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ABSTRACT

GASEOUS DISPERSION INTO STRATIFIED BUILDING WAKES

The dispersion of gases in the atmospheric boundary layer released
from an elevated source may be predicted by numerous semi-empirical
formulas; however, very little information is available to describe
the dispersion within the cavity-wake region downwind of a leaking
structure. This study reports the results-of the first wind tunnel
phase of a joint field and wind tunnel program to evaluate the wind
tunnel as a site analysis tool for nuclear safety investigations. A
series of diffusion measurements are tabulated for a simple cubical

structure placed at different orientations in a stratified shear layer.
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Chapter I

INTRODUCTION

Nuclear power reactors are generally enclosed within a containment
vessel to prevent the harmful release of solid contaminants or radio-
active gases into the adjacent atmosphere. In the event of a power
excursion, the containment vessel may conceivably be ruptured or
cracked; thus, because of the leakage of the vessel, radioactive gases
may escape and cause serious contamination downwind of the reactor
complex.

Many continuous point-source formulas have been derived under the
assumption that the flow field has homogeneous isotropic turbulence
and straight mean streamlines parallel to the ground. The application
of these formulas are considered to be extremely conservative in
estimating the local concentration in a highly non-homogeneous and
non-isotropic turbulence region with curved mean streamlines, as in
the cavity-wake region. In this study extensive measurements of
concentration data are reported in the hope of contributing experi-

mental information to define actual dispersion behavior.

1.1 General Review

Because of the complexities of diffusion in turbulent cavity-wake
region, including such factors as the diffusivity distribution,
terrain roughness, thermal stability, etc., the dispersion patterns
could hardly be predicted by an analytic method.

For turbulent diffusion phenomena in the lower atmosphere,
Sutton's equations have been widely used to estimate concentration

distributions for a point source, but the application of his equations



is restricted because of many ideal assumptions. Also, they are not
sensitive to atmospheric stratification situations. In an attempt

to improve sensitivity to real conditions Pasquill-Gifford's semi-
empirical formulas have become popular. A set of transverse and
vertical standard deviations of the dispersion are plotted as functions
of downwind d.stance. A "Stability Category', which classifies six
different kinds of possible atmospheric stratifications, relates the
various plume dispersions to different meteorological conditions. The
primary drawback of this method is its insensitivity to the effects of
terrain roughness.

Because of strong turbulent mixing motions, adverse pressure
gradients, and highly non-stationary fluctuations in the cavity-wake
region, both Sutton's and Pasquill-Gifford's methods fail to predict
the dispersion of gases in the vicinity of a building.

In an earlier study, problems related to gas dispersion were
investigated by Sherlock and Stalker (1940). In the interest of
public health they attempted to determine appropriate locations for
building ventilators to prevent the inhalation of gases released from
nearby short stacks. Other investigators have attempted to specify
the proper exit momentum to avoid downwash when short stacks are used.
It is known that for a non-streamlined structure, a stack with a
momentum ratio of Vs/ﬁ <1 will result in a plume downwash. When
the exit momentum is less than the inertial momentum of the main
stream the plume can not penetrate the cavity; hence, the effluent
will enter the low-pressure back-flow region (cavity) and cause serious

contamination in the vicinity of the building.



Meroney and Cermak (1968;1969) have investigated the different
VS/U ratios and critical values of VS/U for different building
shapes.

Davies and Moore (1964) used both a wind tunnel and a water
tunnel to simulate gaseous plume behavior as disturbed by building
wakes. The modeled experimental results were confirmed by a limited
number of full scale tests. Comparison between the model study and
field test indicates no substantial inconsistency.

Martin (1965) investigated airborne dispersion influenced by both

buildings and terrain. The study included observations for a full
scale field test and a model survey in a wind tunnel. He found the
correlation was very satisfactory in terms of smoke visualization and
mean concentration data.

Hinds (1967), in a large scale field survey, studied the gaseous
emission from a short stack into a building wake. The data reported
were from a test grid which consisted of three arcs at 30, 50, and 100
meters from the center of a 24" x 34" x 11" building. Two conclusions
were obtained by investigating the time history of concentration.
First it was found that Csanady's (1967) assumption, which states that
the time distribution of concentration for different averaging times is
akin to a Poisson distribution, is not applicable. Based on Hinds
field data, the variances of the distribution curves are shown such
smaller than mean values. The second is that the peak to mean ratios
in wakes are greater than those for point source plumes and comparable
to those observed on the ground near an elevated release.

In the recent years as a result of the extensive development of

nuclear power plants, contamination caused by leaks from a containment



vessel has become a matter of great practical concern. Halitsky
(1963) was the first to use a wind tunnel fécility to simulate the
gas leakage phenomenon. He measured the mean concentration in the
cavity behind the proposed EBR - II containment structure. The
measurements did not extend farther than X/D = 5 downwind, in which
D is the characteristic length defined by the diameter of the
cylindrical structure.

Dickson, Start, and Markee (1967) compared the results from a
full scale diffusion investigation of the EBR - II Nuclear Reactor
complex with those from Halitsky's earlier study. They confirmed the
validity of a properly planned model study if meteorological turbulence
information is correctly defined.

Despite the several model and field programs sited above, under-
standing of gaseous dispersion near a building is still essentially
crude, especially regarding the effects due to various meteorological
stratifications.

This study is the first wind tunnel phase of a joint field-wind
tunnel program which evaluates the wind tunnel as a site analysis tool
for nuclear safety investigations. A series of diffusion measurements
are reported for a simple, isolated, cubical structure placed at
different orientations in a stratified shear layer. The co-operating
full scale program is the responsibility of the Air Resource Labor-

atory Group at the National Reactor Test Station, Idaho Falls, Idaho.

1.2 Flow Fields Near a Cube
Aerodynamic turbulence, produced when a flow is interrupted by an

obstruction, in contrast to atmospheric turbulence, is completely



mechanical; it is a result of the action of shearing forces between
layers of air and the inertial forces as air is accelerated along
curved streamlines. Atmospheric turbulence, primarily a result of
thermal influence, is relatively uniform over a site. The aerodynamic
turbulence varies markedly around an obstruction and decreases rapidly
with distance.

The description of flow field near a building because of the
aerodynamic effects has been described by J. Halitsky by using smoke
visualization. His general arrangement of the flow fields (Figure 1)
has been accepted as a reasonable description. In the background
flow, the fluid follows the mean streamlines which are essentially
parallel to the ground surface. Near the cubic structure, streamlines
diverge and curve and gradually return to the horizontal flow as the
aerodynamic turbulence decays at some distance downstream. The signif-
icant effects of the cube on the background flow are essentially the
aerodynamically distorted velocity fields and pressure fields. The
displacement zone* has been defined as the region in which either
velocity distortion is greater than 5% or pressure distortion is
greater than 10% of the background flow field. Due to the high
adverse pressure gradients near the cube, the kinetic energy of the
fluid is dissipated because of greater surface friction.

As kinetic energy is dissipated along the ground surface, the
fluid particle is not able to surmount the 'pressure hill.'" Therefore,

the thickness of the boundary layer increases rapidly and the fluid

* In some books the displacement zone is defined simply as the region
where the fluid changes direction because of the presence of an
obstruction in a flow field.



particles eventually detach from the boundary layer and flow into the
free stream, i.e., separation. The same phenomenon appears in front
of the structure.

In the cavity region, the fluid motions are characterized by a
great loss of momentum, large eddy motion, low pressure, and strong
turbulent mixing. The flow directions in the cavity region have been
investigated by P. L. Mantle (1966) with flexible wool tufts and smoke
pictures. The toroidal circulation that develops in the cavity region
indicates the possibility of serious accumulation of contaminants
which are released into the trapped area. According to Mantle, the
cavity region behind a cube may extend approximately to two times the
cube length when the cube side is normal to the flow and three times
the cube length when the cube is installed with the diagonal parallel
to the flow. Outside the cavity region, the mean streamlines become
gradually parallel to the ground surface and show appreciable amounts
of velocity defect* as the result of diffusion of the vorticities
generated by the cube.

The wake region is actually the interaction of the classical wake**
and the turbulent boundary layer. The region is a long parabolic
envelope surrounding the cavity and extends in the downstream

direction from the point of separation. The lateral pressure

* The difference between the local mean velocity without being
distorted by the cube and the mean velocity after the distortion.

** According to G. K. Batchelor, the term '‘wake" is applied to the
whole region of non-zero vorticity on the downstream side of a
body in an otherwise uniform stream of fluid.



difference is negligible. At the beginning of the wake region the
shape of the 3-dimensional wake may be affected by orientations of the
cube. Whereas, in farther downstream, the mean velocity profiles are

very similar, as first mentioned by H. Schlicting, (1930).



Chapter II

MODELING CRITERIA

In simulating a prototype flow system in a model study with a
different scale length the limitations of geometric, kinematic, and
dynamic similarity should be recognized. In some circumstances, strict
adherence to all three similarity laws cannot be achieved at the same
time so compromises must be made to attain the best approximation.

Some of these compromises follow.

In a fixed reference frame, the equation of motion reads

2 ll‘
du, aui 1 Ay ) u, a(uiuj’
u, —== - = B2 o v - (1)
at j ax p 93X, Y i3 X . 9x. X s
1 J 3
in which i, j = 1,2,3 . The variables in the equation can be

expressed in dimensionless form by using scaling factors as follows,

u. X.

i tU i p
u; = E—': P* = ”E—') t* = i"’) X; = I‘ Fy p* = 5—" g* = %" >
pU2 0 0
v Y * uiu}
V¥ = e y* = L giy!
\)n Yf) J U2

so that the dimensionless expression of equation (1) becomes,

Ju* au*

F+oul “—,ir=—-l‘:aP:-IAI* g*s.
ot 3 ij p Bxi Fr2 Y 13
32y /u'u!*)
L L i AU @
Re oJx*ox* 3 x*
J 3 J
U2 1/2

in which the Froude number Fr = (

) , and the
SOL(AYO/YO)



Reynolds number Re = — .

2.1 Geometric Similarity

Geometric similarity represents the requirement of similar
boundary restraints to fluid movement. Geometric similarity is easily
realized by an undistorted scaled model.

The model used in this study was constructed with a linear scale
of 1/50 to a cubical structure proposed for a full scale study at the

National Reactor Test Station, Idaho.

2.2 Kinematic Similarity

The law of kinematic similarity requires the same patterns of
streamlines for model and prototype flow fields. In Figure 1, the
flow fields distorted by the presence of a cube are shown. Main
streamlines near the cube are essentially affected by the size of the
cavity which varies with different orientations as cited by Mantle
(1966) . For each specific orientation the length of the cavity region
is almost invariant when Re exceeds a critical value (according to

Golden, 1961, Re 11,000}, so that the basic pattern of the

critical ~

streamlines is the same when turbulent separation occurs.

2.3 Dynamic Similarity

2.3.1 Duplication of Re and Ri - The law of dynamic

similarity requires that the force vectors at the equivalent points

for model and prototype are parallel and have identical ratios.
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The Reynolds number Re is defined by the ratio Re = UL/v0 =
oU2/uo(U/L). It may also be interpreted as a ratio of a reference
inertial force to a reference viscous shear force. When the flow is
over sharp-edged geometry, mean flow patterns are independent of the
Reynolds numbers if the Reynolds number exceeds a lower limit which is
independent of the geometric form. In such instances a value of 103
for the ratio of

(Re)
(Re)

prototype

model

may not introduce significant error in the modeled mean flow patterns.
However, considerable caution must be exercised in comparing turbulence
statistics in such a model with prototype turbulence. In the gaseous
dispersion near buildings, Golden (1961} found that for flow about a
cube, for Reynolds numbers above 11,000, there was no significant
change in concentration distribution.

