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PREFACE

The wake of a watercraft may be used as a mixing
device in some situations in the control of water quality.

The dispersion in the wake may have a favourable or adverse
effect on the water.quality so that a study of the dispersion
Phenomenon in the wake would be desirable and it would hélp
resolve the controversies involved. Wakes of watercraft may
be used as mixing devices in the following situations:

1. To spread chemicals for the control of aquatic weed
growth and algal blooms in natnral bodies of water.

2., To disperse wastes and dredging spoil by dis-
charging them into the wakes of vesgels.

3. To spread a disinfectant for the control of
pollution in beaches.

4, As artificial aeration devices;

This study was undertaken to investigate the diffusion
in the wake of an out-board motor boat in a pond under quiescent
conditions with the. follow1ng obJectiveS'

1. To examine the adequacy of wake models (cited in the
literature) which are used to describe the diffusion
phenomenon in a wake at a free surface and of which
the wake of a boat is a typical example.

2. To determine the boundaries of the diffusion zone.

3. To study the variation of maximum concentration
and to determine the diffusion coefficients.

4, To compare the results of this study with similar

values in the literature.



5. To attempt to improve diffusion characteristics

of the motor through simple modifications of

the motor.

The last objective could not be attempted because
of the limitations involved in conducting the tests.

Tests were conducted in a pond when the winds were
calm as indicated by the undisturbed water surface. A
fluorescent dye was used as a tracer which was injected into
the wake at the centre of propeller. The dye was found to
disperse mainly due to the masses of water set into motion
by the action of the propeller. In some of the tests con-
ducted, the dye was observed to mo&e away from the test
section even though the water surface was calm; this may be
due to the persistence of curfents due to winds prior to the
test. In some other tests, winds started when the tests were
in progress which resulted in the dye being blown out of the
test section. (This was visible). In the analysis of data,
the results of only those tests that were believed to be
unaffected by these effects have been considered.

A simple, inexpensive sampling device was designed
and used successfully to ccllect depth-integrated samples
from an observation platform simultaneously at several points
in a cross-section of the wake at regular time intervals.
The samples were analyzed fluorometrically. A plot of
observed fluorescence versus time at each sampling point

resulted in zig-zag curves; a smooth line was drawn through
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the points and these smoothed values were used in the analysis
of dafa.

The concentration distribution at a cross-section in
each test seemed to differ considerably from one test to
another even though each test was conducted with the same
initial and boundary conditions; this may have been due
to the effects of bottom springs and variations in weather
conditions. Hence an ensemble average could not be taken as a
first step in the analysis of data. Thus, the data of each
test were analyzed individually. |

The concentration distribution in the wake showed that
the dispersion phenomenon in the boat wake, which is typical of
a wake at free surface, cannot be described by the classical
wake models. Attempts have been made in this study to explain
the formation and structure of these wakes. Based on this

explanation, and a theoretical analysis of flows in the wake
lof a self-propelled body, a mathematical model to explain the
diffusion in the wake has been developed. The lack of velocity
and turbulence measurements in the wakes of boats and ships
made it difficult to employ the most appropriate scales of
flow, requiring suitable approximations instead. According

to this model, the maximum concentration variation follows an
exponential law, which is confirmed by the results of this
study. The model also permits the computation of diffusion
coefficients. Diffusion coefficients are also computed using

the variance of the concentration distribution curves.
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Tests conducted at different boat speeds indicate
that the final diffusion is not influenced by the boat speed..
Much of the diffusion is found to take place in a duration
of about 20 minutes. Most of the tests were conducted in
the mornings whereas a few tests were conducted in the after-
noon. They indicate that the diffusion in the wake is
affected by the diurnal variations in temperature. The zone
of diffusion is found to have a trapezoidal or partial
elliptic shape. Weather variations are observed to affect
the diffusion phenomenon, which might have a favourable or
adverse.effect. This study shows that boat wakes under
quiescent conditions are quite efficient‘as mixing.devices
in . ponds and lakes. . It is ob;erved that the water in
the wake gets aerated, and it would be of interest to
investigate the possibility of using the wakes of watercraft

as artificial aeration devices in natural bodies of water.
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CHAPTER I

INTRODUCTION

1.1 Use of Wakes of Watercraft for Dispersion

In natural bodies of water, the wake of a water-
craft such as a boat, barge or ship may be used in the
control of water quality. The transport caused by the wake
may have a favourable or adverse effect on the water quality.
Some of these situations are described below.

Agquatic weed growth takes place in ponds, lakes,
reservoirs and rivers under favourable environmental con-
ditions. Algal blooms appear in water bodies rich in
nutrients. While the discharge of nutrients into water
bodies is being restricted, there are some uncontrollabdble
sources such as wastes from unknown origins, decaying vegetation
and minerals which are carried into water courses Dby snow-
melt and storm run-off. These nutrients settle to the bottom
of ponds, lakes and resérvoirs. Seasonal variations in
temperature induces circulation of water in these water bodies
when the nutrients are mixed with the overlying water, thus
stimulating the growth of weed and algae. The circulation
characteristics of a lake depend on the geographical.location
of the lake; an excellent discussion of these characteristics
can be found in a treatise on limnology by Hutchinson (23%.

While aquatic growths, upto a limit, help maintain

& balanced aquatic environment, there are some situations

1. Numerals in parentheses refer to corresponding items 1in
the List of References.



where they are uﬁdesirable. For example, excessive weed
growth and algal bloom may create unaesthetic conditions and
impair recreational uses of water; they may also become
detrimental to other aquatic life such as fish. In such
cases, their destruction becomes necessary. One of the
simplest and most efficient methods of achieving this is by
spreading a suitable chemical in such waters. Although in
many insténces»the addition of any extraneoué matter to a
wvater body is undesirable, it is found thatvﬁhe controlled
additioh of chemicals helps to improve water quality which,
otherwise, would further deteriorate due to the imbalance of
nutrients. A common method of applying the chemical toiwater
in shallow lakes is to add it in a regulated flow to the
slipstream of an out-board motor boat (1,1L4).The chemical is
dispersed immediately into the surrounding ligquid by the
turbulent movements created by the passage of a boat.

The mixing is influenced by the currents set up in water by
winds. The combined effgct nay Be.beneficial or detrimental
depending on the velocity and direction of currents induced
by the wind. For example, in strong winds, the chemical may
be blown away from its place of application, thus becoming
ineffective; it may also be blown to a shore, particularly in
shallow lakes or ponds, where it may be trapped in a very high"
concentration that might be harmful to other aquatic life. A
study of dispersion in a wake can help estimate the effective-~

ness and possible hazards in.spreading chemicals in this way.



Barges and ships have been used to disperse treated
vastes and dredging spoil by discharging them into the wakes
of these vessels (25,34). Such methods of disposal are
highly controversial}j therefore, it is necessary that informa-
tion on the dispersion of the material be available so that
its effect upon the aquatic environment can be evaluated.
Since the wake is usually used as a dispersion mechanism in
this case, its efficiency and performance in this function
should be evaluated.

Pollution from water craft due to ship board waste
is increasing, causing concern in recent years (37). Reason-
able controls on the disposal of the waste in this way require
knowledge of the dispersing action of the wake.

Boat wakes may also be used to spread a disinfectant
for the control of pollution in beaches where the currents
are slow. It is observed that in most of the beaches,
pollution due to human activity increases with increased usage
of the beaches as indicated by the increase in the parameters
of pollution.such ﬁs coliform bacteria; it Is of very much
concern as the increase in pollution level is maximum during
the mid-summer season when more and more people like to make
ﬁse of beach facilities. 1In such cases, it may be possible
to reduce the pollution level through the use of a disinfectant,
which can be spread in the wake of a boat.

Tt is also of interest to note that the water in the

wake is aerated when air bubbles are introduced into the wake



by the creation of vacuum pressure at the tip of the propeller
blades; in addition, the turbulent movements in the wake cause
more and more water masses to come in contact with the air.
These facts make valuable the study of the possibility of
using boats, barges and ships as artificial aeration devices.
Dye diffusion studies in the coastal waters of Lake Huron and
Lake Ontario have indicated that the effluents discharged

from sewer outlets in lakes may form a stagnant pool around
the outlet in low currents. This situation may become serious
if on-shore currents are generated due to unfavourable meteoro-
logical conditions transporting effluents to the shore zone.
Here they can be trapped for a considerable length of time,
resulting in the deterioration of water quality (26). Because
these situations are of a temporary nature, the water quality
may be improved by artificial aeration devices. The use of
wakes of boats, barges or ships would seem likely to be the
best aeration method suitable in such situations, if they are
found to be efficient enough.

Finally, a prototype study of dispersion in a wake
at a free surface is of importance because it furnishes
information on the structure and form of such a wake. The
process of dispersion is intimately associated with the tur-
bulence and mean flow of the wake. Thus, such a study can
provide for the evaluation of the usefulness of the classical

wake models for representing this flow.



1.2 Objectives of this Study

In the previous section, the practical importance
of the wakes of boats, barges and ships was discussed. This
study is confined to the case of wakes created by out-board
motor boats in a pond or shallow lake only. When a substance
is discharged into the wake, it 1s dispersed by the masses of
water that are set into motion in the wake. Further dispersion
may be affected by weather conditions. There may be bottom
currents due to springs which would also affect the dispersion.
This study 1s concerned mainly with the turbulent diffusion
in the wake of an out-board motor boat in a pond under quiescent
conditions. The effects of variations in weather conditions
and bottom currents are neglected. The objectives of this
study are as follows:

1. To examine the adequacy of wake models (cited in the
literature) which are used to describe the diffusion
phenomenon in a wake at a free surface and of which
the wake of a Boat is a typical example.

2. To determine the boundaries of the diffusion zone.

3. - To study the variation_of maximum concentration and
to determine the diffusion coefficients in the wake.

4. To compare the results of this study with the values
in the literature.

5. To attempt to improve the diffusion characteristics
of the motor by simple modifications.

The last of these objectives could not be attempted because

of the various limitations involved in conducting the tests.



1.3 Summary of this Study

Diffusion in the wake of a boat has been studied
in a pond under guiescent conditions, using a fluorescent
dye as a tracer. The diffusion is found to be mainly due to
the masses of water set into motion by the action of the
propeller. A relatively inexpensive, yet efficient sampling
device, resembling a battery of pitot tubes, has been designed
and used successfully to collect depth-integrated samples, from
an observation platform, simultaneously at several poiﬂts in
a cross-sec£ion of the wake at regular time intervals (two
minutes), which were analyzed fluorometrically.

The concentration distribution in the wake hés
shown +that the dispersion in the boat wake, which is typical
of a wake at a free surface, cannot be described by classical
wake models. JLttempts have been made to explain the mechanism
of diffusion in these wakes. A mathematical model, which
takes the flow characteristics into consideration, has been
developed based on a theoretical analysis of flows in the
wake of a self-propelled body. The model predicts that the
maximum coﬁcentfation variation follows an exponential law
which has been confirmed by the experimental results. The
model also permits the computation of diffusion coefficients.
The diffusion coefficients have also been computed using the
variance of the distribution curves. The boat speéd has
been observed to have very little effect on the final diffusion.

Much of the diffusion is found to take place in a duration of




about 20 minutes. Most of the tests have been conducted
during morning hours, with a few tests being conducted in

the afternoon. These tests have indicated that the diffusion
is affected by the diurnal variations in temperatﬁre. The
zone of diffusion is found to have a trapezoidal or partial
elliptic shape. The variations in weather conditions are
found to affect the diffusion phenomenon in.the wake, which
might have favourable or adverse effects; It is suggested
that the boat wakes under quiescent conditions are quite
efficient as mixing devices. It is also observed that there
is some amount of aeration taking place in the wake and it
would be of interest to investigate the possibility of using
wekes of watercraft as artificial aeration devices in natural

bodies of water.



CHAPTER II

LITERATURE REVIEW

2.1 Scope of Review

A review of the literature on turbulent diffusion
shows different theoretical developments for the study of
diffusion in various types of turbulent flows. First, a
simple case (such as diffusion in homogeneous, isotropic
turbulence) may be considered wherein basic concepts of
turbulent diffusion are developed. Some of the important
theoretical approaches are the mixing length theory of
Prandtl, statistical theory of Taylor and the analysis of
relative diffusion of particles in turbulent flow put forward
by Batchelor. The object of all these theories is the same -
t0 predict the distribution of some transferable property
of the flow (mass of dye, for example) with the aid of a
suitably chosen coefficient of eddy diffusion.

In extending these theories to the complex case
of diffusion in wake flows, the use of additional hypotheses
(self-preservation and similarity of flows) has been found
necessary. These‘hypotheses have been developed and verified
in ordinary wake flows and extended to swirling wakes and
wakes of self-propelled bodies. Ordinary wakes are discussed
from this point of view before discussing the swirling wakes

and wakes of self-propelled bodies.



The transport of a scalar quantity such as
heat or mass in ordinary wakes hasvbeen investigated. Such
studies for the wakes of self-propelled bodies seem to be
lacking. In the case of the wakes of boats and ships,
studies on the velocity and turbulence characteristics in
the wakes could not be found in the literature; a few studies
of limited nature on mass diffusion in these wakes have been
réported. These are discussed in a subsequent section.

The literature on ordinary wake flows is very vast
and only those works that are thought to be pertinent to
this study are discussed here. Swirling wakes are briefly
discussed since they might be of importance if the swirl
velocities in the wakes of boats and ships are significant.
Studies on flow in the wakes of éelf—propélled bodies are of
theoretical importance Qnd are discussed at some length.
Finally, the experimental studies on diffusion in wakes of

boats and ships are discussed.

2.2 Eddy Diffusion

Holley (22) has presented an excellent discussion
of the basic concepts of diffusion. In any flow field where
there is an interchange of fluid between two neighbouring
zones, be it due to molecular or turbulent effects, there
will be simultaneous inferchange of every fluid characteristic
involved. TFor example, if a fluid mass marked with a dye,

is transported to a neighbouring zone across an imaginary

N
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boundary that is free from dye-contamination, the marked
fluid must be replaced by a fluid mass free from dye-
contamination in order to satisfy the continuity relation-
ship. This results in increased dye concentration on one
side of the boundary and a reduction on the other side.
This process, if allowed to proceed indefinitely, would
bring about a uniform concentration of dye as each region
goes on acquiring the properties of the other.

In a turbulent flow field, the fluid masses involved
in the exchange process are termed "eddies" and the process
is termed "eddy diffusion" because of its similarity to
molecular diffusion.

The transport by the eddies, or the eddy diffusion,
is expressed by a reiation analogous to Fick's first law of
molecular diffusion which states that the transport of a
property such as the mass of a substance in any direction is
proportional to the gradient of the property in that direction.
When dealing with turbulent diffusion, it is usual to neglect
the molecuiar diffusion effects, since the turbulent diffusion
coefficients are generally 1000 times greater than the
molecular diffusion coefficients (10). The general equation
for turbulent diffusion termed "convective-diffusion equation,

in rectangular coordinates, is given by

)
oy 9z §;(€X3X)+ (Eyay)+ 3z € zaz) (2.1)




where c is the temporal mean concentration of diffusing
substance,
t is the time of diffusion,
u, v, w are the temporal mean velocity components in
the x-, y- and z-direction respectively,

and € €_, ez are the turbulent diffusion coefficients

2 Ty

in the x~-, y- and z-directions respectively.

A derivation of Eq. 2.1 can be found elsewhere (10,11). The
first term on the left hand side indicates the change in con-
centration with time, and the remaining terms on the left
represent the convective effect in the three directions, whilé
the three terms on the riéht represent the diffusive effects
in the three directions. Eq. 2.1 has to be solved with appro-
priate boundary conditions. Carslaw and Jaegar (6) have pre-
sented solutions of Eq. 2.1 for various initial and boundary
conditions. Diachishin (11) has discussed different methods
of evaluating the diffusion coefficients from dye dispersion
studies. It has to bé noted that the diffusion coefficients
are to be considered constants to use the methods discussed by
Diachishin. The solution for the one-dimensional case is the
simplest, while it becomes more complicated for the 2-, and 3-
dimensional cases. The basic requirement for these solutions
to be applicable is that the concentration distribution should
be close to the normal distribution, which is satiéfied in most
of the cases. This analysis does not consider the turbulent
flow characteristics, nor give any insight into the flow

characteristics which bring about the diffusion.




For diffusion in shear flows, such as pipe and
open channel flows, Eq. 2.1 can be modified to take into
account the spatial variation of the mean velocity. For flow
through a conduit or channel of constant cross-sectional area,

where the dispersing material fills the cross-section, Eq. 2.1

reduces to
dc
3t * U 3%~ 5% (Ergx (2.2)

where ¢ represents the cross-sectiénal average value
of concentration,
U represents the cross-sectional average value
of velocity,

and ET represents the dispersion coefficient.

The difference in longitudinsal coﬁvectivevtransfer
which is associated with the actual velocity distridbution and
that which is accounted for by the mean velocity is incorporated
into the diffusion term, the combined effect being termed tﬁe
"jongitudinal dispersion", and the symbol E, represents the
longitudinal dispersion coefficient. Taylor (L4l) first
developed this analysis for the case of the flow of liquid
through a pipe. Elder (13) and Fischer (i6) have given
similar treatments for turbulent flow in an open channel.
Bowden (5) has considered some velocity profiles of interest
that give rise to "shear effects" and presented expressions
for the longitudinal dispersion coefficients.

In the case of shear flows discussed above, the mean

velocity in the longitudinal direction has a constant



magnitude. But, in case of free-turbulent shear flows such
as jéts and wakes, the mean velocity is no longer constant,
but varies with distance. The solutions for these cases
are much more difficult.
The eddy diffusion coefficient of the turbulent
flow field has been useful for the prediction of the con-
centration distributions. Several theories have been put
forward to relate thé diffusion coefficient to the parameters
of the flow such as the scale and intensity of turbulence.
Of these, Prandtl's mixing length theory, and the theories
présented by Taylor (39) and Batchelor (2) are of importance
and are discussed briefly. |
Prandtl introduced the concept of "mixing length"
in analogy to the "mean free path" of the kinetic theory of
géses. Considering a fluid lump which is involved in the
exchange process as an entity, Prandfl assumed that the lump
will retain its distinct characteristies while it moves
through a distance, & termed "mixing length". Then considering
the momentum per unit mass of fluid as the property traﬁsported,
Prandtl has derived an expression for the~eoefficient of eddy

diffusion, € which is given by

__ ,2 3u '
> [ 5y (2.3)

(-3

where %% represents the gradient of the temporal mean

velocity in- the y-direction.




In Spité of the various objections to this theory (4),
Eq. 2.3 has been very popular, especially among engineers,
because of its simplicity. Hinze (21) has discussed the use
of Eq. 2.3 to predict transport in ordinary wake flows.
Taylor (39), in his theory of diffusion.by con-
tinuous movements, presented a new approach wherein the
coefficient of eddy diffusion is related to the statistical
parameters of turbulence. The variance of a particle under-
going diffusion by turbulent motion is related té fhe

turbulence parameters by

t .
1d 02y
> at (yz)-v Jo RTdT R (2.4)
where yi is the mean square of the distance through

which the particles have diffused in time t,

v'2 is the mean square velocity of turbulence,.

fluctuations,

v'(to) v'(t°+T)
RT = = yis the correlation between
v'
the fluctuating velocities, v'(to) and v'(t°+T)

of a particle at time to and (to+T), respectively.
For long diffusion times, the coefficient of eddy diffusion is

given by
=14 2
€ =34 W)

Io RTdT (2.5)




Kalinske and Pien (24), and Orlob (30) have used Eq. 2.5
to evaluate diffusion coefficient and turbulence parameters
from variance measurements in homogeneous turbulent flows.
For homogeneous turbulent flows where turbulence is decaying,
Taylor (40) has presented suitable modifications to Eq. 2.k
to take 1into account the change in v' and RT with time.
As Batchelor (3) points out, Taylor's method for decaying
turbulent flows takes into account only the changes in
velocity scale, but ignores the possibility of an independent
change in the time scale of motion. |

Batchelor (2) presented a theory for the relative
diffusion of particles in homogeneous turbulence. He has
extended this analysis to diffusion in free turbulent shear
flows such as jets and wakes (3), by taking into account the
change in velocity and time scales. This analysis 1s valid
for ordinary wake flows, for which the form of velocity pro-

file 1is well-known.

2.3 Ordinary Wake Flows

The exteénsive investigation of ordinary wakes such
as cylindrical and circular wakes, has led to the verification
of the basic hypotheses for wake flows and to explain the
mechanism of transport in these flows. Since these basic
hypotheses are extended to wakes of self-propelled bodies
with suitable modifications, flow in ordinary wakes is briefly

discussed here. The discussions by Birkhoff and Zarantonello (%),

h |




Hinze (21) and Townsend (42) are the most important studies

of the many that have been given of ordinary wake flows.

2.3.1 Physical Characteristics

Turbulent wake flows form one of the groups of
elementary shear flows with which is associated inhomogeneous,
non-isotropic turbulence. The general characteristics of
these turbulent wake flows have been discussed by Hinze (21)
and Townsend (42). These characteristics are:

1. There exists a region of retarded fiow immediately
behind the boedy, creating a region of turbulence.
The width of the region increases with distance
away from the body in the downstream direction.

2. The turbulent region is separated from the non-
turbulent region by an irregularly distorted boundary
surface.

3. The mean velocity in the direction of flow is much
larger than the mean velocity in the transverse
direction.

4. The free turbulent flow region is long and narrow
in the main flow direction compared to that in the
tr#nsverse direction.

5. The mean pressure variation in the flow region is
small.

As pointed out by Naudascher (27), it is tﬁe
essential lack of disturbance of the mean flow which dis-

tinguishes the wake of a self-propelled body from an ordinary




wake. A towed body strains the flow as it produces turbulence
eneréy representing the application of an external force,
whgreas a self-propelled body (such as an out-board motor
boat) represents an essentially direct and strainless input

of turbulence energy. The physical characteristics of wakes,

discussed above, are valid for both types of the wakes.

2.3.2 Self-preservation and Similarity Hypotheses

Townsend (42) has discussed these hypotheses in

detail. These hypotheses are:

1. There exists a similarity of flow structure at all
high Reynolds numbers.

2. At any one Reynolds number, the structure of flow
at all distances is similar. This hypothesis,
unlike that of Reynolds number similarity, depends
on the notion that the flow approaches a state of
ﬁoving equilibrium which is determined by the
broad features of the initial conditions.

3. If a flow is self-preserving through the action of
a moving equilibrium, it must be expected that the
final self-preserving form will not depend on the
details of the boundary conditions of the flow,
and that flows whose boundary conditions have
similar properties of symmetry and homoéeneity will

have similar self-preserving flovs.




2.3.3 Velocity Distribution

Based on the similarity and self-preservation

hypotheses, the velocity distribution is expressed in the form

-n
ug = U, xTT 00, (2.6)
X .
where uy is the mean velocity deficit parallel to the

undisturbed flow,
U is the mean velocity of the undisturbed stream,
"% 1is the distance downstream of the body parallel
to the undisturbed stream,
y 1is the distance from the centre line measured
perpendicular to the undisturbéd flow,
¢ is a similarity function,
m,n are constants.
For cylindrical‘wakes mn = % and n = %, whereas for circular
wakes m = % and n = %.
Townsend (42) has investigated cyl;ndrical wakes
(which are'fprmed behind a cylinder, circular or otherwise),
while Swain (38), Goldstein (18,19), and Hall and Hislop (20)
have discussed circular wakes (which occur behind a body of

revolution). The similarity and self-preservation hypotheses

have been verified in these studies.

2.3.4 Eddy Diffusion in Ordinary Wake Flows

Townsend (42) has presented an excellent discussion

of the transport by eddies in wake flows. There exist small

)




scale, high intensity turbulent motions together with large
scalé slow motions in the wake, and this flow structure is
termed the double structure of turbulence. It is the con-
vective action of the large eddies and the diffusive action
of the small eddies which bring about the transport of a
property such as . heat or mass of a tracer in the wake.
The transport rate by the slow-moving large eddies whose size
is comparable to the width of distribution of the diffusing
préperty, depends more on the general distribution of the
property than on its local intensity gradient, while trans-
port by small eddies depends on the scale of the turbulence
diffusing movements, being small compared with the scale of

. variation of intensity gradients. The total transport of a
transferable property, P based on this double structure of

turbulénce, can then be expressed in the form

u’P = u¥*¥p 4+ VP

oP P

= - €p 55 ¢t P (2.7)

whére u¥ and V represent the small scale and larée scale
parts of the turbulence velocity u®. The main difficulty in
the application of Eq. 2.7 lies in the estimation of the
component V. N |

Hinze (21) has discussed the transport of a scalar
quantity in the wake of a cylinder according to the various
phenomenological theories. The value of the coefficient of

eddy diffusion, according to the mixing length theory, is




found to be too small near the axis and near the edges of
the wake, whereas in the central part the agreement between
measured and computed values is reasonably good. From the
velocity distribution curve, the eddy diffusion coefficient,
€n which has more or less a constant value in the central

part of the curve, is found to be

€, = 0.016 Uod s : (2.8)
where Uo is the undisturbed freestream velocity,
and d 1is the diameter of cylinder,

The experimental results of Fage and Falkner, and
Townsend in the warm wake of a heated cylinder indicate a
similarity in temperature profiles beyond 500 diameters (21).
A comparison between the velocity and temperature profiles
shows that the width of the temperature wake is much greater.

The coefficient of eddy diffusion, € computed from the

t’
measured temperature distributions, is found to be nearly

constant across the wake with an average value given by
€, = 0.03 Uod . (2.9)

Swain (38), Goldstein (18) and Chevray (8) have
discussed circular wakes. Goldstein has dedﬁced expressions
for velocity and temperature distributions according to
various phenomenological theories. The agreement between the
theory and the experimental results reported by Hail and

Hislop (20) is not satisfactory as shown by Goldstein (19).
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However, all these studies confirm the similarity of velocity

and temperature profiles in the circular wake.

2.4 Swirling Wake Flows

Swirling wake flows have been discussed by
Reynolds (35), and Chervinsky and Lorenz (7). Reynolds con-
sidered that both the net linear momentum and the net angular
momentum of a developing swirling flow play important parts
in determining its ultimate -form. Considering a turbulent
wake having both axial and swirl components of mean velocity,
jt is shown that the mean swirl component decreases more
rapidly downstream than does the mean axial velocity defect.
For & wake in which linear momentum predominates (axisymmetric
wake), wake width varies as £1/3 and velocity defect varies

~2/3

as , whereas for a wake in which angular momentum pre-

dominates (wake of a self-propelled body), wake width varies

s xl/h —3/h.

a and swirl velocity scale varies as X

'Chefvinsky and Lorenz (7) have discussed decay of
turbulent axisymmetric free flows with rotation in which
expressions have been derived for the velocity variations in
a wake behind an axisymmetrical rotating body. No verifi-
cation of the theory is made because of the lack of experimental
results.

Chigier and Chervinsky (10) studied swirling vortex
motion in jets. They have reported that the mean velocity

and pressure profiles are similar from an axial distance of
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four diameters for weak and moderate swirl, whereas for a
strong swirl, a vortex is generated in a region close to the
orifice resulting in a displacement of the axial velocity
maximum from the jet axis; however, after a distance of ten
diameters, the influence of the vortex becomes small, and
similarity of the profiles is obtained farther downstream.
The jet width and the mass flow rates of entrained fluid are

found to increase wii.h the degree of swirl.

2.5 Flow in the Wake of Self-propelled Bodies

Birkhoff and Zarantonello (L) and Naudascher (27)
have discussed the flow in the wake of self-propelled bodies.
On the assumption that the velocity distribution can be
represented by a function similar to Eq. 2.6 , Birkhoff and
Zarantonello have deduced the values for the exponents m and‘
n; for two-dimensional wake behind a self-propelled body
m = % and n = %, whereas for hydrodynamical self-propulsion
in space m == 5 and n = %. No expe?imental verification of
this analysis could be found in the 1iferature.

Naudascher (27) has investigated the flow in the
wake behind a totally immersed, axisymmetric self—propelied
body, simulated in an air tunnel by a concentric nozzle and
disc arrangement. A study of the production,convection,
diffusion and dissipation of turbulence, and the continuous

and systematic change of mean flow and turbulence patterns

and their respective characteristics has revealed the following:

N
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1. For any point in the wake cross-section, the local
rate of production of turbulence is substantially
smaller than the corresponding change in convection
rate, contrary to the conditions in elementary
shear flows.

2. The cumulative rate of turbulence production at
any point in the wake cross-section approaches a
constant value almost within ten disc diameters.

3. The. entire turbulence energy 1is produced over an
extremely limited shear zone, at the beginning of
which the turbulence energy transfer by convection
and diffusion is almost equal to the rate of pro-
duction with dissipation setting in gradually.

4., As the diffusion becomes negligible past the shear
zone, the axial rate of change of the cumulative
rate of dissipa :ion approaches that of the rate of
convection. This fact, in particular, distinguishes
the wake of self-propelled bodies from elementary
flows in which equilibrium is approached between
the rates of change of cumulative dissipation and
production.

The hypotheses of self-preservation and similarity
of flows, similar in principle to those used in elementary
shear flows yet significantly different in form, provide the
basis for the analysis of flow characteristics. The two

hypotheses are as follows:
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First, the eddy motion is generated by the inertial
instabilities in the mean flow and governed by the inertial
interaction of the eddies, so that viscosity affects only the
dissipative components of the motion (for large Reynolds
numbers). Secondly, as the eddies are carried along by the
mean flow within a relatively narrow region, their structure
is likely to approach a state of moving equilibrium as it has
been continuously developing from earlier ones. Even though
turbulence continues to be produced by the mean motion within
an initial shear regime, the interrelation between turbulence
and mean flow patterns is so great that both flow patterns
may be expected to attain asymptotically self-preserving forms
that are independent of Reynolds numbers and the particular
initial conditions of flow generation. Experimental observa-
tions have confirmed the existence of self-preserved profiles
(for mean velocity, turbulence shear, and turbulence
intensities).

The notable difference between the self-preserved
profiles for simple jets and wakes, and those for the self-
propelled bodies lies in the number of scales necessary to
normalize these profiles or describe them analytically.

While one pair (Ud and r1/2) provea sufficient for simple Jets
and wakes, two pairs are required for the wake of self-
propelled bodies - one characterizing inhomogen’eity.(Ud and
Tl/2)’ and another characterizing the structure of turbulence

(uﬁax and L), where Ud is the maximum velocity defect value,
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#1/2 is the width of wake at the point where the axial tur-
bulence intensity is one-half of its maximum value, uﬁax is

the maximum turbulence velocity, and L represents the scale

of turbulence defined by

To
L=10_ R.AT , (2.10)
o)
where U° is the undisturbed free stream velocity,
and To is the time at which RT becomes zero.

The scale L is considered to represent the size of those
eddies that carry mos£ of the turbulence energy.

For the shear regime, based on the hypotheses of
similarity and self-preservation described earlier for self-
propelléd bodies, the cross-sectional variation of all flow
characteristics are expressed nondimensionally as universal

r

functions of a relative radial position (n = p /.) through
w1/2

suitable kinematic ahd dynamic scales. These universal
functions are subject to the restrictions imposed by the
momentum and mean energy equations, through the use of which
conditions'for.self-preservation of flow are dérived. One
of the results of this analysis is that (€/Lu¥*) should be a
constant throughout the diffusion zone, and-

r. ,.U ar
1/2 0 1/2 _ const., (2.11)
€ dx

The result (e/Lu*) is constant, is verified to be valid
(Fig. 4 of (27)). Here u¥* represents a velocity scale
characterizing the turbulence movements which is assumed

equal to u! .
max
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Based on the power-law approximations, Naudascher
has aerived the exponent of x for the power law development
of.L, rl/2, etc., for various zones in case of point, line
and plane sources of turbulence (Table 4 of (27)).

Naudascher has presented a new approach for the
analysis of flow characteristics, pointing out the limitations
of the power-law app?oximations. The most important result
of this new approach is‘that the wake width approaéhes a
constant value asymptotically, which seems to be confirmed
by the visual observations of condensation trails past jet-

propelled aircraft.

2.6 Previous Experimental Work

Ketchum and Ford (25) have investigated the dis-
persion'of a chemical waste in the wake of a barge at sea.
'ITn their study, & waste material consisting of 10% iron and
8.5% sulphuric acid was discharged into the wake of a barge,
and samples were collected at the éstimated centre of the
wake at different times which were later analysed for the
concentration of iron. A coefficient of dispersion was
computed assuming one-diﬁensional Gaussian distribution of
the waste in the cross-section of wake and using the weight
of waste material injected. However, the spatial distribution
of the concentration of waste material and the rate of"

widening of wake were not investigated.
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Schooley and Stewart (36) conducted experiments
to study the diffusion in the wake of a self-propelled body
Submerged in a fluid with a vertical density gradient. 1In
this study, the plastic propeller of a toy boat was used as
the self-propelled body to create a wake in an experimental
tank. A mixture of glycerin and water of different proportions
was placed in the'tank in a number of layers in order to
obtain a substantially uniform density gradient. It was
observed that, in the case of uniform density, the turbulent
mixed fluid behind the body expanded into an irregulaf coni-
cal shape, whereas in the case of a density gradient, the
initial expansion of the mixed fluid is quickly followed by
a collapse in the vertical direction, accompanied by a further
spreading in the horizontal direction. The volume of fluid
behind the self-propelled body attains a more or less uniform
density which is the average density of the fluid from which
it is mixed. Due to the effect of gravity, this fluid tends
to seek its own density level in the surrounding fluid when
jt flattens in the vertical direction and extends horizon-
tally. In an infinite fluid with a vertical density gradient,
the initial mixed fluid would ultimately become infinitesi-
mally thin vertically and infinitely wide horizontally.
These results would seem to be of considerable importance in

the study of diffusion in boat wakes.
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CHAPTER III

MATHEMATICAL MODEL OF WAKE

3.1 Structure of Out-board Motor Boat Wakes

3.1.1 Wake Formation

As an out-board motor boat passes through a
quiescent body of water, a streak of foamy, churned water
appears behind the boat thch is known as the wake. .The
eddying motion of water in the wake, which is mainly res-
ponsible for the transport mechaﬁism, can be attributed to
the following: (1) the action of the propeller; (2) the
straining action at the surface of contact of water and
boats . and (3) the exhaust w;ter of motor.

