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SECTION 1. INTRODUCTION

This report presents a summary of cthe results of the tasks done under NASA
Goddard Spaceflight Center (GSFC) contract NAS5-25737, Mod 5. The objec-
tives of this contract were to develop detailed thermal models of the
Landsat-; Earth Sensor Assembly Module (ESAM), the ODummy Themat‘c Mapper
(OT), and a small thermal model of the Lan<sat-D spacecraft fo a heater
analysis. These models wzre used to develop and verify the thermal design
of the ESAM and DTM, to evaluate the aeroheating effects on ESAM during
launch and to evaluate the thermal response of the Landsat-D assuming the
hard-line heaters faiied on with the spacecraft in the Space Transporta-
tion System (STS) orbiter bay. An additional request was maie to predict
ESAM temperatures for the thermal balance test conditions.

The analyses required to meet these objectives were independent tasks,
each with a separately written report describing the results. In addition,
several of the tasks were subdivided intn distinct phases. Separate
reports were issued for each phase. For example, the ESAM task write-ups
include thz model development in one report, a discussion of the orbital
predictions usiny that model in another, and a discussion of various design
modifications and their effects in a third report. These reports were
issued as internal O0AO Corporation technical memcranda, copies of which
were given to the GSFC technical officer for information. Section 2 of
this wreport summarizes the results of each of the tasks performed under
this contract. The orininally issued memoranda are included in the appen-
dices.
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SECTION 2. SUMMARY OF RESULTS

2.1 THERMAL ANALYSIS OF THE ESAM

The objectives of the task were to produce a detailed thermal model of the
ESAM and use this model to evaluate its tnermal design and siructural
gradients.

These goals were achieved by examining the ESAM’'s sensitivity to various
operational conditioris. These were the spacecraft orbit, the Mviti-
mission Modular Spacecraft (MMS) interface temperature, the ESAM supply
voltage, and the number of sensors turned on. Combinations of these condi-
tions were run for both steady state and transient rases to predict the
temperature response of the ESAM. From these computer runs, the tempera-
ture ranges for the possibie operational modes were found and, from these,
the sensitivities.

The thermal model used for this study is discussed in detail in Appendix A.
[t basically is a 60-node model which is sufficiently detailed to enable
the evaluation of any ESAM temperatire gradients. This model was set up in
the Simplified Shuttle Payload Thermal Analyzer (SSPTA) computer program
format. SSPTA was used since fluxes, view factors, and nodal temperatures
could be calculated without having to use other programs.

These analyses indicite that the ESAM thermal design is adequate to main-
tain the ESAM within the normal operational limits of -10°C to 35°C using
passive thermal contrnl. The normal operational steady state temperature
for the structure was predicted to range fr.m 8.6°C to 18.2%C with a
nominal temperature of about 13°C.  With the ESAM sensors off and the
heaters disabled the structural temperature stabilizes at -11.8°C, just
below the lower temperature limit. The only case which exceeded the upper
temperature limit was a heater and sensor on case for which a steady state
structural temperature of 42.6°C was predicted. This case is unlikely to
occur in flight since it requires both proportional heaters systems to fail
on at full power, and both sensors to continue to operate.



The ESAM thermal qesign sensitivities to the various operational para-
meters were also determined in these analvses. These sensitivities were
found by evaluating the steady state temperature variations for ESAM over
the maximum range of each of the operational parameters. The parameters of
interest were the orbit variation, MMS temperature variation, and supply
voltage variation. The resulting ESAM temperature sensitivities are: a
1% change over the range of flux conditions, 0.3% change for a 1% change
in the MMS temperature, and 0.4°% change for a 1V change in the supply
voltage. Details of these analyses of the ESAM design are presented in
Appendix B.

2.2 ESAM THERMAL VARIATIONS RESULTING FROM DESIGN VARIATIONS

At the request of the Landsat-D thermal engineer, analyses were done tu
examire the effects of several variations from the baseline design used in
the thermal analysis of the ESAM. These variations were discovered during
the inspection of the prototype ESAM prior to construction of the multi-
layer insulation (MLI) blankets and coating of the radiator surfaces. It
was found that silver teflon could not easily be attached to the edges of
the bracket radiators because of the rolled surfaces, and it was suggested
that these radiators be painted white instead. The central electronics box
radiator plate is attached to the frame by 20 exposed bolts, which change
the effective radiating area of this plate. Finally, the design of the
ESAM dues not permit the MLI to be mounted flush to the sides of ESAM, thus
leaving a gap between the outer surfaces of the ESAM and the inner surfaces
of the MLI around the perimeter of the radiators.

A parametric study of the effect .f each of these factors on the ESAM temp-
erature was madc on a reduced model. This one node ESAM model included the
radiative couplings to space for the radiators, sensors, and insulation,
and the absorbed fluxes, sensor and electronics powers, and the heat con-
ducted from MM3. This reduced model, without any modifications for the
design variations, predicts steady state temperatures within 1°C of the
detailed model predictions for the ESAM structure. The modifications for
the design variations were accounted for by varying the absorbed fluxes and
radiative coupling to space accordingly.
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The analyses indicate the followiny ESAM temperature trends. The white
paint on the bracket radiators, which replaces the original silver teflon,
decreased the ESAM temperature by 1°C. This occurs as a result of the
greater effect due to the increase in the radiation coupling to space as
compared to the effect of the increase in absurbed fluxes. The 20 mounting
bolits, which are stainless steel and assumed to have an a/e ratio of 0.45/
0.15, increased the ESAM temperature by 19C. This increase is a result of
the larger effect of the decrease in the radiation coupling to space as
compared to the effect of the decrease in absorbed fluxes. The gap between
the MLl and ESAM sides, assumed to bec a 0.25 inch wide black aperture,
decreased the ESAM temperature by 1°c.  This again is a result of the
larger effect of the increase in the radiation coupling to space as com-
pared to the effect of the increase n absorbed fluxes.

Inciuding all these variations, the updated design with white paint on the
bracket radiators reduced the temperature of the ESAM about 19C from the
baseline design. Another 0.5%¢ drop can be achieved by painting the
exposed bolt heads and washers wnhite to improve their heat rejection capa-
bilities.

2.3 ESAM THERMAL BALANCE TEST PREDICTIONS

A prototype unit of the ESAM structure was built at GSFC for testing pur-
poses. A thermal balance test was performed using this prototype structure
and thermal mock-ups of the Earth Sensor Electronics (ESE) and Scanners
(ESS). At the request of the Landsat thermal engineer, OAO modified the
ESAM analytical model to represent the test configuration and made temp-
erature predictions for two of the test cases. The details of this effort
and the results are discussed in Appendix C.

2.4 E£SAM AEROHEATING ANALYSIS

The purpose of this stu s to ascertain the magnitude and direction of
the temperature variation or the ESAM from the time of launch on the Delta
vehicle until orbital insertion of the spacecraft. This analysis was
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broken ‘nto three separate stages to correspond to the three phases of the
flight. These are as follows:

1. Initial ascent of the vehicle with the tairing on (T=0 through T
+ 4 minutes)

2. Aeroheating of the spacecraft after fairing jettison (T + 4
through T + 23 minutes)

3. Coast Trajectory until final orbital insertion (T + 23 through T
+ 74 minutes)

A single node model was used to represent the ESAM structure, sensors,
radfators, and electronics. Tnis assumption of a singl¢ node was developed
after reviewing the results of the thermal analysis done on the 60-node
model described in Appendices A and 8. That study indicated that the pre-
dominant heat input and rejection was through the radiators on the +Z
surface, and that no significant temperature gradients existed within the
ESAM. The only cother minor heat input was by conduction through the MMS
interface, but since the MMS would probably be at the same temperature as
tSAM during the launch phases, there would be little, if any, heat exchange
by conduction. Consequentiy, the ESAM single node model had ocnly a radia-
tion coupling to space, equal to that of the radiators to space, and a
thermal inertia equal to the sum of the inertias of its components.

The resulting temperature profile for this mission scenario indicates that
the ESAM temperature will rise from “ts initial temperature »of 21% to
21.5°C in phase 1, rise from 21.5% + #29C in phase 2, and fall from 22%
to 16.5% in phase 3.

Appendix D contains the details of this analysis.
2.5 THERMAL ANALYSIS OF THE DTM

The objectives of the task were to produce a detailed thermal model of the
DT and use this model to evaluate its thermal design and structural
gradients. This analysis examined the DTM's sensitivity to the spacecraft
orbit, the MMS interface temperature, the insulation effectiveness, and
heater power levels,
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The thermal model used for his study is discussed in detail in Appendix E.
Basically, it is a 105 node model with a concentration of nodes for the
interior portion of the DT main frame to yield detailed structural
jradient information. This {is of importance since the attitude determina-
tion sensor assembly (ADSA), the heaters and thermostats, and the mounting
feet to the Landsat instrument model (I/M) are all in that area. This
model was set up in the SSPTA computer program format.

These analyses indicate that the DTM thermal design is adequate to maintain
the DTM at the normal operating temperature of 15%C with 34 watts of heater
power, the I/M temperature at 10°C, and an insulation effectiveness of
0.02. The steady state structural gradients average 1.5%C across the main
frame.

The DTM thermal design sensitivities to the various operational parameters
were also determined. The parameters of interest were the orbit variation,
MMS interface temperature, insulation offectiveness, and heater power
level. These sensitivities in the DTM state temperatures are: & 1.3%
change over the range of flux conditions. 0.4°C change for a 1°¢ change in
the MMS temperature, 0..“°C change for a 14 change in heater power, and a
10°%¢ change for an insulation effectiveness change from 0.02 to 0.01.

Further details are presented in Appendix F.
2.6 LANDSAT-D HARDLINE HEATERS ANALYSI!S

This study was conducted to determine the transient temperature response
of the major Landsat-D Spacecraft components if all of the hardline heaters
failed on while it is in the orbiter bay. In addition to the temperature
profiles, two other items of interest were determined. They were the time
for each component to reach the maximum safe retrieval temperature and the
component temperature rate of change at the time the limit temperature was
reached.

The model used in this analysis was developed from several other thermal
models. They are the MMS model previously generated for the MMS Project
Office and the Landsat-D models developed by A.D. Little, Inc. and General
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Electric (GE). The MMS model component radiation couplings, conduction
couplings, and thermal inertias were used directly in this model. The only
modifications made were to change the radiation couplings from space to an
STS/EARTH boundary. The Landsat-D thermal inertias were taken from the GE
mode!. The radiation couplings to space for the insulated surfaces were
scaled by the effective emittance of the insulation blanket to approximate
the radiation transfer between an internal node and a boundary node without
having tu explicitly solve for the external temperature of the blanket.
These couplings were then coupled to the STS/EARTH boundary.

Using this reduced model, the component temperature profiles were found by
applying the appropriate boundary temperatures, initial component tempera-
tures, and component heater power conditions. The conditions were as
follows. The boundary to which the surface nodes radiated was assumed to
be a black cavity at -5%. This temperature corresponds to the steady
state value for the orbiter in an earth viesing attitude. The initial
component temperatures were assumed to be 20°C. The component heater
powers were those for a rominal supply voltage of 28V and were assumed
constant throughout the analysis.

See Appendix G for the complete tabular listir- of the results.
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MEMORANDUM
LOTHER-IOM-81-001

) May 20, 1981
DAQ

Wi
i
COoORPO! ATION

TO ' Dave Mengers

FROM :  poan Eiband
SUBJECT: Landsat-D Earth Sensor Assembly Detailed Thermal Model

The purpose of this task was to produce a detailed thermal model of the
Landsat-D Earth Sensor Assembly Module (ESAM) with sufficient cefinition
to enable evaluation of module thermal gradients and verification of

the overall thermal design.

In generai, the ESAM is composed of three distinct elements A central
box which houses the two sensor electronics packages and joins the ESAM
to the multi-mission modular spacecraft (MMS) and two brackets which align
the two sensors and connect them to the central box. These brackets are
mounted to the outer +Y and -Y faces of the central box. The electronics
packages are mnunted to the inner +Y and -Y faces of the central box.
(The coordinate system referenced here is identical to the Landsat axes
with the +Z axis facing the Earth, the +X axis facing in the direction of
orbital velocity, and the +Y axis completing the Cartesian system). This
essentially gives the ESAM axial symmetry about the Z-axis, although the
brackets are slightly different.

For the central box, the -Z surface is a multi-layer insulation (MLI)
blanket which closes the box, while the +Z surface is a radiator. The

+Y and -Y surfaces are the mounting surfaces for the sensor brackets and
the heat conduction paths from the two electronics packages to the rad-
fator. On the +X surface is a radiation shield over the ESAM wiring
harness. This shield is assumed to be an aluminum box three inches in
depth, open on the -7 and -X faces to ailow the wires to pass through and
with the remaining surfaces insulated. The -X surface is a MLI insulation
blanket which closes the box.

The two sensor brackets are similar in construction to each other, the
major difference being the sensor mounting surfaces which are canted
differentiy to allow viewing in different directions. Consequently,

botk brackets will be described together. The brackets are insulated

on all sides including the open -Z faces. The only surfaces not insulated
are the +Z ones which are the radiators and those which are connected to
the central box. The sensors protrude through the mounting surfaces and
MLI and are uninsulated.
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The ESAM is located in a vee formed by two units of the MMS, the Command
and Data Handling unit (C&DH) and the Modular Power Suppiy unit (MPS).
Also located in this vee is the Signal Conditioning and Control unit
(SC&CU) which is located slightly above (+X direction) the radiaticn
shield of the ESAM. These MMS surfaces and SC&CU surfaces comprise the-
external boundaries which affect the radiation heat exchange from the
ESAM. This configuration is shown in Figure 1.

The ESAM surface model used to generate the raciation couplings was
constructed using two separate surface models: an external surface model
of the ESAM and its boundaries, and an internal surface model of the ESAM.
These two models were run using the simplified shuttle payload thermal
analyzer computer program (SSPTA) to give the couplings between the exter-
nal nodes and the couplings between the internal nodes. The remaining
radiaticen couplings for the heat transfer through the injulation blankets
and between the outer surfaces of the central box and the brackets were
calculated by hand. An effective emittance of 0.02 was assumed through
the MLI for those calculations. The bracket to box coupling assumed an
exchange between two infinite parallel black plates.

The external surface model was composed of the outer ESAM surfaces and the
MMS surfaces. The insulated ESAM bracket and box outer surfaces are 3 mil
aluminized kapton with the kapton facing out. The ESAM radiators, MMS
surfaces, and SC&CU surfaces are cuated with silver teflon. The ESAM
sensor surfaces which extend through the MLI are painted white with the
exception of the lens and its retaining ring which are assumed to be quartz
and bare titanium, respectively. It was later discovered that the lenses
were germanium, not quartz, as had been assumed. The analyses were made
using the quartz properties, however, a single steady state temperature
computor run was made using germanium properties to assess the effects of
this change. The results of this comparison will be presented in a memor-
andum discussing the ESAM analyses.

The internal ESAM surface model was composed of the electronics packages
surfaces, the central box surfaces, bracket surfaces, and radiator inner
surfaces. A1l of the interior surfaces except the sensor surfaces are
painted black to enhance the radiation transfer to the radiators. The
sensor barrel is painted white while the electrical interface is bare
titanium. A summary of the internal model properties and those of the
external model by node is given in Table 1.

The conduction couplings for the model were calculated for each internal
node pair by hand. These couplings took in to account the bolt conduction
through the four mounting bolts for eacn electronics package to the
central box wall, as well as the bolt conduction and surface resistance
for mounting the brackets to the central box. Also considered were the
rivet conduction and contact resistance for each of the rolled surface
joints used in the brackets and central box construction.
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The 1nterfacg conductance between the ESAM and the MMS was assumed to be
0.215 watts/ C, a value calculated by Mr. Al Seivold of GSFC for the pro-
posed interface design.

The thermal inertics were found by calculating the MCp value per unit area
for the various materials and surface thicknesses used in the ESAM. Each
of the surface areas was then multiplied by the appropriate MCp per unit
area to find the thermal inertias of the surfaces. These surface MCp values
were finally added toge‘her to achieve the inertias on a nodal basis.

The result of this modeling effort was a 60-node model of the ESAM and its
surroundings for the Landsat-D configuration. This model was subsequently

used for ESAM design verification and flight predictions. The model couplings
are given in Appendix A.
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Table 1. ESAM Nodal Properties
NODE DESCRIPTION a/e
EXTERNAL PROPERTIES
1 RADIATION SHIELD (+X surf.ce) 0.45/0.80
2-5 +Y BRACKET 0.45/0.80
6 -X SURFACE 0.45/0.80
7-10 -Y BRACKET 0.45/0.80
11-16 RADJATORS (+Z surface) 0.12/0.76
17 -Z SURFACE 0.45/0.80
18 "MS SURFACE 0.12/0.76
19 MPS RADIATOR 0.12/0.76
20 +Y SENSOR (barrel) 0.20/0.91
21 +Y SENSOR (lens ring) 0.45/0.15
22 +Y SENSOR (lens) 0.92*/0.88 (quartz)
23 -Y SENSOR (barrel) 0.20/0.91
24 -Y SENSOR (lens ring) 0.45/0.15
25 -Y SENSOR (lens) 0.92*/0.88 (quartz)

* {ncludes UV transmission r = .9
(for germanium a/e = .3/.7 with IR transmission t = .2)

INTERNAL PROPERTIES

30 RADIATION SHIELD (+X surface) 0.95/0.86
31-32 +Y BRACKET (MLI) 0.38/0.61
33-39 +Y BRACKET 0.95/0.86
40 -X SURFACE (MLI) 0.38/0.61
41-42 -Y BRACKET (MLI) 0.38/0.61
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MEMORANDUM
LDTHER-10M-81-002

;

CORPORATION

&

TO : Dave Mengers

50/50 Powder Mill Road + Beitsville, Md. 20705
(301) 937-3090

i gt

FROM : Doan Eiband

SUBJECT: Results of the Thermal Analysis of the Landsat-D Earth
Sensor Assembly Module

i g T e AT Ty N

REFERENCE: OAOQ Corporation Memorandum, LOTHER-IOM-81-001, Landsat-D
Earth Sensor Assembly Detailed Thermal Model, D. Eiband,
May 1981.

The objectives of this study were tn evaluate the thermal design of the :
Landsat-D Earth Sensor Assembly Moduie (ESAM) and the structural temper- :
ature gradients of the ESAM. These goals were achieved by examining

the ESAM's sensitivity to various operational conditions. These were
the spacecraft orbit, the Multi-mission Modular Spacecraft (MMS) inter-
face temperature, the ESAM supply voltage, and the number of sensors
turned on. Combinaticns of these conditions were run for both steady
state and transient cases to predict the temperature response of the
ESAM. From these computer runs, the temperature ranges for the possible
operational modes were found and, from these, the sensitivities.

The thermal model used for this study is discussed in detail in the
referenced memorandum. It basically is a 60-node model which is suffi-
ciently detailed to enable the evaluation of any ESAM temperature
gradients. This model was set up in the Simplified Shuttle Payload
Thermal Analyzer (SSPTA) computer program format. SSPTA was used since
it has the capabilities for calculating the absorbed environmental
fluxes, view factors, and nodal temperatures, without having to use
other programs.

W

The first operational parameter examined was the variation in the probable
Landsat-D orbit. Two orbits were considered which represent the extreme .
in fluxes by virtue of their beta angles. These orbits have beta angles L
of 23.40 and 41.80 with orbital inclinations of 98.20 and the direction 5
of the spacecraft travel from nerth to south in the daylight portion.
Using these orbits, SSPTA calculated the absorbed envirommental fluxes
on each of the external surfaces and generated (lux tables versus time
for 24 equal steps in each orbit. These orbital flux tables were used
directly except for the fluxes on the quartz lenses. For these absorbed
fluxes, the UV components included the transmitted as well as absorbed
energy. Consequently, the transmitted portion, about 90% c¢f the total
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/
flux, was subtracted from the lens fluxes and added as internal energy %
to the sensors. The IR component of the fluxes had no transmitted component i

and was left unchanged. Subsequent to performing the analyses with properties
for the quartz lenses, it was learned that the lenses are germanium, which L

is opaque to UV and transmits about 20% of the incident IR fluxes. For

these lenses, the fluxes wev- .ified in a similar manner as for the ;

quartz lenses to allow a 20% transmission in the IR. The UV component was ,

reduced to account for the lower UV absorption of the germanium. A single 5

steady state temperature case was run to determine the effects of this

change. For this 8 = 23.4°, normal operational case the ESAM temperatures

increased about 1.5°C. These temperature increases are a result of the |

diminished heat rejection capability of the exterior portion of the sensors i

because of the lower emittance of the germanium lenses. This forces more £

of the energy absorbed by the sensor barrels to be conducted into the ESAM J

structure and not rejected off the lenses. 3
i
f

"The next operational parameters considered were the MMS interface
temperature and the ESAM power variation. The MMS interface temperature
can vary from 10°C to 30°C which corresponds to the temperature range
given for the MMS. This interface temperature was applied as a constant
temperature bourdary node coupled to the ESAM central box walls. The ;
ESAM power can vary as a result of the spacecraft supply voltage ranging A
from 35V to 22V, with a nominal value of 28V. A table of the sensor T
and electronics package power level variations versus supply voltage is
given in Table 1.

The ESAM temperature responses for the various steady state and transient
temperature analysis are presented in Tables 2 through 4. Each of these
tables gives the ESAM component temperatures for the radiators, +Y sensor,
-Y sensor, and electronics. The structural temperatures are not given
since they fall between the temperatures of the electronics and the o
radiators. Temperature gradients across the ESAM are of the order of 1°C
which is why average temperatures fur the radiators and electronics are
presented in the tables. The sensu temperatures are for the hottest
puints which are at the ends with ‘he bolometers.

Aiong with the compcnent temperatures, on these tabies are the defining
parameters which describe the ESAM operating conditions and environment.
These parameters are the orbit beta angle, power supply voltage, MMS
interface temperature, heater power, and number of sensors operating.
These parameters were varied singly and together to investigate their
effect on the ESAM. Each of the tables has a particular grouping of
cases to examine these parameters. Table 2 gives the steady state
temperature limits for the hottest and coldest possible cases, for the
hottest normal operational and colaest normal operational cases, and
the coldest single sensor operational case. Table 3 gives the steady
state temperature limits for the extremes of orbit, supply voltage, and
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| — TABLE 1
ESAM Power Supplied Versus Supply Voltage
SUPPLY ELECTRONICS
VOLTAGE TEMPERATURE PACKAGE SENSOR ESAM*
(v) (°c) (W) (W) (W)
35 40 5.5 3.0 17.0
20 5.5 3.0 17.0
-10 5.7 4.5 20.4
28 40 4.3 3. 12.6
20 4.3 1. 14.6
-10 4.5 4. 18.0
22 40 3.5 3.0 13.0 ;
20 3.5 3.0 13.0 §
-10 3.7 4.5 16.4 §

* The ESAM has two electronics packages and two sensors.
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MMS Temperature. Table 4 gives the component orbital transient temperature.
variations for normal operations and single sensor operations.

These analyses indicate that the ESAM thermal design is adequate tc main-
tain the ESAM within the normal operational limits of -10°C to 250C using
passive thermal control. The actual normal operational steady state
temperature range found for the structure was from 8.60C to 18.20C with

a nominal temperature of about 13°C. With the ESAM sensors off and the
heaters disabled structural temperature stabilizes at -11.89C, just

below the lower temperature limit. The only sensors on case which
exceeded these temperature iimits was the hottest possible case which
predicted a steady state structural temperature of 42.6°C. This case

is unlikely to occur in flight since it requires both proportional
heaters systems to fail on at full power, and both sensors to continue

to operate.

The active portions of the ESAM thermal design are the proportional
heaters, which are supposed to maintain the ESAM temperature within
the operational limits during single sensor or no sensor operational
modes. It was found that the heater capabilities were more than
sufficient to maintain the ESAM within the temperature limits with both
sensors turned off. In fact the heaters can supply a peak power of
20.4W at nominal supply voltage levels, while only 14.6W of operational
power stabilizes the ESAM structure at 13.40C. Even at the minimum
voltage, the heaters can supply 12.6W peak power which is more than
enough to stabilize the temper..ures above the lower heater control
point.

The operation of the proportional heaters is controlled by the selection
of appropriate control range and thermostat locations. For the ESAM,

the fully off to fully on range is from -59C to +59C, respectively, to
move the control range out of the normal ESAM operational temperature
range. (The coldest normal operational case had a structural temperature
of 8.69C, slightly above the heater set point.) The only remaining
question on ESAM was where on the structure to locate the thermostats.
These analyses indicated that the structural temperature variations are
small enough in ESAM to allow the location of the thermostats at any
convenient point, since the structure is essentially isothermal.

