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EPRI PERSPECTIVE

PROJECT DESCRIPTION

This final report for RP1073-2 describes work conducted to determine the aerodynamic
effects of large structures on the dispersion of atmospheric plumes. Characteriza-
tion of atmospheric dispersion in the vicinity of nuclear power plants is needed to
accurately evaluate the radiological impact of routine and postulated accidental
releases of radioactive effluents. From a previous field study (EPRI Final Report
NP-1380), it was determined that buildings have a significant effect on plumes. The
study described in this report is a wind tunnel mock-up of the field study to
demonstrate the application of the wind tunnel for application to meteorological
simulations. Other wind tunnel simulations were conducted to determine methods for
maximizing the plume dispersion from vent releases.

PROJECT OBJECTIVES

This study was conducted to evaluate the use of wind tunnels to characterize plume
dispersion from nuclear power plants. Wind tunnel measurements were compared to the
measured field data for similar meteorological conditions. The simulation was
performed to determine if wind tunnels can possibly be used as a convenient tool in
atmospheric plume analysis for licensing. Simulations were also conducted to deter-
mine the minimum building vent height to eliminate, or reduce significantly, plume
downwash, Typical structures and several vent release locations were applied.

PROJECT RESULTS

The wind tunnel results simulated the field measurements within 87% at 300 meters
and a factor of 2 at 1000 meters. Other tests showed that building shapes, release
locations, and vent height can significantly alter plume dispersion out to approxi-
mately one kilometer. The study demonstrated that wind tunnels can be effective
instruments for effluent vent design and near-field plume concentration predictions.



This report contains information of interest to those reponsible for determining the
radiological environmental impact of operating nuclear power plants.

Henry Till, Project Manager
Nuclear Power Division
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ABSTRACT

A 1:400 scale model of the nuclear power plant and the surrounding complex
tocated in the midwest was placed into the Meteorological Wind Tunnel at Colorado
State University to study the building wake effects on atmospheric diffusion.

The mean concentration measurements were made at five arcs downwind of the
complex. Results show that the buildings significantly alter the dispersion
patterns downwind of the complex. The maximum ground level concentration for
each of the sample arcs occurred during the moderately stable stratification for
the turbine building release. Similar maximum ground level concentration results
were obtained for the other two release locations except for the 73.7 m downwind
arc. The maximum ground level concentration at each arc occurred for a wind
direction of 135° except at 147.3 m arc. At the arc distance of 147.3 m this
maximum was obtained for a 157.5° wind direction.

The modified Gaussian predictive equation underpredicted the measured
concentration. The wind tunnel measurements were modified using weighted
algorithm method to account for the variations in the wind direction and strati-
fication observed in the field data. The method was realistic in both predicting
centerline concentration values as well as the horizontal spread of the plume.

The additional concentration measurements were performed in the wake of
cylindrical, cubical and hemispherical buildings with various vent heights and
neutral stability. The maximum ground level concentrations were in the wake of
cylindrical buildings. The experimental results show that for the vent heights
of 1.5 times the building height, the building wake effects were minimum on the
ground level concentration.
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SUMMARY

A series of dispersion tests were performed downwind of a 1:400 scale model of a
nuclear power plant and the surrounding complex in the Meteorological Wind Tunnel
at Colorado State University. The wind-tunnel study was conducted for the
Electric Power Research Institute (EPRI).

Mean concentration measurements and a flow visualization study were performed
over the model. The test program consisted of systematic tracer gas releases
from ground, turbine building vent (23 m above grade) and reactor vent (stack
height, 46 m above grade) heights. The gases were released at such a rate that
no appreciable plume rise was observed. The tracer gases were methane, ethane
and propane appropriately mixed with carbon dioxide and nitrogen to obtain a
molecular weight approximately equal to that of air. Samples were collected
downwind of the release locations and then analyzed using a HewlettPackard 5700A
gas chromatograph with a flame ionization detector. The samples were taken at
five arc distances at ground level. Elevated profiles of concentration were also
observed on the centerline of the complex at two arc distances. Tests were also
repeated under neutral condition to emphasize near wake plume behavior. The test
program included 48 sets of concentration measurements for various wind direc-
tions with neutral, moderately stable and slightly unstable stratification
conditions.

Flow visualization was performed for 11 wind directions with neutral stability
and releases from the three same locations using titanium tetrachloride as a
visible tracer. Color slides, black and white stills and 16 mm motion pictures
were taken to define the plume boundary and submitted to EPRI under a separate
cover.

Results show that the buildings significantly alter the dispersion patterns
downwind of the nuclear power plant complex. The maximum ground level concen-
tration for each of the sample arcs occurred during the moderately stable
stratification for the turbine building release. Similar maximum ground level
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concentration results were obtained for the other two release locations except
for the 73.7 m downwind arc. The maximum ground level concentration at each arc
occurred for a wind direction of 135° except for the 147.3 m arc. At the arc
distance of 147.3 m this maximum was obtained for a 157.5° wind direction. For
three wind directions (135°, 180° and 225°) selected for additional data

reduction, the maximum concentrations were about the same at each arc indicating
the wake of the building complex is nearly independent of these wind directions.

The ground level concentration is generally overpredicted by the Pasquill-Gifford
formulae, for all three releases, up to about 300 m downwind. This suggests
increased mixing exists due to excessive turbulence created by the building
complex. On an average the modified gaussian diffusion formulae underpredicts
the experimental measurements of ground level concentration. For the three
selected wind directions, for each stability and at each downwind distance, the
cy values were approximately constant. This again emphasizes that slight
changes in the wind direction do not alter the concentration pattern. For the
neutral and stable conditions, the cy observed were much larger than those
predicted by the Pasquill-Gifford formulae, which also demonstrates the enhanced
dispersion due to building wake effects.

The wind-tunnel ground level concentration results were modified using a weighted
algorithm developed by Kothari et al. (1980) to account for the changes in the
wind direction and stability during the field tests. The weighted algorithm on
an average slightly underpredicts at 300 m arc and overpredicts by two times at
1000 m arc the observed maximum ground level concentrations.

The additional concentration measurements and a flow visualization study were
performed in the wakes of cylindrical, cubical and hemispherical buildings with
neutral stability and smooth floor conditions. The experimental measurements
were performed with free stream velocity of 3 m/sec. The total of four vent
heights viz. z/H = 1.0, 1.25, 1.50 and 2.0 were investigated. For two lower vent
heights, the four vent locations on the buildings were investigated. For the
vent heights of z/H = 1.50 and 2.0 the concentration measurements were performed
with only center release location on the building. It was also determined that
for the two higher stack heights and cubical building, the plume was not affected
by the building wake. Hence, no concentration measurements were performed with
these two stack heights for cylindrical and hemispherical objects. The maximum
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ground level concentrations were in the wake of cylindrical obstacles. This is
the result of smaller cavity and hence less initial plume dilution, and the
strong horseshoe vortices bringing the plume downward towards the ground along
the centerline of the cylindrical building wake. The effect of building wakes on
plumes were reduced as the vent heights were increased, as expected.
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Chapter 1
INTRODUCTION

Wind-tunnel diffusion tests were conducted on a 1:400 scale model of the nuclear
power plant Tocated in the midwest. The experiments were carried out in the Tow
speed meteorological wind tunnel (Figure 1) located in the Fluid Dynamics and
Diffusion Laboratory (FDDL) at Colorado State University.

This wind-tunnel study is part of a research program developed by Electric Power
Research Institute (EPRI) to empirically determine the effect of containment
buildings on the atmospheric flow field and gaseous diffusion during different
atmospheric stabilities. The program consisted of field measurement and physical
modeling in the laboratory. The field program was conducted by Stanford Research
Institute of California and the field evaluation report has been prepared by them
(SRI Project 6888, 1979). The aim of the project was to compare the field data
with laboratory data. Similar field studies have been performed at the EOCR
complex in Idaho and the Rancho Seco in California by Start et al. (1977). The
corresponding wind-tunnel studies were performed by Hatcher et al. (1977) and
Allwine et al. (1978) at Colorado State University.

Three atmospheric stabilities characteristic of the 1978 field study at the
nuclear power plant Jlocated in the midwest were simulated in the wind tunnel.
These stabilities were neutral, slightly unstable, and moderately stable. Wind
speed and temperature data collected from a 50 meter meteorological tower was
used to specify the atmospheric stabilities and the approach flows. Data was
collected on the tower at the 10 and 50.0 meter Tevels. The velocity data were
interpolated at 23.5 m height also. From this data a bulk Richardson number
(Rib) was calculated over the layer 10 to 50 meters for each of the 44 field
tests.

Representative bulk Richardson numbers were chosen from these field results and
simulated over the corresponding layer in the wind-tunnel experiments. Other
approach flow modeling parameters such as surface roughness (zo), friction
velocity (Uyx), and velocity profile power-law exponent {p) were also determined
from the field tower data.
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The wind-tunnel test program consisted of the simultaneous release of three
different tracer gases from three points on the containment vessel and the
subsequent measurement of ground Tlevel concentrations up to 1031 meters
(prototype) downwind. These tests were conducted under three different
stabilities for eight different wind directions, giving a total of 24 runs. The
eight wind directions were at 22.5%° increments starting at 90 degrees. Addi-
tional tests were also conducted under neutral condition for six wind directions
starting with wind directions of 135° and increments of 22.5°. These tests were
conducted to obtain the near wake plume behavior in greater detail. Measurements
were made at a distance of 60, 80, 120 and 160 m (prototype). This resulted in
an additional 24 tests. Measurements of concentration distribution were also
made for a no building case for three release heights (equivalent to the release
heights with the nuclear power plant present) under three stability conditions up
to a distance of 1000 m (prototype). It should be noted that wind direction of
0°, 90°, 180° and 270° refers to wind approaching the power plant from North,
East, South and West respectively. This study was conducted to validate the
windtunnel for simulating plume dispersion from nuclear power plants as an aid in
obtaining the licensing of nuclear power plants under low wind speed conditions.