It is the action of the propeller that is
‘mainly responsible for the formation of eddies (due to the
rotation of the blades). The propeller blades are completely
submerged in water; as the propeller rotgtes at a very high
speed, there is a vacuunm creation, which is rgsponsible_for
the introduction of air bubbles below the water surface.
These air bubbles have a motion which is awvay from the boat
and upwards.towards the water surface as they try to escape
to the atmosphere. In this process, they are, to some extent,
responsible for turbulence creation. This action would be
greater at higher boat speeds. However, it would be very

difficult to determine the relative importance of the air



bubbles in the mechanism of transport. The propeller blades
also.set the surrounding water into motion, creating eddies.
The nature of this motion is mainly vortical. These sources
cause a complicated fluid motion which can not be fully
described.because of the lack of velocity measurements in
the wakes of boats and ships. The main result of the pro-
reller action seems to be the creation of a dense core‘with
masses of water similar to smoke puffs emitting from a
chimney, being set into motion. These masses can be observed
in the core of the weke for some distance behind the boat,
after which the core fades oﬁt gradually.

A depressionvof the water surface just behind the
boat is created due to the vacuum pressure. The depth of
the depression would increase with speed. Water from the
surrounding zones rushes into this area creating eddies in
the process. The width of the depression is nearly equal to
the stern width of the boat itself. The depression gradually
fades out in a short length, the water surface having a wavy
profile in this length. Relatively, the effect of depression
seems to be second to the direct action of‘the propeller as
e factor causing transport.

The effect of straining action seems to be very
small. As Naudascher (é?) has pointed out, the straining
action is predominant in a towed body while it is negligible

in the wake of a self-propelled body.




The exhaust water of the motor (used in the
cooling system) is a very small quantity and its effect

appears to be relatively negligible.

3.1.2 VWake Structure

Fig. 3.1 shows the structure of an out-board
motor boat wake, which is based on the visual observation
and photographs of the wakes. Fig. 3.1(a) shows the dense,
narrow core, created by the propeller and the profile of the
wake edge behind the boat. Fig. 3.1(b) shows the cross-
sectional structure of the wake at different distances behind
the boat. Fig. 3.1(c) indicates the depression in the water
surface immediately behind the boat and the wavy surface
profile for a short distance.as well as the mixing effect in
the vertical direction. Immediately behind the boat, the
wake diverges with an included angle of 120° (approximately);
at a certain distance astern (approximately equal to one
boat-length), the wide divergence ceases rather rapidly beyond
which the wake spreads with a very small included angle
(approximately 2°), It is important to note that this observed
edge of the wake is confined to a shallow layer very near to
the water surface. There exists a sharp distinction between
this superficial edge and the dense core edge. The dense,
narrow core itself widens with a small included angle (about_
10°) which persists for a relatively longer length (about

five boat lengths or more) before it fades out. The transport
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in the wake is mainly due to the masses of water in the core,
wvhich move outward mostly in a lateral direction. Why they
tend to move laterally rather than moving radially is not
known; velocity and turbulence measurements in the wake

might give further information on the phenomenon. However,
the wake width, from the point of view of transport, is
dependent on how the core widens ouf.

Figs. 3.2 and 3.3 show photographs of the wake
behind an out~board motor boat. Fig. 3.2 shows a photograph
of the wake taken from the boat itself, while Fig. 3.3 shows
a photograph of the wake taken from an observation platform.
In both these photographs, ﬁhe core can be clearly dis-
tinguished.

The transport in the verticalldirection seems to
be confined to a finite depth. From éxperimental observations,
it seems that most of the mixing in the vertical direction
takes place witﬁin a short time. The depth of vertical
mixing is observed to be much smaller than the‘lateral spread.

In this section, an attempt is made td‘explain the
formation and structure of the wake of an out-board motor
boat. Some of these features will be used in the next section
in developing a mathematical model to explain the transport

in the wake.
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3.2 Theoretical Considerations

3.2.1 Governing Differential Eguation

The basic equation for the transpoft of a scaler
quantity in a turbulent flow can be derived by applying the
frinciple of conservation of mass to an incremental volume
of the flow (10,11). This equation, neglecting molecular

diffusion effects is

AR Pl O ol (3.1)
i i i
where c represents the concentration of the scalar
quantity,
t repfesents the time,
u, represents the local convective velocity in the
ith direction,
X .represents the.ith coordinate direction,
and ei represents the turbulent mass #ransfer co-
efficient in the ith direction.
For the wake of &an out-ﬂoafd motor boat, Eq. 3.1 can be
simplified with the following assumptions:
1; There is no.average velocity in the lateral and

vertical directions so that the corresponding
convective transport terms -can be omitted in
Eq. 3.1.

5. The turbulent transport in the longitudinal

direction is negligible. This 1is justified_by



considering the fact that each unit length of the
wake receives the same amount of dyé along the
centre line of wake, so that the source can be
looked upon as a line source parallel to the x-axis
through the principle of relative motion. Further,
the wake is very narrow and long so that the change
in any propefty in the x-direction is much smaller
than that in the other directions.

3. The turbulent transport in the vertical (oxr z-)
direction is much smaller than that in the lateral
(or y-) direction. The justification for this has
to come from experimental evidence (see p.32, para.3).
Making use of the principle of relative motion and

assuming steady state conditions, Eq. 3.1 simplifies to

3¢

y 3y o (3.2)

x
where u represents the local mean velocity in the wake in
x-direction. The form of velocity distribution in the wake
ofvan out-board motor boat is not known. Naudascher (27)
has pointéd out that in the wake of a self-propelled body,
the deéay of the velocity defect in x-direction is much
faster than in ordinary wakes; visual observations seem to
confirm this in the wake of a boat, so that except close to
the body, it is reasonable to assume u Gy Uo’ where'Uo repre-
sents the undisturbed free stream velocity (which is equal

in magnitude, but opposite in direction to the boat speed) .

Then x & Uot.




Tt is convenient to express Eq. 3.2 in non-

dimensional form, before we seek its solution subject to

appropriate initial and boundary conditions. This can be

achieved through the use of the following hypotheses for the

wake of self-propelled bodies suggested by Naudascher (27):

1.

Reynolds number similarity, according to which the
cross-sectional variation of all flow characteris-
tics should be independent of the Reynolds number
(which is valid for sufficiently high Reynolds
numbers) .

Self-preservation hypothesis. According to the
definition of self-preservation of a flow in its
more general form, the flow characteristics should
be expressible, non-dimensionally, as universal
functions of a relative lateral position n = %;
(where Yo is the width of wake at a known Xx or t),

as follows:

c ¢
-__@= f(c) P = g(n) ’
c { max
(3.3)
= X -
C"— L H) n yo

where ¢ is the mean concentration at any point
in the wake,
e represents the meximum concentration
nax

(along the centre line) at any x or t,



¢_ represents the absolute maximum con-
centration (initial concentration at
x =0, y=20),
and 1L represents a characteristic length
scale of flow.

.Usiﬂg these substitutions, Eq. 3.2 can be written

19123 (15 2e | (3.4
f 9L g on U 2 3In -4)
OyO

_3.2.2 Boundary Conditions

At x = 0, y = 0, we have cmax.g .3 this

corresponds to the condition f(z) =1 at ¢ = 0.

At .any value of x (or t), ¢ = Coax at y =0 (i.e.,
on the centre line); this corresponds to the condition
g(n) =1 at n=0.

At the wake edge (y = yo), ¢ = 0 which corresponds

to the condition g(n) = 0 at n = 1.

3.2.3 Solution of the Equation

Eq. 3.4 must be solved subject to the above
conditions. However, it is necessary to make some assumption
about the dependence of tﬁe trapsport coefficient, ;y,'on n.
4It is usual to assume that it has a constant value across a
cross-section. Townsend (42) points out that the assumption
of a constant eddy viscosity within a turbulent fluid leads
to remarkably accurate descriptions of the velocity distri-

bution in self-preserving flows, and is undoubtedly a very




useful hypothesis to use when the nature of the turbulent
motion is not concerned. Naudascher (27) has justified,
fhrough theory and experiments, the assumption of a constant
eddy viscosity in the wake of self-propelled bodies. 1In

view of these findings, it is assumed that the eddy diffusion
coefficient, € is constant in the wake cross-section.

y
Eq. 3.4 can now be rewritten in the form

Le 2
138 | x | f23aeg (3.5)
f ot 2 3 2 *
ono on

In Eq. 3.5, the terms on the left depend on %, while those
on the right depend on n. Hence, each side can be equated

to a constant, B. Then, we get the following equationé:

1 4af _ ' |

T3c=8 (3.6)

Le 1 d2

L ==£ -8 : (3.7)
g an? :

ono an

Let us consider Eq. 3.6, which can be rewritten in the form

o - geaz | (3.8)

Integrating Eq. 3.8, we get

gn f = B*L + C, > (2.9)

where Cl is a constant of integration.
Substituting the initial condition that £ =1 at &£ =20 in
Eq. 3.9, we get C, = 0. Therefore, the solution of Eq. 3.6

is
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&n £ = By ,

or £(z) = exp(Bzg) (3.10)

The constant B in Eq. 3.10 must be evaluated from the experi-
mental results.

-BEq. 3.10 expresses the variation of maximum
concentration along the centre line of the wake. It is
interesting to note that Pritchard (33) proposed a similar
expression_to express the decay of peak concentration in an
eﬁtuary flow.

Let us now proceed to consider Eq. 3.7 which can

be rewritten in the form

a°g
5 - kg=0, (3.11)
dn
U
where k = Te B, is & constant.
Yy

A solution of Eg. 3.11 is of the form

.~s(n)_= exp(An) (3.12)

Substitution of Eg. 3.12 in Eq. 3.11 yields

22 k=0,

or A =+ x1/2 (3.13)
From Egqs. 3.12 and 3.13, the solution of Eq. 3.1l is

g(n) = exp(ikl/zn) >

ol1l/2

or g(n) = exp(t Lz 28l n (3.1h)

¥y
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Eq. 3.14 satisfies the condition g(n) = 1, at n = 0. TLet
us now try to analyze the implications of the boundary con-
dition g(n) = 0, at n = 1. Direct substitution of these in
Eq. 3.14 will not give a meaningful result. However, we
may examine the condition as follows. If g(n) must be zero

at n =1 (i.e., on the wake edge), then

2 N1/2
Us¥s
exp { fl7z— B ny > exp(-=) , (3.15)
y )
2 y1l/2
. U¥o :
or EE__-B n > o

y )

Each quantity in the numerator has a finite valuej; thus,
the denominator should tend to zero. Since L is finite,
ey‘must be zer§ on the edge of the wake, which indeed is
the case. Also, the term inside the braces in Eq. 3.15
must have a negative sign so that the solution of'Eq.‘S.ll

is given by

oni“ ;/2
T B n (3.16)
&y

g(n) = exp « -

Egqs. 3.10 and 3.16 are used to analyze the data as des-

cribed in Chapter V.
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CHAPTER IV

EXPERIMENTAL EQUI?MENT AND PROCEDURE

4.1 Experimental Set-up and Equipment

4.1.1 Experimental Site

Permission was obtained to use a pond located
inside the National Research Council grounds near the
Inte;national Airport, Ottawa for conducting full-scale
field experiments. Fig. 4.1 shows a map of the pond. At
the test section, the pond is nearly 4180 feet long, 80 feet
wide and T to 10 feet deep.” This site was ideal because of
_jts restricted access to the public; there was no inter-
ference by other craft while the tests were being conducted.

Water quality tests were conducted to ascertain
the suitebility of the water for carrying out the experiments-
using a fluorescent dye as tracer.v The results‘of the water
guality tests conducted on May .27, 1969 are given in
Table L4-1, which show that the water wes suitable to carry
out the experiments.

It was noticed that there was growth of a pond
weed in late spring and early summer. The weeds were removed
by dragging operation; in additién, a mild weed-killer was

spread. No more growth of weeds was noticed afterwards.
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TABLE 4-1.--RESULTS OF WATER QUALITY TESTS

Sl.No.

Name of Test Result
1 Alkalinity Total alkalinity 150
ppm as CaCoO
Hydroxide alkalinity 0
Carbonate alkalinity 0
Bicarbonate alkalinity
150 ppm as CaCO3
2 Carbon dioxide 8 ppm as CaCO3
3 Chloride 5 ppm as Cl
L Copper 0.25 ppm
5 Fluoride 0.30 ppm
6 Hardness (Calcium) 90. ppm as CaCOq
Hardness (Total) 170. ppm as CaCOq
T Iron 0.05 ppn
8 Nitrate Nitrogen Nil
9 Nitrite Nitrogen Nil
10 pH Value 8.5
11 Ortho-phosphate 0.12 ppm
Meta- or Poly-phosphate 0.18 ppm
Total phosphate - 0.30 ppm
12 Silica 1.30 ppm
13 Sulfate 40. ppm
1k Turbidity Nil
15 E. Coli Test 20 Coliforms per 100 ml
(max. value of two samples)
16 5-day, 20°C BOD 2.2 mg./1
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L,1.2 Observation Platform

Fig. 4.2 shows a view of the platform. Light-
dﬁty scaffolding material was used to build the two towers.
For the tower on the left three ladder frames, two of 5 feet
length each and one of 3 feet length, were used, while for
the tower on the right two ladder frames of 5 feet length
only were used. Each tower was assembled on the shore. An
adjustable screw which had a bearing plate of six inch
diameter, was tied to each leg of the tower to prevent it
from falling down while lowering the tower.

The platform site is shown in Fig. L.1. A steel
cable line was run from shore to shore across the pond at
the proposed site; the approximate position for installing
the towers was marked on the cable. The tower positions
were selected after taking soundings along the cable to know
the approximate depths as well as to determine the bottom
conditions for stability. The tower on the left was about
30 feet from the shore; the clear distance between the towers
was 18 feet, which was determined by the length of beaums
(20 feet).

One of the towers was loaded ontﬁ an 18-foot boat,
which was rowed to the intended location of the tower; the
boat was tied firmly with ropes to pegs on the shore. The
tower was now lowered slowly to the intended location; when
it rested on the bed of the pond, its level was adjusted to

be nearly horizontal through the ropes that were tied to the
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FIG. 4.2.--VIEW OF PLATFORM
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posts of the tower. As the bed on which the tower was
resting was not horizontal, the tower was firmly tied by
the ropes to pegs on the shore. The boat was moved away.

It was necessary to adjust the height of the legs so that
they rested firmly on the bed. This was achieved by diving
to the bed of the pond, locating and cutting the wire
holding the adjustable screw of each leg, and adjusting the
height of the base plate so that it was resting on firm

bed. Now, the ropes used to tie the tower were removed.

The top of the tower was made horizontal by suitable adjust-
ment of the height of the legs. The other tower was also
ijnstalled into its intended location in the same manner.

The towers were allowed to settle for a few days after which
the height of the legs was again checked and adjusted as
necessary.

The difference in height between the two towers
was mede up by building a wooden frame work of sufficient
height on the shorter one. On top of both the towers, two
layers of 4" x 4" wooden frames were fixed; these were meant
to secure the I-beams. The height of thg towers was adjusted
so that the clearance between the water surface and bottom
of the beams was 3 feet to facilitate the passage of a bosat
under the platform.

Two steel I-beams, each 20 feet long, were then
carried on the.boat, one at a time, and placed 3 feet apart
on the wooden frame work. The beams were firmly secured to

the wooden beanms.



Plywood sheets, 4 feet wide and 1 inch thick,
were laid on the entire 20 feet length of beams. The sheets
were secured to the beams with the help of nails. A walkway,
from the shore to the platform was constructed using two
30 feet long beams, which were placed side by side, so that
one end rested on the edge of the left tower while the other
end rested on the ground close to the shore. The beams were
covered with three expanded metal sheets, each about 1 foot
wide and 10 feet long.

Hand rails, 3 feet high on one side and 2 feet high
on the other side of the platform, were built using slotted
steel angle sections, 2" x 2". These hand rails served as a
rgsting place for samplers during experimental runs in

addition to serving as guard rails.

4.1.3 Out-board Motor Boat

A lh-foot boat, driven by an out-board motor was
used to conduct the tests. The motor used was a 5 H.P.
Johnson motor with a propeller diameter of six inches. The
boat width at the stern was b feeﬁ.' The motor was equipped
so that a tachometer could be attached so that the motor rpm
could be read directly. Fig. 4.3 shows a view of the boat
with the tachometer and dye injection device. A relation
between the rpm and the boat speed was established by deter-
mining the average time required to pass a known diétance at
any one rpm under stipulated field conditions. Fig. L.4 shows

the relationship between the rpm and the boat speed.
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FIG. 4L.3.--VIEW OF BOAT
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Two nylon ropes, 1l/4 inch diameter, spaced b4 feet
apart, were installed from shore to shore at right angles to
the platform. Each rope was about 500 feet long. The ropes
vere placed so that they were just above thé water surface
and as close to the right tower as possiblé leaving enough
margin for the boat to pass; they were tied to pegs driven
on the shores. These ropes were used to guide the boat as

explained in the experimental procedure.

4.1.4 Dye Injection Device

A syphon type of arrangement was used as a dye-
injection device. Fig. 4.5 shows the arrangement. It
consists of a Nalgene container, 1/2 gallon capacity, pro-
vided with a stopper with two holes into which two glass
pipes were fitted as shown in the figure. The glass pipe,
bent to an L-shape, served as a dye discha?ge hose while the
other one sefved as an air vent. Both pipes were fitted with

plastic hoses of suitable length.

4.1.5 Samplers

4.1.5.1 Details of Sampling Device

Figs. 4.6(a), (b) and (c) show details of the
sampling device used to collect samples. It resembles a
battery of pitot tubes. Eéch sampler was built as follows:
Four galvanized iron pipes, 1/Lk inch external diameter and
3/16 inch internal diameter, ranging in length from 3 to 6

feet, were bent through 90O at one end. They were placed
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Note: Rate of flow = 400 ml per minute
(approximately)

FIG. 4.5.--DYE INJECTION DEVICE
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side by side such that the tent ends were exactly one foot
apart and point-welded to hold them together in this position.
The other end of the pipes was welded to a short copper
manifold tube, 1/2 inch diameter and 3 inches long. A copper
pipe, 1/2 inch diameter and 5 feet long, was welded over a
hole on the upper side of the manifold. The open end of the
copper tube was fitted with a pipe plug to which a short
1/4 inch diameter and 6-foot length, was fitted to this short
tube. The bent ends were trimmed such that the ends were on
the same vertical line when held upright.

The ends of the bent pipes were fitted with brass
nozzles (the details of which are shown in Fig. 4.6(c))
using short lengths of 1/k-inch plastic hose as sockets. A
ball bearing, 1/8-inch diameter, was inserted into each of
the pipes before fitting the nozzles. Each pipe was slightly
pinched just above the bend in the vertiéal portion in order
to prevent the ball bearings from entering the manifold when
the sampler was tilted.

Figs. 4.7(a) and (b) are photographs of a sampler

showing the socket, ball bearing and nozzle.

4.1.5.2 Operation of the Sampling Device

The operation of the sampler, which may be used
to get instantaneous point samples or depth-averaged samples,
was as follows: The sampler was held in the vertical posi-

tion such that the lowest pitot tube-like pipe was just above
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the water surface. At this position, the sampler was
pressurized by blowing air through the rubber hose. This
resulted in the ball bearings in each pipe moving to the
bell-mouth portion of the nozzles, thus blocking the orifice
and preventing the entry of sample inside the pipes. The
sampler was now lowered (still holding the pressure) to the
desired depth and air pressure released upon which a sample
of water entered the pipe due to the hydrostatic pressure.
Instantaneous point samples could be collected by holding
the sampler at any desired depth for a few seconds. In order
to collect depth-averaged samples, the pressurized sampler
has to be lowered to a predetermined depth, the air pressure
released, and the sampler slowly lowered through the depth
over which depth-averaging was desired. In this study,
samples averaged over one-foot depth were collected. After
the sample was collected, the sampler‘was tilted sliéhfly
from the vertical so that the nozzles faced downwardsg the
ball bearings would then move to the bell—mouth'portion (by
gravity), thus preventing the escape of sample. The sampler
was then taken out slowly (to prevent disturbance of
sﬁrrounding water) and placed on the guard rails. By
inserting an unfolded paper clip through the nozzle orifice,
the ball bearing is pushed back-from the bell-mouth portion
of the nozzle whereupon the sample would start to f;ow
‘through the orifice of the nozzle. This water sample was

collected in a test tube. The entire operation of collecting



e sample required about 90 seconds. Any excess sample, after
filling the test tube, was wasted. Any sample that may have
remained in the pipes was drained by the alternate blowing
and sucking of air through the.plastic hose a few times.
Then, the sampler was ready to collect another sample.

Before being used to collect samples in the experi-
ments, the performance of the sampler was carefully evaluated
by collecting éamples in a laboratory sump. A few difficulties
arose during this evaluation for which suitable remedial
measures were taken. They are briefly described below:

1. The pipes were found to rust due to water reﬁained
in the pipes after use, This was pfevented by
drying the sampler immediately after the experi-
ment was over.

2. Bail bearings were found to become rusty which
was prevented by cleaning after each use and
storing them separately.

3. Sometimes, the ball bearings would get stuck in
the pipe during sampling.: They were replaced
with spare ones.

It was noticed that the top-most pipe was not
collecting enough sample, probably due to insufficient hydro-
static pressure. A slight suction was applied (immediately
after releasing the air préssure) by sucking in air through
the plastic hose for a short time, which was found to be a

satisfactory remedy.
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L.1.6 Details of Fluorometry

Fluorescent tracers have been used exteﬁsively
éﬁ study the mixing characteristics in rivers, lakes and
oceans because of their detectability even in véry low
concentrations. Several researchers have investigated the
fluorescent characteristics of various dyes available in
the market. One such study has been conducted by Feuerstein
and Selleck (15); they have investigate@ the effect of
environmental factors such as temperature, salinity, pH,
background level and turbidity characteristics of the sample
on the analytical determination of three fluorescent tracers
namely, Rhodamine B, Pontacyl Brilliant Pink B and fluorescein.
They have also investigated the photochemical decay rates and
physical adsorption isotherms for suspended sediments and
algae. After carefully evaluating their findings in relation
to this study, it was decided that fluorescein dye would be
best suited for this work because of the following reasons:
1. Fluorescein is least affected by the temperature.
2. The pH of pond water is 8.5 (see Table L-1), at
which the fluorescence intensity of fluorescein
dye remains fairly constant.
3. The chloride content of pdnd water is only 5 ppm
as Cl, so that the salinity effects are negligible.
L. The background level of fluorescein in pond water

is about 2 ppb. Since the samples were analyzed




on 1lx and 1l0x ranges of the fluorometer, the
effect of background level is not a critical
factor.

Fluorescein did not exhibit any measurable
adsorption of suspended sediments. Also, the
turbidity of pond water was zero units.
Photochemical decay rate of fluorescein dye 1is
very high, especially in bright sunlight. How-
ever, this has been minimized by conducting mos#
of the experiments early in the morning; also,
the length of sampling time is less than one hour
after injecting the dye. Precautions were taken
to prevent exposure of samples to sunlight through
proper storage before they were analyzed.

Fluorescein costs much less than the other dyes.

Fluorescein dye, manufactured by Matheson, Coleman

and Bell, was used in this study. This dye is available in

water-soluble, powder form in glass bottles with a net weight

of one pound.and is designated as suitable for water pollution

work.

The analysis of samples for fluorescence intensity

was done with & Turner Model 111 Fluorometer which is an

automatic servo-balancing instrument. The light source used

was the general purpose ultraviolet lamp, normally supplied

with the fluorometer. The instrument has a means of manuvally

controlling the available_sensipivity which can be accomplished
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by a range selector between the lamp and the primary filter.
There are four positions designated 1x, 3x, 10x and 30x,
indicating their approximate relative sensitivity; the 1x
position is the least sensitive. The standard, or discrete
sample door, was used to analyze the samples. The cuvettes
used were 12 by T5 mm culture tubes, the details of which
are furnished in the next section. |

According to Feuerstein and Selleck (15), the
maximum absorbance of fluorescein occurs at a wavelength of
480 my, and the maximum fluorescence intensity of fluorescein
occurs at 510 mu. The primary filter system consisted of a
combination of one each of a sharp-cut filter of colour
specification #2A and a narrow pass filter of colour specifi-
cation #4TB. The secondary filter consisted of one sharp-
cut filter of colour specification #2A-12. This filter
system is the same as that suggested in Reference (17).

The fluorometer was calibrated by prepﬁring
solutions of known dye concentration and noting the gorres=-
ponding fluorescence intensity (or dial reading in units) at
each range selection position of the fluorometer. At any
one range positibn, the relation between the concentration
of dye and its fluorescence intensity is found to be linear.
Fig. 4.8 shows the relationship between the fluorescence
intensity in units and the concentration of dye in parts per
billion (corresponding tc each range position) for the

particular filter combinations and light source used.
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4.1.7 Test Tubes

An estimate of the number of samples that would
be collected in each experiment indicated the number té be
up to 800. A suggested procedure in the fluorometric
analysis of samples using standerd door is that each sample
be held in a standard cuvette. If tﬁis pfocedure were to be
followed, the cuvette would have to be cleaned before another
sample is taken in it. This procedure would have been
labofious and time-consuming for the analysis of a large of
saﬁples. An alternate way would have been to collect each
Sample directly into a standard cuvette; however, the high
‘cost of standard cuvettes was a drawback.

The operating instructions for the 110-005 door,
standard cuvette, supplied by G. K. Turner Associates (29),
indicates that the optical requirements of the cuvettes are
not stringent since the fluorometer utilizes a diffuse light
source with slits so arranged that the lens effects in the
cuvettes cancel out. It is only necessary to discard those
test tubes with defects such as air bubbles, visible
scratches, etc.

About 300 Pyrex brand bacteriological culture
test tubes, 12 by 75 mm size, were purchased and tested in
the laboratory. First, they were visually examined for air
" pubbles and sceratches, discarding the defective ones. Then
a dye solution of a known concentration was filled in about

25% of the test tubes randomly picked from the lot, and they




were analyzed for fluorescence intensity. The readings
indicﬁted that the variation of fluorescence intensity did
not exceed more than 3%. So, it was decided to use this type
of culture test tube for collection and analysis of samples.
Thesé test tubes cost much less than the standard cuvettes.

Suitable test—tube racks were used to keep the test tubes.

4.2 Experimental Procedure

| ' Most of the experiments were conducted during
mornings (betﬁeen 7 a.m. and 9 a.m.) whén the winds wvere
calm. Tﬁe weather conditions were recorded before each
experiment. The temperature of pond/water was determined at
various &epths By collecting water samples at'known depths
ahd reading the temperature using a thermometer. The experi-
‘mental procedure consisted of preparing the dye solution,
equipping the samplers and boat, and collecting and analyzing
the samples. The details of these steps are given below:

1. Preparation of dye solution: A stock splution
of dye of concentration 1 in 10 was prepared in the laboratory
(usually once a week), using distilled water as diluent and
adding sufficient ethanol (sp.gr. % 0.8) to adjust the density
to 1.03. ‘USing this stock solution, about one litre dye
solution‘of 1 in 12 or 1 in 15 concentration, whose density
was adjusted to that of pond water, was prepared just before
the experiment as follows: From the law of conservation of

mass, assuming constant volume,

== : ’ 4.1
ViPg t VP, (Vg + Ve, » ( ).

N



in which

Vd = Volume of stock solution of dye, ml
V = Volume of ethanol, ml
Pg = density of stock solution of dye,
p_ = density of ethanol,
p_ = density of pond water.
From Eq. 4.1, the volume of ethanol, Ve, required to be added

to a known volume, Vé’ of stock solution of dye is given by

: p, — P
d w
v = v, , .2

e Pu ~ pe d (4.2)

The values of pd, Pe and p, Were determingd using hydrometers.

After adding ethanol in an amount determined by
Eq. 4.2, the concentratiqn of dye was adjusted to the desired
value (1 in 12 in the tests at 3000 rpm and 1 in 15 in the tests
at 2000 rpm) by the addition of sufficient amount of pond water.
The bottle containing this solution was kept in the pond water
in order to prevent any possible temperature variatiéns.

2. While the dye solution was- being prepared by one
Oor two persons, thelother members of the group (which con-
sisted of three to five persons) were preparing the samples
for use. This cbnsisted of fitting the bronze nozzles to the
sampler pipes after inserting ball bearings.and testing the
samples for proper operation and no leakage.

3. The boat was fitted with the out-board motor. The
tachometer waé connected to the motor. The dye bottle was

fitted with the syphon device and kept in the boat close to
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the motor. The discharge hose of the syphon was tied to the
" centre of the propeller. The boat was now rowed to a posi-
tion in between the nylon ropes, about 200 feet from the
platform. The boat was tied to the nylon ropes at four
places using hooks, so that the boat was guided by the ropes
wvhen the motor was started. |

4. The location of the sampling stations were as
follows: Each person on the platform, holding a sampler,
would position himself at a marked station which were located
3 feet or 4 feet apart. The person at the far-end of the
platform would position himself in line with the centre of
proposed path of boat; he would also serve as time-keeper.

5. After signalling the group on the platform, the
person in the boat would start the motor and adjust the engine
rpm to the desired value. Next, the syphon device would be
started by blowing air through the.air hose, upon which the
dye would start flowing; it was found necessary to hold the
air-pressure even after the start of the syrkon action in
order to maintain uninterrupted flow of dye. Usually, the
total length of dye injection was about 300 feet, - 150 feet
on either side of the platform. The motor would be stopped
at the end of run, untied from the nylon ropes and rowed to
the shore. The person driving the boat would now join the
sampling group.

6. The time-keeper would start a stop-watch at the

instant the stern of the boat passed the sampling section,
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and signal to collect samples immediately. Thereafter,
samples were collected at two minute intervals up to about
k8 minutes. Each sample would be kept in test tube racks in
& predetermined order. Each rack was labelled indicating

to the station locaticn.

The samples were collected at 2-minute intervals
at any one station regularly or at alternate stations
depending on the number of persons.

T. When the sampling was over, the test tube racks
containing the samples were moved to a shelter; they were
later taken to the latoratory and kept under a dérk cover
until they were analyzed.

8. The samplers were cleaned and dried after removing
the nozzles and ball tearings, and then stored. The nozzles
and ball bearings were also dried of water and stored.

9. Analysis of samples: The fluorometer was turned
on and allowed to warm up for abocut an hour. The background
fluorescence level of pond water was determined using dis-
tilled water as a blank. Next, using‘the pond water as a
blank, the dial reading was adjusted to zero. Most of the
samples were analyzed on le-(range positioén); however, some
of the highly concentrated samples had to be analyzed on 1lx
(range position). The temperature of the sample at the time .
of analysis was noted. The dial readings were recorded in

a tabular form shown in Table kL-2.
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4.3 Experimental Results

Experiments were conducted in the summer and early
fall of 1969, and in the summer of 1970. Two series of experi-
ments were conducted - one series at 2000 engine rpm and the
other at 3000 rpm. A number of experiments were conducted at
each rpm when the winds were calm with a view to obtain an
ensemble average concentration distribution in the wake.
However, in some of the experiments it was observed that the
dye moved away from the test section. Hence, only those
experimental results which have not shown this tendency have
been considered for the analysis. The general details of the
tests are provided in Table A-1l in Appendix A. The observed
fluorescence values are reported in Tables A-2 to A-1lk in
Appendix A. For convenience, Tests 1 to 6, vhich were con-
ducted at 2900 or 3000 rpm as indicated, have been grouped
together and termed "Series 3000"; Tests T to 11, which were
conducted at 2000 rpm have been grouped and termed "Series
2000". While Tests 1 to 11 were conducted during the morning
hours, the Tests 12 and 13 were conducted at 2900 rpm; iéﬁe
in the afternoon. They could not be grouped together for the
purpose of analysis, and hence are designéted individually as
"series 291L4" and "Series 2919" respectively.

For convenience, the dial readings read on the
range 1X are reported in equivalent units on the range 10X.
All the fluorescence values reported in Appendix A correspond
to the range position 10X, and represent the dial readings (or

fluorescence intensity) in units.
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The depths 0-1, 1-2, 2-3 and 3-4 refer to the depth
in feet below the water surface. This designation is adopted

to represent appropriately the depth-averaged sample .locations.



CHAPTER V

ANALYSIS OF DATA

5.1 Treatment of Experiméntal Data

The first step in the analysis of data involving
turbulent diffusion is some type of averaging process.
Hinze (21) has discussed various methods of averaging and
where each method is best suited. In a quasi-steady field
of turbulence, averaging with respect to time is useful,
whereas in a homogeneous turbulence flow field, averaging
with respect to space is useful. When the flow field is
neither steady nor homogeneous, averages may be taken over a
large number of experiments that have the same initial and
boundary conditions; this is referred to as an ensemble
mean value.

The wake flow under consideration belongs to the
latter category so that an ensemble mean is desirable. A
number of tests, with the same initial and boundary conditions,
were conducted at a known boat speed with a view to obtaining
ensemble mean values of the concentration of dye. However,
the observed data seemed to differ considerably from ohe test
to another. It is interesting to note an observation that
attempts to reproduce wakes of ships were unsuccessful even
though conditions seemed to be ideal (32). Hence, an ensemble

average has not been taken as a first step in the analysis of



deta. However, as we shall see later, the analysis shows
that the data of some tests could have been used to obtainm
ensemble mean values.

It has been stated in the experimental procedure
that thé samples have been averaged over one%foot depths.

While this procedure cannot be fully justifiéd, it amounts to
assuming homogeneous conditions at intervals of one foot in the
vertical direction. It was félt, at the time 6f collection of
data, that such a procedure would provide a satisfactory
epproximation.

The fluorescence values for each test must be referred
to a standard temperature of 20°C, iﬁ order to take into account
the differences in temperature during the analysis of samples.
Investigations by Feuerstein and Selleck (15) reveal that
fluorescein dye is affected little by differences in the
temﬁerature range normally encountered. Hence, the temperature
correction was found not necessary.

