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FOREWORD

The work presented herein was conducted by the Advanced and
Propulsion Engineering and Engineering Test Personnel of
Rocketdyne, a division of Rockwell International, under Contract
NAS3-21356 from April 1978 to July 1981. Mr. R. Connelly and
Mr. D. Scheer, were NASA Project Managers. At Rocketdyne,

Mr. H. Diem as Program Manager and Mr. A, Csomor and Mr. C. E.
Nielson as Project Engineers were responsible for the technical

direction of the program. Special recognition is given to

Mr. J. McPherson of the Engineering Development Laboratory for
his techncal expertise in rotor-balance, assembly and disassembly ;
of the turbopump; Dr. E. D. Jackson and Mr. F. C. O'Hern of the
Rotating Machinery Analysis Department for hydrodynamic analysis
and technical expertise provided; and to Mr. J. Pulte of the

Chemical and Advanced Compouent Test Unit providing direction as
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Test Engineer for the test programs conducted.
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SUMMARY

System studies of reusable vehicles for space manuevering missions require small
high-pressure, staged-combustion-cycle engine turbomachinery of the Mark 48-
oxidizer turbopump size and type. These turbopumps have relatively low-flow,
high-head capability and are physically smaller, which sets them apart from state-
of -the-art turbomachinery.

Additional long-life requirements also are placed on the turbopump with operating
requirements that encompass 300 starts and 10 hours of operation time-between-
overhaul capability.

The Mark 48-0 turbopump which was designed, fabricated, and tested under Contract
NAS3-17800, uses a floating-ring, controlled-gap, circumferential-type primary

LOX seal assembly which may have difficulty in meeting the 1ife and cycle require-
ments of the turbopump. The feasibility of using a hydrodynamic or hydrostatic,
fluid-film type liftoff seal had been demonstrated in previous NASA-Lewis seal
tester activity. .

The objectives of this program were to modify the Mark 48-0 turbopump to accommo-
date a spiral-grooved, lift-off type primary LOX seal and to conduct tests to eval-
uate the life characteristics and performance of the seal assembly in comparison

to the circumferential floating-ring, controlled-gap seal presently in use on the
turbopump. Other objectives were to demonstrate the pump suction performance capa-
bility of the turbopump with and without balance piston flow recirculation back to
the inlet of the impeller.

The turbopump was assembled for the first test series using the controlled-gap, j
floating-ring primary LOX seal. A test plan was developed for the baseline tests
with this configuration. The objectives were to characterize the seal leakage
rates wifh the controlled-gap seal and slinger configuration. The slinger is a
small pumping element adjacent to the primary LOX seal which reduces the pressure
at the seal-to-shaft clearance by negative pumping such that vapor will exist at
the clearance interface. Creating vaporized fluid at the gap greatly reduces
leakage rates. Suction performance tests also were to be conducted during the
testing.

sl

The initial configuration was tested during October 1978 at LIMA test stand of
Rocketdyne's Advanced Propulsion Test Facility (APTF). Five tests were conducted
for a total test time of 174 seconds, and a maximum test speed of 7261 rad/s
(69,340 rpm). Special instrumentation was used on the turbopump to measure the
data required. On the third test, a successful suction performance test was made
at a test speed of 7016 rad/s (67,000 rpm). A 5% pump head loss was achieved at 5
a flowrate of 105% of nominal flow and at that point a suction specif}c speed {
of 84210 (rad/s) (m3/s)1/2/(3/ke)3/4124000 (rpm) (gpm)1/2/(£r-1bf/1bm)3/4} was ;
obtained. On the fifth test of the series, at a speed of 7261 rad/s (69,340 ypm),
a pump failure occurred. The failure concluded in a fire which caused major dam-
age to the pump portion of the turbopumn. Before the incident, sufficient data
wvere obtained to characterize the primary LOX seal leakage.
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A failure iavestigation followed immediately after the incident and it was con-
cluded that the balance piston axial thrust margin was not sufficient which initi-
ated a failure through the pump bearings or rubbing at the high-pressure balance
piston orifice. This was caused in part by a negative impulse reaction occurring
in the measured pressure data across the turbine wheel. A review of the data
indicated am axial thrust correction should be made and also that it would be
beneficial for a rerouting of the balance piston flow to eliminate all of it flow-
ing through the bearings. Also, the addition of a labyrinth jeal on the down-~
stream side of the bearings would reduce the slinger-sump pressure to a level
below 345 N/cm2 (500 psia). This limit was considered to be the maximum pressure
range for proper operation of the spiral-grooved liftoff seal to be incorporated
in the design. The redesign included improved instrumentation capabilities to
measure pressure at nine locations in the pump elements. The design was final-
ized and hardware was procured to repluce that damaged by the fire.

Prior to assembly of tae turbopump for test with the spiral-grvoved liftoff seal,
it had been found that technical problems with the spiral-grooved liftoff seal
needed to be resolved before it could be incorporated without undue risk in the
turbopump. These problems were found through testing of the spiral-grooved 1lift-
off seal in a test rig and the tests indicated the seal could not be considered
reliable. As a result, the turbopump was assembled using the original controlled
gap seal. The test objectives were to demoustrate the capability of the redesigned
balance piston axial thrust control and to complete the suction performance capa=-
bility tests.

The assembled turbopump was installed in the LIMA test stand. The turbopump was
tested for a total of six tests in April 1981 with a total operating time of

749 seconds. Of that time, 146 seconds was at 41 rad/s (30,000 rpm) and 35 sec-
onds at 7228 rad/s (69,000 rpm). All other time was at speeds below 3141 rad/s
(30,000 rpm) or in trzmnsient operation. The tests revealed that the balance
piston was operating satisfactorily at all speeds and over a wide flow range.
Suction performance tests were not accomplished due to a turbine tip seal rubbing
problem which resulted in high rotor torque. This ¢ould not be resolved without
removing the turbopump from the test facility. Un the last test near design speed
(7330 rad/s, 70,000 rpmgfzhe data indicate T/Euction perforg?gce of only 52631
(rad/s)(mjfs)lfé/(J/Kg) {15000 (rpm) (gpm) "/ “/(ft-1bf/1bm) "} at a flowrate of
103% of design flow. This test was conducted with the balance piston flow being
routed overboard and also recirculated back to the impeller eye. This indicates
that balance piston recirculation flow effects on suction performance may be
considered a potential problewm.

The data of the last test scries indicate the wmechanical operation of the turbopump
was satisfactory with only minor wechanical problems that can be readily corvected.
The newly incorporated design features fuaction properly aud will add to the iunteg-
rity of the system,
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INTRODUCTION

System studies of future DOD and NASA reusable vehicles for space manuevering
missions have shown that high-pressure, staged-combustion-cycle engines of fer
significant benefit in terms of higher vehicle payload capability. These engines,
which are in the 10,000~ to 25,000-pound-thrust class, require relavively low-
flow, high-tiead turbopumps which are physically smaller and fall outside the
design state of the art of rocket turbomachinery. Additionally, and in contrast
to past design requirements, the nead for low leakage and reuse encompassing

300 starts and 10 hours time-between-overhaul is envisioned. Thus, the designers
are confronted with both size and life time uncertainties.

The Mark 48-0 turbopump, which was designed, fabricated, and tested under Cou:tract
NAS3-17800, uses a circumferential-type seal assembly which may have difficuley
in meeting the life and cycle requirements of the turbopump. The NASA-Lewis
Research Center had previously demonstrated the feasibility of hyrodynamic or
hydrostatic fluid film-type seals which potentially can achieve the multiple
starts and life requirements of the turbopump. This work was accomplished

under Contract NAS3-17769, during which two types of fluid film face seals were
tested for 11 hours and approximately 379 starts.

The initial objectives of the program werc to use the technology gained in the
NASA-LeRC seals programs to design a fluid film seal for installation in the
Mark 48-0 turbopump and test the configuration under actual turbopump operating
conditions. The program plan called for baseline characterization testing of
the existing controlled gap seal and slinger configuration to determine baseline
seal performance and leakage rates. The parcllel objectives were also that of
defining pump noncavitating head-flow characteristics and suction performance
with the modified impeller inlet. This was begun on the initial test series
which was prematurely terminated due to a failure and ensuing firve which caused
damage to the pump components of the turbopump.

The spiral groove lift-off seal design for incorporation into the Mark 48-0
turbopump was completed and the seals, as well as other pump components were
fabricated. Subsequent testing of the spiral groove lifr-of f seal in a test vig
revealed technical problems with the concept, which need to be rasolved by
additional component testing before the seal could be considered sufficiently
reliable for liquid oxygen turbopump operation.

As a results, the program objectives were redivected to complete the measurement
of the pump suction performance and to measure the rotor axial thrust capability.
Hardware of the Mark 48-0 turbopump had been redesigned and fabricated to
replace those components which were damaged in the test when a pump fire eunsued,
The objective was to demonstrate with the floating ring seal, the axial thrust
control and to define pump suction capability.
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DISCUSSION

TURBOPUMP DESCRIPTION AND BACKGROUND

A comprehensive discussion of the MK 48-0 turbopump design requirements, analysis
results, and mechanical configuration are presented in Ref. 1 and 2. For conven-
ience, a brief summary of the significant characteristics of the turbopump is
included in the following.

Turbopump Requirements

The performance requirements for the Mark 48-0 turbopump are listed in Table 1.
The pump is required to deliver 16.4 kg/s (36.21 1b/sec) of 1liquid oxygen starting
with an inlet pressure of 68.9 N/cm2 (100 psia) provided by the low-pressure pump,
to a discharge pressure of 2977 N/cm? (4318 psia). The propellant gas for the
turbine 1s a mixture of free hydrogen and steam resulting from the combustion cf
liquid hydrogen and liquid oxygen. The gas is provided at a temperature of 1041 K
(1874 R) and an inlet pressure of 2320 N/cm? (3366 psia). The total gas flowrate
available is 1.34 kg/s (2.92 1b/sec). The horsepower requirement of the pump is
matched by adjusting the pressure ratio across the turbine. Since turbine pres-
sure ratio has a strong influence on the attainable engine combustion pressure in
a stap d combustion cycle, it is to be maintained at the lowest possible level.

As noted in Table 1 , the mechanical operating requirements included multiple
starts with long-operating durations and potentially long-coast tiues between
operations.

In the area of the pump, the combination of low flowrate and high discharge pres=~
sure imposed a difficult impeller fabrication task because of the relatively nar-
row passages required compared with the outer diameter. The désire for high
efficiency, compact packaging, and light weight placed the rotor speed into the
6282 to 9423 rad/s (60,000~ to 90,000-rpm) range, pushing bearing DN value to the
1.5 x 106 mm rpm limit (Ref. 1 Y. The bearing operation at high DN values in a
turbopump installation, as well as the dynamic behavior or the rotor at high
speeds, needed to be demonstrated. Because of the high operating speed involved,
the bearings would not be able to take an appreciable axial thrust load. This
condition dictated that an axial thrust balance device be employed which, in
liquid oxygen, would have to be of the nonrubbing type. The operating character-
istics of such a device also required evaluation.

In the turbine, the low-pressure ratlo (approximately 1.4) and low arc of admission
(28%) presented a combination for which no empirical data were available., Per-
formance predictions based on calculations needed to be validated or modified by
measured performance data,

From a structural consideration, the requirement for 300 thermal cycles was signif-
icant in that it established low-cycle-fatigue criteria and eventually necessitated
incorporating a liner in the turbine manifold to limit the maximum thermal gradients
in structural walls.
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TABLE 1. LIQUID OXYGEN TURBOPUMP NOMINAL DESIGN 7ONDITION

English Units

Msiric Units
Turbopump
Capable of operation at pumpad-idle
conditions { 5 to 10 of full thrust)
Off-design operation £203 Q/N at full thrust down
to 303 Q/N at 20X N
Number of start-stop cycles 300
Time between overhaul 10 hours
Pump .
Type Centrifugal
Propellant Liquid oxygen
inlat pressure 68.9 N/cm2 100 psia
inlet tempersture 90~-95. 5K 162 to 172 R
Discharge pressure 2977 N/em2 4318 psia
Mass flow 16.4 kg/s 36.21 1b/sec
Number of stages One

Turbine
working fluid

inlet temperature
Inlat pressure
Pressure ratio

Flowrate
Number of stages
Type

Service life butween overhauls:
Service=fres life

Maximum Single Run Duration:

Naximum time between firings
during mission:

Maximum time batween firings
during mission:

Haximum storage time In orbit
(dry):

Ha=02 combustion products
(Hy x NzO)

104)
3220 N/cmd

Minimum necessary to
develop pump horsepower
requirements,

1.34 kg/s
One
Partial admission

*300 Thermal cycles or 10
hours accumulated run time

*60 Therinal cycles or 2 hours
accumuzlated run time

2000 s

14 days

| minute

52 weeks

1874 R
3366 psia

2.92 1b/sec

Thermal cvcle defined as enqine start (to any thrust lavel) and shutdown




. In addition to the performance criteria noted in Table 1, the contract work
‘ : statement included certain ground rules {given in Ref. 1) relating primarily to
the structural analysis and mechanical design of the turbopump.

§ Turbopump Description

? The original mechanical configuration of the turbopump is illustrated in Fig. 1 ,

i with significant parts identificed. The top assembly requirements are established

‘ on Rocketdyne drawing number RS009820E, which is included in Appendix A. The
design was given the Rocketdyne internal designation of Mark 48-0., This configura-
tion was used in all but the final test series with minor exceptions. In the last
test series another configuration was used to {mprove the instrumentation, and the
balance piston fluid routing. This configirarion is shown in RS0014079, Appendix A.

