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The objective of this study is to physically model, at
a reduced scale, the plant stack and proposed cooling
tower plumes for a reactor complex typical to those at
the Savannah River Project for a combination of different
wind speeds, wind directions, and atmospheric stabilities.

Visual and concentration data on both the cooling tower
and plant stack plumes were obtained for sixty-four dif-
ferent run conditions. For neutral atmospheric stability,
eight different wind directions were studied at each of
four different wind speeds (4,6,8 and 10 m/s). For stable
atmospheric stability, eight different wind directions
were examined at each of two different wind speeds (4

and 6 m/s). For unstable atmospheric stability, eight
different wind directions were considered at each of two
different wind speeds (4 and 6 m/s).

A small scale model (1:400) of the nuclear power plant
complex and proposed cooling tower was constructed and
placed within a wind tunnel capable of simulating the
turbulent character of the atmospheric surface winds.
Simulate gases were released at their properly-scaled
values from the cooling tower and plant stack models.
Still photographs and video motion pictures were taken
when these plumes were made visible with smoke. Hydro-
carbon tracers in the plumes were measured at forty-
eight different locations downwind of the power plant
complex.
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1.0 INTRODUCTION

The primary objective of this study was to assist the Savannah
River Meteorological Group in the determination of environmental impact
due to the installation of a Markley type <circular mechanical draft
cooling tower at the Savannah River Site. The potential for cooling
tower plume enviromment impact is reviewed in the Savannah River Report,

Environmental Effects of Cooling Towers at SRP, DPST-83-432. It was

stated that the primary concern, which needed further investigation, was
the potential for the cooling tower plume to produce ground level fog-
ging and icing near the vicinity of the plant site. To assist the SRL
Meteorological Group in the prediction of fogging and icing events, a
physical modeling study (wind tunnel simulation) of the proposed cooling
tower plume was performed. The secondary objective of this study was to
obtain model data on the structure of the plume exiting the reactor
complex's main stack as it interacted with the cooling tower plume and
complex buildings.

A 1:400 reduced scale model of the Savannak River reactor plant
complex, offices and proposed cooling tower were constructed and placed
within the Meteorological Wind Tunnel facility at Colorado State Univer-
sity. Cooling tower and plant stack plume concentrations were measured
for sixty—four different approach flow wind conditionsp combinations of
four wind speeds, eight wind directions, and stable, unstable and neu-
tral atmospheric stabilities.

Section 2.0 discusses the physics of modeling plumes at reduced
scalesp Section 3.0 describes the data acquisition technique used to
perform this studyp Section 4.0 lists the test program resultsp and Sec—

tion 5.0 is a discussion of selected data.



-
2.0 MODELING OF PLUME DISPERSION

A predictive model for a specific plume dispersion problem requires
arranging the pertinent physical variables and parameters into a logical
expression that determines their interrelationships. This task is
acheived implicitly for processes occurring in the atmospheric boundary
layer by formulating the conservation equations for mass, momentum, and
energy. These equations, together with site and souce conditions and
associated constitutive relations, describe the actual physical interre-
lationship between the various independent (space and time) and depen—
dent (velocity, temperature, pressure, density, concentration, etc.)
variables.

These generalized conservation statements are too complex to be
solved accurately by present analytical or numerical techniques. It is
also impossible to create a physical model at a reduced geometric scale
for which exact similarity exists for all the dependent variables over
all the scales of motion present in the atmosphere. Thus, one must
resort to various degrees of approximation to obtain a predictive model.
At present purely analytical or numerical solutions of plume dispersion
are unavailable because of the classical problem of turbulent closure
(Hinze, 1975). Alternative techniques rely heavily wupon empirical
input from observed or physically modeled data. The empirical-
analytical-numerical solutions have been combined into several different
predictive approaches (Pasquill, 1974). The estimates of dispersion by
these approaches are often crude; hence, they should only be used whern
the approach and site terrain are wuniform and without obstacles.
Boundary—layer wind tunnels are capable of accurately modeling plume
processes in the atmosphere under certain restrictions. Snyder (1981)

discusses, in detail, requirements for wind-tunnel simulation of plume



dispersion in atmospheric shear layers. These restrictions are reviewed
briefly in the next few sections.

2.1 PHYSICAL MODELING OF THE ATMOSPHERIC BOUNDARY LAYER

The atmospheric boundary layer is that portion of the atmosphere
extending from ground 1level to a height of approximately 1000 meters
within which the major exchanges of mass, momentum, and heat occur.
This region of the atmosphere is described mathematically by statements
of conservation of mass, momentum, and energy (Cermak, 1971). The
mathematical requirements for rigid laboratory-atmospheric—flow similar-
ity may be obtained by fractional analysis of these governing equations
(Kline, 1965). This methodology is accomplished by scaling the per-—
tinent dependent and independent variables and them casting the equa-
tions into dimensionless form by dividing by one of the coefficients
(the inertial terms in this case). Performing these operations on such

dimensional equations yields dimensionless parameters commonly known as:

Reynolds number Re = (UL/Vv) = Igertial Force
Viscous Force

Bulk Richardson Ri = [g( AT)/T)(L/U%) 1 - Gravitational Force

Inertial Force

number

Rossby number Ro = (U/L @) = Ine?tigl Force
Coriolis Force
Viscous Diffusivity

= vV K =
Prandtl number Pr [v/( Klp Cp)] Thermal Diffusivity
Eckert number Ec =

[UZ/CP( AT)]



For exact similarity between different flows which are described by
the same set of equations, each of these dimensionless parameters must
be equal for both flow systems. In addition to this requirement, there
must be similarity between the surface-boundary conditions and the
approach flow wind field.

Surface—-boundary condition similarity requires equivalence of the
following features:

a. Surface-roughness distributions,

b. Topographic relief, and

c. Surface-temperature distribution.

If all the foregoing requirements are met simultaneously, all
atmospheric scales of motion ranging from micro to mesoscale could be
simulated within the same flow field (Cermak, 1975). However, all of
the requirements cannot be satisfied simultaneously by existing labora-—
tory facilities; thus, a partial or approximate simulation must be used.
This 1limitation requires that atmospheric simulation for a particular
wind-engineering application be designed to simulate most accurately
those scales of motion which are of greatest significance for the given
application.

2.1.1 Partial Simulation of the Atmospheric Boundary Layer

For the specific case of the near—field dispersion of a cooling
tower plume, several of the aforementioned parameters are unnecessarily
restrictive and may be relaxed without causing a significant effect on
the resultant concentration field. The Rossby number magnitude controls
the extent to which the mean wind direction changes with height. The

effect of coriolis—force—driven lateral wind shear on plume dispersion



is only significant when the plume height is of the same order of magni-
tude as the boundary layer height. The Eckert number (in air Ec = 0.4
Ma? (Tr/ATr)’ where Ma is the Mach number) is the ratio of energy dissi-—
pation to the convection of energy. In both the atmosphere and the
laboratory flow the wind velocities and temperature differences are such
that the Eckert number is very small; hence, it is neglected. Prandtl
number equality guarantees equivalent rates of momentum and heat tran-
sport. Since air 1is the working fluid in both the atmosphere and the
laboratory Prandtl number equality is always maintained.

The Richardson number (Ri) and Reynolds number (Re) determine the
kinematic and dynamic structure of turbulent flow within a boundary
layer (Hinze, 1975). This influence is apparent in the variaztions that
occur in the spectral distribution of turbulent kinetic energies with
changing Ri (Figure 1) and changing Re (Figure 2).

Richardson numbers characteristic of mnon-neutrally stable condi-
tions can be obtained in wind tunnel facilities that control air and
floor temperatures. Figure 1 displays the influence of stratification
on the turbulent structure in the atmospheric boundary layer (EKaimal, et
al., 1972). Unstable conditions cause the energy of large scale fluc—
tuations to increase and stable conditions cause the energy of large
scale fluctuations to decrease.

Re equality implies uvo= (Lp/Lm)up. Re equality at a signifi-
cantly reduced length scale would cause the model flow velocity to be
above sonic; hence, its equality must be distorted. Figure 2 shows that
a reduced Re changes only the higher frequency portion of an Eulerian

type description of the spectral energy distribution.
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Unfortunately there is no precise definition as to which portion of an
Eulerian spectrum is dominant in given dispersion application.

Most investigators use a minimum Re requirement, i.e.,
Re = u*zo/ v< 2.5, where u,, the friction velocity, and z,, the rough-
ness length, are derived from a log—linear fit to a measured mean velo-—
city profile. The value 2.5 is an empirically determined constant. At
Re below 2.5 it is observed that the mean velocity profiles in tur-
bulent pipe flow lose similarity in shape and deviate from the universal
curve of a rough wall turbulent boundary layer (Schlichting, 1968). For
Re above 2.5 it is observed that the surface drag coefficient (and thus
the normalized mean velocity profile) is invariant with respect to
increasing Re. For Re between 0.11 and 2.5 the velocity profiles are
characteristic of smooth wall turbulent boundary layers, and for values
below 0.11 the growth of a laminar sublayer on the wall is observed to
increase with decreasing Re.

Extrapolation of results from pipe flow measurements to flat plate
boundary layers may cause a shift in the magnitude of the minimum Re
requirement, but it is generally felt that this shift is small (Hinze,
1975 and Schlichting, 1968). Precise similarity in the universal form
of mean wind shear may be necessary for invariance with respect to the
surface drag coefficient, but this does not necessitate that precise
similarity must exist for the invariance of passive dispersion. It is
the distribution of turbulent velocities which has the greatest effect
on dispersion. It is the mean wind shear, bhowever, which generates the
turbulent velocities. It is possible that the specification of a

miniumum Re of 2.5 is overly conservative. The criteria, Re > 2.5,



for example, is not applicable for flow over complex terrain or building
clusters.

To define the lower limit of Re for which turbulent dispersion is
invariant in a particular model setting, the investigator should perform
several passive plume releases at decreasing wind speeds (decreasing
Re). The source strength corrected concentration fields (see Section
2.2.1) of the Re invariant plumes will all display a similar struc—
ture. The minimum acceptable Re is the lower limit of this class of
similar plumes. At Re ©below this value the proper portion of the
spectral energy distribution is not simulated.

Halitsky (1969) reported such tests performed for dispersion in the
vicinity of a cube placed in a near uniform flow field. He found that
for Re 1invariance of the concentration distributions over the cube
surface and downwind the Re magnitude (based on H, the height of the
cube and L the velocity at H) must exceed 11,000.

2.2 PHYSICAL MODEL OF PLUME MOTION

In addition to modeling the turbulent structure of the atmosphere
in the vicinity of a test site it is necessary to properly scale the
plume source conditions. One approach would be to follow the methodol-
ogy used in Section 2.1, i.e., writing the comservation statements for
the combined flow system followed by fractional analysis to find the
governing parameters. An alternative approach, the one which will be
used here, is that of similitude (Kline, 1965). The method of simili-
tude obtains scaling parameters by reasoning that the mass ratios, force
ratios, energy ratios, and property ratios should be equal for both

model and prototype. When one considers the dynamics of gaseous plume



behavior the following nondimensional parameters of importance are iden—

) *
tified.

Mass Flux Ratio (M) =

mass flow of plume pgngg psQ

= =
effective mass flow of air an.A. p U L2 @
- a a source
inertia of plume pnggAg pst
: - = =
Momentun Flux Ratio (F) effective inertia of air Ul [,2 4 @
P A p L
a a2 aa source
Densimetric Froude offective inertia of air aniAn U?; .
No. relative to the = baoyancy of plume = ( ” W = = .
inertia of air (Fr) yancy P 8 pg P 8 Ps Py @
g p source
a
Densimetric Froude N ¥2A 2 ]
ensimetric Frou e No. inertia of plume _ p VA Q
relative to inertia = bdoyancy of plume = g = WS _—
of the plume (Fr ) yaney g pg Pa g Py a LS @
s g p source
s -
: [ U2A U3 L
F1 F de No (I:' ) = momentum flux of air - a aa - 2
ux Froude ) ¥ buoyancy momentum flux of plume Qglp - p )(L/U) p - p
I3 [ a Qg [ —2—2 @
& p source
L x
volume flow of plume ngg Q
Volume Flux Ratio (V) = effoctive volume flow of air U An " [ v LZ] @
a source

The scaling
Its effects
possible to
tests above

of plume Reynolds number is also a significant parameter.
are invariant over a large range. This makes it
accurately model its influence by maintaining model

a minimum plume Reynolds number requirement.



