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NOMENCLATURE

overall heat transfer surface area, m? or macroscopic surface area of contact joint, m?
dimensionless accommodation coefficient

contact joint dimensionless gap number

volume coefficient of expansion. °C’!

contact joint dimensionless constriction number

specific heat, J/kg—°C

diameter, m

current penetration depth, cm or contact joint gap thickness, m
dimensionless surface emissivity

dimensionless constant in viscosity formula p = 7pVLm
frequency, Hz

mass velocity, kg/s—m?

gravitational constant, 9.8 m/s*

dimensionless ratio of specific heats

dimensionless magnetic field radial direction attenuation
magnetic field strength, amp-turns/m

heat transfer coefficient, W/m?*—°C

coil current, amps

contact joint dimensionless conductivity number

thermal conductivity of gas in contact joint at zero contact pressure, W/m—°C
thermal conductivity, W/m—°C

length, m

mean free path of gas molecule, m

rms surface roughness, pm

dimensionless independent function used to calculate Bessel function or Meyer
hardness, Pa

dynamic viscosity, mNs/m? or magnetic permeability, H/m
coil turns
induced power, W/m? or_pressure in contact joint, Pa

dimensionless Prandt]l number

vii



NOMENCLATURE (continued)

Re = dimensionless Reynolds number
r = radius, m
p = density, kg/m® or electrical resistivity, pQ/cm
o = Stefan-Boltzmann constant, 5.67 X 10° W/m?—K*
T = temperature, °C
Tm = temperature of contact joint, K
AT = temperature difference, °C
6 = phase angle, radians
At = incremental time, s
U = contact joint dimensionless conductance number
u = contact joint conductance, W/m?~°C
V = volume, m>
W = classical magnetic field dimensionless penetration function
w = magnetic field angular frequency, Hz
& = magnetic field dimensionless axial direction attenuation
subscripts
avg = average value
conv = forced convection heat transfer
f = fluid
h = horizontal orientation
i = interior
m = material
nc = natural convection heat transfer
r = radiation heat transfer
v = vertical orientation
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ABSTRACT

Increased environmental concerns over the handling of uranium wastes have generated
interest in using existing uranium stockpiles as feed materials. One obstacle to extensive recycling
is that it causes an accumulation of carbon that can degrade as-cast mechanical properties. A
program was begun to develop a casting procedure capable of reducing the carbon content in
components made from recycled uranium to levels comparable with virgin feed stock. Trace
amounts of hafnium are added to form low-density hafnium-carbide, which floats to the top of
the casting. This procedure effectively relocates the carbon, where it can be removed at a later
time. Developing this procedure requires modeling carbide transport within solidifying uranium,
and this necessitates solving a coupled, nonlinear fluid dynamics, heat transfer, and solution
thermodynamics problem. Because of the large number of technical and numerical uncertainties
associated with this calculation, it was necessary to initially study the problem elements separately
and the heat transfer facet was addressed first. The steady-state and transient thermal
performance of a laboratory-scale casting assembly was characterized to identify those mechanisms
that have a prominent influence on modeling uranium melt solidification. The analysis showed
that (1) at least first-order accurate definitions for all thermal mechanisms were required to
obtain meaningful agreement with experimental data; (2) prominent mechanisms were thermal
contact resistances, liquid uranium natural convection, and internal heat generation; and (3)
accurately modeling assembly geometry and enclosure radiation heat transfer would also improve
agreement. It was recommendc: that a second-generation thermal model should be constructed
which would include each of thcse elements.
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INTRODUCTION

BACKGROUND AND GENERAL PROBLEM STATEMENT

The Oak Ridge Y-12 Plant produces uranium (U) castings using carbon (C) molds as a
part of its production activities. In response to increased environmental concerns over the
handling and storage of uranium wastes, the use of recycled uranium as a feed material is
becoming increasingly attractive. One obstacle to extensive recycling is that repeated casting
causes an accumulation of unacceptable carbon levels—on the order of hundreds of parts per
million (ppm). This additional carbon results in an increased number of carbide inclusions that
have a deleterious effect on as-cast mechanical properties. In CY 1985 the Materials Engineering
Department of the Y-12 Development Division b-2gan a program to develop a casting procedure
capable of reducing the carbon content in recycled uranium products to levels comparable with
virgin feed stock. The procedure chosen for development takes advantage of two characteristics
of carbon chemistry: it can easily form compounds with certain elements, and these compounds
are less dense than liquid uranium. Conceptually, trace amounts of an alloying element are added
to the uranium to combine with the carbon, forming a relatively low-density compound. Buoyancy
forces would then tend to transport this compound toward the top of the casting. This procedure
effectively relocates the carbon contaminants, where, after solidification, they can be removed and
the remainder of the billet used as needed.! After a study of the reaction kinetics of several
candidate elements, hafnium (Hf) was chosen for its large free energy of formation and relatively
low density, 12.6 g/cm® for HfC compared with 17.7 g/cm® for uranium.

Developing an optimum uranium-hafnium (U-Hf) composition and production-scale
casting assembly design requires predicting carbide motion within solidifying uranium. This
transport is controlled by buoyancy forces that result from uranium-hafnium-carbide (U/HfC) and
thermally induced density differences. Fluid convective currents, in turn, are dependent on heat
transfer out of the casting assembly. Predicting carbide transport then requires solving three
coupled, nonlinear problems: a fluid dynamics calculation to define pouring, carbide transport,
and solidification; a heat transfer calculation to define the transport of thermal energy away from
the fluid; and a solution thermodynamics calculation to define carbide formation. These
calculations require a considerable numerical analysis effort, with as many computational
uncertainties as there are HfC formation and transport unknowns. Accordingly, an integrated
experimental-numerical execution sequence was impleniented so both elements could mature
simultaneously. The current focus of this joint effort are laboratory-scale casting experiments
designed to quantify basic system performance. Uranium billets are produced to define
macroscopic carbide behavior, and casting assembly temperature data are supplied to support
numerical studies that are currently aimed at defining thermal-hydraulic cause and effect. The
focus of this report is the numerical studies.

The macroscopic objective of these studies is to characterize the thermal, hydraulic, and
metallurgical behavior of a U-Hf alloy and its U/HfC component as it melts then solidifies within
a carbon casting assembly. Modeling tasks will be defined to support this goal within the context
of a research and development (R&D) environment:

1. coordinating with experimental studies to characterize carbide transport as a function of
prominent thermal, hydraulic, and metallurgical mechanisms for a given casting assembly
geometry,



2. providing guidance for scale-up of assembly geometry where the recommendations have
been constrained by the current level of technical uncertainties; and
3. repeating the analyses/scale-up sequence until the uncertainties have been reduced to an

acceptable level and a mature production-scale technology exists.
CASTING SYSTEM DESCRIPTION

Experimental studies are conducted using a laboratory-scale vacuum-induction casting
system located in the Y-12 Development Foundry. It consists of a casting assembly, a water-
cooled induction heater, a vacuum-caster, which is a type of pressure vessel that permits the
casting process to take place under evacuated conditions, as well as process control and data
recording instrumentation.

The casting assembly is designed to mold approximately 18 kg of U-Hf alloy into a
rectangular billet 3.97 cm thick, 13 cm wide, and 18.73 cm long. It consists of five components:
a crucible, upper end cap, two bookmold halves, and a lower end cap. The crucible contains the
liquid uranium prior to pour, the end caps restrain the bookmold halves, and the bookmold
contains the uranium as it solidifies. Scale drawings (dimensions in millimeters) of the crucible,
bookmold, and a nominal end cap are shown in Figs. 1, 2, 3, arc 4 respectively. The individual
components are shown in Fig. 5, and the assembled pieces ar¢ .iown in Fig. 6. All components
are fabricated in-house from ATJ grade graphite, and those surfaces that might come in contact
with liquid uranium are coated with yttrium-oxide. In addition, three platinum — 90% platinum-
/10% rhodium thermocouples with aluminum-oxide (Al,O5) insulating sheaths are installed along
the height of one of the bookmold halves. They are positioned halfway into the width and
thickness of the piece at distances of 5.08 cm, 11.75 cm, and 18.42 cm from the top of the
bookmold. Figure 6 illustrates this thermocouple configuration. As Fig. 6 also shows, the
components are assembled by simply stacking them; no mechanical fasteners or other external
constraints are used. From a numerical analysis uncertainty perspective, there are two noteworthy
aspects of the stacking process.

1. The radial clearances between the bookmold and endcaps are such that a great deal of
mechanical force is required to seat the bookmold. This results in larger contact
pressures and, conceptually, smaller thermal contact resistances in the radial direction
than in the axial direction.

2. The radial clearances between the crucible and the Al,Oj; shield are such that there is the
possibility of direct contact between the components at high temperatures. Even though
there is no question that radiation exchange is the only heat transfer mechanism between
the assembly and shield below the crucible, there is considerable uncertainty as to the
mechanism(s) and their magnitude between the crucible and the shield.

The induction heater is a 15-kW, 10,000-Hz, digitally controlled, solid-state (i.e., silicon
controlled rectifier (SCR) based invertor) unit originally manufactured by Industrial Electric
Heating, Inc. It is designed to deliver a constant power level to the casting assembly and consists
of four basic subsystems: a high-frequency power supply, an isolation transformer, work coil, and
the casting assembly. Electrically, these components function as a series of transformer windings,
with the heating coil and casting assembly comprising the final pair. The primary winding of the
isolation transformer is placed across the high-frequency power supply, and the secondary is the
work coil. The work coil, in turn, represents the primary of the heating coil, and the casting
assembly functions as the secondary, once it is placed inside the heating coil. This basic design
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Fig. 2. Engineering drawing showing the top, front, and side views of the assembled

bookmold with dimensions in millimeters.
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is illustrated schematically in Fig. 7. Within the context of this problem the induction heater is
divided mechanically into two sections: the heating coil primary winding located inside the
vacuum-caster, and the remainder of the system located outside the caster in separate enclosures.
The heating coil is formed from twelve turns of a single, small-diameter copper tube and is
physically supported and electrically insulated by three nonconducting members. It has a mean
radius of 10.75 cm, is 23.5 cm high, and is elevated 44.5 cm from the bottom of the caster. Figure
8 illustrates this configuration. The copper tube is hollow to permit the flow of cooling water and
has an inner diameter (ID) and wall thickness of 1.5875 cm and 0.1651 cm respectively. Cooling
water from the plant process water system (i.e., cooled across a direct contact, forced draft
cooling tower) enters at the bottom and exits at the top of the coil. The water is not pumped
locally but rather is supplied from and returned to the ultimate heat sink via an extensive
interbuilding piping network. Accordingly, the flow rate is a function of the hydraulic load on
the entire network and can therefore vary between experiments, as well as during an individual
run. This variability is an uncertainty that must also be addressed in the numerical studies.

HIGH J
FREQUENCY q HEATING
POWER . ) colL
SUPPLY b
CASTING
ASSEMBLY
ISOLATION
TRANSFORMER

Fig. 7. Schematic illustration of induction heater design.

The vacuum-caster consists of a pressure vessel, two vacuum pumping systems, and
associated piping and valves. It was originally designed, procured, and fabricated in-house. The
pressure vessel is cylindrical in shape, constructed from 0.953-cm-thick carbon steel, and has an
inner diameter and height of 116.0 and 106.5 cm respectively. It is divided into two sections: a
fixed bottom half and a hinged top to facilitate loading and unloading of the casting assembly.
Figure 9 shows the exterior of the vessel. The vessels’s interior contains a pour rod, rod linkage,
and the primary winding of the induction heater. Figure 8 also shows the rod and its linkage.
Two pumping systems are required to achieve the high vacuums needed for casting of uranium
alloys. The first system is a DUO-SEAL model 1398 roughing pump designed to reduce the
pressure inside the vessel from atmospheric to approximately 50 um Hg. The second system
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consists of a VARIAN diffusion pump and a DUO-SEAL model 1397 holding pump connected
in series. They further reduce the pressure to the desired operating level of about 5 um Hg.
Figure 9 also shows the location of the diffusion and kolding pumps.

During an experiment the casting assembly is positioned inside the heating coil, as shown
in Fig. 10. Sufficient firebrick is placed under the assembly to elevate it 25.50 cm from the
bottom of the caster. The assembly is mechanically, electrically, and thermally insulated from the
heating coil by a ceramic shield constructed from 96% pure Al,O;. It has an ID of 17.78 cm, a
wall thickness of 0.95 cm, and is 32.5 cm high. As shown in Fig. 10, the shield is positioned
vertically via small pieces of firebrick such that it is elevated 12.5 cm from the bottom of the
casting assembly. The relative position of the casting assembly, the Al,O; shield, and the heating
coil is critical for the proper preheating of the bookmold, and for establishing and maintaining
the directional solidification required for acceptable castings. The uranium melt temperature in
the crucible is measured using a single platinum — 90% platinum/10% rhodium thermocouple that
has been inserted in an Al,O; thermowell. The thermowell is secured to the side of the crucible,
rests on the bottom of the crucible, is 20.32 cm long, and has an ID and wall thickness of 0.6350
cm and 0.15876 cm respectively.

Within the context of this problem, the casting system has two sets of instrumentation;
one to control and monitor the operation of the heating coil, and one to record pertinent process
temperatures and pressures. Analog displays are provided with the induction heater to show
frequency and voltage across the heating coil primary winding, as well as kilowatts, voltage, and
current across the primary winding of the isolation transformer. Uranium melt and bookmold
temperatures are recorded using a multichannel TOKOGAWA strip chart recorder. Pressure
inside the caster is measured using a TELEDYNE-type DV6M vacuum gage tube pressure
transmitter and is displayed on a HASTINGS analog vacuum gage calibrated in um Hg. During
the time period covered by this report there were no provisions for measuring heating-coil
current, cooling-water flow rates, cooling-water inlet and outlet temperatures, or pressure-vessel
wall temperatures.

A typical casting experiment has two phases: a heat-up phase in which the recycled
uranium and hafnium are melted together in the crucible and a solidification phase where the

alloy is poured into the bookmold and allowed to freeze. A nominal experiment proceeds as
follows.

1. The casting assembly, Al,O; shield, and firebrick are positioned in the caster, as shown
in Fig. 10. Approximately 18 kg of recycled uranium containing 200 to 225 ppm carbon
is placed in the crucible along with some number of pre-alloyed uranium-hatnium buttons.
The thermowell with its thermocouple are secured to the crucible wall, the pour rod is
seated in the crucible, and an Al,O, cover is placed on top of the crucible.

The caster is secured and the roughing pump started. When the pressure has dropped

to approximately 50 um Hg, the roughing pump is valved out and the diffusion and

holding pumps started and continue to run for the remainder of the experiment. When
the pressure reaches 5 um Hg, the cooling water and power to the heating coil are turned
on.

3. Coil power is manually increased at a rate to minimize the caster’s instantaneous pressure
rise due to assembly outgasing. Once the uranium has reached the target melt
temperature, coil power is gradually reduced until the system has reached steady-state.
These conditions are held for approximately 30 min, at which time the pour rod is
removed and the uranium alloy is drained into the bookmold and allowed to freeze. The
induction heater continues to run for some few seconds after the pour and is then turned

o



Fig. 10. Interior of ressre vessel showing césting ssembly and AlL,O, sildoéitioﬁed
inside heating coil.
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off. The cooling water continues to run for the remainder of the experiment. During the
melting phase the operators record time, melt temperature, isolation transformer primary
coil power, and caster pressure. Beginning at the pour and continuing for several hours,
the TOKOGAWA recorder prints out the three bookmold temperatures.

4.  After the casting has completely solidified, the caster is backfilled with argon to a pressure
of approximately 10 in. Hg vacuum and allowed to cool for an extended time period. The
caster is then filled with argon to atmospheric pressure, opened up, and the casting
removed for metallurgical examination.

5. The casting assembly is completely disassembled; any remaining yttrium-oxide is grit-
blasted off, fresh oxide is applied, and the components are stored until the next run.

A typical set of experimental temperature data are shown in Fig. 11. These data
represent the transient response of the casting assembly during the solidification phase and were
taken with the three thermocouples located in the bookmold vertical wall. The experiment
utilized the casting assembly and vacuum-caster described above, was designated as Run No. 892,
had a uranium target melt temperature of 1375°C, a caster internal pressure of 6 um Hg, and
a total charge weight of 18,019.9 g.
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Fig. 11. Typical experimental temperature data showing transient response of casting assembly
during solidification.

DETAILED PROBLEM STATEMENT

As explained, predicting carbide transport will ultimately require a coupled fluid dynamics,
heat transfer, and solution thermodynamics calculation. Formulating a tractable solution procedure
requires consideration of several technical and programmatic issues, primarily the scope of the
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problem and the relative immaturity of the numerical studies. The scope of the problem is
extensive. No fewer than 14 thermal-hydraulic mechanisms must be considered to some degree:

L.

2.

7.
8.
9

10.
11.
12.
13.

14.

Three-dimensional transient heat conduction with temperature-dependent material
properties.

Nonuniform internal heat generation in portions of the casting assembly resulting from
operation of the induction heater. Because the current penetration depth into liquid
uranium at 10,000 Hz is very small and the material properties of Al,O; do not support
significant eddy currents, only the carbon components are heated internally.

In-vacuo contact resistances between bare and coated assembly components, as well as
between the assembly and Al,O, shield, the Al,O; shield and copper coils, and the
assembly and the firebrick.

Radiation heat transfer between individual assembly components, from some components
to the Al,O, shield and pressure-vessel wall, from the liquid uranium to the crucible and
bookmold walls, from the Al,O, shield to the copper coils and pressure-vessel wall, and
from the exterior of the copper coils to the pressure-vessel wall.

Enclosure natural convection heat transfer between the liquid uranium and the crucible
and bookmold walls.

Enclosure buoyancy-driven fluid flow and carbide transport within the liquid uranium
during melting and solidification.

Interfacial heat transfer between solidified uranium and the bookmold.

Free surface, momentum-driven fluid flow during the pour.

Multiphase, nonequilibrium, solution thermodynamics in the uranium during melting and
solidification.

Solid-liquid, liquid-solid, and solid-solid phase-change heat transfer in the uranium alloy.
Forced convection heat transfer from the interior of the heater coils to the cooling water.
A hydraulic manifold controlling the heating coil’s cooling-water instantaneous flow rate.
Low-pressure, enclosure natural convection heat transfer from casting assembly
components during the extended cooling period.

Natural convection heat transfer from the exterior of the pressure vessel.

As is generally the case during the initial phases of an R&D effort that seeks to define

cause and effect, the problem contains a large number of uncertainties. These include but are
not limited to the following examples:

1.

2.

Is carbide formation complete prior to the pour or does it continue during solidification?
If so, is it affected by the uranium solid-liquid interface?

Are buoyancy forces resulting from U/HfC density differences the same magnitude as
those resulting from fluid-mold temperature differences, or is one so dominant as to
permit the other to be neglected? '

Does the complete casting assembly have to be modeled to ensure the proper thermal
mass and inertia, or can some components be simplified and/or eliminated?

Which of the 14 individual mechanisms has a prominent effect on carbide transport and
must therefore be accurately modeled? Furthermore, what level of accuracy is required
for these critical mechanisms?

Is a computational fluid dynamics (CFD) computer program needed to quantify the
thermal aspects of pouring and solidification, or would a strictly heat-conduction solid-
liquid approximation be adequate?
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A programmatic consideration is that the systematic reduction of technicai uncertainties
and the evolution of numerical tools must complement each other. In the beginning when
uncertainties are great, tools should be correspondingly simple. As technical uncertainties are
reduced, tools must be improved to take advantage of the more accurate information. This
balance is required because it is computationally and economically inefficient to construct a
mathematical model with capabilities that cannot be utilized because inputs and/or system
behavior are so uncertain as to preclude any meaningful results. As it concerns this problem, the
uncertainty reduction/tool evolution process is extremely unbalanced. No numerical tools are
available, yet there are considerable experimental data that define bookmold thermal response
and macroscopic HfC behavior. Thus, any model constructed for this problem, even if it is the
initial effort, must be of sufficient rigor to accommodate the existing data. An additional facet
of numerical model construction is that it can be nonuniform and iterative. Nonuniform because
each problem element can have uncertainties that vary in number and complexity and, therefore,
require different amounts of modeling effort to reach the same level of sophistication. For this -
problem the distribution of uncertainties is extremely skewed: the heat transfer facet has the
greatest number. Also, because of the design of the casting system, the uncertainties must be
defined before meaningful solidification results can be obtained. The reduction/evolution process
can become iterative when large numbers of nontrivial uncertainties exist. Under these conditions
it is often necessary to make simplifying assumptions to begin the analysis. If these are shown
to be incorrect, the calculations must often be repeated. These circumstances put a burden on
the investigator to coordinate model construction iterations to ensure that study goals are.
obtained with a minimum number of iterations. As it concerns this problem, the complete lack”
of numerical models, the large number of thermal uncertainties, and the need to construct a
model capable of accommodating existing experimental data mean that more than one iteration
will be required for the thermal facet.

No single computer program is available to solve the coupled thermal-hydraulic-thermody-
namic problem. Separate heat conduction and CFD codes are available, but (from the
perspective of this problem) each has serious limitations. Existing conduction programs can only
model the liquid-solid uranium as a conducting region with temperature-dependent material
properties. Including the effects of momentum-dominated pouring or buoyancy-driven flow is
beyond the capabilities of even the most sophisticated conduction program. Similarly,
commercially available CFD codes have limited conjugate heat transfer capabilities. They can
calculate conduction heat transfer within a containment vessel, but generally cannot accommodate
complicated vessel geometries nor multiple, nonlinear heat transfer paths. An additional
consideration is that even though there are at least two heat conduction programs readily
available within Energy Systems, there are no CFD codes with sufficient capabilities to mode] the
pouring operation. With respect to U/Hf and U/Hf/C solution thermodynamics within a carbon
containment vessel at the temperatures and species concentrations applicable to this problem, no
computer programs are available at all.

Ultimately, the large number of uncertainties and the need to systematically quantify them
completely dorninate the problem definition effort. Accordingly, the individual problem elements
will initially be studied separately, and the heat transfer facet will be defined first because of its
central importance to the overall solution and the availability of numerical tools. Furthermore,
the study will be divided into two phases — each focused on the current laboratory-scale casting
system. The first uses an existing stand-alone conduction program, contains idealized uranium
regions, and casting assembly geometry considerations are minimized to permit maximum effort
toward defining cause and effect. The second-phase will also use a stand-alone conduction model,
accurately model the previously defined mechanisms, and iterate with a stand-alone CFD code
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to further quantify the prominent mechanisms, examine the effect of casting assembly design on
carbide transport, and begin the study of the fluid dynamics problem. The macroscopic objective
of the first-phase study then is to generate the anulytical experience and technical data required
to construct and efficiently execute the second-phase thermal model. This goal will be achieved
by completing three subtasks:

1.  construction of a base-case thermal model of the current laboratory-scale casting
assembly; ‘

2. sensitivity studies to identify those thermal mechanisms that have a prominent effect on
the simulation of the bookmold thermal response; and

3.  abbreviated studies to define a physical model that is as simple as possible, yet not so
emaciated as to introduce unacceptable errors into the analysis.

The remainder of this report documents the conduct and results of the first-phase study.



DEVELOPMENT OF THE BASE-CASE MODEL

The HEATING 7.1 (ref. 2) heat conduction program was selected to conduct the first-
phase studies because of its availability and low operating cost. The following macroscopic design
criteria were established.

1.  Because HEATING cannot accommodate mixed geometries within a single problem and
since the focus of the study is the rectangular uranium region within the bookmold, a
cartesian coordinate system will be used. Although the crucible, end caps, shield, and
coils are cylindrical, this approximation is considered acceptable for the first-phase effort.

2. The physical model will include all major casting system components, including the
insulated thermocouple junctions. The pressure vessel will not be explicitly modeled, its
influence will be included using radiation heat transfer to and from a black body.

3.  The thermal model will include all apparent mechanisms: conduction, temperature-
dependent material properties, internal heat generation, forced and natural convection
heat transfer, radiation heat transfer, thermal contact resistances, and interfacial gap
conductance between the solidified uranium and bookmold. In keeping with the scope
of the first-phase study, carbide formation, buoyancy-induced transport, and CFD
considerations will not be included.

4. Each transient solidification analysis will require a steady-state calculation to define initial
conditions (i.e. the temperature distribution in the system just prior to the pour).

S. Uranium regions will be approximated as simply conducting phase change materials with
temperature dependent properties. In all cases properties of unalloyed uranium will be
used.

6.  The solidification analysis will begin with a uniform temperature within the solidifying
uranium and the undisturbed steady-state temperature distribution within the casting
assembly. That is, the effects of the pour will not be considered.

7.  The only direct indication of model accuracy is a comparison between calculated and
measured bookmold temperatures. This comparison then will determine the prominence
of individual mechanisms.

As explained, the large number of uncertainties dictated an iterative numerical study. An
initial model was conducted to qualitatively identify prominent thermal mechanisms, and a second
effort actually constructed and executed the base-case model. The first iteration considered only
a portion of the casting assembly and used measured temperatures as boundary conditions to
produce a numerical testbed with fewer uncertainties than a complete model would have had.
This method allowed maximum effort toward defining thermal-hydraulic cause and effect. The

second iteration used this information and a complete geometry to identify the prominent
mechanisms.

FIRST ITERATION

The initial modeling effort consisted of two separate tasks, each designed to bound the
thermal problem.>* The first was a scoping study to qualitatively define the prominent heat
conduction paths. It was executed using a simplified 1-D geometry and it quickly showed that a
more detailed model was required to generate meaningful results. The goal of the second task
then was to define, construct, and execute the more rigorous model. It consisted of a 3-D,

18



19

quarter-symmetric, cartesian coordinate approximation of the bookmold, upper and lower end
caps, firebrick base, and that portion of the Al,O; shield below the top of the upper end cap
Also, gaps were included to simulate contact resistances between the bookmold and lower end
cap, as well as melt shrinkage between the uranium melt and bookmold. Figure 12 shows a scale
drawing of the discretized casting assembly geometry; the material regions have been shaded for
clarity. Figure 13 is a schematic illustration of the bookmold/end-cap portion of the discretized
geometry with some nominal dimensions in millimeters. For simplicity, the firebrick base is not
shown in either figure. This geometry was input to HEATING, with the following initial and
boundary conditions:

1.  one-dimensional radiation heat transfer from assembly exterior surfaces to the pressure-
vessel wall,

2.  temperature-dependent material properties for solid uranium and carbon,

3 initial temperature conditions for the entire model extrapolated from three experimental

measurements, and

4.  a constant temperature boundary condition for the top of the upper end cap that had
been derived from experimental data.

A series of sensitivity studies were conducted whose purpose, like the earlier 1-D
examinations, was to qualitatively identify prominent thermal mechanisms. Ranges of likely values
were specified for the above conditions and their effect on model accuracy (i.e., agreement with
experimental temperature data) noted. The analyses established that the primary heat conduction
path out of the uranium is in the radial direction and that model accuracy is quite sensitive to
initial temperature conditions, boundary temperatures, temperature-dependent physical properties,
and radiation heat transfer as applied to boundary conditions, contact resistances, and melt
shrinkage. Figure 14 illustrates the best agreement obtained during the studies. It shows
experimental and calculated temperatures at the three thermocouple locations in the bookmold
vertical wall as a function of time. The primary observation is that model agreement is quite good
at the uppermost location but steadily worsens toward the bottom location. This behavior is
consistent with the structure of the model. The upper portion has a specified temperature
boundary condition defined from experimental data. The boundary conditions for the middle and
lower portions of the model are calculated using assumptions about initial temperatures and the
magnitude of the radiation heat transfer coefficient. It is quite reasonable then to expect greater
uncertainties, and therefore poorer agreement, in the middle and lower portions of the model.

SECOND ITERATION

The second iteration consisted of two parts: developing a complete physical model and
defining those first-order accurate analytical relationships required to simulate the mechanisms
identified in the initial effort. The resulting physical model contains a 3-D, quarter-symmetric,
cartesian approximation of the firebrick base, lower and upper end caps, bookmold, crucible and
its top, Al,Oj; shield, induction heater coils, and the three insulated thermocouple junctions. The
approximated assembly components are shown in Figs. 15-20. They show scale drawings
(dimensions in millimeters) of, respectively, the upper and lower end caps, the bookmold, the
crucible, the pair of flat plates used to represent the Al,O, shield, and one pair of the plates used
to represent the heater coils. The complete physical model is shown in Fig. 21, and the individual
material regions have been shaded for clarity. There are three noteworthy features of the model:
gaps between components, flat plates representing the heating coils, and dual uranium regions.
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Fig. 14. Comparison of calculated and experimental bookmold temperatures for the first
iteration.
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Fig. 15. Engineering drawing of the approximated upper end cap with dimensions in millimeters.
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Fig. 16. Engineering drawing of the approximated lower end cap with dimensions in millimeters.



23

“s19jowi|jiw Ul suoisuawip Yim doy si pue "SIo2WI|[IW Ul SUOISUSWIP Yllm pjout
ajqron1o pajewixoxdde ayy jo Suimelp Suucowiduyg g1 F1g -yooq parewixordde oy} jo Sumesp Juussuiduyg L1 Tig

8/, —+—81LL

861+

8LL

R8s A

- M I'el

\

eVl
€098

9'8ee
g'60e2

— /2’89 —

8Ll ——8'1LL

— g2l

’//
A A




24

“SI9)oWjIw “SIDJSUWH|[IW Ul SUOISUDWIP Ylim PIa1ys
Ul SUOISUSWIP Ylm s[100 I9jeay uononpur oY) djewnxoidde oYy pojewixoidde oyy jo Summelp Suuosuidug 61 814
01 pasn saje|d jo sred suo jo Fumelp Fuuouidug gz 81

S6+ S6-

914 TN
T 691 ‘_f

0'cee

0'GE2

— 3° A
€16 — 528 F— €26 —

86—




25

‘Jopow [eaisAyd Ajquiasse Sunses ayoidwony 17 1

Jeddon
Jeddo)
uoqied
wmuein

epIXO-WnuiwN|yY

BULEL

den pu3 1emo

plounjoog

Plowys

wnjueln

L eje|d eid Jeddo)

deq pu3z Jeddn

e|qnIH

wnuBIN




26

An exact representation of the heating coils was not possible, and to have approximated
them as lengths of square tubes would have been cumbersome. A simplified 2-D (R&©®)
transient study showed that temperatures and heat fluxes were uniformly distributed
around the coil’s inner surface. Because the coils are also closely spaced, it seemed
reasonable to represent them as a flat plate with a thickness equal to that of an actual
coil. Because the height of a single plate was limited to the actual height of the coils, two
thermally connected plates were required to give the correct heat transfer surface area.
To transfer steady-state temperatures to the transient input file, both input files must
have the same number of phase-change regions. Accordingly, dual uranium regions were
incorporated. The bookmold region is thermally isolated during the steady-state analysis,
and the crucible region is similarly isolated during the transient calculation.

A system of uniform size gaps were placed between casting assembly components to
include the effects of contact resistances, sliding fits, melt shrinkage, and fluid thermal
boundary layers. These were placed between the bookmold and lower and upper end
caps, the lower end cap and the firebrick, the upper end cap and crucible, the crucible
walls and top, the end caps and the Al,O; shield, the shield and the copper flat plate, and
the uranium regions and the crucible and bookmold walls. Gap regions are a capability
within HEATING that permit one to specify a heat transfer rate independent of the gap’s
thickness. Thus, the same size gap can be made to represent a radiation heat transfer
mechanism as well as a much larger forced convection coefficient. This system is also
illustrated in Fig. 21. Each narrow space between components represents a gap.

With the physical model specified, the required material properties, first-order accurate

analytical relationships, and boundary conditions needed to simulate the thermal mechanisms were
defined.

To solve the transient heat conduction equation, HEATING requires values for the

density (p), specific heat (C,), and thermal conductivity (k,) of each material comprising the
casting assembly. In addition, the latent heats of transformation and fusion are required for
uranium. Although some of these data had been defined during the first iteration, they were all
redefined*$8%10.1L1213 51 consistency and are summarized below.

1.