Liquid oxygen is introduced to the pump through the axial-flow inlet of 4.214 cm
(1.659 inch) diameter and passes through a four-bladed, constant-outer-diameter,
tapered=hub inducer which raises the pressure (o an intermediate level. From the
inducer the liquid proceeds into a centrifugal impeller containing four partial
and four full blades. Subsequently, it is diffused ia a radial diffuser which
incorporates 13 guide vanes. Dowr ream of the diffuser, liquid oxygen is col-
lected, further diffused in a volute section, and delivered through a single

2.54 cm (1.00 inch) dismeter duct. |

Hot gas to the turbine is adwitted throuph a scroll-shaped, constant-velocity
inlet, lined with a 1.57 mm (0.062 inch) wetal liner to maintain the thermal

p : gradients across the structural walls at an acceptable level. The inlet duct

) diameter is 3.1 cm (1.22 inches). The active arc of the partial-admission nozzle
extends over 1.8 rad (103 degrees) or 28.6% of the circumference, and it includes
seven flow passages. The gas 1s fully expanded through the nozzle after which it
passes through a single row of unshrouded inpulse-type blades (79 blades) of the .
rotor. The exhaust gas is divected through a row of stationary vanes which guide

the gas toward a single radial exit duct of 3.81 cm (1.50 inches) diameter.

o

The pump shaft and the turbine disk are dosigned as an integral part. On the :

' outhoard end, a stub shaft is used with a stud and nut to extend the rotor, Two ;
pairs of aungular-contact, 20-mm ball bearings are used to support the rvotor. The :

i pump-end bearings arve cooled by recirculating liquid oxygen through them, The :

| outboard shaft secal is pressurized with 1iquid hydrogen, and the leakage toward 1
the outboard side is used as bearing coolant. A swmall amount of liquid hydrogen 1
{s bypassed avound the seal and introduced to the bearing directly as a redundant !

source of coolant. The bearings in cach pair are axially preloaded against each

other with Belville springs to preveat ball skidding. The turbine-end beariungs

are free of other axial loads. The outer-race sleeve of the pump-end bearings is

axially retained so that the bearings absorb rotor axial thrust during transient i
periods when the balaunce piston does not vontrol the rotor axial position. *

| Under conditious other than carly transient stage during startup or at the end of
| shutdown, the votor axial thrust is neutralized by a self-compensating balance .
pistou. The rotating wewbor of the piston is the vear shroud of the impeller.
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To operate the piston, high-pressure liquid oxygen from the impeller discharge
passes through a high-pressure orifice located at the outer diameter of the
impeller into the balance cavity. From the cavity, the liquid passes through a
low-pressure orifice near the impeller hub into the sump. From there the liquid
oxygen is returned to the eyce of the impeller through internal axial passages
either in the diffuser vanes or around the volute and radial holes in the diffuser
and inlet. Thrust-compensating effect is achieved by virtue of the fact that the
high~ and low-pressure orifice openings vary with the axial position of the rotor,
and the pressure force on the rear shroud of the impeller varies correspondingly;
e.g., an unbalanced load toward the pump inlet causes a reduction in the high-
pressure orifice gap and an increase in the low-pressure orifice gap. This, in
turn, causes a reduction in the pressure force of the impeller rear shroud, intro-

ducing a compensating load change.

Because of the danger of explusion when rubbing in liquid oxygen, the balance
piston orifices were designed as noncontacting type, formed by the axial proximity
of close clearance, 0.038-mm (0.0015-inch) average, diametral, cylindrical surfaces.

To preclude mixing liquid oxygen from the pump with the combustion products from
the turbine, the two regions are separated by three dynamic seals. All three seals
are of the controlled-gap type, with two seal rings in each. The controlled-gap
concept was selected for this application primarily because it has low-drag torque,
a nmust for idle-mode starts. This concept also minimizes power absorption during
steady-state operation, and permits very long service life. Pump fluid is con-
tained by the primary LOX seal. The oxygen which flows past this seal is drained
overboard from the cavity formed by the primary and intermediate geals. A sliunger
containing pumping ribs was included upstream of the primary LOX seal to reduce the
pressure at the seal gap to a level that will vaporize the fluid. The objective
was to reduce the mass flowrate through the seal with this techunique.

on the turbine side, because of the high pressure involved, sealing and drainage
was accomplished in two steps. An overboard drain was included downstream of the
first ring, which reduces the pressure between the two rings to 79 N/cm2 (115 psia).
The small amount of turbine gas which leaks past the second ring is drained over-
board with a drain cavity pressure of approximately 15 N/cm (20 psia).

To provide separation of the pump and turbine fluids, an intermediate seal was
incorporated between the two drain areas with a GHe gurge which maintaius the
cavity between the two vings at a minimum of 35 N/cmé (50 psia).

Test History

Turbine, Calibration of the Mark 48-0 turbine, to establish its aerothermodynamic
performance, was accomplished with awbicnt-temperature GN2 as the propellant. The
rotor specds were maintained in the range of 523 to 1185 rad/s (5000 to 18,000 rpm)
to simulate the operational wheel tip speed/gas spouting velicity ratios (U/C,).

1
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The testing was performed at Wyle Laboratory, El Segundo, California, during
February 4 through 9 1976. A total of 11 tests were made, with GN2 working fluid,
at velocity ratio (U/C,, total to static) ranging from 0.115 to 0.606, and turbine

* speeds frem 523 to 1885 rad/s (5000 to 18,000 rpm). A plot of turbine efficiency
is shown in Fig. 2. The efficiency was calculated with Lebow torquemeter torque
and isentropic available energy (total-to-static) across the turbine. At a design

. velocity ratio of 0.343, the turbine total-to-static measured efficiency was 517
compared with a predictesd value of 59.8%. Calculations show that with the mea-
sured performance the pressure ratio of the turbine would have to be increased
from the design value oi 1.424 to 1.54 to generate the required power level.

® SINGLE ROW, PARTIAL ADMISSION
@ ACTIVE ARC = 28.5%, 1.8 RAD/S
(103 DEGREES)
® TURBINE PITCH OIAMETER, Dy = 11.9% cm
(4.70 IN))
TEST @ WORKING FLUID - GASEOUS NITROGEN
° gg§ ® TESTING - WYLE LABORATORIES
o oot EL SEGUNDD, CALIF.
v 005
< 007
6 88% }
0.6~
0 oto
o oit . DESEGN POINT
v
0.5 ° °
Vo Q
7
& L o
. ot o )
4 o
s oaf AL
- E A4
H
2 02
&
K]
FEL
o F * Ve 123.8 SEN
n s A 1 1 P L J
0 0.1 0.2 0.1 0.4 0.5 0.6 0.7

TURBINE VELOCITY RATIO, U/C |75}

Figure 2. Mark 48-0 Turbine Performance

. The combination of low=-pressure ratio (1.,42) and low arc of admission (28.5% of
circumference) placed this turbine in an oporating region in which turbine tech-
nology had not been develcped. Potential ifmprovement in the performance may be
realized by increasing the number of active nozzle passages and reducing the
throat width to obtain the required total throat avea. Depending on the engine
installation, improvements in the exhaust manifolding wmay be possible to minimize
the pressure losses charged to the turbine.
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Turbopump Testing. A total of five test series have been run on the Mark 48-0
turbopump. Initial testing of Mark 48-0 turbopump P/N RS009820E, S/N 01-0, began
in the Lima test stand of the Rocketdyne Propulsion Research Area (PRA) on

9 July 1976 and was concluded on 11 August 1976. A total of 18 turbopump tests
for an accumulated duration of 266.8 seconds was accomplished on the turbopump
assembly. The test effort was divided into twc main categories: Performance :
mapping, using GH, as turbine drive media, with LN, and LOX as the pumped fluid;
and integrity testing, using combustion products from a LOX/LH, gas generator as
the turbine drive gas media, with LOX as the pumped fluid. Gas generator injector
P/N RS005024-131, S/N 2, a coaxial five-element design, was used during the hot-
fire testing. A brief description of the tests performed during the initial
series is presented in Table 2.

The second test series was run during July 1977 on turbopump S/N 01-1; five tests
were conducted. These are described in Table 3. This series accumulated a total
time of 158 seconds on the turbopump. The testing encompassed noncavitating head-
flow characterization of the pump. Critical NPSH was partially determined. The
initial test series had indicated the impeller inlet area needed to be increased
to improve performance and this was done prior to test series No. 2. Also, the
balance piston and bearing coolant flow was routed overboard so it could be
measured and controlled. These tests were run utilizing a gaseous hydrogen (GHj)
drive gas to power the turbine. During test 005 at 7006 rad/s (66,900 rpm), a
pump fire occurred and damaged the pump hardware extensively. The origin of the
problem was established as the primary LOX seal nut backing out of its installed.
position and blocking the exit passage of the balance piston and bearing coolant
fluid. Design changes were made to a second set of components and the primary
seal nut locking feature was improved. Other modifications were completed to
protect the pump-end bearing from the high pressure drop from all the balance
piston flow passing through it and to reduce the high axial load caused by it.
These modifications were to drill eight bypass holes of 2.18um (0.086 inch) diam-
eter through the bearing cartridge. This was to reduce the amount of the balance
piston flow directly through the bearing and thercby decrease the pressure drop
across the bearings extending their life and reducing the balance piston sump
pressure. This improved the balance piston axial thrust range on the low sump
pressure end. These modifications and test results are described in detail, in
Ref. 2.

A third test series was conducted in May of 1978 on turbopump S/N 02-0B aftex the
above-mentioned modifications were completed. In that test series, four tests
were run with an accumulated time of 236 seconds. In these tests the head-flow
characteristics were obtained at low speed 3142 rad/sec (30,000 rpm). A short
time was obtained at 7330 rad/sec (70,000 rpm). A summary or these tests is
given in Table 4. Posttest inspection after test 006 revealed high rotor torque
caused by the turbine tip seal rubbing. The turbopump was removed from the test
stand for disassembly and imnspection.

10
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TABLE 3. MARFK 48-0 TURBOPUMP TEST SERIES NO. 2 SUMMARY
(TURBOPUMP S/N 01-1)

PRESSURE RAMP SLOWED DOWN IN SECOND CRITICAL
SPEED RANGE - VIBRATION CUTOFF AT 55,000 RPM -
PUMP RADIAL ACCELEROMETER.

016-006 | 5-31-78 43 4 236 PLANNED HEAD-FOW TEST AT 70,000 RPM EIGHT (8)
SECONDS AT 66,000 RPM, OTHER AT 30,000 RPM.
TEST CUT FOR HIGH PUMP BEARING COOLANT TEMPERA-
TURE. KIGH ROTOR TORQUE ON POSTTEST INSPECTION. k

TEST ACCUMULATED
TEST TEST | DURATION, DURATION,
NO. DATE SECONDS | STARTS | SECONRS REMARKS
016-001 | 7-21-77 7 1 7 ACHIEVED SPEED OF 14,200 RPM. CUT OFF BY FAILED *
RADIAL ACCELEROMETER, BALANCE PISTON FLOW
ROUTED OVERBOARD.
016-002 | 7-21-77 n 2 78 OBTAINED HEAD-FLOW DATA AT 29,300 RPM. ,
016-003 | 7-21-77 18 3 96 OBTAINED DATA AT 28,300 RPM. TEST CUT BY PUMP
DISCHARGE PRESSURE REDLINE 3447 N/CM2 (5000 PSIG)
AT 69,000 RPM,
016-004 | 7-21-717 33 4 129 OBTAINED HEAD-FLOW DATA AND BALANCE PISTON SHIFT
AT 69,000 RPM. BALANCE PISTON FLOW ROUTED
OVERBOARD.
016-005 | 7-26-17 3R 5 161 SPEEDS TO 66,900 RPM, PUMP FIRE DAMAGED PUMP
HARDWARE .
]
TABLE 4. MARK 48-0 TURBOPUMP TEST SERIES NO. 3 SUMMARY 4
TURBOPUMP S/N 02-0 ‘}
. TEST ACCUMULATLD
TEST TEST DURATION, DURATION,
NO. DATE SECONDS STARTS SECONDS REMARKS 3
016-003 | 5-19-78 3 } 3 YEST OBJECTIVE HEAD-FON AT 30,000 RMP MAXIMUM 1
SPEED 29,500 RPM. VIBRATION CUT ERRONEOUSLY - |
INSTRUMENTATION PROBLEM. BALANCE PISTON FLOW
OVERBOARD, 1
016-004 | 5-23-78 124 2 155 OBTAINED HEAD-FOW MAPAT 30,000 RPM. FACILIYY 1
DURATION CUTOFF - LON LH, PRESSURE. %
016-005 | 5-25-78 3 193 PLANNED HEAD-FLOW TEST AT 70,000 RPM. TURBINE 1’

14 |




AN
~

b R

R 2

E
%

S T TR T T e TR rR e AR TTTEET 0 TN TN R ey S mvesea T RS T TR A T e R

Mechanical Performance. Testing of the LOX turbopump in test series No. 1 encom-
passed 18 starts, with a total accumulated time of 267 seconds. The three initial
tests were conducted with LNz as the pump fluid; in subsequent tests, LOX was
used. The first seven tests were performed using ambient-temperature GHp to

drive the turbine; in the remainder of the tests, the combustion product of LHj
and LOX at approximately design temperature was the turbine drive gas. The
longest test durations conducted were 70 seconds with ambient GHy drive and 41
seconds with hot-gas drive. The operation covered a rotor speed range of 0 to
7768 rad/s (74,191 rpm), a maximum pump discharge pressure of 3175 N/cm?

(4606 psia), and a maximum turbine inlet temperature of 1133 K (2040 R).

Several tests were terminated by the vibration sensor device monitoring the output
of the accelerometers attached to the turbopump housing. This was caused by a
combination of several factors. Normally on a new turbopump, several tests are
required to establish its vibration signature and thus set the cutoff point at

the appropriate levels. It appears that with the Mark 48-0 turbopump, this level
is in the 20 to 25 g rms range in conjunction with a 2 KHz low-pass filter.

Some of the early runs were terminated because the cutoff redline was set too low.
In addition, the manual GHp feed control system employed on the first seven runs
frequently resulted in slow transition through critical speed zones, with attendant
buildup in vibration levels.

Bently proximeter data and accelerometer data obtained from high-frequency tapes
showed increased synchronous activity at 4115, 5026, and 5528 rad/s (39,300,
48,000, and 52,800 rpm). These compared favorably with the analytically predicted
critical apeeds of 4723 and 5482 rad/s (45,108 and 52,363 rpm, respectively). No
evidence of subsynchronous vibration was present in the data.

The measured seal drain pressures, temperatures, and flowrates were, in general,
in good agreement with predicted values, indicating proper functioning of the
shaft seals. During chilldowm of the pump on the LN, tests, it was noted that the
secondary hot-gas drian line frosted over. This could occur as a result of heat
transfer through conduction, but possibly also as a result of the pump fluid from
the primary LOX seal drain cavity leaking across the intermediate seal. To pre-
vent g potentially hazardous condition, the purge pressure level in the inter-
mediate seal was raised to 138 N/emé (200 psig). No problem was experienced at
this pressure level with mixing of incompatibie fluids., 1t is quite possible that
the criginally planned purge pressure of 41 Nfem2 (60 psig) would be adequate.
This could be established on future tests by sampling and analyzing the drain
fluids during chilldown.