Froude number, Fr, is interpreted as the ratio of reference
inertial force to reference buoyancy force produced by the difference
in specific weights. In meteorological applications for small
vertical distance, the difference of specific weight can be expressed
by the temperature difference. A gradient Richardson number (or

atmospheric Froude number is defined as

AL

Ri = & _dz
T du?

dz

Examining the physical interpretations of Richardson number, we can see



11

buoyancy force
inertial force

restoring force in a unit mass of air parcel
inertial force in a unit mass of air parcel

rate of consumption of turbulent energy by buoyancy force
rate of production of turbulent energy by the mean wind shear.

Evidently, we may conclude:

< unstable stratification
Ri = 0 neutral stratification
> stable stratification
From the last physical interpretation, in the unstable stratification
case, the turbulent intensities are enhanced; hence in the stable
stratification case, the turbulent intensities are suppressed.
In calculating the gradient Richardson number, the difficulty
of finding the exact values of (dT/dz) and (du/dz) always arises.
By using the universal logarithmic profiles to define both mean

velocity and temperature distribution, Plate and Lin (1968) calculated

the gradient Richardson number from

| b

u
—_— = Inz + A,
u*

and
T 1
- == 1In z + B;
T, k
hence
T*
Ri = ——-gk-z
T0 u,
A . . T*gk
= C =— in which C =
To u,

Figure 2 shows the velocity profiles. Figure 3 shows the background
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temperature and velocity profiles in a log-linear scale. Figure 4
displays the variation Ri with the above definition.

Mentioned previously, the Richardson number relates closely to
flow field turbulent intensities. It is apparent from a Lagrangian
description of a turbulent diffusion process that local turbulent
intensities directly affect turbulent diffusion rates. Since the
primary interest in this model study is the gaseous dispersion
behavior in stratified flow, the Richardson number should be the same
in both the model and prototype.

2.3.2 Duplication of Pr and Sc - Thermal similtude is

governed by the energy equation

3T T _ 1 9 oT
at * % ax. T oC. ax. k5z) + Fp -
J v ] J

With the previous scaling factors and the following ones:

T
* - e l'* = —

> k AT

Vo o o

C * =
v

ol o
|<
|~

(neglecting Fp term), the non-dimensional form for the energy

equation reads

W S T e T D
J J J
j =1,2,3 . In the above equation there are two new dimensionless
parameters, namely Prandtl's number, Pr = EEQEQ» , and the specific
heat ratio y . If the fluids in both modeloand prototype are all

air, there is no difficulty in presenting the same Pr and vy
For the diffusion problem, based on the same criteria with

additional scaling factors,
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D
D*=B—' >
(o]
and
X*-'—%_ s
(o]

the diffusion equation becomes (if no chemical reaction occurs)

OX* pogr 1 1 3 ., 3x*
at* Y5 ax§ ~ Re Sc dx* (® axg)
Yo
in which Sc = o -
o

A new dimensionless parameter, Schmidt number Sc , appears in the
diffusion equation. Like the Reynolds number, the Schmidt number is
important only when the diffusion process is carried out in laminar
flow, i.e., the diffusivity D relates to physical properties of the
mixture species. In the turbulent transport, because of the mixing
motion, the dispersion of matter no longer depends on D ; however,
for turbulent mass dispersion similitude, duplication of the Schmidt
number is not important.

2.3.3 Scaling factor of local concentration - The scaling factor

(-2

° L2
is used in general diffusion problems where, Q is the source
strength or as the sample (mass or upu curies) released from the
source per unit of time.
In this study, the dispersion is essentially influenced by the
mechanical turbulence (i.e., the building wake). The projected area
of the structure normal to the main stream A 1is used to replace the

L2 term. Thus, the conventional dimensionless K factor is defined
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as

xAU
Q

K =
For every release situation, the X field is a function of spatial
coordinates and is always determined by empirical formulae based on
experimental observations. A higher K value implies a higher

probability for the effluent to enter the local region.

2.3.4 Effect of exit ratio VS/U - Another important factor in

gaseous dispersion simulation is the VS/U ratio when short stacks
or leakage holes are used. The VS/U ratio determines the initial
plume trajectory, i.e., the degree to which the plume penetrates the
low-pressured cavity region. It has been shown (see "Recommended
Guide for the Prediction of the Dispersion of Airborne Effluents,”
ASME, 1968) that a VS/U ratio of 1 is marginal with respect to the
short stack downwash for a non-streamlined structure. For a leakage
problem, the ratio VS/U approaches zero. In this experiment, in
order to insure a detectable local concentration level at downwind
distance of x/% = 30 and yet maintain safe radioactive handling
conditions, Vs/U was set equal to 1/4. Based on VS/U =1/4 << 1 ,
the same concentration distribution pattern as that from Vé/U + 0 may
be reasonably expected.

2.3.5 Duplication of boundary and upwind conditions - Besides

the requirement that all dimensionless parameters are equivalent in
the complete simulation study, the boundary conditions and upwind flow
conditions must be the same. Such conditions include the roughness,
temperature, and gas absorbing properties of the ground, and the

upwind velocity and Richardson number profiles.
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Chapter 111

EXPERIMENTAL FACILITIES AND APPARATUS

3.1 Wind Tunnel

The meteorological wind tunnel (Figure 5) at the Fluid Dynamics
and Diffusion Laboratory, Colorado State University, was specifically
designed to simulate atmospheric shear flows. A 25 m long test section
provides a well-developed turbulent boundary layer for different degrees
of thermal stratification and surface roughness. The pressure gradient
along the test section can be controlled by an adjustable height
ceiling. A 15 m long portion of the test section consists of an aluminum
plate that can be cooled* or heated to temperatures between -8°C and
180°C. The air temperature in the free-stream can be maintained at

values from 5°C to 90°C. The air speed can be regulated to values

from -2 to 35m/sec.

3.2 Velocify and Temperature Measurements

A pitot-static tube was used to measure both vertical and horizontal
mean wind profiles; the out-put signal (velocity head) was analyzed by
a Transonic model A, Type 120 electronic pressure meter. The mean
temperature of the air flow was measured with a copper-constantan
thermocouple referenced to an OMEGA-CJ cold junction compensator.

The output was determined by a sensitive millivolt potentiometer.

3.3 Smoke Visualization

Smoke was generated by bubbling compressed air through a container

of titanium-tetrachloride located outside the wind tunnel and transported

* For gtable stratification, the plate was maintained at a temperature
of 0°C.
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through the tunnel wall by means of a tube terminating at the release
holes. A visible record was obtained by means of photographs taken

with a speed-graphic camera using polaroid film.

3.4 Radioactive Tracer Gas Kr-85 and its Detection

Krypton-85 is a radioactive noble gas produced by nuclear fission.
With the atomic number 36, atomic mass unit 85, and the maximum energy
of 0.67 Mev., Kr-85 has been widely used as an effective tracer gas
in recent years because of its long half life (10.3 years) and its pure
beta-emitting property.

Like other radio-isotopes, Kr-85, which is a Beta-emitter,
ionizes the gas molecules as it passes through them. With these
ionization properties, the Geiger-Mueller counter (Figure 6) is thus
designed to detect the radiation. (See Chaudhry and Meroney, ''Tur-
bulent Diffusion in a Stably Stratified Shear Layer," 1969). The
counter tube consists of two electrodes, a fine metal wire, the anode,
surrounded by a hollow conducting cylinder, the cathode. The two
electrodes are enclosed in a glass envelope containing gas at low
pressure. When the ionizing radiation penetrates the G-M detector,
the electrons released from the ionized gas molecules moves quickly
toward the anode. Because of the high electrical potential (about
1,000 volts) near the anode wire, the electrons gain very high kinetic
energy and produce a large number of secondary electrons by multiple
collisions with other molecules. At the same time, the positive cloud
moves toward the cathode cylinder. By using the pulse forming
resistor and proper out-put circuits, one can count up to 100

picro-curie.
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In the experiment the sample gas was calibrated by flushing it
through a special thin mylar covered planchet (Figure 7) at a very low
speed. A sensitive end window G-M counter (Figure 8) was used to
compare the concentration of the sample gas with a thalium-204
standard source. Corrections for geometry, backscattering, and
absorption were also made. The source strengths are 3.51 pci/cc and
3.72 quci/cc.

Eight halogen-quenched, stainless-steel, thin walled G-M tubes
(Tracerlab type 1108) were used to study the concentration of the
sampled gases. The flow rates of flushing the sampled gases through
the eight G-M tubes were controlled by eight flowmeters (Fischer and
Porter Co., Model 10 A 103 multiple tube panel)}. The output signals
of the concentration were obtained from counts per minute by three

sets of scalers (Nuclear - Chicago Corp., Model 192A '"Ultrascaler")

3.5 Description of the Model

A 15 cm x 15 cm plexiglass model (Figure 9) was constructed
under the consideration that the degree of blockage of 0.75% presented
by the model would not affect the simulating flow due to the contrac-
tion of the side walls of the tunnel (the ratio of projected model
area to the area of the 2 m x 2 m wind tunnel cross-section should not
exceed 1 to 2%). In order to simulate potential release positions,
there are three exit ports--top, middle, and bottom--built as shown in
Figure 9. The exit gas temperatures were monitored by the three
copper-constantan thermocouples installed at each exit; the fine
screens inside the exit holes are provided to eliminate the jet effects
and to insure a uniform flow. The screens could be removed when the

smoke (TiCl4) used for visualization was passing.
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Chapter IV

EXPERIMENTAL PROCEDURE

The procedures for the experiment were as follows:
(1) The model was installed 7 m from the beginning of the aluminum
plate, whose temperature can be controlled as mentioned in section 3.1.
The 7 m distance was adquate for establishing fully developed thermal
stratified flow. (2) A pitot-static tube and a copper-constantan
thermocouple were mounted in the free-stream to monitor the wind speed
and temperature. (3) The barometer was checked and the corresponding
air density was formed correspondently. Then the wind tunnel was
started, and the free stream velocity adjusted from a reading of the
Transonic electronic pressure meter. The free stream velocity used
throughout this experiment was Zm/sec. (4) 1In the smoke visualiza-
tion process, a qualitative study of the dispersion behavior and flow
fields observation were held. A simple lighting system (Figure 10)
was used to illuminate the smoke plume, this system also eliminated
reflections from the tunnel walls. The exit speed of the smoke
generated by passing moist air through TiCl4 was controlled to pro-
vide an optimum value for photographing, but was not allowed to exceed
U . Whenever the dispersion of the smoke plume trajectories was
observed to be relatively steady a picture was taken and checked for
suitable visibility. A long exposure time was used since the mean
trajectory was essentially the data of interest. (5) Velocity and
temperature measurement - The pitot-static tube mounted on a carriage
was connected to the pressure transducer by means of vinyl tubing.
The carriage could be moved both vertically and laterally by remote

control. An x-y plotter was used to plot the velocity profiles
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from the out-put of the pressure transducer. Temperature data were
collected point by point by using a set of thermocouples with a
compensator and potentiometer, also mentioned in 3.2. (6) Gaseous
concentration measurement - A flowmeter (Fischer and Porter Co.,
Model 10 A 103) was used to control the flow rate at 2350 cc/min*
(exit velocity = 0.5 m/sec). The tracer release system is shown
schematically in Figure 11. The Kr-85 mixture was passed through the
gas regulator into a simple tubular heat exchanger** to condition the
temperatures of exit gases to the values of temperature of release
height.