The ESAM thermal design sensitivities to the.various operational parameters
were also determined in these analyses. These sensitivities were found by
evaluating the steady state temperatur2 variations for ESAM over the
maximum range of each of the operaticnal parameters. The parameters

of interest were the orbit variation, MMS temperature variation, and supply
voltage variation. The resulting ESAM temperature sensitivities are:

a 19C change over the range of flux conditions, 0.39C change for a 1°C
change in the MMS temperature, and 0.49C change for a 1V change in the
supply voltage.
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The sensitivity of the ESAM to the transient orbital flux levels was
slight. The transient analyses indicate that the ESAM structural 0
temperature variation during normal operating conditions is about 1°C.
The +Y sensor and electronics packages follow this same temperature
variation. The -Y sensor, which receives solar irradiance just before
entering the shadow, exhibits a transient variation of about 7°C for
the quartz lens case. This is a result of the solar energy which is
transmitted through the lens and into the sensor, causing an increase
in temperature of this sensor. With the germanium lens, this variation
is about 2°C since the lens is opaque to the solar UV flux.

In conclusion, the ESAM thermal design is acceptable for meeting the

mission temperature requirements. The design's sensitivity to variations

in the orbital flux levels, MMS interface temperature, and supply voltage

will not cause the operational limits to be exceeded. Finally, the

transient temperature response of the ESAM irndicates normal operation
within temperature limits.
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50/50 Pcwder Mill Road + Beiltsville, Md. 20705
(301) 937-3090 |
i
T0 : Dave Mengers %
FROM : Doan Eiband :

SUBJECT: Landsat-D Earth Sensors Assembly Mcdule Thermal Model
Predictions for the Thermal-Balance Test

REFERENCE: 1) NASA Goddard Space Flight Center Memorandum, carth
Sensors Assembly Module (ESAM) Thermal-Balance Test
Procedure, A. Seivold, June 29, 1981

o k3t T gt e L e 5 =

At the request of the Landsat-D Thermal Engineer, additional computer |
analyses were made using the Landsat-D Earth Sensors Assembly Module |
(ESAM) thermal model to predict selected temperatures for the thermal- ﬂ
balance test of the ESAM prototype. Two orbital operational cases were 5
chosen for these analyses. The first case, test 2A of reference 1, has

only the +Y sensor operating with the spacecraft in an Earth oriented

safehold mode. The second case, test 5B of reference 1, has both sensors

operating with the spacecraft in a hot operational mode. Each of these

cases was run twice on the computer; once using the computer predicted

orbital inputs and once using thermal-balance test inputs which were

intended to yield temperatures equivalent to the orbital predictions.

These duplicate runs were required to evaluate the equivalence of the

orbital and test cases.

Before either of thu test cases were run, various modifications were ma .e

to the ESAM thermil model to approximate the chamber simulation and to

reflect the actual ESAM design configuration. The ESAM model alterations

required for the chamber simulation were to recouple all of the ESAM

external radiation couplings, except for those of the radiators, to the

chamber boundary rather than space. The radiators were not coupled to

the chamber since they view an Earth simulator plate which provides a

flux level equivalent to the environment that the radiators will see in

orbit. The Multi-mission Modular Spacecraft (MMS) radiation couplings

to space were also recoupled to the chamber boundary. Finally, the

radfator radiation couplings to space were scaled by the ratio of the

measured emissivity to the assumed emissivity to give a more accurate ,
value. i
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Each of the two cases was run once using the orbital parameters and once
using the chamber parameters. The general description of these two types
of runs is important for comparison of their results. The orbital run
cmputer inputs included the absorbed envirommental fluxes on all of the
ESAM and MMS surfaces, the appropriate ESAM operational power levels for
the sensors and electronics, and a constant MMS interface temperature.

The chamber run computer inputs included absorbed envirommental fluxes
only on the ESAM radiators and ESAM radiation shield, and the appropriate
ESAM operatonal powers, MMS interface temperature, and chamber temperature.
(The absorbed environmental fluxes were zssumed for the radifators in the
chamber run since the Earth simulator plate was intended to provide equiva-
lent flux levels.) A test heater was used to apply power equivalent to
the estimated absorbed fluxes on the radiation shield. Tne chamber wall
was cooled with LNy for the cold 2A test, but was controlled to -50°C

for test 58 in an attempt to provide appropriate flux levels to the
external surfaces of ESAM.

After completion of the computer runs for the two cases it was found that
the initial assumptions concerning the Earth simulation plate were most
1ikely incorrect since the thermal-balance test data showed lower ESAM
temperatures than predicted. An analysis of the test set-up geometry
pointed to heat losses through the gap around the edges of the plate.

An estimate of these losses was made by assuming a view factor of 0.90
between the Earth plate and radiators and then calculating the heat
losses through the gap. The test case 2A was rerun using these estimates
for the new absorbed envirormental fluxes.

The temperature predictions for all of the cases are given in Table 1.

The orbital prediction for test 2A y1e1ds an average structural temperature
of -1.09C with the chamber prediction 4.0°C cooler. The modified case for
the chamber prediction is 7.0°C cooler than the orbital run. The test

58 orbita] temperatures yield an average ESAM structural temperature of
17.0%C with a chamber prediction of 1.0°C cooler. A modified case was not
rgp for test 5B.

.
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APPENDIX D.

ESAM AEROHEATING ANALYSIS




MEMORANDUM

' y LDTHER-IOM-81-003
: / May 21, 1981

CoORPORATLON

50/50 Powder Mill Rcad + Beltsvilie, Md. 20705
(301) 937-3090

TO : Dave Mengers

FROM : Doan Eiband
SUBJECT: Landsat-D Earth Sensor Assembly Module Aeroheating Analysis
REFERENCES: 1. OAQ Corporation, Thermal Group Memorandum, LDTHER-IQOM-

81-001, Landsat-D Earth Sensor Assembly Module Detailed
Thermal Model, D. Eiband, May 1981.

2. General Electric Corporation, Environmental! Control
S/S Engineering, U-1R54-LSD-015, Landsat-D Launch
Thermal Aralysis, D. Glidden, 2/6/81.

3. International Textbook Company, Principles of Heat
Transfer, F. Kreith, 1958,

The purpose of this study was to ascertain the magnitude and direction
of the temperature variation of the Landsat-D Earth Sensor Assembly
Module (ESAM) from the time of launch on the Delta vehicle until orbital
insertion of the spacecraft. This analysis was broken into three sep-
arate stages to correspond to the three phases present in the flight.
These are as follows:

l. Initial ascent of the vehicle with the fairing on (T=0 through
T + 4 minutes)

2. Aeroheating of the spacecraft after fairing jettison (T + 4
through T + 23 minutes)

3. Coast Trajectory until final orbital insertion (T + 23 through
T + 74 minutes)

A single node model was used to represent the ESAM structure, sensors,
radiators, and electronics. This assumption of a single node was devel-
oped after reviewing the resuits of the thermal analysis done on the
60-node model of reference 1. That study indicated that the predominant
heat input and rejection was through the radiators on the +Z surface, and
that no significant temperature gradients existed within the ESAM. The
only other minor heat input was by conduction through the MMS interface,
but since the MMS would probably be at the same temperature as ESAM during

i
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the launch phases, there would be little, if any, heat exchange by conduc-
tion. Consequently, the ESAM single node model had only a radiation
coupling to space, equal to that of the radiators to space, and a thermal
inertia equal to the sum of the inertias of 1ts components.

Before any temperature calculations were made using the simple model, a
comparison of that model to the detailed model was made. This was ac-
complished by applying the orbital average environmental fluxes on the
radiators and solving for the steady state temperature. That temperature
was -90C, while the detailed ESAM model temperature for the corresponding
case was ~-120C. This comparison of the steady state temperatures shows
-, agequate correlation between the two models.

In the fnitial ascent portion of the fiight (T=0 through T + 4 minutes),
the ESAM was subjected to a radiative heating environment inside the Delta
vehicle fairing. The fairing inner wall, an acoustic blanket, was treated
as a black cavity surrounding the ESAM and radiating to 1t. The tempera-
ture profile for the blanket was taken from data given in reference 2 for
the Landsat-D Delta launch vehicle. Using that temperature profile and
assuming an initial CSAM temperature of 219C, the ESAM temperature rose

to 21.59C during this phase.

In the second portion of the flight following the fairing jettison (T + 4
through T + 23 minutes), the spacecraft experienced aeroheating. During
this phase, the spacecraft climbs from an altitude of 70 nm to 110 nm,
drops back down to 10C nm, and finaily climbs to 150 nm. Concurrent with
spacecraft altitude variation is a velocity variation from 10,000 ft/sec
at 70 nm, increasing to 19,000 ft/sec at 110 nm, and finally increasing to
26,000 ft/sec at 100 nm. After that, the spacecraft velocity remains
relatively constant.

The ESAM aeroheating rates for phase two were calculated using the analyt-
ical methods outlined in reference 3 for high speed free molecular flow.
This reference indicates that the aeroheating rate is a function of the
fluid density, fluid temperature, spacecraft velocity and the geometry of
the surface relative to the flow. The first two properties are functions
of altitude and were found directly. The spacecraft velocity was given
in reference 2, leaving only the selection of appropriate s, :ecraft
geometry. For ESAM, only two kinds of surfaces experience aeroheating:

a plate perpendicular to the flow, which represents the insulated +X
surface and plates parallel to the flow, which represent the insulated
sides and the +Z radifators. It was found that the greatest azeroheating
occurs on the +X surface at T + 4 minutes. Even though the +X surface
has the highest surface heating rate, only 0.7W of the 34.54 would be
transmitted through the insulation blanket in a steady state case. For
the remaining surfaces, the heating is much less, with the +Z radiators
experiencing their maximum aeroheating of 2.7W at T + 4 minutes and with
essentially no heat being transmitted to the sides because of the low
n-ating rate and the insulation.
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The temperature of the ESAM was calculated using the above mentioned aero-

heating and the peak orbital environmental fluxes impinging on the radiators.

The seak fluxes occur at the point in the Landsat-D orbit just before shadow
ent-y. These values were taker. from the 8=41,89, 98,20 inclination orbital
flux case calculated using the SSPTA computer program. These aeroheating
rates and fluxes were assumed to be constant for the entire 19 minutes of
this phase. The resulting temperature rise was from 21.50C to 22°C using
tihese peak heating levels.

In phase three, the spacecraft was in a coast trajectory from T + 23 minutes
until orbital insertion at T + 74 minutes. ODuring this period, the cnly
neating the ESAM experienced was from the absorbed environmental energy
since the spacecraft was above the sensible atmosphere where aeroheating
would be present. Two orbital cases were considered. The first assumed
the peak orbital flux was applied for the entire period and the second
assumed the orbital average flux was applied for the period. In both cases
there is a net Toss of energy from the ESAM, resulting in a temperature
decrease. The peak flux case showed a temperature drop from 22°C to 20.5°C
auring the 51 minute period. The average flux case, on the other hand,
resulted in a drop in temperature from 22°C to 16.5°C.

For these analyses, the initial temperature of the ESAM was arbitrarily
assumed to be 210C. The study in reference 2 used an initial temperature
of 150C. The temperature profile for a 150C initial temperature can be
estimated by subtracting 6°C from the results for the 219C initial temper-
ature since the temperature differences are close enough to assume the
same rates of heat transfer. Using this assumption, the orbital average
flux case would drop its final temperature to 10.5°C. This temperature
approaches the upper control point of the proportionral heaters and is
based on conservative hot assumptions. If colder conditions exist. the
temperature could dip into the heater range. This indicates that the
heater circuits should be enabled during launch to protect ESAM in the
event the environment is less severe than anticipated.

In summary, the ESAM has a tendency to heat up while it is still in the
atmosphere, but will start cooling as soon as frictional effects of the
atmosphere have been removed. This study indicates the rise in temperature
will be approximately 1 degree frnm atmospheric heating and the drop in
temperature will be about 7 degrees from radiation losses up until crbital
insertion. This cooling trond suggests that the ESAM heater circuits be
erabled to onsure the protection of the ESAM,

1D ovm Sl
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APPEMDIX E. DTM DETAILED THERMAL MODEL
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MEMORANDUM
LDTHER-IQM-81-005
June 9, 1981

Q0ADQ

CORPORATION

\ 50/50 Pow  “Aill Road « Beltsville, Md. 20705
(301) 937-3090

T0: D. Mengers

FROM: A. Melak
SUBJECT: Thermal Model Develcped for the Dummy Themetic Mapner

REFERENCES: 1. American Society of Mechanical Engineers, 63-WA-196,
Controlling Factors of Thermal Conductance Across
Bolted Joints in a Vacuum Environment, W. Aron and
G. Colombo, November 1963.

2. Arthur D. Little, Inc., C-83198-01, Environmental
Flux Study for the Landsat-D Spacecraft, J. T.
Bartoszek and W. J. Raymond, March 1980.

The purpose of this memo is to describe the analytical model developed to
perform thermal analyses and parametrics on the Landsat-D Dummy Thematic
Mapper (DTM). The DTM is an aluminum box, shaped 1ike the Thematic Mapper
(TM), to be used if the TM is not completed on schedule. Thermostatically
controlled heaters will be placed in the main frame of the DTM in order to
simulate the TM's thermal characteristics. The following areas concerning
the design will be covered; geometric model, conduction couplings and
radiation couplings.

A complete internal and external surface model of the DTM was developed
from geometry provided by NASA Goddard. The external model consists of
the DTM and all surfaces of the Landsat-D satellite that have a view
factor to the DTM, with the exception of the solar array. Since the solar
array tracks the sun, a variable geometry would have resulted. How the
radiation effects, due to the solar array, were accounted for will ve
discussed later.

The internal model is comprised of 75 nodes. The majority of the nodes ;
(54) are located in the main frame where the Attitude Determination Sensor ;
Assembly (ADSA), heaters, thermostits, and mounting feet are located; ’
these are the major areas of concern in the analysis. Each of the 6 sides
of the mein frame was broken into a 3 x 3 grid with the central node of

each being 11 inches x 11 inches. The central nodes represent the sections
which have had metal removed sc that the DTM mass is the same as the TM. §
The remaining nodes represent the thin aluminum sheet metal which gives ﬂ
the DTM the same dimensions a« the TM.
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The DTM cenductive couplings are based on a thermal conductivity of 204 W/mOC
(pure aluminum). The coupling across the joints was calculated using the
method described in reference 1 assuming a bolt torque of 75 in:1bs and a
rivet tension equal to 1/4 of the ultimate tension (UT = 42,000 psi for 1/8
inch diameter aluminum rivets).

Two additional nodes were created; one for the instrument module (I/M) to
which the DTM feet attach and one for the ADSA. Thg conduction coupling
through each of the feet to the I/M is 0.381 BTU/hr”F. The ADSA is mounted
to the central node of the Earth facing side of the main frame. The
conduction coupling across the ADSA mounting interface is 6 BTU/hrOC.

The internal model is radiatively coupled using an absorptivity of 0.4 and
an emissivity of 0.1 (iridite aluminum). The DTM is shrouded with a
muitilayer insulation with a 2 mil aluminized kapton (a = .42, ¢ = .75)
outer surface. Calculations were performed for insulation effective emit-
tances of 0.02 and 0.01.

In order to account for the radiation effects of the solar array a comparison
was made between orbital fluxes calculated for this model without the array

and the fluxes published in reference 2 which included the array. The -Y
facing surface (solar array side) was determined to be the only one signifi-
cantly sensitive to the effects of the solar array. This was done by comparing
the fluxes per unit area for this model with the fluxes for equivalent orbits
and surfaces from the A.D. Little model. The -Y face fluxes were then modi-
fied to match the per unit area values from the A.D. Little study.

A Tisting of the nodes and surface properties is presented in table 1. The
radiation and conduction couplings are included in the appendix.

A Mot

A. Melak
Attachments

/eqgc




0AQ

CORPORATION
——

NODE NUMBER

1-21

22

50-58

60-68

69-77

78-86

87. 95
101, 103-105
107-110, 112,
113, 116-118,
121

130, 131

187

188
250-258
270
271

Table 1. DTM Node Descriptions

DESCRIPTION

Internal nodes of the DTM {depicted in Figure 1)
representing the thin aluminum sheeting used to
shape the DTM similar to the T™

Represents the exterior surface of insulation
blanket on the +Z Earth viewing side corresponding
to nodes 60-68

Internal nodes on the -X side of the main frame
Internal nodes on the +Z side of the main frame
Internal nodes on the -Y side of the main frame
Internal nodes on the -Z side of the main frame
Internal nodes on the +Y side of the main frame
Exterior surfaces of insulation blankets that cor-

respond to the interior nodes with the same number
minus 100 (e.g. node 101 corresponds to node 1)

Exterior surfaces of insulation blankets that cor-
respond to interior nodes 50-58 and 250-258

Exterior surfaces of Landsat-D satellite that have
a view to the OTM

Space node
Internal nodes on the +X side of the main frame
ADSA

Mission adapter; instrument module




sjuauubissy apoN [eudaju] T 3unbry

*apou wo}}
ay} 03 paubisse Jaqunu 35415 3y} YILM SIPOU [BILFUIA wm..“m

Juasaadad (29°19°09 ° ¥x3) seumwod Aq pajesedas sdaqunu 4y}
. q
*asejans doj ay} 03 paubysse saqunu IsJiy 3
3 14 3yl y3Iim saodejuns
{2teaed juasaadaa (pc *°xa) ewwod e 4q pajesedas sSJaquinu OMj
e

ORIGINAL PAGE IS
OF POOR QUALITY

—




THEMATIC MAPFER-EXTERNAL SCRIPTF RuUN

OF POOR QUALITY

T RADT QOO0 T 78 93T R TOT U 0} -0
GENERATED NODE 22
TENERATED NUDE TOT
~AD Q050 0 427 22 103 ol 0 0
- ENERATED NUODE 103 :
tAD 0000 0.119 . 118 0 o} o}
T GENERATED NODE 114
RAD 0000 2 692 22 117 < 0 0
GEMNERATED NODE 1I7
RAD olatalp] 234 122 22 121 2 n 0
T GEMERATED NUDE T2Y
RAD 0000 0. 211 Le 1720 0 0 n
TTTTGEMERATED NODET T T30
RAD 0430 374 057 iz 127 0 0 0
wEeMERAIEL NULUE 197
RAD 0001 1323, 251 e 188 0 0 0
GENERATED NOUE =8
RAD QUOVv 1. 1638 191 102 B v 7
RAD Is[oIov] U 745 Y AL [y} 0 (9
GENERATED NODE 104
NAD T0L0 U. 120 ) R ) ST . 0 il
FENERATED NGLE 116
T TTRAD olofals) 0333 | AR | Y 9] 0] g
RAD 2000 19. K74 101 121 T Q 2
T TTRADT T OUU0 U189 101 Ty - o} )
RAD Q000 13S5. 709 101 127 " 0 -
RAL - W0OWT 55393 311 [ 129 . 0] s
RAD 00020 0. 452 1oz 203 4] 0 Q
T T GeNERATED NUDE 109
RAD Q0GO 0. 214 1573 107 n o} 2
BEMERATEDN NOUE 107
RaD o000 2. 433 137 109 < 0 2
vERMENA TR, Ut iJY
RAD D00 0. 386 102 110 0 0 0
GENERATED NUTE 110
RAD 2000 1. 817 132 112 - 0 ~
R&D 000 T 3003 105 ) QA o 9] 0~
SENERATED NDOLE 113
TTTTRAD (810191, T =17 1O, T1 T T ™ -
2aD ioInlels] 0 139 1G5 121 0 0 0
RAD I1pI91 5 911 T T 9] > B » R
SAD 2000 2021, 23t 103 . 0 0
AL Loul 03T 527 ) o 188 0] T g
RAD 0000 0. 130 1na 105 0 0 o
RAD 0% 0 0. 313 ) Q-4 pepL-f 9] o [0
GENERATED NODE 108
RAD [s]oe]s] C 127 T % 1YO T~ o)
RAD 0000 0. 109 104 114 : Q (9]
FAD (o]01918) T 23% T77% T o) ToTTTTITTY T
GENERATED NODE 118
RAD o0UU 3. 283 ) 9% 4 ) Qe , ] Y
ZEMNERATED NODE _ 131 .
RAD QG030 BOZ. 335 1% 1= 0] o] YT T
RAD D091 328%. 063 ina 129 (v} 0 0 .
TTTRADT QOO0 19T ZUB 1% 10Y : 1) TGO T T
RAD Q009 0. 111 173 114 2 0 0
NALD | Would 21 022 oS =" (o} T ol
2aD D001 3208 374 1.3 192 0 0 Q
T RAD 000U 3 517 107 TI0 O No) g T
RAD 2000 21. 369 107 112 0 0 o

R LT otk TP PP RN

B D e D R e i

TR o ORI A, A, TR

ST e ey vy




ORIGINAL PAGE IS

~OF POORQUALITY

RAD 0000 19. 299 127 213 o] 0 0
TTRAD TCTT0 U 135 b 117 ogl (0] 0
RAD Q000 0. 444 107 120 < (o] 0
TTTTTRADT . QUD0T Q9T TEE | g 187 . (o] 0]
RAT Q001 1384 713 177 109 N 0 0
RAD foloTe o NENNNRENEE o NID. 5 X ¢ To5 118 o} o) o)
RAD Q000 1. 233 1n0e 1731 0 0 0
T RAD O OOO0 T 8s 3gTy T Inwe ) =i U o} o)
RAD Q001 1971, 6193 172 1R9 0 0 0
HAD [o]e] 4]} T8 09Y 109 87 o] o] o)
RAD D001 14696, 192 ) ot 138 2 0 (o)
RAD olatale} 3% 78 1IG = o) o) o
RAD 0000 24 932 110 113 0 0Q 0
CTTTTRAD T OUNUT T TS P TI7 U O U
RAD 2000 0. 695 ) 170 (o} 0 0
RAU [e]a1v]s] T735. (9o o] 197 o) o o]
RAD ONAL 302. 482 12 188 0 0 o
AL [o1e1910] Y3 7Abé l.a 113 I 0 )
RAD Q000 1. 129 1.2 117 0 0 0
TTRAD SO0 4 T21 ) I QLA o] o} o)
RAD 0060 2100 728 by 197 0 (o} (o]
- RAD [s]o]e}} @43, 898 lia 199 o)) 0 [¢]
RaD Q000 0. A40 1.3 11¢é 0 v} 0
TRADT OO0 oETs T3 117 0 0 0
RAD Q000 2. 940 113 130 (o} o} 0
TTTRADT TOGO0 1385, 532 1i3 1T=" (o] [o] =
RAD QNdL 202. 711 112 198 n 0 ]
RAD lels7als) 222 | &S 117 o) U o]
RAD Q000 0. 144 11A 116 o) 0 p
FAD o000 85 £33 16 121 0 0 0
RAD Q00 45 543 i1A 17 ~ Q -
21-39] [pIeTo) QRENN-T-HeL AS W 4 TTZ | 844 " (o3 I
RAD Q000 3. 1895 1.7 127 B Q 0
HAL s]ezeIa) ¥ 310 1., 130 - U (6]
RAD 2000 1201 854 1i7 1297 " (o] (o]
RAD D001 2155, 330 1 W) 139 U U T
RAD 2000 0. 634 112 121 0 0 0
TTTTTRAD ToT0 TTT20 T3 77 o] o] o}
RAD 2020 TR7. 944 113 122 0 0 0
T RAD 191910 QRN i=Yr.S EEBEIE 10! T3 3% o o] T
RAD G000 0 &0 121 1 0 0 -
NAD [o1e19]8] =214 =33 T To. [9) [®) Ty
RAD Q001 3407. 744 121 13¢ 0 0 <
AAa0 JON0 I5F 37 T I " (o 0 —0
RAD 0021 246746, 300 120 188 - 0 "
=§-39] TOw0 507 550 T~ T - 9] 0
RAD Q001 2419 052 12 1ee T 0 n
TAD Q031 78592, 719 =" 125 o] U U

MORE 2101 189 i. onNo Q. GO0

IS8 " NOUE PREVIOUSLY JEFIFNED  CVERIDES PREVIOUS IMNFUT.