The concentration measurements were also performed in the wakes of cylindrical
cubical and hemispherical buildings with neutral stability and smooth floor
conditions in the Industrial Aerodynamics Wind Tunnel (Figure 2). The wind-
tunnel test program consisted of the simultaneous release of four different
tracer gases from four points on the idealized buildings. These release points
were at the center, on the leeward, on the windward and on the crosswind sides of
building. The experimental measurements were performed with four vent heights.
These vent heights were at the buildig height and 1.25, 1.5 and 2.0 times the
building height. The vertical and groundlevel concentration profiles were
measured from 1 to 30 heights downstream of the buildings. A flow visualization
study was performed for all six buildings and four vent heights with center
release to determine the plume downwash by the building shape and size, and to
determine at what minimum vent height the plume downwash can be reduced or
eliminated.

The report presents the experimental program and a detailed presentation of the
concentration results for three of the eight wind directions, three release
points and three stability conditions. The idealized wake concentration measure-
ments are discussed in subsequent sections.
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Chapter 2
RESULTS AND DISCUSSIONS

CONCENTRATION MEASUREMENTS

The nuclear power plant field samples were collected over a one-hour period.
Hatcher et al. (1977) and Allwine et al. (1978) suggest that one can reasonably
assign an effective full-scale averaging time of 10 minutes to mean laboratory
data.

It is known that average maximum concentrations of gaseous dispersion in the
atmosphere tend to decrease with increasing sampling time. Since the motion of
airflow in the lower atmosphere is limited in the vertical direction by the
presence of the ground, the magnitude of eddy size in the transverse direction
may be much greater than that in the vertical direction. Thus, the meandering
behavior or gustiness effect produced by the large lateral scale of the eddy in
the atmosphere causes a greater transverse dispersion. Since the larger eddy
motion cannot be produced in the wind tunnel, some adjustments must be made for
field application.

This phenomenon, often known as the gustiness effect, was first considered by
Hino (1968). He reported that a smoke cloud width increases at a rate propor-
tional to the 1/2 power of the observation time. Ogura (1959) developed a mathe-
matical model which suggested a -1/2 power variation of the maximum concentration
with time. Hino (1967) performed a large-scale study for a time range from 10
minutes to 5 hours. The study which involved releasing tracer materials from
high stacks of thermal electric power stations also gives support to the -1/2
power law. Hino found that atmospheric instability has only a small effect on
the exponent of the power law, i.e., ¥ ~ 1-1/2. The applicable range of the -1/2
law is greater for unstable than for neutral stratification.

An alternative -1/5 power law was proposed by Nonhebel. Hino (1968) suggested,
however, that the applicable time range for this law is less than 10 minutes.
Other exponents for the peak to mean concentration ratio which range from -0.65
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to -0.35 depending on meteorological condition, have been recommended by the ASME
Committee on Air Pollution Control. Hinds (1967) measured the peak to mean
concentration ratios in a building wake region. Data indicated the -1/2 law can
also be used satisfactorily to predict the dispersion in the wake flow.

More recently, Brun et al. (1973) reviewed all prior experiments for peak to mean
variations with averaging time. Although they report values of the power-law
coefficient which vary from -0.12 to -0.86, depending upon stratification and
averaging time, they conclude a value of -0.5 is most appropriate when tranposing
from 0.25 to one-hour averaging times.

Applying Hino's (1968) minus one-half power law,

-1/2
&) (2-1)

where ¥ is prototype concentration, Xm is model concentration, tp is
prototype sampling time, and t is model equivalent field sampling time, we
have for this study,

60 -1/2
Xp = Xp (‘ﬂ)‘) = 0.4 Xp (2-2)

This means that the wind-tunnel measurements overpredict prototype concentrations
by a factor of two and one-half for typical near neutral flow conditions.

0f course site specific climatology may result in further dilution of the subject
plumes. The field results suggest large lateral meandering occurred during
some runs. A separate algorithm has been prepared to approximately estimate
one-hour concentrations from windtunnel measurements by Bouwmeester, Kothari and
Meroney (1979). The results of such an analysis are presented in a subsequent
chapter. The modeling requirements and experimental methods with the symbols
used are described in Appendices A and B, respectively.



MAXIMUM GROUND LEVEL CONCENTRATIONS AND COMPARISONS WITH GAUSSIAN DIFFUSION
EQUATION

Table 1 provides a list of the maximum ground level concentration, KC , for each
1
of the five sampling arcs for far wake wind-tunnel runs for all three stabilities

investigated. The maximum ground level concentration for each of the sampling
arcs occurred during the moderately stable stratification for the turbine build-
ing release. The stack height release (reactor vent) and ground level release
also show a similar trend, except for the 73.7 m arc. The maximum ground level
concentrations were observed for wind directions 135°, 157.5°, 135°, 135°, and
135° (157.4° also) for each of the arc lengths 73.7, 147.3, 304.8, 609.6, and
1031.2 m, respectively.

The maximum observed ground level concentration coefficient, Kc , versus distance
1
downwind has been plotted against the Gaussian diffusion equation prediction

using Pasquill-Gifford values for the horizontal and vertical dispersion coeffi-
cients. The results of wind directions 135°, 180° and 225° are presented in
Figures 3 through 11. It should be noted that release locations A, B and C
correspond to ground release, turbine building release and reactor vent release
(or stack height release) respectively. The results of field data are also
presented on these figures. The Gaussian diffusion equation which has been
evaluated at the centerline with hS =0 and z =0 is

.o _1 -
Q noyoz ’ (2-3)

where cy and o, are the dispersion coefficients derived from Gifford (1965).

For the elevated release, it is apparent that the plume is brought to the ground
downwind of the complex for all wind directions. The building wake interaction
has 1increased mechanical mixing and this effect is most pronounced for turbine
building releases. The concentration distributions were about the same at each
arc for three wind directions. This also indicates that mechanical turbulence
created by building wake is nearly independent of the wind direction. The
figures also indicate that the ground level Pasquill-Gifford formula produces
overprediction, for all three releases, up to about 300 m downwind. This
suggests increased mixing due to excessive turbulence created by building
complex. Calculated concentration from perturbation theory developed by Kothari



MAXIMUM GROUND LEVEL CONCENTRATION COEFFICIENT, Koo x 104m'2,
1

Table 1

FOR FAR WAKE WIND-TUNNEL RUNS

Wind Direction

Arc
Distance Release
Meters Stability®  Point* 90° 112.5% 135° 157.5° 180° 202.5°  225° 247.5°
A 9.78 6.37 5.15 15.06 33.69 24,76 19.77 6.06
X B 1.27  11.79 28,51 26.89 22.89 6.23 9.93 22.11
¢ 0.41 1.37 1.43 1.08 2.85 4,00 8,08 6.44
.8 8.80 2.60 1.43 10.65 33.95 29.61 25.52 10.03
73.7 ¥ B 20.79 15.79 36.07 31.71 12.84 6.42 11.13  11.04
C 0.486 1.60 24.98 0.21 3.03 4.12 9.21 6.17
A 8.%6 11.07 4,00 9.00 21.50  27.89% 1.98 4.49
z B 14.63 14.04 36.90 20,09 9.84 6,02 10.56  13.04
Cc 0.97 14.72 1.77 1.98 3.92 6.42 10.54 7.85
A 5.50 6.06 8.06 15.06 11.20 9.05 17.03 18.9%%
X B 4.83 8.97 8.94 13.58 7.44 5.81 7.13 8.65
C 0.60 2.04 2,33 1.49 2.27 6,66 10.07 6.83
A 6.23 8.65 7.12  15.06 14.13 9.61 15.04 18.46
147.3 y B3 $.75 11.25 12.84 16,86 8.87 6.56 7.80 9.28
C .33 2.33 1.99 0.29 3.01 6.18 11.67 7.56
A 5.35 7.58 5.29 19.16 16.76 9.51 4.62 14,14
z B 6,91 9.49 10,26 1l.22 6.99 5.98 7.40 8.52
c 0.12 2.46 2.25 2.76 4.07 6.91 10.66 8.19
A 3.01 4,22 6,20 5.16 4.73 3.56 5.66 3.81
x B 3.69 3.86 3.06 4.15 3.69 3.21 3.91 4,32
C 2.08 2.51 2.81 2.12 2.38 3.80 3.36 3.13
A 3.68 8.20 9.92 5.34 6.28 4.39 6.93 5.49
304.8 y B 6.60 4.94 4,62 5.36 5.35 4,06 4.82 5.26
C 1.01 3.24 4.04 0.35 2.80 5.18 3.44 3.59
A 3.23 3.84 5.82 9.04 6.41 4.03 1.32 3.14
z B 3.82 4.11 3.34 4.34 3.37 3.20 3.56 3.92
c 2.28 3.07 3.20 3.42 3.30 3.76 3.35 2.60
A 2.34 2.36 2.70 3.14 3.34 2.10 2.44 2.74
x B 2.02 2.13 1.88 2.32 2.22 2.27 2.16 2,42
C 1.65 1.98 1.97 1.82 1.63 2,22 1.94 1.86
A 2.42 5.12 6.54 5,25 4.54 3.11 4.06 2.80
609.6 y B 3.56 3.48 2.92 3.71 3.38 3.06 2.04 3.14
[ 2.17 2.66 3.24 0,22 2.17 3.36 2.39 2,12
A 2.05 2.21 2.76 3.59 3.90 2.72 2.50 2.73
z B 2.18 2.16 1.88 2.26 2.38 2.32 2.14 2.00
[ 1.75 2.26 2,08 1.13 2.18 2.02 1.63 1.50¢
A 1.58 2,04 0.89 2.00 1.98 1.38 1.30 1.90
X B 1.19 1.10 1.10 1.24 1.42 1.44 1.30 1.46
C 1.14 1.29 1.24 1.19 1.16 1.38 1.03 1.12
A 2.00 3.60 4,29 4.29 3.47 1.97 2.14 2.72
1031.2 y B 2.63 1.93 2.08 2.15 2.27 1.96 2.39 2.43
C 2.37 1.98 2.44 0.19 1.58 2.28 1.96 1.54
A 1.23 1.47 1.94 1.85 2.38 1.61 1.91 1.84
z B 1.17 1.38 1.18 1.26 1.39% 1.29 1.18 1.15
c 0.90 1.46 1.27 1.28 1.38 1.08 0.92 0.88

°x neutral
y moderately stable
z slightly unstable

*A ground level release
B turbine building release

C reactor vent (stack height) release
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et al. (1979) to account for building wake effect has been plotted (Figure 5)
for neutral and 180° wind direction for release point B. The results of the
theory compare very well with the observed concentration.