The turbopump was disassembled after the fivst test series to permit visual inspec-
tion of the components. Figure 3 shows the condition of the more significant
parts. The condition of most of the components was excellent; only two discre-
pancies were apparent: The pump-end bearings showed evidence of overheating, and
the chrome plating on the rotor under the primary hot-gas seal ring had flaked

off,
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After test series No. 2, in which a fire damaged the pump~end hardware, evaluation
on disassembly revealed the failure occurred due to the primary seal retaining aut
backing out and restricted the balance piston overboard flow.

The damage to the hardware included the pump inlet, inducer, impeller, diffuser,
and pump end bearings, with some burning evident in the balance piston return
cavity. All the hardware aft of and including the primary LOX seal was in satis-
factory condition with the exception of the turbine wheel where it Lad rubbed on
the pump side hot gas shielding and its retaining bolts. Analysis or the axial
thrust control range prior to the blockage of the balance piston draim indicated
adequate margin.

The mechanical performance evaluation on test series No. 3 hardware revealed a
continuing problems regarding the chrome plating on the primary hot-gas turbine
seal, Chrome plating applied to the rotor shaft flaked off directly under the
seal. This possibly contributed to the high torque observed after the last test,
The cause of the flaking was thought to be due to the sharp corner of the shaft
relief where the chrome plating terminated. This resulted ivn inadequate adhorence
and eventually led to chipping and flaking. For the next build, plating was
extended over the corner to relicve the problem. The condition of both pump and
turbine bearings were excellent after test series No. 3. Posttest analysis indi-
cated adequate cooling and low-coolant pressure differential acroas the pump and
bearing. The nominal and maximum axial and radial loads were acceptable, indicat-
ing the bearings were functioning properly.

The performance of all four shaft dynamic seals was excellent in all tests. Pres-
sure levels in the drain systems wevre maintained at sufficiently low levels to
preclude intermixing of the pump and turbinec propellants. The primary LOX seal

in particular has been proven a very reliable, rugged concept. In conjunction
with the slinger, its measured leakage rate at design speed was approximately
0.068 kg/s (0.15 ib/sec).

Pump Hydrodynamic Performance. Figure 4 is a plot of the pump overall head
rise as a function of flow, where hoth data and the predicted head are scaled to
a speed of 7329 rad/s (70,000 rpm). For test series No. 1, the scaling was accom-
plished using the affinity laws which have been thoroughly substantiated as appli-
cable for LOX and LN,. The data comsist of 66 data points from 15 tests, with
test speeds varying from 1628 to 7768 rad/s (15,550 to 74,190 rpm), and with
pumped fluids of both LOX and LN,, primarily the former. The symbols used for the
data points distinguish the different operating speed ranges testel. There was
no indication that the results were dependent on the pumped fluid mzdium,

The low-speed data show fairly good agrecment with the predicted heud rise, but
may be indicating a slightly steeper H-Q slope than predicted. However, as speed
increases, the test data deviate more from the predicted curve, falling short of
the curve at the higher flowrates. This type of deviation is typical of that
experienced when cavitation is limiting the performance. To investigate this
deviation, the ratio of the test head rise divided by the ypredicted head rise was
calculated and plotted as a function of suction specific speed (Ngg) in Fig. 5.
The initial plot tended to indicate a great deal of data scatter without clear
trend. However, when different symbols were us~d to represcnt the different inlet
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flow coefficilents (¢in) tested, the data showed a clear trend. For all coef~
ficients, there is a tendency of the head ratio to drop as Ny increases. How-
ever, as flow coefficient increases, this dropoff occurs at successively lower
values of Ny . This trend again is strongly indicative of cavitation limitationms,
with the amount of cavitation increasing either with increasing Nss or with
increasing flow coefficient at a constant value of NSS.

The cavitation appears to occur at much lower values of Ny than would be expected
from the design, considering it does have an inducer designed for good suction
performance. This would indicate the more likely possibility that the impeller was
cavitating rather than the inducer. This could be caused by:

.1. A failure of the inducer to produce its design head rise, which is
required to keep the impeller out of cavitation

2. An inadequate impeller design from a cavitation standpoint

3. Too much hot cryogenic being pumped into the impeller eye from
the balance piston/bearing area

An ‘independent computer analysis of the inducer to verify the head rise capability
indicated the inducer head output to meet or exceed the originally predicted values.
Analysis of the impeller inlet to determine the cause of the poor suctica perform-
ance indicated that the through~flow area near the leading edge was restricted and
could cause the poor suction performance. As a result the impeller eye diameter
was increased from 4.19 to 4.44 cm (1.650 to 1.750 inches) and the impeller lead-
ing edge was cut back 0.52 radians (30 degrees) of wrap. Further analysis of the
balance piston return flow effects on impeller inlet performance indicated the
decreased impeller eye blockage would be beneficial to suction performance. Anal-
ysis revealed that balance piston fluid returned to the impeller eye did not
vaporize, and modification to remove the impeller inlet blockage was necessary to
improve suction performance.

Additional suction performance data were revealed on test series No. 2 test 005
when operation uf to a suction'gzecific speed of 85263 (rad/s(1n3/5])1/2/(J/Kg)3/4
24,300 rpm (gpm)1/2/Et 1bf/1b 74 was analyzed for a flow coefficient of 0.094
with no evidence of cavitation. The combined head-flow performance data of the
1977 tests and the 1978 tests are given in Fig. 6. A second order curve fit

of all the data is also given, The data presented are at test speeds from 3141
to 7330 rad/s (30,000 to 70,000 rpm), scaled to 7330 rad/sec (70,000 rpm). These
data show the slope to be greater than predicted but very close to predicted head
at the design flow. The test data cover a flow range of 58% to 112% of design

flow.

The isentropic efficiency data for test series 2 and 3 are given in Fig. 7.
The data scatter is caused by the low accuracy of the temperature rise measure-
ment at the low operating speeds of 3142 rad/s (30,000 rpm). In general, most
of the data lies slightly below the original prediction.
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Axial Thrust Control. Data from test series No. 1 showed the balance piston to

be operating in a satisfactory manner, particularly on those tests where part of
the flow was bled overboard and the return cavity pressure was, thereby, reduced.
To improve the thrust margin in an {nternal recirculation mode, 1t was recommended
the size of the return flow passages be enlarged.

After test series No. 2 in 1977, the measured static pressure distribution on the
components was used to develop a thrust model. The axial thrust computer program
model was used to predict the axial thrust balance piston performance of the test
series No. 3, test 006. The complete results are presented in detail in Ref. 2 .
The results indicated the balance piston flow agreed well with the measured over-
board drain values. The predicted sump pressures also showed good accuracy with
the measured data. The data indicated the range of thrust of the balance piston
was adequate. The ideal balance piston operating point would be in the midpoint
of the thrust range for an ideal configuration. The analysis indicates that at
the low speed of 3142/rad/s (30,000 rpm) the balance piston operated at a posi-
tion where the axial thrust was only 16% of the thrust range. At the higher
design speed of 7330 rad/s (70,000 rpm), the margin increased to 26 to 32% of the
thrust range. The total axial balance piston travel, 8, is 0.25 mm (0.010 inch).
The balance piston travels from the balance piston high pressure orifice full
closed at x = o to the low pressure orifice full closed at x = 6. For each posi-
tion of the balance piston, there is a corresponding unique value of the balance
cavity pressure and balance piston axial thrust. TFrom the computer program thrust
model, it was predicted that the balance piston position at the above presented
axial thrust percentage range was at x/8 = 0.47 at the low speed and at x/6
between 0.280 to 0.330 at the high speed operating points. An improvement in
operating the pump closer to midrange of thrust and position could be achieved by
a reduction in the balance piston sump pressure. This reduction reduces the
balance cavity pressure at x/8 = o and increases the axial thrust range of the
system. The operating condition found on test series No. 3 was an acceptable
operating condition with sufficient margin for safe operation.

Bearing Coolant Flow. After the initial test series of the turbopump, examination
of the pump-end bearings showed evidence of overheating. The first three tests of
the series were in LNj operation. The total accumulated time on the tests with
LN, was 44 seconds, with a maximum rotor speed of 6492 rad/s (62,000 rpm). These
bearings had similar appearance to other bearings damaged in LN9o operation. Total
test time in LN; was held to a minimum because of concern for bearing damage.
There was also evidence from the LOX tests that the bearing flow could be sub-
stantially less than desired and that coolant temperatures were higher than
expected due to the higher back pressure at the balance piston sump caused by

high downstream resistance. It was desirable to obtain bearing coolant flow
temperatures of approximately 110 K (200 R). Data from initial tests of series
No. 1 indicated temperatures up to 160 K (290 R) at speeds of 6282 rad/s

(60,000 rpm). Temperatures were greatly improved when the balance piston down-
stream resistance was reduced by opening an instrumentation line and allowing

some of the balance piston return flow to dump overboard. The results were that
the coolant temperatures were reduced to a maximum of 130 X (235 R) at 7330 rad/s
(70,000 rpm). This confirmed that an increased coolant rate would effectively
reduce the bearing coolant temperature to acceptable levels.
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During the 1977 test series No. 2, a direct measurement of the pressure drop was
not available but calculations from the available instrumentation and the calcu-
lations of the slinger pressure gradient indicated a pressure drop across the
bearings at 258 N/cm? (375 psi). The loads caused by the high pressure drop would
shorten the bearing life considerably so it was decided to lower the resistance

by drilling eight bypass holes of 2,18 mm (0.086 inch) diameter through the bear-
ing cartridge. This was to reduce the pressure drop to apporixmately 62 N/cm2

(90 psi) as this would improve bearing life considerably. Since all of the balance
piston flow initially passed through the bearings, the reduction in downstream
resistance would also improve the balance piston margin and range. Subsequent
data from two pressure taps located upstream and downstream respectively, of the
pump end bearings indicated pressure drop across the bearings of between 4 and

7 psi. These values are thought to be erroneous on the low side.

Seal Performance. In all of the first three test series, the same seal packages
were used. These seals performed satisfactorily with two minor exceptions., Dur-
ing initial testing it was determined that an increased intermediate seal purge
pressure level should be applied. This pressure was required to prevent frosting
of the secondary hot-gas drain line, which indicated some pump fluid may be getting
past the primary seal drain cavity and causing the chilldown of the secondary hot-
gas drain. All tests have been conducted with purge supply pressures above

104 N/em? (150 psi) with no hazardous condition developed. It is expected that
this pressure could be reduced further with no problem. The second problem is
mechanical: the chrome flaking under the primary hot-gas seal ring. This was
originally thought to have been due to inadequate plating but could alse be due

to a heating condition caused by tight clearance and lack of seal flow. This
condition was found in subsequent tests which will be documented in test series

No. 5 results.
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ANALYSIS AND DESIGN MODIFICATIONS

The major objective of the program was to utilize previously gained fluid film seal
technology to design a fluid film seal for installation in the Mark 48-0 turbopump,
and to test the configuration under actual turbopump conditions. The NASA-Lewis
Research Center had previously demonstrated the feasibility of using hydrodynamic
or hydrostatic fluid film-type seals. These seals were considered to have the
potential to achieve the multiple starts and life requirements of small turbopumps
of this type. The first requirement was to obtain baseline pump and seal perfor-
mance data with the existing primary LOX seal. Previous testing on the Mark 48-0
turbopump had been curtailed due to high torque on posttest inspection. The turbo-
pump had been disassembled and the cause was traced to rubbing of the turbine tip.
The turbine tip of the turbopump is unshrouded and operates at a relatively small
diametral clearance in a housing which has a copper plated mating surface. The
rubbing had been slight but caused the copper surface to restrict the smooth turn-
ing of the rotor. This was corrected by grinding the surface back to the required
diameter and finish. It was also found that the chrome plating on the shaft had
deteriorated under the primary hot-gas seal and this had also contributed to the
rotor torque. This was thought to be ggg to the chrome plating extending only to
the edge of a relief in the shaft and to inadequate adherence. To correct this
situation the chrome plating was removed and replated. The plating was extended
past the relief and the replating was done with tighter controls on the processes.

Another change to the turbopump from the original design was the increase in
inducer tip diametial clearance to 0.41 mm (0.016 inch) from the value of 0.28 mm
(0.011 inch) from the previous build. This was to reduce the level of rubbing of
the inducer on the silver plated inlet tunnel found in previous builds.

Hydrodynamic Analysis

It was desirable to reduce the temperature rise of the balance piston and bearing
coolant flow because the fluid is returned to the impeller eye. A lower tempera-
ture of the recirculated fluid would improve the suction performance. The

greatest contributor to the heating of the fluid was found to be caused by the
slinger. This heating can be reduced by reducing the slinpger diameter. The height
of the slinger must be sufficient to cause vaporization of the fluid before reach-
ing the primary LOX seal radius. Liquid at the seal will increase the leakage rate
which is undesirable.

The balance piston flow temperature rise as a function of slinger height is shown
in Fig. 8 . The decreasing slope of the temperature rise as the radius is increased
is due to changes in fluid properties with temperature change. The effect of
slinger height on the net slinger axial thrust is shown in Fig. 9 . Figure 10 and
11 show the effects of slinger height on vaporization of the fluid and, therefore,
sealing performance of the slinger. Figure 10 shows the radius at which the vapor
pressure is reached as a function of slinger tip radius. It can be seen that for

a slinger tip radius of approximately 24.8 mm (0.975 inch), vaporization occurs
just at the seal radius. Slinger height below this radius will result in liquid

at the seal with potential increase in seal leakage. Figure 1l shows the pressure
expected at the seal as a function of the slinger height. The discontinuity in the
curve is at the slinger height at which the predicted vapor pressure 1is reached

at the seal radius.
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It was recommended that the slinger height not be reduced below 25.4 mm (1.00 inch)
in order to maintain vapor at the seal radius, and this was the radius slinger
height selected.