ORIGINAL PAGE IS
OF POOR QUALITY

INTERNAL TREMATIC

MAPPER

TTTRALTT U000 159 510 T Z U g 0O
GENERATED NQODE 1
GENERATED NULE 4
_aD [pleTala) Sd. 337 ! 3 n Q n
TTTTGENERATED TOTE 3 T T
RAD QOGG 952. 540 1 - 7 0 o}
2ENERATeD NODE 4
RAD 2000 4. 308 1 = (o] 0 N
T GENERATEDTRUDE S
RAD Q000 2. 346 1 & (o] 0 0
GENERATED NODE & o
RAD Q000 0. 112 1 Q 0 0 0
GENERATED NOTE A4
RAD 2000 3. 331 ‘ BN Q 5] 2
GENERATED NGt 50
RAD 20Q0 2. 087 : an (o} 0 0
FEERATED MODE )] D
rRAD QOO0 0. 216 1 =7 0 Q N
TTTTGENERATED NOTE g7
RAD Q000 0. 341 1 a8 < 0 0
wENENATED NJLE 1]
RAD QGG 0. 209 ‘ gy (o} 0 "~
- wENMERATZD NODE =Y
RAD Q000 b5 973 M =7 0 0 0
T GENERATED NOJDE 7o) i T
RAD 20730 12, 4833 ‘ S 7 0 n
T GENMEAATE Nuve 71 ' e T
RAD 2000 5 F73 1 o2 n (o) 0
TTTTGENCRATET NILE )
RaD Q090 10. 370 1 23 N (0] °
peNERATE) NOUE 53
RAD 00Q0 19. 138 1 <. N 0 v}
wEMENATED NOLE g
RAD 2000 12. 371 1 == ~ 0 n
TTTGENERATED NUTE L 45] - T
RAD Q000 3. 831 1 <50 : 0 0
T T GENERATED NOIDE 250 - —
RAD <000 2. 0%0 1 233 N 0 n
E LA Tl dooe e - -
SAD 20N0 i11. 193 - 5 7 v} 0
TTTRAD pletete TIT 32 = y U Q T T T
;a0 1IN0 116. 791 2 = (o] o) (o}
RAD [s[orels] Y. =38 2 =z o) () v)
ReD K00 2. 439 2 9 ~ o o
HAD [s[s]8t0] T 7958 4 - - o] A
SENERATED ™NODE 10
RAD OG0 1730 oy . (o}
SENERATED MNODE i1
A0 IoTslsle} 3. 333 4 - y 0 0 -
RAaD D000 3 €746 - “2 ~ 0 ~
AL olsrele] 1. 737 s LS TY 9] Ty
GEMNERATED MNODE _ 36
HAD aIntale 3 937 Py = 0- T - n
Ran QOO0 3. 799 : <7 < V) v
RAD UCTO 3 B3y = == T o (o} -
Ran D21y 11 713 2 i 2 v 2
3] Dppaiaal ol Lo - < X [} a)
SAD 2000 11 713 2 <7 N 0 o}
TTTTRADT T OTTO T353 e 7 0 (0 2
RAD IO 14. 901 2 Te n n n

P T A TR




ORIGINAL PAGE IS

—OF POOR QUALITY
os

RAD Q20050 9. 353 2 . 0 0 o}

TTTRAT to]s2w]s] 3333 : 250 9] ) - ol ,
RAD Q0G0 3. 879 2 %2 0 0 0
RAD COGT 1. 7d8 Y 25 % 03 L9) (v
GEMERATED NIDE 294

TTRAD . w000 &7 BI10 i q 3) J o e A
RAD Q000 65. 28Q9 2 ] 0 0 0
RAD QGO0 By (P32 = & (V] v - K
RAD 0000 29 134 3 < Z 0 0
RAD Q0G0 21 291 3 : . T 6T
RAD 0020 21. 79 2 " - 0 0

T RALT QO3 GC T 1258 J - (o NN o
RAD DQGO 1. 687 : o 7 0 0

TTTTRAD T OUO0 T 397 I <L . o B 0
RAD D000 8 402 2 o I o} 0

TTTTRAD T WA00 g 5o 4 = - QT AT T
RAD 0000 4 £39 2 Qo 0 o} 0

T RAD T GOT0 Y 725 e = [9] (o] TTTO -
RAD 0020 ? 117 2 2 0 0 0

T T RADT CGO0T0 - 2713 il -z 0o o o T
RAD olo]sle] 2 753 2 ®2 0 o} n
RAD o IeTo10] 5. &3] i L ; K ¢ 2 o J
RAD 00 3019 < 33 0 o] 0

- RAD o070 T 13% : 290 - T T T T o T
RAD 7000 1. 741 P a%? C 0 0
RAD TCUT 1 3545 ] P (ol o 0
RAD 000 55 391 z 5 o] C 2
TAU o InIo oI S5y VF2 1 A ks) (o R 0
RAD 90030 29. 063 2 9 ? 0 0

TTTTRAD LO0TT T 20 2T g bl ; 0 -
RAD o020 21, 29 “a ’ : o) 0

TTTTTRADT T 2030 T 13&8 = T T e B o}
RaD DC20 1. 743 z =7 - 0 0
RAD IsIo]b]en T 5X7 T ST ; 0 TTTTQ T/
RAD Q000 3 544 ) S 0 0 n

TTTRADT OCITT T 8 38% k! 8¢ T TGO T g
RAD 0000 S 426 2 89 " 0 0

TTTRAL TGO 3ITF=8 X oy S S o B
RAD 2000 9 124 M EA 0 0
If-Y) iotnie] S, L Te L3 oy - [0 R A
A0 300 3 =0 < “3 N 0 0
RAUD D0CU 57831 = == [0} o~ o T s
AnD 2000 2. 7823 a AR 0 0 0

- HAD (oloole 17128 T =30 U o 0 :
RAD Q000 1. 488 2 253 o} 0 o] 2
=E-Y 9] o110] 1. oW9T = 4o I U o o
/D 2000 54 Q0% S5 & 0 o} (6]
2F-Y0] [s]01510] =z, 335 b T mo) 0 0
RaD - 2000 1. 649 3 "z . 0 “.
=§-39) tsloio v T 5273 ) ; : U O
ARAD 20700 1. 848 S iy N QO 0
RAD 8] 91910] T 527 b s 194 o 10
SF-Ye} 9070 A4 789 9 T 7 0 0
~AU Ivtoelom B 537 = S 0 o Znnt
Q4D 5009 4 5798 5 < 0 0 0 5
RAD tolote10] 5 o 5 oY 0 o ~ .
SAD Q00 8 302 3 : O Q i
IE-£- Yo TV IvIo N 5 o5d T Py — g 0 n
2D 0N0 0 279 = =2 o) 0 0
<A tozerole] U <50 9 =3 9] B * 2 A —
RAD 0000 0 279 5 oe : 0 0



ORIGINAL PAGe 1o v
OF POOR QUALITY

N e Tt o et e T e

RAD Q000 1. 849 o) <53 0 0 n
T RAUD 0000 T 817 ) TTaTh T 9] 12}
RaD 0000 47 243 é 9 o o} c
TTTTTRAD Q000 38, 183 Lo . < k] C
RAD 050 33 673 - t " o} n
T TTRAD T QU000 17 0Y7 [ g Z 0 0
RAD Q0N0 1. 998 ¢ da z (o] n
TRAD [o{vLal] & T8 L1 T . ] U
RaD D000 11. 669 4 a9 o} 0
RAD [afslo0] & 1y - BY - o] — 3
RAD 0000 QR 723 -3 on : 0 0
- RAD UOTO q. 538 ) i (o] T
RAD Q0G0 2. 723 4 @2 0 0 0
TTTTRADTT TOUO0 U T95% 1 k¢ z g 1)
RAD Q000 D 247 < 94 : (o} (o]
- RAD [9]oI0]0) U 1= 5 o= L] U
RAO 0000 1. 019 5 2493 s) 0 0
T RADT O TRCNT 2 002 ) 98 7 o} (o]
QAD Y000 20 158 4 7} 0 0 o
TTTTGENERATED NODE 7T T -
FENERATED NIDE B
RED stelolen I7 395 Y o] 9] v]
RAD Q000 32. 776 ? 12 V) 0 0
TTTTRENERATED NOUE 12
FAD shlely] 27 024 - 7 0 2]
TUTTTTGENERATED MIODE 13
RAD QOO 5. 115 - - 0 n
PEMERMITEL MoLE %
Rab QUMY 33 439 - id V) >
TG ENERATED FIODE 15
RAD 04030 0.817 - .= z 0 0
CTTTGENERATED NOTE 15
RAD 2020 0 sS81 - LT 0 0 ~
s NAT 2D MNoue 17
RAD 2020 C. 331t ke LA 0 0 Q
GENVERATEZI) NMOUE 3 -
Al v2C0Q0 1 337 - e : 0 0
s Ne AT LD TS OR I
~aD 2000 0 214 - . : o} 0
- FEMNTAR =l NCLOE =0
R Al 0G0 Q. 312 - i - 0 0
T SENERATED NUTE 39 .
RAD D000 1. 154 - se 0 0 ]
GENERATED WUODE 1= E
RAD Q000 1. 795 7 2 0 0] i
SEMNERATED WOCe 7 !
RAD Q0G0 2 742 = i M o] o] E
T GENERATED NLTE 73
RAD 2020 1. 488 - Ta Z 0 0
T TRENERATED MUDE 78
RAD 2040 4 474 - 7% z 0 (o}
BEMERATELD NUUE 7S
[aD QONG b S26 = Tk o o} n
TTTTGENERATED NUDE 78 -
RAaD 2000 3. 433 - - 0 0 0
TR ENERATED NOTE T
SAL DCQ0 z 307 - T2 0 0 0
h TENENATED AJle 7
A0 2000 3. ~43 - e 0 0 0
e MERATED NOT 7
RAD 2030 1 <83 - 2 0 o} 0




ORIGINALPAGE 1S a

GENERATED NADE 80 OF POOR QUALITY
TTTTRADTTOON0T Y. U&7 oY o] o] (o} §
BENERATED NODE a1 |
NaD UL AR E-Y4 e v J
SENERATED NODE 82 :
T TRADT QOG0 I HI0 7 DY o) 0 ol
GENERATED NODE a3
TTTTRADT 0000 < 523 : == o) o] 0 i
SENERATED NODE 84 i
RAD — Q0U0 37097 P U ) U v
RENERATED NODE 8s X
AL JOUU T 999 =4 0 [9) of E
ENERATED NODE 84
TTTTTRAD U000 U3 TE 23S - o] O
SENERATED NODE 2598 ;
RAD — woOU T 137 pgof=) ” o] - j
GENERATED NATE 253 |
T RADTOTO0 177575 B IT T 0] il i
RAD 0040 32. 976 8 - z 0 0 :
T RAD TR0 T T AT T2% < 132 = o} o}
RaAD 0090 5 119 e e 2 0 n K
HAD 0000 33339 = 15 ot o) ) 5
RAD 0000 0.817 8 ¢ - 0 0 '
RAD 0000 U381 g 8 . 9] A E
RAD 0QOC C. 581 2 18 : o] < '
TTTTTRAD 0090 1 337 g TS o] o] 0
RA slolule 0. 314 e iz o 0 o 2
NAD U0 S M % ¥ g 55 9] (0] T 5
RAD  QUOU 1. 138 3 3T o v} 0 3
RAD Q000 {338 g y o) O o) H
RAD  00CO 2. 742 8 e 0 o] o) ¥
~AD [e101910] 1. 799 g 78 o2 o
AAD Q0C0 3. 433 Z 75 : 0 2
I2§-%9] [o]oL0]0] A OZ8 o < - 9] -
RAD Q0G0 4. 474 2 e 0 0 0 ‘
RAD — ©UGO 1933 = = 0 Y - I
RAD Q090 3. 443 Q = o] 0 7
TTERT olstale) A-lore 3 30 o3 o) o) i
RAD 9000 3 810 < Q1 o] 0 o} 5
Al [plealele] VAR Y4 =4 =4 U |9} | E
24D DGOU 3 A7 2 3 2 ) v g
B FAD [9181919] ) A A o ar 9] (o) 7 by
RAD toToTal0) 3. 707 8 Qe N 0 o) ¥
RAD —00TD 2 52T = =< 9] T . p
RAD nenoe 0 413 8 2z 2 0 A 3
RAD 0000 158 = Ao 0 o) O ¥
RAD 0000 34. 879% 9 ool : 0 (o] y
TTTRADT Q000 T 38 ES6 > - o) T :
RaD QU0 U, 378 ? e : V) 0 .
CUTTRADT TTRON0 3. 2E9 Y . U U o
[AD 0090 6. 673 9 29 z 0 o] P
RAD 9191510} 3. 709 N4 A - 1°J = i
RAD  0QO0NO 0 127 ° 90 z 0 o] @
FADTTOCU0 07203 5 o - o] O
RAD 0000 0 127 ° 3 : 0 2 1
T TRAD JOQH0) 0. YHé b4 <D0 U [9} U &
IAD GO0 28. 359 ‘7 o 0 0 n _
TUTSATT TU00 U =35 T =T 9] 0] be ]
2ap 0000 2 477 10 <= : o] 0 3
CEAD [91e19]10) & 31T - <% B ) Lo 2
24D 5000 2. 534 o Qo : 0 0 X




ORIGINAL PACE 1S

OF POOR QUALTTY

RAD QU0 v. 143 {0 ) 0 0

T TTRAD oD U 299 10 451 . 0 U
RAD 0000 59, 902 1l le 2 (o) 0
RAD (0 e1019] 8 31d T M- a " U [v]
RAD Q0Q0 0 481 Ll =4 : 0 2
TTRADT 0000 3 370 p - i) o} s}
RAD 0000 6. 123 L1 T oy 0 0
TTTTRADT Q000 3. 8§70 T g7y T 0 o
RAD Q000 7. 101 il 3 : 0 0

. RAD TOUT Ye. 780 T ne - o] g
RAD 00900 7. 101 w1 a3 . 0o 0
TTTRADT QOO T % 339 . 1284 = o] o238
RaD QQC0 7. 292 L Qe . o) b
RAD twloiele) ¥ 339 v 23 o} oy
RAD Q000 2. 447 L == : o] a
TTTTRAD lolereles ¥ 377 171 c4-4 - o] [
RAD 0G0 2 S2a vl 89 ° 0 (o}
TTTRAD G000 T U 13% M oY o) o) -
RAD D000 0 434 11 ) 2 o} 0
TTTRADTT 000 187159 T p-4 o) o] A
RAD Q000 7. 433 12 e 7 (o] n
AL oTelole ] 13 Y27 ~ e A o} (o) (0]
RAD Q0RO 7 433 2 =0 (o] 0 0
TTTRADT 000G 13058 1< Y O o o]
RAD slalely) 2% 204 12 Q2 0 o} 0

- RaJ D000 14 0%é P D N 0 .
RAal Q0430 A 8995 2 Qa4 T o} 0

- RALT OTwo {1d 288 o @9 4] 0 e}
RAD 0000 6 374 b 86 0 o} 0
TTTTRASTTTI0AD 38”37 7 15 8] 0 ~
RAD 5000 2. ¢33 3 <L N 0 0
RAD (o]atols] I 338 T ’ ) o) o]
RAD Q000 1. 3446 2 PR 0 o} 0
RAD In{olol9] J7328 b4 = (o 20 o] o)
RAD 2000 Q. 720 <2 20 0 0 0
WAaD 000 17029 7 TS Lo 2 0 R
RAD 2000 2. 841 2 =9 0 0 (o}

~ ALy virisle] 3. o - 4 19] L) U
RAD 2000 b F36 2 "z z 0 0

28 =3¥] AvAeIv ) 3. 7Jdd - VA o v
RAD 3OO0 9 237 o 75 0 Q 0

T RALDTT TOO0T0 187752 - T - ) O
RAD o000 9. 237 P o o] 0 )
RA&D Q00 T OE9 P e - 9] ;
RAD 2000 2. 241 2 <8 0 0 2
WAL OO 1147 I 73 9] 03 0]
RAD 2030 2. Chh - 7o 0 0 0o
RA&D eaiole] T &7 -4 Q0 U Lo 9]
RAD 2040 2. 006 - Qe (o} 0 0
TTTRAY pIareiel 3. =82 - = . 6] o)
RAD 000 2. 006 . ] - o} 0
RaD [h]efete] 1. 010 T s NI 9] U 8]
RAD 000 -1. 784 - 53 0 0 0
TTTHAD o]s10]03 T. 010 kS 83s N U 93
=¥-¥s) iolelale) &9 398 15 - : Q o
TTTRADTT OUTODT T T 3% 2973 TS5 - g 9]
Sal sJelols] 44 253 13 " : (o} 0
=F-3¥ oteteTe! 1% =82 %] b ) (03 (o)
24D 2000 2 1389 e 20 0 0 B
F-IVANReIstuTe ] 2 588 T 03 6] 0 o
~AD 0000 3 539 13 =9 oy o} 0

12 gt 3w et A

I I P




ORGINAL PAGE IS 1
OF POOR QUALITY

RAD  00CO 0. 130 13 L9 o 0 A J
GENERATED NUDE 5Y - g
RAD Q0Q0 0. 276 {3 on o) o 0
- GENERATEIT NUTE 70 ""
RAD Q000 0. 190 P 71 a ] - 4
TTTTGENERATED NODE 71 o T T
RAD 0000 9. 219 L3 72 (o) Q N
RAD JOUQ T8 %&1 13 - 0 0 -0 B
RAD Q000 9. 213 P 74 z 0 0
RAD 9 In1939) Ta. OS50 A% Ty U T rY
RAD Q0N 21. 931 1< vy D) D] 0
RAD JOJO 1<Z. Vel > ) o] o]
RAD Q000 2 886 19 2995 0 0 9]
TTTRAD onoeTy 739 TY 75T y) y) L] g
RAD  GQOD0 77 480 ‘L . 0 0 0
- RAD  WOCT 770 T T g o] -
RAD Q000 164 067 1L 19 (o} ) 0 f
TTTTRADTT OO0 T 327130 T - y) "0 0
RaD QOCO 0 B3 i 2 N o} 0
T SENERATED THNOCE 21 T T T e
{aD D000 1 424 e a2 7 Q 0
TG ENERATED NUDE F)A - T
RAL Q0G0 1. 494 1L 33 T 0 6]
R&D [elel0lp! K 1L pES =T . g -
RaD Q000 7 917 e 70 0 0
TTTRAU T O0GYTT & E0s T 71 - e} T T
AAD Q000 $ Qa7 S -z ? Q n
= §-90] oS Tacy! b9 COs S 73 . (o} ~
RAD Q000 S 097 14 74 0 0 0
TTTRADTTO0O00 C. 290 e 73 X 0 T :
RAD 2000 0. 2134 L= T o N ,
TTTRAD T OCTOoT T o IROT b S 77 N 0 o] '
RAD QQCO 1 424 - 252 0 0] Q j
TLERATED W0UE | <5a - {§
eabD DIsly 1 A4 P 2599 (v} ] 2 ;
RAD eZolelom 56 %99 - T T o] U
RaD Q050 121 239 T M Q o} i
CTTTRADT TTINO0 a7 Tys .. 4N o} B © 2 A
fAD 2009 44 T44 T 21 (o} 0 ~
- E£-18] 1Vl T3 T - o8 T T T
RAD SO0 1. 136 - 33 (o} 0 - ‘
RaD TOU0 L S e | - o) ™ — g T T T T*'—*g
RAD 2000 7. 3%0 T 70 - Q (0] ;
RED TUT0 3577 M 71 - O o)
RaD oIvTaly 3. 974 - - " 0 0
RAD SleisTen 5 F10 " T . o] 0 ,
RAD  0CGO 3. 310 T 7a : 0 0 ;
FAD D000 0 T8 . e T L A o~ ;
24D 24900 Q. 346 T T- : Q (o) ;
FTED T TTI000 0 =08 ’ > o3
2AD 20100 1.432 L 252 7 0 0 ;
~al (9191910 L. 2L . uded J -
RaD (9iv191V, 121 23% 2 A N Q0 V) ;
TAD TJOCT 37058 TS 20 o :
RAD 050 44 T44 18 21 g 0 0
T WAD . GuUto 1T 332 -z s 8 0] il
fapD 3N 1 =22 = 93 ) 3 O
=2 YV, o IRIoTe) REETA! M = [} T 0]
QAL 2000 7 250 v 70 Q 0 Q ‘
TTTTSAD JTO0 1T 393 e 71 o T T
RAD 2040 3. 9510 i 72 : 0 0 :




ORIGINAL PAGE IS
OF POOR QUALITY

RAD Q2000 5 410 151 73 (o} 0 o
CTTTRAD [9]s1e]e] 3. 9798 hiog VA o) o -
RaD 0000 0. 206 i 79 0 0 -
RAD QUO0 U335 T s O o) 9]
RAD 0000 0 206 1§71 == 0 0 (o}
RAD oooy T 73971 15 o o] B » o
RAD 0Q00 1. 186 16 252 0 0 (o}
T RAD o[oLsle) 108538 T 20 0 o] A -
RAD 2010 1. 911 3 21 s] o} (]
- RAD  wouU < 513 T ey g o} 9]
RAD 0QN0 2. 772 19 93 ¢ 0 o
RAD feofele1 . 138 15 =T Iad 0 U
QAL Q000 7. 491 19 =< i’ o} n
TTTTTRASN T OUQ0T T I3TSES I : : T 0
RAD QOC0 7. 491 i9 . z Q n
NAD . ow0 3 U9l o = 0 0 [
RAD 0000 14 230 1@ it 0 0] Q
TTRADTT OGUnT T B 091 T LY T o b}
AL QG40 0.474 s 73 2 s} o
TTTTRALDT O O0O0O0 G798 Iy T7E N o T T T T T
RAD 2000 Q. 474 1= T 2 0 0
RAU [oIefalul e S1& T =od v (o} B -
RAD Q0G0 2 772 19 =59 o] Q n
) RAD folefals) 0138 T 758 og—T TTTTTT@TT T T T O
RAD Q000 133. 479 2N 2 0 Q =
el QOO £ +/7% peiv! Tz [» [»} [ B
RAD Q0430 0. 450 Zo 58 < 0 0
RAT I[arnr & 2R3 jelo) &9 ‘ 0 oy
rRAD 2000 11. 740 z7 70 : 0 n
TTTTRADT O OUOD T T ETSES T A ; (v} O
RAD 2000 2. 250 Zwr 72 : 0 i
TTTTTRAD OO T T 3902 etv) e o} T 7
RAD 20400 2. 230 ele 74 0 Q n
RAD [alalal C. (11 o 75 (s} 0 -
RAD GO0 - 0 187 20 T 0 0 (v}
RAD o]oT919) U .T11 o) , - o] T
RAD Q000 2. 474 20 =92 2 0 0
- =80 soTeln! T 530 it 253 - o} =
RAD D000 N 308 P 52 i 0 o}
AT LT (S IR R T Y 9] - 3
SALD m1alvle; Q0 1863 an A Q Q
TTTRADT O0TO 0 1386 il 71 y Lo Y ¢
RAD Q090 0. 209 21 92 0 0 0
T TRD . OCGLo [ B £X9] 18] =T - o -0
SENERATED NQDE =1
~AD [9]o1oT> RN GRS 8 00 4 - —TT K] (o]
RAD Q00 0. 363 T =5 Q Q
=E.80] Eolelsls! T 77" = =Y " T T
JEMERATED ~NOCE =4
TRy Ip1aceia T 277 S 53 )
RAD 2020 0. 203 20 sS4 0 0
=7:3] palore1d TR - B - U "
TEMERATIN NODE _ 57
TUTTIAUT TTOUUU J. T T ™~ - T - - -
RAD i elviel D &22 iZ =" N 0 o
T TENERETED T NUTE Lo — =
2an Q00 O 374 =T 0 Q¢
s Al el "J\'.;..(E R
SAD SN0 O 1&4 50 Tz N 0 (o}
TUTIRTERATED TR 52 T T T e —
RAJ OG00 G912 =7 3 p 0 )