The densities of each material are constant or vary only a few percent over the
temperature range of interest. For this reason and because HEATING does not conserve
mass, constant values were specified for each material. These were 1730, 240, 2000, 8954,
18400, 17050, and 21791 kg/m® for carbon, Al,O,, firebrick, copper, solid and liquid
uranium, and platinum respectively. -

The thermal conductivities of all materials except firebrick are temperature dependent.
A value of 1.04 W/m—°C was specified for firebrick, and the values defined for the other
materials are summarized in Fig. 22.

The specific heats of firebrick and liquid uranium are essentially constant and values of
960 and 1984 J/kg-°C were specified respectively. The remaining materials are
temperature dependent, and these data are summarized in Fig. 23.

The latent heats of transformation and their corresponding temperatures for unalloyed
uranium are —20.1 kJ/kg at 661°C and —12.3kJ/kg at 769°C. The latent heat of fusion
is 38.72 kJ/kg at 1133°C.
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Two additional liquid uranium properties
are required to calculate natural convection
heat transfer coefficients: viscosity (), and the
volume coefficient of expansion (8). In
addition, the dimensionless modulus Prandtl
number Pr, is also required. A literature survey
produced several sets of experimental data for
uranium viscosity and these were evaluated to
define a consistent set of values. Eventually,
the results of Ofte!*!® were adopted, and
these data are summarized in Fig. 24.

The Prandt] number of a fluid is defined
as

1)

The viscosity data shown in Fig. 24 and the
previously defined specific heat and thermal
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conductivity were used to calculate the liquid uranium Prandtl number. These data are
summarized in Fig. 25.

The volume coefficient of expansion is defined as

)5

Liquid density data from Mulford'? were used to evaluate Eq. (2), and the resulting values are
summarized in Fig. 26. Because the coefficient does not vary much over the temperature range
of interest, a constant value of 1.0 x 10* is used for all natural convection calculations.
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Fig. 25. Prandtl number for liquid uranium. Fig. 26. Volume coefficient of expansion
for liquid uranium.

Surface emissivities for each material were also defined. Constant values of 0.80
(ref. 16) 0.75 (ref. 10) and 0.37 (ref. 17) were specified for carbon, firebrick, and liquid
uranium respectively. The emissivities of Al,O; and copper are temperature dependent, and the
available data are summarized in Figs. 27 and 28. These show the range of values given in the
literature.’®!° Average values were interpolated and/or extrapolated for use in the calculations.
All the Al,O; data, but only the STABLY OXIDIZED AT 1033 K copper data are used.

Radiation heat transfer occurs from exterior assembly surfaces to the pressure-vessel wall,
between closely spaced components and the Al,Oj; shield, as well as within the enclosures defined
by the crucible interior and its top, the interior of the bookmold and the upper end cap, and the
exterior of the bookmold, the upper and lower end caps, and the Al,O; shield. With the
exception of the enclosures, each of these mechanisms can be simulated to an acceptable degree
of accuracy using a simple 1-D heat transfer coefficient. To accurately model enclosure radiation
heat transfer, however, requires the use of exchange factors. These terms are a function of
geometry and material surface emissivities and to calculate them for a discretized geometry with
temperature dependent emissivities and two planes of symmetry is an extremely labor intensive
and computationally demanding task. For these reasons and because
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1. the goal of the first-phase studies is to identify prominent mechanisms, and it is already
known® that an accurate reprcsentatlon of radiation heat transfer effects is 1mportant
in correctly modeling uranium solidification;

2. exchange factors are geometry dependent, and it was felt the cartesian approximation
would introduce considerable error; and

3. necessary software was not currently available for the IBM RS/6000 computer,

it was decided that a rigorous treatment of enclosure radxatlon would be left for the second-phase
effort. For the current studies the following relationship® is used to calculate 1-D radiant energy
exchange between any two directly opposing, gray, diffuse surfaces:

_ lod
1 A1 1 1 (3)
€ Z-z €

where the subscripts I and 2 refer to the surfaces with the smaller and larger surface areas

respectively. For radiation to a black body, Eq. (3) reduces to the product of the emissivity and
the Stefan-Boltzmann constant:

h =¢0 . (4)

r

Thermal boundary layers resulting from buoyancy-induced fluid motion occur at all
uranium-carbon boundaries, and accurately calculating the associated heat transfer coefficients
is nontrivial. JTn external free convection, the ambient fluid is considered to be infinite,
isothermal, and unaffected by the resulting buoyancy-driven flow. This assumption considerably
simplifies any analysis because it permits one to independently specify conditions outside the
boundary layer. In the crucible and bookmold enclosures, however, the flows between adjacent
surfaces (i.e., the horizontal bottom and vertical walls) are coupled to each other and to the
thermally stratified core region formed by the individual boundary layers. Furthermore, these
interacting boundary layers cause regions of stagnant flow at those locations where surface
orientations change. Consequently, pressure and buoyancy force terms must be retained in the
governing equations. As previously explained, it is not possible to include these effects within the
HEATING program. Also, there are no analytical relationships directly applicable to the crucible
and bookmold configurations, and defining such relationships via a separate numerical study is
beyond the scope of the first-phase studies. It was decided reasonable results could be obtained
by applying heat transfer coefficients to each surface in the enclosure, where the value of the
coefficient had been calculated using empirical correlations appropriate for external natural
convection from that surface’s orientation. These are an upward-facing horizontal flat plate for
the bottoms of the enclosures and a vertical flat plate for the vertical walls. For external, steady-
state, laminar flow over an isothermal, upward facing flat plate in an infinite region of quiescent
fluid, the average heat transfer coefficient is calculated'® using

ATL; 2c
k., =0 sa) | | BPATLkP
Lh pk

m

()

For these same conditions the average heat transfer coefficient for a vertical flat plate is
calculated!® using
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The induction heater induces a current in the crucible, upper end cap, and parts of the
bookmold. The shield material is essentially transparent to the magnetic field, and field
penetration (and therefore induced current) into the uranium at the coil frequency of 10* Hz is
extremely small, on the order of 0.25 cm.”! There are three basic options for calculating induced
energy: an algebraic relationship for average (i.e., integrated over volume) power induced in a
complete workpiece of extremely simple geometry, an algebraic relationship for energy induced
at a particular X, Y, and Z location in an extremely simple geometry, and a numerical solution
of the governing differential equations for an arbitrary geometry. A numerical solution was
beyond the scope of the first-phase studies, and it was not possible to define a consistent set of
relationships for energy induced at a point within the time allowed for model coustre-tion.
Accordingly, a total average power approach was adopted with some slight modifications. An
average power is calculated for a cylindrical workpiece, multiplied by the volume of :nterest (i.e.,
the volume of a particular assembly component) to get total power  .duced in the piece, and then
86% of this amount is uniformly applied acioss one skin depth. The a.erage power induced in
a cylindrical workpiece contained within a multiturn induction coil is calculated™ using

0.z5

(6)

P, = no HiWE)TL, (7)

where H, is the strength of the magnetic field at the surface of a coil and at its axial centerlinc,
ard is defined as

H =2 (8)

W(¢&) is the classical® power dissipation function and is defined as

2M (%)
Wi = =
©- e

cos(@, - 6, - 0.571) , 9

and § is an evaluation parameter defined as

£==, (10)

where r is the workpiece outer radius, and J is that distance where the induced power has

dropped to 14% of its surface value (i.e., 1 skin depth). For the S. 1. system of units, J is defined
as



s = 503\[22‘. (1)
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The T and ¢ terms in Eq. (7) represent magnetic field radial and axial attenuation
tespectively. The relationship used by Lavers and Biringer™ to define axial attenuation was
incompatible with the need to approximate induced energy at a point. Consequently I' and {
were dropped, and the generic field attenuation data® shown in Fig. 29 were used instead. This
figure shows the ratio of field strength at a coil’s surface and axial centerline to field strength at
the surface of an arbitrary workpiece with a radius and length not equal to that of the coil.
Although none of the data shown in Fig. 29 exactly matches the casting assembly geometry, Curve
6 is close and is used in the calcula*ions.
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Fig. 29. Generic magnetic field radial and axial attenuation for short coils.

Forced convective heat transfer occurs from the interior of the coil to the cooling water.
For turbulent flow in a constant cross-section circular tube with constant fluid properties and
neglecting strong temperature gradients across the boundary layer, the heat transfer coefficient
is calculated'® using

%

= 0.023 Re%8 pros0 (12)

cony

where Re is the fluid Reynolds number and is defined as
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Re = 2 and GA;"_ (13)

Thermal contact resistances occur at those locations where components touch and result
from less-than-perfect mechanical contact. One-dimensional analytical relationships abound to
calculate these terms, but selecting a particular equation requires a great deal of information
about the material properties and surface characteristics of the individual components. Since
most of this information was not available at the beginning of the numerical studies and could not
be defined within the time allowed for model construction, it was decided initially to use a
constant resistance appropriate for metal-to-metal contact in a vacuum and then define model
agreement sensitivity to changes in the value. In this way a range of appropriate values (i.c.,
values that improved thermocouple agreement) would be available for use in selecting the most
suitable analytical relationship for the second-phase study. Accordingly, a constant value of 2000
W/m?=°C is utilized® for the base-case model.

An additional thermal resistance required is for the interfacial conductance between
solidified uranium and the bookmold. Such terms are extremely system dependent, and no
experimental data were available to make the required definition. It was decided to use the value
from Rollett and Lewis,® which gave good model agreement for that particular uranium
solidification analysis. Accordingly, a value of 0.5 W/m?--°C is utilized for the base-case model.

The final relationship defined for the base-case model was included to mitigate some of
the negative effects of the cartesian approximation. When a cartesian approximation of
cylindrical geometries is used, it is often necessary to adjust the total heat capacities and surface
conductances of the individual material regions. The total heat capacity is defined as the product
of the density and specific heat: the goal is to make this product for a particular model volume
equal to the product for the actual volume, that is

(p Cp)modd (Volume),_ ., = (p Cp)mud (Volume), ., . (14)

If one chooses to adjust the heat capacity by modifying only the density (i.e., Cp,cuai = CPmodel)
then Eq. (14) can be rearranged to give

Volumeacm al (15)

Volume,_ .,

P model =p actual

The material densities of all approximated cylindrical regions are adjusted using Eq. (15). The
total conductance associated with a material’s surface is defined as the product of the heat
transfer coefficient and heat transfer surface area. As before, the goal is to equate the actual and
modeled products. The modeled heat transfer coefficients are, therefore, defined as the product
of the actual coefficient and the ratio of actual-to-modeled surface areas, that is,
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) (SurfaceArea actual | : (16)
model  actual kSurfaceAream el

At this point all the information needed to specify the base-case thermal model was
available, and two HEATING input files were constructed: one to calculate the steady-state
temperature distributions in the casting assembly prior to pour, and one that would use these
distributions as initial conditions for the transient solidification analysis. A strictly numerical
consideration that had to be addressed at this point was the choice of solution procedures. For
the steady-state solution there are three options within the HEATING program: direct solve,
successive overrelaxation, and conjugate gradient. The direct solution is not implemented for 3-D
problems and there was concern that the conjugate gradient would be slow to converge given the
problem’s size, complexity, and highly nonlinear nature. Thus, the successive overrelaxation
procedure was used. Choices for the transient solution procedure are more limited. For
problems involving phase-change materials, HEATING must use an explicit time-integration
procedure that is stable only so long as the time step meets certain criteria that are functions of

discretized geometry and material properties. For a 3-D geometry the maximum time step for
an interior node is defined as

Arsp (17)

where the numerator represents the sum of the heat capacities for the eight material volumes
surrounding a particular node and the denominator represents the sum of the conductances
between a particular node and its six neighbor nodes. A time step is calculated for each node
in the problem using Eq. (17), and the minimum value in the set is used for the calculations. The
time step limitation defined in Eq. (17) can, for some geometries and material properties, result
in execution times (and therefore costs) becoming so great that the explicit procedure becomes
impracticable. For these circumstances HEATING has the option of the Levy modification to
the explicit procedure. The modification results in a stable solution procedure for any size time

step so long as the discretized heat conduction equation for temperature at the n + I time step
is defined as

ne _ 1 At n n . n n-
™l =T" + 1+Z{—E[P + K (Tim - T")] v 2[T" - T ']}, (18)
where
0 , AA‘ <1
Z = A ( '2‘“) , (19)
.5[- L L
(A tm) (A tm)
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and At is the maximum step size defined in Eq. (17). Because it was felt that the geometry
discretization used in the problem would result in very small time steps, the Levy modified explicit
solution procedure was used for all transient calculations.

To summarize, the base-case steady-state and transient HEATING models have the

following structure:

L

A 3-D, quarter-symmetric cartesian approximation of the complete experimental system;
the heater coils, firebrick base, and three Al,O; insulated platinum thermocouple
junctions. In addition two uranium regions are also included: one inside the crucible and
one inside the bookmold. Their dimensions were defined using the data from Run No.
892.

A successive overrelaxation solution procedure for the steady-state calculation and an
explicit solution procedure with Levy’s modification for the transient calculations.

S.I. units; watts (W), joules (J), meters (m), kilograms (kg), seconds (s), and temperature
(°C). Specific properties were thermal conductivity in W/m—°C, specific heat in J/kg—°C,
density in kg/m>, heats of transformation and fusion in J/kg—°C, internal heat generation
in W/m?, fluid viscosity in mN —s/m°, Stefan-Boltzmann as 5.67 x 1078 W/m?—K*, and heat
transfer coefficients in W/m?>—°C.

Temperature-dependent material properties, except for density where constant (with
respect to (wrt) temperature) average values are used. In addition, two solid-solid and
one solid-liquid phase changes are included for uranium. During steady-state analyses the
uranium in the crucible is treated as a simply conducting phase-change region with liquid
properties. During the transient calculation the uranium in the bookmold is treated as
a simply conducting phase-change region with temperature dependent properties; i.e.,
liquid for those portions above melting temperature and solid for those below the melting
temperature.

Adjusted heat capacities for those assembly components approximated with the cartesian
geometry. The actual densities were adjusted using Eq. (15), and the specific heats were
not modified. Components, actual densities, volume ratios, and adjusted densities are the
following:

carbon end caps: 1730 kg/m3, 1.11, and 1920.3 kg/m®,

copper plates: 8954 kg/m®, 2.12, and 18990 kg/m’;

AlLO, shield: 240 kg/m’, 3.38, and 811.2 kg/m’;

Al,O, thermocouple insulation: 240 kg/m?, 1.57, 376.8 kg/m®; and
platinum thermocouple junctions: 21791 kg/m®, 1.57, 34212 kg/m’.

o0aon o

Induction heater modeled with a modified total average power scheme.

a. 0.86% of the total average induced power for a cylindrical workpiece is calculated
and uniformly applied across one current penetration depth to the crucible, upper
end cap, and upper part of the bookmold. The actual value is calculated at run
time within a user-supplied subroutine” that reads the coil current from the
HEATING input file, determines the axial location of the current node of

" User-supplied subroutines are a HEATING option that allow the user to override default

procedures for calculating such terms as boundary temperatures, heat transfer coefficients, and/or
internal heat generation.
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interest, calculates a corresponding’ value for the magnetic field intensity using
a coil power frequency of 10,000 Hz and the information in Fig. 29, and then
calculates a value for the heat generation rate using Eq. (7). In addition, the rate
for the upper end cap is adjusted by the ratio of actual region volume to modeled
volume: 1.11.
No internal heat generation in the Al,O; shield, firebrick base, uranium, lower
part of the bookmold, or lower end cap.
Coil cooling-water flow rate constant wrt time and equal to 7 gpm.>®
Steady-state cooling-water temperature rise constant wrt time and equal to 6°C.%
Transient cooling-water temperature rise constant wrt time and equal to 1°C.%
Cooling-water inlet temperature constant wrt time and equal to 24°C.%
Pressure-vessel wall temperature constant wrt time and equal to 43°C.%
Internal heat generation for the copper plates calculated using a simple I°R
relationship and actual value equal to 4.938 x 10! w/m® x I, where I is coil current.
A user-supplied subroutine reads the HEATING input file for the coil current
and then calculates a value for heat generation.
i Internal heat generation at the base-case values for the first 15 s of the
solidification transient.

e

T e oo

Contact resistances using a constant (wrt temperature) coefficient of 2000 W/m?-°C and
are applied between the crucible and crucible top, upper end cap and crucible, upper end
cap and bookmold in both the vertical and horizontal orientations, lower end cap and
bookmold in both the vertical and horizontal orientations, and lower end cap and
firebrick.

External natural convection heat transfer from the following surfaces.

a. Crucible bottom and walls to liquid uranium during a steady state. Horizontal and
vertical values calculated using Egs. (5) and (6) and actual values are vertical h
= 4.258 x 10° W/m*-°C and horizontal h = 1.415 x 10* W/m*-°C.

b. Bookmold bottom and walls to liquid uranium during transient so long as the fluid
temperature at a node is above the melting point. Horizontal and vertical values
calculated using Egs. (5) and (6) and actual values are vertical h = 1.5778 x 10*
W/m?-°C and horizontal h = 1.595 x 10* W/m?>-°C.

Constant wrt temperature heat transfer coefficient applied across the gap separating the
solidified uranium and bookmold vertical and horizontal walls when the fluid temperature
drops below the melting point. Actual value used is 0.5 x 10> W/m?—°C. A user-supplied
subroutine stores all the node pairs at the three uranium-carbon interfaces, determines
the pair of nodes containing the current node of interest, and then assigns a value for the
gap conductance based on the temperature of the node on the uranium side of the gap.
For a node temperature above the melting point, a natural convection coefficient is used,
below the melt temperature, the constant coefficient is used.

Forced convection heat transfer between interior surfaces of the copper flat plates and
cooling water using Eq. (12) and actual value is h = 1.2931 x 10* W/m>~°C.
One-dimensional radiation heat transfer using Egs. (3) and (4) applied at the following
locations.

' Field attenuation was calculated using a single radial spacing. when in fact, there are three.
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Between the top of the crucible uranium region and the bottom of the crucible
top during steady state; nominal h = 1.889 x 10® W/m?—°C and is a function of
Al,O, temperature. A user-supplied subroutine identifies a typical temperature
in the crucible top, calculates a value for Al,O, emissivity, and then calculates the
coefficient.

Between the top of the bookmold uranium region and the bottom of the upper
end cap during the transien: analysis; nominal h = 1.920 x 10® W/m*~°C and is
constant wrt temperature.

From the upper surface of the crucible top to the pressure vessel wall; nominal
h = 4366 x 10® W/m*-°C and is a function of Al,O, temperature.

Between the crucible exterior walls and the Al,O; shield; nominal h = 3.661 X
10 W/m?-°C and is a function of Al,O, temperature. The same user-supplied
subroutine described above in (a) is used to determine shield temperature and
calculate a value for the coefficient.

Between the Al,O, shield and the first copper plate; nominal h = 1.797 x 10*
W/m>-°C and is a function of both Al,O; and copper temperatures. A user-
supplied subroutine determines the temperatures of the current copper and Al,O,
nodes of interest, calculates values for their emissivities, and then calculates the
coefficient.

From the nonobstructed (i.e., above and below heater coils) portion of the Al,O,
shield to the pressure vessel wall; nominal h = 4.366 x 10® W/m?—°C and is a
function of Al,O; temperature.

With respect to the Y/Z plane of the model shown in Fig. 21, a nominal, constant
coefficient of 4.536 x 10® W/m?—°C is applied to the following surfaces using a
boundary temperature that is the average of the Al,O; and pressure vessel wall
temperatures:

o lower Y surface of that portion of the upper end cap directly facing the
lower end cap,

° upper Y surface of that portion of the lower end cap directly facing the
upper end cap,

o upper Z surface of the bookmold wall in the elevation between the top
of the lower end cap and the lower edge of the Al,O; shield, and

° upper Z surface of that portion of the lower end cap facing the pressure
vessel wall.

A user-supplied subroutine receives the pressure-vessel wall temperature,
calculates the average temperature of a subset of shield nodes, and then defines
the average of the two values as the boundary temperature.

With respect to the Y/X plane of the model shown in Fig. 21, the same constant
coefficient is applied to that portion of the bookmold wall below the Al,O, shield,
as well as the upper face of the lower end cap. The boundary temperature for
these two locations is a weighted percentage of pressure vessel wall and Al,O,
temperatures: specifically, 75% of the pressure-vessel wall and 25% of the Al,O,.
The same user-supplied subroutine described above determines the average

temperature of a collection of Al,O; nodes and then calculates the boundary
temperature.
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i From the bottom of the crucible to a boundary temperature defined from a
nominal node in the bottom of the crucible top during the solidification analysis,
from the lower surface of the crucible top to a boundary temperature defined
from a nominal node in the bottom of the crucible during the solidification
analysis, from the bottom of the bookmold to a boundary temperature defined
from a nominal node in the lower surface of the upper end cap during the steady-
state analysis, and from the lower surface of the upper end cap to a boundary
temperature defined using a nominal node in the bottom of the bookmacld during
the steady-state analysis. These circuitous boundary conditions are required
because the dual uranium regions preclude the use of straightforward surface to
surface boundary conditions. A user-supplied subroutine defines the temperatures
at the nominal nodes and then calculates the heat transfer coefficient.

J- From the outer surface of the second copper plate to the pressure-vessel wall;
nominal h = 1.985 x 10® W/m®-°C and is a function of copper temperature.
Also, from the firebrick base to the pressure-vessel wall; actual h = 4.252 x 10®
W/m?>-°C and is constant wrt temperature.

12. Adjusted surface conductances; the actual heat transfer coefficients were modified using

Eq. (16). The locations, actual values, area surface ratios, and adjusted values are

a. vertical crucible walls facing the uranium: 4.258 x 10° W/m>-°C, 0.99,4.215 x 10°
W/m*-°C;

b. horizontal crucible walls facing the uranium: 1.415 x 10* W/m*-°C, 1.01, 1.557
x 10* W/m?-°C;

C. vertical crucible walls facing the Al,O; shield: 3.661 x 10® W/m?-°C, 1.01, 3.698
x 10® W/m?-°C;

d. uranium surface facing the Al,O; cover: 1.889 x 10® W/m>-°C, 1.01 1.908 x 10*
W/m*-°C;

€. upper end cap facing the Al,O; shield: 3.661 x 10® W/m?-°C, 0.807, 2.95 x 10*
W/m*—°C;

f. lower end cap facing the pressure-vessel wall: 4.536 x 10® W/m*>-°C, 0.807, 3.66

x 10% W/m*-°C,

g. AlL,O, shield facing the copper plates: 1.797 x 10® W/m?-°C, 1.78, 3.2 x 10®
W/m?~°C; and

h. Al,O; shield facing the pressure-vessel wall: 4.366 x 10® W/m*-°C, 1.78, 7.78 x
10® W/m*—-°C.

The steady-state and transient models were then run to define a base-case transient
response. The steady-state model was executed with a series of values for the coil current until
the target uranium melt temperature of 1375°C had been calculated in the crucible. The
resulting casting assembly 3-D temperature distribution was then used as initial conditions for the
solidification transient. The transient analysis was limited to approximately 100 s of problem time
to conserve computing resources. The size and complexity of the models, combined with the
explicit solution procedure constraint, resulted in 40 h of RS/6000-320 machiie time being needed
to simulate 100 s of problem time. The results are shown in Fig. 30, and listings of the input files
and user-supplied subroutines are included in Appendix A. As Fig. 30 indicates, the base-case
model predicts the actual bookmold thermal response to within +10%. Considering the relatively
crude relationships used to model the thermal mechanisms, the many assumptions that had to
be made concerning induction heater operation, and the detrimental influence of the cartesian
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approximation on internal heat generation, region volumes and surface areas, this level of
agreement is quite satisfactory.
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Fig. 30. Base-case HEATING model thermocouple agreement.




SENSITIVITY STUDIES

Twenty-one scenarios were examined to characterize the sensitivity of base-case
thermocouple agreement. Even though the focus of the studies is the solidifying uranium region,
the only direct measure of model performance is a comparison with experimental bookmold
temperatures. For each scenario the variable of interest was changed from its base-case value,
and a series of steady-state runs were made to determine the coil current that gave a uranium
melt temperature of 1375°C in *he crucible. The resulting casting assembly temperature
distribution was then used as initiai .onditions for a 100-s transient solidification analysis. Each
case is described in Table 1, and the results are summarized graphically in Figs. 31—41. Each
figure shows typical experimental data (Run No. 892), base-case response, and study results at
the three thermocouple locations. Also, the fraction of base-case current required to obtain the
desired melt temperature is summarized in Table 1.

The most significant macroscopic observation is that the slopes of the transient responses
closely match the experimental data. This match represents a considerable improvement from
an earlier second-iteration study” that utilized a simplified thermal model. Typical (i.e., all
thermocouple locations and variable values examined) results from the earlier study are shown
in Fig. 42. This figure summarizes model agreement for the middle thermocouple for various
values of pressure-vessel wall temperature, cooling-water temperature, cooling-water flow rate,
and thermal contact resistance. As these data show, agreement is uniformly poor in both the
absolute value of temperatures at a point and the slopes of the temperature transients.
Therefore, all the thermal mechanisms must be included in the numerical model to some degree
to obtain meaningful thermocouple agreement. This result was expected, but prudence dictated
the effort to ensure that the more rigorous (and expensive) model was necessary.

As it concerns the prominence of individual mechanisms, these most current results
indicate that model agreement is unaffected or only slightly sensitive to nominal changes in
vertical thermal contact resistances between casting assembly components, heating coil cooling-
water flow rates, pressure-vessel interior wall temperatures, enclosure radiation heat transfer,
interfacial gap conductances between solidified uranium and the bookmold, magnetic field axial
direction attenuation, and induced power distribution. With the exception of enclosure radiation,
gap conductance, and power induced distribution, these results appear reasonable. Specific results
and their implication on the structure of the second-phase thermal model are discussed below.

1. Pressure-vessel wall temperatures and cooling-water outlet temperatures resulting from
changes in cooling-water flow rate- represent sink temperatures for the solidifying
uranium. Given that the uranium temperatures are quite large in comparison to all the
sink temperatures examined in this study, one would not expect the overall temperature
difference, and therefore model response, to change significantly. Accordingly, pressure-
vessel wall and cooling-water temperatures should be included in the second-phase model,
but only macroscopically. Each should be implemented as a constant (wrt time) value
boundary temperature.

41
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Table 1. Summary of variable values used in the sensitivity studies

Case Description Coil Current
1 Thermal contact resistance for all gaps decreased by 5. 1.29
2 Thermal contact resistance for all gaps increased by 5. 143
3 Thermal contact resistance for those gaps with a vertical 1.41
orientation increased by S.0.

4 Thermal contact resistance for those gaps with a vertical 141
orientation increased by 10.0.

5 Heating coil cooling-water flow rate decreased by 30%. 1.41

6 Heating coil cooling-water flow rate increased by 30%. 1.41

7 Pressure vessel interior wall temperature decreased by 50%. 1.41

8 Pressure vessel interior wall temperature increased by 50%. 1.41

9 Natural convection heat transfer coefficients decreased by 1.41
50%.

10 Natural convection heat transfer coefficients increased by 50%. 1.41

11 Enclosure radiation approximation removed. 1.36

12 Interfacial gap conductance made equal to base-case natural 1.41
convection coefficient.

13 Interfacial gap conductance made equal to base-case contact 1.36
resistance.

14 Magnetic field axial direction attenuation decreased by 10%. 1.48

15 Magnetic field axial direction attenuation increased by 10%. 1.33

16 No internal heat generation during solidification transient. 1.41

17 Radiation heat transfer coefficient between crucible walls and 1.58
Al,O, insulating shield increased by 100.

18 Radiation heat transfer coefficient between crucible walls and 1.56
AlQO; insulating shield increased by 1000.

19 Heating coil estimated current decreased by 10%. 1.55

20 Heating coil estimated current increased by 10% 1.27

21 Distribution of induced power changed to an exponentially 118
decaying rate applied across one current penetration depth.




43

— mEESsE DATA
& AhsAd BASE CASE
~ £)S/2 S 3 th=200-
L oattA Ry=10,000.
>
—_
<«
o
L
S
E900lIllllIllllllLllllllJlllLJlJ_ll

0 80 120

TIME (s)

(a) top thermocouple location

BuEEs DATA

) Actaad BASE CASE
~— BEBEE]R"FZOO.
W &t Ry, =10,000.
2
—_
<
s 4
g
=
}L:‘—J700llilelll]_Llllllllllllllllllll

0 80 120

TIME (s)

(b) middle thermocouple location

AIOOO:— mesaa DATA
& C Aatad BASE CASE
~ - [E55.5,3) R.,,=2OO
L - Lttt Ry, =10,000.
2 800
<
s 4
W
s
EGOIJI[LJIlllllLlllllll]

0 40 80 120

TIME (s)

(c) bottom thermocouple location

Fig. 31. Model agreement for the cases where the vertical and horizontal thermal contact
resistances (Rth) were increased and decreased by a factor of 5.
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Fig. 33. Model agreement for the cases where the heating coil cooling-water flow rate was
varied by *30%.
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Fig. 34. Model agreement for the cases where the pressure-vessel wall temperature was varied
by +50%.
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Fig. 35. Model agreement for the cases where the liquid uranium natural convection heat
transfer coefficients were varied by +50%.
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Fig. 36. Model agreement for the case where enclosure radiation approximation was removed.
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Fig. 37. Model agreement for the cases where the solidified uranium-bookmold interfacial gap
conductance was equal to the base-case liquid uranium natural convection heat transfer
coefficient and thermal contact resistance.
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Fig. 38. Model agreement for the cases where the magnetic field axial direction attenuation
was varied by +10% and where there was no internal heat generation duiing the solidification
transient.
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Fig. 39. Model agreement for the cases where the radiation heat transfer coefficient between
the vertical crucible walls and the Al,Oj; shield was increased by factors of 100 and 1000.
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Fig. 40. Model agreement for the cases where the heating coil current was varied by +10 %.
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Fig. 41. Model agreement for the cases where the induced power distribution had an
exponential decay.
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Fig. 42. Typical model agreement from the earlier sensitivity study for the middle thermocou-
ple location for several combinations of pressure vessel wall temperature, contact resistance, water
flow rate, and water iniet temperature.

2. The insensitivity to vertical contact resistances and the resistances due to cooling-water
convective heat transfer coefficients is attributed to their relative magnitude compared
with all the thermal resistances between the solidifying uranium and the temperature
sinks, that is, liquid uranium convective heat transfer coefficient, material conduction,
radiation heat transfer and/or thermal contact resistance between the casting assembly and
the insulating shield, as well as between the shield and coils. Vertical contact resistances
should be included in the second-phase model but only as accurateiy as the other contact
resistances, and the forced convective heat transfer coefficient should be calculated with
the same simple relationship used in this analysis and applied as a constant (wrt coil
length) value boundary condition.

3. Removing induction heating during the early transient had a negligible effect on model
agreement, and the result is believed to be real. It is conceivable, however, that some
amount of prolonged induction heating or direct current (DC) magnetic field could be
required to achieve the desired carbide transport. Thus, it would be prudent to include
the mechanism in the second-phase model.

4. The observed insensitivity to gap conductance between solidified uranium and the
bookmold is attributed to the fact that over the relatively short transient (approximately
100 s), only a fraction of the melt has solidified. Thus, only a small portion of the
uranium’s total surface area sees the interfacial conductance, too small an amount to
influence the overall response. Because interfacial gap conductance has been identified

as a prominent mechanism in the literature,” it should also be included in the second-
phase model.
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The negligible effect of removing the enclosure radiation heat transfer approximation is
attributed to its relative crudeness. It did not include surface emissivities nor significant
percentages of enclosure surface area. Again, because of its prominence in the literature,
it should also be included in the second-phase model.

Changing the distribution of the induced power to an exponentially decaying function only
slightly affected agreement at the top thermocouple location. It is noteworthy, however,
that the fraction of heating coil current required to obtain the target melt temperature
in the crucible dropped considerably. Whereas for most cases 40% more current was
required than was estimated, changing the distribution to the more correct exponential
decay resulted in only 18% excess current being required. From the perspective then of
constructing an accurate stand-alone predictive second-phase model, the exponential
distribution should be included.

Those mechanisms that had a prominent effect on thermocouple agreement and must

therefore be accurately represented in the second-phase model were contact resistances, natural
convection heat transfer coefficients, the value of the heat transfer coefficient between the
vertical crucible wall and the insulating shield, and heating coil current. These results are
believed to be real because specific effects resulting from changes in these variables are consistent
with the physics of the problem.