Axial Thrust Analysis

Analysis of the axial thrust from data taken in test series No. 3, May 1978,
indicated no changes need be made to the turbopump design. The analysis of the
axial thrust was reported in Ref. 2 and indicated the thrust range of the balance
piston was adequate and the thrust operating point had 16% thrust margin at 3142
rad/s (30,000 rpm) and between 26 to 32% thrust margin at 7330 rad/s (70,000 rpm).
Reduction in the slinger diameter by 2.54 mm (0.100 inch) would, however, reduce

_axial thrust of the rotor assembly approximately 5% of the net thrust range. This

would cause the margins quoted above to decrease by 5 puints. No changes to the
axial thrust balance piston were made for these tests except the tests were to be
run with the balance piston flow dumped overboard and the balance piston flow
return holes were plugged by inserting pins in the return holes. This was so
balance piston flow could be controlled and measured.

Spiral Groove Lift-Off Seal Analysis

The spiral groove lift-off seal for incorporation into the turbopump was analyzed
as to its specific operating characteristics, environmental requirements and
compatibility with the turbopump design. The objective of the analysis was to use
the technology gained in previous NASA research on hydrodynamic or hydrostatic
fluid film-type seals. This technology would assist in a seal design which could
be incorporated into the turbopump to replace the pump primary floating ring type
seal. Two lift-off seals tested under NASA Contract NAS3-17769 for 11 hours and
approximately 360 starts had demonstrated the feasibility of using this type of
seal to achieve multiple start and long life requirements on the turbopump (Ref.3).
The major concern was that the conventional floating ring seal may have difficulty
in meeting the life and cycle requirements of this type of turbopump. The instal-
lation of this seal is given in the upper half segment of Fig. 12. The configura-
tion of the floating ring seal is shown below the centerline in the same figure.

The pressure level in the cavity upstream of the seal is approximately 938 N/cm2
(1360 psia). Since current lift-off seal technology is limited to pressure dif-
ferentials of less than 345 N/cm (500 psi), it was necessary to reduce the cavity
pressure to that level to minimize operating risk. To accomplish this, a two-step
labyrinth was added as a thvottling device, immediately downstream of the bearings.

A hydrodynamic model of the balance piston fluid flow lcop was generated to define
the pressures and temperatures at significant points. The analysis performed with
the model indicated that the pressure upstream of the seal can be maintained below
the 345 N/cm (500 psi) level, which is compatible with existing lift-off seal
technology. It also revealed that incorporating the labyrinth between the bearings
and the seal cavity will not result in inadequate coolant flow through the bearings,
and that the balance piston maintains a satisfactory thrust control.
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A finite element stress analysis was performed, using the results of the hydro-~
dynamic and thermal analysis, to establish the miting ring and seal ring operating
deflections. The design goal was to maintain the sealing interface gap between

the mating ring and seal ring from parallel to 50 microinches in convergence. A
divergent gap across the seal face results in unstable seal operation. The mating
ring deflection was controlled by adjusting the corner chamfer to vary the centrif-
ugal loading.

The Monel K~500 mating ring and the P-692 graphite seal ring were analyzed as two
separate axisymmetric models. The temperature gradients, surface pressure distri-
butions, and boundary conditions of the models are shown in Fig. 13 and 14. The
mating ring is rotated at the shaft speed of 7330 rad/s (70,000 rpm). Axial
deflections along the spiral groove surface were obtained for three mating ring
avsigns and one seal ring design. The three mating ring designs evaluated were

a 1.91 mm (0.075 inch) and 1.27 mm (0.050 inch) chamfer at the opposite OD cornmer
and a no-chamfer design.

The results indicate that sealing surface deflections of the Monel mating ring can
be readily controlled by the corner chamfer. The relative axial deflection of the
0D with respect to the ID is reduced from 955 to 383 micromillimeters (37.6 to
15.1 microinches) in the convergent direction by changing the corner chamfer from
1.91 to 1.27 mm (0.075 to 0.050 inch).

It reverses to 130 micromillimeters (5.1 microinches) in the divergent direction
without a corner chanmfer.

The carbon seal ring surface deflection is 508 micromillimeters (20 microinches)
in the convergent direction. The total surface deflection between the mating
ring with 1.27 mm (0.050 inch) chamfer and seal ring is 889 micromillimeters

(35 microinches)., The results of the finite element deflection analysis are given
in Fig. 15,

Both the Monel K-500 mating ring and the P-692 graphite seal ring designs are
structuraily adequate. The factor of safety on yield is 2.2 and the factor of
safety on ultimate is 3.2 for the mating ring. The factor of safety on ultimate
is greater than 10 for the seal ring.

The effective stress levels in the three mating ring designs were about the same.
The maximum effective stress was 32,128 N/cem2 (46,600 psi). The yield strength
of Monel K-500 used in the mating ring is 71.000 N/cm2 (104,000 psi) and the
ultimate strength is 105,000 N/cm? (152,000 psi) at 260 K (-200 F). Stresses

and deflections of the graphite seal ring result from the external surface pres-
sures and spring reaction. The maximum effective stress is 896 N/cm? (1300 psi).
The ultimate compressive strength of Carbon P-692 is 25,165 N/cml (36,500 psi) at
=260 K (~200 F). Integrationm of the spiral groove lift-off seal assembly into
the turbopump was completed and is shown iu Fig. 12 and Drawing 9R0012300 of
Appendix A.
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'TURBOPUMP S/N 02-1 ASSEMBLY AND TEST

The specific objectives planned for the test program of turbopump S/N 02-1 were

twofold. The first objective was to obtain baseline primary LOX seal performance
. data in preparation for test cvmparison and analysis of the spiral groove 1lift-off
-seal to be incorporated in the next turbopump tests. The second was to determine
the critical NPSH of the turbopump with the balance piston fluid directed overboard

On the first test series the data indicated very low suction ferformance. This
initiated the enlargement of the impeller eye and the suction performance in test
series No. 2 was measured at a noncavitating operation of up to 85263 [(rad/s)
(In3/s)]-/2 (J/Kg)3/4] {24,300 [RPM (gpm)l/z-(Ft—lbfllbm)3/4 } at a flow coefficient
of 0.094 or 110% of nominal flow. The cavitation limit was never achieved during
those tests. The scope of the program was expected to be compleied in three full
duration tests,

Turbopump Assembly and Installation

The Mark 48-0 turbopump S/N 02-1 modifications were completed and the turbopump

was assembled in August and September of 1978. The assembly configuration is

that given in Fig. 16. Changes from the original configuration are summarized in
Table 5. The few changes made to the turbopump and their rationale have been
discussed previously. Dynamic balancing of the rotor assembly was accomplished

on the Gisholt balancing machine with a capability of accurately detecting 6 x 10~%
mm (25 microinch) radial motion. For the Mark 48-0 rotor mass of 2.84 Kg (6.25 1b),
this translates into a machine accuracy limit of 98N (22 1b) at the design speed

of 7330 rad/s (70,000 rpm). The rotor was supported in the balance cradle by two
pairs of turbopump bearings, each pair axially preloaded in the bearing cartridge
exactly as in the turbopump assembly. ' ' :

Balancing was initiated using the main rotor and the rear stub shaft assembly, and
wax corrections were made in the plane of the turbine wheel and the stub shaft.

Subsequently, the slinger, impeller, inducer, and instrumentation sleeves were
added, making wax corrections in the plane of each component before the next part
was added. After the wax corrections were completed, several repeatability checks
were made in which the rotor was disassembled and reassembled, and the change in
residual imbalance was established, and the runouts at several stations were
measured. Satisfactory repeatability was obtained. The permanent balance of the
rotor was then accomplished by grinding material in designated areas of the compo-
nent parts.

The assembly of turbopump S/N 02-1 was accomplished in similar fashion to previous
turbopump builds, in accordance with the procedure described in Ref. 1. The front
and rear bearing inner race thicknesses were selected to provide a minimum bearing
preload of 245 N (55 1b), and to obtain a total bearing travel within each cart-
ridge of approximately 0.23 mm (0.009 inch). Measurements were made during assem-
bly of the turbopump to establish critical clearances and fits. Critical clearances
in the pump area are given in Fig. 17,
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TABLE 5. MARK 48-0 CONFIGURATION SUMMARY.

011 02-0 02-1
CHANGES TO ORIGINAL DESIGN (1977) | (MAY 1978) (SEPT 1978)
IMPELLER INLET AREA ENLARGED ' X X
IMPELLER DISCHARGE-TO- INLET/BALANCE PISION X
RETURN CAVITY LEAK PATH ELIMINATED

BALANCE PISTON INTERNAL RECIRCULATION PLUGGED X ’ X X
BALANCE PISTON OVERBOARD BLEED PORT ADDED

BALANCE PISTON EXTERNAL RECIRCULATION RETURN
ADDED TO INLET HOUSING :

SLINGER CLEARANGE REDUCED TQ 0.035 INCH X X X
INDUCER DISCHARGE PRESSURE PORT ADDED

IMPELLER FRONT SHROUD PRESSURE PORT ADDED
REDESIGNED PRIMARY SEAL NUT -
RECESIGNED PRIMARY SEAL NUT LOCK

BYPASS HOLES AROUND BEARINGS

SPRING ADDED TO FORWARD CARTRIDGE

BALANCE PISTON OVERBOARD BLEED PQRT ENLARGED
MODIFIED SHAFT PLATING DESIGN

INDUCER TIP CLEAR INCREASED (0.016 INCH)
REDUCED SLINGER DIAMETER

>
>

> 3 > I} >

xxxxxxxx

0.025MM (0.001 IN.)

]

[

.y
- -0.018MM
(-0.0007 IN.)

|
!

NN
N
S NN

Q.064MM (0.0025 (N, )~

A
G.15MM (0.0068 IN.) g : / f§

0.14MM (0.0058 IN.)

-

YA
N

0.15MM (0.0081 IN.)

. - .0.018MM
(0.0007 IN.)

O.4144M (0.016 IN.} \,% _ \\\\ 8 .
\mﬁm\ |

Figure 17. S$/N 02-1 Dismetral Clearances and Fits
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" load of 2002N (450 1b) would be imposed on the bearings.

into the Advanced Propulsion Test Facility (APTF) in the LIMA test stand. The

- Test Series No. 4 (October 1978)

After the turbopump was assembled, a push-pull test was performed on the rotor to
establish the external loads which the bearings support as a function of rotor
position with respect to the balance piston orifice positions. The movement of
the balarce piston can be refered to the symbols hi and hp which define the balance
piston high and low-pressure axial clearances, respectively as shown in Fig. 18.
The results of the push-pull test which characterizes the load-travel response of
the rotor within the spring loaded bearing package is given in Fig. 19. As indi-
cated by the curve, the bearing stops were positioned so that the balance piston
orifices axial clearances would overlap (i.e., hi and hy would be negative) by
0.102 mm (0.9040 inch) and 0.076 mm (0.0030 inch) respectively before a sizable

After the turbopump assembly, a series of leak checks were performed to ensure the
sealing requirements of the turbopump were achieved. The turbopump was installed

necessary connecting ducting was fitted to the turbopump. A schematic of the major
ducting in the test facility is given in Fig. 20. The balance piston overboard
flow system included a single discharge line from the turbine housing flange drain-
ing from downstream of the bearings and out of the slinger-primary LOX seal cavity.
This flow was to be dumped overbow.rd or fed back to pump inlet after being measured
using a pressure differential acrcss an orifire in the exit line.

The purpose of the test series was to define the baseline performance of the pri-
mary LOX seal for later comparison to the spiral groove lift-off seal test data

to be generated in the next turbopump build and test series. In addition, suction
performance tests were planned to define the suction performance of the turbopump
with and without recirculation of the balance piston flow. The test plan called
for three tests to accomplish the objectives. These planned tests and the opera-
ting requirements are given in Table 6. Turbopump instrumentation was similar

to previous turbopumps tested. A detailed instrumentation list is given in

Table 7 and specific turbopump instrumentation is illustrated in Fig. 21. n
TABLE 6. MARK 48-0 TEST PLAN, S/N 02-1 PERFORMANCE ,
(75 SECONDS; TURBINE PROPELLANT GH2)
¥
. CONDITIONS
TEST N, BALANCE PISTON ‘;
NO/DAY |}~ OBJECTIVE = |RPM FLOW OPERATION ?
mn CHECXOUT AND SUCTION 1¢0% 0/8 NPSH AT Q/N NOMINAL
PERFORMANCE WITHOUT
RECIRCULATION
2/2 SUCTION PERFORMANCE WITH | 70K 100% RECIRCULATION | NPSH AT Q/N NOMINAL
RECIRCULATION
3/3 SUCTION PERFORMANCE WITH | 70K 100% RECIRCULATION | NPSH AT 70%, A
130% Q/N NOMINAL
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Figure 18. Mark 48-0 Turbopump Balance Piston
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Mark 48-0 Turbopump Rotor Load Travel
Characteristics (S/N 02-1)
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Facility instrumentation was similar to that previously used. The instrumentation
capability of the test cell is given in Table 8§ and wae sufficient to record all
the data required. As a safety precaution on all tests a set of redlines were
provided which required the turbopump to operate within specified limits of speed,
pressures, temperatures, and accelerometer levels. The redline parameters defined
for the tests are given in Table 9. The redline limits, when exceeded, would
cause the test to be terminated either by an automatic cutoff monitor or by an
observer watching an instrument.

The balance piston overboard flow was measured by an orifice differential pressure
and reference temperature as shown in Fig. 21. The flow could then be dumped over-
board or recirculated back into the pump inlet behind the inducer at the impeller
eye. Proximeter transducers weasured axial and radial motion of the rotating
shaft, and speed was also measured from an instrumentation cap at the aft end of
the turbine bearings. The turbine hearings are cooled by liquid hydrogen supplied
from an external source and the proximeters and speed probes are subjected to the
LH2 environment.

In order to measure the leakage on the primary LOX seal, the LOX seal drain line
was run through a heat exchanger to insure a mixture of gaseous oxygen (GOX) and
helium prior to passing through an orifice. A schematic of the intermediate seal
purge, primary LOX seal cavity, and secondary hot gas seal cavity flow paths is
given in Fig. 22. The pressure and temperature are measured upstream of the
orifice with the downstream pressure being atmospheric. The flow is a measure

of combined oxygen and helium but the helium purge flow was of such a low magni-
tude its effect can be neglected.