SENERATED NODE &3 OF
RAD J0W0 U 73% by L - (o] o) h
GENERATED NODE 64 |
RAD - QO0LU 0. 378 o0 L3 0] 0] jof :
SENERATED NODE &3 ;
TTTRADT O OUU0 0 TIaY it =< o} o] 4] |
GEMNERATED NODE =Y :
RAD U000 0. 288 =% = [} 0 o) :
ZENERATED NODE &7 ;
NAD JOTO U 139 =7, [~ o o) (8] ]
GENERATED NQDE 8 ]
RAD 713000 (VAmai 50 zo o o U ?
RaD Q000 0. ] 30 - T 0 (s) @
TTTTTRADT T O0D0T T 0 @3% = ; bl L] 0 ;
RAD Q000 0. 396 30 "z 7 0 iy :
RAD wowo 0. 7258 T R - 0 -
RAD Q000 0. 392 =% T P 0 0
RAD OO0 0. 376 5 79 - O (]
RAD Q000 0. S0O7 T Th < 0 0
) HAD 2020 0. d8d b=l . o] o]
RAD Q000 0. 155 50 = 0 o) n
RAD [oToLb]0] 0. =36 T E) ] Q Q
RAD Q000 0. 139 =D 20 0 V]
T RAD T OGTU0 U373 T g3 - o] o)
RAD 2000 QO A39 =T T 0 o] 9
TTTTRAD T G000 T 0 THElT =G o3 T o] o)
RaD QL4030 0,182 I 24 O o )
RAD [o]eTals] U 274 A T ow A 8] n
RAD 2000 0. 162 i <3 < 0 0
TTTTTRADT T O0TOTT 0. 270 T = - (o I o]
RAD 0CQ0 Q. 4391 Tz 39 : 0 0
RG&D lolald]0) U278 ™ = () i
RAD 20N0 Q. &37 it = - 0 o
RAIT U0 T 937 _=r B - o) 0]
RAD islalale) 0. %1% 350 =2 - 0 =
RA&D 00 1379 =Ty 7 U o] z
RAD QONO 0. 293 50 =1 0 0 2
TTTTRRLTTTUTTY PRET Y4 S == (o) ) O
RaAD 2000 0. 286 “0 =350 0 0 Q
F-Yoummaiestolele) U =30 H 291 ™ o) y )
FENIEATED NIDE 2351
RAD 101N[)) 0. 180 S50 292 U 0 J :
RAD 30N0 D370 =7 2%72 - 0 0 /
TTTTRAD o eTelo) U738 T 2e ¥ U o] 9] :
GEMERATED NODE 254
&L v]e19]] U300 N19) T o] o} 0]
RaD 000 0. 227 T 25& 0 0 o
RAD LolAtaIe] UUSY7 50 2T U U
2ENERATED NODE 297
RAD pleisle] 0215 =Ty 235 (o] 0] Ty
RAD 2000 Q 440 =e 52 0 ) A
NALD [mlereie] U. ocdd R 3 |#) 9 -
RaD 2000 1 999 it <z 0 (o] 0
TTRADT T Q000 7. BR3 Pt o o) 0 O O
Al 2030 0. a7e 51 2z Z 0 0
RAD [91918]9) 1T 13% T = 0 o]
RAD GO0 Q. avg s 3 0 n
TET LGN O S JEACR = 5T <. - ] T
~AD 29350 Q. 74 e - N Q
Y] twioiale) T I35 b 2 0 Loan -
RAD 2000 1. 960 =X «3 ? 0 N




il

ORIGINAL PAGE I$

QUALITY
RAD Q000 1. 8295 i <3 Q 0
- RAD — wOUO U507 S =5 : T o] —1
RAD Q000 0. 312 32 1] . Q 0 ;
RAD — OUGU T 754 S < . T y —
RAD QG0 0 384 H =< ° 0 0 :
RALD — COWU0 U 730 T = ol 0 L4 ;
RAD lo]o]0]0) 1. 1352 3! 70 - Q (o) ;
RAD tnJelale] 0. 55% =T 71 : 0 N :
RAD 0G0 Q. 993 b 72 Q (o] oy
RAD [o]o19]0] T 727 =T M - o] a] :
RAD 0000 Q. 29 a1 74 < (o] (o]
RAD e]slelen T 5483 =Y 7S X o] s}
RAD 020 1.187 Tl - 0 (o] 0
T RAD J0G0 U €51 ‘ . o o
RAD Q000 0. 348 2l = N O ~
RNAD oW C. g7 51 9 - o3 o]
RAD 2000 0 381 O ) - 0 -
RAD 0w0 o J= A =1 Y e 0 ™
RAD Q0G0 1. 634 3L Q2 - 0 N
TTTTRADT T Q0G0 U. 9G8 T = 0] v) ol
RAD 0000 0. 348 bl =2 n 0 0
RAD foJefale) U. 587 51 = T o) 7
RAD Q000 0 3831 a1 s . 0 ~
HAD [91010]v] 0. 243 . =7 o] 0 0
RAD 040 { 188 I «Q 0 (o} 0
T RAD G000 0 651 : = 0O 0 n
RALD D0NQ 0. 9793 21 - 0 0 ~
FAD  0O00 T 757 T - 0] o] 0
RaD 0000 0 925 S " ~ 0 °
i RAD o000 0. 740 Ty o7 i 0 n
RAD DQCO 1. 132 3 24 0 0
RAD 00 0 359 51 R ; o] o)
RAaD 2000 0. 431 51 =50 ) 0 n
RALD TOOC 17031 =7 T51 [8) o] o g
RAD 0400 0. 451 = 252 0 Q 0
T RAD  O0OUT U730 =T 235 0 o) o)
RAD 23000 1. 7462 3¢ %4 0 o) 0
RAD —~-070 TUTa0 =T T99 - 0] o :
RAD 2000 0 S18 31 =36 N o 0 :
=7 S Te o ] T30 =Y 57 : o} o) :
RAD 2000 Qo 318 i =94 0 0 o]
RAD fsTutotn, 0. 277 =7 = - o (53
RAD 000 0. &77 Sa - ? 0 n
RALD toZorale) U. 338 T 59 p (0] 0
RAD 2000 0. 201 s2 st z 0 <
=¥-Y0] TORT U377 = y] U U
RaD D0 0 203 52 <9 Q I
RAD D000 U 15y T &0 9] [¢]
RAD islolalV 0. 286 =z A C 0 ;
IR} o RN o1 oo 15 BRI ) B 01~ e Tz 9] A
RAD D0 0313 in =z 0 A {
RAD toIaf¥]y) O 735 Y = n o] g f
RAD 20400 0. 378 iz -3 o) 0 n 2
RATD JOU0 U523 e == il o) O :
FAD OO0 0.3743 52 == - 0 0 |
TTTTRALTT U000 O 1&% 5 T 0] (o] ;
=F-Yv} 2050 1. 3020 iz = Q ] |
~al b)) I Tav la 9] [») i
a0 2000 0. 372 =z - N 0 0
RAD ZO00 0 3537 527 Y 0] 0]
RAD Q00Q Q 795 32 ™ - Q Q




ORIGINAL PAGE I3
OF POOR QUALITY
RAD Q000 0. 429 =2 74 - 0 o

CTTTRED 000 U 25 -y Y T o) o)
RAD 0000 0. 489 -ry T& 2 0 0
~AL  WoG0 0 273 = 77 . o] s)
!AD 0000 0.198 22 e N o) o

TTORAD T OOD4 T 25% Te T [0} o] T g
RAD 0000 0. 162 iz B 0 0 : :
RAD QO30 0. 373 T > 5) - o) o) :
RAD 0000 0. 688 b T - o] 0 }
FAD  Wow0 T S8T e k| o] o] - :
RAD 0000 0.139% a2 ze 2 0 -0

B 2 Y9 s (o T'o1 o BENNENNNNNN » M = N1 =2 - 0 v] 0]

RaD QOO0 0 139 2 3¢ ° 0 2
T RADTTTOOD0 O 275 527 s : o o]
RAD 0090 0. 508 e 22 ’ o} -
L P-Ye R s Ip o] [o N~ -4 e o 0] (4] B
RAD 0070 0. 397 <2 s 0 ») n .
RAD 3000 T. 728 S5 A ” o] ) 3
RAD Q040 0. 373 952 2 2 o] 0 :
TTTRAD OO0 T I3 T TR 93 - 5] g 5
RAD  ONN0D Nn. 443 @2 =2 n n 0 ;
RAD — o000 T. 235 = == O o o) e
RAD D000 0.130 =2 2%7 o o) 0 :
TTURAD T ROd0T T O d5 T 7T 291 — (o} 0 4
RAL OO0 0. 254 =2 271 c o] 0 {
TRADTTTOOTT U =01 T 25T 0 O ~ ]
RAD 02000 0. 737 iz 29 0 0 0
TTTRAD . wonT T 0 233y S 2 T (o 3 >}
RAD D000 0 219 iz 254 “ o) 0
TTRAT TOJ000 . 07317 o 57 7 o) 0]
RAl 0000 0. 222 42 258 0 0 n
TTTTRAD T O@Io T U iET 3T =T T T 9]
RAD 0000 Q 479 el 55 0 0 o]

TTTTRAD OO0 SR =24 T =T o} T :
RaD 0090 0.273 32 b 0 0 3
RAD 0000 U359 I3 =er T 0] (o) :
RAD  DGLQ 0. 351 Iz < o} n %

TTTTRAD EaIs1els) U ==2 = =7 . (o] [#]
RaD 239 0. 272 “3 <z D) B} a)
TTTTRET 9lstate U715 =7 &3 0 o] ;
220 2300 1 32 53 4 o] o} n
T TRAU TTOQ00D T TUTRTE b == 9] 9} n
RAD 0000 8.272 53 s 0 0 0
RAL LU0 [ IR=197 Y - - vy o] I
RAD D000 0. 279 =2 oS 0 o) 0
THAD 9120101 | St=1-1 z- <" U U O
RAD Q000 0. 722 372 -t ) o 2
TRED T OUGUT 0297 =T 71 - o 0
RAD Q000 0 683 iz 72 ) o] 0
T RAD T TTLOGOC 2589 - - O 192 vy
2aD 00730 0. &35 s3 - o) o) o
KAL) [o]eals) U, oUd - i} - U -
RAD Q050 0.9233 <2 ~- o o} o}
TTEAD 0000 0511 T 0] U 0]
4D NGLG D 273 =7 -z n b Q
TTTHADT T OGUO [SI-ToT S 7% T o) n -
TAD 30 0 280 53 an : o} 0

h e D91 2. 270 53 - . 0] [

Ran O0GH 1 261 iz a3l ) n
TTRALTT IGO0 T 577 =7 D o o)
RAD 2000 0. 319 53 Qa 0 o} 0




RIGINAL PAGE i
gmou)uAuTV

RAD 0000 0. 964 33 EL) 2 0 0
TTTTTRAD [91910le] V. 291 .- hrd-] - [»] -7
RAD Q0G0 0. 679 32 27 (o} 0 0
AL w000 ) SULOL-} - I< (o) o~ —TTToUTT——————
RAD D000 0. 571 =2 =c 0 0 0
TTTRAD T O0D0 2. 199 b Ty ; o A ¢ R
RAD 0000 1. 388 s3 o i o) n e
RAD — O0GU 0. 810 573 oy . o] r
RAD 0000 0. 621 <2 a2 0 0 V]
WAD Qo0 037 33 =< " o] gl
RAD Q000 0. 300 33 o= 2 0 0
TTURADT T OGUU U385 =z =TS § 9] x
RAD 0090 0. 739 i 2= . 0 0
T TRADTTOOR0T T T 0UI00 s 25% - n o o
ARAD 0000 0. 627 3z <53 2 0 0
WAD  oowd T =71 = =Y ») ] sl
RAD 0000 0. 524 3 2= 7 0 -
TTTTRADT T O0G0 0335 53 2Dk ol o TToOTT T/
RAD D020 0.55% 42 257 0 o] 0
TTORAD oD T U SR0 3 e 253 o T oT T A
RAD Q000 1. 184 “<q 55 0 0 n
TTTRAD OO0 O =289 : =L T S o B s S
RAD Q000 2 043 1 P : N Q
TTTRAD T 2OU0 0. 870 1S =T - [ o N ©
RAD 2000 0. 78 b - : o} 0
TTTRADTTTIICGO 1284 = 7 . o m
RAD RONG Q. 579 i -z : 0 )
HAD oTo T 727 =X %3 . -0 TR T
RAD 0000 3100 23 64 - 0 o] ,
TTTTRADNTTT OO0 T &17 3 z= . 0 T T
24D aiuly) . A3 3s -2 : 12 D) ,
TTTTTTRADT OO0 T Z8% s - : o SR o T T
RAD 5000 0. 879 =4 -3 : 0 4) ,
L=F- Yo e Tyte]) T =58 T T > Tl o S
RAD 2000 1. 780 3% 70 ) )
RAD CUQ0 U930 T - ; o] Y
RAD  DOCO 1. 849 54 72 : o) 0
TTRED bolsToTs) TUSE =Y - it gt Tt T m e
RAD 0000 1. 619 54 " 0 Q n
AU plsIa 1 230 R VAS) Ty '»
A DGO 2. 233 =3 e : o} 0 :
FAD io1n]9]¥] T 207 7T - I gTTTTTTTTTOTTTTT
RAD 20020 0. 674 "l = : o} 0
- ~Sa&0 [o1pIo]0] L. 2ol S - 2] [ 9]
2aD 2000 0. 478 3 i o 0 "
~AD [s]s1a1e) 1T &3 T Y O gTTTTTTICTIIYTT T
RAD 0CU0 3. 021 =1 22 : o} 0
T TRAD TGOS0 17511 T = : 0 ot
20 5000 0. 674 34 2n 0 0 o)
AT 3070 1250 T o o i o e
AAD D000 0. 677 35 Qe z 0 n ‘
TTTTRAD WOLL 1. £30 e = . o o]
2aD 2000 2 2%3 s s . o} n :
TTTRAD taiselog 1207 3 &7 . g T T TTToT T T
2a) 100Q 1 248 =4 = : 0 0 :
T AAD toIaTule 3 TSE s oY : oo e
A0 3300 1 #19 = Sz : 0 ")
TUTTTREYS o TotuTy} SNy I =T = : o J s
RaD 2000 1. 780 i o4 : 0 0 :
BT YS R T TS Ta) T 530 31 T ; s s ""ﬁ
RaD QY g, 737 34 250 : g 7 ’




ORIGINAL PAGE 15 W

OF-ROQR QUALITY
RAD Q000 1. 762 =g 251 < 0 0 ;
RAD o000 O 737 T &7 ») T TeTTTTTT T T
RAD QOGO 1. 292 54 233 0 (o] - ,
RAD 0070 370388 e Pt ol o} TTTT T T
D Q0G0O 1. 222 T3 2T9 -z 0 0 d
RED olerols} T. 95% T <58 : e 0 - :
RAD Q000 2. 277 s 297 - Q o} ;
FALD Q000 T, 95% T 258 - - o} (o}
RAD 2040 0. 340 =3 =e 0 0 0
- RAD 'olele]0] 0. 879 Y . O 0 e
RAD Q000 0. 441 33 “9 Q (0] Y]
TTTTRAD polerele] T. 278 ko)) = 0 o 0
RAD Q00 0. 307 95 =\ 0 Q Q
RAD o0 T 7Y s L4 oy g (o I
RAD Q0d0 0.717 893 =3 = (o} Q
RAD elale]s] T 28% T LY} o} oo —— T T/
RAD islelhle) Q. 677 35 -3 0 0 0
TTORAD ooO00 0. 252 =T == s} [o I g}
RaD QU0 0. 586 52 =" » Q O
T RAD Q000 0. 72 =T == 2 o e T —
RAD Q000 0. 533 == &9 0 0 0
RaD SHI0ND [ -{o\ T e ol 'y AR
RAD Q000 Q. 429 5 - " 0 7
B RAD QOG0 2. 129 B RA 0 g T
RAD 20400 1. 552 “s e 0 0 ?
RAD loalels) 0. 797 =X 4 4) o} o)
RAD o]os]0) 0 728 55 75 - 0 ”
RAY ToUIa T 152 = = . (o] 0
RAD QON0 0. 629 S5 T : o} °
TTTTRAD Q000 0. 519 =S ey (o] o IR  ——
RaD Q0G0 . 563 33 = ” Q )
TTTTTRAD T U040 U =271 T = 9] o - -
RAD Q000 Q. 689 ) 2, Q (0]
RARD o0 U 1T =359 TS e o QT TT Ty T T
RAD 2000 Q. 476 bt . Q Q 0 ‘
= 1-99] (8lal9]e) U 272 T ax O T B A T
RAD Q0G0 QO S09% 55 =3 (o] Q Q
TTTSADT T 090 0 I7Y ™= T T O 0 T
=7-99] o1elsly) 0. 303 55 == 0 0 - f
DE-ys] bofoiets: (0 B s =1 o= R » I D R
AT D000 0312 T &y ) o z
RAD J0wT U =8% il = o T T T :
QAT 2070 1. 266 39 9 0 n :
NAU SO0 [SHY=1-) el =z - (0} "
RAD 2030 Q. 389 33 — 0 0 n
=1:99] 006U T =23 T L IR B 0
RaD 20C0 Q. 394 33 os Q Q 0
~AL ISIe10]8] T. U1 ) =90 o O
RAD 3000 0. 740 35 25 0 o] "
TURAL T GOU0 U 335 534 ] == - T T T T Ty
RAD 2000 0. s24 55 2:3 0 0 0
RAD [o1eralel 1. <74 = <o v T R A , =
RAD QOO 0 418 55 2Te o} Q Q
AU 0G0 O 99T o)) =98 o o e s
RAD 2000 Q. 954 wo w97 7 Q 0
T TRADTTTQOOUO 033t = )+) a3 A o) R
RAD Q000 Q. 786 iz 57 0 0 0
- Ey-Yol eTolal0] T 56 w5 o (0] TTgTTTTTTTTTg T
SAD Qo0 Q 2027 < 0 o} =
TTRAD 9287924 T 87 = &y Il 0 S
RAD Q030 0. 213 5 -z 2 0 0




ORIGINAL PAGE IS
OF POOR QuALITY
RAD 20300 Q. 490 sS4 ~ 2 o] Q 0
TTTRALDT 0J00 U TG7 BL) S~ " 0 n
RAD 0000 0. 901 3 <3 < Q Q
RAD  woQU 0. 203 LY L N O [p)
RAD Q000 0 379 né «7 - 0 0
TTTRADT Q000 O. £V% 13 o0 o) K + S ¢ R
RAD QUOU Q. 279 1 57 o v V]
RAD QOG0 0. 3507 BE 70 - [») 0
RAD Q000 0. 282 =L 1 < 0 0
RAD (o]410]0] 0. 910 s - O o] ™
RAD QnNoo 2. 9346 Be E iy n o
RAD o000 [ON-3 ¢ r2.) Ty ; 0 - ~
RAD 0000 0. 416 5é& -3 A 0 ~
TTTRARD Q000 0780 wE i) N o770
RAD Q000 0. 404 2z T N 0 o]
HAL Q00 0. <10 wE ) - o] o2
RAD Q0N0 0. 379 A A 0 0 3
TTTRADT 0000 0. 209 b1 =. [5) e} R A
RAD Q000 Q. 6439 Sh& 3 - 0 0
TT RAD Q0.0 0. 530 RE e . T N
RAD VN n. SN2 SL =2 i n °
AL woGU 0. 703 b1 <= ~ [» 0
RAD Q000 0. 492 54 29 p C (o)
TTRAT iolo2oIo N 0. 218 5E == ) (o N )
RAD QOG0 {. 704 Ja =T 0 Q ~
RAD [o]0]eln) 1. 08% Bk 14 -0 ] e
RAD QG000 Q. 329 56 =< I 0 0]
R&D  uouny Q. 572 Ts =30 X 0 0 -
RAD 2000 1. 040 = = N 0 0
i ~AD 0034 0. T454 1. - = 9] o T 0~
RAD Q0Q0 0. 270 T -) "2 o 0 :
HAD [o]ale]s] 0. 473 oé - 0 0~ 0
RAD Q020 0o 277 B ) ~ 0 N
RAD o030 U 223 L) ngYo 0 (Al e ToTTTT T
RAD 00400 0 si8 1) 231 ” o] n
HaAaD JOU0 U <19 kS <. - o] [6)
RAD Q020 0. 447 5h 2953 P o] (0]
- Y9] alatetes [SNRC4ST: 20 5L 2° - o~ T Q9 T T
RAD 2000 ¢. 371 54 299 Z o} Q
= 4-29] iagate) T 70 5E PR . R v J
D oIoTelV g 773 3A 97 K v} »)
TTTRATT 0030 0 310 =5 Pl 0O o 2 o S
RAD D000 0 746 T 58 0 o] Q
NAD COT0 U391 . = - o Al
RAD Q2090 0. %03 T =" - 0 n
TTTORADTT OCU T 00 T, L) o (o} e
RAD 200Q 1. 133 =7 -2 ) ¢ 2
AL  OUO0 <. L0292 . B o) 0 o .
RaD 2000 1. 192 =T 65 O o] 0
TTTRALDTTTOCI0 0382 B == 3 Q- T -
RAD 2000 C. 03 T <7 - Q 0]
RAD woiJu U 500 =T <= - 3J . T
RAD Q000 -0. 440 T < N o] 0
TTTAAD T OLIU 1. 1388 B - - o B © R
QAD 204020 0. 82 =T c ~ 0 ]
AT 0770 1 323d = rZ - T o
Al QRG0 2. 251 T T2 ) 0 0
-3 IS [VIVIV] 1 201 . 7a R o >}
RaD D030 1. 219 =T © 0 0 N
- EL-3v] OO0 T 559 N = ¢] 6] R 0
~al D000 0 P51 T .- [»] ] n

el




ORIGINAL PAGE 1S
OF POOR QUALITY

RAD 00G0 0. 653 57 78 (o} o 0
- TTRAD QU090 T 000 = o o] o) [}
RAD 0000 0. 911 3T =2 0 0 0
- FAD o vIev] < w9 - BT V) T <
2AD n000 2. 428 b Q7 0 0 0
TTTRAD D0TG T 203 < it " 0 v}
¥-Yo) Q000 0. 653 3= a4 2 Q 0
TTTRAD T 0000 0. 799 Ty L s (o} 0
RAD Q000 0. 511 T Qe Z (o) 0
-9 TOTUO T <20 ; = o o) o t
RAD 00730 1. 999 T =z < Q (o]
TTTORADT QLU0 T UTTET T T oy o} M j
RAD 2020 1. 251 T = z 0 0 |
RAD fo]efulv] d 251 = Y - o} o) :
RA&D QUG 1. 201 2T -~z - v} Q |
RAD o[eIole} 075430 ) e o) o] 5} ﬁ
RAD Q000 1. 188 =T =2 0 0 ~ :
TTTTRAD T OOTU U662 = R o} o o |
RAD noNo 0. 317 3= 250 0 0 o :
TTTURAD QOO0 T T 1T I3 = 25 -7 -0 o] ok
RaD 2C20 0 317 T 282 (0] 0 0 ;
TTTTTRAL . Ohu0 . U 95s T ey b} o] (AJ :
RAD 0000 2. 277 =T 254 o} 0 o} :
TTRAD toforzo[u} 07956 — =T 0] 0 o)
AaD D000 0. 773 T 254 0 0 0
TTTHRAD T TOTOTTT . 3 = == (0] o] 9]
RAD 2000 0. 773 =T 258 0] 0 <
= F-y» [olalp1e] T =03 T &0 6] o) ol
RAD 000 0. 275 3= = 0 0 n
T RAD Eolatale) s JL9] =] T =T 0 o] T
RAD 2000 Q0 490 T &3 N 0 4]
- RAD — ©0O0 U 507 = n ) U - T
[RAD 2000 0. 501 =z =3 0 0 0
RAL TowG [y Al Tz o o} o]
RaD IsTolo]v} o 32 32 &7 : 0 "
RAD [o[s19]8] 0 213 55 == T o R
RAD N0NO N 268 22 &9 0 o} 2
T TTTHAD DUIT U370 = ) 0 o)
ReaD IoTvTalv] 0. 279 e 71 : v} n
~ral) [p1e2e1s] O 29 N VA~ 83 O o
SAD 2000 1135 32 - B 0 0
el 200 [*RE-X 2 3 = - - 0 o}
RAD 2030 2. C35 58 73 0 0 .
AL [e1fe19] L 492 14 - (28 tJ
RAD e lVTolv) 0. 753 52 - n V) "
N [o]81910) O Js h- - - O O
RaD 0OGO 0 492 =8 -z 0 (o} 0
RAD —— JUT0 o Je.0 5 - Sum 5 D 0 of b
RAD 3000 0. 458 Iz Qs 0 o)
AL (9101910} O YY/Y - e - 19 O
RAD D000 0. 502 e 22 T 0 0
NAL (929291 0] V. &1 2= 4 U \J/ L%4
RaD folololv] 0. 379 iz <= 0 o n
NAD JOTO (8 oL T TT - 8] 0
RAD Q000 0. 816 ec o 0 0 Q
i RAD (9197919) O 7ED = oo " (o) w)
RAalb 2000 Q. 405 32 Q0 : 0 Q
EE-Y9] toTnesTe] T S10 T Cans 9 0] A
2AD 2050 0 =36 32 2 t 0 o]
- ~NAU [P192919] 2. 211 -] - . - &) A
RAD Q000 0. 275 36 23 0 0 n