Plots of fluorescence versus time at each sampling
point resulted in curves with zig-zag patterns. A smooth curve.
was drawn through the points and these values of the fluor-
escence were used in the analysis. Figs. A.1l to A.13 in
Appendix A show plots of fluorescence versus time. Each curve
is identified by three numbers, the first one representing the
distance to sampling station from the centre line of.wake
while the other two represent‘the depth over which saﬁple is

collected; for example, 6:1-2 identifies the curve at the



station 6 feet from centre line and at depth 1-2. The
smoothed values of fluorescence are given in Tables A-2 to
A-14 in Appendix A.

A computer program was written to carry out the
various computations involved in the analysis of data. The
program is given in Appendix B. The cémputations involved
are for mass balance, calculation of variance from one-
dimensional normal distribution equation and from the second
moment method, and analysis of data by the proposed mathematical
model. The details of these compﬁtations are given in the

following sections.

5.2 Mass Balance Computations

The amount of dye in the cross-section per unit
length of wake at any time must remain constant, assuming no
movement of dye in the longitudinal direction (see éssumptions
in §5.4). The total weight of dye per foot length of wake,
WD, at any time, assuming no longitudiﬁal diffusion, is given
by

Vo = ¥ f c-dA (5.1)
D A v

where ¢ is the concentration of dye,
vy is the weight density,
and dA is the elemenfal‘cross-sectional area.’
In the computations, the weight of dye, w, per foot

length per foot depth has been determined using

s (5.2



This computation is done for the four one-foot depth intervals
in which the samples are collected. The total weight, WD,_is
then obtained by the sum of these weights. Tables in Appendix c

show the values of WD in grams.

An examination of the values of W, at different
times in a test indicates that the mass of dye in the cross-
section remains fairly constant. During the initial time
period (from 0 to 6 minutes approximately), the value of Wy is
seen to fluctuate somewhat. This is probably due to the fact
that the dye is not well mixed in the initial stages, but is
concentrated in discrete masses of water. Again, after the
diffusion has progressed for some time (about 20 minutes),
there is a gradual decrease in the value of WD. This is mostly
due to the diffusion of dye beyond the sampling region. Photo-
chemical decay of the dye may also cause this. However, it is
- reasonable to assume that the photochemical effect is negligible
since most of the tests were conducted during the morning hours

when the effect of sun-light was minimum; also, the total

duration of sampling was less than one hour.

5.3 Varistion of Wake-width with Time

The wake width and time are assumed to be related

by an expression of the form
y =at , (5.3)

in which Yo is the wake width at time, t (measured from the

centre line to the wake-edge), and a and n are constants.
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These constants are evaluated from the experimental data as
follows: Curves of concentration, c, versus lateral distance,
y, are plotted for a specified depth at various values of time
and a smooth curve is drawn through the points. The wake
width, Yoo at any time, t, is taken to be the value of y
measured from the centre line to a point on the edge of the
vake where the concentration, ¢, is zero. It is assumed that
the concentration distribution curves at various times have
similar patterns. It was observéd in the plots of ¢ versus ¥y
that this assumption is valid upto some jalue of time in eachi
test, beyond which the distribution became too irregular,
making it unfeasible to obtain the valﬁes of Vor Hence, in
each test, the values of Yo uPto some value of time only are
given., Further, in Tests 1 to 11, plots of ¢ versus y at
depth 3-4 were very irregular and have been left out. In
Tests 12 and 13, concentration values at depths 2-3 and 3-4 are
very small or zero and hence they are ﬁot considered.

Figs. C;1 to C.1l3 in Appendix C show plots of ¢ versus y. The
values of y are given in the -tables in Appendix C.

Taking logarithms on both sides of Eq. 5.3,
log y, = log & + n log t  {5.h)

Therefore, a plot of Yo versus log t gives a straight line
of slope n and intercept log a from which n and a can be
evaluated.

The values of Yo from each test in any one series

are plotted on the same graph in order to obtain average



values of a and n at a known rpm or boat speed.
to 5.4 show plots of 1log y, versus log t. Table
the values of a and n at various depths for each

standard deviations of a and n are also given in

series 3000 and series 2000.

Figs. 5.

series.

1

5-1 shows

TABLE 5-1. - VALUES OF a AND n
. Standard Standard
Series Depth a Deviation n Deviation
of a _ of n
0"‘1 So7 0.59 0037 0-05
1-2 3.1 1.14 0.61 0.08
3000 2-3 2.6 0.89 0.61 0.17
3-4 - - - -
0-1 7.5 0.78 0.39 0.04
1-2 4.8 0.42 0.68 - 0.06
2000 2-3 3.4 0.77 0.55 0.17
3-4 - - - -
0‘_1 308 - o-58 -
2914 1-2 3.9 - 0.61 -
2-3 - - - -
3-4 - - - -
0-1 2.2 - 0.57 -
1-2 2.6 - 0n50 -
2919 2-3 _ _ - -
3-4 - - - -

An examination of Figs.

5.1,

5.2 and 5.4 indicates

the table for

that after some value of time (about 20 minutes), the increase

in wake-width with time diminishes, tending towards a constant

value. In Series 2914, wake-width values could not be

obtained beyond some time (about 10 minutes), making it dif-

ficult to find the trend of the curve in Fig. 5.3.



feet

O’

Wake width, y

30,

- 76 -

10

DEPTH: 0-1

L
30
see00®
0
-'.!.
5
1.0 pomen
- ° \
~ i
1 & {b) DEPTH: 1-2:

25
o ® o 60
! ® A\VAV/
| o 08gQov v
a
l&
— (c) DEPTH: 2-3
?— 8 D
) i L1t 1.1 l' ] | N A Nt A |
1 10 o 100

time, t, minutes
FIG. 5.1.--WAKE WIDTH vs TIME FOR SERIES 3000

_— ) ) )
Rr=bols @, 0, 0,0, A,® represcnt in order Test Nos. 1,2,3,4,5,6



Wake width, N feet

30

-T7 -

10

(a) DEPTH: 0-1

o@

30

v V.§3gg5eme

(o]
a dananna
10
(b)) DEPTH: 1-2
L
30
= w
B8
AAA
lO SN
-
- (c) DEPTH: 2-3
L 1.3 t4 ‘ | o3 1 13
1 10 . 100
time, t, minutes
FIG. 5.2.--WAKXKE WIDTH vs TIME FOR SERIES 2000
Symbols .0O0,0, %, D0, A represent 1in order Test Nos. 7,8,9,10,11

N



- 78 -

6162 STIVAS Y04 HWIL SA HIAIM AJVM--"#'G ‘DId

1
o€ 0T 0T . | T
[TTT 11 T [T T T T °
g-T “HIJEA (a) T-0 ‘HIJEA (¥)
—do1
02
nT62 SAI¥ES ¥Od AWIL SA HIQIM EXVA--'€°S °DIL
1
o€ 0T 0T T
—--- ﬂ--- | | :
O =
2~T :HIJZA (4) 1-0 :HI4EA (®) -
-
—40T

39331 <°f c<yaprta ayen

£ ‘yUapTH 9yBH

(o]

3997



5.4 Analysis of Data by the Method of Variance

The variance of a distribution curve can be computed
either by fitting the hormal distribution equation to the date
or, directly, by determining the second moment of the curve.

The following assumptions are made:

1. The vertical mixing over the region of sampling is
instantaneous. In most of the tests, dye was detected
upto 4 feét depth soon after the injection of dye (usually
less than 4 minutes).

2.._Longitudinalidiffusion is negligible. Each point of the
wake receives the same amount of dye along the centre
line; the wake is'long and narrow, and the longitudinal
éradients become much smaller than the transverse gradients
in a short time (usually less than 4 minutes). These
experimental facts justify this assumption.

3. - The concentration distribution in the transverse direction
follows the normal curve.

With these assumpticns, the diffusion becomes one-
dimehsional, with diffusion taking place 1in tfansverse
direction only. The one-dimensional normal equation can- be

written in the form

A 2 '
c == exp|- L5 |, (5.5)
o
y Yy
in which ¢ is the concentration at time t,

02 is the variance of the curve in y-direction
M

and A' is a constant.
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Aty =0, ¢c =c = (AVoy), so that Eq. 5.5 can be rewritten

as

c = c sexp |-
ma.x

(5.6)

<ol

Taking logarithms on both sides of Eq. 5.6, we get

log ¢ = log ¢ .. ~ log e (5.7)

<[ o

Hence, a plot of log ¢ versus y2 results in a straight line
with slope (log e/oi) and intercept log c .- The variance 03
can now be computed from the slope. The variance, q? éan also

be obtained from the second moment of the curve as follows

2
feedyey
G2 = ———— (5.8)
y fcedy

in which the numerator represents the second moment of the
area under the curve about its centroid and the denominator
represents the aresa under the curve. This method may give
incorrect variance values due to jpnsufficient data to define
the tail of the curve completely, particularly after the dye
has diffused b;yond the sampling region. The variance com-
putations have been done using both methods. The values of
the variance are given in the tables in Appendix C. An

examination of these values reveals that both methods give

nearly the same values upto SOmE value of time bgyond~wh1ch

Eq. 5.7 seems to give values that are too nigh, whereas Eq. 5.8

seems to give values of the variance that are too 1low. The



latter result is due to insufficient data in order to define

the tail portion of the curve. The variance, 02 at any time

t, and the diffusion coefficient, ey, are related (for use in

conjunction with Eqs. 5.5 to 5.8) by the expression (26)

2
g = 4ec t :
y v (5.9)
so that a plot of 0; versus t would result in a straight line

of slope 48y from which ey can be computed.

Figs. 5.5 to 5.16 show plots of variancg (at»a
specified depth) versus time for each series. 1In these plots,
variance values up to 36 minutes only have been used for con-
venience. It can be observed from these plots'that.both
methods give more or less the same results up to some value
of time (approkimately 20 minutes); after this, the variance
values computed froﬁ fitting the normal distribution equation
to the data, increase or fluctuate very much whereas those
computed from the second moment tend towards a constant value
with vefy little fluctuation, if any.

When the normal equation was fitted to the data,
the correlation coefficients were found to vary from 0.70 to

0.98 except at depth 3-4 where the values varied from 0.5

to 0.8.

"The values of the diffusion coefficients computed

from the variances afe given in Table 5~2, together with the

standard deviation values.
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TABLE 5-2. - DIFFUSION COEFFICIENTS FROM VARIANCE
2 .
€ feet”™ per minute
Yo

from Normal from Second

Series - Depth Equation Moment

Mean Standard M Standard
deviation ean devidtion

0-1 0.35 0.19 0.35 0.19
3000 1-2_ 0.38 . 0.18 | 0.42 0.19
2-3 0.39 0.26 0.39 0.27
3-4 0.45 0.23 0.39 0.28
2-~-3 0.45 0.14 0.41 0.19
3-4 0.38 0.28 0.32 0.22

0-1 0.75 - - 0.53 -

. bt . bl 0-36 -

2914 1-2 1.02 . |

2-3 - - - -

3-4 - - - -

- 0.13 - 0.18 -

0.13 - , 0.17 -

0
2919 1-
2
3




- 89 -

5.5 Data Analysis using the Proposed Mathematical Model

The use of the mathematical model (developed in
Chapter III) to analyse the data is described in this section.
Eqs. 3.10 and 3.16 are used hefe to determine the variation
of maximum concentration with time and to compute the diffusion
coefficients in the wake. The following computations have been
done using the data at the depth 0-1 only, since the concentra-
tion at other depths is not necessarily a quimum at time of

Zero.

5.5.1 Variation of Maximum Concentration with Time

Teking logarithms on both sides of Eq. 3.10, we

get
log £ = B+C -log e , . (5.12)

so that a plot of f versus £ should result in a straight line
with slope (B log e), from which the constant, B can be
evaluated.

By definition, ¢ equals (x/L), wheré L is a
characteristic length scale of flow. It would have been -
appropriate to use the value of L obtained from Eq. 2.10.
This is not possible, because of the lack of velocity and
turbulence measurements in boat wakes. The predominant part
of the turbulent movements in the ﬁake are created by the
propeller as pointed out earlier. It is reasonable to assume.
that the length scale, L, characterizing the turbulent move-
ments is related to the size of the propeller. Therefore,
the length scale, L, is taken to be equal to the diameter of

the propeller, D.
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The values of f and §, where £ equals (z/1000),
are given for each test in the tables in Appendix C. Figs.
5.1T7 to 5.20 show plots of f versus g for the various series.
The plots show two straight line portions having different
slopes, with a transition in between. Line (1) indicates. a
steep change in maximum concentration in a short time (from
2 to b minutes), whereas line (2) has a much smaller slope
(from about 8 minutes to about 20 minutes); in between, there
appears to be a transition zone. .

The values of B for the lines (1) and (2) are

given in Table 5-3.

TABLE 5-3. - VALUES OF 8

Constant, B8

Series
Line (1) : Line (2)
3000 . -0.0005620 -0.0000537
2000 -0.00080k0 -0.0000568
291k -0.0002285 -0.0000732

2919 -0.0003170 -0.0000835
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(Series 2919, Test No. 13)

Line (2)

A
S N NN A

FIGS. 5.19 and 5.20.~--f vs & FOR SERIES 291k and 2919

- Line 1)
i Fig. 5.19
L ﬁ? . (Series 291hL, Tesﬁ #o..12)
- ”\O.".
Line (2)
O' ° -
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- - o o o
R o .
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5.5.2 Computation of Diffusion Coefficient

Taking logarithms on both sides of Eq. 3.16, we

get

- y2 1/2
log g = - Lz 2 log e n (5.13)
¥y

A plot of log g veréus n at ény time would result in a
straight line with a slope, s, equal to the term inéide the
' shuare brackets in Eg. 5.13; since B is'known, ey can be
computed.

The valués of g and n have beén computed for each
test and are given in tables in Appendix C. In the computa-, 
tion of n, the values of Yo given by the Eq. 5.3 are used.

‘Figs.’5.21 to 5.24 show plots of g versus n.
The values of the slope, s, and diffusion coefficient, ¢_,
are given in Table 5-4. In ‘the computation of €y the
following values of vglocity, Uo,‘are used: for Séries
3000, U, = Ly fegt per minute; for Series 2000, U° = 312
feet per minute; for Series 291h and 2919, U = 44T feet

per minute. -

The correlation coefficients obtained by fitting
Eq. 5.13 to the experimental data varied from 0.6 to 0.9 aftér‘
a time of aboﬁt 6 minuées in Series 3000 and 2000% indicating
a reasonably good agreemeﬁt between theory and experiments;
however, in the initial period, the values were too low. (In
the computation of the correlation coefficients, data values

near the wake edge were excluded, as they are subject to

intermittency effects.).
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- DIFFUSION COEFFICIENTS FROM

PROPOSED MATHEMATICAL MODEL

2
Series ?ime B8 Tor slope, Ey, f?et
minutes feet s per minute
3000 2 -0.000562 7.3 =0.4400 25.75
4 Transition 9.5 - -
6 " 11.1 - -
8 -0.0000537 12.3 -0.4950 5.58
10 " 13.5 -0.531bk 5.8L
12 " 14.4% -0.5925 5.35
1k " 15.2 -0.5867 6.08
16 " 16.0 -0.5616 T.35
18 " 16.7 -0.6380 6.20
2000 2 -0.0008040° 9.9 -1.1650 6.83
L " 13.0 -0.5780 48.0
6 Transition 15.3 - -
8 ~0.0000568 17.0 -0.6360 L.67
10 " 18.7 -0.5250 8.48
12 " 20.0 -0.5900 T.68
1k " 21.3 =0.5850 8.88
16 " 22.5 -0.7500 6.02
18 " . 23.6 -0.T1ko 7.32
2914 2 -0.0002285 5.6 -0.5030 L.76
L ~-0.0002285 8.3 -0.4180 15.15
6 Transition 10.5 - -
8 Transition 12. k4 - -
10 -0.0000732 14.0 -0.1300 1k2.50
2919 2 -0.000317 3.20 - -
i Transition .75 - -
6 -0.0000835 6.0 -=1.0080 0.50
8 " 7.0 =1.0420 0.63
10 " 8.0 =0.9950 0.91
12 " 8.9 -0.8580 1.51
1k " 9.7 =0.8100 2.02
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CHAPTER VI

- DISCUSSTION OF RESULTS AND CONCLUSIONS

6.1 Variations in Experimental Data

An examination of Tables A-l to A-1ll and Figs. A.1
to A.13 reveals the following: In the series 3000 which
consists of the tests conducted at 2900 and 3000 rpm, Tests 1
to 5 can be considered to have been conducted in homogeneous
pond as indicated by the temperature movements given in
Table A-1; Test No. 6 seems to be in a stratified condition.
This may be the reason for the general deviation of the
results of Test No. 6 from those of other tests in the series
as observed in various plots. It is surprising to note that
the concentrations at all the depths approached uniform
values in Test No. 6, whereas in other tests, concentrations
at depth 3-4 are generally much less than those at other
depths. Further, in Tests 1 to 5, the average temperature
of water varied from one test to another; it seems from this
study, that the overall diffusion is not affected by the
temperature differences normally encountered in the pond.,

In the series 2000 which consists of the tests
conducted at 2000 rpﬁ; Tests 7 and 8 show a high éurface
temperature of water?twith én almost uniform value at other
depthss; Tests 9, 10 and 11 can be considered to be at homo-

geneous condition. In Tests T, 8 and 9, the concentration
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vélues at depth 3-L4 are much less than those at other depths,
whereas in Tests 10 and 11, the concentrations reached higher
values at depth 3-h.and lower values at depth 0~1. No explana-
tion is possible for such an observation. However, as pointed
out before, the overall diffusion seems to be unaffected by
the temperature variations.

It is interesting to note that when the concentra-
tion at depth 3-4 was very high, an appreciable amount of dye
had not moved to greater depths which éan be ciearly seen by
the very small decrease in the value of WD.

In Tests 12 and 13 which were conducted late in the
afternoon, the dye remained within the top two feet depth only.
Complete temperature measurements for Test No. 12 are not
.available; but the surface temperature of water was quite high.
In Test No. 13, there is some variation in temperature, which
may be comparable to the variation in some of the tests in
series 3000 and 2000. Here again it is very difficult to give
a satisfactory explanation for this type of diffusion
phenomenon.

In some tests, there exist negative concentration
gradients and regions of discontinuity. These can be particu-
larly observed in Tests 12 and 13.

There are three possible reasons for the observed
variation in data from one test to another: (1) the diffusion
procesé is pufely random, with a higher degree of randomness

compared to the sampling scheme adopted particularly in the
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vertical direction; (2) variations iﬁ weather conditions;
and (3) possible existence of bottom springs. It is very
difficult to estimate the effect of randomness; however, from
a large number of realizations under the same conditions
(about 25 realizations), an average value can be obtained for
each depth; a comparison of these averages would give an
insight into the degree of randomness. For example, if the
averages &t all depths have more or less the same values,
then the process is completely random over the entire depth.
Such a study could best be done in the laboratory. Under
field conditions, it is very difficult to get the same initial
and boundary conditions due to variations in weather and
other unknown effects such as bottom springs, etc. Winds and
temperature §ariations appear to have an important effect on
the diffusion process. |

In a shallow lake, the flow seems to become turbu-
lent at very small velocities of currents. Experimental
observations in a shallow channel indicate that the flow
becomes turbulent when the Reynolds number is 310 (23).
Applying this result to the pond and taking an average depth
of six feet, the critical velocity is found to be 0.000335
feet per second, indicating the flow may become turbulent even
by small currents due to wind. This, perhaps, expiains the
reason for the movement of dye away from the test section in
a number of tests. Even though the winds were calm at the
time of test (as indicated by the undisturbed water surface),

the cireulation induced by the winds prior to the testing
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period may persist for some length of time; the velocity of
these currents may be too small to notice, but they may still
be turbulent. Suéh a circulation was noticed at the test
section in a few tests, which was indicated by the movement
of floating matter even though the water surface was calm.

The diurnal variations in temperature also seem to
affect the diffusion process as indicated by a comparison
between the tests conducted in the morning and those conducted
late in the aftérnoon. It was pqssible to use the data of
only two experiments conducted late in the afternoon, both of
which differed‘from.one another. Hence, all the comments on
these two tests are considered subject to these limitations.

Bottom springs are found to be quite common in
ponds and shallow lakes. Their existence affects the diffusion
process, which is very difficult to estimate.

The sampling device may also have affected the
diffusion. Careful precautions were taken to minimize this
efféct. A visual test was conducted in the laboratory to
evaluate thé effect of an external_disturhance, similar to
the disturbance caused by the sampler on a dye cloud. A drop
of dye was placed into a container of water underlquiet con-
ditions. A disturbance was created at the dye.cloud. It was
observed that fhe disturbance did not move the dye cloud
appreciably. Based'on this observation, it{is be;ieved that
during the périod of appreciable diffusion (upto about 20

minutes), the diffusion due to disturbance by the samplers is
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negligibly small in relation to the diffusion caused by the

turbulent movements.

6.2 Discussion of Experimental Results

The plots of observed fluorescence values versus
time at each sampling point show irregular fluctuations
(see Figs. A.1 to A.13 in Appendix A). It was extremely
difficult, in some cases, to draw a smoéth curve through the
points. In such cases, the curves at the neighbouring
sampling points were taken as a guide to draw the smooth
curves. In many cases, the smoothed'iines were drawn to cO-
incide with the observed maximum values, because there is no
way of estimating the fluctuations. This is particularly true
at the depth 0-1 on the centré line at time of zero. As this
valué is used in the computations for variation of maximum
concentration with time, its magnitude is of importance. in
each séries, it can be seen that the maximum value at zZero
time on the centre line differs from one test to another.
An ensemble average value (of all the tests in a series)
would have been a better paramexér, As each test wgs con-—.
sidered individually in the analysis of data, an average was
not taken.

Plots of concentration versus lateral distance

(Figs. C.1 to C.13 in Appendix C) show that after some time,
the concentration distribution in the éross—section becomes

more and more irregular, with an increase in the fluctuation
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of concentration values near the edge of the wake. This is
due to the effect of the intermittent nature of flow near
the wake boundary. It may be recalled that the concentration
values at the depth 3-4 were also irregular in many of the
tests, suggesting intermittency affects the results near that
depth. Townsend (42) states that the data near the boundary
"must Se corrected by using an intermittency factor, and has
discussed in detail the method of obtainiﬁg the factor and
| correéting fhe“data in the wake of a cjlinder. In the absence
of such.a factor for the type of wakes studied here, the
average wake width was obtained as described in Chapter V.
From Figs. 5.1 to 5.4, it is quite clear that the
wake width increases upto some time after which it tends
towards a constant value. This agrees with the findings. of
Naudascher in wakes of self-propelled bodies (27). Generally,
the increase takes place upto about 20 minutes in the series
3000, 2000 and 2919; in series é91h, the wake width up to
16 minutes only could be obtained from which it is not possible
to know the time upto which the width increases.
The wake width ¥y, ves assumed to be proportional
to t2. 'Thé values 6f the exponent n, given in Tablé 5-1 show
that in the series 3QOO and 2000, the value at depth 0-1 is
much smaller than those at the depths 1-2 and 2—3;'in series
291k, they are ﬁearly the same at depths 0-1 and 1-2, while
in the series 2919, the value af_depth 0-1 is slightly higher

- than that at depth 1-2. The values of n vary from about 0.37T
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to about 0.61. Table 6-1 shows the values of n for different
wakes of interest cited in the literature. A comparison be-
tween the values of n in Tables 5-1 and 6-1 shows that the

values observed for boat wakes are generally much higher.

TABLE 6-1.~--VALUES OF n

Sﬁrlal. Name of Wake n Ref.
o.
1 Cylindrical wake 0.500 (21)
2 Circular wake 0.330 (21)
3 Wake of self-
propelled body
a) 2-dimensional wake 0.250 (L)
b) 3-dimensional wake 0.200 (L)
¢) swirling wakes 0.250 (35)
a) o_dimensional wake 0.305 (initial zone) (27)
' 0.125 (semi-final zone)
e) axisymmetric wake 0.270 (initial zone) (27)

0.125 (semi-final zone)

The boundary of diffusion appears to have a‘trapézdidal or
partial-elliptic shape in the series 3000 and 2Q00; the finel
width seems to vary from about 40 feet at the top to about

25 or 30 feet at an average depth of 4 to 5 feet. For small
craft, the depth of wake 1is reported to be nearly four times
the draft of the vessel (32); the results of series 3000 and
2000 appear to agree with this since the draft of the boat
was about one foot. In series 291l and 2919, the depth is

only two feet, while the width is almost the same as in others,
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indicating the effect of diurnal variations in temperature.
This fact can be advantagéously utilized to spread chemicals
depending on the type of weeds present; for example, emergent
plants can be treated in the afternoon (on calm days) to take
advantage of the shallow nature of diffusion, whereas suE-
merged rooted aquatics can be treated in the morning.

.Accofding to the one-dimensional normal distribution
equation, the maximum concentration varies as t-llz, whereas
according to Eq..3 .10 the variation follows an exponential law.
In Figs. 5.17 to 5. 20, which show plots of f(Z) versus &, the
.exponential variation seems to be confirmed. The exponential
variation prediction has these significant features?

First, the maximum concentration in a wake flow
decays.much faster than that predicted by the normal equation.

Secondly, the maximum concentration varies with
time according to different exponential 1aﬁs between some
time intefvalé as indicated by limes (1) and (2) in Figs. 5.17
to 5.20, suggesting the existence of different zonesvof flow. -
The normal equation would not give any such insight into the
structure of the flow.

'Both these features are completely in agreement withv
the findings of Naudascher in'wakés of self-propelled bodies
(27). From Figs. 5.17 to 5.20, the following zones may be
suggested (based on an analogy with Naudascher's fiﬁdings):

1. - Initial zone, in which the transport is mainly

convective in nature; the change in concentration
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is very fast; this is a region of very high shear.
This zone appears to last for a relatively short
time, from 0 to about 2 or 4 minutes. The concen-
tration decay is very rapid as indicated by the
steepness of line (1).

2. Transition zone, in which transport is due to both
convective and diffusive eddies; the concentration
in this zone changes constantly.- This zone seemnms
to last from about 2 or & min@tes to about 6 or 8
minutes, and is indicated by the dotted lines
between the lines'(l) and (2) in the figures.

3. Diffusive zone, in which the transport is mainly due
to the diffusive eddies; the change in concentration
is much less compared to that in the zomnes mentioned
above; this appears tb be a region of negligible
shear. This zone lasts for a relatively longer
duration, from about 4 minutes to about 20 minutes.
Most of the diffusion takes place in thi; zone, and
the diffusion appears td-be.fairly constant.

4. Final zone, in which the transport is negligible;
the concentration changes very very slowly,
gradually tending towards a constant value. This
zone seems to exist soon after the diffusive zone.
It should be noted that there is an overlap of

adjacent zones. This classification is made purely for con-

venience to explain the mechanism of diffusion in the wake.
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The existence of these zones is not fully noticeable in plots
of wake width versus time due to lack of sufficient data in
the'initial period; however, the distinction between diffusive
and final zones is clearly noticeable at about 20 minutes,
which is in agreement with that found from plots of maximum
concentration versusAtime.

The limitations of the computation of variaﬁces-l
using the normal equation and the second moment method were
.pointed out in Chabter V. The diffusion coefficients computed
frém both these methods are given in Table 5-2 which shows
that in the series 3000, both methods gave almost the same
value up to depth 2-3, with some discrepancy at depth 3-4; in
all other series, there exists discrepancy in results at all
depths. A common assumption of this method is that the con-
centration distribution approaches tﬁe normal distribution
after the diffusion has progressed_for a sufficiently long
time. For wake flows, it is very difficult to justify this
éssumption since the diffusion takes piace only up to some
finite time.

From plots of variance versus time (Figs. 5.5 to
5.16), it can be observed that the variance values increase
with time steadily uﬁ to about 20 minutes, indicating that the
diffusion takes place up to this time; after which it

diminishes. This confirms the previous observations.
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The diffusion coefficients obtained by the proposed
method are tabulated in Table 5-4. 1In the initial period,
the values fluctuate considerably. However, after some time,
théy seem to attain more or less a constant value in series
3000 and 2000. The small variation in values probably resulted
from the determination of the slope, s, from plots of g(n)
versus n (Figs. 5.21 to 5.24); towards the wake edge, the
scatter in the data becomes more. due to intermittency effects .

as a;readyﬂexplained. In series 29lh apd_2919, thé values of
ey var&‘considerébly, becaﬁse they are the values computed
ffom 2 single realization only.

For comparison purposes, an.averaée from the values
of ey from 8 to 18 minutes (after the transition) is obtained
in the series 3000 and 2000 separately; the values are 6.070
and T.1T7S feet2 rer minute respectively. Table 6-2 shows the
values of (e/UoD) for some of the wakes for which data are
available in the literature and those coméuted from this
study (at depth 0-1 only).

| Ketchﬁﬁ and Fofd (25) report that the average mixing

coefficients in the wake of a barge at sea.are 2000 cm2 per
secondl(l29 feetz'per minute) in April and 7000 cm2 ﬁer

second (k452 feef2 per minute) in January. The data were
analyzed using one dimensional norﬁal distribution equation.
Unfortunately, & suitable length parameter is not available

to express this result in non dimensional form for comparison
purposes. The mixing was due to the wake effect as well as

turbulence of sea water as pointed out in the study.
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Parker studied diffusion in a shallow reservoir
under quiescent conditions and reports that the diffusion
coefficients (computed from the normal distribution equation)
varied from T8 feet2 per minute to 86h0 feet? per minute (31).
A comparison of these values with those in the wake of boat
should have indicated the effectiveness of wakes; however,.
such a comparison seems to be not possible because of the
very high values of diffusion coefficients reported by Parker

which suggests that the two test conditions are not comparable.

6.3 Conclusions

Diffusion of a substance in the wake of An out -
board motor boat was étudied ?n a pond under quiescent
conditions, using a fluorescent dye as a tracer. The diffusion
was mainly due to the masses of water set into motion by the
action of the propeller. Samples were collected from an
observation platform, simultaneously at several points in a
cross-section of the wake at regular time intervals ﬁsing
inexpensive samplers of a very simple design. The cross-
sectional distribution of concentration showed that the
diffusion in the wake of a boat differs considerably from the
diffusion in classic wake flows cited in the literature. A
mathematical model for the diffusion process in the wake was
suggested, which takes into consideration the flow characteris-
tics. The model permits the study of variation of maximum

concentration with time, and the computation of diffusion
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coefficients. Diffusion coefficients were also computed from
.the variance of the distribution curves. Tests were conducted
at different boat speeds in order to determine the effect of
boat speed on the diffusion process. Tests were conducted in
the morning hours as well as during late afternoons.
The following conclusions can be made from this
study:
| 1. Boat wakes can be used as efficient mixing devices
in ponds or shallow lakes;under,quiescentfconditions.
2. Thelvariationé in boat speed do not influence the
final diffusion appreciably, although the absolﬁtg
concentration values may differ with the speed.
3. The diurnal variation in temperaﬁure has a marked
influence on the diffusion process.
4, The diffusion zcne has a trapezoidal or partial-
elliptic shape with an average width of about 40
feet at the top and about 50 feet at a‘depth of
about 4 feet.(In the afternoon tests, the depth was
2 feeF only). |
5. .Most of the diffusion takes place in abéut 20 minutes
from th; instant the dye is injected into the wake.
6. The maximum concentration on the centre line of the
wake decreases rapidly following an expivnential law,
so that there need be no fear of creation of high
concentration regions which may be harmful to some

aquatic life when chemicals are spread.
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7. The various wake modele cited in the literature
cannot be used to describe adequately the diffusion
process in a wake at a free surface of which the
boat wake is a typical example.

8. Diffusion coefficients were computed from the variance
method and by the proposed model. These are given

in Tables 5-2 and 5-4.

In view of the fact that the wake models.cited in
literature cannot be used to describe the diffusion‘éhenomenon
.in the‘wake at a free scrface, it is suggested that the flow
characteristics of a wake at a free surface should be investi-
geted. Such a study may help explain the diffusion process
more’precisely,'also, it might help verify some of the
assumptions made in the development of the mathematical model
and to improve the modelf

During this investigation, it was observed that
air bubbles are ;ntroduced into the wake; it would be of
interest to investigate che cserf wakes of watercraft as
artificial aeration devices in natural bodies of water.