The tests on the turbopump were conducted in early October 1978. A total of five 1
tests were made with a total duration of 174 seconds of operation. A summary of ?
the test ceries is given in Table 10. The first test planned was that of checkout
of the system at 524, 3142, and 7330 rad/s (5,000, 30,000 and 70,000 rpm) with a b
suction performance test to follow at a nominal flowrate and the balance pisten -
flow not being recirculated back to the pump inlet. The first two test attempts
failed to achieve the desired goals. Test 016-007 had problems with regulation
of the GHy turbine supply pressure, which controls speed. The test was cut by

an erronecus bearing coolant temperature reading caused by faulty instrumentation,
The maximum speed achieved in the test was 1048 rad/s (10,000 rpm). The second
test was terminated after a maximum speed of €38 rad/s (8,000 rpm) due to the GHo
turbine supply pressure vegulator malfunction.

Third test (016-009) of the series was a satisfactory test with a maximum speed

of 7016 rad/s (67,000 rpm). A 5% pump head loss was accomplished in the suction
performance portion of the test. The test was terminated when the facility mini-

mum supply pressure limit on GHy drive gas pressure was encountered, which occurs

when the turbine gaseous hydrogen throttle valve is fully open and the pressure .
supply does not allow the turbine to maintain speed. The fourth test (015-010)

was scheduled to be a high-speed suction performance test at 7330 rad/s (70,000

rpm) with the balance piston flow recirculated back to the pump inlet., The test

duration was 28 seconds and was terminated because of low pressure differential -
across the balance piston flow measuring orifice. This indicated the balauce

piston flow was lower than desired for proper balance piston aperation.

T

L

~s o « v e s e v st sl




TABLE 8.

MARK 48~0 TURBOPUMP, GH2 DRIVE TEST INSTRUMENTATION

NUMBER OF

RECORDER CHANNELS
DIGITAL DATA ACQUISITION SYSTEM 64
CEC OSCILLOGRAPH 12
. DIRECT INKING RECORDERS 27
HIGH FREQUENCY TAPE RECORDER 7
DIGITAL EVENT RECORDER 120
OSCILLOSCOPE (BENTLY AND ACCELS) 4

(MINIMUM)
MILLIKIN CAMERAS 2
TELEVISION (B&W WITH REPLAY 2

CAPABILITY)

TABLE 9. MARK 48~0 TURBOPUMP LO

2

TURBOPUMP REDLINES,

AMBIENT HYDROGEN TURBINE DRIVE

CUTOFF
MONITOR REDLINE IDENTIFICATION REDLINE LINIT

OBSERVER LOX INLET TEMPERATURE 176 R MAXIMUM

AUTOMATIC/QBSERVER | LOX PUMP INLET FRESSURE 92 PSIA MINIMUM

AUTOMATIC TURBOPUMP SPEED 77,000 RPH MAXIMUM

OBSERVER BALANCE PISTON RETURN FLOW | AT = 10 R MAXIMUM AFTER
TEMPERATURE STABILIZATION

OBSERYER REAR BEARING DRAIN AT = 10 R MAXIMUM AFTER
TEMPERATURE STABILIZATION

OBSERVER BALANCE PISTON CAVITY SPECIFIC RANGE EACH TEST
PRESSURE

AUTOMATIC LOX PUMP DISCHARGE PRESSURE 2200 I"g{ﬁ MAXIMUM ANO

AUTOMATC/0BSERVER PRéMARV LOX SEAL DRAIN LINE | 30 PSIG MAXIMUN
PRESSURE

AUTOMATIC TURBINE SECONDARY SEAL 30 PSIG MAXIMUM
DRAIN LINE PRESSURE

AUTOMATIC INTERMEOTATE SEAL PURGE 150 PSIG MINIWUM
(MELTUM) PRESSURE

AUTOMATIC TURBOPUMP RADIAL ACCEL- 15 G RMS
LEROMETER®s »¢

OBSERVER BALANCE PISTON RECIRCULA- T80
TION FLOW ORIFICE DELTA
PRESSURE

OBSERVER BALANCE PISTON SuMp FUNCTIOR OF TEST SPEED

PRESSURE

“2 KNz LOW PASS FILTER
SSVIBRATION SAFETY CUTOFF DEVICE
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Figure 22. Primary LOX Seal Flow Measurement and Helium
Scal Purge System

TABLE 10. MARK 48-0 TURBOPUMP TEST SERIES NO. 4 SUMMARY,
TURBOPUMP S/N 02-1

TesT ACCUMULATED

st TES) DURATION DURATION

NUMBER PATE seconos | STARTS 1 “sgcons REMARKS

016+007 | 10-4-78 " 1 @ PLANNEC NPSH TEST AT 7330 RAD/S (70,000 RPM). PROBLEMS
WITH TURBINE GH, SUPPLY REGULATOR. CUT TEST, BEARING
COGLANT TEMPERASURE. WIGH WAXIWUK TEST SPEEC 1085 KAD/S
{10,000 /pM).

016-008 | 10-8+7 3% 2 8 MAXIMOM TEST <PEED B3 RAD/S (8,000 QPM}. TUKBINE K,
PRESSURE REGULATOR MALFUNCTION.

016-009 | 10-5-78 56 i 13y SATISFACTORY NPSK TEST T0 7016 RAD/S (67,000 RPM: WiITh
BALANCE PISTON FLOW OVEABOARD, 5% WEAD DROP ON
CAVITATIGN TCST.

016010 | 1¢-0-78 0 * 167 PLANNED NPSH TEST AT 7330 RAD/S (70,000 RPM) W(Th

BALANCE PISTON FLOW RECIMCULATED IK PUMP. REACHED
SPEED OF 3141 RAD/S (30,000 RPM). CUT OFF FOR
INSUFFICLENT BALANCE PESTOM RECIRCULATING FLOW.

01e-01¢ 18-10- T 7 5 174 PLANNED NPSH TEST AT 7330 RAD/S (70,000 RPM) WlTH
BALAKCE PISTON FLOW RECIRCULATED IN PUMP REALHED

SPEED OF 7251 RAD/S (69,240 RPM) - STABILIZED. SUDDEN
SHIFT IN PARAMETERS AND 2 SECONDS LATER PUMP DI SCHARGE
PRESSURE DAOPS INITIAVING TEST CUT, FIRE EMSUED,
OAMAGING PUMP .
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The maximum speed achieved was 3142 rad/s (30,000 rpm). After examination of the
data, the flow orifice diameter for the b+'-1ce piston was increased from 0.221
o to 0.260 inch and the balance piston recirculation line size was increased from
b 12.7 to 25.4 mm (0.50 to 1.00 inch) to reduce the line resistance and increase
balance piston flow. The primary LOX seal drain orifice size was also reduced
after test 016-010 from 22.2 to 12.5 mm (0.875 to 0.500 inch) diameter to improve
’ accuracy of the seal leakage flow measurement.

i S

ey e

The next attempt to test was test 016-011 but was cut on startup due to the balance
piston recirculation flow temperature indicating insufficient chill in the balance
cavity sump area. No speed was achieved.

—

i

Test 016-012 was a planned suction performance test at 7261 rad/s (70,000 rpm)
with the balance piston flow recirculated to pump inlet. In the test, the pump
speced was increased to approximately 3142 rad/s (69,340 rpm) over a period of
approximately 7 seconds. At this point the oxidizer pump sustained a failure
which included a fire which caused major damage to the pump.

Incident Investigation, Test 012

The turbopump failure and attendant fire instigated an immediate investigation of
the incident. The data and hardware from the test was reviewed in a failure mode
analysis including the following:

Data Review
] Hardware Condition
Hydrodynamic Performance
Balance Piston Analysis
Thermal Analysis
¢ Vibration Analysis
Bearing Condition Evaluation

: Data Review. A review of the data from test 016-012 incidated the pump exhibited
normal behavior through the 3141 rad/s (30,000 rpm) operation and through the
first % geconds of high speed operation near 7225 rad/s (69,000 rpm). The speed
trace of the data is given in Fig. 23. At that point, a sudden shift occured in

' most turbopump parameters. Approximately 2 seconds later, pump discharge pres-

; sure dropped suddenly initiating a test termination., A review of the major param=-
eters is illustrated in Fig. 24. The figure shows the shift in parameters ax

, approximately 43.3 seconds. The shift indicates a decrease in pump speed combined

; with an increase in pump discharge pressure. impeller front shroud pressure, and

balance piston cavity pressure along with flowrate measured in pump discharge

line. The pressures that decreased were the balance piston sump pressure, all

pressures in the balance piston retwrn flow loop, with a decrease in flow in the

. balance piston line. These data iudicate increased pressure in the pump zome and

i : decreased pressure in the balance piston sump 2zone, which is indicative of impeller

; balance piston movement aft toward the turbine thus closing the low pressure
orifice h2 of Fig. 18 or forward closing the high pressure orifice hy. The iuitial
drop in balance piston cavity pressure would indicate first movement was {orward.
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Hardware Analysis. The pump hardware was extensively damaged.  The burn pattern
was mainly Timited to forward and ineluded the fmpellev as shown In Fig. 25.

Some minor burnimg was located {n the return cavity but the slinger and primary
LOX seal and seal retaining nut were in relatively good conditiom, indivating they
wore not the cause.  The heaviest busaing was concentrated at the inducer, impeller
front shroud and impeller tip. Both fwpelicr and inducer were burned to the hubs
and large sections of the ialet, diffuser and volute were consumed. A major por-
tion of the damage is shown in Fig. 20, The bearing closest to the impeller was
intact but frozen with slag, and the {foner race was cracked., The No. 2 bearing
had failed with the cege fractured, the balls were cveased, and approximately
one=quarter of the cage wias located in bearing No.o 1. No fire was evident in the
bearing but the tnuer race was also cracked, All evidence pointed the tact that
the votor had shifted toward the pump ead, including the turbine wheel which had

a deep rub on the upstream (pump) side with vo rubbing on the downstream side.

Data Annlysis. A veview of the pump aud turbine hydrodynamic performance indicated
that the turbine power was constant and normal and the pump head~{low performance
was normal.,  The pump data priov te the shift were compared with the previous test
soeries No. 2 and 3. The head-tflow pertormance is prosented in Fig., 27, There is
wo apparent change in porformance {ndicated.  The same is true for the isentrvople
eff fctouey given tn Fig. 28 when compared with test series No, 3 data. A compari-
son of the head-flow performance before and after the shift is given in Fig. 29.
1t indicates theve was a change in performance wheve the flow increased approxi-
mately 2% and the head increased 4058, This small shift would be caused by the
reduction in net reciveulation with an attendant decvease in the flow through the
impeller, which would also inerease the head rise. Thus, the pump performance is
seen to be normal throughout the test diucluding after the appareat votor shift.

Balance Piston Analysis. The analysis of the balance piston performance was doue
using an analytical model retined by comparing the available measured pressure
values to the predicted values.  The preduction of the balauce piston force range
was then made for three values of sump pressuve,  This was compared to the summa-
tion of axial forces caleulated by prossure data on the other component parts of
the turbopump rotor assemblv,  The vesults arve fl1lustvated in Fig. 30. These data
fndicate that the balance piston operating poiut required for thrust margin was
ot centered in the halance glston force range but was marginal. Reduction in
sump prossures to 090 N/em? (1000 psi) indivates the margin would be improved

but only stightly. The analysis also vevealed that the measured recirveulation
flow was higher than predicted by the wodel, tudicating a lavger total gap trom
high to low prossure oritice ov a possible bypass flow around the balance piston,
Also, the measured balance piston cavity pressure could not be matehed by the
analvt ical program.  This indivated that the measurement was efther taulty or the
pump was operating with a nogat tve hiigh pressarve oritice ¢leavanee,

Thermal Analysis,  The thermal analysis fuvestigation based on the available
tomporiture measurement s inducated that the rveciveulation fluid was alwavs in the
liguid state. Furthermore, no {nerease in energy level of the reciveulated fluid
was apparent during the appaveat rotor shift, These rosults show also that wo
heat addition oceurved in the bearings indicating that no beariug failure was in
proguross.
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DATA CORRECTED TON = 70,000 RPM
TEST 012,42T0 45 SECONDS
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Figure 29. Mark 48-0 Pump Performaunce, October 1978 Test Series
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Vibration Analysis. The vibration analysis indicated the levels of vibration were
generally normal for tests 016-00Y and 016-012 prior to the shift. The accelerom-
eters recorded vibration levels of 1.7 to 3.7 g rms for test 009 and 012 before
‘ the shift. At the shift the maximum levels ran to 5 g rms. After the shift th

x data show 1.2 to 1.6 g rms. There was no subsynchronous whirl activity evident

4 but some supersynchronous activity at 1800 Hz (1.55 times synchronous) occurred.

This is a possible indication of rubbing within the turbopump. A summary of the

accelerometer data is given in Fig. 31.

Bearing Analysis. Analysis of the pump and bearings condition indicated that the
bearing No. 1 damage occurred just as rotation stopped. Bearing No. 2 operated
normally until the balls stopped in the outer race by the slag produced by the
fire. Bearing No. 1 was intact and showed no axial loads with cage loads that
were excessive. Bearing No. 2 indicated an axial load in the order of 1557 N
(350 1b) with no large radial loads. 1t was estimated that bearing life with the
apparent loads would be 1.5 hours.

T

Conclusions and Corrective Action. Many failure modes were formulated and, in

the process of investigation, were disqualified by the analysis of the data avail-
able. The most prcbable failure mode was inadequate axial thrust load control by
the balance piston. This lead to failure of the No. 2 bearing under axial load
with axial and radial rubbing of the high pressure orifice at the impeller tip and
rubbing of the impeller front wear ring initiating heat and fire. It is also
possible that the high pressure orifice rubbing occurred first, with subsequent
blockage by debris of the low pressure rub ring, allowing the balance piston :
cavity pressure to go up while sump pressure was going down., Also advanced was ‘
the possibility that the pins in the internal recirculation path that were used ‘1
to block the flow might have been injected into the impeller, or that a foreign "
object from the recirculation system caused debris, plugging the orifices and

i{nitiating failure. Tt became apparent from the detailed failure analysis that

several modifications to the turbopump could reduce the risk of turbopump failure. .

1 was concluded that several design modifications were mandatory to avoid a
recurrence of test 012 failure and to improve the general design of the pump.
These design modifications included

1. Elimir ce recirculation passages through diffuser vanes and eliminate
any pussibility of blockage pins entering into the pump inadvertautly

2. Increase the balance piston control margin by reduction in sump
pressure, This could be done by separation of balance piston return
flow and bearing coolant flow lines. This would facilitate a higher
weight flow potential through the balance piston and reduce the bearing !
axial loads due to the high pressure drop and flow through the bearings.