Samples were drawn from the wind tunnel through a rack*** of
eight sampling tubes 3/32 inch in diameter which were mounted on the
remote-controlled carriage.

The rack could be moved vertically and transversally to take
data in different positions. Samples were drawn by a vacuum pump and
flushed through the eight G-M tubes for two minutes, the electronic
valves (solenoid) were closed and each individual sample concentration
counted the scaler. Figure 12 shows schematically the detection

system. In order to shorten the counting period, three sets of

* This is done to insure the exit momentum relatively small so the
plume cannot penetrate the cavity region.

**  This was a 12" copper coil, with 3/16 inch I.D., hung downstream.
The height is adjustable with different release positions and
temperatures.

**%* In the vertical concentration measurement, the distance between
each probe was 2 cm, in the transverse concentrations measure-
ment, the distance was 4 cm due to the much wider spread.
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scalers were used. Each G-M tube scaler pair was carefully chosen,
according to the operating voltage*. Each tube constants** were

precalibrated with its associated scaler.

* A defined voltage from which a small deviation of voltage would not
affect the counting rate to an appreciable amount.

** The equivalent concentration to each count.
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Chapter V

COUNTING STATISTICS

A nuclear scaler was used to monitor the G-M apparatus while
measuring sample concentrations. Different counts may be observed for
the same gas sample. This is ordinarily due to the random nature of
the nuclear disintegration phenomena.

A Poisson distribution model which satisfies the following three
conditions was proposed to treat the random process of radioactive
emission. (1) The probability that exactly one disintegration will
occur in a small time interval At is approximately equal to sAt
i.e.,

p {one disintegration at At} = sAt*0 (At)
in which s 1is a proportional constant, and 0(At) indicates the
small order terms. (2) The probability of more or less than one
disintegration in At 1is small compared to the probability of exactly
one disintegration, i.e.,

p {other than one disintegration at At} = 0 (At)

(3) The number of disintegrations in non-overlapping time intervals
is independent.

The quantity s can be interpreted as the mean rate of
disintegrations per unit time. In a Poisson distribution, the
probability P, for disintegrations during the time interval t
from a constant radioactive source to be n is

) (st)ne—St

n n!
(assuming that the half life of the sample gas is long compared with

the counting time that it can be treated as a constant radiocactivity).
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Suppose the G-M tube can produce m counts for each
disintegration* then utilizing the same argument, one can show that
the probability of observing N counts per unit time is

_ (SmDNe—sm

n N!

RNe”R

N!

in which R = sm, indicates average counts per unit time. With a
normal distribution approximation (see E. Parzen, 1967), the
probability that the counts per unit time fall within a standard
deviation o of the mean count value R is
pI{N-o0<x<N=+ o}
=p{N-0<x <N+ g}
= 68.3%.

Therefore, it is reasonable to assume that scaler outputs
monitored during an experiment measurement fall within the range
N + /N . For example, if the observed counts per minute is 100,
then one is 68% confidence that the mean value will fall between 110
and 90, (i.e., 68% of the time if 100 is the true mean). All the
concentration profiles have been interpreted and smoothed out in

terms of these limitations.

* counting yield (usually m < 1).
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Chapter VI

EXPERIMENTAL RESULTS AND DISCUSSION

Since the conventional point-scurce diffusion equation cannot be
used for predicting diffusion near buildings, it is necessary to calcu-
late gaseous concentration on the basis of experimental data. It is
convenient to report dilution results in terms of a non-dimensional
factor independent of the model to prototype scale.

Section 6.1 discusses alternative data presentation formulations
as suggested from the physics of the source release process in the near

vicinity of buildings.

6.1 Governing Equations

For a general turbulent diffusion problem, a set of simultaneous
equations (i.e., equation of continuity, equation of motion, equation
of energy, equation of diffusion) must be solved along with proper
boundary conditions and initial conditions.

The equation of turbulent diffusion reads (using Reynold's averag-

ing process)

in which i, j =1, 2, 3. According to Boussinesq, the correlation

term uix‘ can be replaced by introducing an eddy diffusivity e. as

IX
tyt o= - . ——D 3 :
us x € axi in which
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i, j = 1,2,3. Generally, the molecular diffusivity Dj is at least

three orders of magnitude smaller than the eddy diffusivity and can

be neglected. The final form for the turbulent diffusion equation becomes
X 9X 9 X

-2 4+ u. = (gj X

it J 9x. aX. )
J J J

in which i,j = 1,2,3.

Boundary conditions for the above equations are as follows:

(using a conventional meteorological coordinate system)

1)
9X
37 = 0 when z =0
2) x>0 when x »> =
y >
Z > o
oo oo o t
(3) [ ] |  xdxdydz= [ qQdt
0 - - o

in which t 1is total release time, Q is the source strength defined as,

x, V., AS indicate the source concentration, exit speed and exit area.

The unsteady character of the entrainment of gases into the cavity
and the subsequent re-injection into the down-wind wake suggests the
character of mass species conservation at any section may be time

dependent, or

o oo

f f x u dy dz # constant.
o-(x)
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Intuitively one knows, for short periods of release, the trapped
effluent occupies an important portion of the total amount released,

i.e.,

f f x u dy dz <qQ .
0o =~ x >> 0
t small

For a long period of release, the problem can be treated as a continuous
volume or plane source with a constant amount of effluent flowing into
the wake region. Hence, the gas passing into the wake region from the
cavity will obey a simple steady conservation law; however, the individ-
ual fluid particles which enters the wake together may not have begun
their travels from the building leak at the same instant.

A volume source assumption was suggested by Fuquay in 1960, (Slade,
1968). With the argument that any material escaping from a building
disperses rapidly into a uniformly distributed volume, he defined an
initial distribution factor D as an equivalent volume of the source,

B8

i.e.,

DB =cAU in which 1/2 < ¢ <2

and c¢ 1is a proportional constant depending on building geometry and
orientation. Hence, one expects

Q- p . —Q

Xtotal B Xgaussian

The real dispersion patterns behind a building show a special
characteristic behavior and cannot be estimated by the superposition as
cited above. For instance, much wider transverse spreads compared to
vertical ones are observed. In addition, the vertical concentration

distributions show a negative exponential form in the wake region.
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As also observed by Halitsky (1963), the real concentration in the cavity
region is not uniformly distributed.

Barry (1964) reviewed building effects in relation to airborne
pollutant dispersion. His summary of wind tunnel experiments suggest a
¢ = value varying from 0.5 to 0.67. He also recommended a k formulation
discussed in section 2.3.3.

A dimensional form for isopleths construction, which was used by
Hilsemier and Gifford (1962) and frequently utilized for flow fields
independent of source configuration, is

xU

2
Q[L] .

The formulation is of course dependent upon the scale of experiments.
Data presented in this study is to the scale of 1:50 for the prototype
model. Data from these experiments have been correlated in terms of

both K and xU/Q.

6.2 Ground-Level Concentration

The health physicist is primarily interested in the probable
environment of the average citizen; hence, the distribution of ground
level concentration has been a conventional measure of probable health
hazard. In fact, for low velocity releases, near building faces, the
ground level concentration will also be the maximum concentration.
Figure 13 through 36 show the smoke picture near the cubical structure.
Figures 37, 38 and 39 display the ground level concentrations for
different building orientations (i.e., different angles between the
release sites and the flow directions) and for neutral and inversion

stratification.
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6.2.1 Building orientation theta = 0° (i.e., a release on a down-

wind face) - The slopes of ground concentration versus distance are
determined by a linear regression of all the mean values on the mean
concentration over the three release ports. The values at x =1/2 m
(x/2 ~ 3.3) are not used in the regression process because of the random
scattering due to the greater mechanical turbulence.

6.2.2 Building orientation theta = 180° (upwind face release) - Two

approximately parallel lines are observed with almost the same slopes as
that of theta = 0°. The magnitudes of concentration for the upwind face
release, however, are slightly greater than those for the downwind
release. Part of the effluent follows the outer cavity streamlines and
enters directly into the far downwind wake region. When ©6=0°, all the
effluent must pass through the strongly turbulent mixing process in the
cavity region before entering the wake region.

6.2.3 Building orientation theta = 45°, 90°, 135° - The ground

level concentrations for © = 45°, 90°, and 135° are plotted in Figure 39.
The concentration data plotted were measured directly downwind of the
center of the cubical structure. Since the release position is not
symmetric with respect to the flow, the concentrations shown may not be
the maximum values of the transverse profiles.

When theta = 459, extremely high concentrations are measured at
x/2 ~ 3.3. This is because of the significant extension of the cavity
length when the cube is oriented with the diagonal parallel to the flow

direction as mentioned in section 1.2.

6.2.4 Comparison of the ground level concentration results with

a typical prediction expression - A conventional first estimation of
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ground level concentration from a ground level release scurce has been
compared with wind tunnel data in Figure 40.
The prediction formula as developed for reflected normal distribution

may be expressed as

X S
ground 7o o U
yz
so,
X d UA A
K = _groun -
Q TO_ O :

y Z

Different sets of oy and o, are chosen from Pasquill's diffusion
categories for different classes of meteorological stability conditions
A, D, E, and F. These classifications are related to various potential

stratification conditions and (i.e., turbulent conditions) are defined

as follows

- Extremely unstable
- Moderately unstable
Slightly unstable

- Neutral

- Slightly stable

- Moderately stable.

TImMo O W
{

These sets of classifications have not been firmly related to
specific Richardson number or Monin Obukhov stability ranges. However,
Pasquill and Meade have associated the standard deviations of bivane
excursions with the diffusion categories.

The rough estimates using Oy and o, from Pasquill's empirical
stability categories exhibit significantly steeper slopes than those
from the measurements. This results initially in a conservative estimate
of mean concentrations, however, farther downwind the concentration

level may be under-estimated by one order of magnitude.



29

Other investigators have suggested that wind tunnel data must be
corrected downwind for lack of large scales of eddies which exist in
the atmosphere. A detailed discussion is given in section 6.4. This
discussion shows that taking into consideration the large eddy effect
results only in a displacement of the concentration distribution with

no adjustment for dispersion rate.

6.3 Dynamics and Kinematics of Plume Behavior

The mechanism of gaseous dispersion is a combination of two flow
phenomena, the general convective motions transport effluent into down-
wind areas, while the turbulent mixing motions cause vertical and
transverse diffusion.

Therefore, dispersion is related very closely to the associated
flow fields. The following paragraphs discuss the flow field sectors
and their associated dispersion patterns.

6.3.1 Near building and cavity region dispersion - At the beginning

of the wake region, mechanical turbulence generated by the structure
plays a dominant role. This was also discussed in section 6.1. Strong
turbulent mixing tends to smooth out the effects of different release
ports. Smoke pictures (Figures 13 to 36) show that after approximately
three scale lengths downwind the smoke patterns for different release
ports, structure orientations, and stratification have almost the same
type of distribution, i.e., the densest smoke is near the ground surface.
This agrees with the quantitative concentration measurements subsequently
discussed in the latter sections.