In Figures 3 to 11 are given comparisons of the wind-tunnel measured ground level
axial concentration coefficient and the concentration coefficient determined from
a modified Gaussian diffusion equation (Gifford, 1960, 1968). The comparison is
also tabulated in Table 2. Wind directions 135°, 180° and 225° for a ground
release point are considered. The Gaussian diffusion equation modified by
Gifford to account for dispersion in building wakes is

N__ 1 -
Q" 7,5, ¥ A (2-4)

where C was chosen to be 1/2 (Gifford, 1975). The area A 1in the above
formula was evaluated as the area of the complex buildings perpendicular to flow
for wind direction equal to 180°. The results show that on an average the
Modified Gaussian equation underpredicts the measured concentration.

The near wake concentration measurements were converted to non-dimensional
concentration coefficient, Kc' The isopleths were contoured at each of the four
downwind locations, three releases and neutral stability for wind direction 180°
and are presented in Appendix C. From all of the figures it is apparent that the
building wake significantly alters the concentration pattern.

HORIZONTAL DISPERSION COEFFICIENT AND COMPARISON WITH PASQUILL-GIFFORD PREDICTED
VALUES

The horizontal dispersion coefficient, sy, was determined using the method
described by Whaley (1974). Only the ground level concentration data was used.
First, the mass of pollutant per unit area of plume, q, was determined, where:

q=JK.dy . (2-5)

Second, the center of poliutant mass, y, which is the first moment was
calculated:
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Table 2

COMPARISON OF THE MEASURED CONCENTRATION COEFFICIENT, KC , FOR GROUND LEVEL RELEASE WITH
1

PREDICTION ACCORDING TO EQUATION 2-4

(XHO Experimental
Q max
@Qb X 104m—2 Experimental (%g) Equation 2-4
Arc Q max (Xy) x 104m-2 max
AT for Wind Direction Q for Wind Direction
Distance max

Meters  Stability* 135° 180° 225° Equation 2-4 135° 180°  225°
X 5.15 33.69 19.77 7.65 0.67 4.40 2.58

73.7 vy 1.43 33.95 25.52 7.98 0.18 4,25 3.20

A 4.0 21.50 1.98 6.43 0.62 3.34 0.31

X 8.06 11.20 17.03 6.57 1.22 1.70 2.59

147.3 y 7.12 14.13 15.04 7.43 0.96 1.90 2.02
z 5.29 16.76 4.62 3.95 1.33 4.24 1.17

X 6.20 4.73 5.66 4.21 1.47 1.12 1.34

304.8 y 9.92 6.28 6.93 5.87 1.69 1.06 1.18
Z 5.82 6.41 1.32 1.48 3.93 4,33 0.89

X 2.70 3.34 2.44 1.93 1.39 1.73 1.26

609.6 y 6.54 4.54 4,06 3.38 1.93 1.34 1.20
z 2.76 3.90 2.50 0.44 6.27 8.86 5.68

bid 0.89 1.98 1.30 0.93 0.95 2,12 1.39

1031.2 y 4.29 3.47 2.14 1.78 2.41 1.95 1.20
z 1.94 2.38 1.91 0.16 12.13 14.88 11.94

~*X neutral
y moderately stable
z slightly unstable



v =1 (2-6)
y =g JK ydy

Then, the second moment, oyz, was determined:
02=1 5K (v Ty @7
y q c

cy then is the square root of the variance cyz. A1l of the integrals were
evaluated using trapezoidal rule.

Table 3 lists the o, values for the 135°, 180° and 225° wind directions for the

ground level release point under neutral, slightly unstable and moderately stable
cases.

Figures 12, 13 and 14 present the plots of Uy versus x for wind directions
135°, 180° and 225° for three different stabilities respectively. The Pasquill-
Gifford values of cy for different stabilities are also displayed on these
figures. It should be noted again that for the three different wind directions
plotted, for each stability and at each x, the oy values are approximately
constant, similar to the plots of concentration coefficients Kcl. This again
suggests that slight changes in the wind direction do not alter the concentration
pattern. The slightly unstable case results show that beyond 600 m, the Gy
corresponds to one category less unstable. For the neutral and stable cases, the
oy observed were much larger than that predicted by P-G category. This demon-
strates the enhanced dispersion due to building wake effects. The field data for
cy for ground release at two arcs are also shown in Figure 12. The o, values
compare satisfactory at 300 m arc but at 1000 m arc wind-tunnel data under-
predicts the Uy values. A possible reason could be inadequate lateral arc
extent.

MAXIMUM GROUND LEVEL CONCENTRATIONS FOR IDEALIZED BUILDING WAKE DIFFUSION TESTS

Table 4 provides a list of the maximum ground level concentration coefficient,
Kc’ for each of the six downwind distances. The cylindrical and hemispherical
building wake concentration tests were performed for two vent heights and four
release locations. The cubical building tests were for all four vent heights and
various release locations.
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Table 3

CALCULATED HORIZONTAL DISPERSION COEFFICIENT, Oy FOR
GROUND LEVEL RELEASE FROM WIND-TUNNEL DATA

Moderately Slightly
Wind Arc Neutral Stable Unstable
Direction Distance c 8] o

Degrees Meters Meters Meters Meters
135 73.7 17.3 10.5 18.0
135 147.3 36.2 35.1 37.8
135 304.8 53.1 51.8 63.0
135 609.6 61.9 64.2 71.4
135 1031.2 - 76.4 106.7
180 73.7 15.1 14.4 13.3
180 147.3 21.3 26.5 28.0
180 304.8 43.8 46.3 48.5
180 609.6 48.5 60.0 63.6
180 1031.2 51.9 84.4 101.9
225 73.7 17.2 15.9 i8.0
225 147.3 29.5 30.1 41.1
225 304.8 41.1 45.0 65.8
225 609.6 59.6 62.7 68.1
225 1031.2 60.2 93.7 107.4
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Table 4

MAXIMUM GROUND LEVEL CONCENTRATION COEFFICIENT, Kc , FOR
IDEALIZED BUILDING WAKE RUNS

Height Release* Source Release Location
Obstacle H Distance Height
Shape cm x/H Identification 1 2 3 4
1 A .43 .34 .44 .34
3 A 1.38 .07 1.26 .06
Cytindrical 7.6 5 A 1.29 .06 1.10 .01
10 A .71 .56 .61 .58
20 A .35 .28 .30 .28
30 A .20 .16 .17 .17
1 B .27 .13 .27 .10
3 B .53 .33 .51 .24
Cylindrical 7.6 5 B .71 .54 .62 .36
10 B .56 .46 .51 .35
20 B .28 .23 .24 .21
30 B .18 .14 .16 .14
1 A .22 .18 .18 .17
3 A .43 .32 .40 .38
Cubical 7.6 5 A .61 .43 .56 .45
10 A .45 .32 .21 .36
20 A .27 .21 .12 .22
30 A .17 .14 .08 .14
1 B .10 .08 .10 .03
3 B .25 .20 .24 .12
Cubical 7.6 5 B .32 .26 .29 .20
10 B .32 .25 .28 .19
20 B 19 17 .19 .15
30 B .14 11 .12 .11
1 C -- -- -- --
3 C -~ -- -- -
Cubical 7.6 5 C .01 - - -
10 C .17 - - -
20 c 17 -- -~ -
30 C .13 -~ - --
1 D -- -- -~ --
3 ] -- -- - -~
Cubical 7.6 5 D 0.0 - - -~
10 D .02 -~ -- --
20 D .08 - -- --
30 D .08 - -- -
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Table 4. (Continued)

Height Release* Source Release Location
Obstacle H Distance Height
Shape cm x/H Identification 1 2 3 4
1 A .32 .28 .38 .42
3 A .47 .39 .47 .47
Hemispherical 7.6 5 A .51 .43 .48 .47
10 A .40 .32 .35 .32
20 A .22 .18 .19 .17
30 A .14 .12 .12 .11
1 B .08 .20 .19 .10
3 B .18 .36 .31 .15
Hemispherical 7.6 5 B .32 .41 .41 .23
10 B .33 .32 .34 .21
20 B .20 .18 .19 .15
30 B .15 .14 .14 .12
1 A 1.26 1.22 .10 .69
3 A 1.90 1.65 .58 .04
Cylindrical 13.6 5 A 1.59 1.24 .25 .07
10 A .77 .59 .68 .55
20 A .26 .29 .23 .22
30 A .25 .19 .21 .20
1 B .45 .15 .49 .14
3 B 1.19 .82 .44 .43
Cylindrical 13.6 5 B 1.32 1.05 .22 .67
10 B .77 .63 .63 .55
20 B .39 .33 .31 .31
30 B .25 .19 .21 .31
1 A .46 .31 .37 .31
3 A .51 .40 .47 .46
Cubical 13.6 5 A .61 .48 .59 .49
10 A .42 .32 .39 .36
20 A .29 .21 .24 .25
30 A .28 .20 .22 .22
1 B .10 .13 .22 .62
3 B .34 .25 .31 .25
Cubical 13.6 5 B .38 .34 .41 .36
10 B .32 .24 .26 .25
20 B .24 .22 .23 .24
30 B .26 .21 24 .21
1 C -- - -- --
3 C -~ -- -- -=
Cubical 13.6 5 C .27 - -- --
10 C .27 - -- --
20 C .19 -- -- --
30 C .17 -- -= -=
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Table 4. (Continued)