3. lmprove the centering of the balance piston position on the range of
balance piston force. This could be done by changing the net axial
force of the rest of the turbopump rotor assembly including the higher
than predicted turbine wheel axial thrust.

4. lmprove the accuracy of balance piston pressure measurements such that no
pressure measurement transfer lines pass through flange interfaces. This
also eliminates any possible leak paths in the balance piston system.
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Other design changes were recommended to avoid problems not associated with the
pump S/N 02-1 failure. These were the possible use of solid silver or Kel-F
inducer tunnel and impeller wear rings and solid silver balance' piston low and high
pressure balance piston orifices. Recommendatious were also given to consider the
use of a bearing coolant source independent of the balance piston flow recircula-
tion system.

Pump Hydrodynamic Performance A

The pump hydrodynamic performance of test series No. 4 has been presented“{n part
in the previous incident investigation section. Figure 27 and 28 give thekhgad-
flow performance and isentropic efficiency data. These data indicate the pump
head-flow and efficiency are essentially the same as for previous tests. The .
isentropic efficiency for this build shows a slightly higher value than that of the
series No. 3 test data. The results of pump suction performance test 009 were N
analvzed and are illustrated in Fi§ 32. These results indicate a suction specific
speed of 84210 { (rad/s) (m3/sec)172/(3/Kg)3/4 } 24,000 (rpm) (gpm)1/2/(fr-1bE/
1bm) / ] with no indication of cavitation at inlet flow coefficient0.0883. This
verified that the design improvements made for the pump are proper. Analysis
indicated that the suction performance might be demonstrated up to a suction
specific speed of 112280 { {rad/s) (m3/sec)1/2/1/kg)3/4 } (32,000 (rpm) (gpm)1/2/
(£t-1b£/1bm) 3/4].

Seal Leakage. During the test series, special provisions were made to measure

the leakage rate of the floating ring LOX primary seal to provide a basis of com-
parison with the performance of the hydrodynamic lift-off seal. Since the fluid
emanating from the drain cavity is mixed phase, a heat exchanger was included in .‘
the drain line to convert it to gas before measurement. Flow was then established \
by recording the pressure drop across a sharp edge orifice. A minor complication
was presented by the fact that part of the helium purge gas from the intermediate
seal leaks into the primary LOX seal drain cavity; however, the amount of total
purge flow into the intermediate seal was monitored, and its magnitude was so low
(0.007 1b/sec) that its effect can, for all practical purposes, be neglected.

In order to improve the precision of the LOX primary sea) leakage flowrate data

for test Ol1 and 012, the flow measuring orifice was resized from 22.2 mm (0.875
inch) to 12.7 mm (0.500 inch) diameter. This increased the pressure at the fiow
wmeasuring orifice inlet from approximately 5171 N/M3 (0.75 psig) to 172369 N/M3

(25 psig) and resulted in a more precise flow measurement. The primary LOX seal
leakage measured was low and averaged 0.073 Kg/s (0.160 1b/s) at 3246 rad/s 3
(31,000 rpm) and 0.076 Kg/s (0.172 1b/s) at 7226 rad/s (69,000 rpm). The data of '
test 012 is considered to be most accurate because of the orifice change. The i
flowrates recorded are presented in Fig. 33 as a function of the pressure levels

recorded in the cavity upstream of the seal. ‘fhe correlation between seal leakage

and shaft rotational speed is indicated in Fig. 34. -

Mechanical Performance

The mechanical performance of the turbopump during test series No. 4 could not be
fully evaluated because of the damage created by the fire. The examination of the
turbine end of the turbopump iundicated the No. 3 and &4 turbine bearings were in
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good condition. These bearings are designed to take radial loads only and no
evidence of high radial loads existed. The No. 2 bearing on the pump end is the
only bearing showing failure possibility from axial load. The turbine wheel was
shifted toward the pump end and deep rub had occurred on the wheel from contact
with the upstream side shield. The inducer drive key on the shaft was sheared
off and the inducer hub had rotated 1.57 radians (90 degrees) around the original
shaft position. The aft portion (turbine end) of the turbopump was not affected
by the pump failure. The turbine housing was slightly damaged at the pump volute
matching face. The return cavity contained slag which came from the diffuser
axial holes originally used for balance piston recirculation.
exception of the primary LOX seal which was slightly scorched, showed no eyidence
of damage. The chrome plating on the shaft under the seals was in good condition.
The primary LOX seal nut was tightly in place and the slinger showed slight rubbing
on the pump side but none on the seal side. The aft bearing support assembly which
includes the aft stub shaft, outboard seal, instrumentation sleeve, rear bearing
cap and the shaft stud was clean and in good condition. In summary, all hardware
aft of the primary LOX seal was in good condition. The rotor and all hardware in

front of the seal was damaged beyond repair.
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TURBOPUMP DESIGN CHANGES AND PROCUREMENT

Operation of the turbopump within the LOX seal Demonstration Test Vrogram revealed
a problem In maintaining satisfactory rotor axial thrust control when the test
series of Qctober 1978 ended in a pump fire with damage to most of the pump hard-
ware. The data analysis disclosed that the cause of the failure was excessive
residual thrust toward the pump inlet, which eventually overloaded the No. 2
bearing and caused internal metal-to-metal rubbing and subsequent fire.

The large re-idual thrust was attributable to two factors. In the original con-
figuration in which all of the balance piston fluid passed through the pump end
bearing package, the sump pressure and consequently the operating range of the
piston was constrained by the maximum flowrate which the bearings could accommodate
before they would be distressed by high pressure differentials. Furthermore, pres-
gure measurements indicated that the turbine wheel was subject to an axial thrust
component which theoretical approaches do not readily predict, and which therefore
was not included in the original axial thrust summation.

Accordingly, a MK 48 Oxidizer Turbopump Follow-on Work Plan (RI/RD79-115) was
developed and presented to NASA-LeRC for review, evaluation and acceptance. The
plan incorporated modifications to the turbopump which provided suificient rotor
axial thrust control capability and would allow safe completion of the demonstra-
tion tests with a spiral groove type lift-off primary LOX seal.

In the extension of the program, corrective design modifications were introduced to
enlarge the range of the balance piston and reduce the turbine wheel thrust compo-
nent. A new set of hardware was fabricated which replaced that damaged in the fivre
and which reflected am improved configuration for test evaluation and better
performance.

Design Changes

Analysis of the pump modification requirements covered many possible configuration
changes which were aiwed at covrecting the axial thrust balance and improving the
measurement of the necessary parameters within the pump. It was also desirable

to separate the pump bearing flow path out of the balance piston flow path. This
design change was also required to reduce the pressure downstream of the bearings
in order to incorporate the spiral groove lift=of{ seal into the turbopump. The
finalized design is represented in Drawing 9RO012300, Appendix A.  Subsequent to
the turbopump testing, a deciston was made to test without the use of the spiral
groove lift-off seal. This decision was based on technical problems encounteved
in spiral groove lift-off seal testing on other tochnology programs. As a result,
the spiral groove lift-oft seal was replaced with the previously designed and
tested floating ving, fixed gap seal and slinger. The design of the labyrinth
seal between the bearings and the scal cavity was maintained by iucorporating the
labyrinth rings on the slinger hub. This destegn change was incorporated onto
Drawing 9R0014079, Appendix A. Figuve 35 preseats a composite of the design with
the upper half showing the lift-off seal and the lower half showing the original
seal. The design incorporated an external flange for the diffuser which was used
to provide a separate drain tor the balance piston independent of the bearing flow.
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This consisted of six radial holes equally spaced around the flange and connecting
internal lines around the pump scroll to transport the balance piston flow back

. to the impeller inlet. These holes could be blocked by pins to allow flow to be
dumped overboard or the external line could be sealed and the pins removed for
internal flow recirculation.

‘ In the design, the emphasis was placed on improving the quantity and quality of
instrumentation measurements. Communication across interfaces closed out with
doughnut seals was eliminated where possible with only one critical measurement
out of nine now requiring a seal. That measurement is the downstream bearing
pressure. Table 1l lists the nine critical parameters. Items 1 and 2 are taken
out through the pump volute, items 3 through 8 are taken out of the new diffuser
flange between balance piston flow lines, and 9 is from an existing measurement.
This instrumentation fully maps the paths for:

1. Impeller front shroud flow
.2. Balance piston flow
3. Pump end bearing flow

TABLE 11, CRITICAL PUMP END HYDRODYNAMIC MEASUREMENTS

BALANCE PISTON RETURN FLOW TO IMPELLER INLET PRESSURE

IMPELLER LABYRINTH SHROUD U/S PRESSURE

IMPELLER DISCHARGE PRESSURE

BALANCE PISTON HIGH PRESSURE ORIFICE D/S PRESSURE

BALANCE PISTON LOW PRESSURE ORIFICE U/S PRESSURE

BALANCE PISTON LOW PRESSURE ORIFICE D/S PRESSURE (SUMP PRESSURE)

PUMP END BEARING SET U/S PRESSURE

PUMP END BEARING SET D/S PRESSURE (SHAFT SEAL LABYRINTH U/S PRESSURE)
SHAFT SEAL LABYRINTH D/S PRESSURE

W 00 ~N O O B w N -

Methods to reduce the axial thrust component on the turbine wheel were analyzed.
The previous test data contained static pressure measurements from the upstream

* and downstream sides of the turbine wheel. These data indicated a turbine axial
thrust component toward the pump. The analyses concluded it was more predictable
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Ei to compensate for the turbine component axial thrust than to modify the turbine |
z! . to reduce it. This was done by decreasing the labyrinth diameter on the impeller 1
ii front shroud and an increase in balance piston force range was also contemplated |
'qz by reducing the balance piston sump pressures. ]
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Rardware Procurement

The design changes, coupled with the damaged hardware, required a large number of
component parts to be fabricated. A list of the major parts required to be fab- -
ricated is given in Table 12. along with the vendor sources. Approximately 24
other small component parts weve required such as special nuts, locks and seals.
Parts were procured in most part from outside supplier sources in a standard pro-
curement practice. Minor rework of the turbine housing was required to correct
minor damage. The flange face was damaged and had to be resurfaced by wachining.

-

TABLE 12. MAJOR COMPONENT PARTS PROCUREMENT

NAME \UNBER VENDOR
SHAFT FORGING 7R0012029 | ARCTURUS
SHAFT RS009646E | CONTURA
INDUCER RS009650E | CONTURA
SPIRAL GROOVE SEAL | R0011532X | CRANE
DIFFUSER 9R0012281 | CONTURA
VOLUTE CASTING 9R0012282 | MILLER CASTING 5
VOLUTE MACHINING 9R0012282 | TRI MODELS
STUD, VOLUTE 9R0012283 | TRI MODELS
BEARING SLEEVE 9R0012285 | FINN TOOL
BEARING RETAINER 9RO012286 | FINN TOOL
BEARING SPRING 9R009612E | ASSOCIATED SPRING
IMPELLER 9RO012287 | CONTURA
LABYRINTH 9RO012288 | TRI MODELS
LABYRINTH SLINGER gor5,3289 | ROCKETDYNE
INLET ) ¢R0012290 | TRI MODELS
NUT, OXIDIZER PUMP l 9R0012298 | FINN TOOLS
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Fabrication Problems

Procurement of the various component parts from various vendors went smoothly
with the exception of several items. A large number of schedule delays were
encountered with the diffusers and impellers. An error in the process planning
of the diffuser caused the parts to be finish machined to the high tolerance
requirements specified prior to the required heat treatment. This r..ulted in
part shrinkage at the critical diameters and warpage of the flange surfaces.

Due to delays in supplier capability to correct the condition, the parts were
reworked under Rocketdyne engineering direction at another outside source. This
rework consisted of chrome plating the undersize diameters and regrinding to the
dimensions required. The flange faces were reground to a high tolerance finish.
Discrepancies in the tooling used in electrical discharge machining (EDM) of the
impellers resulted in scrapping the first impellers fabricated. The second set
were also found to have dimensional discrepancies when they were received. The
major problems encountered in the impeller machining was the extremely small
passages required to be machined. Previous procurement of these parts was also
a problem in the first builds of the turbopump. The impellers were made success-
fully but with some difficulties and scrapping of the first parts attempted
occurred on the first procurement also. This indicates that the present impeller
design is pushing the state of the art in fabrication. Investment castings or
some otler high tolerance method of fabrication should be considered on any sub-
sequent procurements.

Inspection and Hardware Proof Testing

As the parts were received they were inspected _dimensionally and approved for use.
The volute required a high pressure structural proof test as did the instrumenta-
tion line welds on the diffuser. As a result, the volute and diffuser were com-
bined with a pressure test fixture and proof tested to pressure levels of 3958
+79 N/cm? (5740 *115 psi) in the high pressure zone of impeller discharge to
volute discharge and in the inlet low pressure zone in front of the impeller
front wear ring of 534 #11 N/cm? (775 #16 psi). The parts were cycled five times
with no leakage or structural failures.

Molds were taken of the impeller passages to determine how smoothly the passages
blended. The dimensional inspection revealed that the front shroud thickness
requirements were not met. The drawing required a constant shroud thickness of
1.524 mm (0.060 inch). The winimum thickness distribution of the shroud was
measured in each impeller passage. The shroud thickness was very consistent
between passages. The winimum thickness found was 0.229 mm (0.009 inch) and was
located in the pressure side passage of the par’ial blade adjacent to the parrial
leading edge. The passage located on the pressure side of the full blade indi-
cated a minimum shroud thickness of 0.889 mm (0.035 inch). The shroud minimum
thickness distribution for the two respective passages is compared to the print
dimensions in Fig. 36 and 37. The blade thickness distribution developed in the
analysis of inspection data indicated the minimum full blade thickness was aver-
aging approximately 85% of the nominal print thickness from the leading edge back
to approximately 35 degrees from the trailing edge. The areas near the trailing
edge was indicated as being above nominal thickness. It should be noted that the
fillet radius requiremeuts for the blade are 1.524 mm (0.060 inch) all over.
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Figure 36, Partial Blade Pressure-Side Passage
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Figure 37. Full Blade Pressure-Side Passage
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This causes the fillet radius to cover ali but 0.762 mm (0.030 inch) (20%) of the
blade at the impeller discharge and approximately 70% of the blade at the leading
edge. This adds considerably to the impeller blade shroud strength.