The use of boat wakes co spread a disinfectant
for the control of pollution at beaches where currents or
circulation are minimal would seem to be w0rthy of

investigations.
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APPENDIX A

GENERAL DETAILS OF EXPERIMENTS

AND

EXPERIMENTAL OBSERVATIONS




. _ P wrBed 0L6T
0°'€2 0°€2 @'22 0*'€2 G'€2 '8¢ §°9¢ 0'6T aBaTH HT'Iny 0002 @
w0002 89Tadg,
pejBsudTsap
puw xayqod
-09q padnoad . 0L6T
TT 0% L 83895 0°22 @'Te 0°'82 0°€2 G'¢2 0°22 §°9¢ G691 a89T) 2T °*3ny 0002 L
wLeo 0L6T
G°ET G'€T G°ET G°4T 0°ST G6°ST 0°61 0'H{T Lpnorp  €+3dsg 000¢ 9
urBd 696T
G HT €°HT €°4T @°4T @'H#T 8'HT 0°ST 0°L £3808 € *390 006e S
. WT8o 696T
i E°CET W'E€T €'€T €°ET 6°ET Q€T 6'¢ET 6'0T a89T) @e2°1dag 0062 1
3 : . WTBO 696T .
i $°9T 0°LT 0'LT 6°9T 6°9T L'9T 0°91 6° ST ‘LpnoTp He'1deg 000E €
1
wred 696T
0°2T H°'3T 6°2T O°ET 0°€T 8'2T 6°TT 0°'$ £3804 =zg'adeg 0062 2
4,000E 89TI98,
pogsudrsap pus .
pednoal3 aae o _ (sputa ou) 696T
9 03 T 83895 9°LT 0°'QT 0°8T 0°8T 0°8T {81 68t 8'9T ugeofawaTd 9T7*3deg 0062 T
9. & f € 2 1 0
. + T opBIZTIUD .
syreuey P938%8 3% 9pBJI apmoo momwwww 899a39p UuTt bbbt mpmwa Wdyg oN
utr ‘asgzss puod go aanjsaaduwdg © ¢edwoy aTV Jo °3%8Q 82L
SONANIHIdXd J0 STIVIIA TVHNNID - °*T-V ATIVL




,6T62 8oTIag,
‘*uoouasilis

9Y} UT 9987
PeqonNpuUod - o 4 . . wyBso 696T
quaswtasdxg O°fT 0°GT S°ST S°HT 9°HT 0°9T 0°LT 0°ST asoTd 6T'3deg 0062 €T
w162 .".m.ohm.a_mm: K .
‘uooutaogJe
ay3 ut 8987 . : sputh yITT
' pajonpuod . PapPIODDX QOU SIIM 9997 TBUQTSBODO 696T
- juowtaadxg 9 03 T suzdap 3e sanjyeaadusy G°€2 0°92 aeaT) fT'2des 0062 2T
o o .
~ | uted 0L6T
! 6°9T 69T 0°LT 0°LT 0°LT 6°LT 0°QT 0'ST spnoTo JYITT ge*Iny 0002 IT
wyed 0L6T
G*LT 6°LT 0°'QT O°LT 0°LT 0°LT 0°QT 0°gt IBITD Leg*3ny 0002 OT
wiso 0L61
: 0°6T S°6T 6°6T S°QT S°QT 0°02 0°T2 0°6T 1893TD ¢grany 0002 6
9 f € 2 T 0
3993 ut ‘ysdap wvwawmpaoo. .
mxnaemm P93898. 928 9pBIITIUSD s9oaFOP §99a30p UuTl P ER-EYY omwmwa. R *Of
‘ utr ‘axsgea puod jyo sangsasdusy ¢ sdmag, xtv J 18d 1597
penutquo) -~ ‘T-y 3198y




= 12k -

1

INIVA U3HLOOKRS $LWS . N1y A J:Ad3580 :Sdd

oy
o

e BeE1 o GOUT 6000

(°0 0°¢  u°9.  0°9 DY Ll oLl : 7
0°0 0%  G*t  0°81 Q°cc  Qely . G°le G°%E ot wlti L=
0°1 O°L  G°h D%y %4t ULl CU%HL wlSL UYL ulto -1 :
Q%Y O Q°TT (%6 Q°Ls - 6°H9. U9 e 0°LL Uteo Glhb i-u wenl
0°0: 0  Q°l E 0hy o2l U°ST Vo6 W6 0°Of Loy Y=t
0°%) 0°( 0% 0°el. 0%0% s°L6 u°BZ 0°8¢ Iile Le9¢ e=¢
0% G°C Q%% ReLe 0°08 G°89 (°ty L°ng QL0 ULt c-1 . y
Q¢ g°1 Q°L . o°%g 9049 Go¢ZL Lol U%le LSHUT Llho =u 0°¢1 .
g °*o Q°0 g°u Q¢ e ool . Oy 4oy eIt oL 7=
0°0 g% Yy 0°L - uts 0°9¢ (%6 H5°92 0%t Yl%c e gA
0 %) - g*¢  0°6¢ G%ct UL Whd  L°Ld worUl %490 o=
0°9 g% ¢°y  Q°8% GeLs V9L Wgb %90 woucl 4%l i-i Jed
00 D00 C00 g9 g uoy. LeL o utll o bk UL
g¢qQ 0°0 0°e VOUE  [%€¢ U°01 J8T vt wllh L=
0°0Q J°0 Ueel Ve 6°L5 el 0oy wlthul utudl =1 .
0% (R4 VAT oGy LBl LCLOT vtlH ultel GOvul b=t w8
gen e ut( e s ey GO 9%l L luy Y-t
0% Y el ¥ uoué Borp G 1 ulWe L4 ¢ =%
J*a 0% 0oL gy  utiy eyl Gyl  Ltaal A%c¢lld é-1
0°0 acn geelT w°ct W%Lo . U Yur 1L%oul lovl 409 i=u %9
Q.D COC Co A.\. Co..ru m»o—. Tom mue—._ .,~o.u. il c@ . _\IW
Jgeu Q*Q yeu Dol Lol u?ly uee B¢ wlue =
Q%0 Jeu 0l gegh G0k Loy 0L°le wtbE  utlie =1
0.°0 0°o 0% QeEUT LosuT wiuul G°bul Uo59L $°Lul -y oY
0% ) e e Y A AT e Hol 4% Yy
0o Y ey [V W% vep et oLl wiyl c=2
Q%9 )0 O gou (Pt weel  O°el  0°WL Lo ¢t .
D0 VY {°u uev V16 we vl G°HL u°y¥id Lhic (~o u¥¢
0°0 Jyen 0¢ 4 Q°u gt IRRY] (o0 %3 w04 =%
Vg woc o 3oy 1) oy O U0 woL G %9 v=¢
0°0 g0 0°u .uce 6% GO oL eIy &%y o1
0°0 _ ven 0°*u g A UL ueL V°Ye9 W°9EY RN
IWS S 40 LWS Sd40 1WS Sgu IWS Ssu LnsS 540 LAS SHU

G°gl el uee 19y U°e ALY L3 Bl

L1334 NI 39NVLSTU Tv¥3ivY QaLvesS Ly SLihkf NI 4IN3ISIeunld 44440 InNia

30vd91 IN3D $33¢950 0°6Z=SISATYNY UNI&1d SH1AVS 40 FoNuvdidail

I °ON 1S31 40 SNOILYAYHSOU TvINsk [¥3dXd==°¢c =7 ahlvl



- 125 -

CoTOCOTTCLTSIODCTCOCTLCTO

ot gl C ]

SCTCOTTOCLo e
r—~ie—t

® 0000008000909 090® Qe 080 00CO0OC®S OG0 SOso0
Y3 O HIN OO T OO O T O NG INC T NI G OIT N0 LT J G U
i —de=t Ll ] —ten=d

el

-
=

<
°
w

(3 °9 s

0% neet

V8T u°ul

gl 0okl )
ge L g
02T 0°01
g°9L 0°sl

, g°61 sl

g°G  0Q°9 :

0°01 9°dl

gl O°L1

veet 99t
%9  5°Y
g°21L V¢t
g°8L G°%¢¢

) 0*3T a°¢i

g9 U9

nee  J%el

geHv1 V6l

GeLT  0O°LT
eI 0°*9
Jg*fl acul
g°5f w9°s1

o 0°81 «°*%e

g%t 0%

0% Q°01

G*9  0°Ll

g*H1 0°81
0oy ey
] 98
Q°%1 S 1
JeLT weol

0°1 U°e

G*T Q%9

0°¢ 0%

q%9 neat

sS40 WS 540

1 neet

U° s 0°8 L6 w°B_ L°8_ J°%
)°¢e neGe 5°92 a°6i 6%¢ oLl
0°L¢ J°8e (1 °9¢ toow Jouy 1999
N°Le N°GE G°GL L%y 0°i4 O°LS
W6 GG U6 G °y 9% 0%

0°He U°le wv*ge Gone Uete weLl
Q°&¢  Q°le 01V 0°G4y  4°ls  (°8Y
geec (e  0O°9¢ Coutwe gtey u’tug
0° 6 oo ezl ute o 0°OT 00O
0 9¢ geve  0°le 0*1¢ ol sl
gy (G°%%  6°%7 u°¢S 609 LlJL
pele Q0B O°%E  LOYy  U°94 W StY
i° % 0°6 JOUT oo 59 3%y
Q°9¢ 4° ¢ Q4 (°r¢ " 6°6T wulol
WeE 04t 0oLy U9y cowm veel
J°ce (°9t L°0E 068 . Q19 L9y
u°E gepr g L6 DL Wi
Q® e B°HE 506 L°9¢ ©°9¢ N°%lc
0° 9t (°08  G°9% UCuS  4°h9 WYL
Ve 9t gegy (o Q09 u°h9 0°TL
VA T Y A T i WL ute 1%

geg¢ %<  0°9t vege U°SE  Ultd
*6E G%He  UShYy wely 019 usl
g*6e O°Lec U°GY G°49  S°UL W9l
Q° L wert  w°L U E ) AER
0e LS Jdest  L°ct  (%Ly  uo%¢ pilad
gt dh oy u°ly  u%9 0°19 v %Cle
necy Je8y 5%y %9 1°L9  »°J8
oL 06 wtdl D0 gor bl
062 0°Le 06t uele  J°le  utLe
ye ey  9%ly %9 B9 Q8TL Lol
o%Lly 0°1%  I°¢S I 2 T A g X
0*9 ezl eewl utul 0%y e
0*¢e G*0%  G°Be w°le LTt wui
g*eh 0°L9 Ukl utel wiBL u’le
utes 9°96 0% (%Ll 4°sL %o
1S sS40 LWS $40 AAS S dU LAS

0% (°y KA

13534 NI IINVLISIO Tvudlv 03LVLS v SLINA NI 3IN3I53u30 1

GINNIAINOI==°C =V 3TuVL

oW
© 00 0

atuldullollobat] ol ay
© 0 ¢ 060 0 ©

N

c

e
U

C

~-
PR

Ceem
-

A

™~ OO

L
Z

»

[CRURE ST R Ta LYo ]

e o
UL

SF 2k e o1 &30 XL aud I ol ] o

TN

0y G

°o
- ‘—‘
O\l

eaa

-]
—
fod
-

Al
s

)
-
Cue

°Le

7=t
e~¢

L=
7=t
=
e~
=l
74
e=¢
=0
7=t
K,
=1
=0
\-‘

-1
(Sl ¥
Ko
cT e
1
=y
r.=C
=i
L=0
7 1
=
[Pad ¢
=3
i~t
=<
.....I _-
v~u

L4
Hiasd

L%2¢C

281

)31

NiW

dNLd




SMT

Z 126 -

9S00 09e000co0ee0s00000OCCESROOOGOGROOOOOS
mmwaNN.-uE-—ot\:.—cl\-—t-—cr-NO—oNNO\‘.‘(\:FO‘-CNFG)ONI\

IN FEET

(g

1240

08Ss

SMT

v
s

N -

eeoe
N\
—t——i

TIoCoTCoCcooT oo ooceos

® 6060 O o0e

IO NN O O N NN O
Hrelet meded eeteed eeniret i

acu
L )

Fautl ok T ot
® e 00

w.Congs
oo o0

-~
—

L]
P
L]

(D

SMT

)

20==CONTINUFI
6o 0 Qe N
RS SMT ORS

A=

TABLE
IN TIMTITS AT STATED LATERAL DISTAMNCE

o NT

SCENCE
30 0
NRS

FLUFCRE

SKT

1o 1)

NEPTH
FT

o
o e o0

LA I o S [+3kX % s e NN oo~
~e=le=t

e -~ -~ ™

DU AT GO
[V QT SRR N{ o W UNY oV

scono

(g I91 9V ol N
° ) e o0 o

P Ch~C

-~ C\lomzpur

TINVF
MIN

. P e ¢ 00D O 0O O & ; []
o 0 0 09 2 0 ©0 0 € o e 0 00 & 0 &6 b € o ‘ e °
T T V0 T L O O Ot L O "OIC“'!?«-—-'»\?-
l\x’ \A .. EEENEE o G U N e e e U e RS E et e R Ul oo
. . - . . i S e . %N [4 ad \:,_(\,(-'.q'_;\c, —
y ¢ OO e N D e N O LS e <
I AN S e e R I R N A A A R R A R I AT
B Y Y e Y RY TS SN o B ol o T RS LRENRE el Sl RSN L S A [ Ta A= ] a X A R Tl ot o e
o < L’ = % - .f = :c
\TB ' o < o ~5 ~L c_q <
€ (38 (3N ~ N N5 ~ < u.




- 127 -

00 a0e0adaCaNnO0CcCOOONCOO0O0O0O0O0D

DDVODODOOONHOOCOOOCOOTCTCTCOOOO
COANCOOONNCDONCODODIDDO0DODIDOMM—O

O 0O 000360

-
wy

(@]

INOOO
o000
CNA-O

o 0 00

(plelele]
eololels]

SS90

[ee)
-t

Z °ON LS3L d0 SNOILVAYIASH] TVINIWI NI aXI-=-°2

S

o ¢

oo
AL Dt

DO
CON o=t

S on
O MND

"
ooty

OO

0°0
Gen
G °0
92

G0
¢*0
0°0
0°0

Su0

0

INTYA QIHLOOWS LK
¢og 0°,  4°6_ 0°01
0°9 0°G1 0°31 0°8T
0°8 0°11 0°91 0°62
6°6 0°6¢ G°G¢ 0°0¢
0°0 0°0 0°G 0e0f
0°Z G°2 0°11 0°61
0°¢ 0° 0°11 . 0°9¢2
0°¢ 6°¢ 0°02 0°1€
0°0 0°¢  g°z  0°®
0°0 0°%  4°% (781
¢°0 0°7  §°¢  0°G2
c°0 - 0°11 0°TT 0°0¢
0°0 0°0 0°0 0¢y
0°0 0°0 0°C 0°% 1
0°6 0°0 0°C 0°0¢
0°0 §° 0°¢ 0°¢¢
0°0 0°0 0°0  0°¢
¢°0 0°%  0°0 0°¢G
G °C 0° 0°0 09
¢ 00 G°0 0°0T
0°0 0°0 0°0
0°0 0°0 0°0
c°0 0°0 0°0
0°0 0°0 0°g
0°0 0°0  0°0 0°0
0°0 0°0 €°0 0°0
(°0 0°C  S“0 00
G°0 0°0 0°0 0
C°0 0°0 G0
C*0 0°0 0
0°0 0°0 0°0
¢°0 0°0 0°0
IWS Sa0  1MS  S90 IWS

0°¢ 1 0°zt
1334 NI 3ONVISIO WW¥3lv1 031718

2

@D20 00DV AQOCDBO

o
n

ODDIN G STV O N P N N TN NN e = Dt O D
WD D0 e I D Nt

5 0 NV " 0200 ®O0CC D
N [Sa R\

cC e 0c o000

fololololololeoleolaletulolalelnlololalolaltoiolololelololalelels ta

L

=

S

1y

N O AL N

NIYA GIANASON IS HE
G721 QY4
ne)t 0Qoe?
peoeLbe 0°6GG
59y N°7g
OOA.Q—H @3\:4
0¢67 G°¢¢
Nneeg D°LG
peay  0°¢4
gent NDer Y
G°07  0eng
276 0709
neyLe °r7a
077 0°
0eiec  ¢°97
N6y 0°2Q
neel 09
n°tE 0°17Y¥
A N R A
0z neco
G*HG 0°Ch
O*~ 0°R
Nney? G°2%
0oL GO)4
NerE QY66
'Y 0°g
nec (IR
anewz )7
GG oerel
D0 ceQ
oo 0*'0
09 G °q
0%4é 0°hy
S $0) AWS s a0
cee e

GLINN N
JOVYOTINGD S33H990 G % (=SISATVNY ONTHNAN Sila’ .3

nest g8l
Oeae ceaqc
0o¢ C'5q
necy q°o°fa
pectl 40T
Hehg  Gooc
NGy N*yo
o°egy nel)
QouT  (°hHY
00 Gt
neza 0°71)
NeTa  GoF)
neect D'
neYy, QL.
neegl cron
prentr NI
NeTT Goo
D9¥%  No°g%
noenn  Ne¢Ca
et T Co(en
n°e 61T
0O°ee necy,
noen  0°G6
09T G°16
cec oy
G077 (097
neqervy ¢ 6ul
00T Q°T)T
Get €04
nocd Gow
0507 N0y
2 NerRy QO*7aey
s car
.JO‘)

TS AN

411

-9

FRALY WL

ERRAN

I

IR

1
1

Y
et

0°aQ

'
e
T,

-t

i1
STl




Bo==LOUNTINUED

A
1}

Ji

3Lk

I

T

ET

D LATHRAL DISTANCE 1IN FE

STATE

Iiv UNITS AT

FLUGRESCENCE

2T

.
,-
.

I

-

T

1200 1500 1800
o8BS

9ef)

£o0

340

Yot

FT

RRE

54T Oes SHT BS SMT S SMT 085S SMT SMT 0BS SMT

3135

- 128 -

© 00 0eDO0CO0CO02e€C000CO00«®0CDO>OI300e00cCcdIOO00
OO N NN IO N AN T N AHA OISO PR M A N OGN A Gr a0 S

OINO oNeo o own nooc

©oaoo . © 0 ao a0 o0 o000

OO M N0 or~r~r~ —0-=0
—te=temt —te—t B .

0 0000000000000 000000C000000000050920000O0
IO Rt O AU = AT O AN T T N O DLt O O 0Ot O O
eeir—t et et N U Ot Nt =N N

oo (lelele) DONO oNOT lolale

o 000 9 000 c o990 0 oo - -~ -4
o DNt et NeJolt ool wFom DO D
—— NS R b . et —o\

OOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOO
oooooooaoooaoooeeoaeoooooooooooooooo
ot\:ismmmrscrmmx~0¢.-uoomomo~momcc.-ec'-q-ccoaomcoow\mc)
A= N AN =N AL RN N NN NErdet Nt e

O oM lolelele] oNO O
® @ o o > & o @ * ® © © e @ & O
SO wnO~0O NG OO
NS O\ ot s o=? OO —t ~t O\t

e lalmlalelelaltelelelnielelalalelololnlelaletoln nielaieole (o toinle o)
6O C0000QCQCOACCNACO000CDO02Q00200c00C¢C003020 23D
OO DA O AT O =N OO TN T T DN MO F DD o~
ANt IO OO i = e Nemte—t  Ormdemi (et

AN 22D 0 [t 1798l : 2200 [UaSTaTlatle}
o v oo c o o e ® o0 e v o o e e o o
v et jandeol ke sl PM~O O ~OINICO [aaleatinfle}

NN = D=3 AN et NN~ OSor—ir=d

Co000D00SDODODD0ODOCDIOIDDODDDOO0ITSO0

QQOQQOQOOOOOOOOQOOOCOOOOOCOOQOOGOCOC\
{eaten TuyRaw foe [N SO~ O WD O GOSN O TN NI N L AT
TRt Fet TP TFm FP T IS et

o DO D2ODN LD 2002

o & 5 o e o & -« ® @ o o ®» & o

DR == ~ L0 QIS o220~

BN SN T3 - YNt g
O'DCO{DQOC_\D-DOC.f}QCJDCOO«DC‘:3'DOOCQ-DOO'DO'D'D
QCOQ901‘93OGOOQDQO\‘30003‘:‘)03009000000
WS- N e O gt SN YN N =S LY et T ‘-':‘:\:"3‘:{\"\\;3‘0@-—‘3\@
T O TN =S W N —_ D TN D T e YD O e e

DO D DTOO liatialialay} AN oD
o @ o o > ®© @ & e o o o * & o O * o ® o
QN DA oS D SONTHD Tt ¥e X0
e tie Vo Ul N O NN = 0N e )

'33-31)133333‘33333-3 SADSTOODODIDDIIDTITDDT2Y
oooooooa:oooosoooaoaoaeaooaocaooouoq
L NI I Lo N e To S o AN NOODL= T DN RN BT R L JOR I
D EN A AT AMS NS SAMs 2NN AN DN B
AN S TDD TN SANIADDADNDSNDIADNNDDD Daens N
c’:o39001\009030ooooooocoacooooozoooog
F AR 2D TADON O I FO F-rADNF OIS~ TDD
e R E Rratiatia s b RFARRE O R T o BaTea it e TR TN L AT DTN DN -

T N T e TS e DY e AN e O Y G ST NN = DN
IR L L L it trri LI !\L{L!\LI}J\LI l'l‘
Tl NITVD 03N SN D e MY e N T N LD AN T NS
) - = > < o] > 2 <

° o o e o ) 2 -] 3

NeJ © o N <0 £ 0 - o~

= 1l ~N [a ¥ o\ o~ N o o~



A= 30-=CUMTINUED

FLE

[y
K3

10 UNITS AT STATED LATERAL DISTANCE IN FECT

”
[

CSCENC
o0

re
“
Ve e

FLUGk

OTH

r
[

4

TiMF

15.0 18.0

2.0

700

GCol

Jod

F1

MIN

1 NS SMT  0BS  SMT  0OBS  SMT  0BS ST

i

(1B8S 54T G s

SAT

TR

- 129 -

c:OOOOOC‘)OCOOOOOCOOOOOQOQOCOOOO’OOO
O 00 S NS BCQCC O QOO o
C'd’4‘003c’.‘("\c‘c‘.)t\\“meCﬂCﬁSOC\gagd‘:u‘?;}fzgagus:s:;K:-—?dgog
-t -t =t - o~} —t -t —t
Ootr;u;O (@lelolte WNoO QDO OO
o o000 e o000 o000 - ) L
[eaY 2 Y0 3 o Lo~ [Go Tohtortoy) VOO0 . m-—'G‘SO‘

elaleleirlslsleleolnlslnlolololelelolelelmialelelelolololelelanle)
00VO000D0000000090000CO0O0 0060000 0O0C
VOO NOT VIS UMM CORMO IR OSSO NN 0O

~—N\) e~y —e—t ——t -t =yt ~trd )t
Helelole] oMnoo noown (e]elele
6000 o0 0o0© -2 2K - oo 0o
D0 i~ aataat¥eTen) OO =0

00 0 00QOCOCCO0O00O00O00O00COOD2OO00COQO0C0COCO.

O O VO P 30N 20O O = D NP~ D= I OIP P < O P P T -0 F NI
Lol T ] L o P | ol = e =i ettt ete=ie=d —ely=t  rete=te—d

201nn
co000
or-oen

O\ pam gmmy’

[fq}7qtigla)
o200
neoOo

o L LS

WDO0
ecCc o0
e

=" e~

olelelololololololololelalelolototnlole lolalalololeale lo e
0 CcCCOo00000CO0CO0QOCD00D00B@O00I2000¢0¢0
OSSN O A O DN OO F 1 SO O DO D
Aot Ottt (et Nt emfoted wlrtes | edrde=d

250

39

= WO

o o 00
~ Jven e
- —

[Fa¥
o
2

-

8.) \:)
9o )
60 0

Q
e}

2 el

o

Q
Ly
—~

1800

1

DOODODIOOTCODDODIIOVDROTOITTOODOO
0000000900000@0O:QQOOéOOOOOOCOOO
ST ONUNA T AN D AND I D TP O X == J DO

FFe—d T O N T O ST N
NN foiEa Y Jau ] Ha¥e 1 W Q0T SNT O
Q0 0 Q Q290 > - B - I - o - K~ K -] o e O o
vy EeaVal —DUN 309 LH~2J90 [aa B ) ROR
NG e ST e (R RN [iate T N i,
oM nDoDT AT ODATOSADTITOODTTNTDTIODODT
OSC‘O?OOOQO:‘O'_‘C‘:CQOOOQOQ:C.QOOOQQO
Qcmmga>$33~:ncﬂmnaa@30¢s¢o¢h¢3¢>
Vv O TS O DD N - O -

2D2NN\D N0 fo [T S ] NONO

oo o0 o0 o2 c¢co o Qoo 5000

~F O NSO [ulids JT9 Rl NONT

GO = S e AR NS
OJ-’DOD’DDO-’DOD-DOD’J'DOO-DODO-DO:DODOOODO

< CCOEOQQOQ90033330399009000

;2‘? .3 :ggﬂ YA e Ray .rfﬁ;‘-‘.\]ﬁ'-\I}‘\z-\J\Cv\-—cv—tu‘v‘Dz—l-‘D;‘\iﬁO
S }:ﬁ;-a;.‘;- T Nt T NN SN = DI N A AN D N DTN
A AT ODDNTH 52 AN DNDDDDO Fa T 100 kev Tow Bo
o....gooaotc-oaoco.vo.-.Ooo...oo
R D= O T DN ADND NN DO NP EF T HWNND DN
._.'\ Il A BF VS AN =TT SO SE=NDTE N TN TN

-V ST ST O S e I AN 't.'"“:‘ﬂ\.-ﬁ:\ld';\?ﬁtfﬂ\l?T;:'\;r;i\.{‘-l‘r?”?\?
- ] Pt e ity et R
f‘\-’a'mI‘ ,L'_, ! r\.':‘).-‘«» RN SN TSN T D AN D NGO N DS NM
) ] D ) ] o] (@) @ fan
: o . [ - o - o L]
3 < [ (o) o~ <& Re] [>a) o
o ¢ - & <+ * < < o

D0ND
©eoo0
OONM

— P gt




- 130 -

0°1 Ny
0t O°Lt
g b 0°s¢
0°8 g°ve
Q°0 0°0 01
vy g°0 D°01
0°¢t 6 ¢ 0°ge
ot 0°1 Jeot
U9 geu t°Q
0°qQ Ok
0°1 ip°91
g°1 9°81
00 e
VRS u°t
00 Q°¢
)0 0°9
Y] VaqY)
00 neo
Q°0 gen
0% 0 °0
). ven
0°qQ 0°Q
0°Q (1)1
¢*Q o0
oy V0
WY Q%0
0°0 U0
00 0°y
Q°) ¢°0
(VY 30
(VA1 1))
G*v G0
WS S40 1WS
st neet

ANIVA G3IHLOOKS

S 40

TRV
LHS

-~
[aok-apbany
o o
——
oS
oy —
=T
c e ©
-

co
® o
T
&G
o
o @

C."‘
0 ® ©
- e
Do
LT
e e

S
%6

-
* —

©
Fee)
—

PO N O QG T LD e O

°

e
=<
® e

<
~
-
o
~oo et o?

g

U LWS

<
°
W
LS
Lol

4
11° 6y
Gy
ol
4 °¢d
l $°L6
(1%
%0
A..O*\

T 0%t

vew
e
{70
GO

S 80

INTYA THAgESUU 1Sd0)
1ty g°0c %0
LohE  O°wh uole
uenL  weHge 20
Geivy gty a°dl
u°g i JO
uoge  (°ty 0°%w
Q°hL  8°09 ULl
Heul vele  w°ud
weh {1°49 )i
wlle G%¢ vlht
oYL LGl WU
GOLL 9wl el
ok e ANt
Ui 9°he  Wui
$O9L VOhey utvuy
N6y S*lal weonid
wve (A vt
acit gen 2%y
1059 g %%w DL
Legdb H°wy  vou¥l
s v e el
% 5% %y
pely  Hyvw 9%
oLl 2°Tel it
0o a0k §°¢
A 5 Do
weyl Ul N RS
LOTlT 8°38ut u v ud
(NARY, e [
0 ARy weLn
el Vel YLy
UPue Vgt JsYDhia
Lhis Sut) Las

(1°¢ "

uey

1334 NI FONVLSIO IvddLv] GEL VLS LV SLINO N1 JONIISLd2nd
JQVU9ILNID S34d9dd 5

0,251 SATYNY ONIBAT SAVdWYS 43 Jalliviadnai

o —

2 (o} C oty
©
e st o

0% ®0c¢co© 00

I~ L G

-

--
~/

\

P

T

[l lat taban
STAREVEN piN e us]
——i
-

C u G

2
<
G il

cus
=

o © ¢ o
ot O

o~

[ Ua)igRT ol
[SIN M Ta¥ ot SR ey
T T

VRt e
5 ¢ 0 © € &>
~

-

L
[ g}

v
[+
C

€ O0N L1SIL 40 SNOLIVASISHU TVINIWId5dXd==°Y -V aTuvl

id

4163y

Wl
swil



- 131 -

o8

o

® ® ® 0 00O ¢ &0 0O 00O
[3)]

QUL O OO OO S NS O

COoOCTL LSO CoICOCTSCOLC o
e c o ee
[+

L3 M 2 1)

[ J
SOOI OGN P~

<
-t

— ccococococcoc
® . 0’0 00 o

-3
(72

N\

[LaYTaV i o

2 s peel pesl weny ey
§° 0L TPOLy QLG %Y Pyl
oG vell pege Gyl Do°ne [1°6y
el 0°% nebT  eecl 0°%e . uchuy
o g°s  s°c 9%l DT Soul B

v g 26 DoLYy G°6% 0°19 U3l
021 V%W 0°9¢ J°0e 0°LL u°la
. 0°0T 0°¢T 0°91 . N%he GOl w2aY
Ve 024 yeel mnwm c.w% 0 <~
; ° n,O- . mc
m.%m m.m~ m.%w mocm :.mm ceMm
‘g 0°0T - 9L 0%l uUthe HIsY
g9 heg Gl GOTT Wl LW
- N e 0%1g  §°6¢ wol¢
0%l w°lL (7OLS . WOl UTGL Uthy

v Uil s%0 c“mw IS e 7 R 4 xecﬁ
1 9o Pold Qefd eds 0e iz
°6 - N9l 0 oeg m”wx :”ww :MQ.

POl ey Bt TN N e Gey

G0l L%l 0°%9 weZy  Y°Ye  woyd
061 G°6l °lt LedE ULt LY

L, Gl seel ured o Ui el niew
GeSt 0tEr 068 Gebh 0edt 1oL
ued  Qehe Goly  Q°le 0°%Y G009
g*c  O°1¢ 0°6e  Oesl o°le oG

0°L° s°6  O°%i g°5l  9°1é %%
DSt BeHI QL9 029 $°%6% ¢
Jege G°lc u°Hw 0%y L%ey 1%
G°9¢ L°cé O°IE . 0%E et ¢
5 Gedr Bess e Beld o
A A4 . ] .
°Y¢  O°he 09 0°%9 U°)9 oLy

41 0°*)t N%%e 9°CY9 (%Y (1° Gy

0 LWS Syu IWS Sd0 LHWS SHO 1AS

02t A uey

1334 NI 3JIONVLSIOQ vaidLv] Q3L vlS LY SLING i

GANNILINC)==*Y =V mqwch

. ~,..0*\
el
G0y
wom¢
%%
5°91
GoLy
1%

69
5°%°4%¢
$°GYy
3%uy
RN ; B3
Le
4%
+29¢.
YRGA®
TAg2
G hi
9799
vlaé
.A.Qn\
g*LE
Yo
4 %%¢
9%
a9 * 94
2hs
4 24¢
50k
A%%c
,.o.w'.u.
%y
GOy
Goli
6y

°tte
$40

o
[4

v -
(V.

o
2 s
(o L S

r.