1.

Decreasing the thermal contact resistance between assembly components decreases the
resistance to heat flow. Since steady-state thermal energy is internally generated, this
reduction means the energy is more able to distribute itself among components. This
manifests itself in smaller currents being required to give the same steady-state melt
temperature in the crucible and lower steady-state and transient temperatures in the
casting assembly. Similarly, increasing the contact resistance requires greater coil currents
to achieve the same temperature in the crucible and gives larger overall temperatures.
Varying the liquid uranium natural convection heat transfer coefficient does not
significantly affect steady-state temperatures but does influence the transient response.
Within the context of this model, the convection coefficient represents a thermal
resistance between the uranium and the local thermal sink. Decreasing the resistance by
increasing the coefficient allows greater energy flows and higher overall temperatures.
Increasing the resistance would, of course, have the opposite effect. The magnitude of
the temperature change for a given variation is a function of the local thermal
environment and will be discussed below.

Increasing the heat transfer coefficient between the crucible and insulating shield results
in increased overall temperatures for both values examined. Increasing the rate of heat
transfer from the crucible walls initially results in lower wall temperatures, and higher coil
currents are required to compensate and maintain the desired uranium melt temperature.
These increased currents cause the higher temperatures. The fact that the required
current remains essentially the same (1.56 vs 1.58) for a large increase in heat transfer
rate (1000 vs 100) is attributed to the relative size of the heat transfer coeffi-
cient/temperature difference product; increased heat transfer gives larger shield
temperatures and smaller crucible/shield temperature differences, resulting in essentially
the same total heat flow out of the crucible.

The effect of varying coil current is quite straightforward; increased amounts give higher
rates of internal heat generation and correspondingly higher steady-state temperatures.



56

Note that the top and middle thermocouple locations experienced approximately the same
change in temperature for a given change in current.

An additional observation is that for each of the prominent mechanisms the level of

agreement varies between thermocouple locations and the transient response for esch variation
parallels the base-case response. This behavior is attributed to the location of the thermocouples
relative to the casting assembly geometry and the heating coil magnetic field. These positions are
illustrated in Fig. 43 and show that the thermal resistances surrounding each thermocouple vary
with axial position.

1.

The top location is bounded on the left by convection from the uranium and conduction
through the bookmold; on the right by conduction through the bookmold, radiation heat
transfer to the shield, and conduction through contact resistances to the upper end cap;
on the top by conduction through the bookmold and conduction across contact resistances
to the upper end cap and crucible; and on the bottom by conduction through the
bookmold.

The middle location is bounded on the left by convection from the uranium and
conduction through the bookmold; on the right by conduction through the bookmold and
radiation heat transfer to the shield; on the top by conduction through the bookmold; and
on the bottom by conduction through the bookmold.

The bottom location is bounded on the left by convection from the uranium and
conduction through the base of the bookmold; on the right by conduction through the
bookmold, conduction through contact resistances to the lower end cap, and radiation
heat transfer to the pressure-vessel wall; on the top by conduction through the bookmold,
and on the bottom by conduction through the bookmold and conduction through contact
resistances to the lower end cap.

The lower boundary of the heating coil magnetic field is approximately located at the
lower edge of the insulating shield. Thus, the bookmold region containing the bottom
thermocouple is not internally heated. ‘

Within the context of uranium regions being thermal sources, note that the position of
the problem’s source changes relative to the thermocouple locations between the steady-
state and transient analyses. During steady state it is in the crucible, while during the
transient analysis it is further down in the bookmold.

Because these localized thermal environments extend for several wall thicknesses into the

width of the bookmold wall, it is believed they are responsible for the varying thermocouple
agreement.

1.

When coil current is varied the resulting temperature changes at the top and middle loca-
tions are about equal, but the change at the bottom is much smaller. Because the bottom
thermocouple is outside the magnetic field, it is only heated by conduction from the inter-
nally heated regions. Thus, it is reasonable to expect smaller temperature changes at the
bottom as thermal energy is diffused away from the hotter regions.

For the cases where contact resistances are varied, the magnitude of the steady-state tem-
perature change from base-case values decreases from top to bottom with essentially no
change at the bottom location; smaller currents are required for the lower resistance case
and higher currents for the higher resistance case; middle temperatures for the lower
resistance case are warmer than would be expected if only the coil current had been
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temperatures for the higher
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thermocouple locations. During
steady-state the liquid uranium is located in the crucible, and heat transfer to the
thermocouples is a function of all the intervening thermal resistances. The insensitivity
of the steady-state temperatures is attributed to the relative size of the natural convection
coefficient. The size did not represent a significant fraction of all the resistances. During
the transient analysis the uranium is located in the bookmold, and the relative size of the
coefficient when compared with local conduction and radiation heat transfer at the exteri-
or wall is such that it is a significant fraction of the total resistances. As the data in Fig,
35 show, the middle thermocouple’s response is greater than either the top or bottom
locations. The bookmold exterior wall in the vicinity of the middle thermocouple has a
radiation heat transfer boundary condition, but the top and bottom locations have mixed
radiation and conduction influences. When compared with these two classes of boundary
conditions, the relative size of the convection coefficient (which is modeled as a constant
along the interior bookmold surface) is such that it influences middle location response
to a greater degree than either the top and bottom locations.
When the heat transfer rate between the crucible walls and insulating shield is varied, the
resulting temperature change from base-case values increases for both heat transfer rates;
the amount of the change for the top and middle locations is essentially equal; and the
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temperature change for the bottom location is negligible. The equal temperature changes
for the top and middle locations are attributed to the increased coil current. As we have
seen, varying only the coil current gives equal iemperature chauges at these locations.
The small change at the bottom location is again attributed to its location relative to the
coil magnetic field and the diffusion of thermal energy away from the warmer regions.

This behavior indicates that an accurate representation of localized thermal systems is essential
for improved thermocouple agreement. Macroscopically this means the second-phase model must
contain an exact casting assembly geometry, as well as accurate mathematical models for natural
convection heat transfer from the uranium, radiation heat transfer from exterior surfaces, and
contact resistances between assembly components.

The second macroscopic trend observed for the four prominent thermal mechanisms is
that the slope of their transient responses essentially parallels the base-case response,even when
initial temperatures are different from base-case values. Because this trend is consiste.n for small
and large initial temperature differences and because localized thermal environments strongly
influence agreement, the behavior is attributed to the time-varying thermal resistances between
the uranium and the two thermal sinks (i.e., the pressure-vessel wall and coil-cooling water). This
result is interpreted as additional justification for requiring the second-phase model to have an
exact physical representation and rigorous mathematical descriptions of the prominent mecha-
nisms.



THERMAL MODEL MACROSCOPIC PERFORMANCE

Further insight into ..e physics of the problem was gained by examining base-case
thermocouple agreement, uranium melt behavior, and casting assembly temperature distributions
for the complete time period covered by the Run No. 892 experimental data. An additional
reason for defining these data at this time is that they will serve as a benchmark for future model
improvements. It is conceivable (and even likely) that past a point, continued model refinements
will only affect thermocouple agreement and not the simulation of carbide transport. In the final
analysis carbide transport and not thermocouple agreement is the subject of interest.

Base-case thermocouple agreement at the three thermocouple locations for the complete
experimental transient is shown in Fig. 44. Melt behavior at 0, 60, 120, 180, 240, 300, 360, and
420 s into the transient is shown in Figs. 45—52 respectively. Each figure shows the bookmold
uranium region from two perspectives. The left-hand side is from the plane of symmetry
viewpoint; that is the same perspective as the left hand side of Fig. 21. The right -nand side shows
the melt rotated approximately 180° that is viewed from the bookmold surfaces immediately
adjacent to the uranium. The color represents liquid and solid regions; red for those locations
with temperatures above the melting point of 1133°C and blue for those below 1133°C.
Temperature distributions for portions of the casting assembly at the same eight elapsed times
are shown in Figs. 53—60. Each figure shows the uranium, bookmold, and end caps from the
plane of symmetry viewpoint. The following observations are made.

1. Model agreement at each location during the extended period (i.e., past 100 s) basically
parallels the experimental data but consistently has lower absolute temperatures. Again
this is attributed to the incorrect modeling of time-dependent thermal mechanisms.

2. The uranium region completely solidifies between 6 and 7 min after pour and exhibits the
overall directional solidification required for acceptable castings. However, there appears
to be a slight meniscus at the solid-liquid boundary and it is not known at this point if it
is real. It results from strictly thermal considerations: those portions of the uranium in
contact with the bookmold experience higher rates of heat transfer due to its cooler
temperature. It is conceivable that once CFD considerations are included the meniscus
could disappear.

3. As it concerns temperature distributions in the casting assembly during a solidification
transient, the largest gradient is in the Y direction, there are relatively small gradients in
the X and Z directions, the upper portion of the assembly cools down during the transient
while the lower portion heats up, and-there is a significant temperature gradient along the
height of the bookmold wall. The macroscopic energy flows are consistent with the
physics of the problem and the structure of the base-case model. At steady-state the
upper portion of the assembly is inside the heating coil and also contains the liquid
uranium. The lower portion is outside the coil and can conduct to the firebrick. Thus,
a strong axial direction gradient is to be expected. The macroscopic cooling trends in the
assembly during the transient result from draining the uranium into the bookmold. This
draining allows the crucible and upper-end cap to cool but causes the bookmold, lower-
end cap, and firebrick to heat up. The most noteworthy results are the distributions in
the bookmold. Specifically, the small X and Z direction gradients and the large Y
direction gradient. The small X and Z gradients are attributed to the essentially uniform
boundary conditions in those directions. These boundary conditions also influence the
magnitude of the Y direction gradient. This particular gradient must be accurately
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modeled for two reasons: it influences melt-behavior including carbide transport, and the
value at the bottom of the bookmold influences the quality of the casting.? It is
conceivable that once enclosure radiation and accurate contact resistances are included,
the uniformity will be lost. The problem will become more two-dimensional, and the Y-
direction gradient will be severely affected.

Again, these results reinforce the need to model problem physics as accurately as possibie.
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Fig. 53. Casting assembly temperature distribution at the beginning of the base-case
solidification analysis.



71

60s

1354
1297.5
1241
1184.5
1128
1071.5
1015
958.5
902
8455
789
7325
676
619.5
563

Fig. 54. Casting assembly temperature distribution 60 s into the base-case solidification analysis.
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Fig. 55. Casting assembly temperature distribution 120 s into the base-case solidification analysis.
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Fig. 56. Casting assembly temperature distribution 180 s into the base-case solidification analysis.
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E Fig. 57. Casting assembly temperature distribution 240 s into the base-case solidification analysis.
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Fig. 58. Casting assembly temperature distribution 300 s into the base-case soliditication analysis.
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Fig. 60. Casting assembly temperature distribution 420 s into the base-case solidification analysis.



PHYSICAL MODEL SIMPLIFICATION

It was known that the second-generation studies would require a large number of
computer runs to characterize carbide transport and examine the effect of casting assembly design
changes. Economic considerations dictated the use of a physical model that was as simple as
possible yet still gave meaningful agreement with experimental data. Accordingly, three
simplifications to the base-case model were examined: removing the platinum thermocouple
junctions and/or their insulating sheaths; eliminating portioas of the firebrick base; and replacing
the heater coil representation (i.e., the flat plates) with a boundary condition representative of
the thermal resistances between the shield and cooling water.

To determine how much of the firebrick base could be removed, base-case transient
temperatures at four locations in the X/Z plane were plotted for several different Y elevations.
The goal was to find that elevation where temperatures were constant for the duration of the
transient, preferably at ambient. All material below this point could then be eliminated and
replaced with a constant temperature boundary condition. The four locations correspond to the
corners of the base of the lower end cap and are illustrated in Fig. 61. The four Y elevations
were the base of the lower end cap and 5.5, 15.5, and 25.5 cm into the firebrick. These tempera-
ture data are summarized in Figs. 62—65 and show that:

1. Temperatures do not become
constant wrt time until 5.5 cm
into the firebrick.

2. At each elevation there is a
temperature difference between
the set of nodes on the inside
(ie., Z = 0.) of the end cap and
the outside set. This s
attributed to the design of the
casting assembly: the inside
surfaces contact the bookmold
containing the hot uranium, but
the back side is separated from
the bookmold by the thickness
of the end cap. Thus, it is
reasonable to expect cooler tem- : Y
peratures at the insulated loca- 7
tions on the back side of the X
end cap.

3. The absolute values of tempera- - - -
tures, as well as temperature Fig. 61. The set of X—Z plane monitored locations.
differences between the inside
and outside locations, decrease with increasing distance into the firebrick, but at no
elevation are they equal to ambient.

Note that all temperatures are greater than ambient. Experimental data had indicated
constant temperatures approximately equal to ambient 15.24 cm into the firebrick. The higher
calculated temperatures are attributed to the fact that the base was modeled as a single solid
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Fig. 62. Temperature history of selected nodes at the base of the lower end cap.
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Fig. 63. Temperature history of selected nodes at 5.5 cm into the firevrick base.
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Fig. 64. Temperature history of selected nodes at 15.5 cm into the firebrick base.
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region when it is actually a loose stacking of several bricks. Thus, there were no void regions to
impede conduction away from the casting assembly. It is also believed this is one of the reasons
for the consistently low temperatures calculated for the bottom thermocouple location during the
sensitivity studies. Based on these data and the belief that future melt temperatures are likely
to be the same magnitude as Run No. 892, a case could be made for placing a constant-
temperature boundary condition of approximately 275°C at 5.5 cm into the firebrick and then
removing all material below that point. However, given the macroscopic result that all thermal
mechanisms need to be included to some degree to obtain meaningful agreement, the most
prudent action would be to model 15.24 cm of the actual stacking with its void spaces and place
a constant temperature boundary condition of 25°C at the bottom of the stack.

To determine if the thermocouples and/or their insulating sheaths could be removed
without adversely affecting model agreement, two configurations were examined: one where only
the sheath was removed, and a second where the junction was removed as well. Model
agreement for these two cases is summarized in Fig. 66 and shows that neither had a significant
impact. The last potential simplification examined was to replace the flat plates with a radiation
heat transfer coefficient applied to that portion of the insulating shield covered by the plates.
Temperature data monitored during the sensitivity studies had indicated that the coils had an
essentially constant temperature approximately equal to the cooling-water temperature.
Accordingly, the boundary temperature for the new coefficient was made equal to the cooiing-
water temperature. Model agreement for this case is also summarized in Fig. 66 and shows that
the simplification did not significantly effect agreement. It appears that both the thermocouple
system and the heating coil approximation could be removed from the second-phase model
without adversely effecting its accuracy. Removing the coil approximation, however, is conditional
upon not altering the cooling- water flow rate during the solidification transient. The primary
reason the plates could be replaced was that the plate temperature was essentially constant during
the transient. If the water flow rate were to be significantly decreased or stopped, the coil
temperature would vary with time, and this response would then have to be modeled to correctly
calculate the energy leaving the casting assembly.
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Fig. 66. Model agreement for the thermocouple and flat plate simplification scenarios.




CONCLUSIONS AND RECOMMENDATIONS

Two macroscopic conclusions can be drawn from the results of the first-phase study
concerning modeling heat transfer in the current laboratory scale casting assembly:

1. those convection/conduction/radiation heat transfer mechanisms that locally influence net
heat flow through casting assembly components have a greater impact on model accuracy
than the absolute values of sink temperatures and coil cooling water flow rates; and

2. although this subset of prominent mechanisms exists; all major assembly components, heat
transfer mechanisms, and boundary conditions must be included to some degree to obtain
meaningful agreement with experimental data.

Accordingly, the following recommendations are made to facilitate the planning and execution
of the second-phase thermal studies.

1. The design of the vacuum-caster system should be modified to permit routine
measurements of pressure vessel interior wall temperature, cooling-water flow rate, water
inlet and outlet temperatures, and heating coil current.

2. The experimental casting procedure should be slightly modified to ensure that thermally
consistent data are collected.
3. The second-phase thermal model should have the following macroscopic design features:
a. a precise physical model exclusive of the heater coils;
b. first-order accurate mathematical definitions for radiation heat transfer to the
pressure vessel wall and between closely spaced components; and
c. second-order accurate definitions for thermal contact resistances (including that

between the crucible wall and insulating shield), liquid uranium natural convection
heat transfer, interfacial gap conductance between the solidified uranium and
bookmold, internal heat generation, and radiation enclosure heat transfer.

The following briefly discusses some of the details associated with implementing these
recommendations.

The only measure of computational accuracy is a comparison between measured and
calculated bookmold temperatures. Thus, accurate measurements are required for bookmold
temperatures as well as for those data used to define initial and/or boundary conditions for the
analyses. Within this context there are two areas of concern with the current experimental
casting procedure: the execution of the procedure itself and the placement of the bookmold
thermocouples. The current procedure should be modified as per the following guidelines to
ensure that consistent thermal data are taken.

1. The single most important consideration is to establish a thermal steady state prior to
pour. Currently the only criteria is a non-changing melt temperature for 30 min, and the
coil current is continually reduced during this time period to achieve this condition.
Steady state must be redefined to be that condition where coil current, melt temperature,
and bookmold temperatures have all remained unchanged for 30 min.

2. It is also very important to coordinate the operation of the data recorder with the pour
that is, define a time 0 for the solidification analysis. To achieve this the data recorder
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should be turned on very early in the melting phase and left on for the duration of the
experiment, at jeast to the point where the caster is first.backfilled with argon. Once the
operators are satisfied that steady-state conditions exist (i.e., non-changing coil current
and temperatures), the pour rod should be removed. The exact time the rod is removed
should be recorded on the data sheet and a notation made on the strip chart.

3. In addition to the data currently taken by the operators, heating coil current, coil
frequency, cooling water flow rate, and water inlet and outlet temperatures should also
be recorded at steady-state conditions (i.e., just prior to the pour) as well as during the
solidification portion of the experiment. These data should be recorded at the same time
and with the same frequency as the bookmold temperatures. Also, it is especially
important to continue to record coil current and frequency during and just after the pour,
as well as the exact amount of time the power remains on after the pour rod has been
removed. :

4. When the caster is first backfilled with argon, the exact time the procedure was begun
should be recorded on the data sheet and a notation made on the strip chart. In addition,
the final pressure in the caster should also be noted on the data sheet.

There are two aspects of bookmold thermocouple placement that are of concern: location
and installation. It is extremely important that the location of the three bookmold thermocouple
junctions be well defined. Otherwise a comparison of measured and calculated temperatures
cannot be made and it will not be possible to estimate the accuracy of the carbide transport
calculations. The recommended locations have been previously documented,® but are
summarized here as well for completeness. The locations were actually defined to achieve two
goals: obtaining temperature data within the bookmold wall to help in establishing the accuracy
of the solidification analyses, and obtaining temperature differences across assembly components
to help in defining the magnitude of thermal contact resistances. Six locations are recommended:
one each in the crucible and end caps, and three in a particular bookmold half-section. Figures
67—69 illustrate these locations in the upper end cap, lower end cap, and bookmold half-section
respectively. When studying these figures, please note the following.

1. Each drawing shows a TOP, FRONT, and SIDE VIEW of a particular component with
the thermocouple location(s) identified by a filled circle, letter, and complete set of
dimensions.

2. Each drawing shows a REFERENCE CORNER. When the components are assembled,
all of these corners must line up.

3. The bookmold drawing shows a specific half-section; the one that wraps around the other
half-section.

4. The end cap drawings, and therefore the location of their REFERENCE CORNERS, are
oriented as they would be in the assembled bookmold; that is, the slot in the bottom cap
is visible in its TOP VIEW, but the slot in the upper end cap is not visible in its TOP
VIEW.

5. Vertical, horizontal, up, and down are defined in the traditional sense; that is, with respect
to the top, bottom and sides of a flat sheet of paper.

6. Height is defined as the vertical direction in the SIDE and FRONT VIEWS.

Width is defined as the vertical direction in the TOP VIEW and the horizontal direction

in the FRONT VIEW.

8. Depth is defined as the horizontal direction in the SIDE and TOP VIEWS.

~
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Fig. 67. Schematic illustration showing recommended thermocouple locations for upper
end cap.
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Fig. 68. Schematic illustration showing recommended thermocouple locations for the
lower-end cap.
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The following verbal descriptions compliment and reinforce the illustrations. Ther-
mocouples A, B, and C should all be placed in the center of the indicated wall; that is, at a
distance equal to half the depth of the indicated wall. Thermocouple A should be placed at a
point half way across the width of the section and 0.25 in. up from the bottom of the section.
Thermocouple C should be placed 0.25 in. into the width of the section measured from the
REFERENCE CORNER, and 7.303 in. from the bottom of the mold cavity. Since the bottom
of the cavity is 0.75 in. from the bottom of the section, thermocouple C should be placed 8.053
in. up from the bottom of the section. Thermocouple B should be placed midway between
thermocouples A and C in both the width and height of the section. Thermocouples A in the
bookmold half-section and D in the lower end cap will be used to characterize the contact
resistance between uncoated components. Thermocouple D must align with thermocouple A and
be separated by a distance of 0.5 in. Its location, therefore, should be halfway into the width of
the end cap, 0.42 in. to the right of the slot wall, and 1.5 in. up from the bottom of the cap.
Thermocouple E in the upper end cap and the crucible thermocouple will be used to define
contact resistances between coated carbon components and they should also be aligned, one over
the other. The only placement criterion for Thermocouple E is that it should be separated from
the thermocouple in the crucible by a distance of 0.5 in. Accordingly, its position should be half
way into the width of the cap, midway between the centerline of the cap and the right hand wall
of the slot, and 0.25 in. down from the top surface of the cap. The crucible thermocouple (not
shown) should be positioned anywhere on a 0.813 in. radius measured from the center of the
crucible and 0.25 in. into the bottom wall thickness. The 0.25 in. should be measured from the
bottom of the crucible; that is, from the surface that contacts the upper end cap. Because of the
crucible’s uniform cylindrical geometry, it is not possible to define a REFERENCE CORNER.
Accordingly, care should be taken during the assembly process to ensure these two thermocouples
are properly aligned.

An additional concern is the actual installation of the thermocouples: specifically, the
diameter of the holes that are drilled in the assembly components to accommodate the
thermocouples. 1 have noticed that the diameter of the holes in the existing bookmold section
is very much larger than the diameter of the thermocouple junction. Unless the leads are
somehow mechanically secured (brazing or cementing is not recommended for this application),
the junction will almost certainly move away from the end of the hole during a casting
experiment. This, in turn, will introduce considerable uncertainty in the temperature
measurements. The hole diameter should be approximately equal to the diameter of the
insulating sheath on the thermocouple leads. This should permit friction to hold the junction in
place.

A precise physical model will be required for the second-phase model as well as very
accurate calculations for enclosure radiation heat transfer, liquid uranium natural convection heat
transfer, thermal contact resistances, internal heat generation, and interfacial gap conductance.
Considerable effort will be required to develop and execute these numerical capabilities.

The PATRAN family of integrated software will be the primary numerical tool used to
construct and execute the second-phase physical model and calculate radiation heat transfer
configuration factors. The PATRAN Plus module will be used to construct a 3-D, quarter
symmetric finite-element mesh of the casting assembly. The P/VIEWFACTOR module will be
used to calculate configuration factors for the crucible/crucible top, bookmold/upper end cap, and
bookmold/Al,Q; shield radiation heat transfer enclosures. The PF/THERMAL module will utilize
the mesh and configuration factors to conduct the thermal analysis. These codes are currently
available within Energy Systems and are among the most sophisticated commercially available
programs for mesh generation and thermal analysis.




The effects of natural convection heat
transfer within the crucible and bookmold
buoyancy induced flow enclosures will be
included via the technique used to iterate
between the PATRAN and FLOW-3D codes.
The FLOW-3D code will be used to study
fluid motion and carbide transport, and
inherent limitations in both PATRAN and
FLOW-3D make it necessary to iterate
between them to define a complete thermal-
hydraulic solution. The iteration sequence
that will be used is based on having each code
supply boundary and initial conditions for its
counterpart. To fix ideas consider the
simplified steady-state buoyancy-driven flow
system shown in Fig. 70. It consists of a
vertical flat plate in an infinite, quiescent fluid
at a constant temperature T,. The plate is
heated from the exterior surface and is
assumed to have a constant temperature.
Velocity and thermal boundary layers develop
along the height of the plate. Fluid velocities
and temperature within the boundary layer, as
well as the thickness of the layers, are a func-
tion of X and Y. At the edge of the
boundary layer the fluid has a zero velocity
and a temperature equal to ambient.
Furthermore, the temperature of the interior
wall (i.e., facing the uranium) is controlled by
this flow system. However, the comparable
system for an enclosure is considerably more
complicated. The wall has a varying tempera-
ture along its height and the fluid cutside the
boundary layer is stratified; it has tem-
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Fig. 70. Simplified buoyancy-driven flow
system showing velocity and thermal boundary
layers.

peratures greater than ambient and non-zero velocities. Also, as previously explained, each wall
comprising the enclosure has similar systems and they all interfere with each other. Now, FLOW-
3D can calculate the stratified conditions at all locations within the enclosure but cannot calculate
the complicated heat fluxes at the exterior surface of the enclosure. PATRAN can easily
calculate conditions at the exterior wall given temperatures at the interior wall but cannot model
the stratified conditions within the liquid uranium. Accordingly, the iteration sequence is

conceptualized as follows.

1. The PATRAN physical model will initially include a simple phase-change uranium region
within the bookmold and Egs. (5) and (6) will be used to calculate a value for the heat
transfer coefficient at the interior wall. A solidification analysis will then be run that will
produce transient temperatures at a mid-plane in each of the bookmold walls.



2. FLOW-3D will use this information as boundary conditions for a fluids analysis that will
calculate temperatures at the bookmold imerior surfaces as a function of the buoyancy-
induced flow system described above.

3. The phase-change region will be removed from the PATRAN model and replaced with
a specified temperature boundary condition defined from the FLOW-3D results. The
solidification analysis will then be repeated and the resulting mid-plane wall temperatures
again supplied to FLOW-3D.

4. These temperature iterations will continue until differences between successive values
have become acceptably small. At this point a complete thermal-hydraulic solution will
have been defined.

Thermal contact resistances between assembly components will be calculated using the
following engineering correlation:?

BC

K tan™! (1_9) \JEO—'—(;—)— 10 (20)

U=10+

The conductance number, U, is defined as

where

d = effective gap thickness between surfaces and can be approximated using:
0 = 356 (¢ + ¢, for (£, + €,) < Tum
d = 046 (£, +¢,) for (6 + €,) > Tum
k; = effective thermal conductivity of the fluid in the void spaces of the contact joint.

The effective conductivity for a liquid is simply its thermal conductivity. When the fluid is a gas
transparent to thermal radiation, k; is defined as
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For our problem, where contact occurs in a vacuum, energy exchange across voids occurs only
by radiation heat transfer. Thus, Eq. (22) reduces to
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The constriction number of a contact joint, C, is defined as
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c- P (24)

M

The conductivity number of a contact joint, K, is the ratio of the effective fluid conductivity to
the harmonic mean of the material conductivities and is defined as

kl +k2 . (25)
2k, k,

K =k,

The gap number of a contact joint, B, is defined as the ratio of the effective void thickness to the
radius of the contact element and can be approximated using

0.137

B = 0335CY, where W = 0315 @ (26)

There are three noteworthy considerations associated with incorporating Eq. (20) into the
second-phase model: a solution procedure, defining surface roughness and hardness, and
estimating contact pressures within the casting assembly as well as between the crucible wall and
the ALO, insulating shield.

1. Equation (20) is transcendental and, therefore, requires an iterative solution procedure.
Furthermore, temperature-dependent values for hardness and thermal conductivity as well
as position dependent contact pressures are required. Because it would be inefficient to
perform these calculations at run-time, a stand-alone FORTRAN program will be written
to solve Eq. (20) as a function of temperature for each desired location (i.e., Z position)
in the casting assembly. The resulting discrete data will then be input to the
P/THERMAL model.

2. Surface roughness and Meyer hardness measurements for each assembly component are
required. To my knowledge these data are not currently available and should be defined
as soon as possible for the following locations:

a. the underside of the crucible and its exterior wall;

b. those portions of the upper end cap that contact the crucible and the bookmold;
c. those portions of the bookmold that contact the upper and lower end caps;

d. the firebrick; and

e. the AL, O, insulating shield.

The actual casting assembly and firebrick should be used for the measurements, and those
surfaces normally coated with yttrium-oxide should have a fresh application. Also, some
estimate of the change in hardness with temperature should be made, a direct
measurement if possible or a generic relationship from the literature.

3. Defining contact pressures has the potential to be quite complicated. As a first
approximation for joints with a horizontal orientation, the weights of the individual
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components above a joint can be used to estimate pressure. Thus, accurate weights of
each component will be required. For those bookmold-end cap joints with a vertical
orientation, a direct measurement of forces will be required. One possible procedure is
to secure the upper end cap to a fixture, seat the bookmold, and then apply a force to
the bookmold (either extra weights or a measured downward pull) until it unseats. The
combined weights of the bookmold and the additional force could then be used to
estimate the contact pressure. All of these values, however, could be significantly altered
by thermal distortion of the casting assembly at the high temperatures encountered during
a casting experiment. This effect must be defined if only qualitatively. Accordingly, the
ADINA stress analysis computer program will be used to calculate the deformations.
Thus, accurate dimensions for each assembly component will also be required. ADINA
is currently in use within Energy Systems, can utilize a PATRAN mesh, and there are
experienced personnel within the Technical Applications Engineering Department to help
expedite the calculations.

The effective conductance between the crucible wall and insulating shield will also be
approximated using Eq. (20). The ADINA code will be used to estimate the thermal
growth (and therefore contact pressure) for the two components.

Internal heat generation will also have to be calculated independently of the second-phase
mode] and then input as discrete data. Because of the complicated casting assembly-induction
heater geometry, it will be necessary to solve the electromagnetic field governing equations (i.e.,
Maxwell’s equations) directly. The Computing and Telecommunication Division does not have
the necessary computer program to make this calculation, but the capability will soon exist within
Energy Systems. Engineering Division is in the process of acquiring the EMAS code from the
MacNeal-Schwendler Corporation. EMAS is a general analysis program for calculating
electromagnetic fields in three dimensions using a finite-element solution procedure. This code
should be more than adequate for our needs. One advantage of EMAS is that it can utilize a
PATRAN mesh, thus reducing the total amount of time needed to construct and execute a case.
We have spoken with the individual responsible for acquiring EMAS, and he has agreed to allow
us access to the code. A great deal of properties and experimental data will be required to
execute EMAS, and, except for heating coil current, the information should be readily available.

Defining a value for the interfacial conductance between the solidified uranium and
bookmold could also require a considerable numerical effort. The literature®** indicates that
the mechanisms controlling the formation, growth, and thermal conductance of a gap are quite
involved. :

1. A vertical* gap will develop only after a sufficiently thick solid skin has formed around
the melt permitting it to shrink away from the mold wall, which is simultaneously
expanding because of its sudden exposure to the hot liquid metal.

2. The transient gap size will vary as a function of the coefficients of expansion of the metal
and mold and will eventually shrink to (essentially) zero as they cool.
3. Typically the gap is too small for natural convection heat transfer and too large for

contact resistance effects (i.e, those fluid-solid interactions represented by

* It is assumed that heat transfer between the bottom of the solidified melt and the mold
can be calculated using Eq. (20).
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accommodation coefficients). Thus, energy transfer across a gap will be by conduction
through any gas that might be present and radiation heat transfer.

It is not clear if this entire sequence applies to our problem. Specifically, during the time it takes
the uranium to completely solidify (which is our current focus), is the differential expansion such
that radiation heat transfer is the only mechanism or do contact resistance effects become
significant? This question can only be accurately answered experimentally and/or numerically, and
it is not clear at this time if such an effort is warranted. Accordingly, vertical gap conductances
will be calculated in the second-phase model assuming only radiation heat transfer. As a part of
the model verification process, we will examine the model’s sensitivity to changes in this value and
then make a determination as how to proceed. If an extremely accurate value is required to
achieve meaningful thermocouple agreement, it is likely that a series of minor solidification
experiments and/or numerical studies using ADINA will be necessary. In any event, the
implementation of the conductance mechanism within the model will also be modified. Recall
that in the first-phase study the value was applied to individual nodes once the uranium at that
location had solidified. In the second-phase model the conductance will only be applied after ail
of the uranium has solidified. Given the highly directional solidification in the current casting
assembly, it is unlikely that a skin will form befcre the melt has completely solidified.
Furthermore, it will be assumed that once the gap forms, its behavior for the remainder of the
analysis is such that only radiation heat transfer occurs. It should be understood that if the scope
of the analyses changes to include very long times, a numerical study of differential metal-mold
expansion using ADINA might be required.