It is necessary

~10=~

to maintain equality of the plume’s specific grav-

ity, pg/pa, over the plume's entire lifetime to obtain simultaneous

simulation of all of
for equality of the
cations in practice.

1) Equality of

its atmosph
v = (L /L)
sgeeds mth?s

these parameters. Unfortunately a requirement

plume gas specific gravity leads to several compli-
These are:

the source gas specific gravity between a model and
if&c equivalent leads to a wind speed scaling of

u_. For a significant range of atmospheric wind
reYationship leads to wind—tunnel speeds at which

there is a possible loss of the Reynolds number invariance in
the approach flow.

2) A thermal plume in the atmosphere is frequently simulated in
the 1laboratory by an isothermal plume formed from a gas of

appropriate

molecular weight. Under certain situations of

specific heat capacity mismatch, this practice will lead to a
variation of the equality of plume density as the plume mixes

with air.

It is important to examine each modeling situation and decide if an

approximation to

significant loss

complete plume behavior may be employed without a

in the similarity of the modeled plume structure.

2.2.1 Concentration Scaling Theory

Most plume studies measure the concentration magnitudes at dis-

tances far downwind from the source. In the limit as concentrations

approach zero,

the conventional concentration scaling 1laws for

steady state plumes are appropriate. The form of this expression

is:

2 Ta
K(x) = XUHL /(f:)Q

where Ta and Ts are the temperatures of the ambient air and the
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source gas respectively. Q 1in this expression is the total source
gas flow rate evaluated at source conditions. When modeling the
plume at a reduced scale the function K(x) is determined by exper—
imental measurements (usually in an isothermal setting where 'I‘a =
Ts). Provided that the proper similarity requirements were satis-
fied then the function K(x) will be equal for field and model
plumes. The effects caused by volume flux ratio (UhLZ/Q) distortion
and source gas temperature differences between model and prototype
are corrected for small concentrations by the expression. This
technique is completely satisfactory in the limit as concentration
approaches zero. When modeling plume concentration in the near
field, such as is the <case with moist air plumes from cooling
towers, this relationship is not satisfactory. The problems lie in

the asymptotic behavior as the concentration, X , approaches one.

T
K(0) = UHLZ/(EE)Q indicates that K is not a function of the downwind
s

T
position, x, alome. It is a function of both x and UHLZ/(fi)Q.
s

To alleviate these problems the following gemneralized concentration

scaling methodology was formulated.
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Figure 3 will aid in understanding the derivation of this gen—
eralized concentration scaling methodology. Continuity of total
molar flow rate of source gas at the source (Section A-A) and at

some downwind cross—sectional area (Section B-B) requires that

n = Jrn" dB .
s s
. B-B )
where n is the total molar flow rate of source gas and n is the

molar flux of source gas through some differential area dB. Defin-

ition of molar concentration X requires that
‘n

n
X e —3 .

.ll 1"
n_ +n
s a

. X .
Rearranging this expression to n; = (i:})na and substituting it into

s

the integral expression for n yields

. .
n_ = (—‘X—__ )n_ dB .
s Bl; 1-X""a

The mear value theorem of integral calculus allows one to rewrite
the equation as

* X!gn! f‘n

n_ = dB

- X (¢, n ’

s 1 (¢,m) Bop 2
where X (&,n) is the value of X at some point, (¢,n) on the surface
B-B. The total molar flow rate of air across the entire plume boun-

dary up to Section B-B (Surface o) and the molar flow rate of air

through Section B-B are equal; hence,

o _XEN) pw
ns = 1-X(2,n) g.na do .

. . pu
Let n = fiL and n: = _»e
RTS RT

where u, is the entrainment velocity of

a

X

air across the boundary o¢. Dividing the entire equation by I:Q’
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Surface o

} w2)

u'(z)

rit L
A A
f\s = PQ/ﬁTs

Notation Definition Diagram for Concentration

Figure 3.
Scaling Theory Derivation
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where X is evaluated at the point of interest on the Surface B-B, say

X

€ and rearranging the equation cancelling constant quantities such as

R p and yields

fo.to

_T_s_ Xg o i Xg! (1K)
T, | \1X& Q (g,m)/(1-X&,n) °

The expression on the right side of this equation is a function of

the profile at the Section B-B; thus, it is a function of downwind
position position, x, only. Provided that two plumes satisfy the

proper similarity requirements

/ (w) (uH)m

i.e. =
(ue)p (uH)p

or (u ~u,), 6 /¢ = LZ/L2 (or o ~ L2)> ,
e H m p m p

the concentration profiles will have the same form. Utilizing these
factors, the final form of a concentration scaling law that relates
the concentration distributions in plumes that are physically simi-

lar is

T u 2
(2) () % s



ized

=~]15=-

Some observations on the utility of this expression are summar-

below:

@

As concentration, X approaches zZero this expression
approaches the conventional definition.

Note that the quantity uHLZ/Q is the inverse of the Volume
Flux Ratio; thus this expression corrects the entire concen-
tration field for distortions in the similarity of this
parameter as specified by some enhanced simulation tech-
niques.

The quantity T_/T corrects for the fact that concentra—
. s$ ~a . . . . .

tions measured at spacially similar points will be different

for a thermal plume than for an isothermal plume.

The function K(x) can be viewed quite simply in the fol-
lowing format

. .

n /n
K(x) = .a .s .

n_n
n/n
a/ S

Thus it is the ratio of the quantity na/n evaluated for the
entire plume to that same quantity evaluated at a single
point within the plume.

Given the equality of K(x)_ = K(x)_ then a convenient for-
mula for the conversion ?rom a mgdeled concentration to a
prototype concentration is given by

X
X, = o , where || = 0
p Ta Ta . L2
Xm + (1-Xm)[(:r:)v]m/[(Ts)(/]p H

For reciprocal conversion from protctype to model simple
exchange the m’s and p's.
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¢ If the indeterminant behavior of this formulation of EK(x)
as AX—% . is bothersome mnote that by the transformation

K'(x)=K(x)+1 this problem is allevated.

X
T
X+ (1-X )[(ﬁ) —Q—~]

K'(x) =

s uHL2

This new function K’'(x) has the convenient property that as
X0, K'(x)=>0 and as X—>1, K'(x)—>1.

It is reemphasized that K(x) is only a universal functioan for
plumes that are similar in both entrainment physics and normalized
concentration variation in downwind plume cross—sections. All pas-—
sive plumes in the absence of wake effects and significant initial
momentum meet these conditiomns; hence, K(x) should be a universal
function for passive plume dispersion. Measurements on plumes of
this type have universally confirmed such correlations. As the
source and mnear field factors such as initial momentum, building
wakes, and buoyancy effects become more dominant than the background
flow in determining the entrainment physics and plume profiles, the

universal character of K(x) 1is lost.
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3.0 DATA ACQUISITION AND ANALYSIS

Laboratory measurement techniques are discussed in this section,
along with conversion methods which provide a basis for interpretation
of model data in terms of field equivalent quantities. Some of the
methods used are conventional and need little elaboration.

3.1 VWIND-TUNNEL FACILITIES

The experiments were performed in the Meteorological Wind Tunnel
(MWT) shown in Figure 4. This wind tunnel, especially designed to study
atmospheric flow phenomena, incorpoates special features such as an
adjustable ceiling, a rotating turntable, temperature controlled boun—
dary walls, and a long test section to permit adequate reproduction of
micrometeorological behavior, Mean wind speeds of 0.2 to 36 m/sec in
the MWT can be obtained. Boundary—layer thickness up to 1.2 m can be
developed ''maturally’ over the downstream 12 m of the MWT test sec—
tion. Thermal stratification in the MWT is provided by the heating and
cooling systems in the section passage and the test section floor. The
flexible test section on the MWT roof is adjustable in height to permit
the longitudinal pressure gradient to be set at zero.

During the neutral stability test series the following test section
modifications were employed:

e A perforated plate was placed across the entrance of the tunnel
test section to improve low speed tunnel control.

® One centimeter high 1link chains were placed across the entire
test section floor to insure the proper upwind roughness

condition.



AUXILIARY

\ / INTAKE
T- IR TS A RSy PR | P PRI A ST IS MK R ...1:;--'. TN TR ] CFER W I LY T . ) L7 5487
[ | :
' L4 REFRIGERATION & [P——= B POWER
55 ili | HEATING COILS AIR TEMP. 93°—4°C = 7 ROOM
. i . - ] N Sy .1 W . )
| it AIR FLOW (VEL.0.2-36 m/s) | -~ e L { 1}
(1] —— el
! HH | ROTATABLE
o
‘ 12 g | REFRIGERATION CONTROL l VANES
UNIT 150 tons ROOM MODEL !
£ LOCATION \
l \SCREENS ) ) i A A
| UXILIARY
: -— 1.83 | UPWIND ROUGHN @' | 2.06 L | =22
55 Y Ess 5 08 | —ExwausT
{ e 0o
’ ) COOLED FLOOR BOUNDARY HEAT SOURCE
L—s.s—»lT OR SINK, 0°— 149 °C

<L - 27 TEST SECTION

Figure 4. Meteorologicl Wind Tunnel

_8‘[ -



(2

-19-

Four one-meter—high vortex generators were evenly spaced across
the test section's entrance to give the simulated boun—
dary layer on initial impulse for growth.

The air flow and wall boundary temperatures were maintained at
an isothermal condition of 22° C.

The power plant model was placed 17 m downwind of the test sec-—
tion entrance to permit an equilibrium boundary layer to

develop.

During the stably-stratified test series the following test section

modifications were employed:

(3

[: 2

The perforated plate was removed.

Two set of honeycomb flow straighteners were placed at the test
section entrance and one set was placed at the test
section exit.

The chains were removed from the floor.

The vortex generator was removed.

The tunnel floor temperature was maintained at an appropriate
constant value ©below that of the incoming air over the

entire test section length of 22 meters.

During the unstably stratified test series the following test sec-—

tion modifications were employed:

@

@

The perforated, chains, and votex generators were not present.

One set of honeycomb flow straighteners were placed at the test
section entrance; another set was placed at the start of
the heated floor plates, 10 meters from the test section

entrance; and a third set was placed at the test section exit.
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¢ The tunnels floor temperature was maintained at an appropriate
constant value abovethat ofthe incomingair overthe 1lastl2
meters of the test section.

honeycomb to permit an equilibrium boundary layer to develop.

3.2 VWIND AND TEMPERATURE PROFILE MEASUREMENTS

During neutrally stable flow velocity profile measurements, refer—
ence wind speed conditions, and turbulence measurements were obtained
with a Thermo—Systems, Inc. (TSI) 1050 anemometer and a TSI model 1210
hot-film probe.

During the stable and unstable flows a Datametrics thermally com-—
pensated velocity probe was used. This probe was calibrated by placing
it at the side of a previously calibrate TSI model 1210 probe in a low
turbulence, isothermal wind tunnel.

The velocity standard used in the present study consisted of a
Matheson model 8116-0154 mass flowmeter, a Yellowsprings thermistor, and
a profile conditioning section designed and calibrated by the FDDL staff
at CSU. The mass flowmeter measures mass flow rate independent of tem—
perature at the exit conditions, and the profile conditioning section
forms a flat velocity profile of very low tubulence at the position
where the probe is located. Incorporating a measurement of the ambient
atmospheric pressure and a small profile correction factor permits the
calibration of velocity at the measurement station from 0.1-2.0 m/s +20
percent or +5.0 cm/s., whichever is smaller. During calibration of the
single film probe anemometer voltage values over the velocity range of

interest were fit to a King's law expression (Sandbornm, 1972) with a



variable exponent. The accuracy of this technique is approximately +2
prercent of the actual longitudinal velocity.

Temperature profiles were obtained from a fixed-vertical rake of
copper—constantant thermocouples. An Omega Model DSS-199 Digital Ther-
mometer was used to monitor these ten thermocouples positioned at 0.5,
1, 2.5, 5, 7.5, 10, 15, 25, 35 and 45 cm above the floor upwind of the
model.