In each vertical concentration profile (see Appendix), higher

concentrations are always at ground level. This can be appreciated when
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one notes that streamlines move downward after passing the structure.
Thus part of effluent follows the main convective motion and is trans-
ported into the near ground region. Part of effluent is carried by
toroidal motion in the cavity.

At the downwind end of the cavity, the effluent is brought to the
surface at a stagnation position where streamlines divide into both
upwind and downwind. The higher turbulent amplification in this region
tends to exhale much of the effluent from cavity into the wake region.
The downwind space between x/2 = 3 and x/% = 5 may be visualized as
a transition region between the cavity and wake dominated flow region.

A remark may be made for the case 6 = 1359, that is, the release
ports are on the upwind face which is 45° with the flow direction.
Because of a thin boundary layer, a significant convection-dominant
phenomenon is observed in smoke pictures (Figures 21 and 22). A small
change of exit momentum may cause different distribution patterns at
the beginning of wake region; greater exit momentum may cause more skew
transverse distribution in the downwind.

6.3.2 Near-wake region behavior - Farther downwind (x > 52), higher

concentrations remain at ground level (see Figures 44 to 52). This is
due to the reflection effect at the ground (3x/9%z = 0). This effect
can be visualized by considering an image volume or plane source at the
beginning of the wake region in a symmetrical position on the negative
side of the ground plane.

Similar patterns for vertical concenﬁration distribution are found
in the downwind wake region regardless of release ports or building
orientation. Wake structure is apparently independent of building

orientations if the difference between projected areas normal to the
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flow is not very great. Since similar distributions are observed at the
beginning stage of the wake region, similar distributions farther down-
wind are naturally to be expected.

6.3.3 Far-wake region behavior - Intuitively, one would expect

that beyond some distance downwind, the wake effects will decrease to
such an extent that flow field is no longer dependent on the origin of
perturbation introduced by the presence of a building. At such a region,
(evidently x is at least greater than 308), the dispersion rate should
asymptotically approach that for a general continuous source release

(in a open field). Unfortunately, neither this experiment nor those
which preceded it in the field (in the field test done by Dickson, Start
and Markee, Jr., the data were measured to 600 meters, i.e., approximate
23 scale length D) clearly delineates a far wake region behavior.

6.3.4 Stratification effect on plume dispersion - In the previous

discussion, equivalent stratification conditions are assumed throughout.
For different thermally stratified flow, dispersion patterns can vary
significantly. For instance, in the farther downwind region, the con-
sistently higher ground level concentrations for the inversion case are
due to the suppressions of the turbulent mixing. On the other hand, small
turbulent intensities cause smaller dispersion rates in both vertical

and transverse directions. For x < 52, the dispersion effects of
different stratification conditions is not significant because of the
dominant mechanical turbulence produced by the building.

6.3.5 Characteristic length scales of plume dispersion - The

characteristic dispersion length in this study was chosen to be the
length between a maximum concentration and half-maximum concentration.

Thus, ly and Az stand, respectively, for "characteristic plume
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width" and 'characteristic plume height'. For a normal distribution,
Ay and A, are linearly proportional to the standard deviations cy
and o, and have equivalent physical interpretations.

Figure 41 plots X /¢ vs. distance for 6 = 0° and 180°. For
the downwind face release, higher A, values are observed for inversion
stratification. This may be due to the dominance of the convective
transport motion. Dispersion patterns at the beginning of the wake
region can be considered to be "frozen"* and transported downwind along
main streamlines. In a neutral stratification the effluent continuously
diffuses in the vertical direction because of strong undamped turbulent
motions.

For an upwind face release, two different phenomena are observed.
First, average Az's are smaller than those for downwind face release.
This may occur because part of the effluent flows directly into the
wake region at approximately the same heights of their original release
positions (0 ~ .5%). Whereas, for 6 = 0° (downwind face release), most
effluent enters the toroidal cavity region before entering the wake
region. In the mixing process, some effluent may be carried downwind at
a higher location than those of the original release port. Second, in a
manner similar to that suggested for 6 = 0° releases, inversion strati-
fication will inhibit vertical dispersions; hence, a frozen concentration
pattern will be transported downwind. For a neutral stratification case,

part of the effluent diffuses into greater height than that of the

* In the inversion condition, turbulent mixing in vertical direction
is impeded. Each air parcel tends to stay in the same temperature
(density) layer because the vertical motion must be against the
hydrostatic force.



33

release ports. This explains the higher Az values in neutral cases;
hence the character of Az-distribution is governed by the initial con-
centration profiles immediately downwind of the cavity.

Figure 42 plots characteristic plume width Ay vs. distance. Since
stable stratification does not tend to inhibit lateral motions. Thus
Ay continues to increase with downwind distance.

The ratios Ay/kz are used as indications for the gross physical
behavior of the leakage plumes. As displayed by Figure 43, obviously,
the transverse dispersion rates are much larger than vertical ones.

6.3.6 Diffusion isopleths - In Figures 44 through 52 the isopleths

(equi-concentration contours) are plotted fof various building orienta-
tions and stratification conditions. A table which lists the equivalent
dimensional figures xU/Q [L?] against the K-factor is also presented.
Concentration data are listed in Appendix I.

Figure 44 presents the comparison for 6 = 0° (90°, 180°) at the
top release port for both neutral and inversion stratification (compare
Figures 13 and 25). Isopleths in the inversion case show somewhat con-
cave downward shapes. However, in the neutral case, isopleths tend to
be concave upward. Smaller transverse spreads in the inversion case
are also observed.

Figure 45 also displays similar comparisons to those in Figure 44
with the addition of data for the middle exit port (compare Figures 14
and 26).

Figure 46, like the previous cases, displays isopleths in both
stratifications for the bottom exit port (compare Figures 15 and 27).

Comparing Figures 44, 45, and 46, one can find a basically similar

dispersion pattern for all the cases: the gaseous plumes do not tend
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to go upward and the blunt shapes at the downwind ends of the transverse
isopleths indicate the well-mixed phenomena.

Figure 47 shows the isopleth distribution for 6 = 45° (135°) for the
inversion stratification at the top exit port release (compare Figure 28).
Comparing the result to Figure 44, one can find that if a reference area
A = 22, is still used for calculating K-factors, the isopleth patterns
do not vary much for x/% > 15. The K-factors defined with A = V2 22
are also listed in the figure. The same isopleth distributions, using
the same reference areas (A = 22), can be explained by the fact that the
wake structure in the region farther downwind is independent of the
original shape of the building. A more significant difference can be
observed at the x/f < 10 region.

Figure 48 presents the comparison of the isopleth distribution for
different exit ports (bottom and middle) at 6 = 45° in the inversion
stratification {compare Figures 29 and 30). One finds that there is not
any significant difference between the two sets of isopleth patterns.

Figure 49 presents the same comparison as in the previous case for
8 = 90° in neutral stratification (compare Figures 19 and 20). The effect
of release port location does not appear significant.

Figure 50 presents only the isopleths at the center plane (y = 0)
for both middle and bottom exit ports at 6 = 135°, inversion stratifica-
tion (compare Figures 33 and 34). (Notice the release port is not on the
center plane).

Figure 51 presents the isopleths at 6 = 180°, middle exit ports,
for both neutral and inversion stratification conditions (compare Figures
23 and 35). The convective motion dominance is very significant in the

inversion case.
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Figure 52 presents the isopleths at © = 1809, bottom exit port,
for both neutral and inversion conditions (compare Figures 24 and 36).
Basically the isopleth patterns found in Figure 51 are similar to those
in Figure 52. As cited before, in the far downwind region, the isopleths

are independent of the exit ports (relaxation effects).

6.4 Comparison

6.4.1 Comparison to previous model studies - A previous model

study concerning the gaseous dispersion from leaks in a building was
performed by Halitsky in 1963. He was interested in gaseous dispersion
in the cavity region; hence, his concentration measurements are limited
to x/D < 5. The data reported in this study cover the downwind region
from x/% = 3 to 30.

The K-factor distributions are not necessarily dominated by original
building shapes (if shapes of buildings are of a simple geometry, for
instance, a truncated cylinder with approximately the same height and
diameter, a cube, a rectanguloid, etc.); hence some correlation may be
expected between this study and Halitsky's.

Figures 44 through 52 demonstrate the isopleths from the present
study. The tendency for the main plume to go downward and to cause the
maximum concentration on the ground level is significant. Figures 53
and 54 display the isopleth distributions, about a model reactor shell,
published by Halitsky. The patterns of these isopleths, which tend to
flatten, but not expand in the longitudinal center plane, are similar.
Both studies also present a decrease in the rate of transverse speed
for x/2 > 4.

A universal dispersion behavior is noticed for these leakage

problems; i.e., the main plume tends to go downward beyond the cavity
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region and trahsverse dispersion rates are much greater than the
vertical ones.

A coarse estimation of the average K-factor at the end of the
cavity, as mentioned by Halitsky, can be made through the following
arguments. At the end of a cavity region, the average concentration
for the entire section is approximately equal to the source strength

divided by the total volume flow, i.e.,

in which AI , a wake area at the end of the cavity region, is assumed
to be twice the characteristic area, i.e., AI = 2A, and VI . the
average velocity of this entire section (varying from 0 to the free
stream velocity), is assumed to be half the value of the free stream
velocity, i.e., V1 = 1/2 U. The average concentration thus reads:

X =«---§m«-——:—§-
ave 2A-(U/2) AU

_ Mave
ave G

For a cubical structure, the cavity length extends from 2% to
3.52, varying with the building orientations, as cited in section 1.2.

For the nearest station of concentration measurements, 3.32, the
approximate average K-factors are found to be 1.20 to 1.13 by using
the above arguments. (The comparison made is from Figures 47 and 48,

since only when & = 45° may the cavity extend to x/% = 3.3).
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6.4.2 Correlation of wind tunnel measurements for meandering

behaviors - It is known that average maximum concentrations of gaseous
dispersion in the atmosphere tend to decrease with increasing sampling
time. Since the motion of air flow in 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 because of the large scale of 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 Inoue (Hino, 1968). He reported that a smoke cloud width
increases at a rate proportional to the 1/2 power of the observation
time. Ogura (1959) developed a mathematical 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 ten minutes
to five 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 also found that atmospheric instability
has only small effect on the exponent of the power law, i.e., x ~ 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
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is less than ten minutes. Other exponents for the peak to mean
concentration ratio from -0.65 to -0.35 depending on meteorological
condition, have been recommended by the ASMC 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.

When a gustiness effect is considered, the average concentration
X¢ (with a release period t,) can be expressed as a function of
reference concentration X (with a reference release period ro),

i.e.,

Adjustment of various measurements of concentrations for the

effects of different averaging time will apparently only shift the

absolute magnitudes of ground concentrations vs. distance linearly.

6.4.3 Comparison to a similar previous field studv - As cited

in section 2.1, Dickson, Start and Markee, Jr., (1967) observed a -0.6
value for the average maximum concentrations vs. downwind distance

in a wake region. The slopes of -0.59 to -0.68 observed in different
orientation angles are close to -0.6. These slopes, which are much
flatter than those of dispersion in an open field, may be considered

to be a characteristic of dispersion in a wake region.
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The extent of the -0.6 slope region for the modeled flow in the
downstream direction may be greater than that which will be observed
for the prototype flow. If the large scale eddies, which are typical
of atmospheric turbulence, are absent, the wake turbulence will be
permitted to dominate the dispersion process over a greater distance.