Height Release* Source Release Location
Obstacle H Distance Height
Shape cm x/H Identification 1 2 3 4
1 D - -- -- --
3 D -- -- -- --
Cubical 13.6 5 D 0.0 -- -~ --
10 D .03 -- -- --
20 D .09 -~ -- --
30 D 13 -- == ==
1 A -- -- -- -
3 A .69 .56 .60 .97
Hemispherical 13.6 5 A .66 .53 .58 .78
10 A .46 .37 .41 .44
20 A .26 .21 .23 .23
30 A .17 .14 .15 .15
1 B .15 .23 .17 .13
3 B .38 .45 .36 .33
Hemispherical 13.6 5 B .46 .52 .43 .50
10 B .52 .45 .43 .48
20 B .35 .29 .29 .29
30 B .26 .21 .22 .22

A
B
c
D
H

Roof top release

Stack height of 0.25 H above building
Stack height of 0.5 H above building
Stack height of 1.0 H above building

Building height
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The maximum ground 1level concentration occurred for the vent height equal to
building height indicating the maximum downwash induced by the buildings. An
increase in the vent height resulted in Tower concentrations as expected. For
cubical shaped buildings, the building effects were reduced considerably for the
vent height of 0.5 H above the building and there was no building influences for
the vent height of 1.0 H above the building for release location 1. Hence, for
cylindrical and hemispherical buildings only two lower vent heights were invest-
igated.

The maximum ground level concentration coefficients, Kc’ are plotted against x/H
for two lower vent heights in Figures 15, 16 and 17 for cylindrical, cubical and
hemispherical buildings, respectively. The approach boundary layer velocity
profile and source gas exit velocity were the same for all experiments. However,
the velocity ratio, defined as a ratio of source exit velocity to approach
velocity at vent height, is smaller for larger building shape. This result in
larger plume entrainment and higher concentrations is shown in Figures 15 through
17 for the same shape but larger building. This difference in concentration
disappeared around 20 to 30 heights downstream of the building.

Figures 18, 19, 20 and 21 display the maximum ground level concentrations against
x/H for the three different building shapes but the same size building and vent
height. The ground level concentrations were maximum downwind of the cylindrical
building, minimum in the wake of the cubical building, and in between downwind of
the hemispherical building. There are two possible reasons for the building
shape effects. The first one is related to the flow separation line on the
building. The flow separation is delayed maximum for the cylindrical building
and somewhat less delayed for the hemispherical building. The flow separation
lines on the cubical building are defined by the geometry. Thus, it is expected
to have the Targest recirculating cavity zone behind the cubical building and
smallest recirculating cavity in the wake of the cylindrical building. Thus,
the initial plume dilution in the wake of the cylindrical building is less as
compared with the cubical building. Secondly, two counterclockwise rotating
horseshoe vortices have been observed by Kothari et al. (1979), Hansen et al.
(1975) and Kothari et al. (1981) 1in the wakes of cubical, hemispherical and
cylindrical buildings deeply submerged in the turbulent boundary layer,
respectively. The horseshoe vortices were the strongest 1in the wake of

2-24



‘O‘ i i ll!llll i i L L

L

L1 11

Source Release Location |
= (center release) _

100

Lol

X U(H) H?
Q

-l —t

O - e CYsA ]

- ---0--- CYLA -

|  —=— CYSB i

B ——{}-~ CYLB _

|0-2 1 L 1 1 | I . . l 1 1 1 1 L L1
10° 10! 102

x/H

Figure 15. Plot of maximum ground level concentration coefficient,

KC versus x/H for cylindrical buildings CYSA, CYLA,

CYSB and CYLB.

2-25



IOI 1 I 1 l|lIl| 1 T 1 LR I L]

: Source Release Location | B

5 (center release) |

[ --—0--- CULA ]

| —a— cusB ]

|  ---0--- CULB A

-2 1 Lol i Ll 1t 11
0 10° 10! 102

x/H

Figure 16. Plot of maximum ground level concentration coefficient,

KC versus x/H for cubical buildings CUSA, CULA, CUSB

and CULB.

2-26



lol ¥ 1 Illlll] 1 1 UL L

[

L

= Source Release Location |
(center release)

10°

TTT]
Ll

Ll

- ——&— SPSA

- ~--0--- SPLA -
= —a— SPSB -
---0--- SPLB
10-2 ] [ e ] N
l0° o] 102
x/H

Figure 17. Plot of maximum ground level concentration coefficient,

KC versus x/H for hemispherical buildings SPSA, SPLA

SPSB and SPLB.

2-27



lol BB 1 { IIT_ITj I I LR L

UL

| I |

Source Release Location |
(center release)

1
|

1

0°

X U(H)H?
Q

10~!

;0-—2 1 1 | S B I T tl ] i [ T S I |
109 10! 102
x/H

Figure 18. Plot of maximum ground level concentration coefficient,
K. versus x/H for buildings CYSA, SPSA and CUSA.

2-28



10°

XU(H)H?
Q

(ol

10-2

1 { llllll[ U i L

Source Release Location |
(center release)

—&— CYSB
—&— SPSB
—&— CUSB

i i !llllli 1 | S

LR BRI

Ll

|

lllll

L

i

L 11

10°

Figure 19.

10!
x/H

102

Plot of maximum ground level concentration coefficient,

Ke

versus x/H for buildings CYSB, SPSB and CUSB.

2-29



10!

N L 1 1 1 LI l 1 T UL L l__
= Source Release Location | _
B (center release) -
" e -
z”,, n\
ol N
ol \ —
10° I N ]
e \ w
- [P .
- ”,r ,a“‘"ﬂ-\:"\\ \\ —
N T 7 - SO \ -
—— N
E A Z\\\\\ -
zo 7 RN
\5 R \\* |
» N
)
o
] -t —
oL ---0--- CYLA -
- ---0--- SPLA -
| ----—- CULA ]
10-2 ] L1 ol 1 ] L11d
10° Tol 102
x/H
Figure 20. Plot of maximum ground level concentration coefficient,
KC versus x/H for buildings CYLA, SPLA and CULA.

2-30



10

- T LI L B B B T T T T T1TT1r]
= Source Release Location | -
- (center release) -
O
\\
IO° — ,’, \\ —
= , \ -
o /’ \\ -
4
- . Q -
i \\ -
~ 7 o -
T ¢ -1 -
= - LR T RS 7
35 =4 dEyb N {§>\
S L. /é’ ‘B\\ ~2 -
» 57 S~ oo
/;’
- //, -
// //
4
r4
I/
io~! —
- -—=0--- CYLB -
- ---0--- SPLB -
| ---s--- CuLB ]
10-2 1 ot 11l ] Ll Lt
100 10! 102
x/H
Figure 21. Plot of maximum ground level concentration coefficient,

KC

versus

x/H for buildings CYLB, SPLB and CULB.

2-31



cylindrical buildings and the weakest in the cubical building wake. These
vortices bring the plume downward towards the ground along the centerline of the
building and result in higher concentration. Thus, the strong horseshoe vortices
and lesser initial plume dilution results in higher concentrations in the cylin-
drical building wake.

Figures 22 and 23 show the maximum ground level concentration versus x/H for
the cylindrical building and vent heights for four release locations on the
building. For the roof top release, the maximum ground level concentrations are
about the same for release locations 1, 2 and 3, whereas release location 4 shows
slightly less concentration in the near wake. At the vent height of 0.25 H above
the building, the near wake concentrations are highly dependent on the release
location. However, this concentration difference disappeared within about ten
heights downwind of the building. The similar results were obtained for the
cubical and hemispherical buildings.

FLOW VISUALIZATION

Black and white stills, color slides and 16 mm movie were exposed and provided
satisfactory visual documentation of the plume drift. Titanium tetrachloride was
used to make the plume visible. Wind directions 0, 45, 90, 112.5, 135, 157.5,
180, 202.5, 225, 247.5 and 270 were investigated with neutral flow conditions for
each of the three release locations. For the idealized building wake runs, the
flow visualization study was performed with all six buildings, four vent heights
and a center release location (location 1). The pictures, slides and movie were
furnished under a separate cover.
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Chapter 3
COMPARISON OF FIELD AND WIND-TUNNEL EXPERIMENTS

The chapter describes the weighted algorithm method developed by Kothari et al.
(1980) to estimate field concentrations under nonsteady meteorological conditions
from wind-tunnel experiments. The weighted algorithm method is applied to the
present nuclear power experiments and the results of it are compared against the
direct field measurements of Thuillier (1979).

TIME-WEIGHTED LABORATORY MEASUREMENT ALGORITHM

Laboratory measurements of dispersion are generally scheduled for a number of
combinations of wind direction, wind speed, and thermal stratification condi-
tions. This matrix must be large enough to reasonably reproduce the range of
expected situations; however, the number must remain finite to be economical. It
is proposed that the measured concentration fields may also be combined in a
time-weighted manner which reflects the influence of gustiness, meandering, and
thermal structure.

Halitsky (1969) proceeded in this spirit when he compared rooftop concentration
patterns detected during field experiments with patterns obtained by weighting
wind-tunnel measurements made over a model placed at a series of wind orienta-
tions. The weighted laboratory data reproduced the magnitude and distribution of
concentrations quite well.