3.3 POWER PLANT MODEL

In order to reproduce the cooling tower plume dispersion process at
the Savannah River site in the MWT, a model to field length scale ratio
of 1:400 used. The cooling tower modeled was a large diameter (~76 m)
cylinder which housed twelve mechanical draft fans. The air intake was
along the circumferential base of the large housing cylinder. The cool-
ing tower model was built from plexiglas and brass tubing (see Figure
5). The cooling tower plume delivery system was designed to produce
equal flow from each fan exit port.

The model cooling tower air intake was simulated by constructing
the 1lower circumferential housing wall from fine mesh stainless steel
screen, A vacuum pump pulled air from the hollow cooling tower base to
produce an intake air flow. This base was separated into four sectors
to assure an even distribution of air withdrawal. In each of these four
sectors, a concentration sampling part was present.

The model of the reactor building and plant stack was also made
from plexiglas and brass tubing (see Figure 5). Six different concen—
tration sampling ports and the stack gas delivery path were drilled

through the solid interior of this building, and conmections for 2 mm
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Figure 5. Savannah River Power Plant
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diameter TygonR tubing were placed at the far end of the building from
the stack.

An office complex was made from plexiglass blocks, and three con—
centration sampling ports were drilled through the complex interior.

In addition to the thirteen concentration sampling ports on these
three model buildings, thirty-five additional sample positions were
located downwind of the plant complex. Figure 6 shows the mnear field
layout of these sensors, and Table 5 list the actual coordinates of all
positions.

To change the wind direction between the different tests, the plant
complex and office building were rotated about the cooling tower placed
at the center of the wind tunnel.

The model plume'’s specific gravity was isothermally adjusted to be
equivalent to the prototypes plume specific gravity of 0.896. The model
plume consisted of 91% N2 , & He and 1% CH4. These gases were mixed in
their proper proportion into a 350 liter high pressure cylinder and then
released through a two stage regulator and metered by a Fischer-Porter
flow rator into the model cooling tower delivery system.

The stack plume specific gravity was ~1.0; thus, a neutrally buoy-
ant gas mixture of 85.2% NZ' 10% CZH and 4.8% CO, was used as a stack

6 2

simulant.
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3.4 FLOW VISUALIZATION TECENIQUES

A visible cooling tower plume was produced by passing the simulate
gas through an o0il smoke generator (Fog/Smoke Machine manufactured by
Roscolab, Ltd.). A visible stack plume was produced by placing a cot-
ton swap soaked in titanium tetrachloride in the exit of the model
stack. A fine white suspension of titanium dioxide was produced when
the stack—-gas simulate flowed through the swab. A visible record was
obtained from pictures taken with a Speed Graphic camera using Polaroid
film for immediate examination. In addition, color slides were taken
with a 35 mm camera and motion pictures were recorded on VHS video

cassettes.

3.5 CONCENTRATION MEASUREMENTS

The experimental measurements of concentration were performed using
gas—chromatograph and sampling systems designed by Fluid Dynamics and

Diffusion Laboratory staff.

3.5.1 Gas Chromatograph

A gas chromatcograph (Hewlett—Packard Model 5710A) (GC) with flame
ionization detector (FID) operates on the principle that the electrical
conductivity of a gas is directly proportional to the <concentration of
charge particles within the gas. The ions in this case are formed by
the burning a mixture of hydrogen and the sample gas in the FID. The
ions and electrons formed enter an electrode gap and decrease the gap
resistance. The resulting voltage drop is amplified by an electrometer
and fed to the HP 3390A integrator. When no effluent gas is flowing, a
carrier gas (nitrogen) flows through the FID. Due to certain impurities

in the carrier, some ions and electrons are formed creating a background
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voltage or zero shift. When the effluent gas enters the FID, the vol-
tage increase above this =zero shift is proportional to the degree of
ionization or correspondingly the amount of tracer gas present. Since
the chromatograph used in this study features a temperature control on
the flame and electrometer, there is very low drift of the zero shift.
In case of any zero drift, the HP 3390A, which integrates the effluent
peak, also subtracts out the zero drift.

The lower limit of measurement is imposed by the instrument sensi-
tivity and the background concentration of tracer within the air in the
wind tunnel. Background concentrations were measured and subtracted
from all data quoted herein.

3.5.2 Sampling System

The tracer gas sampling system consists of a series of fifty 30 cc
syringes mounted between two circular aluminum plates. A variable—speed
motor raises a third plate, which 1ifts the plunger on all 50 syringes,
simultaneously. A set of check valves and tubing are connected such
that airflow from each tunnel sampling point passes over the top of each
designated syringe. When the syringe plunger is raised, a sample from
the tunnel is drawn into the syringe container. The sampling procedure
consists of flushing (taking and expending a sample) the syringe three
times after which the test sample is taken. The draw rate is variable
and generally set to be approximately 6 cc/min,.

The sampler was periodically calibrated to insure proper function
of each of the check valves and tubing assemblies. To calibrate the
sampler each intake was connected to a manifold. The manifold, in turn,
was connected to a gas cylinder having a known concentration of tracer

gas. The gas was turned on, and a valve on the manifold was opened to
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release the pressure produced in the manifold. The manifold was allowed
to flush for about one minute. Normal sampling procedures were carried
out during caibration to insure exactly the same procedure is reproduced
as when taking a sample from the tunnel. Each sample was then analyzed
for tracer gas concentration. Percent error was calculated, and ''bad’’
samples (error > 2 percent) indicated a failure in the check valve
assembly, and the check valve was replaced, or the bad syringe was not

used for sampling from the tunmel.

3.5.3 Test Procedure

The test procedure consisted of: 1) setting the proper tunnel
wind speed, 2) releasing the metered mixtures of source gas from the
cooling tower and plant stack, 3) withdrawing samples of air from the
tunnel designated locations, and 4) analyzing the samples with a FID.
The samples were drawn into each syringe over a 300 s (approximate) time
period and then consecutively injected into the GC.

The procedure for analyzing the samples from the tunnel is intro-
duced into the GC which separates the methane and ethane tracers and
then travels through the FID, 2) the voltage output from the electrome—
ter is sent to the Hewlett—Packard 3390A Integrator, 3) the output sig-
nal for methane and ethane are integrated by the HP 3390A, 4) these

values (p V—S)mea along with the response levels for the background

(p v—s)._  and source (p v-s) are converted into source normalized
bg source

concentration by the equation

X
) X —Xb _ (uv—smea_-(uv—s)bg
Xsource—ng (MV—S)source—(—”v~s)bg



4.0 TEST PROGRAM AND DATA

A 1:400 reduced scale model of the Savannah River L-reactor complex
and proposed Markley—type cooling tower were constructed and placed in
the Meteorological Wind Tunnel (MET) facility at Colorado State Univer-—
sity. Three different simulated atmospheric stabilities and four dif-
ferent approach flow wind speeds were reproduced. The velocity and tem—
perature profiles measured upwind of the model area are described in
Section 4.1. Simulate gases were released from the power plant stack
and the cooling tower. The downwind concentrations from each of these
sources were measured at up to forty—eight spacial locations. The con-
centration measurement program and results are described in Section 4.2.
The simulate gases were also tagged with smoke to make them visible, and
photographs for each of the tests were obtained (see Section 4.3).

4.1 VELOCITY AND TEMPERATURE PROFILES

The techniques employed in the acquisition of upwind velocity and
temperature information are discussed in Section 3.2, Scaling labora-
tory measurements up to those expected in the actual field situation is
described in Appendix A. All flow and concentration values reported in
this report have been scaled to prototype conditions. Table 1 lists the
mean velocity, 1local longitudinal turbulent intensity, and temperature
profiles (variation with height) for the mneutral atmospheric wind speeds
of 4, 6 and 8 meters/second at a 62 meter height. Table 2 lists the
mean velocity and temperature profiles for the stable and wunstable
atmospheric stabilities at the reference wind speeds of 4 and 6
meters/second.

Figures 7 and 8 display the velocity and temperature profiles for

the 4 and 6 m/s mean wind reference conditions, respectively. These
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velocity profiles demonstrate the effect that the temperature gradient
has wupon the transfer of momentum within the boundary layer. In the
convective situation (unstable) the momentum of the free stream
penetrates close to the ground due to the large vertical convective
velocities generated by the thermal instability. In the stable situa-
tion, vertical motions are suppressed.

An analysis of selected neutral-stability mean wind profiles meas-
ured at the Savannah River T.V. Tower suggested that the apropriate
value for the local roughness length, %ﬂ is 0.4 meters. This value
compares well with the neutral stability simulated boundary layer meas-—
urements listed in Table 1.

4.2 CONCENTRATION DATA RESULTS

Techniques employed to obtain the concentration dates are discussed
in Section 3.5. Table 3 sumarizes the field test conditioms for which
concentration data was obtained (Table Al summarizes the model test con-—
ditions). There were eight different wind directions tested for each
stability-wind speed group. Four different reference mean wind speeds
were tested for a neutrally stable condition (4,6,8, and 10 m/s at 62 m
height). Two different reference mean wind speeds were tested for the
stable and unstable atmospheric conditions (4 and 6 m/s at 62 m height).
A total of 64 different approach flow conditions were examined. The
cooling tower and plant stack release rates remained constant for all
tests. Tables 5-1 through 5-64 lists the mean concentrations measured
at up to 48 different locations for both the plant stack and cooling
tower sources. The origin of the right-handed coodinate system used in
these tables to specify sample locations is at ground level at the

center of the cooling tower. The x direction is always in the mean wind
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direction, and z is the height above ground level, Figure 6 is helpful
in visualizing the near field sample locations.
4.3 VISUAL PLUME RESULTS

Techniques employed to obtain a visuwal plume are discussed in Sec-
tion 3.4, Three different still camera positions were used during the
test program. Two of these camera positions are described in detail in
Figures 9 and 10. The third camera position was inside the wind tunmnel,
and it was used only for the neutral stability test series. VHS video
motion pictures were also taken during the test series. The TV camera
was located near the camera position shown in Figure 10, but it was
often moved around to record the entire plume behavior. Table 4 lists
the different types of visual documentation for each of the 64 different

tests.
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5.0 DISCUSSION

Cooling tower and stack plume visual behavior are discussed in Sec-
tion 5.1. Concentration distributions, vertical profiles, and surface
isopleths are reviewed in Section 5.2.

5.1 VISUALIZATION RESULTS

During the visualization experiments, it was observed that the
model cooling tower plume was internally very turbulent. This self-
generated turbulence was dominate over the approach flow turbulence in
the mnear field. The near field cooling tower plume structure was most
strongly influenced by variation in the mean wind speed vertical distri-
bution caused by changes in approach flow wind speed and stability. For
unstable flow, (see Figures 7 and 8) at heights greater than the refer—
ence, the wind speed was very nearly constant; thus, the cooling—tower-—
plume momentum lofted high intc the ambient air mass. For stable flow,
(again, see Figures 7 and 8) at heights greater than the reference, the
wind speed was much larger than that at the reference height; thus, the
cooling tower plume was bent over abruptly, causing higher concentration
at lower elevations when compared to the unstable condition, at the same
reference velocity.

The visual experiments alsc showed that 1) the plume height
decreased with increasing wind speed; 2) the cooling tower plume itself
formed a large turbulent recirculation wake on its downwind side which
re—entrained portions of the plume; 3) there was no noticeable recircu-
lation of the plume through the tower intake ports, and 4) the plume
shape was largely unaffected by wind direction (i.e., building orienta-

tion).
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Visual observation of the model plant stack plume showed that the
plume appearance was very sensitive to the approach flow turbulence
level, i.e., very little vertical dispersion in stable flows, promnounced
looping in unstable flows.

The exit momentum of the plume was insufficient to prevent stack
downwash at the higher wind speeds tested.

Vhen the stack was directly downwind of the cooling tower plume, it
meandered vigorously as it interacted with the cooling tower wake.

When the stack was directly upwind of the cooling tower, the stack
plume was drawn into the cooling towers counter—swirling vortex pattern.
As the stack plume approached the cooling tower, some of its gases were
clearly displaced downwind and drawn into the cooling towers intake
vents.

