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Abstract approved:

The fouling characteristics of simulated cooling tower water
flowing over a heated metallic surface has been studied. The bulk
temperature of the water was maintained around 95°F. Mainly three
different water qualities with respect to calcium hardness level
were investigated. The pH was controlled by the addition of
hydrochloric acid. The flow velocities ranged from 1.5 ft/sec to
6.0 ft/sec, and surface temperatures averaged between 150°F and
200 °F. Runs 102, 103 and 104 were particularly made to investigate
the relative fouling behavior of three different metallic surfaces
exposed to cooling tower water of the same quality.

For cooling tower water of pH of 7.5 and flow velocity of
4.0 ft/sec, the following equation relates the asymptotic fouling

resistance to the surface temperature.

6

Ry = 3.6902 x 10° exp(-14308/T )



Similarly for cooling tower of pH 8.5 and flow velocity of 5.0

ft/sec, the following arrhenius relationship was obtained.

*

Re

0.3264 exp(—4314.8/Ts)

For both values of pH of 7.5 and 8.5 for cooling tower water, it was
shown that asymptotic fouling resistance decreased with increase of
flow velocity. For a flow velocity of 4.0 ft/sec, it was shown that
a minimum value of ﬁ: exists in the neighbourhood of pH of 8.0.

The results of the deposit analysis for runs made at an average
pH of 8.5 indicate calcium, magnesium, silicon and carbonate as the
major constituents. The chemical analysis of scales of runs made
at an average pH of 7.5 indicate silicon, iron and copper as the
chief constituents. Also it was found that inner layer of deposit

contained higher amounts of magnesium, copper and silicon and the

outer layer had higher percentage of calcium.



Fouling Characteristics of
Cooling Tower Water - pH Effect

by
Bhasker Vilva Roy

A THESIS
submitted to

Oregon State University

in partial fulfillment of
the requiraments for the
degree of

Master of Science

Completed January 20, 1983

Commencement <une 1983



APPROVED:

Redacted for Privacy

Professor/é/f "Chemical Engineering Department in charge of major

Redacted for Privacy

Head of Chemical Engineering Dé'partzme-nt

Redacted for Privacy

=y

Dean of Graduate@obiv - ql

Date thesis is presented X O L—y««ca/u, /9&53

4 ’

Typed by Wynne Ferguson for _Bhasker Vilva Roy




ACKNOWLEDGEMENT

I would first 1ike to extend my sincere thanks to my professor,
Dr. James G. Knudsen, for having given me the opportunity to work on
this research topic, for his guidance, advice, encouragement and for
his financial support. I would like to express my gratitude to all
the teaching faculty of the Chemical Engineering Department for
having contributed to my learning experience.

I would also like to extend my appreciation for the contributions
made by the following organizations: the National Science Foundation
for providing the research grant for this project; the Heat Transfer
Research Incorporated for the donation of the experimental equipment;
the Drew Chemical Corporation for analyzing the deposits; and Chemax
Incorporated Industrial Chemistry for providing the chemical reagents

for water analysis.



IT.

III.

IvV.

VI.

VII.

TABLE OF CONTENTS

INTRODUCTION . . .« v v v v v v v v e e v e e e e e

GENERAL REV

IEW AND LITERATURE SURVEY . . . . . . . . .

Resistances to Heat Transfer . . . . . . . . ..
General Design Equation . . . . . . . . . . . ..
Fouling Mechanism . . . . . . . . .« .« o o o ..
Operating Variables . . . . . . . .« o o o o ..
Scaling Models . . . . ¢ ¢ v v v v v v oo e

EXPERIMENTAL EQUIPMENT . . . . . . ¢ v v v v v v v o

Piping

Valves and Pumps . . . . « « « ¢« « « « .« .

Cooling Tower System . . . . . . . . . ...
Heat Exchanger System . . . . . . . . . . . . ..
HTRI Portable Fouling Research Units . . . . . .

EXPERIMENTAL PROCEDURES . . . . . « ¢« v ¢ ¢ v o « .« .
Experimental Program . . . . . . . « .« .« . . . .
Run Initiation . . . . ¢« ¢ ¢ ¢ ¢ ¢« v ¢« v ¢ v o
Process Monitoring . . . . . . « .« o o . ..
Run Termination . . . . ¢« ¢ ¢ ¢ ¢« ¢ ¢« ¢« « o o o &

CALCULATION

METHODS . . . . « ¢ v o o v v v v o o o &

Clean Condition . .« & v & & v v v v ¢ ¢ o o o o &

Fouled

Condition . . . & ¢ ¢ ¢ v v ¢ v o 0 e o

Computer Programs . . . . . « « « « « ¢« o ¢ o « &
Error Estimation . . . . . « ¢ v o o o 0 0 .

RESULTS AND

DISCUSSION . . . « v v v v v v v v o v o

Run Description . . . . .« ¢ ¢ v v v o o o o .
Surface Temperature Effect . . . . . . . . . ..
Velocity Effect . . . . . « « « ¢« v o o o v v v
pH Effect . . . « « v o v v v o o v o e e e e
RSI Effect . &« v v v v ¢ v ¢ o o v v o o o o o
Description of Photographs . . . . . . . . . . .

CONCLUSIONS

BIBLIOGRAPHY . . . « « v v ¢« v v v v v v v v o o o o

APPENDICES



LIST OF FIGURES

Figure Page
II-1A Clean condition . . . « ¢« v ¢ « v v v o o o o o o 3
1I-1B Fouled condition . . . « « ¢« ¢« ¢ v ¢« ¢ o o o o o 3

III-1 Schematic flow diagram of experimental

equipment . . . . . o o e e e e e e e e e e e e e 15

III-2 Heater rod . . ¢ v ¢ v ¢ o o« o o o o o o e e e e 20
V-1 Cross-section of Test Section . . . . . « « « « . . 30
VISIA REvs 1T, = PH = 7.5 0 oo v e e oo e 53
VI-IB Rpvs /T = PH =85 . o oo v et e 54
VI-2A Rp vs VELOCITY = pH = 7.5 . o o o oo v oo o 57
VI-28 Rj vs VELOCITY - pH = 8.5 . « o o v v oo v v v o 58

—%
VI-3 Rf VS PH v v v v v e e e e e e e e e e e e e e 60



Table
I11-1
Iv-1
Iv-2
VI-1A
VI-1B
VI-1C
VI-2
VI-3
Vi-4
VI-5
VI-6A
VI-6B
VI-7A
VI-7B
VI-8
VI-9A
VI-9B
VI-10

LIST OF TABLES

HTRI HEATER ROD SPECIFICATIONS . . . . . . . . .
2,9

WATER STUDIED BY KNUDSEN AND CO-WORKERS™?®

RUN PARTICULARS . « « v v v v v v v v o o o o s

AVERAGE OPERATING CONDITIONS TEST SECTION-1
AVERAGE OPERATING CONDITIONS TEST SECTION-2
AVERAGE OPERATING CONDITIONS TEST SECTION 3&4

AVERAGE COOLING TOWER WATER QUALITY . . . . . .

CHEMICAL ANALYSIS OF DEPOSIT COMPOSITIONS

WATER CHARACTERIZATION INDEXES . . . . . . . . .
ASYMPTOTIC FOULING RESISTANCES . . . . . . . . .

]
~
(8]

*

Rf VS 1/TS pH
*
Rf VS 1/Ts pH =

\
0]
o

R: vs VELOCITY PH = 7.5« v v v v o v e e v e

*

R¢

- H

Rf V2= ) 2 O
RSIvs CA+COg . v v v v v v v v e e e e
RSI wvs Mg + ST .« v v v v v v v v v v v v o e
DESCRIPTION OF PHOTOGRAPHS . . . . . « « « .« « .

oooooooooooooo

oooooooooooooo

vs VELOCITY pH=8.5 . . . . . « . .« « .« .



Fouling Characteristics of
Cooling Tower Water - pH Effect

I. INTRODUCTION

This study is a continuation of a research program started at
Oregon State University for better understanding of the fouling
nhenomenon in cooling tower water.

The fouling or scaling of heat transfer surfaces may be defined
as the deposition of a thermally insulating material on to a heat
transfer surface. In the case of water, the deposit may consist of
inverse solubility salts, suspended solids, corrosion products,
bio-organisms and chemicals which react at the heated surface.
Fouling is an extremely complex phenomena that involves combined heat,
mass and momentum transfer in an unsteady state. But the aim of this
experimental study has been to concentrate on precipitation fouling
and efforts have been made to avoid all other causes Tike corrosion
product fouling and bio-fouling.

The fouling phenomena has been titled as the "Major unresolved
problem in heat transfer."16 As fouling deposits develop on a heat
transfer surface, there is a reduction in the performance and
efficiency of the heat exchange equipment and it can also lead
directly to failure by corrosion or local hot-spot formation.
Thackery17 summarizes the overall annual cost of fouling of the heat
transfer surfaces in the United Kingdom to be 300 to 500 million
pounds. The above cost estimate justifies the additional research
required in understanding the basic mechanisms of fouling and for the

development of better antifouling treatments and practices.



In cooling tower operations, crystallization of inverse solu-
bility salts like calcium carbonate, calcium suifate, magnesium
silicate, etc., occur on heated surfaces. The most important
variables that control the deposition process are fiow velocity,
surface temperature, fluid bulk temperature, water chemistry and

surface conditions.16



II. GENERAL REVIEW AND
LITERATURE SURVEY

Resistances to Heat Transfer

The effect of fouling in heat exchange equipments, e.g.,

heat exchanger is well illustrated by the following Figures II 1A&B*

HEAT EXCHANGER SURFACE

(a) Clean (b) Fouled
f WALL .L/"DEPOSH"')‘

\\7& \\\—

T2

Lt LA rmanasaia
Ry —s Ry k—R, R —Ry | Rw (RpH— Ra
The various resistances encountered by heat flow from a fluid
of higher temperature to a fluid of lower temperature are shown in
the above figures for (a) clean condition, and (b) fouled condition.
The resistances are additive and we can determine the overall heat
transfer coefficient using equations (2-1) and (2-2) for clean and

fouled conditions respectively.

*See Appendix A for Nomenclature



1 _

T Ry + Ry *+ Ry (2-1)

1 _

T = 31 +Rey + Ry + Ry + Ry (2-2)
where

U = overall heat transfer coefficient

R1 = thermal resistance of the hot fluid

R2 = thermal resistance of the cold fluid

Rw = thermal resistance of the tube wall

Rfl = fouling factor for hot fluid

Reo = fouling factor for cold fluid
subscripts

c = clean condition

f = fouled condition

General Design Equation

The overall heat transfer coefficient based on the outside
surface area of a fouled heat transfer equipment is calculated by the

following equation:
A Aq

B TRTER R R R (25
where

k = heat transfer fi]m coefficient

R = heat transfer resistance

surface area

>
n



subscripts
0 = outside
i = inside
f = fouled
W = wall

The designer uti]izes elaborate and advanced techniques for
estimating values of the heat transfer coefficients ho and hi’ but
proceeds to select some arbitrary values for the fouling resistances,
such as those recommended by Tubular Exchangers Manufacturers Associa-
tion (TEMA), which in most cases do not have any relevance with
regard to the actual operating conditions. As a consequence the
heat exchange equipment operates at an efficiency way below the
normal efficiency. In some cases the allocation of exaggerated
large fouling resistance values may lead to rapid deterioration of
the equipment.

Thus it is a fact that better understanding of the fouling
phenomenon is economically important. This study is part of the
systematic research program initiated by Heat Transfer Research, Inc.,

(HTRI) to further understanding of this probiem.
Fouling Mechanism

The mechanism of fouling for cooling tower water can vary
according to the source and quality (hardness, pH, suspended solids,
treatment type, etc.) of the particular water under consideration.
The most predominant causes of fouling are summarized as follows.

In most instances fouling is associated with an induction period

during which formation of micro-nucleation sites take place and no



appreciable fouling is recorded. The surface roughness of the
material aids in providing additional nucleation sites for the
deposits to initiate. Thus after the initial delay period, when
sufficient nucleation sites have been established, the fouling
resistance increases rapidly.

In the cooling water systems the temperature of the surface is
higher than the fluid bulk temperature, and thus when water con-
taining inverse sclubility salts, e.g., CaSO4, CaC03, Mg(OH)z, LiCO3,
etc., is in contact with the hot surface where the solubility is
greatly reduced, crystallization occurs. The deposition mechanism
has been shown to be due to either mass transfer or surface chemical

16 In some instances the mass transfer to the surface is

reaction.
fast and the controlling rate becomes the crystallization reaction
at the surface. Formation of corrcsion-products at the surface,

sedimentation of suspended solids, occurrence of chemical reactions

at the surface and adherence of bio-organisms present in the solution

to the surface include some important modes of fouling. .
Operating Variables

The variables that play a significant role on the fouling
process are (1) flow velocity (2) surface temperature and fluid bulk

temperature (3) water chemistry and (4) surface conditions.

Flow Velocity

Velocity has been seen to affect the fouling process with respect
to both deposition and removal of the deposit. Vhen the deposition

is mass-transfer controlled, the velocity entars the depositicn tzrm



through the convective mass transfer to the surface. Thus an
increase in flow velocity will increase the convective mass transfer
coefficient which in turn increases the rate of diffusion of
material to the surface. But for processes which are not mass-
transfer controlled, increase of velocity tends to build up the

shear stress which helps in the removal of deposit.

Surface and Fluid Bulk Temperatures

For a constant flux operation the temperature at the tube
surface-scale interface increases as fouling proceeds and this temper-
ature plays a vital role in the aging of the deposit. The aging
process produces changes in the crystal and chemical structure and the
increasing deposit temperature may strengthen the deposit with time.
The fluid bulk temperature has an effect on the saturation concen-

tration of the salts in solution.

Water Chemistry

The important water parameters that determine the type of
fouling mechanism include concentrations of inverse solubility salts,
alkalinities, hardnesses and pH. Various water parameters have
been used to characterize the water chemistry.

The theoretically based Langelier Index7 is defined as the
difference between the actual pH and the pH at which a given water

would be saturated with CaCO3.

LSI = pH - pH_ (2-4)



The equation for ca]cu]ating pHS was developed by Langelier

K

pH, = log (Kéi) +E + 9.3 - Tog (0.4 CaH) - log (m-alk)
2 ,

KSl = activity product of calcium carbonate (2-5)

~
)

.- = second dissociation constant

2.5 (T5/40000)°">

E =

1 + 5.3 (15/40000)0°° + 5.5 (T5/40000)
CaH = calcium hardness in ppm as CaCO3
m-alk = methyl orange alkalinity in ppm as CaCO3
TS = total solids in ppm

The first term on the right-hand side of equation (2-5) was

8

approximated by Lawson and Buswell™ by a curve fit procedure and is

given as follows

2
10(-1.37864 + 1040.92 Ty - 75500/Tb)
where
Tb = water bulk temperature

When the quantity pH - pHs is positive the system has a tendency
to deposit scale, but when it is negative the system tends to

dissolve CaCO3.

The Ryznar Index13 is an empirical index, which is based on a
study of operating data with water having various saturation indexes.
The stability index is defined as:

RSI = 2pHS - pH (2-6)

For this particular index, 6.5 is the nominal neutral point, values
of 6 or less indicate CaCO3 deposition and values of 7 or greater

indicate corrosive tendency.



Surface Conditions

A rough surface provides numerous nucleation sites which help
in initiating the deposition process. Thus a smooth surface will
have a correspondingly longer induction period. In many instances
it has been found that once the clean surface is wholly covered by
the deposit then the ensuing fouling process is not in any way

determined by the tube material or the surface conditions.
Scaling Models

A variety of models have been developed in an attempt to
predict the asymptotic fouling resistance--time curve, which
typically represents the deposition mode in cooling tower water.
Most of these models include both a deposition and removal term. The
asymptotic behaviour is.sighted in cases where the removal rate

becomes equal to a constant deposition rate.

Rate of accumulation = Rate of deposition - Rate of removal

de
T % (2-7)

Some parameters which are assumed to effect deposition include
heat flux, velocity, water quality, sticking probability, surface
temperature, concentration difference and initial deposition rate.
The rate of removal might be influenced by shear stress, amount of
deposit, deposition rate, toughness of deposit and concentration
difference. The various fouling models include some or all of these
parameters, and the variations are due mostly to the fact that

different operating conditions and water were used.
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10 made the initial analytical analysis of

McCabe and Robinson
fouling coupled with experimental study of deposition rates in

evaporators operated at constant heat flux. They assumed that

where
Re = resistance to heat transfer at time 6
RC = combjngd resistances of heating surface at clean
condition
RV = variable fouling resistance proportional to

thickness of the layer of scale

The conclusion of McCabe and Robinson model predicts an
unlimited increase in fouling resistance with time, due to the
absence of a removal term in their equation.

4 were apparently the first to recognize the

Kern and Seaton
importance of shear stress t, in the removal process. The deposition
term proposed by their model is proportional to the product of
foulant concentration and flow rate and the removal term is propor-

tional to the shear stress and instantaneous thickness of the deposit.

by =K Cp' W (2-9)
where

K1 = proportionality constant

Cb' = foulant bulk concentration

mass flow rate

= ky T Xg (2-10)

=
-
il

-
-~
[}
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where
K2 = proportionality constant
T = shear stress
Xe = instantaneous deposit thickness at time t

Watkinson and Epstein18

postulated that the deposition rate is
proportional to the product of the mass flux normal to the surface
and the sticking probability. The sticking probability is propor-
tional to the adhesive force and inversely proportional to the
hydrodynamic forces at the interface, and removal rate is similar to

Kern and Seaton's model.

4 = K3dS (2-11)
and

J = Km (CB - c;) (2-12)
where

K3 = proportionality constant

S = sticking probability

J = mass flux

Km = convective mass transfer coefficient

c; = concentration of foulant at the interface

Taborek et a116 in a very comprehensive work utilized the Kern-
Seaton concept of deposition and removal to develop a fouling model
that also considered water chemistry and its effect on the fouling
resistance. The deposition term is a function of the scale surface
temperature in an Arrhenius-type crystallization reaction term and a

water chemistry parameter.



The removal rate

n
9 Pd Q' exp (-Ea/Rg TS)

proportionaiity constant
residence time probability function

dimensionless empirical constant

activation energy of deposit reaction
gas constant
surface temperature

water quality term, function of LSI

12

(2-13)

is proposed to be a function of the shear stress,

thickness and bonding strength of deposit

-
-~
1]

~
(8,
"

23
1]

%*
A closed form solution for asymptotic fouling resistance Rf is

m
K5 T Xe/W
proportionality constant

strength of deposit

possible when m = 1 in the removal term

R: -
-

when a constant flow velocity and water quality is maintained

Kg Pg a" exp (-E4/R, 1)
/Y

equation (2-15) reduces to

* -
Rf =

where

KgsK7

K7 exp (-Ea/Rg Ts)

proportionality constants

(2-14)

(2-15)

(2-16)
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Watkinson and Martinez19

assumed a Kern-Seaton type model and
generalized Reitzer12 deposition term,

KR (cb - cs)"/zf by using

E T, -T

dX b

B oo @) Tererd” - ke (2-17)
g s o f

where

Tw = tube wall temperature

Tb = bulk temperature

Kf = thermal conductivity of deposits

proportionality constants

e
S

3
n

dimensionless empirical constant

The deposition term in equation (2-17) differs from those found in
other models since it varies with time through the scale thickness,
X_. The asymptotic fouling resistance can be obtained by setting

]
dXe/de = 0, equating R; = Xe/Kf and replacing t = fv2 2/ 2, resulting

in
(T - T,)"
Re (14 hRE™ = Ky exp —— R b’ (2-18)
RT. +T,-T fv
b W b
— =
1+ hRf
where

f = friction factor
v = flow velocity

and superscript * refers to the asymptotic condition
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III. EXPERIMENTAL EQUIPMENT

The equipment of this study was designed to simulate the
operating conditions of a cooling tower system. The system can be
subdivided into the following sections: (1) cooling tower system,
(2) heat exchanger system, and (3) Heat Transfer Research, Inc.,
portable fouling research units (PFRU-I and PFRU-II). Auxiliary
equipment includes piping, valves and pumps. (See Figure III-1)

Important conditions such as flow rate and temperature of the
heated surface are easily brought to the desired level by making the
appropriate adjustments in the flow and the power input to the heater
rods. The choice to exercise the above control enables the study
the effect of the crucial variables like flow velocity and surface
temperature on the deposition chacteristics.

Most of the existing parts of the equipment were built by

previous 1'nvest1‘gators-2’-6’9’14

at Oregon State University. The system
has been modified to accomodate a fourth test section and a con-

tinuous monitoring pH controller has been installed.
Piping, Valves and Pumps

To eliminate the effect of corrosion on the fouling character-
jstics as much as possible, non-corrosive materials are used.
Equipment in direct contact with cooling tower water is either of
polyvinyl cﬁ]oride (PVC), chlorinated polyvinyl chloride (CPVC),

glass, brass, copper or stainless steel.
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The piping is mostly 1 inch and 1% inch CPVC, Schedule 80, with
socket type fittings. CPVC piping is used for high temperature and
pressure applications and PVC piping is used for low temperature and
pressure applications.

A selected number of valves are labelled in Figure III-1.

Valves 1 through 11 are manually operated and Control Valve CV1 is
pneumatically operated. A1l valves are in the cooling tower water
circulating loop except Valves 2, 3 and CV1.

Valves 1 and 5 are constructed of stainless steel, Control Valve
CV1 of cast steel, Valves 2, 3 and 4 of brass and Valves 6 through 11
of CPVC.

Valve 1 along the bypass line regulates the total flow through
the cooling tower water circulating loop. Valve 2 is always open to
allow continuous city water supply pressure on the electric water
heater. Valve 3 is partially open for a bypass of heated water if
CV1 is closed. Valve 4 controls the blowdown rate. Valves 5 through
11 regulate the cooling tower water in and out of the test sections.
Control Valve CV1 controls the heated water flow from the electric
water heater to the heat exchangers.

Three pumps are used. Pumps 1 and 2 circulate the cooling tower
water and Pump 3 circulates the heated water to the heat exchanger.
Pump 1, a brass turbine pump, is driven by a 3 HP electric motor at a
speed of 1750 rpm. It has a total pumping capacity of approximately
16 gpm. Pump 3, a rotary centrifugal pump, is also equipped with a
3 HP motor. Pump 2 is similar to Pump 1.

A centrifugal blower with a 3/4 HP electric motor running at a

speed of 1725 rpm draws air through the tower.
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Cooling Tower System

The cooling tower system consists of three major parts:
(1) basin, (2) spray cooling tower, and (3) blowdown unit. Fortified
city water is supplied continuously to the basin to make up for
evaporation and blowdown losses. Cooling water is circulated through
the system, absorbing heat from the heat exchanger and heater rods
then being cooled in the spray cooling tower. The blowdown rate is
controlled manually on a regular basis to maintain a constant

composition of the cooling tower water.

Basin

The basin is a cylindrical stainless steel tank 4 feet high,
34 inches in diameter and 1/8 inch thick. It serves as the cooling
tower water supply tank.

Inlet streams to the basin consist of: (1) fortified city
water, (2) water from the spray cooling tower, and (3) cooling tower
water recycled by the bypass line. The well mixed cooling tower
water is drawn out of the basin by Pumps 1 and 2; part of the water
circulates through the system and part of it recycles back to the
basin. The amount of fortified city water entering the system is
measured by a positive displacement water meter.

The basin is filled to a depth of 34 inches--the level being
controlled by a liquid level controller (Model 100 of Fluid Master,
Inc.) sensitive to a water level change of 3/4 inch. The total

volume of the cooling tower water in the system is about 135 gallons.



18

Spray Cooling Tower

The spray cooling tower is a 20 foot long cylindrical column,

2 feet in diameter made of 3/16 inch thick fiberglass reinforced
plastic. It is mounted concentrically with and directly above the
basin.

Warm cooling tower water from the system divides into four
smaller streams at the top of the tower through 1/2 inch outlets
beneath which is a distributor. Water falls through the tower in
droplets, increasing the air-liquid interfacial surface area. Fresh

air is drawn counter-current to the falling droplets.

Blowdown Unit

As the cooling tower water evaporates, the concentration of the
mineral constituents increases due to the input of fortified city
water being fed continuously to make up for the evaporative losses.
In order to maintain a constant cooling tower water quality, system
water must be purged at a rate which balances the input from
fortified city water. A flowmeter shows the approximate blowdown
rate. Discharged cooling tower water is stored in the blowdown

storage tank and the total volume purged is recorded daily.
Heat Exchanger System

For the present study, the cooling tower water bulk temperature
was maintained around 95°F for all runs. Since the heat from the
test sections is not sufficient to maintain this temperature, an

additional heat source is needed.
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The heat exchanger system is a closed loop circulating system.
City water, heated in a 40 gallon domestic electric water heater,
is pumped to the shell side of two shell and tube (CPVC shell and
copper tube) heat exchangers, co-currently with the flow in the tube
side. A temperature controller (set point 95°F) regulates the heated
water flow rate through the heat exchangers. A bypass line is

provided to allow some flow even if control valve CV1 is closed.
HTRI Portable Fouling Research Units

The Portable Fouling Research Unit (PFRU) wasvdeve1oped by HTRI
to provide a convenient means for cooling tower water studies. One
such unit is on loan to Oregon State University. This unit, PFRU-I,
houses test section 3. PFRU-II was donated to Oregon State University
and houses test sections 1 and 2. The basic differences between the
two models are that Model II has an automatic data acquisition system
and flow rate control mechanism.

The critical component of the PFRU is the test section where the
heater rod on which fouling occurs is located. For visual observa-
tion, a glass tube 18 3/4 inches long and 3/4 inch inside diameter is
mounted horizontally with a cylindrical Plexiglas shield around it for
protection. A heater rod, which normally has an outside diameter
between 0.45 inch and 0.375 inch is inserted concentrically in the
glass tube. Cooling tower water flows axially through the annular
space between the heater rod and the glass tube.

Heater rods were supplied by HTRI. Figure III-2 shows a

schematic diagram of a heater rod. An internal electric heater is
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embedded in a 4.0 + 0.2 inches long heated section to provide the
desired heat flux.

Four chromel-constantan (Type E) thermocouples: TCA, TCB, TCC
and TCD are located underneath the heated surface to measure the wall
temperature at four different locations.

Figure III-2 also shows the relative location of the heated
section and wall thermocouples.

The electric power input to the heater rod is regulated by a
W10 Variac transformer.

Chromel-constantan thermocouples are also placed at the inlet of
all three test sections and at the outlet of test section 3. The
reference junction for all thermocouples is set at 150°F.

Thermocouple signals, values of the flow rates, pressure and
power inputs are transformed to millivolt outputs which can be
displayed and recorded on paper tape by the automatic data acquisition
system (Digitec, Data-Logger 1000).

In order to prevent a heater rod from overheating when the flow
stops inadvertently because of pump failure, a high temperature
cut-off mechanism is provided. Maximum wall temperature is set at
350°F for test section 3 and 750°F for test sections 1 and 2.

Specifications for all heater rods usad are listed in Table III-1.
The thermal resistance between the embedded thermocouple and the
metal x/k is determined using the Wilson p1ot.20

Calibration equations for heat flux, flow rate and temperatures

are given in Appendix B.



TABLE III-1. HTRI HEATER ROD SPECIFICATIONS

ROD HEATED )
HEATER OUTSIDE SECTION ENTRANCE k/x . Btu/ftc-hr-°F
ROD ROD DIAMETER LENGTH LENGTH DISTANCE
NUMBER MATERIAL Dz(inch) L(inch) XE(inch) Y(inch) TCA TCB TCC TCD
109 Copper 0.420 3.90 9.33 3.0 137767. 147720. 15376. 43256,
Plated
115 Admirality 0.4225 3.90 9.33 3.0  37881. 34961. 70095. 32499.
117 Admirality 0.4208 3.90 9.33 3.0  30881. - 33982. 17393.
Copper
124 -Nickel 0.4196 3.90 9.02 3.0 11701. 15677. - 19040.
(90-10)
Copper
152 Plated 0.422 4.01 8.66 3.0 110974. 398304. 40198. 14546.
Admiralty
443
Carbon
230 Steel 0.423 3.86 8.56 3.0 16618. 19304. 14983. 46159.
Galvanized
231 gigg?n 0.416 3.86 8.56 3.0  28116. 22156. 29420 71604.
Stainless
110 Stee] 0.890 6.25 9.33 4.0 137.38 - 203.62 351.17

k = thermal productivity of rod x = distance of thermocouple
below surface of the rod

x4
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IV. EXPERIMENTAL PROCEDURES
Experimental Program

The major objective of this experimental study was to investigate
the effects of varying the pH of cooling tower water on asymptotic
fouling resistance at different flow velocities. The pH controlled
runs were made at different levels of calcium hardness, namely, around
150, 400, and 500 ppm CaCO3. Runs 102, 103 and 104 were particularly
made to investigate the relative fouling behaviour of three different
metallic surfaces exposed to cooling tower water of the same quality.
Run 100 was an attempt made to study the fouling characteristics of
cooling tower water flow on an enhanced heat transfer surface.

For most of the runs water velocities were around 3, 4, 5 and 6.0
ft/sec. The surface temperatures averaged between 150°F and 200°F for
all the runs. Runs 102, 103 and 104 were carried out at a pH of 8.0.
Each of the runs 108, 110, 111, 112, 113, 114, 115 and 116 had an
average pH of 7.5. The rest of the runs were made around a pH of 8.5.
Runs 101, 114 and 115 had calcium levels around 400 ppm. Runs 102,
103 and 104 were made at calcium levels around 500 ppm and the rest of
the runs were carried out at a calcium level of 150 ppm. For the first
few runs, namely, runs 98, 99, 100 and 101, the pH was not controlled
by the addition of acid. The rest of the runs, i.e., runs starting
from 102 ti11 116 were all done at a specified level of pH by the

addition of hydrochloric acid.



24

TABLE IV-1. WATER STUDIED BY KNUDSEN AND CO-WORKERS®>?
Water Identification .
City
A B C D Water
Total Hardness 210 220 470 370 (800) 40
(ppm CaCO3)

Calcium Hardness 150 150 400 270 (640) 30
~ (ppm CaCO3)

m-Alkalinity 210 300 115 160 (600) 42
(ppm CaCO3)

Chloride (ppm) 300 400 600 500 40

Silica 105 110 115 150 20
(ppm 5102)

pH 9 9 9 9 9

Note: Numbers in parenthesis refer to "effective" concentrations
calculated by a mass balance.




TABLE IV-2. RUN PARTICULARS

RUN STARTING COMPLETION DURATION TEST HEATER
NUMBER DATE ‘DATE (DAYS) SECTION ROD NUMBER
98 2/16/81 3/25/81 38 2 109
99 4/27/81 5/25/81 29 2 109
100 4/27/81 5/25/81 29 4 110
101 7/27/81 8/23/81 28 2 109
102 8/27/81 9/23/81 33 1 231
103 8/27/81 9/23/81 33 2 230
104 8/27/81 9/23/81 33 3 152
105 11/12/81 12/2/81 21 1 152
106 11/12/81 12/2/81 21 2 109
107 3/05/82 3/22/82 14 1 115
108 4/10/82 4/16/82 1 117
109 3/09/82 3/12/82 3 124
110 4/10/82 4/16/82 7 3 124
111 4/25/82 6/02/82 39 1 115
112 4/25/82 6/02/82 39 2 117
113 4/25/82 4/29/82 4 3 124
114 7/03/82 7/29/82 27 1 115
115 7/03/82 7/29/82 27 2 117
116 7/03/82 7/29/82 27 3 124
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The different types of water studied previously by Knudsen and
co-workers-z’9 are listed in Table IV-1. Though the water used in
this study was not completely identical with the types shown in IV-1,

nevertheless it was possible to duplicate the major values.

Run Initiation

First the basin was filled with city water after which water was
circulated through the cooling tower water system by switching on the
pumps and the blower was turned on. Then the heat exchanger pump was
turned on and the bulk water temperature controller adjusted to the
desired set point. The circulation of water was continued until the
calcium concentration increased to the desired level after which the
blow-down (removal of water from basin) was started to maintain the
desired quality. For the few runs which had a higher level of calcium,
calcium chloride solution was added at a constant rate from a separate
holding tank directly into the basin water. For the later set of runs
pH was controlled at the desired level by introducing hydrochloric
acid using the automatic pH monitor.

At this point the heater rods were fitted into the test sections,
flow velocities were set and the desired surface temperatures obtained
by adjusting the power input to the heaters through the variacs. The
data logger was activated and set to record ten readings at two
minute intervals for calibration purposes after which the data logger

is set to register readings at five hour intervals for the remainder

of the run.
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Process Monitoring

One-liter water samples were collected daily from the basin and
from the make-up water and the analysis was usually done the same
day. Water samples were analysed for total hardness (TH), calcium
hardness (CaH), methyl-orange alkalinity (m-alk), chloride (c1),
conductivity, total solids (TS), silica (Si) and pH. The methods
used for water analysis are listed in Appendix D. The blow-down rate
is adjusted to maintain a constant water quality. The values of the
daily cooling water measurements for all runs are listed and plotted
in Appendix G.

The data logger output was collected daily and used to calculate
the fouling resistance to heat transfer, Rf, for each of the thermo-
couples at every five-hour measurement cycle of the data logger.

Flow rates and power levels were adjusted whenever they were found to
deviate from their original set values.

During all the runs, microbial fouling was prevented by daily
addition of 100 m1 of commercial bleach, a 5.25% solution of sodium

hypochlorite.
Run Termination

Most of the runs (except runs 109 and 113) were terminated when
the fouling factor reached its asymptotic value as evident from the
daily Rf calculation. For a couple of runs, the fouling deposit
grew to a critical thickness to cause the wall temperature of the rod

to rise to the point where the high-temperature cut-off was triggered,
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thus terminating the run prematurely before the asymptotic fouling
resistance value was reached.

The heater rods were removed from the test-sections after the
shutdown and the deposit was scraped off the surface of the rod
after it was thoroughly dry. The deposit thus collected was sent
out for chemical analysis. If large solid pieces could be obtained
from the sample they were sent to electron microscope facility to
obtain electron-micrographs. The heater rods were re-used in

subsequent runs after they were polished clean with fine steel wool.
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V. CALCULATION METHODS

Clean Condition

Local Bulk Temperature

The local bulk temperature of the cooling tower water is
calculated on the basis of an energy balance and is given by

PF x va x TBF

T F v * Tin (5-1)
P = 085058 X W (5-2)
T = g 3600 K (5-3)
e B (5-4)
where
AH = rod heated area ft2
AA = annular flow area ft2
PF = heat flux factor Btu/(hr - ft2 - mv)
va = power transducer reading millivolts
Tin = water inlet temperature °F
TBF = bulk temperature factor (ft/sec)°F/(Btu/hr - ft2)
v = Flow velocity ft/sec
WF = Volumetric flow rate gallons per minute
or in the simplified form
_ (va x 100) 60 (5-5)

b = TO55.056 x 62.37 (W./7.4805) Tin
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Local Surface Temperature

Under the assumptions of constant heat flux, bulk temperature

and flow rate, the local surface temperature TS can be calculated by

T =Ty = hepyy (x/K) (5-6)
C C
h1_--qu = PF x va = Q/AH (5-7)
where
2

hﬂux = heat flux from heated section Btu/hr - ft

Q = power supplied Btu/hr
x/k = thermal resistance of tube ft2 - hr - °F/Btu
Tw = wall temperature °F

and subscript ¢ denotes clean conditions

Local Film Coefficient

The local heat transfer film coefficient h is calculated by

he = (U/AR)/(Tg - Ty) (5-8)

The local film coefficient is also related to the flow velocity

= n _
h, = K, V¢ (5-9)
where
K = proportionality constant

n 0.7 if V > 4 ft/sec

0.93 otherwise

and subscript ¢ denotes clean conditions
An average of the ratio hclvg of at least ten data points at

the beginning of each run gives Kavg
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n

The value of Kav computed above remains constant provided the

g
assumption of constant heat flux, bulk temperature and flow rate

holds good.
Fouled Condition

The local bulk temperature is calculated using equation (5-1)

and for a given velocity, the local film coefficient is given by
h =K. " ’ (5-11)

The Tocal surface temperature TS can then be calculated by

T. = (/M *+ T, (5-12)

Finally, the local fouling resistance Rfis calculated by

Re = (Tw - Ts)/hf1ux - x/k . (5-13)

Computer Programs

A1l of the calculations were carried out by using the CDC
CYBER 170 Model 720 computer at the Oregon State University computer
center. Modified versions of the programs written by Larry Lahm6
for calculation of h/vn at the start of the run and for plotting the
fouling resistance and cooling tower water quality were used. The
run-results are shown in Appendix E, the fouling resistance vs time
plots are given in Appendix H and the plots for cooiing tower water

quality can be found in Appendix G.
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Error Estimation

The calibration equations for power input, flow rate and
temperature can be found in Appendix B.

From equation (5-1) the relative error of the bulk temperature

is
dT
bc - dev dwF Z1 wF Tin dTin
bC mv F 2 “mv in
Z, Q ¥
2 “mv
where Z = (5-15)
1 Z2 va * wF Tin
7 - 100 x 60 x 7.4805 (5-16)
2 1555,656 X 62.37
dhe FLOCAL(2). iy, (5-17)
where

FLOCAL(2) = constant, characteristic of flow transducer

wmv = millivolt reading of flow transducer

Similarly from equations (5-6) and (5-8)

- (k/x) T. dT
dTse e e, (Q/AR) . d(Q/AH)
Tsc Z3 TwC Z3 (Q/A)c
AH
. (Q; 29. 9(§/§ (5-18)
3
dhe dl/AH) T aToe , _ The_ The
he (Q/A)c Tl-sc - Tbc7 Tse (Tgc - Tbc7 The

(5-20)



34

d(Q/AH) . 4q . 907 gnL
T, (s-21
dQ
9%. = v (5-22)
mv

The relative errors of Tin and Tw can be calculated by the

following equations

dT _ 0.949 .
—T = m dTC if TC < =1.0 (5-23)
dT _ 0.8765 .
T = TE—:—ET7§-dTC if TC = -1.0 (5-24)

where TC is the thermocouple output in millivolts

The relative error in surface temperature is obtained from

the equation (5-12).

dTs gggAH) (Q/AH gg/A) gn LMy 9Ty (5-25)
T Q/AH Z, T
S 4 'b
where
Z, = (Q/AH) + hT, (5-26)

Since the bulk temperature, flow velocity and heat flux are

relatively constant during a run

d(Q/AH)
d(Q/AH) c -
W = o, (5-27)
dT .
dT b :
_TE = _T_E (5-28)
b be
dh
dh = c -
. = - (5-29)
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Thus equation (5-25) can be rewritten as

ag (Q/AH) ¢ A(Q/AH) (Q/AH),, dh, +,th.dTbc (5.0
T, Z, (770D S PR S -

From equation (5-13) the relative error of the fouling

resistance is

dR dT dT
_f - (k/x) Tw L (k/x) TS S 5-31
Re Lg Tw %5 Ts (8-31)
(k/X) (Tw - TS) d(Q/AH)C (Q/AH) d(k/x
* Z (Q/AH) + I ‘%E7§%
where Zp = (k/x)(T, - T.) - (Q/AH) (5-32)

Finally setting appropriate errors to each measured variable,

dq =+ 1.90  Btuhr

do, =% 0.0005 inch

dL =+ 0.005 inch

dY =+ 0.005 inch

dTC =% 0.005 millivolts

d(k/x) = % 50. Btu/ft2 - hr - °F

The numerical value of the maximum relative error of the surface
temperature and fouling resistance can be calculated by equations

(5-30) and (5-31).
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VI. RESULTS AND DISCUSSION
Run Descriptions

Runs 98, 99, 101

The runs 98, 99 and 101 weré all made in test section 2 and
heater rod 109 was used. The average velocities of the three runs
were 6.139, 3.822, and 6.201 ft/sec, respectively. The average heat
fluxes were 126108., 55874., and 97355 (Btu/hr-sq ft), respectively.

In run 98 an exponential rise in the fouling resistance vs time
curves (Appendix 4) with no initial induction period is observed.
There was a sudden decrease in the fouling resistance (about 30%)
around 425 hours and this occurred due to a power failure during which
part of the deposit on the heater rod could have flaked off. The peak
that occurred around 400 hours could be the result of rising levels of
total hardness and m-alkalinity values. The fouling resistance
remained constant at the new lower level and showed a tendency to
increase towards the end of the run which could be due to the increase
in the value of m-alkalinity, and silica as the run neared its finish.
The chemical analysis of the deposits taken from the rod and at rod
surface shows average values of 20% magnesium, 40% silicon, 12% copper
and 2.25% calcium. Thus it can be concluded that magnesium silicate
deposited and this result was well correlated by the findings of

9

Lee”’ in his run 1. It can be noted that at the rod surface there

was a higher percentage of magnesium and silicon and the analysis of



TABLE VI-1A. AVERAGE OPERATING CONDITIONS - TEST SECTION-1

BULK SURFACE TEMPERATURE (°F)
RUN VELOCITY HEAT FLUX, TEMPERATURE : : HEATER
NUMBER (ft/sec) (BTU/hr/ft%) - (°F) TCA TCB TCC TCD ROD
102 3.927 94377. 97.6 176.9 177.8 182.8  196.8 231-CS
(0.123) (464.9) (0.62) (2.04) (2.06) (2.17) (2.47)
105 4.848 | 91521. 92.4 162.6 158.8 - 160.0 152-CA
(0.133) (313.2) (2.06) (2.12) (2.09) (2.10)
107 3.812 75695. 98.9 159.4 160.0 163.6 159.0 115-A
(0.248) (317.9) (1.20) (4.49) (4.53) (4.75) (4.47)
108 4.025 77453. 98.4 153.8 - 155.1 151.0 117-A
(0.110) (612.4) (0.83) (1.41) (1.44) (1.36)
111 4.904 134971. 98.3 189.7 189.6 197.1 187.6 115-A
(0.195) (748.7) (0.81) (3.00) (2.99) (3.22) (2.93)
114 5.989 100297. 97.0 154.9 155.5 160.0 151.5 115-A
(0.102) (471.4) (0.62) (0.90) (0.90) (0.94) (0.87)

Note: Numbers in parenthesis are standard deviations

LE



TABLE VI-1B.

AVERAGE OPERATING CONDITIONS - TEST SECTION-2

BULK SURFACE TEMPERATURE (°F)
RUN VELOCITY HEAT FLUX2 TEMPERATURE HEATER
NUMBER (ft/sec) (BTU/hr/ft<) (°F) TCA TCB TCC TCD ROD
98 6.139 126108. 96.5 160.3 - 155.0 - 109-CU
(0.129) (9715.7) (0.47) (4.41) (4.05)
99 3.822 55874. 102.1 158.2 - 156.8 - 109-CU
(0.124) (558.9) (3.24) (5.91) (5.81)
101 6.201 97355. 97.2 153.8 154.1 - 156.8 109-CU
(0.214) (11719.0) (0.98) (7.83) (7.88) (8.23)
103 3.963 103664. 97.8 174.3 173.3 176.3 181.7 230-CSG
(0.130) (21872.4) (0.80) (17.04) (16.83) (17.47) (18.65)
106 5.057 93361. 92.4 169.4 - 156.5 159.3 109-CU
(0.106) (282.0) (2.08) (2.35) (2.26) (2.28)
112 3.902 102441. 98.2 180.8 - 181.2 178.7 117-A
(0.125) (2728.1) (0.79) (3.41) (3.42) (3.32)
115 6.000 - 121716. 97.3 170.5 - 170.3 166.1 117-A
(0.097) (408.3) (0.63) (1.08) (1.07) (1.03)
Note: Numbers in parenthesis are standard deviations

8¢



" TABLE VI-1C. AVERAGE OPERATING CONDITIONS - TEST SECTION - 3 & 4

RUN

SURFACE TEMPERATURE (°F)

VELOCITY HEAT FLU§ BULK HEATER
NUMBER (ft/sec) (Btu/hr/ft") TEMPERATURE (°F) TCA TCB TCC TCD ROD
100 3.971 55557. 105.3 172.0 - 314.2 240.5 110-SS
(0.102) (585.1) (2.78) (3.05) (5.51) (4.06)
104 3.841 74238. 97.3 ' 160.3 - 160.3 172.2 152-CA
(0.139) (388.8) , (0.61) (1.83) ' (1.83) (2.13)
109 2.982 76195. 99.0 201.4 - - 196.7 124-CN
(0.058) (695.5) (0.33) (2.45) (2.34)
110 3.067 76173. 98.8 195.6 - - - 124-CN
(0.060) (577.1) (0.83) (1.61) - - -
113 2.327 65565. 99.0 180.8 - - - 124-CN
(0.073) (460.2) (1.46) (3.05)
116 1.346 27801. 97.4 177.1 - - - 124-CN
(0.233) (138.1) (0.73) (11.9)
Note: Numbers in parenthesis indicate standard deviations
A - Admiralty . CU - Copper plated
CA - Copper plated admiralty 443 CN - Copper-Nickel (90-10)
CS - Carbon steel SS - Stainless steel

CSG - Galvanized carbon steel

6€



TABLE VI-2. AVERAGE COOLING TOWER WATER QUALITY

RUN TH CaH MgH M-Alk 1 Si pH TS
98 209 149 61 143 190 104 8.3 559

(14.2) (7.0) (8.5) (20.7) (40.0) (12.8) (0.06) (102.5)
99, 188 132 56 241 454 152 8.6 985
100 (13.8) (14.1) (2.2) (26.6) (39.3) (21.4) (0.05) (60.1)
101 601 405 196 71 993 139 8.1 1517

(46.4) (25.7) (20.9) (38.4) (122.3) (9.3) (0.17) (229)
102, 616 511 105 36 997 133 .9 1547
103, (32.8) (24.5) (8.9) (13.2) (85.2) (10.2) (0.56) (162.2)
104
105, 223 150 73 239 601 136 8.5 1207
106, (10.3) (6.4) (4.9) (12.2) (38.8) (4.8) (0.46) (53.6)
107, 216 144 71 212 376 157 8.5 919
109 (9.6) (5.8) (6.0) (18.1) (39.8) (7.5) (0.08) (67.2)
108, 239 161 7 53 507 140 7.5 1067
110 (13.8) (11.4) (2.7) (57.7) (62.4) (8.2) (0.04) (165.8)
111, 240 171 69 11 397 104 .5 642
ﬁg (11.9) (8.8) (3.6) (2.2) (36.5) (9.7) (0.06) (122.4)
114, 470 403 66 19 705 120 .5 1121
}}2, (18.2) (19.0) (4.8) (6.0) (36.7) (9.2) (0.02) (146.1)
Note: Numbers in parenthesis are standard deviations

TH
CaH
MgH =
M-ATk

ppm CaCO
ppm CaCO
ppm CaCo
ppm CaCo

W w W W

€1
Si
TS

ppm

ppm NaCl
ppm SiO2

oY




TABLE VI-3.

CHEMICAL ANALYSIS OF DEPOSIT COMPOSITIONS

Ca Mg Si Fe Cu Na C04 S PO, In

% % % % % % %" A % %
RUNS (as Ca0) (as Mg0) (as S1‘02) (as Fe203) (as Cu0) (as Na20) (as C02) (as SO3) (as P205) (as Zn0)
98-0 3.0 18.0 37.0 2.4 10.0 NP PNR NP SA NP
98-1 1.4 22.0 44.0 1.8 14.0 NP NP NP SA NP
99 44 .0 5.0 7.0 SA SA NP PNR NP SA NP
100 Scale not analyzed _
101 SA 1.3 16.0 2.2 46.0 NP SA NP SA NP
102 - - 9.0 82.5 - - - - - 6.3
103 - - 29.0 24.0 - - - - - 40.6
104-0 1.7 5.1 40.0 6.0 5.6 NP 'SA NP SA NP
104-1 1.3 9.1 36.0 4.6 22.0 NP SA NP SA NP
105 10.0 6.6 23.0 3.8 23.0 NP PNR NP SA NP
106 14.0 7.3 23.0 3.2 16.0 NP ﬁNR NP SA NP
107-0 47.0 2.3 SA SA SA SA 34.0 SA SA NP
107-1 6.9 3.5 15.0 3.8 18.0 1.9 PNR SA SA NP
108 SA SA 17.0 3.3 56.0 1.4 SA SA SA NP
109 46.0 3.4 1.7 SA SA SA 35.0 SA SA NP
110 SA 5.9 31.0 3.7 26.0 SA SA SA SA NP
111 1.0 1.8 41.0 4.3 11.0 NP SA SA SA NP
112 1.1 2.2 43.0 4.7 13.0 NP SA SA SA NP

144



TABLE VI-3. CHEMICAL ANALYSIS OF DEPOSIT COMPOSITIONS
(continued)

Ca Mg Si Fe Cu Na CO3 S PO3 In

% % % % % % % % % %
RUNS (as Ca0) (as Mg0) (as 5102) (as Fe203) (as Cu0) (as Na20) (as.COZ) (as SOC) (as P205) (as Zn0)
113 1.0 1.2 21.0 3.7 18.0 NP SA SA SA NP
114 SA SA 9.1 2.9 82.0 NP SA SA SA NP
115 1.0 3.0 20.0 3.9 47.0 NP SA SA SA NP
116 1.4 1.8 20.0 3.8 29.0 NP PNR SA SA NP

NP - not present
PNR - present but not reported

0 - outer layer of deposit
I - inner layer of deposit

SA - present in small amounts (<.1%) .

Ay



TABLE VI-4. WATER CHARACTERIZATION INDEXES

43

RUN pH pHs LSI RSI
98 8.3 7.31 0.99 6.33
99 8.6 7.11 1.49 5.62

100 8.6 7.08 1.52 5.56

101 8.1 7.22 0.88 6.34

102 8.0 7.30 0.70 6.60

103 8.0 7.30 0.70 6.60

104 8.0 7.30 0.70 6.60

105 8.5 7.16 1.34 5.83

106 8.5 7.16 1.34 5.83

107 8.5 7.16 1.34 5.81

108 7.5 7.72 -0.22 7.94

109 8.5 7.15 1.35 5.81

110 7.5 7.72 -0.22 7.93

111 7.5 8.36 -0.86 9.21

112 7.5 8.36 -0.86 9.21

113 7.5 8.19 -0.69 8.89

114 7.5 7.78 -0.28 8.07

115 7.5 7.78 -0.28 8.06

116 7.5 7.78 -0.28 8.06
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the outer coating of the deposit shows a Tower percentage of
magnesium and silicon, but the calcium content was substantially
doubled compared to the inner coating.

In run 99, the initial steep rise is followed by the approach
of fouling resistance vs time curve to an asymptotic value. It was
noted that at 496 hours there was a sharp rise in the fouling
resistance and this could be explained by the rise of m-alkalinity
values from 230 to 280 ppm, over a period of 48 hours. Also, in the
later part of the run at 546 hours there was a rapid fall in the
fouling resistance values after which the curves start rising. This
corresponds to a change in the bulk temperature from 98.3°F to 86.3°F
at 546 hours. The bulk temperature reached 98.3°F again at 564 hours.
It was also noted that m-alkalinity values were much higher towards
the end of the run. The chemical analysis of the deposit shows
calcium (44.0%) to be the major constituent followed by silicon (7.0%)
and magnesium (5.0%). The calcium was deposited due to the high
level of m-alkalinity in the cooling tower water and this was
substantiated by Lee's9 run 18 which had similar water quality.

The fouling resistance curves for run 101 show an ideal model
of asymptotic behaviour, after the initial exponential rise. The
asymptotic fouling resistance value was reached around 150 hours.
There was a sudden drop in the values of fouling resistance (about
35%) starting from 580 hours and this happened due to a decrease in
flow velocity from a value of 6.22 ft/sec to 4.90 ft/sec and the flow
velocity remained at that Tower value for the rest of the run. The

standard deviation for heat flux has an unusually high value
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(11719 Btu/hr-sq ft) for this run and this was a consequence of an
increase in input power (27%) at 335 hours which increased the
surface temperature by 10%, but did not show a considerable influence
on the fouling resistance values. The cooling tower water quality
plots for run 101 indicate that there was a shift in the chemical
equilibrium which was shown by the increase in the total calcium and
magnesium hardness and chloride levels that correspond to a decrease
in the m-alkalinity and pH levels. The chemical analysis of the
deposit reveals low calcium (1.0%) and magnesium (1.3%) contents

and high contents of silica (16%) and copper (46%). This could
explain the reason for the small variations in fouling resistance
values that correspond to large variations in total and calcium

hardness levels.

Runs 102, 103 and 104

The main objective of these runs was to compare the fouling
behavior of carbon steel, galvanized steel and copper plated
admiralty tube surfaces under the same conditions of water quality
and velocity. The pattern of fouling on the carbon steel was the
same for the other two but the fouling resistance was slightly higher
due to the high percentage of iron oxide present in the scale. There
was a steep increase in the fouling resistance value for all the runs
at about 400 hours, corresponding to a sudden decrease in pH from a
value of 8.0 to a value of 5.2, which occurred due to a maifunction
in the solenoid valve controlling the flow of acid into the system.
Also this kind of behaviour in the fouling resistance curve confirms

16

the finding of the investigators Taborek et al,”" that a new
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pseudo-asymptote at a higher level is established due to an acid
leak into the water.

From the chemical analysis it was noted that the carbon steel
rod deposit contained 82.5% of iron and only 9.0% of silicon and
6.3% zinc, whereas the galvanized steel rod deposit contained 29.0%
of silicon, 24.0% of iron and 40.6% of zinc. The deposit on the
carbon steel heater rod was substantially thicker and more porous
compared to the deposits on the galvanized and admiralty rods. Also
the carbon steel rod exhibited considerable attack of the base metal
and pits were found to penetrate the surface as much as several mils.
The deposits were largely the result of corrosion products with
crystallization of calcium and magnesium compounds. The zinc
constituent in the deposits of carbon steel rods is replaced by

copper (5.6%) in the admiralty rod.

Runs 105, 106

The runs 105 and 106 had average velocities of 4.85 and 5.06
ft/sec and average heat flux values of 91521. and 93361 Btu/hr ftz,
respectively.

In both runs the power fai]ures at 35 hours occurred after the
fouling resistance values had shown a tendency to become constant
after the initial rapid rise. There was one more power failure that
occurred at 48 hours and the equipment was started at 82 hours. The
decrease in the fouling values starting from 100 hours was due to the
fall in pH value from 9.2 to 8.01. After 200 hours, fouling resis-

tance values for both the runs showed a slow rise till the end of the

run .
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The deposit analysis for run 105 indicated 10% calcium, 6.6%
magnesium, 23% silicon, 23% copper and 3.8% iron. Run 106 showed
14% calcium, 7.3% magnesium, 23% silicon, 16% copper and 3.2% iron.

Both deposits contained small amounts (< 1%) of phosphate.

Runs 107 and 109

The runs 107 and 109 were made using heater rods 115 and 124,
respectively. The average water velocity for the runs were 3.812 and
2.982 ft/sec and the average heat flux values were 75695 and 76195
(Btu/hr—ftz), respectively. Since the runs were made simultaneously,
the runs shared a common water quality.

Run 107 is characterized by the well defined initial exponential
rise of the fouling resistance values. There is a sudden decrease in
the values of all the four fouling resistances at 120 hours which was
due to the decrease of calcium level in the cooling tower.

Run 109 had to be terminated around 73 hours after the start
when the wall temperatures reached a high level due to the rapid
buildup of the deposit. The fouling resistance vs time curves show
a steep linear increase of the fouling .resistance values with time.
The fouling resistance had reached a maximum value of 30.9 (ftz-hr-°F/
Btu) which was the highest among the fouling resistance values
recorded for all the runs.