An additional category of information required to support the second-phase studies is
experimental casting data. At least one consistent set of data, including direct measurements of
heating coil current and cooling water temperature rise, will be needed during the model
construction phase. As we have previously discussed, the current test procedure will have to be
slightly modified to ensure that consistent thermal data are taken.

As can be seen, a great deal of data collection and preprocessing of input data will be
required to conduct the second-phase thermal studies. This includes, but is not necessarily limited
to,

1. modifying the vacuum-caster’s instrumentation and conducting at least one casting
experiment;

2. measuring surface roughness, Meyer hardness, and contact pressures of casting assembly
components;

3. preparing input and executing EMAS as well as reading results into the P/THERMAL
input file;

4. constructing a FORTRAN program to calculate contact resistances as a function of

measured contact pressure data and temperature dependent material preperties, and then
reading results into the P/THERMAL input file;

5. calculating radiation heat transfer configuration factors using P/VIEWFACTOR and
reading results into the PA/THERMAL input file;
6. preparing input and executing ADINA as well as reading the results into the contact

resistance program; and

7. constructing a FORTRAN program to read FLOW-3D results into the P/THERMAL
input file.
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Now, completing these tasks before developing the P/THERMAL model will almost certainly
cause the July target for the first PP”THERMAL - FLOW-3D iteration to slip. To prevent this,
I propose to combine the construction and verification phases into discrete steps which have been
designed to demonstrate the feasibility of a P”THERMAL - FLOW-3D iteration by the end of

July.

Once this has been accomplished, the remainder of the numerical/informational

infrastructure required to support routine transport studies will then be developed. These steps
are summarized below.

1.

The efforts to construct the P’/THERMAL model, conduct a casting experiment, measure
surface characteristics and contact pressures, and define weights and dimensions of
assembly components will begin immediately.

Steady-state and transient P/THERMAL models will be constructed. The models will
contain uranium regions in the crucible and bookmold and will have the following
macroscopic features.

a. Natural convection heat transfer within the liquid uranium will be approximated with
the same technique as was used for the first-phase study.

b. Enclosure radiation heat transfer will be accurately calculated using configuration
factors from P/VIEWFACTOR.

c. Temperature-dependent contact resistances will be specified for each contact joint
using predefined discrete data. Rather than run the ADINA code at this point, values
will be approximated using Eq. (20), the measured surface characteristic, and contact
pressure data. Specifically, the combined weights of assembly components will be used
for horizontal joints and the measured forces will be used for vertical joints. As
explained, a stand-alone FORTRAN program will have to be written to solve Eq. (20).

d. Constant (i.e., not a function of time) internal heat generation rates for each affected
node will be approximated with the same basic technique as was utilized for the first-
phase study. The EMAS code will not be run at this point.

e. Interfacial gap conductance will be accurately calculated as described above (i.e.,
radiation heat transfer between neighbor nodes once the entire melt has solidified).

f. The conductance between the crucible wall and the Al,O; insulating shield will be
approximated assuming only radiation heat transfer.

g. A specified heat flux boundary condition will be defined for that portion of the
insulating shield normally covered by the heating coils. The value will be approximated
assuming a 2°C temperature rise in the cooling water.

These simplified models will be verified and a nominal transient response defined.
FORTRAN programs will then be written to read selected FLOW-3D output
temperatures into P/THERMAL and write selected P/THERMAL temperatures to a data
file for use by FLOW-3D. The uranium regions will then be removed from the
P/THERMAL models and replaced with specified temperature boundary conditions and
one complete P/THERMAL/FLOW-3D iteration will be completed. These tasks will be
completed by the end of July 1992.

T > EMAS code will be executed to define accurate values for internal heat generation.
The data will be read into P/THERMAL, replacing the simplified values.

The ADINA code will be run to define the contact pressure between the crucible wall
and insulating shield as well as examine the effect of thermal growth on the contact
resistances between assembly components.
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6. Experimental data will be used to redefine the specified heat flux boundary condition on
the insulating shield.

7. P/THERMAL - FLOW-3D will then be rerun and the results compared to experimental
thermocouple data. An abbreviated sensitivity study will also be conducted to establish
macroscopic accuracy limits for P/THERMAL.  This will be accomplished by
characterizing thermocouple agreement for nominal changes in certain prominent
variables. The specific variables are those used to calculate macroscopic mechanisms (e.g.,
radiation heat transfer) but which have a natural variability (i.e., uncertainty) associated
with their typical values. These include, but are not limited to, surface emissivity, material
roughness and hardness, and electrical resistivity. One last caveat: the intent of the study
is to quantify accuracy and not identify a single variable that could be used to calibrate
the model. However, should it become apparent that such a dominant variable exists and
the value needed to force agreement is physically real, some small amount of additional
analyses might be required to formalize the calibration effort.

At this point, all of the properties data and numerical tools needed to support the second-
phase thermal studies will be available, and carbide transport studies will begin. It should be
understood that the combined thermal, hydraulic, and metallurgical problem is extremely complex.
As such, it is unrealistic at this time to attempt to define a detailed action plan. This constraint
results from the nature of the problem. For any development effort that seeks to define cause
and effect for an actual engineering system, it is typically not possible to predefine the exact
sequence of steps that will be taken. At any point in time the focus of current activities, as well
as the perception of what is a potentially productive future activity, are functions of the current
level of technical understanding. As cause and effect become better defined and understanding
matures, the execution sequence must change to accommodate the new knowledge. Within this
environment the most efficient procedure is to have a well-defined goal and a reasonable starting
point. This is the approach that will be taken. The macroscopic goal of the second-phase studies
is to understand transport physics to the degree required to specify those casting assembly design
and/or casting procedure changes needed to force the carbide contaminants to migrate and
remain at the top of the billet. These specifications will be the major deliverable of the second-
phase studies. The near-term modeling tasks have been designed to accurately quantify
fundamental carbide transport mechanisms within the current casting assembly during a complete
casting sequence. Specifically, they will confirm the assumption that pouring completely mixes
the carbide contaminants, define the effect of pouring on initial temperature distribution within
the casting assembly, and characterize carbide transport in the crucible during steady state and
in the bookmold during solidification. Once these results are clearly understood, a second set of
analyses will be defined and executed which will ultimately produce the design and/or process
modifications.

As it concerns the combined P/THERMAL - FLOW-3D studies, there is one final
category of information that will have to be defined. To accurately characterize carbide transport
it will be necessary to understand solidus-liquidus effects on carbide formation and transport. The
most useful tool for defining these effects appears to be a U-C-Hf phase diagram. Thus, it will
also be necessary to generate this information as a part of the second-phase studies.



ACKNOWLEDGMENTS

The authors are pleased to acknowledge the contributions of A. 1. Rose for word
processing, C. H. Shappert for technical editing, and R. S. Wallace for computer graphics. The
efforts of W. C. Pullen and C. A. Henderson in preparing and conducting the casting experiments
are also greatly appreciated. We would also like to thank J. E. Park for his participation in
defining the Computational Fluid Dynamics - Heat Conduction iterative solution procedure
required for future numerical studies. The peer reviewers for this report were P. T. Williams, K.
W. Childs, and M. Olszewski. The authors are grateful for their constructive comments and
suggestions.

97



10.

11.

12.

13.

14.

15.

REFERENCES

G. Mackiewicz-Ludtka, W. C. Pullen, C. A. Henderson, W. Chu, and M. W. Wendel,
Carbon Reduction in Uranium Alloys Utilizing Hafnium Additions, YDV-980, Martin
Marietta Energy Systems, Inc., Oak Ridge Y-12 Plant, August 1990.

K. W. Childs, HEATING 7.1 Users Manual, K/CSD/TM-96, Martin Marietta Energy
Systems, Inc., Oak Ridge K-25 Site, July 1991.

W. Chu and M. W. Wendel, Oak Ridge K-25 Site, letter to G. Mackiewicz-Ludtka,

Summary of UNb Solidification Model Results, Oak Ridge Y-12 Plant, December 15,
1989.

M. W. Wendel, Oak Ridge K-25 Site, letter to G. Mackiewicz-Ludtka, Update of Uranium
Alloy Solidification-in-a-book-mold Analysis, Oak Ridge Y-12 Plant, May 31, 1990.

Handbook of Tables for Applied Engineering Science, Table 1-113, p. 180.

Y. S. Touloukian, R. W. Powell, Y. C. Ho, and P. G. Klemens, Thermophysical Properties
of Matter, Vol. 1, Thermal Conductivity Metallic Element and Alloys, IFI/Plenum, New
York, 1970.

Y. S. Touloukian, R. W. Powell, Y. C. Ho, and P. G. Klemens, Thermophysical Properties
of Matter, Vol. 2, Thermal Conductivity Non-Metallic Solids, IF1/Plenum, New York, 1970.

Y. S. Touloukian and E. H. Buyco, Thermophysical Properties of Matter, Vol. 4, Specific
Heat Metallic Elements and Alloys, IF1/Plenum, New York, 1970.

Y. S. Touloukian and E. H. Buyco, Thermophysical Properties of Matter, Vol. 5, Specific
Heat Non-Metallic Solids, IFI/Plenum, New York, 1970.

J. P. Holman, Heat Transfer, Fifth Edition, McGraw-Hill, New York, 1981.

G. H. Llewellyn, G. A. Aramayo, M. Siman-Tov, K. W. Childs, and G. M. Ludtka,
Computer Simulation of Immersion Quenching of Uranium — 0.75 wt Titanium Alloy
Cylinders, Y-2355, Martin Marietta Energy Systems, Inc., Oak Ridge Y-12 Plant, June
1986. '

R. N. Mulford and R. 1. Sheldon, "Density and Heat Capacity of Liquid Uranium at High
Temperatures," J. Nucl. Mater., 154, 268—275 (1988).

C. T. Ewing, B. E. Walker, J. A. Grand, and R. R. Miller, "Thermal Conductivity of
Metals," Chem. Eng. Progr. Symp. Ser., 20, (53) 19—~24, (1957).

Metals Reference Handbook, fifth ed., Butterworths, 1976.
D. Ofte, "The Viscosities of Liquid Uranium, Gold, and Lead, J. Nucl. Mater. 22, 2832
(1967).

98




16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.

27.

29.

99

REFERENCES (contizued)

A F. Grens and A. P. Levitt, "The Spectral Emissivity and Total Normal Emissivity of
Commercial Graphites at Elevated Temperatures," Proceedings of the 5th Annual
Conference on Carbon, Vol. 2, pp. 639—646, 1963.

P. Moore, unpublished communication to P. T. Williams, Emissivity of Liquid Uranium,
Oak Ridge Y-12 Plant, February 16, 1983.

Y. S. Touloukian and D. P. DeWitt, Thermophysical Properties of Matter, Vol. 7, Thermal
Radiative Properties Metallic Elements and Alloys, IF1/Plenum, New York, 1972.

Y. S. Touloukian and D. P. DeWitt, Thermophysical Properties of Matter, Vol. 8, Thermal
Radiative Properties Non-Metallic Solids, 1F1/Plenum, New York, 1972.

A. D. Rollett and H. D. Lewis, "Casting Simulation in Vacuum Induction Melting," Trans.
Am. Foundrymen’s Society, 94, 349-372 (1986).

K. J. Jackson, Vacuum-Induction Melting, :"~;:ning, and Casting of Uranium and its Alloys,
RFP-4186 UC-704 MATERIALS DOE/C5711-+500 (Interim 3), Rockwell International,
Aerospace Operations, Rocky Flats Plant, Goiden, Col., October 1989.

J. D. Lavers and P. P. Biringer, "An Improved Method of Calculating the Power
Generated in an Inductively Heated Load," Conference Record of 1971 Tenth Biennial
IEEE Conference on Electric Process Heating in Industry, pp. 44—50, April 1971.

N. W. McLachlan, Bessel Functions for Engineers, 2nd Edition, Clarendon Press, Oxford,
1955.

E. May, Industrial High Frequency Electric Power, John Wiley and Sons, New York, 1950.
R. P. Tye, ed. Thermal Conductivity, Volume 2, Academic Press, New York, 1969.

P. Hunley, Oak Ridge Y-12 Plant, personal communications to M. J. Taylor, Oak Ridge
K-25 Site, 1991.

G. Mackiewicz-Ludtka and M. J. Taylor, Utilizing Analytic Modeling to Optimize Carbon
Reductior During Casting of Uranium, Y/DV-1108, Martin Marietta Energy Systems, Inc.,
Oak Ridge Y-12 Plant, September 1991.

M. J. Taylor, Cak Ridge K-25 Site, letter to G. M. Ludtka, Proposed Thermocouple
Locations for the U-Nb Bookmold Assembly, Oak Ridge Y-12 Plant, October 19, 1990.

T. N. Vezirogula, "Correlation of Thermal Contact Conductance Experimental Results,”
Prog. Astron. Aero, 20, Academic Press, New York (1967).

L T T



30.

31

100

REFERENCES (continued)

B. P. Winter et al., "Volumetric Shrinkage and Gap Formation During Solidification of
Copper-Base Alloys," Trans. Am. Foundrymen’s Socier 91, 81-—88 (1983).

C. Y. Ho and R. D. Pehlke, "Transient Methods for Determiniation of Metal-Mold
Interfacial Heat Transfer." Trans. Am. Foundrymen’s Society, 91, 689—698 (1983).



APPENDIX A

PROGRAM LISTINGS:

HEATING 7.1 BASE-CASE STEADY-STATE AND TRANSIENT
INPUT FILES AND USER-SUPPLIED SUBROUTINES



102

-oq1y ndur 9eis-Apears ONLLVIH 9sed-aseq jo Junsr] "1V 81

89ti°0 8901°0 0S00°0- 0SS0'0- 89¥1°'0 89010 922 160'0 00000 €560°0 96€90°0 84200 06900 |} £
0 0 4 0 0 0 09 0 0 Q 0 0 0 i 2
8901°0 00000 05000~ 0SS0°0- 89¢1L°0 89010 9 12 yiP0'0 86100 1E€L20 €422°0 05900 00000 | 9
4 0 14 0 0 0 09 0 0 0 Q 0 0 L e
06520 8922°C 0S00°0- 0SE0°0- 8901°0 00000 9 02 P00 86100 €422'0 9061'0 0S90°0 SE9000 L S
0 0 v 0 0 0 09 0 0 V] (o} 0 0 1 2
8922'0 89P1'0 0600°'0- 0660'0- 89040 00000 961 Y1H0’'0 86100 906810 00210 QS90°0 SE9000 |
0 0 14 0 0 0 09 24 0 0 0 0 0 L 2
80b1'0 89010 0S00°0- 0SSO0~ 89010 00000 9 81 10’0 8610°0 0021°0 £660°0 0S90°0 SE€9000 | €
o0 0 0 0 V] 09 0 0 0 o] 0 0 (94
82.0'0 0000°0 0S00°0- 0SSO0~ 82200 00000 94} Y100 86100 £560°0 9€90°0 05900 GE9C00 L 2
, jopow oy} ut, 0 0 8t G a 0 I 2
800U JO JOQUINU |10} 8Y} BoNpes o) se os Bujoeds epou, 86100 0000°0 9€90°0 SPPO0 0S9C Y 00000 | 4
Builisa mojje 0} suoiBes ejdiynwu/ucielnsul youqeit, plowyooq,
o 0 o0 # 0 0 L2 suojBey

84L0°0 ¥9¥0'0 18220 €422'0 84£0'0 00000 B89t
0 0 0 62 0 0 I ¢ 0000 ¢
1 0°0 © 00002

8610'0 0000°0 9Z1€0 18420 05900 00000 8 Gi
deo puse Jeddn,

s o e 0 gz O L e

8200 Y9¥0'0 €56Q0'0 0000’0 84L0°C 00000 8 bi
0 0 0 0 2 0 (A

#9P0’'0 00000 S6£0°0 00000 82/0°0 00000 8 €l
deo pue oMo},

0 0 0 0 0 0 00

8b10°'0 00000 1842°0 1892'0 0090°0 00000 02l
seBieyo ezis,

ueleyip 10j eBusyd jiim suoisuelulp esey} g (do} 1oy pio),
des pue do} % wnjusin pijos/oinby usemieq deb,

0 0 0 0 0 0 o1

8¥10°0 00000 1892°0 9890'0 COS0'0 00C0C ¢ ti
‘seBreyo ozjs Jusioyip,

10} eaBusyd |Im suoisueLWIp 8sey} )@ wnjuein pllos/pinbi,
0 0 0 0 0 0 1 2

$i¥0°0 00000 €220 €££22°0 8LL0°0 05900 4Ot
-0 0 4] o} 0 0 3

#Lr0°0 00000 €220 9061°0 84400 05900 #
0 0 (¥ 0 0 0 }

¥1+0'0 0000°0- 9064'0 00240 8££40°0 05900 |
0 Q o 0 %2 0 s

NONON

’Cﬁ"l.ﬂdCGIdi.ICCﬁ'CC"C‘I"'CICCKCiCI'CCC'C.CCCCC'CCC'C(CCCCCCC'CC'CGCC

yBep-2w/m go-e£9's = Zjoqjjels B

2ufsuw = AJISOOSIA )

cw/m = uopsleust Jeey psuseul ‘e

¥-By/l = uoisnj pue uojBIOjSUBIY JO SlBEY P
cw/By = Ausuap "2

¥-Bx/l = yeey opjosds 'q

¥-w/m = APARONPUOD [BWIGY) B

;919 spun seipedoid
‘o pue 'By ‘w ‘[ 'm e1e spun wejqoid diseq jsow

‘we|qoid ey; jo

uonuod uswenoidwifAoeinooe ey} o} Jjoud seipns AjlAsues Jo jes
PU0o8E By} }9NPUo o} 81 esodind sl “suoljBISHIOM U} uo Aiopdeilp
esuG/oJy Oy} U} POIOIS Si PUB LUp'ss /Yy, S| eweu o)y ‘we|qoid
sishjeue [ewiey} pjounooq g’} seqipn| 1186 10} 51 ojy Buneey siy

¥ & €« 4 X £ & & & & € € & & &

%

FENRRPUNSPIESSPPSSUN NSNS I SNUS S S S YU UF SIS USSP S U BB RR PR CUFERIRBRN NSRS

Ji)=s.9qgsdoid/sdeb + woeB ejejduios/erers Apeeys/pe/qoid oy s,|wb
0062 =19dX8W 005 =doXew 0009 =sidxew
suojdo

[ R



103

‘(psnunuoo) 91y ndut Bﬁm.%moa OZEENE oses-oseq Jo Sunsry IV 91

R mwv_.o 8901°0 06610~ 0852°0 0S62°0° 89220929
R 0 ..o 0 .cv.z,v mo 109
R woo_.c ooooo ommwo.ommwou ommwo woNNO 919

.0 0. .0 0 0 09

Ommwo wwNNo omm_,onomqu wwNNo 89¥1°0 909
0000 .0 0. 09

awNNo 89v1'0 0SS1°0- 05520 89220 8940 9 65
0 0 0 .0 0 0. 09

8avl'0 m@opo ommwo.ommmo. woNNo 89¥L0 98
o000 0 -0 0 0 09

mwo—o ooooo omm—o.ommmo. 8922°0 89¥1'0 9 /49

B 0 0 0 0 .:0 ow

RN m_,xcmm«o 89220 05510~ 05520 89¥1'0 89010 995

A0 52000050 0 -0 .09

umwwmo ooﬁo 08510~ 08520~ 8_:0 89040 968

000 000 09
mwv—c 89010 omm—o.ommwo. movpo 89010 9 ¢S
o 0 0.0 .0 0 0.9
wmo_.o ooooo 0SS 10" 0852'0° 89v1°0 89010 9 €S
v .o, -0 .0 -0 0. 09
ommNo 89220 0S51°0- 05520 mwo»o ‘00000 92§
0 .0 -0 .0 .o... 0 09
wwNNo wmv—o 10851°0- 0662'0-. 89040 ooooo 991G
0 0 0 0 0 ov 09
mov—o 89010 0SS1'0- 0S62°0--8901°0. ooooo 908
0 0 0 0. 0. ..06 009

”mmo_.o 00000 omm—?ommmo. mwopo 0000°0 9 6V

S SRR o,ovv.o o9

B .ommmo 99220 0950°0- 05510~ 0620 89220 9 8

0 0 0 0 ¥ 0 069
90220 90b1'0 0SSO0~ 0SSH'0- 0SSZ'0 89220 9 Lb
o 0o o0 0 ¥ o0 o069
89%1°0 8901°0 0SS0'0- 0SS1°0-- 0SS0 89220 9 9
0 06 0 0 ¥ 0 009

N woopo ooooo 0550°0- 05S1°0- 0SS2'0 m@NNo 9 &b

¥y 0 O 0. 0 ¢ 09
owmwo mommo 0550'0- 0S5 14'0-. §922°0 ' 89¥1'0 9 ¥
0 .0 0. 0 0 0. .09
woNNQ 89¥1°0 06S0°0- 0661°0- mwNNo 8910 9 €
0 0 0 o 0 0 .09

‘g9r1'0'8901'0 ommoQ.omme. 8922°0 89¥10 92

: o 050 0 ) 0 oS

@.owo-o ooooo ommoo.omn_.o. 89220 89¥1°0 9 ib

y. 0.0 0 0 0 09
0852'0 89220 0SS0'0- 0SS0~ 8940 89010 9 OF
0 0 0 o 0 0 039

-8922°'C_89¥1°0 0SS0'0-06S1°0- .89¥1'0 890L'0 9 6€

o o0 o0 0 0o 0 09
891'0 8901°0 0SS0°0-0651°0- '89¥1'0 89010 98¢
0 o .0 0 0 0 09
8901°0 0000°0 0S50°0- 08G1'0- 89PE'0 89010 9 LE
b 0 0 0. 0 0 09
05620 89220 ommoc.ommpo, 89010 00000 9 S€
o o0 0 .0 0 0 09
8922'0 89v1'0 ommoo,omqu 8901°0 00000 9 S
o 0 o0 0 0 09
89p1'0 89010 0SSO0~ 0S51'0- 8904'0 00000 9 e
0 o0 0 0 0 09
89010 00000 0SS0°0--0SG1°0- 890L°0 00000 9 €€
14 0 ¢ 0 ¥ 0 09
06S2'0 89220 0S00°0- 0SS0°0- 0SS2'0 89220 9 2€
0 0 0 ¥ 0 09
8922°0 8910 0S00°0- 05S0°G- 0SS2'0 89220 9 i€
] 0 v o] R4 v} 09
89r1°0 89010 0S00°0- 0SG0°C- 0SSC0 89220 9 0€
0 o ¥ 0 b 0 09
8901°0 00000 0S000~ 0SSO0~ 0SS2'0 89220 962
yp 0 ¥ 0 o 0 09
06520 89220 omooo.ommoo. 8922'0 891’0 982
0 0o ¥ 0 o} (0} 09
8922'0 89Y¥1'0 0G00'0- 08S0'0- 89220 89Y10 9 /22
0 o} 4 0 0 0 09
89¢1°0 89040 0S00°C- 05500 89220 89¥1'0 992
o o v o0 o0 O0 09
89010 00000 0S00°0- 0SS0°0- 89220 89YL'0 962
v 0 b 0 0 0 09
0652'0 8922'0 0S00'0- 0SS0°'0- 8910 89010 92
0 ) y 0 0 0 09
§922°0 89¥1°0 0S00°0- 06S0°0- 89%L°0 8901°0 9 £2
0 o ¢ 0 0 0 09




104

‘(ponunuos) apiy indur o1e1s-Apeals ONLLYIH 2ses-aseq Jo Junsi] v 814

Ge € 0 0 0 (o] 00

€60°'0 £260'0 002v'0 0S8L°0 0€260°0 00000 O +6
8)}09 Jejeay g pieiys ueamieq sded,

0 0 V] 0 e 3> 00

082200 00000 E£0VEF'0 08YE'0 08280°0 8//00 0€6
134 i€ O 0 V] (o} 00

08280°0 82200 £0YEX'0 08bE°0 08200 00000 026
pleiys w pjownooty ueemieq sdeb,

oc o e 0 o O ov

€260'0 000000 OGHP'O 00SH'0 0£260°0 08280°0 b L6
o 0 e 0 0 0 0¢

£260°0 08280°0 OSvY'G 002H'0 082800 000000 ¥ 06
pis{ys goge jo uoibei seddn,

0 0 0 0 (o] 0 o

€260'0 - 00000°0  002P'0 0S840 0€260°0 082800 ¥ 68
0 0 0 0 0 0 0¢

£260°0 . 08280°0 C02v'0 0S840 08280°0 000000 ¥ 88
s|t0d 1eyeey o} Jueselpe piejus gozie jo uojbes,

oe 0 0 oe 0O 0 o

€260°'0 000000 0S8L°0 0024’0 0£2600 082800 ¥ .8
ce (4] 0 ot 0 0 o€

€260°0 082800 058L°0 0021°0 082800 000000 v 98
Plelys gogje jo uoibsi jemof,

0 0 St 1) 0 0 00

22890°0 00000 £06EY'0 €OPEP'0 8400 £2890°0 O S8
0 0 (+]3 St 0 0 00

8£0°0 /2890°C €06EV'0 £0vEY'0 8400 000000 C 8
doy ejqionio g ejqIono usemjeq sdefl,

0 (o] rd 0 0 0 02

22890°0 0000°0 £S8vP'0 £06EY'0 £2890°0 000CO ¥ €8
{gogpe woly epsw)do} e|qionio,

€l €l 0 0 0 0 00

242890°0 £2£90'0 €101¥'0 OESE'0 L2€90°0 000000 028
0 0 0 0 el €l 00

42€90'0 000000 €LOLY'0 OEGE'0 L2890°0 L2£900 G 18
0 0 62 62 0 0 co

42€90°0 000000 £06EY'0 £104¥°0 £2€90°0 000000 O 08
0 0 cl cl 0 0 00

226900 ULOO00'C OESE'Q NBYE'0 L2£90°0 OC0000 064
saBieyd oz1s Jeleyip Joy eBueyd,

1M 8sey} '@ ejqIonid - wniuein pinbij/pios ueemeq sdeb,
0 0 0 0 C 0 0t

12€90°0 00000 €10Lp'0 0ESE0 L2E€90°0 00000 € 8L
seBieyd 9218 Juslelip,

10} eBuByo |||m suoisUBWIP 8sey} PuB wWnjueIn pinby)/PIos,
0 0 0 o] 0 0 L 2

128090°0 0000°C €0VEY'0 08YE'0 82200 228900 | 4L
0 ] 0 0 0 0 (4

870'0 [2890°0 £0UVEY'Q 08YE'Q 8400 00000 1 9L
0 0 0 (o] 0 (4] 1 2

428900 000000 08PE0 922€°0 £LZB90'Q 00000 | SL
e|qIon9,

0 0 22 22 0 0 00

82400 00000 00000 SO000- 84200 00000 OEL
Rouqely g des pue jemo| ueemjeq deb,

sl 18 0 0 c (o] 00

+av0'0 ¥ivC0 1€L2°0 €422°0 8400 CO000 02L

(o] 0 [+74 (074 0 0 00

YLP0'0 00000 18420 LELS0 84L0°0 0S900 O ML

0 0 (04 0Z 0 0 00

10’0 8610°0 18.2°0 €420 05900 Q0000 0 0L
deo pus jeddn g pjowooq ueemeq sdeb,

0 0 0 0 0 0 00

810’0 0000°0 98900 9€90°0 0090'0 00000 O 69

0 4] 0 0 0 0 00

86100 8Y10'0 18920 9890°0 0090°0 00000 089

0 0 0 0 0 o 00

8ti0’0 00000 18920 9890°C 0S90°0 00900 0 /9
saBiayo o218 Jusiayip 10} eBUBYD jiim,

esay} p plounjooq - wniuesn piios/pinbij ueemieq sdeb,
Si Sl 0 0 0 0 00

v9v0'0 biv0'0 £660°0 SYPO'0 8200 00000 099

0 0 ¥4 ¥4 0 0 00

v1P0'0 00000 SPPO'0 S6€0°0 84.0'0 00000 0SS
plounjooq g des puse lemo] usemjeq sdeb,

14 0 0 0 14 0 09

06820 89220 OGS0 0SSS'0- 05620 83220 9 49

0 0 0 0 14 0 09

8922°0 8910 0GSL'0- 05620 0GS2'0 89220 9 €9

0 0 0 0 14 0 09




105

*(ponunuoo) 2. 39: ojeis-Apeals ONLLVHH 9sea-oseq Jo Sunsi7 1V 8y

~o. 0 0

onmwmoo wvvomoo wm«.NNo -g80022'0 Ommoooo”

0o 0 0 .0 0O

@vP0E0'0 £02820°0. YSYEZ'0 2YEZZ0 0SES000
L0 0t o0 0

£02820°0 ' 180220'0 ¥Sh22'0 9500220 0SE900'0

o 0 0. 0 0

8YYOS0'0 £02820'0 8411220 9500220 0SE900°0
0.0 "m0 0 0

0/G1£0°0 +80£20°0 19500220 §28.51°0 0SE€900°0
0 .0 o 0 0

0/S1£0°0 8PPOS0'0 S28/S1°0 98E€5)°0- 0S€£900°0
0 o 0.0 0

8YPOE0'0 £02820°0 .§282G1°0 SZ95+°0 0SES00°0
RS0 + BRS¢ B 0.0 o]

£02820°0 180/20'0 §28/51'0 9BEESHO. 0SE000

0 0 0 0 0
8YP0E0'0 €02820'0 16HSH°0 9BEESI'0 0GE900°0

o 0 [ 0 0
04S1€0°0 180/20°0 98EES}'0 S61160°0 0SE€900°0
0 0 0 -0 0

0/S}1E0°0 BYPOSO'0 5646600 129800 0SE9000

-0 o 0 K 0

8YYOE0'0 £02820°0 S6LI600 £0060°0 0SEI000

0 0 0 o o

£02820'0 180/20°0 S64160°0 129800 0SE900'0
9 -0 -0 0 O

8v¥0E0'0 €02820°0 828/80°0 1.980°0 0SE900°0
0 0 o0 0 0

0/S1€0°0 1802200 1/980°0 09E90°0 0SES00'0
.0 0 06 o0 o

180£20°0 086100 0ELZ2'0 09E90°0 0SEY000
o o 0 o0 o

pLPO'0 0LSIE0'0 0EL2Z'0 09061°0 0SES000
0o o o o o

pIv0'0 0LSLE00 090610 000210 0SE9000
L1 0.0 -0 0

y1v0’0 0SIE0°0 0002H0 0ES60°0 0SEI00'0
o o6 o0 0 0

YLY0'0 0LGIE0'0 OES60'0 09EI0'0 0SE900°0

0

00

0.
00
0

Q0
0
00

0
00
0
00
0
00
0
00

0
00
0
(]

o
00

0o
oo

0
00
0
oo

o
00
-0

00

0
00
0
00
o
00
0
00

02"

6 221

02
6 921
02
6 -2}
0¢
6 vel
12
1 €24
0c
6 &2}
02

6 12}

02
6 02t
02
6 611
=3
-1y
02

6 LI}

02
6 9ti
02
6 Git

02

6 bil
12
b et
12
121
12
Lot
(]
1 oLt
L2
1 60}
L2
1 80t

9,93 j0 Duljepow Jwied o} suoiBes plowy00q O} SUCHBOYIPOW
0 0 S S € ] e S

LS6860°0 00000 00200 0S8L°0 0S912L'0 C0ZH'0S LO}

€ S [ S 0 0 2 S

0591210 00210 002P'0 0S8L'0  £.60°0 00000 S 901
mo«u_u 1102 J81B8Y O J@8 PUOIAS IO} uojjejueseidel,

0 0 v 0 0 0 0 9

89040 000000'0 0S000- 0SSO0 008901°0 1568600 9 SOI
0 0 14 o .0 0 0 9

8901°0 1G6860'0 0S00°0- 06S0°0- 1S6860°0 0000000 9 vO!
| SUOINPUOD,

Arepunog jusisisuos ywied o} 21 # uoifies 0} suonealipow elow,

0 0 0 0 e ¢ 0 O
$1¥0'G 00000 €422°0 00210 08280°0 84400 O EO)

SUOIPUOD AIBPUNOY 1001102 Jiwied o) g6# uoiBes deB o} uopespow,

¢ ¢ 0 O 0 ©0 00

082800 vivO'0 €220 00240 8200 00 0201

des pue doj Jo WoRogy

pue pjoiys jo eBps Jamo| usemieq eoeds A Jeu} Ul PiBIYS By
plow)yooq ueamieq Jojsuel) Jesy uoneipe) «_EBQ 0} sdeb,

e o 0 [o] 92 (4] L 2

Y1600 00000 00210 £560'0 84200 05900 L IO

. PIoWN00q UO SUOHIPUOD,

Aiepunoq juesisuoo ywied o} g# uojBel 0y suonippe,

0 o] 14 [o] (4] (o] 0 9

166860°0 0000'0 0S00'0- 0SS0°0- 1668600 8,200 9 00}

0 0 14 0 0 0 09

166860°0 8220'0 0S000- 0SG0°0- 8200 Q0DOC 9 66

SUOIEPUOD,

aﬂﬁr_:OD Jeysisuod :F:OQ o) J1# CONQP_ 0} suonippe,
(o} [} 6L 61 0 0 00

8/20°0 0000°0 922€'0 ©L1€°0 8,200 00000 O 86
ajqionso g des pue seddn ueomeq deb,

S 0 ] S ] 0 2SS

1668600 0000°0 002Y'0 0S8L'0 1S6860°0 €4600 S L6
S [o] S S 4] 0 2 S

166860'0 €/60°0 002Y'0 0680 0€.60°0 00000 S 96
sojB|d 1100 1018aY jO 188 I51}} 10} UoBjUBSaIdel,

0 0 (o] 0 ce ge 00

£260°0 00000 002¢'0 0S8L°0 O€L60'0 €260'0 O S6




106

‘(panunuoo) op1 ndur Bﬁw-%mo: ONLLVHH 9seo-aseq Jo gunsr] 1y ‘814

poidde ‘do pus wy juepuedep dwel N AYSUIP WBISUCD T I£OZI8 =

L

. wihusn .