It was observed during the visuvalization test series that the wind
tunnel approach flow for the low wind speed (4 m/s) unstable tests (Runs
49 through 56) contained strong wind tunnel scale secondary flows.
Stack height wind flow displayed wind shear to the right of downwind
(~15°); however, this low level wind shear did not appear to influence
the cooling tower plume motion.

5.2 CONCENTRATION_ RESULTS

Cooling tower plume surface conrcentrations increase regularly with
increased wind speed and became maximum at about 512 m downwind of the
tower (see Figure 1la).

Vertical profiles of the cooling tower plume for 4,6,8, and 10 m/s,
when the plant complex is directly downwind, display a consistent pat-—
tern of plume rise variation with wind speed (Figure 11b). Note that in

this figure that a comparison between the measured plume rise height and
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calculated from relations recommended by Fanna, et al. (1982) is quite
close.

Surface concentrations from the facility stack are quite small
(Figure 12a). Vertical concentration profiles display only & small
variation in plume height as wind speed increases (Figure 12b). The
plume has such small exit momentum that the effective stack height is at
stack exit, and even slightly lower due to stack downwind.

Figures 13a and 13b consider cooling tower vertical plume concen-—
trations for a wind speed of 6 m/s under different stratification condi-
tions. Increased elevated peak concentrations were found under stable
conditions and reduced concentrations under unstable conditions. Since
the wind speed is nearly constant with height during unstable flow, the
plume penetrates higher as well as mixes faster.

Figures 14a and 14b demonstrates that the wind direction does mnot
have any major influences on the cooling tower plume structure. These
figures show ground level concentration isopleths for wind directions
where the plant complex is downwind of the tower and where the plant
complex is out of the plume path. The plume is so large with respect to
the ©building dimensions that any additional turbulence produced by the
structures does mnot seem significant. Figures 152 thru 15c¢ examine the
maximum concentrations and plume heights observed at the 512 m vertical
traverse. Consideration of various approach directions, speeds, and
stratifications suggest that only when the building complex is directly
downwind is there a consistent perturbation. When the buildings are
directly downwind, conentration maximums decrease and plume height

lowers slightly.
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Re—entrainment of the cooling tower plume back into the cooling
tower intakes was only observed at one quadrant of the intake during
three of the unstable runs. The maximum concentration measured was 905
ppm,

Entrainment of the plant stack plume into the cooling tower intake
vents was observed for many of the runs when the plant stack was
directly upwind of the cooling tower. The mazimum of these plant stack
concentrations was 323 ppm.

The maximum concentrations observed at the office complex (tubes
6,7,8) were 3321 ppm and 937 ppm for the cooling tower plume and plant

stack plume, respectively.
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APPENDIX A
THE CALCULATION OF MODEL SCALE FACTORS
The following is a list of parameters commonly usedé in the physical

scaling of plume dispersion.

Plume Specific Gravity SG = ps/pa
Volume Flux Ratio v = Q/UaL2
Mass Flux Ratio M =p Q/p U L2
s Pal,
. 4
Momentum Flux Ratio F = psQ/anaL
Flux Froude Number Fr = UaL/Q'Q
Densimetric Froude Number Fr = Ua/g'L
(relative to air inertia)
P - P
Densimetric Froude Number Fr_ = QZ/g(—E—E——E—)L5
s
p- * 4 .
where g' = ( sp a)g and Q@ is the vclume flow rate at source conditioms.
a

The following is a list of the plume source flow rate and approach
flow velocities scales which are obtained from several different scaling

procedures.

U, Q
g 'm
1it =
Equality of UP Qp
1. all parameter listed (LS)1/2 (LS)S/2
above
2 ; v o 12006y 1/2 ,
- Ve VR (grirgr )R as) (g'y/g' )t sy
- vy )12 1/2
3. F Fr, Fr, (g'n/g'p)" " (LS) 136,/56,) M 2 gy g* M 20us) 2
. 1/4, , , (172 1/2 3/4, , , y1/2 5/2
4. F, Fr 6,156, 4 s gt ) 2t (56,56, * g1 g )12 Ls)
: V2, 12 61/2 3120 ., (1/2016,5/2
5. M, Fr (G, 3Gy~ “(g' 1/ g P hws) (8G,/SG,) ™" “(g",/ g g s

. 1/3 -1/3 3
6. Fr, sG (©/a,)3ws) (Ug/Tp) ™ (LS)
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where LS = Lm/Lp and g'p /g’y = (SG1)/(SG,~1)

For all scaling approches in which equality of \) is not maintained
and/or one or both or the plumes are thermal, then the concentration

fields must be corrected by the following equation
X, = <
P Ta ( Ta
K+ X LGV LGV,
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TABLE NO. Al Model Test Conditions

Model Values

Wind Speed Wind Flow Rate Flow Rate
at 15.5cm Direction Cooling Tower Stack
Run No. Stability (cm/s) (ces) (ccs)
1 N 20 2978 18.9
2 N 20 o 2978 18.9
3 N 20 g 2978 18.9
8 N 20 ) 2978 18.9
9 N 30 = 2978 18.9
10 N 30 a. 2978 18.9
11 N 30 o 2978 18.9
12 N 30 3 2978 18.9
13 N 30 o 2978 18.9
14 N 30 A 2978 18.9
15 N 30 o 2978 18.9
16 N 30 . 2978 18.9
17 N 40 o 2978 18.9
18 N 40 E 2978 18.9
19 N 40 A 2978 18.9
20 N 40 2978 18.9
21 N 40 2978 18.9
22 N 40 2978 18.9
23 N 40 2978 18.9
24 N 40 2978 18.9
25 N 50 2978 18.9
26 N 50 2978 18.9
27 N 50 2978 18.9
28 N 50 2978 18.9
29 N 50 2978 18.9
30 N 50 2978 18.9
31 N 50 2978 18.9
32 N 50 2978 18.9
33A S 20 2978 18.9
34A S 20 2978 18.9
35A S 20 2978 18.9
36A S 20 2978 18.9
37A S 20 2978 18.9
38A S 20 2978 18.9
39A S 20 2978 18.9
40A S 20 2978 18.9
41 S 30 2978 18.9
42 S 30 2978 18.9
43 S 30 2978 18.9
44 S 30 2978 18.9
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TABLE NO. A1 Model Test Conditions (cont’d)

Wind Speed Wind Flow Rate Flow Rate
at 62 m Direction Cooling Tower Stack
Run No. Stability (m/s) (from North) (ccs) (ccs)
45 S 30 2978 18.9
46 S 30 0 2978 18.9
47 S 30 E 2978 18.9
48 S 30 9 2978 18.9
49 Us 20 - 2978 18.9
50 US 20 &, 2978 18.9
51 Us 20 iny 2978 18.9
52 US 20 2 2978 18.9
53 US 20 o 2978 18.9
54 US 24 o 2978 18.9
55A US 20 S 2978 18.9
56 US 20 H 2978 18.9
57 Us 30 = 2978 18.9
58 US 30 2 2978 18.9
59 Us 30 pn 2978 18.9
60 Us 30 2978 18.9
61 Us 30 2978 18.9
62 Us 30 2978 18.9
63 Us 30 2978 18.9
64 Us 30 2978 18.9
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TABLE NC. 1

Velocity and Temperature Profile Data
(Neutral Stability)

Stability —-—— Neutral Neutral Neutral
Reference [m/s at\———— ~4 ~6 ~8
Wind Speed ( 62 m >
Height Velocity Turbulent Velocity Turbulent Velocity Turbulent
(m) Intensity Intensity Intensity
(m/s) (%) (m/s) (%) (m/s) (%)
4 2.5 16.1 3.5 22.0 4.8 25.9
6 2.9 17.5 3.9 20.0 5.2 23.4
8 2.9 16.7 4.3 19.7 5.5 23.4
12 3.4 14.4 4.5 19.4 5.7 23.0
18 3.7 12.4 4.8 18.4 6.5 20.8
24 3.9 11.2 5.1 18.8 6.2 21.3
36 3.7 11.7 5.4 16.5 7.1 22.9
48 4.2 9.8 6.0 14.1 7.8 20.6
62 4.5 8.3 6.6 12.1 7.8 18.5
91 4.4 8.4 6.3 11.0 8.6 16.9
137 4.7 5.5 6.7 11.4 10.0 14.5
182 4.6 6.0 6.9 11.0 10.6 11.2
243 4.6 5.0 7.1 7.6 11.1 10.4
304 4.5 5.2 7.1 7.3 11.3 8.9
Height Temgerature* Temperature¥* Temperature*
(m) o °c) (°c)
2 22.0 22.0 22.0
4 22.0 22.0 22.0
10 21.9 21.9 21.9
20 21.8 21.8 21.8
30 21.7 21.7 21.7
40 21.6 21.6 21.6
60 21.4 21.4 21.4
100 21.0 21.0 21.0
140 20.6 20.6 20.6
180 20.2 20.2 20.2

*# Adibatic Lapse Rate = —0.01° C/m
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TABLE NO. 2

Velocity and Temperature Profile Data
(Stable and Unstable Stabilities)

Stability ——- Stable Stable Unstable Unstable
Reference (m/s at\——- ~4 ~6 ~4 ~6
Wind Speed \ 62 m )
Height Velocity Velocity Velocity Velocity
(m) (m/s) (m/s) (m/s) (m/s)
8 - 2.6 3.0 5.8
16 - 3.6 3.4 6.0
24 - 4.2 3.6 6.2
32 2.0 4.8 3.6 6.2
40 2.8 5.2 3.6 6.2
48 3.2 5.6 3.6 6.2
60 4.0 6.2 3.6 6.4
70 4.6 6.6 3.6 6.4
80 5.4 7.0 3.6 6.4
120 6.4 8.4 3.6 6.6
160 8.0 9.4 3.8 6.6
200 8.4 9.8 3.8 6.6
280 9.0 9.6 3.8 6.6
320 3.8 6.8
Height Temperature Temperature Temperature Temperature
(m) (°c) °c) (°c) °c)
2 9.0 9.5 32.0 29.5
4 10.0 10.0 31.0 28.0
10 9.9 10.9 30.9 26.4
20 11.8 13.3 30.8 25.8
30 13.2 14.7 30.2 25.2
40 13.6 14.6 29.6 24.9
60 15.4 15.4 29.4 24.4
100 15.5 16.0 29.0 24.0
140 15.6 16.6 28.6 23.6
180 16.2 17.2 28.2 23.2



Run No.

VWO ~IAA WK p WO

TABLE NO. 3

Stability

nurnrnunnununnhnnaZZZ2Z222 2222222222222 222222 22222222

Prototype Values

¥Wind Speed
at 62 m
(m/s)

fu
SOV WLBROAANANANANANNANND DD bbh D
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cooc0oOoOC

oy
AR DD DBDDADMMO

-57=

Wind

Direction
(from North)

322.
7.
52.
97.
142.
187.
232.
2717.
322.
7.
52.
97.
142.
187.
232.
2717.
322.

52.

97.
142,
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232,
2717.
322,

52.

97.
142.
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232.
2717.
322.

52.
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142,
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232,
2717.
322.

52.
97.

(Y R IR PR R R NV Y R R Y R RV IRV IR IRV S IR N IR IRV I N Y N N N RV R R Y Y IRV R IR RV IRV T IR IR R I ]

(<]

0O 00 000 000000000 000 00 0000000000000 OO0 O0OOoOOoOOoOOoOOoOOo

Concentration Test Program

Flow Rate

Cooling Tower
(cfm)

2.02
2.02
2.02
2.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
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.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
.02
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A R R Ay R A i e R R s R S e A, R e A v S e S e e R R R R e R K |

Flow Rate
Stack
(cfm)

128,000
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128,000
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128,000
128,000
128,000
128,000
128,000
128,000
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128,000
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Run No.