The results of deposit analysis for runs 107 and 109 were found
to be quite identical. The results for the analysis of the outer
layer deposit for run 107 show 47.0% of calcium, 2.3% magnesium, less
than 1.0% silicon and 34.0% of carbonate as the major constituents.

The results for run 109 indicate 46.0% of calcium, 3.4% of magnesium,
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1.7% silicon and 35.0% carbonate as the major constituents. We can
also note the fact that the base deposit analysis for run 107 compares
quite differently from the outer layer deposit analysis. The chief
constituents of the base deposit were 6.9% calcium, 3.5% mangesjum,

15.0% silicon, 3.8% iron, 18.0% copper and 1.9% sodium.

Runs 108 and 110

The runs 108 and 110 had duration of 144 hours and the average
velocities were 4.025 and 3.067 ft/sec and the average heat flux
values were 77453 and 76173 (Btu/hr-ftz), respectively. The pH was
maintained around 7.5 throughout the length of the runs.

For run 108 there was small quantity of fouling deposit and
the maximum value of fouling resistance encountered during the whole
run was 1.22 x 1074 (ft2-hr-°F/Btu). The run was terminated at 131
hours since the fouling resistance had reached the asymptotic value.
The deposit analysis indicated the major constituents to be of
copper (56.0%), silicon (17.0%), iron (3.3%), and sodium (1.4%).
Calcium, magnesium, carbonate, sulfur and phosphate were found in
small traces (< 1.0%).

In the heater rod 124 used for run 110 only the thermocouple in
location A was functioning. From fouling resistance vs time curve we
can note the initial exponential rise followed by a decrease in the
fouling resistance values which could be due to the gradual decrease
of the silica level in the latter part of the run. The major consti-
tuents reported in the deposit analysis were silicon (31.0%). copper
(26.0%) , magnesium (5.9%), and iron (3.7%). Calcium, sodium, carbo-

nate, sulfur and phosphate were found in small traces (< 1.0%).
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Runs 111, 112, 113

Runs 111, 112 and 113 had average velocities of 4.9, 3.9 and
2.33 ft/sec with average heat flux values of 134971., 102441. and
65565 (Btu/hr-ftz), respectively. The pH was maintained at 7.5
throughout the length of the runs.

Both the runs 111 and 112 had a steep initial increase in the
fouling resistance values followed by a gradual increase up to their
respective asymptotic values. There were two power failures, one
occurring at 312 hours and the other at 747 hours. Run 111 had a
decrease in velocity starting from 490 hours up to 540 hours. The
fouling resistance values for run 112 rose exponentially when the
run was continued after the second power failure. Also there was
a sudden increase in the power input (14.0%) at 157 hours and as a
consequence the values of fouling resistances decreased by 24.0%.

The results of deposit analysis of runs 111 and 112 were
identical. For run 111, the rod deposit contained 41.0% silicon,
11.0% copper, 4.3% iron, 1.8% magnesium and 1.0% calcium. For
run 112, the rod deposit contained 43.0% silicon, 13.0% copper,
4.7% iron, 2.2% magnesium and 1.1% calcium. The deposit of run 113
had similar composition of constituents except for silica 21.0% and

copper 18.0%.

Runs 114, 115, 116

Runs 114, 115 and 116 were made at the same pH level of 7.5 as
runs 111, 112 and 113. The purpose of making the runs 114, 115 and
116 was to study the effect of increasing the calcium hardness level

(CaH was increased from 171 to 403) on the fouling deposit composition.
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The runs 114, 115 and 116 were carried out at mean velocities of
5.989, 6.0 and 1.346 ft/sec and at mean heat flux values of 110297.,
121716. and 27801., (Btu/hr-ft?), respectively.

There were two power failures that occurred during these runs,
one at 120 hours and the other at 233 hours. Run 114 had an initial
linear rise of the fouling resistance values up to the asympototic
level. Run 115 had an initial exponential rise of the Rf values
followed by a gradual increase till the end of the run. The second
power failure did not affect the fouling resistance values for run 115.

The chemical analysis of the deposit for run 114 indicates the
presence of three major constituents, namely, 82.0% copper, 9.1%
silicon, and 2.9% iron. The results for run 115 show 47.0% copper,
20.0% silicon, 3.9% iron, and 3.0% magnesium as the principal
constituents. Run 116 had similar results to that of run 115 except
for copper 29.0% and magnesium 1.8%. Thus it can be concluded that
raising the CaH level for runs 114, 115 and 116 did not increase the

amounts of calcium and magnesium in the fouling deposit.
Surface Temperature Effect

When a constant flow velocity and water quality is maintained
the equation (2-15) for R; suggested by Taborek et a11® reduces to
the form of equation (2-16).
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*

2

Ry x 10* (fthroF/Btu) . 4

RUN TCA TCB TCC. .TCD. . . fo10 METHOD
3 6.07 - 4.98 - 5.53 e
99 4.33 - 2.03 - 3.18 a
101 2.01 2.34 - 2.60 2.32 c
102 6.65 6.71 5.84 5.17 6.09 b
103 3.48 3.39 3.65 3.25 3.44 b
104 4.06 - - - 4.06 b
105 3.40 2.59 - 3.80 3.27 d
106 3.28 - - 2.95 2.93 - 3.06 d
107 16.37 16.34 15.05 15.96 15.93 a
108 0.88 - 0.78 0.73 0.80 a
-109 30.90 - - 30.67 30.79 f
110 3.54 - - - 3.54 a
111 11.03 10.27 10.21 10.65 10.54 d
112 14.57 - 14.60 14.00 14.39 d
113 4.91 - - - A 4.91 f
114 3.07 - 3.17 2.49 2.91 d
115 4.85 - 5.12 4.95 4.97 d
METHOD: a) Average of last 5 values

b) Average of last 5 values, before pH drop

c) Average of last 5 values, before velocity drop

d) Average of last 5 values, after power failure

e) Average of last 5 values, before large drop

f) Maximum value reached
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TABLE VI-6A. Rg vs l/TS pH=7.5

RUN TC R;x104 T, 1/T,

©(Ft2-hr-°F/Btu) (°R). . . (1/°R)
114 A 3.07 614.9  1.6263x10"°
c 3.17 620.0  1.6129x107°
D 2.49 611.5  1.6353x10™°
115 A 4.85 630.5  1.5860x10"°
C 5.12 630.3  1.5865x107°
0 4.95 626.1  1.5972x107°

TABLE VI-6B. R vs 1/T_ pH=8.5
* 4

RUN TC Rex10 T, 1/7,

(ft2-hr-°F/Btu) (°R) (1/°R)
105 A 3.40 622.6  1.6062x10"3
B 2.59 618.8  1.6160x1073
D 3.80 620.0  1.6120x107
106 A 3.28 629.4  1.5888x107°
C 2.96 616.5 1.6221x10_“3
D 2.93 619.3  1.6147x10°3

52
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Re = Ksexp (-Ea/RgTS) (2-16)
where

Ea = activation energy of deposit reaction

Rg = gas constant

T. = surface temperature

Equation (2-16) can be rewritten as

n (R2) = 1n (a) +b (1/T)

a straight line is obtained and for the data of runs 114 and 115
(Table VI-6A) the following equation relating the asympototic fouling

resistance to the surface temperature was obtained from Figure VI-1A.

*

Re

3.6902 x 10° exp (-14308/T )

The runs 114 and 115 had an average pH of 7.5 and the deposit

primarily consisted of Si, CuO and MgOSiOZ.

Similarly when 1n (R:) was plotted against (1/TS) for runs 105
and 106 (Table VI-6B) the following arrhenius type of equation was
obtained (Figure VI-1B).

*

R¢

0.3264 exp(-4314.8/T,)

The runs 105 and 106 had an average pH of 8.5 and the deposit

primarily consisted of CaC03, MgOSiO2 and Cu0.

During the course of run 101, after the asymptotic fouling level
was reached, at 335 hours, the power input to the heaters was

increased by about 27% as a result of which the surface temperature
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TABLE VI-7A. R vs VELOCITY pH=7.5

R.x10%

RUN  VELOCITY  TC . T,
(ft/sec) (ft2-hr-°F/Btu) oF

111 4.904 A 11.03 189.7

B 10.27 189.6

C 10.21 197.1

D 10.65 187.6

112 3.902 A 14.57 180.8
C 14.60 181.2

D 14.00 178.7

113 2.327 A 4.914 180.8

TABLE VI-7B. R: vs VELOCITY pH=8.5

RUN  VELOCITY  TC R’;xlo4 T,
(ft/sec) (ft2-hr-°F/Btu) oF

107 3.812 A 16.37 159.4
8 16.34 160.0

C 15.05 163.6

D 15.96 159.0

109 2.982 A 30.904 201.4
D 30.67+ 196.7

*
4+ - run stopped before Rf is reached
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TABLE VI-8. R; vs pH

RUN VELOCITY oH E; T

(Ft2-hr-°F/Btu)  °F
111 4.0 7.5 14.39 191.0
112 5.0 7.5 10.54 180.2
104 4.0 8.0 4.06 159.1
105 5.0 8.5 3.27 160.5
106 5.0 8.5 3.06 161.7
107 4.0 8.5 15.93 160.5
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increased by 13°F, but there was no appreciable effect on the fouling

factor values.
Velocity Effect

The results of runs 111, 112 and 113 (Table VI-7A) at a pH of
7.5 were plotted as R: vs velocity in Figure VI-2A. Also the results
of runs 107 and 109 (Table VI-7B) at a pH of 8.5 were plotted as R:
vs velocity in Figure VI-2B. From both the Figures it can be
concluded that asymptotic fouling resistance decreases with increase
of velocity which is in agreement with the results of the earlier
investigators.s’9 Though the Figures VI-2A and VI-2B include zero
in their x-axis, in practice it is not possible to approach very low
velocities if high surface temperatures are to be maintained.

During the course of run 101, after the asymptotic fouling
level was reached, at 580 hours, the velocity dropped by about 21%
and as an immediate consequence the fouling resistance values

decreased on an average by 32%. But later in the run a secondary

asymptote at a higher fouling level was established.
pH Effect

The Figure VI-3 shows ﬁ: plotted against average pH for velo-
cities of 4.0 and 5.0 ft/sec, respectively, and the values are
Tisted in Table VI-8. It is seen from the Figure VI-3 that there
exists a minimum value of average asymptotic fouling resistance for

a pH of 8.0 at an average water velocity of 4.0 ft/sec. The effect

4
of flow velocity on the value of Rf at p H Tevels of 7.5 and 8.5



TABLE VI-9A. RSI vs Ca+CO
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3 .
RUN M-ATk pH . RSI CafC03
99 241 8.6 5.62 44+PNR
106 239 8.5 5.83 14+PNR
98 143 8.3 6.33 3+PNR
114 19 7.5 8.07 SA+SA
PNR - present but not reported
SA - present in small amount (< 1%)
TABLE VI-9B. RSI vs Mg+Si
RUN M-Alk pH RSI Mg+Si
98 143 8.3 6.33 18+37
104 36 8.0 6.60 5.1+40
115 19 7.5 8.06 3.0+20
114 19 7.5 8.07 SA+9.1

SA - present in small amount (< 1%)
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can also be noted. The above observations positively suggest that
for any given set of operating conditions an appropriate value of pH
can be chosen to obtain a minimum fouling tendency.

The results of the deposit analysis of scales for runs made at
an average pH of 8.5 indicate higher percentages of calcium and
magnesium along with the presence of silicon, iron and copper. But
the results of scale analysis for runs made at an average pH of 7.5
show Tower percentages of calcium and magnesium along with the

presence of silicon, iron and copper.
RSI Effect

The Ryznar index is an empirical index and the value of 6.5 is
the nominal neutral point. Values of 6 or less indicate CaCO3
deposition. This is found to be true by referring to the Table VI-9A
for RSI values of 5.62 and 5.83 which correspond to 44% and 14% of
calcium, respectively. Also from the Table VI-9A it is found that
maximum of CaCO3 was deposited at a RSI value of 5.62. A minimum
amount of CaCO3 was deposited at a RSI value of 8.07. Similar
tendency was found for the deposition of magnesium silicate. From
Table VI-9B it is seen that maximum amount of magnesium was deposited
at an RSI value of 6.33. A minimum amount of magnesium was deposited
at an RSI value of 8.07. Also it can be noted that the maximum
percentage of magnesium was deposited at an m-alkalinity value of 143.

At higher m-alkalinity values lesser amount of magnesium was deposited.
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Description of Photographs

Background Information

The electron microscope is used to study particular details
in the microstructure of a specimen. In large electron microscopes
it is possible to obtain low magnfications down to 200X with a wide
field of view or to magnify the image up to at least 200000X so as
to observe the finest details of the specimen directly. The majority
of the electron microscopes are constructed 1ike a microscope for
transmitted 1ight. The electron microscope utilizes an electron
source, condenser lenses, objective lens and projective lens and a
magnified image of the specimen is obtained on a fluorescent screen
or on a photographic plate or film.

The electron microprobe is an instrument used to determine the
chemical composition of a selected area of the order of lum2 on a
specimen surface. It is possible with the aid of electron micro-
probe to make spot analyses with high accuracy and determinations of
the distribution of different elements in the specimen surface along
a line or across a surface. The principle of the instrument is
based upon making the electrons strike the prepared specimen surface
and as a result of this impact x-rays are produced having wavelengths
characteristic of the elements present in the area being analysed.
The radiation emitted from the investigated portion is analysed by

means of a built-in x-ray spectrometer and the intensity of the

various wavelengths is recorded in a suitable manner.



TABLE VI-10. DESCRIPTION OF PHOTOGRAPHS

PHOTOGRAPH MAP
NUMBER RUN TYPE VIEW  MAGNIFICATION  ELEMENT
1 99 SEM EDGE 50X
2 99 SEM EDGE 250X
3 99 SEM  OUTER 50X
4 99 SEM INNER 100X
5 107 SEM EDGE 150X
6 107 SEM EDGE 1000X
7 107 SEM  OUTER 50X
8 107 SEM  OUTER 1000X
9 107 SEM INNER 150X
10 107 SEM INNER 5000X
11 107 EMPX EDGE Ca
12 107 EMPX EDGE Cu
13 107 EMPX EDGE Si
14 109 SEM EDGE 50X
15 109 SEM EDGE 150X
16 109 SEM  OUTER 150X
17 109 SEM  OUTER 1000X
18 109 SEM  OUTER 5000X
19 109 SEM INNER 150X
20 109 SEM INNER 1000
21 109 EMPX EDGE Cu
22 109 EMPX EDGE Si
23 109 EMPX EDGE Mg
24 109 EMPX EDGE Cu
25 109 EMPX EDGE Si
26 109 BSE EDGE 1200X

SEM - Scanning Electron Micrograph
EMPX - Electron Micro Probe X-ray map
BSE - Back Scattered Electron micrograph
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Description

The photographs 1 and 2 of run 99 give the cross-sectional view
of the fouling deposit at magnifications of 50 and 250, respectively.
The section of the deposit in contact with the rod is denser and
structurally stronger compared to the outer layer or the convex
surface of the deposit. Photograph 3 shows the top layer of the
deposit which is loosely formed and is characteristic of a fouling
deposit layer exposed to flowing cooling tower water. Photograph 4
shows the inner layer of deposit or the concave surface in contact
with the rod. It consists of some fractured particles. The thick-
ness of this deposit is about 325 microns.

The photographs 5 and 6 portray edge views of the fouling
deposit for run 107 which is similar in appearance to those of
run 99. The cross-sectional view shows the dense inner layer and
the loosely formed outer layer--From-the~deposit analysis table
it can be noted that the layer immediately in contact with the rod
surface for run 107 (107-1) consists of corrosion products like iron
and copper and less of calcium. Photographs 7 and 8 resemble the
outer layer view of photograph 3 ov the deposit of run 99.
Photographs 9 and 10 give views of the inner surface of the deposit
at different magnifications which reveal the layer of corrosion
products. The outer surface of the deposit formed on the heater rod
has a wrinkled surface throughout its length as evident from the
photographs 27 and 28. The formation of the wrinkled surface is a
consequence of the constant momentum and the shearing force imparted

by the flowing stream. Photographs 11, 12 and 13 indicate the
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elemental x-ray maps for calcium, copper and silicon, respectively.
From the density of the white spots present in the photographs we
can conclude that calcium is present in the largest amount followed
by silicon and copper. From photograph 11, it is clear that copper
is found to be more concentrated near the inner surface of the
deposit. It can also be stated that copper and silica exist in a
combined state by comparing photographs 12 and 13 which show that
the areas of concentration of the two elements coincide well.
Photographs 14 and 15 show the edge views of the fouling
deposit for run 109 at magnifications of 50 and 150, respectively.
The different pieces of the outer layer which are wedged in the
main structure of the deposit really consist of very fine longi-
tudinal crystals as evident from photographs 17 and 18. There is a
strong possibility that these crystals could be aragonite form of
calcium carbonate. The photographs 21 and 24 reveal that the inner
surface of the deposit is lined with copper and that copper particles
penetrate to a depth of approximately 200 microns. On comparing
photographs 22 and 23, it becomes evident that elements magnesium
and silicon are combined in a form of magnesium silicate. The
numerous bright areas appearing in photograph 25 are confirmed to be
copper bearing areas with the help of x-ray analysis as copper has
a significantly higher atomic number than the other elements present

in the remainder of the scale.
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VII. CONCLUSIONS

1. For cooling tower water of pH of 7.5 and flow velocity of 4.0
ft/sec, the following equation relates the asymptotic fouling

resistance to the surface temperature.

*

R¢

3.6902 x 10° exp (-14308/T)

Similarly for cooling tower water of pH 8.5 and flow velocity
of 5.0 ft/sec, the following equation relates the asymptotic fouling

resistance to the surface temperature.

Rp = 0.3264 exp (-4314.8/T )

2. For both the values of pH of 7.5 and 8.5 for cooling tower
water, it was shown that asymptotic fouling resistance decreased

with increase of flow velocity.

3. For a flow velocity of 4.0 ft/sec, it was shown that a minimum
value of ﬁ: exists in the neighborhood of pH of 8.0. Thus it can be
concluded that for any given set of operating conditions an appro-
priate value of pH of cooling tower water can be found which would

show a minimum fouling tendency.

4. The results of runs with carbon steel, galvanized steel and
copper plated admiralty tube surfaces under the same conditions of

water quality and velocity indicated similar fouling behaviour for
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the three surfaces. The fouling resistance of carbon steel rod was

higher due to the presence of iron oxide in the scale.

5. The results of the deposit analysis for runs made at an average
pH of 8.5 indicate calcium, magnesium, silicon and carbonate as the
major constituents. But the chemical analysis of scales of runs made
at an average pH of 7.5 indicate silicon, iron and copper as the

chief constituents.

6. It was found that maximum amount of CaCO3 for all the runs made
was deposited at an RSI value of 5.62 and the maximum percentage of

magnesium was deposited at an RSI value of 6.33.

7. From the study of the electron micrographs it was shown that

the fouling deposit is made up of various constituents, present in
varying proportions, during its different stages of growth. In
general it was found that the inner layer of deposit contained

higher amounts of magnesium, copper and éilicon compared to the outer

layer. The outer layer had higher percentage of calcium compared to

the inner layer.
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Symbo1

AA
AH

Cb,Cb
Cs’csI
CaH

APPENDIX A
NOMENCLATURE

Definition
Surface area
Area of flow in an omnulus

Area of heated cross-section over the rod

Bulk foulant concentration
Concentration of foulant at interface

Calcium hardness
Chloride concentration
Inside diameter of glass tube

Outside diameter of heater rod
Rate of change of fouling resistance
Rate of change of thickness of deposit

Variable defined in Equation (2-5)
Activation energy of deposit reaction
Characteristic constant of flow-meter
transducer

Local heat transfer film coefficient
Heat flux from heated section

Mass flux
Thermal conductivity of rod material
Thermal conductivity of deposit

Convective mass-transfer coefficient
Proportionality constants

Length of heated section of rod
Empirical constants

87

Unit

1bmo1e/ft3

1bmo1e/ft3

ppm CaCO3
ppm NaCl
inches

inches
ft2-F°/Btu
ft/hr

Btu/1bmole

Btu/ftz-hr-°F
Btu/ft2-hr

1bm/hr
Btu/ft-hr-°F
Btu/ft-hr-°F

ft/hr

inches



Symbo1
m-alk

p-alk

TBF
TC
TC
TH
TIN
TW
TS

mv
x/k

Definition
Methyl orange alkalinity
Phenophthalein alkalinity
Residence time probability distribution

Variable defined in Equation (5-2)
Acidity
pH of water saturated with CaCO3

Rate of power supply
Power transducer reading

Thermal resistance of fluid

Fouling resistance to heat transfer
Asymptotic fouling resistance

Average asymptotic fouling resistance

of functioning thermocouples
Gas constant

Sticking probability

Silica concentration

Temperature

Variable defined in Equation (5-3)
Thermocouple

Thermocouple output

Total hardness

Inlet temperature reading

Wall temperature reading

Total solids

Overall heat transfer coefficient
Flow velocity

Mass flow rate

Volumetric flow rate

Flow transducer reading

Thermal resistance of tube wall
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Unit
ppm' CaC04
ppm CaCO3

Btu/hr
millivolt

2

ft-hr-°F/Btu

2

ft®-hr-°F/Btu

2

ft™-hr-°F/Btu

2

ft=-hr-°F/Btu

Btu/1bmole®R

ppm S1’02
°F

millivolt
ppm CaCO3
millivolt
millivolt
ppm
Btu/ft2-hr
ft/sec
1bm/hr

gpm

millivolt

£t2-hr-°F/Btu



Subscript
avg

M -h O O

. -

mv

Abbreviation

A
BSE
CA
CpVC
CN
CS
CsG
Cu
cv
EMPX
HTRI
LSI
PFRU
PVC

Definition Unit
Entrance length of test-section inches
Length defined in Figure 11I-2 inches

Variables defined in section-V

Definition
Average value
Bulk condition
Clean condition
Fouled condition
Flow
Inside of tube
Inlet of test section
Millivolt
Outlet of test section
Fouling deposit surface
Tube wall

Meaning
Admiralty

Back scattered electron micrograph
Copper plated admiralty 443
Chlorinated polyvinyl chloride
Copper-Nickel (90-10)

Carbon steel

Galvanized carbon steel

Copper plated

Control valve

Electron microprobe x-ray map
Heat Transfer Research Institute
Langelier Saturation Index
Portable Fouling Research Unit
Polyvinyl chloride
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Abbreviation

RSI
SEM
SS

Greek Letter

Meaning

Ryznar Saturation Index
Scanning Electron Micrograph
Stainless steel

Definition
Time
Rate of deposition of foulant

Rate of removal of foulant

Shear stress

Strength of deposit

Water quality term
Density of fouling deposit
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Unit
hr
2 o
ft=-F°/Btu

Ft2-F° /Bty

1bf/ft2
1bf/ft2

Tbm/ft>
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APPENDIX B

CALIBRATION EQUATIONMS

Wattmeter transducer

Q = 100 x va
where
Q = power input in watts
va = wattmeter transducer reading in millivolts

Flow meter transducer

Mg = FLOCAL(1) (mv-50) FLOCAL(2)
where
We = volumetric flow rate of water - gpm

FLOCAL(1) characteristic constants of the flow meter transducer

FLOCAL(2)

Chromel-constantan thermocouple (type E) = reference temperature 105°F
0.949

T = 32.583 (TC + 5.02) TC < -1.0

T = 38.529 (T + 4.72)0°878%  1¢ > 1.0
where

T = temperature in °F

TC = thermocouple output in millivolt



APPENDIX C

RAW DATA FOR ALL RUNS
NOMENCLATURE

TIN:  water inlet temperature (millivolts)

TOUT: water outlet temperature (millivolts)

TWA: local wall temperature at location A (millivolts)

millivolts)

(

TWB:  local wall temperature at location B (millivolts)
TWC:  Tocal wall temperature at location C (
(

TWD:  Tocal wall temperature at location D (millivolts)

HEAT: power input to heater rod (millivolts)
FLOW: flow rate (millivolts)

DAY: days elapsed (days)

TIME: total hours elapsed (24-hr clock)

Note: 0.0 denotes no data
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DAY

VIS S EETE NN NNWNN WA WNNNNNNNNND NN e e e b e bR e

TINE

1649
1700
1730
1800
1830
1900
1930
2000
2030
2100
2130
2200
2230
2300
2330
0000
0100
0200
o400
0700
1100
1300
1600
1900
2200
2300
0000
0100
0200
0221
0300
0800
1300
1800
2300
0400
0900
1400
1547
2000
0100

RAW DATA®

TIN

-1.90
-1.89
-1.83
-1.79
-1.75
-1.72
-1.71
-1.69
-1.68
‘1.66
-1.67
-1.66
-1.65
-1.65
‘1.6“
-1.63
“1.63
-1.62
1.3
-1.563
-1.63
-1.860
=155
-1.52
-1.56
-1.57
-1.57
-1.58
-1.59
-1.59
-1.58
-1.61
~1.59
-1.52
-1.52
-1.55
-1.57
-1.56
-1.53
‘1.55
-1.59

RUN 99

Tout

THA

-.01
01
o0l
<04
«05
10
«09
.12
«13
12
.12
«15
.16
15
o1l
15
17
«15
17
«35
«37
«39
o8
«50
48
L8
<49
50
W7
<49
<49
«5h
«59
67
«68
70
72
79
81
«86
«90

TwB

THC

o 04
- 08
« 09
14
17
18
.18
«20
«20
21
«20
«21
22
«21
o2k
23
23
25
24
bt
ok
Y-
«Ub
Y
46
43
b7
o7
Y4
<49
<45
<46
«51
57
54
«56
«56
«58
«59
«60
61

THD

HEAT

5.83
5. 82
5.80
5. 91
5. €7
5.9
5. 86
5.83
5. 82
5. 82
5.82
5.80
5. 80
5.79
579
579
579
5.78
579
5. 81
5.82
5. 83
5. 82
5.81
5. 82
5. 81
5.81
5. 80
5. 80
5.80
5. 80
5. 81
5. 83
5. 82
5. 81
5.80
5. 83
5. 83
5. 82
5. 80
5. 80

FLOW

81.99
82.22
81.63
82.80
81.68
82.01
82.82
82.93
83.91
84.60
82.28
82.52
8Lol7
83.30
83.94
85.18
82.60
85.05
82.80
78.61
79.27
79.05
78.95
79.74
79.34
79.37
79.55
80.09
79.61
79.56
B0. 46
80.78
81.62
81.77
81.02
80.01
80.82
80.34
82.36
81.83
81.83
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DAY

OO OO BPPEINNNNNOIOCIITOOTAN VI

TIME

0600
1100
1600
2100
0200
0700
1200
1700
2200
0300
0800
1300
1800
2300
0400
0900
1400
1900
0000
0500
1000
1500
2000
0100
0600
1100
1600
2100
o200
0700
1200
1700
2200
a3oo0
0800
1300
1300
2300
o400
0300
1400
1900
0000
0500
1000
1500

TIN

-1.62
-1.70
=170
~1.67
-1.67
-1.68
~1.67
-1.66
-1.68
-1.69
-1.70
~1.69
~1.,69
=1.70
-1.73
‘1077
~1.81
-1.78
-1.76
-1.76
-1.75
-1.75
-1.73
-1.73
-1.76
-1.78
-1.79
-1.73

-1.71 "

-1.72
-1.75
-1, 74
-1.73
-1.71
-1.71
-1.69
-1.68
-1.€6
-1.68
-1.70
-1.69
-1.68
-1.68
-10 71
-1.72
~1.68

THe

THC

«62
«62
«63
«69
.87
«95
«938
1.00
1. €2
«99
«99
1.01
1.03
1.00
1. 00
1.01
«99
«99
1.01
1.00
1.04
1.04
1.05
1.04
1.02
1. €62
1. 03
1.05
1.06
1.08
1.07
1.10
1.09
1.09
1.11
1.12
1.12
1.12
1.11
1.9
1. (9
1.10
1.10
1.07
1.05
1.13

THOD

HEAY

5.78
S.81
S.81
5.80
5.79
5.80
5. 80
5. 80
5. 78
5.78
5.79
5.79
5.79
5.79
5. 78
5. 80
5. 80
5.78
5.78
5.78
5.81
5. 80
5.78
5.78
5.78
5. 81
5.80
5.78
5.78
5.79
5.80
5.79
5.79
5.77
5. 80
5.80
5.79
5.79
5. 78
5.80
5.79
5. 78
5.79
5.79
5.78
5. €2

FLOW

79.65
78.61
78.80
78.93
79.30
78.78
78.49
80.45
78.88
78.75
78.42
80.60
77.69
78.67
78.49
77.70
77.43
77.55
78.96
77.47
78.59
79.40
79.42
78.30
77.81
78.71
76.71
77.02
77.68
78.68
77.78
79.11
79.31
78.02
77.72
78.35
78.93
78.58
78.14
78.05
78.34
78.71
79.36
79.39
78.47
7%3.17

66



TIN

-1.67
-1.68
-1.67
-1071
-1.72
-1.67
-1.68
-1.63
-1.71
-1.71
-107‘7
-1.76
-1.76
-1.77
-1.77
-1.73
-1.72
-1.72
«1.76
-107‘0
-1.77
-1.78
-1.79
~1.80
~-1.87
-1.84
-1.85%
-1.,87
=1.83
-1.78
-1.80
-1.77
-1.75
1,74
-1.75
-1.77
-1.82
-1.82
-1.82
-1.84
-1. 8a
-1.85
-1.52
-1.83
-1.86
-1.82

TOouT

T8

THC

1.15
1.13
1.14
1.12
1.10
1.12
1.12
1.11
1.10
1.10
1.05
1.06
1.06
1.05
1.06
1.09
1.09
1.10
1.08
1.10
1.08
1.07
1.06
1.07
1.02
1.04
1.03
1.01
1.05
1.09
1.06
1.09
1.10
1.11
1.9
1.08
1.04
1.12
1.15
1.15
1.14
1.17
1.17
1.17
l.14
1.18

THOD

HEAT

5. 92
5. 92
5. €3
5. %3
5. S5
5. €1
5.93
5. %1
5. 93
5. 93
5. 92
5. 92
5.91
5. ¢3
5. 93
5. 92
5. 91
S5e 61
5.93
5. 92
5. 91
5. 90
Se €0
5¢ 22
5. 90
5.89
5. 89
5.89
5.90
5. 89
5.89
5. 89
5. 89
5. 89
5. 89
5. 91
5 €0
5.88
5. 88
5.88
5. 91
5 S0
5.88
5. 89
5. 89
5. 90

FLOW

79.96
78.40
78.53
78.25
78.68
80.42
79.20
79.47
78.42
78.65
79.52
79.60
79.14
79. 7‘.
80.75
80.70
79.65
81.13
80.92
79.51
79.30
79.79
79.08
78.37
7674
78.17
77.25
77.43
78.00
78.41
78.30
78.36
80.10
80.42
80.03
78.61
80.51
79.62
80.36
79.60
78.96
79.23
79.68
80.15
79.34
81.71

001



TIME

2157
2200
2203
2300
0400
0900
1400
1900
0000
0500
1000
1500
2000
0100
0600
1100
1600
2100
6200
07oo0
1200
1700
2200
6300
G800
1300

TIN

=2.23
=222
-2.21
-2.05
~1.84
-1.82
-1,82
~1.81
-1.81
-1.83
-1.85
-1.79
-1.73
~1e74
-1.76
-1.73
‘1.69
-1.68
=1.Hh7

=1.69 -

-1.68
=1.67
«1.70
-1.72
-1.75
-1.72

Tourt

TWA

1.06
1.07
1.07
1.18
1.42
1.50
1.53
1.57
1.60
1.60
1.62
1.66
1.71
1.72
1.72
1.75
1.77
1.78
1.80
1.78
1.80
1.81
1.79
1.77
1.76
1.78

TW8

THC

o7l

«75

76

«87
1.03
1.10
1.13
1.17
1.19
1.18
1.19
1.24
1.29
1.29
1.28
1.3
1.35
1.36
1.37
1.36
1.37
1.38
1.36
1.34
1.33
1.36

THO

HEAT

6. 01
6.00
6.00
Se €3
5. 89
5. G2
Se €1
5.90
5. 89
5. 89

5. €0
5. 90
5.89
5. 89
5. S0
5. 90
5.88
5. 89
S5.88
5. 89
5. 89
5.88
5.88
5.89
5. 89

FLOW

78.57
78.30
79.00
79.46
82.26
81.30
80.98
81.50
81.05
80.95
80.59
82.32
81.98
81.83
82.18
83.21
Bhe1ls
82.35
82.71
82.42
82.43
82.81
846410
82.97
82.10
84.03

101



DAY

ViE FEFE NN NN W WNWHEN NN NN NN b b e = b e e

TIre

1649
173¢
1730
1840
1835
194¢
1930
2LL0
2030
21y
213
2eul
2230
23(¢
233¢
Qutu
0104
J2G3S
04CC
w7l
110
1205
1600
19C¢
2el:
245
Quli
0196
0eor
Ge21
63C:
08LL
130¢
1845¢
23lu
f46¢C
Jeli
1409
1547
2tCu
216¢C

RAW DATA?

TIN

-1, 82
~1.81
-1.75
~1.71
~1.67
=1.64
~1.,63
-1,61
-1,60
~1.58
-1.,59
=1.57
-1.57
~1.57
=1.56
=1+56
=1.55
=1.54
-1.55
=1.55
~1.56
=1.53
=1s47
“1l.044
-1.48
“1.49
-1.49
~1.58
-1.51
-1.51
-1.50
~1.53
-1.50
=1.45
~1.44
-1.47
~1.49
-1.48
-1,46
’1-“7
-1.51

RUN 190

TOourT

THA

17.63
1€.93
17.06
17.11
17.13
17.21
17.21
17.25
17.27
17.28
17.28
17.29
1729
15.27
1i.28
17.28
13.27
17.26
17.24
17.21
17.23
17.27
17.36
17.47
17.47
17.47
17.43
17.50
17.43
17.49
17.51
17.6)
17.51
17.59
17.%)3
17.51
17.46
17.46
17447
17444
17.42

Twe

TWC

17.37
17.37
17.46
17.52
17.59
17.62
17.61
17.64
17.69%
17.67
17.67
17.69
17.73
17.69
17.71
17.73
17.74
17.77
17.80
17.82
17.87
17.94
18.04
18.17
18.18
18.19
18.21
18.22
1€.21
18.21
18.24
18.24%
18.26
18.36
18.38
18.31
18.26
18.26
18.27
18.25
18,24

Two

9.36
9.39
9.54
9.65
9.61
9,71
9.71
9.74
9,84
9.92
9.95
9,33
9.38

10.01

10.13

10.14

10,17

10.29

10.30

10.05

10.21

16.18

16.27

10,51

10.49

10.57

10.64

10.59

1C.64

10.63

10.67

10.49

10.38

10.65

10.75

10.81

10.51

10.47

10.54

16.73

10,74

HEAT

19.95
19.97
19.99
19.99
19.99
19.98
19.97
19.95
19.94
19.98
19,93
19.98
~19,99
19.96
19.98
19.98
19.96
19.97
19.96
19.90
19,91
19.88
19.86
19.86
19,84
19.84%
19.84
19.84
19.82
19.82
19.82
19.75
19.71
19.72
19.74
19.66
19.63
19.62
19.61
19.59
19.63

FLOW

136.95
137.28
137.43
138,30
137.97
138.35
137.99
138.16
138.06
138,33
137.52
137.37
137.84%
137.77
138.55
137.33
136.98
138.09
137.59
138.45
139.44
136.52
136.3C
136.78
137.49
136.71
136433
137.69
137.43
135.77
127.84
128.24
136.55
133.41
127.43
136.67
129.38
129.24
137.75
136.95
123%.65

201



OAY

QO OO O OODEEENNNNNOIOD OV NI

s

T IME

06CT
1100
160
2107
0ZCGC
t760
12¢0
17¢:
2eul
(LRI
BeCU
130¢
180y
234
04C0
6909
1400
19Cu
goug
0502
1560
15¢C
2Led
016¢
3606
1100
1€06C
21¢¢
Gelu
6700
1260
176
240¢
(ki
c8iu
125¢
180G
2360
GhLClD
gacC?
14459
190¢C
GoLy
$5080
1764
150¢C

TIN

-1.55
=1.62
“1.64
-1.59
-1.59
~1.60
=1.59
-1.57
=1.69
-1.61
~1.62
-1.61
“1.61
-1162
-1.65
-1.69
-1.73
=1.70
~1.68
~1.69
-1.867
-1.67
-1,.,65
-1.65
-1.69
=1.78
=1.71
=1+66
-1, €3
-1. 64
-1.68
-1.67
-1, €5
-1.63
-1, €3
-1.61
=1.60
-1,58
=1.60
=1.62
-1.61
-1.60
-1.60
~1.63
~1,64
~1,6C

TouTt

THA

17.39
17.32
17.25
17.26
17.26
17.26
17.24
17.22
17.16
17.17
17.15
17.14
17.11
17.12
17.07
17464
1€.99
1€.94
17.01
17.00
1€,.49
17.14
17,14
17.14
17.12
17.11
17.69
17.13
1714
17.13
17.03
17.59
17.53
17.59
17.59
17.61
17.€3
17.€3
17.59
17.59
17.59
17.57
17.59
17.55
17.53
17.864

TH8

THC

18.19
18.13
18.07
18.07
18.7%4
18.54
18.03
18.02
17.95
17.95
17.93
17.92
17.90
17.99
17.86
17.82
17.78
17.77
17.81
17.80
17.79
17.94
17.9%4
17.34
17.91
17.910
17.88
17.92
17.94
17.93
17.89
18.38
18,38
18.38
18.37
18.39
18.41
18.41
18,38
18.36
18.37
18.35
16,36
16.32
18,36
18.63

THOD

10.76
10.45
10.48
10.64
10.67
10.55
10.63
10.64
10.67
10.73
10.58
10.62
10.61
10.66
10.66
10.39
10.33
10.53
10.67
10.63
10.36
10.42
10.70
10.68
10.68
10.37
10.40
10.65
10.67
10.43
10.43
10.65
10.75
10.93
10.64
10.65
10.82
10.35
10.88
10.76
10.85
13.83
10.79
10.77
10.38
10.94

HEAT

19.59
19.56
19,55
19.52
19.50
19.48
19.47
19.44
19.410
19.41
13.39
19.36
19.35
19.35
19.34
19.32
19.29
19.29
19.29
19.27
19.25
19.38
19.39
19.38
19.39
19.35
19.36
19.37
19.36
19.34
19.34
19.81
19.79
19.75
19.74
19,73
19.74
19.74
19.74
19.73
19.73
19.73
19,72
19.71
19.69
19.97

FLONW

136.21
136.53
136.96
128.82
136.2€
136445
127.02
135.99
135.63
135.740
135.87
136.08
136.38
126.93
135.75
132.47
135.61
126.12
125.95
126.62
126.24
129.93
135.31
128.71
134 .45
128.93
127.69
132.76
126.1¢C
131.79
133.52
133.39
125.24
125.36
125.37
126.88
134.05
124.53
134.28
1364480
126.2%
124.97
127.19
133.7¢
132.03
133.84

€0t



TIME

200
01040
te6cCo
1100
1600
210¢
224C
0300
geoe
1338
18449
2360
04090
99040
1490
1946¢
Gtoy
u5G¢e
135080
156¢
2600
21L¢
gece
110¢C
1e0u
2160
0zCo
0700
1294
03
6804
130¢
18390
230¢
JHGE
0906
1400
19C¢
Joce
05¢G¢C
1ccy
1s5L¢
2600
cicn
26l u
110¢

TIN

-1.59
~1.60
~1.59
“1.63
-1.65
~1.59
-1.60
~1.60
“1.63
~1.63
-1.69
-1.68
~1.68
~1.69
~1.69
-1.65
=1.65
~1.6%
-1.69
~1.67
~1.69
-1.79
-1.71
-1.72
~1.79
~1.75
“1.77
-1.79
“1.75
“1,7C
-1.72
~1.69
~1.66
=1.66
~1.67
~1.69
“1.74
-1.,75
=1.75
~1.76
~1. 890
~1.77
“LeTh
’1075
-1.78
-1.75

TouTt

THA

17.85
17.¢86
17.86
17.81
17.82
17.80
17.86
17.¢86
17.88
17.¢86
17.78
17.84
17.83
17.82
17.280
17.80
17.¢81
17.82
17.81
17.80
17.77
17.84
17.83
17.79
17.73
17.74
17.66
17.85
17.87
17.89
17.87
17.89
17.83
18.05
18.35
17.99
17.95
17.96
13.060
17.99
17.93
17.%4
17.¢97
18,13
18.19
13.11

TW8

TWC

18.62
18.63
18.63
18.57
18.58
18.58
18.61
18.61
18.62
18.61
18.51
18.56
18.55
18.54%
18.52
18.52
18.54
18.54
18.53
18.53
18.49
18.56
18.54
18.49
18.044
18.45
18.57
18.57
18.58
18.61
18.59
18.61
18.62
18.77
18.77
18.71
18.67
18.68
18.73
18.71
18.65
18.66
18.710
18,35
18,82
18.84

WO

1i0.88
10.99
10.90
10.68
10.73
10.94%
10.86
11.01
18.77
10.72
10.82
10.79
10.95
10.69
10.65
10.75
10.087
10.92
10.65
10.68
10.483
10.90
10.84
10.64
10.61
13.82
10.91
10.82
10.61
10.93
10.990
10.92
10.99
10.92
10.97
10.73
10.69
10.87
10.98
10.94
10.62
10.67
10.30
11.32
10.92
16.85

HEAT

19.93
19.95
19.9)
19.90
19.91
19.87
19.90
19.90
19.92
19.83
19.86
19.90
19.88
19.88
19.8%4
19.81
19.82
19.82
19.83
19.81
19.79
19.85
19.84
19,81
19.78
19.79
19.87
19.84
19.82
19,81
19.80
19.79
19.77
19.90
19.90
19.86
19.86
19.86
19.858
19.%3
19.81
19.81
19.83
19.97
19,93
19.91

FLOW

132.17
133.42
125.29
133.3C
125.57
133.79
133.85
133.85
124445
123.81
133.73
125.61
131.73
130.49
133.54
124.36
125.65
133.31
133.67
134.84
125.81
134412
133.91
132.23
133.02
13%.15
133.94
133.313
124.36
133.91
133.45
133.82
124.07
124414
133.05
133.52
136.32
136.83
127.71
136.94
136.6€
136.7¢
137.31
128.6¢
135.25
123.402

$01



TIME

21517
2200
2203
23C¢
guci
39G9
16464
196¢
0400
650t
16ty
1560
2000
giac
06CC
1166
1604
2100
uetu
c7o0
120¢
1768
2260
D3
0863
13L¢

-1.29
-1.59
=1.9
~1.98
-1.76
174
~1.74
-1.73
=1.73
-1.76
-1.78
=1.72
=1.66
-1.66
-1.69
-1.66
-1.61
-1.60
-1.60
-1.61
-1.60
-1.60
-1.,63
~1. €5
“1.67
-1. €65

TOUT

THA

19.56
13.13
18.74
18.42
18.15
18.07
18.15
18.15
18.16
18.13
17.99
18,135
18.12
18.07
18.U6
15.906
18.09
18.22
18.23
18,20
18,19
158.18
18.16
18414
18.11
13,11

TWB

THC

2G.18
19.77
19.39
19.12
18.83
18.76
18,82
18.83
18.83
18.80
18.67
18.73
18.80
18.76
18.74
18.75
18.79
18.92
18,93
18.91
18.90
16.89
18.88
18.86
18.83
18.83

TWD

11.39
11.13
10.85
10.77
10.80
10.53
10.60
10.714
10.50
10.70
10.46
10.53
10.77
10.73
18.73
10.68
10.74
10.87
10.90
10.90
10.84
10.81
10.86
10.86
10.69
10.76

HEAT FLOW

26419 134,86
20,17 136.35
20,16 133,20
20,00 131.08
19.81 133,32
19.76 133,49
19,84 129.27
19.85 131.8€
19.86 132.58
19,83 130,41
19.79 134.06
19,77 132,66
19,79 136,42
19.77 131.2¢€
19.78 131.94
19,77 136.39
19,77 129.61
19.86 129,09
19.87 130.46
19.85 126.68
19.85 132,36
19,94 127.47
19.86 128,25
19.86 135,04
19.83 128,9¢
19,82 136.08

G0t



Day

PPNV VNAVIE ST ET T NWWWRNAONNNNN N NN RN M e s

TIME

1431
15¢0
1660
1700
1800
1966
2060
2100
2200
23C0
00G0
0100
0260
03C0
0460
35C0
0608
07Ce
08C0
090¢
1260
170¢
2200
0300
07Cy
1660
2100
0260
0760
1200
1760
2200
0G0
0800
130¢
1457
19C0
6060
0560
1060
15C¢C

RAW DATAD

TIN

-1.9¢
~1.92
-1.92
~1.92
~1.91
-1.,91
-1.91
-1.91
-1.87
-1.85
-1.89
-1.89
-1.90
-1089
-1.88
-1.90
-1.88
-1.89
~1.89
-1.91
1,91
-1.32
-1.89
-1.91
-1.90
-1.92
-1,91
-1.89
-1.93
1.4
-1.91
-1.90
~1.94
-1.90
-1.93
-1.92
-1.91
-1.89
-1.489
~1.91
-1.92

RUN 101

TouT

THA

-+09
-e10
"-09
=406
--06
-.03
-.03
~.01
«02
«06
.03
«07
07
« 06
«08
«08
012
11
«10
11
12
.15

o2

.21
21
23
24
«29
27
28
«31
«35
«38
o0
«39
okl
.‘.0
oy
olle
olly
48

TH3

-.09
-e10
=07
-.05
-.05
-«0%
0.00
-.02
«06
«07
.05
«07
« 06
«08
11
«09
1z
.11
«13
14
14
18
«23
«23
26
«26
«29
o34
«31
31
«35
«38
ol
Y
45
4E
Y4
«50
«53
51
«57

THC

WO

«05
-08
08
«10
«13
12
13
17
22
«25
«25
24
23
.28
«29
«26
27
«30
«33
o34
«33
«38
b
4l
bl
b8
«51
50
«50
«5h
«58
62
«65
«67
67
«69
70
72
.7"
73
79

HEAT

%2.11
9.09
9.07
9.05
9. 04
9.02
9.01
9.01
9.14
9.13
9. 11
9.12
9.12
9.11
9.12
9.12
9.13
9.13
9.15
9.16
9.15
9.15
.14
9.11
9.13
S 14
9.13
%11
9.12
9.16
9.15
9. 14
9.11
9.11
9.15
9.16
9.13
.11
9.11
9.13
9. 15

FLOW

130.17
127.17
130.32
126.18
129.18
129.58
128.75
131.41
129.58
123. 86
127.24
130.98
128.81
127.91
126.74
127.37
127.35
125.53
128.28
131.79
126.79
128.72
125.4 ¢
124.30
127.91
128.57
126.01
125.99
127.16
125.76
131.17
127.09
126.1 4
125.3¢8
128.90
129.97
130.35
126.03
124.93
1¢5.39
124.38

901



Day

VOO P O®®®O®PNNNNYR

TIN

-1.30
-1.88
-1.39
-1.89
-1.91
=1.90
-1.89
-1.,89
-1,90
-1.90
-1.91
-1.90
-1090
-1.9¢
-1.933
-1.91
-1.89
-1.90
-1.92
-1.90
-1.89
-1.88
-1.88
~1.92
-1,91
-1-89
-1.87
-1.91
-1.92
-1,91
-1,88
-1,88
-1.91
-1.91
-1.91
-1.90
-1.88
-1.91
~-1,91
-1.91
-1.90
-1.88
-1.92
-1.9¢
-1.39
-1.88

Tout

THA

«50
.50
«50
«49
1Y)
."8
«49
.l.g
47
«50
46
.“T
«48
u7
.l.“
.“5
.‘.7
.“7
.“6
."6
47
48
48
.“5
H5
.“6
L7
Y4
bl
bl
.“6

1
1
b1
.“1
bl
-“2
.“3
-“2
3
1)
1.06
1.08
1.:1
L.12

THE

.59
«60
.61
61
«58
«60
.63
«62
«61
62
.61
.59
61
.59
«58
.59
«58
«59
.59
.59
.58
+59
.59
57
«56
«58
.50
.58
.56
57
«58
.58
.56
«55
«53
.52
«55
.5"
.5"
«54
.5‘.
57
1.18
1.19
1.23
1.2‘.

THC

THO

.82
.82
.81
.85
.81
o84
.83
.82
84
1)
.83
83
83
83
.81
.82
.82
.83
.81
.80
.80
83
83
«80
.80
78
.80
.82
«79
.79
78
.79
.78
.75
« 75
.7‘.
«76
76
.7‘.
7
«76
.79
1.47
1.49
1.50
1.52

HEAT

9,12
9,11
9,12
9. 10
9.11
9.12
9,11
9.12
9. 15
9,14
9.12
9,11
9,15
9.17
9,13
9.13
9,12
9,15
9,17
9.15
9. 13
9,13
9,16
9,17
9,13
9.13
9,12
9.12
9.16
9.15
9.13
9.12
9,15
9-15
914
9,07
9,09
9,12
9.12
9.11
9,09
9,13
11.€3
11,63
11.€1
11,57

FLOW

127.02
124,51
127.47
124,91
129.30
125,25
122,76
124.01
124.4¢
126.49
126.63
124.61
124.10
124,97
125. 86
128.69
127.58
127.74
127.18
125.79
126.98
128. 41
124,12
129.04
127.06
126.29
128.11
128.06
129.95
130.61
131.52
129.17
128.24
130.20
132.29
129.57
i2r7.07
129.26
133.03
127.83
130.80
130.88
1284 4E
133.04
130.18
131.74

L01



TIME

0860
1300
1800
2360
0400
6age
1460
1900
3060
2560
1000
1500
2006

6160

66G0
11066
1660
21€0
G260
6766
1200
1760
2200
0300
3800
13040
1800
2300
6400
0960
1460
19C90
0goo
3sCo
1020
1500
2CLo
0260
0606
1160
1600
2100
0260
80760
1200
1700

TIN

-1.89
-1.91
=1.90
-1.87
-1.90
-1.89
-1.,91
-1.91
-1.89
-1.89
-1.48
~1.91
-1.91
-1.88
‘1.87
'1.38
-1.91
-1.89
'1.89
-1.88
-1.89
-1.30
-1.89
-1.89
~-1.89
-1. 93
-1.92
-1.31
-1.89
-1.893
-1.92
-1.91
-1.30
~1.88
-1.A89
-1.90
-1.88
~1.48
-1.839
-1.39
-1.89
=1.70
-1.,A8
~1.90
"1-90
-1.31

TOoUT

THA

1.12
1.12
1.12
1.13
1.12
1.16
1.13
1.12
1.15
1.16
1.18
1.16
1.15
1.19
1.20
1.22
1.18
1.19
1.19
1.20
1.19
1.19
1.24
1.20

+20
1.20
1.18
1.18
1.19
1.20
1.14
1.18
1.19
1.24
1.20
1.20
1.20
1.20
1420
1.24
1.23
1.24
1425
1.23
1.24
1.23

THC

HEAT

11.€2
11.€3
11. €14
11.58
11.59
11.€2
11. €5
11.€0
11. €0
11.59
11. €0
11.€0
11. %9
11.58
11.¢€0
11.€2
11. €1
11. %7
11.58
11.%8
1. 87
11.¢%8
11.¢7
11‘ E“
13154
11.%6
11.€0
11.°%8
11.57
11.€c
11.63
11.€2
11.¢€0
11. %8
11.€2
11. €4
11. %8
11.¢8
11.57
11. €4
11.60
11.57
11.%8
11.58
11.€0
11.%9

FLOW

131.71
128.67
131.19
129.04
128.85
125.89
127.00
128.5%
127.00
127.66
126.48
125.88
132.32
127.42
125.06
128.5¢
12644 ¢
127.71
125.79
127.27
125.89
126.92
126.31
123.13
128.15
123.43
129.65
131.08
125.18
127.93
127.5%
131.84
129.66
131.14
125.52
129.,5¢
130.01
127.73
127.09
127.24
127.11
127.89
127. €4
128.73
125.93
1¢6.93

801



nay

TIME

2000
d10¢0
0eCo
11¢0
1600
2100
626a
8700
1268
1700
2260
03G0
080¢
1300

TIN

1.3}
-1.88
=1.39
-1.89
‘1. 92
~1.56
«1.36
~1.87
-1.90
-1.31
-1.89
-1.88
‘1.07
-1.91

TouTt

THaA

1434
1.37
1.7
1.40
1.36
1.72
1.49
1.50
1.49
1eb7
1.48
1.“6
1.47
1.43

THE

1.50
1.53
1.5"
1.55
1.53
1.88
1.66
1.67
1.66
1.64
1.65
1.63
1.63
1.6(

THC

THD

1.78
1.80
1.82
1.86
1.81
2.16
1.96
1.97
1.94
1.92
1.93
1.93
1.92
1.90

HEAT

11.%6
11.56
11. 55
11.%9
11.99
11. %7
11.%6
11.55
11. 57
11.58
11.87
11.55
11.55
11.58

FLOW

115.18
113.61
113.68

98.54
116.10
116.04
115.32
113.49
114.54
115.1°65
113.96
116.18
114.90
114.09

601



DAY

NNNOCOOOOT VU VIVIVWNIE §$ 5 &6 WWWWNNMNRKRNNRE R PR -

TirMc

1326
1400
15006
164t
17464
156060
1900
20ul
2166
226G
23Li
JGLl
Uull
33uv
Jaid
13Cy
1846
23u6
DuCé
3904
1004
1306
LidL 0
d5Lb
10064
154
2uvCo
b1Gy
ublw
1166
16uve
1604
2100
Jgebi
ITGL
126C
151
cuue
¥1iCu
[T Y]
111y

RAW DATAS

TIN

-2,08
=1.,496
=1,31
-1.,92
=1.93
=1.,92
=1.92
-1.31
=1.,90
=1.,91
=1.,30
=1.90
=1,90
-1,.,89
-1,88
-1.91
=1,91
=1, 36
=1.,48
=1.,89
=1.91
=1.91
=1.90
-1.89
=1.,39
=1,31
=1,90
=1.,48
'1.66
=1.92
=1.92
=-1.91
=1.89
=1.89
=1.,49
=1,91
-1,90
-1,38
-1.,83
=1.89
=1.91

RUN 102

Tourt

THA

16
el
29
32
o34
38
o4l
o3
X}
LT
«5)
51
51
1)
b
70
o 85
. 9%
1.ul
1.13
1etd
1.79
2o t:3
2415
2415
2e25
2430
2437
2el2
2els?
2,52
2452
2493
2461
263
ceb2
2457
2405
e bl
2eb6
267

TWd

21
24
«32
33
30
«39
2
ooty
446
50
53
56
56
-1}
75
83
«95
1.006
1.19
1.34
1.60
1.34
2.07
2.18
2.18
2.30
Celsl
2el47
2052
2457
2.62
2462
2.63
20064
2.72
2472
2469
2.77
2475
2.77
2.79

THC

«35
o4l
«49
52
«55
62
«63
66
70
73
75
o7
77
«83
94
1.03
1.16
1.32
147
1.68
1.91
2.06
2.16
2.23
2.23
2.28

2.31.