Ca ki s R L

| GE
; ORIGINAL PA e
; RAD QGO0 0. 266 9 a9 < Q n
: - RAD [9]8]ele] 0. 391 51 -1 " T TS
L RAD Q000 0.716 & 1 - ¢ 0 (o]
i RAD U000 0 39T = T T T g
| RAD Q0G0 0. 494 3 72 ot Q o
RAD o0 1. €60 E% e - (+] O
RAD 0000 0. 694 A1 74 0 0 iy
RAD [s]a10]) . 507 -} — 7% 5} o] a)
RAD Q000 0. 718 ai Ta z o} [v]
K RAL V0U0 . 507 - s Ty o] (o
I RAD 0000 0. 289 al g 2 0 0
‘ RAD [0]0191¢] 0. 517 =Y M o o] o)
' R&D 0000 0. 289 b1 = = Q 0
] RAD o lels]e) 05693 =T Y . T )
i RAD 00Q0 1. 257 =4 =z z 0 -
RAD BG00 0. 594 o1 Ea - T [}
RAD QOG0 D. 299 at Qs N 0 Q2
Y] wQO0 0. 533 o a9 N 0 n—
RAD Q000 0. 299 = =g 2 0 0 -
TTTTRAD T O0GO 0.388 r % - T o (]
RAD 20200 0.870 o g " 0 0
"Al wQUO Q. 3d& = = < o (]
RAaD 0000 0. &89 &1 =7 7 Q 0
Ral VOG0 1. 279 M oY . 0 )
RAD 0QQ0 0. 890 & = o (o] 2
RAD [9[aIe]0] U. 875 AT > v s o)
{ ]AD 0000 1. 617 ~ < z 0 0
SAU s {oale] Q. 374 -3 = (9] a3
) RAD GOQU 0. 374 &i g 1b) < v} (o]
RaD 9 arsle] U. 7% Y i3 o] 0
RAD 2000 0. 286 = 52 Q 0 (o)
TTTRAD . GO0 [oA-1- 1) =%+ ik ; o 7y
]AD 2000 1. 284 ~1 234 0 0 -
RAD [oslpls] U. S07 &1 299 o T Al
‘ PAD 00390 Q. 388 bi PR-T- o} 0 N
| RAD 8]e10]0) 0. 903 EY - 9] (53 o)
V RAD 000G 0. 373 ) 258 0 ) )
; TTTTRAD WO0 0 333 T T o I » I ¢ R
| RAD 2020 0. 852 == «q 0 0 (o]
“ S 9v] 1etnis T <=9 Ly = - 1> AR « Bt
x Rad 2050 0. 144 -2 < 0 Q 0
F TTTRATTTTOU00 055 =3 = ) —g T
RAD 90Co 0. 133 £2 9 0 0 (o}
: R&D o157815) C. 207 Iy < n T O
) RAD Q020 0. 398 -z " 2 o Q
| AL Phvrer] U <35 Ty PA! " "0 o~
: RAD 0600 0. 345 «2 72 z 0 (o]
| RAD Q000 U. 879 T ] - o] ™
RAD 2000 0. 406 =7 74 - o [o)
. T KHAD s1s1s]0] U 273 T 7S . * 20 © B
1 RAD 3000 0. S0OS% A2 ) 0 (o] (o]
1 TTTTRADT 000G U297 oE v g O U
] RAD  00CO 0 1354 2z 7€ o o} o
’ RAD — JUJ0 V. <8 =z = - Q -
RAD 000 0. 162 - Q? . 0 (o}
— RAD  GOGU T U 359 L2 A=A O = 0 O
~AD 2000 0. 591! -~z iy 0 Q 0
t CF-18] wletuie] O, 593 R o 132 o (o2 -
Rad G000 0. 198 «2 24 0 0 0
=F-19) L9/1 0 751 & AR ¢ Jaic A =2 e 0 O -
RAD Q000 0.173 &2 Qe 2 0 7

TTTE T TS Rt T et m mime - siS S e st mim e s e e e MR R e W e e . I A e B ch @ e e i . ee o a  eme. e . -

R XS+ 2 e

Gt e e =



ORIGINAL PAGE IS h:
RAD 0000 0 %07 59 Of, POOR QUALITY 0 A
TTTRSDTTTTOOOTTTT T U8 T o= g Lo 2 B B
RAD Q0Q0 Q. 219 1< &5 Q Q o} ;
TAD $1010}0) [S2-24-1 )= g <57 o3 (of I o R —
RAD QOV0 0 222 b3 9 "2 7 0 0 /
CTTTTRALDTTTTQON0T T 039 A e 7 Lo} o 7o i
RAD Q000 0. 9954 sQ @94 N v} 0 !
TTTRAD T Q00T 0. 381 b= 27X 19) o - [0 A :
RAD Q000 0. 310 35 Pt 7Y o 0 0
N RAL QU0 O 773 k4 <. o] o] o R ‘.
RAD Q010 0. 466 3<e s 0 o} 0 ;
T RAD T DOG0 0208 =z 1} . 0 (o} :
RAD 2OON 0 144 TN «2 0 0 0 ;
T RADTTTTOOCT U 37T = 7 Iy 0 Lo s
RaD D000 0. »52 5 &4 z 0 0 :
R0 WOJ0 0. 293 T &S - c— o7 :
RAD QU 0. 133 2T -z : V) o )
T 7 RAD JI30 T I58 L asd z : ) o
RAD 0000 0. 144 £ =z 0 o} g ]
TTTRAD T QUOUT 0233 = LA T TTOT T T T T
RAD DRO0 0. 298 < 70 o 0 - |
T ORADT QU O, 237 50 N - - —T0 TTTTT T
RAD  0Q0Q0 0 106 €2 72 0 0 :
T RADTT IR 0T RS = A - - - o Tt/ ‘i
RAD 2030 0 345 5" 74 - 0 0 :
TRAD OO R TZHEY . pa-] n PNTTTTTTTT oA T
RAD 200 0. 395 4 76 N o} 0 !
TTTTRAU /O U = I 39] 19) g TTTOTTTTT
RAD 0020 0. 142 &0 76 7 0 0
RAD tofolale} U =39 I o o) o " n-
RAD D00 0 154 &0 < 0 0 1
- =F-39) TOTC U 78 LA = o) o O i
RAD D020 0. 491 <7 12 0 0 0
LY, ToOT U 589 = e 8] o} o
RAD 000 0. 173 5 24 0 0 0
RAD TJOGU U299 gTY TS C of N
RAD 2030 0 138 5z Zs 0 0 ~
T RATTTTTOOOD (o B~ L8 ; S0 e Kok -
RAD 005G 0 378 52 Qo - 0 n
BL-3¥, atateins U T5a 3 8Y T grT T Tt mrmT T
RAD 3000 0. 343 40 = 0 ¢ "
TTUTTTRAD T OO0 0 /7T 0 = : T o T 0 T
SAD 20Q0 Q 48 =2 -7 N 0 " ]
EEY) e [pTalv] 9 BRAC) | =T = 104 > 2 ~ 1
RAD DO C. 473 S 94 : v C ;
TRAD T JOT0 U 200 T == o o T T
RAD 2020 0 164 5 &8N : o) - :
RAD JOU0 033y A <21 -0 o}
RAD OG0 0. 1358 51 252 o] n
TTTRED Q0T T 292 =7 7T T TTTTTD - B S A
RAD 2020 Q. 679 = cs 7 Q &
NAL [o]s2w10} O 279 Ty =4l o) I * (9]
PAD V00 D 213 A1) 258 Q Q D) .
T TRAD U0 0300 50 =97 o) o T Tt D
JAY 5000 0 208 <n 2372 ) 0 V) :
L) [o701910] U, 3Je [ 4 o/ o~/ 70
A0 2000 0 =37 <l - 2 0 0
g olatpls) T 138 zT [o -
~al DO 2 =37 41 L3 0
TTEAD SO0 0288 = c& 0 AN
A D00 QO 479 4 S (8] Q




ORIGINAL PAGE IS 61
RAD o000 0 362 oa 2T 7 0 0
“TRAD TUTO 0 3I79 Y g 9] TQ T
RAD Q000 0 272 42 EX) 0 o) n *
RAD QLTD U S48 <= Ty 22 9] v ‘
RAD N0 0 A7 ~2 O 0 0 0
TTTTTRADT T O0n0 U 338 =a -z 0 K * 2 o B
RAD Q00O 0. 200 =2 92 2 0 n
TTTTTRADT O™ T 373 LY~ 7 - o (v}
RAD 0G0 0. 798 ~Z 3= " o] o}
RAD toZepele] U 5282 TY 790 o) -0
RAD QO0NQ 0. %12 % 91 (o] 0 (0]
RAD 9lv1010] (0200 B 14 T3 Ay 0 0] (o]
2aD 2000 0. 392 <2 242 n 0 0
TTTTRAD T QUTO U £98 =2 s . o} TR
RAD 2090 0. 274 A2 23% o} o] n
- RAD [s[eTn{e} U 2u7 Td 256 O o T T
RAD D000 0 482 -~z =957 N 0 o)
""" RADTTTO0CT U =203 Ly 233 ol o T g T
RAD 000 1. $034 2z 6He 0 Q 0
CRAD T COIT T 0Fid T s 0 ot TTTTITaATTT T T
RAD Q000 C azs AL bh 0 0 s}
TTTTTRAU loTeTole] T. 637 63 < (o} o (o]
Rab Q00 0. 343 e i n 0 Q
TTTRAL T UGO0 U 713 ] o3 ] o T T o T T
Rab 19167979) 0. 59 ~3 70 7 0 n
CTTTRADT O 0393 P VA T 0 T T R
RAD Q000 1 0351 #72 s 0 0 n
RAD IV I £3% 20 - ol o 0T
AFaD 000 0. £5¢ A3 T o} 0 0 ’
TTRADT OG0 678 el 73 y} 0 0o ,1
RAD 3000 1. 186 <2 ~= 0 0 " :
TTTRALT OG0 0 =30 &3 ™ g o T T T
RAD 2000 0 3379 e T 0 0 v}
22-3°] istatel] T c7& 5 A4 0 o TTTT Ty T T
RAD D040 0. 270 -2 Q) : 0 0
RAD J0J0 0997 =z Y _ o] o]
RAD 0020 1. £49 £7 =z “ 0 v]
AT 300 0 578 53 - - 0 e e} -
RAD  0NROG n 399 7 o4 0 n )
AT TG5O U 7% == = - I » Bt o i
22D 2000 0 2679 =2 2L : Q <
TCTTRAD tolarnle] U 578 ol : lon — o A o R
RAD 00 1 8¢ =: 2 0 s} s}
=0-Y0] Iv1o1919] U AZ0 o3 e 19) o~ o
RAD 2600 1. 050 63 20 ) 0 o}
=291 Iy IyInID] I =35 _— 71 B o v
Rapl S000 0. 354 =z a2 0 0 Q
CTTWADT T IODTT T U 71a =T T3 o [0} TTTTO
RAD 2000 0. 999 &3 24 0 0 Y
TRADT IO T T U383 e 4] o] o 2N © R &
Anl I9TVIo1V C. 3758 2 2% ~ ) 3] :
RAD elore]e] 0. 507 oo 5T g o] T
SAD D0Q0 0L 378 < 252 N 0 0
T FAD TUOT 0 &77 TS 233 & (o2
A0 D000 1 416 =2 254 o} 0 A
RAD T G0GU O 577 Tz 59 Lol (o 2
Ral 000 Q. 301 ] s 0 0 7
TAT DIoteTel T 132 S 27 o) e S S
TAD 2000 0. 501 43 252 0 ) n
5D JCZ0 533 =z L) T o 0 -
RAD Qw0 0. 552 = =z o 0 n




ORIGINAL PAGE IS
OF POOR QUALITY

RAD 20720 1. 186 o4 -~ : Q .
TTTRAUT TOOO0TTTTTTTO RS TN Ty - o e
RAD 0000 0. 976 =2 “9 0 o} Q
NAD Jo[ofo]e] T 938 5 70 o) (o8 AN
RAD 0000 0 974 .1 = n 0 0
TTTTRADT T 07 1. 587 Y4 P B T TR -
RAD Q000 3.142 a2 s o o} 0
TTTTRAD OO0 187 = ~z 0 o} O
RAD Q0G0 1. 192 63 7% 0 ) .
VAU  OUS0 Z 155 Py = g g o)
RAD  00GO 1. 192 A% i o) o) 0
AU OO0 T ET3 4 7S - o) )
RAD 0090 1 259 Y] 79 : 0 n
TTRAUTTTOOD0 0. 593 Ty 80 T o) - o
RAD  OCNO 1. 30 Al 2 : 0 o}
RAD T COO0 AL T =gy o) (o ana "0
RAD 0000 1. 4%0 -t zz 0 0 [0}
TTTRADTTTOOG0 o J- X o a o% 9] 0 T -
RAD 0000 1. 299 A2 <3 0 0 n
RADTT0030 0 %73 I T y] o] o~ T
RAD 0000 1. 192 Al == o) o} 0
- RAD 0900 T 1956 = T 0" g Ty T
RAD  ©OCO 1. 192 -3 89 o} 0 '
TTTTRADTTTOONT 1537 T = o] (o R o B
RAD Q0G0 3 142 - 3 0 0 o) :
T T RADTTTTOOO0 1438 popes oy 0 B A s M
RAD Q0G0 0. 97¢& O 27 0 o} 0 d
RED IO T—~38 T = - ] i
RAD 0000 0 974 A 95 0 0 Q s
TTTRADTOOS0 T TTTTOO7RY T 2ET - N, - g
ARAD  0CO t R3S “q <51 2 ) 0
TTTTRADTTO00 07T P 52 ~ fo) B « B
SaD 5000 1 234 a4 253 : 0 n
=F-Yymmrsintete] IO T 25T (0] TTogTTTTT m T o
JAD 0030 1 284 “a 255 - o) n
RAD T U0G0 Uo7 Lx 255 o 0 B B —
RAD  00U0 2 159 «a 757 o 0 0
B = F-Yo s To a1o Au—— T o s 255 R o Qo T
RAD 3000 o243 55 ce : o} n
== s18iple] CTTCTEST TS &7 o T T T e e
SAD SOL0 0 42s 45 -z 0 ) 0
CTTRATT T O0DO U 353 T 59—~ 10} o B
AAD D000 0 3939 A3 70 : 0 o}
RAD o000 OB 5 71 » G- T g T
SAD 00040 N 354 &S - : ) ) ;
~AL 2OJ0 1 232 s E4 . o Al p
RAD 0000 1. 091 5T - - 0 0 ;
RAD 0000 U540 % 75 . (o 2nii 0
2aD QOO0 t 184 65 T4 : 0 o} f
TTTRADTT U O 578 o 77 o3 o B © S ;
RaD  0ON0 0 270 %3 Ta o o) 2 :
- RAD 75000 U573 o3 o o - o~ o :
RAD D000 0 299 ¢S an 0 0 o} )
AT jsgezele; 0578 N Y T TG - e T
AAD 100G 1 =49 &S 27 ) 0 0 .
RAD G50 TY5Y 53 Cacs - BERAE o Z g T
a0 2030 J Is9 “s 34 " 3 o H
IR0 VEEEL e =T , o s ha i
2aD 3000 0 3%9 s Qe : 0 o} !
B DR stotelo Rummm—o 9 10} e = 0 — -0 - o - =
SAD 2oV0 1 136 ¢S Q0 0 ol n

SRS e i



OF PQOR QuALITYO

RAD QOQ0 0O 678 49 0 V]
CTTRAT TIORGOS e Ty 12 o) )
RAD Q000 1. 689 -9 21 0 0 o)
T RAL T U000 T 031 13- - 0 L2l jog
RAD 2000 0 483 < =3 : 0 0
TTTTTRALT T OO0 Y9y L] T (o} o) o}
RAD QO0NO 0.714 43 o= < (o} n
TTTTRAD T T O0S0 0. %13 L Y [o] O o]
RAD Q00 1. 960 E ke 231 ls) 0 0
TTTRAIT hOUa U513 o P 441"4 T o vy
RAD Q0Cn 0. 717 3 2%2 c 0 0
RAD JOGD 17727 =" PR o] s) (o }8
RAD 000Q 0 717 “9 233 z 0 Q
TTTTRADT Q00U T 0 B90 65 e3hk - U 0
RAD A0Q0 1. 133 49 257 0 0 7
~AD [sIvIp]s) 0 390 - doo (o} o] o
QA 2090 0. 308 &b «7 0 (o} n
TTTRADTTDOCO QO 144 &7 - o} (o] )
RaD Q0G0 0. 798 &b «Q i 0 o
T ORAD QOO0 T 0378 56 T -0 (o308 A o B
RAD 0G0 0. 200 &6 - ~ 0 0
NAD o0 U 37Y =7 Y ko) v o]
RAD 0QQ0 0. 671 tL M 0 0 0
T RAD T T D0G0 0. 338 Iz e 0 (o} 0
RA 2000 0 272 Y oz 0 0 0
TTRADT 000 T T Gavg LY = z -0 T
RAD 20N G262 bb o= 0 n n
RAL bolatels) U173 = - o) (0] o)
RAD OO 0 299 &2 - n 0 o]
TTTTRAL T GOooU 0138 =z = 0 o
RAD 29000 Q 178 &b 81 0 (o}
TTRAT . TOO0 08771 T TT ; (v} a
RAD 2000 Q 3&9 &L T2 2 0 o}
TTTTTRAD Q00T T T O 1&2 ~= - = T [s) G
RAD 2000 Q. 299% oY) 24 : 0 0
TTTTRAD OO0 O 19%R 5z L - U o
RAD ololple ¢ 287 ~0 = ~ 0 o]
CTRADTOOTDTT T OTIOS rE == O o] 5
AL 000 0 273 Le 20 0 v} o
AU 00 T Je =z A 0 [0 o
SAD 20000 QO 499 wo 21 o) 0 0
TTRADTTON0 0 785 ~e - 0 o T ol
Zab S0 0 234 &L =3 D ) v]
B RAD T0w0 T, =78 = 7y = 9] O
RAD 2000 o 207 &2 == 0 o} 8]
. 1YY} [o]aInqs) o M Q1= | LT = o T o] o
RAaD 2030 0. 386 4 251 0 's) 2
T RAD 9Iele]e) O 1&% &L 23 5] (o} o]
RAD .00N0 Q. 279 ne 253 0 0 0
TRADT T TTONA0 0. &79 T ik 0 ks) [o]
RAD QCL0 0. 292 et 29595 0 0 o]
TTTRAD TUUT U 208 == rel- 3 . o]
Ral CR0 -0. %00 «s 227 2 0 2
TTRAD D000 U 213 TL 2a 0 o [ .
S AD 00409 Q. 308 7 ¢Q ~ 0 0
T TTRAD o[ [ale] [ M. ¥4 - 4 o) g ™
AT Q720 1 417 7 70 0 o}
WAl 200 Q. +/5 - 71 L [»] o]}
RAD 000 0 570 N -z )] 0 A
T RADTTTOUTI0 1775 I 0 0 V)
AL JC00 Q. 70 =" T< 0 0 0




ORIGINAL PAGE 1S
QF POUR QUALITY

RAD D00 QO 486 < 79 (o) 0 -
RAD OO0 U370 T 78 jod 0 o]
RAD Q000 0. 486 al 77 ) 0 0
TTTTRADT T COUUU0 Lo A = M- (o) o T T T T T
RAD Q0NG Q. %49 -y Rl ~ Q n
TTTTRADO0N0T T 0TE L Ty 0 o AT
RAD QNON 0. A94 -7 =31 0 0 0
RATY w000 1. a57 - ma 0 s o
RAD Q000 0. 694 - e3 0 Q n
RAD 19{o]91s] T, <89 - g3 o) o Ko}
RAD Q0000 0. 917 -7 29 (o} 0 o]
RAD iplvIsly] U 239 P 4 O U (V]
RAD 0G0 0. 307 = B 0 0 n
T RAD T UTOGO 0918 e o 9] o T
RAD Q00 0. 307 T 5 0 Q 0
AL woud T 29% . - ': o T T
RAD 20450 1 264 -7 9 2 (o}
TTRADT OQN0T T OTAYS 7 T o
RAD QQ00 0. 391 -7 <3 s 0
TTTURAD T OQGU0T G 718 = o o T G
RAD D000 2 291 -7 a= 0 0
TTTRADT T GDTWO T 0288 < - 0 I o B
RAD 2000 0. 734 =T 251 0 Q Q
TTTRADTTTOOTODT T 00374 A /T T T T T T o0 /n T B
RAD Q000 Q0 %07 -7 2497 4] 0 n
TUTTTRADT T P 1 8% R 2T T o) R M -
RAQD QG0 0 586 “ 7 2% 0 Q 0
RATD Intelpln 0 2379 i 2958 0 A Lo
RAD 2000 0 903 7 257 0 0 o)
TTTTRAD T Q000 T T 0288 &7 298 0 0 ) R
R&4D oiyIelM) O 200 375 L9 ] ) i
TTTTTRADTTTOUGU U 37% L334 BN Hed (o] i
2AD 000 0 778 L~ - 0 0 Q
=Y, tosLals] 0 33 L4 T of o R T T T
RaD Q00 0 471 <2 "7 0 0 ‘
RAD tolelole] 0 3IRY =T 7% o] s 1S3
Rall NCL0 Q0 2%2 -2 79 0 0 0
T TRATT T TOUTIUO 0 =79 Tz L 0 TGO T T T T T —
=40 QU o 272 42 77 V] V) W
TTTTTEALTTT RO DI 34 = 192 g T TGO T
TAD 2000 0. 79 =z T Q o) 0
CTTTTRADTTT OGO O 173 L3 Ty O - O A R
RAD 00D Q. 2469 £9 N 0 o) §)
CTTRAY 9Ia501s I U571 13-4 Tz 1) T ]
AAD 50450 0. 398 «Q ™ 0 Q 2
L} boele10) U. 135% = BE lo2n T o}
RAD ololelel 0 23% a8 g5 0 Q (p)
TTTFAD T 0090 U152 L4 L 0 T 0
RAD 20490 0. 273 =% - (o) Q 0
TTRAD J00T 0. 09 =z A4 : o T Y
RAD ISIoTals] 2. 287 «c as 0 Q Q
TTTTRAD JOT0 33537 3 AN o n o]
RAD blolale] 0O 4998 =< M - 0
T RAD (eloinis] 305 L4 = - o
QAD 00100 0. 207 = - 2 0
T TRAUT T w000 0. 398 L34 == 193 1o
2AD 2C30 ¢ 2343 54 =3 N 0
T TRAD praduing L 97 =V e . s
CF-Yo! 2000 o 312 w8 251 0 0
=g-%9) olezsion U E23 L=4 29 0 9]
~AD Q020 0. 274 -z 253 N 0

P e R R IS

g ety o e e e e

e g e % ey i



ORIGINAL PAGE IS

NI =

i fTe il g™

P

R N N A

h
ot Mgt g g M N Wi R g ottt oo ST

T

- OF POOR QUALTTY

RAD elvie]o) 0. 498 L9 254 0 0 Q
RAD 9felo]e) U, 39d Ho i kN 0] o}
RAD Q000 0. 203 =2 <2 z (s) 0
RAD QUO0 U <8a Ty = o) O O
RrRAD Q000 0. 207 =< 233 N 0 0
TTUTTTHAD tolorol] T 345 T 70 - o} o]
RAD 00GO 0. 704 =7 71 : 0 0
RAD OO0 C. 713 oy - ol o] ()
TN 2000 1. 153 “9 M z 0 Q
— S v le]0]0) U 8d9 == 74 O U O
D o sl00) Q. 354 e 73 ) Q ¢

¥:}%) 8]0al0) U. 539 =X} TR 9] ) O
RAD D020 0. 397 £Q - 2 Q n
RALD —  QOU0 U208 X4 ) - o] oy
RAD 2000 Q. 370 34 77 - 0 n
RAD o]sie]ef U. 230 LA AN o] 0] o)
RAD Q010 0. 913 oe Q1 7 (o] 0

N RAL wOono O 908 a9 e 0 o) 7S
RAD olviniv] Q. 487 49 o€ Q (v] Q
TTTRAD Q0G0 0. <18 s - 0 o)
RAD 2000 0. 335 4H9 2% p 0 0