This has been discussed in detail in Section 6.4.2
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Chapter VII

CONCLUSIONS

Gaseous dispersion from leaks in a cubical structure is a practical
engineering problem. From an experimental approach, this study has led
to the following conclusions.

1. Dispersion patterns differ in regions with and without the
presence of a structure. The ground-level concentration
variation with longitudinal distance in the wake region
show much flatter slopes (~ -0.6 ~ -0.7) than those in
open fields (~ -1.3 ~ -1.7).

2. For a specific building orientation, dispersions are similar
for different release ports (from the top, middle, and bottom
of the building height). Strong turbulent mixing motions are
believed to smooth out any effects from the origin of release.

(] o

3. Aerodynamic effects due to building orientations (00, 457, 90,

°, 1800} cause a slightly different concentration distri-

135
bution in the cavity and near wake region. This difference
depends on the portion of effluent which is initially carried
downwind by convective motions.

4. Farther downwind the dispersion will be independent of the
original building shapes, (x/% > 5).

5. Mechanical turbulence dominates the dispersion behavior in
the x/2 < 5 region. The stratification becomes more important
farther downwind.

6. Inversion stratification (Ri . 0.15) causes higher
ground concentration (about 8%) than those in neutral stratifi-

cation.



7.

41

Inversion stratificatlion causes smaller transverse

spreads and '"freezes" the plume growth in the vertical
direction.

The plume growth in the transverse direction is much greater
than (about 3 ~ 5 times) that in the vertical direction for
both neutral and stabilized stratified shear flows.

Because of the dispersion characteristics in the wake flow
linear superposition is not applicable to predict the real

dispersion behavior.
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Orientation Vertical Neutral Top, Middle
eo or or or Bottom
Transverse Stable Release Port
Stratification
0 v N T.M.B.
Vv S T.M.B.
H N T.M.B.
H S T.M.B.
45 v N eeeee
\Y S T.M.B
H N  eeaea
H S T.M.B.
90 v N M.B
v S M.B
H N M.B.
H S ——
135 \' N ——
Vv S M.B
H N ——
H S ———
180 v N M.B
Vv S M.B
H N ———
H S M.B




L1(Cmy

Ve000

24000

%e000

5,000

H.000
10.000
12,000
16,000
16,000
18.000
€0.000
€2.000
24,000
26,000
284000
30,000
324,000
36,000
36,000
348.000
40,000

Z(ClMmy

0.000

24000

4.000

6.000

8,000
10,000
12.000
164000
16,000
184,000
204000
224000
264000
264000
28.000
30000
32.000
344000
364000
38.000
“0000

NE I RAL

LS T2

le434
1e1m3
L1e020
1.222
1e191
2elln
14039
ledbo
1.015

o792

723

LY

220

011
Vel0O
ve000
V000
Velao
Ue000
Ve000
04000

NEUTRAL

X®45Mm

1288
le253
le024
932
o762
977
2523
0497
e 349
» 198
.2‘3
«084q
«US1
VelOO
UeQOO
Us000
Us000
VedUn
0e000
velOO
Ve0QD

THETA=0

X3 M

YD)
K30
2608
chbe
« 398
2627
REN
0699
«?5n
«105
«195
«nbY
NGl
Nl
0s000
0,000
0.000
0enuo
0end0C
0e0V0
0000

THETa®0

Xs )M

X))
510
07
0696
76
]I}
P2
199
1061
envl
0133
sn8S
ond7
0eqUO
enev
0000
0.n00
0envl
Oeu0
NepUO
Nenul

TARLE OF K FACTORS IN VERTICAL PROFILE

Tup
K=FACTOR
KEE2 M X=3 M
493 YA
YT 261
L) o225
378 o218
226 193
283 0156
o199 o153
. 185 W12
W167 063
o100 «u80
. 136 098
UL Y Jsu87
JU07 «U56
o026 .029
i1} 022
038 7,000
e082 n,000
U,000 0N.000
U000 0aV0D
0,000 0s000
0,000 neuon
1604
K=FACTOR
&2 M X823 wm
T o264
338 187
.278 «169
257 173
204 «158
JAT2 olle
J132 Y]
186 LT
. 109 V78
<090 V65
+081 «059
004 « 056
L048 «05)
ul7 o018
036 «032
red «00Rm
0,000 0.000
0,000 0.000
0,000 0.000
0,000 0000
U, 000 nebON

X=4 M

o261
+180
ola?
188
132
152
116
o113
102
LX)
2071
V83
080
026
<028
0,000
0.000
Ve00V
0,000
04000
0.000

ASB4 M

218
.1‘8
«153
o168
108
122
«070
092
089
«063
067
«068
o061
«031
oB26
04000
0.000
0,000
04000
0000
0.0n0

2(CM)

04,000

24000

4000

64000

8,000
10000
12,000
la,000
164000
la.000
20,000
22,000
264,000
26,000
284000
30,000
32,000
34,000
36.000
384000
©0.000

Z(CM)

0.000

24000

44000

6000

84000
104000
12,000
14000
164000
18,000
204000
22.000
244000
26000
284000
304000
32,000
364,000
364000
38.000
©0.000

NEUTRAL

Xm,BM XwlM
1861 .58%
799 ,681
. 700 28!
JT6l .501
.652 o036
H69 456
,582 296
.872 L313
JTes <265
L 691 2207
.22 »183
,208 .107
.108 2 047
2,007 030
L0123 010
0,000 0,000
0,000 0,000
0.000 0,000
0,000 0,000
0.000 n.,000
0,000 6,000

NEUTRAL

Xm,®M Xs1M
1,064 631
+923 &9
o630 311
610 032
436 .273
406 <270
137 178
.098 2231
069 170
0,000 118
0.000 . 081
0,000 . 080
0.000 062
0.000 021
0,000 0,000
0.000 0,000
0,000 0.000
0,000 0,000
0,000 0.000
0.000 0,000
0,000 n,NnNn

THETA=D

K=FACTNR
XxXm2 M

482
436
J3R2
391
,294
287
.183
<243
188
W16l
130
W 137
121
023
+036
030
n.000
0.000
0,000
0,000
n.00n

THETA=1RO

K-FACTOR
X2 M

692
o435
322
o400
+2R9
210
196
.l&?
102
»008
o118
2 088
071
«03)
» 0238
0,000
n,000
0,000
0,000
ne000
n.000

M1D

X3 M

0298
264
«203
222
172
o166
124
170
136
«087
+073
062
« 083
018
0063
2019
0.000
0e0n0

‘0+000

04000
0.000

M1D

A=3 M

0413
0349
223
227
196
0208
176
182
079
0065
01064
118
1062
o020
062
o021
o026
017
0037
04000
0000

Ly



48

gov'e

L9

LA 1

000°0
000°0
000°0
9.0°
yvo*
801
g6t
el
12
*6c*
Clye
Lee
1L
0Ry*
08§
e
956
639
108
L 21 1
0dw*

W Eny

d0l

00000
00o*o
0000
000°0
000°0
Quo*o
0000
g0dco
80"
180
14 [l
LAl
€40
§60°*
Lo
L3N
wyie
04te
g6t
ince
[ LT 4

W Cux

[-}L]

I
000°%Y
000°%
6Co*
6C0°
¥60°
cot
'TTN

Yue®
IS T i
696°
(75N

n X
POLIVA™N

000°0
000°0
000°0
000°0
000°0

winy

ton*
L1334 ¢
16’
20¢°1
091t
820t
LZ1 N
11 1%
(L7

WE =Y

QUOBYLINL NOISHIANL

0000
ooV
000°0
000y
oso*y
[ 110
0000
00g°0
9ot
040°
Wty
4L0

N Z®X
MOLOVA™H

CLLA LY L FY

0000 000°0
000°0 000°0
0000 000°0
060°0 000°V
0000 000y
0000 000°0
000°0 000°0
060°C 000°0
690"’ CI T
se00° ot
a0’ 292°
oLt ce2
e02° 111
w2 ves’
s92' e’
i9¢* 940°1
oy’ gar°t
ves’ Aeecl
11N aoe°*!l
269° LTS
928’ noe*t
nisy WG EY
TVHANIN

000¢0y
ooo*ee
vooeor
000 ve
ooocze
000°0¢
000°082
00092
00092
soo*2e
00002
000*81
000°91
0001
ooo*2t
000°01
0008

0009

000y

000°2

000°0

(W12

000°0w
on0*Hr
000°*9¢
000°%wf
000*2e
oooeor
000° w2
00092
0002
00022
000%02
000°wt
00091
onncet
0002t
voo*ot
000°8

0009

000y

000*2

000%0

W) 2

000°0
0vo*o
000°0
000°0
000°0
000°*n
000°0
goa*o
260°
gs0°
Ty
260
8ET*
LET*
oEte
40t
L34
L9t
ST
Sul*
es2*

W ouY

000°0
ouoeD
LR
onneq
ouo*o
000°0
120°
FAGK
gdn*
LY
1w0*
CLIM
Sv0°
enre
Fene
geT*
Lure
LIRS
RS1°
Foze
12

W osY

voo*o 000°y
0000 0000
[J T oon*o
0000 000°0
000*¢ 000°0
00n*0 0no®on
[T ] 6o0°n
11041 000°0
i90° 0%0"
190° GRO®
060 L60°
apte So0*
OET* ’01°
a2g1* 9.1
vere [
961* 9pe"
cree 704
tgae s6e°
L2 hLE°
voe° 29%°
leee 05"
L 2 3 W =X
HOLOVdmy
i0€
vuo*o 000%a
0000 000*0
ooty vooo
ononeo ono*n
Suorv noc*o
oun*v non*n
Lot 1e0*
yooru R
AR &4 »G0*
vele F1- 1IN
wore #ET*
SH0* sor*
coer 2n1*
age £02°
L61° 6n?*
vez* ez?*
ole* 10¢°
60€ " 6RF°
v§2* see’
vof° 00w
ueg* 6G*
" oEeY W 2=X
HOLIV dey
108

371408d IVOLLNEA N1 SHOLDVY ¥ 40 3wl

you*o
ooveo
nno*o
1A 1}
onuco
anv*o
onu*o
9060
110
Trie
29l°
ants
LTI
20¢°
[T1%
26y
Te¥*
qrye
Gou*
wrye
wree

Wisy
OhaViIM]

gnieq
apvep
ouveo
anveQ
nevro
onveo
npveo
nau*o
Fd A A
LT
AN
sQV"
21t
fAnle
LN
FET A4
gac’
aree
taee
(35N
weye

winYX

C8T=Vi3HL

vuoen
0on*o
00n*n
ognro
6onen
voorn
0000
6000
990°
FLT
961°
L6t
(3
956
[31-3
T
[Ty
gzt
2Lzt
v)9rt
9ER*Y

nGoay

Tws NN

0000
0000
0000
0000
vooen
000°0
0000
ongep
is0°*
120
Lo
LI
aRY*
115
&1
viE*
[y
0g9e
(T
LT
CA Y

nLGeY

RLEREEE 1]