45
46
47
48
49
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51
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53
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55A
56
57
58
59
60
61
62
63
64

Stability

Wind Speed
at 62 m
(m/s)
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Wind
Direction
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.
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.
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0 00 0O 0 00000000 0O O0OO0O OO O0CO0O O

Flow Rate
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.02 x zo;
.02 x 20/
.02 x 207
.02 x 20]
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.02 x 207
.02 x 20
.02 x zo;
.02 x 20
.02 x 20/
.02 x 203
.02 x 20]
.02 x 20
.02 x zo;
.02 x 20
.02 x 20
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128,000
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128,000
128,000
128,000
128,000
128,000
128,000
128,000
128,000
128,000



TABLE 4. Visualization Test Log

TAPE #1 TAPE #2 TAPE #3
(neutral stratification) (stable stratification) (unstable stratification)
Photo Photo Photo
Run Video Position No. Run Video Position No. Run Video Position No.
No. Index 1 2 3 No. Index 1 2 3 No. Index . 1 2 3
1 25— 62 x x 33A 18 -90 x x 49 529-589 x x
2 62— 80 x x 34A 91-149 x x 50 590-634 x x
3 x 35A 150-221 x 51 635-682 X x
4 80—~ 99 x 36A 222-280 52 683-727 x x
5 99-115 x x 37A 281-339 x x 53 728792 x x
6 115-125 x x 38A 340-390 x X 54 793-835 x x
7 125-138 x x 39A 391-449 x x 55A 836-883 x x
8 138-152 x X 40A 450-498 x x 56 884-930 x x
9 152-172 x x 41 499-544 x b 57 10-116 x x
10 172-193 x x 42 545-581 x X 58 117-186 x x
11 193-215 x 43 582-631 x x 59 186-237 b4
12 215-248 x 44 632675 x x 60 238-271
13  248-276 x x 45 676-716 x x 61 272-346 x x
14 276-295 x x 46 717-770 b4 x 62 347-416 x x
15 295-315 x X 47 771-812 x x 63 417478 x x
16 315-334 x x 48 813-861 x x 64 479-528 x x
17 334-360 x x
18 360-395 x X
19 395-425 x
20 425-455 X
21 455-485 x X
22 485-505 x X
23 505-525 x X
24 525-555 b4 x
25 555-578 x x
26 578-618 X x
27 618-645 b4
28 645-670 x
29 670-698 x X
30 698-713 x X
31 713-740 x x
32 740-760 x x
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Concentration Measurement Results

Table 5-1.
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Concentration Measurement Results

Table 5-2.
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Concentration Measurement Results

Table 5-9.
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Table 5-10.
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Table 5-12.
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Table 5-13.
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Concentration Measurement Results

Table 5~14.
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Concentration Measurement Results

Table 5-15.
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Concentration Measurement Results

Table 5-16.
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Concentration Measurement Results

Table 5-17.
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Concentration Measurement Results

Table 5-18.

S
kR a ]
b~ O o
(2 Rl

[

[ R
- -
e Rl ]
[ Rong iy
e

o

202¢

L&t
L0

s
b )
.ﬁﬂ ...\

[#2 R Y Y]
T 104
wd B OLID
ok Lanch boe
Wy Eewadk
LR+ 1 v B <
S0P D g b
Laf v b
AR ¢ 15 S o
o g e ¥4
wd ] LA S
Pt e
=3 [ELE el eyl
[ X% el Y TR § KT DU S+ 4
?T:r« [FRET IR A

BT b bt

SO kST OB AT ik

v PRERE ]
£400 050 S el Sl el

oAl B sepves Jow ot

2y oo tond ped 053 650 003

o U I B U A

~

E

[l B B R R e TR v B Bl R R Rw B oy D Rw R w e RwRu BwEw v Lo R B e v b SRR AV oy RO | A Il T R s R R w i

7 T

(&HAVQ.:%}V.Q;U«.I.&.Q»\ Er B ExcEN T ¥ iR Iy Ev Rals Bu R B Bv R Bu v B Rl 0f O Tp B 1) o T e S Eoscibe oY L Boc R Sia B 3
O o P ST O G0 e GO PP By ]

SQ.. Prs (O O ] s}

TRQTIGN

W et LU O DY et O O D O Do D D O CRNO O e PN D O D O D b e O D BT O3 D 00 D D U D D 0 D
RS » 5 ¢ o e e e e e wae e e e e e e e e e e s e e e e e
€ 3500 Doy P e P O 80 S O T oD O ol O G T o T YU e o P U e G oD 00 13 GO b e i 190 (Dl i N9 o0 00 Ol o0 oD D0 D>

peod el B of oF B oA A ' § A8 €30 17 00 Cal 130 O 4 Ol ot P 03 2 Qe U OO DD
0 b 73 I O o o N Y e e 1R oD P 173 480 G 1 e 0 315 ho s EMCECLTT I o B (o B
L) N v ol et et Cod R W b W2 ehe Lo v ot el ) L

Lo REH] oot £ Y VD 0] ot

By R v e s R m R R R R s s ] s b B vl R w R v R B B Bl v o Ev BV w B Ew v R v 2
8 B R s s s e bl LR e vl R e Rl w R R Ew S h e s g i sl

Ll el =L Rl B A =l kR g e e BB bR Bl w el v Bl cie R B iEx Sl b bv Be Tl T T Lo Ra R vl Lol ]

K - £ g b O RAT RN R ek a [T Y o]
ot e {5 2) i 153 el et

R Rl of el i B 1l VR SRR Eas R Rvcibn B e Raciw by R B R w R B 2 A R B R v e vl S R R v TR v By T R T Ty 1 1y ]
..\.Mn.a‘{Qﬁv%?ic&d&u57.8?_...&Eﬁeouﬁu&.av@,@@mv&:&n&@gﬁE.ﬁ'cugfﬁ;u.&»@r&z#d‘?rcfﬁar
s e e e e i w e wa e a e e e w e e e a e s e a e e s a e e e e e s
FocRuq v e o o TN RN o o R ar Rty B - At Enc R B R w R R v Bl Sl oo of STE R ¢ LR Ane TR TR JFE w T T« T RN IX - )
) Poregaig § 0 B0 K b e ngh 0 O ngd AETRR Rew A% (At R E g ¥ v R e (AR e T b R TAY R Db At
i it e (] oot Cod Sl €0 0d vemet et B oo et 5) 4 ot [ [ ] 1
[ i

el 4l 0 <Dl s SR P bl P oS A VR Ol D oD oD G D D D DD D D oD O O D D o G e D
20 L T ol e Sl e P TR IV A I VB0 o T e e Sl A o D D D D L@)Qk»@n?&x&ﬁ»ﬁa;ﬁ%

A.W.muv?v Lo EAIIWY
T L b RTr A N O D OB

d €58 008 had €53 00 Pos B9 3 1% D3 DV i s 0 Ol O Cud 0] O ] Q00 G50 D0 o] 6 Col od v e 8 vl wid e e ool wb o il b ol ol sl A
Poo Pron P Poa oo S Q08 000 0 000 00 00 880 000 i@ et sped spend ek sk s et id wend ped et tped et oed end et 0P P R 0 S0 K0 OO0V I 0N G0 G R b O OB NI O
et yeed et e ot S5 o Lf O O wod OO s W WU WU WP LW IO U0 W0 00 U 17 308 00 00 0nd 0] 0o g a0ed € 00 00000 U [

st s gl ol ek ek gk et ped spd

]
e
Lad e S PRl B D P OO L e d OGP el T A P QU AT et (DT g I 0 e Q0 0 0 et O] D3 B 10 A T GO0 D s B8 i 03 i 1 OO0
P R R R e R e e R R RIS AT DS R R Bt R B N R ar b SR AP R AR R R R RbF A0S RER i S o ol 2 S A
ot
[



_78_

Concentration Measurement Results

Table 5-19.
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Concentration Measurement Results

Table 5-20.

(8]

HUMBER

RUYH

B Ly
<L 0

b S i)
0 C

0
=<0l
Sy
[

<

ZGEGE

(a1}
w

S
.3

.
< faat
o3 ek
R <4
- B LI
[ 4 .3 b
&Yy &
e oY
Sy e O 4 Lad L}
[PV Sl o v
OO X
g F¥)
[RE ¥ T =
i s JE
oo G £33 08

H
i

 oladled g
et et {3,

wed 0 A LA LT A
4 Lol iy
[ Pon Fou'y o408 574
Lo s o s e
o oo pet €5 08 63
Qe 3 U 05 Y O

E

o b {02 T L DU L D O D DLy DO GO OV IV O OO0 D D o O ol oD oD oD LD D e DI et O S PO U oD el O L 0 5D
“’ ﬁ ----------------------------------------------
.\Qﬁ«ﬁ.é?ﬁ.@@.&vc.@ﬁ.ﬁmﬁ.gﬁrxﬁ&.dx?»ﬂ.ﬁ:mvG.00:00.@.&.04?1?.?3.&.&&370.,4#%.9..2.0@.@&

= IR D - 1V PV DY e PR OE OGN Lal] o]
:s:.... G et S ot 3% oot ot 1t

TRQTI%%

ol At ETp L s BB Ew B R Ewiv Lo o Lo Rwbwd LY o) § SN L RS R R T B LR L SR v T ot RS B Rwchs Rt il o v v e B Towcd LR v s R}
[T 1 7Y T T
A3 DR R v e Bl B Bv Rl v Ra w7 Sl EDAR B oy B i DR TR 1 T ] T B Rucll A RN B R w i S o Rt DOVERS T B e Lol JE v R g

HOOINMY wol 5 P WY e oot O O vt 0% wed 9] i Y et VPV G e L]
(e} g o R L] w15 o R PR et GO OO VY et et 332 et 08 A (0 e et et
[%] [ R et G 500 8% > vt 0 0N DY et b ok R

Lot AR wi P3RS

Bk e R el el  Pvir v o Eaiv s S bel Rl Eafaiuie Bulelw Ee Ll Ry A i Bt e relvle Lo lv bl Rw Ll
7~Mnﬁ.ﬁ.ﬁ«ﬂ.44§¢4ﬁ.?~@@.0ﬁvﬁ.ﬁe.D.cﬁv‘uwﬂfnvﬁ»ﬁ»e iR la R v Ew R KR ls Ea T E S L vlv vl Ll
AVQ LRl S s -l I R =g e R el vl n by Rl wRe Rl Re LB Luln L v Befe Enln Lol Lo Sl whe Lo e K il
b v e O v R R RN R o o Ea ] AR CE QD
et wd {af ] g IV el et

rxvﬁ‘a«uu.nﬁ~(4=u?ﬁu$2.mve¢$.ﬁ¢¢¢.nv..uv.nﬂ
prad-ohs e B R S K D EESE (6 L X Re g el Bv s v Rl i i w s wd

i e ol T Ll D o S o S B S D DDLU U
S G0 00 (0 T QO 0 Q0 00 252 < L T T 83 O e b O (BT O

Q@

feRw B Rhol) SV S RS T 3 Oy RELR o S off o e o Rae R s e )
Lt 95 e G ek OO 00 > W 030N S
' £3f £ Enf O €00 2ed K]k 0] i et

&

Ll 42 T 0 el P 80 O D O P et D0 0 oL 2l i P 0 0050 083 10
Lo RSVES RE- JERT I i) DAt I Tt EAtInt et
4wt umi uf o 1o £t i
ioid i

L Do By el LRI O P oo e O oK <0 0 0 o0 Ko oS0 il A0 oD ol <D D T {00 U D e oy O D0 0D i D D DD D L DT U U
uﬁ.m.w&.vnux‘»f [k vy PR ] oy R R v R Ew En B B Ev Ew e EwiBw EWEw R e el w ERcEw v B il Rl XA -

?._\..Y‘aig_ﬁw;..ﬁfédu EIARE SRR RS o Hat Dat B RaX RAY Y Rl Dy B 4% T EAE DA Bt et BG Jis ghs S ais gk VG A Tt s R REVERY L
Poo T Po Do 403 Gf K00 2000 (00 <000 el ornd g cped apend ol el dpad g wpad el cpad o perd ek reed send emd 00 ehe g T O 4 OO0 X8 0 0 Q0 st w0
el yef opod el seed O] vt S5 OF T WRWI WU WS WU WD WU W W0 10 1 00 oL 00 0l 00 00 0d g 1 0 N0 0000 G0 i

[N T A | spod el gk ped el et ped vpend ged womd

HO .

e % e U e 0 T et ] D S P 0 050 et Col VT S I T G0 T o et Ol 00 T 00 e Q0 R et 0 PR 0E 1Y 2 e 0
e v g et el ol et ok vped £ 0] o 0] Cud O Ed 0 Daf £ P B PSS 00 INT 3 N D3 b ok i e ot e b o s

TUBE



-80-

Concentration Measurement Results

Table 5-21.
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Concentration Measurement Results

Table 5-22.
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Concentration Measurement Results

Table 5-23.
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Concentration Measurement Results

Table 5-24.
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Concentration Measurement Results

Table 5-25.
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Table 5-26.
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Concentration Measurement Results

Table 5-27.
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Concentration Measurement Results

Table 5-28.
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Concentration Measurement Results

Table 5-29.
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Concentration Measurement Results

Table 5-30.
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Concentration Measurement Results

Table 5-31.
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Concentration Measurement Results

Table 5-32.
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Concentration Measurement Results

Table 5-33A.
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Concentration Measurement Results

Table 5-34A.
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Concentration Measurement Results

Table 5-35A.
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Concentration Measurement Results

Table 5-36A.
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Concentration Measurement Results

Table 5-37A.
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Concentration Measurement Results

Table 5-38A.
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Concentration Measurement Results

Table 5-~39A.
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Concentration Measurement Results

Table 5-40A.
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Table 5-41.