General Formulation

It is generally accepted that the concentration, ¥, measured at some sample
location r and ¢ will be a function of source strength Q, speed U, wind
direction orientation, 6 and thermal stratification, Ri. The time average
value of a fluctuating concentration over a time interval T may then be
expressed as

t+T

x(r,) = { x(Q(t), U(t), 8(t), Ri(t); r,9) dt (3-1)

—
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Alternatively given a constant source strength one might construct a value for X
by utilizing the joint probability distribution of U, & and Ri over the test
period. Let the joint probability distribution be p(U,¢,Ri), then

x(ry¢) = [ [ [ p(U,8,Ri)x(U,8,Ri;r,¢) dUdedRi {3~2)
Ri 6 U

In the above formulations it is assumed that:

Concentration wind-tunnel data are continuously available for any
combination of wind speed, direction, and stability.

Mean wind and temperature characteristics are available from the field
site at any instant during the test period, T.

Meteorological data available from a single site near the proposed
field release are characteristic of the flow over the entire site.

The meteorological characteristics are quasi-steady over a period
longer than the time it takes a particle to travel from the release
point to a sample position. This implies that directional changes of
the trajectory of an air parcel between the release point and the
sample location are insignificant.

Segmented Time Approximation

Similarity theory suggests that for nonbuoyant plumes the dimensionless
concentration coefficient, K, for equivalent field and laboratory conditions
should be equal. This coefficient is defined as

« = XUA (3-3)

where U, A, and Q, are characteristic velocity, area, and source scales. Prior
laboratory experience confirms that these parameters are 1indeed equal when
sampling times are less than 10 minutes; hence,

Kf =K (3-4)



and

— Qf
X¢ = (g;;;) Km (3-5)

where f and m subscripts indicate field and model situations respectively.
Note that it is unnecessary to run laboratory tests for all source strength and
velocity combinations since a single normalized concentration parameter defines
such conditions. Frequently, however, field or laboratory data are reported with
different characteristic length scales or velocity reference height. In such
cases the comparison algorithm must incorporate scale and velcity profile
adjustments.

Given a field test for every 2-minute average combination of the variables ©
and Ri, one may represent an hour average version of Eq. (3-5) by the sum

X (r,0) 30 Q9 K ) (3-6)
XelT, = S . -
f j=1 Up)iAp “mid

or

Xe(ra)e 30 Q) Tp  (Ky(rao)s

Ce(r,o) =
f 0 =1 Q (U f

(3-7)
P

where the overbar represents an hour average value.

Unfortunately it is not economically credible to run a laboratory test for every
potential combination of Q, U, 6, and Ri; hence, there is always a finite
number of discrete conditions among which data must be interpolated. An approx-
imation has been prepared to estimate mean average concentration based on the
summation of such a discrete data set.

Typically laboratory data may be available for a matrix of one to NS thermal
stratification conditions for each of one to NW wind orientations. An interpola-
tion method is proposed to estimate (Km)i for the non-incremental 2-minute
average values of (ef)i and (Rif)i‘ The following notation is introduced:
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NS NW
(Km(ry¢))i = jzl k§1 wiijjk(r’¢) (3-8)

where Kjk is a set of model concentration data measured for a specific member
of the thermal stratification and wind orientation model test matrix, wijk is a
weight function varying in magnitude from 0 to 1.0.

The determination of the weight factors for the ith interval of a given hour
period is accomplished in three steps. First, the influence of wind orientation

and stratification are assumed linearly independent; thus

(3-9)
where WS and WW are contributions due to stratification and orientation,
respectively.

The stability effects are estimated in the second step by a simple linear
interpolation on bulk Richardson number, that is

a)y if (R'if).i < (Rim)l, then WSil 1.0

1]

WS;5=0.0, j#1
b) Hf (Rip); < (Rig); < (Rip)g,, then

vs. . = Mpljs - Rig);
1] (R1m)j+1 - (R}f)J

(Rig); = (Ri ).
= o1 m’j .
Wi T TR,y - (Rig; » othemise

WSij = 0.0,

c) if (Rim)NS < (Rif)i, then

wsi(NS) = 1.0

=
[
"

0.0, j #NS



Although the adequacy of such linear interpolation may be questionable, it does
not appear a more sophisticated interpolation scheme is appropriate at this time.
Among those stratification classification schemes proposed for predictive schemes
the bulk Richardson number was judged by Hanna et al. (1977) and Weber et al

(1977) to be reasonably reliable.

The wind orientation weight factor is also estimated by simple linear interpola-
tion. That is, if

() < (8p); < (8),q then

. = ke~ ()
Tk (em)k+1 ) (em)k

(Bf)_' - (em)k

WW. = - , otherwise
(k1) = )y - Oy

wwik = 0.0

O0f course the recommended interpolation scheme is not yet adequate to fully
account for wind direction variation. It is proposed to assign a revised bearing
to the wind-tunnel data. The concentration at grid point r, ¢ is given the
value of the model concentration of the grid point closest to r, ¢ - (ef)i +
(em)k. This device prevents the appearance of lobbed surface concentration
contours which result when one simply superimposes orientation unmodified data.

If the velocity reference height stipulated for field measurements is Zf,
whereas the equivalent reference height utilized for reference velocities for
model data is Zm, then a correction factor must be applied to laboratory results
based on the laboratory measured velocity profiles. Hence if

P
foofof) 0 (3-10)
I\,

where pj is the velocity profile power-law coefficient. Then incorporating the
weight factors, the rotation, and the reference height corrections in Eq. (3-8)
produces
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NS NW
(Km(rsd)))} = J'il f3w513 kil Wik K'k(r’e-(ef)’i + (em)k) (3-11)

The final laboratory-weighting algorithm proposed herein incorporates Eq. (3-11)
into Eq. (3-7) such that

30 Q). U NS
= /i f 1
Ce(ryp) = 2 = 3 f.,WS..
f =1 © Wey Ap gy 3
NW
X kzl Wik Kjk(r,¢-(6f)i + (Gm)k) (3-12)

Equation (3-12) presented above is the basis for a computer program to calculate
1-hour mean field concentration using wind-tunnel data. The details of the
program are described by Bouwmeester, Kothari and Meroney (1979).

'FIELD EXPERIMENTS

A series of 44 tests was conducted at the nuclear power plant located in the
midwest in the summer of 1978. During each test period a tracer gas was released
from the nuclear power plant, gas samples were taken at arc distances of 300 m
and 1000 m downwind, and meteorological conditions were recorded at a nearby
meteorological tower. The run numbers 1 to 16, 17 to 33 and 34 to 44 in the
field tests corresponds to releases from turbine building roof top, reactor
building stack and ground level, respectively. The release locations are the
same as in the corresponding wind-tunnel experiments.

The sampling grid for this study consisted of two circular arcs centered on the
reactor containment vessel with radii of 300 m and 1000 m. Samplers were spaced
every 12 degrees (approximately) and every 6 degrees (approximately) at the arc
distance of 300 m and 1000 m respectively and started from west to east in clock-
wise direction. Meteorological data was obtained from the instrumentation
mounted on a 50 m nearby tower. Sensors to measure temperatures, horizontal wind
velocities and horizontal and vertical wind angles were mounted at heights of 10
m and 50 m. One-hour average values of the meteorological data were reported
by Thuillier (1979). Meteorological data averaged over successive 2-minute
increments during the 1-hour test periods were also supplied by Thuillier



directly to the authors. The 1latter information was used to define the
‘meteorclogical condition utilized in construction of time-weighted concentration
averages from the wind-tunnel data. For each 2-minute interval, bulk Richardson
numbers were calculated based on measurements taken at 10 m and 50 m levels. The
wind direction data sometimes show substantial variation of the wind direction
with height; nevertheless, the characteristic wind direction was selected at the
release height. For some field test runs fewer number of velocity and tempera-
ture data were reported and hence the weighted algorithm was applied for fewer
number of points.

COMPARISON OF WEIGHTED WIND TUNNEL AND FIELD MEASUREMENTS

The algorithm developed in the previous section has been incorporated into a
computer program to predict hour average concentrations as measured at the
nuclear power plant. Wind-tunnel measurements of concentration fields downwind
of a 1:400 scale model of the nuclear power plant facility were combined with
2-minute interval meteorological records taken during the field tests to produce
a series of synthesized l-hour average concentration data.

Figure 24 shows the typical results of the weighted laboratory data calculations
corresponding to field test number 44. The wind-tunnel data were also weighted
for two additional arcs at 147 m and 609 m as shown in Figure 24. This model
shows considerable improvement over direct comparison of l-hour average field
data to 10-minute equivalent laboratory measurements. The weighting algorithm is
generally more realistic in predicting centerline values as well as the hori-
zontal spread of the plume. The maximum ground level concentration coefficients,
%! for the field data and algorithm calculated values are compared in Table 5
for the 300 m and 1000 m arc distances. If one considers the ratios c/a and
d/b it is evident that on an average the algorithm slightly underpredicts at the
300 m arc and overpredicts by two times at the 1000 m arc the observed maximum
field concentration. These weighted predictions are 50 percent better than
direct comparison to wind-tunnel data.