. pinby "

‘Ausuep pue wy juepuedep dwe} ing do JUeBISUOd ;paAojBUN = ¢

. ‘seinpiedwe} .

_pijos pug pinby .2 £on 10} peuyjep 22«580 oig «

do pue wy "seBBIGAR 68 OBE 10) POSN SONJBA Youn ¥
98" 1 Jo} | PUB YW 'Y} 10} {-'SON[BA OM} SBY . WINJUBIN .
o.«océ Ausuep - ‘Aysuep u:ado wy Ecvc&ov dwe; :pefojeun =g
'sdeo pue «nooxc suojBes Uogies jje 0} x

uo__n.au ‘do pue wy Eou:cucv dwej ing b_mcou JuUBISUCY :u0GIBD filg = .
L

s{el10)8L

0 02 0o 0 o0 o0
&mooo 0o £986H'0 EO6EV'0 8200 £2890°0 b IGL
0 0.2 06 0 002

mhhoo 12890°0 £S8VY'0 £06EY'0 8LL00 00 ¥ OSL
SuopIpuUOd,

Atepunog ejeinooe eiow jwiad o) £g# uoifies o} suoneayipoul,
0 0 0 0 0 0 1 e

nwwwoo 0'0 08YE'0 92260 8LL0°0 [2890°0 | 6l
0 0 0 0 0 0o 2

82200 £2890°0 omvmo 9228’0 84400 0°C | 8bl
SUOIIPUOD,

Aispunoq ejein998 aiow ywied o} GZ# uoiBel 0} SuoHBIYIPOW,
0 0 0 0 0 0 L2

86100 00 921€°0 18420 8420'0 085900 8 2G!

0 0 0 o] 0 o 12

wt.oo wo—oo 91€'0 1842'0 8400 00 8 Lbl
suonipuod,

Arepunoq e}81n298 810w Yuued 0} G# UojBel O} SUOREBIPOW
o] 0 0 ) ge 4] 12

viv0'C 00 9€90°0 SPPO'0 84400 05900 | Obi
0 6. O 0 0 [/

¥iy0'0 8610°0 9€90°0 SYY0'0 0S90°0 00 | Shi
suolIpuoo,

bun::oa 9jBINooe alow Jwied .0} {4 Uo|Bel O} SUORBINPOW
0 00 0 €€ €€ 00

8200 00 9LIE'0 18220 08280°0 81L0°00 bbi
SUOIIPUO,

?nu::on ejgingde eJow zE._oQ [+ %0;.28 mco_mm._ 0} suonEIYIPOW
ce 2€ 0 o o] 0 00

08280°0 82200 08VE'D 9Z1€°0 8400 00 O €1
0 0 0 0 ce ce oo

82200 00 08PE'0 9/1€0 082800 8400 G ebt

suolpuco Alepunoq,

818208 ool ywied o} £6.pue 26 suoiBes deB o) suopsapOL,
%4 €€ 0 0 0 0 OO0

08280°0 8.0°0 911€0 €220 84200 00 O ivl
SUONIPUOD,

Arepunogq ajeinsoe asow puiad o) ge# uoiBes deb o} suoneappow,
0 o o0 0 125 e 0O¢C
8//0°0 00 18420 €£.22'0 08280°C 81200 O ObI

SUOHIPUOD
Kispunogq eysinage aiow Ywied o} g6# uojbes deB oy suonedjjpow,
0 0 0 ] 113 bE 00

1668600 0'0 002¢'0 0S81°0 0021'0 1568600 O 6€l
43 9 0 0 0 o 00

0021°0 166860°0 002¥'0 0S81°0 €4600 00 O 8ti
sotejd je)) 1eddos usemieq suoifie: deB,

0 0’ 0 0 0 0 02

8YY0E0'0 €02820°0 2vES2'0 BLL122°0 0SE200°0 S2OLpCO0 6 LEI
0 0 o] 0 0 0 {3

8bP0E0'0 €02820°0 2¥e22'0 821122'0 G29.p00°0 S.8G1000 L SEi
0 0 0 0 0 0 02

SYP0E0'0 £02820°0 2¥E22'0 821122'0 S2851000 00 6 SEI

0 0 ¢ 0 0 0 02

8bb0E0'0 €02820°0 G29G1°0 ISYSHO OGE900'0 S29.¢00°0 6 vEL
0 (o} 0 0 0 0] i 2

8YPOE0'0 €02820°0 SL9G1°0 LGbSL'0 G29.v00°0 S485100°0 L €€l
0 0 0 0 0 0 02

8bHOEU'0 €02820°0 SZ9G4'0. $G¥SL'0 G/8G51000 00 6 2El

0 0 0 0 (] 0 02

8bv0E0'0 €02820'0 €20060°0 828/80°0 0S€900°0 S29.p00°0 6 IEL
0 0 0 0 0 0 L 2

8tv0E0'0 £02820°0 €20060°0 828/80°0 S29.400°0 GZ8SL00'0 L OFt
0 0 0 0 0 0 02

8YY0E0'0 €02820°0 €£0060°0 8284800 G.8S1000 00 6 62}

0 0 0 -0 0 0 12

0iS1€0°0 1804200 00£.22°0 vSkee'0 0S€9000 0'C | 8¢l




107

‘(panunuoo) a1y indut Bﬁw-%auuw OZE.«@E 9sed- uwmn jo Sunsr1 1V S

‘69 pue !gg ‘19 suoiBos deb -of pejjdde s} pus plounjooq jo
8]18M [BI1LIBA/LUIONOQ LWIOJ) LONIBAUOD [BINBY JO) pins-iins (g-edh} = ¢i
‘28 2 18 suojBes deB o} paijdde s) pue e|qionio
JO S||BM [BI1HIOA WICH) UOHIGRAUOD: [RINBUY 40§ pns-yins g adRy = g1
64 #-uojBes deb oy peydde s) pue
o_n_oEo 4O LWOKROQ WO} UOJIIeAUO [BiNBU Jo} pns-pns ¢ edf} = 2}
© '6EL puUB gEl: c:o_mo_ deB o} pejjdde 81 pus
Isojeid ﬁ: 10ddos ueemieq :o:o:n:oo opnesd 10} yins-pns ¢ odA} =
"0y POlepow "eu’ Oy [Bnjow
.10} epesusdwod o) persnipe Ueeq eBy. Y osje ‘sishjeue
© ‘ey} u) Jeje| pelIPOW BG O} ARy Em_E puw uonetuixoidde
OLONXS. UB §] UONYINULO} iy} dLe} jo Juny si Jo0d
>_co 5; vu._ u_> ._oauoo 2 mON_u 10} pns-uns g odA} = O}
. dusey jo ounj sf jjeod
>_=o xE vu_ n_> mom_a 2 :oa.ao o} uns-pns ¢ edA = 6
WsUOH §I Jo0d
Auo xy uE s_> xo_EQ: 0} UOQIed o} yins-Pns g edf} = g
JUBJSUOY S| JJ80D
£juo.3qy-pes BIA :on:eo 0} UoqIeo Jo} Jins-pns g 8dA =
UBJsUOD 8} JJ80D
Ajuo xqy pes ojA :on.co o} wnjuein 10} pns-pns g edf} = 9
JuBISUO 61 puB UOHVBAUOD BIA 18ddoo Jof punog-pns L edh = g
UB)sUO0D §].dIWe} PUNOQ P JUBISUOD §])j80
pue Ajuo Xy pes-BIA YoUqo1ly 10} punog-Hns :| edl = ¢
- eqny ieddog jo JoueIxe 10} Jusw
esuoo sf dwey punog g dwej Jo ounj sj Jjooo
Auo xqy pesaia 19ddoo 10§ punog-pns | odfy = ¢
JueIsu09 §) dwe} punoq g dwsj jo sun; s| }#909
Ajuoxay pes BiA £028 10} punog-pns | edA =g
jusisuos si dwe) punog 3 JUBISUOD §i 80O
Ajuo X3y peJ BJA UOQIBO 10} pUnOq-|Ns :| edA} = )

suoiypuod Aiepunoq
020001t e
02000 Wi 1L
suopviousB jeey

0 t- 0001 9
00t S

022 ¥ 0L ¢
g2 001 €

Ciﬂtk«iC«t‘lCIRIG’C#CCCC«CC"CVVCC

0°01-0 00} 2
asiel
Auo A yum sBlBA puB HOUGeI} = Q
juBjsuo? sf pus suoiBes Jeddos = ¢

X g A Yy SeLIBA "UOROBIIP X U} UOISUSLIP UY3 YUM pielys gogje =
Zg A yum soUBA "LIONOBIIP Z U LOISUBWIP UIYL YUM plelys £oZje
Ajuo A yum sepea pus suoife) uoqued = g
juejsuos st pue uojBes wnuesn = |
‘einygsodwey Jow. pelisep oy} UlBIUOD SABM||B PINCYS L#
uojBes wnjuBIin oy} 'sese? (e u| ‘uopdo ,uBlsel, 8,Buneey Bujsn uni ejels,
Aprojs B {0 s}{nses By} WO UeNe)} oq (|iM seinelodwe) [Blul Jueisusl),
‘g18AjeuB [BnjoR Ue Bununp ‘epnio jsow ase Asyy 'AiBuipioosce “epy ndul,
ey jo BuiBBngep [Biyul ey} Jo} pesn ale suoluljep aimeledwe) eseyy,

1]

€

n
« ® ox &

0

L

mEQﬂano« {8y

04 09 I 89¢ 1 coge
02 0L 1} €206t | uqed
12- 002- |+ tvo+ei2pe | wuyd
06 00 009 00002 v0'} Juq}
06 08 | tvo+eess’t | Jedoo
04 09 + 28 | £o2e
00 8- 6 g6l It juen
€0+622'88 024l £0-+0L2L 0°69L €0+81'02 0'199
L - 61- €} I | suemn g
02 01 L 008LL ) uqed |

¥

MITHLONDOO

‘syieeys ejdnooowuiey) o}
pejidde "swinjoA [BnjoR O} [Bnbe JoU BWIN|OA Pejepow 4o}
ejesuedwos o} pejsnfpe uesq sey Ysiym Alisuep JuBsisUod ipogle =
‘sdeo pue o} peydde -do pue wy uedep dwe}
|8N}08 NG ‘OUWIN|OA JBnjoe 0} [Bnbe Jou ewnjoA pejepow 1o}
eyesuadiwuos o} pejshipe ueaq sey yolym Ausuep JuBjsuod :uoqied fiIs =
'Oy pejepows ‘au’
oy jenjoe 10} eyesuaduiod o} peisnips ueeq sey Ajsuep
osja "do pue wy yriapuadep dwey Inq Ausuep Jusjsuos  wnuneld =
" Joq Agpoely uing, pesn ‘seijedoid jusisuod  jolqesty =
"oy pe|epow ‘au’
oy |en}oe Joj eyesuadwod o} peisnipe uaeq svy Aysuep
osjs 'do pue Wy uepuedep dwe} Ing Asusp JuBISUOD eddos = g
) ‘syjeeys 2 Jdeoxe suo|fes gogje |8 o}

£ £ & X & &£ & £ kK ¥ & £ & X




108

“(panunuon) ap indur oye1s-Apesrs ONLLVHH 2sed-aseq Jo SunsiT “1v ‘81

2i-0 UeeMeq Jojsus] Jeay uope[pes ejeinwwis o} {ins 0} Jns g edAl = 62
2 0 0 0 809683ty 0 "oy pojepolu ‘eu’
oer L oy [enjor- 10} 8jBsuUadUIOD 0} peljipow Ueeqg S8y Y 8y} osje
80-09£Sy - ‘bt uoiBos deB o} peydde g1 pue pjejys pue deo pus seddn

oty | UBBMIRY JOjSUBI} J8OY LOIIBIPE] 8jB|NtIS O} JNns OF Uns ¢ edhy = g2

wonoq
piowyooq pue deo pue seddn jo eoevuns jeamo| uaemieq
1ejsusl} Jesy Uops|pes eyeINWie oy Alepunog o} uns :| edA} = 6¢
deo
pue Jjeddn jo-90BUNS JOMO} PUB WOROQ PlOWNOOq UBeMeq
1e§8UB} 18OY UONBIPE) BjBNWIS 0} Aivpunog o) pns ;| edA = g¢
woyoq o[q|ojno pue do} ajqionio
ueemeq iejsuel) JeeY uoyelpel Joj Alepunog o} uns :| edf} = /¢
*do} 8|qIonIo puB WOROY ejGIoNId UseMeq
19j8UBJ} J8BY UOPBPE} ejejnwWIs 0) Aispunoq o} pns | edA = gg
‘Oy POjOPoW ‘eu’ Oy [8MO8 J0) pojsnips ueeq sBY ONjBA
pus AjAissiwe evepns 10} uedep dwey Jedoid Juued oy
sunnoiqns peiiddns jesn uj PeBINO|BD ONBA "S[100
sjeddoo pue gogje ueemieq )qy pei eyenue o) uns-uns g odf = ¢¢
*Aaiss|we aoeuns 1o} uadep dwe) sedoid yuued o}
eunnoiqns peljddns jesn ui pajejnded enjBA ‘gozie
pue pjowyooq usemieq Xy pe: yuied o} Uns-uns g odA} = p¢
‘oY pojopoll ‘eu’ oy jenjoe Jo} pejsnipe ueeq sey enjeA
pue Apassiwa 99uvpnsg 1o} uedep dwey Jedoid ywied o)
eupgnoiqns pejiddns Jesn u| PeIBINJBD BNBA ‘£OZ[8
pus des pue do} ueamjeq X3y pel ejejnwis o} uns-pns ¢ edA} = ¢g
v ‘'0y pa|epow
"au’ oy |enjoe Joj pejsnipe ueeq sey anjeA pua ApAissiwe
eouyns io} uedep dwe) sedoid ywied o} eunnoigns
pejiddns iosn ui pejeinojed *£0Z[8 PUB S[jBM [BOILOA
WwoNog 9qIoNI0 USSMIB] XY PBI 8BjNWS O} uns-Hns g 8dA = gg
‘Auassiwe edepns oy uedep duiey sedoid pwied oy
aupnoiqns peljddns Jesn uj peBiNoBd “gjjBM |BIIUOA
8]qIonIo pue £OZje UBeMIeq QY pes ejBjnwis o} Jns-uns ¢ 8dA} = ¢
‘pejopouwl ‘oy "ou’ [@njoB ‘oY 1of paejsnipe useq ssy pue
ainjeieduwia) Jo UOROUN} B §1 JuBjOlA0D “jjBm Ad pue plelys
£0Zje UdeMIeq Jojsusl} Jeay Uonelps! o} Aiepunog o} pns :} 8dfy = Qg
‘eimysieduie) jo uoioun; B
] JUBIOIYJBOD “IBAGD B|GIONIY £OZ[R PUB WNjUBIN UsYoW

X & # ¥ & X &K K &K € F K £ & & & K kK ¥ & ¥ ¥ * &k & & ¥ & ¥ & & & *X *x & - OWN

"oy pajepowu
'au’ oy [8MOB 10} ejesuedwod o} pejsnfpe ueaq sey Y ey}
osje ‘gp} pue 2yl suoiBei deB ssoiow peidde s| pue pjejys
pue pjowyooq usemieq uj Buipijs ayejnwis o} uns o pns ¢ odh} = 22
‘101 pue ‘gl ‘2 ‘1 suojbes jo eo3 X Jeddn
o} payidde ‘eugnoiqns Jy§LANE Ul pejenojes si esnjeiediis)
Arepunog juelolyeod Jusjsuod Xy pes eja liepunog-pns (| odAy = g2
‘OY pejepolu ‘au' oy jenjoe Jo}
ejssuedwos o} pejsnipe ueeq sey Y oy; osje ‘'c| §O 698} X
1eddn pus ‘¢ jo 908} X soddn *p | uojBes jJo oo} 2 seddn
o} peiidde ‘eunnoiqns JWLANG Ul perejnojes einjesedwse)
Atepunog ‘jueioiyeoo juejsuos xqy pes BiA liepunog-pns :i edA} = G2
91 9 1 uoiBey jo edey A Jeddn g
104 ' £ suoiBai jo eoey z sjeddn -y
;03 peyjdde -supnoiqns JWIGNE Ul pelejnojeo einjeiedwe)
Kigpunog Juefoyjeod jJuesuod Xy pes BiA Aiepunog-uns 1 8dA} = 2
‘08# uoiBel
deB o} pejjdde'gogie pus WNIUBIN UBYOW Usemeq kns-uns g edA = €2
g/ uoiBes deB o) paydde -youqes pue deo
PUS JOMO] USOMI@G SIUB]SISAI JOBILOD BBjNWIS 0} uns-uns ¢ odf} = 22
‘69 uojBes deb o} psiidde ‘ded pue jemo]
puB PjOWNOOY USBMB] BIURISISE] JOBJUOD BJB[NLLIS 0} ns-pns (g edA = |2
‘12 pue o/ suoiBes deB o) peyidde ‘pjownooq pue
B0 pue Jjeddn UsEMIOq BIUB]ISISES JOBIUCD BBINWIS O} Uns-pns g odA = o2
‘g6 uoiBes deb o} pejjdde si pue deo pue Jeddn pue
01GIoNIO UEOMIA] S3UBIS|EB] JOBILUOD Bj8|nwIs 0} Pns-Uns g odA = 6|
‘G pue g suoiBes deB o} pajjdde -do} ejqiond pue
pUB 8|GIoNID UGEMIB BIUB]ISISAS JOBILO Sle[NIS O} Uns-uns g adAl = g|
'G6 pue b6 suoibes deb oy paiidde s} pue §(j00
lejeay pus pjelys usameq iy Buipys eiejnuis o} puns-pns g adA = /|
‘g6 pue 2g suoiBei deB o} pajjdds s) pue pjoys
pus pjowyooq ueemeq ¥; Buiplis eje|nluis o} uns-uns ¢ adA = gi
‘2. pue gg suojBa: deb peidde sy pue sdeo
pue pus pjowsooq ueemeq i Bujpie eteinwys o) pns-jns ¢ edhl = g4
supnoigns peijddns Jesn seinbes

X & % ¥ & &K ¥ &£ K K kK £ & X & & X & & ¥ & & £ & X & XA £ &K £ £ & & & ¥ X * & & &«




109

(panunuoo) apij Indur a1eis-Apesrs ONLLVHH 9sed-9seq JO Sunsr1 1V 81

20000 00 0¢ 02
g 0L Lo £0+00'2

v 0 0 ¢ 6l

200001 00 -
0.€ St 20000 0€E

v o 0¢8l

200001 00 £0+00°2
R 0¢ 4t

v 0 [z o

200001 QO 2 00 0 80°1199€ 00
0¢ee 0¢€9l

v o £0+00'2
20000100 o€ st
o€z 00000 I

v 0 < 20000t
20000100 o€t
o€ is §2'0 £0+0G1ZY 0 0

21- 0 0€E€l

200 0 800EHLLL 00 SZ0 YO+eIG5't 00
oer L oF 0€2t

92- 0 £0+0°08

2 0 0 0 8091688t 00 0€ 1
0¢ 62 91- 0

806662 00 2000 8092€ 0

0€ 82 o€ 0l

80-9€/2'€ 00 Si- 0

0¢ L2 2 00 0 80°LIGYE 0

809965y 00 0€86
000€EO0OL I S 80-91185°€ 0
80-0199°€ 00 ocs
00CEOL L S 80-98L°€ '0
80-098GY 00 o€l
0GCGO0OEOL L P2 80-292026'Lk 0
80-960'L 00 o¢c9

[0 2 S A 0 0 0 0 vo+egse't

£0+90'2 200+ LS

0¢€ & 8005262t "0

£0+002 oer L ¥

0¢ 12 g1~ 0

€0+eQ'2

2 0 0 0 80-eG¥86'L 0




110

@u:::co& a1y indur o1eis-Apeais ONLLVTIH 2ses-aseq jo Sunsi] 1V S

1 4

95'2.®

0/2L) £0L9 OLLpL 8508 02221 0'9S PEELL 0'SS 9CELL 006D
0220} O'6v 0'/26 £9p 0428 6'€y "l2L €'lv 029 99E 'L2SD
¥'9E 0'L2h O'vE 0'L2E L'I1€ 'L22 9'62 'L2) 9'82 UL 92 L2

€

£'6e12®

0Z2L2 S1602 OZ2L) G8GLL 022L 9914l 0229 62691 0°£25®
1'6¥GL 0°22p v'Gobt 0°22€ 09924 222 +'OELl “Z2L 01e6 0'LC
4

082 02262 O'ME 0'22/2 O'EE 0/252 0'SE 0°/262 0'9E 022120
088 02261 OOy 0°Z2LL 02k QLeSh O'SY 0'/2El OBy 0L2LIO®
0's§ 0426 099 042L 0'0L 0429 0/L 0425 0'S8 0°L2v®

0'66 0°/2E 0'901 O°le2 ow: 0221 0¥2l 0LL 062t 042

91#9q uj Y yuepuedep dwe} = /2
62#2q ui Y uepuedep dwe} = 92
eimpiedwe) Jeyem BuUljo0d JO UoHBUEA UoleIp A = 62
uoRoeMP X By} Ul UoisuswWip Uiyl
yum sduwie} [BIU) pelys £OZ|e JOj UOHBUBA UOHOBIIP X = HT
UOROBIP Z 8Y} Ul UOISUBWIP U
yyum sdwiey [eliu| pieIys gOzie Jo} UOWBLBA UOIIDAIIP Z =
sdwse) [BIU} £02|8 10} UOHBIBA UOROBIlp A
wnugeid Joj do uedep dwe} = |2
wnune|d Jo5 wy uedep dwe} = o2
plowsjooq u wnjuein byy/plios 10f Aysusp uedep dwet = g1
ejqion9 Ui winuein pinbij so} Aysuep uedep dwey = g|
£1#9q ul 1y vedep dwe) = 7}
OL#9q ul )y uedep diwe} =
6#90q ui 1y uedep dwe; = G|
G#9q uj 1y uedep dwe} = pi
e#0q u) iy uedep duwiey = g
2#9q u 1y usdep dwe} = 2|
sdws) jeiliu| }ougely} 10} uoljelseA uojpalip A =
sdwey jeipul UogIes Jo} uonelieA Uonoelp A = O}
19ddoo 10j do uedep dwe} =g
- 1oddoo 10} wy uedep duwie} = g
gozje io} do uedep dwey =
£02|8 10} Wy uedep dwe} = 9
wniuesn pinbij 1oy wiy uedep dwe} = g

f
N &

X & ¥ & & & &K X & € ¥ & &£ & € & & kK X &« & & & K K

wniuein pinbipgpi[os 10} do uedep dwe) = ¢
wnjuein pinbipgpiios 10} wy uedep dwe) = ¢
uoq:ed 1oy do uedep dwey = 2
uoqieo Joj wy uedep dwe} = |

* &« & «x ¢

suoljouny Jejnge}

et ittt i2ribiiiibe

00G552'0 089220 8910 06941210 002L'0 8%0L°0 15686002
£160°0 08260°0 08280°C 8/20°0 [2890°0 Z2€90°C v9¥0'0 +iv0'0®D
0/S1E00 8YPOE0'0 S2€620°0 £02820°0 480.20°0 8610°0 8V10°0 00
pubz

L1 1229 LELSEESLELLEL L PO

Le bt bbiv L L LEL212168662

£58YY°0 0Sbb €06y’ ®

£0bEY' 002h° £LOLY’ ELGOY OESE’ OBYE 0922€ 918" 182 @
1642 1892 €482 vSvee 2veee €222 8LLize 950022 @

9061° 068l G/B8IGl" GZ9GL' £96GL° IGYGL  98EESL 002H'®@
€G60° S61160° £/0060° S6880° 828/80° 1/980° 9890'®

9£90° SbbO° S6£0° 00 SO0~ 0SS0™- 0SSh'- 0SSe-

puBA

U 20 S A 20 W U U U SO S U U OO - Y U A O

0552°0 8922°0 89¥1°0 CS9IZL0 0020 890408

1G6860°0 OEZ60'0 0£260°0 08280°C 8//0°0 22890°0 0S80'0D

22€90°0 0090'0 0SE900'0 S29/p00°0 SLI€00'0 SZ8G100C 00
puBx

# suoiysod :pubz
# suonisod :puBA
# suopisod puBx
"aut] pLb euly
| UBY} 8J0W pBBU JOU Op pus |[ews eynb ese yoiym sdeb (4eoiseq)
yweseidas Asy "pebueyo eq Jou IsNW Mojeq peuliep sejiue suy
puB auy sy} ‘saipnis Jusweulyss ysew Huonpuoo ueym
80-9261b'C 0O o
€ 0L | 6€
80-926iv'2 00
€ 0t L 8¢
v O
200001} 00
€ 0L I LE
v 0

£ X &£ % £ %




111

“(panunjuoo) ay1j ndui 91eis-Apedrs ONLLVHH 35ed2-9seq Jo Sunsr1 "1V S

- o 81

ot 6’1 9090°L- 000¢ | 9L1't oZ2¢et €'} o'Let

ojeys Apeels L

¥8292 B.tbL OEE0L 26¢CL $2L0L | Q1’4 0'22el O'f 042t

aqn} Jeddoo feujiou g ‘g|qjonsa U] yew E:?c.: "o} wonoq ‘o) QPP '0} do} 4 ot
:AjeAnoedse! ‘e1s, g12y’0 022et 0L 02t

Gl

Aoy ‘siequunu ovoc o sojjue mc_c_an. uca ewn sed wopupd. sf AU IS,
peloluow sepou

4
€
2

3

suoloun} [BojAjeue

glepo 0'22et 0L 02l

B X

peore’o0 0'Z2el 0} 0'L2)

92

C0E 002v' O'vc 0S8l

*74

G'0 0£260°0 0L 08280°0

ve

G0 0£2600 0’1l 082800

€2

0'00LL OSYYP'O o.oo~ oozt

2

0°29) I2hL 8WY9L "L2EL 6¥'19L 1221 05'8St "L2hh Bmmw@
‘4201 26'2S) £26 €S'6vL 228 bSOyl 'l2L YSEVL ‘229 SSovI®
/25 9G'IEL L2y LSYEL "L2€ 8G'IEL ‘[22 69’82l 21 ggel ‘22
12

L'v6 'l2vl 1’26 L3Sl 968 'lZ2i®

148 "I2LL 8'¥8 L20} 928 '[26 S08 '[28 9'8L L2l "LL "129®
G'SL "22S Vbl l2b '€L°f2E 28L ‘L2Z 9L L2l VL L2

0c

‘05041 oowp ‘'0G0LL "EELL 00¥8L '2ELL "00¥8L 0°LC

61

‘01291 ‘00G1 ‘08891 "00F} '0GOZL ‘O0EL "0Z2ZL '002L "0L2L1 'EELl

£v9L2 0426 SSS' 1D

126 GEE'} [2b E16ZL 426 2tL) "l22 960'L k2L O'L 0'L2

(2

1S8'2 0226 viiS'L 0425@

62ve’l 0'Z2¢ 1ISTL 0228 £hiLL 0222 ISO'L OL2h O’} 0Z2

£1

2ry’0 0°22€) O 0221

At

0'90S 0'0 0'82 0721'0- 0'GZ 0SS20-

i

05L®

£S8Y'0 ‘008 E06EY'0 0'0001 £OVEP'O "000} €190%°0 ‘00ZH £150¥' 0@
0002t 18420 0000} €2220 0028 £9651°0 ‘00 S6880°0 '90S 00
ot

G'09b 02201 O'I8E 022

6

0'pEE®

02201 O'ZHE 0226 Q'0SE 0428 0LSE 0'L2L OY9E 0229 O 1LED
0'/2S 0'L.€ 022y '88E 'l2c '26€ 'L22 'v6E 0'l2t 0'86E 0'/L2

8

g'66EL 0/281 0°9S2L.0°229 Zvi2t 0/25@

e2LLL 0220 vOSLL 0228 L'SvOL O'L22 1’126 0'/2l 20’829 O’/
L

b9 02281 00 0°22L bL'S 0'228L 65'S 0'/261®

YS'S L2l 99°S 'JZEL 99'G 'LZ2L £8'S 'l2LL €1'9 220l SS90
0726 01’2 0229 S@'L O'L2L 68 0229 YOl 025 921®

0’2y 86t 0/2€ 202 0422 ¥'92 0221 L0t 0'2L 09€ 022

9

95’2, 0'22LL €029 O'4Llb) 8G09 02221 095 9EELL

6002 0°008L G002 9'€ELL 80'€6C 92EHID

§'bE2 0226 VEE0Z 0'/28 SI'G02 0'/2L ‘88 '[29 iv'l9l ('L2S®@
£e91 0'/2v 2L°06L 0228 91'8EL 0422 09'S2L 0'221 €244 042




112

-oyiy indut judisueny ONLLYIH 2ses-oseq Jo Sunsr] 7y 814

89¥1°0 8801°0 0S00°0-0SS00- 89¥L°0 89010 9¢22
0 (o} 4 0 0 0 09

2901°0- 00000 0S00°0- 0950°0- 89Y1°0 89010 9 12
4 0 v 0 0 0 09

0662’0 89220 0S00°0- 05S0'0- 89010 00000 902
-0 0 14 0 0 0 09
8922°0 89v1°0 0S00'0- 0SS50'0- 820L°0 00000 9 61
0 Q 14 0 0 0 09

89%1°0 8901'0 0G00'0- 0SG0'0- 880L°0 00000 9 8}
0 0 o 0 0 0 09

8220°0- 0000'0 0S00°0~ 05500- 8400 00000 9 Li
{opow oy} uj,

$OPOU §0 10qLUNU [830} 8y} 8onpes o) sv os Buloeds epouy,
Bujlien mojje of suoiBes ejdnnwfuone|nsul 3olqell,
0 o] 0 v2 0 (o] 0¢