Lol e <

| £33

E A

Pl o

foos £
b ke

o
o
4
o4

TS - R <
ooy g
SE O € b a0
fome B0 s
0 I AR LT

i prood 158 14

it LA foe
T e

i s £ G

[ AV Beit 18§ 3 I
£3F e 00 ad s L 4
B s pous g
I eed Kl OBl Lab
S et DR AR
£ 6y e 0l O o
Proofix s el oven Jovus o
S e vt vt O
LB BW W

B 0 S D 0 51

{,.U,:.i,f; .»auv.q Wbl T D WY :v:li..wu:%:% fuf;.,ra}ﬁv\.ﬁmﬁrvw.v#aﬁ i .».}._.ﬂmﬁ ,sfzw‘.&.xsffv

E ;Q\.utmv,..Aw‘.a‘vauv...x?u:ﬁ., ﬁ&?t‘ﬁksﬂ(g&eﬂ :“..L _izﬁ. fi&s.ﬁ:‘w{a(i‘&vgﬁ:é‘ fo.uv..f

i [y D L | Cof Pra 3§ o e oot 9 ves VO 2P el el
[T e 8wt PV T I SR N PO
PO LA R

HGEGEGH ReTaRw R 7@&%?.3«.&@79??,54i' v#.aU.L_..uq,. ?.ﬁ-.._cd qu‘mﬁilsl.ﬁx R &,?...H..Zmn.»‘“uw

Ledisd . . .
L3 »Q,:J..ﬁfﬁvf» u.:wifcni?.w;..,...va%s ;.uv?;% ?ws ﬁnz?w? e i&ﬁ «U..Q.FI&? ».Zq».g.m(ih.vs?h& z...;..s C».:?
fetl el RS o AR RR A ] I o (0 0 BT AR O oo O G D P WD o
£23 s oo b REY P2 w0 P Fos 2 00 oeent Q00 2000630 O 0 [ ar Bl R TR bl 2 522 22 I A £
L) e Lk PV e Dl P L o6 O3 e et L R 3 s
(AN seed o] 3] 193 W ] bl
«fﬁv.rfu,ﬁinw il L Dl e D D e D O 0 o o0 Do e ol e o0 Al D3 D D A e O Do D ol o D T D
b BT vvs. T 0 2 w h. és Ug.ﬁks}ﬁv feloa Svoliind .».«.tv..& Sl Hxhw.ﬂvﬁy@.ﬁ«&;&&v.@»?»u« R R R s
.,.V.n:u.uv% &2&1& .4 &53&;&. o L ﬁfﬂ:uv@ G.a..«fsv EaTaTr B T Ricw B v By v R wE wiEW R il i Wi |
e i x~] e o o woei b 0 Oy <D e 0 R AT ]

R AT TR e ] ped gl

ol = Rve Bt Bw i e B i B T T Ew R i i T Sl w i i w e o e K R R o R v s e TR ST 0 e B g ]
,.:wi;%.n»ﬁ,fxw.@é\} ‘»,E:ﬁ.é .uw ..b.n; ﬁ ..uumv&fﬁ.?@&. &.ﬁlﬁ% i su ?..&, ,ﬁ.zfﬁ & Lo S gy ) e e Qza... b
3.0.3@&223:2% L S .ua.._a.? .»,niﬁuﬁvﬁvﬁvﬁﬁ«ﬁﬁr e 24?42?2??%( W et P D £ %.&Qg
[AK] [ LA D ok o Poln ey L 10 (X TeT R/ VI RO R Eor g s AR AR AR el S Eat RS
L Cefalsf s § A0 et e Powsoeof | s § o Pt 1
i [ i

w D S Tl e b i L L DO DD ?\eﬁ;fc.ﬂuvzvﬁvmv.r\.» anq.. ﬁv‘ev;a«ﬁ.ﬁhﬁvﬁufgﬁvﬁ»mvafvﬁfgw?ﬁ&c

34 ﬁn,{.ﬂ.vf« .ﬁ:ﬁ,& ...v.ﬁﬁt&..&é..%.&» g;u.n.@..s.ﬁﬁ nw uvua o tfnw ﬁ“.ﬁv ufvx) A@ a.v..nwau_.ﬂ«ai»d ﬁv.n_.,.arﬁfﬁ,.

el
ot

[o1]

ar

?_2?:&?:%.4 ﬁ;,mvé. .u..(.q..‘.}:{...:&..&2.).2.:.5..4??&aé.z.“érz_ ?&_..:fmnéé.&..ﬁ ._&. 1.4 a4 444.& L ,v.f& a.r.:b..
oo Fou P Pone P P97 5000 G0 50 o000 870 K00 6 1l 08 tonet v ot oot il w2 s gt kg el et et oped comed gt SRR WP OO O 6 OO X 0 XY 0 o w0
R R R R R Tk R R T DA I SR PR TR R PR T R R R PR I R ) TVl PR T g PR T R R ARl £ s At RV RS Kl RAY Kb R e in] P

o geei ped e spad el gl el sped poed

b Sl IR B e P 00 800 T e £ PV S 003 80 e 0000 0 oo Cof Y S0 03 0t P 000 520 oot Col D9 0 17 0 Toe O €0 <O s OB Y b 10 3 P 0D
Rk ke R e R e R DR Rl Do Eat DO Ead ot et Do) R DAV R AXRas A A R A0 o R ArE r A AN R AN A i s s g sl ol b o



-101-

Concentration Measurement Results

Table 5-42.

@3 Al
M i X o
3 Le
[ X33 Had
wd @Y AT €T
[ IR AR b N € 4
Lol S s R X RS |

o < b 4

ER PR & v s W
g1} 20 Led
#of ot [A- B S

- s [E¥

) s A T L
18 SR KT 5 TF U K% N
10 e 0 e d el e 138

B pews bt £3,

e TR A1 R EY RTR XY

ot il [ E ]
£l i Gl O L)

oo e orars Juos Joiee

posc B e R g s s Lo ]

LR Ba- v R AP R RO

sl s i il s bﬂ..ﬂ»&ﬁ oy A \.u:x&,.n:.wﬁﬁvm.fvﬁ{e.nﬁu, S .36?..&%@ .ﬁinq&;u?.n»:;qf
B...nsu‘a,.h e e e e e e .
PR e BT X n.,(xn.«ﬁ:ﬁv uﬁ.ﬁﬁ,.méb.ﬁ,ﬂau ,..v a0 oDk ﬁnv 4328553 b 233&;&&,&,
Jeon el
L% UY
i
]
(V]
Pome
L 4
tﬂrﬁ LR e R ) Uﬂx&iﬂ»&,;;gggﬁh?d;..‘:s.uv?.v?&‘%{ ol é,?:)ut\?;dwé&w.ft. Lo WU ol D
adies - e e
nbuv.,.fﬂlbgﬁfwc‘tn;u..)au.ﬁq&:m« »«0:0.@...4&51 ﬁméz.?»sv?h&:ﬁrf,?z.imviégﬁvi?_323_6.5.5{
SE o gyl g e 3 [ B D SR INE DD DA o R R Rt R R AW | o]
e J L LR B 74.&.;4..14«47...“&874» DO RIVES S i "L AUREC] Gl B v o
Ly ot g ) D et A PSR U o agk O
o et 53] 2] §9Y S wge Od -

va..au...ﬁ&ﬁ»»ﬁfﬁ«ﬁiﬂ«ﬁ.éﬁvﬁﬁﬁw.ﬁ
?smﬂ@.\ x..it,rw..a %4@&..4.\\,:;

i..w@.neﬁ ek Rwle T Dv v w T e R s Ev ik wil vt R v Tl v R R
&wﬁ.&v.ﬁ% n,..i.u,ﬁw{f.vﬁ«‘u @Pi};i g\vﬁ%é@ﬁ»ﬁwjﬂ»ﬁ.@ﬁ.i&,ﬁ

ﬁvﬁméﬁ?@wi,ﬂ%é‘é\ﬁ S?...&ﬁ.rxo‘nvtsQ(gﬂpﬁu&@ﬁvﬁ‘iﬁr@@ »v.av&.ﬁvﬁawﬁ.«ﬁ»ﬁ .ﬂvxvnér:%:»

o - A et 0 g g 0 P GO O RS Rt Lkl

wod yeed K Do G IVE ok e
R T I w il of Lo T B A% 2V SRRV F Tt Bl wihe o w i w B W Ew v e v R R W R R v v T TRl T o § Tad i 9]
fﬁé@.ﬁv .%Aw.m}iﬁb?_wa%mﬁglhﬁ..d&vgfwhv o nfu.y&&..&vc.ghw.vh e CLF ‘ugﬁ NG S o e e N 4h443.w1¢&.¢.f
(ﬂvu«oﬁ@r@?z;bs*&ﬁai:f%?d.}uﬁﬁes_.v cR W) F.ﬁv@rﬁé ._rvn..u?x.lﬂ. Bl R U o Q.ﬁef.a,@.ffa
3 Py O b G0 0 00 Do vl e a0 00 (NS f&ggfﬁ.b ¥ i s 5 0 I P Ol o f Tl 0

] i et 0 v o] O 00 () ot wet §oreei (4 L § e [} §
i

TUBE HC.

i

Pl

o oD <D oL T P a0 P o D T D D O D D D D oD D o D e D B D oD D B O O D D G D O D PRI UTEY
.«.nm‘.nu.}..

.nv,..).a&?u. .%7; de?d@ﬁ&fxﬁf;ﬂfﬁ mv.},:w.,uv h«»t ﬁvaﬁ@%&w@ rﬁfvﬁwﬂv.&» .f;.nv ,fmu«ﬁ,.\é»vﬁ.n.vg.qeﬁfu...

2?_?__.:.:3?3 55331.«...2?2&2.2_4222?:..,_}:522?:&4 an 444 o é:.af.»‘ &..é i.iﬁg.&.k &u

P Do P B0 P 53 00 080 30 003 00 00 W N wond et syl semd ot ool pond nped e Spod st mped vl spm et ek e R G e (0 0 Q0 0 030 Q3 Q000 Wb e NN 0NN

et et et vk e O3 O S OB Ol et RO o WU B WS D WDV WS D W W MY WS W B0 005 % 08 00 OO O 00 O 0 Ol Do 0] 003 QO 00 [
oo ope gt ped e ped gpmd el g ol

LR Eab it o e RX I ANEL ReReC o e B A B o TR T Y v R e W S LAl § A B0 o T RN | ARV REDCRRL IR § Al hs o T RAE oy R ot A A R o T AR VE SR ]
Rk R R R T e R I T At Rt Rl Rt Tt Rt Ear At B R A R uk B A Earl AXR Ay BAXRArd WA s o gl g o g s B



-102-

Concentration Measurement Results

Table 5-43.