S g S ERARE ¥ A0 UL S A S )

[TORTY o A N T aTi g}

S UYL O AT R U

AINa IS 5duns

NN

(o133 e

ot e R At B

[Sg o AR

S
L RO N
N e

Bl Tl

Niot oV el o4

o~
o

~—-

AONNGE I L

a0 20038 00006 e 8 3¢S cCoO
LN AT

N et AR TR s A N ate o gf o e SN gEN affe w} O




132 -

O

oeoenoo0e®eocoe

[
°

<

o

~
-’ Vo

6 © 00000009 0eeo0 e

S
Vi OO AN NS NND O M= LN

- oo
ot wbaleldl
R 13\

L
- O\

- CoTOo
-

=

(s

OO

[Totel & us)
coee
N\le—te—t

BN faal- XS

[g- o)

e © o0

F TG

<
o T
(V2N LV

tolw [ o)
eoc o e

S
eeco e

[t oTialay
-\

$Y0
1

1354 NI 32V LSIU v¥div) QdlvlS LV SLINO N

-1

[l TaYSof ple STaRN of aplepl a8 - o
T4} il gy
o oo
[ x] QM T o)

0 060 0O O 00 ®C 0@

Uallal d Ol Tal g

<
-l

-t

[ ad

=
-t

® 9 0@® 060CO00COS0C 000G O e O
o~

COoCCTCLoSToCOOCCoOTTCLTOCTCOTTLTTCO
<«

0°4¢e

el
11 0°01 weul 0eE
6% W%t 0°1Y Ve LT
v ¢ G 0°%¢
Y G9 1°¢e e
11 negt %o
g% (¢ 4o
A rege Lo
% e 0°
Tt 021 Q°uf (°
Gy Q°9h  U°eh e Ll
ve Q°91 0°9¢ (e
6 g% AR XA
L ueul 4% £
9y DeHy  0°Hy L
4¢- neLg  a°Li °ye
6 wetd Lol wole
[T e6°0Y O%Jyi - u®
9y  U°GHh  U°GYy ]
g Q°ovy poR e
i 011 w°vwe 0 0fde
[1 geul %L v
94 e 9h g5 °
G¢ 0°8¢d  4°04%  u
| J°ve  LoYe L.
1T wuest weoal "
9y  Q°LS  uwouY 9
G¢ 8% ¢ V0o e
¢l weyi utHhe L e
i oot uenl  ubw,
9% negy  L°9y L EY
mm A°Ge sy (LY
&

U °6 R

JIMNTLINOD==°Y ~v JTuVi

—rr- (N et
CT
L ]
~
-

neHe L O

S40 s 54U LdS

G°¢
ueeil
e
G°lt
D¢
vyl
G°cg
3°9¢
J°¢

1oy 1
neée
)°¢ L
Doy
oL
g°LZ
Li°9t
wey
;%18
5%t
G °HE
Yo%
Yoy
4v9Yy
198w
e
11°¢2
500G
Gy
5%
a0t
NRg A
U9k
3 Uy
c

IN3ISaeul

Pt kT o)
e

W

¢ © 0000 € ©0 00O

N

— -
Craiee g ae e

SF o o)
o

-
b

<
°

o

£y

el s bl Tol T T

[IaFaniTal! aad

o o © 0
e O AT i T
CUCy T

w

Sod

o

o

N g &

o QL O T e O NI

Ol s O G

[ | LI T I I O

-

LI

=}

O NE AR RE 7 04
L
(oSSR o ¥4 o Rt

-1

1d

tiodad




133

INTVA GIHLUURS

0°0 0°0 0°0 g°c w° 0°¢ G°¢
00 $*0 0°Q Q°% w°g w°eL Y
00 0°0 Q°*0 Goll O°1T u°Le 0°ce
0°C 6°0 0°Q . Q%9 W% 0*¢e s°8l
oy 0¢) 0°0 0°% Q0 Q°yu s°V
G0 Do 0°C g°0 90w Q°y  GoL
0°0 g°¢ 9°0 (°1 9°u U%¢¢ e Le
g°C  R°0 S°0 0%t J°G UL G oBe
0°0 0°0 Q°0 gy g% 0°y Q%
oy L0 GoU Q%0 J°%9 Q1 S0y
ey L O°Q geu %0 QUi L4
0°G 0°0 O°%u C*y s°u Q°yl ushl
g C g0 0% g0 a0 0°o 0°C
Qe oG 0°0 Q°C N 020 ucl
0 °0 geo 0°C¢  Q°G  w°u  Gta GoC
0°0 0*0 0°C w0 0°0 O0°f 0ol
oL 0%y e g° L°0 Ut
0o*n 0o 0°0  O°0 Q°0  6°0
gec 0°G D°  Q°) 0 Ly
o.c 0°0 g*e  0°0 Q°C G°L
vy g%y ¢y u*0 v°u uy°u
uee VY g°0 9°% 0°u O°u
T 00 0°0 v°0 Q°uy u°l
Q°C 00 Vo0 O°H 0°) LG
V0 0°0 90 U0 0°g Q%L
0°C g 0*0 9°o Q°0 0%
U0 0°0 D D°0 Wy vty
0oy 0 G o o0 9°¢  LHoQ
(A Jou geu 9% 0y o
AV peo VIR YAL 0y O°G
e 0y Q°0 D% Q°n 0°u
%0 0°o e a°w Wty o
IWS SU0 LnS $Y0G  LhS 340 LWS  Su0
(*1c¢ 0e8l °g( u*el

$LWS A0V A 03A03SU0 58y
G°T  0°¢ Q21 G°El 0°L QL J%y _ uth
fee G°o QYU¢ v°6 1L N G%¢ °%le G %Y
GoLe U°LE Q°Gs wouh L%9 0L Jev L w9l
0ovg (%2 DUIly w°%c u9s  °%c¢y 2G40 %L
g°l w°2 0°Z21l ¢°6 L9 604 U 4% 0
%6 0°HT neid utLed %% Uoid  J%Le 4GOI
HoH7 50462 JOTS 1°4G %9 U9 19490 J%% L
G%Lc Go°Bc 0°Gy (% 2°06  4°%0% 1°6L  w9iL
e wef G°¢l i®ci uh (%9 Ae¢ %z
Wy 6%y 1 0%le  G°d¢ atvie 4ot
a“nﬁ 4° o nehy ey dtel 3 ten
¥ s 4 (Y LN . “.gq
REERL
et noo WeLl S°ci Jke  utar
%2 L°1 005 G°e9 &L wvdL
G°9¢ G°¢tE Dol 0°BL woiL  ufwal
G0 0°0 T Ry S LR AL
gen Lo L oL eIl Uy iCat
Q°%N G°U Uyl %G5 1°¢e  J%wy
Goe¢tl 91l neey wede 1wl %y
voy  L°u yoeu  ien 1oy ey
0°G Lo Dig! Yoy  J°¢W w3y
000 pel pole wole  109d  enid
g1y 010 srge wiil el st
TN Yer  61°¢ w%Yu 3°%ik
6°0  Q°0 ol $°6 e 1L el
uehh  ueu Q°G %L 9%yvi 2% ¢ VoL e
L0 0%y Geg Lo %L 0t
0 utqg (VRN v J ¢ sl
184V SRd)] vl e LY A VALY I
vea ol poled vwlcee %7y o %uvy
WS Su0 AWS ddu ivs S YU Leeo 9 du
Q eO C © .“\. C ° m\ N < g

1334 NI FONVISIO Wadlvl 031vls LV SLIND NU
J0Ye) 1 INTD 533¥93J $°E¢=SISATVNY ONIdNU 5aldnvs 40 dalive dde s

3Jiv3uS3oln i

2 °ON L1531 J0 SNOILVAuES 80 IVINdwl oddXid==°y =V 4 1dvi

g

Hivad

J°ni

NI A

dA il



- 13k -

S
‘e ® ® O
e

SCOoToooOC
®0®0ee00p

<
~N-—4N¢r~'HN¢v—i'—!

ant

~-

a

o
Lan J7o% I 9 o
e ® o e
oD TN

Gl

— O\t mStN O\ C
® 0 8 g

oo
—naT

<
CTCo
® ® oo
T

® &0 e ®®o g0 oo

ClotCooococococcon
L. J
Lot wnl's L ST 3

iwS SS90
c°1¢

=G

-
e P

Cal oo CcotTQooToos

© ® ® 00 o0 0 ® 0o 0 0 c e 0 0w ®C oo ® O p

DTN o L B of 4 21. ST AT TR RK of 9 X5 SN LY SRS STRVo 2C SX X T s VA Y

-t

s
-
°

-
bl
L J
=i

G°% Q%€  D°E Q%€ 0°E (%  Go°E U6 1i°H L9 y°L
0°S (% D°9 0°G 0%y 0°8  G'0T Vo9l st n°li N
0°8 0% 0°8 0°] 0% wele 0°{¢ 0t $%& J°9% §°ty
§° 0° 0°9 0°[Y Q°tl 0°L( S°LT Q°le 0%9%e J°C% §H°ob
Ut °T (%% Q°¢ NN°y Sy Yoy Lol 0oL gvy
D¢y Q%%  Q°9 Q°%  u°d  (°aT Q°LT 4%¥l U8l ubi
C°0T U°TT Qo°tl 9°c¢T O°T¢ QO°L1 1°%% 4°%9e %% 4 Cy¥
A°8 0% O°11 g0l LT Q°St Ofle 4°v¢ 0O%wh  Locd
Q° 0°% Y% 0°% Uy (°% G6°9 Q°G w°9 3%, Hos
0°€ 0% §5° 0°G  J°Ll web . (°8 0°L1 L°1¢ wéi 0°91
g®y  (°0T Q°f Q°n1 a°h({ W°<e G°01 O°Bw )°6r %y 4°99%
G Q°8. G6°9 ¢O°Zi VU7l woLT 081 0°¢e w%te %% Q%Y
U°% 0°°%2 0°% yY°s wu®H (°% J°% w8 u’g ueo
Q°% g  0°9- (%6 %8 0U°9 VoLl U°LL vtul heyd
C°TT G°1T 0°Gf 49°¢1 (%eé $°ed U°GE $°9% i °ly D%y
0% 6° W21 0°el 0°YT G°LT 0°dt 2%t ULy y4°38%
g% 0°T 9° Q% 4° U°% DO°®y s %6 2%y Y%L
0°G  0° U%c 0%y O*%  0°8 (%8 0°L1 w°8l %ue u®wl
Goel 091 0°%T Q%481 0%eT Wheg d°d¢ Q°uv wlub U°hs %9
G°ul 06 9°92 0°2T1 T Ul 5°¢1 (% %0v %Yy §°%394
0°% 0° 0% §° 0% &4°y D% 4L°L 0°y JL
4°G  §°g  (°9 Lej Jeg geg ()1 u°ol Utu¢ 0UHi
D1 9°91 0°91 S°LT G°9l 9°8¢ 0°¢Y w9 v 4y 49y
COC2T O°LT D%el J%6 U1 0°ic D%t wocdt %Y %%
D°T 0°T S° D0D°7 9° 0°% G6°% O°ul «°Ti J°%  u°d
S°T 0°% w0° Q°9 0°9 g 9°6 O°LI 4°41 wold &s°di
O°11 O°T O°%1 0°LT w°6( 9°9¢ %42 U°eH® w°({% w94 1%y
G*s  O°LT O°CT GLo%L u®9l CL°Ce¢ 9°57T U°%%t 4°6x W& %%
L G°T 0%t 9°T 0% $°1 Qi “viv afo y %
o9  (°G 0°L I 0°8 S  0°81 w°ul weé %34
OU°LT 9°9T 0°G1 WLl §°9¢ 1°9¢ U*SYy G6°cy 1°GS  5°&4
QTT Q%01 Q°91 49°LT $°0¢ G°ST Q%9 %%ce LY G il
g°0 C*°0 9%y 0°€ 0°¢. 4°¢ U°¢ O°TL L°u_ J°%6 g Y
G0 U°9 0% (%8 0°[T 2°8 $°3 G 1 (°9i 5°%¢ u°ce
G°T 0°T1 9% 1 0°%¢2 W0l u®le 9°0¢ Y®u7 44°¢y 1°0y (3999
getr %6 %9 0°ul GU°9T1 (°dc¢ 1°d¢ 0°bu "dL DYu&  QWO4Y
SUO  IWS SHO  IWS S840 IwS  SuU  LKWS  SHu JEZR > i
81 uest vzl 0% Y e e
L334 N1 FONVLSIQU a3 4V daldviS v SLINND NI 3JINdDSdyuniy

UGN TINOD=~°S -y 471dVe

e

vl ol e
o060 % 2 C o 0CCC o€ o d¢C
NS e T

e T L

RN N o

[ T
Ul a MUl e N0
NONC

ouu
©

N Sl SN
©

LA
<

SEAT

[3)

-
LI

85—

"~

[RCE
3

1t

RN

Lk T AT St Sl §
i
-t

-
LIS T LA I |
L

| i

i rr ot
NV et QU TR e (et O e O

Y RN S SN RS S ol 00 R NEE o & W o
1

-~

TN -
b

3

Haddd

NI

dnil




- 135

ouw
e
0°l

0°*T $°¢
Q¢1 U°1
0% §°¢
0°1 g0
gel

g

1

Het 01
Ge1 9°0
Q%2 0O°¢
Ol wei
it

G°¢

D°1

0°r 920
0o°1 01
0°¢ 9°¢
c“ﬁ 4
0°¢

0°{

Y°r O°t
f_.H QO.N
(1°e O°¢
0°T o°t
LWS Sdu

°lc

Q¢ . g°¢

0°t 4%

0%% 029

ﬁnw Ge¢

Qg

0°¢

yeg 6ol

0°tg 9°1

N°y. §°¢

c“« veed.

b

J°¢g

1)%e

0°¢ Q°¢

g°e G°4%

g*s 09

Ve 6%

38

Oet

Dt N°*

e y°?2

%9 0%

mnm § ¢l

ge¢

)y

g°¢

LS 540

W%yt

1344

o1 1°1 uy°d s°f G°t  uoe
0°t ¢°1 0°s Q%9 vy G°L
0% O°L Q°ll g6 0°02 ¢°L1
0°9 p°g  0°Jf 4°¢l 0°91 %yl
C°lT u*¢ w°¢ §°¢ J°%  &°Z
g°¢  Q°v 0°g U°7 G°g 0°9
0°8 U°g O°il 4°21 V0L UL
Q°L 0°8 Q°Cl U°g L°91 0°%1
GQﬂ fb.“ CONv r\»Oﬁ ~.¢0« Q\ON
0°¢ G°C . 0°g 4°y weB Li*l
g° Q% 0°1[ QUL u®le el
el g°L Q°UL s°%i 0°9( u°dl
¢°T et 0°¢ 6°1 u°e 4%t
9°t O°% 0° g°t 0°Y 9%
0°8 V%L O°[L eyl (%02 G°L1
geL $°9 wg°ul Q°T1 w9l 004l
0°¢ g%t 0°¢ §°¢ u°Hh uc°g
g°F  9°¢ U°y_ w°l uy oL
03 Q0°5 (°i1 9% w°le uy'ol
Q°L G°L 01 u°B (9l °bI
0°c D°% 0°Z nN°¢ 0°% 9%y
Co% 0% (%% 9°G  u°g . 4°9
(*6 ¢°*8 0°¢1 w°tl n°0c y°ue
gL 0% Vil 0 0YL 5°91
0% 0°T wl u°g u°y ity
Dey  0°¢ WG 5°w u°B 6%y
£°6 0°0 0°¢l u°¢T °U¢ G%g
UL 0°% ©°IT 9°ttl D°9L vyl
%2 0% 0°t G°t 0U°Y 9°%
9o o 0°G §°9 Q%8 9ol
U6  5°21 weel s°il u°ud 0°ve
€°. Nn°9 yY°1i1l g°¢ 0°91 G°91
WS SHJ  Lws 580 IWS 54U

D51 %21 1°y

SONVLSIO Wu3dlvl Uddlvis a4V

<
| ]

O3NNILNDO) ~=°

(3 %% Gy
( vyl 0°9%
G0ce ulQw  099¢
POuL woue %9t %Gt
g°g  w°9 Jey Uty
91 o el Gini
do€e %9 (VLY Lol
0L %t D9c  4°9¢
Do 4% Uty )%
Moyl 9 wel sl
UeeE g% dvuv QYL
0°(c S°u¢ LeyUL YRR
J°8 LY.L a°y (°y
vegtL w7t weygl s°sal
UoEL (% uLw  wutiv
DUl V%5t w9y °GE
Ges  4°9  u°G  0°Y
Gosl w9y sl 9%l
ote Lo 4Ty %0t
UoGL wo9é u®le G99t
g u%hH w9 %0
GOyl H°51 LG9l w9l
Uote °le w°%Y% 4fc¢by
oL Cug WoHL v Sul
Do acL Lty DL
9T (%L1 9 wULl
vOhL % le v %)y
G% e wde i Y
Uy 'l Y9 Gy
D°9l 4°iE w91 wewl
G°%e a%ac Uy G Cay
Wely 4% 2l% %Y

S1linhh Ni uuzuuUua::;u

5 o=V ziyvl

—
<

SO i N o

[T <Ol "R SRR 4R
000(‘00000000
TN e

~
e
-

~

798 10
. O

e NI —ut T O Y

LI S T I

|

0T e NG e OO NG

e O e ©
1t

~
it
B el S T RO e ASK o BT

L

AR S N
]
o

[}
o

-1
L=
I~

=1L
L=
i
LT
U
L=

wd

Hod du

vty

YA

rwc.*\.*N

%l

RREYL

2%y

NiA

Syl




RVATIONS UF TEST NQy 5

TABLE A= Oo==EAPERIMENTAL OBSE

CENTIGRADE

DEGREES

=240

ANALYSIS

DURING

S

TEMPE KATURE OF SAMPLE

IN FEET

FLUCRESCENCE IN UNITS AT STATED LATERAL DISTANCE

BEPTH

TIME
MIN

1867

03s

1500

ba O 7.0 12.0
aBS

o0

Vo0

)

[
§

SMT

SuT

SMT 08s SMT

ons

ST

Jis S

OMT

oS

{

- 136

OOOTOCONOOCOOOOOCQINIOOOONNOOOOOM
® ¢ Q0 3 e® e OO0 DR®OCO®®e e 33O0Ce 0O0O0CODOOCQCs OO

nooo nooo
o o0oo o060
ocooo cooc:

[elalglalelolalglalelslalslslololaloleinlalalslololololniolelele)
® o000 8 e000Ce®000eee 0O0OO0O0O0C00O0CO0COOCO
olalelolalelelslalclololololelalololslalololololololalolels lale]

QOO0 )lelele]
caQoo . o000
leolelele) OOOD

leloleololalolslolololelalolaletelolalolelelelelslolelalelels ol
* D0 0C® 9 00CDe®0O00C®e000CCO000C0000O00 O
QOCDOCOTO0OODOOT=NOON~OOMNOOT~OO

— o~ ¥
OO0 nNnnoo Ealele o] onoo
¢ O ¢ o L2 - 22 e e e e o ® o @
o000 O=DO NO=O TOOO
: 173

OO O00C OOOOOOOOOOC-DOOOOOOOOOOOOO

e 0 000 ® a0 0 ® 0000 °® S0 o0 00000000000
’DOOO\?OOOOHQOQ"'X‘OOF\?O"O\OOO—IN-—"'\NNN
— —ted NS o~ NON
(wlielele) HINOD DO ODONOD
o.ao ooc. Q... * e & @
alolele] SO oNDO NN
atr -~
. . ~{

folelotelotolololsfalololslolololalololalalotalolalelololele lole) '

.OQO'.OOCO’OQ‘JO'OOOOQOOO(‘OOOOOOO
SOOIV TNNDIT—C DTN DOVONTT D=0

sty Sedee) [632aN} CNM NG SN oSS
(9] =l - ~— -3 — y—t
20200 DINND Eateolele] o liste e
o Q ® D Q9 o ¢ e 6 & o e & & O
tINDDO Q=D NONDID QOO
[agRNe] [cage s [soR e RN0] O i
~3 4 -2
DOCTIITDOTDI0T DOGDS‘JDOOCD‘DOCOOOOO
.Qo:,.ooooo'aceo.QOcQOOOOOOCQOOOO
St IS T IO T AN AP =SSO PN OO
x B e RO TN Ty W N e T SN TR B SR 2 [AaTRN S o
Ny S| N - 4t =t —} —t =i o g =3 gl
DANADD Do N NN WD
oe® 0O C o e o s e @ o o
N~=OD ~ OO0 D OG- NONCOO
e el RaXie e NoJa AN i af
“ ~— -t —

OOO'DO‘D"‘O3’3'3DOODOQ{)JQOJOCODODOODD
.coeoooooe-ocogooooooooooooooooo

N Y "\’Dm DN T DD M-D '\-—a\-rg-qv\'ﬂ_.-\;.-\ o
SN MNN NDOS NN .73 et CEA R A T o B Y S W) Sale 4 TN of
[P TN 0~ N~ -1t -t —t it ——t
O NADNNOD NAND D ADDADDINNINT DAIDN2DANDO
ooooooooq--ooo.ooooaoooooooooooo
Ve D DN A NN D AN T DM Ot DY DN D DD AN
Siigrem DDt ND = N DO LN~ D= NO™WN
g ™My D TN B S R e L) ~lemt 2 ——
—N OOV et DV S N T S ST = INTT i OO G et N = N
il(llll!lllilllllllil(llillll!lxl
D e NN D eI G2 M D= N A D AM D SN T NN O AN
= g0 O O fan ) D o
L ° » o a ) L] °

< o el lae] < N ~3
= ™ N —~ - —

SMOOTHED VALUE

SMT:

OBSERVLED VALUE

OBS:




1809
SHT

085S

1560
SMT

JBS

12,0
8S SUT

0

SMT

9 0

08S

A= 6o==CONTINUED
SHT

ta O

TABLE

NCE IN UNITS AT STATED LATERAL DISTANCE 1IN FEET
CBs

FLUORESCE
SMT

300

\) (4] ‘\)
0Bs

T

=

BEPTH

T1Mt
MIN

- 137 -

OOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOO
P T EE E - E X R X R KRS NS TY

DOO0ODODODOITODDOODIODODLCOO IO =HODMNmO
—

(glalele] noned [plelete] LU OOo
oo 0o 0000 000 0 o000
(plelele] QOO0 SO0 OGO

OOOOOOOOOOO_OOOOOOOOOOOOOOOCOOOOOOOOO
© © 6 © © 60 0660060000600 ° 0808 ss00000e0e00 00

OOOOOOOO-—!OOQ:—!OOOANOO.—:N-—:ON-—!NON\‘PNON\*‘l\’o

-y — o
nwwno o o000 noOND [Ta¥alia¥ ) [@]Tatla] e}
© 00 O Q0 0 0 . O 060 0O (- - 2 - I - © 00 O
lololele) e lolelel L hlele -0 AT -t O
-— -

olelolelelalels) ololelolelelololclolaloleleolelelolele o) SODOOODOO
© 5 6 6 5 0606066090606 0065 806098060060 64609% s 0o

OO N Ot O N OO~ F P DN O AP O A O O~ O

[Io W8 ~ - - -Q - ———t et NO
—~t -t -t -t ~—
navod O N NONGC OOV
(<20 - JOK - B - [- - - B -] o0 Qo (-2 - - B -
Ot 0 ® O —_ONO
- Lol = =t NN
— — -

OOOOOOOOOOOOO’JOOOOOOOOOOOOOOOOOOO:‘:CO

.....QQ.....O.Q...Q.OC......O......O

r\’\cw-e.-omm.o'-ccmo-t\:hmocm-to~av—:Nc.-\ccf\‘-cl~:r~~occ~cc~t~m¢l~

NN DN N0 (NOM oM Mo IO Mo Mo N
—

~t - -t —t -~
o e KoYy OO oNnnd NOOD oD
coo0c ¢ 2090 ecc oo a0 oo 0 0GC ®
AL~y s B Lo aitalyuds s —t- 00 DO~
Eattand ey —3 0N NN~ Ot & -0\
—t —

OOOOOOOOODOOOOOOOOOOOOOOOOOOOQOOOOOO
‘....0..'...0........“.O......O...g

OO DODIT DN~ O el ot Do Ter e akent utTa ¥ REATTA RS s ) AVE Sy
o NT DEAT DM DN DM =N DY =t

— -t — ~— -] ~— - - )
oD QonN R TFa P ¥t Sounm
9O 90 2 0 Q O 99O o 2 90 3 o 200
=D OIS LN~ N =S
DIOT ~ou o< hade I o
- — —r—d ~—~

oooooooooooooocooooococcooooooooaooo
....C.CQ......O.‘O.........00....0'@
m¢¢mmmN¢o~a¢mom¢¢~m¢ﬁoo¢0ﬁ¢¢¢Nm¢>ﬂ~¢
NN i e OD O LM TN DM XM

Katratia Tty Vo [Fetfaten 2iq) WD DODD
oo o0 o o900 oo 0 0 0000 oo o ®
~=0ON foxtandand o (S ¥ el ad CSNNIT M NaZe,ToX]
NN N COW LWL [Tt B o
- — — -

.O....O...'C‘O.......00..000.....
\'r\-y-v;omr\-?m:n,-m-arﬁo:rccfﬂN\-r-QMNO;{\-\\ML:\:\.mc:f)::\m:r
NN NN SN O N D0 DDON ON S

D‘DOOO‘DOOOO‘DCOO-DOO’D’DOD-OOOOO'D olrlelolalelalebe)
>

r—y — =]t —t -3 i 4 —do—t R Tl —
DOMINDITION SE A DWW DN TN S0nN o Jon 2o 1s Ia o LoV 2w IUa Sia Vi o Lig o
-aocoooocooc-oo-ococ;ooooooaoooooooco
M= NN ')'3\0’3C»\\'?‘:—z’.)-J‘f\l'JO.—*-—-'\l:'-—04‘\30?3?‘1!‘\?-'!\".-‘23'\'
AFdsn D D= FoO0T N I DN AN T G
ete=t P P lan — P T e — -

— N Y :'Piﬁf."'-‘;’r—:ﬁ-iﬁ'l\‘frif\i-'f\Q'r-*-f\!‘."\ {j‘-—.i\?-."‘-Crdf‘u.\‘.\‘l‘.-ii\Lﬂd'v-"_\.'?f\ <
‘l‘lll'll'll!5"‘!!"“!!'1"!“!'1
O.—CN(‘V':Or—it‘J:"«“yO.—iC\l‘."tOH\'\Jﬁ'\:)-—l-.\lm'D‘—li\!."\Dv—('\‘ff‘;O-—i‘.\lmD-di\.’l"\

-

- ) () ) D 2 o j) 2
P e ° 5 e ° c ° ]

s o [w) Y - 0 Bo] = By

P ~ o8 N N N o o (3]




TABLE A= 6o=-CONTINUED

ELUORESCENCE TN UNITS AT STATED LATERAL DISTANCE IN FEET

DEPTH

TIME
MIN

1849

15,0

12,0

96 0

Gol

300

Jol

FT

ST 0B S SMT 0BS SHMT 0oBS SMT 0ORS SMT OBS SMT 0OBS SMT

JBS

- 138 -

lololelolelaisloleleolololalalololalolalalolalelalalnlalalela lele)

C 0O 0O00CO0OCO0OMNMODOOO0O0O0O0COO0OO00AEOO0D0000CO022

-O:v-lor-m‘u-eONN-aomo-‘omo—-«omo-aoma--—aoc\:cnr-lo
[ ] i -t

anNNO noO0 [eniToPToRT o} acund
o000 o0 o0a Qoo o000

OO . QM= ~000 N OO
-t - .

Oown
©c 0o eo0
Nolele

‘00D 0000 000000000000 0000000DO0COO00QO0O0

_ — i

nooo nnN o N0 o000
(- 0K - - I - o0 060 [- - 2 - B - o000
[aaloat=Tm] aNOnO GO D F L

4 .

CO0O0COOTTOOCODCIOCOOCCTTOOT VOO0
©C0 0 00C00C0C00C000C00DOOCOCOOCO0O0CO0
$ O OO A X P T NN O3 O O M= O N O O NI O O
ND ND NGy ale s o [3a]-o 2 TR o o

—t -t :

QCOO lolelele N0 mnmnno

o0 0o0c¢ a0 00 0000 oo oo
O~ ST - OION {aY g TiaY oV}

oo [l a0 <

-

alelelelelalelelolotelololololelale lolelalelotolaio lalole tale iy
00000 C0CCO0000EO0C0D2C2002003000000
C"NMOOOAL‘\NQ@LP#I\;CK\I\\OC“::‘»G‘OOL’\NLQO‘A‘\\‘!"J\OJ\

AP O D FDemt O D= N N0

[TeYws Tia Pre} NN T SO0 [olelele]
c o 0 0 Qo o2 c-c s 8 o o 2 C

SO =M o1l el O™

< I~ Hate¥es _ MO
i

OOOOOOOOOOOOOOOOOOOOOGO-DOOOOOOOO
000039000OOOOOOOOOOOOOOOOCOOOOOO
O‘CCN\T"J‘LP\F-H"‘x'xm@m&‘l\l\ﬁl\\‘":ﬁfﬁ;ﬁ@ﬂ(‘\fC.—-:!\"l‘ﬁ\'.“'c‘(\!
~OM ~OM ~ON MO Mo o ~0N MO
-t - ~4t .
yfelele] 20 OO0
Qe 0 2 0 0 0O
O ~NnD
~ [t P2

3000".)OOOOOO:OOO:‘JOOOOOOOOOOO
oooooaooocooooaooaosoocooao
AT T AN M- AN AN AMONANN
D Ny e OO Sy NN TN

AVAOS NN ANNT O DADD™D OO0

.0.....900....00....00-
~ADAMC N AN DS DD AONMAATD
~m1a o DTN A N E~ANNN

1o

-C

“4leD

o -— : H Yy -
O N SO = O T e O Y TN N =N s N TS
llt';lllftl:lll!llll!ll!li!ltl!ll

O e N _,-\vp\.3._,(\_::-‘,OH'I\XP\OP-L.’\.".“.'D:—(‘.\‘Cf‘b:.—d'.\.ﬂ:"\O.—l N
(] oo [ (e} D D 2 o
L] - ® -] -« o L d b=
< O foe) (] o~ < O s
o) 23] 32} [N < 5 3 &

D00

o *® Do
o uYs JIa WY
Sh-r=

O
ittt
[ BTk ay]

o

o
[Ta}




139

' INTIVA GIHLLUKWS LWS
%9 Q21 g°eecz 0°4¢ W0l
(°8 gL Q°L¢ G0t 00
0L Nl g°ae Q%9 L2k
0°9 1) *y pgeel g°¢.  Q°lt
.Y 0%l 9*LZ uc0¢ 0°T1 079
0°9 0°L g*T¢ 0°G¢ 0°Le U8l
0°g 0°L gelE 0°G¢ N°9t e
JCE Q%8 4°L 0°hT Qe Jout
90l J°6 Dozl QLD 0% OTE
oy u°9 ne*2t U°se 0%e¢ 0O°al
0%e {1°9 D61 0W°9¢ S°%c Nlue
(e gL egl 0°el W LoUY
0°q 39 (%G Qoel G881 1%
0°1 9°8 Q%6 gege Gl 0odl
0°1 02 91 g°i¢ 0°gt QoBE
0°1 Q9 gegl Q°tl GoET DIBY
0°0 090 U1 p°G. a9*8_ utl
0°*0 J ¢ L°de 0°et §°ol 4°4
0 °0 31 (o 09T S°L WYY
0°0 Q0 (g ] 0°ctT  V°0L u*8S
veQ en 0% 0 Lo oo
0°y 90 . 0% 9% 0%
PRV ;) o Qg G°41 U°ES
0% Q°0 g2l uted (°1b
0% Q°u *Q  Q°L Jeu
g*u (°0 gen Q0 0net
g*Q I Qo0 VALY, 0n°e
0°0) J°o 0o el 091
0°0 A0 0eo uel ARV,
0eo e )0 G Y )%
1) 6 N0 00 9°1 ()%
0°*) 1) %) €V $° U e
LWNS S 40 LWS sg0 IWS S4U WS
(e 0°9l 0°¢t

13394 NI SONVLSIU Tvydlvl G3Lvls

J0vd91 IN3D $33d930 0°12=SISATYRY GV1aNd S9laavS d0 JdLlvdadbidl

INTYA 03Aua580. 2540

0°tl eiy DLl 0k
Q°0¢ 0%t 3%y W3l
0%°¢¢ Uer 4°8C Y°e¥
g°iE€ G°ce 9°4¢ uUteY
G°.L g%l G°6( U°e¥
G071 wehE goLe U°&Y
Gegh  n°ey L°gg W77
Gege ke 9%t W0HY
v oL 4 %4 YREA;
g°le. D%e¢ 4°%lc Doy
0°Lé L%k uBe %Y
GohY Lo WeyL D laY
;% et Yot J% ¢
0°L woehe GoLE Wiw
yohe wuhe =°tl LoL¥
geuw  L°4t D°1W 9y
:°C Qe 20 14° 4
G°9 gl 0°9l  wlue
6o¢%  U° L% 4%¢e WoV
G°RG ¢yt ut0E  0°%¢H
o1 YA o0 4%
V62 woul u°e 1%t
GOy M°av w8 G%9d
usid Loy 9°¢9 Loaun
I WY Y “0 Dy
vl ne.u G %4 4%
$°0b (°ae 0°80 wus
%91 wlgel D°Bel u°led
G o0 ne) 30U o
G ° e i °0 ey
1 e 39 u® ¢ Ul
et Y e NAEA N
SHu NS Stu iAsS
0% 0y o
1Y SLINO Ni 3IN32S38I071d

-

i~

W v

=4

— e e T

9 °0UN L1S3L 40 SNOTIVAd3S80 IVINSW [ EddX 1==°L =V d774Vvi

7=

1

©
|
[AN

c=1i

N5 -
11
L

-0 03 O
t I T R B A
P ol LA A ol o H o) o =

OGN e
] !
3O\ —

1991

Je2t

1°)t

W9

19

W7
w*e

0%y

Hlvi

sAll




- 1ko0 -

COEC o CECOCLoOCOoLTCTOLS

......O.....0.0...........O‘

-
>
® & o

P~ ouen <o

=TT
<t
e o0 ®
[g¥- of o 2T, oF
(S VIR P

RGO OO T SO O D Nm O OO AN milN T OO 0

Ao

o

o ® o ©C
O~
Ce— et

o Dunn
(e oele Tetin

[T9Y75YTa}lal
o ® o
GOt
—te—t =t

o
]

oo
wune
—i0N\—

-
L

i)
¥

°g
0L
S80
0*nd

[,
=
w2

0wl

pDtl

neol

g€l

el w6

%6 gL

0°01 U*o.

0°€El W°9¢

Deel

.08

nes.

0%t

0°cl 6°%

g°8 %9

06 gL

V21 utel

J°tl

1°8

9y°g

Jeit .

0°2t  6°9

gL §°t

D°8  5°9

VOl S

0°¢Z1

gL

DL

g6 te-

D*e1 ¢l

DeL 0°9

' S

%6 29

Vet

QoL

9L

'y

LWS Sgo
(IRICA S

D8g N6k
D¢ 4°6¢
0¢le .41
peelL  4°Ll
geig 9°%1
Dot 4oyl
Jol¢ Qesl
g1 4°61
geLe Q°Le
Pehe - 0°I¢
0°t¢ 0°12
Oegl  0°61
u®9¢ (G°9¢
TR
0etle 061
oLl QO%L1
0°9¢ 0°9¢
nege wiBl
Ge¢e- gl
g° LT Q°ul
a°we  GoYc
nese 08¢
*¢¢ U1
g°91  uw°l<
yeye Go¢c
Q909¢ Lol
0eee  G09¢
g°91 0°¢l
Qeve  029¢
0°9e 0°%%¢
g°ce U1
veul Q°l
)°ee 4%l
0°L¢  9°8

Nn°we §°4

eestl  s°l

NS S0

Gt

CTTCTTOCT

S el gt Tt ol 3 o

o
O NN NN o

S o™ o~
¢ ©

o & © & o

zc

@0 p © 90 @@ O
O CC GO S
o N Nt

nese
l°1e
4°1¢
49°€g
(°uc
go¢e
(i°Zy
g°1¢c
ue oz
ueuy
(°cE
$°0¢
G i
AR
$°¢(C
(e e
G o9
$o%Ue
921%
G °1¢
(1oHy,
G °¢
(1%L
(o415
yoLt
Cohe
csotl
4 °

newvd
g°4¢
461
TRy
y°ul
(i°G¢
$%c
J °7¢
S YU

0°Y

o
-]
P a W -0l 0¥ 2

N
——

UL

~
S

-]
by
o«

$°9Yy
SR
el
Doy
G%ue
Uit
5°11
.pyemum
D°%Le
Gy
%L
§°u¢
geeh
HOY
°¢ce

390
Loy

1354 NI 22NVLSIU Ivailvd 031VLS LV SLINM NI 2aJN32Sdaufils

G3INNTLINUD==°L =V H19vl

vole
Wy

0° 3¢

(ARt

ﬁ haal ¥

L

HLdla

NI
amid



TABLE A~ Te=-CONTINUED

- -

CE IN UMITS AT STATED LATERAL DISTANCE IN FEET

£SCIM

o
o
.