B RAD o000 U. 208 -7 =13 o o] 0]
RAD QCQ0 0. 390 =< 1T p 0 n
RAD GO0 0. 683 " =2 ) 0o - o] o]
RAD 5030 Q. 348 AN Qo C o] 0
RAD JOGO U. 370 o7 ary . 0 0
RAD Q000 0. 992 -7 o 0 0 0
TAD toTaIo W] T S13 T3 o [v) [9) [
RAD 0000 0. G21 o3 =~ 0 o] 0
RAD w00 0. 519 =% 7 ) [»] (v}
RAD G000 0. 308 =T =3 0 0 A
RAD Ee[oLa]0) 0. Z3% ©7 Z5 7 o) [s)
RAD Q000 Q. 3%9 49 =91 0 0 (o
RAD [o{s18]) T 372 LA 4+ Y o} o) C
RaD NCcOv 0. 394 - 233 Q Q C
RAD twloTale) U, 930 == 237 T o] o
RAD 2000 Q. 425 &0 2% 0 0 n
NAD solalalry 19 g Y bk - 9] ~
RaD 000 0. 582 49 227 0 0 0
=8-18] oIsnis] [ RV =< =2 : 9] 53
RAab 2000 1. 3495 oy 71 o 0 0
STTTRAD  GoJU 1T 183 Y - 9 s} T 0
RAD 20C0 2. 073 =" - 2 0 A
RAD JoGo T 1&3 A 75 o] o} o}
R&lD QOO0 0. 548 - 79 v) V) ()

— T RAD [9]82010) T 1867 I 78 o} U o}
RAD Q000 Q. 5483 70 - 0 0 0
L-39) [9:31978) o S-)-1 N e A O (o}
RAD Q00 Q. 6464 70 79 - Q A
RAD i9]s10]e) T 3589 - Qs . o] 0]
RAD Q000 0. 201 o LA t 0 Q
RALD oCU T 835 . —a . U O
RAD 2000 0. |01 =7 =3 f 0 2
RAD tnlsTel0] U, 284 T =L 0] 9] 9]
RaD olstuls] 0. 97 = 295 - 0 0
RAD talotole] U 3% - = 1) ; U 9]
Bab ipIslely; D =83 70 7 ; 0 0
=¥-39] ieloly] T 2358 - 38 53 T T
RAD 2020 0. 4873 =" 89 ~ 0 0
RAD 81a00]9] 12 BCA ] 70 e ~ 5] Al
RAD slvialv} 1. 318 i 24 O Q Q




s

ORIGINAL PAGE IS q
OF POf R QUALITY
RAD G000 0. 999 =2 o2 o 0 n ;
T T B NE-Y4- 0 p 73 ol M) s ;
RAD  DO0O 1.149% 70 o4 o o o)
TTTTRAD COTT 0. &1V 70 TR (8] T o]
RaD 0000 ¢ 443 i <" 0 0 o}
TTTRAD T OQUT . 1132 e 251 ol o] " :
RAD 00350 0. 769 T2 23 0 ) 9 :
TTTTRAD T UOU0 0. 723 =T 353 i 0 o ,
RAD  0C0O0 1. 760 =z 254 2 0 0 ;
AL OG0 U 50d A 2?:’* o o] o] i
RAD 0000 0. 507 nde 22 2 o o ¥
"~ RAD T ODU0" 1136 - &57’ 0 o ) ]
RAD 0000 0. 430 ~e 258 0 0 0 1
THAD Qu0 [ 3= s * (0] o} [} ;
RAD D000 1. 193 = 73 2 0 n 3
TTTURAD T OUOT 0713 T 74 N o) 0 !
RAD Q000 0. 297 = 75 » ) 2 ¢
T RADT U000 U 539 T L - 0 AN
RAD  £040 0. 364 - R 0 0 0
T TRADT TTO0UT U 00 . 7S o~ o} ™
RAD Q0G0 0. 370 = ~o 0 ) n
TTTRAL T D000 U =08 ~T 3 0 0 ot
RAD 0000 0. 487 ad! Q1 0 0 o} :
TTTTRAD Q000 O J0F ~ T2 Tt T o) o) 4
RAD  £000 n 313 = <3 n 0 0
TTTTRAD Q0T U I08 4! CLa o} o) of
RAD 009 0. 385 71 28 0 0 0 g
RAL - O0T0 1= 1 ~ =T o] (o] o) {
RAD  00%0 0. 268 M 27 o} 0 o 5
CTTTWAD T D0W0 0553 71 T g 0 U L
RAD  0OCO Q. 290 - 20 » 0 - iy
=7 Yo e Toty]e) ) T =iy T s} 7 :
RaD 0000 0. 592 "L el : 0 0 ;
- ~¥-35] QU0 U 90 T or - 0 (o]
RAD 000 0. 208 =1 =2 s 0 ~
RAaL JOOLU [oJIE-D -4 IS ~a - O 0
RAD  0OUCU v 381 — == : v} v
- AU 20U U =43 71 P 1 ) [#) .
RAD  30N0 0. 740 7i 251 : 0 0
T plelplen 1. 00 M P 24 l* 28 O I
2AD 000 0 89 - =7 n 0 0
~AD GO0 S A4 Y- =L 3 U [¢2 (8]
AAD D009 0. 533 -, 259 " 0 0
TTTTTRAD T ORI T Z73 T Z9& T O T -
RAD 0000 0. 540 71 as7 0 0 0
A =}"] [o]olnley U oy . Y- 9] ¢} o
RAD Q00O 2. 344 - 2 0 ) 0
AL [s]alBie} 1. 273 P /8 U U U
RAD  00%GO 1. 221 e 73 0 0 0 ;
TTRADTOUTO 20 arey z : ) o)
RAD 0000 1. 119 ~Z 77 0 0 0 )
RAD JOGT U %10 Py = O O 7 ’?
RAD D000 0. 671 ~3 —o 0 0 0
T TRAD [p]s101¢] U038 s =0 - jo O
RAD Q000 0. 599 Ta 2 0 0 n
B AL YO0 -1 3 /& p= 44 - O 8]
AT JCOC Q. 3395 e T2 Y] 0 N
TTTTRAT w00 DN B 72 o ) ) )
Ral OO0 0. 550 "1 3% " 0 0
. AL [s]slere U 359 < —E [0 2 [0} (8]
RAD 0000 0.73% 72 S o} 0 n

e —————_ e S r——

e R S S T



AT Qe T

OF POOR QUALITY k
- —
RAD Q000 1. 291 Ja g V) 0 o
T UTRADTTTT U0 U E87 pevy hiid O L) : )
RAD Q000 1. 048 P on ¢ (o] Q |
RAT 000 17%S -y Y . Lo o —
RAD Q000 0 894 Ta b 0 (o] ° :
CTTTRAD 000G T 0UYYU0 Te = 0 0 v —
RAD Q000 0. 999 72 Fs (o) 0 0 |
TTTTRADT QU0 00913 Ta % o} 0 o) -
RAD 00N0 0. 393 ey 2%0 0 0 (v} :
RAD 0000 U 723 7T -2 9 U o o) -
RAD Q0Q0 0. 429 ’a 252 T (o] 0 J
" RAD U090 U 98 s e 0 0 Y —
RAD QON 1. 619 Ta 294 7 D] P :
TTTTRADTTTOROO T OT797TT £ =i 0 o] 9] *:'
RAD Q000 0 311 Ta a®s < o Q ;
“NAD T O0U0 91 T 57 0 o) (g )
RAD OOQ 12 544 Ta 2T " Q Q |
TTTRADTTTOONO T3R5 ~3 78 : g 0 —
RAD 0000 2. 049 M 7% 0 0 o)
CTTRADTTORONT T 3RV 73 78T TTTTTOTTTTC 0 o "
RAD Q000 2 049 ~2 == 0 o} o ;
TTTTTRADTT Q000 0T ESTT p 73 T o] T ;
RAD 20020 1. 212 I 73 0 0 0
COTTTRALGTTTTO000TTTT T UTRNS ¥ QY (o) ) -
RAD 0010 1 6V2 ™3 9 o] o 0
CTTTRADTTTTO000T T 3T 0%3 3 Ta (o) [*2 O :
RAD  0NO0O 1 532 =3 g3 N o} o] .
— RAD U000 U eFt . =T L8 o] o} 31
RAD 0000 1 297 e ] 9e < 0 o |
TTTTRAD TR000 (s IR T TT (o) (8]
RaD Q00 1. 78 73 W n 0 0
TTRAD OO0 T @ T 38 ™3 A= vy U
RAD 2CA0 1 278 73 Qe 0 0 n ;
- NAU JoT0 1~ 735 7 o . o) ) :
RAD 2000 3 202 = A N o] 0
RAD 000 T 739 : Sy U o) A
RAD Q000 Q 991 73 - v} Q Q 4
TTTTRAD i910l910] T 818 A4S ol 19} 0 [9) "
RAD 0000 0 992 7 va 0 o} 0 :
NAD TOT\T oaneL o ; TS0 . go) o] -
RaD 00N 1. 797 73 291 ) 0 D
TTTTRADTT D000 o7Ys 3 a3 » 0} o
2AD Q000 1 286 = 233 z o} 0
WAD U000 < A &7 ) T A . o )
AAD 0010 1. 392 = 2= Z 0 0
RAD — WOouU UT93%s Y P O T T
RAD 000 2. 231 =3 287 0 0 (o)
TTTTRADT TTICU0 T 1897 79 Pk o} o] o]
RAD QOL0 1 119 "z 73 0 o} o
CTURAD QOGO T T T 2 09Y = 7 O O o)
RAD Q000 1. 221 S - "= ) o) Q
22.)%) [#1elel02 U 389 < T - 0 U
RAD 2000 0. 671 -z e o) 0 o
CTTTRAD (10010} O 31O - = . o) o] O
~AaD Q000 o 833 - 3 0o o n
TTTTRADTTTTOOQ0TT T YT 5EA < EpY O 9] 1%
~RAD QQQQ Q 999 -2 D 0 Q n
AT TTTT T 38% Y L » o) Y
RAD QNQ0 0. 490 -L 2% T ] N
RADTTTTIOGO T 30T < oL : o) U
RAD Q000 Q 6&7 -2 =T 2 (] 2

I N KPR T SRR EIVOR S AR A T S wrs P Y PPNy oy T Pos A et W N W > ey P



- A e aqe

C!N&L PRCE 3

1

. orﬁb'émmﬂ
RAD D000 1. 291 : 29 2 0 (o} .
CTTRADOODUTT 0. 7SS = gy el -0 DA .
RAD 0000 0. 894 74 e < 0 0 :
RAD [o{s{0]a 1. 739 RA-J Y p (s} o) i
RAD  0Q0N0 1. 048 vz T : 0 o] %
CTTTTRAD 0000 U 91T —= S . (¢ o) ;
RAD Q000 Q. 993 S =< 0 0 0 ;
TTTTTRADT OOU0 T. 350 = Al 9] s} o}
RAD 0Q00 0. 397 -2 @50 2 0 0
- WAL Q000 O, 993 = 291 o 0] O
RAD oS00 0. %44 ) 252 < 0 0
TTTRADOOGCU T T UUeEw -4 25T I (o) O
RAD Q000 1. 849 74 254 (v} 0 0
TTTTTRADTTTUOO0 < 12T vy a5y 0 (¢] (+]
RAD Q000 0. 911 74 2936 . 0 0
RAD o000 T 252 = 257 - (o] -0
RAD Q000 0. 755 ] 238 2 0 0
TTTRAT T Q000 3. 080 75 78 0 o] 0
RAD Q0G0 1. 428 s T 0 0 0
TTTRADT 000 0. 899 73 3 - 0 o
RAD Q000 0. 508 ) e 0 (o} 0
~AD Wi [ {1 4 T 30 o Q T
Ran N300 2. 933 75 Q- : Q o
TTTRAD O O0UCT T 299 3 Tz ) o) o —
RAD 2000 Q. &3°9 -= 22 P 0 0 :
RAD ™ 3000 0310 75 g% T 0 o)
RAD Q000 Q. %18 73 Qs - (o} 0
1= F-Yo I [0 29T0) U 275 T L (8] (o} o
RAD Q000 0. 649 73 =T - 0 0
TTTTRADT 0000 T T 098 75 T 0 0 0]
]RAD 2000 0. 530 -3 QQ 2 0 o}
TTTTRARD  O0QUTTT T OUUTTEH T = . o} O
2AD Q000 1.478 3 i z 0 (o) :
RAD 00T O 887 =5 e (6 0 G i
RAD 0000 Q. 390 s 923 2 0 o :
RAD 91b1010] U583 = it (o) 0 . §
RAD NON0 0. 3s8 79 43 o Q 0 i
T RATTT Ny T 628 79 gsial B & Ly} s T
20 2040 0 sl =3 251 i 0 v}
TR T S0nT o e 1 79 oz — o2 —0 Ing
K[ap 2020 0 9512 73 2572 Q 0 o
TTTTRADTT TO0N0 177206 = Y B o) (0] Al
R&L 2000 0. 429 73 273% 0 0 0
T ORADTOON0 T, 30% T P 3] 1°] ()
RaAD D000 0. 961 T3 257 z Q 0
AU lo]sTele] T79g TS ey~ b ¢} (o8
2AD Q000 3. 040 T 77 0 0 (o}
I=§:30) felnzalw) U, 503 < 78 1)) TTTTTTU 18]
RAD 0000 1. 884 e e 2 0 o}
CTTRALDT OO OTE0S = 7y : R o B .
RAD 3090 1. 322 T 31 7 0 o
124-19] (9110103 <. ool < e 194 19 T
RAD 2000 1. 322 - 23 z (o) Q
TTTTTRAD 000 0 SZ7 = - 43 O 19} ™
RAD Q20 0. 950 T 2% Q Q Q
R&D J000 L0 L34 = = oL e} O .
240 2000 1. 058 T T 0 0 0
RF-9) TOTT 1. 958 S =T - T O
{aD 0¢20 1. 098 <~ oo 0 0 0
= -99] [9]019 ¢ Raia 1T 237 = 7Y T 8] A
RAD Q0G0 2. 336 T 1 z Q 0

o A 5 L 2R

o et




ORIGINAL PAGE (8
_ROOR QUALITY

Q%
e

RAD 0000 1. 281 T 92 0 0 n
TTRAD T 0000 0. €83 - =z hog g o
RAD 0000 1. 236 75 94 0 o) 0
RED 081810 U583 Y 4N O ) O
RAD 0000 0. $07 T 3o ) 0 (o]
- RAD 00T0 97 - 257 o] U +)
RAD Q000 0. 89 74 <52 0 (o] 0
TTTTTRAD OO0 093y T 2957 r U )
RAD 0000 2. 293 A 254 2 (o] 0
TTTTTRAD T Q00U T. 182 ar3 <35 g (o] +]
RAD 0000 0. 760 7A. 294 o 0 0
TTTRADTO0D0 T 999 78 - 4 - L*) .
RAD Q0000 1. 499 = 2986 0 0 0
TTTRADT T 0040 U 8% ESs 78 fog 0] O
RAD Q0Q0 0. 408 77 e (o} 0 o
RAD [9]o29]0] U B9Y v aqry T o) o]
RAD 00Q0 Q. 639 v 81 o 0 n
TTTRAD T OO0 17299 7 =7 0 J (6]
RAD QC00 0. 933 7 <3 2 0 0
TTTTTRAD T OQO0T T 0d7Y k4 =44 () 0 ~0
RAD D000 0. 518 i Q% 0 0 0
RAD U000 U. 310 T TIE - O [+
RAD 2000 0. 330 r a2 0 0 0
TTTTRAD TRODO T 1068 et == 0 C Y
RAD Q2000 0. 449 T Qe 0 0 0
"TTTRAD QOUD 0. 667 Y0 0 o] )
RAD Q000 1. 278 Q1 7 0 0
TTTRADT Q000 T 0.7Sy T . o] ol
RAD Q000 0. 268 Q3 o 0 <
TUTTTHRADT T OODDTT T UTREJ 9y (o} 0 0
RAD G000 Q. 390 o 0 0 0
TTTTRAD [o]e]0]0) U 275 i) O o] i
RAD 2000 0 443 =91 0 0 o}
WALD [ee0010] T <58 i) o] T -
RAD 0000 0. 303 , 277 0 0 V]
TTTTTRAD T U000 17230 L 4L 2 19) 9] 0
RAD o000 Q. 728 i 299 ? 90 0
T RADTTT OO0 U8 TE M4 k] o 0 Q
RAD 00Q0 1. 219 s g 0 0 s
TRAD JOQ0 2. 3T Faged - o g
9AD 2000 1. 098 °= 7o 2 0 C
TTTTRAD o0l 810) os8d— e aQry O 0 22
24D 2000 1. 293 -3 N N Q n
RAD 9]0701¢) 2 1371 = =14 O o O
RAD 0000 1.138 738 =3 c 0 0
RAD [o]0]0]0) 0. 58Y — =L " o} ~
RAD D000 1. 008 2 3% o (s} 0
T RAD 0000 0. 559 = == o) 0] o3
RAD Q010 0. 310 g P o8 0 0
TTRAD T 0000 0. 528 = oy ? (] (v
RAD 0000 0. 274 == a9 (o} 0 o)
RAD onon U. 301 oL Ty o 9] U
RAD Q000 Q. 691 78 o 0 0 0
TTTORADT O Q0UTT O 3685 = = 19 o] )
RAD 2C00 0. 218 78 =7 < 0 0
RAD 9]olols] U J8% T X3 < o] 9]
RAD Q000 0. 208 8 =3 i 0 »)
Rl elolo]s] U, 139 3 <30 N o] s
RAD 0000 0. 381 A 2951 2 0 o}
TTTRAD D00 (s A Y-Y4 7 2= 2 0 o2 o}
RAD 0000 0. 279 it 253 Q 0 2




AL pACE 1o 1
ORIGIN LITY 3
RAD Q000 0. 478 Te 274 0 0 0
T TTRAD QUOU U <77 79 FA-}-2 U D B A ;
RAD 0000 0. 209 78 2%6 0 0 oy ;
RAD (ola1020} o028 8 ¥ dw . O [« B g
RAD Q000 0. 218 e 2%8 (o} 0 (o}
RAD TO00 T. 098 e = O s} g ;
RAD 0000 2 133 I 2N C 0 Q
B RAD JOLO 3. BIY ki gd (o] (o) o]
RAD 0000 2 133 79 - c 0 X
HAD Lololalv] 1 00% 7Y =L - U U *:‘
RAD QAN 1.793 -e 3% (o) 0 0 s
RAD OO0 1" 00% 7Y oL (o) o) O
RAD Q000 0. %18 ) Qs 2 0 0
RAD OG0 09350 Ty =z I o] w ;
RAD Q000 0.918 7 =7 Q Q (4] ;
RAD 000U U891 7y on 0 - 0 o T :
RAD Q000 1. 297 75 Q9 ~ 0 0 !
TTTTRADTTTOOUOT T URYa 79 e ot 0 o B T
RAD Q0G0 0. 38% e <3 by 0 e
TTTRADTTTOGNO T T 0699 = T Iy I ¢ 0T -
RaAD Q000 0. 289 ~e os - 0 0
TTTTTRADT T Q00 U <385 < i (9] o T 0T
RaD Q000 0. 487 e 251 0 n g
RAD 0030 T0.I98 = 254 I R * S « T
RAD 0000 0. 509 7S 233 0 0 n
TTUTTRAD T 0000 1T 7261 e 413 O o A
RAD 0040 Q. 363 e 235 0 0 0
NAD [efelale) 0. 379 N 6 . o - o) o
RAD Q000 i. Q00 s =T 0 0 0
RAD foTololo RENNNNNNNN s MY L= 0 - P4 ol 0 N
RAD Q0GCo i. 1358 Q) B1 0 0 0
TTTTREDTTTOCHU &, 141 < o V] v v
RAD 0000 . 293 an L ] 2 0 0
TTTTRADTTT O TOOUTTT T T0TSES oY = - o B o B
RAD J000 1. 008 8o Q% z Q 0
TTTTRAD . OO T O 38Y = Y < o] C
RAD 0000 0 274 =% =7 I 0 0
""" TRADTTTOOTCT U %29 = 44 - ST o T
RAD Q0000 0. 3.0 Q7 v z 0 0
T RAD (o[ozale; [oAmEr-) 2 = oy DA A o SRRy
RaAaD 3000 Q. A9 =2 9 N 0 Q
TTTRAD olsigle) [OJE- 10D e = 0 B 2 B o 2 T
RAD 2000 C. 0 27 3 o} 0 0
RAD o000 O 38 T T O (> el » B
RAD QOG0 O 213 37 P 0 v} Q
RAD o000 (o200 @ o) = Paeiad 194 s} ry
RAD 00N0 Q 368 22 291 0 0 o
TTTRAD JOG0 U198 7y 2z 0 9] T
RaD Qg . 272 =2 <572 Y] O 0
TTTRADTTTTOUQU 7878 3Ty Z. 7 O TQ T T Ay e e
RAD Q000 0. 318 80 2% 7 0 n
ALl VWOUO O «£10 5. "4=1) - U Ao
RAD D000 0. 453 Qn 57 (o) 0 0
TTTRADTT Q0Q0 T 79% 30 <06 O C - o)
RAD 2000 4. 354 21 2 (o} 0 o
RAD — UCO0 2 3SF =4 83 U o 9] -
RAD 0000 1. 281 Q¢ s 0 ] Q
- RT3 W00 £ W11 -~ Tre I D *
RAD Q000 1.147 <L ~h 7 Q 0
TTTRAD [SI819]0/ CT93% 81 : £ S 4
RAD 0000 1. 322 21 <z < 0 (]

A N e ew r Al e e m e m v v e e e e mem s e e =



L€ 1) Lol BRI
OF POOR QUALITY 1
RAD 0000 0. 639 31 :3 0 ) "
TRADTTTTOO00TT O Y99 v 90 - 0 0
RAD 0000 1 692 ot 9 ¢ 0 0
RAD OO0 (o 200=4w ) =24 i 74 O o DA B
RAD 0000 0. 913 ai ™2 0 ) o
— “RAD00GO 0 YOt =Y g 0 o RE s S e
RAD 0000 0. 487 Bi os 0 0 0 |
RAD [0Z010s) Lo e - | o =30 o 0 0 |
:Ao 0000 0. 906 P 2351 0 0 " |
TTTRAD b 1ate]o REMNNRENE ¢ MRC{ D ke - 9] Q Q :
RAD 0090 0. 676 81 2=3 o 0 0 q
" RAD 000U T 517 oY g 13 o) o) 0 i
RAD 0000 0. 6876 a1 99 0 o} o) |
T RAD T TO0G0TTT0TS02 = 4} <56 - o~ —p-——— |
RAD Q000 1. 203 a1 57 0} 0 0 |
B 7Y v o To o> Santmmt o S 014 =T ot B s Rttt |
RAD Q000 4. 336 52 83 - 0 0 ?
TTTTURADTDGOG 2 T2 ny = ) o " AT
RAD  00GO 3777 22 35 n o) 0 :
T RADTTT 000 T2 =) B > s Bl ST T
RAD 0000 1. 300 a2 - 0 0 A ;
Nal) [o]olals] < 55 2 [=1> g Tt T T T e :
RAD 00O 1. 200 &2 33 ) ) 0 x
T RAD T O0D0 T 535S ry e o T T T T
RAD  0OONDO 3. 043 52 2 - 0 0 ;
T RADTTTTOOG0 R WYL i Cied ) 0 T T
PAD  00Q0 0 905 o e - 0 " {
RAD 5000 &35 g 7y ) —="-0 o e
RAD D000 0. 934 =0 o - 0 n 4
TTTTRAD ORI 0T ERE 7 3T - o i :
RAD 0070 1. 634 22 251 > 0 0 ;
KAD lolatels! O ~d8 T i 4 0 s [»] 3
RAD 0000 1. 240 4z 233 N 0 0 7
RAD feloialel 3702Y o L3 [s) ) T T i
RAD  D0D0 1. 260 92 759 - 0 » ]
RAD '9]etel! U979 =z s 4] 0 -0 ¥
RAD 0000 2. 428 gs 357 - 0 0 ¥
CTTTRAL T U000 oML A Sy ~Teg— o] ~6 ~ o T T
RAD  DG00 1. 147 22 Qa 0 o Y y
CTTRAD T OO0 TTIT 33 o= fo miaens 0 - o SRR
AL 0000 1 281 83 < o o) G ;
TTTRAD TTTOON0 0539 o = T O oy 0" T
RAD  O0CO 1. 322 22 29 ) o) 0 :
RAD Q0GT U 93F =y == O o~ —— ¢
RAD 0000 0. 3% mo on - o o 2
RAD 000 T 552 T oY : o ) X
RAD  00GO 0 999 a3 22 0 0 ) £
T CRADTTTO0G0 0387 =3 = ~ o o ;
RAD 0000 0. 901 53 2 0 0 0 ?
TTUTRADTTTRENC [S -3 8¢ 1 [l il . g ——- T
RAD  0O0CO 0.373 33 25¢ - o) 0 ;
RAD 0000 U8 Tz 25T U ‘0 o) :
RAD  00GO 0. 373 23 52 0 0 ) ;
RAD 000U U &89 = =53 - QT T T orTtg T -
RAD 000 1 432 oz 234 0 0 0 1
TTTRADTTTTO000 0589 =3 5 . o —eg Y
RAD Q000 0 =38 -3 96 0 o} G 4
CTUTTRAD LU T IS oo ST ) ~y g
RAD  DO0C 0 &98 <z 258 0 0 a . 4
RAD 0G50 T o as 0 -0 - o
RAD 0000 0. 391 54 2 0 0 0 g
1]
i