8200 ¥9¥0°0 18L2'0 €422°0 8./0'0 00000 891
0 0 0 0 (] ¢ 02

8610°0 0000°0 9.1E0 18220 0590'0 00000 8 S}
des pue jeddn,

14 0 124 0 o1 0 (94

8.20'0 ¥9¥0°'0 €560'0 00000 840°0 00000 8 ¥1
0 0 0 0 274 0 [

+9b0°'0 0000'0 S6E0'0C 00000 84.0'0 00000 8 €l
deo pue 10M0|y

Q 0 9 9 0 0 o0

8¥10'0 00000 18220 18920 0090°0 00000 02!}
‘saBieyd e2is,

eloyp 1o} oBuBYD M suojsuewip eseyl g (dol joy plo),
des pua doj '3 wnyuein pijos/pinbjj ueemjeq de,

0 0 0 0 0 0 01

8¥10°0 0000°0 1892°0 9890'0 00900 00000 2 ti
‘seBieyo 0zis Jualeylp 10},

eBuByod |IM SuolsLBLLIP 9SOY} ' WINJUBIN PIOS/PINbIl,
0 (¥ 0 0 0 0 12

Yiv00 00000 1€22°0 €4220 82.0°0 05900 | O}
0 0 0 0 0 0 1 2

+140'0 0000°C £422°0 9061°0 84/00 05900 L 6
¢ 0 0 0 0 0 I 2

#1+0°0 00000 90610 002i°0 82/0'0 0SS00 | 8
0 0 0 0 92 0 1 2

PI+0'0 00000 £S60°C 9€90°0 8220'0 0S90°0
0 0 0 0 0 0
1400 8610°C 1€££2°0 €422°0 05900 00000
0 0 0 o 0 0
yir0'0 8640°0 €220 90610 0S90°0 SE€900°0
0 0 0 0 0 0
#140°0 8610°0 9061°'0 0021’0 0S90°0 SE9000
vz 0 0 0 0 0
viv0'0 86100 00240 €560'0 0S90°0 SE90G0
Q 0 0 0 0 0
#IP0'C 86100 £5600 9€90'0 0G90°0 SE9VO0
0 0 0 0 0 0
86100 00000 S€90°0 Svv0'0 0S90°0 00000 ¢

Lol ol SR B R R I R
~ONANNONTNDNONN

pjowxooq,

suojbel

0000

{ 0°0 9 000081

Py I s I eI v r T Y RSP YRR RS YYRS SRS RSS2 2 22 2 222222 2222222222 2228 g
-

pBop-zw/m go-0/9'G = Zyoqfels B

2w/suw = Aysoasia 3,

cw/m = uonsisuel jeey Buiell] 8

%-B)/f = uoisn} pue UolBULIOJSUBY JO SjBEY P

cw/By = Aysusp >

#B3/ = yeey oydeds 'q

¥-w/m = LpAnonpuod suieyy e,

.98 syun sewedoid

‘2 pue By ‘w ‘[ ‘m o8 spun wajqoid ojseq jsow

L

‘wejgosd ey jo

uojuod Juwetusaoidwy AoBINoow oy} 0} Jojid selpms Ajalsuas jo

198 pPUO29s By} 1PNPUOD 0} st 8sodind Sl "SUONBISHIOM 8y} uo AIoBllp
8s8q/oJy Y} U} PAIO)S §) pue UI'sUBN/Y, §] eweu ofl 'weiqoid sisheus
{susiely) pjowyooq G L s@ipn| j1eb o} st ay indul Bunsey sy,

»

PR YT PRI TR SRR YRy A S YA RS PSSR Y22 2R 2SS RS 222 Rl 2 dd i add R il dddd

/()3=s,0q1gsdoid/sdeB +woeb eje|dwos/susn/pe/qoid oy s jwb

0062 =1qdxe1u’'005¢ =doxew'0p0ge = sidxew
suopndo




“(panunuoo) o1y ndut judisues; ONLLYVHH 9sed-aseq jo unsry 7v 914

113

89v1°0-8801°0° 06610+ 0662'0- 09620 8922'C 929 8991°0 -8901'0  0SS0°0- 0SG4'0- 8922°0 A9vL'D
‘o 6. 0. 0 ¥ O 097 o o o0 o o o
8901°0 00000 0SS1'0- 0952'0- 05520 89220 919 - 89010 00000 0SS0'0- 0SS1°0- 89220 8910
Yy 0 0 0 o 0 089 t o0 0 0 o o
0552'0 8922°0: 0§54'0° 0552°C- 8922'0 8910 9 09 05620 89220 0SS0'0- 0SGL'0- 89¥L°0 89040
L0000 0o o0 09 o o o0 o0 0o o
89220 89p1'0 0SS1'0- 0662'0- 8922°0 89¥1'0 9 6S 8922'0 89¥1'0 0SG0'0- 0SG1'0- 89F1°0 89010
0o 0 o0 o0 o0 o0 ©009 0 o o o o0 o
8910 8901’0 0SGL'0r 0652'0- 8922'0 9910 9 86 89v1'0 8901°0 0SS0'0- 0SSH'0- 89¥1°0 890L°0
- 90 o0 © 0 ©O0 0 029 o o o o o0 O
89010 0000'0 05540~ 0552'0- 89220 89YL'0 9 LS 8901°0 00000 0SS0'0- 0SSL'0- 89YL'0 890410
# 0 0 O o0 0 09 ¥ 0o O o0 0 ©
0SS20 89220 06G1'0- 0S52'0- 89¥1'0 890L0 995 0862’0 8922°0 0SS0°0- 0SG4'0- 8901°0 00000
o 0 0.0 0 0 09 0 0o o0 o o o©
8922'0° 89 1°0 055 1°0- 0662°0- 89¥1°0 89010 9 S5 8922°0 89¥4+°0 0SS0°0- 0S51°0- 8901°0 00000
0o 9 0 0 ©O0 0 09 o o o o o o0-
88b1°0 8901°0 0SS0~ 05G2'0- 89¥L'0 89010 9 ¥S 89¢1°0 89010 0SG0°0- 0SGH'C- 89040 0000°0
o o o0 o o ©0 09 o o o o ¢ o
8901°0- 0000’0 0SS0~ 0662'0- 89¥L'0 89010 9 €S 8901°0 0000°00G50°0- 0SS4'0- 8901°0 00000
¥ o0 0 0O O O 09 ¢ o ¥ o0 ¢+ 0
0SS3'0 8922’0 0SSH0- 0552°0- 8904°0 00000 92§ 0SS20 89220 0S00'0- 0SS0°0- 05520 89220
9 0 0 O -0 ©O0 09 o o ¢ 0 v O
89220 B8IY1'0 0SS0~ 0SG2'0- 890L'0 00000 9 IS 8922'0 89¥1'0 0S00°0- 05S0°0 0SSS0 89220
o 0 o o0 o0 o0 09 o o ¢+ 0 v O
8910 89010 0SSO~ 0562°0- 890L'0 00000 9 0§ 89P0 8904°0 0S00'0- 0SS0°C- 0SS2'0 89220
c o o0 ©0 o0 o0 ¢©¢9 ¢ o v o ¥ O
89010 0CO0'0 05G4'0°0852'0- 8901°0 00000 9 6 890}°0 000070 0S00°0- 0SSO0~ 0SS20 89220
¥ 0 0 O ¥ O G689 " ¢ o v o0 0 o©
0SS2'0 8922'0 -0GG0'0- 0SG1'0- 0662'0 89220 9 8Y 0652’0 .9922'0 0G00'0- 0SS0°0- 89220 89YL'0
o o 0o o ¥ 0 09 o o ¢+ ©0o 0 ©
89220 891’0 05600 0G51°0- 08620 89220 9 Lb 8922'0 89¥1'0 0S00°0- 0SG0'0- 892C0 B9PL'C
o .o o 0 ¢t 0 009 o o v o0 0 O
89v1°0 8901'C 0S50°0- 051°0- 0SG2°0 89220 9 9 89Y1°0 8904°0 0S00°0- 0SS0'0- 89220 89YLO
o o o 6 ¥ 0 09 o o ¢ o0 o ©
8901°0 00000 04500~ 0SGL'G- 0SS2'0 89220 9 &F 89010 00000 0S00°0- 0SS0'0- 89220 89Y10
¥ 0 -0 O ©0 ©0 069 : ¥ 0o ¢ o0 0 O
0652'0 8922'0 0SS0°0- 0SG1'0- 8922'0 89¥1'0 9bb 05520 8922°0 0S00°C- 0SS0'G- 89¥4'0 89010
0o 0 ©0 0 ©0 o0 09 c o ¥ o0 0 0
89220 89Y1'0 0SS0°0- 0SG1'0- 89220 89¥10 9 €Y 8922'0 891’0 0S00°0- 0SS0'C- 89¥4'0 89010

0 0 0 0 0 0 08 0 0 L4 1] 0 0




114

-(panunuos) apyy indut jusisuesy ONLLYIH 2ses-aseq Jo Sunsi] zv ‘814

e 14 Q 0 0 0 00

£260°0 £260°0 002¥'0 0G8L°0 0£260'0 00000 O ¥6
9109 Jojeey B pjejys ueemieq sdef,

0 0 0 0 1354 34 00

084200 00000 £OVEY'Q .08YE°0 082800 8.200 O €5
ie i€ 0 0 0 0 00

08280°0 8240'0 €OVEY'0 OBYE'0 08410°0 0000°0 026
pIejys ' plounjooq uvsemyaq sdefl,

ot V] ot 0 ot 0 ot

£€260°0 000000 0SPP'0 002Y'0 0E£260'C 08280°C v 16
oe 0 [+ 0 0 0 0€

€260'0 08220°0 OSHP'G 002P'0 09280°0 000000 ¥ 06
pielys gozje jo uoibes jeddn,

b} [} 0 0 0 0 [V 4

€260°C 00000°0 002H'0 06810 OEC60'0 08ZBI'0 ¥ 68
0 o 0 0 (¢ 0 0¢

£220°0 08280°0C 0020 0S840 09280°0 000000 v 88
$j109 Jojeey o} Juedeipe pisiys gozje jo uojbes,

ot (¢} 0 o ot 0 o

£260°0 00000°0 0S81°0 00210 0€260°0 082800 ¥ /8
0t 0 ] ot 0 0 o€

€260'0 082600 0SEi°0 O0CZL'0 08280°0 000GO0 ¥ 98
pieiys gogje jo uoiBes Jemoj,

0 ] St Si 0 0 «o

22890°0 0000°0 £06E¥'0 €OPEP'D /.00 L2890°0 O S8
0 0 13 St 0 0 00

8220°0 22890'0 £06EF'0 €OVEY'O 81L00 000000 O v8
doj ejqionio g 8|qionIo uesmieq sded,

0 0 c e 0 0 02

128900 0000°0 £S8¢P'0 €06EY'0 /28900 00000 ¥ £8
{cozje woyy epsw)do} ejqionio,

0 0 (o} 0 0 0 o0

128900 12€90'0 €10¥'0 0£GE°0 L2€90'0 000000 028
(v} 0 0 0 0 0 00

12690°0 00000°C €LOLY'0 OESE'0 224900 Z[2£90°0C O I8
0 0 0 0 0 0 00

12£90°0 00000°0 £06E¥°0 €10Ly°0 £2€90°0 000000 008
0 0 ] 0 0 0 00

4CE90°0 00000°0 O0ESE'0 0BYE0 L2£90'0 000000 064

0 0 o 0 0 0 0t

22€90'0 00000 €100 0ESE'0 22900 00000 € 8L
sobieyo 078 jusIOlIp,

10} eBuBYd |jIM suOjsUBWIP eseY) pus wniuein pinbii/pi|os,
0 0 0 0 0 0 1 2

12890°0 0000°0 €OVEY'O OBtE'0 82100 £2890°0 | LL
(4] (o] 0 0 0 0 1 2

8210°0 22890'C €OVEL'0 08vE€'0 84200 00000 1 9L
0 0 9t 0 0 0 i 2

22890°0 000000 0BPE'0 922E'0 £2890°C 00000 1 SL
ejqionia,

0 0 22 £/ 0 0 00

8£20°0 00000 00000 SO0'0- 8400 00000 O €L
¥opqes) g des pus jemo; uesmieq ded,

-1 Sl 0 0 0 0 00

P00 YO0 1€22°0 €422°0 842100 00000 024

0 Q (¢4 (074 0 0 00

#190°0 00000 18220 1€42'0 8//00 05900 0 4L

0 0 0e 02 0 0 00

#LY0'0 8610°0 18420 18420 05900 00000 0 0L
des pue seddn g pjowsooq ueemjeq sdeb,

o] 0 14} 14} 0 0 00

8r10°0 00000 9890°C 9€90°0 009C'0 00000 069
148 |4 4] 0 0 0 v 0

86100 8Y10°0 18920 9890°C 0080'0 00000 0 89

0 0 0 0 14 143 00

8100 00000 1892°0 98900 0§890'0 00900 0 49
soBieyd az|s jusIalIp 104 HBUBYD ||IM SUOISUBWIP,

886y} pue pjoujooq W wnjuein b:Oo\ﬂ_:Uw_ ueamjoq a&ﬂmc
Sl Gl 0 0 0 0 00

p9r0'0 PIPO'0 £S60°0 SHPO'0 8400 00000 O 99

0 0 ¥4 ¥4 0 0 00

pL¥0’0 00000 SHYO'0 S6E0°C 8200 00000 0 S9
piowyooq g des pue Jamo| usemieq sdeb,

14 0 0 0 14 0 09

05S2'0 8922'0 0SSL'0- 08620~ 06520 89220 9 ¥9

0 0 0 0 ¥ 0 09

§922'0 89¥1°0 0SSL'0- 0662'0- 05520 89220 9 €9

0 0 0 0 4 0 09




115

“(panunuoo) a1 Indur usisuen; ONLLVAH 9sed-oseq jo SunsiT 7y 314

0LS1€0°0 :180/20°0 00€/22'0 +SpZe’0 0SE9000 0C 1 82t t1#0'0 ‘0LS1€0°0 0ES60°0 08€30°0 0SE9000 00 | 801
0 0 0 0 0 0 02 $,01 Jo Bujepow yued o) suo|Bal pjow0oq O} SUOJIBIIHPOW

0/S1€0°0 8¥POCO0 YSHPSS'0 950022°0 0SE9000 00 6 L2t 0 0 S S € ] 2 S
0 0 (V] 0 0 0 0¢ 166660°0 Q0000 002¢'0 0S840 0591240 0021’0 S ZO}

sbPOL0'0 €02820°0 ¥SPES'0 2220 0SE900'0 00 6 921 € S S S 0 0 2 S

. . 0 0o .0 O o 0 02 059121°0 0021°0 002’0 0S840 €460'C 00000 S 901
£026820'0 1804200 $SHES'0 950022°0 0SE9000 00 6 SCt sejuid |00 16j80Y jO Jo§ PUOIes Joj uoHBluesedes,
0 0 0 0 ] 0 02 0 0 14 0 0 ] 0 9

8b0£0°0 - €02820°0 821122'C 9500220 0SES000 00 6 tCi 8901°0 0000000 0SOC'0- 0SSO0~ 008901°0 156860°0 9 SOt
0 0 0 0 0 0 2 0 0 b 0 0 0 0 9

0/S1€0°0 180/20'0 9500220 S48454°0 0SE€900°0 00 L €2t go0L'0 1S6860°0 0G00°0- 0SS0'0- 156860°0 0000000 9 ¥OI
o0 0 0 0 0 0 o2 SUONIPUOT,
0451£0°0 BYFOE0'0 §48454°0 98€€S1'0 0SE9000 00 6 221 Atepunog jusisjsuco ywied o) £|# uojBes 0} SUOCNBIYPOL BIOW,
'~ .0 .06 .0 o0 0 002 0 0O O O ¥ ¥¢ 00
8¥POE0'0 €02820°0 S/8251°0 S2954°0 0S€900'0 00 6 21 10’0 00000 €£22°0 00240 08280°0 8200 O €0}
) 0 0 0o 0 0 0 02 suolpuoa A1epunog 1901109 Jwied o} £6# uoiBes 0} uofedlpOLI,
£02820'0 180/20°0 G282SL°0 98EESI0 0SE9000 00 6 02t 12 ve 0 0 0 0 00
0 (o 0 0 0 0 02 082800 ¥iv0°0 €/22°0 0021’0 84400 G0 020}

8hb0C0'0 £02820°0 LSPGO 98EESLC 0SE9000 00 6 611 dues pue doj jo wonoq,
0 0 0 o 0 o 12 pue pielys jo aBpe 19Mo] ueemieq aaeds A Jeu} L) pielys .

0/G1€0°0 180420'0 98EEG1I0 S61160°0 0GE9000 00 | 8I) piounjooq Usamay Jojsuel) Jeey uonspe: yuised o} sdeb,
Y 0 0 0 0 0 02 124 0 0 0 92 0 1 2

0/SIE0'0 8YPOEQ'0 SBL160°0 1/980°0 0S€9000 00 6 i} 10’0 0000'0 00210 £G60'0 84Z0°0 05900 I L0t
, 0 0 0 0 0 0 02 PioWwy00q UO SUOHPUCD,
8H0E0'0 €02820°0 S61160°0 €20060°0 GSE9000 00-6 911 Aiepunoq jueisisuoo ywied o} g# uoiBes o} suolppse,
4] (V] 4] (4] 4] 0 02 o] 0 14 0 0 0 0 9

£02820'0 180420°0 S61160°0 1£980°0 0SES0Q0 00 6 Sii 1S6860°0 00000 QS00°0- 0SSO0~ 1568600 82200 9 00}
0 0 0 0 0 0 02 0 0 14 0 0 0 09

8bH0£0’0 £02820°0 828.80°0 12980°0 OGE9000 0°0 6 it 1S6860°C 82400 0S00'0- 0GG0'0- 84200 00000 9 66
0 0 0 0 0 0 2 SUORIPUOD

0/G160°0 1804200 1/980°0 09€90°0 0SE9000 00 I €14 Kiepunoq uesisuod yuied o} 2t # uojBes 0} suolppe,
0 0 o] (] ] 0o 12 0 4] 61 61 o] 0 00

1804200 08610°0 0€/22'0 09E90°0 0SE9000 00 | 2it 82£0'0 00000 922€'0 9Z1€0 84200 00000 086

0 0 0 0 0 0O t2 ejqionio g deo pue teddn ueemieq dueb,

pLP0'0 0/SIE0'0 0£422°0 09061°C 0SESCO0 00 ¢ i1 S ] S S S 0 S

0 0 0 0 0 0o 12 166860°0 0000'0 002P'0 0S8L0 1568600 £4600 S L6

¥1p0'0 0/61€0°0 Q90610 000ZL'0 0SE9000 00 L OL) S [} S ] 0 0 2 Ss
o 0 V] 0 0 0 12 1668600 £260'0 0020 0S8L'0 0€460°0 00000 S 96

vib0'0 CZGIED'0 000210 0ES60°0 0SE9000 00 4 601 seje|d 1|05 i8jBBY JO 198 J81|} 10} uUOHBUesSaIdel,

0 0 0 0 (] 0 12 0 o (0] 0 1 ¢ 060




116

-(panunuos) apy indur yusisuen ONLLYIH ases-aseq Jo Junsr] 7V 8L

‘syieeys 93 1deoxe suojbes gozie (8 o} .

peldde 'da pue wy juspuedep dwe) inq Aysuep Welsuod goZB=b &
wnjuein .

pinby »

‘Ausuep puw w) uepuedep dwe} Ing do juejsuod :pefojeun = ¢
‘sainyeiodwe} .

pilos pue pinbyj 10} Yyloq 10) peuyep Aereinooe ase %

do pue wy Inq °seBuIeAB b1 OB 10} PASN SENJBA “jow) »
‘0ff* ) 10} | PUB Jjowi} Y § IC} | ‘SONjBA OM} sBY wniuen .

uopoun; Aysuep ‘Aysuep pue ‘do'wy wepuedep dwey :pakojjeun =2
'sdeo pue jdeoxae suocifies uoques |8 0} .

peidde -do pue wy uepuedep dwej NG Ajsuop JEjsuod UOqIEd I8 = |
»

s|BlI8}BL

0.0 ¢ 0 0 0 02e

228900 0'0 €S8vv'0 €06EY'0 8LL0°0 L28900 v 161

[¢] 0 4 0 0 0 o2

8120°0 /28900 £S8bY'0 €06EV'0 84400 00 ¢ OSi
SUOIYPUOD,

Asiepunog eeinade slow yuiied o) £g# uoifes o) suoysdPOW,
0 0 0 0 0 0 i 2

22880'0 0’0 08YE°0 922€0 82/00 228900 | 6%t

0 0 0 0 o -0 t2

8£20°C /2890°0 08YE'0 92260 84400 00 | 8bi
SUORIPUOD,

Alepunog ejuinooe elow yuwued o} GL# uojBel o} suopeIPOW,
0 00 0 0 0 i ¢

86100 00 9L1€'0 1842'0 8/£00 05900 8 <2G}

0 0 0 0 0 0o 2

8200 86100 9Z1€'0 18220 8/200 00 8 LV}
SUOIYPUCY,

Aiepunoq ejeinooe siow yuned o} gL # uoibes o} suonedyipoL,
0 0 0 0 214 [} 12

yL¥0'0 00 9£90°0 SPPO'0 82200 0590°C L 9bl

0 0 0 0 0 0o 12

$it0'0 86L0°0 9£90°0 SO0 05900 00 | Svi

SUORIPUOD,

Kiepunoq ejeinsoe eiow Jwied o} j# uoiBes o} suoyesijipow,
> e o] 0 0 c 00

082800 8400 08¥€'0 9.1£°0 82200 00 O €b}

0 0 O 0 ce 2€ 00

8200 0'0 08PE'0 9210 08280°0 8200 O v

suolpuod Arepunoq,

e1einodw eow yuwied o) €6 pue g6 suojfiel deb o} suoneayipow,

0 0 0 1] £ £ 00

82400 00 SZI£0 18420 082800 82200 O v¥i

SUOIIIPUOD,

fsepunoq 18in99e elow yuiied 0} Op | suUoiBes O} SUORB2IIPOUL,

€e €€ 0 0 0 0 0O

082800 82100 9210 €422'0 84.0'0 00 O v}

SUOIIPLOD,

Kispunoq 9jeinoose ejow yued o} Ze# uotbes deb o} suonealipow,
(o} ¢ o0 0 e 9t 00

8//0'0 00 18/20 €.22°0 08280°0 84400 O OVl

SUOPUOD,

fiepunoq ejeinaoe eiow Yuied o) g6# uoiBes deB o) suoysolpow,
o] 00 0 48 il 00

166860°0 0'0 002’0 0S8L'0 0024’0 1G6860°0 O 6EL

9} i 0 0 0 0 0O

00210 1568600 00Z¥'0 0S8L°C €600 00 C 8EL
* seye|d 8y} 10ddod usemaq suoibel deb,

0 0 0 0 0 0 02

8bH0E0'0 €£02620'0 2yE€22S'0 8211220 0SE900°0 G29.+00°0 6 LEI
0 o 0 0 0 0 12

8PYOE0'0 £02820°0 2¥ESZ0 B8LHI220 S29.V00C GL8GLCO0 L 9E!L
0 (o] 0 0 0 0 0¢

8YYOE0'0 €02820°0 2ve220 B8L1122°0 GL8S1000 00 6 SEI

0 o - 0 0 0 0 0¢

8Yv0E0'0 £02820°0 SL9G1°0 1SPSL'0 0SE900'0 G29L¥000 6 VEI
0 0 0 0 0 0 i 2

8bv0E0'0 £02820'0 SZ9GL°0 1SHSI0 G29.b00'0 SZ8GL000 L E€EL
0 0 0 0 0 0 ¢2¢

8PYOE0'0 £02820°0 SZ9SL0 ISPSI'0 G2851000 00 6 cE}

0 0 0 ] 0 0 0¢

8YPOcO’'0 €02820°0 £20060°0 828/80°0 0SE900'0 2924000 6 IEL
0 0 0 0 [ 0 L2

8YPOE0’0 £02820°0 €20060'0 828280°0 S29.¥00°0 S/8G1000 L OF4
0 0 0 0 0 0 o0¢

8vPCE0'0 €02820°0 €£0060°0 828.60°0 SL8G1000 00 €6 621
0 0 0 0 0 0 2

|



117

“(ponunuoo) oy ndur juaisuery ONLLYHH 2sed-aseq jo Junsi] 7V 8id

"ZZ pue 99 suojbe) deb peydde s) pue sded ZZ- ve- Ot ¢

pue pus pjownooq usemeq i Bujpjis efeinwis o uns-uns ¢ edhl = G g2- 22- 0 0L ¢
sunnoiqns pelddns iesn selnbel 0O0l-000L 2

~"69 pue ‘g9 '2gsuoiBei deB o} petidde s pue pjowsjooq jo o'sZel L
SjjBM |BOILOAMIONOY WO} UORDOAUOD [BIMBU JO) Uns-juns ¢ odA} = p} Auo A yym seuBA pue Jjouqesy =g
‘28 2 18 suoifies dub o} pejdde s _u:u e|qgionid juBsuod sy pue suoife:s Jeddos =g,

§O $|jBM [BOIOA IO} UONOOAUO [UINJBU 40} pns-yns g edA = ¢} X 3 A YUIM SOJJBA UOIISONP X U} UOJSUBWIP UL} YUM pleiys £ogi8 = .

‘6. # uojBes defl o} peydde si pue Z 39 A yum SOUBA ‘UOIORIP Z Uj UOSUBWIP UIY} YUM PIBjys €028 = € &

9|qIoN1o JO WOPOY WO} UOROGALOD {BINBUY 10j pns-uns ¢ edAy = 2| Auo A yum seuea pus suoibes uoqies =2
soyuid 19)) 1oddoo ueemieq uoilonpuod cpnesd Joj uns-uns g edA = JuBISUOD §) pue uolBaerwnjuein = |

"oy pejepow "au’ oy jenjos
Joj Quoceasoo o} pejsnipe useq ey Yy osje ‘sisAjsue
ey} uy Joje| pelpow oq o} oAy WBjw puv :o:aE_xo.nn.n
euleip© UB S| UOHBINWIO} By} "duie} Jo ouny S 0
Auo. xE R bonaoo 0} £02[8 40} Yns-uns g odh} = O}

: -duie} jo ouny s} jje0d

».:o X\ Pel BIA £OZI8 O} con.ao 10} png-yns g 8df} = 6
JUBISUOD 81 }jO0D

Ajuo xqy pes BIA }211Geily 0} U0GIBD 10} Uns-pns g odAl = g
, JUBISUOD St Jj00D

Ajuo Xqy pes BIA UOGIBS O} UOGIED IO} Uns-Uns g 0dAy = 2
juvIsUO Si JJood

Ajuo X3y pe: BJA LOQIEI 0) E:.cﬂ: 10} png-pns g edhy = g

JUBJSUOD §I pUB UOIOBAUGY BIA 18dd0o Joj punog-pns :| edA =g
uBsUd dule] punog P JUBISUOD $1}je0d

puse Ajuo Xy pBJ BJA HOUGOIj} 10} pUNOg-ns | 8dA = ¢
‘oon} Jeddoo jo Jouelxe o} Juew
wejsuo dwey punog @ dwe) jo ouny 81 o

Ajuo xu pei 8jA 18ddod 1oy punog-gns :i edA} = ¢
Bsuos dwe} punoq g dwe} Jo ounj si Jaod

Auo xy pes BIA £oZje 1o} punog-uns ;| 8dA = 2
juBjsuod dwa} puncq g JUBJSUOI S} }a00

Ajuo Xy pes ®IA uoqseo Joj punog-pns :| edA =

& & & & & ¥ X & & & & € & & & & X & & & & X X & & & & X & & & ¥ & &%

suoilipuos Arepunoq
0200092 I¥lL 2
0206092 ¥l )
suopeieueB jeey

0 Li- 0 00t 9
0oL §

‘aInjaIoduuie) Jjaw polsSep 8y} UIBILOY SABM||@ PINOYS |#,

uoiBes wniusIn ey ‘sesed jje Ul ‘uopdo uejsel, 8,Bugeey Buisn un sjels,
Apuels © Jo s}jnsel ey} WO} UoKE} oq Yjim seinjuiedue) [BilU| JUB|SUBIYL,
‘sisAjeue [enjos ue Suunp ‘epnio jsow eie Asyy ‘ABuipicooe e Indul,
oyl jo BuBBNQep [BHIU| BY) JOf POSN 81V SUOUYOp ainjeledwa) oSy,

»

soinyesodwe) felul

04 09 L 89 | gogpe

02 01 L €026 1 uqed

12- 002- | to+eigye ) wuyd

‘00 00 0096 00002 v0't Auaqj

06-08 | pO+ee6gL | ledod
0209 | 28 1 goce

00 8i- & #86} L1 uein

£0+622.'8€ 0'2ELL €0+8€2L 0'69L €0+04°02 0199

MITHDONDO

L ¥ 61- & 3 i L susin 2

oe 01} b QO0ELE | uqued |

‘sylesys 9jdnoooweL o} .

pelidde ‘ewinjoA {8njoB o} jenbe jou sWnjoA pejepowi o} .
ejesuadwo? o} peisnipa ueeq sey yaiym Alisuep Jueisuod co2e =6 &
‘sdes pue o} pejjdde ‘dos pue wy uedep dwey .

