
	CERF_68_69-01_Meroney_0070
	CERF_68_69-01_Meroney_0071
	CERF_68_69-01_Meroney_0072
	CERF_68_69-01_Meroney_0073
	CERF_68_69-01_Meroney_0074
	CERF_68_69-01_Meroney_0075