000 ue
V00 Re
000°9¢
000 e¢
0o0*2r
ongcor
0oo*R?
000°92
000 %2
nooe2?
000°02
CO0°RY
000°9Y
000°w»?
0oo*21
too*ot
000°R

0oones

000°»

dooee

000°0

W2z

0000y
000*RF
000°9¢
(L AZ 1
o00°2¢
000 0f
000°@?
000°92
00092
000%22
000°n?
gfnsay
000°91
00091
opoc2r
gontot
Vonee
0pne9
0on*y
0002
0000

W7



21CM)

0,000

2.000

“eU00

6,000

8,000
10.000
12.000
lees000
16.000
18.000
€0.000
224000
CéelUD
264000
284000
30.000
32,000
34,000
36000
38,000
40,000

Z(Cmy

0.000
20000
4,000
64000
8,000
10.000
124000
les000
164000
184000
20,000
€2.000
26,000
264000
€8.000
30.000
32,000
3e.000
364000
J8.000
©0,000

INVERSION THETas000

A%, 5M

lele?
1el72
ITA
14035
1061}
Y
-LL]
103
Ve000
«319
320
+ 158
o060
vel(n
o024
vel0O
ve00N
0.000
vel0Q
0000
0e000

INVERSION THETA®L180

A®5M

1377
1179
3-11%
o106
0621
7]
222
o 194
176
«118
092
‘xz&
o067
«000
018
0.000
Vs000
04000
Vel00
ve.00n
vel00

Xz M

o711
R EL
WG9
Y14
567
a7
135
033/
«3147
o257
«2V3
o150
Y7
N9
ond?7
0envl
0,000
0,000
Qen1(
0e000
0.n00

X=iM

L2}
«AY0
kb1
1))
387
0304
o181
o190
1953
0105
onNBG
1 NEY
L]
0.000
0.000
0en00
0en00
Oenul
0enl0
0,000
0en00

YARLE OF Kk FACTORS IN VERTICAL PROFILE

M1D
K=FACTOR
xs2 M X3 »
0631 o470
826 486
W50 «352
BV ¢ 357
o0l 0360
L4004 «308
361 297
3TV 308
312 233
204 214
{13 .193
2l o170
o143 o154
W70 JU9R
087 070
PY] «092
0,000 WUl
V,000 o02n
0,000 0,000
0,000 0,000
0,000 0,000
MID
K=FACTOR
A% M X33
o711 631
039 429
NYYd 31
<3060 o318
o362 250
329 o194
167 «130
«190 YY)
o lb3 ello
o100 1
U9 ,10R
100 22
080 «101
J029 LYY
Y] u78
2,013 MY
0,000 031
0,000 «029
0,000 0,000
¢,n00 ne,000
0,000 n,000

Xz4 M

o367
0357
0243
o211
o216
L]
162
275
188
eled
oloé
«198
o166
w72
ollé
U8
0059
«Nab
0,000
0,000
He,000

X®4 M

Q“az
o646
«289
+337
o269
263
o l64
«136
o118
«107
o167
.111
o123
9,000
V.000
04000
0,000
0.000
0,000
U.000
0,000

Z(CM)

04000

24000

4¢000

64000

8.000
104000
12.000
16,000
164000
18.000
20.000
22.000
€4.000
26,000
28.000
304000
32,000
36,000
364000
384000
“0.000

Z(CM)

0,000

24000

44000

64000

84000
10,000
12,000
144000
164000
18,000
20,000
22,000
2644000
26,000
284000
30.000
32,000
34,000
36,000
38,000
“04000

INVERSION THEYA®000

Xm o 85M

1,377
1.33¢
0966
887
o101
» 558
«396
+356
o236
167
<130
.058
T2
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

Xs)1M

1.170
806
2638
087
. 3“6
#373
196
o478
.181
069
096
067
.038
W016
o014

0,000

0,000

0,000

0,000

0,000

0,000

K=FACTOR
Xm2 M

«6M
570
430
428
406
368
167
297
«239
.139
YT
120
062
087
<060
0,000
0,000
0,000
0,000
0,000
0,000

INVERSION THETAsle0

Xum 5™

1,859
1,521
l.126
950
« 797
526
»303
2623
»199
o167
103
0184
2051
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

X=1M

1.170
1,193
.703
579
413
0349
176
.212
'154
o110
67
o111
029
0,000
0.000
0,000
0,000
0,000
0,000
0,000
0,000

K«FACTOR
Xu2 M

1861
6R4
5346
« 538
662
11
.z?a
250
o176
008
.18
27
086
039
o04)
«023
0,000
0,000
0,000
0,000
0,000

80T

Xs3 M

516
518
426
402
«378
0298
o169
0236
0203
178
182
o138
126
0041
055
027
0,000
0,000
0.000
0.000
0.000

80T

Xs3 M

0620
Y YY)
0341
318
282
0232
133
0le?
2109
086
<088
091
0083
o026
0047
033
o011
o020
04000
0,000
0.000

Xamn M

459
.51
232
.29%8
.227
.208
V06
2108
n82
o158
+n89
N9
n”!l
0,n00
0,000
0,400
0,400
0,n00
0,000
0,400
0,400

6V



50

(-2 -X-X-X-¥X-X-%-J

0
]
0
0
0
¢
]
0
1
t
)
L
9

Lt L o S XL 4E £1 2% £7 Y &
® 5 4 s a e s e 09 s

NN OBOOCOOOOOC

«0i

0000
000°0
000%0
000°0
00040
000*0
000°0
000¢0
"0
390
840
140
”te
e
{el°
(118
L1
oL
”ne’
Coee
"we*

0in

000%0
000°%¢C
0000
0000
000°0
000°0
000°¢
000°¢
(il
[ 114
*"®y
o'
113
ItHy
(12
({1}
16g’
sue’
(113
iy’
sug*

LIE 44
WOLOVA"Y

0000
000*0
000°0
000°0
000°0
000°0
000°0
000°0
se0°
L ITY
490
e
(3¢ N
e
s9c
0ss’
4L19*
9L
o’
(11
e’

wiey

000°0
000°0
0000
000°0
000°0
000%0
0060°0
000°0
0e0°
LM
i1
{1
yoo°
ey
L0L°
oto*t
1ot
(310!
§9v°1
2c0*e
({1241

wETEY

9 SEIRVLANL NOISHMIANT

000°0
000°0
[TT M
000°%0
000°0
000°0
000°0
6g0°0
(31N
1¥0°
cér’
(11 &
tvg®
{9¢°
[ T% M
§0e’
ey’
17X

LI L1
WOLOVA")

000°Y
000°0
000°0
060°0
000°0
000°0
000°0
v00°0
11N
%01’
TR o
(13 2
111
9
t 3L N

LRt
L1121
909°1

niex

000°0
000°0
000°0
000°0Q
000°¢
000°%0
000°0
000°0
600°*
620°
ivg*
[ 1454
21e*
¥9e¢*
[ T1 %
Lttt
20t
L1 A0
19§t
[ { T8t
11 78

WE*®X

SYNVAINL NOISWAANT

000°0
000°er
000°9¢
000°e¢
ao0°2r
to¢*oe
600°92
600°92
00092
onor 22
000002
00081
000°91
000°e1
[T1 23
000°01
000°¢

000°*9

o0ty

o002

600°0

(Woi 2

0000
000°*8F
0009t
000%¢
opoo*er
000°0C
poocee
000*92
000 w2
goor22
00002
000°8Y
000°9t
000°T
[ 1124 3¢
000°01
000°8

000°9

00y

000°2

000°0

(W2

000°0
000°0
000°0
000°0
000°0
000°*0
avo*0
n00°0
cea
260°
s01°
801"
vor1e
(10
eLre
€L
L L1
e
L1
90g*
110

W sy

000°0 000°0
000*0 000°0
0000 000°0
0on*o 000°0
000°0 000°0
00n%0 000°0
6000 00g°n
000y 000°0
Len* (11N
ven® s90°
£%0° osn*
ai0° L 14
660° *ne’
18 9g2°
(1484 z2se’
vt "we
LAt A 9%°
092° s
s0t* 996°
LTl 0L
209* coe*
n gsY W ZmX
ULV =N
iog
0000 000°0
000°0 0no*n
o000 000°n
000°0 000°0
0000 000y
ooy 000°0
000°0 00N
[ 11 340] 0noto
L1103 ce0*
eio* $90°
Lin* L1
e 9an"
Lol ng1°
Let® £61°
ver* 202°
i52° £Re’
ve2* o8e’
wie° Lo
(1.4 LA
iy ang’
166° |8 A
n CmX W FmX
HOLOV A=y
409

27140u¢ TVOTLUIA NI SHOLOVE ¥ 40 FNEVL

goveo
0oveo
npou*o
0nvro
0060
noo*o
0aveo
00v*0
190e
rRUue
1l
9)V°
Lele
9ae*
LI
(X2 Ad
Late
eriet
gnict
et
629°1

wieyx

SCImViZnl NOISHIAND

00v*o
0000
onb*o
ooveo
0000
ooveo
anle*Q
6oUo
Lzve
Sev*
L L
gale
LIS
RGe*
[TT
Tin®
e
CLLA
2rue
FLRRA
treet

winy

SesV¥iini NOISNIAN]

vooro
000°0
oonen
000°0
Qoo°n
e¢oo0°*n
ogaCo
Q000
v10°
#to0*
€0
160°
l60°
oot
891
ez’
(1144
[tee
Lise
e
€cot

L1331

00o*n
0000
voo*o
von*o
ooo0*o
000°0
000*0
cooen
vio*
evp*
"1
]y
1T
veg
2oy
BRLe
966 °
gtaer
LET R
L1ARL S
2nzer

nE'my

000°0e
000*6f
000°9r
000°% e
oooer
(L1814
Goo°Rz
00097
Go0c w2
oge22
0060°0?
eoo°*ny
000°9Y
0007
o000°2t
0000t
00o*m

000°¢

000

eooc2

000°0

(w12

000°0¢
000°Re
000°9¢
000°ve
000°2¢
Goocof
000°R2
0009
0Gnc e
conc22
000t 02
goo*ny
goo*sY
000°wY
voo*2t
[LLAX '}
von*e
vones




51

INVERSION THETA=135 MID
Z{CM) K=FACTOR
X=e5M x=1 M X2 M X=3 M x=4 M
0.000 1el70 le262 e 746 o402 «298
2000 1.064 1.]75 .599 e 3485 0245
4,000 .805 .830 .‘51 028? «172
6000 « 0657 e770 « 2460 «219 «216
8.000 439 «504 « 359 2167 169
10.000 374 «498 + 348 e151 0179
12.000 «190 o287 e 196 «102 «106
14,000 199 323 .219 092 129
16,000 o128 «208 e 1949 «071 «110
184000 «082 e111 092 + 054 «080
20.000 00‘3 0072 0101 0072 «073
22,000 «011 0043 .088 0040 «083
24,000 «009 « 027 «070 « 026 075
260000 0.000 0.000 0.000 0.000 «028
28,000 0,000 0.000 0,000 0,000 0,000
30,000 0.000 0.000 G.,000 0.000 « 026
32.000 0000 0.000 0.000 0000 0,000
34,000 0000 De.000 0.000 0.000 04000
36.000 V000 0,000 0,000 0.000 0.000
38,000 0e000 0.0V0 0,000 0,000 0,000
40,000 0.000 0.000 0,000 0,000 0.000