A stress analysis was performed to determine the acceptability of the parts. The
analysis indicated that it was feasible to spin test the impellers as a way of
proof testing their structural acceptability. Analytical evaluation would be
difficult and time-consuming and required very detailed geometry input, which is
not easily obtained in the smaller impeller passages. It was determined analyti-
cally that the stresses in the shroud and blade due to the centrifugal loading
were large compared to the blade pressure loading stresses. It was, therefore,
considered feasible to nearly duplicate operation of the impeller in the turbopump
by using a high speed spin test to proof the shroud and blades as to their accept-
ability. The stress analysis summary is presented in Fig. 38.

An arbor for s.n test of the impellers was designed and fabricated. The impeller-
arbor assembly was balanced and successfully spin-tested to a proof speed of

8210 rad/s (78,000 *300 rpm). This proof-test speed was determined by accounting
for the strength ratio of the impeller material between turbopump testing in

liquid oxygen and proof testing in the ambient vacuum test facility. Posttest
penetrant inspection revealed no cracks or damage from the proof test.

Rotor S/N 1 failed a proof spin test in the Rocketdyne spin test facility. Dim-
ensional inspection of the rotor and shaft had indicated the parts were acceptable.
Proof spin testing of the rotor was required to a speed of 9362 rad/s (89,400

rpm) in order to qualify it for operation at design point conditions on the turbo-
pump. The test was conducted on shaft S/N 1 in the spin pit. The test fixture
shown in Fig. 39 spins the shaft by hanging it on a small spindle in a free spin
mode. Any appreciable loads developed would generally act on the spindle failing
it, and the rotor would drop onto a nylon bushing to protect it from damange.

The rotor balance was accomplished by attaching a balancing arbor on each end of
the part and balancing the assembly. When the rotor reached a speed of 8021 rad/s
(76,600 rpm), the small end of the shaft failed between the spline section and

the threaded section as shown in Fig. 39. The failure launched an investigation
into the cause of the failure and the possible loads involved.

The investigation determined the fracture to be intergranular caused by tension
or bending. Further material analyses indicated an excessive grain size. The
repeatability of the intevgranular fracture (unusual for this material) and the
large grain size was found by test of a small prolongation of the failed shaft
left from the machining. The second shaft (S/N 2) prolongation showed transgranular
fracture (normal fracture mode) and smaller grain size. All material still
exhibited a high ultimate strength of 141,348 N/em? (205,000 psi), a yield
strength of 105,500 N/C.m2 (153,000 psi) and an elongation of 20.5%. It was con-
cluded that rotor shaft S/N 2 properties were acteptable for use if the fatigue
limit could be reduced by 20% and the number of cycles by one order of magnitude.
Also, the static strength of the turbine end ouly should be reduced by 10% due to
the high local grain size found.
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Figure 38.

THINNEST SHROUD SECTION OCCURS APPROXIMATELY
AT PARTIAL BLADE LEADING EDGE.

STRESS ANALYSIS OF PARTIAL BLADE LEADING EDGE AT
SHROUD INDICATES AT 70000 RPM:

CENTRIFUGAL P/A = 4000 PS\
CENTRIFUGAL BENDING = 50200 PSI
PRESSURE BENDING = 2900 PS|

MOMENT AT SHROUD THIN SECTION DUE TO VANE
BENDING MOMENT IS THEORETICALLY ZERO.

SHROUD STRESS AT THIN SECTION DUE TO VANE
PRESSURE BENDING IS SMALL.

SHROUD HOOP STRESS WILL LOCALLY YIELD AT THIN
SECTIONS AND REDISTRIBUTE LOAD INTO ADJACENT
THICKER MATERIAL.

SINCE PRESSURE STRESS AT THE THIN SECTIONS IS LOW
RELATIVE TO THE CENTRIFUGAL STRESS, A PROOF SPIN
TEST ACCURATELY SIMULATES THE OPERATING
STRESS DISTRIBUTION.

lmpeller Blade Stress Analysis Summary
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UPPER NALANCE ARBOR
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NYLON CATCHER

Figure

39.

Mark 48-0 Shaft Spiun Test Setup
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The dynamic analysis of the shaft consisted of developing a dynamic model for
determination of the critical speed characteristics and bending modes of the
shaft with balance arbors attached. Further development of a dynamic response
model was made to assess the possible loading caused by dynamic imbalance in a
critical speed bending mode shape. The analysis resulted in the critical speed
occurring at speeds which coincide with the speed at shaft failure. The range of
critical speeds of 7540 to 8378 rad/s (72,000 to 80,000 rpm) was found by using
three different cases of spin arbor attachments. The speed at which failure
occurred was 76,600 rpm. The typical mode shape of shaft at the critical speed
was determined but the bending stress developed for the shaft bending mode shape
was found not to be sufficient to cause failure. Development of the response
model allowed calculation of the effect of the weights used to balance the shaft
and which are redistributed about the center of rotation by the critical speed
bending mode. The analysis was taken over the full critical speed range with the
balance weights located both angularly and radially as they were on the shaft
spin test. The analysis was made for several joints or segments of the shaft.
The data show the loads at locations near the failure plane are high at 7540 rad/s
(72,000 rpm) and much reduced at 8378 rad/s (80,000 rpm). Similar results are
seen at several other locations at those speeds. Conversion of the mowent loads
to stresses within the part indicate the maximum stress levels occur at the loca-
tion of the failure. The results clearly showed the highest stresses occurred at
the failure plane and that more than adequate stress levels had been reached to
cause a bending failure mode.

This data quite conclusively showed the failure moda. The next effort planned
was to design an arbor to place on the small end of the shaft which would stiffen
the shaft and drive the critical speeds to well above the 9362 rad/s (89,400 rpm)
proof test speed. The arbor was designed to put tension in the small end of the
shaft by loading it with the impeller nut. This added stiffness drove the calcu-
lated critical speed up to 12,043 rad/s (115,000 rpm) which is well above the
proof test speed required. The arbor mass was kept low to aid also in keeping
the critical speed high. The arbor design is shown in Fig. 40.

Some material discrepancies have been indicated in the material evaluatioms of

the shaft failure analysis. The discrepancy showed a large grain size in the
material in the rotor wheel of the remaining shaft. Property reductions estiwated
due to the visibly large grain size reduce the calculated allowable shaft speed

at hot turbine drive conditions to 7247 rad/s (69,200 rpm) and to 7938 rad/s
(75,800 rpm) at ambient gaseous hydrogen drive conditions. The shaft was success=—
fully tested at ambient test conditions to 8734 rad/s (83,400 rpm) to qualify it
for maximum test speeds with a gaseous hydrogen drive of 7938 rad/s (75,800 rpm)
or 8.3% above the planned maximum target speed of 7330 rad/s (70,000 rpm).

The problem encountered here is caused basically by the very high speed require~-
ments of this small rotating assembly. ft is interesting to note that two previous
dimensionally similar shafts had been successfully proof tested on the early design
balance arbor without incident. This incident does indicate the need for thorough
dynamic analysis of proof spin assemblies at the high test speeds required of

these turbopump designs. It is also interesting to note that the bending mode of
the shaft and the imbalance rosponse were such as to generate high bending loads
within the shaft and not transmit cnough load to fail the small 3.18 mm (0.125
inch) diameter drive spindle. This fallure mode was very unusual and highly

unpredictable.




Figure 40.

Mark 48-0 Shaft Spin

Test Arbor, Redesigned
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TURBOPUMP S/N 03-0 ASSEMBLY AND TEST

Poow Specific objectives planned for turbopump S/N 03-0 test program included verifica-
. tion of the redesigned balance piston capability to provide adequate thrust con-
4 trol over a wide flow range and determination of the turbopump suction performance
N capability. The overall turbopump performance was to be evaluated as well using
| ! M appropriate instrumentation. The previous objective to use the spiral groove,

lift-off seal design and to determine its performance capability was deleted.

v Testing of a lift-off seal similar to that designed for the turbopump had encoun—
5 tered technical problems with the design concept. After test rig failures, it
f, was determined that these problems required resolution by further compounent test-

‘ : ing before the seal could be considered sufficiently reliable for turbopump oper-~
) ation. As a result, the turbopump program had been redirected to test the
turbopump with the floating ring seal while verification of axial thrust comtrol
and suction performance definition was pursued.

: Assembly and Installation

Procurement of the hardware was completed and the necessary inspection and proof
tests were completed. The rotor assembly was balanced on the Gisholt balance
machine. The machine has a capability of detecting 6 x 104 mm (25 p-inch) radial
motion. The rotor mass of 2.84 Kg (6.25 1b) gives a machiue accuracy of (.18 gm-cm
, (0.07 gm-inch). This is equivalent to a radial load of 98 M (22 lb) at a speed
' of 7330 rad/s (70,000 rpm). The rotor was balanced by being suppovted in the
balance cradle with two pairs of axially preloaded bearings, just as would occur
- in the turbopump assembly. The balancing was done by using the main rotor and
rear stub shaft assembly first with wax corvections applied in the plane of the
turbine wheel and stub shaft. This was followed by the slinger, impeller, inducer
and instrumentation sleeves making wax corrections in the plane of each component
- before the next part was added. A relatively large imbalance was evidenced on
the impellers. This slowed the balance due to a lack of available material in
the shrouds for balancing. Several repeatability checks were made with the rotor
disassembled and reassembled to satisfactory repeatability and runouts were taken
on the assembly components. The fiual runout values are given in Fig. 4l. Per-
manent balance was completed by grinding material in the required areas of the
component parts.

The assembly of turbopump S$/N 03-0 was accomplished in accordance with the pro-
cedure deseribed in Ref. 1 . The front and rear bearing inner race thicknesses
were selected to provide a minimum bearing preload of 245 N (55 1b), and to obtaim i
a total bearing travel within each cartridge of 0.23 mm (0.009 inch}.

' The measurements were made during the asseuwbly of the turbopump to establish
' critical clearances and fits. The diametral fits obtained relative to the bearings
i are noted in Fig. 42. Critical clearances {n the pump, shaft seals, and turbiue
: area are included in Fig. 43 through 45.
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Figure 41. Mark 48-0 Turbopump S/H 03-0 Balance Assembly Runouts
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Figure 42. Mark 48-0 Turbopump S/N 03-0 Bearing Diametral Clearances aud Fits



oy

S3Td IO0TTd pue saouzaea) Teajawefq [eds dung (-¢Q N/S dundoqiny Q-84 NaeW °¢y 2andtg

(NI 2100°0) WWSOEQ™0
(NI 5200°0) WA 3910 (NI 1200°0) WWEESO'0 L (NI £0000) WWBZ100
(NI 9500°0) WWZ¥L'0 / 1 (N1 8000°0) NW mowo.o/ \A.z_ LELO0) WWOBPED

SRR,

IR Dbt

(N1 9$00°0) (NINBILL™O

(N1 £900°0) WIWIZ91'0 \
(NI 8500°0) WWELPL'O




e T vttt iy
. R " s e - A e ¥ ok e A R

7

0.0864MM (0.0034 IN.) .
N .......Z i
0.0864MM (0.0034 IN.) = =
~4~+§]//‘h \
0.0864MM (0.0034 IN.) \r VAN

3
N

2

&y 7 ¥

0.0965MM (0.0038 IN.)

0.0838MM (0.0033 IN.)

0.0914MM (0.0036 IN.}

27

0.0737MM (0.0029 IN.)

0.0940MM (0,0037 IN.) ﬂ  S——
KV/n  _

0.0838MM (0.0033 IN.) : -

A\

i
Z=\
ZZNN a

75

Figure 44, Mark 48-0 Turbopump $/N 03-0 Seal Diametral Clearances
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After the turbopump was assembled, a push-pull test was performed on the rotor

to establish the external 1oads which the bearings support as a function of rotor
position with respect to the balance piston orifice positions. The curve which
was obtained is shown in Fig. 46. The symbols hy and hj refer to the balance
piston high- and low-pressure orifice axial clearances, respectively. As indicated
by the curve, the bearing stops were positioned such that the balance piston
orifices would be well past totally closed before a sizeable load (1780 N)

(400 1b) would be imposed on the bearings.

One problem area developed during the balancing of the assembly that had not been
encountered on previous builds. An impeller nut failed during a disassembly which
initiated an investigation into the cause. The failure was due to two factors.

The torquing slot depth on the nut was found to be larger than print requirements,
thus not allowing the tool to bottom properly, and the torque requirements were
marginally high. Further analysis on the shaft indicated that the print torque
requirements were excessive. This put a tensile load on the shaft greater than
allowed for the previously reduced properties given for the shaft. The high ~orque
requirements were a result of the large range of friction factors used in the cal-
culations. The values used were necessary to ensure the impeller, bearings and
slinger stackup carried enough compression to remain fixed through all operating
conditions. A process of using strain gages attached to the impeller to ascertain
the compressive load on the stackup was developed. The process was verified in a
tensile machine including removal and LOX cleaning after the completed assembly.
Analysis indicates the impeller nut torque could be reduced to acceptable levels
with this method and allow assembly to proceed. A major activity during assembly
was directed to developing the strain gaging process and running calibration tests
of the strain gages to be used in final assembly. This was required to ensure j
proper preload could be applied to the {mpeller stackup without overloading the ]
shaft with reduced properties. The final assembly was completed with good results ]
from the strain gages and the procedures involved. The assembled turbopump is '

shown in Fig. 47 and 48.

After initial turbopump assembly, it was found by helium 1eak check that the seals
in the balance piston recirculation lines were leaking. The volute was removed
from the turbopump and a combination of polishing the flange face and using

liquid teflon on the seals eliminated the leakage. The assembled turbopump was
installed in the LIMA test cell at the Advanced Propulsion Test Facility (APTF)

of Rocketdyne's Santa Susana Field Laboratory. A simplified schematic ol the
facility has been shown in Fig. 20. The turbopump installation in the LIMA test ‘
cell is shown in Fig. 49 and 50. :

TR

Test Series No. 3, April 1981

The purposes of the test plan were to verify the turbopump balance piston axial
thrust control capability and to determine the suction performance of the turbo-
pump. The test plan called for a series of four tests. The plan called for
driving the turbopump turbine with high pressure gaseous hydrogen. Instrumentation
was similar to previous turbopump testing. A detailed {instrumentation list is
given in Table 13, with specific turbopump instrumentation {1lustrated in Fig. 51.
The facility instrumentation was similar to that previously used and shown in
Table 8 and allowed recording of all the required parameters necessary.
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Figure 47. Mark 48-0 Turbopump S$/N 03-0 Assembly
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Figure 48, Mark 48-0 Turbopump $/N 03-0 Asscmbly
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A set of redlines was determined andiused as a safety precaution, and required

the turbopump and system to operate within specified ranges of speed, pressure,
temperature and vibration levels. The redline parameters used for Series No. 5
testing are given in Table 14. ;

Balance piston overboard flow was meiasured by an orifice differential pressure {
vtilizing the same system as used foy the balance piston and bearing coolant over-
board flow on test series No. 4. Th2 bearing coolant flow was measured by utilizing
the primary LOX seal flow discharge line and heat exchanger uscd in the previous
test series. This arrangement ie shown schematically in Fig. 52. Shaft speed

and radial movement were measured as in previous tests.