2e34
2.39
2eb1
245
2e45
2.45
2e46
2enl
2446
2ol
2448
2e47
2.47
2eu8

TWO

65
68
70
70
71
oTh
75
o7
79
81
83
Y L
o8t
31
1.05
1.19
1.36
1.53
1.65
1.77
1.94
2.06
2.146
2.19
2.19
2.25
2.28
2.32
2.37
2.43
2440
2.48
2.51
2.60
2.64
2.66
262
2.70
2.09
2.70
2.71

Hc AT

9.76
9.69
J.bie
9.07
9.64
9.63
9.61
9.64
9.60
9.02
9.60
9.359
9.58
9.53
9.64
9.68
9.71
9.74d
9.70
9.8
9.74d
9,03
9.67
9.69
9.03
9.70
9.69
9.68
9.71
9.72
9.72
9.068
J.0b6
9.71
9.73
9.72
9.70
9,74
3e.b7
9,08
9,09

FLOW

83.d4
9lenwl
8).02
90.99
90.28
91.73
91.98
31.20
.72
9).50
3l.01
91.43
30.31
31.24
83.53
9d.35
92.08
91.49
B8FeT
89.8b
33.93
91.3)
9J.98
83,48
33,48
90.77
91.69
0.34
33.51
91.07
32.05
83.27
83.25
83.11
88.48
89448
93.351
Ide23I
83.29
9J.12
83.37

011



UAY

VWL OLExdENN

16uu
2100
vetCu
1u3u
150U
20
dive
'Y
11060
1660
2100
[T
0760
1200
17vi
22Ge
6300
JBuu
1360
18y
2360
CaelC
090y
1400
196y
RETHY
05ivu
1666
1ali
1600C
163v
1760
2ol
udui
ubiu
1380
1800
2147
23Uy
Juul
J9uu
1404
19y
<333
Uate
1,50

TIN

-1,92
-1,90
-1,90
-1.,90
=1.92
=1.91
=1.,89
-1,88
=-1.89
=1.92
=1.90
=1,90
-1.88
-1,92
-1,91
-1.,90
=1,90
-1.89
-1.92
=-1.91
=191
~1.,89
~1.89
=1.931
=1.91
-1,89
«1.89
-1, 90
-1,91
-1,92
-1,91
-1,91
-1.87
-1,38
-1.,88
-1, 87
-1.90
1,98
=1.9)

=1469.

-1.89
-1,91
=1.,91
=1, 34
-1.87
-1e 97

Tourt

THA

2eb3
2472
2.72
2.75
2.73
2.77
2603
2.685
24865
2.86
2. 66
2+88
289
2492
2493
2094
2.95
2490
2e 97
2.93%
2.99
3eud
.03

3e5

Jol5
3. b6
Jeub
.07
3. 13
3.18
3.13
3.19
3.23
34
3.8
3.32
3.31
3.35
3435
3.37
3.33
3e4V
3.33
det2
3e53
3654

TWa

2.80
2485
2.85
2.88
2.91
2.88
2497
2497
2.98
2.98
2.98
2.99
3.01
3.02
3.05
3.006
3.06
3.08
3.08
3.09
3.11
3.12
3.1t
3.16
3.15
3.16
3.16
3.19
3.21
3.25
3.25
3.26
3.33
3.30
3034
3.39
3.37
R IR YA
Je2
3.4l
Jeu2
Joteie
R IXY4
3.57
3.61
3ebl

THC

2449,

2.50
2.54
2¢57
2.59
2.58
2+06
2.66
2.66
2.67
2.66
2.69

"2471

2.72
274
2.76
2.77
2.79
2.80
2.81
2.82
2484
2487
2.89

"2.89

2.90
2.91
2493
2.98
3.04
3.5
3.06
J.11
312
3.16
3.22
3.21
324
324
324
3.26
3.29
3.27
3ok
3.95
Joub

THO

2.72
2.73
2475
2479
2.81
2.80
2.38
2.89
2.89
2.90
2.91
2.94
2.98
3.01
3.03
3.0%
3.05
3.07

"3.07

3.07
3.10
3.12
3ol
3.16
3.15
3.16
3.17
3.18
3.25

-3+29

3.29
3.30
3.34
3.33
3.39
33
342
3.48
Jou8
3.50
3.51
3.54
3.52
360
3.09
3.08

FLOW

33.49
9J.b)
88.93
83.13
83.09
83.39
83.09
33.31
83.74
83.51
9J.33
83449
83931
39.30
88.97
.18
83.12
83.63
8%.7%
Jleul
83.30
91.15
9J.41
90458
922.17
Ide48
90.75
33,73
87.00
86.72
Jo.d0
83.32
37.64
35.81
85.12
35e48
846,03
43.63
39,32
83.95
33.71
83.92
33.21
3404
43elv
32478

It



TiMe

15840
1843
2uul
v1Ga
oLl
1106
1¢52
1535
174u
2240
030y

" u8Gu

134G
18400
23ub
OtCu
Le0o
1446
1960
0000
0500
it
15uu
2260
V360
4866
1360
1600
23Lu
b
u9bu
14C¢C
190y
dutd

"G50

1046
1564
2Ly
vibu
betuy
1100
164l
2160
JEul
7Ly
120

TIN

-1.,91
-1.91
-1.90
-1.88
-1.88
-1.91
=187
=1.9%
-1.91
-1.89
-1.88
-1.88
-1.92
-1.92
-1.88
-1.88
-1.90
-1.,93
'1092
=1.90
-1.88
-1.89
-1.,93
-1.39
-1.89
=1.90
-1.92
-1.92
-1.89
-1.89
-1.89
-1.93
-1.89
-1.89
-1,88
-1.91
-1.91
-1.90
-1.88
-1.563
-1.90
'1:91
=1.,91
=1.30
-1.39
-1.,90

TOUuT

THA

3.55
3.48
3.6
345
3eh?
3eu5
3454
355
3.53
3e54
3.55
3.50
3.53
3.85
o7
4e77
4038
Seb?d
.18
5ell
Sets2
5458
5.e67
574
5. 85
5496
6.U3
beid
6.08
6414
6.12
913
0«19
6.23
vell
6.22
6.23
€022
bel3
Delw
Bel+
6e23
be23
bec3
Decw
becw

TWB

3.63
3.56
3.55
3.50
3.506
3.56
3. 65
3.67
3.67
3.68
3.68
3.64
3.73
3.95
Lelb
4e 82
5.03
5.15
5.25
5.33
548
5.64
5.73
5.82
5.95
5.02
6.08
6e12
6elle
6416
6.18
6.19
6e25
0426
6027
6.28
6.29
6.28
b6e3C
6432
64 33
hed2
64 31
6e32
6632
belu

THC

3.7
3.39
3.38
3.4l
3.39
3.39
3.49
3.49
3.50
351
3.50
3.45
3.52
3.73
3.92
4e59
bo81
4e9%
5.03
5e.11
5.29
5.6
5455
5063
5.77
5.86
5.92
5.96
5.398
6eul
6.02
6.03

609 -

6411
€.11
6e12
613
6el12
6413
6elb
bel?
6416
belb
€17
6.17
6.18

6e17
6.22
6.27
6.28
6.30
6.29
633
6.39
6e40
6o+
6439
5.38
6430
6.38
Bouls
6445
042
6eitl
bell
belsl
Hewl

HEAT

9.75
9.73
9.69
9.7
9.63
9.74
9.85
9.72
9.69
9.68
9.66
9.68
9.78
9.76
9.73
9.69
9.79
9.71
9.66
9.64
9.66
3.06
9.63
9.65
9.62
9.67
9.08
9.067
9.066
3.00
9.07
9.07
9.7
9.72
9.73
9.74%
974
9.71
9.72
Je 74
9.73
9.71
9.09
9.63
3.69
J.69

FLONW

84e42
93.59
88.21
93.22
88.53
8d.27
86432
87.95
83.92

88.10.

83.66
85.72
87.02
89.55
87.91
85,38
84.6b
86462
87.92
84,83
86.98
87 .45
87.22
83.29
84435
83+42
87.20
8o6.07
84473
87.59
87.08
8647
86.42
84413
Bleire
83.97
83.23
84438
8427
34461
87.24
83.50
85.37
83.53
8714
85,84

¢t



LAY

TIMe

170y
2204
0364
Ub0w
1304
1840
23ui
J30u
Ubll
1360
13806
2300
B4yl
v3Go
1t
1340
Bbud
05060
1L0u
15¢46
2uL0
bibo
vEbLy
11460
166y
214U
G2ui
0764
L1260
1740
2208
430u
yaco
1300
18tv
23ud
Vauu
0900

TIN

-1.91
-1.,30
-1.990
-1,.,90
-1.91
-1.,89
~1.91
-1.90
-1.90
-1,93
-1,92
-1.91
-1,90
-1,91
-1.,93
-1.89
-1.90
-1.90
-1.90
-1.93
-1,93
-1.91
-1.,92
-1.91
-1.93
-1.92
-1.92
-1.90
-1.,91
-1,91
=1.92
-1.92
-1.93
-1.92
~1 .96
-1.,91
-1.92
-1.91

TOUTY

THA

be2b
be24
€.26
626
6.24
6.29
6.23
6.35
6.37
6+ 36
8.39
be3d
6¢38
6.39
bolel
6o 43
6. 42
€ bls
P
TY)
Be 45
Belb
6ob3
6058
Dol
0e51
€.40
6.52
be 53
be 55
6.55
6e%0
Be57
6460
6.061
be02
6,67
5e03

TW3

6e34
6034
6.36
6.37
5.39
6.39
6e40
6.43
6.
647
6.t 8
6o s 7
6.8
6.58
6.54
6.55
6.54
6.56
6.58
6460
6.59
6.61
6.62
5.68
6.68
6.68
6.69
6.72
6.73
be75
6.77
be78
6.80
6.84
6.86
6.88
6931
0o 4

TWC

6.17
6.17
6.19
6.20
6,22
6.23
6.24
6.27
6.29
6.29
6.33
6.32
6.33
6.37
6.39
6,41
6ol
645
6.4l
6.49
beit9
6.51
6.52
6.55
6.55
6.57
6.57
6+61
6.063
6.6%
6.65
6.66
6.08
6.71
be72
6.75
6.79
6.32

TWO

6.42
6elel
6.42
6.42
6.46
6.49
6.50
6.55
6.57
6.57
6.59
6.58
6.59
6.60
6.61
6.65
6.65
6.67
6.68
6.69
6.68
6.69
6.71
6.73
6.72
6.73
6.73
0.75
6.76
6.78
6.78
6.79
6.80
6.83
6.45
6.87
6.91
6034

He AT

9.70
9.69
9.74
9.74
9.72
9.69
9.70
9.73
9.72
9.73
9.09
9.70
9.69
9.70
9.73
9.68
9.66
9.69
9.71
9.71
9.69
9.68
9.7
9.70
9.608
9.67
9.07
9.69
JeoY
9.68
9.68
3.06
9.6b
9.67
.07
9.66
9.71
Ye70

FLONW

8.8«
8b.24
35,83
A7.63
84.480
LUXY ¥4
87.39
83.33
36.83
86.89
89,81
91.33
87.81
86.87
8375
88.22
93.17
87 .56
86.74
90.72
83.138
86.22
930.33
33.64
36.82
91.52
87.51
9d.b7
87 .91
49.681
91 .45
89.28
88.59
37.13
9J.91
87 48
91,45
83,49

€Il
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TIME

132¢
1400
1560
1€00
1760
1800
1960
2000
2100
2260
2300
0000
Outdy
336G
0880
1360
18CC
2300
GuGo
J9eo
14040
1360
Jcee
0500
10C0
1504
2000
0160
06040
1100
1660
1864
2100
020G
3760
1200
15140
2003
41C0
tefe
1116

RAW DATAs

TIN

~2.08
-1.96
-1.91
-1.92
-1.33
-1.92
-1.92
-1.91
-1.,90
-1.91
-1.,90
-1.90
-1.,90
-1.69
-1.88
-1.91
-1.91
-1.88
-1.88
~-1.39
-1.91
-1.91
-1.90
-1.89
-1.39
-1.931
-1.30
-1.89
-1.81
~1.92
-1.92
-1.91
‘1.89
-1.89
-1.39
-1.91
-1.90
-1.88
-1.438
-1.49
-1.91

RUN

TOUY

i3

Twa

oTh
«90
1.64
1.12
1.17
1.21
1.25
1.30
1.34
1.37
1.33
1042
1.42
1.55
1.¢€2
1.65
1.71
174
1.73
1.80
1.73
1.79
1.79
1.75
1.76
1.76
1.75
1.76
1.76
1.76
1.77
1.77
1.78
1.80
1.80
1.30
1.72
1.82
1.80
1.80
1480

TWR

1.74
1.74
1.77
1.77
1.76
1.68
1.78
1.76
1.75
1.74

THC
.79

1.13
1.22
1.27
1.31
1.36
1.41
1.47
1.51
1.52
1.55
1.55
1.70
1.79
1.85
1.91
1.95
2.01
2.03
2.03
2.02
2.02
2.00
2.00
1.99
1.97
1.97
1.98
1.97
1.98
1.98
1.98
2400
2.C0
1.99
1.91
2.01
1.98
1.98
1.98

THD

.62
1.00
1.11
1.15
1.17
1.25
1.2‘.
1.31
1.35
1.38
1.642
1.43
1.‘.3
1.56
1.62
1.66
1.72
1.75
1.30
1.81
1.79
1.80
1.79
1.79
1.80
1.79
1.79
1.79
1.80
1.79
1.60
1.79
1.79
1.80
1.52
1.82
1.75
1.84
1.82
1.32
1.42

HEAT

10.€7
10.62
10.53
10.63
10.€1
10.60
10.€1
10.€2
10.62
10.€4
10.63
10.61
10.€1
10.€7
10.68
16.71
10.68
10.66
10.67
10.€6
10.67
10.67
10.63
10.65
10.65
10.67
10.65
10.65
10.69
10.72
16.71
10.€7
10.68
10.72
10.76
10.75
10.75
10.75
10.72
10.73
1J.76

FLOW

Baet2
86437
84.0%
86.72
84.19
84.937
88.78
86.14
86.89
883,34
85.11
85.36
86424
84 .51
83.23
8h.87
85.33
86.11
83.70
8344
85«45
B6.0€
86.03
84461
85.23
Reeb3
84 .52
86.31
34454
84.22
86,71
83.27
83.02
83.03
84.82
33.92
85 o« T4
81.73
83.86
81.43
83.72

v1l



DAY

WO O OO TR ®N~N

TIre

16060
2100
0600
1030
1560
26CD
u160
t6G0
1100
1606
2100
0263
070G
1200
1700
2200
0300
0eco
120C
1860
2300
04060
09¢0
14l
1360
00¢CC
G520
1000
1614
1€08
1e3¢
1700
2260
030¢C
080G
130¢
14C0
2147
2300
94C0
Late
14€6
19¢C¢
2333
ouCe
1054

TIN

-1.92
=1.90
-1.90
=1.90
-1.92
-1.91
-1.89
-1.88
-1.89
-1.92
=1.90
-1.90
-1.38
=1.92
-1.91
-1.90
=1.90
-1.A9
-1.92
-1.94
-1.31
-1.893
-1.39
1.9
-1.31
-1.89
-1.89
=1.90
-1.91
-1. 92
~1.91
-1.91
-1.87
-1.8%3
-1.88
-1.87
-1.30
-1.90
-1.90
-1.89
-1.89
=1.91
-1.91
-1.930
-1.97
=1.130

TouT

ThA

1.82
1.89
1.81
1.83
1.82
1.82

1.84.

1.85
1.85
1.86
1.85
1.85
1.86
1.85
1.87
1.88
1.88
1.489
1.89
1.949
1.91
1.92
1.595
1.96
1.95
1.8
1e68
.00
2449
2.11
2.11
2.12
2e1b
2415
2416
2.20
2ec2
2.3)
2430
2.32
2434
2435
2e3l
2445
2448

2ol

THB

1.75
1.73
1.75
1.76
1.76
1.75
1.78
1.77
1.78
1.76
1.77
1.77
1.78
1.77
1.79
1.80
1.81
1.80
1.80
1.81
1.82
1.82
1.85
1.86
1.87
1.87
1.89
1.90
2.01
2.03
2.03
2.0"
2.05
2.06
2.07
2.12
214
2.21
2.21
2.23
2.24
2.25
2.25
2.35
2437
2.39

THC

1.98
1.97
1.98
1.99
1.99
1.98
2.900
2.00
2.02
2.01
2.00
2.01
2.01
2.01
2.02
2.02
2.03
2.03
2403
2.04
2.06
2.06
2.08
2.09
2.09
2.11
2.12
2413
2.29
2+30
2+31
2.31
2433
2.33
2435
2.39
2440
2.49
2.‘.9
2451
2452
2453
2452
2.63
2465
2457

THO

1.82
1.82
1.84
1.485
1.85
1.85
1.87
1.88
1.89
1.89
1.88
1.89
1.88
1.89
1.90
1.91
1.92
1.32
1.93
1.93
1.95
1.96
1.97
1.99
1.99
2.01
2.01
2.03
2416
2.17
2.18
2.18
2.19
2.20
2.22
2.26
2.27
2435
2.35
2437
2.39
2."’0
2.39
2.50
2.52
2.54

HEAT

10.77
10.72
10.72
10.75
10.72
10.€6
10.€5
10.69
10.69
103.€9
10. 64
10.€6
10.66
10.67
10.66
10.67
10.€7
10.67
10.68
10.€7
10.67
10.€5
10.€8
16.€9
16.66
10.€5
10.65
16.67
10.63
10.£5
10.53
10.¢3
10.43
10.48
16.49
Li.50
10.49
10.67
10.07
10.€7
10.70
10.71
16.€7
10.€7
10.€h
10.€3

FLCOW

82.20
83.24
83.99
79.80
82.54
83.97
81.79
83.84
82.24
81.87
83.39
82.52
83.50
84 4 84
82.09
85.33
85.02
84443
81.96
85.53
84.20
84460
83.68
-EXLD
84.88
85 .84
A3.3¢
84432
83.03
84462
82 .85
84463
84.50
83.39
83.88
81.61
83.23
83.09
83.15
81.57
83.28
81.99
84.15
73.77
83.27
73455

Q11



TimME

15049
1643
2060
010G
06G0
1100
1252
1535
1700
2240
0306
3806
1360
1300
2300
0400
096G
1400
13966
0000
0500
1000
15040
2260
03C0
0860
1360
1800
230¢C
34006
0900
1406
190¢
00035
3560
10¢€C
15480
2L06
0106
0660
11€0
1600
2100
0600
3760
1¢6¢

TIN

«1.91
-1.91
-1.90
~1.88
-1.88
~1.91
~1.87
-1.94
~1.91
-1.89
~1.88
-1.,88
-1.92
-1.92
~1.88
~1.88
-1,90
«1.93
‘1.92
-1.90
-1.88
-1.89
~1.93
-1.89
-1.89
=1.90
-1.92
-1.92
~1.89
-1.,89
-1.39
-1.93
~1.89
‘1.69
~1.88
-1.91
-1.91
~1.90
-1.48
-1.89
-1.90
-1.91
-1.91
-1+90
-1.89
-1.90

TouT

TwA

2.51
2444
2.4 bl
2.4H
2445
24l
24.€5
2.52
2454
2.€0
24E4
2.70
2.176
3.08
3.26
4el9
bet?
4elS
he43
he38
4.€1
5416
5.20
.19
5elt
537
£.33
5.283
5.27
.29
€e23
5423
534
¢33
5423
5.26
5¢2%
5.20
5425
525
5S¢l
5415
54L5
5.06
5407
5.05

TW8

2.41
2.33
2.34
2. 35
2435
2.34
2454
2.01
2. 44
2450
2.53
2.60
2.65
2495
3. 11

" 4. 00

4.29
be2b
.23
4.19
442
S.02
5.07
5. 07
5.34
5.28
5.23
5.17
5.16
5.17
5.17
5.10
5.21
5.18
5.16
5.13
5.09
5.05
5.09
5.09
5.08
4,98
4e 94
4.90
4.91
4.90

THWC

2.68
2.60
2460
2462
2461
2.61
2.82
2469
2472
2477
2482
2488
2492
3.21
3.39
be28
4455
4.069
Let8
Lot
4.67
5430
5432
5430
5453
Se43
5.38
5433
531
533
5433
5425
5.38
5.31
5.31
5430
5.27
Se24
5429
5429
5428
5.18

513
515
Sells

TWD

2.56
2.48
2449
2451
2450
2.49
2.70
2.57
2.59
2.64
2.67
2.75
2.31
3.14
3.31
%23
4.51
bela7
hol?7
bS5
4.68
5.25
5425
5.21
S.46
5.29
5425
5.12
Se10
Selly
Selle
5.07
5.19
5.15
Se.1b
5.13
5.12
5.09
S.14
5.15
Sells
504
5.02
4.98
5.00
4.99

HEAT

10.71
10.68
10.6€5
16.€6
10.66
10.€6
10.80
10.70
10.69
10.€7
10.65
10.€5
10.66
10.65
10.€4
10.€2
10.65
10.€6
10.63
10.€2
10.€0
10.€1
16. €4
10.€2
10.59
10.€3
1d.64
10.€0
10.63
10.€2
10.€3
10.€4
10.€0
10.€0
10.€2
10.€2
10.€3
10.€0
10.€7
10.67
10.€5
10.€3
16.€3
1L6.68
10.€2
16.€2

FLOW

78.15
61.30
81.72
83.13
83.07
83.45
7537
82.87
80.66
78.03
78.43
81.14
80.52
é1.18
80.22
79.19
79.0¢
79.61
82.61
81.62
82,22
81.72
73.86
82.01
80.30
81.15
81.06
80.80
81.71
81.02
80.7¢8
82.21
82.31
79.33
73.82
8).26
82.25
81.5¢
73.30
73.42
73¢7u
83.85
83.35
81.63
83.410
83.38

911



TIME

1706
2200
0300
0860
1200
1340
2300
306G
0806
136¢
1800
23019
0403
£900
1400
1900
00006
0500
1000
1500
26060
0160
0600
1100
1600
2100
0260
0760
12048
170u
2200
03u0
0860
1300
1800
2300
Gugo
09466

TIN

-1,91
-1.90
-1,90
-1.90
-1.91
-1.89
~1.931
-1.,90
-1,90
-1.93
-1.92
-1.91
-1.90
~1.91
-1.93
-1.89
-1.90
-1.90
-1.90
-1.93
-1.93
’1:91
~1.,92
-1.91
-1.93
-1.92
-1.92
~1.90
-1.,91
-1.91
-1.,92
~1.,92
-1.,93
-1,92
-1.94
-1.91
~-1.92
-1.,91

TOuT

THA

Sell
5.01
5o 0l
5.05
5.12
5414
Selb
5.12
5.15
5.17
5.16
5.19
5.21
5.22
Se2l
5424
5.23
Sel
5.27
5.2%
5,24
5425
527
.23
5.29
529
5.29
.33
5.23
5.29
5.29
5.31
Se3l
5.36
5.36
5.3%
5. 45
5.50

Tug

4.89
4o 84
4.R7
‘.. 88
‘.. 96
5.00
4e98
4.97
5.01
5.04
5.03
5.06
5.08
5.09
5.10
S.11
5.09
5.10
5.12
5.12
5.11
S5.11
5413
5.15
5.15
5.15
S.14
5.17
515
5415
Sl 1‘.
5«16
519
5.21
5.19
5.22
5. 28
5.33

THC

5.13
5.09
5.11
5.13
5.19
5.21
S5.21
5.20
5.25
5.26
5«26
5.28
5.30
S5.31
5433
5.34
532
5.33
5436
5.36
5.3‘.
5435
5436
5.39
5.39
5.38
SISB
542
5.39
5.33
5.38
Selsl
5.‘.3
S.45
Selt5
Sela?
554
5459

THD

4,99
b.96
4,99
4,99
5106
5.10
5.09
5.07
5113
5.15
5.16
S.18
5.19
5.20
5.23
52
5.21
5.23
5.26
5.26
5.25
5.25
5.27
5.30
5.29
5.29
5.28
5.33
5.30
5.30
5.29
5.31
5433
5.37
5.36
5.38
Selt 6
5.50

HEAT

10.83
10.€3
10.63
10.63
10.64
10.62
10.€3
10.€2
10. €4
10.64
10.€2
10.63
10.€2
10.62
10.64
10.€1
10.60
16.€3
10.¢€4
10.€4
10.62
10.63
10.64
10.64
10.64
16.61
10.64
10.62
10.60
10.59
10.€1
10.58
10.%8
10.59
10.59
10.59
10.68
10.72

FLOW

81,60
80 .46
81,21
a2.00
80.26
80,043
79.65
81.86
81 .45
84,09
81.85
32.01
82.49
81.62
80.91
844,64
82.74
80.59
81.23
83.15
82,47
82.89
83.85
83.79
81.64
84.37
B".oe
84 .86
85.11
83.45
82.81
84,05
81.46
83.00
94,46
85.54
83.28
82.73

LT



DAY
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TIME

1326
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
o0oo0o0
0014
0300
0800
1300
1800
2300
0400
0900
1400
1300
oooo
0500
1000
1500
2000
0100
0600
11060
1600
1804
2100
0200
07oo0
1200
1510
2000
0100
0600
1110

RAW DATAR

TIN

-2.08
-1.96
-1.91
-1.92
-1.93
-1.92
-1.92
-1.91
-1.90
-1.91
-1.90
-1.90
-1.90
-1.89
-1.88
-1.91
-1.91
-1.88
-1.88
-1.89
~1.91
-1.91
-1.90
-1.89
-1.89
-1.91
-1.90
-1.88
-1.88
~1.92
«1.92
-1.91
-1.89
-1.8¢
-1.89
-1.91
-1.90
-1.88
-1.88
-1.89
-1.91

RUN 104
TouTt THA
0.00 13
0.00 19
0.00 22
0.00 21
0.00 22
0.00 o2k
g.00 26
0.00 27
0.00 «30
0.00 33
0.00 o34
0.00 «35
0.00 «35
0.00 L3
0.00 52
0.00 «59
0.00 «66
0.00 oTh
0.00 «79
0.00 83
0.00 «85
0.00 87
0.00 «89
0.00 «90
0.00 «89
0.00 «89
0.00 «87
0.00 «89
0.00 «92
0.00 «91
0.00 89
0.00 86
0.00 «89
0.00 «90
0.00 «90
0.00 .88
0.00 76
0.00 «90
0.00 +A3Q
0.00 «89
0.00 «88

THB

THC

15
21
22
o 24
20
«23
23
.28
«27
«29
28
«29
«30
o34
o bl
47
50
«55
«57
«62
«63
- bl
«67
65
«68
«67
«68
«69
74
75
o 72
o 72
73
«76
79
«79
«67
.81
«81
82
« 86

THO

72
76
79
82
79
«83
«86
«90
«93
«935
«96
1.02

'1.80

1.10
1.22
1.33
l.41
1.49
1.54
1.59
1.62
1.62
1.67
1.65
1.68
1.64
1.64
1.63
1.71
1.69
1.66

HEAT

8.06
7.99
7.95
7.96
7.92
7.87
7.95
7.95
7.95
7.97
7.95
7.93
7.93
8,00
7.99
8,07
8.07
8. 006
8.06
8.06
8.06
8.08
8,07
8,05
8.05
8. 06
8.06
8,04
8.11
8,12
8,05
8,02
8,02
8.09
8.10
8.10

‘8.09

8.99
8.08
8.08
8.09

FLOW

69.81
70.20
70.18
70.17
70.06
69.87
70.15
69.91
69.89
69.87
69.54
69.58
69.56
69.38
69.12
68.38
69.19
69.15
69.19
68.57
68.64
68.98
68.68
68.66
68.87
68.93
69.23
693.08
68.47
68.51
68.29
68.73
68465
68.54
68,26
68.47
71.21
68.89
68.72
68.58
68.30

811



DAY

VOO ODOD®RPE®® NN

TIME

1600
2100
0600
1030
1500
2000
0100
0600
1100
1600
2100
0200
0700
1200
1700
2200
0300
0800
1300
1800
2300
0400
0900
1400
1900
oooo
0500
1000
141 4
1600
1630
1700
2200
0300
0800
1300
1800
2147
2300
0400
0900
1400
1900
2333
06400
1050

TIN

-1.92
-1.90
-1.90
-1.90
-1.92
-1.91
-1.89
-1.88
-1.89
=192
-1.,90
-1.90
-1.88
-1.92
-1.91
-1.90
-1.90
-1.89
=192
-1.91
-1.91
-1.89
-1.89
°1091
-1.91
-1.89
-1.89
-1.90
-1.91
=1.92
-1.91
-1.91
-1,87
-1.88
-1,88
-1.87
-1.90
-1.90
-1.90
-1.89
-1.89
-1.91
-1.91
-1.90
-1.87
-1.90

THA

87
« 87
«90
«90
«90
«89
«91
«92
L
«91
«91
«91
«93
«90
«90
«91
«93
L
«93
L
e 94
«97
1.00
«99
«99
1.02
1.04
1.06
1.20
1.25
1.26
1.26
1.30
1.32
1.32
1.35
1.34
1.39
1.38
1.40
1.40
1.40
1.39
1.54
1.63
1.59

THB

THC

« 088
«938
1.25
1.23
1.21
1.22
1.24

TWHO

HEAY

8.11
8.07
8.07
8.09
8.10
8.07
8.06
8.07
8.07
8.08
8. 04
8.05
8.05
8.05
8.06
8.06
8.06
8.06
8.06
8.06
8.05
8.06
8.08
8.08
8.07
8. 06
8.06
8.07
8.06
8.01
7.99
8.00
7.96
7.95
7.94%
7.9
7.9
8.03
8.03
8.02
8. 04
8.05
8.03
8.02
8.03
8.10

FLONW

68.66

69.02

68454
68.00
68.50
68.47
68.60
68.38
68.46
68.71
68.63
68.64
69.13
69.04
69.02
68.95
69.76
69.29
69.49
69.53
69.30
69.66
69.55
69.60
69.98
69.95
69.73
69.59
69.30
69.73
69.76
69.40
69.59
69.21
68.22
69.53
69,42
69.61
69.64
69,40
69,59
69,65
70410
66.73
67.75
66,67

611



TIME

1500
1543
2000
0100
0600
1100
1252
1539
1700
2200
0300
0800
1300
1800
2300
0400
0900
1400
13900
0000
0500
io000
1500
2200
0300
08co
1300

1800

2300
0400
0900
1400
1900
gooo
0500
1000
1500
2000
0100
0600
1100
1600
2100
6200
0700
1200

TIN

-1.91
-1.91
«1¢90
-1.88
-1.88
-1.91
-1.87
=1.94
-1.91
-1.89
-1.88
-1.,088
-1.92
-1.92
-1.088
-1.08
=-1.90
-1.93
-1.92
-1.90
-1.88
-1.89
-1.93
-1.89
-1.89
-1.90
-1.92
-1.92
-1.89
-1.89
-1.89
-1.93
-1.89
-1.8¢
-1,088
-1.91
-1.91
-1.90
-1.88
-1.89
-1.90
-1.91
-1.91
=190
-1.89
-1.90

TOuT

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

THB

THC

THO

HEAT

8.09
8.06
8.04
8.02
8.02
8.03
8.12
8.05
8.03
8.01
8.00
a. 02
8.02
8.03
8.02
8.00
8.03
8.04L
8.02
8.00
8.02
8.03
8.0%
8.04
8.01
8.04
8.04
a. 03
8.03
8.02
8.04
8.04
8.01
8.01
8.03
8.02
8.03
8.01
8.07
8.06
8.06
8,04
8.03
8.03
8.03
8.03

FLOW

66.67
69.77
69.75
69.39
69.71
63.57
68.42
67.65
66.77
67.27
66.53
67.02
66.80
66.56
66.76
66.52
66.63
66.24
66043
66.40
66.41
66.58
6674
66.80
66l
66.63
66.83
67.10
66.60
66.72
66041
66.30
66.27
66.23
66.15
66.08
€647
66445
66.04
66.41
66.57
66.04
65.83
66.30
66431
66.29

A



TIME

1700
2200
0300
0800
1300
1800
2300
0300
08G0
1300
1800
2300
0400
0900
1400
1900
oooo
0500
1000
1500
2000
0100
0600
1100
1600
2100
0200
0700
1200
1700
2200
6300
0800
1360
1800
2300
0400
0900

TIN

-1.91
-1.90
-1.90
=1.90
-1.91
-1.89
-1.91
-1.90
-1.90
-1.93
-1.92
-1.91
=1.90
-1.94
-1.93
-1.89
=-1.90
=-1.90
-1.90
-1.93
-1.93
-1.91
-1.92
-1.91
-1.93
-1.92
-1.92
-1.90
-1.91
-1.91
-1.92
-1.92
-1.93
-1.92
=1.94
-1.91
-1.92
-1.91

TOUT

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

THB

THC

THD

HEAT

8.04
8.03
8.03
8.03
8.04
8.02
8.03
8.03
8.05
8.03
8.01
8.02
8.02
8.02
8.04
8.01
o. uo
8.02
8.03
8.02
8.02
8.01
8.02
8.03
8.01
8.00
8.00
8.01
8.01
8. 00
8.01
7.99
7.99
7.99
8.00
7.99
8.10
8.12

FLOW

66.25
65.94
65.97
66417
65.58
65.94
65.96
67.04
67.33
67.42
67.45
67.18
66.60
67.13
67.31
66+ 96
68.00
67.09
67.25
66 . 85
67.17
67.82
6693
67.16
67.48
67.60
6741
67.97
67.35
67.89
67.06
67.31
67.23
67.69
67.71
67.97
67.82
67.23

It



DA

-

\{

COULUYU OOV OENNNNSNOONCOOO NN NNEWNNNMN NN e e

TINE

1202
13C0
1400
1412
1600
1800
2000
2143
0200
0700
1200
1700
2200
2253
1153
2142
0200
700
1200
1700
2200
0330
0800
1300
1800

2215 .

0360
0800
1300
1840
2300
0400
0900
1400
1960
0009
0500
1000
1500
2000
01060

RAW DATA:

TIN

=2+24
=2.14
=2.10
-2.09
=2.07
=2.06
-2.03
'2.01
=2.02
=-2.03
-2.09
-2.03
-1.99
-1.98
-2.11
-2.09
~2.07
-2.09
-2+15
=2.07
-2.07
=2.06
-2.06
=2.06
-2.09
-2.08
-2.08
'2.11
-2.08
-2.10
=2.08
-2.08
-2.09
-2.08
-2.03
-2.03
-2.02
=207
~2.08
-2,02
-2.,01

RUN 105

TouTt

THA

« 37

o 40

43

«50

+55

« 70

. 86
1.00
1.26
1.37
1.34%
1.36
1.36
1.43
1.34
1.53
1.€5
1.73
1.68
1.76
1.70
1.48
1.45
1.40
1.39
1.40
1.37
1.35
1.35
1.33
1.33
1.31
1.30
1.3
1.32
1.31
1.30
1.25
1.24
1.2”
1.29

THB

19
21
28
31
«37
48
«60
o 72
«91
«97
93
«96
+96
1.02
92
1.13
1.25
1.34
1.31
1.38
1.35
1.16
1.11%
1.06
1.03
1.04
1.01
«98
98
+ 96
«96
9l
«93
+93
94
e 94
+93
«88
«87
21
92

THC

THD

45
8
52
59
«63

HEAT

9,91
9.84
9.81
9.91
9.86
9.91
9.88
9.89
9.87
9.91
9.90
9.90
9.89
9.93
9.93
9.94
9. 80
9.81
9.81
9.90
9.89
9.86
9.88
9.89
9.95
9.96
9.92
9.95
9.96
9.94
9.93
9.91
9.95
9.95
9.92
9.92
9.92
9.94
9.93
9.92
9.93

FLOW

101.69
105.64
105.79
105.22
108,68
105.17
107.95
109.20
106.30
106.45
107.85
106 .61
108.95
105.18
108.05

98.66

98.58
100.97
93 .45

98.82
99.53
104.61
104.61
108.40
107.99
106.32
104.95
104413
106.11
104.56
103.29
107.05
105.67
104.990
109.97
112.12
109.27
167.90
109.27
110.72
106.73

¢cl



TiMe

0600
1100
1600
2100
06200
0706
1200
1760
2200
0300
0800
1300
1800
2300
0400
09G0
1400
1900
0060
0500
1600
1500
2600
6100
0600
1100
1600
2100
0200
greo
1200
1700
2200
0300
0800
1300
18C0
2300
0400
0900
1400
1900
0000
0500
1060
1500

TIN

-2.,00
-2.,60
-2, 00
-2.02
-2.03
-2.04
~2.04
=2.02
-2|01
-2.01
-2.05
-2 09
-2.07
-2.086
-2.06
-2.,08
-2.09
~2.09
-1.85
-1.85
-1.84
«2.03
-2.09
-2.08
'2. 11
~2.09
~2406
-2.12
=214
~-2.18
=2.14
-2.10
-2.14
-2.18
-2.21
-2.16
-2+15
-2.18
-2 20
~2.19
-2.12
-2.13
=2.14
-2.17
-2| 16
-2.11

Tourt

THA

1.28
1.29
1.26
1,22
1.23
1.23
1.25
1.26
1.28
1.27
1.26
1.25
1.28
1.30
1.30
1.30
1.31
1.30
1.51
1.55
1.58
1.44
1.39
1.40
1,38
1.38
142
1.39
1.37
1.35
1.38
1.43
1,40
1.37
1.36
1.40
1,42
1,40
1.38
1.u1
1.46
1.47
1.46
1445
1.48
1.51

T

91
91
+89
«85
« 86
+86
87
+«89
«89
«89
‘e 88
+86
.69
931
91
+91
92
+91
1.11
1.15
1.19
1.04
«99
1.00
+98
« 99
1.01
+«98
« 97
+95
«98
1.02
+«99
+96
L
98
1.00
+ 98
« 97
+«99
1.04
1.05
1.04
1.03
1.05
1.09

THC

HEAT

9.92
9.94
9,93
9,90
9,92
9.92
9,93
9.92
9.91
9,90
9,94
9,94
9,91
9.91
9,90
9.92
9,93
9.90
9.89
9.91
9.92
9.92
9.87
9,89
9,90
9.87
9.88
9.90
9.88
9.89
9,89
9.90
9.89
9,88
9.87
9.87
9,88
9.87
9.85
9.89
9.87
9.89
9.88
9.87
9,92
9,90

FLOW

108.51
111 .66
108.58
111.14
105.08
108.52
105.76
105.93
106.76
107.13
105.51
107.70
107.97
1064.37
103.90
105.04
104.94
105.30
103.60
105.10
104.50
105.32
102.15
103.94
106.76
104.65
107.70
105.42
103.65
105.96
105.10
103.46
105.09
101.59
10477
104.29
105.04
105.81
106.86
103.05
106.36
105.94
105.18
105.88
104.95
106.05

XA



DAY

19

217
20
20
20
21
21
21

TIME

2000
0100
0€00
1100
1600
2100
0z00
0700
1200

TIN

-2.11
-1.87
-2.07
-2.,08
=2.04
=2.04
=2.00
=-2.00
=2.02

TOUuT

THA

1.52
1.7%
1.55
1.55
1.53
1.59
1.€5
1.67
1.¢€6

THB

1.09
1.28
1.13
1.13
1.15
1.16
1.21
1.23
1.22

THWC

HEAT

9.88
9.86
9.89
9.90
9.91
9.89
9.95
9.98
9.96

FLOW

103.34
109.90
106.54
112.34
109.37
111.08
108.99
109.32
108.48

pal



ua

-

Y

COL VOOV DERZETNNNNNOOCOTTOOT N VTNV E WNNNNN N e e e e e b

TIkE

1202
1360
1400
1412
1600
1800
2000
2143
0200
0700
1200
1700
2200
2253
1153
2142
0260
0760
1200
1700
2200
03¢0
0800
1300
18G0
2215
0300
0800
1300
1800
2300
0ugo
0900
1400
1900
0000
05¢C0
10C0
1500
2600
0100

RAW DATA!R

TIN

=224
=2.14
-2 10
-2+09
-2.07
-2.06
-2.,03
-2.81
-2.02
-2.03
'2.09
-2.03
-1.99
-1.,98
-2.11
-2.,09
-2.07
‘2.09
-2+15
=2.,07
-2.,07
~2+.06
-2.06
-2.06
-2.09
-2.08
-2.08
-2.11
-2.08
-21 10
-2.08
-2.08
-2,09
-2.08
-2.03
'2-03
-2.02
-2.07
-2.08
=2.02
-2.01

RUN 10€

Tour

THA

€3
72
-+ 80
« 80
1.02
1.21
1.40
1.58
1.82
1.87
1.79
1.77
1.73
1.77
1.76
1.€2
1.72
1.79
1e74
1.73
1.75
1.648
1.€2
1.58
1.53
1.%5
1.3
1.51
1.0
1.49
1.439
1.43%
147
1.48
1.53
1.54
1.53
1.48
147
1.51
1.51

TW8

THC

THD

32

HEAT

9.78
9.73
9.73
9.79
9.86
9.91
9.79
9.81
9.81
9.85
9.84
9.85
9.86
9.83
9.82
9.81
9.73
9.76
9.75
9.78
9.78
9.76
9.79
9.80
9.78
9.78
9.75
9.78
9.79
9.77
9.76
9.75
9.78
9.78
9.75
9.77
9.77
9.80
9.78
9.77
9.78

FLOW

99.19
101.61
101.44
104.49
103.67
105.17
106.23
103.50
105.37
104417
103.01
106.77
103.83
100.77

95.31
104.2€
102.05
100.93
100.88

102.56 .

104.38
107.11
107.27
102.19
105.68
101.91
102.23
105.66
103.15
104.19
104.83
105474
102.33
106.22
105.89

39.90
100,03
103.38
101.95
151.69
103.53

1A



TIN

-2 00
-2.,00
=-2.00
-2.02
-2.03
=2.04
=2.04
=2.02
~2.01
-2.01
=2.,06
~2.09
=2.07
-2, 06
-2.06

-2.08
-2, 09_

=2.09
-1,85
=1, 34
=1.84
-2.63
-2.,09
~2.08
-2.11
-2.09
=2.06
=2.12
=2.14
~2.18
=2.14
‘2. 10
~2.14
=2.18
~2.21
=2.16
=2.15
-2.,18
=2.20
=2.19
-2.12
‘2013
~2. 14
-2.17
~2.16
-2.11

TouT

TWB

TWe

1.15
1.15
1.13
1.10
1.09
1.09
1.11

1.13
1.13

HEAT

9.77
9.79
9.78
9.76
9.76
9.78
9.78
9.77
9.78
9.76
9.80
9.840
9.78
9.77
9.77
9.79
9.79
9.77
9.76
9.77
9.78
9.79
.74
9.77
9.78
9.75
9.76
9.78
9.76
9.77
9.76
9.78
9.77
9.76
9.75
974
9.76
9.75
9.73
9.76
9.75
9.78
9.75
9.75
9.78
9.77

FLONW

106.04
103.71
105.92
106.41
106.79
106.44
108.04
104.79
102.45
107.10
106,11
106.84
108.07
107.26
106.74
106.79
107.23
102.10
104.73
107.02
105,13
105.56
105.83
107.07
103.39
102.76
107.84
103.70
104.01
105.94
104.08
104.138
104.31
105.89
105.70
104.02
106.04
102.16
103.81
103.75
104,22
104,49
10574
103.838
104.21
107 .43

9¢c1



TIME

2060
0108
0e00
1100
1600
21040
0200
0700
1200

TIN

-2.11
-1.,87
-2.07
-2.08
-2.04
-2.03
-2.00
=2.00
~2.02

TOourT

THB

THC

1.35
1.64
1.49
1.49
1.51
1.52
1.54
1.56
1.55

HEAT

9.76
3.75
9,77
3.79
%.79
9.77
3.76
9.79
3.78

FLOW

107.04
102.37
102.47
102.54
100.55
103.99
102.56
103.23
105.31

L21



DAY

OO P RPREDBINNNNOCOCCOOOVNMVMVMVNESFFFTFWWWNWANNNNNNNN -

TIME

2208
2215
2300
0000
6100
G158
06400
1100
1606
2100
0200
0700
1200
1760
22640
0300
0800
1300
1800
2308
0400
0960
1400
1909
0060
0560
1000
1500
2000
2326
0400
906G
1400
1900
0500
0560
1000
1560
20040
0100
0660

RAW DATAL

TIN

-1.86
-1.86
-1.85
-1.85
-1.85
=1.85
-1, 86
-1.87
-1.88
-1,85
-1,85
'1.85
-1.84
'1.87
'1.57
-1.85
-1.88
-1,87
-1.86
-1.,87
-1.85
-1.85
-1.36
-1,86
-1,86
=-1.85
-1.85
-1.87
-1.86
-1.80
1,73
-1.74
1,71
~1470
-1.75
-1.,86
-1.87
-1.89
'1.89
-1,88
-1,.86

RUN 107

Tourt

THA

+ 40

o 42

o 40

bl

. 42

o by

+55

+ 66

78

+ 88
1.07
1.40
1.78
2.08
2.38
2.77
3.01
3.22
3.38
3.57
3.75
3.90
4405
4.05
4.20
4436
bhe52
4.6l
heB81
4.92
5422
5.28
5.33
5.33
531
S5el3ls
5435
533
533
532
5437

THad

42

o1

Y4

YA

1)

46

+56

+68

+80

.89
1.11
lelsts
1.81
2.11
2440
2.78
3.03
3.24
3.40
3.58
3.77
3.92
4.07
407
bhe22
4.38
oSl
4466
4.81
4.93
5425
530
5435
536
5.3‘.
5.38
5.38
5.36
5435
5435
Selsl

THC

+ 52

52

+ 51

54

57

+59

+ 69

«79

«91

«98
1.14
1.38
1.7%
2.03
2. 31
2.69
2.92
3.12
3.27
3.4
3.62
3.75
3.90
3.89
hel2
hel8
4e32
heldd
be57
4be.b68
5.00
5.05
5.99
5¢11
5.08
5.11
5.12
5.10
5.08
5.08
Sell

THOD

o0

+39

+38

40

el

42

52

+63

75

83

«99
1.25
1.65
1.97
227
2.66
2492
3.12
3.29
Jeb7
3.65
3.81
3.96
3.95
4.10
4e26
bhel42
bS5k
4.69
heB1
512
5.18
5422
Sells
5.20
5.23
5425
5423
5.21
5.21
526

HEAT

797
8.01
7T.36
7.93
7.92
7.89
7.97
797
7.97
7.95
7.98
8.01
8.00
7.99
8.00
7.98
8.00
8.01
7.38
8.00
8.00
8.02
8.02
8.02
8.02
8.00
8.00
7.99
7.99
7.98
7.58
7.99
8.00
7.99
7.97
7.97
8.00
7.99
7.98
7.36
7.98

FLOW

88424
89.96
88.04
88.48
90 .55
88.34
90.91
88.69
86.66
87 sl b
88.75
87.98
85.74
86.23
85.86
83.07
81.60
81.67
82.39
82.52
80 .47
82.74
82 b4
88.03
87.52
87.07
87.70
87 45
86.70
83.24
78.21
78.59
78.91
7847
73.15
77.02
77.61
77.01
T7.14
77 .87
77.39

8¢l



TIME

1400
1900
g6ao
0500
1000
1500
2100
0200
0700
1200
1700
220¢
0300
08040
1300
1800
2300
0u0l
0900
1400
1900
0300
0500
1060
1500
2000

TIN

-1.89
-1,.,89
=1.,84
-1.86
-1,87
-1,89
-1,85
~1.84
~1.85
-1.,87
-1.87
=1.84
=1.,84
-1.,85
-1.,88
-1.,89
-1.87
-1,85
-1,86
-1.87
-1,88
-1, 85
-1.,85
-1,89
-1.87
~1.88

Tout

THA

5.05
.00
%.99
.97
4439
96
5.08
5.060
5.00
5.01
4o 9%
4.98
4.90
491
487
4,88
4.90
be32
4he92
4.97
4 .96
4.99
5.61
i4¢98
4,96
4.93

THS

5.09
5.03
5.03
5.00
5.02
%.99
5.12
5.03
5.03
5.03
4.95
4.99
4e92
4.93
4,89
4.89
4e91
4,93
494
%.98
4.98
5.01
5.03
5.00
4.97
4.95

THC

4,83
be77
o7
473
be?75
he72
LY. 1)
bkeTb
be?75
bo75
4.67
he7l
464
4 +65
461
hebl
463
4.65
465
469
4e69
4.72
4.73
Le70
k.68
4.66

TWD

495
k.89
4.88
4.86
4,88
b, 85
4e97
4.89
%.89
4.89
4he82
4.86
he78
4.80
Le76
be75
“.77
4.80
4.80
heBl
heBl
4.87
.88
he86
4.83
4e81

FLOW

85.39
86.71
85.62
85.23
85.16
86.05
83.25
82.34
82.03
8k .87
85.82
84 .66
89.37
91.28
89.49
89.33
89.66
88.64
88.15
89.61
M.37
89.54
91.70
89.49
aM0.57
93 .98

621



DAY

NNOOOOVIVIVSESE ST T WUWWWWNRONRONPONNNDNN -

TINE

2328
0014
0200
0400
0600
0800
1000
1200
1256
1500
2000
0100
0600
1100
1600
2100
0200
0760
1200
1700
2200
0300
0800
1800
0400
0900
1400
1900
0000
1000

RAH DATAS

TIN

-1, 86
-1.86
-1.87
-1.87
-1.86
-1.86
-1, 87
-1.88
-1.84
-1.87 .
-1.866
-1.84
-1.,83
-1.86
“1.84
-1.,85
-1.85
-1.96
-1.86
-1.87
‘1. 90
-1.84
-1.84
-1.85
-1,83
“1.83
-1.90
~1.,86
-1.90
-“1,92

RUN 108

TOUuT

THA

«28
«28
«30
32
.3“
«38
Y]
43
Y]
«52
«55
55
«54
51
« 50
oh?
«50
o3
49
o448
45
«50
49
51
«52
52
«50
«51
« b8
W7

THB

THC

«31
o34
«33
«37
«39
43
45
b8
54
«55
«59
«59
«57
«54
53
51
«53
o7
53
«50
W7
52
«52
«52
54
«53
51
«52
«49
k8

THD

«23
26
27
«28
«32
«35
«38
«40
b6
47
«50
49
b8
ol
46
k2
bl
.38
42
YA
«39
b3
b3
ohe3
ohly
b6
Y4
olty
o bl
«39

HEAT

8.15
8.09
8.05
8.02
8.01
8.02
8.02
8.01
8.08
8.14
8.17
8.15
8.17
8.19

- 8e13

8.12
8.20
8.23
8.23
8.17
8.14
8.15
8.17
8.15
B8.14
8.17
8.19
8.16
8.15
8.16

FLOW

89.93
89.38
99.56
86.84
86.12
89.62
30.15
90.75
87.30
86.87
90.61
87.67
90.96
92,58
93.08
88.87
91.03
91.34
92.33
30.53
85.084
91.61
92.03
88.85
89.73
89.32
89.00
8r.79
89.28
85.60

0¢€T



DAY

:'::‘::‘ucdu(4urvnuvmrvmr0»n-»

TINE

2208
2215
2300
06co
01co
0158
0600
11C0
1600
2100
0260
0700
1200
1760
2200
8300
0860
136G
1860
2300

RAW DATAS

-1.86
-1.86
-1.85
-1.85
-1.85
'1-65 )
-1.86
-1.87
-1.88
-1.85
-1.85
-1.85
~1.84
-1.87
-1.87
-1.85
-1.88
-1.87
~1,.,86
-1.87

RUN 1C9

Tourt THA
0.00 2.16
0.3¢ 2.11
0.00 2418
0.00 2428
0.00 2.38
0.060 2452
0.u0 2.95
0.00 3.65
g.0¢ 4429
0.00 4o71
0.00 5.78
0.30 691
0.400 7.90
0.00 8.76
0.0 3. 44
0.40 9.89
6.00 10.31
0.00 1D.€7
0.00 10.99
0.90 11.52

TWe

THC

TWO

1.85
1.89
1.93

2.06-
2.18.