Jeniae Inq ‘ewin|oA [enjoe O} [Bnbe Jou SLIN|OA pBjepowW 10} .
ajesuadwoo o} pelsnipe uesq sy Yoym Aysuep uelsuoo uoqueofle =g
Oy pajepow "

"au’ oy [en}oe 10} ejesuadwod o} peisnipe ueeq sey Aususp .
fusuep osfe ‘do pue wy juepuedep dweying Aisuep Juslsuod wnuyeid =/
*ouq Aejoesyy uing, pesn ‘seipadoid Weisuod  ouqGedl =g

"oy .

pejepous “eu’ Oy {Bnjoe 10} sjesuadwod o} peisnipe uesq sey .
Aysuep osje ‘do pur wy juepusdep duwe} Inq Asuep Jusjsuco  eddoa =g




118

{(ponunuod) apyy indu judtsueny ONLLVHH ased-9seq Jo Junsr] gy ‘3Ll

€l

2 0 0 0 80oGHeE'l
oer |

4

€ 0 0 0 8096G9EY
oer L

80-93ES'Y

oer 1

wonoq
pjounjooq pue deo pue Jeddn jo esulns Jomo| ueemieq
J8j3UBJ} 18Oy UORBIPE] e1BjNWIS 0} Alspunog o} uns :| odA = 6¢
deo
pue seddn jo 898UNS J18MO] PUB WOHOY PIOWNO0G Usemeq
lejsuvy Jwey uope|pes eyeinwiie o} Atepunoq oy uns ) edAl = ge
woRroq 9|qiound pue doy 8|gIonId
UGOMISq JOJSURL J8ey uoNBipeI J0j Aispunoq o) pns | edA} = /¢
*do} 8qjonio puv WOROG 8[qioNId usemeq
19jsues} J80Y UOHEIPEs eejnwIs o} Kispunoq o) pns 1| adAl = g¢
"oy Pejepow ‘eu" Oy |BNIOR 10} peIsnipe ueeq sB enjBA
pue Aynssjwe edepns Joj uedop dwe} sedoid ywied o}
eugnoiqns peyddns Jesn uj PeJEINO{Bd BN[BA §{I00
1eddos pue gozje UeBMIeq Xiy PBI 8JB|NWIS O} JNs-Hns g odA} = G¢
-Rynissiwe oosjing Joj uedep dwey sedoid ywied o}
esupnoigns pelddns Jesn uj peje|nojes enjea ‘gogje
pue piownooq Usemeq Xy pes yuwed o} uns-uns ¢ edhl = pe
‘Oy pejepow ‘eu’ Oy [8nioe Jo} pejsnipe ueeq sey enjea
puw AyAissiwe 9oepns 1o uedep dwey Jedoid Jwied oy
eunnoigns pejiddns 18sn U} POJBINJJES SNJBA "E£OZ|8
pue deo pue dcj ueemieq Xqy pel PIBNWIS O} UNS-uns g edAy = ¢
"oy pejepow
‘8U’ Oy [enio8 10} psisnipe ueeq sey enjeA pue Auaissiwe
ooeyns J0§ uedep dwe) jedoid yuised 0} supnoigns
peijddns 1esn U) PEIBINOJBY "COZJ8 PUB S|jBM |BO[LIGA
woyoq 8jqIonIo usemjeq XqYy pel eyejnws o) Jns-uns g adA = ge
-Kynissiiue oovpns 10) uedep duie} sedoid yuwied o}
sunnoiqns pejiddne 19sn U} POjEINDJBD 'SjBM JBOILBA
0]qIONI9 PUB £OZIV USBMIO] XY PBI GJBjNWIS O} ins-pns ¢ 8dA = |
"0y Pejepow ‘U’ Oy [BNjor 10} pelsnipe ueeq sey enjea pue
eineiedwwe] jo LORIUN) B 8 JUBIO1e0o "|jem Ad pue pleiys

o
0

CCC!CIII‘GI&CCCCIdic.l!ﬂ“ilu‘.(wowdo(’)

£OZI8 UeoMoq 19jSUBJ) J88Y LOREIPR) 10} AIBPUNOG O} JNS [} odAl = 0g
*ainjeleduie} Jo uopouny
| §} JUBIOIEOD "IGADD ©|qIONIO £OZIE PUB WNIUBIN UL} oW
ueemjeq 1ojsusJ) J88Y LUONBIPB) 81B|NWIS O UNS O} Uns ¢ odA = 62
‘oY pejepous ‘eu oy
{eniow 1o} ejesuadiiod o} pesnipe ueaq sey Y oy} osje i}
uoBes deB ssolow peydde sj pue pjeiys pus deo pue Jeddn
ueemjeq Jejsues} Jeey UOHBIPB) SJB|INWIS O} NS O} UNS ¢ odfy = g2
"oy pejepowi
-au’ oy [enjoe Jo} sjesuedwod o} peisnipe useq sey Y eyl
osjg ‘gpl pue gp} suoiBes deb ssoioe peydde si pue pjeiys
pus plowsooq ueemieq Y} Buipls eje|nwWIs 0} pns O} Pns g odA = /2
10} pue ‘g4 2 '} suoibel jo 838} X
saddn o} peydde ‘eunnoiqns JWLGNE Ul pesinojes aneiadwo}
AIBpuUNOg '1USIOILE0S JUBISUOD Xy PeJ BIA Asspunog-pns | edAl = g2
'Oy pojepow ‘eu’ Oy |enjoe
10} ejesusdwod o} pesnipe uesq sey Y 8y} osje ‘gl Jo 898}
x Joddn pue 'p| jo 898} X 10ddn ‘pi uoiBas jo edw} Z 1eddn
o} peyidde -eunnoigns JdWLANS Ul pojejndled st ainjeiedwe}
Arepunog ‘Jusio|yeod JuBIEUOd XYy PBI SIA Aispunog-pns i adh = G2
91 pue p{ uoibes jo edw} A Jeddn -2
10} pus ¢ suoiBei jo eoey z seddn |
o} pejidde ‘eunnoiqns JWIANE Ul pe¥snoies st einyeiedweo}
Ayepunog) "Jueoe0d JUBISUCD QY pBJ BIA Aispunog-pns i odAy = p2
08 uoiBei
deB o} peyidde ‘cogje pus WNjUBIN Ue}ows Udsmieq uns-pns ¢ odA} = €2
‘g2 uojBes deB o} poydde “youges; pue des
PUS 18MO| UBBMIE] BOUB|SISS JOBJUOD 8JBINWIS O} UNS-HiNS :E odAy = 22
‘Gg uojBes deB o) pojjdds ‘des pue 1emo)
pug pjoWN00q UBBMEY 8IUBISISE] JOBJUOD BJB|NLWIS O} UNS-Uns ¢ odf} = {2
‘12 pue oz suo|Bes deb o} perdde ‘pjownooq pue
©o pue Jaddn UBEMIEq BOUBIS|SOI JOBILOD BIBINWIS O} UNS-YNS g edA} = 02
-g6 uoiBes de o} peydde s pue deo pue seddn pus
8]q|oNJ0 UBAMEq BOUB]SISE) JOBIUOD BJBINWIS O} UNS-UNS ¢ odA} = 61
‘Gg pue pg suotBes deB o} pejdde -doj ejqiono pus
pue 9|qIoNId USBMIEq S0UBJEISE] JIBJLOD 6JBINWIS 0} UNS-pns ¢ edf} = gI
‘G6 pue p6 suojbes deb o} peyjdde si pue §jio0o
1ejeey pue pjoiys ueemieq i Buipls ee|nwis o} pns-pns g edA = /|
"6 pue 26 suojBes deb o} pejdde st pue plejys
pue pjownjooq ueemieq Y} Buipyjs ejejntuls o} Uns-pns g odfy = g}

£ £ € €& & &£ &£ K ¥ ¥ & & £ ¥ & ¥ & & 4 ¥ & & £ & & X X & X %

4 € & ¥ & & £ &« & X




119

“(panunuos) a3y ndur Juaisueny ONLLYHAH 2sed-oseq Jo Junsi| 7y 814

€ 0t L LE 0€ 12

vy o £0+00°¢

200001 00 0€ 0
€ 0L | g€ €0+90'2

v o 0 e 6l

200001 00 b
0 € se 20000 0¢€

v o 0 ¢ 8l

20000t 00 €0+0Q2
0 ¢ ve 0€e

v o 82 0

200001 00 2 000 8091i99°€ 00
0 ¢ ¢ce 0 £ 9t

¥ 0 £0+80¢

200001 00 0 €St
0ogcee 000001

v o 200GO0 L
20000100 0 € tl
0 ¢ Ie 62’0 €0+985i2’y 0 0

c- 0 0€¢El

2 00 0 80eciLl’l 00 G2'0 ¥0+9.SG°L 00
oty L 0E 0¢ci

&0 €0+9°0S

2 0 0 0 80°l688'L 00 0€ Ll
0 € 62 91- 0

g80-eS6'c 00 2 00 0 80e2e ‘0

0 £ 82 0¢o0l

80-8€.2’€ 00 Si- 0

c € L2 2 00 0 8091199¢C 0

80-99eSy 0°0 0€E6
000€0i | 9 80-91189€ 0
80-3199°t 00 0€8
000¢€O0L | S 80-98.°¢ 0
80-99€S’y 00 0¢€ L
000€EO0 | ¥ 80-692026'L 0
80960t 00 0€ES9

0 € €2 0 0 0 0 vO+egee't

£0+e0'2 ooo0o0o0ve L §

0¢e2e g80-es2cey 0

€0+e0'2 (054 2 I 4




120

“(ponunuos) apy indur jusisuen ONLLVIH 9ses-aseq jo SunsiT 7y 81

€'€9L 02y 2L0St 0'Z2€ 9V'BEL O[22 0962k O'L2h €2LLL 0L
v

952D

0'/2L) €029 O'LLp} 8509 0422} 0'9S FELLL 0'GS 92€LL 005D
02201 Q'6F 0226 €9y 0428 6'€p L3L £'i¥ 0'L29 88 'L26D

t'9E 0'/2b OVE 0426 L'IE 422 962 '/2t 982 L 92 ‘L2

€

£6E12®

0'22L2 S1S02 0°/2L) S'8Si) 0L2L 99LLL 0429 62€9L 025D
L'6GL 0'22y $'SOpL 022 0°9S2L '[22 ¥'OELL L2L 0126 042

P

0'82 02262 O'LE 0/2/2 O'EE 0'2252 O'SE 0Z262 09 0'.2i2@

0'8€ 02261 00F 0'/2LL 020 0261 OSy 0'L2€L 06y 0'L21I®

0SS 0226 09 0/2L 00L 0229 0LL 025 0S8 OL2v®D

0'G6 0°£28 0'90L 0222 0'8l) 0221 O'v2L 0'ZL 062l 02

i

91#29 ut y juepuedep dwe} = g2

62#99 ut Y Juapuedap dwe) = /2

uonwioueB jeey |euiolu} 10; eouepuedep Wil = 92 5
einjpsedwe) Joyem Bu)|00d 10} UONBLIBA UOROBIIP A = G2
UojIo8JIp X Uj UojSUBUIP UK} .

Yum sdwe} jelul pjeiys £OZ| 10} UONBLIBA UONOBIP X = b2
UONOBIP Z Ul UOISUSWIP Uiy} .

Yum sduie} [BIU} P|OIYS £OZ|B 10} UONBLIBA UORJBIP Z = €2  ,
sdwe) [8jjIu] £02/8 10} UOPBIIBA UOHOBNP A =22

wnupeid 1o} do uedep dwey = 12,

wnupsid Jo} wy uedep dwal = 02

plounjooq u) wnuein byy/pljos Ju} Ausuep uedep dwe} = 61
e|qgion1o uj wnjuein pinby 104 Aysuep uedep dwel =g
EL#9q ul sy uedep dwey = 2|

OL#99q u| )y uedep dwe} = 9

6#9q uj iy uedep dwey = g

S#oq uy iy uedep dwey = p|

£#0q Ul 1y uedep dwe} = g1

2#9q ul sy uedep dwey = 2|

sdwey jeiyu yoj1qesl} 10} uojBueA uolOBIP A = ||

sdwe} jefu) UOGQIBO JO) UolBLIBA UoRoelP A = 0L

19ddoo jo} do uedep dwey = 6

Jeddoo 10j Wy usdep dwe} =g

gozje 10} do usdep dwey = 1

goz|e 10} wy uedep dwe} = g

wnjuesn pinbij 1o} wy uedep dwe} = ¢
wniuvin pinbjpgpljos Joj do uedep dwe) = ¢
wniuein pinbigplos 10j wy uedep dwey = ¢
uoqJed 1o} do uedep dwey = 2

uoqieo 10} wy uedep dwes = |

X ¥ ¥ 2 & &€ %

suoIoUNy J8jNGS)

25 2 20 S Y Y Y S U G S N U S S W S G 4

05520 8922°0 891’0 0S9121°0 002L'0 89010 156860'00

£2600 0£260°0 08280°0 B8Z.0°0 Z2890°0 L2€900 vor0'0 viv0 0@
0/GLE0'0 8YPOE0'0 SZE6S0'0 €02820°0 180420086100 8FL0'0 00
pubz

b1 L22H91LELS LIS EELL L YD

retLtt ity Lt t2glrLegisisse

€68Pb°0 0SHP'0 £36EY'Q EOVEY'0D

0027°0 €10LH'0 £iSOP'0 OESE'0 08YE'Q 922€0 2L1E€0 18/2'0@
I€L2'0 18920 £422'0 YGHZZ'0 2YESS0 £222°0 8L 120 950022 0D
9061°0 05810 GZ8/GL'0 S/9SL°0 £9SSL0 LSYGE'0 98EESE0 002LH 0D
£660°0 S61160°0C £/0060°0 S6860°0 828/80°0 1/980°0 98900
9€90°0 SYPO'0 S6E0°0 00 SO0'Q- 0SSO0~ 0SSL'C- 05S20-

puBh

[ A2 S 2 A W A O A - I T O

0S52°0 8922°0 8910 0591210 00210 8901°0D

1568600 0£260°0 0£260°0 082800 8/.0°C [2890°0 05900D

22€90°0 0090°0 0SE€900°0 S29.¥00°0 SZIE000 S.Z8G1000 00
pubx

# suopisod :pufiz
# suonsod :pubA
# suonisod :pubx
‘ou)] pub euy
| UBy} 610W peeu Jou op pue |[Bws eunb a8 yoiym sdeb (Aeoiseq)
weserdes Aoy} "pabueyd 8qg Jou JSNW MOJoq pauljep s8lUd aulf
pUB auy oYy ‘sejpnis Jueweuljes ysew Buponpuod ueym
80-826iv°c 00
€ 01 | 62
g80-e26Lp'2 0'0
€ 0t Lt 8
v Qo
200001 00

« ¥ & &« % %




121

“(panunuod) oy indui Juaisuen) ONLLVHH 9sed-9seq Jo Junsi| 7y Jig

%

0l 000} S0-©12

096 |

weisues}

8292 6lvbL 0EE0L 26V0L ¥2.01 001

eqn) 10ddod jBUIWIOU B ‘B|qIoNIO L) 8w WinjusIn ‘o) WOROU '0} 8jppiu 'd} doy,
:Kjeaioadses ‘ase Aoy )

‘gloquINy opou eie seique Bujuiewe: pue ewi} sed jnojund s Anuse 18},

- peioyuoW sepou

084 841 941 i} TLL OLL 89L 991 $9ID,

291 091 8SL 9GL ¥S) 2G4 OS) 8l 9vl bbL 2¢L Obl 8EL 9EID
¥EL 2€1 OEL 824 921 ¥2iI 221 021 811 9l1 il 211 01 801®y
90t ¥OL 201 00L 86 96 V6 26 06 88 98 8 28 08 8L 9L v/®«

2. 0L 89 99 ¥9 29 09 8S 95 ¥5 25 OG 8v 9v vb 2V Ov 8EO«

9 bE 2C 02 82 92 ¥2 22 02 81 94 pL 21 OF 8 9 ¥ 200«

0°09€ 0'0EE 0'00€ 0°0.2 0°0bZ 0012 008 00SI 00Cks

0'96 0'06 009 008 00L 0'S 0'L 00
sowyy nowud

14

4

I

suojouUN} [BoABUB

g1e2r'0 0'2et 0L 02t

82

pe9by9'0 02261 O'L 042t

L2

00 0000t 00 SO'GL O'L O'GL O} 00
1274

‘Ge 002y’ ‘b2 0S8L°

G2

G0 0€260°0 O’} 082800
ve

S0 0£260° 0L 08280
€S

‘00LL OGPy '00L 002}
e

bi9% l2blL Svpal L26L 6pI9L 'L22L 0S'8SL “L21L 1S'SSI®

1201 252G} "L26 EG6bL '[28 VSOVl '[2L ¥SEVL /29 SSOVID
123G 9S°/E) 2y ISYEY '[2E 8S'IEL "/22 6§'82) L2 9'S2L L2
¥4

L¥6 "l2bL 126 "l2El 968 LD

128 "l2i) @v8 "L20) 928 /26 S08 [28 9'8L 'l2L L 129D
G'GL 226 L'vL L2y '€L'l2E T2l ‘I’ 9L L2t VML TLe

oC

‘05044 '00GL "0S0ZL €ELL 00V8L 2ELL "O0V8L L2

61

‘0491 "00GL 08891 '00vL '0GOLE "00EL '022ZL 0'002) "0L2LZL 'EEit

81
9.L'L 0'Z2Ek O} O'L2)
JA

9LL'L 02281 O'L O'L2)
91

€120'0 0221 O’ 0221
1

£v9L2 0226 SSS'ID




122

‘sounnoigns parjddns 19sn ONLLVIH 2ses-aseq jo Junsiy ¢y 91

wnjueIn piios-pinbij punoie sdet 10§ o "wepqu wioqu bpyqisodiquiupdqu’dAdquidipqu /opquot/ uowwod
sepou Aiepunog jo seimeiedwey ubisse o} ojBoj o uojuBu‘uBu'uuByb}‘nuByby Iy uehiB)‘gueB) uByuow/ uowwod
o idwep‘sodyu'wiul AUILOW/ UOWIWIOD

suBly jeo160;

1GS/92)' L4142 B8P

/€0152'69052'60052" 0062 L9662 'SE6Y2'89E22 PIESS 09E22y
'9GE22 2SET BYES2 0696 1'OVO6 1 '2H961 0961 /9961 '2E06 1«
‘82961 '88691'vB631'08691'9.691'2L691'8969 | '€98E1'628€E 1«
'GBLEL 19LE L L2LE1'E69E L 'CLG0L 'BESOL'SOSOL LLPOY LEVOL Y
'COrOL'E82L'6¥2L'SI2L 18LL LPLL'ELi L' LSOb'6B6E'LSEE
‘GZEE'E68E " 198E'G28'E6L' 19L'62 L' L69'699/8TsePOU B8R
/128€2'69862' 198€2'G98EC'€9BEL" 19BES'6GBES

‘62862 L2062 S2BES E28EL' 1 2RET'61OEC'LL8ES 18L62'GBLES
'£8LE2 18262'6LLE2' LLLIET'SLLET'SYLIET EVLET IPLIES 6ELES
1€1€2'SELE2'EELE2'E0L£2' LOLES'6BIER' L69ES'S69E2'E69ES
' 169E2'S99ET 992’ 199E 2 6S9E2 LGIES SGIET ' ESIEL LEIETH
‘629E2' £2962'62962' €296 1 2962 61962 L6SES'GESES ' E6GESH
‘|6GES'68GE2' LOGER GBGE2 E9GER’ 19GE2'6GSE2 LGSES 'SSGESH
'£GGE2" 1GSE2 62562 L2562 S2GER'E2GES LSGET 616E LISESH
‘GEYES'E6YES’ L6PES 6BYES LBPES SBYES EBYES/YESOPOU B8P
LEIERI'NOGEY BGEY BYEl BEE) BZE B L€1/qIBQ/UOLILWIOD

6691V 8EG' LEgi'9Eq) mady'g2B ey p2BARY/SpUNOq/UOWWIOD
(eehur‘(ee)suts
‘(Lle e’ s 1)21n' (641) LAY (LEL)ESA'(081)2SAY (BL1) bSMl«
YOWY'XBUWIY ION'EAI AL LAI'PI08 /ASieq/ uowwod
{eehun' (ee)sup' (LE L) eI (081211,

‘(621) sIAR (LS 1)ESAR (081)25A1 (6L 1) LsAn /Hms/ uowwod
suBly 'xedisu ‘P ‘pBYep ‘ ewnl ' Wit AsUBlY UOWWIOD
eiBap) ¢ * jo8u ‘ edAu ‘ woeBu ' 1 /dAqid/ uowiwod
1sjodu'yosydu’ pa‘deojst / oduow/ uowiwiod
dwjoqu‘duizu‘duw) Lu'sijus)'ouUgL ‘is||oU‘dUU /JUOJUOW/ UOWLLI0D
dxy‘osdpny‘ueBpn)‘uospny'despni'digpdusiiBu’isiisu’suu
4sijqu’ Lu‘Basw ydufdiuidiu Bauidu’quu‘qu  Adivowy uowwod
poubeu'yy'Beipy'py -

‘eu‘eei'ni‘pr'Bawsi‘Asswsi'siBAI'sIpol‘Zl’ L1 Adiuow/ uowiwod
spu‘wipdy‘jeno -

‘1ealyy'qeiu‘sidqiu’jear’Biey el wiedu’yBuBy [1}SUOW/ UCWIWIOD
Bzpu‘Byipu‘Bipu‘'BzyByy'Si'zy'yy’s /piBuow/ uowwod
ujgpdu‘ngpdu -

‘qugpdu‘diqpd)‘ jwnpy‘ownpy'wnpi‘upugbinpugbi‘jepaqi‘weiiq; -

dow'younw'dydsu'diuepu‘duosu’jews

*dp‘pa X' ox;' pXi‘eeyds|isuep| ‘NPUOdI‘'BUIBLUY BLILOW/ UOWIWOD

ipBes‘wpBeiu -

'aqBeiu‘sueBu’ueBu‘sy welul'siew ' jew'Besou /Beiuow/ UOWWOD
(1)ay jea1Boj
()21 16B03u1

{cg)g2sepou’ (L) p2sepou’(l)d uojsustuip
(z-0'y-®) uoysioaid ejqnop yotdiut

"sewn} INAINO 18 AHYINNS Wol} pe|j8d jHdHSN

‘deys

oW JO UOHBIGY YoBe JO PUB 18 puB LONIos Youe jo BluuiBaq

ey} 18 WINVHL PuB 'XaNVHL ‘GHOOSS “TOSHIQ 'HOSSS woy pejisd
“ZNLV3H woy jjed Ajeny

"ANLV3H wol

JLLLNOW/ suowiwos pejeqe| ey jo esow 10 auo Buippe Aq suone|nojed
JUeISUBI} 10} |9AB| B} Y280 JO PUS OY) 18 IO SuOKB{NJIBD

eja)s ApBelS 10} UOHBIBY LIBe JO PUS oY} ¥ sABLEB PBUOISUAWIP
AjqeueA ey} jo Aue o) Sseo0R JOSN B} SMOj|B HINOWN eulnoigns

(2)'o1*o)juown eunnoIqns

‘seamndwie}
Mmnd pue sesmeiedws) £0ZjE O uoyoun; B se einjeiedwe; Aispunog g
-uoiyelaueb jeey jeusejul Juepuadep uomisod 2
pue ‘vopsalpyos Buunp sin500 eyl eBeyunys By} o
oAnBluasaidss paubisse i 6OUBIONPUOD BAIOBHS UB ‘Yawi 'l 10}
‘peuBisse | JuBISIE0D UOKONPUOD [BINIBU B ‘Yow) b}
10} ‘wnueIn 3y} o aimeiedwis) oY} JO UOHIUN) B $B POLIBA 8q
o} wniuain Buikypols ay) ssoioe JuBIdIYaoD Jojsuel] 18ay Yl ‘L
:Mojje Aeyy wae|qoid uoionpes uoqies ey 10} HNILYIH Yim esn
10} padojanep sem seupnoigns peljddns Jesn jo UONOe}|0 Sity

©C 0O LLVOOOLOLOLOLV OO

0O 0 00OV OV L OLOL VL L LWL




123

“(panunuod) seunnoiqns payddns 19sn ONLLYHH 2580-9seq JO Junsi "€y ‘81q

(NieA’(})B1e uojsuswip
uuooyBiausr‘ooldiiold) ol 'u)'qirew‘Ansyi‘oyoelpjunojuowwod
(z-0'y-s) uoisioeid ejqnop yoydu

qutod yeyy 18 wniueln pinby ey jo eaneiedwey
eu} UO peseq JUBOlEOD JBjSUBI) BaY By} 10} enjeA B subisse ueyl
PUB 0pPOU JUBLND BY} JO UORBIUBHO BY} BBljIIUBP} BURNOIGNS SIYL

00 0 0 0

. (jenop'eAly'qeiu’sidaiu,
‘jeA‘Bie'utleqLUNU'an|eA USIWINZ YI'1'ONJBAI) UIAUOD supnoIgNS

© 0O 0 oo

pue

uinjel

(o1*o1'o)udisn Angue

wnjes 6666

9Eq¥=2£08E3)
((1-6212)+ 1W)o=6€q}
((1-1922)+ W)o=geq
((1-2211 1)+ L)o=Leq
(1-2ee1 )+ 1W)o=geq

6€ pUB'gL'LE'9E#
s,0q 10} seineredwie} Aiepunoq 10} 9160}

o 0o 090

((1-81292) +11)2=noGE}
((1-02p52) + LH)o=egEl
((1-v9€2) + LH)o=8pE}
((1-611¥2) + LW)o=8ee!
((1-e02p3) + LW)2=82¢€1
{(1-05ep2) + L)o=8 g}

‘GE
pue ‘pe'ee'ee' IE # 5,0 uoneipes deb-deb
s0} sured einjesedwse) auijep o} a16oj

00 0 00

92/wns=gzbAe}

(uono+wns=wns Qg
(1-()9zsepou) + LH=1u9|
g21'k=102 op
o'0=wns

oBuiene lley) aye) pue
92#9q 10} seaneiede} epou gozje euljep

0O 0 0O

pwns =pzbne

(oo +wns=wns ni

(1-()p2sepou) + tu=1uo|

v2I'L=1 0l op

0'0=wns

{winpu)o=mad

oBvioAs 1oy} X8l pus HZ#20q 1oj sdwej epou
£0gja auyap o) i des isii} "SuUoIpuod
Aispunog Sujuyep uj 8sn 10} pleIys £ogje

U} senfen jo seimeledwe) eujjep oy aibo|

O 0 0 0V

uallo=un oo
(wono=0)sun
(-0 + 1u) =df
((1-G)syi) + 13) =puot
xawy'i=! 00y op
(uoNo={)en 00€
(uao=()gsan
((1-0)e1an) + 1y) =juol
((1-C)esan) + L) =judt
£Al'L=1 00E OP
fuol)o=()z1An 002
(uo)o=()esAn
((1-()21An) + 1y) =pudf
((1-0)2sA) + 1) =3ua,
SM'L=1 002 op
fwoaho={) 1an oot
(uoi)o={)ysAn
{(1-() 1) + 1) =l
((1-0) 1) + 1) =juot
LA'L =1 00} Op




124

“(ponunuos) ssunnoigns payddns 19sn ONLLYIH 9582-9seq Jo Junsr] "¢V 8

o

o ¢ O o

pue
{’polsujwIe} UOINJEXT, «
‘XQ1/l, # apou Anuep} lou pinod NIANOD. X0Ls
/.iiINOSNISOH 1M ‘HIDNVQ'HIONYVQ////.' X0 N8W10} 000S

]
SUNNOJ SIY} 10} SIUBLLSYE}S JBWIO} O
o]
uInNlel 6666
ypue
WP/Yy=0njeAl

{62 4 +¥P) b0 +056G" L =Y
(si-h)sqep=1p
as|e
%pijosS=08n|BAs
ueyi(yewyy' My 00StH
o
jueioyeod ejeid (Bjuozuoy oy difo; o
)
6666 0} oB
jpue
w/y=onjeAl
(ST «sIP)ab0+08LLG' L =Y
(si-N)sqep=1p
es|e
yplos=enjBai
ueyi(ewiy Wi 000}
o
jue(de0d e)sid |BOIUAA 10 91Bo} o
5
dojs
u{000g'ol)enIm
anupuod ooV
§ pue
oop o1 o8
os|e

Q0S| o} 0b
(Mun=p
()sun=s}
ey} ((Murbe-uto-syybe-u)y
. Xewy'y=| 00p OP
enunuod 0t
# pue
00¢c 0} 06
os|e
0004 o} 0B
em=n
(Nesan=s1
usyi((ein ‘beruto (hesarberuly
£A1'L=1 00E OP
enupuod 002
# pue
002 o} of
os|0
0001 0} o8
(eim=n
()2smi=s1
uayi{(heinr ‘beruso-(gsarberu)
2M'1=] 002 oP
enuiuod OgdlL
3 pue
001 03 0B
es|e
000} 0) 0B
) wan=p
() 1sAn=s1
uey({)) LIA] ‘be-ur1o°()) tsAybe uly
iA1= 004 OP

9180} weiBoud

©

{echun' (ee)sun (1eL)eian' (08 1)21Am .
‘(6L1) 1IAB (L 1)ESAI' (081)2SMY' (B4 1) LSAN/EMS/UOWIWIOD
{echiure
“eelsyt' (LeEIN' (08 L)ZIAN (621) LIN'(LEL)ESAI' (08 1) 25N,
'(B21) LSAHOLUY XRWIY 10U ‘EAY' AL’ LAYYP)|08/ASI0G /UOWWIOD




125

“(panunuoo) saunnoiqns pafjddns 1osn ONLLVHH 3s82-95eq JO Sunsry "¢V 919

(€4 4184Z) €8 + (24 418Y2Z) 428 +18UZ4 LB+ 0B =181Y (A) “pejenjene B
S211°0/(20€-unsqep=18yz aq oy 8t iejewesed YoIym Je swij 188} (0]}
es|o (A) ‘u epou jo ejeulpiood tyd 10 2 {gei z 9
6666 0} 0B (A u epou o 8}EUIPICOd BleY)} 10 A {88 y o
uey) (g2921 W'urio'g8r B Wy 0% (A ‘u epou jo 8jBUIPIOOI J IC X eo 19
J pue ‘ueB - eouenbes Buyjjes Lt B|qBUBA JO SlUBU )
06 oy o8 (u) *(eunnos o
esje sjys Aq peyndwios eq isnws eNjeA sSiul) eyel o
] 6666 03 o6 uopeeueB jeey sLIeWN|OA 8y} Bugenjeas 2
(ZuON|BA) 5 LO+08EE =0NJBA uonouny pejjddns-sesn ey} jo enjea jee:r enpn 2
uey} (607182106016 ) uoniuyep edA; ejqeuBA 0
9 2
9|80) eyeudoidde oy enos o ‘peuyep useq 10U suy Y sejeoipul (U) ‘pejed si o
-uoyy pue peuyep Buleq s} uojBes seddos jo uoqued j sujwielep euUNNOIGNS SIYL USYM PoUlEp USR] SBY B]qQBLIBA 8y} 1By} Se1edIpul (A) 2
9 "o|qe} Buimolio} 6y U) peujep e 1s|j juelunBis sy} uj s8|qeLBA 8L} O
0 0=6njBAl o
lo'0/Bnqep’ ‘019Z 0} 168 8| U ‘|18d °
*/80-00" 1/10V'/19920°0/€0" /25 L' 0-/29' /2921 0/ 18'/5¥BL 0/0¢ ©lep puooes ey uj ‘pejenjeas Bujeq s} eye: uopeieuad 1eey o
uuoat ‘Biauai ‘rojdi : 9SOYM 9pOU By} JO JGQUINU BY) SUIBIIOD U ‘||BO 1511} O} LI °
‘joidp ¢ of ¢y 'quew ‘Aisyl ‘ 0yYdsef HUNOY UCWWOD ‘U jo enjeA ey} Aq peliuep! eq Asul sijed oM} ey} °
(1)jeA ‘(1)Bis uojsuewip ‘0'} = 8NJBA SI10YM POUKOP ©I8 BN|BA PUB ‘JequInU ‘Wl °
(z-0'y-8) uoisioaid ejgnop yoydu Auo ‘parepdn si 101084 SiY} UBYM "8jBl uoneseua8 jeay oy} 9
2 j0 B jojoey Juepuedop-ow a4y ejepdn o} wiyobe °
F) UORN|OS AU} WOJ} PBj[BD I BUNNOCY SIY} ‘UBay) '} 10}08} 2
SO R TP TP T P T TR PR TP ey} eje|nojeo o} I81)} Pojed oq ABwW sulnoIgNS Sy} o
J (wmb 'y usyzya)y=b 3
‘e|q®} O} 5|82 U} pasn Ajuo - “AjeAndedse: o se pajejnajes si o8t uoneieusB jeey eyy :ejou 2
'gUOROUN} JB[NGe} 40} senjeA juepusdep k] 2
pus yuepuedepu) ey} Bujupeiuoo sheue jges jea'Bie o ‘juspuedep-uomisod o
(A) Jequinu spou  JeBejuy u o 10/pus -ainjeiadwe) -awp oq Asw sejewsied siy) "ejel uoneieuab o
‘uBu - eouenbes Bujjjeo u| e|qelBA JO SWBL o yesy osuteusnjoa ey Bujuyep uopounj paijddns-iesn ey 8jenieAs o
(A) ‘perenjene Buteq 1ejeweied jo xepul  Jebejul  Jeqwunu D o} 1esn ey} Ag peijddns aq Jsnw suNNOIGNS SiY} ‘POdUBIelel SI )i UBYM O
-(uBu)gueb 2 °
- gouanbaes Buljjeo uj ejge|ieA jO BWBU 9 ‘soyeid 18|} s0ddod pus Ajquasse o
(A) "0"1 SurBlUOD BNnjBA ‘'0I0Z Si | } o Bupseo uoques eyl 1o} uoneseush yesy {Bulelul $alBINOJBO SURNOI S} O
*0J0Z-UouU Si }i b o
# (8) preo indui ealoedses si uo sieadde ] >
yoiym Jejeweied 8y} JO eN|BA JUBISUOD f@e; enjgA o PP T T TET T LI T T T TR RS S 2R 2 22 et A i g gl 9
(A) ‘porenjsre 9 (jeao)'reay'qeiu‘ssdqiu
eq o} st Jejewivled yoiym e einjsiedue) feeu us} 9 ._¢>.9a.c._onE::.o:_a>.:m«.E_u.~.;~.b.o:_w2vcmﬁm: supgnoiqns




126

“(panunuoo) sounnoigns paddns 1asn ONLLYHH 9se2-9seq jo Sunsi] ‘¢ 81

to=enjan1{0g90" Wi'pPuB’O | 2IoN))
19=0n18AI{0G90" " 'PUB O Y LIOY)
(r1¥0"-2)squp=g|0}
(2220-2)3q8p=110)
1o=0n[eAl(0G90" Y I'PUB’Y L b0 Y 2 puB 220 1B 2))
1o=0njBAI(j0} Y 210 10°|0VN Lo}
(82207-2)6qEp=2|0}
{0590"-1)sqep=1|0}
1o=enen(gLL0 W 1 Pue’ 0500 16 1))