A5
1ad
3 ﬁ.v T»
Lo 1879
b
-
Ews
L]
< <
LR A
i
¥
# M,
e L3
<3 oot
LA I FX
R
- oR ¥ W
Lid £ fon

[ 5 (o TR AR
[ RERE W ov B 'S
CE O Ty v 1 R0 S
B AT o e B L
[EERNECS R ks 5
[ pang £}
b [ I
[I} o
479 [ Y D R S ]
Led e clal d i o
Gk L3 Lad X5 e 40
prong SRR £
oot P 7 £y JRUS ST €T ]
ot el Lo L3 L2
L) KT oSy 000 {3
o A v i e e
i J SR BT o Ko 3 v |
L3 000 Z3 T G0 O

,&,»U.xh»«.v. ».w»“ ﬁ,f.. i ..v.ﬁvx, »&ﬁ« e a.«.nvﬁu ﬁé.. Sl ;«Av.ﬁefvﬁvmv ﬁv.muwsa 3....;.&0&@, u..;u.\w«mv A el

el
\,.vi.,,;v%rvtﬁulvé. QU&.QQGa .ﬁwﬁv. r.vf.ﬁ Lo Qﬁvﬁqz ﬂ:}.‘vgﬁqes ﬁi.:»...,,,

:....7...;._.,.39:;&; ,asrm??_ e T 2 et P 0 D0 85«&.«:?{ &.7#30( i

Ur ol oL O ol 0 S 0 D D

5.:& B . . .
fmuw,irfau_gf.@c uJ.»V‘hvcs..d.r;\Q:viiﬁi(?.w?;aﬂ@?c,ﬁ&viéaﬁﬁ.iézéé..,{ﬁ.?._;&ﬁ o e
SR w5 Lr ] g BRSNS R o AP RN RE TR of Rael DAYE RN o R e SR i L S AT A Y L xt)
Loncy B [« oo < TN PP P TN Y [0 25> ER VIR PR o T 8 /0]
P wwng O <23 L Wa g e O U ol g

[} ] et Cof £8P w0 O i

BRks Eee Ba e Ev BB eel v Relw R vin S e e e E v ]
LA g h»ﬁ.ﬁ»fv.asé eg a..»é.nv..,..._z&»u..ﬁl L ,ﬂvﬁvi Q

“rad

o e Al 0l o

s “muaﬁ:mv.ﬂu.s.ﬁ»i{nv

' .
.ﬁ?ﬁv

.

vaﬁﬁiﬁﬁ:ﬁf&.L,shm.»..fﬂ.«mvgnwav.nwé:u.?.ﬁrﬁf{..w,k
r‘nvﬁﬁu...nwﬂwﬁ ol ua?iuvﬁqﬁvﬁ»ﬁ. »u»ef..\vfa\. il

.‘z..xz,«nvﬁ .f.«?ﬂ?@440&45%&9&¢\r‘@¢¢&€€?,U;S Q..Q{vfu av

ﬁ...nvauvﬂ.v& n;s:sﬁv.n.v,c el e
e x4 et L) B ok ] o (0 Cod i < i CO 0N R o e ]
B ot EATERHE L] i o

K T G D 3 D U LB <D welw Bl o b indind el
ﬁnrvg.vgaulh..ﬂrbgew
Q.

S 3 LD D B O Do D DO D D I O < D
< L Q..b.»&é 4@..31.?2.

b ATy i

[

ﬁéav.&ﬁw?bdu.ahv.n«»v?,»\.ﬁq

<
nxé ?aw‘.nau‘o.vné?sxﬁv.ﬁ» s ﬁw:};égﬁ.&fﬁ
LR o0 EACRNS SRR ]« v L3 RRce ] Lrd kb BAS FREAT TRV
H fi;m.n.{ H [ § o [ 1
i i i

el e .ﬁvé 4,&49?2? .a....ld, u\..uﬁ.vaéﬁ.v.nv&vﬁ .ﬁ..xhv
4] T3 P O30 0 X3 oL 10 Q0 i o Al 0 £ g
8 et et oped P90 0 O IV d vt e

<l <l 0 D T A0 L O oD O D D O K e A.V«VOQ,ﬂAwfﬁur\ T O D D D D O T D O e DD O D O O WU

vaﬂ.ﬁ..v.‘nu..&&h.xu}a.a.dx QQG.@&.»@JJ%Q&VQ A.qﬁuvﬁvrv;n«ﬁv ﬂva .U»Uévﬁv ﬁaﬁvsﬂﬁgcﬁvﬁvﬁv&aﬁ?ﬁgﬁe

TURE MO,

wt

n..ﬁ..&ﬁ._..i}..n&%.._cuz [}
AT L L A A R T e B o
eed ol poud ped et €3 £ ot

i ~Q,.n,.._?~\i\..~22a .:...:dﬁ:ﬁ .‘&2?:..&\&?.474.& ¢¥444444444@€4.t 53
TEY ot 4m@ ot sped oot pod ogmt pad ek gk et rped e gt ek et ot e Sl e (0 0 OO0 OO Q0 OO Q0 0 e e O NN
PUSEI USRS I W W Wy s W U U U3 00 G0 00 O30 D0 (5 00 0l S0 G0 0y [

wed el yod ol gl wed wad tped yed god

i 0 T el 1Y P 0 G0 LD et 5] D 1 80 P 00 O% 0 o O VI8 105 080 T €0 O S vt Qo P e U0 500 T G0 B8 000 ot O VY00 100 08 e 000
R R e e e R R R IS I IO R LSRR E DS R AT R R S R AR s R AV B A R M B AT R i o i o b S AR S



-103-

Concentration Measurement Results

Table 5-44.

3t S L
L)
e g At
b 3
Y
[
L)

LET I
- v A3
X
foum 2
B
&
¥
<

o

.

i
R

L L8
< o

23 B 1)
v AUEE
B by
[EX] [ 2
ORI [y B R 4
4 BN e s S £ 54
D s S T E R
[l AN Sl S ¥ Y
oy e

«f o R 3
o o B 53 e
i H foent: .rv
x4 R0 O

AT Reo R TR | KT B R
[ PR R FE Py PR
e ieea 1,
fie DU B <> J AT R TV E R TS
proat o] LiLaly
5 wiln o 0 o 0
LRI
o} b et b=t 0 O 0D
PO et i R RO R A ]

W

g

LA S DO BODODGOD %nl,,}::myi CBDEOTLTDOOSOE P D Ll G T DD DO
rr c . . . . . - . “ . * . N . - “ - * .
A S G I 97 O O O G e B D D DD DD D

T O P o
LT ™
@
3
B
[
RS
-
RS SME OGO OO DO 5 DU IR 00 DD G &8P D O O D
1 7 7Y ST .
YT D et O3 5 D D D T D e AD A A T P o 5 o ) [ D P s P 45 ) 005 DD
el [T o G sl O3 00 3 s A 180 S GGG 0O
23 o et £ Fou 15 and NP B IND R IET £3 Y e e e Lo SR
i ] IR P R ¥ P e

g anst et O] BB B 15 v

et vt e e e e
..n:n‘r.unwrv.\b.é 4444%:.526@.«?(.@& ¢@$0¢V~}Av&.».ﬁv$:vnvﬂﬁnv U¢3y.nvﬁhau¢'w«mv.uv .U'...u.vﬁ\s.ﬁu.wuw
o 33 Ll (SRR 0 O ngs O e 0 L R Rand
et et (5 o D8IV i vt

IRk e o SR g BEREX- R R O B Evahe R w R e s o Bw R W B B R R R R R R vl B R w Eve vl 1o F T T Ty B (o]
..«xMHA».ﬁwﬁﬁwau»...a..13»&74657ug?«07u.€e¢ﬁ11.an., D Q@B.@?&.&ﬁ.@ﬁ's_ﬁné@gﬁ.@rvﬂwa&x%éﬂear&f@f
L T c e v s e e e e e e e e
.3,»&\.ﬁa..w.fvﬂ:w.c35&:37u§14?4?&0&.3¢$ﬁ.$5s,vax&‘*?d*g.ﬁ«»d?z?ﬁvs.wﬁvi.v( ﬂ»@x&&ur&@
Py P s 0 asl o OO O S g o ngd G D) ROCLAT OGN RECRR R B 3 Lag e A et et D Tas]
i O d Oof Tof O o0t O Cof et 0o et pmd bt N L - § o [ !

[ ] i

R =R e ToR o T F O T 18 N 08 U ) K% Kol BheRw e v o il B o e I B e st I R v v v e v R N w R S v B [ 3 (0 T B T 3
...\Mlu:.ﬁ.#wfﬁav?vinwu?désvunﬁzﬁ.»uvﬂv.nvﬁv }ﬁec,nvhv.c,ﬁvQﬁvﬂvaaéféﬁvﬁvagﬁ.éfﬁﬁvﬂxaf}0..._.
AL_?_,..._n.é}p&._ﬁ(ﬁé..b_ﬂ.?q?wi? n..._n.i_zn.;)unf.:.w:/_}.,_?..ﬂ..:r..r.._ﬁi}._?h.‘é& @44*&.4& .Q‘Aa.d‘.o».é d‘.;&.,h..&ufwu
Foe Poo Pow o P 0y O] Q08 QU K0 <00 6] wed 1t ot apmd sk o8 ol e gond sped ol s pend st et et ped et S8 g el OO O 00 00 0 Q0 €07 OO e O OO
el ek oped el ek i Cuf et OO O W WS WYWI WX WD IO U W2 W W00 U2 U0 U000 O 00 OO O {00 Oof O O3 $F 0o 03 €0 800 i

[ I T T S T wpod gl o s apwd ot i ped gad Yok

Hi .

wed Gl PV SE I i Do 00 G O e O VY R 0TS 0D P 00 O oot O\ DY o 1070 083 P Q0 O8O vred CoB 190 00 100 0l oo Q00 0 <0 et 1 VY i 107 00 P OO
e e R e e R R T DA LA O T IR Eall DO R T DN R AR A RAXE e B Al B v S BB B g sV gis i St g o At

TUBE



-104-

Concentration Measurement Results

Table 5-45.

[
[RY I

e R H
[ Rl [
P 4

L
&
Oaf
o
4

W

-,

el

(&%)
o

o
L
12
T, MR
B g
iad L

U } Ty B
¢ RS VO

QR e g el
s e o e
LEX R RX VRN als Wi
il rcog Y |
A S [0
[} Ll
£ Lo e 3 O

KR 2eCEY XV £ X% SO B3
£ b o0 Lo £y 2 43
et
how PUS Fuc S Ly RES R ER BT
ot Vo LB 03
L3 o0 0 0 22 Y
P Sageiagns Jins an
o e R L
[ Loz RO R G R AV

%»R?iiﬁ-»kr..hvﬁﬁ%@ﬁvﬁfﬁ T oL q..%noz.DP?ﬁ.&wamvﬁ,Q r o «ﬁvﬁlnv.vavl?w...hﬂ‘w:,.u.iw ik ri.u«

L L ﬁ»ﬁvv vﬁﬁa_h.uéafn?‘wf“x%»uv‘}a&,ﬁ A\vﬂ..ﬁ»#quz."ﬂwé}\ Q?.warv.»ﬁ;i._ ..,w-..
"7 0 P P 8% et G P I £hi
e el U 5§ Ca 0

i;uwu LA gk N0 T LD A D b I O e O oD T O 00f D 0 et Y el 0 088 O o0 oD D YU 0 O ?..né.é KSC‘??K Lol e il
Jallad s v e e e e e e e e e e e e e e s e e e e e e e
D D O < SO O O O Ol orv?.w.,,..i_qiffs:wmwﬁﬁ..l«fvs{»ﬁ;&a%.ﬁar.» CTQ.A.C;D.Q%.: .u..u,
LENTs o £ PSS iy o i e P o e e Rt § S S 2] w.v.,..v.
vl P el T30 0 P 00 g vl 0 00 IO GO S ey O
D] Rk s £hd O S IVY 00 i s e [l e e

fat] [ATLAR S LY B o ] et

i

e

Lud
[
pove §

[

ATy Gl OGO OGO OO DO OO GOl GOl GO OO OOG OO O D
mﬂ¢AVL¢ EeRwhs o i bl SR wEATE S R e e Ral w R «.ﬁv..,.nv..:;u. gl e R w il w S s B w s

i».uu. L ?.:afl &..323\34*8.“ LS Rt R ev]
e ol S s f £ PV o v
L0 o o S T S oD D D o O o D D D O O DD DT DD S D O D D O D D D Y T Y
40»@@&*&.44949@@@gﬁz.ﬁ.gﬁqﬁ.».véﬁeﬁvav e O Ll ¢ ver.nhaa&ﬁ.ﬁfv%«ﬁb?._&*é. ....w:ﬂiur
EeleRcRs e TRt Lot RevE < R T S O 0147(42*&0&,9&0@3@39;4?42».u?::13»?33%4&?35;:?.%2&5
™ 7.:&9-34 [ AR nat REA LU0 £ v RN RUCRIR T | f 4 L= ] g AR TAS DRI EAN]
H LTt B b oot oot [ R A et § et tot H