2.30
2.77
3842
4,12
4.69
554
6.62
7.52
8.26
8.93
3.39
9.93
10.34
10.65
11.15

HEAT

7.95
7.93
7.93
7.84
7.87
7.85
7.92
8.00
7.%6
B.u8
8.06
8.08
8.05
8.00
8.00
7.97
8.04
8.04
8.01
8.02

FLOW

60.97
60.92
60.75
61.08
61.15
61.08
61.32
61 .45
60.57
60.37
60.33
63.10
60.63
59.97
60.65
61.10
60.25
60.88
61.51
61.12

1€1



DAY

NNV VN VNEETTSITWUWWWWAONNRONDNNNND NN -

RAW OATAS

TIN

~-1,86
~1.86
-~1.87
-1.87
~1.86
~1.86
~1.87
~1.88
~1.84
~1.87
~1.86
-~1.,84
-1,83
~1.86
~1.84
-1.85
~1.85
-1.96
~1.86
-1.87
-1.90
~1.84
-1,84
~1.85
-1.,83
-1.83
~1.90
~1.86
-1.90
-1.92

RUN 110
TOUT THA
.00 1.98
0.00 1.9
0.00 2.00
0.00 2417
0.00 2.27
0.00 2.4 44
0.00 2.52.
0.00 2455
0.00 2.63
0.00 2.76
0.00 2.79
0.00 2.87
0.900 3.03
0.0 3.09
0.00 3.09
0.0C 347
0.00 3.12
0.00 3.06
0.00 3.12
0.40 3.10
0.00 3.l
0.00 e 10
0.00 2.92
0.00 2.93
0.00 2.95
0.00 2.91
0.00 2.91
0.00 2.90
0.00 2.88
0.00 2.92

TWB

THC

TWO

HEAT

7.99
7.99
7.90
7.88
7.87
7.88
7.88
7.88
7.9
7.99
7.98
7.92
8.004
8.08
8.00
7.9%
8.04
8.0k
8.09
8.401
7.98
7.98
alal
8.30
8.02
8.02
8.G1
8.00
8.00
7.97

FLOW

60.91
60.91
61.11
60.91
60.82
60.95
61.01
61.22
61.25
61.15
6l.74
61 .61
61.05
61.65
61.43
61.33
62.35
61.57
61.54
62.08
61.86
61.73
62.83
61.74
61.93
61.99
61.50
61.73
61.37
61.31

eel



DAY

NOOOOVVVMVVESEEET WWNNWNNANN - e o o po o o po o ps o b po o po o

TINE

2039
0160
0111
0200
0300
04G0
0500
Ge00
0700
0809
0900
1600
1100
1155
1600
2100
0200
0700
1200
1700
2200
£300
0800
1360
1800
2360
0400
g900
1024
1500
2000
0100
0600
1100
1640
2100
0200
0700
1206
1700
0300

RAW DATA:

TIN

-1,92
-1,88
-1.87
-1. 85
-1.83
-1.83
-1.83
-1.82
-1.,83
-1.82
=1.84
-1,86
-1.,85
-1.,87
-2.,07
=1, 84
-1.,86
-1,83
~1.85
-1,88
-1.85
-1.,88
-1,89
-1.91
=-1.92
-1,88
-1.87
-1,89
-1.,90
-1,91
-1.91
-1,88
-1,87
-1.,93
«1490.
-1.,91
-1.89
-1. 89
-1.,90
-1.,91
-1.,89

RUN 111

Tourt

THA

1.493
1.52
1.97
1.61
1.66
1.71
1.81
1.488
1.91
2.00
2. 07
2.12
2.17
2.27
2436
24 64

TW8

1.50
1.52
1.57
1.61
1.70
1.75
1.83
1.91
1.97
2.05
2.11
2417
2.23
2.33
2.43
2.71
279
2494
3.00
2.98
2499
3.02
3.07
3.12
3.18
3.21
3.27
3.31
3.33
3.32
3.33
3.37
3.47
3.48
3.45
3.49
3.53
3.64
3.69
3.71
3.73

THC

1.71
1.76
1.79
1.86
1.92
2.00
2.08
2.15
2.19
2.31
2434
2.40
2ol
2454
2463
2.83
2.87
2+96
2499

" 2495

2497
2496
3.04
3.06
J.14
3.17
3. 20
3.27
3.27
3.26
3.27
3.32
342
Jete3
3.40
3.43
3.7
3.58
3.62
3.64
3.66

THO

1.44
1.48
1.51
1.57
1.61
1.68
1.76
1.82
1.89
1.98
2.02
2.06
2012

"2422

2.30
2456
2.61
2475
2479
2.78
2.80
2.82
2.87
2.990
2494
2.98
3.03
3.07
3.11
3.08
3.09
3.15
3.22
3.22
3.21
3.24
3.28
3.40
3.kl
346
3.49

HEAT

14.27
14.20
14.28
14.14
14,07
14,03
14,02
14.02
14.402
14,006
14. 04
14.05
14,08
14.26
14.26
14.26
14,20
14.28
14.28
14,24
14,23
14.18
14,23
14.27
tted?
14.18
14.16
14,22
14.29
14,22
14.18
14.18
14,28
14,32
14.28
14,29
14.25
14,32
14.28
14.25
14,26

FLOW

105.88
108.94%
110.65
113.13
113.17
110.37
108.79
110.03
109.36
108.72
109.36
113.08
110.07
110.32
110.91
110.71
108.54
107.91
109.86
111.40
111.05
108.68
110.7¢4
110.46
108.19
107.24
107.52
107.38
110.65
110.15
110.84
106.84
107.64
107.99
109.49
115.01
110.41
106.70
106.33
107.57
112.07

€€l



UAY

WO OO OO B®E®®NNNN

-
[ - -]

-
o

TIME

0800
1300
1800
2300
0827
0560
1600
1500
200¢
0100
0600
1100
1600
2100
0200
8700
1700
2126
n2c¢0
a700
1200
1700
2200
0300
0860
1300
1800
2300
0400
0900
1400
19030
0600
2627
010¢
0129
0600
1100
1600
2100
0200
6700
1200
1700
2200
0938

TIN

-1.87
-1.,91
-1.90
-1.90
-1.91
-1.87
-1.89
-1.93
=-1.90
-1.90
-1.88
-1.91
-1.90
-1.91
-1.87
-1.89
-2.02
-1.91
~1.89
-1.89
-1.93
-1.91
-1.90
-1.88
~1.89
-1.93
~1.91
~1.89
-1.88
-1.88
-1.90
-1.91
-1.88
-1.90
-1.89
-1.90
-1.88
-1.88
-1.91
-1.91
-1.89
-1.88
-1.88
-1.91
-1.90
-1.87

Tourt

THA

3.67
3.66
3.66
3.68
3.70
3.74
3.76
3.75
3.79
3. 82
3.96
4.01
4,05
4. 06
4415
hel1b
4e15
4426
4.29
e 35
4e3Y
4.39
b 42
bobly
beb9
beb9
bhet9
ha53
4455
4e58
4.60
4.62
4.68
4.60
beti2
4455
o 54
l’.65
“.56
4465
beb?
baT1
be73
4,67
.69
“.81

TWB

3.77
3.76
3.77
3.78
3.80
3.85
3.86
3.85
3.89
3.93
4.06
netl
4.15
bel?
4.26
4e26
425
437
4.39
betsS
behS
PR
4.53
4.55
4.59
4.59
4.60
beb3
4e6b
4,70
4e72
473
%480
4e73
4.53
4.67
4.65
4e?7
4.69
4476
4.79
4.83
5485
4.78
w79
5492

TWC

3.71
3.70
3.7
3.72
374
3.78
3.79
3.80
3.82
3.86
4,00
hell
4.07
4,09
he.18
he19
hel?
he28
he30
bhe36
436
4.39
ekl
Lo b6
4.50
4.50
4.50
he54
he57
4.60
he62
he62
4.70
be63
helt5
459
4.58
be68
hebl
beb67
4.70
el
belly
4.69
4.69
he82

TWO

3.54
3.52
3.53
3.55
3.56
3.61
3.62
3.62
3.66
3.69
3.83
3.88
3.92
3.94
4.0k
4.05
belt
Y
4e18
be2ls
4,23
4.28
4e32
be3l
4.39
4.38
N
bets3
b.4b
449
4.50
4.53
4.59
4e52
4.33
bols5
bolsly
4.56
Lot 9
4456
4.59
4.63
4.65
4.59
be61
473

HEAT

14,27
14,27
14.24
14.23
14.26
14.24
14.26
14.26
14.24
14,22
14.26
14.29
14.27
14.24
14,22
14.30
14,27
14.24
14,23
14.28
14.28
14,25
14.26
14.22
14.26
14.28
14,24
14,22
14.24
14,28
14.28
14.20
14,22
14.25
13.93
1424
14,21
1hebt
14,21
1434
14.32
14.35
14.36
14.17
14.18
14.27

FLOW

108.16
107.57
111.12
109.20
110.26
111.7¢
110.66
1068.51
109.48
110.94
108.79
107.31
109.53
108.83
103.05
107.08
107.57
106.17
108.69
106.36
104.83
108.88
106.97
106.96
100.99
106.38
107.83
183.75
104.29
103.19
105.73
103.33
104.76
108.35
108.95
113.61
110.98
108.91
114,22
111.94
113.31
110.54
109.25
109.13
110.93
108.37

1291



TINE

1400
1900
0goo
0500
1000
1500
2000
0100
0600
1100
1600
0039
0500
1000
1500
2000
0100
0600
1100
1600
21C0
0260
4700
1200
1654
2100
0208
8700
2226
0300
0800
1300
2134
0200
0706
12040
1700
2200
0300
0aoo
1300
1806
2300
0400
09¢c0
1400

TIN

-1.91
~1.90
~1.,88
-1.86
-1.91
-1.,90
-1.92
-1.88
-1.86
-1.86
-1.91
-1.88
-1.88
-1.90
-1.91
-1.91
-1.89
-1.88
-1.91
-1.92
-1.90
-1.87
-1,88
-1.91
=1.93
-1.89
-1.87
-1.87
~“1.89
-1.87
-1.89
-1.91
-1.91
-1.89
-1.,88
-1.91
-1.91
-1.89
-1.88
-1.89
-1.91
-1.90
-1.88
-1.,87
-1.87
-1.91

Tourt

THA

L.76
4.83
4487
492
4495
4e98
4.95
4499
5.07
5.11
S.10
5.15
5.20
5¢43
5455
559
5.69
5.78
5.84
5.91
5. 96
€.00
6415
6415
5.9
5.99
6.01
€07
5.73
5462
5466
5466
587
5¢94
6.02
6404
6.06
6.10
6410
615
€.18
6.19
6.19
€.28
6433
6426

THB

LeB7
be 9l
4,97
5.02
5¢04
5.08
5.05
5.08
5.18
5020
519
523
5.29
5.51
5.62
5. 66
576
5.85
5091
5497
6.03
6.06
6.21
6e19
5.97
602
6.03
6.09
5. 84
5.65
5.69
569
5.88
5494
6.01
6.04
6.05
6.07
6.07
6,11
6,13
6,13
6613
6e22
6e27
6.18

THC

he76
h.83
486
4.91
4e93
4497
he92
496
5¢04
5.07
5. 05
5.11
5.15
5436
Sela7
5.50
560
5.68
S5¢7h
5.79
5.83
5.86
6.01
600
5.78
5.84
5.86
5.91
5.68
5.50
554
554
S5e7l
5.79
5.87
5.89
5.88
5.91
5.92
596
5.99
599
5.98
6.06
6e.12
6o 04

THOD

he68
W75
479
he83
4.87
4.30
4.86
4.91
4.39
5.03
5.01
5.07
5413
5435
5.48
5.52
5463
5.72
5.78
5.85
591
595
6.10
6.09
5.87
5.94
5436
6.02
574
556
5460
5461
581
5.088
5.96
599
6.00
6e04
6.05
6.09
6e12
613
613
6.22
627
6.19

HEAT

14.19
14,32
14.30
14.31
14.34
14,36
14.24
14,23
14,27
14.28
14.26
14.23
14,20
14.26
14.28
14,22
14.31
14.29
14434
14,35
14.33
14.28
14,34
14. 34
14.25
14.23
14.20
14,23
14,31
13.93
13.93
13.93
14,20
14.24
14,30
14.29
14.27
14022
14,21
14. 24
14.26
14,204
14,19
14.27
14.28
14.29

FLOW

105.96
108.74
108.54
107.54
107.53
109.96
108.15
107.81
106.18
108.25
104.58
106.94
100.19

96.74

96.09

95.05

.68

35.56

96.84

93.71

935.69

95.43

30.30

33.07
103.23
100.47
100.91

96.37
106.13
107.88
107.27
109.72
109.79
103.01
104.67
107.86
108.09
106.23
109.94
108.82
107.45
107.48
106.16
105.29
103.91
111.22

Gl



TIN

-1.90
-1,88
-1, 87
-1,89
-1.91
=-1.,92
-1,91
-10 88
-1.,88
-1.91
-1.90
-1,89
-1. 89
-1.90
-1.,88
-10 88
=-1,86
-1.90
-1.88
-1, 87
-1.90
-1. 90
-1.89
-1.87
-1.85
-1.89
-1.91
-1, 90
-1,88
-1. 88
-1.91
=-1.91
-1.91
-1.88
-1,88
-1.91
-1.92
-1.92
-1,88
-1.89
-1.89
-1,.,89
-1,.88
-1.87
-1,.87
-1.90

TOoUuT

THA

6¢33
€31
634
6.38
6436
6.38
6.39
6o lls
6.50
6.50
Gel46
€.l48
6453
6457
6.58
6.70
670
672
6.71
6475
6.77
6.76
6.+ G5
6487
6450
6.93
€497
6499
7.30
7.06
T.06
7.08
7T.10
T.13
Tell
Tell
7.15
T.15
7.13
Te24
7.23
T.26
7.26
T.28
7.35
T.36

THB

6.21
6423
6.27
630
6.28
629
6.28
634
6439
6.39
6e34
6.36
6ets0
6ebs3
Golels
6e54
656
656
6454
6450
6456
656
6.65
6466
6.75
675
Belis
6.75
676
6480
6.78
6479
6.680
6480
6480
6480
679
6.78
6.8l
6.87
686
6487
6.87
6.93
6496
6.97

THC

6.08
6.10
6.15
6419
6.16
6.19
6.19
6e24
6.31
6430
6.27
6.28
6033
6.38
6.39
6451
6.50
6.53
6455
657
6458
6457
6.67
6.68
6.77
6.78
6.78
6480
6.81
6.86
6.86
6.88
6.89
6.92
6.94
6. 94
695
6.95
6.99
7T.04
7.03
7.05
7.06
7.09
7.15
7.15

THO

6.23
6.25
6.30
6433
6431
633
6433
6.39
645
645
6ebl
6e43
6els7
6.51
6452
6.6l
6.64
6.67
6.6k
6.67
6.68
6.68
6.77
679
6.87
687
6.87
6.87
6.89
693
6.93
694
6.94
6496
6495
694
6.95
6495
6499
T.03
7.01
7.02
T.02
7.06
T.11
T.11

HEAT

14.26
14,24
14.24
14.28
14,25
14,27
14.25
14.26
14.29
14.31
14,25
14.23
14.27
14.29
1424
14.24
14.21
14.30
14.28
14.22
14.21
14.19
14.28
14,24
14.28
14.30
14,29
14.26
14,22
14.26
14.27
14.26
14.24
14,22
14.24
14.26
14.26
14,23
14.23
14.28
14.23
14.24
14.20
14,22
14.26
14,25

FLOW

139.60
107.53
104.55
110.6%
106.64
110.51
111.97
109.90
105.64
109.83
110.04
110.89
108.98
103.42
112.28
103.09
106.66
104.97
109.36
104.97
105.02
110.14
106.14
10676
106.82
104.62
103.60
107.18
108.04
104444
106.20
106.56
105.20
106.71
106.99
106.89
106.58
105.48
105.57
103.97
106.68
105.94
107.40
105.61
103.18
107.56

9¢T



DAY
38

39
39

TIME

2000
0100
0600
1100

TIN

-1.90
-1.88
-1.8%6
-1.90

ToUuTv

THA

734
T7.35
Telid
Tetid

THB

6+92
6.92
7.03
6499

THC

T.13
Tell
T.20
T.19

THO

7.08
T.07
Tell
T.13

HEAT

14.19
14.16
14.19
14.20

FLOMW

106.41
105.19
105.61
102.31

LE1



DAY

NO G OOVINMVIMV S EEST T W WA WRNNNN R e b b e e

TINE

0039
0160
0111
0200
4300
0400
0500
0600
0700
0800
0900
1000
1100
1155
1600
2100
g200
o700
1200
1700
2200
0300
88c0
1300
1800
2300
0400
0900
1024
1500
20060
0100
0600
1100
160C
2100
0200
07080
1200
1700
300

RAN DATAS

TIN

~1.92
-1.88
-1.87
-1.,85
-1.83
~1.83
-1.83
~1.82
-1,83
'10 BZ
=1.84
-1.86
-1, 85
-1.,87
-2.07
~-1.,84
~1.86
~1.83
-1.85%
-1.88
-1.85
-1.,88
'1059
-1.91
-1.92
-1.88
-1.87
-1.89
-1.90
-1.91
-1.91
-1.88
-1.,87
-1.,93
-1.90
-1.91
-1.89
-1.89
-1.,90
-1.91
-1.89

RUN 112

Toury

THA

1.19
1.21
1.18

TH8

THC

1.12
1.16
1.17
1.18
1.22
1.26
1.31
1.40
1.38
1.46
1.47
1.52
1.61
2403
2029
2.89
3.00
3.04
3.05
3.05
3.21
3.20
3.29
3e32
3.32
3.36
J.40
Joll
345
Jol3
3o bk
3.51
3.59
3.59
3.62
3. 64
3.67
3.73
3.77
3.78
3.84

THO

1.18
1.20
1.19
1.22
1.29
1.32
1.36
1.641
1.42
1.49

. 1.56

1.60
1.64
2.05%
2429
2.89
2.95
3.01
3.03
3.01
3.13
3.1ts
3‘19
3.21
3.22
3.26
3.27
3.30
3.31
3.31
3.31
3.38
Je4e3
3ol
J.08
3.50
3454
3.60
3.63
3.63
3.70

HEAT

10.77
10.80
10.77
10.70
10.24
10.03

9. 94

9.91

9. 89

9.88

9.88

9.88

9.85
10.85
10.80
10.84
106.75
10.81
10.81
10.79
10.79
10.76
10.80
10.79
10.78
10.78
10.76
10.78
10. 80
10.79
10.77
10.76
10.81
10.85
10.86
10.85
10.80
10.85
10.83
10.81
10.82

FLOW

83.17
83,30
82.31
82.93
84,33
85.57
85.28
83.83
83.66
85.19
84,55
83.10
85.14
85.98
86.24
85«94
83.13
84.03
83.62
8477
83.20
83.681
81.21
82.68
83.25
84.05
82.24
81.13
82.07
82.07
82.60
82.0%
80.20
81.48
83.05
82.84
82.91
81.81
83.79
81.98
82.29

8¢el



DAY

VOO OWRIOEE®P®O® NN

TIN

-1.,87
-1.91
-1.90
«1.90

-1.91°

-1.,87
-1.89
-1.93
~1.90
-1.90
-1.88
-1.91
~1.90
-1.91
~1.87
-1.89
-2.02
-1.91
-1,89
-1.,89
-1.93
'1.91
-1.90
~1,88
-1,89
~1.93
-1.91
'1.89
-1.88
-1,88
-1.90
-1.91
-1.88
-1,90
-1.89
-1.90
-~1,88
-1.,88
-1.91
-1.91
-1.89
-1.88
-1.88
‘1091
-1,90
-1.,87

Tout

THA

3.85
3.87
3.9
3.92
3.29
3.33
3304
3.31
334
3.35
3.40
343
3.47
3.46
3.49
3.55
3.42
J.52
3.53
3457
3.51
3.52
3.54
3.57
3.59
3.56
3.56
3.58
3.62
3.64
3464
3.63
3.68
3.68
3.60
3.77
3.79
3.85
3.84
3.85
3.88
3.91
3.92
3.85
3.92
4o 08

Twe

TWOD

3.74
3.76
3.78
3.78
3.18
3.24
3.22
3.21
3.25
3.26
3.31
3.32
3.37
3.37
3.40
344
3.31
3.40
3.42
3.48
3,61
3,42
3,44
347
3.49
347
3.46
3.49
3.52
3.54
3.52
3.53
3.57
3.54
3.46
3.63
3.64
3.69
3.69
3.71
3.74
3.75
3.76
3.73
3.74
3.88

HE AT

10.80
12.29
12.27
12.27
10.96
10.95
10.97
10.97
10.95
10.964
10.96
10.98
10.98
10.95
10.93
10.99
10.87
10.85
10.84
10.89
10.81
10.80
10.81
10.78
10.81
10.82
10.79
10.79
10.79
10.81
10.81
10.77
10.78
10.78
10.52
10,84
10.68
10.72
10.68
10.72
10.69
10.69
10.70
10.66
10.65
10.80

FLOW

81484
83.21
82.94
82.22
84448
82 .48
81.81
82.95
81.59
82.57
82.75
81.35
80.69
81.07
79.38
78.90
79.95
81.37
80.16
81413
81.680
81.90
83.35
83.30
80 .64
80.91
82.30
81.88
80.85
83.90
81.95
80.92
80415
82.13
81.67
82.75
83.00
81.87
83.14
83 .67
8419
82.08
83.74
B4 .94
83.09
81.681

61



TINE

1400
1900
ooc¢o
500
1000
1500
2000
0100
6600
1100
1600
0039
0500
1000
1500
2000
0160
060C
1100
1600
2100
0200
3700
1200
1654
2100
0200
07400
22268
0300
0800
1300
2134
0200
0700
1200
1700
2200
3300
6800
1300
1800
2300
0Loo
0900
1400

TIN

-1.91
-1.90
-1.68
-1.86
-1.91
-1.90
=-1.,92
-1.,88
~1.86
~1.,86
-1.91
-1,88
-1,88
-1,90
-1,91
-1.,91
-1,.,89
-1,08
-1.91
-1.92
-1.20
-1.,87
-10 [.].]
-1.91
-1.93
-1.89
-1.87
-1,87
-1,.,89
-1.87
-1.89
-1.91
~1.91
-1.89
-1.88
-1.91
-1.,91
-1.,89
-1.88
~1.89
-1.91
-1.90
-1.88
-1.87
-1.87
-1.91

TOUT

THA

4.03
4000
4.03
4.06
4.10
4e11
4.08
hei2
hel7
4.19
4.16
he21
he25
bedl
bolb
hoelb8
he51
‘.. sa
4. E5
LeG3
betd
b.68
hell
hel2
he52
ke€O
bet3
Letb
he?72
h.68
he73
4475
5e22
5¢19
527
529
Se31
533
Se 36
5.39
Selel
S5e 01
5¢43
553
5.57
5435

TwB

THC

402
3.99
4.02
4,05
4.09
4e10
407
4el?
416
4eld
4.15
4,20
We2t
4.39
4445
Wel?
4.50
457
4e62
4e61
Woblh
4.66
ne72
4.70
4e51
4.59
4e62
4e66
We72
4Web7
4,73
Well
5,20
5.19
5.26
5.30
5.30
5,32
5.35
5.39
5.40
5.41
S b2
5,52
5.56
5.35

THO

3.87
3.84
3.88
3.90
3.93
3.94
3.91
3.95
3.99
4we2
3.99
404
4.08
4.23
“w.28
%.30
%.33
Y]
4olb
Py
tot8
4.51
4.57
4eSh
4we3l
bels2
4ek5
boleB
4.58
454
4.59
4.60
5.06
5.03
5412
5.14
5.15
5.16
5.20
5424
5.25
5.26
5.27
5.37
5.1
5.19

HEAT

10.81
10.77
10.76
10.75
10.80
10.81
10.76
10.76
10.78
10.78
10.79
10.77
10.76
10.80
10.79
10.77
10.76
10.76
10.79
10.81
10.80
10.77
10.82
10.061
10.80
10.80
10.79
10.80
10.82
10.38
10.32
10.25
10.78
10.73
10.78
10.78
10.77
10.73
10.73
10.74
10.77
10.76
10.71
10.80
10.82
10.82

FLOW

81.49
83.83
84432
84416
83.40
8456
84 .78
85.89
82.94
83.10
83.50
82.08
81.14
78.71
T9.48
77.65
T8.43
78.17
75 .94
73.55
78.08
T6 b7
T6.45
T7.52
84,21
80.58
81.09
81.65
82.12
79.78
78.28
T9.47
79.47
80.80
T9.45
79.79
81.01
81.18
81.24
a0.81
82.51
82.31
82.82
79.96
79.61
8647

ovl



TIME

1900
0000
0500
1000
1500
2000
0100
0600
1100
1600
2100
0200
o700
1200
1700
2200
0360
2202
0110
0600
11006
1600
2611
G100
0600
1100
1600
2100
0200
6700
1200
1700
2200
0300
08C0
1300
1800
2300
0400
8900
1400
1900
9000
6500
1000
1500

'1090
-1.88
-1.87
-1.,89
-1.91
-1.,92
-1.91
-1.88
‘1. 88
-1.91
=1.90
-1.,89
-1.89
-1.,90
-1,88
-1.88
=1.,86
-1.,90
-1.,08
-1.,87
-1.90
-1.90
-1.89
~1.87
~1.85
-1.89
-1, 91
-1.,90
-1.88
-1,88
-1.91
-1.91
-1.,91
-1,.88
-1.088
-1.91
-1.92
-1.92
-1.,088
-1.89
-1.,89
-1.89
-1.,08
-1.87
-1.87
-1.,90

TOUT

THA

5,40
5.45
5.47
5,45
5447
5.48
5.55
5,62
5.66
5,65
5.60
5,62
5,66
5.63
5.70
5,78
5.80
5,64
5.78
5.93
6007
61l
6450
6.51
6457
658
658
658
6064
6.70
6¢58
6462
6463
6465
6468
6468
6o T4
6.75
6080
6487
6. 87
6.0
690
6496
7.02
7.03

THB

THC

539
Sela7
5«49
Se46
Sele7
S5e49
5456
562
5.65
5.65
5.61
5.61
5.65
569
5.72
578
S5.88
Se 6k
5.78
593
6.06
6.10
6449
6.52
6.58
6.58
6.58
6.59
6. 65
6.70
6.59
6462
6.63
6.66
6+69
6470
675
6.76
6.82
6489
6.88
6491
6.92
6.97
7.03
T.04

TWO

Se2lb
529
533
5429
5.31
5.32
539
5.6
550
550
5.45
5.46
5.51
Se5h
5455
5.62
5465
Sels 8
5¢63
576
5.88
5.92
6.31
6.32
6.38
6.39
6.38
6439
6olete
650
6.38

" 6eled

6el42
6.45
6.48
6.48
6453
654
6.59
6.66
6.66
6.69
6.69
674
6.80
6.81

HEAT

10.81
10.80
10.79
10.81
10.82
10.80
10.80
10.81
10.83
10. 86
10.75
10.70
10.73
10.73
10.71
10.80
10.78
10.79
10.81
10.34
10. 461
10. 39
10.73
10.73
10.76
10.74
10.70
10.69
10.70
10.73
10.73
10.73
10.71
10.70
10.71
10.72
10.73
10.70
10.72
10.76
10.73
10.7%
10.71
10.73
10.75
10.75

FLOMW

87.10
83.05
83.34
85.70
84 .28
85.27
81.91
83.93
81.63
84,77
82.81
84.82
82.86
83.58
82.13
81.97
81.07
80.15
84.61
78.95
79.66
81.50
73.51
79.86
80.27
80.43
81.08
81.91
82.38
80.11
85.12
83.98
84.59
84,47
82.59
83.55
82.87
85.13
84.35
82.10
82.13
81.99
81.22
81.03
82.24
60.83

vl



TINE

2000
0100
0600
1100

TIN

-1.90
-1,.88
-1.86
-1.90

Tourt

THB

THC

7.02
T«06
712
To.13

THO

6.80
6.84
6.89
6.90

HEAT

10.72
10.70
10.73
10.75

FLOW

80.85
79.98
79.88
81.69

el



DAY

E WWWNWMNMNMN PO - - b b e s b s b g b e

TIME

0039
0100
0111
0200
0300
0400
0500
0600
0706
o800
09900
1000
1100
1155
1600
2160
0200
8700
1200
1760
2200
0300
0800
1300
1800
2300
0400

RAW DATAR

TIN

~1.92
~1.88
-1,.,87
-1.85
-1.83
~1.83
-1.83
-1.82
-1.83
~1.82
-1.84
~1.86
~1.,85
~1.87
-2.07
~1.84
-1.86
~1.,83
-1.85
~-1.,88
-1.85
-1.88
-1.,89
-1.91
-1.92
~1.88
-1.87

RUN 113
TOouT THA
0.00 1.28
0.0¢C 1.30
0.00 1.32
0.00 1.33
0.00 1.36
0.6¢0 1.36
0.00 1.36
0.00 1.38
0.00 1.40
0.00 1.42
0.00 1.39
0.30 1.39
0.00 1.44
0.00 1.7
0.400 1.49
0.00 1.71
0.00 1.79
0.00 1.91
0.00 2407
g.00 2oty
0.00 2419
0.00 2.22
0.00 2432
0.30 2439
0.00 239
0.00 2427
0.00 2.23

TWB

THG

THO

HEAT

6.89
6.88
6.90
6.85
6.81
6.81
6.81
6.81
6,81
6.81
6.82
6.82
6.81
6.85
6.92
6.93
6+90
6092
6493
6.91
6.90
6.89
6492
6.96
6. 84
6.85
6.85

FLOW

5643
56.62
56442
56.27
56.49
56.31
5623
56.60
56.39
56.43
5626
56.15
56048
56.59
56.89
56455
56+36
55.94
57.03
55.94
56.19
56.07
56457
56.59
57.03
57.22
57.98

evl



DAY

CEEENNNNOO OO VMUV VNVMSEFTTSWWMWWWNMNNNNN R e s pe - e

TIre

1€04
1764
1800
1504
2uGo
2100
22064
2360
000
0100
0€eod
116¢C
1660
2160
0266
8700
1209
1706
22LGC
0300
0860
13060
1660
2300
640
0566
143¢
1360
006U
0500
1Co0
1560
1851
23u0
04G0
G900
14040
1918
¢6aco
050G
1006

KAW DATAS

TIN

=1.92
=1.93
=1.93
=1.93
-1.93
=1.92
-1.92
-1.91
=1.91
=1.90
-1,88
-1.90
-1.92
-1.91
-1,90
‘1-90
‘1-92
-1,93
-1.91
=1.,90
‘1.69
=1.92
=1.94
-1.91
-1.,90
-1.,89
‘1.91
=194
~1.91
-1,89
-1.89
-1,94
'1.90
~1.89
-1.90
-1,87
-31.93
-1.93
-1,89
~1.89
~1.91

RUN 114

TouT

THWA

* 26
24
o 24
022
22
o 2h
o 24
+ 26
27
« 30
. 34
« 37
«38
)
«50
55
57
€2
€6
+ €9
oTh
75
o 77
«82
«83
« 87
+ 88
« 85
° 92
+ G5
« 97
« S5
59
+ES
69
o 77
75
o 77
.84
+ 6
«87

Twd

29
«26
026
25
25
o 27
26
«32
33
35
«39
0“2

THC

Y4
«37
+36
«36
+ 36
+39
40
«45
s 46
49
«53
56
«60
« 65
71
75
+76
«78
«82
«86
«91
«92
94
«99
1.02
1.03
1.03
1.01
1.07
1.10
1.12
1.10
+83
«87
«90
+98
«93
96
1.00
1.03
1.03

THO

e15
12
12
11
11
.13
12
16
18
19
22
22
26
32
37
Wbl
43
47
50
54
58
59
61
66
68
71
72
70
75
76
77
73
h7
51
57
.65
61
+63
67
«70
71

HE AT FLONW

10.E4 136447
10454 134,37
10.50 135.96
10.47 136.16
10.45 132.16
10.44 129.33
10.51 133.99
10.58 130.73
10.56 132.65
10.58 133.66
10.56 134.33
10.57 135.2¢6
10.£6 131.64
10.62 131.51
10.€2 133.12
10.61 131,49
10.€61 134449
10.62 132.54
10.57 130.52
10.55 130.87
1056 131.44
10.58 132.35
10.57 135.09
10.55 132,688
10.55 123,83
10.56 134.80
10.57 131.81
10.55 134.98
10.€0 130.46
10.59 131.48
10.63 131.39
10.63 13d.28
10,62 129.74
10.48 127.73
16.€7 133.47
10.68 134.57
10.61 130.63
10.58 136.39
10.57 134.50
10.57 130.67
10.56 138.62

124!



DAy

TIN

-1.93
~1.93
-1.90
-1.89
-1.91
-1.93
-1.91
-1, 90
-1.90
-1.,92
-1,93
-1.91
-1.90
-1.91
-1.97
-1.91
-1.90
-1.88
-1.,92
-1.92
-1.89
-1.90
-1.88
‘1.92
-1.93
-1.91
-1.90
-1.90
‘1.92
~1.92
-1.,91
-1.90
~1.92
-1.91
-1.92
-1.90
-1.90
~1.92
'1‘93
-1.91
-1,89
~1.90
-1.91
‘1.92
-1.90
-1.990

TouT

THA

«» 88
« 90
« 95
« 56
« 97
.97
.98
1.0l
1.63
1.02
1.01
1.G3
1.05
1.05
« 81
« 86
.88
« 97
«97

1.00
1.01
1.05
1‘0“
1.02
1.04
1.406
1.47
1.07
1‘08
1.10
i1.11
1.11
1.13
1‘12
1.1
1.16
1.14
1.13
1.15
1.18
1.18
1.17
1.17
1‘20
1.20

TWB

Twe

1.05
1.06
1.10
1.13
1.12
1.13
1.14%
1.15
1.16
1.16
1.15
1.17
1.19
1.19
1.03
1.05
1‘08
1.18
1.16
1.1t
1.19
1.20
1.24
1.22
1.20
1.22
1.23
1.24
1.25
1.25
1.26
1.28
1.28
1.29
1.28
1.30
1.31
1‘30
1.29
1‘30
1.33
1.32
1.33
1.31
1.34
1.34

TWOD

71
73
77
79
79
«79
«79
.81
.33
82
.81
.83
o84
«85
72
70
73
«81
«79
76
.81
063
«86
.83
.82
.83
.85
«86
«85
«85
«87
«89
.88
«89
«88
.91
92
«90
«89
.90
.93
«93
92
91
10
94

HEAT

10. 57
16.56
10.63
10.61
10.62
10.63
10.60
16.59
10.€3
10.63
10.€2
10.59
10.60
10.63
10.60
10.33
10.30
10.63
10.6b
10.51
10.58
10.58
10.61
10.60
10.58
10.56
10.57
10.60
10.60
10.57
10.57
10.57
10.€9
16.58
10. €7
10.£6
10.57
16.58
10.57
10.57
10.56
16.58
10.60
1G.56
10.¢61
10.58

FLOW

132.32
134462
134.59
132.13
133.94
139.10
133.96
138.53
136.50
133.85
134.67
133.72
143.30
130.69
130.79
127.52
128 .44
133.31
135.71%
129.61
135.85
133.2¢€
131.68
127.29
132.91
133.19
133.71
131.05
133.67
135.61
132.56
133.57
137.82
137.86
134.62
135.48
131.86
132.33
132.95
134.76
138.17
133.37
136.20
135.23
134.19
133.87

A



TINE

09u0
1400
19G6¢
00L3
056G
1066
1564
2060
0160
0600
1160
1660
2100
0206
0766
1206
1760
2260
G360
080¢
1300
18ul
2300
Gule
05G6C
1466
1900
dauLe
0500
16C6
1560
20UG
3100
g6l
1100
160¢C
2100
G260
0700
1260
1700
2200
03u0
086G
1360
1866

TIN

-1.88
-1.92
=1.93
-1.91
~1.89
-1.90
-1.92
=1.93
-1.91
-1.89
~1.93
~1.92
~1.91
-1.89
~1.89
~1.92
=1.92
~1.90
-1.89
-1.,89
-1.89
-1.85
-1. 89
-1.89
-1.88
~1.88
~1.84
~1.89
-1,87
~1.95%
-1.89
-1.,86
~1.87
-1,89
-1,87
-1.88
~1.88
~1.87
~1.88
~1.88
-1,89
-1.92
=1.93
-1, 94
-1,97
-1.92

Tout

TuA

1.23
1.21
1.19
1.21
1.23
1.24
1.23
1.22
1.23
1.25
1.25
1.16
1.20
1.26
1.29
1.28
1.24
1.26
1.24
1.31
1.30
1.34
1.22
1.32
134
1.33
1.36
1.34
1.38
1.31
1.34
1.39
1.36
1.38
1.39
1.43
1.37
1.39
1.40
1.40
1.40
1.38
1.34
1.36
1.35
1.38

Tus

TwC

1.38
1.35
1.34
1.36
1.38
1.38
1.38
1.35
1.37
1.39
1.37
1.32
1.40
1.45
1.48
1.46
1.42
1.45
1.47
1.49
1.49
1.53
1.50
1.50
1.52
1.53
1.55
1.54
1.57
1.50
1.56
1.57
1.55
1.56
1.58
1.57
1.56
1.58
1.58
1.60
1.59
1.55
1.53
1.54
1.54
1.57

TwD

+96
+ 9%
.32
1
97
97
+96
L
.96
«98
«96
91
«95
1.00
1.03
1.01
«97
«99
1.00
1.03
1.03
1.06
1.03
1.03
1.05
1.05
1.08
1.05
1.08
1.01
1.07
1.08
1.06
1.07
1.09
1.08
1.06
1.08
1.09
1.09
1.08
1.06
1.02
1.04
1.02
1.07

HEAT

10.€2
10.62
10.€0
10.59
10.60
10,62
10.62
10.60
10.60
10.59
10.60
10.60
10.50
10.57
13.58
10.59
10.57
10.%6
10.54
16.57
10.57
10.56
10.55
10.53
16.55
10.57
10.55
16.59
10.%9
10.61
10.63
10.58
10.57
10.€0
10.61
10.63
10.57
10.58
10.60
10.61
10.61
10.60
10.57
10.59
10.€1
16.€60

FLOW

132.21
130.51

132.90 .

127.6%
129.91
132,53
132.2¢
134.69
132.99
134.64
134.25
131 .41
131.66
129.14
132.21
128.14
133.81
138.11
133.58
133.75
131.59
134.25
133.67
137.86
129.39
135.14
133.40
130.69
133.27
126.92
134.96
135.29
138.18
132.66
133.91
131.65
136.24
135.20
132.41
131.97
134.87
128.28
136.59
132.08
130.65
132.38

v



DAY

27

TINE

2300

TIN

-1.95

Tourt

THA

1.38

TWB

TWC

1.55

THD

1.45

HE AT FLOW

13459 131.78

Lyt



DAY

PO OCNNSNNOTOOOOOC VN VIVNETESTETETWNWNWMRNNN NN N R e

TIKE

1660
1706
1860
1380
20060
2160
2200
2360
0060
01400
0606
1108
1600
2160
0260
07¢0
1200
1760
22G¢0
G366
08060
1300
18€0
2360
04C0
0300
1400
1900
0006
0500
1604
1500
1851
2300
0400
0300
14040
1960
Gu0o
0500
1060

RAW DATA

TIN

-1,92
-1,93
-1.93
-1.93
-1.,93
-1.,92
-1.94
-1,91
1,91
-1.,90
-1.,88
-1.90
-1.92
-1.,91
-1.90
=1.,90
~1.92
-1,93
~1.91
-1,90
-1.89
-1.,92
=1.,94
-1.91
-1.,90
-1.89
~-1.91
-1.94
'1.91
-1.89
-1.89
=1.94
-1.90
-1.89
-1,90
-1.87
-1.93
~1.93
-1.89
-1.89
-1.,91

RUN 115

TouTt

THA

«92

. 82
« 80

« 80

o 74

« 80
.81
.82
«91

o 94
1.09
1.26
1.45
1.60
1.80
1.96
€07
2023
2433
2446
2456
2.E€1
2. €5
2.71
2.75
2. 80
2.82
2.82
2. 84
2.90
2.96
2.91
231
2437
2442
2050
2o 48
248
2452
2455
2454

TWB

TWC

.88

.81

77

« 70

+68

69

78

«80

.88

«89
1.02
1.16
1.35
1.57
1.78
1.93
2.06
2e14
2.26
2437
2+49
2456
2.57
2.65
2.70
2.76
2.78
2.77
2.82
2.85
2.90
2.87
2432
2.40
2.‘.6
2453
2452
2453
257
2.60
2.60

THO

«89

81

78

75

76

76

82

«85

«90

«99
1.10
1.26
1.44
1.62
1.82
1.96
2.06
2.1€
2.24
2.36
2446
2.49
2454
2.59
2.67
2.69
2.71
2.70
2.75
2.79
2.81
2.80
2.26
2433
2440
2.46
2ebiy
2445
2.50
2.52
2452

HE AT

12.86
12.35
12.13
12. 74
12.170
12.€9
12.176
12. 75
12.172
12,81
12.18
12.9
12.79
12.78
12.19
12.17
12.80
12.82
12.81
12.18
12.179
12.82
12.81
12.79
12.78
12.480
12.82
12.179
12.179
12.178
12.483
12.76
12.81
12.¢€8
12.78
12.79
12.482
12.18
12.176
12.177
12.78

FLOW

120.97
124417
123,90
125.53
125.90
123.53
125.22
128.04
126.22
125.49
129.98
126.66
129.42
127.07
124.77
125.52
128.89
127.32
127.60
124.54
125.81
126457
127.28
128.73
127.63
126.59
124.98
126.90
128.32
124434
123.68
127.52
129.31
124.87
123.93
123.90
126.75
126457
129.43
124,84
123.74

8vI



TINME

1500
2660
0100
0600
1100
1600
2100
0260
g7a0
1200
1704
2200
0300
0800
2011
0160
0606
1030
1500
2000
2319
0400
0300
14060
1300
0600
05046
1000
1500
2000
8100
06060
1100
1660
2100
0200
0708
1200
1700
2260
0300
0800
1300
1800
2300
0400

TIN

=1.93
-1.93
-1.90
-1.89
-1.91
=1.93
-1.91
-1.90
-1.,90
=1.92
-1,93
-1.91
-1 90
-1.91
=1.,97
-1.91
-1.90
-1.88
-1.92
-1.92
-1,89
-1.90
-1.88
~1.92
-1.93
-1.94
-1.90
-1.90
-1.92
-1.92
-1.91
-1.90
=1.92
~1.91
-1.92
-1.90
-1.90
-1.92
-1.,93
-1.91
-1,89
-1.90
=-1.91
-1,92
-1.90
=1.,90

TOUT

TWB

Tue

2.61
2.62
2.61
2.63
264
2.65
2.65
2467
2.70
2.70
2.69
2.70
2.72
273
2.83
2.71
2.71
2.80
2.80
2.74
2.81
2.83
2.87
2484
2.82
2.81
2.83
2.87
2.85
2.85
2.85
2.86
2.88
2.87
2.86
2.89
2.87
2.86
2.86
2.87
2.92
2.91
2.90
2.86
2.90
2.90

TWD

2452
2454
2.54
257
2.57
2.59
2.59
2.60
2.64
2.61
2.60
2463
2.64
2.65
2.75
2.62
2465
2.74
2.73
2.68
2.73
274
2.79
2.76
2.74
2.74
2.77
2.79
2.78
2.76
2.77
2.78
2.77
2.80
2.79
2.81
2.81
2.80
2.78
2.80
2.80
2.84
2.84
2.82
2.82
2.83

HEAT  FLOW

12.178 127.59
12.78 126.98
12,74 131.45
12.75 129.02
12.77 129,33
12.80 123.83
12.79 126.73
12.76 125.96
12.80 126.82
12.83 125.94
12.82 132.00
12,179 126.97
12.73 126.48
12.81 126.93
12.82 117.81
12.56 125.67
12,57 126.99
12.82 125.14
12.84 124.67
12.€7 127.90
12.179 127.22
12.79 126.14
12.82 125.24
12,80 124.08
12.77 128.00
12.75 126.00
12.76 132.72
12.81 126.4¢€
12.81 126.85
12.79 126.96
12.79 127.32
12.177 127.39
12.81 127.30
12.79 129.90
12.77 126.07
12.79 125.86
12.79 128.85
12.i8 127.53
12.79 126.28
12,78 130,44
12.78 127.78
12.80 125.07
12.82 125.92
12.79 127.93
12.79 134,41
12.76 127.81

6v1



DAY

18
18
18

19
19
19
19
20
20
240
20
20
21
21
21
21
21
22
22
22
22
22
23
23
23
23
24
24

24
24
25
25
25
25
25
26
2€
26
26

27
27
27
27

TIME

0900
1400
1900
0600
0504
1400
1500
2000
0106
0600
1160
1600
2100
0200
0700
1200
1744
2200
0300
0860
1300
18090
2300
04040
0902
1400
1300
00G0o
G560
1000
1500
2000
0160
6eoo0
1100
16l0
21040
0200
0700
100
1700
2200
L300
6aoo
1300
18006

TIN

-1.88
-1.92
-1.93
'1091
-1.89
-1.90
=1.92
‘1. 93
-1.91
-1,.,89
-1.,93
-1.92
-1.91
-1,89
-1,89
-1.92
-1.92
-1.90
-1.89
-1.89
-1.89
-1,85
-1,89
-1.89
~“1.88
'1. a8
-1,.,84
-1.89
-1,87
-1.95
-1.89
'1. 86
-1.87
-1.89
-1, 87
-1.88
-1.88
-1,.,87
-1,88
-1,88
'1. 89
-1.92
-1.93
'1. 9‘0
-1.97
-1.92

Tout

TwWB

THC

2.92
2.90
2.91
2.93
2496
2.95
2.98
2.90
2.99
2.99
2.99
2.99
3.01
3.08
3.10
3.10
3.09
3.10
3.09
3.1b
3.13
3.17
3.12
3.12
3.17
3.17
3. 22
3.15
3.18
3.16
3.23
3.22
3.21
3.22
3.24
3.25
3.19
3.20
3.23
3.24
3.22
3.20
Je17
3.18
3.17
3.21

HEAT

12.80
12.81
12.179
12.18
12.81
12,81
12.84
12. 11
12.87
12.45
12.85
12.81
12.€9
12.1719
12,178
12.80
12.178
12.176
12.13
12.75
12.17
12. 17
12. 15
12.13
12. 174
12.17
12.176
12.75
12.16
12.80
12.81
12.75
12. 75
12.77
12.178
12.80
12. 74
12.15
12.178
12.178
12.79
12.178
12.74
12.797
12.17
12.17

FLONW

125.42
127.37
128.28
126.25
127.03
126447
125.13
126.51
127.39
127.37
125.81
122.54
125.80
124.82
123.52
127.95
124.06
128.42
125,55
122.05
124416
124414
123.32
124,73
122.79
128.25
120.85
123.728
124.53
121.30
122.41
130.42
124432
122.47
124.38
123.28
122.71
124,28
128.3¢
123.34
122.03
125.84
123.78
124,28
121.89
124.04

0sT



DAY

a7

TIME

2300

TIN

-1.,95%

TouTt

THA

.09

TWB

THC

3.18

THD

3.06

HEAT  FLOW

12.75 123.20

161



DAY

BEENNNNOOOOOCOVVNMVMESFETSSTWUWNWDWNNNNNN - e e o

TINE

1600
17466
1800
1900
2000
21040
2200
2300
G600
0100
0600
1100
1600
2106
6200
0709
1200
1700
2200
0302
60800
1300
1860

© 2300

0400
0900
1400
1900
gudo
8500
1000
1500
1851
2300
0400
8900
1400
1900
gyoo
0500
10460

RAW DATA:

-1.92
=1.93
=1.93
-1,93
-1.,93
-1.92
=1.9%
-1.91
-1.91
-1.90
-1.,88
-1.90
-1.,92
~1.91
-1.,90
-1.90
-1.92
-1.93
-1.91
-1.90
-1.69
=1.92
“1.9%
-1.91
-1.90
-1.89
-1.91
=1.9%
-1.91
-1.89
-1069
=1.94
-1.90
-1.89
-1.,90
-1.,87
-1,93
-1.93
-1.89
~1.89
-1,91

RUN 116
TOUuT THA
0.00 «28
0.00 .28
0.00 «30
0.430 «33
0.00 «338
0.00 bl
0.00 «39
0.40 o &5
0.00 <46
0.00 o bib
3.00 «53
.00 «59
0.00 57
0.30 « 64
0.00 «60
0.00 «66
0.30 « 66
.00 «67
0.00 70
0.00 «69
0.00 74
.00 73
0.00 73
g.00 78
8.00 «75
0.00 .82
.00 «83
0.00 o 86
0.430 - 88
0.40 «90
0.30 «92
0.00 « 89
0.30 «90
.00 1.05
0.4d0 1.02
0.00 1.02
6.00 1.10
g.30 1.12
6.020 1.16
0.430 1.25
0.30 1.26

TWB

THWC

THD

HE AT

3.03
3.00
3.01
3.01
3.01
3.01
3.01
3.01
3.01
3.01
3.01
3.41
3.01
3.01
3.01
3.01
3.02
3.02
3.02
3.01
3.01
3. 82
3.02
3.01
3.01
3.01
3.01
3.01
3. 01
3.00
3.01
3.01
3.03
3.01
3.00
.01
3.01
3.01
3.00
3.00
3.01

FLOKW

53.86
53.76
53.81
53.83
53.99
53.317
53.65
52.92
53.41
53.30
53.74
53.56
53.60
53.05
53.65
53.78
5344
53.84
53.68
53.57
53.25
52.93
53.55
53.32
54429
53.23
52.83
53.20
53.33
53.47
53.11
53.36
52.33
52.62
51.52
51.77
52.02
52.10
51.72
51.69
51.488

2sl



TINE

1500
2660
0100
0600
1100
1600
2100
0z00
e700
1200
1700
2200
0360
0800
2011
0100
0600
1030
15040
2000
2319
0400
03400
1400
1900
0040
0560
1000
1500
2000
0104
0600
1104
1600
2100
0200
0760
1200
174006

2200

0300
0800
1300
1800
2300
0400

TIN

-1.93
-1,93
-1.90
-1.89
-1.91
-1.93
-1.91
-1.90
-1.,90
=1.92
-1,93
-1.91
-1.90
-1.91
-1.97
-1.91
-1.90
-1. 88
-1.92
-1.92
-1,89
-1.,90
-1.88
-1.92
-1,93
-1.91
-1l90
-1.90
-1.92
-1.92
-1.91
-1.90
-1.92
-1.91
-1.92
-1.90
-1.90
-1.92
-1. 93
-1.91
-1.689
-1.90
-1.91
-1.92
-1.90
-1.90

TouTt

® & ® 9 ® & o & o 2 2 0 0 o 0 & ® ® o o & 0 s 8 " s 0 s 0 s o
OO0 OLPPDDDOLLDDDOOLODODDDLDODDGODO
OO0 DODODODDODODRDDOCDDDODDODDDDODD DD DDOD

DO E OO0 OODODDDODODDDODDOOD G O

.
[— N =3
o

0.00
.00
0.00
0.400
0.30
0.00
0.00
.00
0.0¢0
.00
0.00

TwWA

1. 30
1.34
1.40
1. 40
1.42
1.42
1.41
1.44
1.50
1.46
1.46
1.52
1.48
1.58
1.47

« 85

«96
1.00
« 97

«99
+99
1.03
1.08
1.09
1.11
1.09
1.12
1.16
1.13
1.11
1.11
1.15
1.18
1.22
1.24
1.25
1.22
1.24
1.25
1.27
1.28
1.25
1.27
1.31
1.31

THd

TwWC

TWD

HEAT

3.402
3.01
3.01
3.01
3.01
3.01
3.01
3.00
3.01
3.02
3.01
3. 00
3.01
3.02
3.02
2494
2.95
3.03
3.08
3.03
3.03
3.02
3.403
3.00
3.00
2499
2499
3.00
3.00
3.00
3.02
2.99
3.00
.04
3.04
3.01
3.01
3.04
3.01
3.01
3.00
3.00
3.01
3.00
3.08
3.02

FLOW

51.68
51 .65
52.05
51.89
51.85
51.54
51.61
51.55
51.35
51.8&4
51.83
52.02
52.16
51.83
52.60
51.82
52.05
51.76
52.11
51.85
52.01
51.80
51.68
51.42
51.72
51.81
51.99
51.47
52.16
51.08
51.87
51.61
51.93
51.95
52.06
851.97
51.53
52.08
52.34
51.96
51.59
51.81
51.76
51.97
52.36
51.92

gql



TIME

09400
1400
1900
aaco
0500
1000
1500
2600
0100
0600
11006
2100
0280
6760
1200
1789
2260
0300
0800
1300
1800
2360
0400
09840
1400
1300
0600
0500
1000
1500
2000
0100
0600
1100
1660
2100
0200
2700
1204
1700
2208
0300
0860
1300
1800
2300

TIN

-1.88
-1.92
-1.93
-1.91
-1.89
-1.90
-1.92
-1.93
-1.91
-1.89
=1.93
-1.91
-1.89
-1.89
-1.92
=1.92
-1.90
-1.89
-1.89
~1.89
-1.85
-1.89
-1.89
-1.88
-1.88
-1.84
-1.89
-1.87
=1.95
-1.89
-1.86
-1.87
-1.89
-1.87
-1.88
-1.88
~1.87
-1.88
-1.88
-1.89
~1.92
-1,93
=1.94
-1.97
-1.92
-1.95

TOoUuT

0.00
0.30
0.00
0.060
0.00
.40
0.30
g.00
0.00
0.90
0.00
0.00
0.00
g.00
0.00
0.400
0.00
.30
0.30
0.08
0.00
8.00
8.00
0.00
.00
0.00
8.00
.00
1.0
0.00
0.40
0.00
0.00
0.00
0.80
0.00
0.00
0.00
0.40
0.30
d.00
0.40
0.00
8.30
0.00
0.00

L]

THC

THO

HEAT

3.00
3.03
2099
2.99
2. 99
2099
2.99
2. 99
3.02
2.99
3.02
3.01
3.02
3.01
3.02
3.02
3.02
3.01
3.01
3.02
3.01
3.01
3.40
3.00
3.01
3.01
3.00
2.99
3.01
3. 01
3.00
3.00
3.00
3.00
3.01
2.99
2.99
3.00
3.00
3.00
3.00
2.99
3.00
3.00
3.00
2.99

FLOW

51.91
52.3%
52.29
51.79
51.69

51.51

51.60
52.04
51.36
51.83
51 .65
51.40
51.51
51.74
51.51
51.78
51.46
51.50
51.51
51.49
51.72
51.64
51.51
51.57
51.65
51.980
51.55
51.63
51.36
51.69
S1.44
51.80
51.55
51.17
51.69
51.46
51.51
51.62
51.08
51.40
51.64
51.26
51.45
51.25
51.45
51.27

PS1
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APPENDIX D
CHEMICAL ANALYSIS PROCEDURES

Samples of cooling tower water and city water were drawn daily
and analyzed for total hardness (TH), calcium hardness (CaH),
methyl-orange alkalinity (m-alk), chloride (c1), silica (Si), total
solids (TS) and conductivity (cond). In addition to the chemical
analysis, biological growth in the cooling tower water was monitored.

The determination of TH, CaH, m-alk and c1 were carried out using
the analysis kits prepared by Chemax, Inc., Industrial Chemistry.
Silica was estimated using test kit made by Hach Chemical Companyl
The above tests are simplified procedures that utilize pre-mixed
chemical reagents and they give less accurate results, gompared to the
Standard Methods1 (+ 10 ppm as CaCO3 for m-alkalinity and + 5 ppm for

others), but are satisfactory for daily monitoring of water quality.
CHEMAX DROP TEST PROCEDURES

The various tests under this category have an identical pro-
cedure. Initially the titration bottle is filled to the mark (10 ml)
and an appropriate amount of reagents are added. Then the titrant

solution is added dropwise until the endpcint, marked by specific

color change.
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Total Hardness Test

The three reagents used are:

Reagent 1: ammonium chloride-ammonium hydroxide buffer
Reagent 2: calmagite solution (0.2%)
Reagent 3: EDTA solution (0.5%)

Five drops of Reagent 1 and three drops of Reagent 2 are added
to the 10 ml sample, which turns lavender to red if hardness is
present. The solution is then titrated with Reagent 3, until the
last traces of violet have disappeared and the solution turns blue.

One drop of Reagent 3 is equivalent to 5 ppm TH expressed as CaCO3.

Calcium Hardness Test

The three reagents used are:
Reagent 1: potassium hydroxide solution (8N)
Reagent 2: calver 2 indicator
Reagent 3: EDTA solution
Two drops of Reagent 1 and one capsule of Reagent 2 are added to
the 10 m1 sample which turns red if calcium is present. The solution
is then titrated with Reagent 3 until the Tast traces of violet have
disappeared and the solution turns blue. One drop of Reagent 3 is
equivalent to 5 ppm CaH expressed as CaCO3.
Magnesium hardness is computed by taking the difference between

total and calcium hardness.
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M-Alkalinity Test

The two reagents used are:
Reagent 1: mixed bromo-cresol green and methyl red
solution (0.1%
Reagent 2: sulfuric acid (0.0503N)
A drop of Reagent 1 is added to the 10 ml1 sample, which turns
bluish-green if alkalinity is present. The solution is then titrated
with Reagent 2 until the solution turns red. One drop of Reagent 2

is equivalent to 10 ppm alkalinity expressed as CaCO3.

Chloride Test

The two reagents used are:
Reagent 1: potassium chromate solution (5%)
Reacent 2: silver nitrate solution
Two drops of Reagent 1 are added to the 10 ml sample, which turns
yellow in color. The solution is then titrated with Reagent 2 until
the solution turns orange-red. One drop of Reagent 2 is equivalent

to 5 ppm as Nacl.
HACH PROCEDURE

Silica Test
The reagents used for this test are supplied by Hach Chemical
Company and the procedure is based on the silicomolybdate method,

1 The following dry powdered reagents

referred to in Standard Methods.
are provided in individual, premeasured, polyethylene fpowder pillows"

ready to use.
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Reagent 1: molybdate powder pillow

Reagent 2: acid powder pillow

Reagent 3: citric acid powder pillow

The first two reagents are mixed to the 25 ml water sample taken

in the colorimeter bottle. The sample is then allowed to stand for
10 minutes during which a yellow color develops if silica is present.
Finally, the third reagent is added and the prepared sample is
placed in the cell holder of the Hach DR colorimeter, after the
apparatus has been calibrated by a blank sample. The reading then

indicates directly ppm of 5102.
MISCELLANEQUS TESTS

Conductivity Test

An Industrial Instrument, Inc., conductivity meter is used for

the procedure and the conductivity is read off in microohms/cm.

Total Solids Test

A 200 ml sample is taken in a glass beaker and evaporated in an
oven at 150°F for 24 hours. The weight of the residue obtained is
suitably converted to give ppm of total dissolved solids present in

the sample.