(2e5ON[BA) 4183400 +691Y b= 10 00S

e

plounjooq o4 2160] 0

o]
6666 0} 0B
19=0n{BAI(j0}Y"2I0V10°|0V )" LoD}
(82L0°-2)sqep=2i0}
(9£90"-2)squp=1[0}
1o=en|eA (8440 W2 PUe ge90182))

(2ew®nieN) 201Y,904+0G220'G=12 00V

2

{eajpea/des pue do} Joj a1o] o

o
6666 0} o8
19=0NnBAI(9E90" } I'PUR O}V 20N
19=6n[BAI(9E00 W ' PUEIO Y LIOW!
(82207-2)sqep=2|0}
(9£90-2)sqep= |0}
12=8N[BAI(GEQ0 H'S PUR'BLLO W 2 PUL'9E90 1B 2) !
19=0nBAI{|0}) 2|0V 10°|OVY" IO}
(82£0-1)sqep=gjo1
(9£90"-1)sqep=1{0t
19=0n|BAI(g//0 {1’ PUB'GES0 16 )

(2+¥0nien) ,1814,00+9221 v=19 00F

e

jejuozioy/des pua doy Joj oifo} o

2
6666 0} of
19=0n[eAI(gE90" } ¥'PUB|o}Y ZIoNY
19=0n|BAI(9E90 Y I'PUB |OVY" LIOWY
(82£0™-2)sqep=g|0}

(9£90°-2)sqep=1|0}

19=0N[BAI (9890 N I'PUB'BLL0 W Z'PuB'gE90 1B 2))
Jo=onjaAI(jo} ) 2|0} 10°10} I’ LON
(8220-1)sqep=¢lo}

{9£90-1)sqep=1/0}
19=0njBAI(82L0" W I'PUB"gE90 1B 1))

(Z+®NBA) 41814, 90 +891 L'b= 12 002

woneq 8)qionid 1oy 9180}

6666 0} 0B

o]
o]
e

(Ce#9N[BA),18IY G0 +08B0'S =0NjBAI Q01

sjjem ejqrono Joy o1Boj

} pue

009 0} 0B

005 o) 08 (ory Liony

(52921 -yl)sqep= [0}

00S 01 08 (/22 W uypuegzez) Byt
: 00 01 0B (joyy: LjoNy
(€222 -y)sqep= 1o}

00t 01 0B (1822 Wyypuee/22 1B Yy
00€ 01 0B (joyy"Zjoyi0°1o1Y’ {joNy

(921 -W)sqep=210}

(1822 -w)sqep =110}

00€ 01 08 (g21€ W yrpue’ |82 1B Y
002 o} 0B (jovy tiony

(92ce-wsqep =110}

002 o1 08 {ogbe H'uypue-gzze 1B yy
001 03 08 (jory'210110' 0V I’ LIoY
(52821 -W)sqep=2jo}

(o8ve-ul)sqep= 1|0}

001 0} 0B (G28/%" W uypue 0sye 1By

SUOHBIOPISLOD
uoyspoeid e|gnop Jo esneosq pelnbes ese syoeyd 2j6oy

ejdiinw -uoiBes jponiea ejeudoidde sujwieiep

CO+20°0=181Y(0°0 'y 1eiy)

b]
]
]

0 0O 0 oo




127

‘(panunuoo) seunnoiqns paddns Josn ONLLVHH 9582-9seq JO Sunsr ¢V 81

"CCCCCICCCCCCIICIICCCC'CCCCC(ICCCI'.‘CCCCCI.CCCCC'CCCI«ICI’ll'ii‘lliil(

Zeqi=enpeni(z¢ besequinu)y
geqi=en[eal(og-besequinu)y
mdi G2 +92BAe;,62 =eneal(gZ besequinu)y
ML, G+ b2BAR}, 06" =enjBri(sZ besequinu)y
yzBae=enjari(pe batequinu)y
6€91'geal’ Z6a1'9ca) mady'gzBaey'pZBAsy/spunog/uowiios
(z-0'u-s)uoisjosid ejgnop uoldust

‘gjqe} O} sijeo w pesn Auo *AjpAioedsel
‘quopouny Jejnqe} 10} eenjea juepuadep
pus wepuadepuj ey) Bujujeluos sheis jees |8A‘Bre
) . (u) Jequinu epou  sebejul u
dipqu - eouenbes Bujjjed uj jqeLIBA Jo oweu
(A -peeniene Bujeq sojewesed jo xepu;  Jebej  Jequinu
*(dipqu)dweiiq
- sousnbes Buljjed U B|qBNBA JO dWBU
(K 0" L SuIBIUOD anjeA ‘010z &1 |}
‘0J9Z-uou st |
p (1) p1es indut eApoedsel sy uo sieedde

yojym Jejetuased ey Jo ON|BA WBISUOD |8e:  enBA
(u) ‘peyenjene

oq o} s| Jejewnied yoym 18 eimeiedius) |eas us}
(A) "pereniene

eq o} 8} Jejeweied Yojym j8 swp |8e1 wyp

(A) "u epou jo epBuIPI00d |yd 10 Z )] z

(A) 'u opou jo eeUIPIc0D Bley} JO A eet U}

() ‘u epou jo ©)BUIPIOOT 1 JO X jees 4
‘(Hunpy

- eouenbes Suj|jeo u| 6jqBLBA jO oweu

{u) *{eupnos siyy Aq penduwiod oq 1snw anjea

siyy) esnyesedws) Aispunoq eyl Bupenjeas
uopouny pejjddns-1esn oy JO enjBA jgel  en[sAl
uoniuyep adf} ejqeleA

O 0O O0OO0OOLOOLOOLOCOVLOLVLLOLOLOLVLOLOLVLOLOOLOLVOOLL OLVLOLO

)
‘pauljep uoeq Jou sBy Y seyedipul (u) "pejieo st o

eUNOIGNS SIL} UBLM pBuljep USaq.sBY O|qBLIBA By} JBY) Sejedipu} {A) o
"ojqu} Buimol|oj ey} Uy peuljep ase 1|} juewnBbire oy} uj sejgelIBA 8y} o
Juepuedep-uomsod 10/pus Juepusdep-ewi oq Aew Jejpwesed siy} d

“eInjviadilie) Aispunog ey bujuyep uopoun) pejjddns-106n sy, 8jBN|BAS 2
0} Jesn ey} Aq pejjddns oq Jsniu BURNOIGNS SIUL ‘PIIUBISIS! %) )| UBYM O
o
ll(C‘i'llCICIC".lICCICI.ICICI'CICCIIICC‘CCICIG«.!CCCKCCCCGCCCCCICCGC¢ S
(ool jealy'qelu’sidou -
._e>.m.c.:conEzc.ca_u>.:2.E.a.~.£._.o:.uZEES:n aupnoIqns

0 0 0o

pue
{Q3aNDOISSY LON,‘XG'6'S 1€ gHieuo} 0205
(6'siep'gl)iewiso} 0105

{oz'0oge’, =A D

‘gl’, JequInu epou anol JouUBd ojBo] NDLVY3IH.'X01’

/i NOSNIBOH TIIM HIONYQ ‘HIONVA/// X0 1)iewi0} 0005
]

QUIINOI SIY} SO} SjusLIeIB)S JBWIO) O
)
umel
# pue
Z'yi''u(p2og onem (0°016-Bnqep)y
o5}
enjeAsz'y)s'u(0i0g oneIm
usy} (0°018'Bngeppue’Q'0iB-anBrI) 6666

2
weweja}s ojim BuiBBngep o
L)

dojs
yr'u(ooog'olemim G09
)

wajqoid supnos 10} JUswelvls 8Yim 9
o
6666 03 06
19=0N1eAI (050" Y1 PUB O Y 210N
1o=06N{BAI(0SI0"H") PUB IOV H" LIONH
(b1p0"-2)sqEP =210}
(2220"-z)sqep= 1|0}




128

“(ponunuos) sounnoigns poijddns 1osn HNILYIH 9ses-oseq Jo Junsi] "¢y 314

ueui(pe beiequinulpesie — eouenbes Bu|jje3 U} SjQULIBA |~ BWRU 2
208'0=[peoe (A) "0't SUIBILIOD ONJBA '0IOZ € il ]
vpgl=dwy} ‘0102-UoU §) | o
ueyi({ee besequinujjiesie 3 (29) pies indy) ealoedse: s uo sivedde o
+68'0=|p8oe yoym seewsmnied ayj jO anjBA JUBISUOD |3es  enA O
wzZgi=dwy (A) ‘pejenjese o
usyi(ze be iequinu)pesie 0q 0) s} Jojpwesed YIIYM I GInjBIadWE; LY us} 2
01 =[peow (A) ‘pejenjene )
vigI=dw} oq 0} s} iojewwind YoIyMm 18 owst} |ees wy 9
uoyi(1e'besequinu)y {A) "u epou jo 6}eU|PI00d |yd 10 2 o9 z 9
0 (A) "y apou jo ejeuIpI00d BBY) 10 A jees QW o
Ayajssjwe 99BN gogie euyep o (A) "'u epou }Jo 3J8UIPIOOD 1 1O X ()] PR
2 "ipeiyq °
Hpue . 9ouenbes Buvso ul 8|qeLIBA JO BWEL 2
0' L= |8jwe ueyi( 226 96 nagel (u) “(eupnos sui Aq ]
Ce'0=is|we (L2101 NOSEIH peindwod eq isnw enjuA s|yi) 1ejsuel} jeey 2
{nagg),20-PB 1 1 °0)dXBpP,260€'0= I SIWe eApBIpeI 10} Juelojleod ey Buneniese °
uey} (¢g berequnu)y uojjoun} panddns-iesn eyy jo enjea {ges en@eAl 9
8°0= |sjwe (pg o) reqiunu)y uopuyep edfy ejqeues 2
000¢ o10B8(ge 18 19quunu)y 2
0006 03 o8 (218 1equinu’io’ L") 1equINU)Y ‘pouljep ueeq jou sey | 91Balpul (U) ‘p2|ed 8} 3
2 eUINCIGNS SIY} LOYM POULOP ueaq SBY 9|qeLEA By} JBy} sejeoipul {A) o
Kyaissiwe ooeuns 2 ‘9|qel Auimoljo} ey uj peujep eie i Juewnbie ey ul se|qeBA 8Y) O
1eddod 10 uoques seyys euljep ‘oibo| weiBoid uiBaq 2 ‘wepuedep-ainjeiodwe) o
M 10/pus -y} aq Aew rejewnied S|y} ‘19jSUBI} 190Y BANRIPYS O
uuoay'Biaudy'gioid, 1o} uapdiecs ey) Bujuyep uopoun) pelddns-jesn ay; ejenieae o
‘Jojdy’or'uy'gpew)’ Ansy oyoe|HUNol/uowIWod o} 1asn oy} Aq petiddns eq jsnw suRNOIQNS SIY) ‘POIUSLIBYAS SI § 9YM 2
LEDESI'NIGEY OGEY BFEY VEEI BZEY ® | £1/GIBG/UOWWOD o
(z-0'y-8) uoispresd ejgnop yojduy O PSP T T T T T L LT T T T T T TR Y T LY YT T T VT Y R
2 (teao)'jeay‘qeiu‘sadqiu
k) ‘|eA'B18'U'1oqUINU ONIBA'USY WI'Z' Y1) entBAI}u|pe) eupnoIqris
NN N ISP I NNV EI RSN TSSO N ISRy O 3
] )
'9|qe} O} 8)j8o U] pesn Ajuo ‘Ajeapoodsos 5 2
‘suoijouny J8jnge) 10} senjeA juepuedep 2 2
pue uepuedepy; ey} Bujuiewod sheise jee) jea'Bie o 2
(£) ‘1lequinu epou  10Beyul u o pue
dipqu - eouenbes Buyjjes u) 6|qeLIvA JO BWRY 2 uinje)
(A) ‘pejen;ene Bujeq sejeweisd jo xepuj  Jobojuy| equnu 2 6cqi=0njeAl (6¢ bo seqlunuiy
"(dipqu)peiyq 2 geqi=enjeAI(ge be loquinu)y




129

{(panunuod) sounnoigns paijddns Josn ONLLYAH 9se9-9¢2q Jo unsi] gV 81

"8826'8.S '9212'V1LE'vIS ‘2912'09.€"06S ‘8P 12'9PLE'EYES BSESY
‘©L6C'9BES 0PSB LIPS CEPS 8P PS EOFG 08YS' LOVS ' LGS LEGS 8PS
‘GRGS'286G"'6659'9 195 E699°0595" 1 L9G'2695'€ 1 LG VELS'SSLG'9L LG

/€8N vjep
12645'8185'6685'0985' 188G'2069'6268 ' PY6G'SI6S 'ZYES LGES 2LES s
' 18ES TOVS LIVS 2EYVS' b ' 2ovS 6Ly 961G € LGS 0ESS LYSS YISSs
' 18GS'86GG'S 1 96'2€95'6¥96°049G' 169G'2 1 LG CELS VS LS'GLLS 964G
‘218G'968S'6569'088G' L06G'2265 'CY65'Y96G IES'ISES' 1 LEG'IBES
‘LOVS'9LPS' LEVS'BPS' LOFG'BLYG'S6PS 2165 6255 VPSS €SS 085S
‘165S'F19G' LE9G P95 6996°0695' L 1 L6'2CL6'€6LG L LG'G625'918S,
*1689'898G 64850065 126G '2P6S €965 0FES'SSES '0LES GBES 00VS .
'GLYG'0ErS SYYS 09PS' LS vBYS' L 1568266 SPGG 2955 6255 9665«
‘©196'0£99" L98'0999'6895'01 26" 1€£G'2S4S'€L45'v625'S 18G ' 9EBS ¥
*1695'8.85'6685'0265" LS ‘2965 6ELS YSES'69ES YBES 66ES Y ivSs
‘6205 PG 6SYS'ILYS COVS 016G 226G YHSS' 1955 845G G656 2195y
'6296'995' 2996 '8895°'6045 049" 1626'2LLG'€6.5 P 1 BG'GEBS'9SES
‘119G'868G'6 1 65'0P6S’ 196" 8EES'E6EG 89EG E8EG 'B6ES T L VS BCYS
‘evbG'BGHS 'SLPS 2675 6056 9265 EV6S 0966 LGS YESG 1 1958295
'GY95'999G"1895'8046'628'0S4S' L £LG'26.G €185 VEBS'GSBG'9L8G

feen vjep
12686'8165'6€65'0965' LE6G' 266G’ 196G 28EG'L6ES 2 IYS L2V5 ShYS

‘5GP LV’ L6V ‘806G 'G2GS ZYSS 6565 946G E665'0195'L295 ' PrOSy

'G996'9895'2045'82.5'6v.15'0L4S" 181G '218G'EE8S VGBS GBS 968G
*L16G'8E69'6565'9EES' 1SES'99ES' 1BEG'96ES' L I¥S'I2HS LS ISPGy
‘©LbG'06¥S' L06S'b2SS' 166 856G G L6G 26556095 929G EVIS YIS,
'G89G°90.G'22/5'8Y2G'69.6'06/S 1 18G'CEBG'CG8S V.85 S68G'916G,
' L66G'8S65'SEES 0665 GOES 086G SEEG 0L ¥S'S2HS ObYS 'SSYS'SLYS
‘685" D0GS 265 0VSS' /GG P2SS' 16558095295 295 €995 v8IS.
‘G0/G'92.G'Lv29'8949'6845'010G" 1€8G'268G €285 PEBS'G 16G'IE6S
‘166G PEES 6YES YIES 6.6 VEES 60VS Y2YS 6EYS YSPS' L LG '8BYS
‘G0GS'Z25S 6ESS 9555 €266 066G 2095 v29G' | 95 299G 695 Y0LS
'G21S'9b1G'1945'8825 608G 0£9S' 1 506G 228G €68S ' 1 6G'GE6S IGES
‘CEEG'BYES E9ES 826G CEES BOPS €2, VG 'ESYG'0LYS L8YS FOSS
* 125G BESS 'SG6S 2SS 6955°9095 €295 0F9G 1995 SRIS E0LS Y2 LS s
‘ShiSs

‘9926'/8/G'808G'6285'058S" 1.185'2686'€ L 6S'FE6S G565/ 18N BlBP
JE0+0G0MPIOS T'EEL LMBWY,

‘feeewu’/OBYAOY'/LE LIEA' /OB LIZAI /6L 1 LA BIBp

() (eeisul (1e1)In" (081)2IM' (BLI) 1IN (LEL)ESA; (081)28Al,

‘(62 1) 18A1HOW R IOY ‘SN 2L | A1 plios/ASIeq/uowWwILI0D

(z-0'u-8) uoisioeid eiqnop Yojidwy

‘ainje1adiue) JO UOROUN} B 68 SUOHIPUOS AlBpUNOQ Yo wniue:n
2}8[NOJBD O} JOPIO Ul POZIBIYU| B O} SPELL JBY} LONBLLIOJU! O58q

¢ O 0 ©

nuq vjep %209

0 0 0 0 ©Q

pue
("poBuILLIe) UOHNCOXT,'XOL,
/e, #°9 Anuepi Jou piNod NLIGVH, X0t

/1iNOSNIGOH TIM ‘HIONVA'HIONVA.//X0i)iewio} 0005
0

QuUiNoI 8jY} 10} Sjuewelsls jewio} o]
o]
uin}el 6666
dois
sequinu(000s'oNewM 0006
6666 o} ob

WoueD/(80-PL9 G¥ZSIA, L SILE) =0njBAl

{1 - 2siwe/ | + |siwe/'|)=wouep

peo=csjwe( z2c1 16 269c0)H

LL°0=2s1wa( 12101 LegEeN)

S518'0+ LEERI,E0-PEGSE 0-=2S 10
go=lsiwe  000€

6666 01 0B

{puos, (WoUBP/(B0-PLY'G4Z5IW0, L SILIG)) =oNnBAl

(0'4- Zsjwe/ | + |8jwe/ |)=wouep

pe'o=2stwe( L2ei 06 dun)y

LL°0=gsiwe( 22 e dun)y

6519°0+dw),E0-PEBSE O-=28jWe

npue

8. L =Ipsoe

vegl=dus

osje

0't=[paos

Bpy=dun




130

“(panunuoo) saunnoigns paiddns 1osn ONLLYIH 2sed-9seq Jo Funsr] "¢V 31

pue

J6YS ‘LYIZ'SPIE'BYS ‘OIS PPLE LYS ‘SYIC'EVLE'OPS ‘P ISy
'2hLE'SYS ‘EYIZ' IV.IE'PYS ‘2P 12'OVLE'EYS IV I2'6ELE'SHS ‘0PI,
'GELE'1YS '6E12'LELE'OVS ‘BEL2'9ELE'6ES 'LEL2'SELE /1Yt BIBp
/YES ‘2ELZ'0ELE'EES ‘LE12'62LE'2ES '0EI2'BBLE LES '6212s
‘121€'06G '8212'92LL£'62S 'L212'S2LE'82S ‘9212 veLE L3S 'GCics
‘©2LE'92S ‘p212'T2LE"S2S ‘€212 12LE'¥eS ‘2212'02LE /syl elep
JLELV'SELZ'EEEY' LI L L'GLLZ'ELEY'LBO)'GE92'E62P'LL0L'SL92'EL2Ys
‘1S01'GS92'EG2H'LE0 ) 'SE2'CESY' LI01'S192'EL2Y 166 "G6G2'EC LYy
‘116 'SIGS'CLIY'1G6 "SSS2'EG Y LE6 'SESS'EEIY LI6 ‘SISS'EL LY
‘168 ‘S6b2'C60Y'LL8 'SLVS'ELOY' LS8 ‘SSYS'ESOY LEB ‘GEVS'EE0Y .
‘128 ‘61b2'L10Y'S08 'COV2 100V'68L ‘LBE2'SE6E'ELL ‘1 LEC'6I6E
‘16 '6GE2'ES6E’ P L ‘'6E£2'LE6E'G2L '€2€2'126E'60L ‘L0E2'SO6E «
‘€69 '1622'688E'LL9 'GL22'L8E" 199 '6622' LG8E L9 ‘GYE2'EYBE.
‘669 ‘1622'628E°619 'L 122'G18E'S09 ‘€022 L0BE' 165 '6812'L8.Es
‘LIS ‘GLIS'ELLE'ERS 191 2'6GLE'6YS ‘LY 12 SPLE'SPLE 6SLE'CLLE
‘182€' 108E'S18E'628E 'CEE' LGBE'CL8E 688E 'SO6E' L26E'LEGE'ES6E Y
‘696£°GB6E" 100Y' L1 0Y'CE0Y'ESOY'ELOY E60F'E L LY EELY'ES LY
PR

JEL L

‘E6LY'E12H EECY' ESSY'CL2Y'E62P'EIEY CEEY b LE'BGLE'CLLE'IBLE S
'008E' 18€'828€'2HBE'968E'2L8E 898 OBE 026€ 'IEGE 'ZS6E'B96E +
'$86€'000p'9 L0V ZEOP 2SOV 2L0P 260V 2LV ZELY S IP'CLIY'SE LY.
212y 2EeY'2GeY'2L2Y 262 2IEY'TEEY'EVLE LG LE" | LLE'S8LE'66LE
‘S18E' 228" 1 ¥8E'SSBE' 1 /8E' 188€'C06E'6 16E'SEBE " LG6E" L96E 'EBEE
‘666C'S1OP’ LEOY' LSOP' 120V LEOP' LLLY LELY IGLY LLLP 16V LICh.
LE2Y' IG2Y L2V 162V LIEY' LECY'SPLE'9GLE'0LLE B LE B6LE 21 BE
'9286'0paL' YSBE'028€'988E'206E'8 168 YE6E ' 0S6E 'IO6E '286E '866E »
'p 10t 0E0P'0S0F'0L0P 060 04 L' 0E LY 05 LY'0Lib 06 1Y 012Y 0ESY +
‘0G2H'0L2H 062 OLEY OEEY L1 LE'SGLE 6926 EBLE L6LE" | LBE'GZEES
‘6E8E°€SBE 698E'S88E" LO6E L L6E'CE6E '6F6E'SI6E" 186E'L66E'E 10V
‘620p°'6v0p' 6901 6800’60 1062 L b'6¥ Lb'69L Y6811 602 '622Y 6V
‘692’682 60E Y 62Eh OV LE VS LE B9LE'2BLE'96LE 018 YZBE 'BEBE S
'2C8E '898¢ ‘Y98E 006€ 9 L6€ 'ZE6E 'SYEE' YIGE 0B6E 'I66E '210Y 8200
‘8p0b'890Y'880Y'80 LY 821 1'8Y L #'891b'88 L0802k 822 '8Vl

21 Biep
/892
‘8821'80EY 82y 6ELE'EG.LE' £9LE" 1 8LE'S6LE 608E 'E2BE LEBE 1GBE
' L98E'E08E 668E'G16E° LE6E " LYBE CI6E'6L6€'S66E" L 1OV 220 LYOb
'L90Y 80V 20V L1 LY LY LOLY 181y  L02Y 122y Ly L92Y 182 .
*L0Eb' L2Eb'8ELE'2SLE'99.€'08 L' 6 .LE B08E '228E IEBE 0SBE 998
‘288E'868¢ "7 L 6€'0C6E' IVEE 296E 'BLEE ¥66E'010b'92Ch '9v0Y 990V
'9R0p'901LP'SZL1'OP LH'99 L' 98 L b 002Y 922 ' Ib 2 992 982y '90E Y «
'92eY' 1626 152€'S92€'644E'€6.E LOBE' L 28E'GESE 6VBE'GIBE" 18BE S
'L68E'E L6E'626E SYEE’ 196E' £L6€'£66€'600t'SS0P'SHOP SO0 'S80V«
‘SOLY'SZIP'SPLY'SOLb'GBLY'SO2Y S22y SYZY' SO2h'S82Y 'SOEY 'S2EY
'9826'0S2£'v9.€'811£'26.€ 9088 026E ' YEBE '8Y8E ' ¥O8E 088E'968¢E .
‘216£°826€ vP6E' 096€'9.L6€ '266E'800% ¥20b vHOb SOV vBOP PO i be
DLV PP LY VOLY PR IY POSY bESY Y YO2h YEZY POEY VEEY 'GELE
‘6VLE'€9LE'LLLE 6LE'SOBE 6 LBE CEBE’ LPBE EIBE'6/8E'S6EE L L6
'1Z6E'EY6E'6G6E°SL6E" L66E" L00Y' E20Y'EP0P €90 EB0P'E0LY'ECI b

‘SYLY'EIID'EB LY E0SY'E2SY EYCY €92Y'E8CY EOEY E2EY/ LI BlRp
18€31'9EL2'VEEY'BLLL'91LL2' P IEY'8601°9692'+62Y'BL0L 9292,
'pL2b'8501'9592'vSey ' 8E01'9E92' FESH'BL0L'919C Y 12h 866 ‘9662,
‘PELP'8L6 ‘9262 VL IP'856 ‘9662 YS LY 9E6 '9ESS VELY'BLE ‘9162,
‘1 1p'868 '9602'P60Y'8.8 ‘'9Lb2 VL0V BSS "9SS YSOL'BES ‘9Ebey
‘PEOY'228 ‘02F2'8 10908 ‘YOT2 20006 ‘88E2'986E ' VLL ‘TLES,
'0L6€'8SL ‘9SE2'vS6E'ThL "OVE2'BE6E'ICL ‘YZES'SZEEOLL ‘BOES
'Q06E' V69 '2622'068€'8.9 '9422'v18£'299 '0922'8G8E'8Y9 ‘9b22.
‘PHBE'PEY ‘2E22'0£8€'029 ‘B122'918€'909 Y022 '20BE'Z6S ‘0612




W=

10-13.

14.
15.
16.

17

R RO R VN

K/CSD/TM-100
Dist. Category UC-704

INTERNAL DISTRIBUTION
. A. M. Ammons 18. S. H. Park
R. L. Beatty 19. A S. Quist
. E. L. Bird 20. R. C. Riepe
K. W. Childs 21-22. C. H. Shappert
. J. S. Crowell 23-27. M. J. Taylor
. G. E. Giles 28. J. J. Tomlinson
. J. R. Kirkpatrick 29. M. W. Wendel
. T. G. Kollie 30. G. E. Whitesides/R. P. Leinius/
. D.J. Lott Applied Technology Library
G. Mackiewicz-Ludtka 31. P. T. Williams
G. M. Ludtka 32. Applied Technology Library
W. G. Northcutt, Jr. 33. Central Research Library
M. Olszewski 34. Laboratory Records
. J. E. Park 35. K-25 Site Records (RC)
EXTERNAL DISTRIBUTION

36-47. Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 37831.









	DE93005887_KCSDTM100
	DE93005887_KCSDTM100-002
	DE93005887_KCSDTM100-003
	DE93005887_KCSDTM100-004
	DE93005887_KCSDTM100-005
	DE93005887_KCSDTM100-006
	DE93005887_KCSDTM100-007
	DE93005887_KCSDTM100-008
	DE93005887_KCSDTM100-009
	DE93005887_KCSDTM100-010
	DE93005887_KCSDTM100-011
	DE93005887_KCSDTM100-012
	DE93005887_KCSDTM100-013
	DE93005887_KCSDTM100-014
	DE93005887_KCSDTM100-015
	DE93005887_KCSDTM100-016
	DE93005887_KCSDTM100-017
	DE93005887_KCSDTM100-018
	DE93005887_KCSDTM100-019
	DE93005887_KCSDTM100-020
	DE93005887_KCSDTM100-021
	DE93005887_KCSDTM100-022
	DE93005887_KCSDTM100-023
	DE93005887_KCSDTM100-024
	DE93005887_KCSDTM100-025
	DE93005887_KCSDTM100-026
	DE93005887_KCSDTM100-027
	DE93005887_KCSDTM100-028
	DE93005887_KCSDTM100-029
	DE93005887_KCSDTM100-030
	DE93005887_KCSDTM100-031
	DE93005887_KCSDTM100-032
	DE93005887_KCSDTM100-033
	DE93005887_KCSDTM100-034
	DE93005887_KCSDTM100-035
	DE93005887_KCSDTM100-036
	DE93005887_KCSDTM100-037
	DE93005887_KCSDTM100-038
	DE93005887_KCSDTM100-039
	DE93005887_KCSDTM100-040
	DE93005887_KCSDTM100-041
	DE93005887_KCSDTM100-042
	DE93005887_KCSDTM100-043
	DE93005887_KCSDTM100-044
	DE93005887_KCSDTM100-045
	DE93005887_KCSDTM100-046
	DE93005887_KCSDTM100-047
	DE93005887_KCSDTM100-048
	DE93005887_KCSDTM100-049
	DE93005887_KCSDTM100-050
	DE93005887_KCSDTM100-051
	DE93005887_KCSDTM100-052
	DE93005887_KCSDTM100-053
	DE93005887_KCSDTM100-054
	DE93005887_KCSDTM100-055
	DE93005887_KCSDTM100-056
	DE93005887_KCSDTM100-057
	DE93005887_KCSDTM100-058
	DE93005887_KCSDTM100-059
	DE93005887_KCSDTM100-060
	DE93005887_KCSDTM100-061
	DE93005887_KCSDTM100-062
	DE93005887_KCSDTM100-063
	DE93005887_KCSDTM100-064
	DE93005887_KCSDTM100-065
	DE93005887_KCSDTM100-066
	DE93005887_KCSDTM100-067
	DE93005887_KCSDTM100-068
	DE93005887_KCSDTM100-069
	DE93005887_KCSDTM100-070
	DE93005887_KCSDTM100-071
	DE93005887_KCSDTM100-072
	DE93005887_KCSDTM100-073
	DE93005887_KCSDTM100-074
	DE93005887_KCSDTM100-075
	DE93005887_KCSDTM100-076
	DE93005887_KCSDTM100-077
	DE93005887_KCSDTM100-078
	DE93005887_KCSDTM100-079
	DE93005887_KCSDTM100-080
	DE93005887_KCSDTM100-081
	DE93005887_KCSDTM100-082
	DE93005887_KCSDTM100-083
	DE93005887_KCSDTM100-084
	DE93005887_KCSDTM100-085
	DE93005887_KCSDTM100-086
	DE93005887_KCSDTM100-087
	DE93005887_KCSDTM100-088
	DE93005887_KCSDTM100-089
	DE93005887_KCSDTM100-090
	DE93005887_KCSDTM100-091
	DE93005887_KCSDTM100-092
	DE93005887_KCSDTM100-093
	DE93005887_KCSDTM100-094
	DE93005887_KCSDTM100-095
	DE93005887_KCSDTM100-096
	DE93005887_KCSDTM100-097
	DE93005887_KCSDTM100-098
	DE93005887_KCSDTM100-099
	DE93005887_KCSDTM100-100
	DE93005887_KCSDTM100-101
	DE93005887_KCSDTM100-102
	DE93005887_KCSDTM100-103
	DE93005887_KCSDTM100-104
	DE93005887_KCSDTM100-105
	DE93005887_KCSDTM100-106
	DE93005887_KCSDTM100-107
	DE93005887_KCSDTM100-108
	DE93005887_KCSDTM100-109
	DE93005887_KCSDTM100-110
	DE93005887_KCSDTM100-111
	DE93005887_KCSDTM100-112
	DE93005887_KCSDTM100-113
	DE93005887_KCSDTM100-114
	DE93005887_KCSDTM100-115
	DE93005887_KCSDTM100-116
	DE93005887_KCSDTM100-117
	DE93005887_KCSDTM100-118
	DE93005887_KCSDTM100-119
	DE93005887_KCSDTM100-120
	DE93005887_KCSDTM100-121
	DE93005887_KCSDTM100-122
	DE93005887_KCSDTM100-123
	DE93005887_KCSDTM100-124
	DE93005887_KCSDTM100-125
	DE93005887_KCSDTM100-126
	DE93005887_KCSDTM100-127
	DE93005887_KCSDTM100-128
	DE93005887_KCSDTM100-129
	DE93005887_KCSDTM100-130
	DE93005887_KCSDTM100-131
	DE93005887_KCSDTM100-132
	DE93005887_KCSDTM100-133
	DE93005887_KCSDTM100-134
	DE93005887_KCSDTM100-135
	DE93005887_KCSDTM100-136
	DE93005887_KCSDTM100-137
	DE93005887_KCSDTM100-138
	DE93005887_KCSDTM100-139
	DE93005887_KCSDTM100-140
	DE93005887_KCSDTM100-141
	DE93005887_KCSDTM100-142