If physical modeling is expected to be a useful means to predict concentrations
in the field, there must be a Tinear relationship between measurements in the
laboratory and field. The best estimate of the population correlation coeffi-
cients is the sample correlation coefficient commonly calculated as:
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Table 5

COMPARISON OF FIELD DATA WITH WEIGHTED WIND-TUNNEL DATA USING ALGORITHM

Field Algorithm Wind Tunnel
Field . 6 Field X c0*a? W g0t e ¥y 10t a?
run Release™ f f Stability maximum maximum maximum c d e f
number location m/sec degree (Golder) @ 300m @ 1000m @ 300m @ 1031m @ 300m @ 1031 m a b a b
a b [ d e f

1 B 1.1 171 - 0.96 0.13 1.47 0.45 - - 1.53 3.46 - -
2 B 2.0 184 B 1.10 0.16 1.49 0.74 3.37 1.39 1.35 4.62 3.06 B.68
3 B 2.2 167 C 1.50 0.21 1.67 1.27 3.69 1.42 1.11 6.04 2.46 6.76

4 B 1.5 118 - 2,55 0.53 1.46 0.47 - - 0.57 0.89 ~ -
5 B 1.7 170 B 0.60 0.08 1.12 0.42 3.37 1.39 1.87 5.25 5.61 17.38
[ B 2.2 171 C 0.90 0.14 1.19 (.88 3.69 1.42 1.32 6.29 4.10 10.14
7 B 2.8 139 C 1.96 0.30 1.40 0,54 3.06 1.10  0.71 1.8G 1.56 3.66
8 B 1.7 112 B 0.44 0.08 1.20 0.31 4.10 1.39 2,72 3.88 9.31 17.37
9 B 4.0 157 E 16.69 1.67 1.87 0.82 5.36 2.15 0.11 0.49 0.32 1.28
10 B 4.5 164 E 1.61 2.07 1.66 0.77 5.36 2.15 1.03 0.37 3.32 1.04
11 B 4.6 164 E 5.80 2.24 1.82 1.48 5.36 2.15 0.31 0.66 0.94 0.96
12 B 4.3 157 E 8.41 3.00 1.52 1.29 5.36 2.15 0.18 0.43 0.64 0.72
13 B 2.2 185 c 1.74 0.41 1.88 0.96 3.69 1.42 1.08 2.34 2.12  3.46
14 B 1.8 200 [ 0.51 0.11 2.11 0.66 3.21 1.44 4.14 6.00 6.29 13.09
15 B 1.6 239 c 2,29 0.22 2.06 0.52 4.32 1.47 0.90 2.36 1.88 6.68

16 B 1.8 296 - 0.86 0.27 1.59 0.42 - - 1.85 1.56 - -
17 9 4.3 153 c 2.41 0.30 1.40 0.61 2.12 1.19  0.58 2.03 0.88 3.97
18 C 4.4 160 C 3.48 0.48 1.02 0.70 2.12 1.19  0.29 1.46 0.61 2.48
19 C 4.1 166 C 2.50 0.44 1.43 1.08 2.12 1.19  0.57 2.45 0.85 2.70
20 c 4.3 149 c 1.84 0.36 1.21 0.59 2.12 1.19 0.66 1.64 1.15 3.30
25 C 4.5 188 [+ 5.18 1.69 1.89 1.54 2.38 1.16 0.36 0.91 0.46 0.69
26 c 4.5 182 C 2.88 1.25 1.10 0.90 2.38 1.16 0.38 0.72 0.83 0.93
27 [ 4.6 183 C 4.31 1.73 1.13 1.28 2.38 1.16 0.26 0.74 0.55 0.67
28 [+ 5.1 203 C 4.14 1.08 1.92 0.87 3.80 1.38 0.46 0.81 0.92 1.28
34 A 3.3 169 D 7.87 3.27 3.66 0.87 4.70 1.98 0.47 0.27 0.60 0.61
35 A 2.7 171 D 5.37 3.43 3.19 1.35 4.70 1.98 0.59 0.39 0.88 0.58
36 A 2.0 156 D 4.43 1.68 3.05 1.14 5.16 2.00 0.69 0.68 1.16 1.19
37 A 4.6 226 C 8.67 1.01 1.39 1.99 5.66 1.30 0.16 1.97 0.65 1.29
38 A 3.5 217 c 8.56 1.60 1.94 1.33 5.66 1.30 0.23 0.83 0.66 0.81
39 A 3.5 216 C 7.15 1.58 2.10 1.03 5.66 1.30 0.29 0.65 0.79 0.82
40 A 2.2 199 B 2.37 0.32 3.21 1.11 4.03 1.61 1.35 3.47 1.70 5.03
41 A 3.2 214 B 2.63 0.77 2.08 1.27 1.32 1.91  0.79 1.65 0.50 2.48
42 A 3.1 224 B 4.47 0.48 1.48 0.81 1.32 1.91  0.33 1.69 0.30 3.98
43 A 3.1 216 B 2.74 0.52 1.76 0.85 1.32 1.91 0.64 1.63 0.48 3.67
44 A 3.1 223 B 3.57 0.74 1.83 0.99 1.32 1.91  0.51 1.34 0.37 _2.58
Average 0.87 2.04 1.75 4.07

Average without run

numbers 9,10,11,12 0.93 2.24 1.81 4.51

*A~-ground level release, Uf and ef
B--turbine building release, U

C--reactor vent (stack height) release, U

f

at 10 m height.

§ At 23.5 m height and Of

at 10 m height.

and Of at 50 m height.



nZxy = IXZy

r =

1 (3-13)
i >
[n3x2-(3x)%] [nsy?-(3y)?]

For the present case x and y represent wind-tunnel algorithm calculated data
and field data respectively and n is number of data points. The correlation
coefficient r always lies between -1 and +1. If, and only if, all points lie
on the regression line, the r = 1. If r = 0, the regression line does not
explain anything about the variation of y.

If it is assumed that there are only two variables of interest, an "independent"
variable x, and a "dependent"” variable y, then the equation of the sample
regression 1ine of y on x is:

y =a+bx . (3-14)

Note that coefficients a and b are defined in normal least squares manner for
a two variable linear regression; that is:

b= ﬁzz%g;:;§5§x2 , (3-15)
nzx~ - {Ex)
a= zy ; bZx . (3-16)

Figure 25 is a scatter diagram of all field data (y) versus wind-tunnel data as
modified by the weighting algorithm (x). The correlation coefficient is 0.52 and
y = =0.51 + 2.14x wusing all data of Table 5. It was noticed that for field tests
9 through 12 wind speed, stability and wind direction were approximately the
same; however, the concentration coefficients varied from 1.61 to 16.69 and no
explanation was given for this variation. Hence, when these four runs are
removed from the calculation, the average concentration slightly underpredicts at
the 300 m arc and overpredicts by 2.24 times at the 1000 m arc. The correlation
coefficient r is 0.62 and y = -0.51 + 1.88x when runs 9 through 12 are
excluded.
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Chapter 4
CONCLUSIONS

Forty-eight wind-tunnel tests were performed for diffusion around a 1:400 scale
model of the nuclear power plant Tlocated in the midwest. Three atmospheric
stabilities, viz., neutral, moderately stable and slightly unstable, were inves-
tigated. Three different tracer gases were released from the three different
release points on and near the containment vessel and concentration field down-
wind was measured. Eight wind directions for far wake region and six wind
directions for near wake region were investigated for turbulent diffusion from
the nuciear power plant.

The bulk Richardson numbers set in the wind tunnel were 0.0, 0.25 and -0.28,
corresponding to the neutral, moderately stable and slightly unstable conditions
when the wind profile power-law exponents are 0.13, 0.24 and 0.12 respectively.
The smooth floor was used for the development of the approach boundary layer.

The maximum ground level concentration for each of the sampling arcs occurred
during the moderately stable stratification for the turbine building release.
Similar results were obtained for the ground level release and stack height
release (reactor vent) except for the 73.7 m downwind arc. It was also observed
that the maximum ground level concentration at each arc occurred for wind direc-
tion of 135° except at 147.3 m arc. At the arc distance of 147.3 m the maximum
ground Tevel concentration was obtained for a 157.5° wind direction.

A thorough examination of dispefsion characteristics was carried out for the
135°, 180° and 225° wind directions. The following conclusions were based on the
selected three wind directions.

The concentration distributions were about the same at each arc, for the three
wind directions investigated. The surface level PasquillGifford approach over-
predicts concentrations up to about 300 m downwind. This implies that the excess
turbulence created by the building complex plays a much more important role than
the wind direction.
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The present results were also compared with a modified Gaussian diffusion
equation for the ground level release. The results show that on an average the
modified Gaussian equation underpredicts the measured concentration.

The Uy values are approximately constant, at each arc distance and for each of
the stabilities, for the above mentioned wind directions. This again implies that
building wake effects are more dominant than the slight changes in the wind
direction. The slightly unstable case results also show that beyond 600 m down-
wind, the observed Gy corresponds to one category less untable. For neutral
and stable case, the measured Gy were larger than that predicted by Pasquill-
Gifford category indicating enhanced dispersion due to building wake effects.
The weighted data algorithm was realistic in both predicting the centerline
concentration values as well as the horizontal spread of the plume.

Sixteen wind-tunnel tests were performed for diffusion downwind of six idealized
buildings deeply submerged in a neutral turbulent boundary layer. The three
building shapes, four vent heights and four gas release locations were investi-
gated to determine concentration downwind of these idealized buildings. Four
different neutrally buoyant tracer gases were released simultaneously from the
four release locations and concentration fields downwind of the buildings were
measured. The smooth floor with the spires and trip at the test section entrance
were used to obtain a fully developed turbulent boundary Tayer at the test
location. The velocity power-law exponent was 0.13.

The maximum ground level concentrations occurred for the vent height equal to
building height dindicating the maximum downwash induced by the buildings.
Increase in the vent height resulted in the lower concentrations, as expected.
For cubical buildings, the building effects were reduced considerably for the
vent height of 0.5 H above the building and there was no building influence for
the vent height 1.0 H above the building. The slight decrease in the velocity
ratio resulted in higher concentrations in the near wake of the building.
However, the effect of the velocity ratio on the concentration field disappeared
in 20 to 30 heights downstream of the building. The highest ground level concen-
trations were observed in the wake of cylindrical buildings and lowest in the
wake of cubical buildings. The ground level concentrations for the hemispherical
building wake were in between those of the cylindrical and cubical building. For
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the roof top release, the maximum ground level concentrations are about the same
for release locations 1, 2 and 3 and slightly lower for release location 4. At
the vent height of 0.25 H above the building, the near wake concentrations were
highly dependent on the release location. However, this concentration difference
disappeared within about 10 heights downwind of the building.
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Appendix A
MODELING REQUIREMENTS

The atmosperic surface layer can be modeled in a meteorological wind tunnel at
Colorado State University. This is accomplished by maintaining equality between
pertinent prototype and model dimensionless quantities determined by the govern-
ing equations of motion. This appendix itemizes the similarity parameters impor-
tant to this study (also, see Hatcher et al., 1977 and Allwine et al., 1978). A
detailed presentation of modeling criteria for the atmospheric surface layer has
been prepared by Cermak (1971, 1975) and Snyder (1972).