Microorganism Test

The Millipore Sampler manufactured by the Mi]]ipore Corporation
is used to test water samples for microorganisms. First the case is
filled with water up to the mark and the filter tab is inserted into
the case. The sampler is shaken well and left undisturbed for

30 seconds. The filter tab is then removed, excess water emptied
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from the case, and the filter tab is tightly inserted into the case.
Then the sampler is placed in an incubator for 24 hours at 35°C. If
microorganisms are present, colonies will show on the surface of the

sampler. The colonies are counted and reported as colonies/ml.
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VEL:
Q/A:

TSA:
TSB:
TSC:
TSD:

RFA*E4:
RFB*E4:
RFC*E4:
RFD*E4:

APPENDIX E

LISTING OF RESULTS FOR ALL RUNS

NOMENCLATURE

days elapsed (days)

total hours elapsed (24-hr clock)

flow velocity (ft/sec)

heat flux (Btu/ft2 - hr)

Tocal
Tocal
Tocal

Tocal

Tocal
Tocal
Tocal

Tocal

surface
surface
surface

surface

fouling
fouling
fouling

fouling

temperature at location A(°F)
temperature at location B(°F)
temperature at location C(°F)

temperature at location D(°F)

o)
resistance at location A(ft“-hr-°F/Btu)
resistance at location B(ftz-hr-°F/Btu)

2
resistance at location C(ft“-hr-°F/Btu)

resistance at location D(ftz-hr—°F/Btu)
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$sses RESULTS == RUN 99 essss

DAY TIME VEL QsA TSA RFA®EL TSB RFBUEY4 TSC RFC*EL TS0 RFDTEUL
1 3 3.95 55667. 168.9 -3.48 167.0 -3.48
1 5 3.96 55571. 168.8 -3.39 167.0 -3.29
1 1.0 3.93 55380. 170.8 -3.60 169.0 =3.60
1 1.5 4,00 56430, 172.4 -3.82 170.6 -3.58
1 2.0 3.93 57003. 175.2 “4.23 173.4 -3.90
1 2.5 3.95 56430. 175.1 -4.00 173.2 -3.86
1 3.0 4e 00 55953. 174.1 -3.90 172.3 -3.71
1 3.5 4.01 55667. 174.2 ~3.79 172.4% =3.65
1 4.0 4o 07 555710 173.6 =3.64 171.8 ‘3.55
1 4.5 be.11 55571. 173.7 -3.70 171.9 -3.51
1 5.0 3.97 55571. 175.2 -3.98 173.4 -3. 83
1 5.5 3.98 55380. 175.0 -3.81 173.2 -3.,77
1 6.0 bell 55380. 173.8 -3.54 172.0 -3.50
1 6e5 4be.03 55285, 174.6 -3 74 172.8 -3.69
1 7.0 4.07 55285. 1744 -3.75 172.6 -3.51
2 7.5 4.15 55285. 173.7 -3.59 172.0 =3e45
2 8.5 3.99 55285. 175.7 -3.84 17309 ‘3079
2 9.5 bell 55189, 17440 =3.64 172.3 -3.40
2 11.5 4.00 55285. 175.6 -3.81 173.8 -3.72
2 14.5 3.73 55476. 179.5 ~3.61 177.6 =3.55
2 18.5 3.77 55571. 179.0 -3.42 177.1 -3.51
2 20.5 3.76 55667. 180.2 -3.53 178.3 -3.62
2 23.5 3.75 55571. 181.6 =3.34 179.7 -3.68
2 26.5 3.80 55476, 181.6 -3.25 179.8 -3.59
2 29.5 3.78 55571- 181.0 =-3.22 179.1 -3.56
2 30.5 3.78 55476. 180.5 -3.15 178.6 =334
3 31.5 3.79 55476. 180.3 -3.07 178.5 -3. 41
3 32.5 3.82 55380. 179.4 -2.86 177.6 -3.25
3 33.5 3.79 55380. 179.6 -3.04 177.7 -3.28
3 33.3 3.79 55380. 179.6 =2.94 177.8 -3.19
3 34.5 3.85 55380. 179.1 -2+ 85 177.3 -3.29
3 39.5 3.87 55476. 178.1 =241 176.2 -3.06
3 Lu.5 3.92 55667. 178.2 -2.18 176.4 -2.82
3 49.5 3.93 55571. 180.0 -2.11 178.1 -2.85
3 54.5 3.89 55476. 180.5 -2.15 178.6 -3.09
4 59.5 3.82 55380. 180. 4 -2.04 178.5 -2.97
4 64.5 3.87 55667. 179.5 -1.76 177.6 -2.80
4 69.5 3.84 55667. 180.2 =1.55 178.3 -2.83
4 71.3 3.97 55571. 179.2 -1.28 1774 -2, €1
4 75.5 3.94 55380. 178.8 =+ 96 177.0 =2.50
5 80.5 3.94 55380. 177.6 -e56 175.8 =2.24
5 85.5 3.80 55189. 178.4 -«50 176.6 -2.33

G971



DAY

-
QOO LOOOLREEREPEINNNNNIOO OO NN

[ o
[— N}

[l o o
[l o

11

TIME

90.5

95.5
100.5
105.5
110.5
115.5
120.5
125.5
130.5
135.5
1640.5
1645.5
150.5
155.5
160.5
165.5
170.5
175.5
180.5
185.5
190.5
195.5
200.5
205.5
210.5
215.5
220.5
22545
230.5
235.5
240.5
245.5
250.5
255.5
260.5
265.5
270.5
2155
280.5
285.5
290.5
295.5
300.5
305.5
310.5
315.5
320.5

VEL

3.73
3. 706
3.75
3.77
374
3.72
3.85
3. 74
3. 706
3.7
3.86
3.66
3.73
3.72
3.66
3.65
3.65
3.75
3.65
3.72
3.78
3.78
3.71
3.67
3.73
3.60
3.62
3.66
3.73
3.67
3.76
3.77
3.69
3.67
3. 71
3.75
372
3.69
3.69
3.71
3.73
3.78
3.78
3.72
3.76
3.82
3.7

n/7A

55476.
55476.
55380.
55285.
55380.
55380.
55380.
55189.
55189,
55285.
55285.
55285.
55285.
55189.
55380
55380.
55189,
55189.
55189,
55476,
55380,
55189,
55189,
55189,
55476,
55380.
55189,
55189,
55285.
55380.
55285.
55285,
55094,
55380.
55380.
55285.
55245,
55189.
55380.
55285,
55189.
55285,
55285.
55189.
56526,
56526.
56526 .

TSA

177.5
177.3
177.9
177.4
177.7
178.3
176.8
1774
177.2
1774
175.7
178.4
177.1
176.3
176.2
175.3
175.8
175.0
17644
176.0
175.1
175.4
176.5
17641
175.0
176.6

"177.8

177.7
176.5
176.7
175.6
175.7
177.2
177.9
177.9
177.5
178.6
178.1
177.9
177.7
177.5
177.1
176.2
176.6
178.9
178.5
179.7

RFA*EL

-.28
10
«38
67
«90
«86

1.17

1.02

1.05

1.11

1,52

1.03

1.30

1.36

1.42

1.49

1.60

1.75

1.48

1.70

1.96

1.91

1.72

1.74

1.97

1.78

1.68

1.94

2.10

2.02

2423

2.30

2.13

1.94

2.10

2622

2.15

2.01

2.05

2.17

2.21

2425

2.31

2.09

2.10

2423

1.92

TS8 RFB*EL

TsC

175.6
175.4
176.0
175.5
175.9
176.4
174.9
175.5
175.3
175.5
173.8
176.5
175.3
174.4
174.3
173.4
173.9
173.1
174.5
174.1
173.3
173.6
174.6
174.2
173.1
174.7
175.9
175.8
174.7
174.8
173.7
173.8
175.3
176.0
176.0
175.6
176.5
176.2
176.0
175.9
175.7
175.2
174.3
176.7
177.0
176.6
177.7

RFC*EL

=214
=2.06
-1.88
-+90
-e57
-e52
-e15
-e16
~e28
-+30
10
-e29
-e21
-+06
01
.08
~.01
23
-.08
19
¢35
o34
11
«08
27
LY
-e07
~.01
29
22
«57
«50
22
«19
25
«32
15
16
10
12
«21
«29
«31
13
-09
27
~e0b

TSD RFD*EN

991



TIME

325.5
330.5
335.5
340.5
341.5
346.5
351.5
356.5
361.5
366.5
371.5
37645
381.5
386.5
391.5
396.5
401.5
406.5
411.5
41645
421.5
426.5
431.5
43€.5
441.5
44645
451.5
4664.5
471.5
476 .5
LBl1.5
486.5
491.5
496 .5
56145
50€.5
511 .5
516.5
52145
52645
531.5
536.5
541.5
546.5
557 .4
5575
557.5

VEL

3.72
3.70
3.73
3.85
3.77
3.78

3.65
3.68
3.71
3.71
3.71
3.83
3.85
3.82
3.73
3.85
3.79
3.84
3.79
3.75
3.77
3.80
3.83
3.78
3.93
3.72
3.71
3.75

Q/A

56621.
56621.
56812,
56430.
56621 .
56430,
56621.
56621.
56526.
56526,
56430,
56621.
56621.
56526,
56430.
56430.
56621.
56526,
56430.
56335.
56335,
56526
56335,
$6239.
56239.
56239.
56335,
56239,
56239.
56239.
56239.
56239,
56239.
56430.
56335.
56144,
56144,
56144,
56430,
56335,
56144,
56239.
56239.
56335.
57385,
57290.
57230.

TSA

180.0
179.1
178.6
177.9
179.0
178.5
178.9
178.7
176.0
176.2
176.5
175.9
175.0
176.1
177.2
175.8
175.1
176.9
176.1
175.2
175.5
176.2
175.6
174.9
175.5
174.7
175. 4
1764
175.9
176.7
175.6
175.6
175.7
176.7
173.3
173.9
173.2
173.3
173.2
173.7
173.8
173.3
173.1
172.3
164.6
165.1
16446

RFACEL

1.92
1.98
1.91
2424
1.99
1.94
1.91
1.90
2424
2416
2416
2.21
242
2437
2.27
2442
2.49
2.28
2.28
2.4
2.28
2430
2.18
2.41
2.20
2433
2435
2433
2432
2.27
2.46
251
2445
2426
2462
3.06
3.28
3.35
3.32
3.43
3.45
3«55
3.43
3.72
2449
2.46
2454

TS8 RFB*EL

TSC

178.0
177.1
176.7
176.0
177.1
176.6
177.0
176.8
174.1
174.3
174.6
174.0
173.1
174.2
175.3
174.0
173.2
174.9
174.1
173.3
173.6
174.3
173.6
172.9
173.6
172.8
173.5
174.4
174.0
174.8
173.7
173.8
173.8
174.8
171.5
172.0
171.4
171.5
171.3
171.8
i72.0
171.4
171.2
170.4
162.7
163.1
162.7

RFC*EL

o004
«02
«00
22
«03
«07

-+ 05

«01

«23

« 24

19

« 24

o« 45

« 40

«21

«49

«52

«31

«36

Y4

«36

«29

«17

«39

«23

27

«33

«36

«30

«30

«53

«58

b7

«25

«65

« 94

1.20

1.19

1.16

1.22

1.19

1.29

1.17

1.58
«73
o 71
.82

4

TSD RFD*EL

L91



TIME

55845
563.5
56845
573.5
578.5
583.5
588.5
593.5
598.5
603.5
608.5
613.5
618.5
623.5
628.5
633.5
638.5
643.5
648.5
£53.5
658.5
663.5
668.5

VEL

3.78
3.97
3.90
3.88
3.92
3.89
3.88
3.86
3.97
3.95
3.94
3.96
4.03
L. 08
3.97
3.99
3.98
3.98
4.00
4.08
4. 01
3.96
4o 08

Q/sA

56621.
56239.
56526.
56430.
56335.
56239.
56239.
56430.
56335.
56335.
56239.
56239.
56335.
56335.
56144,
56239.
56144,
56239.
56239.
56144,
56144,
56239.
56239.

TSA

165.0
171.1
172.9

‘173.1

172.8
173.0
172.5
172.5
172.7
174.7
174. 4
173.5
173.7
174.1
175.6
175.7
175.2
175.6
175.6
173.6
173.9
173.9
173.2

RFA®EL

2.50
3.12
3.17
3.29
3.54
3.64
3.73
3.81
3.99
3.87
3.97
4el3
Le24
425
“005
bel2
4.12
4.13
4.18
Lo lt5
4.30
425
Loelt?7

TSB RFB*EY

TSC

166.1
169.3
171.0
171.2
170.9
171.2
170.7
170.7
170.8
172.8
172.6
171.7
171.9
172.3
173.8
173.9
173.4
173.8
173.8
171.8
172.14
172.0
171.4

RFC*EL

77

«99
1.01
1.13
1.37
1.43
1.47
1.51
1.72
1. €1
1.66
1.77
1.08
1.99
1.79
1.681
1.85
1.82
1,87
2.13
1.99
1.9
2020

TSO RFO*EL

891



DAY

IS F 55§ WL W WNIMNMNN R NN - e e e b e ps b b o e

5.5

8.5

11.5
14.5
18.5
245
23.5
2645
29.5
30.5
31.5
3245
33.5
33.8
34.5
39,5
44.5
49,5
54.5
59.5
€l o5
69.5
71.3
7545
B( .5
A5 .45

VEL

Le07
h.08
LeCl8
Leld
4ell
hel0
4el1?
4410
4.10
held
4.09
4.08
4.09
4.09
hell
4.08
L.07
Lell
4409
4.11
4he13
4.06
4L.06
4.07
LeB
ha07
406
4.09
L.08
4,05
3.86
3.87
b.06
3.92
3.85
be07
3.930
3.89
4.C9
b.07
3.88
4,06

Q/A

56J93.
561650.
562C6.
56206.
56206.
561748,
56159,
Sbuy €3,
56065,
56178,
56037.
56178,
56206,
56122.
56178.
56178,
56122
56150,
56122.
55353,
55381,
55897,
55840,
553470,
S57 84,
557 8.
557 84,
55784,

55728.-

56728.
55728,
55531,
55419,
55447,
55503,
55278,
55194,
55166.
55139,
551J)81.
55149.
55181,

#%s¥s RESULTS == RUN 100 *sess

TSA

165.7
1€6.0
1€7.7
169.6
169.9
170. 6
171.0
171.4
171.7
172.3
172.1
173.0
172.8
172.7
172.8
173.5
173.6
173.5
173 4
172.9
172.3
174.1
175. 8
176.5
175.3
175.2
1744 &
17441
17447
178.9
176.8
174. 4
178.1
179.7
175. 1
177,48
177.3
17448
17467
176.6
172.6

RFA®(Y

~¢33
~«53
~e67
=¢53
s b7
=olly
~oelb7
-+ 31
~+25
~elk6
~e25
-+53
~e5S4
=458
~e55
~s68
~e66
~e72
EERAL
-¢56
EELP!
~.45
-e32
01
+35
35
o b1
+59
.63
.56
« 05
49
1.12
T4
.38
1.19
73
71
1.2%6
1.22
o7h
134

S8

RFB*EL

TSC

32641
307.9
338.1
379.6
310.0
310.6
310.7
J11.0
311.7
311.8
313.1
312.7
3124
312.1
313.7
313.9
313.1
313.2
311.7
310 .4
31441
315.9
31642
314.1
31446
315.0
313.3
313.1
31449
324,.5
3224
313.2
321.7
325.9
3134
320.8
321.2
312.4
312.4
320.8
310.8

RFC*cy

-el2
-«20
-+19
01
«G3
11
-.01
«13
o1l
+00
11
~e15
~e06
«C1
.10
"0110
“sCl
24
32
75
1.23
94
1.08
1.55
2.C3
1.97
1.98
2.33
2.38
2.06
46
1.01
2.86
1.71
+98
3.16
1.69
1.65
3.38
3.29
1.69
3.31

TS0

233.2
233 4
235.2
235.7
237.1
237.7
238.2
238.5
238.8
239. 4
239%.4
2i4de bt
240.1
240.0
239.9
2h1.0
241.1
24047
2487
239.7
238.8
241.5
24342
243.8
24 2.0
246242
242.5
241.3
24140
24242
24845
24649
24142
247.2
250.1
24146
246.2
26+ 6
2u0.8
241, 0
24645
239.1

RFD*Z4

=+29
-s22

08

46

24

«39

32

42

81

«98
1.20

+86
1.13
1.33
1.81
1.65
1.79
2.37
2.3
1.62
246
1.89
2.00
2.94
3.21
3.51
3.76
3.77
4.06
3.81
2.84
247
3.08
3.15
3.04
4496
2.96
2464
4.91
4,85
3.95
531

691



DAY

oY
DOV ID LD ®P®ERNNNNNOOOOTOOV NN

TIME

9L .5
95.5
13GC.5
165.5
11C.5
115.5
120.5
125.5
13(.5
135.5
140.5
145.5
150.5
155.5
160 5
165.5
170.5
175.5
18C.5
185.5
19¢{.5
195.,5
260 .5
20545
210 .5
215,45
22( 5
225.5
2305
235.5
240.5
245.5
280 .5
255.5
2€( .5
2€%.5
270.5
27%.5
280 .5
235.5
29( .5
295.5
3L0.5
3.5.5
31C.5
315.5
32 45

VEL

4.06
4.07
3.88
4.06
4,06
3.84
4.05
boeOlb
b0l
4.05
4,05
4.06
3.84
4.05
3.97
beGl
3.82
3.81
3.83
3.82
3.91
4403
3.88
hel2
3.88
3.86
3.98
3.82
3.95
3.93
3.99
3.8¢C
3.8¢C
3.8¢C
3.84
4e01
3.78
4.01
be01
3.82
3.79
3.84
L.0¢C
3.96
4,30
3.96
3.99

ask

54397,
54369.
54884,
54828,
54772,
S4744G.
S46610.
SL347,
54575,
54519,
54435,
544C6.
54406,
54378,
54322,
54238,
54238.
54238.
54182,
54125,
54491,
54519,
5449%,
54519,
S4435.
54435,
54463,
S4h35,.
54378,
54378.
55700,
55644,
555 31,
55503,

55475,

55563,
55503,
55503,
55475,
55475,
55475,
55447,
55419,
55362,
561535,
56337,
56193.

TSA

1724
1€3. €
17442
171.1
170.7
17445
171.6
173.7
170. 4
170.0
173.1
173.0
173.3
1€3.13
1€9.0
1€6. 6
171.1
171.7
171.1
171.7
170.7
1€9.4
171.8
1€8.5
173.2
170. 4
169.¢
173.3
170.7
163.9
174.9
1747
175.1
17540
17449
172.5
175.8
172. 4
171.7
175.2
17541
175.1
171.€
171.9
173.3
17461
173.4

RFA®EY

1.61

1.50 .

86
1.45
1.61

« 86
1.43
1.49
1.54
1.61
1.66
1.60
1.04
1.65
1.61
1.95
1.08
1.09
1.24
1.16
1.48
1.69
1.29
177
1.53
1.41
1.63
1.087
1.59
1.75
1.70
1.C9
1.17
1.22
1.36
1.85
1.06
1.70
1.81
1.22

.99
1.29
1.79
1.72
1.78
1.74
1.A3

7SB8 RFB*EY

TsC

308.1
3u7.0
317 .4
3)8.7
318.0
319.1
3J8.9
338.0
337.8
337.1
3J6.8
336.4
317.0
315.8
338.0
333.1
315.0
315.8
31445
315.3
312.2
3%6.8
314.3
306.6
312.3
313.6
3J3.1
317.9
310.5
337.4
112.8
323.2
323.2
323.0
321.5
313.3
325.6
3t3.1
312.3
322.4
324.3
321.3
312.5
314.0
31641
317.8
I16.3

RFC*E 4

3.63
3.62
1.80
3.32
3.50
1.46
3.35
3433
3.35
3.45
3.53
3.55
1.60
3.52
3.00
3.82
1.57
1.60
1.86
1.71
2457
3.54
2,20
3.46
2.b4
2413
3.68
1.59
2+.96
3.36
3.16
1.35
1.45
1.46
1.84
3.37
1.16
3.30
3.39
1.60
1.17
1.78
3.24
2493
3.19
2.93
3.19

TS0

236.7
235.7
243.0
237.3
2364 8
24 4,1
237.7
236.8
236.5
236.0
235.9
235.7
242.5
23449
235. 9
232.3
24044
241.1
24041
240.8
238, 8
23545
2404k
235, 0
238.6
239.3
236.9
242.9
238.0
235. 6
239.2
24642
246 bt
246.3
245.5
240.3
2484 4
24041
239. 4
24641
b4
245.5
233, 4
240,3
242. €
24343
242.2

RFD*S 4

beltS
be?77
4.20
S.49
5«01
Le04
5.30
5.67
5.97
Selsls
5.68
5«70
he68
6.09
4e73
5.18
4.59
5.08
5e.11
3.81
4.23
6.06
Se14d
6.07
4.08
4.09
561
4.62
449
be94
betS
3.66
bel?
3.25
Jalsts
5.11
3.76
S«
5.93
4e21
3.88
4.07
517
Sels 5
4.933
451
5414+

041



TINE

325.5
33L.5
335.5
34l.5
341.5
Ju€E.S
351.5
35645
361.5
36645
371.5
37645
381.5
38645
391.5
39€.5
431.5
40645
411.5
41€.5
421.5
42€.5
431.5
43645
byl.5
L6 5
451.5
LEG.S
471.5
L7€.5
481.5
48645
491.5
49¢t.5
501.5
5( 6.5
511.5
516.5
521.5
52€.5
53145
53€.5
54145
5L6.5
557.4
55745
557.5

belD
4.00
3.78
3.76
4400
3.80
3.95
3.92
3.92
3.77
3.81
3.99
4,00
4.02
3.81
4.01
4.00
3.96
3.9¢
4e31
4.00
3.99
3.77
4.00
3.99
4400
3.77
3.77
3.98
3.99
4.06
407
3.86
4.07
4e07
b7
4.08
J.84
4.033
3.89
4.02
4h.01
3.99

QsA

55353.
55353,
55381,
55869,
55953,
55353,
56309.
55325.
5538440,
55353.
55397.
55897.
55784,
LR g
55728,
55728,
55756,
557006,
55544,
55812,
S5784.
55700.
55616,
556Uk,
55869,
55784,
55728,
55700,
555672
55644,
55587.
55953.
55353.
55840,
55840,
55847,
55397.
55897.
557040,
55737,
55756,
56150.
56.37.
55331,
56769.
36712,
S6oAh.

TSA

176.8
172.4
175.0
173.3
173.1
173.1
176.1
176.2
1734
174.0
171.5
171.7
171.5
175.1
174.6
171.5
179.3
1704
173.3
1€9.9
1€9.7
169.9
167. 4
1€8.2
168. 0
1€7.5
172.3
169.8
169. 4
173.1
174. 8
175.3
171.3
17%.4
1€3.0
1€7.5
171.3
167.2
1€5.9
1€6. 8
167.5
171.3
1e7.4
172. 8
182.7
174.1
1€4.3

RFA%EY

1.41
1.99
1.54
1.91
2.08
2.08
1.55
1.55
2439
1.83
2432
2424
2.34
1.89
1.90
2449
2. 64
2.66
2.09
2.76
2.80
2.70
3.01
2.87
3410
3.26
2457
3.13
3.16
3.16
2. 38
2.47
3.17
3. 24
3.52
3.64
3.09
3.73
3.99
3.88
3.79
3.29
3. 36
3.51
6.16
6.63
6o 22

TS8 RFBEW4

TSC

326.2
315.0
324.1
315.3
315.2
315.2
32643
326.8
312.3
323.0
315.1
31644
315.9
32446
323.0
313.6
312.1
311.2
321.3
311.5
311.3
312.7
339.4
309.4
309.9
3J9.6
321.9%
311.3
311.2
311.5
32442
325.6
31441
312.6
398.0
33742
318.1
3137.0
335.4
39642
3}6e6
317.93
3)8.8
31647
326.1
317.3
318.9

RFC*EY

1.55
3.31
1.70
3.38
3.43
Jols3
1.45
1.39
3.64
1.83
3.26
2.99
3.19
1.62
1.97
3.65
3.85
4,07
21l
402
4.090
3.63
410
bell
4430
belt3
2¢34
4,37
be3ly
4.39
2.23
223
hel8
het2
5.08
5.27
Jets7
537
5.60
5.50
5.3
374
5.36
bet 7
7.06
6494
7.02

TS0

24 8.7
2hl.1
24 6. 7
241.6
24145
241.5
2484
24867
238.7
245.8
24046
241e3
241.0
24 7.1
246.0
239.9
238.6
238.1
24 4.5
23861
237.9
238.6
235. 8
23642
23643
235.9
2444 2
237.9
237.6
238.2
24647
24746
240.1
238.9
235. 4
23447
241.8
23445
233.1
233.9
23445
24147
235.5
24 1.0
251.7
243.3
233.9

RFD*EY

3.67
410
3.28
5.16
479
Sels3
3.14
2.91
5.18
3.73
5437
4el2
4.07
347
4el6
Sel47
4.53
be77
4430
5.66
Sel4b
450
be34
576

5.99"°

5.72
422
5.88
5.83
5.83
hell
3.95
552
wel7
5.22
6011
5.28
6e42
Sels2
S.48
6.34
5.32
b.38
4.83
4.75
S5e17
5.66

IL1



TImWe

558.5
563.5
568.5
573.5
578.5
583.5
5R845
533.5
598.5
603.5
66845
613.5
61845
62345
628.5
63345
€38.5
643.5
€4 845
653.5
65845
663.5
668.5

VEL

3.94
3.99
3.92
3.89
3.95
3.97
3.92
k.01
3.97
4e.01
394
3.96
4.96
3.90
3.89
3.92
3.83
3.97
3.8%
3.87
4.03
3.88
4.05

Qsk

56234,
5570C.
55559,
55784,
55312,
55840,
55756,
55644,
55587,
SSohb.
55587,
55616,
55587,
55587,
55340,
55369,
55812,
55812.
55784,
55840,
55840,
55756,
55728,

TSA

163 4
1€9%.3
169.8
173.6
163.9
169.6
1€9.5
1€7.4
1€3.6
173.7
171.9
173.8
170.90
174.0
174. 8
174.3
175. 4
173.5
175. 4
174.2
171.1
172.7
173.5

RFASEY

571
‘.."7
4.07
3.95
LeOb
4.08
4.10
4.06
3.99
3.99
3.66
3.78
3.96
3.35
3. 41
3.50
3.24
3.56
3.21
3.26
3.75
3.l
3.87

S8

RFB*EL

TSC

318.5
310.2
313.6
316.0
313.2
312.5
313.9
308.6
311.7
311.7
315.1
313.6
339.3
316.8
326 .5
318.9
323.1
316.4
32243
320.6
312.3
318.3
310.5

RFC*Ey

bbbty
Selt7
Le71
4e32
4.82
4.92
La6l4
5.16
4.90
5.1t
Lol
4.58
Sel42
3.87
3.87
4.16
3.38
4.53
347
3.67
5.13
3.96
Sels 0

TS0

233.2
236.6
239.0
240.6
238.9
23844
239.0
23544
238.0
238.6
240.8
239.5
237.0
2L3.7
24449
243.9
246.5
242.3
24641
244.7
238.9
242.8
237.9

RFD*E4

Se71
5.56
LeOl
3+ 94
4.70
5.15
beb7
Lol
he21
5.11
be57
4.79
5.03
4.09
4.29
4.58
be15
4.65
3.85
4.28
5.32
3.4
5.14

A



Day

COPIOVNIIIVIVIVIE & FF & NWNEWNIONNRNIINN RN N RN - s b ph b pa po o pa pa

TIME

9
1.4
St
3ol
Gois
Sels
6.4
T.4
8.4
9.4

1G4
11.4
12.4
13,4
14,4

16els
17.4
18.4
19.4
2ol
clels
3244
I7.4
bles
SCels
55.4
60.4
BSets
7Cet
754
8C .4
85.4
0.4
5.4
97.3
101.4
10€.n
1iiebs
11€.4
121.4
12€.0

VEL

6.26
6e23
6.326
6.19
6.32
6.33
630
6.4t
6e33
6.304
624
6439
6.30
6.26
6e21
6e24
hell
6¢16
6.28
6o.42
6.22
6430
6.16
€.11
6el6
629
6e.18
6.18
6.23
6.17
6.40
6.23
6.19
6.16
6.3C
6.35
6¢26
6.18
Balle
6e16
6.11
6.23

s A

8694865,
86794,
86603.
Ab412.
R6317.
86126,
86030.
RE030.
87271.
R7176.
8RI85,
87080,
87080 .
86385,
8703¢C.
87080,
87176,
87176,
87367.
a7u62,
87367.
B7367.
87271.
8€185,
87176,
B7271.
A7176.
8694°,
7080,
87462 .
87367.
arary.
A698°,
8€985,
A7367.
87462,
87176.
8e3A5,
AEJ8S .
R7176.
£7367.
A7040.

$98%% RESULTS <=

TSA

146.0
146.6
145.7
146.6
146.1
145.9
14640
145.4
147.7
1u8.2
147.5
1u6e7
146.9
147.4
148.0
147.3
147.9
148.1
147.5
146.1
147.3
14645
148.1
147.7
147.2
146.5
1474
147.8
146.4
14647
14642
14744
147.2
1477
146.2
14603
166.3
147.8
148.1
147.5
147.6
147.3

RFA*EY

12
«02
15
15
«20
«33
31
45
«27
«34
«32
«55
52
ol
43
«51
«57
«52
«55
.73
o6l
«82
«73
«88
«94
1.08
1.01
1.12
1.22
1.21
1.36

758

146.2
146.8
146.0
14€.9
146. 4
146.2
14€.3
145.7
148.0
148.5
147.8
147.0
147.2
147.7
148.3
147.5
148.2
148.4
147.8
14¢€e 4
147.6
146.8
14844
148.0
147.5
146.8
147.7
148.1
14647
147.0
14645
147.7
147.5
148.0
14645
14€.6
146.6
i148.1
148.4
147.8
147.9
147.56

RUN 101 *svs»

RFB*EYL

«09
-o01
19
15
21
23
«38
«38
«37
«35
«36
52
46
7
«50
52
-1
%9
62
«80
67
.82
«86
«92
1.07
1.14
1.14
1.25
1.31
1.27
1.46
1.42
1.64
1.68
1.78
1.80
1.83
1.76
1.82
1.82
2.00
2410

TSC

RFC*EY

TS0

148.6
169.3
14 8. 4
14 9.3
148.8
14846
148.7
148.1
150.4
150.9
150.3
149. 4
is9.6
150.1
150.7
150.0
150.6
150.8
150.2
148.8
150.0
149.2
150.9
150.4
149.9
149.2
150.1
150.6
149.2
149.5
148.9
150.2
150.0
150.4
14 8.9
145%.0
149.0
150.6
150.9
150.3
150.4
150.1

RFD*E4L

«10
«13
23
«19
«35
«34
«36
«56
o by
48
«55
«62
«56
67
«63
62
«57
«65
«81
1.00
+83
1.08
«99
1.04
1.20
1.40
1.39
1.31
1.47
1.55
1.75
1.73
1.86
1.86
2.03
2.08
2412
2401
204
2.07
2+24
2.38

€L1



nAay

WO S L OI®D®ID®NNNNN

T1

A

131.4
136.4
1614
146.4
151.4
15€.4
163 .4
16€.4
173,

17€. 4
181.4
186.4
191.4
i9%.4
201.4
20€.4
211.4
216.4
221.4
22644
23l.4
236.4
2hi.b
246,04
251 .4
25k .4
26i.b
26E .4
271.4
e76ets
281.4
2R6.
291.4
29%.5
Jdl.4
306.4
311 .4
31€.4
JZi.4
326.%
31,4
335.0
339,.4
Ity 4
I49. %
I5L .4
359.4

VEL

6.12
6.25
6.14
6.32
6.15
6.05
6.10
6012
6.20
6.21
6e12
6.10
Get bt
6.18

6430

6.25
6.26
6.23
6.17
6.22
6.28
6.10
6.31
6.23
6.20
6.27
6.27
6.35
6.38
6ol
632
6.28
636
6.l
Hel3
6.23
6.32
6.7
6e26
6.38
6.39
6.29
6.47
6.36
6.l2
6.42
6.30

n/a

86945,
87030.
86389,
86985,
87080.
863385.
87080.
87367.
87271.
87080.
86985,
87367.
87558,
87176,
87176,
87080,
87367.
87558.
A7367.
87176,
A7176.
aru62.
a7558.
87176.
87176,
B7080.
a70se.
87462,
87367.
8717¢6.
87080 .
87367.
87367,
arzr71.
86502,
86794,
A7030.
R7080.
86985.
86794,
8717¢.
111047,
111967,
110956,
1104746,
110351,
111047,

TSA

148.5
147.5
1L48.0
14644
147.8
148.7
148. 4
148.1
147.6
147.1
147.9
148.2
147.6
146.8
146.7
147.5
147.3
147.0
147.8
147.7
147.6
148.9
14646
16741
147.9
148.0
146.8
14643
14644
14649
14744
146.9
146.5
145.9
14645
167.7
146,.5
145.7
146.8
14643
147.1
160.5
159.4
160.7
1603
16043
1607

RFA*EL

1.71
1.82
1.73
1.88
1.73
1.66
1.69
1. 65
1.81
174
1.68
1.67
1.71
1.71
1.75
1.73
1.74
1.74
1.65
1.70
1e74
1.59
1.76
1.71
1.65
i.67
1.81
1.76
1. 76
1.76
1.67
1.69
1.75
1.71
1.67
1.61
1.68
1.81
1.65
1.75
1.74
1.63
1.77
1.73
1.79
1.79
1.75

158

148.8
147.8
148.3
14647
148.1
149.0
148.7
14844
147.9
1474
148.2
148.5
147.9
147.1
147.0
147.8
147.6
147.3
148.1
148.0
147.9
149.2
146.8
147.4
148.2
148.2
147.1
14€.6
146.7
147.2
147.7
147.2
LuE.7
14€.2
14€.7
148.0
14E.8
145.9
147.1
14€.6
14704
160.8
159.8
161.1
160.7
160.7
161.1

RFB*E4

2.00
2414
2.08
2.17
2.08
2.07
2.07
2.06
2.16
2.18
2.03
2.05
2.36
2.12
2.17
2.05
2.09
2.12
2.03
2.02
2.06
1.9
2.11
2.03
2.00
2.66
2.13
2.11
2414
2.11
2.06
2404
2.06
2.06
1.99
1.93
2.03
2.13
.00
2.07
2.06
1.89
2.01
1.39
2.06
2.12
2.02

TSC

RFC*EL

TS0

151.3
150.3
150. 8
149.1
150.5
151.4
151.2
150.9
150.3
149.9
150.6
151.0
150.3
149.6
149. 4
150.2
150.1
149.7
150.6
150. 4
150. 4
151.7
149.3
149.8
150.6
150.7
149.5
149.0
149.1
149.6
150.1
149.6
149.2
14 8.6
1491
150.5
149.2
164843
149.5
149.0
149.8
163.9
162.8
16 4.1
163.7
163.7
164.2

RFO*EY

2424
2.32
2.39
2445
2.38
2.25
2425
2.33
2440
2443
2434
2.29
2.36
2440
2445
2.36
2440
2.37
2.25
2.27
2.37
2.21
2439
Ce3ls
2.18
2424
2ol
2.39
2.39
2.30
2.28
2.29
2.25
2.32
2.24
2.15
2.29
2433
2.29
2432
2.31
2.15
2.30
2.238
2.31
2437
2.30

1741



TIME

I6Lels
369.4
J74els
379.4
3844
3 89,4
394.4
399.4
LObko b
L0
it b
L19. 4
L2Uols
L29.4
L3l
439.%
Lbab. b
LL9. 4
LS4 b
459.4
Lkl
469.4
L7kl
L79.4
L8G4
489, 4
L. b
439.4
S0k .4
509. 4
S5ibele
519, 4
Sclole
529.4
S3h.le
539.4
S4t 4
549.4
S54.4
559,.4
Sbl.l
569. 4
S5Th.4
579.4
58Z.4
587.4
592.4

VEL

6,40
6.31
630
6.18
6.23
6.29
6.23
6425
6.20
6418
6.45
6.23
6ells
6.29
6.20
6426
617
6.24
6.18
6022
6.20
6.06
6.27
6.33
6e34
6.39
6415
6426
6.25
6o b3
6.34
6.40
6416
6.33
6.35
6.26
6.23
6.24
6.23
6426
6.25
630
6.1A
6.22
5.71
Seble
5.60

n/a

110856,
110569.
110665.
110951.
111238.
110760,
110760.
110665,
110760.
110760.
110665,
110569.
11076C.
110951,
110856.
110474,
110569.
110569.
110674,
110569.
110474,
110187,
110187,
110378,
110760.
110569.
110474,
110951.
112047,
110951.
110768,
110569,
110951.
111142,
110569.
110569.
110474,
110356,
110760,
110674,
110569,
110569.
110760,
110665,
110373,
110378,
1102143,

TSA

150.1
161.5
160.7
162.1
161.3
160.6
1616
161. 4
162.1
1614
159. 4
1€1.8
1€2.8
161.5
161.3
161.2
161.9
161.7
161.8
161.2
161.7
162.5
160.9
160.1
159.9
159.7
162.0
1614
166.8
159.7
160.5
160.6
162.2
160.8
160.9
161.6
161.4
161.6
161.6
160.9
161.6
160.7
161.7
161.0
1649
166 4
1€6.0

RFA*EL

1.81
1.71
1.76
1.73
1.72
1.77
1.75
1.80
1.78
1.79
1.95
1.83
1.76
1.92
1.85
1.88
1. 82
1.86
1.83
1.88
1.89
1.80
1.94
2.02
1.97
2.00
1.81
1.88
1.89
1,99
1.94
1.99
1.81
1.94
1.94
1.88

S8

160.5
161.8
161.1
162.5
161.7
160.9
162.0
161.7
162.4
161.8
159.8
162.1
163.2
161.9
161.6
161.6
162.3
162.1
162.2
161.6
162.0
162.9
161.3
1604
160.3
160.1
162. 4
161.8
161.1
160.1
160.9
160.9
162.6
161.1
161.3
161.9
161.8
162.0
162.0
161.3
162.0
161.1
16240
161.4
165.3
166.8
1664

RFB®*EL

2.12
2.00
2.02
1.99
2.00
2.11
2.06
2.09
2.07
2.08
2.24
2.15
2.07
2.21
2.19
2.20
2.16
2.18
2.20
2.20
2.21
2.11
2.2€
2.31
2.28
2.31
2413
2.19
2.20
2.28
2.23
2.28
2415
2.28
2425
2.21
2.21
2.21
2426
233
2.33
2.37
2.30
2436
2.28
2.22
2.28

TsC

RFC*c4

TSD

163.5
164.9
164.2
165.6
164. 8
164.0
165.1
164. 8
165.6
164.9
162. 8
165.2
166.3
165.0
164.7
16447
165 4
165.2
165.3
164.7
165.1
166.0
164.4
163.5
163. 4
163.1
165.5
164.9
164.2
163.1
164.0
164.0
165.7
164.2
164e 3
165.0
164.9
16561
165.1
164.3
165.1
164e 1
165.2
16445
168.6
176.1
169.7

RFD*EL

2.36
2427
2.34
2.23
2.29
2.37
2.30
2432
2.38
2434
2.48
2.39
2.31
2.50
2445
2elsls
2442
24 b4b
2443
2443
245
2.30
2455
2457
2455
2.58
2.39
2.48
247
2455
2450
2457
2eb1
2449
2.52
2.48
2.49
2449
2454
2464
2.57
2.61
2.56
2.62
2.50
2.41
2.50

QL1



TIME

597 .4
602.4
607.4
612.4
617.4
6224
627 4
63c.b
637.4
642.4
b47.l

VEL

4.90
5.75
5.75
5.72
563
5.68
5.71
5.65
5.76
5.70
5.66

0/

110665,
110665,
110474,
110378,
110283.
110474,
110569,
110474,
110283.
110283,
110569.

TSA

173.6
16bel
174.8
1663
166.7
165.5
165.0
166.0
165.3
166.1
165.5

RFA*EL

1.28
2.01
1.95
2.16
2.15
2.23
2.22
2.16
2.18
2.13
2.09

Ts8

17440
164.8
175.2
166.7
167.1
165.9
165.4
166.4
165.7
166.5
165.9

RFB*EL

i1.61
2.39
2.30
2.54
2.54
2.61
2.61
2.54
2.56
2449
247

1sC

RFC*EL

TS0 RFO*EL
177.7 1.86
168.1 2.61
178.5 2452
170.0 2.81
170.4 2.80
169.2 2.83
168.7 2.82
169.7 2.76
169.0 2.83
169.8 2.73
169.2 2.73

9/1



UAY

NNNNOCTOOTCVVUVWVVVIVE S & 585 WUWOEWMNNNRNNNE P re e e b e e b

TIME

9
1.9
29
3.9
L.9

6.9
7.9
8.9
9.9
16.9
11.2
13.9
16.9
23.9
28.9
33.9
38.9
43.9
48.9
53.9
5849
63.9
68.9
73.9
78.9
83.9
8849
93.9
98.9
1vleu
163.93
i1u8.9
113.9
118.9
122.1
126.9
131.9
136.9
14241
16469

Qrsa

35ub2.
94381,
33394,
941486,
934894,
33796.
936(C1.
93504,
33504,
33699.
93504,
93407,
93309,
33407,
935064,
4283,
I4575.
G4L4T7 8,
Fun78,
4283,
Quie7 8.
94341,
941 86.
94381,
94381,
ELTY &1
94381,
94263,
Jus75,.
9ub673.
94073,
94263,
Ji4udB.
4575,
34770,
4073,
I4u78,
Quu 73,
Juidt.
Jule3.
J4381,
Y381,

#4888 RESULTS == RUN 102 #*%+»

RFA®CY

-2.17
=-2.13
-2.19
-1.98
-1.92
=1.72
-1.60
-1.62
-1.69
~1.60
-1.“2
-1.39
-1.47

-1023‘

-1.17
-.78
-o k2
-e29
~e16

«19
1.09
2024
2.838
3.05
3.05
3.8
3.67
3.72
3.76
bell
bo3ls
415
b4ely
4.29
be26
4.39
4e¢57

bel 7

4e33
LeS5
4.50
“web3

158

172.7
173.9
176.2
175.2
175.2
174.3
174.0
1747
175. %
175. &
1747
174.8
175.5
175.2
176. 8
176.0
175.9
176.2
177.5
177.4
175. 8
175. 4
175.8
177.3
177.3
175.9
175. 4
176.9
177.8
175.5
174.8
176.8
177.3
177.8
178.5
177.0
17440
177.1
178. 4
176. 8
176.8
17645

RFB*c Y

-2.21
=2.26
=2.28
=241k
-2.11
-1.88
=1.75
=1.77
“1.79
=1.67
~1.51
1,43
=1.51
=1.24
-1,09
=e77
-e31
-.12
o11
60
1.47
2.19
2.81
2.95
2.95
3.55
3.80
3.81
3.85
4,22
Bolons
Belb
4.23
4e32

4.33

bott 8
+e72
.62
445
467
we7l
4708

TsC

177.7
178.7
131.1
180.0
134.0
179.2
178.8
179.5
180.2
18u.2
173.5
179.6
130.4
130.0
131.7
180.9
179.3
181.1
182.5
1313
130.6
18u.3
180.0
192.3
132.3
184.8
13v.3
181.8
132.7
1304
179.7
191.8
132.2
1d2.8
143.5
192.4
178.3
1a2.9
1336+
131.7
131.4
181 ¢4

RFC*cl

~2.c2
=2.16
=2.20
-1.,99
=-1.90
=1.60
=1.54
=1.53
=1.49
-1.40
=-1.27
-1.22
-1,30
=-1.09
=95
-s00
.11
22
50
1.16
1.95
2elsl
2+b6
2.b8
2.68
2.98
3.12
3ol
3.07
3.37
3.56
3.35
3.32
3.27
3.21
3.35
3455
3eud
3.24
3eu2
343
3.5

TsD

191.7
192.3
194.3
193.7
193.7
192.7
192.2
193. 08
193.8
193.9
193.0
193.1
194.0
193.5
195.5
194.7
193.4
194.7
196.3
195.7
194,3
193.9
194.3
196.2
196.2
194.5
193.3
195.6
196.6
194.1
193.3
195,7
196.1
196.7
197.5
195.9
192.2
195, 0
1974
195.5
19567
195.3

RF0*Es

=2.62
'2-62
=2.85
-2.7{
=2.69
=2.49
2. 42
=2.45
=2.48
2,42
-2.,28
=2.25
=2.35
=214
-1.90
-1q39

LLT



LAY

WOV WL a 2N

TINME

151.9
16v.9
165.4
169.9
174.9
179.9
154.9
159.9
194.9
139.9
264.9
239.9
214.9
219.9
22449
229.9
234.9
239.9
24449
249.9
25449
259.9
264.9
269.9
274.9
279.9
234.9
2d89.2
290.9

291 .4

291.9
296.9
3uL1.9
3u6.9
3i1.9
316.9
32607
32i.9
326.9
331.9
336.9
S41.9
34665
35049
357.8
361.9
3620

VEL

LoOb
3.95
J.91
3.96
4.0C
3.99
3.97
3.94%
3.93
4.03
3,93
3.95
3.97
3,95
4,97
3.91
3.99
4.00
“w.08
“elU
%.07
4.03
bell
4h.12
4.03
4.05
3.99
3.85
3.83
3.84
3.67
3.48
J.78
Je74
J.81
3.79
3.99
3,97
3.96
394
3.95
3.97
3.72
3.74
361
3.706
be0u

Q/sA

933491,
94186,
4575,
4478,
93331,
35062,
95160.
95062,
95062,
Juith.
4073,
IuT70.
94965,
947706,
34770,
34868,
4568,
94468,
940673,
94073,
34575,
94965,
94868,
94575,
375,
575,
770,
Fuol3.
937496,
336061,
935L4.
93uil.
92322,
92320,
93u17.
92320,
4073,
I447 8.
ELTY N
J4575.
Juol3.
EL2Y. L0
9I51lbi.
34365,
9457,
I I6B.
34 77u.

TSA

175.0
176+ 4
1774
17040
1753
17643
177.0
177.6
176.2
175.7
177.2
177.5
176.2
176.6
175.3

1777

176.8
175.8
1747
175.9
175.4
176.3
175¢5
17401
175.3
175.7
176. 3
174+ 1
177.3
177.3
173.8
177.3
178. %
173.1
173.3
177.7
170.3
17044
17%.9
177.2
170e0
175.9
18de 3
Lelel
182.2
13den
175e 4

RFA®EYL

4.83
4e b7
4,63
486
4e 94
4,93
4.86
4. 85
S.04
5.11
5.00
4. 99
5.20
520
5.37
Sell
5.206
539
554
5.45
553
5.50
5. 64
581
5465
5.67
5.62
5.60
5.88
5.92
5.66
6.08
6.0
6.03
te22
6e26
belsu
bewl
be bl
6¢39
6e51
0,56
6430
be 42
6. 31
beu?
Lol

158

175.9
177.3
178.2
176.9
176.1
177.8
178. &
178.5
177.0
176.5
178.1
178. 4
177.1
177.5
176.1
178.5
177.6
176.7
175.6
176.8
176.3
177.1
170.3
175.0
176.8
176.6
177.2
179.0
173.2
178.2
186.7
178.2
179.3
179.9
179.2
178.6
177.2
177.3
177.8
178.1
177.5
176. 8
131.7
18¢.1
153.1
131.5
17043

RF3*t4

5.00
Ge84
4.80
5.04
5.06
5.08
5.00
5.02
5.18
5.26
5.12
5.13
5.29
5.30
5.52
525
5.40
5.50
5.66

5.59°

5.68
3.62
5.76
5.9
Sellt
5.706
5.76
5.63
5.89
5.99
5:67
6.17
5.98
65.01
6.22
624
o.k 0
YL
030
5e31
643
dels 8
6.31
6.33
626
8.5¢
6.d08

Tse

13u.7
132.2
133.3
141.8
181.v
132.7
183.4
1343.5
182.0
1314
183.1
133.%
182.1
182.5
131.0
133.6
182.6
131.6
183Jd o4
131.7
131.1
132.1
181.3
179.3
181.7
131.5
182.1
136.1
183.2
133.2
135.9
133.1
134.3
145.3
134.2
133.6
152.1
13¢.2
132.7
133.1
1324
191.7
136.9

137.2

133 ¢4
li0.3
141.2

RFC*c b

3.1
3.56
3.52
3.73
3.81
3.81
3.73
3.72
3.91
3.96
3.87
3.89
4elle
4.07
4.28
4.03
4.19
4.32
4ok 8
4.38
4.50
bolt6
4.61
be78
4ol
4.b6
4.63
4.57
b.b8
492
%e0O
5.13
Sl
S.07
3.32
5:36
5.9
3.50
Seten
Seu5
5.00
5.65
Seub
5052
533
5¢02
Beuld

150

194eu
196.1
197.3
195.7
194.8
196.7
197. 4
197.0
196.u
195.2
197.1
197.4%
196.1
196.5
194.7
197.7
196.5
195.5
194.1
195.6
194. 8
195.9
195.1
193.3
195. 4
195,.2
196.0
193.3
197.4
197.3
2luen
197.46
193. &
193.3
193.3
197.7
196. ¥
190.1
196.7
197.1
19644
195.6
2lied
26l.8
eb3e3
2Lleb
19560

RFD*c4

3.01
2487
2.485
3.07
3.17
3.15
3.04
3.08
3.28
3.40
3.23
3.36
3.58
3.00
3.31
3.52
3.70
3.80
3306
3.89
4.93
3.35
el
427
4,07
“el3
4.00
4ell
4e26
4.28
3.38
LYY Y]
4e31
438
%59
4e03
4edI
4.89
4¢3
LTX-1-
2.01
5.07
+e78
4o 88
beod
“wedi
5041

8L1



TINe

3669
371.9
376.9
3481.9
383.8
38€.5
3487.9
392.9
397.9
4G2.9
407.9
412.9
417.9
422.9
4L27.9
432.9
4%37.9
449
w79
452.9
45749
464.9
4€9.9
“7" '9
479.9
wibe9
4%89.9
494.9
499.9
5(4.9
509.9
514.9
519.9
524.9
5¢9.9
334.9
539.9
S4ke9
549,9
5%4.9
559.9
5649
569.9
57T4.9
5749.9
53449
54949

a’aA

94381,
Y4478,
943581,
Fuyu 78,
35339.
94073,
94381,
94283,
40848,
94283,
95257.
95062,
34770,
94381,
Iau78,
94575,
94udb.
33894,
94ub88.
4uB88.
94381,
934991.
93699,
94186,
94283,
941386,
94383,
Juidbe
94186,
94180,
94dbbB.
34073,
94770.
34,368,
94dbH.
364575
ELT-Y N
Iud 68,
IuTT6.
94575,
JuSdl.
Ju3bl.
9udbl.
9ulbl.
GuueT8.
4381,
ELTY &N

T5A

177.2
176.3
177.5
176.9
18J.5
1765
170.3
17744
177.2
179.7
178.3
176.1
178.3
18J.1
153.3
177.8
176.6
173.6
178.5
177.3
177.1
177.1
180.1
181.2
177.3
177.7
180.1
177.7
177.7
177.6
173. 4
1o1.2
131.3
1481.0
181.7
1cde ®
18144
16144
178.3
176.9
173.3
17643
17de 4
173.1
173.43
174.8
173.2

RFA®EY

6+63
6.69
6.62
6.62
be 39
6.93
6.91
6.83
6.90
6.4 8
6.80
7.76
8.15
9,90
10.44
16.99
11.42
11.29
11.86
12.37
12.65
12.89
12,93
13.02
13.60
13.66
13.46
13.77
13.81
13.86
13.72
13.58
13.58
13.63
13.59
13.71
13.64
13.69
13.98
14,23
13.91
14416
1403
13.95
13.87
13.99
13.38

1s3

174.0
177.2
178+ &
177.8
181. 4
177.3
177.2
178.3
173.0
180.6
179.2
177.0
179.2
181.0
181.2
178.7
177.4
186.5
179.4
178.7
178.0
177.9
181.40
182.1
178.2
178.6
181.1
178.6
178.6
178, &4
133.3
182.1
182.2
181.9
182.6
181.5
132.3
181.9
179.2
176.9
186.2
177.8
179.2
184d. L
18ue?
173.7
13ue1l

RFB*EY

6469

6.81

6.68

674

6.50

7.07

7.11

7.03

7.08

6.67

6.99

7.86

8.21

9.85
18.39
10.96
11.42
11.34
11.84
12.3%
12.62
12.92
12.98
12.99
13.54
13.63
13.43
13.75
13.78
13.83
13.69
13.55
13.55
13.6U
13.55
13.68
13.64
13.71
14.03
1%.28
13.94
140214
14.66
14,03
13.94
14.07
14.00

183.0
132.1
133 .4
132.8
138.5
132 .4
182.2
133.3
183.4
135.8
134.3
132.0
184.3
136.2
136.%
183.7
182 .4
135.6
1844
133.7
133.0
132.9
136.2
147.3
183.2
133.6
186.2
133.6
143.6
133.5
135.4
137 .t
137 ¢4
137.1
137.3
136.7
187.5
137.1
134.3
131.3
135.3
142.4
184.3
145,2
135.3
13,3
135.35

RFC¥c &

5.80
5.96
5.80
5465
Sebi
016
Beé3
614
5.16
5.72
beud
6.63
7. 13
8.79
9.35
9.97
10.41
1G.31
19.90
11,43
11.71
11.93
12.05
12.11
12.69
12.77
12.57
12.90
12.94
12.97
12.84

. 12.71

12.09
12.73
12.638
12.82
12.75
12.b45
13.18
13,404
13.u3
13.40
13.24
13.17
13.65
13.18
13.17

750

197.1
195.9
197e4
193.8
201.0
196.5
196.1
197.3
196.9
20d.1
198.6
195.9
193.4
20d+6
200.9
198.0
196.5
20J3.1
193.6
197.8
197.2
190.9
2006.7
202.0
1974
197.8
200.7
197.7
197.7
197.4
199.7
262.3
262.1
2“1'9
202.7
cilels
26202
201'7
1943.5
195.7
193,.7
19043
194.5
193.5
2ul0e s
1939.1
193.9

RFU*Ew

5.12
5030
2.10
Sells
4e91
5e42
5048
5.38
5eiel
4e32
5.29
6.33
beT7h
8.38
8.30
.55
10.33
9.439
10.48
11.08
11.32
11.02
11.54
11.58
12.19
12.29
12.03
12.40
12.36
12.46
12.32
12.13
12.11
12.1¢
11.33
12.16
12,96

12.25%°

12.62
12.47
12,44
12.75
12.57
1240
12.33
i2.51
i2.406

6.1



TIME

594.9
5499.9
60“.9
609.9
613.9
€18.9
52349
bcEe.9
633.9
638.9
64309
6uL8,9
65349
658.9
663.9
668.9
673.9
678.9
683.9
688.9
693.9
698.9
Ta3.9
7.8.9
713.9
718.9
723.9
728.9
733.9
738.9
743.9
Th8.9
753.9
758.9
763.9

VEL

3.83
3.72
3.71
3.87
3.98
3.84
3.84
40
4.06
3.89

" 3e84

welu
3.91
he02
3.88
3.83
ke05
3.97
3.84
4.03
3.39
3.86
4.09
3.488
helb
3.90
boul
be08
3.97
3.93
3.85
hel0
3.67
bo08
3.93

Q74

Yuuls,
94575,
Ju381.
4uT8,
44?8,
94673,
477G,
94381,
44T 8.
Ju3Bl.
uuT8,.
94770,
94263,
J4J 88,
943481,
94575,
94575,
94381,
J4263,
4478,
JuuTd.
94283 .