(Continued)



vy iCMy

=64,000
=60.000
«56,0100
=52.000
-%8,000
“4hs 00N
404000
=36.00N
32,000
~2R. 000N
2o, 000
20,000
“l6,000
=12.000
=H4000
-44,000
Ve000
“.000
8.000
12000
16.000
20,000
24,000
28,000
32.00n
36.000
4N, 000
44.000
48,000
S52.000
96.000
60,000

THETAZN (90) JANEUTRAL TOP,

X% anM

Ue000
de 0O
Ued0N
GelON
Ue00N
0000
0.00n
UeQ00
« 070
« 297
«239
« 300
9413
«6Nn
«d22
824
lel6}
Le®76
10356
1188
L+083
712
+543
.218
+U54
« 024
0.000
04000
N.000
0.000
0.000
0.000

L E 2R

Nep00
0.000
Nen(
Den 00
0.000
0.000
8.000
0¢000
0122
. 238
38
320
«481
«433
577
1614
«51¢
612
634
464
432
«333

270

. 163

+026
0,000
0.000
0,000
0.000
0,000
0.000

Ket pCTOR
Xsg M X=3
V000 n.00n
0,000 n.000
0,000 n.00N
J,00n r.00N0
0,000 n.NND
024 « 051
028 «109
063 o154
.176 178
239 238
. 301 270
L3319 « 227
414 «317
. 355 «293
415 .28}
465 287
363 «249
493 «343
. 427 -260
.389 0250
445 .27
., 332 268
343 «245
.2645 .229
.093 «109
.034 0154
.08 «091
.01¢ W 061
0,000 «04e
b,000 Ne00N
0,000 n.000
U,000 fe0Nn

4

Tault OF K FACTORS IN HORIZONTAL PROFILE

Lx4 M

(t.000
0aUn0
Va0l
01l
N1
054
. 18/S
.118
01‘6
016‘
«214
.189
.218
215
225
.205
«201
223
«218
209
.18“
2258
.119
107
091
056
0861
.020
N.000
H,000

Y (CM)

64,000
«60000
564000
«52,000
«-48,000
46000
«40.000
«36,000
»32.000
28,000
=24,000
=20.000
=164000
124000
-8+000
w4000
04000
44000
84000
12.000
16,000
20,000
244000
284000
32.000
36,000
40,000
44,000
48,000
52.000
56000
60.000

XI.QM

0,000
N.000
n.000
0.000
n.000
De000
n,N00
«032
« 054
.1%8
,238
N7
%89
<739
A3
o691
.88
«600
479
«423
«299
o226
.132
017
«02)
n.000
0,000
N.000
0,000
n060
n,000

THETA®O

XmiM

6,000
0,000
0,000
0,000
0.000
033
.029
L068
o145
«19
.303
325
+511
512
.557
8539
473
562
599
.‘60
«507
363
<396
.296
078
L0Th
,036
0,000
0,000
0,000
0,000
0,000

NEUTRAL MID,

K«FACTOR
X=2 M

0.000
n.00n0
0.000
n.000
0.000
«029
« 089
N1}
e 146
280
«2R2
IN
2353
o349
o426
502
2327
+ 418
394
b00
374
« 343
<390
322
«250
338
129
<079
.069
018
033
017

Xa3 M

0,000
0s000
0.000
Os000
oN22
s 040
2048
«0R7
128
« 700
+ 189
« 149
02130
P28
241
' 255
«1RA
« 269
0249
211
«283
243
278
245
197
2158
+ 188
o108
1.3
72
«N32
N16

Xab M

0,000
0.000
0,000
0,000
a.000
028
L0467
056

133

Zs



Y (CMy

=-04,000
L1-Y/ RNt
56,000
=52,000
=4H,100
44,000
=40,000
«36,000
«32.000
-28,00n
24,000
-2Ne000
=l6.000n
-12.000
-B.000
-G.DOO

uenOn

4,000

H.000
12.000
16,000
20,000
24,000
23,000
32,000
35,000
RPN
“ua0N
“HReNO0N
B2.000
96.00n0
cte.00n

THETA=0

K2 ¢SM

G. 000
e 0N
Ced0n
u.OOn
0aUN0n
Veudn
« 026
URY?
-1“3
« JAT7
«087
L] ,ah
le244
1,197
1234
lelS?
.887
.979
.98.’
820
« 196
«DHA
515
«333
«Uba
0.unn
+UNB
J.unn
ts00n
0.unn
0.00n
DeV0N

NEUTRAL BOT,

X=1M

e 0
n,Hud
N 0N
0.00C
1000
029
2062
«] 06
0227
412
511
«501
+A60)
«632
664
624
«483
«540
.502
634
l507
449
497
. 395
.109
. 160
«084
SG10
0.Cc00
0-[)0“'
0.000
D.000

r=FACTOR
x=2 M X=3 m
64,000 0s0NN
T X1] 0.00N
0,000 p.00N
0,000 0eN0A
0.000 fe0NN
N « V68
.085 «0R2
.126 +132
.198 3157
294 «19¢
.326 «22)
J3708 20
@12 258
. 368 o234
.385 <234
.392 .253
. 316 A
L3465 225
. 329 « 206
J3n2 «199
. 339 «1l9n
.328 .dln
-34‘ OZZA
. 33% «238
218 .18n
.167 «186
.119 o177
077 118
L0461 « 097
nje 062
0,000 «0A3
1,000 28

TABLE OF K FACTORS IN

X=4 M

D000
N.0p0
Ca0n0
0.000
0.000
.39
S 063
JURA
.136
quq
« 164
+173
2205
0183
.109
0185
0151
.193
206
1187
«205
.175%
199
.2}2
.139
,152
164
137
2117
«N192
.87

HORIZONTAL PROFILE

THETA®S)

Y (CM)
Xw,5M XmiM

.6‘0000 0.000 00000
=60,000 n.0n0 0,000
=56,000 n.nno 0,000
'520000 000"0 0.000

=4R,000 n,noo n,000
64,000 0,000 n,000
-60,000 0,000 n,000
364000 067 . 057
“32'000 n°61 0122
=284000 117 .201
=244000 .,188 .285%
=-20,000 256 P 1Y%
=16.000 495 +530
-12,000 516 480
=8,000 <799 «570
-6.000 .987 .69‘
0,000 1,238 +608
4,000 1,398 e 160
B.000 1,438 . 190
12.000 1,239 ,680
16,000 1,136 758
20.000 ,769 L618
24,000 +h0S .564
28,000 « 268 0433
32.000 682 .088
36,000 L416 L0647
40,000 <488 0.000

444,000 neaN0o 0,000
48,000 0,000 n,000
52,000 0,000 0,000
56,000 D000 0,000
60.000 N.000 0,000

NEUTRAL MID,

K-FACTOR
Xs2 M

0,000
N.000
6,000
0,000
n,00N
022
20848
+ORS
.158
¢ 29}
322
«2R3
Y
+39n
AR
UNG
40
H4TH
»528
o491
.578
507
«50R
YY)
2107
0179
+0RK
« 026
0,000
n,o00n
n.000
n.,00n

Xe3 M

0.000
0.000
0.000
0.000
OenaN
LY
«0R5
«130
163
«194
+ 253
« 200
281
+?63
e 294
756
0248
P71
+ 251
261
«2RB
o« PRA
P80
7294
«20R
o P25
167
110
«1n%
NA?
sNed
.n‘.s

¢S



Y (CM)

-64,G00
004,000
-56.D00
-52.000
-48,000
-44,000
=-40.000
-32.000
‘280000
‘24'000
‘20.000
-16.000
-12-000
-R,000
~4.,000
0.000
4.000
8.000
12.000
16.000
20.000
24.000
28,000
32,000
36.000
40.000
44,000
“8.000
52+000
56,000
60,000

THETA=90

X=o5M

0.000
0.000
0.000
v.000
V000
0.U00
0.000
« 055
«06R
177
« 200
«310
o848
966
« 784
+J19
1e2464
le752
le221
1.836
1950
1.510
« 904
«9558
«V11
2012
0«000
Ue«000
0.00n0
0000
V.000
0.000

54

NEUTRAL BOT,
K=-FACTOR

X=1 M X=2 M X=3 M
N,100 0.000 N.00nN
DL JuY 0,000 0.000
n,.ﬂuﬁ 0.000 0.000
ten00 0,000 0.000
0,000 0,000 n.000
A 000 .008 048R
f1e000 « 050 «073
oN47 ,08“ 0101
e1U2 J1A5 146
. 708 222 «174
«?32 272 «183
e P97 «310 o177
«625% . 332 o247
e D6 . 336 «219
«550 <367 «26R
679 «371 «292
«691 e 322 «192
.1 429 176
794 440 «197
+735 415 «194
902 2501 o271
« 704 «&96 o295
o776 <9580 « 321
oulb «511 «313
o 19H 299 «251
o0NS7 242 0230
N30 0170 .163
0e000 «100 elln
Den0O .038 oll2
NeplO 0.000 e 061
Nenv0 0,000 «037
C.nUO 0,000 «010

(Continued)

X=4 M

0,000
0,000
0.000
Je000
J,000
. 054
«061
«089
<118
164
«166
+118
«173
«la?
e140
«164
.1‘0
«239
«197
«171
«231
«206
«230
« 256
180
«191
« 202
«127
+ 096
<061
«061
oN&Y



TABLE OF K FACTORS IN HORIZONTAL PROFILE

THETA=0.(180) INVERSION,TOP. THETA®O INVERSIONMID,

Y{(CM) K=FACTOR Y (CM) KeFACTOR
X=o5M X=1M x=2 =3 M X=4 M Xm,8M XeIM X=2 M X3 M Xsb M
-20.000 667 «534¢ 332 216 157 =20.000 « 934 +621 « 380 v 166 +178
-16.000 . 724 .908 .501 «299 215 =16.000 1119 697 0482 M2 2197
-12.000 « 734 «?710 <499 +«379 o26] =12.000 1.066 .71} .507 « 342 «219
-8.000 51 647 502 340 255 -84000 +82% «80R8 +540 11 229
=44000 «49R 644 552 «39¢ 322 44000 o707 o726 «838 «390 «328
0.000 311 511 502 o404 «314 NeNO0O 812 «B26 «560 vb07 . 322
44000 +259 0643 o461 e 497 382 4000 «366 522 578 652 « 364
8.000 192 308 555 427 «342 8.000 +283 399 «579 06234 <370
12.000 046 155 .209 199 .2343 12.000 073 .223 «22R 2%7 «239
16.000 .027 131 .182 «188 200 16000 +031Y «169 212 268 . 266
2‘.000 00000 00"3 .073 0104 '151 Z‘Onoo 0.000 0057 .OQ’ .\77 o“!
28.000 0e00n «031 076 127 1438 284000 0.000 067 «0RY «18% .132
32.000 Ve000 0.0U0 .063 077 «113 32.000 0,000 ,020 0/ «13% .110
36.000 0.00n 0,000 « 046 077 102 36.000 0,060 0,000 2072 127 088
40.000 U.000 0.000 .052 064 .100 464000 0,000 0,000 037 9% 077

Ss



y{C™)

.20100"
=lb 000
=l2.000
YT
-%y0ON
ne00D
e NON
#.000
12.000
16,000
20,000
24,000
ER,000
42.000
36.000
@0e00N

Y (CM)