Pt i

bl V&.ﬁua} QQQQCC %ﬁvﬁ«ﬁvﬁﬁ.ﬂﬁtﬁiﬂ.éﬁf mv.ﬂv,ﬁr.ﬁ,hv@ iﬁ»ﬁﬂ@fn i»%&x.vﬁ. (.Q;V:J:;._&s

...‘..nrb..:é.}?‘nvaw‘a. .@&‘Q‘?Aﬁ??_ ?...?._??2..‘..r_ai.2.2ﬁ.a....,,._nﬁ?-?»}._ni?&..a,.& wf 444&44444%4:&!&;& &_

Poo P e P o P3O0 Q0 <50 500 1T 00 00 ASS wo8 vt ored ook oyod et oped uend e e ipmd et opod wped e et et S 0 i Q00 00 0 08 €00 008 020 O 007 sl o] R0 0 00

oped el sgend vt e et et oed (Y 0 OF CA P O W WP WS WS ESIWSUI WU WU U 03 U5 17 Ol Q0 G0 O O 00 O 0 Ol g D053 05 i
[ I T TS TS S N B T | o ek s g ok el sped el sped sl

et S IVE S 15 20D P Q0 0 S et O DY 0 103 0 Boe QU G O et QDY N 0T oD P Q00 O et QOGNS R Y il P OO 00 S o O P S Y S T 000
L R R e R R R R R R R VIO Dot Dat Rt Dt Rud LAV Rl Dt 08w B AR wr Ak i AR R i B ) a0 SRS i S SRS SR



-105-
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Table 5-46.
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Concentration Measurement Results

Table 5-47.
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Concentration Measurement Results

Table 5-48.

g \ﬂ..a. <o

X fv Lt}

e 3 0

0y
o
£

el

?.JZL,

pez R ﬁ;._
Lo Rl Up ]
o €

ZREGO

b .}
i ot

LEX IS X1
S WL
A T |
L St b
wad 0 e <
LEx T Y o SR £ 4
L ek W wes Lef Li
o 0F e b 20
LA BTN Ry Ay i
o g PN
b L B 2
[ s B
X4 < G C i
RV RS PR EY B
o0 b O Bk Sy 2l LT
o Rl O
foa JE POt R Cn 3 AT REY § KT
oo o CILICD
8 Ty el Gl O 0
oot Wpvongiriodis Juse i
SN b et el 3 GO 0D
LCE U3 B W

I

ﬁ”uh&vﬁ.ﬁﬁ.ﬁeﬁ,ﬁ.ﬁvﬁ:ﬂv.@ﬁ@ﬁwﬂ«ﬁ«.ﬁﬁu«.@@ﬁw&véQﬁyﬁ.\n‘.ﬁv.ﬂf}&»\,&q».vﬁ, 23 P e 20 Pae 9]0 et o bl A0
T S S T T T T T R
.tiﬁ,ﬁuﬁ..ﬂ.mv R w R e L v Ry R En BN SV Enin Bl RV =R v v L w R Pe Ew B Ru iy B i Evin B o En Lol 0 Dewd i v Ealon kv R ow st

L I A
el

e
‘;;

o

b

JTRQTIQHZ

e S 00 00D oD D O oD OO D oD oD B o O T e o 00 P 0 D D DD D o b g v o O u B P U A T DR IVE N0 0 D o

[ Do R R vl R e R e s RS R R Bs Rl B B b e S At e e BT R vl ST B el i e s gk R w R Rl

Jr- o o) P O O] e [ el o O D gk N2 LA S e T ¢ L e e T S e o

3 b [xaX 3] 3 e P 003 59 P2 00 R S 0 bt L R AT s LT R

[ [ TV BV B 0 i wed b 187} WY et
[ veed o 1] IYrefe {17 ees Ll

BaR e Rl R Ry R i 2T e e R R s R e P Do Pr B Ev Do Pe B R w B w L e e R wle Ew S Rv L Lo g v e bv L te Rulnl
_;.n Pl R R A el ey Ty Bl b w R Rw B R wibe i R R« e K B e ke K Ew i s R s

Avﬁ.avnv)dzﬂ\d R =g ] TRl ¢ Exibe Rl v e Bw bRy Bk e B vclow Bl el S ac i L w e K EwcEie R i R e L eiie ]

P O R O o == L gLy ESVER S IOCRS o4 R u] RS Eat§ev]

vob et (o o ST el
o o w5 o e T G0 e S P P B 1 Onf oDy O oD 0 D T S T e D ol D T o D D il oD A 0 D D e D e O3 (D D T U LY
ol v R w RV A Bl it Rl RS ki Do el Evligl Bl vEw B Rw R il SRR wil e Bw R et Sy Bk n T ot EEN R Tuc v R RS DV AD b gl g DGR A
Wttt e e e e a e a e e e e e e e e e e e e e e e e e e e e
Sor 0 {0 0 B0 P D AT IR I IV et et e P ot ) 008 b S0 S T o0 D 0 o0 ol P oo 0 o O e et T o o A e oo 0 T 0 A0 AR 2
f P9 i G0y sl o G 3 <0 o nay oSy O 0N s Rt L R ox R RE R EA L e a X i 3] Lataad s § axialNel DA Ras ]

H €l €] 0B 0f Dl w3 o 0] ek 73] vt ped §ored el 8§ ot [ i £

[0 T T T T A N | Pt i

REE =R R R o '3 §r DR SLE AR b Rt R R R e R v R w EE R R R IR i B i e R B v R e SR B L wl o S To 1Ty ] Ty ]
30D O O Dy BV v QO Y A0 I YN0 O T D D D0 O T S D D D O D O T D o < o T D e D Dl S e T N N D
€3 ol 0o Caf O] 18 P O S50 16 VD 190 ormd Poae 03] €0 €90 €30 4090 Col 0 o 7d Cul 0o O o) Cad 800 Tl 0o b el Wb el i i g b o el sl ods g 4) 180 % e
Foo oo Boe Pooe Poo A0 0 1 00 £07 X) €00 0 et pmd et oot et ol ok o e sped b sped peed it et s pmd et R el 5 00 Q00 00 G0N 0 O O O el w0 N O
wdpeded pdved §§ s Col et OO OB W W WY W WY WP WD U U Iy W0 002 WD 00 O 00 G0 00 Ol Duf €58 0o £ O O 00 00 i

gl ek ped sl ped sped oped st sped ted

wed Ouf IV SIS 85 e 00 0 <G -t OV RIS w0 PO O 00 O ves (o DY) S W03 48 Pon 00 0 <D oot O IV 00 160 30 e 00 €0 20 et DY P Y s 1N €0
wed el vl ot e opod et ped vt cped D] Oof 0 O] Cl Oof Cod 0 GO YN DT DU BRI DI b o b b g ool b

TUBE HO.



-108-

Concentration Measurement Results

Table 5-49.
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Concentration Measurement Results

Table 5=-50.
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Concentration Measurement Results

Table 5-51.
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Concentration Measurement Results

Table 5-52.
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Concentration Measurement Results

Table 5-53.
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Concentration Measurement Results

Table 5-54.
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Concentration Measurement Results

Table 5-55A.

ol o} T-T:?

s LY U
(KRR CEE N R TS B X x
[£x3 Ao O KVl PO A
I et 5 (1
(R e Ry R EVR ISR TY
Zive LAy L
8 o oy Lol Gl
proats slbvsofv: aihins i i ]
o e ot i O3 O O
L 003 I S U AT O

h}

Ll T L 00D D D T D D D D P D D O oD Ol D D DD O D 0 O O e O D P P e e O D 0 o
O % T

AR e Rl S R EWEw EwEv S Rl R TR v v B R R B e R R RS (N p R iR R o R Ewl b RO R R R v v 2 =]
Foou e 053 et ©) IV O et 0]

[ 1Ay ] Py e

pe Do

Lo

[

Fone

LN

&S

$ome

o Rt T s R Tl Su e I IS S R e Rw bR ile SR Rw T O Kol ) BBl Ru s v s R R b R e R e Rl R v g
LT T 7% T S S T T
LAIBSOMINS OO OO OO OO RN RO SO NL GOS0 OO OO

D et P LA AT A 2
L5 e L o 2R eV Ea T 2]
Ll LAt Ee) = Py

el

B B <~ SR e R T R M NS S B W e A e S M AP B AU TR T B+ s e o R R S W e o B S o e
2%@69&044&u4¢2¢é¢$¢¢¢€¢6¢}$é$$Q%Gé&@ﬁa0QQQ&&&&&E
Y OB O FEF GG C T OO DEDOTOH OO CDD DD DD OE oD oD

h> o v ] o s 003 O 03 2D o Q0 0y 33 N D

it et £ € D1 N3 ot et

g&ﬁﬁﬁ&.é.@v.ﬁv ,n.vﬁmvgﬁﬁﬁﬁr.ﬁ_ﬂéﬂ.ﬁvﬁiﬁfQe.ﬁv&@ﬁ,ﬁvﬁﬁh@ﬁ?&vﬁ«ﬁiﬁvzusﬁﬁa
padcl S v B is L b hn LR B AT R el ol B v R B Bl ECR of Bl CEXVRRT AT e v ibio R AR Rt B o U R syl
L S
L L Q%x$44£432?4?§%ﬂéﬁ.j.ﬁvgﬁ.ﬁvrv:ﬁw2,&.?427~?1ﬁ§ﬂ.§.$17¢¢3§;&€ 257
(A P 0200 O Ly W D3 OO D walr £ Q00 03B 880 0T 00 O 00 G0 1 19D O 0] Cd €]
i oot et reed 195 8 OO O O vt o RS 4 ] b b ot o i
[ I T T T T A R iii i

Grex

e B« P R B R R Db <R R o T e T Bl v il B R Prl v e T R v Tl w B v v B T R s T v R wl 1o ] T § a0 T

pos v B B Rl b s L <R i LR R u En TR v R R R e R Rt Be D v R R ww R v I R R w o Rw ol oAl L T ]

T T RN

(AT DO LY Diel LAt R Eicy AN LA RS DO T DO EO DU AT Tt DAt E O EoR Dt REV BT ot RAY B0 gt i gbs g s F s S i A gl R T DX AR N ]

LA AP O S A Tt Do B TV 0md et ged ot gt 4ok opnd pod sqnd om g et gl et gt ped et e OO 0 OO0 0 O (0 €0 €O 9 o Gl O

el ped e e d ped Ca) o et | IS BT WS D WU W WU U % 17 W U0y OO 00 8 O ol O O O3 O 0o Q0 00 [
11t el ped ek ped qed ged opoed pad yd dpud

et 5] 1V L P 000 O™ L0 et I e U 0 T 000 O <D0 e N INY S T e OO €0 O s O 0 1T 0 o €0 G ol et O IS o 1 083 e 0T
e L R R e R R R R AP DO R G D R T EO O R DO OO A RA R0 i Ty R AXE AF R SO ubo sl g g i ol i o o

TUEBE HO.



=115~

Concentration Measurement Results

Table 5-56.
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Concentration Measurement Results

Table 5-57.
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Concentration Measurement Results

Table 5-58.
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Concentration Measurement Results

Table 5-59.
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Table 5-60.
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Concentration Measurement Results

Table 5-62.
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Concentration Measurement Results

Table 5-63.
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Concentration Measurement Results

Table 5-64.
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