ORIGINAL PAuE 19

9 —_— .
RAD QUG 0. 379 =74 i 0 0 :
TTRAD 7T 000U (o Jar-Yol-! e == (v} R » R R
RAD 0070 Q0 2564 A& 89 0 0 [v)
TTTRADT Q000 U310 -1 3 oY T Lo S S
RAD 200¢ 0 4%4 5L D 7 0 0
T TTTRADTT Q000 0. 338 =5 = b g /" n T
RAD 00N 0. 208 =% <32 0 0 0
CTTTRADT U000 T 038y =T L 0 0 o)
RAD 20420 Q. 200 od ] o= 0 ] (o]
RAD 0000 O, 162 = =50 Ty o} o 2 -
RAD 0000 0. 3e1 24 <91 2 0 n
TTTTRALT OUDUT T O IEY == 44 9] 0 0
RAD D020 0 291 <4 <93 0 0 (o}
T RADT T U0NT0 U877 B s 4] R o J
RAD 2000 Q0 279 a4 =53 2 Q Q
TTTTRAD . OnaI0 0. 419 —_—— 255 v - —
RAD 2000 Q. %11 S4 297 ¢ 0 -
TTRADTTTTIOT0 0. J0V =2 <58 o 770
RAD oD1als) 1 t1t =3 /4 c 0 )
TTHADT T O0U0 G R08 83 =T T Y » T » R
RAD QON0 1. 883 39 <3 7 0 0
Rl wJOV0 [s -101~1 B o~ - o7 B
RAD N0N0 Q 471 g% 0 N p; C
TTTRAD 0000 1 3217 3% oY - o -~ T o T
RAD N200 O B79 B 92 - Q "
TTTTTRAD D000 07370 95 7 o N © J
aD 2000 0 664 o3 “a 2 0 0
TTTRAD T WUaU T. 370 gs == U 9] TTTOoOTTTTT
RaD NN N 294 35 294 7 N o
TTTRADT TOU30 O &37 g% 791 9) T 0~
S 20420 Q =89 =9 2% 2 0 n
CUTTTRAD T LOTTT AT | 5= =% O 8]
RAD 000 1. 260 89 2T % 7 0
TTTTRAD TTO0O0 s JTe )] By 299 Y g T T T
RAD 00Q0 0 472 a3 %4 0 0 0
RAD 2000 07999 89 424 - o 20 T T
RAD 0000 0. 379 == 2958 0 0 0
TAD” TTAT0 U =58 T o —g- TSI T g T
[ab 3000 Q A% 86 2 0 0 o
TTTTTRADTT RIONG U =Y T oK) 2] 2] T Cr —
QRal TRV, 7 348 2 e B 2 o
““““““ AL OOU0 T =99 £ - 1 o SR o B
Y] 0G0 Q. 410 L S R 0 ]
RAD [o]slals) [s rteis) L T3S z g 0
RAD 2000 Q. 24695 & =12 ” 0 K
RALD [pjo}ele) T 2wg 31.9 - 9] T X )
RAD Q000 Q. 128 oL =30 T Q A
RAD [s]e29]V] [SARET)- 1) =01 . Y] 9]
RAD Q030 0. 159 Q¢ 253& Q 0 :
TTTTRADT T TTON0 SR e- 8 =4 253 o] o o] -
RAD 200 0. 4574 e =54 0 9] Q
RAD [pjera1e) O 272 _E Lo N 9] jag ~
RAD 2000 0. 703 36 296 0 0 0
RAD U000 O &8s =z a7 o QT o-
RAD 2000 0. 210 Q¢ 258 2 0 0
TTTTRAD (80290 S~ 4 D 4 - 1] R © E
RaD 0000 Q. <39 T 20 7 0 0
AT TUGU T w20 P o . N> s + M
RAD oAC 1 330 =T D < 0 N
2 g-y02 901818/ T =33 37 72 T g B ¢ S
RAD 2000 Q. 359 o d o2 Q o] 0




ORIGUENAR Tnst=

_OF POOR QUALITY

RAD Q000 0. 4%4 =7 =< 0 Q °
RAD OGO T Shd 3 ol o] o T T
RAD Q000 0. 276 &7 28C 7 0 o
CTTTTRAD 00 U 551 = 91 o 3 0 r
RAD Q00 0 282 Qv 2952 2 (o) 0n
RALJ 1J000 0. 973 X dod " [> R 0] -
RAD o000 1. 206 <7 Q33 2 n n
RAD QOO0 0 %12 Q7 3 [8) 0 (o}
RAD Q000 0. 329 D PoX ] (o) o} <
RAT OJ0 U 98T T << (o [0} -0
RAD Q00N 0. 404 ar 2%S T 0 0
T RRADTTGQUDOT T 1L 787 aT- oy . o} 0]
RAD 204090 1 $3% 1] Qry . 0 0
T ORADT TTTOU00 T 737 b4 Y p O T T o T
RAD 2000 1. $36 g Q2 0 0 0
AT tololsl0] o JIr-45)- 2 == - > o [ » B
M QON0 1. 179 =z =< (o] 0 0
RAD [o]eTel0) U &9% =z == o egTTITTIT o T
RAD Q0G0 0. 491 ae %) 2 0 n
T TTRALTTONG0 37 =z = TTTTTTICTITQ G TTTTTIg T T
RaD Q0N0 0. %08 88 232 0 0 0
BN =7 o N 9 TT0 [ o BRRNENNENS GRN T Y~4 =04 riitel Iod g—— """
RAD Q000 2. 233 == e%4 ° Q n
TTTRADTTQON0TT T 0 F3s AY 255 o B o B
RAD D000 1 G837 83 254 0 ] 0
CTTTTTRADTTTTOROT T {TRR3T = 57 ind D2 >’
RAD QG0 0. 7460 - 250 < Q n
AL WOy D 230 - Lol 0] 9] [a
RAD D0D0 1 523 ay 21 8] 0 Q
-] [9elo1ey J. 918 -t = [V Q .
RAD 2000 Q. 3619 o7 2 0 Q 0
RAD s ]sl0ls) Lo 20 % 33 =44 =z : 0 U
qab IvTale) 0. 258 e +3 " 0 n
RAD Io1sT9]0] U 270 e =90 (o] o v
RAD Q000 Q. 443 == 251 0 0 N
RAD OO0 (o IR g T Phe 14 0 0 0
RAD D000 0. 4671 =T 2%T3 0 0 -
TTTTRATY oleiole; T30 Tz z‘w " o R o B
RAD 2000 0. 303 o7 pEs) 0] 0 Y
RAD PIeioia T J0 avg U o TTmmeT i e
<AD Q020 1 220 == eS7 o) 0 0
TTTTTRATT TTLON0 O - == el e o e o A
RAD 2000 2. 1400 - 91 0 G n
“RED I9]slals] 1T 02 - - . o) "
RAD 000 0. 379 20 <3 0 0 c
RAD IoIPI8]0] T. 973 o I o ) 0]
RAD 1000 0. 861 20 ) ° Q 0]
RAD OO 0. 518 = =00 4] 0 o}
AAD 3000 Q ?25 Qn <91 ° Q 0
LY 9sInle] 0. 273 =, Pk g 9) (o e ¢ B
[AD Q00 0. 817 27 2% 2 0 n
RAD OO0 T 517 oy =% 0 U 0
RAD Q000 D 486 e 299 0 (> 0
RAD olate]v] (I T-%¢ § 49) PRE o1 (o Ty
RAD  0D0GO0 1. 201 nn 2s7 0 0 0
AU 00 U STY o T - 0 o
RaD QULG 2. 401 CAl o2 )] V] v
- AL pTulple] T 491 A 7 o) o] o}
RAD Q0G0 2. 332 = 2?4 o) Q i
TAD [$]e1als) T =51 3 e 5} o] s
RAaD 2000 Q. 957 -3 zZ25C (o} Q ]

PO v e s B L T R ISP Y o . e w4 o s o~ s e e -




RSN AL T A B39

OF POOR QUALITY

i
i
i
i
}
;

RAD 0009 1. 797 v 291 0 0 0o
TTTTRADT QO T U 7LE - Pd> 14 o © o
RAD onNoN 1. 990 51 233 0 0 0
TTTTTRADT O TOOUUT . 3196 % -4 7 o] ~
RAD 00G0 1 246 1 29 0 o} n
TTTTTRADT G000 T 030 A %=1 s) o] U
RAD Q090 2 2/ I Q=T (0] 0 0
T TRAD 0G0 U Y38 974 Prdo 1] o 0 0
RAD 00010 0. 861 5d 22 n (o} 0
TTTRAD QOO0 T oYY oY Ty ) of 18]
RAD 0000 0. 979 NV 3% 0 0 0
RAD olols]s) Q. AJ7 ol LI 0 o] o]
RAD Q00 0. 993 <92 <51 0 0 0
TTTTRAD OO0 U397 = 4l o) o) o)
RAD Q0G0 < 158 2 a2 0 0 o)
TTORAD . OoSo T 3Ry T ao (¢} o] ol
RAD 9000 0. 484 o2 25 0 0 0
TTTTRADTTOOT U 571 e d <95 o) ) o)
QAD Q000 1. 292 »2 2%=7 0 0 o N
TTTRADTTTTO006G O 511 Ta 275 e 0 o)
RAD 3000 1. 640 =2 Qa 0 0 n
2f-39] T0T0 U Sod - I= %) (o) )
RAD Q000 0. 442 93 2590 . o} (o)
TTTRADT 0000 T oTYIE” - g3 o o} o]
RAD Q000 Q0 238 33 <32 ~ Q 0
TTTTTRADT T OTU3G T oS0 7 235 0 s} T3
RAD 2000 0. 930 53 <na 0 o} 0
Al [In19] D o294 B il o] v} jod -
RAD 0000 0. 277 =37 74 0 0 0
~NAD [s]ale]s) 0 sod Ejss «o o o] o]
RAD NOQ0 0. 382 22 258 0 0 e
FaD jolsle]s) 1. %30 =z AT ) U o]
RAD Q000 0 394 1A P10 0 0 n
Rl [o]eTelv) T 152 T 291 ] o} o]
RAL D0 © 443 <& 292 0 0 n
RaD 91020} 7. ¥3Y -z Y. 7 17 7
RAD 2000 1. 740 s2 Z3 (o} 0 0
TR ATTTTRIONY T U723 EL3 253 T g8 Ty
RPAD 204320 C. 493 =< 296 1y (o} A
T RARD [alelpie} 1 =g g & o o U j) U
RAD 5000 C %07 <& 238 n Q 0
T TRARDT T 0000 1393 S Pgwl0) 0 o A
RAD QN0 0. 740 7?9 =91 0 0} n
RAD OO0 O =83 7S 2% o) 0 Ty
RAaD 0000 Q0 422 =< QT 0 o} Q
TTTTTRAD wlotels] T 758 =% Py 1 T U (o]
RAD 2000 Q. 389 Qs 2% 0 0 0
TTTTTRADTT O T 270 el 4wl S o O
RAD 2000 Q. 6440 73 =37 0N 0 o}
TTTTTRAD JO00 o e, | TS a3 : 0 (o)
RAD Q00 0. 4&0 250 251 (o} (o] 0
RAD (BL0i910] U187 aeie 4o - O 19
Rab s]v7alv} D 366 2= 233 Q Q Q
- [=£-99) p[819]0] U &77 P49 zoq on o] A
RAL Q090 0. 277 23 2335 0 0 0
T TRAD le]eIn]s} [P AR {eL 4= TH a2d 9] (0] Ty
ARl 5000 0. 477 257 257 - 0 V)
951 [6To PRIy 0. 21 < v Pl A . [} i
Q24D DC00 0. 440 291 232 2 0 o
VAU [9]s7019) U533 =4l =93 192 U 9]
R4l foluTo1V) 1. 3593 <51 254 2 v} V)

s Y -l i




OF POOR QuALITY,

RAD 3020 Q. 433 291 253 y) (o) (§)
TTRADTTTQUOUT T O RYW 4o 296 - o -
RAD Q000 1. 134 LAl as7 0 0 o
TTTTRRUDTTTOONT US78 <J% r4)- | : U Lv2
RAD 2000 0 277 <92 233 ° 0 0
CTTRADTTTO0TQ 0 &77 a4 4o S 19} Lo o
RAD Q000 Q. 336 by <" 0 0 N
TTTTRANT T O0C0 U 201 il Y1 - T o] ol
RAD Q00 0. 4177 '2 7 0 0 Q
RAD $1v]pTe] O 203 .z 295 - o] U
RAD P0OAQ0 1. 184 an?2 e3 < 0 0
RAD ooon 1o B -2 9] I 29T . 7 -
RAD Q000 0o 427 <43 T 0 0 ”
RAD — OCJ0 0 87% a7 =57 iof 0 ”
RAD 2000 0 360 Q%3 P TL) < () »
TTTTRATDT wUOCU T TT 18w <.~ 255 9} T o
RAD 00N0Q Qo 870 PR ] D Q n
T RADTT QTN d waT T T d%Y P4 o v v} N
RAD Q010 Q0 370 "4 P 0 0 0
ST RADTT 0000 U380 =% <546 P 0 o}
RAD Q0G0 0. 274 %9 97 9] 0 0
TTTTRATT O O0T0 T. 3XY <3% i1z - 0 N
RAD 2000 Q0 766 <56 w7 n 0 0
TTTTRADTTODGOTTTT O EBE T T ESE P4t T 0 [o]
RAD QN0 0 766 247 295 < 0 v)
ORIGINAL Fags IS

R e R e

- - -




e

DUMMY THEMATIC MAPPER PCWER / RETA=22. 3 -
"FOWR —OTO0 jey4 ¥, 81 Y. od : “”Pm"rrl% T e
0.0:: 458 470 OF POOR QUALITY.
T 2T 51T 50T —_— -
16. 477 30. 500
-] .l 39y i ——— /T e e e - -

Ja. 420 104. 1149
3. Y277 J&8280
+1.17¢ 34 .27
T AY. 85 2% 300 e
87640 4. 270

=2, 87{) SR, LI
44 399 7n. 122
IC T 39, %&17 -
22 3-2 531. 370
. T od. 3
=z, 810 &8 472
POWR 0000 IoT— 99 8§17 U770 - -
O, 119, 700

3. &0 11d. 347
16. 4706 2. 77

24, 770 &7. /100 i - T
'32. 4.0 188, 247

S, Far &Y GLTS T T
1. 170 a4 4=

Y. "%10 Y. N Y4V) R e
7. bt &4, 4~

% - ad. &L7Y -

e 357 172, %20

TTETTTT TE AT

a2, 37 R2. 740
] 8 J 1S 4 T2 3<0
‘€. 817 119. 770
PUWR D000 103 5. Biv =g, 547
.07 38, 349
8 < 3186~ -
16. 470 28. 37C
R C- N A0IA IO T
32 32¢ 7i. 910
Sa, T =TS - e
a1 7 145 610G
B _ A2 Dae T8 GET T e e e
57. &4 16 A0¢
) 55. 8770 AT 18]
£k 37 a8, 240
L2000 S ce. S. .
=Z. 3492 Fry-S A
0N 15 LN 273
22, 81i¢C 1%, 340
TTTTTTPTIWR T oonTTT—— TOS 75, 917 YA oA
0.0:° z2. 300
2. &IV <Y, -] -
- 15 470 22. 9N
22 doiat ) g rorw! T e e
224250 16, 9720
3z 9 A TANe -
.. 1/0 14. 740
- 37, 310 18 350
37. 647 16. 740
00 &9 . AR - VAN TTTT T T
b6, 399 177. 3-"




e 10
74.1'C  208.870 paawisk PAGE B

- N PREIR
st C MR at ot 3TS e ol e L

Ouw. JAT 77. 74U ot
90. 397 33. 420
70 B1. 3d. RL0
POWR 0G0 109 96, 81 17. 820
.. QUO S0 6al0
8. 230 28. 770
16. 30 1e. 550
24. 7Y 13. 27°
Sa. Taw T3, 027
S&. Feld 13. 010
43,170 13. 0.y
<. 417 13. 072
BN -] T3 O
£5.87) 13. 02
bbb, J- 143, a2
74 117 13. 400
G, Jva 1Y. Y30
7G. %3¢ 6. 92
Te 8Iv S0 Qe T
POWR 00Q0 107 78. 612 11. 073D
0.0, g7
8. 23C 3. 447
16. 477} 1& 200
24. 700 87.110
dd. 400G 29. 74T
22,90 1. 79¢
- whe ke A )
47. 410 1. 740
Y- 1070
4HF. 87D 1. 780
N Lt 1 3277
74%. 112 1.8
e, Jeel <. J -
c. N 3. 39D
-, 8l I AL 8
SO0WR 0250 108 <98. 21 16. 270
[© RN ® A0dy 1. 99U
9. 230 1. 370
10. § . 1. 07 '“”
ze 70 Q. 720
€1~ B YR O 750 -
32. 9. 0 bzl
e liw 06=7T
4av, 470 0 AFT
S Y- 2. 62l
2$. 972 0. 48V
I-Y-NRC --. L o
T4 110 64. 150
& Je Tl S 1930 I
0. 3=°7 «+8. 440
vo. BlU 1. 550
POWR 0Q0H0 - 109 5. 82 &. 5502
L JN © Zpe e Faw
S 22 9. 110
k. 3777 7. 02U
24, 7770 5. 127
S, %o T 5 090
22 947 3. 010
ar 1™ 5. 01

49 415 . 0.

T I R e T T

i G ey e

AR

e g




o ORIGINAL PAGE 15" '
97. 65 $ 0.C OF POOR QUAL! ;
- SAHTT . 010 .
44, 394 3. 2% CI
7&1.C R T Saded i
2Z. 348 7 270 ii
0. 97 ClE R '3
02 813 1C. 310 .
POWR 0000 {10 708. 815, 13. 43G
. 0. 0.2 50. 770
g 230 3T 700 i
16. 470 6. 040 )
2872 o A Yolof .
3a. 40 1. 300 ]
Sa. o T. 0% i
41,170 0. 0=V ;
<7 5.0 0. 060 )
37. 642 0. 240 :
L 2 - e gl 2D :
Ls. 370 0. 300 ¥ 4
- 1D 1170 3
A2. 340 17 42¢C 2
70. 55% 22 510 .
=Z. 810 E2.770 ! 5
TTTPOWR 0G0 1 98 817 2. 300 R
0.0:: S. 827 v
B <" 5. 0= $
16. 470 2.7<"7 ’
=T fole 3735T ¥
32,4230 3. G&1° &
329 o 1Rn E
21.17C 0. 129 DI
w7, 40 Lo 1B &5 . .
537 6<% c.137 ; :
&Y. g7y 0. (=T ‘ !
L& 392 0. 430 k %
7% 110 0. 5&T . |
82. 342 2. 630 LR
TN A S 2SO — -
?8.8:7 5 AsC K
FPOWR 0GT 113 73 B. IO - '
0.0:.: 17. 082 .
8 J50 ¥ 930 TThTTTTTTTTT T
14. 4: 8. $50
ww, /uw 3. /3T
22. 420 4. 400
Ja. TR U. 190
.10 0. 130
«7. 410 O, 177
57. 62" 0. 150 .
LS8y o -
4&, 390 2.7:0Q :
RL N $44) 1. 8% 4 :
22 3% 7. 0% g :
- PO 53T 5570 Lo
98. 813 17. G50 L
PUUR O0C0 115 J5. 51C TS 490 :
0.0:C 97 35< 4§
Tz 1327230
14. 473 131. 240
= £ iete 125120
22. 420 1C4. 0720




ORIGINAL PREL 152

.;’}._ 2t

O
P BAPRL VR & SN

S ma e e AR -

22. 94 17. 072 QUALITY
T I00C 17 35
w5, 40 LT 780
B YAK-X N + BETC
25. 879 ?. 200
LYYk K0 Y. <9C
~2 11 1% &70
4. J4C q47. {0
0. 987 87. 140
8. 817 g7 357
POWR 0000 117 78. 8¢ 72 30C
[0 K [afad 29, 700
Q. 2340 157 32¢
1. 47 1&1.877%
24. 700 144, &G
J&. 47 {gd. ="
2. vas 15 156
4t 1/u i -
49. 42 15. 040
B $57.6-7 {5257
4. 870 15. 170
Y T ™ Se. 380
T4, 110 &7. 37
BZ 33T 5G. G
0. 592 &8 360
95 8T IS5 7%
FOWR 002 118 75, Big 77. AG
NPV 15170
C. 2 2{. 144
1R &~ . 17.7%9
24, 727 19,913
" S0 23550
32. 94 20. 210
AT T7 20, 7.30
29 42 146. 320
D7, By U 7=%
3. 870 173, 340
- LY e B v
74 115 an, 33
- oa. 3 5. 7
90, 837 50. 477
) 76, Gid ST
POWR Q000 121 76. 8.3 87.770
OO o o w7, 7<%
8. 230 153, 1472
18 377" 91, 8=
28, 772 31. 800
b i 2 Sdet 1737527
32. 9an 3%, 910
=T 17T 5Y. Yoo
a3, 413 38. 972
Q. O-. > 3= N AT
- 25.8°% 38, 210
LY T Ao 172. 697,
T o110 Q2. 57
O 3ET L T S
30, 590 104. 520
1= D - S 7. 740
SOWR D000 130 29. 81 26.330
v. 0% 7 32
g 2 15.0?“

oy

-~
e .ﬂ ‘

B Rt S

=~

S -

2oty T e

4
e s et

)

R

K st 1o S g

.