=20.,000
wléoOUN
12,000
8,000
=4e00
0,000
beOUD
BeNUN
i2en00
l6.00n
2n.0un
244000
2R,00N
d2.000
36.000
el 000

THE 1 =0

A®efM

Le19
lee78
le4n2
l.128
lesl1n
-1 x4
o738
962
YY)
03
. 022
Js 000
Ve00N
velOD
Ve 00D
ve0NO

THETA®]AY

YE 5™

«T6)
le133
1206
le159
14544
1e5R4
le92)
lednA

<889

L LTY

0249

elna

sl6n

« 037
0e00n
Ve00n

INVEESTONLEOT,
K=FACTOR
Xz XzZ M Xz3 M
«TT! 473 302
1.089 5869 o387
1+088 «9v9 «354
«860 +592 418
908 b2 51
«759 .598 LYY
L) LYY L%
Qé-“ .",o '”‘.?
«463 . 370 o 362
.SVS .31{ o340
247 s AR «307
112 201 + 287
072 . 166 225
0049 .129 0169
0000 2169 «173
0.000 D62 «130
INVERSIQONBOT,
kR=FACTQOR
X=i M x=2 M X3 M
ohdY JA443 + 305
o674 LY s 360
669 .579 .358
o702 . 526 o347
+ 945 655 %42
91H .631 428
1.180 « 196 90
1278 .827 ohlé
.97ﬁ . 12% +45)
0752 .$66 1Y
«BC6 844 4973
401 AL 13 &
2107 Y1) Jano
«156 493 315
«nln G5 374
N3 gQ” 3l

x4y M

209
294
«323
247
Y
YLy
R
.22
307
«337
202
« 190
229
172
.‘83
Y]

L]

«190
o262
.217
P63
318
«320
456
433
+396
h24
obb
.381
YY)
+3IN0
+353
e 340

Y(CM)

20000
"6.000
124000
=84000
-i,000
N.000
4o000
8,000
12.000
16000
20,000
24,000
2R.000
32.000
36.000
404000

THETA

Xm,SM X

«981
1.026
1.167
1.196
1,418
1.312
1,381
1,%%6

142

<708

316

«120

.0‘7

+N39
n.000
0.000

(Continued)

=180

s)M

384
H62
+ 458
398
,632
« 761
. 781
.8l6
.,580
«507
230
»066
0,000
0,000
0.000
n.000

INVERSIONMIN,

K«FACTOR

X2 M

463
584
+ 5588
« 481
1608
+ 568
863
706
113
+539
+580
«bRS
+4R9
14
362
«315

X=3 M

342
04622
496
o487
«B20
o802
o604
e548
HRA
627
694
e412
o020
0373
« 391
0328

9s



THETA = 45 INVERSION TOP THETA = 45 INVERSION MID

Y (CM) K-FACTOR Y(CM) K-FACTOR
X = 5M X = 1M X = 2M X = 3M X = 4M X = SM X = 1M X =2M X=3M X = 4M

-52. .- --- --- .071 -.044 -52, - =-- htd .028 ==
-48. --- --- --- .137 .091 -48. - == === .050 .-
-44. --- --- .164 .175 .119 -44, - --- 067 076 .042
-40. --- .118 .255 .180 .090 -40. .- = .092 .081 .062
~36. --- 151 .254 .215 .124 -36. .000 .016 112 129 .086
-32. .031 .234 .280 .224 .171 -32. .015 .036 112 .143 .085
-28. 196 .335 .400 .258 .142 -28. .052 .064 214 183 .101
-24, .181 .479 .381 .257 .147 -24. .062 .106 .207 211 .116
-20. .322 732 .437 .300 .215 =20, .097 .217 326 .270 .164
-16. .724 .758 .377 .296 .224 -16. .230 .228 .314 +306 .158
-12, .910 .751 .477 .263 .204 -12. .313 .361 436 293 173
- 8. 1,480 .899 .479 .308 . 268 - 8. .484 .520 406 .358 . 251
-4, 1.836 .852 .394 .280 .251 - 4, .644 .678 428 .308 .247
0. 2.321 .785 .540 .320 .300 0. .973 .773 .550 .372 .274
4. 1.977 .870 .503 .254 .250 4. 1.037 .708 .514 .343 .246
8. 1.514 L7781 .533 313 .213 8. 1.083 .806 .547 .324 .236
12, 1.346 .768 .517 .315 .274 12, 1.168 747 .490 497 . 259
16. .917 .591 .432 .329 .277 16. 712 .820 .415 .332 174
20, .729 .361 .465 .274 .232 20. .570 .658 .405 271 .220
24.  .455 .308 .400 .242 .273 24, .379 .379 .369 .221 .246
28, .202 .197 .337 .209 177 28, .147 .353 +246 .170 .173
32. .151 .129 .306 .216 .190 32. .060 .244 .233 .199 .181
36. .069 .127 .279 .143 .155 36. .013 116 .206 .154 .129
40. .022 .063 .233 .132 .127 40. .000 .123 .156 .140 .095
44. .007 .049 .187 .094 .053 44, --- .080 .128 .131 .020
48. .000 0.0 .091 .081 .- 48. .- .030 .045 .098 ---
52, === === === --- === 52, --- .027 --- .- ===
56. .- - -—- --- --- 56. .= --- .- .- .--

TABLE OF K FACTOR IN HORIZONTAL PROFILE

LS



THETA = 45 INVERSION BOT THETA = 180 INVERSION BOT

Y(CM) K-FACTOR Y(CM) k-FACTOR X = 0.54)
X = 5M X = M X = 2M X = 3M X = 4M Zs0M Zs5CM  Zwl0Cm 2= 15CM
-52, .- - - .049 - 0. 1,586 .590 .226 .01
-48, e - e .077 - 4, 1.821 .567 ,241 .095
-44, - - .063 .072 --- 8. 1.888 .674 L221 .064
-40. - .024 .106 .061 - 12. ,859 1,161 .378 .059
-36,  0.000 .052° .154 .108 .043 16. .484 1,332 .447 0.32
-32,  .009 071 129 .116 . 064 20, . 249 .967 .484 o
-28.  .045 .092 .181 126 .061 24, .103 .891 .488 -
-24, 058 .200 .183 .155 .108 28, .040 .393 .264 -
-20,  .094 .269 .216 .234 1285 32, —us .092 .182 -
.16, .218 .325 ,237 .215 .150 36. - ,013 .020 -
.12, .305 .441 356 .237 .150 40, .- .- 016 .-
-8, .467 .633 .382 .325 .205 44, --- vae .- -
- 5. .689 .642 341 .316 .236 48, - - - .-
0.  .858 .688 .489 .373 ,257
4, 1215 .953 .520 .347 .256
8. 1.353 .954 .570 ,319 .286
12, 3.143 1.062 .513 .329 .347
16,  2.866 972 .459 .362 .337
20, 2,474 .656 .588 .300 .250
24, 1.472 .627 .492 .312 .268
28, .543 .368 .413 .252 .233
32, .285 ,250 .431 .281 ,238
3. .19 214 .357 .196 ,190
40,  .046 .114 .342 .091 ,094
44, 0,000 .087 .246 .- -
48, —-- .052 .104 --- —es
52, - - .091 — ---

56. ——— - ——— S -
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THETA = 0 Inversion Top THETA = 0 Inversion Mid

Y(CM) K-FACTOR (X = 0.5M) Y (CM) K-FACTOR (X = 0,5M)
Z = OCM Z = 5CM 2 = 10CM Z = 15CM Z = 0CM Z = 5CM 2= 100M Z e I5CM

0. 1.311 .824 1.149 1.250 0. 934 1,250 1.293 1.076
4. .769 771 .944 1.104 4, 1.250 1.104 1.061 912
8. .667 .472 .579 .782 8. .825 .782 .654 496
12. 511 .361 .332 .649 12, .707 .649 .458 . 286
16. .310 .208 .137 .323 16. .812 323 190 .080
20. .108 .094 .045 .190 20. ,362 .186 .032 ,008
24, --- .042 .000 .102 24, .283 .102 012 .029
28, - .- .n- .060 28. --- .060 .000 -
32, .- - .- .026 32. ane 026 .- aee
36. a—- . a-- .009 36. a- 009 aee .-
40. - .- - --- 40, - .- .- .-
44, “e- —e- --- .- 44, .- .- cee ——-
48. --- —-- --- - 48. .- .- ave .
52, --- - - .-

THETA = 0 INVERSION BOT THETA = 180 INVERSION MID

Y (M) K-FACTOR (X = 0.5M) Y(CM) K-FACTOR (X = 0,5M)
Z = OCM 7 = 5CM Z = 10CM Z = 15CM 7 s OCM 7 = 5Cm Z = 10CM Z = 15CM

0. 1.419 1.650 .822 .549 0. 1.312 935 .451 .203

4. 1.534 1.529 .721 .427 4, 1.351 .857 ,517 137

8. 1.402 1.130 .591 .296 8. 1.356 .819 .402 118
12, 1,128 .994 .545 .215 12. .742 1.116 .462 118
lo. . 887 .664 .322 .085 16. .705 .965 ,334 024
20. .735 .413 .160 .018 20. .316 ,890 .347 .-
24, ,542 . 226 .042 .012 24, .120 .704 .276 .-
28, .102 .148 - .- 28. .047 .395 115 -
32, .031 127 .- - 32, - .144 .128 ---
30, --- .016 .- - 36, --- .038 .046 .-
40. .- --- --- - 40. .- .015 012 -
44, .- --- - .- 44, - .- - -
48, --- --- - .- 4s. —e- .- - .-

52, --- - .- .-
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Figure 7 The gas planchet.

Figure 8 Krypton-85 calibration arrangement.
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Figure 13 6 = 0°, (900) (1800), top exit port, neutral stratification.

Figure 14 © = 00, middle exit port, neutral stratification.
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Figure 15 6 = 00, bottom exit port, neutral stratification.

Figure 16 6 = 45° (1350), top exit port neutral stratification.
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Figure 17 0 = 45°, Middle exit port, neutral stratification.

Figure 18 © = 45°, bottom exit port, neutral stratification.
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Figure 19 6 = 900, middle exit port, neutral stratification.

Figure 20 6 = 900, bottom exit port, neutral stratification.
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Figure 21 6 = 135°, middle exit port, neutral stratification.

Figure 22 0 = 1350, bottom exit port, neutral stratification.
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Figure 23 & = 180°, middle exit port, neutral stratification.

=

: 0 :
Figure 24 & = 180", bottom exit port, neutral stratification.
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Figure 25 8 = Oo, 90%) (180%), top exit port, inversion stratification.

Figure 26 6 = 00, middle exit port, inversion stratification.
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Figure 27 © = 0, bottom exit port, inversion stratification.
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Figure 28 © = 45~ (135°) top exit port, inversion stratification.
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Figure 29 6 = 450, middle exit port, inversion stratification.

Figure 30 6 = 45°, bottom exit port, inversion stratification.
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Figure 31 6 = 900, middle exit port, inversion stratification.

Figure 32 0 = 900, bottom exit port, inversion stratification.
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Figure 33 6 = 1350, middle exit port, inversion stratification.

Figure 34 6 = 1350, bottom exit port, inversion stratification.
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Figure 35 6 = 1800, middle exit port, inversion stratification.

Figure 36 6 = 1800, bottom exit port, inversion stratification.
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