APPROACH FLOW

Similarity of neutral flow conditions in the atmospheric surface Tlayer may be
accomplished through equality of the dimensionless parameters

o

U
Uﬁ and 7

where Uy is friction velocity, Ur is reference velocity, z, is the
characteristic surface roughness height and z, is a reference height. The
equality of these dimensionless parameters between model and prototype insure
similar logarithmic wind profiles for model and prototype. The logarithmic wind

profile, which holds only for a neutral boundary layer and z > Z, is

z

%o

In

Fay [

I - (A-1)

where k 1is von Karman's constant.

For thermally stratified flow, the similarity between model and prototype
requires the bulk Richardson number, Rib, and power-law exponent, p, of velocity
profile to be equal. The bulk Richardson number is defined as,
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where g 1is the acceleration due to gravity, AT 1is the temperature difference
over a region of interest, AZ 1is the height of the region of interest, AU is
the velocity difference over the same layer and T 1is the average temperature
expressed in absolute units through the layer. The bulk Richardson number is a
measure of the stability of the atmosphere over a finite layer. A positive Rib
indicates stable stratification, a negative Rib indicates unstable stratifica-
tion and a Rib equal to zero indicates a neutral condition.

The wind profile in terms of power law is defined as,

p
- (2 -
= (E;) i (A-3)

C:IC:

r

The coefficient p ranges from 0.1 to 0.6 as stability varies from unstable
through neutral to very stable. This relationship is valid for all stabilities.

It should be noted that large-scale atmospheric eddies and meandering associated
with time scales of the order of one hour are not modeled in the wind tunnel.
Generally wind-tunnel results are equivalent te 10-minute average or less for
prototype conditions.

FLOW AROUND BUILDINGS

Geometric similarity between model and prototype was accompiished by undistorted
scaling in the three dimensions. Exact Reynolds number (Re = U JA/v) similarity
between model and prototype was not possible. Very high wind-tunnel velocities
would be required in order to attain Reynolds number equality.

However, Reynolds number equality is not necessary when the flow is over
sharp-edged geometries. Golden (1961) has shown that flows with Reynolds numbers
above a certain critical number the concentration patterns change very little and
determined that this critical Reynolds number as 11,000. Even when Reynolds
number exceed about 3,500, there was little detectable variation in the far field
plume behavior. The Reynolds number based on velocity at a reference height of
10.4 cm was 11,140 for the present study.
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This study deals with the dispersion of slowly released pollutants in the wake of
the nuclear power plant. Consequently, situations where the jetting of the
emitted tracers from the building cavity region occurs were not considered. It
is generally accepted that for hs/hb > 2.5 and U/U, > 1, the effluent will
escape the cavity region (Huber et al., 1976 and Meroney et al., 1971). U is
the velocity at the release point and hS is the height of the release point.
For this study the hs/hb ratio for the three release points was approximately
1.0 or Tess and the U/U, ratio was 0.71 or less.

CONCENTRATION MEASUREMENTS

Concentration measurements from the wind tunnel can be compared directly to the
field levels by assuming equality of a dimensionless concentration parameters,
KC, between model and prototype (Halitsky, 1968). Kc’ the nondimensional concen-
tration coefficient, is defined as

2
K, = X“g (A-4)
XSOUY‘CE source

where x s the local concentration, U 1is the characteristic velocity, H is a

characteristic height, Qsource is the source flow rate, and Xsource 18 the
source strength. KC is a function of nondimensional space coordinates. The
x U

field measurements are reported as KC = 9

1 Xsource “source

wind-tunnel concentration measurements are reported as KC , which is determined
1

and hence the present

by dividing KC with field reference area (2500 m2).
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Appendix B
EXPERIMENTAL METHODS

WIND TUNNEL

This study was conducted in the Meteorological Wind Tunnel (MWT) at the Fluid
Dynamics and Diffusion Laboratory (FDDL) of Colorado State University. A
complete description of this wind tunnel (Figure 1) is given by Plate and Cermak
(1963). The tunnel has a test section 26.8 meters long and a nominal cross-
sectional area of 1.8 x 1.8 meters. Air velocities can be maintained from 0.5 to
35 meters per second with an ambient turbulence level of less than 0.1 percent.
The ceiling is adjustable to eliminate any longitudinal pressure gradient.

The MWT was specifically designed to simulate the atmospheric boundary layer.
Air inside the tunnel can be maintained at temperatures from 0°C to 80°C. Plates
cooled with an ethylene glycol solution were installed on the floor of the first
12 meter portion of the test section. This permitted the test section to be
cooled to 0°C over its entire length. The final 13 meters of the test section
floor is equipped with heaters such that when the heaters are operational a
temperature gradient of 122°C between the hot floor and cold air can be
maintained.

The idealized building wake diffusion measurements were performed in the
Industrial Aerodynamics Wind Tunnel (Figure 2) located in the Fluid Dynamics and
Diffusion Laboratory at Colordo State University.

The wind tunnel is a closed circuit facility driven by a 75 h.p. single speed
induction motor. A 16-blade variable pitch axial fan provides control of the
speed in the wind tunnel. The contraction ratio at the entrance of the test
section is 4:1. The square cross section of the tunnel is 3.3 m2 and the length
of the test section is 18.3 m. The roof of the last 7.3 m of the test section is
adjustable to obtain zero pressure gradient along the test section. The test
section velocities range from zero to 24.4 m/sec.



VELOCITY MEASUREMENTS

Measurements of mean velocity and turbulence intensity were accomplished with a
single hot-wire anemometer with its axis horizontal. The instrumentation used was
a Thermo-Systems constant temperature hot-wire anemometer model 1050 with a 2.54
X 10—3 cm diameter platinum film sensing element 0.0508 cm long. The output of
the constant temperature hot-wire anemometer was fed to an on-line data acquisi-
tion system consisting of a Hewlett-Packard 2IMX computer, disc unit, card
reader, printer, Digi-Data digital tape drive and a Preston Scientific analog-
digital converter. The data was processed immediately into mean velocity,
turbulence intensity and corresponding height and stored on the computer disc for
printout or further analysis. For stable and unstable velocity measurements a
temperature compensated probe was used to account for the change in calibration
and wind-tunnel temperatures.

Calibration of the hot-wire anemometer was performed using a facility developed
by CSU staff. The calibration data were fit to a variable exponent King's law
relationship,

E2=p+By" (8-1)

where E 1is the hot-wire output voltage, U the velocity and A, B and n are
coefficients selected to fit the calibration data. The measurements were
performed with a sample rate of 250 samples per second for 20 seconds and the
above relationship was used to determine the mean velocity. The fluctuating

velocity in the form U {root-mean-square velocity) was obtained from

rms
2E E
Upms = °""—£¥% (B-2)
Bnh U
where Erms is the root-mean-square of the voltage output from the anemometer.

The local turbulence intensity, urms/u, was then evaluated.

TEMPERATURE MEASUREMENTS

Temperature measurements were made with a YSI model 44004, Fennal glass-coated
bead thermistors. Manufacturer's specifications suggest an accuracy of 0.2°C
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for this type thermistor. The thermistors :re connected to a YSI model 42 SC
Tele-Thermometer with a range of -40°C to 150°C.

APPROACH FLOW

Thuillier (1979) reports various methods to determine the field stabilities for
each of the runs for field data. It should be noted that the stabilities, for
each run, were different depending on the method used. It was thought that the
stabilities generated in the wind tunnel represent that determined by Golden's
method for the field data. Hence, three of the representative stabilities from
field data determined by Golden's method were selected for all of the wind-tunnel
tests.

Three different approach flow conditions were utilized in the wind tunnel: one
for neutral conditions (Rib = 0), one for moderately stable stratification (Rib =
0.26), and one for slightly unstable stratification (Rib = -0.28). The bulk
Richardson number was set in the wind tunnel over the layer 2.5 to 12.5 cm corre-
sponding to 10 to 50 meters for the prototype.

Approach Flow for Neutral Case

With the addition of spires at the test section entrance, the boundary layer
developed naturally over the initial 13 meters of fetch upwind of the model to a
depth of about 1.2 meters. The mean velocity and turbulence intensity profiles
approaching the model are shown in Figure 26. A power-law exponent of 0.13 was
determined by least squares fitting the velocity profile to a power-law curve.
U*/Ur and Zo/zr values of 0.19 and 8.0 «x 10-4, respectively were also

determined.

Approach Flow for Moderately Stable Case

For the moderately stable case the floor of the meteorological wind tunnel was
cooled to 0°C and the air entering the test section was heated to approximately
60°C. The velocity was adjusted until a desired Rib was reached. The tunnel was
allowed to come to equilibrium for 4 to 6 hours. Figure 27 shows the mean
velocity, turbulence intensity and temperature profiles. The bulk Richardson
number of 0.25 was determined over the layer 2.5 to 12.5 cm. The power-law
exponent was 0.24 and arrived at by least square fitting the mean velocity
profile to a power-law curve.
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Figure 26. Mean velocity and turbulence profiles, neutral stratification.
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moderately stable stratification.

B-5



Approach Flow for Slightly Unstable Case

The wind-tunnel floor was heated to approximately 20°C and the air entering the
test section was cooled to approximately 0°C. The mean velocity, turbulence
intensity and temperature profiles are displayed in Figure 28. The bulk
Richardson number was -0.28 and the power-law exponent was 0.12.

Approach Flow for Idealized Building Wake Diffusion Tests

A1l the data reported for the idealized building wake diffusion tests were taken
at a nominal velocity of 3.0 m/sec. The long smooth floor test section in
conjunction with spires and trip at the test section entrance were used to
generate a thick neutral turbulent boundary layer. The idealized buildings were
located at 9.6 m from the test section entrance where a similarity profile was
obtained. The mean velocity and turbulence intensity profiles approaching the
idealized building wake diffusion tests are shown in Figure 29. A power-law
exponent of 0.13 was determined by least squares fitting the velocity profile to
a power-law curve.