94186,

94186,
4341,
94381,
4263,
34283,
94588,
LY.
Juldbe.
941 86,
349488,
34575,
943614,

TSA

177.7
173.2
16J.6
177.6
176.3
173.6
177.7
175.4
174.8
177.5
173.4
175.4
1774
175. 4
177.7
178.5
174.6
175.5
178. 4
175.0
175.8
177.3
17440
177.3
175.3
177.1
175.6
17401
175.5
175.7
177.3
173.8
177.2

17443

177.4

RFA*EW

14104
13.95
13.33
164.23
14.53
14,32
164,36
14475
1ae77
14,50
14.45
14.73
14.66
14,37
14.64
14.54
14.99
14%.89
14,63
14.93
16.38
14,82
15.25
14.90
15.10
14.94%
15.17
15.33
15.24
15.24
15.14
15.53
15.21
15.57
15.29

1s8

178.06
186.8
181.6
178.5
177.2
179.4
178.0
176.2
175.7
178. 4
178.9
176.3
178.2
176.3
178.6
179. 6
175. 4
176. 4
179.3
175.9
1767
178.2
174.8
177.9
176.2
178.0
176. 4
174.9
176. 4
176.6
176.2
174.7
173.1
175.2
178. 0

RF3%c 4

14.24
14.05
14,08
14,33
14.55
14.36
14,46
14,80
14.82
14.58
14,55
14.89
14.79
15.01
177
14.70
15,18
15.08
16.84
15.20
15.27
15.14
15.52
15.22
15.45
15,28
15.51
15.73
15.63
15.606
15.58
16.61
15.72
16.02
15.76

TSGC

133.06
136.3
180.7
133.6
132.2
134.5
143.7
181.1
184.0
133.4
18444
131.3
133.2
141.2
183.6
134.5
130.3
131.4
13644
13d.8
181.6
133.3
179.0
132.3
131 .0
143.9
181.3
179.3
181 .3
131.0
133.2
179.5
183.1
130.2
133.3

RFC*c &

13.37
13.16
13.14
13.49
13.71
13.49
13.56
14.00
14,82
13.76
13.78
164.08
14,00
14e25
14.05
14e b1
luet8
14,40
1416
14.52
14.51
1437
14.82
luetd
14.75
14.59
14.81
15.61
14.90
14.93
14eb2
15.ch
14,95
15.30
15,02

TS0

197.3
204d.b
201.3
197.7
196.1
198.8
198.0
195.40
194.2
197.5
1948.2
195.1
197.3
194.9
197.7
198.8
194. ¢
195.3
194.7
194.5
195.5
197.5
193.2
197.¢
194. 8
197.1
195.¢
193. 4
195.2
195.5
197. 4
193.2
197.2
193.7
197.0

RFU*Z Y

12.66
12.40
12.48
12.88
13.13
12.32
13.00
13.42
13.46
13.16
13.09
13.40
13.35
13.63
13.34
13.23
13.76
13.63
13.349
13.77
13.7¢2
13.51
14031
13.61
13.87
13.65
13.32
111
13.34
13.30
13.33
14433
13.97
14437
luedo

081



DAY

SNSNSNSNOIPOITOVVMN N NIEE LSO T WWWNNNNMNN NP R e s e e pa et o e e

—
Len ]
-
m

VO OUNOVOOVLOLOOOVODOW

N+ po po pa
WD I OWENMNLE WMNM

28.9
33.9
38.9
43.9
48.9
53.9
58.9
63.9
68.9
73.9
78.9
43.9
88.9
93.9
98.9
101.9
143.9
1.8.9
113.9
118.9
122.1
12€.9
131.9
13‘-.9
142.1
14E.9

VEL

“.Dl.
4bel7
.02
4.19
.04
4,09
he31
416
"..20
4.28
"..10
"..11
"..16
".006
3.99
"..20
boll
4elS5
"..01
4,00
4,12
"..15
4el5
“.07
“.10
4b.06
"..06
hel7
4.06
.04
4.19
3.99
2.97
3.97
"..08
"..03
"..13
3.89
“.02
3.%8
"..01
3.92

QrsA

1022€6.
101727.
101 344,
101823,
101531,
101535.
101b 31,
101727.
101727,
101319,
101823.
101631.
101631,
102206,
102302.
102589.
102362,
102110.
102206.
102110,
10220¢€.
10220h.
102302.
102014,
102d1 4.
1022056,
102014,
102314,
102398.
102685,
102549,
1)2206.
1021402,
102685,
103068.
102372,
1y2972.
132372,
102645,
102781.
1030613,
103164,

$e88% RESULTS == RUN 103 +w+vvers

TSA

166.9
168. 4
171.3
169. 4
170.8
170. 4
167.8
170. 0
163. 8
163.6
171.1
170.8
170.2
172.2
173.6
170.1
170.6
171.2
173.1
172.9
170.9
173. 4
170.8
171.9
171.5
171.6
171.7
171.0
172.6
171.9
169.9
172.6
173. 4
173.7
172.€
172.6
171.5
175. 4
173.3
175.2
172.9
173.9

RFA®EL

e 2l
«0b
o1l
« 54
«53
«67
1.04
« 95
1.08
1.27
1.08
1.20
1.26
1.39
1.kl
1.97
1.99
1.91
1.98
2.15
2.20
2.16
1.97
2.02
2.00
1.97
2.07
1.90
1.96
2.18
1.93
1.87
1.89
1.99
1.99
1.89
1.77
1.93
1.75
1.96
1.86

TS8

166.0
167.5
170. 4
168.5
169.9
169.5
166.9
169.1
163.8
167.7
178.2
169.9
169. 2
171.2
172.6
169.2
169.7
170.3
172.2
172.0
169.9
169.5
169.9
171.0
173.5
170.7
170.8
170.0
171.6
176.9
169.0
171.6
172.5
172.8
171.6
171.7
170.6
17444
172. 4
174.2
171.9
172.9

RFB*E 4

-s23
27
23
.66
.62
77

1.18

1.07

1.20

1.39

1.20

1.32

1.38

1.46

1.59

2.05

2.17

2.19

2.11

2.15

2.33

2.37

2.28

2.17

2.19

2.15

2.09

2414

2.05

2.69

2.28

2.03

1.95

1.99

2.03

2.06

1.96

1.85

2.00

1.79

1.98

1.91

TS5C

168.9
170.3
173.2
171.2
172.7
172.3
169.7
171.9
171.6
170.5
173.0
172.7
172.0
17401
175.5
172.0
172.5
173.¢
175.0
17449
172.8
172.3
172.7
173.9
1734
173.6
173.7
172.9
174.5
173.9
171.8
174,5
17544
175.7
174.5
17446
173 .4
177 .4
175.3
177.2
174.8
175.3

RFC*t W

-¢36
~. 05

12

55

54

«€69
1.08

«99
1.18
1.40
1.17
1.29
1.35
1.53
1.63
2.12
2.24
2.29
2.25
2.32
2.53
2.55
2.51
2.35
2.40
2.35
2.29
2.37
2.22
2.26
2.48
2.23
2e14
2.15
2.26
2.23
2.13
2.01
2ol
1.95
2.17
2.67

TSu

1741
175.4
178.5
176. 4
178.0
177.6
1764.7
177.1
176. 8
175.5
178.3
177.9
177.2
179. 4
180.9
177.2
177.7
178.3
18d. 4
180.2
178.0
177.5
177.9
179.1
178.6
178.8
178.9
178.0
179.8
179.1
177.9
179.9
180.7
181.1
172.8
17¢.9
178.7
182.8
160.6
182.6
180.2
181.3

RFO*Ey

-s35

.01
.00

.31

«21

.“6

.72

.67

.81
1.01

«85

.91

«93
1.10
1.11
1.57
1.69
1.71
1.64
1.68
1. 5‘.
1.32
1.85
1.73
1.51
1.76
1.75
1.8‘.
1.69
1.72
1.96
1.66
1.57
1.56
1.73
1.72
1.66
1.49
1.65
1.46
1.69
1.57

181



DAY

-
SOV OLDOE®ETE®E®N

-
oo oo

11

TIME

151.9
160.9
165.0
16¢9.9
174.9
179.9
184.9
189.9
124.9
199.9
204.9
209.9
214.9
219.9
22449
229.9
23449
239.9
244 .9
249.9
254 .9
259.9
2649
269.9
274.9
279.9
284.9
239.2
29C.9
291.4
231.9
29€.9
3dJ1.9
309
311.9
316.9
3é0.7
321.9
32¢€.9
331.9
33€.9
341.9
34e.5
35C.9
357.8
361.9
36246

VEL

3.99
4.03
3.77
3.94
4.03
3.90
4,02
3.93
3.90
b.00
3.94
e 00
4b.08
3.92
bo11
4,09
4,06
3.91
4e12
bolb
4e07
4e01
Lbe06
we08
bell
3.99
4,05
3.97
LeC7
3.36
4.07
4,06
4.03
be02
3.89
3.99
4,01
3.98
3.83
3.99
3.%1
hell
3.77
3.8C
3.69
J.b7
3.87

Q/A

102685.
102685,
102372,
102685,
192110,
10201 4.
102398,
102398,
102398,
101919,
102110.
102110.
102206.
102110,
102206,
10220¢€.
102206,
102302.
102206,
102206
10201 4.
1323C2.
1023914,
102110,
102014,
102014.
102206,
101823,
1319067,
100865,
106365,
100482.
100386,
100 +82.
387342,
100402,
102206.
102206,
102206,
102493,
102589,
152206,
102206,
102110.
102398,
132589,
102302,

TSA

173.3
172.6
170645
173.3
171.9
174.3
173.1
174, 2
173.6
172.6
173. 4
173.2
171.0
173.5
171.2
171.5
172.2
173.5
170.8
171.8
172.0
172.9
171. 8
171.2
171,13
172.9
172.0
172.5
1704 4
171.9
173.5
171.5
171.6
171.7
394,.2
171.6
172.5
173%. 0
174.6
173.4
173%.9
171.3
175.9
1763
177.3
177.6
LThed

RFA*EL

1.93

2.02

1.69

1.99

2413

1.96

2.08

1.98

2406

2415

2.06

2.11

2.29

2.11
"2435
2.33
2.28
2416
2.45
2.37
2.39
2437
2450
2454
2464
2.45
2459
2.79
3.08
2.93
3.10
3.07
3.09
3.10
5.35
3.27
3.32
3.28
3.17
3.33
3.306
J.49
3.38
3142
3.34
3.36
3.5C

S8

172.3
171.7
175.5
1723
171.0
173.3
172.2
173.2
17246
171.6
172.5
172.2
170.1
172.5%
170. 3
170.5
171.3
172.5
169.9
170.9
171.0
171.9
170.9
170.3
170.1
172.0
171.1
171.5
169. 4
171.0
169.6
170.6
170.7
170.7
390.5
17d.7
171. 6
172.0
173.6
172+ 4
173.40
176.9
175. 6
175.3
176.3
176.6
173. 4

RFB*E Y

1.93
2.04
1.69
2.01
2412
1.98
2.065
1.98
2.03
2412
2.03
2.08
2.26
2.08
2.32
2.32
2.22
2.10
2.39
2.31
2.31
2.29
2ol
2.50
2.53
239
2.50
2.76
3.05
2.90
3.06
3.01
3.03
J.04
-5.23
3.23
3.26
3.22
J.11
3.25
3.22
3.3
3.30
3.32
3.26
3.28
3.40

T5C

175.2
174.6
17846
175.2
173.9
176.2
175.1
176.1
175.6
174.5
175.4
175.1
173.0
175.5
173.2
173.4
17442
17544
172.7
173.8
173.9
174.3
173.7
173.1
172.9
174.9
174.0
1744
172.3
173.8
172 .4
17340
17345
173.6
401.7
173.5
174.5
174.3
175.6
175.3
175.3
173.3
178.9
178.3
179 .4
173.56
17€. 3

RFG*EY

2.12
2.21
1.84
2.17
2.29
2.12
2.22
2.17
219
2429
2.22
2425
2el46
224
2.46
2el47
2439
2426
2456
2.51
2450
2445
2.58
24 €5
2473
2456
2.67
3.06
3.33
3.20
3.35
3.32
3.31
3.35
-5.48
3.49
3.56
3.51
3.40
3.54
3.50
3.70
3.58
3.60
3.54
3.53
3.06

TS0

180.6
179.9
184.2
180.6
173. 2
181.6
18d. 4
181.5
181.0
179. 8
180.8
180.5
178.2
189.9
17 8. 4
178.6
17 %4
180.9
177.9
179.0
179.1
183.2
17 3.0
17 8.4
178.1
189.2
173.2
179.8
177.5
179.1
177.6
178.6
178.7
178.8
422.3
178.8
179.8
180.3
182.0
180.7
18144
179.1
18345
183.8
185. 0
185.3
181,38

RFD*E4

1.66
1.77
1.38
1.73
1.88
1.7
1.34
1.75
1.30
1.90
1.33
1.8
2.08
1.85
2.12
2.12
2.04
1.33
2.21
2416
2.18
2.10
2.26
2.33
2.41
2.20
2.35
2465
2.32
2.73
2.94
2.38
2.90
2.34
~5.65
3.07
3.13
3.38
2.36
3.13
3.03
3.30
3.15
3.148
3.10
3.12
3.26

281



TIME

3J6E.9
371.9
37€.9
3481.9
383.8
38€.5
387.9
392.9
397.9
402.9
437.9
412.9
417.9
422.9
42749
432.9
437.9
442.9
4Wh7.9
452.9
457.9
LeEw.9
469.9
W74.9
479.9
484.9
439,9
494.9
499,9
504.9
5{9.9
514.,9
519.9
5249
529.9
534.9
539.9
Su4.9
549.9
5549
55%.9
564.9
569,.9
574.9
579.9
584.9
582%.9

VEL

3.89
3.98
3.28
L.00
3.48
3.36
3.83
3.66
3.69
3.86
3.82
3.86
3.80
374
3.73
3.76
3.95
3.89
3.92
3.89
3.78
3.91
3.81
3.86
3.85
3.84
3.89
3.95
3.84
3.92
3.93
3.74
3.78
3.80
3.93
3.88
3.74
3.75
3.77
4.02
3.99
3.89
3.27
3.8%
3.89
3.92

3.86,

Q/sA

102314,
142110,
102110,
102110.
103451,
102493,
102393,
102206,
102014,
102014,
102110.
102014,
101919,
101727,
102014,
102110,
101823,
101727,
1015356,
101631,
101319,
101727.
101446,
101823,
101319,
101535,
101323,
101727,
101823,
101319,
101535,
101535,
101727,
101727.
1014322,
101535,
132206,
10220¢.
102014,
101323,
101323,
102302,
191727,
131727,
101423,
101823,
101723,

TSA

17440
173.5
173.5
17244
182.5
17242
17540
178.0
177.7
175.1
17u.6
173.9
175.9
17647
176.5
175.2
172.5
173.9
173. 8
17440
174.8
173.8
17541
174.4
174,10
173.9
1742
174%.7
175.0
172.7
173. 4
17641
171641
174.8
173.1
173.8
177.0
176.6
t75.8
171.8
172.2
17443
173.0
1745
173.7
175. 3
174.3

RFA®*E Y

3455
3.65
3.61
3.71
3.20
3.91
3.70
3.57
3.70
".' 11
4.31
5.21
5.48
7.79
8.49
8.56
8.79
8.54
9.15
10.50
10.50
10.56
11.16
10.97
10.90
10.83
10.74
10.75
1€.71
10.78
11.02
10.73
10.61
10.66
10.77
10.63
16.37
10. 41
1C.48
10.67
10.38
1C0.15
10.37
10.17
10.21
10.01
16.15

158

173.1
172.5
17246
17144
181.5
171.3
174.0
177.0
17647
174.2
173.6
172.9
174.9
175.7
175.5
174, 2
171.6
172.9
172.9
173.1
173.8
172.9
174. 2
173. 4
173.0
172.9
173.2
173.7
174.0
171.7
172.5
175.1
175.1
173.8
172.2
172.8
176.0
175.6
174.8
17G.3
171.3
173. 4
172.1
173.5
172.7
174.0
173. 4

RFB*E Y

Jebb
3«54
3.53
3«62
3.11
3.80
3.62
3«49
3.60
4.03
4.21
5.05
5.28
Tel 8
3.22
8.21
8 47
8.24
8.85
10.33
10.35
10.46
11.04
10.92
10.83
10,73
10.64
10.63
10.59
10.63
10.87
10.54
10.47
10.52
10.57
10.44
10.16
19.20
10.26
10,042
10.28
3.93
10,16
9.98
13.02
9.76
3.90

1sC

176.0
175.4
175.5
17443
184.7
174.2
177.0
130.0
179.8
177.1
176.6
175.9
177.9
178.7
178.5
177.2
17445
175.9
175.8
176.0
176.8
175.8
177.2
176.4
175.9
175.9
176.2
176.7
177.0
174.6
175.4
176 .2
17841
176.3
175.1
175.3
173.0
178.6
177.3
173.3
174.2
17643
17540
176.5
175.7
17743
176.3

RFC* b4

3.70
3.80
3.77
3.89
3.36
4.09
3.90
374
3.90
4.31
4.4 6
5.28
5.55
7.75
B.043
.40
8.66
Rl 6
J.04
10.59
10.53
10.60
11.08
10.86
10.76
10.69
10.58
10.53
10.55
10.57
10.86
10.u1
10.40
10.50
10.58
10.47
10.21
10.25
10.32
10. 49
10.43
10.06
10.31
10.14
1J.138
3.95
1C.C7

TS0

1614 4
180.8
160.8
179.6
193. 6
179.6
182.5
185.7
185.4
18246
182.1
181. 4
183.4
18443
184.1
182.7
179.8
181.3
181.1
1814
18243
181.2
182.6
181.8
1814
181.3
181.6
182.1
182.5
180.0
180.%
183.7
183.6
182.3
180.5
181.2
184.56
184.2
183. 4
179.0
17 %.5
181.7
180, 3
181.9
181.1
182.5
181.38

RFO*S4

3.33
3.45
3.42
3.51
2493
3.70
3.48
3.30
341
3.90
4e09
5.02
5.26
753
8.23
8.25
356
8.38
8.99
10.39
10.27
13.32
10.81
1d.43
10.36
19.08
9.98
14.03
3.39
1J.04
10.31
3.32
J.88
9.99
13.13
10.02
9.74
9.81
3.4%3
13.07
J. 34
3.61
3. %6
3.68
3.75
3.53
9.6 8

€81



TIME

594 .9
599.9
604.9
609.9
613.9
618.9
623.9
622.9
633.9
638.9
64 3.9
648.9
653.9
h58.9
€€3.9
668.9
673.9
678.9
683.9
6r8.9
693.9
698.9
7G3.9
708.9
713.9
718.9
723.9
7T28.9
733.9
738.9
T43.9
T4B8.3
753.9
758.9
763.9

VEL

3.91
3.80
3.81
3.76
3.90
3.88
‘..0"
3.90
3.91
3.94
5.89
3.8"’
"007
3.96
3.82
3.86
3.98
3.94
3.97
4.02
"002
3.89
4.85
".o“
‘0.08
4.10
4.00
3.96
4.03
3.88
3.97
‘.006
4.12
3.99
3.96

Q/7A

101823,
161919,
101727.
101823,
101727.
101919,
101319,
101727.
101823.
101727,
101727,
101919,
101631,
101535,
101323,
101919,
101319,
101727.
101423.
101919,
1013919,
101919,
101631,
101535.
101727.
191535,
101440,
101631,
101344,
101346,
101440,
101440,
101440,
10230¢2.
102645,

TSA

173.6
175.0
175.3
175.5
173.7
1764.2
171.1
173.1
173.3
173.1
173.6
173.8
171.6
172.8
174.9
170he b
171.9
172.3
172.6
171.6
171.9
173.1
171.8
171.1
171.3
173.6
171.9
172.2
171.0
172.9
171.9
17J.2
170.2
172.3
173.4

RFA*EL

10.24
10.28
10.32
10.29
10.42
10.43
16.78
10.548
10.62
10.70
10.68
10.69
10.9"
10.81
10.60
10.71
16.91
16.86
10.85
16.98
11.00
10.88
11.13
11.12
11.19
11.17
11.06
11.€0
11.21
11.10
11.23
11.40
11.45
11.31
11.29

Tse

172.7
174.0
174.3
174.5
172.7
173.2
170.2
172.2
172. 4
172.2
172. 6
172.8
170.7
171.8
173.9
173. 4
i76.9
171.3
171.6
170.7
171.0
172.2
170.0
170.2
170.3
169.7
170.9
171.3
170.1
171.9
171.0
169.2
169.3
171. 4
172. 4

RFB*EL

10.00
10.06
10.15
10.07
10.23
10.26
10.63
10.43
10.48
10.55
10.54
10.52
10.79
10.6"
10.43
10.51
10.76
10.71
10.67
10.81
10.83
10.71
10.95
10.92
10.96
11.00
10.89
13.81
11.01
10.90
11.03
11.15
11.22
11.07
11.05

TsC

175.6
177.0
177.3
177.5
175.7
176.2
173.0
175.1
175.3
175.1
175.6
175.8
173.6
174.7
176.9
176 .4
173.8
176.3
174.6
173.5
173.9
175.1
172.9
173.1
173.2
172.5
173.8
1764.2
172.9
174.8
173.9
172.1
172.1
174.3
175.+

RFC*E 4

10.18
10.19
10.23
10.20
10.37
10.42
10.75
10.57
10.59
10.€7
10.65
10.66
10.93
10.78
10.56
10.67
10.92
10.85
10.84
10.95
10.99
10.87
11.10
11.09
11.16
11.17
11.63
10.97
11.20
11.06
11.20
11.37
11.42
11.238
11.26

TSD

181.6
182.5
182.7
183.0
181.0
181.6
178.3
180.5
180.7
180.5
181.0
181.3
178.48
180.1
132. 4
181.8
179.1
179.6
179.9
178.8
179.2
180.5
178.1
178.3
178.4
177.7
179.1
173.5
178.2
180.2
173.2
177.3
177.3
173.6
180.7

RFD*EH

9.76

9.78

9.37

9.81

9.36
10.04
1d.41
10.24
10.26
10.32
10.29
13.32
10.62
10.43
10.22
10.34
13.60
10.55
10.52
10.66
10.70
1d.54
10.81
10.77
10.A87
10.88
10.706
10.67
13.89
10.73
10.93
11.08
11.14
11.901
10.36

v31



DAY

NNSNNOOOOOVIVIVIVIVIVI &S S £ S WWWWN NN NNN N e e b b s b e e

TIME

o o
O

OV NN WM =
o ® o o 6 s 0 ® 0 o

VOO OODOOOD

48.9

VEL

4.02
4.06
4.06
4,05
be 04
4.02
4.05
4.03
4,03
4.02
3.99
4.00
3.99
3.98
3.95
3.87
3.96
3.95
3.96
3.89
3.90
3.94
3.91
3.90
3.92
3.93
3.96
3.95
3.88
3.83
3.87
3.91
3.90
3.89
3.86
3.88
4415
3.93
3.9
3.90
3.87
3.90

n/a

74493,
73846,
73477,
735649.
73199,
72737.
73477,
73477,
73477,
73662,
73477,
73292.
73292.
73939.
73846.
74586,
74586.
74493,
TL493,
74493,
74493,
74678.
74586.
74401,
74401,
74493,
74493,
74309.
74956,
75048.
74401,
74124,
74124,
74771,
748632,
T4R63.
74771
74771,
74678,
74678,
74778 .
74956.

ssves RESULTS == RUN 104 ®vevss

TSA

153.3
155.9
157.0
156.8
156.3
15644
156.8
157.3
157.6
157.5
158.0
157.8
157. 8
158.9
159.4
160.0
159.0
159.9

159.8 .

160.3
159.6
159. 4
159.9
160.1
159. 8
159.3
159.2
159.8
161.1
159.9
159.6
159.2
159.9
160.5
161.0
160.1
157.3
160.4
16045
160. 4
160.2
159.7

RFA®EY

-e03
-¢15
-+19
=20
-e10
-e 04
-.01
e 04

«03
15

«12

«19

«19
o34
«61
«78
1.16
i.35
1.54
1.€3
1.79
1.89
1.89
1.91
f.91
1.98
1.91
1.91
1.83
1.95
1.93
1.89
1.91
1.84
1.78
1.82
1.76
1.85
1.80
1. 82
1.80
1.84

TS8 RFB%EY

T1sC

153.3
155.8
157.0
156.8
156.3
15644
156.7
157.3
157.6
157.5
158.0
157.8
157.8
158.8
159.3
159.9
159.0
159.8
159.8
160.2
159.6
159.3
159.9
160.0
159.8
159.2
159,2
159.8
161.0
159.9
159.6
159.1
159.8
160.5
160.9
160.4
157.3
160.4
160.5
160.4
160.2
159.6

RFC®EL

-e11
-e23
-¢35
o2l
-e33
-e23
-e27
~e16
o2l
-e15
=e25
-¢19
-¢15
-e15
«05
«18
k2
« 49
.57
70
.83
«89
93
.84
98
1.02
1.06
1.02
1.03
1.21
1.15
1.22
1.17
1.17
1.23
1.34
1.27
1.37
1.36
1.41
1.58
1.72

TS0

164.8
167.2
168.3
168.1
167.6
1677
168.1
168.7
169.0
168.9
169. 4
169.2
169.2
170. 4
170.9
171.8
170.7
171.6
171.5
172.1
171. 4
171.1
171.7
171.8
171.5
171.0
170.9
171.5
173.0
171.8
171.5
170.9
171.6
172. 4
172.9
172.0
168.6
172.2
172.3
172.2
172.1
171.5

RFD®EY

- 01
-e16
-e19
-+ 06
-e10

«05

10

17

o2

32

«29

54

47

«67
1.03
1.30
1.74
1.92
2011
2.21
2041
2. 44
2.54
2446
2461
2454
2455
26 b4
2450
258
2454

681



DAY

VO OO DD

TIME

151.9
160.9
165.4
169.9
174.9
179.9
184.9
189.9
194.9
199.9
204.9
209.9
214.9
219.9
224.9
229.9
234.9
239.9
244,.9
249.9
254.9
259.9
264.9
269.9
274.9
279.9
284.9
289,.2
290.9
291.4
291.9
2€€.9
301.9
30€.9
311.9
316.9
320.7
321.9
326.9
331.9
33€.9
341.9
I4E S
350.9
357.8
361.9
X646

VEL

3.94
3.89
3.84
3.89
3.88
3.90
3.87
3.88
3.91
3.90
3.90
3.95
3.94
3.94
3.93
4.01
3.97
3.99
3.99
3.97
4,00
3.99
4.00
4el04
4.03
l.‘ul
l..uu
3.97
4o 01
l.‘ol
3.98
4,00
3.96
3.86
3.99
3.98
4.00
4, 00
3.98
4.00
4.00
4.05
3.70
3.81
3.69
3.69
4.01

a74

745A6.
74586,
74771,
74863,
74586,
74493,
74586.
74586,
74678,
74309.
74401,
74401,
74401,
74493,
74493,
74493,
74492,
74u433,
74493,

74401, -

74493,
7L4678.
74678,
74586,
744493,
76492,
74586.
74493,
74031,
73846,
73939,
73569.
73477.
73384,
72384,
73384,
74216,
74216,
74124,
743049,
74401,
74216,
74124,
74216,
74863,
74771,
74493,

TSA

159.5
160.1
160.9
159.8
159.9
160.2
160.9
160.5
159.4
159.7
159.8
159.8
158. 8
159.2
159.5
158.6
159.4
158.3
158.6
158.8
159.0
159.3
158.7
158.2
158.7
158.9
158.9
158.8
157.7
157.8
158.3
158.9
158.9
160.0
158.8
158.1
158.5
158.5
159.0
158.9
158.4
157.7
162.0
161‘6
162.7
162.4
158.3

RFA®EL

1.87
1.90
1.79
1.94
1.89
1.92
1.87
2.00
2.03
1.99
1.98
2.05
2.09
2.03
2.02
2421
2.14
2425
2.25
2423
2431
2.37
2042
2¢49
2453
2.57
2465
3.17
3.53
3.56
J.49
3.57
3.64
3.50
3.78
3. 84
3.91
3.88
3.89
3.89
3.96
4,03
L.00
4.37
hell
4a02
4,07

TS8 RFB*EH

TsC

159.5
160.0
160.9
159.8
159.8
160.2
160.8
160.4
159.3
159.7
159.8
159.8
158.7
159.1
159.5
158.6
159.4
158.3
158.5
158.7
159.0
159.3
158.6
158.1
158.7
158.9
158.8
158.8
157.6
157.7
158.2
158.9
158.9
160.0
158.8
158.0
158.5
158.5
159.0
158.9
158.3
157.6
161.9
161.6
162.7
162.3
158.3

RFC*EY

2.12
3.03
284
2.91
2494
2497

S0

171.2
171.9
172.9
171.7
171.7
172.0
172.7
172.3
171.2
171.5
171.6
171.5
170. 4
170.9
171.2
170.2
171.1
169.9
170.2
170. 4
170.6
170.9
170.3
169.7
170.2
170.5
170.5
170.5
169.2
169,.2
169.8
170.3
170.4
171.7
170.2
169.5
170.1
170.0
170.6
170.5
169.9
169.1
17401
173.5
175.0
17446
169.9

RFD*EW

981



TIME

36€.9
371.9
376.9
381.9
383.8
38645
387.9
392.9
397.9
L02.9
407.9
412.9
417 .9
42249
427.9
432.9
437.9
442.9
447 .9
452.9
457.9
L64 .9
4€9.9
474 .9
479.9
484.9
489.9
4¢4.9
499.9
504.9
509.9
514.9
519.9
524.9
529.9
53449
539.9
S44.9
549.9
554 .9
559.9
SE4.9
569.9
574.9
579.9
584.9
589.9

VEL

b.01
3.98
4,01
3.99
3.88
3.80
3.71
3.76
3.68
3.73
3.71
3.68
3.70
3.68
3.69
3.65
3.67
3.67
3.67
3.68
3.70
3.71
3.67
3.69
3.71
3.74
3.69
3.70
3.67
3.65
3.65
3.65
3.64
3.63
3.67
3.67
3.63
3.67
3.68
3.63
3.60
3.65
3.66
3.65
3.65
3.€1
3.62

N/ A

74309.
74124,
74124,
74216,
75048,
74401,
74216,
74031,
73939,
74124,
74124,
74216.
74124,
73939,
74216.
74309.
74124,
739349.
Tu124.,
74216.
74401,
74309,
74031,
74309.
74309.
74216,
74216.
74124,
74309.
74309,
7LG31.
74031,
74216.
74124,
74216.
7u031.
74586.
74493,
74493,
74309,
74216,
74216,
Tu216.
74216,
74309,
74216,
74216,

TSA

158.5
159.3
158.9
158.3
161.5
159.9
161.7
161.5
162.7
162.2
161.3
161.7
162.5
162.7
162.2
i62.0
161.8
162.3
163.0
162.6
161.3
162.3
162.6
162.3
161. 4
161.0
162.5
162.3
162.9
i61.9
1f2.8
162.9
1£3.5
162.6
162.1
162.3
164.0
163.1
162.5
1R2.8
163.1
1h2.7
162.9
162.7
162.5
163.2
162.1

RFA*EY

4,10
4.07
4.08
4e13
3.87
3.80
3.67
3.78
3.77
3.32
3.29
3.89
440
6+98
8.06
8.04
8.08
Be15
8.60
9.99

16.23
10.32
11.21
11.42
11.50
11.47
11.36
11.52
11,44
11.47
11.81
11.80
11.69
11.75
11.73
11.74
11.57
11,74
11.77
11.66
11,64
11.73
11.73
11.73
11.70
11.63
11.63

Ts8

RFB*EL

TSc

158.4
159.3
158.9
158.3
161.5
159.8
161.7
161.4
162.6
162.1
161.3
161.7
162.5
162.7
162.2
161.9
161.8
162.2
163.0
162.5
161.3
162.3
162.6
162.2
161.4
160.9
162.5
162.3
162.8
161.8
162.8
162.9
163.4
162.6
162.1
162.2
163.9
163.0
162.5
162.8
163.0
162.6
162.9
162.6
162.5
163.1
163.1

RFC*EL

TS0

170.0
170.9
170.4
169.8
173. 4
171.8
173.9
173.5
174.9
174.3
173.5
173.9
17447
174.9
1740 4
174.3
174.1
174.5
175.3
174.8
173.5
174.5
174.8
174.5
173.6
173.1
174.7
174.5
175.2
174.2
175.1
175.2
175.8
174.9
174. 4
174.5
176. 4
175.4
174. 8
175.2
175.5
175.0
175.2
175.0
174. 8
175.6
175.5

RFO*EL

{81



TIME

594.9
599.9
604.9
60%.9
€13.9
€18.9
€23.9
62849
€33.9
638.9
€43 .9
648.9
653.9
658.9
663.9
668.9
673.9
678.9
683.9
688.9
$93.9
698.9
703.9
708.9
713.9
718.9
723.9
728.9
733.9
738.9
743.9
748.9
753.9
758.9
763.9

azA

74216.
74309.
74124,
T4216.
74216.
74401,
74216.
74031,
74124,
74124,
74124,
74309.
74031,
73939,
74124,
74216.
Tu124,.
74124,

74031

74124,
74216.
74031,
73339,
73339,
74031,
74031,
739349,
74031,
73846,
73846,
73846.
73939.
73346,
74863,
75048,

TSA

162.9
163.5
163 4
162.9
161.7
161. 4
160.3
160. 4
161.1
162.2
161.2
160.5
161.9
160.2
161.5
161.4
161.0
160.5
160.2
161.1
161.2
160.0
160.1
160.3
160.3
160.8
160.0
160.9
160. 4
160.2
159.9
159. 4
159.8
160.6
161.8

RFA®*EY

11.67
11. 64
11.75
11.77
11.83
11.9¢4
12.05
12.04
11.99
11.88
12.05
12.04
11.94%
12.11
11.97
12.01
11.98
12.00
12.09
11.99
12.00
12.04
12.05
11.98
12.11
12.01
12.10
11.90
11.99
12.02
12.06
12.04
12.07
12.04
11.99

TSB RFB*EY

TSC

162.8
163.5
163.3
162.8
161.6
161.4
160.2
150.3
161.1
162.1
161.1
160.5
161.8
160.1
161.5
161.3
160.9
160.5
160.2
161.1
161.2
160.0
160.1
160.3
160.3
160.8
160.0
160.8
160.3
160.2
159.9
159.3
159.8
160.6
161.8

RFC*EYL

1SD

175.2
176.0
175.8
175.2
173.8
173.5
172.3
172.3
173.1
174. 4
17 3.2
172.6
174.0
172.0
173.6
173. 4
17 3.1
172.6
172.1
173.2
173.3
172.0
172.0
172.3
172.2
172.8
171.9
172.9
172.4
172.2
171.8
171.3
171.7
172.6
174.0

RFD*EY

881



DAY

OO WL D BOE®EENNNNNOOOTOOV NV NE LWNNNN NN e e e e

-
QW

TINME

1.3
2.3

4.3
6e3
8.3
16.0
14.3
19.3
2443
29.3
34.3
35.2
48.2
82.0
8643
91.3
96.3
101.3
106.3
111.3
116.3
121.3
126.3
130.5
135.3
140.3
145.3
150.3
155.3
160.3
165.3
170.3
175.3
180.3
165.3
190.3
195.3
200.3
20€.3
210.3

- 4465

4.83
beB4
4.81
4,98
4.81
e 94
4.99
4.86
b.87
493
4.87
4.98
4481
494
4.50
4.50
heb2
bel49
4.51
4.55
479
he79
4.96
4o 9%
4486
4.80
l.l76
4,86
ho78
be72
‘0.90
beflY
4.80
5.03
5.12
5.00
4.3
5.00
5.06
4.88
4.96

Qsa

91592.
90945.
90068.
91592,
91130.
91592,
91314.
91407,
31222,
91592,
91499,
91499,
91407,
91777,
91777,
31369,
90575,
9668,
30668,
91499,
91407.
91130,
91314,
91407,
91361.
929054,
91684,
313e61.
920354,
91869.
91777,
91592,
913¢€1.
31361,
91684,
91684,
91684,
91869,
9a1777.
91684,
91777.
91684,

#s989 RESULTS == RUN 105 eeees

TSA

159. 8
163.2
161.1
162. 4
160.9
163.3
162.7
162.8
163. 6
163. 6
161.1
163.5
163. &4
165.8
160. 6
166. 1
165.7
1€3.8
163.5
1€66.3
165. 8
163.2
163. 4
161.6
1€1. &4
162.5
162.9
162. €
162. €
162. €
163.8
161.8
1€2.5
163.1
162.0
161.1
162.6
161.9
161.0
162. 0
164.2
163.6

RFA*EL

-e02
«02
«02
+08
40
+59

1.14

1.54

2.22

2455

2.73

2453

2'5‘.

2.48

2.77

2.73

3.18

3.61

3.50

3.40

2.36
2o bl
2445
2.24
2,28

S8

155.9
1560 &4
157.3
158. 6
157.2
159.5
158.9
159. 0
159.9
159. 8
157.3
159.7
159.7
162.0
156.9
162.1
161.7
159.9
159.5
162.3
161.8
159. &4
159.5
157.9
157. 6
158.7
159.1
15868.8
158. 8
158.8
159.9
158.1
158.7
159.3
158. 3
157.5
158.9
158. 2
157.2
158. 3
16d. &
159.8

RFB*EL

'-05
-.08

00
'001

32

41

«83
1.18
1.66
1.8¢
1.99
1.82
1.82
1.75
2.00
2.06
2.49
2.95
2.91
2.78
2475
2440
2.29
2.32
2425
2.15
2.03
1.97
1.97
1.91
1.79
1.94
1.84
1.77
1.91
2.00
1.81
1.74
1.82
1.82
1.62
1.65

Tsc

RFC*EY

TSD

157.1
157.6
158.5
159.7
158. 4
160.6
160.1
160.2
161.0
160.9
158.5
160.9
160.9
163.1
i58.0
163.3
162.9
161.1
160.7
163.5
163.1
160.6
160.7
159.1
158.8
159.9
163.2
160.0
160.0
16d.0
161.1
159.2
159.8
160.5
153.5
158.6
160.1
159.3
158. 4
159. 4
161.5
161.0

RFD*c 4

-.08
~s04
=02

+05

32

46

b
1.44
2.36
2.88
3.07
2.92
24930
2.87
3.17
3.05
J.4u2
3.32
374
3.60
3.54
3.18
3.04
3.10
3.08
3.01
2.87
2.86
2.85
2.83
2.71
2.87
2.76
2.72
2484
2.33
2.71
2.67
2.75
2.75
2.55
2.58

681



TINME

215.3
226G .3
22543
230.3
235.3
240.3
24543
250.3
255.3
260.3
26543
270.3
275.3
280.3
285.3
290.3
295.3
300.3
305.3
310.3
315.3
320.3
325.3
330.3
335.3
34043
345.3
350.3
355.3
360.3
365.3
370.3
375.3
3680.3
385.3
390.3
335.3
4u0.3
40%.3
410.3
415.3
420.3
42543
430.3
435.3
44043
445.3

VEL

5.10
4.97
5.08
4,81
4,96
484
“lss
4,88
4.90
4.83
4,93
4,94
4,78
4,75
4,81
4480
4,82
4Tl
4,81
4.78
.82
4.67
4.76
4.88
4.79
4.93
4.82
4,74
4,85
4.81
4.73
4.81
4,64
4,79
477
4.81
4eB4
4.89
4.71
4.87
“les
4.81
4,84
4.80
4,85
4,73
5.C3

Q7A

91369,
a1777.
91499,
91684,
91684,
91777.
31684,
91592,
31499,
91369,
91869,
91592,
91532,
91499,
91684,
91777.
91499,
91407,
91592,
31684,
91684,
91222,
91407,
91499,
91222.
91314,
91499,
31314,
91407,
91407.
914949,
91407,
91314,
91222,
91222.
91314,
91222,
91037,
916407,
91222.
91407.
91314,
91222.
I1684,
91439,
1314,
91130,

TSA

162.3
1€3.6
161.7
164.3
162, 4
1€3.7
164, 2
164, 0
163. 8
1€3.6
161. 4
161, 7
163.7
163.9
162.9
162.7
162.3
170.1
169.5
170.1
164, 2
163.7
163, 2
161.0
162, 4
161, 9
161.3
161, 5
159.3
160, 8
162.9
160.9
161. 4
158.8
160.5
1€0.5
15,2
158.0
160, 4
163.7
160.7,
160.7
159, 4
160.6
161,3
1€2.5
166.3

RFA*EY

2.44
2.21
2.31
2.05
2426
2417
2.15
2423
2.23
2.21
2442
2.49
2.33
2.31
2442
2.46
2.048
2425
2.43
2445
2. 68
2.61
2.68
2,86
2472
2.89
2485
2.78
2+96
2.88
2.80
2.94%
2.79
3.05
2.98
3.04
3.13
3.21
3.02
3.14
3.16
3.13
3.25
3.20
3.21
3.11
3.26

TSB RFB8*EW4
158.7 1.78
159, 9 1.59
158, 0 1.68
163.5 1olets
158.7 1.63
159, 9 1.52
160. & 1.54
160.2 1.565
160. 0 1.58
159, 8 1.56
157.7 1.74
157, 9 1.80
159, 9 1.65
160. 0 1.64
159, 0 1.74
158.9 1.79
158,5 1.81
16642 1.56
165.7 1.73
1€64 3 1.78
1604 & 1.98
159, 8 1.91
159, 3 1.98
157.2 2.15
158. 6 2.04
1584 2 2414
157.5 2.12
157.6 2.08
155,65 2.26
157.0 2.17
159. 1 2.07
157. 0 2.20
157.5 2.07
155,0 2.28
156.7 2.22
156.7 2.27
155, 4 2.36
154, 2 2.46
156.5 2.26
156. 9 2.37
156.9 2.39
15649 2.37
155,7 2.48
15647 2.41
157.6 2.4
158.7 2.32
162. 6 2.46

TSsC

RFC®EW

TS0

159. 8
161.0
159.1
161.6
159. 8
161.1
161.5
161. 4
161.1
161.0
158.8
159.1
161.0
161.2
160.2
160.0
153.6
167.4
166. 8
167.5
161.5
161. 0
160.5
158. 4
159.7
159.3
158.7
158.8
15646
158.2
160.2
158.2
158.7
156.2
157.9
157.9
156.6
155. 4
157.7
158.1
158.1
158.1
156.8
157.9
158.7
159.4
163.8

RFO*E4

2.71
2.52
2.64
2.39
2.59
2.48
2.49
2.54
2.57
2.57
2.75
2.82
2.67
2.65
2.73
2.80
2.82
2.60
2.77
2.81
3.02
2.96
3.03
3.23
3.12
3.22
3.19
3.15
3.33
3.28
3.20
3.34
3.23
3.45
3.35
3.tk
3.50
3.61
3.42
3.54
3.58
3.53
3.64
3.59
3.63
3.51
3.65

061



TIVE

450.3
455,3
4€0.3
46543
“70.3
475.3
480.3

VEL

4.87
5.13
5.00
5.11
4499
5.00
4.98

QrsA

91467,
31499,
91592,
91407,
31961,
92239.
32054,

TSA

162.2
159.4
161.9
160.7
163.6
163. 6
163.3

RFA®EL

3.23
3.53
3.34
3.51
3.36
3.40
3.41

1se

158. &4
155. 8
158.2
157.1
159. 8
159, 9
159.5

RFB*EY4

2407
2475
2454
2.70
2.54
2.58
2.60

TSC

RFC*E4

TS0

159.6
15649
158. 4
158.2
161. 0
161.0
160.7

RFD*EL

3.66
3.91
3.73
3.30
3.74
3.81
3.83

161



DAY

C OO OO O PR NNNSNNOCOPTOCVM MUV WRNNNNTNDN - e e

-
(]

VEL

4.82
4.93
4.93
5.07
5.03
5.10
5.06
5.02
5.11
5.05
5.00
5.17
S.04
4.89
4.62
5.06
4.95
4.9C
4.90
4.98
5.06
5.19
5.20
“.96
5.12
4.95
4.96
5.12
5.01
5.06
5.09
5.13
4437
5.15
5.13
4.85
4.+86
5.01
4.9%
4.9
5.03

"5.14

QrzA

93382,
92905.
92905.
93478,
94146,
94624,
3478,
93669.
93669.
94351,
93355.
94051,
94146,
93360.
93764,
935669,
92305.
93191,
93096.
93382.
93382.
93191,
93478.
33573.
93382,
93382,
930696,
93382.
3474,
93287.
33191.
93096.
93382.
93382,
93196.
93287.
33287.
93573.
93382,
23287.
93382.
33247.

s¥s3¥ RESULTS == RUN 106 sssss

TSA

1e7.1
1€3.3
167.6
168.7
170.3
173.2
170.6
171.8
170.5
171.1
169.9
163.9
172.5
174.3
173.7
169.0
170.1
173. 4
166.6
170.3
163,3
1e8.1
168.3
173.9
168.1
170.3
169.9
167.5
169.7
168. 4
163.6
168.1
1€3. 8
163.1
1€9.5
172.8
173.0
170.0
170.3
172.1
171.5
1704 4

RFA®EL

-s03
.11
21
«30
77

1.32

1.84

2e24

3.06

3.12

3.03

2497

2457

2.51

2. 54

2464

2.84

3.00

3.65

3.01

2.99

293

2.73

2.33

2.49

2+31

2.31

2.50

2.23

2.3"

2.32

2.35

2.14

2435

2435

2.02

1.97

2.14

2.08

2.C1

2.07

2.15

TS8 RFB*E4

TSC

153.8
155.3
156.5
155.9
157.3
157.3
157.8
158.8
187.7
158.2
156.9
157.1
159.6
161.0
159.9
156.1
157.1
157.3
155.5
157.3
15645
155.5
155.6
157.3
155.3
157.3
156.)
154.8
156.8
155.6
155.8
155. 4
156 .8
155.4
156.8
159.5
159.8
157.1
157.2
159.0
158.6
157.8

RFC*EY

-.01
.02
.12
.19
.61

1.01

1.54

1.89

2.58

2072

2+69

2.63

2.28

2.22

2s304

2.29

2.47

2.65

276

2473

2.73

2.€6

2.46

2.08

2.18

2.06

2.05

2.18

1.99

2.10

2407

2.09

1.88

2.06

2.09

1.79

1.73

1.87

1.83

1.76

1.83

1.92

TS0

156.7
158.1
159.3
158.6
160.1
160.1
160.5
161.6
160. 4
161.0
159.7
153. 8
162.3
163.9
162.9
158.9
153.9
16d.1
158.3
160.0
159.2
158.2
158.3
163.6
153.1
16040
159.7
157.5
159.5
158.3
158.6
158.1
159.5
158.1
159.5
162. 4
162.6
159.8
164d.0
161.8
161.3
160.5

RFO®Ey

.02

.20

.12

.19

.59
1.03
1.52
1.87
2.59
2.73
270
2.71
2435
2.48
2.56
2.62
2473
2.73
2.87
2.79
2.82
2.68
2.51
2.1t
2425
2.09
2.08
2.25
2.03
2.13
2.11
213
1.89
2.07
213
1.79
1.76
1.88
1.84
1.79
1.9¢4
1.91

4



TIre

215.3
220.3
22543
230.3
235.3
240.3
245.3
250.3
255.3
260.3
2€5.3
270.3
275.3
28C.3
285.3
290.3
295.3
300.3
305.3
310.3
315.3
320.3
325.3
330.3
335.3
340.3
345.3
350.3
355.3
360.3
3ES.3
370.3
375.3
380.3
385.3
3¢<0.3
395.3
4060.3
4C05.3
410.3
415.3
420.3
42543
430.3
43543
“l’o IJ
445,3

VEL

5.03
Selb
516
S.18
5¢16
5423
S.08
4.97
5.19
Sell
Se.18
5.23
5420
Sel17
S.18
5.20
4496
5.08
5.19
S.10
S.12
5.13
5.19
S.02
4.99
5.22
5.03
5.05
Sell
5065
5.06
S.06
Se13
513
5.05
Sell
4.96
S.04
S.Cl
5.0¢
5.07
5.13
S.04
5.09
5.20
519
4,97

Q/A

93478,
93382,
93191,
93191,
93382,
93382,
932487,
93382,
93191,
33573.
33573,
33382,
93287.
93287.
93478,
93478,
93287,
93191,
93287,
93382,
93478,
930¢C0.
93287,
33382,
33096,
33191,
93382,
33191,
33287.
93194.
33382,
93287,
93191,
33096.
33000,
93191,
93396,
92305,
93191,
93096,
93382,
13096,
33096,
93332,
33287,
93191,
930396,

TSA

171.8
170.6
163.6
169.1
169.2
168. 4
170.5
172.1
163.6
169.2
1€7.7
167.5
168.1
169.4

167.,9°

167.4
169.8
175.4
174,86
175.6
170.0
167.7
167.6
168.8
1€9.3
1€7.8
1€8.2
167.3
165.2
167.2
168.5
167, 2
165.2
164.3
1€6.5
166. 0
1€7.3
1€5. 4
1€6.0
167.7
167.5
16643
1664 4
166. 8
16646
1€6.7
176. 0

RFA®EL

2.04
2.08
2.10
2415
2.17
2426
2.09
1.95
2.22
2.28
2.36
247
2.49
2444
245
2.56
2. 31
2.32
2.45
2440
2.58
2.69
2072
2455
2.51
Re 76
2465
273
Z.89
2476
2476
2. 82
2.98
3.02
2.90
3.01
2.82
3.00
3.01
2.98
3.04
3.09
3.09
3.12
3.23
3.25
3.12

IS8 RFBYEYL

L]

158.9
157.9
157.0
156.5
156.5
155.8
157.7
159.1
157.0
156.5
155.0
155.0
155.5
155.7
155.2
154.8
156.8
162.6
162.0
162.9
157.2
155.0
155.0
155.7
15644
155.2
155.3
154.4
152.5
154 .4
155.7
154 .4
152.5
151.6
153.7
153.3
154.0
152.6
153.1
154.9
154.7
153.6
153.5
153 .9
154.0
15441
163.0

RFC*EY

1.80
1.85
1.87
1.88
1.88
2.01
1.84
1.72
1.95
2,00
2.09
2.19
2.16
2,14
2.19
2,27
2.05
2.02
2.16
2.13
2.27
2.37
2.39
2.28
2.25
2.43
2.36
2.43
2.60
2.46
2.46
2.52
2.67
2.70
2. 60
2.69
2.56
2.67
2.69
2.67
2.72
2.78
2.76
2.80
2,68
2.90
2.79

1SD

161.6
160.6
153.7
153.2
159.2
158.5
160.5
161.8
159.7
159.2
157.7
157.6
158.2
158. 4
157.9
157.5
153.6
165.3
164.7
165.6
159.9
157.7
157.7
158.5
159.1
157.9
158.0
157.2
155.2
157.1
158. 4
157.1
165,2
154.3
156. &
156. 0
156.8
155.3
155.38
157.6
157. 4
156. 4
156.3
156.6
156.7
156.8
165.7

RFD*EY

1.81
1.33
1.85
1.90
1.89
2,00
1.85
1.67
1.97
1.98
2.05
2.15
2.18
2.16
2417
2.28
2.03
2.03
2+.12
2.08
2.28
2+35
2.41
2.29
2429
2445
2.31
2.041
2455
2el47
2eltls
2.53
2,65
2.66
2.58
2.68
2.54
2.68
2,67
2.63
2.70
2.76
2.71
2.75
2.87
2.89
2.77

€61



TIME

450.3
455.3
460.3
465.3
470.3
475.3
480.3

VEL

4.97
4.98
%.88
5.05
4,98
5.01
S.11

asA

93287.
93478,
93478,
93287.
93191,
93478,
33382,

TSA

170.2
170.1
172.3
170.6
172.1
172. 10
170.3.