L unt

~
=

CEPTH

TIME

2060

0B S

1640
08S

o'l

12
ng s

80[7

S

(1

4

SMT

SMT

SMT

SMT

ST nes SMT nge

Cas

- 1h1 -

CoLOCOCLTOTTCOCT COOCCCCOCOCCDCCCCO
00.00000o.oo.ooo.oooo...ogooooo.b
@ohﬂ:0«mn~c¢+¢«:¢cvumno«ﬁ>OCOEhGCOK>mHN
.-i—-c—-cmv-t'-cr—»N(\;-a-—tNNﬁ-—dNN-—zHNNﬁNNN-—tNNN—aNN

nIunn NS oowne OO
> o & & ® 0 @ © e © 0 ° ® ® © O
- OOT o [TaRX JT QTN o O
- =0 —~tetO\NCN [3¥1a\I oV 3V —— O\

GOC‘C:CC-GQC-COCCCOOOCCC:COCC'::OC}G::'DO
'.'..0.0....0......'0_0..0.0..‘00
F =t O TN TS OO ¢¢mmmm~0m~oml~m~ommm~om

Sowne N cuwoo cont
.0 ¢ o L 3 ® 0 0 0 o0 e 0
wge ot ~tC OO NelS d-slas cLND
—— - 000 et ei e et
cOTOoTQTO Fotolel wiwl olael alel ate lefatotral of ol wialwtng ole)
oeoooo.ooooooooeooeo°°°°°°°°°°°°
C O =N O et A G At = N T NN NN NS
-—‘N(\.NNNC\.NNN(\EC\.‘NN\‘\.‘(‘QN [ S aaT o T a b o 8122t 9 oW o\T 4 31 o V{4 H{ 1

mcxnncccxmncumwmncouwnnowmw:cmcwwmncwm\

00900'0'00000000000.0000030000900
\'-\‘.'c‘:G(?-L"CNc\l\m\r\rN\')OOCNC‘::CN\‘.--AO.-;N.,‘PQ@,_.
.-rNt\:MN:\:mmr-:—-mem-szANNmrNt\'o'am(\zc\;m.—ac\:.-em

OO oL TSSO OTN font ol of @ L@t edelarl wialul ay e

00.Q0000..0000.....00‘0000000000
Dol e 2 \Tst(‘f-C-me:\:-—*ﬁm.—:(\mmr—‘Nmmcmmchmmo\N
Nt\:mmt\mmm:\*mmmt\:mmmmc\mmmc\;mmmc\.mm:\:mmm

°e°°°°’.°°.°°°°°°°.°°°°°°°°°o
lnNCwﬂ“mmbwﬂ\€@—$wﬁthChkﬂm¢Nmﬁw“V¢§“’
Nc\g-*:m(v‘,t.*‘.m(\!:\z(\‘(\s("‘(\;NNm(\:NF:ﬁ‘:C\.‘Nc\;mN(\;mmN(ﬁmm

CAOT OO LR T OO

A}
¥

1]
')
]

}
.
l’“
)
il
{:
iy
A
M

Gl T L e [
co® 00 000CO0OCGECEQTOOCSS
[LRF ST KU B Y l‘uu—-ﬂ(}'l“u‘r-(;‘l‘u‘\_c u

\T(f‘:("”‘{“q("*("ﬁ';\f(‘1!"".‘."‘\‘}'(" FoAR S SR ol a 2T 3 hE AN LA

T P To il lal S AR o TS W TS TU N
~c:mt;«ee‘ct.accooc:cc:ﬂo:»
.‘Q‘-_-,(w'.--—:t\,l\l\i\;cr.{,-:‘C-'v':('-’:\'."
Ha R 3 T C MO O TN

- {\.(“\TP~(\.(‘" N - [ SRS SPoNT ol o el ot QN AT S ‘('-".Q‘r-.:!\}(‘"\'i —L NS

SEEEREEERA v b et R R O I ‘l. [

MR i .‘:,l—-((‘c(‘l':'-—'d\l(‘“';_;‘-—(\f":-—*(\.:C‘ e N T e OO e NI O
~ - ~ by . - o

"o ° e ° ° ° o o

5 N0 a (S ©J 3 L [<&

(3] < o N T <5 3 K3



- 1k2

INTVA U3IHLOOWS $1WS

1334 NI 32NV 1S10 va3 vl Q3LVLS Lv SLINM
J0Va91LINID $33a930 0°3Z=5 ISATYNY ONIENU S37TdWVS 4U 34NtV aadual

9°Q Q°0 00 . 0°¢ G0
Q%0 ge¢ 9°1  0°L. D01
O°c e 4°¢ 0°g9¢ Q°cd
0°g 0*2¢ G°82 0vBe 0°[¢
I T A N £
’ s O ]
g1 cns a°t. OETAR I XA
B CRFPT A A B
3*Q 0*0 G U°¢. 0°l
J°0 Yoy G % n°Gge U®al
hg? g°efe 0°9¢ U°6Y Qs
30 ueQ et ney 6%
Uey Q0 Q°qQ oL U0
ogR o g dn
i °QS M
VA Q%0 00 neg Gop
0%y Q° 1] (s 00 neop 0°1
0°0 geg yew g°l O
7 () 0°  s°l  Q°¢w Gouv
959 3.0 SR
Do) 900 et Gel
g* 0°0 DLl 9°L
D) 0 %0 0°  Q°u
g 020 0oy uod
AN S O
0°0 Joo (oo Gou
3+0 99 Goh el
0°0 5L oL 000
1AS S40 LWS Sat) LWS Sdd
0°02 0°91 nezt

INTVA U3ANGdSHd

n°1 . 0°1
N2l 4°tl
goih (%6t
1°6H%  $°Ghy
0°0 peu
Heo 0L
g2y G°2v
)°06 {(:°9%
VRgV gen
ey $°L
dohy  uhh
wesy  H°gYy
Jeu (PR}
iee (°¢
Weghy %9y
°¢9 6°29
o) 4 %)
el y°r
)%Hhe G °9¢
099 10L°L9
0 %) 0o
e 000
90T 06
t1°g's S °LY
J )
ueo ey
Jo Gg°l
1) °9 G o9
0% (:%0
G*o 58"
ety 1eQ
J4°0 {»°0
LAS 540
0°g

0

6oy GG
VeLeE 4%

0°8 §ock
%3 9%
Geg.  Gog

%5
voYd  JoUY
ven %
(1°¢9 H°1L
DLl 0°9¢
IRV Geu
) 0eO
GOLl U069
U°iL w°ocH
1%y

e YAgY)
N wen
ey 4°i)

Gy

g0
i1°y (°t1
Doz,  UouYy
Wy oLy
a°w3  uelY
)% {+ %G
Jo3e 0 9%9¢
(o34 %%
Poy9 $999
% G
1% Y®uw
°HYy 1YYy
3G (%54
490 G 0
D°9¢ U e
ey b %9y
1%L i, %cd
oy vy
3T 4 %9
negL L %Jg
J%3L vl
0% e
YAQ-) 9% {
1l 499
33 L o99
DU Lo
..om- Mued.
J°4y 4 %yl
J9%ve ucud
4% ¢ o
200 (AT
ACOve L %ive
d% el %l
LAS Sbd
ue

NI O 3INSOSHuINT 4

L “ON 1S3l 30 SNOILVAUISOU WLNSKI adoXd-=%8 =V

Zluv L

(R I B I |
O et OV Y SN

-t N O S -

T2
LI
Y L

(9o
L3
-—

oo
R TR B A
-0 L

U I I

LSRPRRY o WY LAY P Yo XTI [ AN s R 9

[ T AR sk i oS o STN Sl o NE S REN & g 3]
LI

4.4

Hiddd

4%

NI A
ddlL




SMT

7060
0BS

SMT

16 00

SMT 08 Ss

8o==CONTINUED
1260
088

Re
nes

TABLE A=

SMT

CENCE IM UMITS AT STATED LATEIAL DISTANCE IN FEET
lo )

0BS

g

FLUORE

-

SNT

1o 0

T

[.

ME QEPTH

4 TN

TY

- 1k3 -

COJO0OLTCCITTO2OTTTSCTCTO

® 6 08 Qg 0 ¢ 0 00 00 00 e S 00
Q\‘h-cC(\ONOQ'I\\fN@O*\cmFC &
-t ~ - —t=t

CCTCOTTCTOGOT
® 0® D 0@ ® @0 0 O
i PP~ C NG TT- T O
-t P Lan o gt gt

NS DD oD o N N T
o 0 & © OOOO_ o 0o © O o o 0 © O e 9
oo Q- = B 1107 oal . o e CC

COCOCCIOOTILOLCCSLTTOCOoUlCOT o
© o9 8 %0 0o o co0oeO0O0Ce® 0o ®» 0 ®0e°
oM (\\fnl\omr&ml\@NG‘\Tl\N—i(\.l\NNcwt\m

emte=t Corte— Ole=tr=t rde=trmtO\lrted =N rmle=t oy

[Latenligtan} s ¥ allie [plly Rtip
©ce0o o009 oo o0oe e o o006 oo oo
[t ea1-32\ o TS L 63 Sl el CICC N’
et Cfiraem Curtosem . ettt

latelelelololelal ot ol aintalelleluiolsleleliotelviol slal vl loln)

#0000 08 00®00Q0S®0OCOO00©G0060609%se00
O AL P D O G OIS N OO M e O CO T A P O oot O~ TN 00
Nt OO Ot N v o les Gl et e i (U e et Ol e ot Dot 3t

Liatailoied ol Sl a1 Tal o ¥es comm'ﬁccmc-‘*mmcmcccw \mmcmﬂm
000.0000.000...00.0&0.060000.30000..
AN N S O ONG T O NN SO OO N A
oo [oat OO il Ot et Ot rtedemirsS et e O\ i ot

[ptled \f\‘.' —~OMONO L CZU\@O’I‘\TC‘“

Sikond Lol taliatunt ol wibanl av T en PandTol Lol tat
°°°°°°°°°°°°°.3°0
TUOY qad ¢ FEEJES o0 f"\".'col\\’!‘mcd'@’“'—f
=

\‘Tm-—i \‘i’("'u—l [aad 322 4 Vit Tt (G I

bRt T e o R Ta LI il T tadiant ok of Pk almiiak Tt iat Tallol ey
©c 0o 000060600 0O0CO0O©O©D©OO® 00606 0o
SO DY NG e G N c~~m.nc*cco~<-‘
ey vl O3 e o TN [ aalanl oY

PERY SNF - R EPERY U QUK. SN QN A BN N T s T SR N N Qe 0O MG e CuflG - [ ST AR P o W o gL ¢
IR T T T T O I R N R N S S T I O I |
T O e O U e N D e N 3NN —_ON OO OO e O T eSO
- o N - - (- < < Ly

o < © © o L ° -] -]

) «< ~ o < Nal « < o
— - [g¥ N o o o [od o«



A= Re==CONTINUED

TABLE

FLUCRESCENCE TN UNITS AT STATED LATERAL DISTANCE JN FEET

TINE PECTE

MIN

1609
OBS

20 40

0BS

1264
nBs

o 1

0OBRS

bo ()

3 R I’}‘.

FT

SMT

SUT

SMT

SMT

SMT NRS ST

oRs

- 1kk -

e S oty el oy o T = e = e o o elat et ol N el ottt o

AR EEEEEEEETYEYY e A I T2 A

NSO CNOTCNGC T~ 00 - 0O ~D¢:o~o~ NGO OMOC
— :

ettt petemipedetenl  lemted e ——t —ted
cwv o [wle] utliq) R =¥ T o ¥ T g 220 LN Omn
¢ e © 0 ® 0 & O . o ® e e e e ee
TN <O e I o}~ of pale
=ttt o4 =lo=drt ——— —to— ’

© 2 0 0 00 00 0850000006800 008 90 ¢0006080e
OO T~ OC OO D= (AL O~ (NG GO N D OO G ot RN e DO

el ot gl e et gt g e b ot o g e gt o e e g g d ¥ P ot o g e et e ot e et
none nSoo o onoeT
® 0 o O ® 6 0 © e o O c @ 0 @
(s RN HX o QI OO~ . o
ccooe S ToToCTT

cooToTooTotocooaoT o

6 C 0 0 O6C 000 @00 OCOS SOOGEDT O 00O 006000000
e T \‘t'mmc‘.(f‘:.nmO-(\:LD.MO‘-—NO(\-.Q.-—-QNO'C‘@NO‘ONCN
OV et et gt O\ et et et O\ 0o s e v gLyt v et e ot oS it et el et ol

NG S O SN S O SIGCNOOS SO ST ONGC OO
00000000000.0.0'000_0000000'..0.0
C GG e L O O = DI i T 7 C €0 L S U
—t et Lo (! et v et (N vl o et i b ot e O et e L O i el et et el ot

el el al el et v ot ol e aibatwlag w A otwlug o FTel aladol oy bl e el o)
ooooooeeoeoo00000000009000000000
Pt TSN =T T S L O T OO C SN LGk
05 it = 00 (ot e T O qred et (12 07 (o 3¥ o3 A3\ E (o321 ¥ oo

oo S SO IS IO D S S Tren S TR D S g
a0 0 eee00000C3000C0C60COoeo000O0OecO0S3O0C
O G OO ~C CT 200G NS NCF -0~
(2328 Lol an 13012 Lan BN A N OO e (00 (38T M (a3 9 [92 13

BTy Tt e L ot Te Tl i et S wd LT T At T i Tod Sl a el ol [TaSuii S L gLo} S
oocoocoeoeoooooeooooeoeoo‘ﬂoo'o

.\"\-:-h-sc":v..m.‘.:hmu‘.v-—‘«a.-o‘—-:o:m¢mct~mm—-:m<;~c}cm
g O Ot O e OO TNy A a A VIIEN S ot o )

—_0 GO S S P2y oFY (BEN of L SV A RN r—.(‘y(’;‘,\'i‘

RN RN RS
PRI SN o ST T ST AR R 0L LY T O T e OIS

- - L. ~— . s
° ° c ¢ o -] ]
<Q Ny [+% < N ~ & o
e o \# ~ < < ~ <



- 1ks5 -

o ® © 6 0 06 060 09

CSOTCNSSONCOCH=CTOTMmOO

cococoo

tofalal ol eluludwt el ol olnlelnl stel=linlateletolal i uiole)

[TotlaY of ]

® o @0

oTo

LWS S40  LWS

*qé

INIVA QIHLIOOKS & LWS
0%  ¢°0 0L boE
0%  C°f  0°9-  $°9
0°g  C°8  0°LZ D°9¢
0°[¢ G°te 0°0E Q0°2¢€
0 0° Oy §°9
0 0° 0°¢_ .0°9
0 0°% 0ebe  Oste
Y1 G°l  0°c  e°f
dec & 0% G*9¢
0°%Z 4°1¢ uohe o9t
¢ Q°0 _ g°y 91
0 0° Bef G0
g 00 eyl 0oue
LI L O 4 LA 2
m.c 00 (® () ]
0°0 6°0 0°c  0°%
CQ°8 G0 0°Gw 0°CY
g0 A
0°0 0°i  9°0
4D usle geue
00 8o 0%
) 0°0 G0
o 0° ¢ Q0°Q
%0 e 0°u
0 °0 oo 0°0
0*0 06 Qen
G°0 ey gef
sg0  IWS  SHU
0°91 0 °2

0e c
i

c.c
J° L
R
Uty
Yo
uto

WS

1334 NI JONVLSIO Tvds LVl 0J1ViS
JUVE9ILINID S334530 0°¢e

g

°ON 1S3L 40 SNUILVAYISHY

=5 ISAT

ANTYA T3AGISHD

0oy WeL

pe61 06l
(ne9e  0°%w
c.:p 1% 19

:0 ﬁ ~° .
9° LT cepﬂ
GolE (LY
$°49 c.¢<
R U VA
uegt u°wl
Logye GBS
§059 W°a9
0oy 1100
¢°el L°¢l
g%y G°19
GBoLL Loyl
g% neo
L% neu
{-°%% GL*69
G %L u°dy
(:°¢ Uou
gy (¢
GeL1 0° 8¢

G914

Y (v

A SN

ey aen

GOy 1%,

$ 40 IAS
Gty

N

NG SO

cocop o9 ®800C0CO00

O T O - OO IO

Qe LuNe=

el
hey
G°e8
N EgY)
%0
e
(R}

Sdu
ek

fee ) el

$4J

vem el

gehne ULy
Q°1Y9  §°0%
ueylL ©°o%
11°¢ 6°¢

00t 9%%¢
..vev\ﬁ\ .r_e ) 4
G°uL  4°938
Jep o 601
peve  LUohe
969 4°hy
(¢°ru  L°LS
ALY, 'S
gegl uoul

e G O
:eLﬂ. b4t
e U%00
:occr %L
ey oy
)% 9°1
Jo¥o  LOLY
tonnn “$°ide
oy 9
200 Lt
Qo(yd L%14c
1°21le vwlell
LAS Y YU
CASY)

1y SLINA NI 3IN305dvJ0id

YNV ONL U

S4TdryYs 40 da&fbvdadnad

WiNakl g3dX3==6 =V 3 1v L

L e N

0 T I I I
M an Lt o

"~

2

v ins AT = OO Je- O 3

I T T T I
Y o W o RF ARl O o

Pt
Cmd O A = NN

N - QG e O

Lot o
[

L4
HLa3U



TABLF A= 9o ==CNONTINUED

TIME PEPTH

FLUORESCENCE IN UNTTS AT STATED LATERAL CISTANCE IN FEET

2040

16,0
oBs

127

NB S

8o

.0RS

Tia %o

FT

MIA

SMT

08s

SMT

SMT

SMT

SMT

..lh6_

OO......_._O.‘_....Q..E.C..............
e et D ONC (N 0O 6 N O NN T mCCK\OQFQPQGI\F—CP
oouwe oo crnee nons o
®eo0oe s o000 . s0o o e EEXE X2 K
NEET e POttt . NN ~on M~ OO
— : e - —t— e L e e

Felat ol ottt St Nl Tt Sl ot ol nleto Tl ot ool alotel ot e lolal o =t el -t
© 90000 Q@0COSOSGEQEOEOSSSGO0O0C00C0C0660600 900060060

v O it NG OO N F O T O F OO~ OO N O S SO T N 10T 3 i

‘,“H Ot Olr—iv— . Olrirt . (lretesd  O\oemide= | (\jode=?  omiemipeiotrtoir~{r=
ST W [TaVuil X T4 o oo
e o000 - -0 6.0 @ . . e o ® 0 R I K
QTN . L= () _ NG (T N e
it = O\ iyt C it =t

f

OO OO ST OO SOCOOC TCCTIDOCTOCTC T OTS

°°60.0000000000.0.00000G0.00000000..
PG OO0 IS F et OO Lt YT o 22 S Tt O i O F O 1T TN e
o0 o0 U= ONICGe - OO~ . OO\ =t OL e =l et (e gt et O\ e gl

K\C "'ommmcow Hmmmccecmmmcﬁmomcmm"ocmmm
.
ﬂ\U G"(\.(' l-f‘c -—iL. \'l G’G ('Q(\.("‘.C (\: NC,“--'F-\L"\{._G mmN—-emmmrecrm

oo [o¥ X OO IO N ANt e N e et Ol et et O et !
QGC:C;fvs-LSCCCGCCCCCZCCCGCCOGCCCCCC
000000000000900000000000000009-000000
NG = OG- G- T e MO C O N C TN e Qe
et Were? NN 0N L PR T N SIS o ST IS of QPP B of VP

WSO DT OO DI "“"K‘:,:Lf.C‘(‘~u'\CCL’\QZ3mOK""'”Lﬁ
oooeooooooooooeceoooeoooooooooqooooo
Gt R e (e QNS K CE N R Mo WO PP OG DTG D

e OOUO: O TN TVt OO T O T e TS ST
Fantonbont ol st ap-og -t af ol bl ovt ol utodal oL ol i almbeml w.lagoedus] wla i bl acfws
¢ 0 00000&00000060000900000000000000
~ 0 L:'O’.‘r'r-\T!\M(\.("U‘u .Nd‘\cﬁ‘—'wmd'C'NOTrf:O“-!O‘ﬁ‘C‘CC‘N
NGO YOO e O Cliemi S O NG O = T Y N ST O et T T O\

IO Ll DN S U DU U T Cn OO DU TN, NSO T OO
900000000000000000000000000090000000
< OOV N~NE I C O TN W AR Y o] atnt SN S M T Bl g¥VaY el

{d‘.—c GO OO e S O e T O = B [ STETC Toat sa PRl of o sY o aP o Ual o OF o X

e e WU e vv\—\‘;’f—'ﬁf’::‘;:’:5":-'»—\"\-:‘\.;-'\"“.':— bl S
oooooooocooeoeoooooooaoooooooeooo o ¢
[TEXVEY G TREVERN ANl 2 Ak ] (WAL ARAWTRL. R ol o A4 P e N R cRVONG [TRERNEL AR S AL\ i 1 0N
LS iy WUWT T et DS T et ot U T AT T e W T
S ] Lo L LS P ek ad T LAY LRl T o Hhtout Tal vl TSR TSN 1o TEL Fa ¢ bl Tk ntauitvod F 211 ST og Fa T wilh und 14
©c o 00 €0 o000 oc°°oo°coo?o000_000293;3003
O WU i CME U T W T O T O U DT LT
(R eg o by wbN NN =N U e NN S
- T (O - O ~J e N G O AT O (AR et o L FEN o ] o WA SR TSR o v
||l||illlll‘lll'l||‘3i"|'ll|"l‘|_‘l3
P et ON Y o O\ Y et OGS T NG S e~ T o - OO D N e O T
— ~ [ e [ LU - “ .

o e 2 o c o e °®
\j [« L= [aY) ~ £ [=3) L (4]
) - o~ (Y] (3 N o [y



TABLE A= 9,=-CONTINUED

IN FEET

r

AT STATFD LATERAL DISTANC

CSCENCE IN UNITS

FLUT

TI¥F CEPTH

MIN

20 40

0BS

4o 0 8o 12,0 1660
BS aBs NBS

Mgt

FT

SHUT

SMT

SMT

SMT

SKT nBs SHT 0

nps

- kT

COCUCDCOVTOCCLIOCOTCTT L OLTOOOQITCO

‘..0....0.‘........00..0.'0.000.
I‘Hnwwv—u—-mmﬁt\]cﬁ@NN@O‘NM@O’\NM@O‘W\T&GM\T&.
i et pietved Tedes  etrlet eetemired eSriet et

® o o0 o000 SL2o0e [ R IX X

“’cco”c’”O’”Ccccﬁcfcccccccaccccc
® e o %e 0600086 e00 0 "0 SO0CPSESOOSOOL
~ \TNF\TQ‘FWFG\K\\T\OF\K\\T \Omu\msomm@cm.o.o,o‘\_‘oc
Tt e vt gt et et gt bt e el et e r bt ot et ¢ .

Ll l o L aanl,

[T9 11 o¥ ¥ el e [ Tq  awl ol e [l ol enlin}
® @& ® O o e o 0 o ® o 0 e o 0@
QOO ~ N TN L “ANh L=
lol wlatolotatelalelel ol alelalwletelbe] ADCCCITTOTOCS

OO OGO M =N O O O AT D NS
O] gt gt ot (N s ol gt e} 9o om0 gt oot ol 9] et 9o o0 0t g ] s 4ot g et s 9 oS e ] 08

nCecodHr NG cmc_mcmmcmcomcc WO T O
.0.0000009.0000060000. ' EEENXX]
[eelTaY 1 1ol nmb.‘a:\fmc\wuxrl\wm(\wa:d’l\ K‘-&\-—-’CI\-F Re
—t! r-h—u—~o—tr-v-lNl—ir'*v—"H'—*"\F“'-v"‘f“"""""""‘c“".'_"""’_"—"_‘

CTCLOTToOCTITCTITnT Coo o ool ool
0 ©0® 00 0 0O D3 D OO0 05O OSSO 00 00O O0OCOS OO0 SO
O T O N N I O [ N T OO ST P N O O o O A St O LG N DD
& O T O et nd Ui o i Ol 3 OO Lo T O et N O\ b et

o L_r\f_u‘ln-:u";‘C [Tak -l e =
oeecooooooooooo .
G OO TN P ST
- et L0 32 ~F° [TeX sk g u 0T g S

0{‘

S S N T T U T T I L I |
LS e O O D e N D e

s

U G e T N 0 T - LT
[ T T )
-

v

24

20,0
38,
4260
Lg,n
Hea T



- 148 -

- CCOCCootCerCOOCOTOTTCOTDOOOOTCOC

=

SGUNNC OIS

6 © 9 0 08 00 0 0®P 0 COs OO SOCOOOOOS G OBLEELEL

VI Lo OTC OO GOTCOGSOCOCCHES

0°0ac¢

g tele)

oo

INIVA UIHLOOWS ¢+ 1LWS

0°g  Q°y -~ 0°% $°9
B35 mb Gt B
03¢ ¢ Qb
0°9¢ C*6¢ 061 G°%l
0 0% o Qe 009
0 Q°%1 0°91 ¢°91
1 0°Le 0°6¢ (°9¢
% Q%¢e : p°4e  4°lLé
A 0e 6*1 0%y  uog
0°rl1 O°iI Qeel u3ct
0°9¢ Q°¥¢ QcEc Gilt
oogcle s%0e OfTle Gobe
¢ 9 T Uil use
0 0% 0% §° 11
( 08l S %hE  QhE
0 0°%c¢ 0°ge u°B¢
SRR I3 R LY 3 I T R R ¥
0°1 (*1 0°¢ wee
(Vg (°s Pe1e  souc
0°0 )° ¢ %l
020 pel s
0°0 0°6 $°6
0°L- 0°9tr N9l
a0 Qe G Y
Qo0 ey 0
00 0. 0°0
00 : uco ue e
1e0) . G uey
W0 gew VY
0°0 y°o 0%
(VRdIE 0°u LU

$80- LWS  SHU  LWS  SHU

0° 9l 0¢l

cocooocoo

® @€ 0 0 00O O°®
N (et

L PO O T

—-  OMNe

neLs
U<
1° 0
nee
0°9%
199
Qe
Q°1
Nl
DoET
weu
AN
(00U
0o

IWS

1334 NI 2ONVLSIO Tvy3lvl Q3LVLS

JAVY9I LN4D S3JH9IY 0°SZ=SiSATUNY

INIvA 33AY3$80 5490

ey

(°6 pewi (%l w°L Loy
O° 1T GLo°hE (Q°2E 0%)%  6%2h
g°LE  0°TS U°lS ulel (1094
gode 0°#%y Q°8% 0°cq  (UYY
goL 0°wlL  9°Il W9 e
0°G6( G°¢e  G°4t U°at  ylct
0°%%  0Y9s Loy D°LL b0l
0°6¢ Wy U°4h 0°9%  w°9%
G°U LCEL  DHI NG wlu
gegl 0°pgE n°¢t w°wld  Liyc
gely 0°19 O°LG U°Cw L9l
(PLE R4S G°LY U%h4 449
g°6 0oyl . Gkl ulh o wulg
Gy D°Ye  gote U°¢E L%l
ey 0°69  u°élL 0L iitan
Geia Q°uv D°hy  yo°hy %y
6% 0y R 0% A
ey 0°L1 06l utal 6ot
0065 O°LL  6°eB  9Yuul vog-it
U°9n 0%l 0°eb vl UL
o Co o°t %% 19
Lt VY 0 °h (H°4 oL
g°cy  GU°To U°cy  °vTL s%iud
GGy Do LNY 5°8Y  GUL u°G9
VA Y A S (g { J°l 5 °1

g °y w e 0°L 0 R4 Yoy
Gzl ¢°H0l U°H0T weuvl LD
Gt 0oLlY%e veLye ullLlld ClLid
(o4 % {1 o4 ey LYY

O °u Yo Jou $°) 4y °1
(r*) e v % Doy d Gueld
neu 0° V0 WeIEY Y939
Sdu IWNS - 540 LAS SUU

Uew Dy
LV OSLINGO NI aINIIS4%001d
ONIENd $31dWVS 49 Jofiilvd zdii gL

6 °ON 1S3L 40 SNIILIVAY3SE0 TVIN:HWIY3dXd=="Gi-v 374vl

t
\‘:_-'.(\z('\.:d—l(\;(":

ARG I W SR o ol S U o X g
1 1
Y ¥ o 5

SO\
1

1
e

Hiddu

AN

w°el

J%0L

Jo

_.‘_.2
JANT &



TABLE A=10,=-CONTINUED

SCENCE TN UMITS AT STATED LATERAL DISTANCE IN FEET

FLUCR

TTIME NFPTH

, 2060
SMT  O0BS

1660
ngs

12,0
0Bs

B¢l
nas

1 gt 41

FY

MIN

SMT

SMT

SMT.

ST

nas

- 1k9 -

OOOCCOOCOOCCOGC_OOCOCOCOCCCOOO:}OOCQCO

® e 08 0600000000000 0e0sosc0etsonso®ee®oeo

Nmmp-:rr;oq-mmlsmmmosc¢mcw.¢ol\mﬁ-CNmm—ohmm.—«no
—t

ey - -t — et . vt e -
N . OONC [alwlells W oo BN =1 o1yl e
oo 00 . e ® @O . ® o8 O . - e o o e . . 9 00
anno oumnnm: B Lol T Ta S ST GO om
- - e —tt . —

COCOCCCCCCOICCCOOTTOCLTCoCLTTTCLOCITCO
00000 00600800000 0000000Q0CS606080 080004900
Nm@l’*wrﬁ@o‘CO*\OQ“\Q&C\HQ"%Q‘F&M(}Q-!NK\NF(NQml—iNqNO

NN et =N o= 3 0o ol e gk et g oot gl o gl et gt 0 7o v et ot pmd vl el o ot s yd,
toti sl e wl fond T ot und SInGac TaY 7ol ey}
o @& 00 0 e e e : oo o0 B [ X 3K J

0.0.0000..09.000."000.Q’l....‘..oo'ﬁ
bNFo«;nt\omnhcd'ot\-:\‘foo.-cq-c.o.—:mmu:ommmcmhd-:;
—O\rt =t e (el et el it g g, g 4l e e gt e gl gt 7] e et et el ot 4L e ek

CC-CCC:mCCOI.'*.Cmu‘.C’K»CCQmCmCcmcu\mccmGCmCCm

000000000000000.000000.00.0000....00
m¢~ow|~:~:mmmo~lstsmca:mmocoq-ccwc«tomc¢ao~¢.t~mcc
et riymiemi et eiOlemi et e edem eietet et et el et et e

(

DXt ant o GOCQC-C-C’*CC:-QGC-CCC-COC:GOCCC COOC-C-:

® © 0 @ OOQQOQOOOQOQYOOOOQO'OO00000.0
GO A OO OO CCIICMICONITOOLCIC O
NR‘;r—u—iNmc—%'—iNmc—l'—'\(\'f\;ri'—it—i(\sv—&ﬁrﬂ(\.vﬁﬂ'—(Nv—il—iﬁNﬁv—(ﬁNv—u—i

cmcxnmcu‘.mccm:mm

S oSN oSN CCR T CoPTnTnT

oooooooeoeoooooooeooooooooooeeoooooo
hcm«wwr~Ommwccm>0m¢cﬁMcchNNoﬁwmmr¢¢
(\;("‘-f-u—‘(\.(\.ﬁo—(o-s'(\_v-dv—‘NNu-u—iv—*(\;rt!-(\;('hf—tr-é(\;mr—rﬂv—-‘(\il—h—tslmv-u—t

::acucc:CCﬁC?:CcccccccccCc:ccccascoc
000000000090000000090900000000000000
—T e O OO RO O SN S O S - O O
¢mmw¢¢m~m¢m~w¢m~m¢mﬁm¢m~r¢mﬂm¢mﬁm¢ma
mmcm::cccc:mwcmccmcmcocchemccmcmccm
ooooeeoooooe.eoeoccooeooeoooooeooeoo
@ﬁcmcmmmﬂcmﬁﬁocmowmmhmmcwmco¢ﬁrmﬁcﬂm
A (et O LD (T T =TS m-—om\*m—amd-m”«ﬂ‘s\‘-m—dmd'wo—am\t-mﬁ
c;:fw;acvu:ccycccccpccoccfOccocsccc

Oo000O0000000000090090000&0000000000
ERETE AT - ROE L pal el Al L & atQ’HCG‘F‘.C’Wr—‘!‘t\:\TNwHU-O!UXU“‘(‘“\Y O Ovd
TSI I T oty GO Gt T = T LU F L T Ot~ O T =

< = Ty A'.:Lmt.*c-'.i',‘.r-.‘:,v..'*.tf-c.-m:‘-‘.:wc.‘::‘-::nm-:t:}ml:-c:r_;
o 0o ° =°°°°°°°°0°Q°°°°°°Q£°° L3 Ph,

C A C e LD O 8 OiNT U oL OOE X oo sl T~
S O O <

5
3

L Lo Ly e U N

. . Cu s e Y § r—-{\:nz\fr-io-.-o.\Tr—:c\.(\‘-\‘:r—*cud‘.q—-—&\-n:\‘;-—(\.mq- )

R N R R R I I TN TR N NS LN LS.

uﬁmmcﬁmmcﬁmwcﬂmmCNch~Nmfﬁmmc~NmLﬁNm
<

-~ < < L < L. < =

e [-] © [ ] -3 . e L] ° °'
N e o] < o~ < o . Le=r o
—i ~— [o¥ (99 (9N [ g8 (9 (48 [aa



TABLE A=10e==-CONTINUED

ELUGRFSCENCE TN UMITS AT STATED LATERAL DISTANCE IN FEET

LEPTH

TIMF
MIN

20N
0BS

1660

nes

1260
08S

8340

nBS

he1)

s

v
1
:

1

T

SMT

SMT

SMT

SMT

SHT

nfs

SN

nARe

- 150 -

AT EYE R EE Y ey AR A

D= I P S NO I~ G (U O DO Qe 00 O T CC L NS O O NS O

otel —S— [l =i ey et o=lo=l Fal el =t el
el 791 1Y o ‘Tweoco owmewn cuonne
o & @ ® 0o ¢ O ¢ o 0 O e 080
:ococ o 328 M ) Dt S0 Lo leal o
ey

rtet -

oocccoccosecscocccococcccceooocc

.......O...O....Q..OO......‘Q..‘
NmNO‘NMN0‘N(’Qo-ﬂmNM-—&GJN'NF-CFN(\'QI‘NNOONC\!e~0
iemirt  gelgmleel  ememed  pdemie ee=ied il e—e=ie~{ bt emd

oconon SN acwuno inNowns

oeeoe eceo oo e o . e e® 89O
SOl DN ONNO ~—OC —e O~
=t g et el -t r—le=te=te= it

COCCCCOCOCCCCCCCCCOCOOCCCCCCCCC’O

oooooooooooooooceooodooooooooodo
ml\\fOM\')\?‘G‘K\QU\QN\GM&(\:\QNQ‘N\CNFNCNC-NONO,
—pir—t  ppmiemd el emlemteml ool wmesiesd  eieled —tete—i

CCC"S‘-U\‘:L’\G_G“\CCWC'U‘CmCmC'CC‘CmmmOQOmmC-
.....0°.000‘..00.00.00..0.....0.