MODEL

The 1:400 scale model of the nuclear power plant and surrounding area was
constructed from wooden blocks and placed on a 3.2 mm masonite sheet as the base.
The model then fit into the 1.8 m wide meteorological wind tunnel with ~2 m of
terrain upwind and ~2 m of terrain downwind of the containment vessel. A1l of
the model buildings were made to scale in the FDDL shop from plant drawings
provided by EPRI. Figure 30 shows a view of the model in the wind tunnel.
Idealized building models were constructed from plexiglass material. The three
shapes of the building viz. cylindrical, hemispherical and cubical and two sizes
of each shape building were constructed. The holes were drilled at the
respective release locations on the buildings. The additional stack heights were
made out of brass tubes. The idealized model dimensions and release locations
are shown in Figures 31 and 32.

CONCENTRATION MEASUREMENTS

Three separate sets of wind-tunnel studies were performed. One set consists of
the concentration measurements in the far wake of a nuclear power plant for eight
wind directions and three stability classes. In the second set the concentration



0.5 07 0.9 L 13 L5
1 T T T T T T T T
8- O r ]
O U/Urvs. 2/z,
7 O Uyms/ U(%) vs. z/2,
D T/T, vs. 2/z,
U =1.5m/s
z, =0.125m
61 ﬁ] Zf Ri, =-0.28 |
p =0.12
T =10.0°C
5_ —t
-
~
N
4_ -
3+ i
2_ —
l— —

0
Urms/U% O 4 8 12 16 20 24 28 32 36 40
T/T, 02 04 06 08 {10 12 (4 16 18 20 2.2

Figure 28. Mean velocity, temperature and turbulence profiles,
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Figure 30. Nuclear Power Plant model in wind tunnel.
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Building Dimensions and Source Release Locations
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Figure 31. Building dimensions and source release locations for buildings
of height 7.6 cm.
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Building Dimensions and Source Release Locations
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Figure 32. Building dimensions and source release locations for buildings
of height 13.6 cm.

B-11



measurements were performed in the near wake of a nuclear power plant for six
wind directions and neutral stability. Concentration measurements were also
performed for three stability classes and three release heights with no buildings
present. The third test consists of concentration measurements downwind of
idealized buildings. Flow visualization tests were performed for eleven wind
directions and three releases in neutral flow. Idealized tests were performed
with neutral stability.

Three tracer gases were released, one from the top of a reactor vent at a height
11.4 cm (45.7 m, prototype), second from the top of the turbine building vent at
a height 5.9 cm (23.5 m, prototype), and third from ground level at the center on
the east side of the turbine building. The release locations and the building
dimension are shown in Figure 33. The four gas release locations for idealized
building wake diffusion runs are shown in Figures 31 and 32.

The tracer gases used were mixed such that the equivalent molecular weight of
each mixture corresponds to approximate molecular weight of air. Four gases,
methane (CH4), ethane (CZHG), propane (CBHB) and butane (C4H10), were
individually mixed with either nitrogen or nitrogen and carbon dioxide to obtain
such mixtures.

After the release of the tracer gases began, the sample collection system was
flushed several times. Then a final sample was drawn over a period of approxi-
mately 60 seconds and held for subsequent analysis. Once samples were isolated
the tracer gas flows were immediately terminated to prevent background buildup in
the wind tunnel.

Tracer Gases Release System

The tracer gases were fed to their respective release port via tygon tubes.
Methane mixture was released from ground level, ethane mixture from the top of
turbine building and propane mixture from the top of the reactor vent (stack
height). Each gas came from a Matheson gas cylinder through a two-stage
regulator, a flow controller and then on to the release port on the containment
vessel. The tracer gases follow similar paths to the exit port and released at
the rate of 37.6 cms/sec for idealized building wake diffusion tests. The flow
rates were measured using a 100 cc soap film flow meter. The flow rates were set
so that there was no appreciable plume rise.
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Figure 33. Release locations and building dimensions.
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Sample Collection Locations

A total of 33 samples plus background concentration sample were collected per run
for far wake data collection. These samples were taken on the 73.7, 147.3,
304.8, 609.6 and 1031.2 meter arcs (scaled) downwind of the containment vessel
for eight different wind directions. For each arc the sampler locations were
chosen to intersect where the plume was anticipated. Elevated samples were
collected on the centerline of the 304.8 and 1031.2 meter arcs (scaled).

For near wake measurement of concentration, the sampling points were placed on a
rack fixed to a traverse. The traverse can be raised or lowered using motor
control from outside the wind tunnel and can be moved longitudinally along the
rail in the wind tunnel. At each x locations 20 samples plus background were
taken. The rack was moved vertically and another set of 20 plus background
samples were observed. These actions resulted in 40 samples at each x Tloca-
tion. The measurements were repeated for a total of six wind directions.

A total of 33 samples plus background samples were collected at each x/H location
for idealized building runs. This resulted in a centerline vertical profile and
ground level horizontal profile. The ground level horizontal and centerline
vertical profiles were measured at x/H = 1, 3,‘5, 10, 20 and 30 downsiream from
the center of each building.

Sample Collection System

Tygon tubes (3.2 mm diameter) approximately 8 m in length were fed through the
wind-tunnel wall and each fastened at a sample grid location. The other ends of
the tubes were connected to a sample withdrawal and containment system designed
and built by the FDDL staff. In this system are four modules with each module
able to hold eight samples. Each sample was insulated in a 30 cc plexiglas
container by valves at the inlet and outlet sides. The air sample was drawn into
or expelled from the plexiglas container using positive or negative pressure
differentials across a flexible plastic diaphragm.

Sample Analysis System

A Hewlett-Packard 5700A gas chromatograph with a flame ionization detector (FID)
was used to analyze the samples. The oven was maintained at 145°C, the detector
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at 250°C with a carrier flow rate through the column of approximately 55 cc/min.

The column was a 3.2 mm x 2 m Porapak-R column and the carrier gas was nitrogen.
Good separation was achieved for the three desired compounds with methane coming
off the column first after approximately 13 seconds, ethane after 20 seconds,
propane after 42 seconds and butane after 75 seconds from injection.
Consequently, each sample analysis took approximately two minutes.

The principle of operation of chromatograph is that the compounds are separated
by molecular size as they pass through the column. As each hydrocarbon compound
elutes from the column and into the FID it is burned in a hydrogen flame where it
is ionized. The potential setup across the detector is measured by an electrom-
eter, amplified and transmitted to a recorder or any other compatible data
handling device.

For this study the analog output from the gas chromatograph was converted to a
digital signal using a Preston A/D converter which was interfaced to a Hewlett-
Packard 21MX computer system. Therefore, the concentration of each tracer was
determined and stored on a disc file in the computer system.

Prior to each sample collection a background air sample was taken in the wind
tunnel. This level for each compound was subtracted from the sample values. The
gas chromatograph was calibrated prior to each day's operation.

It should be noted that the electrometer output is proportional to the number of
carbon atoms (or methane molecules) that are ionized in the detector. Conse-
quently, only one hydrocarbon compound of known concentration is needed to cali-
brate the electrometer response. For instance, 30 ppm of propane gives the same
total integrated response as 82.5 ppm of methane [(44/16) x 30]. Therefore, the
electrometer response can be calibrated based on one compound and all the other
compounds can be expressed in terms of the known compound.

The minimum resolution for the entire sample collection-analysis system was
determined to be approximately 1 to 2 ppm methane.

FLOW VISUALIZATION

Titanium tetrachloride added to the respective release mixture as a carrier was
used as a visible tracer. The mixture, regulated by a flow controller, passed
through a bottle of titanium tetrachloride and was carried through a 3.2 mm tygon
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tube to the release port. For 11 wind directions (0, 45, 90, 112.5, 135, 157.5,
180, 202.5, 225, 247.5, 270) for each release point under neutral stability,
pictures were taken of the visible plume. These pictures included black and
white stills and color slides. Also silent color 16 mm movies were taken for
each nuclear power plant run. The flow visualization study was performed for
center release, four vent heights and six idealized building shapes. The black
and white stills and color slides were taken. The slides, movie and black and
white slides, were submitted to EPRI under separate cover.

DATA ANALYSIS

The concentration data was reduced to a nondimensional concentration coefficient,

Kc' The coefficient KC is determined from

2
K, = XUHQ (B-3)
Xsource “source

where x is the local concentration (ppm), U 1is the reference velocity at release
heights (m/s), H 1is the reference height which was chosen to be the height of

the meteorological tower (12.5 cm model, 50 m prototype), Xsource is the source

is the source flow rate (ms/sec). The results were

x U m 2 by dividing K. with prototype

strength (ppm) and Q. ..o

also tabulated as KC1 = X

source Qsource
equivalent reference area (50 x 50 mz).

It should be noted that for idealized building wake diffusion tests the building
height was used as reference height and the velocity at building height in
approach flow was used as the reference velocity in Eq. (B-3) to arrive at Kc'

EXPERIMENTAL PROCEDURE

The procedure for the experiment was as follows: 1) the model, velocity and
temperature probes and sampling grid were installed in the wind tunnel; 2) wind-
tunnel heating and cooling controls were adjusted to achieve the proper thermal
stratification; 3) concentration measurements were taken; 4) flow visualization
was performed; and 5) the data was processed.
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Appendix €
NEAR WAKE CONCENTRATION COEFFICIENT, Kc’ ISOPLETH
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Figure 34. Nondimensional concentration coefficient, Kc’ ﬂ, isopleth.
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Figure 35. Nondimensional concentration coefficient, Kc’ q isopleth.
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Figure 37. Nondimensional concentration coefficient, KC, XUH™ isopleth.
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