RFA*EL

3.27
3.28
3.13
3.32
3.2
3.30
3.46

1S8 RFBYEL

TSC

157.2
157.0
159.1
157.7
169.2
159.1
157.5

RFC*EYL

2.97
2.98
2.81
3.00
2.91
2.96
3.10

TS0

160.0
159. 8
161.9
160.5
161.9
161.8
160.3

RFD*EY

2.91
2.93
2.79
2.95
2.88
2.94
3.09

v61



DAY

ViL

3.a7
407
3.96
3.99
410
3.98
4et?2
4.00
1.89
3.93
4.00
1.96
3.84
3.86
3.84
3.68
3.592
3«60
3.64
3.65
3.53
3.66
3. 64
3.96
394
3.91
3.96
3.93
3.39
4.03
3.39
3.41
3.4
3.40
3. 44
3.31
3.35
3.31
3.32
3.36
3.37
1.82

nzAa

75560.
75939.
75465 .
75181.
75186«
TuRn2.
75560.
755hb0.
75560
75371.
75655,
75939.
75845,
75750.
75845,
756565,
75845,
759339.
75655,
75845,
75845,
7h034.
76034,
76034,
76034,
75845,
75345,
75750.
75750.
75655.
75655.
75750.
75845.
757510.
75560.
75560,
75845,
75750.
75655.
75465.
75656,
75845,

$r38® RESULTS =- RUN 107 veese

TSA

156.5
165.5
156.8
156.3
1547
15641
154.5
155.8
157.1
157.2
1564
157.3
159.3
157.9
158.3
161.2
162.0
162.3
161.6
161.3
164, 0
161.9
161.9
157.0
157. 4
167.9
157. 4
1569
157.8
157.5
169.9
169.3
169.8
170.6
168.1
167.5
1Abe7
166.8
166.6
165.8
1664
158.1

RFA®*E Y

«37
57
«32
«43
«68
«57
1.17
1.410
1.66
2.02
279
3‘ 86
494
6.18
7.18
8.17
8.89
3.56
10.24
10.90
11.16
11.92
12.43
12.07
13.53
1404
14.65
15.14
15.59
16.02
15. 40
15.67
15.74
15.66
15.95
16.14
16.21
16.15
16.21
16.32
16.37
1€.34

S8

157.90
156.0
157. 4
156.8
155.2
156.6
155.0
15€. 4
157.7
157.8
157.0
157.48
159.8
158.5
158.9
161.8
162.5
162.8
162.2
161.9
164.6
162.4
162. 4
157.5
157.9
158. 4
157.9
157.5
158. 4
158.1
170.5
169.9
170. 4
171.2
168.7
168.1
167. 4
167.5
167.2
1664
167.0
158.7

RFB*E4

«35
lily
«30
«38
«66
«55
1.12
1.38
1.64
1.96
2.85
3.90
4.935
6.210
7.15
8.11
8.86
3.53
10.21
10.83
11.13
11.89
12.40
13.05
13.51
14.02
14.63
15.11
15.50
15.97
15.39
15.63
15.70
15.66
15.95
16.17
16.21
16.15
16.17
16.32
16.40
16.38

TSC

160.5
159.4
160.9
160.3
158.6
160.1
158.4
159.8
161.2
161.3
160.5
161.3
163.5
162.1
162.5
165.6
16€.4
166.7
166.0
165.7
168.5
166.2
166.3
161.1
161.5
162.0
161.5
161.0
161.9
161.5
174.6
173.9
174.5
175.2
172.7
172.3
171.5
171.6
171.3
170.5
171.1
162.3

RFC*EY

«39
«53
«31
«50
.83
«71
1.29
1. 46
1.71
1.96
2' E‘.
3.37
4e37
5.58
6.50
Te ity
8.11
8.75
9.40
10.00
10.24
10.96
11.47
12.12
12.51
13.01

13.56

14.01
14.3¢€
14.81
14.16
14,40
14 b4
1443
14.69
14.85
14494
14.87
14.86
15.01
1%. 10
1%.17

TS0

156.1
155.1
156. 4
155.9

154.3

155.7
154.1
155. 4
156.7
156.8
156. 0
156. 8
158.9
157.5
157.9
160.8
161.5
161.8
161.2
160.9
163.6
161. 4
161.4
156. 6
157.0
157.5
157.0
156.5
157. 4
157.1
169. 4
168.8
16%. 4
170.1
167.7
167.0
166.3
166 4
166.1
165.3
165.9
157.7

RFD*EY

.38

47

« 26

U1

«65

«51
1.07
1.30
1.56
1.85
2.52
3.33
bl
5.81
6.80
7.80
8.59
9.23
9.94
10.57
10.83
11.63
12.14
12.74
13.20

13.71°

14.32
14.81
16.20
15.66
15.08
15.35
15.39
15.33
15.€0
15.79
15.90
15.84
. 15.8?
15.97
16.02
16. 02

G861



TINME

189.2
194.2
199.2
204.2
209.2
215.2
220.2
225.2
230.2
235.2
240.2
245,2
250.2
255.2
260.2
265.2
270.2
27%.2
280.2
285.2
290.2
295, 2
300.2
305.2
310.2

VEL

3.89
3.A3
3.81
3.80
3.85
3.69
J.64
3.62
3.79
3. 84
3.77
Lol
boll
Lolb
L.03
4. 05
4.00
3.97
4.05
4.09
4a05
helh
hofll
4.10
4o12

a/A

75655.
75560.
75560
75939.
75750.
75276,
76276,
75465,
75560.
75371,
75371,
75141.
75465.
75371,
75371.
75371.
75465,
75371.
76129.
716224,
76224,
Te4hl3.
76508,
76319,
76129,

TSA

156.9
159.2
158.9
159.0
157.5
160.7
161.9
12.1
158.9
158.1
159.8
155.9
154.5
154. 8
154.7
155.0
156. 4
156. 4
155.6
154.8
156.3
154.9
1554
155.1
154.3

RFA*EY

16.39
16.07
1603
16.01
1614
1€.22
15.80
15.73
16.16
16.10
15.98
16.27
1643
16.28
1€.33
16.36
16.22
1€.24
16.34
16.39
1€.30
16.50
16.32
1634
1£.38

TsB8

157. 4
159.7
159.5
159.5
158.10
161.3
162.5
162.7
159.5
158.5
160.4
156. 4
155.0
155.3
155.2
155.5
156.9
156.9
156.1
155.3
156.8
155.4
156.9
155.6
154. 8

REBYEY

16.39
16.11
16.04
16.01
16.15
16.26
15.80
15.74
1614
16.04
15.92
16.25
1641
16.25
16.27
16.30
16.16
16.21
16.29
16.37
16.27
16.48
16.30
16.28
16.35

161.0
163.3
163.1
163.2
161.6
165.0
166.3
166.5
163.1
162.1
164.0
159.9
158.4
158.8
158.6
158.9
160.4
160.4
159.6
158.8
160.3
158.8
159.4
159.0
158.3

RFC*EY

1¢.18
14.89
14.79
1477
14.91
14.96
14.53
14,43
14.85
14.75
14.63
14.99
1%.16
14.99
15.01
15. 04
14.90
14.91
15.00
15.09
14.99
15.18
14.98
15.01
15.08

T30

1565
158.7
158.5
158.6
157.1
160.3
161.5
161.6
158.5
157.5
159. 4
155.5
1541
154 &4
154.3
154. 6
156. 0
156.0
155.2
1540 4
155.9
154.5
155.0
154a 7
153.9

RFD*EYL

16.02
15.71
15.67
15.65
15.748
15.86
15. 44
15. 38
15.77
15.70
15.59
15.88
16.07
15.91
15.90
15.92
15.82
15. 84
15.92
16.08
15.910
16. 08
15.93
15. 91
15.98

961
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TIME
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2640
31.0
36.0
41.0
46.0
51.0
56.0
61.0
66.0
71.0
76.0
81.0
91.0
101.0
106.0
111.0
116.0
121.0
131.0

VEL

4,05
5,02
%.08
3.88
3.84
k.03
4.06
%.09
3.91
3.88
4,08
3.93
4,10
k.19
%21
3.99
4oi1
4.2
4.18
4.08
3.82
boll
4.16
3.99
4ol
4,02
4.00
3.93
4,01
3.81

QsA

77634,
77062,
76681,
76395.
76300.
76395.
76395.
76300.
76967.
77538,
77824,
77634,
77824,
78015,
77443,
77348,
78110,
78396,
78396,
77824,
77538,
77634,
77824,
77634,
77538,
770824,
78015,
77729,
77634,
77729,

sssss RESULTS == RUN 108 veves

TSA

1563.7
153.6
152.3
154.7
155.5
153.0
152.3
151.6
155.7
155. 6
153.3
155.9
154, 0
152.2
152.1
154.5
153.6
150.3
152.6
153.1
155.5
153.1
153.0
154.7
154.6
155.1
153. 4
155.3
153.0
155.3

RFAYEG

21
22
it
23
«20
«68
«83
1.04
«68
«82
1.21
«89
1.10
1.22
1.21
79
1.00
1.16
1.08
1.00
«58
1.07
1.05
«90
«95
<88
1.02
82
1.02
68

TS8 RFB®EY

TSC

155.0
155.0
153.6
156.1
156.9
1564.3
153.6
152.9
157.1
157.0
154.7
157.3
155.3
153.5
153.3
155.9
154.9
151.7
153.9
156.4
156.9
154 &
154.3
156.1
156.0
156.5
154.8
15647
154.3
156.7

RFC*EL

19
30
45
27
o2k
72
.88
1.09
75
79
1.22
-89
1.07
1.19
1.19
79
«98
1.17
1.09
«93
51
1.01
1.02
79
.88
78
92
72
.92
«57

TSD RFO*EM
151.0 14
150.9 26
149.6 7
152.0 «20
152.7 25
150.3 67
149.7 87
14 8.9 1.04
152.9 72
152.8 77
150.7 1.14
153.1 79
151.3 98
149.6 1.06
149.5 1.16
151.8 72
150.9 89
167.7 1.09
150.0 «93
150.4 «89
152.7 49
150.5 «92
150.3 93
152.0 72
151.9 o7
152. 4 77
150.7 «85
152.5 69
150.2 <84
152. 4 52

L61
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FEEFT ENNWNWWNNNNNNNNN M =

TIME

.3
ol
1.2
2.2
3.2
42
8.2
13.2
18.2
23.2
28.2
33.2
38.2
43.2
48.2
53.2
58.2
63.2
6842
7342

VEL

3.00
2.99
2.97
3.01
3.02
3.01
3.05
3.06
2495
2492
2.99
2.88
2.95
2.86
2.96
3.02
2.90
2+99
3.07
3.02

QsA

753(9.
75718.
75718.
74859,
75145,
74354,
75522,
76386,
76404,
77150.
76359,
77150.
76864,
76386.
76386,
76100.
76768.
76768.
76482.
76577.

$ePey RESULTS == RUN 109 #eves

TSA

20).3
200.3
201.3
19%.7
198.18
194.9
198.5
198.7
2u1.6
26540
202.2
206+ 3
203.7
20543
20241
200.3
204.2
201.6
198.9
200.3

RFA*EL

.27
11
.22
.93

1.26
1.76
3.28
5,61
7,43
8426

12.19

15,30

18.89

21.58

26,17

25,93

26452

27499

29,46

30,90

TS8

RFBYEL

TSC

RFC*EY

TS0

195,7
195.7
196.7
194.2
194.3
19444
19440
19442
197.0
260.2
197.6
20145
199.0
200.5
197.4
195.8
199. 4
196.9
194, 3
195.7

RFD*E L

12
27
28
1.08
1.49
1.91
3.58
5.75
7.80
9.15
12.33
15.32
18.62
20.93
23449
25427
26428
27.89
29.32
30467

861



DAY

NNOOCIPVMUINTESTSESFSFFTFUWNWWWIONNNNNNRNNRNNS

51.0

VEL

2.99
2+99
3.02
2.99
2.98
3.00C
3.01
3.03
3.04
3.02
3.10
3.08
3.01
3.09
3.06
3.05
3.18
3.08
3.07

T 3ells

3.12
3.1¢C
3.24
3.10
3.13
3.12
3.07
3.10
3.05
3.04

Qza

76291.
76291,
75432,
75241,
75145,
75241,
75241,
75241,
75813.
76291,
76195,
75622,
76768,
77150.
763 86.
75813,
76768.
76768,
T7246.
Tow 82,
76195,
76195,
76482,
763 86.
76577.
16577,
76482.
76386,
76386,
76100.

$4%%% RESULTS == RUN 110 #svss

TSA

198.2
194.2
195.9
196. 5
197.0
196. 6
196.1
195.0
196.7
196.9
194.7
195.1
199.1
196.3
196.7
196.1
193.5
193.2
196.8
193.5
193.1
195.3
191.8
195.3
195. 4
195.5
194.8
195.0
195.2
194,5

RFA®EL

-,08
~s15

+ 30
.83
1.12
1.77
2412
2.37
2.40
2.80
3.19
3.46
3.42
3.96
3.95
4.00
4e45
4.29
3.99
4.4
4,27
3.84
beO1
3.60
Je64
3.49
3.58
3.53
3.43
3.68

IS8 RFB*Ey

TsS

RFC*Et 64

TSD RFD*E4

661



DAY

NN O OOV VIVIVIVIEEESETS W WWWWNNNN NS - e e e 00 e o 0 s o o o e b

TIME

o7

9
1.7
2.7
3.7
Le?
Se7
6.7
Te7
8.7
9.7
10.7
11.6
15.7
20.7
25.7
30.7
35.7
40.7
45.7
50.7
55.7
60.7
65.7
T0.7
75.7
80.7
82.14
86.7
91.7
96.7
161.7
106.7
111.7
116.7
121.7
126.7
131.7
136.7
146.7
151.7

VEL

4.86
4.99
5.07
5.05
5.18
5.06
4.99
Sell
5.01
%.98
5.01
5.18
5.04
5.06
5.08
5.07
4.98
&.95
5.03
5.10
5.09
h.98
5.07
5.06
L.96
4.92
4.93
4e92
5.07
5.05
5.08
4.90
%.94
4.95
5.02
5.26
5.06
4.89
4.88
4e93
5.13
496

QrsA

135288,
134624,
135383,
134055,
133392,
133012.
132918,
132918,
132918,
133107,
133107.
133202,
132823,
135193,
135493,
135193,
134624,
135383,
135383,
135003.
134909.
134435,
134309,
135288,
134340,
134435,
134245,
134814,
135477,
134814,
134435,
134435,
135383,
135762,
135383,
135477,
1350938,
135762,
135383,
135098,
135193,
135288,

$334% QESULTS -- RUN f11 ®eoes

TSA

183.6
188.5
188.3
188.3
186.8
188.1
188.9
188. 4
183.6
1689.3
188. 4
185.8
187.5
183.4
182.2
189.0
189.3
191.1
189. 4
187. 4
188. 4
188.5
187.4
187.2
187.6
189. 4
183.4
189.3
187.5
187.1
136. 4
189.6
190.1
188. 4
188.1
184.9
187.7
190.3
190.0
183.8
186.8
183.7

RFA®EY

-e17
-.02
«09
«17
«39
40
«54
71

+ 76
+«88
1.10
1.39
1.37
o7
2+.10
2.15
2.29
2442
2464
2.76
2.75
2.77
2,96
3. 04
3.13
3.09
3.18
3.25
3. 42
3.45
3.53
3.38
3. 48
3.61
3.59
3.90
3.78
3.78
3.91
4.05
‘.. 23
4.09

Ts8

189.5
188.3
188.2
188.2
186.6
1687.9
188.7
188.3
188. 4
189.2
188.2
185.7
187.4
188.2
182.1
188.9
189.2
190.9
189.2
187.2
188.2
188. 4
187.2
187.0
187.4
189.2
189.2
189.1
187.4
186.9
186.3
189.5
109.9
1868.2
188.0
184.7
187.5
190.2
189.9
188.6
186.7
169.5

RFB*E YL

~e16
-.03

.08

16

46

k7

57

76

.aa

97
1.17
1.48
1.48
1.58
2.23
2.27
2.42
256
2.01
293
2.87
293
3.10
3.20
3.32
3.24
3.36
Jele3
3.58
3.61
3.69
3.53
3.66
3.80
3.77
4.08
3.96
3.96
4.09
he23
hoelbt}
4,27

TsC

197.4
195.8
195.5
195.5
193.8
195.2
196.0
195.5
195.7
136.5
195.5
192.8
194.6
135.6
189.4
196.2
136.6
198.4
196.6
194.5
195.5
195.8
19 .6
19% .4
194.9
196.7
1% .7
136.6
194.7
134.3
193.6
137.1
197 .4
195.7
195.4
191.9
194.9
197.8
197.4
1%.1
194.0
197.0

RFG*EY

~e16

04

«12

«26

«51

«57

67

84

91
1.09
1.22
1.54
1.49
1.59
2.22
2411
2.17
2.19
2.39
2e47
2.44
2ol
2464
2469
2.83
2475
2.81
2494
3.06
3.10
3.18
3.02
3.16
3.29
3.27
3.58
3.45
Je43
3.54
3.69
3.88
3.75

TS0

187.5
186. 4
186.3
186.3
184.8
186.0
186.8
186. 4
186.5
187.3
186.3
183.8
185.5
186.3
180.2
187.0
187.2
189.0
187.3
185.3
186.3
186. 4
185.3
185.1
185.5
187.3
187.3
187.2
185. 4
185.0
184. 4
187.5
183.0
186.3
186.0
182.9
185.6
188.2
187.9
186.7
164.8
187.6

RFD®E Y

~.15
.01
.08
«20

Y}

45

«55

70

o84

+«96
1.1
1.37
1.38
1.48
2.09
2.10
2.19
2.32
2.52
2.66
2462
2.66
2.83
2.90
2.97
2.91
3.01
3.09
3.27
3.27
3.34
3.23
3.30
3.42
Jelt3
.72
3.60
3.62
3.73
3.87
4.06
3.95

002



DAY

[T
COOWVWOUVWOLVWRRPDEED®ENNN

TIME

156.7
161.7
166.7
168.2
172.7
177.7
182.7
187.7
192.7
197.7
202.7
207.7
212.7
217.7
222.7
232.7
237.1
241.7
246.7
251.7
25647
261.7
26647
271.7
276.7
281.7
286.7
291.7
29647
301.7
30€.7
311.7
356.2
360.7
361.2
365.7
370.7
375.7
380.7
385.7
390.7
395.7
400.7
405.7
417.3
421.7
42647

VEL

%.93
5.09
5.01
5.05
5.12
5.07
4.97
5.02
5.08
4.99
%.92
5.02
k.99
4.72
491
%.93
L.87
h.98
k.88
he81
4.99
h.91
4.90
4.63
h.88
LXS-1)
Le76
Le78
he73
Lo 85
LA
4e.80
497
%.99
5.20
5.08
4.99
5.22
5.13
519
5.06
5.01
5.00
5.08
be97
k.86
4,98

Q’A

135288,
135303,
134909,
135193.
135303,
1351 93.
135193,
135003.
134814,
135193.
135477,
135288,
135003.
134814,
135572,
135288,
13536 3.
134309,
135383,
135383.
135098,
135193,
13481k,
135193.
135383,
135303,
1348314,
135003.
135343,
135383,
134624,
134814,
135098,
132064,
135003.
134719,
136615,
134719,
1353951,
135762,
136046,
136141,
134340,
134435,
135288,
134529,
135762,

TSA

188.9
186.9
188.0
187.3
187.5
187.6
187.7
187.9
186.9
189.0
189.2
188.0
188.0
192.6
190.0
185.7
189.6
188.6
190.3
190.1
188.0
189.5
189.8
193.7
189.1
188.5
191.6
191.6
192.6
193. 4
191.1
191.2
188.6
18645
185.6
187.4
189.9
184.8
186.8
18646
188.6
189. 4
187.3
186.7
189.6
149. 4
188.8

RFA®EL

hell
he28
4o 25
4 33
bhet0
hoel2
k.39
o466
4.60
4. 70
Le77
4o 34
4.97
Lo 81
499
5.30
524
5.37
5.34
5.34
5.60
5.54
5.57
5.36
5.69
5.75
5.61
Se bl
5.60
Se81
5.82
5.92
5495
5. 91
6.08
594
5.88
6. 21
6ells
620
6.12
6.09
6+ 21
6420
627
623
6e3l

1se

188.7
186.8
187.8
187.1
187.3
187.5
187.5
187.7
186.8
188.8
189.0
187.9
187.8
192. &
139.8
185.5
189. 4
188. 4
190.1
189.9
187.8
189.3
189.7
193.6
188.9
188. 4
191. 4
191.5
192.5
190.2
191.0
191.0
188. 4
186.3
185.4
187.3
189.7
184.6
186.7
186+ 4
188. 4
189.2
187.2
1865
189. 4
189.2
188.7

RFB*EL

he3l
hole 8
hole3
L.51
4.60
4.60
4.58
4.65
4.80
%.88
4.95
S5.12
5.17
5.01
S.17
S5.48
Selely
5455
552
553
5.78
57k
5.77
5.54
5.87
5.95
5.79
5.84
5.82
6.02
6.02
6elle
6.19
6.11
6.30
6ells
6.10
belsl
6.33
bels2
6.33
631
belel
bels 8
6ol 7
bele3
6e54

TSC

196.2
194.1
195.2
194.5
194.6
194.8
195.0
195.1
194.4
196.3
196.6
195.3
135.2
200.2
197.4
193.0
197.0
195.8
197.7
197.6
195.3
196.9
197.2
201.4
136.5
195.9
199.1
199.1
200.2
197.8
198.6
198.7
195.9
193.6
192.7
19.6
137.2
191.8
19%.0
193.7
195.8
196.7
194.6
193.8
19%.9
196.7
196.1

RFC*E &L

3.78
3.97
3.91
4.00
Le07
Lel7
Lel7
hell
he27
4e36
hotl
4.56
4.62
hoelt3
heb63
4.92
4e85
4.98
4.93
he9b
5.18
Sells
5.19
4.93
5.29
5.35
5.20
5.24
5.20
Sels2
5.39
5.53
5.59
5.55
5.76
5.61
5.52
5.87
5.77
5.86
5.77
5.70
5.84
5.89
5.87
5.80
5.92

TS0

186.8
184.9
185.9
185.2
185. 4
185.5
185.6
185.8
184.9
186.9
187.1
185.9
185.9
190.4
187.9
183.6
187. 4
186.5
1868.2
187.9
185.9
187. 4
187.7
191.5
187.0
1B6. 4
189.%
189.5
190.5
188.3
189.0
189.1
186.5
184. 4
183.6
185. 4
187.8
182.8
184.8
184.5
186.5
187.3
185.2
184.6
187.5
187.2
186.7

RFD*EL

3.97
hoell
hoell
bel?
4.25
4.26
4e26
he32
boelt6
4.56
.63
4.80
4.86
be72
4.90
5.21
S.14
5.27
5.24
5.204
5.50
5S¢k b
5.4 9
529
5.60
5.£9
5.54
5.58
5¢55
5.73
5.77
5.87
3.91
5.8
6.00
5.86
5.82
5.15
6.08
6+16
6.08
6.05
6617
6.25
5023
6.19
6.30

T0¢



TINME

431.7
436.7
Lhl.7
Lhb6.7
451.7
456.7
461.7
46647
W71.7
480.4
4847
489.7
494,.7
499.7
5047
509.7
Sihe7
519.7
52447
529.7
53447
539.7
Shih .6
54847
55347
558.7
574t
578.7
583.7
58847
597.3
601.7
606.7
611.7
616.7
621.7
6267
631.7
63647
6hi.7
646.7
651.7
656.7
661.7
666.7
671.7
67647

VEL

4.98
4.93
%.93
5.04
b.96
b9
“.87
4.96
4.80
4.90
%.59
boel2
4.39
.33
he3t
4.36
bol2
4,27
4,37
4.35
4.09
423
4e73
4.60
he62
betl
Lb.87
4.95
4.92
5.03
5.03
4.95
4.80
4.95
b.96
b, 87
S04
4.99
%.93
4493
L.87
4,83
be76
5.09
5.02
4.93
479

asA

1355 712,
135667,
135951,
136141,
135003.
134909,
135288.
135383,
135193,
134909.
134624,
135193,
135383.
134814,
135667.
135477.
135951.
136046,
135857,
135383,
135951,
135951.
135098,
1349009.
134624,
134909,
135667,
132064,
132364,
1320 €u.
134624,
135003.
135572,
135477,
135288,
134814,
134719,
135303,
135193,
1350¢3.
134529,
135288.
135383.
135477,
135193,
135003,
135003,

TSA

189. 4
190.6
189. 4
188. 4
183.1

1834

191.2
190.0
190.7
183.9
194.2
196.7
197. 0
197.5
199.0
198. &
196.8
199.3
198.0
198.7
203.6
200. 1
190.9
193.9
194. 40
197.6
130.6
187.7
187.4
185. 4
167.1
1839.0
191.8
188.9
188.6
190.0
188.0
188.5
188.9
1839. 0
190. 1
191.5
192. &
186.9
187.9
18%.6
191.8

RFA®EL

6.38
6.38
6.51
6. 63
6.66
6464
6.64
6480
6e7h
6. 91
6.70
6.92
T.10
T.18
T.20
T.43
7.63
T.57
To77
T.82
T.7%
7.96
8.30
8.19
8,24
8.06
8.01
8.13
8.23
8.38
8.48
8.45
8.36
8.62
8.68
8.69
8.84
8.87
8.89
8,91
8.87
8.88
8.90
9.17
9. 24
9.09
8.99

S8

189.2
190.5
189.2
188.2
187.9
189.2
191.0
189.9
190.5
189.7
194. 0
196.5
196.9
197.3
198.8
198.2
196.7
199.1
197.8
198.6
203. 4
199.9
190. 8
193.7
193.8
197. 4
190.5
187.5
187.3
185.3
187.0
188.9
191.6
188.7
108. 4
189.8
187.8
1068. 4
188.7
188.9
189.9
191. 3
192.3
186. 8
187.8
189.4
191.6

RFB*EL

656
6.56
6467
6.081
6.84
6.80
6.83
6.96
6.90
T.05
6.86
7.06
T.23
T.30
T.32
T.55
T.75
T.67
7.89
T.92
T.81
8.03
8.35
8.23
8.26
8.09
8.09
8.18
8.27
8,42
8.49
8ol ly
8.33
8.61
8.66
8.62
8.78
8.79
8.79
8.79
8704
8.76
8.77
9.01
9.01
8.94
8,85

TsC

196.7
198.0
196.8
195.7
195 .4
19%.7
198.6
197.3
198.2
197.3
201 .9
204 .6
235.0
205.5
207.1
2064
204.8
207.5
236.0
206.8
212.0
208.3
198.5
201.6
201 .6
205.6

198.1

194.8
194 .6
192,.5
19 .4
196.3
199.3
196.2
195.9
197.4
195.2
135.8
196.3
136.4
197.5
198.9
200.0
134.14
195.2
136.9
199.2

RFC®EL

5.95
5.9
6.06
6.20
6.18
6.17
6416
6430
6.21
6elal
6415
6032
6449
6.56
6.56
6s77
6.98
6.87
T.06
T.09
6495
T.20
7.56
Toel6
T.51
T.30
T.38
Tob8
T.57
T.73
T.82
T.75
T.65
T.92
T.93
T.9%
8.09
8.10
8.12
8.12
8.05
8.04
8.67
835
336
8.28
8.21

TS0

187.3
183%.5
187.3
186.3
186.0
187.3
189.1
187.9
188.6
187.8
192.0
194. 4
194, 7
195.2
196.7
196.1
194.6
196.9
195.7
196. 4
201.1
197.7
188.8
191.7
191.8
195.3
188.5
185.6
185.4
183.4
185.1
186.9
189.6
186.7
186.5
187.9
185.9
186.5
186.8
186.9
188.0
189.3
190.3
184. 8
185. 8
187.5
189.6

RFO®EY

6.34
6.32
6.48
6.60
6.60
6.60
6.60
6.76
6.68
6.87
6.68
65.89
T.10
Tet7
T.22
Toelblb
T.6l
7.59
7.80
7.85
T.75
T.98
8.29
8.21
8.26
8.09
8.03
8.13
8.22
8.39
8.48
845
8.36
3.63
8.69
8.69
8.86
8.87
8.89
8.91
8.87
8.88
8.90
9.15
9.17
9.10
9.03

20¢



TINE

681.7
686.7
691.7
696.7
T761.7
706.7
T11.7
716.7
T21.7
726.7
T31.7
736.7
Tul.7
Th6a7
765.7
768.9
T73.7
T78.7
783.7
787.9
792.7
797.7
8062.7
807.7
812.7
817.7
822.7
827.7
832.7
837.7
842.7
8477
852.7
857.7
862.7
867.7
872.7
877.7
882.7
887.7
892.7
897.7
902.7
307.7
912.7
917.7
922.7

VEL

5.07
4.89
5.06
513
Se04
484
5.03
S.04
5.08
5.00
©.97
Sells
4.73
4.89
4.81
5.01
4.81
4,82
5.05
4.87
4.90
4.90
4.80
4.75
4.91
&.95
Le79
4.87
4.89
4.82
4.89
491
4.90
4.89
be84
4.84
h.77
4.89
4.86
4.92
4e.80
4.73
4.93
4.88
4.82
484
4.69

Q7A

135383,
135098.
135288,
1350498,
135193,
135477,
135667,
1350698,
134909.
135288,
135477,
1350103,
135003,
134719,
135572,
135383,
134814,
134719,
134529,
135383,
135003,
135383.
135572.
135477,
135193,
134814,
135193,
135288,
135193,
135303,
134814,
135003,
135193.
135193.
134909,
134909,
135343,
1349069,
135003,
134624
134814,
135193,
1350948,
134529,
134245,
134529,
134624

TSA

187.8
189.3
186.9
186.2
188.3
191.1
187.8
187.6
187.3
188.6
188.8
186.9
192. 4
190.5
191.0
186.8
191. 4
190. 4
187.2
190. &
190. 4
191.2
191.5
191.6
189. 4
189.2
191.7
189.7
183.5
190.2
190. 8
189.9
189.2
189.1
189.6
190.7
191.8
189.%
190.3
169. 4
190.9
192.8
189.1
189.4
150.5
191. 0
192.1

RFA®EY

9.33
9.20
9.40
9.48
9.42
9. 30
9.53
9.51
9.59
9.55
9.60
9. Bo
9.61
9.77
9.71
9. 87
9.79
9.91
10.15
10.01
10.08
10.15
10.15
10.14
10. 36
10.42
10.32
10445
16.52
10.51
10.60
10.61
10.64
10.67
10.65
10.65
13.62
10.79
10.60
16.90
10.80
10.77
11.07
11.06
11.01
11.06
10.97

S8

187.6
189.2
186.7
186.1
188.2
130.9
187.7
187.5
187.1
188.5
188.6
186.7
192.3
190. 4
190.8
188.6
191.2
190.2
187.0
190.3
190.2
191.0
191. 4
191. 4
189.2
189.0
191.5
189.6
189.3
190.0
189.8
189.8
189.1
189.0
189.5
190.6
191.7
189.6
190.1
189.3
190. 8
192.6
188.9
189.2
190. &
190.9
191.9

RFB*EL

9.18
9.04
9.23
9.27
9.22
9.09
9.32
9.28
9.35
9.30
9.33
9.53
9.30
9.50
9.40
9.54
943
9.51
9.76
9.63
9.68
9.76
9.72
9.70
9.90
9.97
9.83
9.92
9.97
9.95
9.98
9.97
10.00
9.99
9.96
9.99
9.93
10.10
13.07
10.17
10.15
10.04
10.34
10.27
1J.21
10.35
10.19

TSC

195.0
196.7
194.1
193.4
135.6
198.6
195.1
194 .8
194.5
195.9
19 .1
194.0
200.0
197.9
198.5
196.1
198.8
197.8
194 .4
197.8
197.7
198.6
199.0
199.1
196.7
196.5
199.2
197.2
196.8
197.6
197.3
197.3
196.6
196.5
197 .1
198.2
199.4
197.1
137.7
136.7
198.4
200 .4
196 4
196.7
197.9
198.%
199.7

RFC*tY4

8.57
8.40
8.64
8.71
8.63
8.52
8.75
8.75
8.81
8.77
8.83
9.04
8.82
8.98
8.93
9.16
9.03
9.13
9.38
9.25
9.30
9.38
9.35
9.35
9.58
9.65
9.51
9.66
9.72
9.70
9.79
9.82
9.85
9.84
9.86
9.85
9.82
10.00
9.99
10.11
10.03
9.96
10.26
10.24
10.19
10.25
10.13

SO

185.7
187.2
184.8
184.2
186.3
189.0
185.7
185.5
185.2
186.6
186.7
184.8
190.3
188. 4
1868.9
186.7
189.2
188.2
185.1
188.3
188.2
189.1
189. 4
183.4
187.2
187.1
189.5
187.6
187.3
188.0
187.9
187.8
187.1
187.0
187.5
188.6
189.7
187.6
188.2
187.3
188.8
190.6
187.0
187.3
188.4
188.9
189.9

RFD*EL

9.35
9.22
9e42
9.48
943
9.32
9.55
9.53
9.60
9.55
3.60
9.79
3.61
9.77
3.73
9.85
9.76
9.86
10.11
9.97
10.04
10.10
19.06
10.07
10.25
10.33
10.19
10.32
10.37
10.33
10.40
10.37
10.39
10.41
10.40
10.39
10.35
10.50
10.47
10.57
10.51
10.44
10.72
10.69
10.61
10.68
10.57

€0¢



DAY

NSNOODOOVIVVIVINESE SEETETWWWWWNNNNN S s e o b b b bt b b e

TINME

o3

o7

9
1.7
2.7
3.7
b7
5.7
6.7
Te7
8.7
9.7
10.7
11.6
15.7
20.7
25.7
3C.7
35.7
40.7
45.7
50.7
55.7
60.7
65.7
70.7
75.7
80.7
82.1
86.7
31.7
96.7
101.7
106.7
111.7
116.7
121.7
12647
131.7
136.7
146.7
151.7

VEL

3.96
3.97
3.91
3.95
%.03
“.11
%.09
4.00
3.99
4.08
4.05
3.96
4.08
h.13
bell
4e13
3.96
4.02
3.99
4.06
3.97
4,00
3.85
3.94
3.97
®.02
3.94

3.84.

3.90
3.90
3.93
3.90
3.78
3.86
3.96
3.94
3.95
3.88
4.00
3.89
3.91
3.88

Q/A

102591,
102877,
102591,
101924,

97542,

95542,

94685,

94399,

94208,

94113,

94113,

94113,

93827,
103353,
102877,
103258.
102400,
162372,
102972.
102781,
1027381,
102496,
102877,
102781.
102686,
102686,
102496,
102686,
102877,
102781,
102591,
102496,
102972.
103353,
103448,
103353,
102377,
103353,
103162,
102972.
103067.
162877,

#933% RESULTS == RUN 112 #sss»

TSA

178.8
180.0
181.2
180.5
176.0
173.2
172.8
174.3
1741
172.7
172.8
173.7
171.7
177.7
171.2
178.6
180. 4
180.7
180.6
178.3
180.9
179.1
182.3
179.8
173.7
179.0
161.3
182.2
180.9
180.5
179.7
161.2
184.3
181.2
180.2
180.1
180.2
181.9
173.1
180.8
181.1
182.1

RFA®EL

«07
-.00
-.20
~e03

73

« 91
1.10
1.17
1.40

5.66
577
5.78
5.61
591
6. 10
6.17
6e 24
6.27
6.60
653
6459
6.59

TS8 RFO*EY

TsC

179.1
180.3
181.6
180.9
176.3
173.5
173.1
174.6
174.3
173.0
173.0
174.0
171.9
178.0
171.5
178.9
180.7
181.0
180.9
176.6
181.2
179.4
182.6
180.1
179.1
179.3
181.6
182.5
181.2

130.9°

130.0
181.5
184.6
131.5
180.5
180 .4
180.5
132.2
179.4
131.1
181 .4
182.4

RFC®E4

-e11
-e13
.22
-e13
46
«89
1.08
1.18
1.15
1.53
1.55
1.59
2.08
2.36
3.67
LYY )
ke62
467
be71
be94
5.09
5.26
5.16
5.48
5.59
5:67
5.56
5«48
5470
5.69
5.80
S.84
5.72
6.00
6.16
6.23
6.32
6.28
6.66
6.53
6.65
6.62

TSD

176.7
177.9
179.1
17 8.5
174.1
171.3
170.9
172. 4
172.2
170.9
170.9
171.8
169. 8
175.7
169.2
176.5
178.3
178.6
178.5
176.2
1748.8
177.1
180.1
177.7
176.7
176.9
179.2
180.1
178.8
178. 4
177.6
179.1
182.1
179.0
173.1
178.0
178.1
179. 8
177.0
17 8.7
179.0
179.9

RFD*tQ

-.00
.07
“s21
“o07

«60
1.00
1.17
1.16
1.22
1.56
1.76
1.78
2.11
235
3.62
be3
bebt5
454
4.61
4.79
4e84
5.05
4.86
5.16
5.29
5.36
5.18
5.16
5.30
534
543
Sels 7
5.28
5.58
5.76
5.83
5.95
5.91
5426
6e11
625

6.27

v0¢



DAY

VWL OUOWOUOED®EE®®NNN

TIME

156.7
161.7
166.7
168.2
172.7
177.7
182.7
187.7
192.7
197.7
20247
207.7
21247
217.7
22207
23247
237.1
24147
246.7
251.7
25647
261.7
28647
271.7
27647
281.7
286.7
291 .7
296.7
301.7
306.7
311.7
356.2
360.7
361.2
365.7
370.7
375.7
380.7
385.7
390.7
395.7
400.7
LU5.7
417.3
421.7
“26.7

VEL

3.97
3.95
3.91
404
3.92
3.88
3.95
3.87
3.93
3.94
3.85
3.81
3.84
3.73
3.70
3.77
3.86
3.78
3.84
3.88
3.89
3.98
3.97
3.81
3.83
3.91
3.89
3.82
3.83
3.89
3.83
3.78
3.90
3.87
3.94
3.95
3.89
3.96
3.99
4.03
3.90
k.00
4.07
3.96
3.88
3.86
4.00

0/A

117070.
116879,
116879,
104401,
104305.
104496,
104496,
104305,
104210,
104401,
104591,
104591,
104305,
104115,
104686,
103543,
103353.
103258,
103734,
102972,
102877,
102972,
102686.
102972,
103067,
102781,
102781,
102781.
102972,
102972,
102591.
102686,
102686,
100209.
103258,
101734,
102115,
1017 34,
102115,
101829,
101329,
101324,
101543,
101448,
102877,
102972,
102591,

TSA

190.8
191.3
192.3
179.0
182.5
182.9
180.3
182.7
181. 4
181.9
182.9
184.1
183.1
186.4
187.0
180.7
181.3
184.0
183.1
180. 4
180.8
179. 4
179.9
183.1
181.7
180.3
181. 4
183.0
183.1
181.1
181.8
183.8
183.7
1739.5
180. 4
179. 4
181.1
178. &
178.1
177.9
140.6
179.7
176. 2
178.5
182.1
181. 4
178.6

RFA*EY

5.05
5.10
S.04
5.38
5.16
5.13
5.31
5.16
5.32
5. 38
5435
5.33
Sels2
5.19
5.25
559
Sell
5.57
5.73
5.88
587
6.05
6.11
5.82
5.88
6.04
5.98
5.93
5. 96
Gells
6.07
6.00
6e31
6.38
6e52
6.77
6.73
7.00
7.03
7.15
6495
7.16
7.33
T.16
7.06
7.10
7.32

TSB RFBTE4

¥sC

191.1
191.6
192.6
179.3
182.8
183.2
180.6
183.0
181.7
182.2
183.3
184.4
183.4
186.7
187.3
181.1
182.2
184.3
183.4
180.8
181.1
179.8
180.2
133.4
182.0
180.6
181.7
183.3
183.6
181.5
182.2
184.1
181.0
179.8
180.7
179.7
181.4
178.7
178.4
178.2
180.9
179.0
176.5
178.8
182.4
181.7
178.9

RFC*t 4

5.08
5.07
5.05
Selh2
5.19
Sell
5.36
5.17
5.32
Seloly
5.38
S:34
5.48
5.25
5.26
5455
567
555
5.76
S.84
586
6.06
6406
5.83
5.89
6.02
5.99
5.91
5.94
6.10
6.05
5.96
6.29
6034
6.48
6.75
6.66
6498
7«04
7.13
6.91
7.11
7.29
T.14
7.04
7.08
7.31

SO

188. 4
188.9
189.9
176.9
180.3
1840.7
178.2
180.5
179.3
179. 8
180.8
181.9
180.9
184.1
184.7
178.5
179.7
181.8
180.9
178.3
178.7
177.4
177.8
180.9
179.5
178.1
179.2
180.8
180.9
179.40
173.7
181.6
178.6
177. 4
1738.3
177.4
179.4¢
176.3
176.0
175.8
178.5
176.7
1742
176.5
180.0
179.3
176.5

RFD*EL

4e76
4.78
4.69
5.06
4.90
4. 080
5.02
4.90
5.05
5.12
5S.04
5.05
5.17
490
4.95
5.29
Selsl
5426
Sels7
5.59
559
576
5.81
5.54
562
5.75
5.72
5.64
5.67
5.80
579
5.69
5.91
5.98
6.13
6435
5.29
6.58
6.63
6475
651
.71
690
6e71
6.62
6.66
5.88

S0¢



TIME

431.7
43607
4ul1.7
Lhbe7
451.7
45647
4el.7
46647
471.7
480.4
LT LYY
489.7
4947
499.7
S04.7
509.7
514.7
519.7
5247
$29.7
53447
539.7
5446
54847
55347
55847
SThel
578.7
583.7
588.7
597.3
6Gl.7
60647
611.7
61647
621.7
62647
631.7
636.7
641.7
6467
651.7
65647
661.7
66647
671.7
6767

VEL

4,03
k.02
3.98
4.05
4.06
4el12
3.95
3.96
3.98
3.90
3. 84
3.69
374
3.62
3.67
3.65
3.51
3.68
3.65
3.54
354
3.61
4,03
3.81
3.84
3.87
3.90
3.76
3.66
3.74
3.74
3.82
3e7h
3.76
3.83
3.86
3.85
3.82
3.92
3.91
3.96
377
3.75
4.16
4e19
3.96
3.97

QsA

102496,
102400,
102877.
102972,
102496,
102496,
102686.
102686,
102781.
102591.
102496,
102877,
102781.
102591.
102496,
102496,
102781,
102972,
102877,
102591.
103067,
102972.
102877,
1024877,
102781.
102877.
133067,

98876.

98304,

97638.
10268¢.
102210.
i02086.
102686.
102591,
102210.
102210.
102305,
102591.
132496,
102019,
102877.
1039067,
103067,
102972,
02877,
102781,

TSA

178.5
179.2
179.0
178.1
176.9
176.9
180.9
180.7
178.8
181.2
182.3
185. 4
183.9
186. &
185.8
186.4
189.3
185.1
186.3
189.5
189.6
187.0
177.5
183.1
182.9
182.3
181.3
181.3
182.3

179.5.

183.9
182.2
184.8
183. 4
181.7
181.8
182.0
1682.3
179.8
180.3
179.9
184.5
185.2
175.8
175. 4
180.3
180.2

RFA®EL

7.01
7.43
7.51
7.62
7.70
7.80
7.52
7.59
7.69
7.59
7.59
7.67
7.94
7.76
7.91
8.02
7.89
8.23
8.20
7.97
8.06
8.28
8.71
8.36
8.6
8.59
8.82
9. 10
9.19
9459
9.85
9.98
 9.88
10.06
10. 29
10.37
10043
10.46
10.72
1069
10.83
10.53
10.55
10.91
11.09
10,74
1c.81

TS8 RFB®EL

TSC

178.9
179.5
179.3
178.4
177.2
177.2
181.2
181.0
179.1
181.6
182.7
185.7
184.3
186.8
186.1
186.8
189.7
185.5
186.7
189.8
190.0
187.3
177.8
183.4
183.3
182.6
181.6
181.7
182.6
179.8
13864.2
182.6
185.1
183.7
182.0
1%2.1
182.3
182.6
130.2
130.6
180.2
13443
185.5
176.1
175.7
186.6
180.5

RFG*EL

7.39
Teldl
Te49
7.60
7.68
7.81
7.50
7.57
7.67
T.57
T.57
7.62
7.92
TeTh
7.89
8.00
7T.82
8.19
8.16
7.92
8.02
8.23
8.69
8.35
Belele
8.60
8.83
9.08
9.19
9.57
9.680
9.99
9.86
10.10
10.27
10.36
10.41
10.47
10.70
10.69
10.81
10.51
10.53
10.92
11.07
10.80
10.87

S0

176.5
177.2
176.9
176.0
174.8
174.8
17 8.8
178.6
176.8
179.1
180.2
183.2
181.7
184.2
183.5
184.2
187.0
182.9
184.1
187.2
187.3
184.7
175.5
180.9
180.8
180.2
179.2
179.2
180.2
177.4
181.7
180.1
182.6
181.2
179.6
17 9.6
179. 8
180.2
177.7
178.2
177.8
182.3
1863.0
173.8
173. 4
178.2
178.1

RFD*EG

65.99
6.98
T.04
Te15
7.23
T.33
7.03
T.12
7.22
7.13
7.13
T.19
7.46
7.29
Teltle
7.55
Tkl
T.76
T.73
7.53
7.62
7T.81
8.22
7.88
7T.98
8.11
8.lty
8.71
8.80
9.17
9. 42
9.55
9.48
9.66
9.86
9,92
10.00
13.05
13.29
10.28
10.39
10.11
10.12
13.47
10.64
10.31
10,43

90¢



TIME

681.7
686.7
691.7
696.7
T61.7
70647
T11.7
716.7
721.7
72647
731.7
73647
Tul.7
T46.7
765.7
768.9
773.7
778.7
783.7
787.9
79247
797.7
802.7
837.7
812.7
817.7
822.7
827.7
832.7
837.7
842.7
847.7
852.7
857.7
862.7
867.7
872.7
877.7
882.7
887.7
892.7
897.7
902.7
907.7
912.7
917.7
922.7

VEL

bo11
4.03
4.09
3.89
4.01
3.87
4.06
3.94
4.06
3.95
3.99
3.90
3.89
3.04
3.78
4.05
3.70
3.75
3.86
3.74
3.76
3.79
3.80
3.84
3.89
3.92
3.78
4.08
4b.01
4.05
Lhelb
3.93
3.99
3.95
4.08
4.03
3.90
3.90
3.89
3.85
3.83
3.91
3.82
3.82
3.77
3.76
3.88

Q/sA

102372,
103067,
102877,
102877,
102972,
103162.
103448,
102400,
101324,
102210,
102210,
102019,
102877,
102686,
102761,
102972,

98495,

99162,

98971,
102781,
102210.
102496.
102305,
1019324,
101829,
101924,
102210,
102210,
102210,
102019,
101924,
102019,
102115,
102210,
101324.
102115,
102496,
102210,
102305,
102019,
102210,
10240C,
102400,
102115,
1019324,
102210,
102400,

TSA

177.1
178.2
176.6
180.8
179. &
182.3
177.9
179.6
177.2
179.7
178.6
180.7
181.6
183.2
183.3
174%.6
182.1
180.9
178. 4
18445
184.1
184,04
182.9
181.1
180.2
180.3
183.5
176.6
177.8
177.0
177.9
180.2
178.2
178.8
176.0
178.2
180.8
183.6
180.8
181.8
182.5
181.2
182.1
161.8
183¢ 4
184.3
181.0

RFA*EL

11.04
10.98
11.17
10.94
11.24
11.04
11. 40
11.23
11.57
11.40
11.58
11. 42
11.43
11.35
10.93
11. 71
12.28
12.68
13.06
12.92
13.06
13.14
13.34
13.56
13.66
13.78
13.59
13.97
13.94
14,07
14.05
13.89
14.06
1414
14.48
14.36
14,22
14,28
14,32
14.26
14.31
14.56
164.50
14.52
14.49
14,50
14.82

IS8 RFB*EL

| Y

177.4
178.5
176.9
181.1
179.7
182.6
178.2
179.9
177.6
1680.0
178.9
161.0
1681.9
183.5
183.6
178.9
132.5
181.2
178.7
184.8
18604
184.7
183.2
181 .4
130.6
180.6
183.8
176.9
178.1
177.3
178.2
180.5
178.5
179.1
176.3
178.5
181.2
180.9
181.1
182.2
182.9
131.5
13244
182.1
133.7
184.7
131.3

RFC*EY

11.07
10.99
11.21
10.97
11.25
11.02
11.41
11.26
11.55
11.38
11.59
11.47
11.43
11.35
10.94
11.72
12.29
12.66
13.04
12.90
13.09
13.17
13.34
13.57
13.69
13.82
13.59
14.00
13.95
14,08
164.08
13.92
164.12
14.17
14,51
14418
14,27
14,31
14,35
14431
14,34
14.59
14.53
14,55
14.52
14.53
14.86

TS0

175.1
176.1
174.6
178.7
177.3
180.1
175.9
177.5
175.2
177.6
176.5
178.6
179.5
181.0
181.1
176.6
180.0
178.8
176.3
182.3
181.9
182.2
180.7
178.9
178.1
178.2
181.3
174.5
175.8
175.0
175.9
178.1
176.2
176.7
174.0
176.2
178.7
178.5
178.7
179.7
180. 4
17 %1
179.9
179.7
181.2
182.2
178.9

RFO*EY

10.60
10.54
10.73
10.51
10.81
10.61
10.99
10.82
11.13
10.98
11.17
11.01
11.00
10.94
10.50
11.30
11.82
12.17
12.54
12.43
12.56
12.65
12.84
13.04
13.16
13.26
13.07
13.43
13.38
13.51
13.51
13.36
13,53
13.59
13.91
13.80
13.67
13.73
13.77
13.7%
13.74
13.99
13.93
13.97
13.94
13.93
14425

L02



bay

O G N R R R R o s g e 0 e B B e e e B e e e

VEL

2.31
2.35
2.31
2.28
2.32
2.29
2.28
2434
2.31
2.31
2.28
2.26
2.32
2434
2.39
2.33
2.30
2.22
2.02
2.22
2.27
225
234
2.34
2.42
2445
2457

Q/sA

65788.
65692.
65883,

‘65406,

65324,
65024,
65024,
65024,
65024,
65024,
65119.
65119.
65024.
65406,
66074,
66170,
65883,
660 7h.
66170,
65979,
65883.
657 88.
66074,
66456,
65310.
65406,
65406,

sesss RESULTS == RUN 113 *3ses

TSA

179.9
179.9
181.6
182.5
181.2
182.3
182.8
180.9
181.8
181.9
1824
162.5
1680.7
180.0
173.3
182.1
18242
185.0
179.1
184.5
183.6
183, 4
1804 &
1801
176.0
176.3
173.1

RFA®EL

-0k
«05
-e13
-e22
10
=06
-ell
o2h
.18
« 25
0k
«02
51
oTh
1.82
1.38
1.69
1.59
3.29
2477
3.11
3.27
belt
4e 39
5.12
4.58
4e91

TSB RFB®EY

TsC

RFC*EL

TSD RFD*EL

80¢



DAY

X T ENNNNOOCOOOOCVVVNVEITIITEFTFWWWOUWNANNNN NN R e e e

TIMC

oh
1.4
2.4
3.4
bk
5.4
6els
7o
B.“
9.4
14t
19.4
2444
29.4
34t
39.4
bu. b
49.4
54.4
59,4
6h ok
69.4
Tl
79.4
B4 .4
894
94.4
99.4
1064t
169.4
1144
119.4
123.3
127.4
132.4
137.4
1424
14744
152.4
1574
162.4

Q/A

100873.
99925,
99546.
99262,
99072,
98977.
99641,

100304,

100115,

100304,

100115,

100210.

100115,

100684,

100684,

130589.

130589,

100084,

130210,

106u 20,

134115,

1006304,

100210.

1004020,

100020,

100115,

100210.

100420,

100494,

100399,

10€779.

160779.

100684,
99356,

101158,

101253.

100589.

106304,

10c¢210.

100210.

1001 15.

100210.

s¥sss RESULTS == RUN 114

TSA

154.0
153.6
153.0
152.8
153.7
154.7
153.9
15544
154. 8
154.9
155.2
154.5
154.8
155.4
155.3
155.7
184,2
184.6
155. 4
155.5
155.7
15447
153.3
154, 7
155.8
154.8
155.1
153.3
155.6
155.,9
156.1
155.0
156.2
156.3
155.5
15641
155.0
153. 4
154.9
156. 0
153.3
1544 4

RFA®EYL

07
+ 05
12
«08
-.01
=+05
«03
=07
«02
« 069
«17
«33
«33
Y
+ 60
70
«90
1.00
1.03
1.11
1.22
1.35
1.54
1.55
1.46
1.67
1.67
1.77
1.72
1.77
1.80
1.86
75
93
1.09
1.25
1.31
1.54
1.57
1.52
1.82
1.74

S8

15445
15442
153.6
153. 4
15443
155.3
1544 4
156.0
155. 4
155.5
155.8
155.0
155. 4
15640
155.9
156.3
154. 8
155.2
15640
156.1
156.3
155.3
153.9
155.3
1564 &
15544
155.7
153. 8
156.2
156¢ 4
15647
155.5
156. 8
156.9
156.1
15647
155.6
153.9
155.5
15646
153.8
154.9

RFB*EL

+08
+03
«09
«09
-.00
-.05
01
01
11
«15
«23
«39

(X X2 2 J

TSC

159.0
158.7
158 .0
157.8
158.8
159.9
158.9
160.6
159.9
160.0
160.3
159.5
159.9
160.6
160 .4
160.9
159.3
159.7
16d.6
160.7
160.9
159.8
158.4
159.8
161.0
159.9
160.2
158.3
160.8
161.0
161.3
160.2
161 .4
161.5
160.6
101.3
160 .2
15844
16040
161.2
158.3
159.5

RFG*EH

13
03
07
«09
01
63
«09
«06
«16
23
«31
b7
-1
.60
«78
«85
1.04
1.65
1.67
1.18
1.29
1.42
1.62
1.62
1.58
1.72
1.68
1.82
1.73
1.79
1.81
1.87
1.01
1.13
1.27
1.43
1.40
1.67
1.62
1.59
1.88
1.81

150

150.6
150.3
149.7
149.5
150 &4
158. 4
150.5
152.0
151. 4
151.6
151.9
151.1
151. &4
152. 4
151.9
152.3
150.9
151.2
152. 0
152.1
152.3
151.3
150.0
151. 3
152. &4
151.5
151.7
149.9
152.2
152.5
152.7
151.5
152. 8
152.9
152.1
152.8
151.6
1506.0
151.6
152.6
150.0
151.0

RFD*E4

«06

83

1.08
1.20
1.39
1.490
1.35
1.52
1.52
1.65
1.55
1.55
1.55
1.55

72

o84
1.086
1.21
1.22
1.4
1.39
1.38
1.67
1.57

60¢



TIME

172.4
177 .4
18244
18744
192.4
197.4
202.4
207 o4
21244
217 .4
22244
2274
23244
244 .6
2494
25444
25849
26344
268.4
271.7
27644

2814

28644
291 .4
2G6.4
Julels
3CE.b
31144
31644
3214
32644
3314
33€.b
34144
JhLEols
354 .4
35644
361.4
3664
3714
37644
381.4
JE6H
391 .4
3G6.4
40144
40bels

VEL

6.04
6.04
5.95
6.02
6.21
6.02
6.19
6.11
6.01
6.05
6.01
6.25
5.89
5.90
5.77
5.81
5.99

Q/A

100115,
180779,
100589.
130684,
100779.
100494,
100399,
100779,
100779.
130684,
100399,
100494,
100779.
100494,

97934,

97650,
160779,
101063,

99641,
100304,
100304,
100589.
100494,
100304,
100115,
100210,
100494,
100494,
100210.
100210,
100210,
160399.
100334,
100210,
100115,
130210,
100304,
100210,
100210,
100115,
100304,
100494,
100115,
100589,
100304,
130684,
1uCol8b,.

TSA

153.7
155.0
155.8
154. 8
153.0
15447
153. ¢
154.5
154.6
154. 0
154.7
153. 4
155.7
153.8
154.9
154.8
155. 9
154.3
155.0
154.7
155.0
156.2
156.2
154.3
154.6
154.9
155.7
154.5
153. 8
154.9
154.9
153.3
153.56
154. 0
1€4.3
155.4
154.7
154.2
154.3
15440
155.0
15441
153. 8
155.0
153.6
15641
155. 4

RFA®EY

1.86
1.86
1.80
1.93
2.11
1.97
2.12
2412
2.08
2.11
2.11
2.29
2.05
1.60
1.67
1.75
1.82
1.97
1.87
2.03
2.02
2.01
1.98
2.13
2. 15
2.18
2.11
2,24
2.34
2.28
Z.31
2.46
2449
2.42
2.45
2.40
2441
2443
2.48
2+59
2.48
2454
2.58
2454
2.68
2.50
2. 51

¥s8

15443
155.5
1564 4
155.4
153.5
155.2
15443
155.0
155.2
15446
155.3
153.9
15643
154, 4
155.5
155.3
15645
154. 8
155.6
155,2
155.6
156.8
156.8
154, 8
155.2
155. 4
156.3
155.0
1544 4
155.5
155.5
153.9
15441
154.6
15449
155.9
155.3
154, 8
154.9
15445
155, &
154.7
154e 4
155.5
15462
156.7
1564

RFB*EL

¥sC

158.3
160.1
161.0
159.9
156.0
159.8
158.8
159.6
159.7
159.1
159.8
1584
166.9
159.0
160.0
159.9
161.0
159.4
160.2
159.7
160.2
161 .4
161.5
159.4
159.8
160.0
166.9
159.6
158.9
166.0
16G.32
158 .4
158.6
159.1
159.4
160.5
159.8
159.3
159.4
159.0
160.1
159.2
158.9
160.1
156.6
161.3
160.6

RFC*EL

1.91
1.88
1.87
1.95
2416
2.02
2+.15
2.69
2.07
2.11
2.10
2429
2.03
1.80
1.80
1.91
2.00
2410
1.99
2.16
2.15
2.13
2.06
2422
2425
225
2417
2.34
2.42
233
2.38
2.54
2455
2447
2.50
2eb01
2.45
2.48
2.50
2.62
2447
2.59
258
2453
2.68
2.51
2+50

TS0

150. &4
151. 6
152. 4
151. 4
149.7
151.3
150.5
151.2
151.2
150.7
151.3
150.1
152.3
150. &
151.5
151. 4
152.5
150.9
151.7
151.3
151.7
152. 8
152.8
150.9
151.3
151.5
152.3
151.1
150.5
151.5
151.5
150.1
150. 3
150.7
151.0
152.0
151.3
150. 8
151.0
150.7
151.7
150.8
150.5
151.6
150.3
152.7
152.0

RFO*E &4

1.68
1.66
1.63
1.73
1.90
1.75
1.89
1.86
1.83
1.86
1.86
2.00
1.80
1.65
1.52
1.63
1.68
1.77
1.65
1.80
1.82
1.78
1.71
1.87
1.86
1.90
1.83
1.93
2.00
1.95
2.00
2.12
2.13
2.06
2.11
2.0%
2.05
2.07
2.09
2.20
2.10
2.15
2+.16
2.12
2.26
2.06
2.08

01¢



TIME

bil.le
416.4
L21.4
426 o4
L431.4
L3E.b
LY Y
44Bele
451 .4
45644
LElels
LE6bels
LT71.4
LTbel
481.4
L 864
491.4
496.4
SG1.4
506.4
S511.4
516.4
5214
526 ¢4
531.4
53644
Shicl
SHE 4
5514
556 .4
5614
5664
571.4
5764
581.4
5864
591 .4
596.4
601.4
6064
611.4
616 .4
621.4
626ek
631.4

VEL

5.98
5.78
5.86
5.96
5495
6.05
5.98
6.04
6.03
5.92
5.93
5.83
5.95
5.79
6.01
6.17
6.00
6.01
5.93
6.03
6.01
6.16
5484
6.06
6.00
5.89
5.99
5.75
6.06
6.07
6.18
5.97
6.02
5.93
6.10
6.07
5.96
5.94
6.05
5.80
6.12
5495
5.89
5.96
5494

QasA

100494,
100399.
100494,
100684,
100684,
100494,
100494,
100399,
100494,
100494,
99546.
100210,
100304,
100399,
100210.
100115.
99925,
100210,
100210,
100115,
100020,
99330,
1000 20.
100210,
100020.
130399.
100399.
100589.
100779.
100304,
100210,
100494,
100589.
100779.
100210,
100304,
100494,
100589,
100589.
106494,
100210.
100399,
100589,
100494,
100399.