NI NI NIC NN(}‘.NC‘F&@&L’#'—?\ONONL".\?'W#P

F S P Lantantantanlamland o SN ool —tetet  pmemlrt  ely—ied

CCOCSSoTOTCISCoRUOCT SoOToLCo
o o000 O PPN B E R RAAEEANI I I
o X SRV e ey FCELCL €0 €5 (G E S DG CT SO NEC
—_ O\ttt O\ ——r—t O\ et et e O i et e O e et e O e S

4

®
O
Ll

oOCoGro ot T

@ © 0000 © @& 0 -]
Notal TalCalot Teal et N oSl oy
— i s Oty

Lokt :C':C‘CCCCLCCC»CC-C‘CC:: Font ast-onteptntod ot ol ol e ot
0.00009'.00'0OOGOO'QOQOQ0.0COQQOO
P CC I O P e P OO @QBEC’QQQ'CCLOJCQ\CHCOOOG
c”\?C\f-—'rﬁ\‘r(\:-—\ﬁ‘v\r(\‘—-:m\‘r!\'mm\?c-lr-cf,\"(\ir-irﬂc'm—atfq-r\;,-e
mccccm:cmmcwmcccccﬁcc:cmmoacmmmc
ooooeooooc.oooooooocooooog'o,yoooo
O’I\CI:-—-(::@O‘NFQ'\Cv—!@-JNC\.Q'\“NGNP("\!"L’\\OOCM(‘"@Q
cr\tt\..—:cr:\#N-—:r\“.\"f‘-f-—-m\':':\:am\fc\: O v (0 AT e O G et
K P D e R R CReT T T LTk oo oTes
o & o ©° o © ©° ® o €05 c O 0000090009000000
T S L e i B AR St SRR AUACS TN A X L
& L’\-—.\""L".L"‘v"\’&-"&f ———T s [Nl ot S PG Ta¥i g IS iat el
A T Lot ol alwro wlal sl 3l Lollont (o L vplad P Sl wl ottt
-Okooo—eoeo000900000000009000000000
[T "1 Y S Vg oL snk Lol taY - st IRiats o ah A o L o) I NN
g LTt ISR TGS N PN L FORTAY SN o2 § F 19 g N g PAE 7o P TRC S TRNE S
R o WA r-<(‘.("\‘.’v—‘(‘~.-(".\‘.'rﬁ'(\-(“"\"’u—-\(‘- g - O O N
llIllilllllllllll!i!i_lllli.tilll‘!
B PR T N b =L A Qe O I O T
- L < L “ < ey <

-] k-3 © [} -4 -4 (-] o

S ~ (<o < o ~ 0 fe o

(x4 [ [+ [y i3 3 < 5



- 151 -

INIVA QIHLOOWS SAWS

Q00 01 0*e 0% m.w 0°g §°9  0s&h
Q°Q 0°e . 9°t  0°Ll g°01 Qsel 50T 0O°0Y
Q°?¢ 0¢g g6 0°1 0391 vee S8l QLY
Q* 01 o.xm utee 0°T¢ 061 Oove. geGge  O%th
a*0 9°0 0°h 0 0°t G°L  0°s  Llok
0°0 0°0 0% L 08 6% O°a D6 ULuY
0°0 Q%0 Q% L 0°%%1 0°Tg 0*d2 4°¢e LiL
0*s 0°S 0’4E gehe  0°81 Q°Le Qev O Eh
m.o C 00 g0 Qe 0wy Ol8 Q°L 0°J%
*Q Q¢ Geg  0° - 0% 09 479 U°ih
0*a. 0°G  0°G 01 9791 vefz O°%l Ores
g2 peGe  9°9€ QUe gelLe 0°ly S°lv Lihy
c.c o.c COD . COW m\.mv . COW CON Cow.ﬂ
geg  n°0  O°1 oney . 9t¢c. 0% 5% 04t
0*'0 0°0 0t 061, 0'91 Utk 436 ey
R A R 3¢ X Dohh 0O%hy  0°€q  Loud LISy
040 Q'0 wig D0 070 Wie GG uig
0*0 0°0  0°0  y°y L e Lle Ut
0°0 0°T 0°1. 0% - 0°01 OQsee Oige U 99
0°0 0°»1 0°al Q°Bs 938y LoUW g*lo  LOLY
0°0 0°0 0*0 Q00 00D etU Ul
Yo u*n ge g gew ol en 08l
Q°0 g°0 0°z Gl g°¢l Gecl GLOLL
Q°U 0y 0°CE  0°E D°G0T USQT Dovs
0°0 0°0 00 gee Q° 0 Uy a0
0°0 0°0 g* G - 0°0 e L NTL
G0 Y*o (A 5 *0 R4 0*e U0
0°0 Q *0 5¢¢ . 6°9  O°we Q%L QI9L
0°0 0°*0 0°*Q Q°Q- 0 iy Y* 0
0°0 0y 0*G . 6°0  oen g0 0%0
0°9Q VA4 0*0 0% pep gL 0D
u*a VR4V 0°0 O*v RV 0® 0 VANV
LWS SS90  LWS Sgu  LWS S8U IWS  S4U  AWS
0°02 0°91 AR 0°8

L334 NI 3INVLSIO Tvydlvd U3LVLS L1V SLINN NI

307491 LN3D. S334940 GeE2=SI SATYNY ONTuNd SITIWYS 4) JuNLvadddl

a0IvA 03A¥3SAU $SUD

neey  0*J9
pegy 0Vl
geQs 0ILY
gegy 0°'lY
0*¢y 0°23
g°6¢ U%39
ety Qley
geey  OOLY
gege  H*ZY
(eay VLS
669 Y°LY
vehe  utcel
N2t 0ot
g*he %ot
vege il
0°1s Uil
51, uUo0¢
gete  Wlol
Degg  uwlg
peeE LYo
geg 0L
Jg°¢ I
9L %26
gele vtoll
G°0 w°c
gLy ulte
[ negnl ulc
1 0°9L1 WtvO
gy Jo
nel 0 )
4 °U uwery
n*u 0°98
SH0 IAS
uey
RN EMEERLVARE!

o> e ¢ o O
~OSO

P NV 2T Y SN e Tl

OO'OO’.O
C OIF T =TT

NS o cocrroon
CCORLCC PO

SUU
J°u

OT°ON 1$31 30 SNOILVAY3SHO IVIN SN Y ddX3==*11-7¢ 378Vl

P11l
O et N T e

IO NG = O T = O <

1t
ot

ld

HLadd

AR A

vedt

et

Jy°B

ue¢

00

NIW

Il a



TABLE A=11.=--CONTINUED

FLUCRESCENCE IN UNITS AT STATED LATERAL DISTANCE IN FEET

TINE DEPTH

2060
0BS

1660
0Bs

12,0

n8s

8, 0
ngs

440

Yo ()

FT

MIN

SMT

SMT

S MT.

SMT

SVT

0Bs

SKT

GILI

- 152 -

OCOOTCCOOOCOTTCOOCOOOCODCOCOTLODOTTO
...CO'..O......'..l.."."‘...'G.‘.".......

OGO TONRCINO NN NN ME R CENO TSI N TN

-t - - - - -t - -t -~ -t

nona cnice | 2 oowno L ootwn. ccoc
(I ®eoce - ee®e i - ©oe®eo - c o o0
§¢co e TaY. 2 L LR oM L =SSO

—i . — et et

© 0 060 0000060000000 0606060660666 086009000e¢000.
mc.cm-—a-usmmﬂmq-~oNwmmwoommr—‘wx‘rmabs‘rw.-m;srmwcﬂ

DNt - o=t - mio= -t peiemigt, o peleied . el eemte= | reied
neon Qnore - o Snen L nons
"Q...» ’....- .‘L°.°°.7:z..°.
SO~ SOOI & - TOe | N

Felala=talelalelol alatwie COCCCOGCQCCOOGQCGQOCCCO

.‘0.0‘00..‘.0..00’.'09.0.'00O.'......-.,.O0.00
CaoN@chh-c@s‘roowm¢ﬂozmm-ac\¢m-so~\1‘mmo~¢mmc-m.—:m

mc.-:smc-..v.m‘:c:o:m:\::ccmc’cmémmccmc&méomomcoot:m

. 5 © 69 6.6 690006060 06000060666000006866068064900 oo e.
=P OO OO NI ¢¢0Jc¢NNNm-0‘O«\—40QmNNO*mNN .
Qoirml Clete= Olrted  sirirmimirimiotelrseirm yood pi et ol O\l vl et gl el i ol =l

fo] ol agled o CC'OC(.':OCCCCGCCCC—CCCCSOCOCGOCCGC‘O

00.....9..000..0....-.0..0.000..O.,.QO
AT NG SN T O & &(\Lc;CCh-—QCaNCCGf*IﬁCO\C\fCO‘C\?C‘
m.—tﬁo-dm—-l,-u—im-—%--av—'m.-c-a'-vmﬁ-i-io’.vd-tr-emr-!r-do-{m—o—u-emﬂ-—a

oo CINS SN CCRSONONOIOnCCOORC STOTIOST S
.00000“0.0000.000‘.0‘00006'0‘000000000009
Qhu\od'l\ommo\od'c’NN-—«G*cmcv:m\fccd'mchx\r-cONNOoc
Crtet  Cletre OO e e O N el Ol et e et M et et et O et et (Y it

CCCOOOCCC-CC:C‘C,CC'CQOCCcccsoccccccooccc
Oo09'09030000»0DGOQOQOOQOOOOQOQQOQQeoo
mmrﬂo.;cmt\smccmmo-om-—-@h-ic-mu‘«cc;sﬂswv’cv—q--amomp
c.-\fu"-\*\*\"'U’m\*\?mmmﬂ‘mmcﬁmm«'«*n-mcmf“\‘r\fmmq\*rmmmm
cocmmcmcusmcmc-u'-mou-.cmoc*r-cm-c-tmou\cmc:c-mca
oooooc-ooooooooovo'coe.ooooo-ooeeoooooo~a

.-xa:vNL’\c::Ncccmsoso\"'~oc-—hocc»Fct"oﬁmoctsmra-!t\:-—ot\zv-cmq;q-e
& OO OGO T DO QPO TONG T S OO T CCONOT T NG O

CoCC LT O T TC oo SOl T oL Lol Fot ot exlntl el el wif et

o00009000000000000000030000000000se_o
cﬁwu\..-s\-rn~|~&-‘:,-&\:cc-ma:-—'l\c\.tr‘-cc»::c.:{\:c'-Nc:‘cﬁcccsx’;ﬁc:\*q-mwcc-
[ToYTol S Xel{allal o dral oy r~~.'.\1-¢r~~o¢¢~o~o¢¢c~cmmwmmm¢mm«‘<—¢
Tl I3 Lababa el T gl labul el en t:u“C‘h"’Jlf’s':':!!‘GL"-";-’:'ai‘-c-:‘mmc nooeT

o.oooeoooeoooooooaooooooeeoocooo-oeoo
—:\cce@mmx\mmc\tmh Nl QIO T i CO -—ﬁCCC-@\"‘v—éOg'C.C\
Lf‘.-.rsh-sosru.t\-c¢cx\¢\~rm@¢;¢¢c~t [a2gN o O & OGNS O IO O

3 e O\ Lo\ : N TS e O OO T e O
NN O —C L T T e N T O OIS LY -

T'|'l|‘|l"|“"l(|"‘lllll‘ifl'[.‘.l
Ot OO 2 i O O (T Y O T O N S N NG e N

: < < el < < =
C; Co \o > e e Py a °
0 o« < o < o o« < o
Lol - [y o [9X} o~ o o (£



TABLE A=-11o=~CONTINUED
NCE TN UNTTS AT STATED LATERAL DISTANCE IN F

EET

-
>4

FLUORS SCE

TIMF DEPTH

MIN

12,0

OBS

00

2
OBS

1660

0Bs

Bo0

ne s

If o“

Vo O

SMT

SMT

SMT

SMT

SHUT

0RS

SMT

- 153 -

P el ol dlal atelolal alel o fulel ol ol ml wiel sl olelelwie s lal =Tt o0
o ©

® © 0 0O O OeOCOOOES FEEEXEXEIXERN N BB NN

L 3
—S O BN COL S G OSSO LC T N0 (ool el e el o] g

nwoeomn ounwn jolotole ownor
"o ® O @ - o o ¢ ® o e o0 N ® 0 0
oo —t -0 —OMN~0 C e~
- -t ~— ———

ANl et el el sl St ol el el ol el elalalet ] ol stalsto =]
00"‘._. '.'O'QA.O L J O»OOO'..O'...O.. oo @€ 69 00
3 N O F NG F OO T NS O C NS EOCNS NS NDMOND

SoCeo SooTC B ook on Lo Ly Snon
ec oo oo oo . e e e e. TR
N OO CmeNG T . NCNG TC S
——— et eyt e Ko e Lo S -t etet

SC O ol el al et ntelolelal ot et alnlalm sl afalalal st & lot el s sl

voeo-eoeo_cooo_oooe’oo"oeooooooeo_ooooo
0-m:;momcmmmcmmmcmmmomcomc~¢wmo~¢mmo~¢,.

CccccecacccccccocGCCCOQCGGC“CCCC
000006000099000009'00003920900000
ccmcocmomoﬁmwoﬁcwccmﬁocmmoﬁmacca
Qjo=ierl Semiem= Cledet Curet  Oiemivd Ceiemi (Nemie=t et
csccccmmmmCmcmccm"cmccmcccmmmmmo
00.0000000.‘000000000_000000..0000
;mamc¢oo:¢mxwmc¢<>m0hcx~cmowocco
CC s o= Vet i Nt e O\ e QN
CCOCCCCCCCCCCCCCCCGGCC:GDOC:CCCC
ooeoaeeoocoeeoeooocoooeoeoooooo-
mcm¢¢@@mm0¢¢wwpeNcw¢N0c~~cm0w@¢h
c"-t\:mrf'mc\m:mmt\:f\‘(\:f"'(\(\'\\:!'"N-ft'-."(" v OO it COV O 3 et

cc;t.".trLC‘.s‘L:U‘;C'u‘mcCUL"U&K\M’JCBRULK\OK‘:K\OQGG;‘%

oooooooeoeeooooooocoooceoooooeoo
OC\C~0t"‘!-10G’JmcCCO‘l“w(\:-—hﬁc‘~O¢\'P‘-¢\TC\!G(\N‘~!¢C~®I‘
mmmmmmc\immmr-:r-;mmc\.mmmAo;ﬁlmr-dNNm‘—emff\mv-s—x

C:C.CC,C-';;;'QOGC,CCC{.;C_‘OC

0000090000‘00000000
T NS A R R S MG Ut
r"ﬁ'-\*.\‘rmr\‘m\fmt\'mmmt\':\.-mo-

COoOLUDTCOUSOoo

OGO O ORI OO O OO I

2

[TalTobovk albunl P Tat Ioke-t il [aloal [alT ohaptmp il Sy [To Xl IRl I gV T4 {at I it )
e © o°oooao°o°ooo°oee°ooo°aoo°oce
<. (\?O‘Q RETC A At L csRU ol Sl ead o} ~Q g s S0 a
('\,(""('2\"(\".!‘_'\"‘(“"‘(*‘.(\’“&(* (\K\'(\.:t\.'ﬁer—.ﬂ".('\":('\'v-!("'.('-':(V‘('\.N('f‘.(\SNNN
- S = N N 4O e N et O S e OO0 Y S E T o ol 4
ll!lllllllIlllllililllllllllllll‘
Cv—-‘t\.t’(‘L"_’.‘rt(‘.l("v&?v—i(\rF‘~UF-((\;(*TQJ-—¢N(T'$-—'C\'(\”'~.,r-t(\!("‘ku—'t\.ﬂ
= L 58 [ (& “ & < p o]
° -4 ° ° < ° °
s N [ 8 [ (3 < X8) -3
(41 o [\ <50 < = Lo 3



- 154 -

crocoocso
...........

L ONAROONRACD

OO OOCTOC OTOCO

.Oo.'.g.........'..

o
30
OO

CONVNCC

ANTYA JIHLOUKS szm

00

WS S80  1WS

0°ue

Do 0e

D°1 Ge L 0°*1

0°c 99 Q%%
°9 $°%9 0°sl

°0 g°0 . c”%
g - 0°1 0°1
°T  0°9 Q'Y
*9 0°s o 0°0¢
0 ue o 0°1

00 s*0  0°1
AT N
peetl U°Ed )%

0°0 0eoQ el
g*o_ utu Ul
gegz U°(e 0%t
O°1¢e @Q°1¢ 9?o8e

09 Geo  0°0

0°0 Ueo V]

06 0°6_ Dt
0°0¢ G°0¢ ULt

ven iy uo

Q°0 Ok 0y

vty eta 001
0°t H°% ) °49

ARdY) U o 0y

0°0 ¢°0 00

0°d ueun U

0° Y e

00 gen  at

0°) ue 0°*0

%y uto oG

O°t) 0o wuey

$ d0 LWS

u°91l

e o0
i

o~ . .

oS C.o oS ons
P

.’..00...00

o=,
N S’

Q%
S 4J
0°el

CoCoToCTTOT

Pl W

[l lalal

[aaf o]

.00...0..000.

— OO OO G SO NI i

(el et wier et ol 0
» ©
oG

[Tq T

o © 0 ® 0 O

T

o
O

<

3NTVA d3Ad3S40 $5dU

eol
g o0

S du
0°g

1334 NI 49WVLSIU TvysLvl 03LVLs LV SLINA NI

3QVIOILNID

0e9€ GcgE  WS¥Y
Geoy 21y u®lb
Begh D¢y W°)Y
ety Do°cy VY
gene  Uely  w0iilv
Gelv GoLy 0034
Ge6y  QeLG W%
Gveh  G°9v  wiaLy
peed  G°4ul )%
uery 0°99 %89
ueTs a°tL  JiLY
aoyh QeOv <L
geel a°hi a%dd
DoUY Su°éx wisY
gehn o6y UL
9 5008 kb
(o GO ol
(°9¢ §°1¢ wlce
0oLy 0°Gd 0oLl
0°o% Q°Hvw  LoBu
00y g 0o
WYle  hegl o 2%y
p°e9  9°9i  Wido
weey 0oL wehel
Bey Wl Wl
ueee J°Be #%:
Q%98 §9°9y_ wihti
(0°591 0°4%91 wluve
IARY Beu ne 4
U q.°0 W
0% 8°1 Weadc
e g °Q weicl
LWS Sdi) LS
uty Y
JIN SIS 1d0ATTd

o

Sy34d93aU (1°%E=SISATVNY gN[uNg SATdWVS 43 deNivdzdnal

T(°0ON LS3L dJU SHOT LVAY3SHO0 WLHARL Y dXi==® =7 dTuvi

HiddJd

NN
AWl L



TABLE A=12,=--CONTINUED

D LATERAL DISTANCE IN FFET

ELUORTSCENCE IN UNITS AT STATI

TINF DEPTH

MIN

2040
08S

16600
0BS

12,0

nBs

fe 0

0BS

4 o)

P

FT

SMT

SMT

S MT

MT

SMT

Nes

SHT

NRS

- 155 -

COCOCOOTCTCTOCTToOCCoCoCOOOOGCTOCRTCCT
oo.;oooooooo000000000000000000000000
Ol S S O et e 00 Ol vt ot 3 Oyt i L O\ e N Ve 20 3 O = 2O N OGP IOV O

oL SUINNG oo OHTOO0 Tl lallal g

o © 6 0O o 0 & o o e o0 . [ 2 3N X J o 0 0 s

et RO\t Ce=iri VT ST Y G et
R

Oooooo.oo.oooo000000000000»0000000000

uone woun BN el and I ot oy OO0

e 0@ e ® e 0 o ° © e e e ® @

N of S T | o S e C Ot O F et
CC-CCCOOOCOC‘COOOCCCQC‘CC-CCCOCCCCOCC‘COC
0oooooeoooo.oooooocoob.OOOoO00000000
scd't\.mc'c-ne¢mmmmmmm@t_u‘ml~co;Nccc.mmoommHommd'
- -t - — - . i -

oo oond IO GG SN o [ ol lgtTal {ateniTotwi 31w

o.00000000...00000000ooeooe.ooog,...
-—tc:-w:m¢0’:r-c~o::¢r~c—¢mom—-ewu\sc-.-;c\;cmmq-ommc.\fﬁx—:w
—t —ltrmteei = ptemieled o Loy P

C-CC:‘.:':C-.;CCC‘COCC':CCOCC’CCC-:..C;C:D oo
eoeooooooooooooooooa»oeoeoooo'ooooggo
c.c:d'l\aci\-cme\‘:hsomml\c»:«-somc:,--::;,t.ru‘nf,-ccd‘hml\mm:\;cmo
mr-u—n.-tN-eHNNv-a.—vz\:mﬁﬁmmr-..—aﬁ‘-.-a.-‘ﬂcf'-—4 1 i N =
[TaSTal ToRia L wifant 44 -‘:-CCCCCL"-mtﬁmc::CC-:C:@L’mchc-‘"CCmm
00oﬂ9@00600090000090‘9OGOOOOOQOQOOOOO
ToaT SEN of s o ¥ Fo Fiue mmmhcmmbemmw¢ﬁma00fMmuecHONwN
it ety 0 C ot OGO N s ettt ST Uty (OIS —Fe ™ —tn
c:c:;@cc:c:cr:ccccccccccCcc:CcccCGCD
eo:eoooaoooeeooo:oeooooeooooooooegeg
C\;-v—?c_c'o—-'(\mﬁ,[s&ﬂ‘h’\@mNLﬁmﬂ‘avﬂcq-(\_js QAR IO G -0 o
\7\TL{‘.\‘,':-".\"'K‘Aqmt\“vl.'\q(oﬂ‘-wQcr'("'.{‘srﬂ'-.c"‘<.‘- Yo T TN O 0L

mwwc:mmmcmmcmcmcomQCCmm:vmcmmmmccmoc
oooooovooooooaeoc:o-ooaoooocoo.oeoeooo

.—uooccmmsoo\ou‘~occ\+0---=|~m~c,t\:c:-l‘-m~cc=-¢m,<\:¢f\tc\!cc,qm¢.c

GO NG rﬂr-=u'\c:c*of'mmcf‘mNNm\?\-rmc-mmc\.(sq-mmm\fmo~N.—c

Sl Lo Ll LT il ent alustag S tnl WP ot afmfetucdwl Slal el @iy

0000080000000OOOOOSOQQQQQQggogoooooa
OO *Ovccu-f'ﬁu»mx*mcz‘.;mc.‘ou.-;-mwow@mmm\rc-wv'-—m; o
W & OO NG H SN S SN Vo Rta [ R o o LAt el Iattalantaab ol TR RR AR D S 0
oo T T e SN L e O ~C DT I TN I T

e“oooooooeoeoooooooooooooooeegoeooooo
AT TSSO OC Cumten O :0<‘~C~f\:m<_.‘¢¢mml\.—at-o~mmm
TRV VRC T SIVGI TR b Xl & d’q-cr\r’-mﬁsf(‘-n".mcmm\-t [Fa¥anis gt g {5}

(o o O NG e (0N e QLTS OO OO G e O Y T ST S A SN

7 LI | d{ ' R L L O A | tir ey v O O O I O I I B |

e N N S S N D e P NP T ST N X
o L- [ © -] -] o o' L]
U «< g o ~r O o < (9]
4 - o (9] (9% o~ o [y 23 (28



TABLF A=124~=-CONTINUED

ELUCRESCENCE IN UNTTS AT STATED LATERAL NTSTANCE TN FEET

TINE TEPTH

2240
0DBS

1640

0BS

8 0

oBS

(.o'n

"o ]

FT

MIN

SMT

SMT

nRS SMT

SMY

VT ORS SNT

NRS

-156 -

P eloletol v l=lotol mlleleielwlel=l ol e letul olololel olatotol ol ote]
.......‘._.............0.0.......
O‘Q*ONO"Q'I\«\O“I‘-\’)\%‘CD\OU\LGCI)K\U\@NU\Q'FPIP.Q’I*O\T\T@

ocoo winnn NN o¥Yallyl
oo 0@ ©c o & 0 o 0 o0oe e 00 0
N~ Crun o ON-O~ -0
ity -t

'CCGOcOCOOCOCOGCOOOCQCGOCCCDC'
R E R EREEEE X EXE XXX EXE AR EN A SEN
=T P N OO (G MNP DT OIS O NSO

be
G

[13} Ll 217311 33
oo ©coo0e
< e o ~ND
— )

”—

laf wiw] elefd ol ol vl

fatatelel otelslaletedal elel wfelelelal ol el wle
© 0900000 ®e@O0
w0 -t

090 0C000O0®0 6060060 SO©O0OCS
CLCOVTOTTO OO0 CRXTOOECOTCXCNCRC N
- - [t o o o o~ o~

CHOMAING SIS W &8 GINO D SN E £:C. SN o0 0
000000000.0000000000000000000000
émcmxmma:moccmmﬂc¢mmNchMcCON¢Gm

Fatoldalalalaf el al ol etelalelo el e Fall Wil e el e &.lenl eclad S oferl v
oo o

000000000000000000 -] ® 0O 9D 00 0O e 60 © 9°
c@a@@@too@dhmewmmoommmw:mmqcmmwm
e -0 — 0 e (33 (53] o~ [9Y
O C O TS SN oD S SO T T lalatisteateilsfont e

00000000000000000000.00000000‘000
¢N.—:c1\@\1"-4@1:\.—-(*.6\:%-\*';\f:cc"cccmmc.:o.-:hmmm{ms

-3 (g™ . < o -3 N e N N
chCcCCCCCCG:GCGQCCQ&C:CCSC:cCCO

L- 20 - I -] 000000OQOOOOQGOGOOQOOQ'OOOOOQ
(\"\'C\;C‘C\'(\&U‘-v—-«(‘immu—xf\;‘\’OFlNQ’PH(\\T¢~&Z¢N-C-N¢Q
mﬁ'-(\.f\r\"\ﬁ‘v-'f\iﬂ|NF>:N5‘.(“.'—GP":{"?OTv—‘P‘(faﬂ‘.v—-'v—.c“-(‘|r-u—ln'.("‘¢—iv—‘

mc@mccmccccmmecmmmccmoccmcmccmmm
03030090009909000000 o 008060 06200
cNo~Oohanege oot o O

PR A Lan 120 Lan BN a0 S M o --Q-o;.—c-—m"m'—n\-g-q-

NaY ¥ Tl gl e Tad it g
(a3 T o VT o N T TSN g oY

CoooLscToLC L LT oLT L TCE LT TECT
coooooeoooaoeoooaooeooooooooooeo
Y o ¥ oo T s SRNRI TRE AL IN a2 oAl o R Y AT R et g 4 NPT T =T
BT A KaH RN of atio Ry abh g LALLM e O PN AT GW S U EP S LM o ¥ oy
(Ta¥ ot Ieitot Lol INi Lol Int T a gts Tabonleek aeni{ab il unt vt tag il [TaTimbietl 22 ISk et o
ooooooceooeooooocbeooo.caooooooo
R A santeallat ol SN o ol P‘-CZ'.'\.’\."H’-'-:';\GC:'-‘."..G~v-is(ftzrmf\il*\(‘o—'ﬂ‘
«~ r‘;6'.\?(\.(\1(\40‘(\r-t\.(‘r.(\.zr—:(f‘rc‘f:(\t\:r-"cr.e—‘-(‘-:(\.;(f:ﬁf—:o-q -0 0N
OO T O e V0 [CPY o 1 AR ENS O AT OGS O PR o W S I W
lllllilll!ll!lllillllll!lllltlll
-t O T et OV T e T L O NV T et O T =N e
) 4 . o ~—. [ e
-'c ‘e e ° ‘e ° e
<3 O o] < o ~ (e} o«
(28 o« (o & ~ ~ <




- 157

INIVA CIHLOCKHS *LWS CanvA

a0 . 0%
[

0o G°0  0°8  GQ°91 06 )
0°0 Ged 0. 0%k 0%y uth . 4tk
0° %y (*9z  G°ti 0°06 goloT Uthe (76
901 . (%201 6%86 0°9L G%8 0701 Uloo
R*0 0°Q 0°0 0° §°I1 gl U°s
Q°0 0* 0 0°0 0°g g°1 0*q  0Q°T.
0°ve Q°4t O°LE Q°DOT N°YBE V°GE G hd
g°te 0°t6 0°901 0°08 0°89 L°LIT 9°LUT
00 (1°0 Q0 0% g °¢ geLe 6091
0°0 e 0°0 0% g°l Uil Ul
0°92 Gece  G°1¢ 0°BOT Q°86 L9 GSE.
Q°29 U°hO1 S°€el D°v8 9°E8 D°9tl 4°tal
0eQ  0°n Vo0 0°% G°%T O°le 4$°C9%
0°0 0°0. 00 0°6 _ 0°9_ 0%l 9%¢1
n*9L  Q°061 Ulcs Q°CE1l 5°¢Zl Q%uy - O%9¢.
g°le 0*le 0°48 G°88 0°lL 0°Gal 9°9ue
00 0°0 0% 001 uml nree 02w
00 ey 0°0  G°%__ 0°9f Q°Lt Goll
i)*9 0°g9 (°89 0°211 Q°yy_0°0s glEl
Qg 0°%€ 0O°%e 0°f6 0°9%1 U°eBl & Bul
0°0 U °0 g9 g°L U®9e 99l
0°0 0° 0°¢ G°4) 0°0e  $°9¢
0° 0 0 0°%01 g °8el 0 %94 Q%9
0°%0 0°0 0°vG  §°88 L°%lc 09891
g°0 00 (g°0 Q°0 0°lz D6
0°0 0 °0 O 0°0  0°8l_4°8
u°y e 0 - 0°g  Q°y  ueLel §ol6l
00 0°o - 06 G°le 0°hye 0oLt
0°0 Q0 gy Lo (egl G°4l
0°Q 0°Q 0°0 0°0 0°sl g°%1
00 0 °0 0°0 0°0 D°*9 0%9
0°0 0*0 00 0°u0 (Jeh6E Q°YOE
LWS  S8CG  IWS  S€0  LWS S80 WS 5S40
021 0% 0°9 ‘ b°e

L334 NI FONVISIC vwdlyvl G3LVLS LV SLINA NI 3D

J3AudSEU 25HU

200 000
e 4o
pohre  Jo°%4
oLy seo°wul
VAU o
200 6°0
NeLE OIE
RSN V%l
0o Heu
Vou 9T
J°0y  0°%Yr
D11 ¢l
Ueu wew
(e 1)
eaglr 0°yy
deLeTl vl
10{ 4oy
YU Qe
0°€s G065
w“map oulc
neu N°y
uus  “°uB
D°9s¢ uelLlve
uey S
0 5%
4

J20 H oy
Uy 4y
VenRY DGR
LWS S tu

ey

NdJS3d001d

!

e O L A i O

R N T O T A T B

Gy T R gt 3L A0S ek SN AT

L |
el s AR}

‘¢r~'.‘\('fxq
tr ettt
O N

-—Od et

!
<

14

NAgY)

NI W

Hid3dd 3AlL

JaVd9 L1 IN3D $33¥93U $°Ge=SISATUNY ONTUNG STdAVS HU FuNLvdidedl

21°0N LS3L 40 SNOILVAYISHU IVANIWI uddXd=-"€ =V 20l

H




oo 0 ©
-

nooo
—

minc.w
o © & o
ocow

©c© ©oe
=TT

Ta¥ ot el o}
-0\

SPe—e—

oCcOn
o

- 158 -~
©o © ¢ o
NaZ ol \alan)

—

Lf‘-::,lﬁC'
oY o\

0°821 V°co

© 5o 0 9o ©®
cﬁva-im .