- Srap e st FORE
RS AN s W

Sy -

SSCR ISR < " PN

ae

I

Vhess . et
SRR, W

Promloe ey

B

PR TSN




a e e AT eIt i el L et d e

16. 470 118 &%0 ORIGINAL PAGE IS
1L T ADMORE § & A4 1o —OF PUOR QUALITY
J2. 420 3¢, 380
€~ 2T 3. SAT
1.1 3.4¢C
b A 2 L) 3399
57. 6-C 3. 4.0
S5 BT 3%¥30
&4 390 8. 340
L 2 B S I9n
Q2. 3.2 4. 999
IV = A Ao
98. 810 7. 320
POWR 0000 131 98 81% Y 30T -
0.0-C 18. 470
. &30 15, /50
16, 47 fa. 7
- e L N Sodo) 8 owl -
2. 40 9. 220
- L O g. 7T T
a1 173G a. 7ae
B A 3 4o I A 4 T -
37.6-" 8. 7.7
A387C 8. 7% -
b4 39 174, 1)
TE T TRIT 3 -
S&. Jea 94. 800
oC. 5= oz i T
8. 81\¢C 13, 690
T T TPOWRTT U000 g7 PEBIT 117030 -
0.071 1414 7320C
. & v I'JYT”W#U -
16, 475 1102, 871
TS 7T IO 370
320420 1410 70
T YICTTTSE T TS
41 170 333, 590
AT ¥T0 TSRY BT
u7.6%¢C 189, 340
TS BT T TSaT 7T - -
&6. 390 Q140 140
TEIIT IYE7 670 T T e
22 3% 1502 570
PO SST  I7AT O
98. 812 14614 780




REIRT

AL ¥
mwbuﬂ_
EFFECTIVE RADIATION COUPLINGS (g=.02)
RAD 0020 T4 <00 T7L " o) o} o]
RAD Q0z0 14. 400 123 S ¢ 0 o
—RAD [o]0)n{& 7. 890 TOY A A U o] U
RAD 0020 3. 800 1 10 0 0 0
T RADS  OC20 17040 03 e o o} 0
RAD 0Nx0 17. 040 16 4 N 0 0
RAD Q0«0 10. 810 1.a o 4/ o] o
RAD 00290 8. 420 113 12 0 0 0
RAD (o]0}={0) ‘8. 730 ) oong 7 0] 0 ~0
RAD 0020 6. 730 toe e o 0 o -
RAD ole o) 1Y &90 1% 3 jof o} 4]
RAD 0020 14. 760 A o= 2 (o] 0
RAD — OO0X0 187580 Tic T 0] o} )
RAD Q020 16. 680 123 21 0 (o] o)
RAD V00 . /20 = LA N T Al
RAD 0020 0. 270 iz 61 2 Q 0
RAD J020 0720 Dy [~ 0 (2] 0
RAD 0020 1. 380 i =3 0 0 0 -
RAD 00z0 2 320 oy <70 0 o} A
GENERATED NODE 270
HALD [o]s)~4s] 1. 240 22 &85 0 Q O
RAD Q020 0. 720 23 Ab < 0 (o}
RAD WOo2Z0 0.270 iy - o] 0 :
RAD Q020 0. 720 22 ==z 2 0 0
B RAD 0020 1. 870 - v} Q (o]
RAD Q020 2. 090 137 51 0 0 0
rAaD 1200 1. 670 1730 il ol Q Q
RAD Q020 {. 710 157 22 0 0 -
RAD 0020 2. 320 {30 =5 0 0 ~
RAD 0020 1. 710 122 593 0 o} n
TTTTRADT DA0=0 1. 370 3= 58 0 o) U
RAD Q020 2. 070 132 = o o} n
RAD fo]e)={o] 1 370 T30 w5 0 (o] (o]
RAD 0020 1. 470 151 2= (o} v} n
RAD TO20 2090 e 4-34 - o] ()
RAD 0020 1. 470 131 2%2 7 (o) 0
RAD 73020 T 710 Ty 293 0 o) o
RAD Q020 2. 420 1731 254 (o} 0 n
T RAD GO0 1710 12X 299 (o] 0 9]
24D AN20 1. 470 N 234 0 0 z
RAD U020 2. U770 2y = oy (o] o]
RAD Q020 1. 470 131 233 0 0 0




ORIGINAL PAGE IS

CONDUCTION COUPL INGS
TTTCOND o010 9. 300 =% T O (o) o]
COND 0010 s. 400 o1 a2 0 0 0
T COND o019, 300 T Y o (v} o]
COND 0010 8. 400 ¢ ~83 0 0 0
CONMD G010 ~ 9. 080 a2y 70 L] 0 ol
COND 0010 9. 060 e 71 0 0 n
o] . 320 75 vk Q Q [s]
COND 0010 10. 820 ~s =T 2 0 o)
N Lo . 400 a4 77 [v] o] 0
COND 0010 S. 400 Réod 80 z 0 " Q
T COND 001U T %330 oY 8y o 0 4]
COND G010 5. 400 =% Q4 z o o
T CCND 0010 10 320 S7 =13 D) o] o]
COND 0010 10. 320 a3 8% 0 0 3
- LOND o010 Y. 0&0 T o —0 o] ]
COMD 0010 9. 0&0 74 = 0 0 0
TORY 0010 7 =00 &0 Ch-a ) (o] ()
COND Q010 7. 800 =2 S 0 0 o -
TTTCONDTOCIOT 7800 63 2y 0 0 0
cond 0010 7. 200 &% <o 0 0 -
CCND o010 7. 530 1Y 144 0 o) )
CCND 0010 13. 430 &7 70 z 0 0
TTTCUOND RO T 7530 ~o - o} 0 0
ZOND 0010 b. %40 &9 72 0 0 0
T TCOND 0010 & %40 71 7T o) o] L8
TOND D010 b. ODO T2 75 7 0 N
ToMD G010 5. L0 = 77 " o] o]
COND 0010 & 720 vz 78 0 0 o
CONG 0010 12117 ey 79 [v] 0 Ty
COND 0010 & 720 - an n o} o]
COND O Id 7. B30y M oY I ] T
COND 0010 7. 300 80 =3 0 0 o]
COND  OU10 7. 300 = P r o) 0
COND 0010 7. 200 33 g6 0 o] 0
CORY 0010 &, 720 =z g7 T 0 U
COND 0010 12. 110 a5 <2 - 0 0
oMU 0010 ] =z o 9] o) V]
ZTCND Q010 6. 720 a7 20 ? 0 2
[ofaix]e] WJO10 S 20 <y -t O J 9
COND 2010 6. 340 320 =z 7 0 (o]
TOND 010 5580 e oS = o] T
CCND 0010 7. 340 3 &n 0 0 o)
TLONU J0TO I3 550 Tz ZYT o] o) U
COND 0010 7 %40 33 <2 2 0 2
CTOND T OCTO 156 580 =Y =3 - o) g
COND Q010 14. 420 21 <3 0 0 0
TONU  O0TU 13”50 T oY " o) A
COND 0010 11. 380 257 i) 0 o] o]
TOND OO TO 18 210 59 7 A U O
COND 0010 14. 320 235 7a 0 o} 0
TOMD— UOYD T8 210 - 4% o) O Y
COND 0010 16. 320 222 o2 0 0 0
CUND —O0TI0 1T, 80U AN 9T = 0} o]
COND D010 7. 110 3N en N 0 n
CONU OCTIU 10 830 3] LN 9] U Y]
COMD 0010 6. 070 250 22 0 0 0
LOMD O010 7 110 =2 == o) o) 4]
COND D010 11. 200 S2 3 2 0 0
T ONDT OOIT &5 U790 292 &8 o v) 0
COND 0010 10. 430 292 ~- o] 0 z

T A e




ORIGINAL PAGL S
OF POOR QUALITY

COND 0010 13. 340 ae 73 0 0 0 j
TOND— OO0TY0 5 170 i1 - g U o] Ty ‘ﬁ
COND 0010 12. 310 238 77 o (o] 0 i
CTOND™ O0I0 3.820 270 = o o] o 4
COND Q010 170 56 Qa N 0 0 ;
'”‘“'CUNU"UUXU“‘“‘TS‘Sa0 k-1 Q7 0 0 0 2
COND 0010 4. 820 256 2k 0 0 o :
COND ©010 1£. 310 2586 8y 4] Q 0 ;
COND Q010 19. 900 2 = (o} 0 0 |
COND 0010 17 5700 = iy 9] 0 (s} "
COMD 0010 19. 900 1) 3T , 0 0 :
CORND U010 15. 500 37 58 T 0 s "
COND 0010 14. 8%0 3z =~ ~ 0 n §
TTTTONDT QOYI0 T 13830 7 =T (] o] A %
COND 0010 14 850 33 35 0 0 0 f
CONG_ O IW 13 550 13 33 D] > J e
COND 0010 ?. 990 anG 1 - 0 2 :
COND  O0140 v 950 =1 52 o 5] s) §
COND 0010 9. 990 &94 237 z 0 n - ;
T COND D010 9.9%50 <57 253 o 0 (o]
COND 0010 7. 430 230 2953 0 0 0
TN O01n 7. 330 s b2 o] T o :
COND 0Q10 7. 430 232 2:% oy Q 0 :
—(,OND — O01I0 7. 350 255 2°9 oy (o} o} "
COND 0010 1. 390 1 =3 0 0 0 »z}
— CORD 0OUI0 1. 3%0 1 KA o] 0 0" g
COND 0010 1. 3%0 1 o n 0 0] 4
CUND CO010 1 CUB0 A 2 y) o} y)
COND 0010 0. 3870 1 vl 7 0 0
COND 00710 1300 T " P 0 n :
COND 0010 1. 0Q0 . 4 o} 0 0 j
T CBONDT O0TnT I SE0 7 oy T D [») o
COND Q010 1. 530 z 27 0 0 n ]
T T CUNDT O010 0. 500 = 3 (] o] (v}
COND 0010 3. 080 2 3 0 0 o}
COND 0010 3. 080 ] ' o o] (o]
COnD 0010 1. 130 3 37 Q 0 (o]
CoND— OuTE =] b T 9) 9] Z
COND Q010 1. 690 S 2 0 0 N
WOND Q010 T. OS50 T LS A 0 gttt T
COND 0010 1. 350 b4 2 2 0 ]
TOND Q010 <. 500 z = 0 (o AN 5
COND 0010 2. 300 6 29 0 0 ~
T CONDT oUloT 2. 20U ) =7 Y] [¥] ]
COND 0010 0. 340 ] 2 < 0 L\
CTOND D010 0. 5&0 3 q o) U 0
COND 0010 1. 880 4 wn 0 0 0
COND - O0T0 U. 710 = = 0 (o] X
COND 0010 0.710 = 4 0 0 Q
TORD 0010 1990 ™ g 0 o} (o}
COND 0010 2. 200 e P (o) 0 Q
COND— CUIU0 T. 300 10 I~ 0] o] o]
COND Q010 -0. 400 10 = 2 0 n
TOND — OOTIU T. 920 - T= - U ™
COND 0010 2. 700 - ol 0 0 n
COND QU010 2. 700 1 I= 0 o) o)
C3OND Q010 2. 700 1 = i 0 0o
CONG  Owlin DAL= 4 S 17 7 T
COND 0010 0. 380 b a 0 0 0
COND 0010 U 230 = (0] v
0. 0 o]

COND 0010

330

[+ 7]

ta)




ORIGINAL PAGE 13 1

OF P ;
SOND 0010 1. 360 12 12 2 0 2 ;
TTCONDT O010 < 0<L0 Ta b 0 o} i) ;
COoND 0010 0. 870 12. 7 0 0 o) i
TOND U010 0. 870 e T T T o) ;
COND 0010 2. 520 13 13 < o} n :
T TOND 0010 ¥ 170 = 73 0 o] 8] ﬁ
COND 0010 4. 170 18 ! o 0 o ]
COND~ 0010 3170 = 77 o 0 O :
COND 0010 1. 430 3 19 0 0 o
COND— 0010 1. 00 Pt A 9) 0] 0 {
COND 0010 0. 670 13 - o o .0 \
CUNT — OUT0 U 87U T -3 V) ] U ;
COND 0010 0. 900 19 th o] o o ;
COND U010 1T 980 13- 72 U o] o) 3
COND 0010 1. 980 L3 74 0 ) 2 f;
tofui N VERENeIvE fo) [ 230 17 7 = o] o] ]
CAND 0010 1.2%0 19 8 0 o 0 ;
CORND T 0010 - 500 15 T o o] 3] .
COND 0010 1. 000 19 18 0 0 o . !
o COND U010 0510 Lz e ~ o} 3) :
COND 0010 1. 300 14 L= o 0 o :
COND— o010 300 7L ™ o) ] ]
COND 0010 0. 360 1 a0 B o} o} ‘
T CONDT 0010 1379 A 7 T o} T ;
COND 0010 1. 470 23 75 0 0 0 :
COND 0010 3 3860 15 R ) o] o] 3
COND 0010 3. 340 19 12 o] 0 o :
TOND - G010  Gr-y=Io] P <o o] o] o] 3
COND 0010 1. 620 hede’ - o) 0 o} ;
T wOND 0010 17820 23 . 0 0 o 3
COND 0010 3 s20 G 21 0 o} n 3
COND 0010 I =10 i o] o) -
COND Q010 2. 320 - LT ~ o} 0
COND— U010 T Z10 T T p o] d
COND Q010 2. 300 8 12 7 o} 0
CCND OUIT T TI0 T ™ T o] g
COND 0010 0. 380 3 a7 o} o} Q
ol 91w P R=Le1s) K L) 0} [2] o3
COND 0010 1. 110 2 2590 n 0 o]
CdNR U010 g 30 - g 21 . J v
CoND 0010 1200 2 254 2 0 o} ¢
COND 0010 cAEst=ls) oG J (o +3) :
COND 0010 2. £30 - = o 0 p ’
TOND OOI0 1 030 = o 0 1Y) .
COND 0010 3. 080 z 236 o] o} o }
COND - U010 2. £50 B =57 o] o) g ;
COND 0010 1 040 8 238 0 0 0
COND 0010 U950 T 59 U U T
COND 0010 0. 720 LT <z 0 o} 0
CUND S WUQ10 U. 740 R 5% 9] 9] 19
COND 0010 0. 720 P 2532 P 0 -
™MASS QU010 U. 1&0 PS04 123 -7 o] T
MASS 0010 _0.170 117 118 121 130 131
Mess  JU1lU U120 1Jo (A - Q U
MASS 0010 Q. 070 135 0 2 o} n
MASS 0010 U U&0 ) g U z o) "
MASS 0010 0 119 112 0 T 0 n
VMASS  GUlv U. wIyU P 22 Ve U T -
MA3S 0010 0. 070 1.7 1ne o] o o
tAgn WULL U &1y RYTA v U #) U
MASS 0010 2. 220 : : o 0 o
e e v e e — S —




MASS 0010 1. 970 2 0 0 0 n
TTTTTMASS  OUTU = 330 T LY 2] v} ]

MASS 0010 1. 970 ¥ 0 o o (4]

vAsS Q00 U. Y90 L (o) o] o) [»

MASS 0010 0. 930 - 8 Q 0o 0

MAGE OO1L0 . 0&0 iy 4] 4} b} 0

MaSS 0010 Q. 770 P 2 Q Q 0

MASS ~ 0010 1. 000 LM 0 ) 0 )

MASS 0010 1. 490 e 0 0 0 Q

MASS . U010 T 150 T3 02 Ty o 2 U

MASS 0010 0. 820 e o) 0 0 (v

FMASS 0010 T. &30 Ty q < o] O

MAES Q010 2. 710 14 () o (o] Lo}
T MASS D010 2. 300 M T 1Y) U Ty

mMA38 0010 2. 250 e 0 0 0 0

R3S U010 1. 530 = O > v 9]

MASS 0010 2. 290 P 0 0 o] o

MASS Q010 3. 230 o Y4 BE -1 (2]

MASE 0010 4. 6Q0 e | a7 (o] 0o (ol

™MASST Q010 3790 B LI 0 0] L)

MasSS 0010 0. 001 2 2%« 0 0 0

“MASS w010 U. 790 LM LY == &8 g

MA3SS Q010 0. 790 37 Ha 86 0 0

MATS  QOT0 1. 300 v DA 79 30 (0]

MasS3 0010 1. 920 «2 o3 Q1 83 0

MASS VoI 2. &0 =T o] 0 o] ]

MASS 0010 1. 030 3 =1 o2 s 0

MASS D10 T 540 " - 9] o} [}

MASS 0N19 1. 510 T 74 on 32 0

MASS 010 0. 001 7w o7 oY o) A ;

MA3S Q010 1. 300 -3 .- Q7 89 0 ;

MASS 13010 2300 = g - o) o) ]

MasSsS 0010 1. 420 23C QT2 %6 298 A :

™RSS GUlU <. SV Pah 57 v V) =

MA38 Q010 1. 8380 2732 23 (o} o} (o}

ORIGINAL PAGT i3
OF POOR QUALITY

— e e et e 0y A




UGN AL (2
QF PQOR QUALITY

VARIABLE DATA

ot e e ot g ot

CCriD—QO0TIO 5. o000 = -0 (¢ (0] o
MASS 0010 1. 940 270 (o] 0 0 N

T TASS QUIU V. =0 BE] p O o 19
MASS 0010 2. 480 235 0 < 0 Q
LLOND J0TT U. 391 a 271 0 (0] N
GENERATED NODE 271
CTOND 2011 Q. 391 By <71 0D (o AN 0]
COND 0011 0. 381 3= 271 0 Q n
LOND QO1T T Jd1 n e <77 1) 0] Al
TEMP Q0Z0 13 000 a7 0 N 0 n
PUWR OUW0 «/0 . Dol 1. <00
TEMP Q010 4. 000 188 0 ] o] 0

T OND U010 137870 YT ZY T 9] L
CAOND M 149 13. 4749 22 =" b ] Q
TUOND QUlIT 1Td 520 Y4 el o o
COND 0010 12. 320 A8 -~ 2 i 0 v}
COND—J01T 23. GR0 = T i 3 ko) - b
COND Q010 21. 080 =24 3T =4 51 ~

TTTTCOND T QOTO 1T 520 Pl <93 L -1 o~ T~
COND 0010 10. 40 278 2%7 2%a 291 "

ey et e e e Dl e Lan T s

3
'§
5




APPENDIX F.

DTM THERMAL ANALYSIS RESULTS

F-1



 asaad o

00.’0“!‘]‘0.

MEMORANDUM
LDTHER-10M-81-006
June 22, 1381

50/50 Powder Mill Road - Beitsville, Md. 20705
(301) 937-3090

T0 : D. Mengers

FROM : A. Melak
SUBJECT: Thermal Analyses of the Dummy Thematic Mapper

REFERENCE: OQAOCO, LDTHER-IOM-81-005, Thermal Model Developed for
the Dymmy Thematic Mapper, A. Melak, June 1981

This memorandum d2scribes the analyses and parametrics performed on the
Landsat-D Dummy Thematic Mapper (DTM) model described in reference i.
The objective of the DTM in the satellite s to simulate the thermal
characteristics of the Thematic Mapper (TM). Critical areas of concern
are the temperature gradients across the mounting feet which attach the
O™ (at nodes 50, 52, 56, and S8) to the mission adapter portion of the
Landsat-D instrument module (I/M) and node 64 where the Attitude Deter-
mination Sensor Assembly (ADSA) is mounted. Analyses were conducted to
determine the expected temperature levels and thermal design sensitivi-
ties of the DTM. Parametrics were performed with the heaters to determine
the optimum size and position for controlling the critical areas. All
analyses were accomplished using the Simplified Shuttle Payload Thermal
Analyzer (SSPTA).

The I/M (node 271) was treated as a constant temperature node with a
possible temperature range from 100C to 30°C. The ADSA is an insulated
box with a constant power of 1.2 watts.

initiaily a steady state temperature distribution in the main frame was
dtermined for vironmen&a] fluxes corresponding to the beta angle (g)
Timits of 23. 4 and 41.8 The i/t was fixed at 150C, the heaters were
assumed off and the 1nsu1at10n effective emittance was assumed to be
0.02. For 8 = 23.4 the temperarure distribution within the main frame
was from -5.6°C to -6. 2 C (aT = .69C). For g = 41.89 the distribution
was from -4.9°C to -4.3°C (a7 = .69C).

Results from a much smaller model of the DTM indicated that for the
conditions stated above an additiona] 30 watts of power s needed to
maintain a temperature of 15°C in the main frame. This was checked
using the detailed model. Four heaters were used to control the criti-
cal areas. Seven and one-half watt heaters were placed on either side
of the ADSA at nodes 61 and 67. To control the gradients across the
mounting feet 7.5 watt heaters were placed between the feet at nodes

53 and 55. For the same initial conditions and g = 23.4C the steady
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state temperature distribution was from 14.3%C to 15.7% (aT = 1.4°C).
For 8 = 41,.8° the distribution was from 15.4°C to 16.9%C (aT = 1.5°C).
These results confirm that 30 watts is the nominal power needed for
flight. The steady state results indicate that no severe thermal
gradients exist in the main frame and that the DTM is fairly gnsensi-
tive to 8 angle. All further analyses used a 8 angle of 23.4°,

Parametrics were performed to determine temperature versus heater power
for various temperatures of the I/M and insulation effective emittances.
The results shown in Figure 1 indicate the temperature of the DTM will
remain within the 1imits over the range of design variables. Node 64
was used since 1t 1s one of the critical areas and representative of
the main frame.

Steady state parametrics were performed to assess the effects of the
distribution of heater power. Two cases were assumed. One represents
an even distribution of power at the four heater locations and the otner
represents a fixed 15 watts of power at the ADSA and a variable, thermo-
statically controlled power at the m.,untin: feet. From Figure 1 a heater
power of approximately 18 watts is needed to maintain a temperature of
150C in the main frame with the following conditions; I/M = 3G9C and

€ = 0.02. For 4.5 watts of power at nodes 53, 55, 61 and 67 (18 watts
total) the temperature at node 64 was 15.3°C. With the same conditions
but 7.5 watts at nodes 61 and 67 and 1.5 watts at ncdes 53 and 55, the
temperature at node 64 was 15.5°C.

From Figure 1 1 heater power of 34 watts is needed to maintain 15°C with
the following conditions; I/M = 10°C and ¢ = 0.02. For 8.5 yatts at
nodes 53, 55, 61 and 67 the temperature for node 64 was 15.7°C. With 7.5
watts at nodes 61 and 67 and 9.5 watts at nodes 53 and 55, node 64 had a
temperature of 15.50C. These results indicate that the DTM is conduc-
tively well coupled and therefore insensitive to power distribution.

To simulate a heater/thermostat system failure leaving full power on, 25
watts of power were added at nodes 61 and 67 with a hot I/M (I/M = 30°C)
wnd an effective eméttance of 0.02. This resulted in a steady state
temperature of 34.6°C for node 64 which is above the desired limit. A
more effective insulation would increase this temperature. Figure
shows that for an ¢ = .01 the temperature will be slightly above 50°C.

Figure 2 shows the transient temperature response of node 64 with 13.6
watts at nodes 53, 55, 61 Snd 67 (54.4 watts total). The initial temper-
ature was assumed co be 15°C and the insulat. .n effective emittance was
0.02. This ana1gsis is intended to represent the DTM with thermostatic
set points of 15°C and 209C. With I/M = 30°C, one complete heat-up and
cool down requires approximately 20.2 hours. For I/M = 109C the cycle
requires approximately 24.5 hours.
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In conclusfon the DTM {s fairly insensitive to 8 angle and power distri-
bution but is sensitive to the insulation effectiveness. The thermal
response of the DTM for various conditions can be found in Figure 1,
This analysis confirms previous analysis indicating a nominal power of
30 watts 1s necessary for flight.

A Mobs

A. Melak

Attachments

/eqc



gt
PALL L

GINEL
Ok POOR QUALITY

TEMPERATURE (°C)

40

30

20

10

”’x/n - 30°C
//
Ve

1/m = 10%C

1/M = 30%¢

v

/M = 10%

—— — o—s e ¢ ® 0,01

¢ = 0.02

- 10 20 3o 40 50

POWER (W)

Figure 1. Temperature vs. Power for Insulation Effectiveness
of 0.01 and 0.02



ORIGINAL PAGE I8
OF POOR QUALITY

Aear

GORPORATION

0z &l

81

J3R04 4O SIIEM $ UG YILM $9 IPON 40} 3w °SA 3snjesadws)

{SunoH) INLL

cl 91 St LA €l el 11 01l 6 8 L 9

-2 24nbyy

ucem = W/

Si

9t

L

81

61

0z

(35) dW3L

‘e
e



APPENDIX G. LANDSAT-D HARDLINE HEATER ANALYSIS

G-1



MEMORANDUM
LOTHER~ICOM-81-004

May 20, 1981

CORPORATION

TO : Dave Mengers

FROM : Doan Eiband

SUBJECT: Landsat-D Retrieval Thermal Safety Analysis; Hardline Heaters
Failed On

References: 1. Arthur 0. Little Incorporated, C-83198-01, Environmental
Flux Study for the Landsat-D Spacecraft, J.T. Bartoszek
and W.J. Raymond, March 1980

This study was conducted to determine the transient temperature response of
the major Landsat-D Spacecraft components if all of the hardliine heaters
failed on while it is in the orbitar bay. In addition to the temperature
profiles, two other parameters of interest were determined. They were the
time to reach the component maximum safe retrieval temperature and the
component temperature rate of change at the time the 1imit temperature was
reached.

The model used in this analysis was developed from two other thermal models.
They are the MMS model previously generated for the MMS Project Office and
the Landsat-D model of reference 1. The MMS model component radiation
couplings, conduction couplings, and thermal inertias were used directly 1in
this model. The only modifications made were to change the radiation couplings
to space to radiation couplings to an STS/EARTH boundary. The Landsat-D
instrument module component radiation couplings, conduction couplings, and
thermal inertias were taken from reference 1 for this model. The radiation
couplings to space for the insulated surfaces were scaled by the effective
emittance of the insulation blanket to approximate the radiation transfer
between an internal node and a boundary node without having to explicitly
solve for the external temperature of the blanket. These couplings were
then coupled to the STS/EARTH boundary.

Using this reduced model, the component temperature profiles were found by
applying the appropriate boundary temperatures, initial component temperatures,
and component heater power conditions. These conditions were as follows.

The boundary to which the surface nodes radiated was assumed to be a black
cavity at -5°C. This temperature corresponds to the steady state value for

the orbiter in a solely earth viewing attitude. The initial component
temperatures were assumed to be 20°C. The component heater powers were those
for a nominal supply voltage of 28V and were assumed constant th-oughout the
analysis.



LDTHER-IOM-81-004

0AD May 20, 1981

GIODDOIAI'IOI Page 2 of 2
m—

The results of the analysis are given in Table 1 and the description of the
model, in the Nodal Network Thermal Balance computer program format, is
found in Appendix A.

D e Elrerd

Doan Eiband
/bsg
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