TSA

154. &
1564 &
1564 &
155.5
154.9
153.9
154.9
155.0
154.0
155.1
154.7
156. &
155.6
155.9
154.2
153.7
155.0
155.1
155.7
156.1
155.1
153.9
156.5
155.1
156.6
156.1
156.0
155.5
155.2
155.7
154.6
155.6
155.9
156.3
154.8
155. 4
156.0
156.1
155.1
155.9
153.2
15442
153.9
154. 8
15443

RFA®EL

2.57
243
2048
2.59
2.62
2.70
2062
2.67
2.77
2. 42
2459
2.56
2.72
2.66
2.72
2084
2.76
2.82
2. 74
2.81
2.87
2.99
2.78
2.89
2.82
2.81
2.93
2.78
2.99
2.98
3.01
2.96
2.95
2093
3.02
3.01
2.98
2.96
3.06
2.93
3.10
3.04
3.05
3.04
3.12

Ts8

154.9
157.0
156.9
156.0
155.5
154.5
155.5
155.6
154.6
155. 6
155.3
157.0
156.2
156.5
154.8
154. 3
155.6
155.7
15643
156.7
155. 6
154e &
157.1
155.6
157.2
156.7
156.5
156.1
155.7
156.2
155.2
156.2
15645
156.9
155. &4
156.0
15645
15647
155. 6
15645
153. 8
154.8
15445
155. 4
154.6

RFB*E4L

TSC

159.5
161.6
161.6
160.6
160.1
159.0
160.1
160.1
159.1
160.2
159.8
161.6
160.8
161.2
159.4
158.7
160.1
160.3
160.9
161.2
160.2
158.9
161.7
160.2
161.7
161.3
161.1
160 .8
160.3
160.3
159.6
160.7
161.0
161.5
159.8
160.5
161 .1
161.3
160.2
1a01.2
158.3
159.4
159.1
160.0
159.2

RFC*t 4

2.59
2.43
2.49
2.58
2.63
2.66
2.61
2.66
2.70
2.46
2.74
2.68
2.84
2.74
2.82
2.97
2.89
2.92
2.86
2.9“
2.97
3.10
2.86
3.04
2.95
2.95
3.05
2.88
3.09
3.08
3.15
3.05
3.07
2.99
3.15
3.14
3.67
3.10
3.19
2.98
3.23
3.14
3.16
3.16
3.18

TS0

151.0
152.9
152.9
152.1
151.6
150.6
151.6
151.7
150.7
151.7
151. 4
153.0
152.2
152.5
150.9
150. &4
151.7
151. 8
152.3
152.8
151.7
150.6
153.1
151.7
153.2
152.7
152.6
152.1
151.8
152.3
151. 3
152.2
152. 6
152.9
i51.5
152.1
152.6
152.7
151.7
152.5
149.9
150.9
150.5
151. 4
150.6

RFO*EL

2.13
2.00
2.07
2.15
2.18
2.23
218
2.23
2.27
204
2.2
2.16
2.31
2.23
2.28
2.39
2.29
2.36
2.30
2.34
2437
2.49
2.29
2.42
2.35
2.32
2elel
2.27
2e45
2elsls
2.49
2elel
243
2.36
2ele7
2.46
2.43
2elel
249
2+.36
2.51
2.7
2445
2.49
2.52

11¢



DAY

BOBENNNNOOOCOO TV UVVNESTSTTEWWWWWNNOONDNN R e

TIME

ole
1ok
2els
3.4
bels
Sels
6.l
7.4
8.l
9.4
14.4
19.4
2hets
29.4
3h44
39.4
b oty
L9.4
Sh.b
59.4
Bhety
694
Th el
79.4
Bh ol
89.4
9 W4
9%.4
10444
109.4
114.4
119.4
123.3
127 o4
132.4
137.4
14244
147 .4
152.4
157 .4
16244
16744

VEL

5.60
$.93
5.92
5.98
6.00
5.90
5.97
6.08
6.01
5.98
6.15
6.03
6413
6.04
5.95
5.98
6.11
6.05
6.06
5494
5.99
6402
6.05
6.11
6.06
6.02
5.96
b0l
6.09
5.93
5.91
606
6413
5.+95
5.92
5.92
6.03
6.02
6.13
5495
5.91
6.06

Q/A

122499,
121452,
121261,
121356,
120975.
1204880,
121547,
121452,
1211 €6,
122023,
121737,
121833,
121833,
121737,
121833,
121642,
121928,
122118,
122023,
121737,
121833,
122118,
122023,
121833,
121737.
121928,
122118,
121833,
121833,
121737,
122214,
121547,
122023,
120785,
121737,
121333,
122118,
121737,
121547,
121642,
121737,
121737,

vvses RESULTS == RUN 115 wrere

TSA

172.5
170.3
170.3
1€9.8
169. 4
170.5
169.7
169.6
170.0
171.1
170.0
170.6
169.1
170.1
171.2
170.8
1€9.3
1€9.6
170.1
171.3
171.2
170.2
1€3.3
169.6
170.2
170.9
171.0
1€9.3
1€9.7
171.6
172.1
168.9
169. 8
170.8
171.5
172. 4
1€9.8
169.7
169. 8
171. 4
171.2
1€9.3

RFA*EL

-.08
-e13
-e17
-e13
-s24
-e19
-+ 10
-.07
«10
«07
+50
+83
1.38
1.63
1.97
2436
2.72
3.03
3. 22
3e41

4,09
4413
4.17
4.20
4.35
4. 36
434
4440
4.59
3.20
3.28
3.31
3.40
3.56
3.59
3.67
3.60
3.59
3.73

TSB RFB*EY

TSC

172.2
170.1
170.1
169.6
169.2
170.3
169.5
169.3
169.8
170.9
169.8
170.3
168.8
169.8
171.0
170.6
169.1
169.4
169.8
171.0
170.9
170.0
169.1
169.3
169.9
170.7
170.8
169.1
169.5
171 .4
171.9
168.7
169.6
170.6
171.2
172.2
169.6
169.4
169.5
171.1
171.0
169.1

RFCYEYL

=12
-+10
-e18
-+30
-e32
-.38
~el1
-.06

+09

02

40

67
1.21
1.62
1.98
2+35
2480
2.90
3.12
3.28
3.54
3.76
3.86
4.02
4.08
bell
hel17
4.30
437
4.29
4,33
4.56
3.28
3.40
3.45
3.53
3.71
3.75
3.84
3.77
3.78
3.96

IS0

167.9
165.9
165.9
165. 4
165.0
166.1
165.3
165.2
165. 6
166.7
165. 6
166.2
164.7
165.7
166.8
166. &4
164.9
165.2
165.7
166. 8
16647
165. 8
164.9
165.2
165.8
16645
16646
164.9
165.3
167.2
167.7
164.6
165+ 4
1664+ 4
167.0
168.0
165.4
165.3
16544
166.9
166.8
164.9

RFD*EL

“s02
-e03
-«10
-s12
-.07
-s16
04
12
20
31
64
«95
1.47
1.79
2e1b
2.48
2.81
3.00
3.14
3.32
3.54
3.67
3.86
3.95
4.08
4.05
4.08
4e21
4.28
4.22
be21
LYY ¥4
3.20
3.31
3.39
3.4
3.59
3.64
3.74
3.66
3.67
3.82

21e



DAY

TIME

172.4
177 .4
182.4
1687.4
192.4
197 .4
202.4
207.4
212.4
217.4
2224
2274
2324
24hb.6
249.4
2544
258.9
2E3 .4
268.4
271.7
276 .4
281.4
286.4
291 44
29€.4
3C1.t
3064
311.4
316.4
32144
3264
331 .4
336.4
341 .4
3uE.l
351.4
356.4
361l
366.4
3714
376.4
381.4
38b.4
391.4
39k .4
4G1e4
LEE.HL

VEL

6.04
6.21
6.12
6.13
5.91
6.03
6.00
6.03
6.0C
6423
6.04
6+02
6.04
5.67
5.99
6.04
5.97
5495
6.07
6+05
6.01
5.97
5.92
6.08
6.00
6.2¢€
6.02
6.03
e 04
6405
6.05
6.05
6.15
6.0¢C
5.99
6.11
6.06
6.01
6.17
6.07
5.96
6.00
6.08
6432
6407
5.98
6.05

QA

121737,
121356,
121452,
121642,
121928,
121833,
121547,
1219328,
122214,
122118,
121833,
121833,
122023,
122118.
119642,
119737.
122118.
122309.
120690.
121833.
121833,
122118,
121928,
121642,
121452,
121547,
122923,
122923,
121833,
121833,
121642,
122023,
121833,
121642,
121833,
121833,
121737.
121333.
121737,
121737,
121928,
122118,
121833,
121333,
121547,
121328,
122023,

TSA

169.5
168.7
169.8
1€9.3
170.7
170.3
170.6
170.6
170.5
168.1
170.2
170.6
170.3
172.0
169.3
169.2
171.9
171.0
1€8.9
170.7
170.7
171.8
170.9
1€9.1
170.3
168. 4
170.8
170.0
1€9.9
170.0
170.2
169.9
189.2
170.1
170.8
169.8
169.6
169.8
169.0
170. 4
171.2
170.7
169.6
1€8.1
170.0
171.6
1€9.9

RFA®EL

3.73
3.88
3.87
3.91
3.80
3. 86
3.88
3.90
3.92
4.09
3.96
3.90
3.96
4.03
4.09
hotl
L.07
4.09
bol?
hel?
Lel?
hell
4.L5
4e 27
Lel8
4437
4420
he22
Le2b
4e 25
he28
4. 25
4e36
he23
he22
435
4435
he27
4e36
4e33
4.28
e 31
4437
hoeSY
hel7
he 31
Loeld

TSB RFB*E4

TsC

169.3
168.5
169.6
169.0
170.5
170.0
170 .4
170.3
170.2
167.9
169.9
170 .4
170 .1
171 .8
169.9
168.9
171 .86
170.7
168.6
170 .4
170.5
171 .6
170.7
168.9
170.9
168.2
170.5
169.8
169.6
169.8
170.0
169.7
169.0
169.8
170 .6
169.6
169.4
169.6
168.7
170.2
170.9
170.5
163.3
167.8
169.8
171 .4
169.6

RFC*E Y

3.96
4.02
3.97
4e03
3.92
3.96
3.98
4elb
el bt
4.21
L.08
Le08
hel2
4.20
4e25
4e26
helb
4,21
he3l
4e27
he31
4.30
he31
hel3
4e32
heS51
4e39
hobl
Gelb3
hoeled
hoett3
hoelbt8
4e52
holh
hob3
LYL Y4
hoel?7
Lol
Le55
LeSh
holtle
belt5
hoel?7
L.68
4e53
hele3
Le53

TS0

165.1
164. 4
165.5
164.9
166.3
165.8
166.2
166.2
166.0
163.8
165.8
166.2
165.9
167. 4
164.9
164.8
167. 4
166.5
164.5
166.3
166+ 3
167.4
16645
164.7
165.9
1641
166.3
165.6
165.5
165.7
165. 8
165.5
164.9
165.7
166+ &
165.5
165.2
165. 4
164.6
166.0
166.7
16643
165.2
163.8
165.6
167.2
165.5

RFD*EL

3. 85
3.92
3.89
3.93
3.86
3.89
3.90
3.97
3.91
Le07
3.99
3.97
4,01
hell
“el2
4e19
Le08
hel2
he2lb
helb
%138
he19
he21
hel32
4e23
belole
4.28
he32
4.29
4.30
%e32
%.31
hole3
435
he32
4.40
Lot
helb
Lot
helle
Le36
4e39
he45
4.56
Golely
he38
Lol 6

€1e



TIMc

bil.b
L16.4
4214
L26.4
431.4
L3E.4
Lil.h
bbbl
451 .4
4564
bELl.b
4LE66.4
471.4
LbT76b
Wbl.l
LBE.4
491.4
4964
5C1.4
506.“
5114
516.4
5214
526 o4
5314
53€.l
541 .4
54644
55144
556.4
561.4
5664
5714
576.4
581.4
586.4
5G91.4
596 o4
601.4
666l
61l.b
616.4
621.4
€26.4
631.4

VEL

6.09
6.01
6.04
6.02
5497
6.02
6.05
6.05
5.99
5.86
5.99
5.95
5.90
6.0¢8
5.92
6.09
5.98
5.84
593
5493
5.89
5495
5.67
609
579
5.91
5.94
5.81
5486
617
5.93
5.86
594
5.89
5.87
5493
6.0¢
5.89
5.84
5.99
5.91
5493
Se84
5.92
5.69

QsA

121833,
121737.
122023.
122023.
122309.
121371,
122595,
122404,
122404.
122023.
120880,
121833.
121737.
121928.
121737,
121547.
1212¢€1.
121452,
121642,
121642,
121452,
121261.
121356,
121642,
121547,
121452,
121547,
121928.
122023,
121452,
121452,
121642,
121737.
121928.
121356,
121452,
121737,
121737,
121333.
121737,
121356,
121642,
121642,
121642,
121452,

TSA

1€9.1
170. 4
170.8
170.7
170.8
169.3
170.5
171.6
170.3
171.6
170.0
171.5
171.9
1€9.6
170.8
169.8
170.9
172.3
171.6
172.8
171.8
171.2
172.2
170.5
174.2
171.6
172.0
171.1
172.5
170.3
172.0
172.2
172.2
17244
172.3
172.0
173.5
172.3
172.5
170.2
170. 4
170.1
170.1
170. 8
170.1

RFA®EL

4.39
4,38
4,37
Lol
434
hetl
bolly
Lot
boty?
439
bl
4456
4.57
4,75
4e6h
4. 75
LheTl
4,66
4.69
4,63
4.66
472
4he71
be Bl
4.65
476
481
4,76
T 4l 75
4. 98
4.83
4,81
4. 85
4.80
4,75
4.79
4,92
4e76
4.78
4. 86
4,80
4. 85
4.85
4.88
4.88

¥SB RFBYE4

¥sC

168.9
170.1
170.6
170.5
170.6
169.0
170.3
170.7
170.1
171.3
169.8
1711.3
1711.7
169.4
170.6
169.6
170.7
172.0
171.4
172.6
171.6
170.9
172.0
170.3
174.0
1714
171.8
170.9
172.3
176.0
171.8
172.0
1711.9
172.2
172.0
171.8
170.3
172.0
172.3
170.0
170.2
169.9
169.9
170.6
169.9

" RFC*EWL

heb2
beS6
4e58
be56
beb1
beb1
4e65
heb2
beb67
4e58
480
4e?79
4.80
4.98
be87
4.98
bo88
he87
4.89
4.88
beB7
4e92
be9l
5.G7
4.88
be9l
497
4.99
5.02
5.21
5.04
S.0b
5.68
5.07
“. 96
5.02
5.20
5.07
5.01
516
5.09
5¢12
5.10
5.13
Sells

¥sD

164.8
165.9
1664
166.3
1664 4
1€4.9
166.1
166.6
165.9
167.1
165.6
167.1
167. 4
165.2
166.4
165. 4
166.5
167.8
167.2
168.3
167.3
166. 8
167.8
166.1
169.7
167.2
167.6
166.6
168.0
165.9
167.6
167.7
167.7
167.9
167.8
167.6
166.1
167.8
168.0
165. 8
166.0
165.7
165.6
16643
165.6

RFO*EL

boelbe8
bett5
belt6
4.50
belbd
450
hett9
4.540
he52
4e52
4e6 S
bebo
beb7
be83
be76
beB7
belBh
be?77
be?79
be78
4e78
belBy
he82
be 96
475
4.82
4.89
4,85
4.90
5.05
“. 91
he87
4.93
4e91
be88
4.91
5.02
4.88
beBb
be 94
4.92
4.95
4o 96
4.99
be 94

vie



DAY

PEE®NNNNOPNC OO VNV VVNESSETETWWWWWNNNNNTN G - e pa o

TIME

1.4
2els
3ok
LT}
Sels
bele
Tole
8ole
9.4
1heb
19.4
2hels
29.4
3hobe
39.4
bisole
494
Shele
594
6hole
69.4
Thels
T9.4
B ole
89.4
9% .4
99.4
104.4
109.4
114.4
119.4
123.3
127.4
132.4
137.4
142.4
147.4
152.4
157 4
162.4
167.4

VEL

1,08
1.79
1.80
1.80
1.84
1.70
1.76
1.5¢8
1.70
1.68
1.78
1.74
1.75
1.61
te76
1.79
1.71
1.81
1.77
1.74
1.67
1.58
174
1.68
1.91
1.66
1.56
1.65
1.69
1.72
1.63
1.69
1,42
1.50
1.15
1.24
1.32
1.35
1.22
1.21
1.28
1.21

Q/A

28004,
21727,
27419,
27819.
27819,
27819.
27819.
27819.
27819.
276819,
27819.
27819,
27819.
2T819.
27419,
27819.
27912,
27912,
2r912.
27819.
27819.
2r912.
27912,
27819,
276813.
27819,
27813,
27819,
27819,
27727,
27819,
27819,
28004,
27819.
27727,
27819.
274819,
27319,
21727,
27727,
27819.
27912.

*s888 RESULTS == RUN 116 *oeee

TSA

156.1
155.9
195.7
155.6
154.5
159.5
156.6
164.1
159%. 4
16d.7
157.7
158.5
157.6
162.8
157.8
156.8
159.1
155.7
157.5
158. 4
161.4
163.9
157.6
160.2
153. 4
161.6
165.1
160. 4
160.1
159.3
162.7
159. 8
172.3
168.1
187.7
182.7
176.0
174. 6
183.0
1483.7
179.2
183.3

RFA*EY

«57
6k
« 90
1.25
2e1bs
11}
1ebe7
-e62
1.15
70
2.47
2.77
2.90
1. 76
3.13
4o.07
3. 24
4.55
ho21
3.79
3.20
2.20
boekb
4.03
6.18
.92
2.77
he54
504
5.55
Leb9
5455
«87
3.83
-3.50
-1.71
1.50
2.20
o3
«20
1.89
«80

IS8 RFB*EN

TSC

RFC*E4

TSD RFD*EL

S12



DAY

TINE

172.4
1774
182.4
14874
192.4
197.4
202.4
207.4
212.4
217 .4
222.4
2274
232.4
24446
249.4
254 .4
258.9
263.4
26844
271.7
276.4
281.4
28604
231 .4
296.4
301.4
306.4
311.4
316.4
321.4
32644
331.4
33644
3hi.b
346.4
351.4
356.%
3614
366.4
371.4
376.4
381.b
386.4
391.4
39644
401.4
4064

VEL

1.20
1.33
1.28
1.27
1.16
1.18
1.16
1.09
1.26
1.26
1. 32
1.36
1.26
1.49
1.26
1.33
1.24
1.35
1.27
1.32
1.25
1.21
1.11
1.22
1.25
1. 31
1.13
1.36
1.28
1.27
1.18
1.29
1.346
1.33
1.390
1.15
1.34
1.642
1.38
1.18
1.25
1.24
1.3
1.43
1.29
1.29
1.42

Q/A

27819,
27819.
27819.
27319,
27819.
27819,
21727,
27819.
27912,
27819.
2rr27.
27819.
27912,
27912,
27173,
27265,
28004,
28466,
28004,
28004,
27312,
28004,
arrazv.
217127,
27635,
27635.
217127,
2rrar.
21127,
27912,
27635,
arrazv.
28097.
28197,
273819,
27819,
28097.
27819.
27819.
21127,
a2rrazr.
27819,
arrarv.
a2r727.
27312,
arrar.
28004,

TSA RFAYEL
183.8 1.04
176.3 4.30
179.6 3.11
179.9 3. 22
186.6 .80
185.3 1.15
186.9 «89
193.1 -o 76
180.1 3.53
179.7 3.67
176.3 5.49
1The b 5.75
180.6 4.51
166.3 8.55
178.5 -1.90
1747 -e60
1683.2 =2.46
176.5 .32
100.1 -1.25
177.9 -e25
181.5 -1.55
185.1 2.0k
190.0 3. 74
181.8 - 70
180.1 o11
176.9 1.09
189.1 -3.,03
173.6 2.96
178.7 «83
179.7 25
185.40 “1.67
177.7 1,38
178.7 1.29
176. 4 2.51
177.8 2422
187.7 =-1.26
176.0 2464
170.8 belh
1r7.7 2.35
186.1 =49
180.7 1.56
181.8 .88
176.9 2.83
171.1 5432
179.0 2.45
179.2 2048
171.5 5.11

Ts8

RFB*EL

TsC

RFCYE4

TSD RFO%EL

912



TIME

wileh
4164
421.4
426 o4
h31.4
436.4
Lbl.b
bbbl
451.4
461.4
b66.4
LT71.4
LbT6.4
481.4
486.4
h91.4
496.4
501.4
506.4
S511.4
51644
521 .4
52644
531.4
536.4
S4l.b
54644
551.%
5564
561.4
566.4
5714
57644
581.4
586.4
591.4
59644
601.4
6064
611.4
616.4
621 .4
62644
631.4

VEL

1.40
1.25
1.21
1.15
1.25
1.33
1.09
1.26
1.20
1.10
1.15
1.23
1.15
1.24
1.13
1.14
1.15
1.14
1.22
1.19
1.15
1.17
1.20
1.28
1.16
1.19
1.09
1.21
1.12
1.25
1.16
1.01
1.21
1.13
1.15
1.19

«97
1.10
1.19
1.05
1.12
1.05
1.12
1.05

Q/7A

27635,
27635,
27635,
27635,
27635,
27635,
2rs%12.
27635,
271912,
271819,
2r1912,.
27819,
27912,
27312,
27312.
27819.
27819.
2r912.
274819,
27819.
errazr.
arrar.
27819,
27819.
arrar.
27635,
27819,
27619,
arrar.
arrar.
arrar.
arrar.
27819,
27635.
27635,
arrar.
arrar.
arrar.
arrar.
27635,
arrar.
arrar.
27727,
27635,

TSA

171.0
180.6
183. 4
187.7
160, 0
175.1
192.8
180.3
184.1
191.2
188.9
182.8
188.0
181.3
uill.ll
188.8
188.6
189.4%4
184.4
185.2
188.3
186.9
185.2
180.9
187.2
185. 4%
191.3
184, 0
Z91.1
181.8
187.2
260.1
164,.3
189.7
188.5
185.7
203.7
191.5
184.0
194, 6
188.5
194.2
189%.1
193.7

RFA%EY

5.38
1.52
1.18
.17
2.59
4.29
-1.62
3.09
2.19
“l.bb
ob6
24,35
78
3. 65
«5h
1.15
1.35
1.32
.41
3.15
1.95
2.81
3.52
5.27
2.83
3.77
1.23
4.55
2417
5.6“
3.50
-.088
5.21
3.39
3.70
b.63
-1.38
2.63
5.33
1.69
4.08
2.24
he 36
2.71

TSB RFB*EY

TSC RFCUES

TSD RFD*E4

L1¢
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APPENDIX F
MODEL CALCULATIONS

The following procedure illustrates the caluculation of fouling
resistance for a particular location of a thermocouple (location A),
in heater rod number 152, during the run 105. Specifications of the
heater rod, calibration equations and raw data can be found in

Table I, Appendix B and Appendix C, respectively.

Clean Condition--Determination of hi/vir

Raw Data
TIN = -2.18 mV Dl =0.75 in
™ =0.41 mV 02 = 0.422 in
va = 9,90 mV L = 4,01 in
wmv = 104.60 mV

Conversion of data to appropriate units using equations from Appendix B

for Tin, TH and wF

T.. = 32.583 (5.02 - 2.18)9-949 = g7.74°F

38.529 (4.72 + 0.41)9-876% = 161 51°F

T

W

FLOCAL(2)

W FLOCAL(1) x (wmv - 50)

)0.5275

F

0.5460 x (104.6 - 50

4.50 gpm
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o =02 - 0,)%)

144
= L (078 - (0.422)%)

2

0.002097 ft

-
I

= NF/7.4805 X 60 x AA

4.50/(7.4805 x 60 x 0.002097)

4,79 ft/sec

where 7.4805 is the dividing factor to convert gallons to ft3

Local Bulk Temperature

AH =1 (D,/12)(L/12)
= T x 0.422 x 4.01/144
= 0.036918 ft?
TBF = AH/(62.37 x 3600 x AA)

0.036918/(62.37 x 3600 x 0.002097)

0.00007841
where 62.37 ]bm/ft3 is density of water
(100 x 3600)/(1055.056 x AH)

PF

(100 x 3600)/(1055.056 x 0.036918)

9242.49 (Btu/hr)/(ft2-mv)
where 1055.056 is the dividing factor to convert Joules to Btu

T

((PF x Q, x TBF)/V) + T,
((9242.49 x 9.9 x 0.00007841)/4.79) + 87.74

b

89.24°F
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Local Surface Temperature

hﬂux = PF x va

9242.49 x 9.9

91500.61 Btu/(hr . ft2)
Ts = Tw - (hflux/(k/x))

161.51 - (91500.61/110974)

160.68°F

Local Film Coefficient

h N hf]ux/(Ts - Tb)
= 91500.61/(160.68 - 89.24)
= 1280.80 Btu/(hr - °F - ft?)
K = hyV"

)0.7

1280.80/(4.79
427.81 Btu/(ft% - hr - °F(sec/ft

)0.7)

Taking the average of the ten scans in the beginning of the run
10 n
1

K —= I h_./V.
avg 10 54 "’y

432.22 Btu/(ft2 - hr - °F(sec/ft)0+7)

Fouled Condition - Determination of R
(Data collected on 17 November, 8.00 hﬁs)

Raw Data
TIN = -2.06 mV
W =1.45 mV
va = 9.88 mV
W = 104.61 mV

mv
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Conversion of data to appropriate units using equations from

Appendix B for Tin’ Tw and wF

T. = 32.583 (5.02 - 2.06)0-949
= 91.25°F
T, =38.529 (4.72 + 1.45)0-8765
= 189.88°F
) 2 FLOCAL(2)
Mg = FLOCAL(1) x (W_ - 50)
= 0.5460 (104.61 - 50)0-5275
= 4.50 gpm
V. = Hc/(7.4805 x 60 x AX)

4.50/(7.4805 x 60 x 0.002097)

4.78 ft/sec

Local Bulk Temperature

T

((PF x Q_, x TBF)/V) + T,

b n

((9242.49 x 9.88 x 0.00007841)/4.78) + 91.25
92.75°F

Local Film Coefficient
n

h = Kavg v

0.7

432.22 (4.73)

1292.12 Btu/(ft - hr - °F)



222

Local Surface Temperature

h

flux = PFx va

9242.49 x 9.88
91315.80 Btu/(hr - ft°)

Ts =(hﬂux/h) + Tb

(91315.80/1292.12) + 92.75

163.42°F

Local Fouling Resistance
Re = (Ty = Td/hgqyy - (x/K)

(189.88 - 163.42)/91315.80 - 1/110974
4

2.81 x 10°% (£t - hr - °F)/Btu

Error Estimation

from equation (5-23)

T _ (0.949 x 0.005) _ 1.671 x 1073

Tin (-2.18 + 5.02)

from equation (5-17)

dW
F_ (0.5275 x 0.005) _ -5

from equation (5-16)
_ 100 x 60 x 7.4805 _
I, = 1055.066 x 62.37 - 0-6821
from equation (5-15)

_0.6821 x 9.9 i
Iy = 70.681 x 9.9 + 91.25) _ 0-0689
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from equation (5-14)

E;Ef = 0.0689 xybslly + 0.0689 (4.83 x 107°)
s QO s A SLTE (1e71 x 107)
=+ 6.77 x 107

from equation (5-24)

dTyc  _ 0.8765 x 0.005 -4

Twe - 0.41+4.727 - 8543 x10
from equation (5-19)

Z, = 161.51 (110974) - 91500.61 = 17.832 x 10°

from equation (5-21)

d(@/AH)e 17 0.0005 , 0.005
(Q/AH), - 3378.0Z * 0.422 * .01

3

=2.935 x 10~

from equation (5-18)

dT
sc _ 110974 x 161.51 -4
Tec T I7B3T0 x 106 (8-543 x 1077)

91500.61 -3
* T78319 % 106 (2-935 x 1077)

4+ 91500.61 (50)
= 17.8319 x 100

8.76 x 10°%

from equation (5-20)

dh
¢ . -3 160. 68 | -4
-EZ' =2.935 x 10 © # T160.68 - 89.24) (8.76 x 107 )
89.24 -3
* 116068 - 89.24) (o77 x 10 )
2

= 1.336 x 10~
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from equation (5-26)
24 = 91500.61 f 1292.12 x 92.75 = 211344.74

from equation (5-30)

dT
s _ 91500.61 -3, . 91500.61 -2
'--]-—s = m (2.935 x 10 ) + 11344 .7 (1.336 x 10 )
1292.12 x 92.75 -3
t51i3ag.74  (6-77 x 10°7)
=+ 1.089 x 1072

from equation (5-24)

=7.102 x 10°%

.005
72

from equation (5-32)

i = 110974 (189.88 - 163.42) - 91315.8 = 2.8451 x 10°

5

from equation (5-31)

dR
B ) 0
A G
110974 (189.88 - 163.42 -3
+ MOt e ) (2,997 x 10

H+

91315.8 (50)
Z.8451 x 106 (11

H+

0.0777
The maximum relative error of fouling resistance

=+ 7.77%



APPENDIX G

COOLING TOWER WATER QUALITY

NOMENCLATURE
TH = total hardness (ppm CaCOS)
CaH = calcium hardness (ppm CaCO3)
MgH = magnesium hardness (ppm CaCO3)
m-alk = methyl orange alkalinity (ppm CaCO3)
p-alk = phenophthalein alkalinity (ppm CaC03)
cl = chloride (ppm NaC1)
Si = silica (ppm 5102)
pH = acidity
TS = total solids (ppm)

cond = conductivity (micromhos/cm)



226

COOLING TOWZI<: WAT:ZX

SUN 94
HOURS TH CheH MG=H M=aLK P-=ALK CL SI PH T
3 255- 145- 53. 13Ga 13&- 1 3. 3-25 427.
24 225, 160 65, 136, 143 YN 3.3 w2,
k3 2i5. 155, 53 L35, 5%, 115, 3430 4Lch,
72 22C. 155, €5, L3¢, 152, 35. 3.2 453.
95 225- 16&- 65- 133. 165 ;;Ga 3-25 w73,
223 235, 145, 6l 23&. 17%., 85. 8.3 LaZ.
144 225- 1“5- 68. 1330 175- 83 3.3; +73.
168 225. 155, 65. °  L4g. L3¢, 3Ce 83437 479,
192 2T5. 145, 55. 133. 160 143¢ Je4i 4Eo.
21€ 2iC. 15C. -THN 134, 162. 1li{. 3.4%C 524,
24d  22L. 155. 33, 13c. 172, 95. 83.3. E.3.
264 2:5C. 145, 55, 2335 17%. 123. 8430 Elu.
288 195. 145. 50 13, 132 133. B30 4LEL,
312 2ul. 145, 55. 11G. 145, 110, 8437 474,
336 2(5. 153, 55. 123, i63. 1:5. 3.3. 5Li3.
365 230. 145, 55. 232, 170. 1iC. 3.3. 527.
384% 190, 140, 53 435 133 1.3e 8.30 492,
403 235. 145. 80 138, 173« 1{3. 3.35 523,
432 215- 152, 65. i5C. 1850 153 3.3: 549-
455 185. L4 45, 123, 177 133. 3de3u 55,
430 186. 143, 4d. 1273, 175 L18. 3.30 537.
534 185. 1435, 45, 233G 193. 3Be 3430 2837,
528 190- 146, 50 1336 1sd. 1.40. 3.3:5 5€5.
552 19%. 14C.  55. 130, 262, 113. 8.35 572,
576 2.C. 145, 55. 253, TZe L05%., 3.30 5&3.
635 21it. 153, 53, 50 213. 15. 3.3 534,
62% 215. 157, 65, i64. 213 125¢ 3430 ELL,
b4d 215, 152, 65 b TA 220. fide 8430 Ela
67 220, 155, 65, 7. 243. 123. 3.4, £B12.
698 . 15%. 63, 1635. 22+ 135. 3d.4. 821,
722 23G. 163, 73, 133. 230. 135, 3.40 B33,
744 2.5, 1“5- 73. 160, 225, 133 3. 40 ES4.
768 215- 1450 7). 1550 23:0 iu5. L™ €32,
792 215. 145, 7. 172, 232. L3e B.4U ESL.
82 2iie 135, 85, 183, 2Lie 113e¢ Beau 745
5“; 2360 165. 73- 1730 280. 12:- . YT 7;9-
E64 235 182, 75, 1?:. 28l . 12%. 8e4c 830,
838 24C. 182, 33. 193, 2%0e. 135, Jexe 313,

TH CA=H H4G-H MeAL K P=ilK cL S PH
AVYG 2.9, 143 38 163, Goe 135 lo+e 3¢ 3 £3
SIG-\‘L 1".2 7.: 8.5 2:.7 ;aj “Ja: ;2.5 a45 1\:2



HOURS

24

48

72

96
123
144
168
192
21¢€
2648
264
288
312
336
360
384
4538
432
L5¢
485
564
5218
552
576
654
624
Bu8
£72

AVG
SIGMA

(WA wUN o

[l ol o S S AN AV AV AN

[o L0+ JBKe \ JEV e Y - S SO A
B VRS IO ARNCIOT

TH
12.3

55, 212.
55. 2id.
55, g1l
55, 137,
55, 240,
55. 23<.
55, 2335,
55, 232,
55. 223,
55. 22% .
55, 23C.
55, 243,
55, 253G,
55, 233,
55, 253,
55. 245 .
55, 232C,
55, 2430,
55. 233G,
55. 223 .
55. 23l
55. 263
55, 23%.
55, 263 .
53 272,
63, 283,
85, 29G.
55. 2935,
55. 230 .
MG=H FeALK

58. 241,

2.2 2%&.¢

-4

P=-aLK

PeALK
Je

J 0y

JAZT WATIR

ci

378
91
423
464
467
L7¢
@54
43¢
473
«+31
697
284
L7l
%89
L8G
W75
Y44
370
375

4"
- v

1%
L5¢
+73.,
Lesle.
Y70 .
Lat,
513
43¢C.
49: .

e e N o S N T S e N LN LN
DWNE £ Mo g W

(%]

€ Cs D Yy gL UEYUL €2 UL UL

-4

PH

34D4
3-6'&
3l6b
3.73
3.7
3.7
3.75%
3.80
8.580
300
8.73
3.7¢
3.7.
373
3.74
3.72
8-6«'
ded i
3.5
8.5.
3.0
3.56¢
3.5u
3.0.

-1

8-6.’
3.0
3.3
8.90

PH
3.6

0Js

227

[ B
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HOURS

24
L3
72
96
123
244
168
192
3§
L
264
233
212
33¢
364
334
4338
432
456
48¢
CH R
£28
552
. 8786
6d.l
624
E4d

AVG

SIGMA

TH

543
S5€3 .
56l
58l
57C.
€id.,
615.
51%.
E9C,
565 .
556
565,
Bul,
6815,
8335,
B7C
670,
CY-R
680.
575.
83C.,
saf.
£2C.
585,
585,
5€5.
S8

TH
&5l
LEL Y

COCLING TIOWE® WATZX

RUN 122

CA=H ™G=H M=ALK

37%. 185, 153,
335. 1i75. 154,
335, 175, 18,
385. 175. 233
395, 133, ‘bl
8. 286, LG,
“lgo 235. SC'
323. 235. 52
43C. 130, 53
385, 130, 53
3&c. L?Go -:.
4cle 135, T
“250 2:50 ;o
L13. 2¢5. 72
423, 235, 3
Lb5. 225, Je
445, 2253, T
w53, 233, 63,
450. 23us 63,
453, 225. 53
423. 2135, 2.
453. 190, Je
“28. 213, 53.
33C. 175, 5.
362, 1E5, 53,
38, 175, 43¢
335« 185. 53
395. 185, 6l

CA=H MG-H M-ALK
L35. 135, i,
25.7 259 SB.Q

P= ALK

PeaAlK

ol

CcL

343
340
320
323
33C .
91ic.
323 .
93%.,
95¢.
953,
1363,
13570 .
113G,
13¢€4.
134G .
1123,
2233,
1133,
1243,
124G,
388
13c:
10¢=4g.
33:.
875,
3647
1T
97%.

CL
393,
22,3

V;
4

[ )

[ I =

£ G GNP N N
e o o o o

f

e
16 IV T WU G W) ¢

e i O
+ ¥
e & ¢ e o ¢ ¢ o

o o
£ ¥
Ut U
L] L[]

14,
1«5,
145
183,
165,
150,
145,
146
180
135,
L4345
153,
1Lc,

[

(VO 71]
s L Vi
N e

228

PH T3

3433 1037,
3.45 1085,
3o, 12357
ey 2354,
3.45 1517,
Jeae 15%2.
7.36 15¢e2.
3.3, 173,
3.30 1651,
3036 16“20
7'. 97 -
7.33

7.33 1525.
7.386 1593,
7.95 1637,
7.33 15,
7.37 13.7.
7.97 1319.
7.37 1743,
738 14E).
7.39 1235,
7.33 1624,
738 1427,
7.37 1823,
7.39 1841,
7.37 17€5.
7e3% 14L5o
3,20 166,

P H T3
Bs.i 1517,
ei7 22%.)



HOURS

)
24
L8
72
35

120
1ab
158
192
Z1%
2439
264
288
312
337
360
334
ugs
432
456
480
50%
523
552
572
600
624
643
672
A 35
720
Thl
768

AVG
SIGMA

-
e o

D PO O
D NNy -
TAN O NN

616.

RUN 104

CA=-H MG-H M=ALK
513. 105, 50.
5.%. 110, 50.
512. 110, 50.
£s5, 105. 50,
515. 110, 50,
23, 1140. 50.
528. 115, G
5{5. 105. 50,
43¢, EX 50,
5208. 11G. 50,
€13, 132, 50.
495, 9%, 4Q.
490. 3%. 4.
L75, 36, 40.
LT 30. 4o.
5¢0. 1090, Lp.
560, 190. L0.
10.

595. 133, 10.
580. t25. 20 .
515. 105, 24,
49,

€15, 110. 40.
515, 110. 30.
5¢0. 110, 30,
495, 35. ZDO
595,  95. 30.
510, 103. 30.
520. 110, 30,
%10, 105, 20.
528 110. 20.
510. 1100, 20.
510. 10S. 2D.

TH CA-H nMG-H M=-ALK P=ALK
511. 165. 36.
3208 2“05 806 1302

COOL ING TOWER WATER

P=ALK

0.
0.0

cL

376.
960.
1020,
104p.
1130.
1110,
1070,
1910,
1080.
137%.
10213,
893G,
940,
9ug.
9ag,
96 3.
10460,
112C.
1153,
1176,
1060,
16020,
910,
830,
550 .
2a0.
6hn.
1000.
960 .
g21.
950.
930,
920,

cL
897.
85.2

[}
~

[ S e
P e sy s
[~ BN I BN ) SRV IS BN}
[ ] [ ] [ ] [ ] [ ] [ ]

132,
133,
143,
14¢.
145.
140,
143,
137,
133,
133.
135,
122,
123,
135,
130.
123.
120,
123,

120,

120.
123,
125,
129.
120.
125,
123
123.

SI
133.
10.2

PH

7.97
7.98
7.99
8.00
7.93
8,01
8.0L
7.98
8.01
7.98
8.00
8.00
7.98
7.97
7,98
7.98
8.01
S.14
6.76
7.26
7.78
8.00
8.07
8.11
8.21
8.118
8.02
.29
8.17
8.15
8.16
8§.00
8.11

PH
7.9
56

229



HOURS

24
48
72
96
123
144
168
192
216
247
264
283
312
336
366
384
438
432
456
483

AVG
SIGMA

TH

22%.
2iCo
2i5
2C5.
22C.
214G,
225.
223
23¢C.
225
215,
2.5,
23¢,
22C.
235,
240.
24C,
235,
215,
225,
23C.

222
15,3

CA-H
15d.
Bols

COOLING TOWER WATER

~UN 138
MG~H M=-ALK
75. 2240
70. 240.
85, 230,
65 233,
70. 25C.
65, 250.
75. 250,
7Ge 250 .
75. 246
75 258 .
73 253 .
70 2535
75. 250
75. 240
83. 240,
75 250 .
ad. 240 .
80. 230,
65 21C.
75. 23C.
75, 220«

P=ALK

MG-H MeALK P=ALK

73
4.9

239.
12.2

2.
de0

cL

623
590,
6530
633
633.
6€3 .
640G,
6.
6L
623,
620.
520 .
623 .
560 .
5390,
633,
6433,
564G
520G
550.
Big .

CL
601,
38.8

SI

133.
135.
125.
125.
133.
135.
144,
135.
135,
1u0.
14,

Lad.

143,
135,
148
145,
135.
135.
135.
140,
145G,

S1
136,
4e8

PH

9.30
9.38
3.33
9,23
3,20
8.91
3.34
8.13
.04
8.23
8.30
8.33
8.23
8.34
8.32
8.34
8,33
8.34
§e304
3.33
8.34

PH
8.5
1]

230

TS

1213.
123 3.
1221.
1221,
1232,
1239.
1279.
1284.
1251.
1237,
128€5.
1193,
1211,
1171,
124540,
11£9,
1254,
1179.
1076,
1132.
1133,

T3
1237.
53.5



HOURS

24
L8
72

120
144
168
192
218
240
264
233
312

AVG
SIGMA

TH

210,
200.
228.
210.
21%.
200,
205.
215,
22¢%.
225,
2el.
220,
225.
230,

TH
215,
9.6

0A-H

150.
140.
150.
140.
140,
135.
135.
140,
150.
i50.
145,
145,
150.
156.

CA-H
144,
5.8

COOLING TOWER WATER

RUN 107
MG-H M-ALK
63, 240,
60. 230.
740. 230.
70, 220.
75, 220.
69. 230.
70. 200.
75. 210.
7S, 210.
75, 200.
75. 210.
75, 200,
75 200.
ga. i170.

P-ALK

MG-H M=A_K P=-ALK

71,

212,
6.6 18.1

0.
6.0

cL

350,
340.
350 Ll
330.
340,
370,
400,
3840.
3a0.
360.
390.
390.
386.
490.

CL
376,
39.8

SI

145.
1“5 Ll
150,
150,
155,
155,
155,
160,
163,
165,
165.
165,
165.
160.

S1I
157.
7.5

PH

8.63
8,49
6.52
8.47
6. ag
8§.53
§.35
6.40
§.38
845
.48
8.57
.58
8.48

PH
5.5
.88

231

TS

852.
780,
922.
980.
818.
689-
938,
9t7.
101,
1023.
888.
899,
925.
8éu.

TS
919.
67.2



HQURS

24
48
72
1

120
144

AVG
SIGMA

(@]
»
[}
I

[ % I RU Y RVINS, |
OOWNM NG W\
. * @ [ ) L] . [ )

T N I R O

COOLING TOWER WATER

RUN 140

MG-H

~N =3~
LSS ) |
L . .

7s.
3C.
Q.
3.

CA-H MG-H M=ALK P-ALK
77.
2.7

cL

42¢.
G20 .
5S84 .
580.
L30.
520
44C.

cL

507.
.0 62.4

SI

140.
145,
145,
150.
140,
135.
1¢5.

S1

140.
8.2

PH

7.62
7.54
7.51
7, uB
7.48
7.52

TeS52

PH

232

TS

337.
g23.
930.
1002.
1203.
1292.
1215.

TS

7.5 1087.
.04 185.8



HOURS

AVG
SIGMA

TH

253,
255.
253,
25¢.
235.
243
244G,
243,
2ag.
245,
25QC.
2435,
245,
245,
240
260.
268,
26C.
255,
225.
233,
24C.
205,
258,
2630
243,
233
225
235
22C.
225.
23C.
228,
233,
23<.
225.
224
235.
240.

TH
24C.
Li.3

138G,
188,
135,
13¢.
173.
1738,
174.
175.
17¢.
175.
18¢.
i75.
175,
i75.
175.
1385,
135,
135,
130,
isd.
155,
173.
175.
13¢C.
135,
172.
165,
15C.
165,
155.

P
15G.

165,
155,
185.
i65.
PR-TUN
155.
165.

172,

CA=H
178,
8.5

COOLING TOWER

RUN 121

MG=H

70. .
75.
70.
73,
65,
73.
743,
73,
7.
73,
73
65.
73,
7C.
65.
75.
75.
75,
75.
65,
65
73,
70
73.
75.
73,
65,
B85
65.
©5.
65.
B5.
5.
85
65.
05,
65,
73

73

NG-H
33
3.6

”-

L S SN NSNS SN

ALK

CICIE€ILIDEDITLCI )

-
[0 )
[ ] [ ]

12.
i ®
14d.
13.
13.
il
id.
1J.
ide
13.
3.

10.

-

13.
1.
i3.
i3
1d.
1d.
ii.
13.
1J.
i2.
13.
is.
3.
b IS

13,

ALK
is.

2.2

P=aL_K

P=ALK
S

<e 9

WATER

cu

L83 .
472,
74
460,
413.
4{0.
38G.
4G3G.
LGa.
410.
4C0.
393.
h10.
13,
+00.
43C.
41G.
400.
393.
380
3€f .
LGa.
410.
46G.
454§,
433
373
350.
370,
370.
368,
368 .
360,
383.
373.
36G.
330«
360«
3ed.

cL
397.
3€.5

SI

125,
125.
125.
123.
1i5.
110.
113,
1i5.
114d.
1130,
114,
1135.
113d.
113.
105.

iG3.

135,
185,
120,
155.
i33.
ic5.
135.
1id.
135
1i5.
1G0.
20,
S5.
95,
95,
85,
S5,
S5,
G5,
33 .
85
S5 .
5.

SI
134,
S.7

233

PH T3
7.5 BH54.
7.55 5433,
753 747,
7Teab 757
Te4d 650
7.51 533,
753 343.
7.59 8865,
760 655,
7.85 723.
7.45 562,
7.5 481.
7.56 7417,
Te33 717,
7.7 941,
7.50 675,
7T.42 574,
7.49 759,
7.51 B831.
752 643,
7.53 531,
7.43 5459.
Te48 540,
7.49 722,
7.53 713,
7453 847,
7.52 521,
7.43 w1l
Te48 w77,
Te503 734,
7.50 455,
7.5 433,
7.45 551,
733 558,
7.46 833,
7.51 7159,
7.43 642,
7T.51 581,
7.54 635,

PH Ts
75 642,
e JD 12244



473,

HCURS TH
B 45,
24 &3S,
48 475,
72 ubl.
95 &6¢%,
223 45C.
144  470.
163 44C.
292 47¢C.
21¢ u3%,
240 46%.
264 L85,
238 435,
312 43¢,
I3& 506G,
363 °48¢%,
386 430,
408 W7G.
L32 425,
U566 WLC.
Laj uLeG.
504  47%.
€29 475.
552 455,
€76 4ol
€00 46C.
ek 4130,
AVG
SIGHA

i8.2

CICLING TCWER W

FUN

MG~H
RS,
65,

73

P

Me ALK

N FS e
IO oy O
® o o o * 0

3.

O30

P=ALK

MGeH MeAlX P=ilK

€5,

4.8

19,
PRt

Je

Jel

Ay
” o

-

T
-

cL

£23.
7.3,
8713,
870G,
723,
6521,
682,
53¢,
740,
580,
T+0,
730,
720,
733.
7435,
70,
738,
670G,
640,
533
5970,
7830,
Tl
72C.
660,
7.3,
76C.

cL
70%.
36.7

wn
(R}

T

[P Y AT IR}

[~V 1RV 1 IRV 1]

p
Iy

(4]

.

N e L L N P T T T Tl MO T T S
AERU S 12 10 P2 Cr ke b s R
CGCOUIUIVIO MTVMIO O UNOoO O

® [ ] [ ] ® [ ] [ ] ® o ® [ ] [ ] - ®

SI
- 2
e ]

8.2

234

PH 73
7e5+ 1230,
Te5% 1188,
7e53 2311,
7TeT2 1223,
7 eS8 1224
752 987,
7.53 320,
7.55 ARGZ.
7560 13€9.

&1 22323,
7e43d 20Lu,
7.52 1207,
7.52 383,
Tea? 1272,
7.2 275,
7454 1315,
T.42 9G53,
*T.53 1168,
7.52 3180,
7452 131k,
7el7 5432
7.5¢0 1213,
7.51 1265,
7.52 16G€¢2.
7.50 14125,
7.52 353,
7.5L 23017,

PH TS

7.3 licZ:i.

sd2 b4Ee



1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

COOLING TOWER WATER QUALITY
|
k:x,:xx:"x:xxxxxx:x:xxxx:x:"""""
s RUN 98
{ 2/16/81 — 3/25/81
‘TH(PPM CaCO0;)
+ Ca H (PPM  CaCO,)
T « Mg H (PPM  CaCO,)
a M—ALK (PPM CaCo;)
1 x pH X 100
'y ast
-L““‘A“““A‘A“‘ “A““‘ Las, -
hat P LT
P T F M O T L PP POL LA AR AL TN
-+ | ¥ |
x
‘x"’“‘""xx""xxxxxx“xxxxxxx"x’“‘"xxxxxxx
0.00  200.00 '400.00 '600.00 800.00 1000.00 1200.00 1400.00

TIME (HRS)

1600.00

S€¢



1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.90

COOLING TOWER WATER QUALITY
+
o
- o
!
. RUN 98
T °® 2/16/81 — 3/25/81
®e o CHLORIDE (PPM)
1 Lo o SILICA (PPM)
°o® L3 L3 Ts (PPM)
1 oo ° e %o °*
[ 4 o °
1o ° ° ° ° ° ° °
T oo®
[o]
0.0
+ 0000,0°°° °
o 0,0.,,00

] o [o X o] 00 00 o o000

p © °° 0° a®® oo®

+%0,50 cogooofgponoogooboon® ga®®

ooo
4
0.00 '200.00  400.00 '600.00 '800.00 1000.00 1200.00 1400.00 1600.00
TIME (HRS)

9¢€¢




1000.00

800.00

800.00

700.00

600.00

£500.00

400.G0

300.00

200.00

100.00

0.00

d
1

COOLING TOWER WATER QUALITY

RUN 100

4/27/81 — 5/25/81
a TH (PPM CaCoy,)
+ Ca H (PPM CaCO,)
x Mg H (PPM  CaCO0,)
« M—ALK (PPM CaCO,)
« PH X 100

X X X X X X x x x X x X X x X X X x

g

-+
-+~
-+

Y &
-+ <+

-

0.00

400=.00
TIME (HRS)

200.00

600.00

800.00

LEC



1000.00

900.00

800.00

700.00

600.00

$500.00

400.00

300.00

200.00

100.00

0.00

COOLING TOWER WATER QUALITY

RUN 100
4/27/81 - 5/25/81
o CHLORIDE (PPM)

o SILICA (PPM)

o TS X 0.1 (PPM)

-

-+
-+

L 3

400%0
TIME (HRS)

200.00

600.00

-+

800.00

gee



1500.00

1400.00

1300.00

1200.00

1100.00

1000.00

900.00

800.00

700.00

600.00

$00.00

400.00

300.00

200.00

100.00

0.00

COOLING TOWER WATER QUALITY

RUN 101

7/27/81 - 8/23/81
» TH (PPM CaCo,)
+ Ca H (PPM CaCO;)
x Mg H (PPM  CaCO,)
w M=ALK (PPM CaCO,)
« pH X 100

-+ =

200.00

) 4&){00
TIME (HRS)

RS

60

[=]

.00

800.00

6€¢



1500.00

1400.00

1300.00

1200.00

1100.00

1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

rto

ao

-t

COOLING TOWER WATER QUALITY

o 8 &

-1 4

oo
- K
oo
-}

-

RUN 101

7/27/81 — 8/23/81
o CHLORIDE (PPM)

o SILICA (PPM)

o TS X 0.1 (PPM)

200.00 -

400=.00
TIME (HRS)

800.00

ove



1500.00

1400.00

1300.00

1200.00

1100.00

1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

RUN 104

8/27/81 - 9/28/81
. TH(PPM  CaCO,)
Ca H (PPM  CaCO;,)
Mg H (PPM  CaCO0y,)
M—ALK (PPM CaCO,)
pH X 100

N O E X +

COOLING TOWER WATER QUALITY

4.

L d

200.00

| | { 3 t
400.00
TIME (HRS)

—

600.00

800.00

|82



1500.00

1400.00

1300.00

1200.00

1100.00

1000.00

900.00

800.00

700.00

600.00

500.90

400.00

300.00

200.00

100.00

0.00

4
+—

b
+

COOLING TOWER WATER QUALITY

RUN 104

8/27/81 - 9/28/81
o CHLORIDE (PPM)

o SILICA (PPM)

o TS X 0.1 (PPM)

ol
k-
-]
»
»
-]
»
o
ae
ae
»
ae
[ J
-]

e L
- —-

(

200.00

40(f00
TIME (HRS)

+

800.00

eve



1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

. COOLING TOWER WATER QUALITY
1 e ox x ¥ X , X x X X X X x x
RUN 106
4 11/12/81 — 12/2/81
a TH (PPM CaCo,)
+ Ca H (PPM CaCO,)
4 x MgH (PPM CaCo,)
« M—ALK (PPM CaCO0y)
= pH X 100
1 - = m o= » =
. s, 2 s ¥ R
+ .+ o+ Y L 4t Lt Tt e . s
~:- X 5 X x X X x x X X X x X X x X X
0.00 i 200.00 ’ 400.00 ] 600.00 . -
TIME (HRS)

800.00

Eve



1000.00

960.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

COOLING TOWER WATER QUALITY

T RUN 106
1 11/12/81 - 12/2/81
D °©°9%6000 o O CHLORIDE (PPM)
1° o © a SILCA (PPM)
o o o TS X 0.1 (PPM)
o, %o
b 2eewv8 898883838088 09°737
T
4+ 4 1 1 4 . oy . ,
T 4 1 T 1 —f— T - }
.00 200.00 400.00 600.00
TIME (HRS)

800.00

e



1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

0.00

COOLING TOWER WATER QUALITY

RUN 107
3/9/82 - 3/22/82
TH (PPM  CaCO,)

a
+ CaH (PPM  CaCOy)
x Mg H (PPM  CaCO,)
« M—ALK (PPM CaCO;)
- A & A 4
¥ a A ¢ = ] 4 : n
-
* . + * + + + + + +
X . o x X x X x x x X
1 —t ~+ + : +—
200.00 400.00
TIME (HRS)

600.00

L3

800.00

1) 27



1000.00

900.00

800.00

700.00

600.00

500.00

400.00

300.00

200.00

109.60

0.00

COOLING TOWER WATER QUALITY
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