.
el

6 0000 000 ©
N

cC
~Jj
o

Qe

S0

~d oMo
O

Ceoe e e 000 ©0°s

CoCooOoOLC oo
‘.._
= e~

v B~

g3NNI LNUD=-=°El=-v 378VL

~TO\

-
e

o

(3

co e
e et =Nt
C i

oo

o o g ©® & o

O ot

[d

™

<
Po
—wn

sSsoow
eo.ecoooogoo
] o 2

.

gt et O i nC et CN el e (T
. Tig! ]

Coowl
5 ©® ¢
(ool W a2l 1

Bel s R eloy)

—
L4
o

[ e
(-]
S ymed

{ .
S AyA%
(r°sL
D°t
0%
g 2*
%y
Ut
e
U°te
VRN A

WS

L334 NI 3INVISIC v¥aLv’l d3LVis 1V SLINM NI HIM3J)6dc¢unid

T NN
~oe

L

A C SRS U
o o0 0 °° 0 o0®¢@ [ ]
- e =)

o1 o]

e

oo

cwne

-~
A
11

Tooed
[ o A=

o~
L
-t

5 © o0 ©@® 50 ©
O T el

i

o
o
LI S I |

o~
-

S TN ONG
oL T
1 O L et OV

SToy
—
t

<
'
N

N
-

nNCCU o
o 08 s e®%0c % ©0o0
PN oM e tae el gl st lania)

c <o~

w
[2a]



159 -

0°G DY
Q0 TV
el 0 °%¢
0°% 0*e
g°y 0% ooy
Ny 0y, L
Qe  9%ee Gohe
0%y g°G - U°¢
0°0 (o
Qen_ GO
0°6¢ 0°42
0y i} °¢
Q0 g g
o°q Qo0 A
g°9z §°tl (°¥<
Uty Ney 0°c¢
0°0 ¢
00 (0 °0
0°6¢ Uohe
gew o O%¢
0°u g°3 VN
00 G°Q Q0
Deee  $°cY  U°we
u°h §°¢ 0o
(VAW Gy
0°n VIV
st w9l
O°Y uwee
LWS S90 LS
0°¢1

e © 0o
OO D

ool
-l

@ o 0 ©
NTOo

caclo
'in

VT
W

nNCol
e 00 O

e

0°e 6°0  0°%
0°¢  §°u  WOE
peug Q°de  Wi0t.
gegh g°va 0%¢c
pee  OeL . Ll
Ge¢c_ USY Gt
oz  u°de. WUt
gegih Q°de Dove
0°¢ %Y oy
geg e D°t
g°ug g°le 0Lk
Gegh $°89 U°9¢
0°¢ 9% o uwel
0°¢ . u°h  L°t
Gede 0°gs 0 °0¢
Q°8% §°9¢ U6C
0*c 4% 0°1
Q¢ U0 Lot
ez %L 00
o°gy U< V°lt
0%y s°u  0°7
‘Q°€  v°w L
eneg 0oLy 0%t
0°8% G %% U°hL
Ry 99 0Q°1
0ot §°% Ut
Go°Uc  Yowyv it
°gy  g°inl U°9¢
VRS BN O I
0°t. 0°iL vl
0°1¢ 9°g¢  QUut -
0°8% N°B6 D°6E
WS Sdu LWS
0°9 G°

OO A N IO T

-t
L=
=1
p-2
0°e e i) 7=t
G°¢ e G4 -4
GeLz uweve worvl ¢~ 1
f°%¢Z %8S 4 %9 i-v
°0 weo 9o 7=t
M Y AR Y g t=¢
oiy¥ J°Wd )08y e[
GerLl U%e GH°9C¢ L=y
%y Jou 1 %u Y-z
Gy 110 9% t~C
4oL Yo M0 ¢~1
G e D0 on Wew (=
VA4 ity GO0 =T
Uee poy o ut =2
g°lL U%¢ 1°4¢ c~1
eyl 9% ie 9%zl L=y
g*0 N0y A V=t
°¢ UG Qo0 -2
°¢y  a°%Z 5Ll P §
456 e - %Ll L=y
) )° L 5% -t
°Z geu 300 e~ ¢
el %8¢ U %ut =1
et %%t wouc [=J
* U 00U $5°%0 =t
*1 J 3% w=¢
°i5  O°4¢  w°9c¢ =1
o9 et ou vl i~
%) 190 WO 7 -
D4 VAN ¢=c
0°9% 2°9Z Lo =i
Gole¢ ULk L°wy L=
S d0 LS S YU
€ ue) id

1334 NI 32Nv1SIC WYLV 03LViES WV SLINN N1 HINH2% aaulild Hidau

QINNTLNOI-=°E1-V

.

376Vl

A A
A
2y
J°BtL

3%

NIW
dnll




- 160 -

G °0

3NTYA QIHLOOWS. $LWS

-
et

EMIVA 03AYISED 2580

.

L

VI I D S L G ° °T 5%y . 20 g y~E
0°0 §°¢ T g°0  0°0  wut¢ 6t J° o 4°49 t=¢
0°0 00 u°sg G°P¢ 9% Delg 2% yte9 utulL =4 ,
0°0  U*c . B°g 0°Ge Gew  0°U% Q°hE 059 ulLy 1-3 u°rl
0°0 - gefl g0 Q°n Gep Dol gle Houl G2 b :
0°0 ol wee QW 90 e ge9 9°91 '9°¢ t~d B
0°0 0°y gee  (°LT ~§°9  O%0Y oLy -0°¢L 9059 -1 .
00 Y 04 U°t 0°Yz 5°2i 0°0% . g°it YUohLd veoLy i-0-u®el
geH g2 Q°y Goy” Geq 9ol g0 A%ue  wlat 7=t
g°g  Q°g 0’0 a°0  D°0  D°¢  Gou uthr G’dc t~¢
g°y  J°0 0%t 0°hT G°t  0°%9 QoL UrbL Gl c=1 ]
0°G 0°u  (°t _ 091 §°51  J°wd souv WlEL 5°¢l (-0 9%t
uea Y e g°y Lucn i1 gou deuy UL V-t :
Y , Beuy  G°L  g°p  ucl_ NS 0ty wi87 q9°0% L=
)] 0o 06 0011 "ulhe L099 oLy N°6E  abony =i
g°v ge°¢ g°11 0°¢1 &G°it 0°Ly LU peLy  USLE {-u L°8
ve 0o 0°0 e wel gl Jeihy U9 7=t
D0 0 0 ey 0°H  0°2 DL atG9 a9 e=¢
0°0 (° 0 U°9 g 0°LY Gy wIchul veluy ¢-1
0°0Q ) 0°y g°ct 0°lh Gt byl W yil L=y 097
g°Q 0°u 00 J°0 ucg uth ucde D°9¢ KAl
)°Q a°q ueg  0°p a4l 3°¢9  9°4% x =<
00 (%40 Qe¢ G Yy Wel9 D9 woiel soiel -
0o Uou 0y 0 °4 poghy Gy W°hel Jovdii t=a 0%
Y, 0 Q°n g°0 Wt go0  uw°ye¢ A9%dL y=t
4.0 ueo Wen ey peg Qe N T i
0°0 (¢ °V 6°0  G°0  0°gy g°DG DI BoHL aldbL é=1
0°0 G°G Joy 0°y neGg o g9y U°LEL 4% wul EIVERVASS
Qaey Y 0 °0 2°0 o°y 501 J¢ Wiy 7=t
QU (1 °0 00 ey ooy Wt XY et g4
0°0 G (VALY ey wvel A0l WY 5 % A
gtu v g °0 (Rt oG GYBY w9 LY i-e U
LWS S 90 LWS S 40 LWS R LWS Sdu LWs Sdu

geet 0°6 ey . 0%g VARY id NIW

1334 NI 3INVLISIO vydivi 03LVLS LV SLINN NI FONI IS 3uulild Hid3d HwWll
4ayd9ILNZ) $3494934 G°Z2=SISATVNY INIUNG 53 1dAv S 4U s¥Nlvdddads

TGN 1S3L 40 SWOI LVAY3SHO MWANIWE 3 dXd-=° 71~V 41UV



161 -

Il

COCCOCVCTTOC LT COCTCCOCT OSSO

00 0% g°0 0°T gln Dtz LYl dUW 1y -t
020 Q% g°0  Q°¢ nen Lt Lg%y 009 %1 ¢
e 0% 0°¢  (°h¢ U%¥1L y°le, Goy¥c )obw 594 ¢c-1
ge ¢ peel 0°C¢ 0°GE go°fled (°e 4L°fy 0oLy Ulub 1= uv¢i
g 9t Q°u 0°1 ! re¢ 8¢l Ny 61 -t .
0°¢  Q°Yy  Q°y 0°e 0°Q pee o 0cQ 39 Wil E—-¢
o°v ey L%y g°GZ G°¢l 0v¢e Q°tt 0Q°u4 0°6% Al S
Ve g*1 gvet ’ 0°9¢ 0°6T  O°te  §°B¢L gy §°9% (- 9°%c
‘0 g 0°1 0°L g% 20 0% 2%y e b=t I
°0 g°0 0*0 0% G¢q 0% g*1 " W0s o wti L=¢ .
°0 g o0 G°¢e  0°9¢ pewE - Q°ly °chn 1%ve e-1 ,
A . ueIT G°L  0°LE g°gec wfow Dole UrBY 5 ldh (-u w°8e
0 0°1 e Qe 9% goz-  9°1 Wy AN i7 -t

0 9% (% G°L_ 9% ¢ 69 WYy ;9: . L-¢

N Y% QY 0°92 LY GoLE  G09E T athy  9tue . c-l )
°1 0°¢ ucil U°GE  0°8B% Yoot ~utHr wows Aty =3 :°9¢
°Q U °y g°u 0 °) u'e J*2 . 0°2 )oYy WL ht )

°V 0°t  U°¢ WG - 00 Ute geg a9 Ul e~ C

°() vs Gl 0°92 0°cE Q°ud  Gole °vys WLl e

°1 u°6  9°8 Q%€ GOo%% 0%BE G°o¢Yt USJe LY i=u U°7¢
°0 9°T Q°%y . 0°v 4%t nee 0°1 Wy 30 L -t

*Q yeu U°l G0 QU 0e¢é g°u  u°Y o oacw E=¢

°Q §°4Q 0%y comu Go9¢ ©°Ey  9°vh Jlss  9%did c:w

°fT g*¢ (*8 U°9t D°Ee w°6t o4y J%ch & luw i-7 u°22
°( ou g°C 0% el 0 °¢ g °f ey W21 7 -t

*0 0 °¢ g 0% _  4°0. 0% G°% ueg 5%y L=¢

°0 0°9 Q°h (e G*2¢ WL Uy Ut09 U°BY Al

*1 . ueL  0°% 0°Gt G°th V°0e G°ts Oftuw Jluh [NV
*u 0°f VALY 0°0 G°0 0°T 4% 4oy vl 7=t

0 0°%2 0°% uew_ 0°0  J°¢ % 09 G081 T=c

*0 yeqg  0Y9 U°tZ  G°91L D°uy §ol% Y GluY ¢~-1 o
°1 ueuw  0°9 Q°2e 9°¢¢ Q0% g°Ly :ov 4° ¢y (= a8l
°0 (1°Q g°0 yoL U 0t S °0 3°%5 Wl Y-t

*y gee G Q°y G )% Doy o unL il e~

‘0 0 °9 5°0 goie Uehi O°wy oy kg utwg o <-T

°y J°9 5% 4 0° @m H°GT Q0% G°U% 1°G45  9°9% - U2
LS S$80 Lns S840 IdS sS40 WS  S40 . LAS S du

0edl 0°6 0°9 {2 FASY Ld NIW

15334 NI 29NVISIU Tvddlivl (3Lvis 1V SLINA NI 3ON3DSIBUNTS Hid30 3all

GIONI LINOD==° #[=-V 376V



- 162 -

$°0 =t
Q0 ‘ t-¢

Q°0 -1

9°9 ) _ o ] (=G
00 _ aeq g°Q 0°% g°e  (°C o1 bee y °f 7=t
as o A Geo 0°¢. Q°t 0% 4o¢  VOY eli €=
Gea a° 0°a_ 0°l g°01 uve DRIt Wehe Q%91 ¢-1
0°9 .- 0°91. 6°H1 G°gl 0°fTe 0°9c 0%t ooyt oL -0
Q°h g°L Q%0 0°T  g°n . Q°¢ g°1 u°é 0°¢ 7=
g0 U g yeu 0°¢ Gon D¢ 4% WY ulc c-¢
0°0 Qe 0% 0°Y 6°%91 0°%¢ 35°%¢ 029t uile ¢~1
0°g §°g U9l . B¢ °9e 0°9L Utuv  UthE 4°CH L=y
0°0 C 0o O uel 0°1 D¢ N°Z U%¢ Yoy -
Jyeo 0°0 “°0 . Q%d %1 g°c. S Cu g°9 5 °l L=c
Q*u Veh G O°LT Q%[ J29¢ -Lrhl Jege %3 ¢l
ey G°91 0°91 (°0€ 0°Z 0Lt 0°9e JoUY G L7 {=u
Q¢ 0°1 0°u 01 ¢ n°¢ Geg 0% wel -
J* o g°1 0o uee gL 0°¢.  uel 0oy FOL e=¢
Qe 01 (g% 0°% 1 G°l¢ V°Le "ulwe WobLy AES ¢=1
Oy 0°9 ) °91 ) 0°te y°le Q°Le Bt gLy J)oew [~
0°0 0°u o*n  0°1 el 0N°¢ Uy S Uz 7=t
0°0 34V Gty 0°¢ 0°t g°e . 90 uey Go4 ¢
0°0 ey 9%¢ e G6°9¢ Hege GteE A% 4 lbe =1
De g 9t e°91 0%t GuLe 0lLle Q°GE- 1%y 4°7c {=J
g°*0 ‘Bl V] 0°l 0°1 u°e tuee o g° i 7=
0y (e o 0ee g°y  U°¢  §%%  a%9 $°4 =<
g9 Jgey Ve Gete g°le 0°BZ G°vE atew ATuy c=1
Q°t nee  wegl g°Z€ °BE L°BE Ut wlwv  )lLi ]
00 VRdY 0y 0°1 0°1 [tBg4 g °1 3°L %L i~
00 0o Gey 0°c  0°u_ Q°¢ 9ty Yy 4°9 =<
0*y Do  (°¢ U°ge w°ge 0%6L gL uUlHb 9°&Yy -1
Vhg? oougegl 0°81 Qe LoLY 0°Br G°lv J°4% W lor i
yey o g% vy 0°i G v °¢ g °0 2% 50! -c
0°0 g°) 0% 0% v°u vee  6°1 g 9°31 e~
0°0 gey  G°y 0°ce G°L1 Q°uE uU°Be W°97 1°o% ¢
0*¢ - 0°l 0l G°%€  G°9¢ 0°Ft Q°LEt. Q9% 9% L=
LWS Sdu IWS $40 WS Sgu INS - S8U"  LAS S HU

geet Gg°6 : U °9 G _ BT id

1334 NI 3ONVISIQ 3Ly 034VLS LV SLINO NI 5ONIDSSulS HLdAU

GINNT LNDD==°%i-V 370Vl

c.cm
wegy

N9y

Jbe
u4°9¢
AR A"

NI W
da4ll




Fluorescence, units

160 F

- 163 -

ko o ' - : -

260.f3;:_L§26.o

2ho
220
200

180:

1ko:
120

100

80

60 oo
1:_0; 1 (] ] i L 1 | I | 'o’ H

o % 8 12 16 20 2% 28 32 36 o ki L8
' " time, minutes

' FIG. A.1.--FLUORESCENCE vs. TIME FOR TEST NO. 1
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Fluorescence, units

" 100F

120p-

- 16k -

100§

3:3-L%

Lop

20p

8o
60

Lo

20

oY

5

1 [ ] 1 ] - 1

L

1 1
8 12 16 20 'gh 28 32 35 Lo ik 4§

" time, minutes

FIG. A.1.--CONTIXNUED




Fluorescence, units

100

100

- 165 -

6;3-h

80
60
Lo
o__ 0o

O
20 :
0 ] ! L i i 1 L 1 L |
. O

12 16 20 24 28 32 38 ko k4 L8

‘time, minutes

FIG. A.1.--CONTINUED
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units

I"luorcscence,

- 166 -

20

0 ) L i 1 i
-0 5 8 12 16 20 2k 28 32
time,. minutes

FIG._A.l.—-COKTINUED
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Fluorescence, units

- 167 -

160}
1kop
120

100

8o 0:1-2

] 1 H 1 | [ 1 L] 1 L ] [ ]

-.0 L 8 12 16 20 24 28 "32 36 4o hk k8 52

time, minutes

A.2.——FLUORESCEHCE vs TIME FOR TEST NO. 2



units

I'luorescence,

- 168 -

FIG.

4o
3:3-4
m
(o) ‘*3“‘34*4:~ o ~ 0
O
3:2-3
' (o]
3:1-2
U0
220F
=
200}
1304
160
14>
120
100
- 80
150
40 o —0
o
20¢ )
0 [ 1 1 1 1 | | 1 1 L ] 1 ] ]
0 L 8 12 16 20 2k 28 32 36 L0 4k 48 52

time, minutes

A.2.--CONTINUED



Fluorescence, units

- 169 -

L] |

] 1 1 { 1 L]

60
1}0‘ 9237’%
. 20
0 n/’47’—CP_q}g -0 O O© o0 °O—o0o—>0o-
) 9:2-3
20F :
' / o< Q O—
0
9:1-2
20 T o O “f;<}__1r__{>__o
O
0
20 60— —p—o0—o
o}
6:3-4
20 3
0O N O
[ © L © U
o}
)40, 6:2-3
2o oo om0 o ©°
O — {;*O.
(o]
6:1-2
6:0~-1
o O
6 o—o—%—o0—0—2
1 1 1 1

b 8

32 16 20 2k 23 32

time, minutes

FIG. A.2.--CONTINUED



units

Fluorescence,

- 170 -

60

0 1 1 1 1 [] 1 ] H 1 ] 1

0 Yy 8 12 16 20 2L 28 32 36 4o 4% 18 52

time, minutes

FIG. A.2.--CONTINUED



Fluorescence, units

20
(o] 0:3-k o
N X 5 o9
ot © 0:2-3
60 o °
o f———o0— o
_ | o o
‘o\o'o-o\o_
=r ° ° o ° 00°%" o
o -2 o
o
ivo b .
o) 0:1-2
120

100

80
60

Lo

201

“X‘:Qf—sw.o
160

iko
120§

100§

207

o9

O
i lo! ] U i !

”~

kb 8 12 196
t
FIG. A.3--FLUORESC

50 24 28 32 38 40 L4 43

ime, minutes
L}

BNCE vs TIME FOR TEST HO. 3



Fluorescence, units

- 172 -

60

3:3-k

ko

120F o 3:1-2

1001

120

100

1 i 1 1

1
12 16 20 24 28 32

time, minutes

o
(@]
=P
o

FIG. A.3.--CONTINUED
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Fluorescence, units

- 173 = -

ho

20 Co o)

100 I 6-1-2
80
60

Lo

20

i1ko

120

100

80

60

%0 {

1 1

o

o)

O .

20 gL ~
0 1 1 1
0

| §
L 8 12 16 20 24

time, minutes

FIG..A.3{——CON$INUED

1 1 b 1 1
58 32 35 40 kb
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Fluorescence, units

- 17hA_
8op
oo}

Lo

100

60

20f

O

‘ 1 1 % 1
o L 8 12 16 20 oL 28 32 36 40 Lk 48 52

time, minutes
FIG. A.3.--CONTINUED




Fluorescence, units

- 175 -

50 e o c
OF W —__ o 1 B
) 15:2-3 o - . B
wo F 15:1-2 : | -0
0. _ o _
15:0-1 ’
20 r
O o

ho » 1'2:3-"4>
20 I

0
20 F

0
wo b
20 I o o

_ —O—0 o

0

Lo

20 ¢ .

Q0 5009
. 1 ] 1 1 1 | 1 1 1 1 1
0 § 12 16 =20 24 28 32 36 Lo i 48 52
. time, .miputes '
FIG. A.3- ——CONT.INUED



Fluorescence, units

- 120F

Log —

0:3-k
20F

o o_owm%
ol—oll-0-0—— ox 5-0-O-
80- o 0:2—3
O

20 o

20r

20
180}
1601

1kof

100fF -

60}

1
24 28 32
. time, minutes

FIG._A.h.—-FLUORESCENCE vs TIME FOR TEST NO.
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Fluorescence, units

ko

- 178 -

20r

n
o
J

o

N
o

O

g
(=)

-
O
J

1 ] 1 1 i 1 i N ]

1

12 16 .20 2k 28 32 36 k40 4k L8
time, minutes

FIG. A.4%.--CONTINUED
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Fluorescence, units

- 179 -

21:3-%

L s —————— S 7Y - @m—
21:2-3

=== b > s 2 = —p—
21:1=-2

_—t d - ° ® ° O
21:0-1

18:3-%

semc a0 — hd * L [ ned
18:2-3

18:1-2

18:0-1

15:3-%
_.__.:._.o-o-—-.—-?o—o*-a._l._._._ — !

15:2-3 .

."‘—_— o—e—* -—l—' —S—e— o » C—0 -.—.—'—.—.
15:1-2

> .\o\. »

J///’- —— . ..

15:0-1 e
. o/.’—_.—— . T P = '—'—b—’—'——r_

12:3-L

P Lot

- .——;—.—.—.—._0—.—.—.“——3_.-—Q*I-—

20r

e
12:1-2  _
Tt e .
L : e
12:0-1

1 ] [l 1 [l 1 3 1 [

16 20 2L r28 32 36 40 Lk 48 52
time, minutes

FIG. A.4 . ~-CONTINUED




Fluorescence, units

" 380 F

- 180 -

k20

4oo [

360 §

30 F

320
300 r
280 F -

260 F

2ho }
220
200}
%1807 -
160 ¢
i1Lo
120 }
100 §{

8of

Lol .

20¢

[ 1 [N 1 3y

time, minutes
FIG. A.5.~--FLUORESCENCE vs TIME FOR TEST NO. S
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Fluorescence, units

- 181 -

k20

“T~u91.0
%00 '

380 F

360 F

340

200 p

180F .

160}

1h0f

la20¢

i00r

8oy

601

Loy

o0F . | ) O

1 1 1 | 1 L 1 L

9 1 1 [} -
0 L 8 12 16 20 24 28 32 36 L0 Lka k3 52

time, minutes

FIG. A.S5.-~-CONTINUED




units

Fluorescence,

100

80

60

ko

20

260
240
220
200
180
160
140

120

100

- 182 -

0:3-%

o
o
(1)
M)
{
w

1

| 3 1 % 1 1
b 8 12 16 20 24 23 32 36 Lo kb
tine, minutes

FIG. A.5.--CONTINUED
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Fluorescence, units

- 13k -

8
6
3:3-14
L4
2 .
8o

20
0 1] ] 1 [] 1 ' B 1 ) 1 [ 1 4 \ B
0 L 8 .12 16 20 24 28 =32 35 Lo L4 48

time, ninutes

FIG. A.5.--CONTINUED




Fluorescence, units

160

1ko

120

100

1ko

120

100

80

60 &

Lot

20

“~235.0

o!

1 3 ] 3 (] ] |

16 20 24 28 32 36 Lo
time, minutes

FIG. A.5.--CONTINUED
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- 186 -

60
ol 9:3-4

o

60 I

(o]

ikof

120 1

100¥

8ot

Fluorescence, units

O
o
!

hof

20

1 13 L [}

0% L 8 12 16 20 glh 28 32 36 4o kh 48

+ime, minutes

2 1 [ 1 9

FIG._A.S.——CONTINUED




units

Fluorescence,

20

120

100

80

60

Lo

20

ho

20

- 187 -

18:3-4
R -~

18:2-3

18:0-1 o

2 A - PR e ¢ ——— o I |

15:3-14

(zero values)

15:2-3 .

R ey Ty '
lsm |
15:0-1

—o

‘{h-=£h==£=—-£k-—<>——4}'—-°
12:3-k .

12

16

20

o 28 32 36 Lo 4k L8 352

time, minutes

FIG. A.5.--CONTINUED




units

Fluorecscence,

60g

ko

20

60

ko

20

100
80

60

=
(@)

20

80
60
4o

20

- 188 -

o co
MW
(o] (o]
o 0:3-4
PN O
o 0:2-3

o} L 8 12 16 20 24 28 32 36 Lo Lk L8 52

time, minutes

FIG. A.6.--FLUORESCENCE vs TIME FOR TEST NO. 6




units

Fluorescence,

60

- 189 -

o |

20

60}

uo b

20F

100.-
8o
6o
wo }

20 r

iko f
120 ¢

100 F

oo

16

L4 []
20 =24 28 32 38
time, minutes

FIG. A.6.--CONTINUED




units

Fluorescence,

- 190 -

o O o
o0t , o o090 O OO0 C
O o
0 I ] Ll [l L'} | 1 [] 3 ! 1 .' |
.0 b 8 12 16 20 gh 28 32 36 Lo ki ha

time, minutes

FIG. A.6.--CONTINUED
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Fluorescence, units

- 191 -

60
nof
. 20:3-4
o (o]
20f o
/&%
0
. 20:2-3
20F o 4 o
B, oanti
0 / o v
20:1-2
20 °o "
LS4 Fo) (o] O
0 44r”—_—'
20:0-1
20F o o
‘-/Mf .z
0
16:3-%
Lot o
o o
201 o
c{o}’f o °
4 Q
0
16:2-3
Lof :
O
20} o o
0 o~ O [o) i
16:1-2
’40- o
0 a.x_ Y O hd C )
ok 16:0-1
o .
O 1 - [ 2 o 1 ] [] [ [N ]
0 Y 8 12 16 20 2k 28 32 36 4o

time, minutes

FIG. A.6.--CONTINUED




units

Fluorescence,

ko

- 192 -~

20

ko

20

100
80
60
ko

20

‘—l

=

o
7

iz20r

100F7

0 © 0 o

.U Mo O

o o o

—0
{ [ [ 1 O 1

16 . 20 2L 28 32 36 L0 4& L8 52

ez »
ol
}__l
N

time, minutes

FIG. A.7.--FLUORESCENCE vs TIME FOR TEST NO. T




units

Fluorescence,

60

- 193 -

200r

180

160f

ikof

120r

100p

201

1

L3 1

16 20 24 28 32 36
time, minutes

FIG. A.T.--CONTINUED
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units

Fluorescence,

ko

60

ko

20

- 19k -

2 1 1 1

16

20 24 28 32 36 40 Lk k8 52

time, nminutes

FIG.;A}T.—-CONTINUED




units

Fluorescence,

- 195 -

80
6of 20:3-%
4o}
20Fr
0 e S S o, -
20:2=3
20¢F
| =‘___‘3.{—0/“‘ri;"‘ -0 ~ -O- —0
OfQ— a ,
20:1-2
20r
5 Oy OO O——0
OE——————J&—_‘Er—D——4r’
20:0-1
| 40—/’—07 2 “ —O— O ~—Q
0 -
. 16:3-4
Loy
0 s, o —
201
4]
20f
0
Lot
207
0o i 8 12 16 20 24 28 32 35 Lo L% 43 52

time, minutes

FIG. A.T7.-~CONTINUED




Fluorescence, units

- 196 -

20r : o

L of

20r

120

ioop
80
60

20

712.0
220F

200¢
180f
160F

ihof

l20rF

100¢

8oy

60

o O 00O
o
LA

3 2 i L

ko 16 20 24 28 32 36 Lo kh L8
time, minutes

FIG. A.8.--FLUORESCENCE vs TIME FOR TEST NO. 8



Fluorescence, units

- 197 -~

4o

h:3.4

220} ﬂ
200{ b:0-1
180}

160f

1kopt

120F

100f
8of

60F

LOH

20§

0 b 8 12 16 20 2k 28 32 36 Lo 4L 48

time, minutes

FIG. A.8.-—CONTINUED




Fluorescence, units

k0o

- 198 -

80
60
ko

20

1 | - '} I '8 b 1

e
o
o

-~

12 16 20 2L 28 32 ‘36 'Wo ki 43

J=
o

time, minutes

FIG. A.8.--CONTINUED




Fluorescence, units

- 199 -

60,
hOl
20:3-%4
20F .
0
(0] o ~ ~ Wﬁﬁ o O o
20f 20:2-3 | '
20:1 -
sob 20:1-2
e.o—o——o—2—0—0—>0
0 a T
20:0-1
207 o Qa OOl Oy
_ék—’o’—ikﬁ () o
0 "
Lo} lé:3-h
20F . Q
(o) (8]
a0k 16:2-3
Py rﬂ _049___0_
20T
o O0—0—nuO—
0
4of
20} o0 o
0 3 3 g gy 3 1 9 1 2

o 4 8 12 16 20 =24 28 32 356 ko Lk &8
time, minutes

FIG. A.8.~--CONTINUED




Fluorescence, units,

- 200 -

20 O: 3-8

160}

iko}

120%

i100Ff

205, 8 12 16 20 2k 28 32 35 L0 Lk 48 52

time, minutes

FIG. A.9.--FLUORESCENCE vs TIME FOR TEST HO. 9



units

Fluorescence,

100}
_so?
sof
Lo}

20F

240t
220 ¢
200}

180F

160 F|

v

1ko
120

100}

20

<

.16 20 2k 28 32 36 Lo LY 48 52

time, minutes

FIG. A.9.--CONTINUED




- 202 -

ko
20F 12:3'-')4
M
0
sol o 12:2-3 _
. ___‘_4r}>4rJ}—_*r1r4LJL<LJLTr‘L<F<>‘L<>‘LET<”<“°
' o 12:1-2 °
20.¢
o

0

1o b o 12:0-1

20 ¢

Fluorescence, units
o
S \
10
0

2 2 2 [

0 L 8 12 16 20 =2k 23 32 36 Lo Lk k3 52

oy
N

time, minutes

FIG. A.9.--CONTINUED



units

Fluorescence,

hOI

20

20

20

20-

ko

20

- 203 -

20:3-%
- oo —O—p—g—0—0—o0—0
20:2-3
o——5 O Q o) o—O—0
20:1-2

O e O

0 -

o

> 16 20 2k 28 32 36 Lo L

time, minutes

FIG. A.9.--CONTINUED




Fluorescence, units

100

80

60

ko

20

160¢

1k0§]

120§

100

8ot

6o fr

20

o

2
12 16 20 24 28 32 36 Lo

time, minutes

FIG. A.10.--CONTINUED
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Fluorescence, units

- 206 -

100F
8o}
60t

Lok

20%

1 { [ 1 1 i

4
0 L 8 12 16 20 2k 28 32 36 Lo

time, minutes
FIG. A.10. ——CONTINUED




Fluorescence, units

80

60

4o

20

20

20

20

ko

20

20

20

40

20

- 207 -

?
%
i

1 ] ] 1 1 1 | L] L} i |

8§ 12 16 20 24 28 32 36 L4 4k L8
time, mihutes

TIG. A.10.--CONTINUED
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units

Fluorescence,

- 208 -

0o}
(@]
Y

1C0

80

60

4o

20

120

100

80

60

4o

- 20

1 1 1

time, minutes

‘FIG. A.11.--FLUORESCENCZ vs TIME FOR.TEST KO.

0 4 8 12 16 20 2k »8 32 36 Lo Lk k8 52
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units

Fluorescence,

160

1ko
120
100

80

60

ko

20§

12

-

r

16 20 2k 28 32 36 ko0

time, minutes

i¢. A.11-~COWTINUED




units

Fluorescence,

100

80
60
* ko

20

- 210 -

] L [ 3 3 s [

L 8 12 ‘16 20 2k 28 32 36 40 by 48
time, minutes,

FIG. A.11.-—CONTINUED



ts

uni

Fluoresence,

60

Lo

20

20

20

20

Lo

20

20

Lo

20

20

- 211 -

20:3-4
P AnA_dg_-‘h-=5}==iy——£L——° '
20:2-3 )
o
Q L W
20:1=2 . ° |
20:0-1 o
. - (o] o
o] g—-ﬂiﬂ
16:3=-4
’ (o)
o —ﬁ-—-n===**‘”——1r—————JL_
SN . S -
16:2=-3
P S S— S Q g—0——0—"
o 16:1-2

2 3

b 8

12

‘16 20 2L 28 32 3
time, minutes

FIG._A.ll.——CONTIﬁUED



Fluorecsence, units

- 360F

- 1LoO

- 212 -

L20

600.0

xoo}

380}

340

320
300
280
260
2%o0
?20
200
1890

160

120
100
80

60

Lo

20r

FIG.‘A.lé.—-FLUORESCENCE vs TIME FOR TEST ¥o. 12

1 3 ] 1 [ 1
0 L 8 12 .16 20 24’ 28 32 36 40 ub 48

time, minutes
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units

Fluoresence,

60

- 213 -

ko

20

220

200

180

160

iko

120

100

80

60

Lof

20

| O m———na . n aa 0. an O s 0000 o

0:2-3

o

o

] 1 { 1 ] 1 1 | ] 1

L |
0 L 8 12 16 20 24 28 32 36 40 ki L8

time, ninutes

FIG. A.12.--CONTINUED
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units

Fluorescence,

280 F

420

- 21k -

koo

80

L

360 F
340 b
320 F

300

260

[\V]

ko
2h0
220
200
180
1o
120
100
80
60
Lo

20

o
i

8 12 16 =20 2k 28 32 36 4o kL 48 52

time, minutes

FIG.'A.lZ.——CONTINUED'



units

Fluorescence,

80

60

Lo

20

80

60

40

20

180

160

iko

120

100

80

60

Lo ff

20

- 215 -

—

3:2-3

time, minutes

FIG..A.12.—-COHTINUED

3:1-2
o
o)
(o]
o o
(o]
o)
O
o o O o)
O (o) (o)
o0
3 [ 1 | I 4 L 1 1 § 1
12 16 =20 2k 28 32 36 ko Lk . 48 52



units

Fluorescence,

- 216 -

20

1ko

120

100
80.
60
ko

20

1o} , p
120f

100}~ o o ©

o]

1 ] ] 1 L] 1 ] 1 i ] i

1
g 12 16 20 24 28 32 36 L0 Lk A48

o
=~

time, minutes

FIG.'A.lZ.——CONTINUED



Fluorescence, units

- 217 -

60

9:3-4

20 9:2-3

100 F
8o &
60

‘ho P

140

o 9:0-1

120

100

L g 1 1 ) 323 $ o

0O 4 8 12 16 20 ol 28 32 26 Lo bk k8 52

time, minutes

FIG._A.12.——CONTINUED
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Fluorescence, units

20 I

- 218 -

ko r—f

12:3-h% .
(zero value)

20

12:2-3
(zero value)

120 |
100
80
60 I
4o =

.20

1l2:1-2

120 ¢

100

12:0-1

[ ] [ 1 1 i 1 1 1 1 1

L8 12 16 =20 2k 28 32 36 Lo Lk

time, minutes

FIG._A.lZ.——COHTINUED



Fluoresence, units

180

A;ho

100

- 219 -

h20r
kool

380 :
360#" ' o _
340
3201
300[M
2801
260} \
2hof"
220

200

160

120

80

60

Lo

g i t ? 1 1 1 Y 1 1 1

o & 8 12 16 20 =24 28 32 36 Lo b
time, minutes

FIG. A.13.-~-FLUORESENCE vs TIME FOR TEST NO.
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" Fluorescence, units

- 220 -

200g=

200
180

160
1k0

120
100

soht

60 i

ko

. 20

0O &k 8 12 16 20 2k 28 32 36 40 k4 48
time, minutes

FIG. A.13.--CONTINUZD



Fluorescence, units

60

Lo

20

Lo

20

120

100

100

80

- 221 -

Mg—'@%
e O O=0 |
n 3:1-2

60 o
\}h411>4>4>‘ : ° O
_ Yo T, Y ° _~ o
ko . ) -O—0—0—O0——0— o5
201
0 |1 (1 [] [ 1 } L | [ 3 ] § 1
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APPENDIX C

CONCENTRATION vs LATERAL DISTANCE PLOTS

AND

COMPUTATIONAL RESULTS
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Humber on curves and symbols &as explained in Fig. C.1.
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OF TEST MOe 9
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NF TEST NO.10
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