A total of six tests were conducted on the turbopump in April 1981 with a total
operating time of 749 seconds. Of that time, 146 seconds was at 3141 rad/s

(30,000 rpm) and 35 seconds near 7228 rad/s (69,000 rpm). A summary of the testing
is given in Table 15. All other time was ac speeds below 3141 rad/s (30,000 rpm)
or in tramsient operation.

The first planned test was a head-flow test at 3141 rad/s (30,000 rpm). In test
016-001, a turbopump start was made to idle mode at 524 rad/s (5,000 rpm). At
that point a check was nade on instrumentation before proceeding. Several problems
with controller instrumentation caused the test to be terminated. The second pump
start was test 002 where the pump was brought to idle mode, then up to 3141 rad/s
(30,000 rpm) for 27 seconds. At this point the flowrate and speed was adjusted
manually to start a head-flow sweep. Upon switching to automatic speed control
set point, the rapid response of the system caused the speed to shoot up to a

3874 rad/s (37,000 rpm) redline and an automatic cutoff was initiated. This was
caused by starting at a lower than normal flow and the pump power absorptiomn was
lower than programmed.

The next test, 003, was a successful head-flow test at 3141 rad/s (30,000 rpm) of
56 seconds duration and covered a flow range of 79 to 117% of design flow. For
this test the balance piston flow was routed overboard. The te-t 004 was targeted
for a high-speed head-flow test at 7016 rad/s (67,000 rpm). 14~ speed was set at
slightly under the design speed of 7330 rad/s (70,000 rpm) because the lower speed
data indicated that at low flows the pump discharge pressure would exceed the
pressure transducer limits of 3448 N/CME (5000 psig), and the test would be auto-
matically terminated by the redline limits. This high pressure would also over-
drive the transducers and cause damige. The test speed on test 004 was brought

up to the 3141 rad/s (30,000 rpm) operating point by the automatic control system
which controls turbine drive pressure. At that speed it was found that the speed
pickup on the turbopump had failed, and the test had to be terminated. The speed
achieved was determined after the test by counting the frequency of the proximity
probe signal changes which record one step per revolution. Also, during the test
at speed, a segment of head-flow variation data from 100 and 119% of nominal flow
was obtained. The speed probe was replaced after it was verified it shorted out
at low temperatures while it operated satisfactorily at ambient conditions.
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TABLE 14, LO

2

PURBOPUMP REDLTNFS, AMBIENT HYDROGEN TURBINE DRIVE,

TEST SERIES 3

CUTOFF
MONITOR REDLINE IDENTIFICATION REDLINE LIMIT

AUTOMATIC LOX INLET TEMPERATURE 180 R MAXIMUM

AUTOMATIC/OBSERVZR | LOX PUMP INLET PRESSURE g2 PSIA MINIMUM

AUTOMATIC TURBOPUMP SPELD 77,000 RPM MAXIMUM

OBSERVER PUMP BEARING OVBDL FLOW AT = 25 R MAXIMUM AFTER
TEMPERATURE STABILIZATION

OBSERVER REAR BEARING DRAIN AT = 25 R MAXIMUM AFTER
TEMPERATURE STABILIZATION

OBSERVER BALANCE PISTON CAVITY SPECIFIC RANGE EACH TEST
PRESSURE

AUTOMATIC LOX PUMP DISCHARGE PRESSURE | 5000 PSIG MAXIMUM

AUTOMATIC PRIMARY LOX SEAL DRAIN LINE | 30 PSIG MAXIMUM***
PRESSURE

AUTOMATIC TURBINE SECONDARY SEAL 30 PSIG MAXIMUM***
DRAIN LINE PRESSURE

AUTOMATIC INTERMEDIATE SEAL PURGE 150 PSIG MINIMUM
{AELIUM) PRESSURE

OBSERVEK BENTLY TRANSDUCER RADIAL 0.010 INCH MAXIMUM

DEFLECTION
OBSERVER BENTLY TRANSDUCER AX:iL 0.013 INCH MAXIMUM
DEFLECTION

AUTOMATIC TURBOPUMP RADIAL ACCEL- 15 G RMS
LEROMETFR¥, ¥

OBSERVER BALANCE PISTON SUMP SPECIFIC RANGE EACH TEST
PRESSURE

AUTOMATIC REAR BEARING SUPPLY 3100 PSIG MINIMUM
PRESSURE

AUTOMATIC REAR BEARING DRAIN 500 PSIG MAXIMUM
PRESSURE

* 2 KHz LOW PASS FILTER
«% VIBRATION SAFETY CUTOFF DEVICE
wow CONDITION MUST EXIST FOR MORE THAN 2 SECONDS
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Analysis of the data at 3141 rad/s (30,000 rpm) had indicated the balance piston/
sump pressures were marginally too high. The balance piston overboard drain line
consisted of six lines exiting the turbopump at the diffuser flange. These were
manifolded together by 12.3 mm (0.50 iuch) coumnecting lines. The resulting single
12.5 mm (0.50 inch) line then ran through a flow measuring orifice and then a flow
control orifice before exiting into a 7.62 cm (3 inch) line which dumped overboay.
A pressure and temperature neasurement was taken upstream of the flow measurcment
orifice and a differential pressure was measured acrvogs it. This enabled the
pressure to be monltored upstream of the flow control orifice. On the tests

prior to test 005, the flow control orifice diameter was get at 6.15 mm (0.242
inch) and the flow measurement orifice diameter was set at 5.61 mm (0.221 inch).
The data from test 004 indicated a small pressure drop occurring across the flow
measurement orifice with high pressure losses downstream, This was an indication
of choking downstream. In an attempt to reduce the pbalance piston sump pressure
for test 005, the downstream flow control orifice was removed from the line.

The test 005 objective was to operate at 7016 rad/s (67,000 rpm) for a head-flow
test with the balance piston flow overboard. Test speed was brought to 3141 rad/s
(30,000 rpm) when the signal of pressure differential across the pump flow venturi
failed, thus losing monitoring capability of the pump flow rate. This caused the
test to be terminated.

The low speed data from test 005 indicated that due to choking in the balance
piston flow overboard drain line, it was {mpractical to attempt to reduce the
sump pressure appreciably by reducing the drain line resistance since choking
would still occur at some point in the line. Test 005 data indicated the choking
point had moved to the flow measurement orifice. Therefore, the next step to
reduce the resistance as low as possible was te allow recirculation to occur, as
well as to allow overboard drain line flow. The reciveulation blocking pins were
removed to allow the balance piston flow to return to the impeller inlet. The
flow measurcment orifice was set at 0.70 rpm (0.2636 iuch) and the flow coutrol
orifice was set at 7.62 mm (0.300 inch).

Test 006 was run successfully to a tarpget speed of 7016 rad/s (67,000 rpm) with

the balance piston flow routed vverboard aud reciveulated to minimize sump pressure,
The turbopump operated for 15 seconds near 7120 rad/s (68,000 rpm) while a complete
head-flow sweep was made from 1122 de sgn to 877 design. At the low flow peoint,

the pump discharge pressure reached 3448 N/em? (5000 psig) and the test was ter-
winated by exceeding the redline limit tor that weasurement.

At the conclusion of test 006, posttest torque checks on the rotor assembly iundi-
cated excessive torque on the shatt. Previous checks had indicated low magnitudes
in the order of 14.12 N-cm (20 oz-in.) breakaway ad 10.6 N-cm (15 oz-1in.) running.
The high torque levels weve up to 9,03 to 11,30 N-w (80 to 100 in.=1b.) initially
with the rotor essentilally frecziug up after several vevolutions, Boroscope
examination and audio checks at the turbine wheel tips clearly showed excessive
rubbing. All attewpts to reduce the torque, including atmultaneously heating and
chilling parts, failed. This left no choice but to remove the turbopump and dis=
agsemble it to correct the condition. Due to budget limitatioms, additional
testing had to be terminated.
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Removal and Disas sembly

ol stand amd the taci ity was wovured,  The

turbopump wits shipped to the Rocketdyne Eapineering Deve lopuent Laboratory fn

Canopa Park tor disassemhly and havdware analyeta, The turbupump was completely

disassemblod and fuspectod for evidenee ol woar ot distresse A complete layout
on Jdisnssonbly, dimensional

vy
ol the disassemblad turbopump s shown fu Wig. 53
A report ot the mechanieal
{s prescated later in this report.

The turbopump was romoved  trom the te

checks wore made on all components and recotrded.

condition awd pertoruaned ot the components

ISMA A =4 /28 /R 1=CTA

Mark A8=0 Tuvbopuwmp S/N =0 Altoev Digassombly

Figure S,

Turhine Portormanee

Siw lests were ton in test cories S oon the Mavk =0 turbupump, using aaseous
hedrogen as the b ine workiag Plufd and Viguibd oxvaen in the puap, only test
Achicoved high spoed Gl rad i, 08,000 rpm) amd was e puanp head=t low tost.,

Tont 0 owas studied tor urbine pertovmanee o Al aud 7121 vad/s (30 LU0 and
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Turbine test efficiency is shown in Fig. 54, Turbine efficiency was determined
using a delivered power equal to the pump Lluid power divided by the pump isen-
tropic efficiency. Turbine available power was calculated from the turbine mea-
sured flowrate and the turbine available energy determined using NBS Technical
Note 617 for gaseous hydrogen properties. Turbine predicted eofficiency and cali-
bratien tests efficlency characteristics are shown in Fig. 54. For the 7121 rad/s
- (68,000 rpm) test points, the average efficiency was 59.0% at an average velocity
ratio of 0.384. This compares well with the predicted efficiency of 61.5%4 at the
same velocity ratio and is significantly higxher than the performance indicated by
the calibration tests of Ref. 1. The efficiency averaged 74% using the turbine
temperature drop measurements. This is higher than expected, probably due to the
iR seal purge and rotor coolaut hydrogen flows reducing the turbine outlet temperature,
' The effect of these flows on turbine outlet temperature could be assessed if rear
bearing supply flow were measured. Rear bearing coolant discharge flow is measured
and the difference would be the flow into the turbine.

DY e

Turbine flow parameter data are shown in Fig. 55. Turbine flow parameter relates
inlet flow, pressure, temperature, and nozzle area to turbine pressure ratio and
the speed parameter. Previous tests have shown the turbine flow parameter to be
relatively independent of turbine speed parvameter for this partial admission tur-
bine. The flow parameter equation in Fig. 55 is the standard nozzle flow equation.
The test data at 7121 rad/s (68,000 rpm) show good agreement with the prediction
being withiu 2.4% of the cquation value.

Rotor upstream and downstream hub static pressure measurements indicate
- a pressure rise across the rotor of tfrom 3 to 54 of the turbine pressure drop.
This trend has been indicated in provious tests and possibly is caused by the
rotor blade pumping in the inactive are with the nonsymmetrical rotor blades. 1n
general, the performance of the turbine is as expected.
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Pump Hydrodynamic Performance

Pump Head Rise. The pump head rise was derived from the same basic measurements

as used in previous test series, namely the pump inlet and discharge duct static -
pressures and the m~asured flow. There nad been no design changes in the hydro-

dynamic passages through the primary pumping elements since the previous test

gseries in May 1978, thus the results from this previous series (Ref. 2) would be

expected to be repeated in the current series. However, it should be pointed out >
that the hardware being tested is new hardware that had not been previously

tested. Also, the new hardware had experienced some machining discrepancies in

the fabrication phase leading to thin sections of blades and shrouds on the

impeller. The effect of these discrepancies on the blade angle distribution and

the resultant impact on hydrodynamic performance was expected to be relatively

minor, but this can only be verified via tests.

Figure 6 presents the head-flow characteristics derived from previous tests in
1977 and 1978. The data from both series appear to define a single characteris-
tic and, using a least squares curve fit procedure, the equation shown on the
curve was derived to represent these data. This characteristic provides a basis
for comparison of the recent data. Figure 56 shows the H-Q data from test 3, &,
and 5 of the current test series and compares the data with the curve-fit charac-
teristic. The data are scaled to 7330 rad/s (70,000 rpm), but the tests were
actually run at approximately 3141 rad/s (30,000 rpm). All three tests show
consistent trends, and the resulting H-Q characteristic is seen to be higher in
head than in the previous series. The head is approximately 6% higher varying
from approximately 4.5% at the lowest flow tested to 10% at the highest.

There is no obvious explanation for the higher head rise. The pumps are by design
identical as far as the pumping elements are concerned. The flow through the
balance piston could be different because of the changes made in the downstream
flow system. However, to make the data consistent with the previous H-Q data, the
flow through the balance piston in the current build would have to be approximately
1.26 x 10~3M3/s (20 gym) less at 7330 rad/s (70,000 rpm) than on the previous

test series which represents approximately a 50% reduction, but the fact is that
the balance piston flow is actually higher on the current system as measured and

by design. Thus, this cannot explain the higher head. The only other potential
explanation is that the new impeller has sufficient differences in actual blade
layout to produce the higher head. The effective blade angle at the impeller
discharge would have to be off by 0.07 radians (4 degrees) to account for this |
much head increase. |

9
T ey ey

The design flowrate at 7330 rad/s (70,000 rpm) is 1.46 x 10-2M3/s (232 gpm) so the

test data cover a range of flow from approximately 80 to 120% of design flow. This

can be seen in Fig. 57, which shows the same head rise but as a function of the

ratio of Q/N divided by the design value. The same data are also plotted in .
Fig. 58 as the dimensionless parameter of head coefficient (V) versus inlet

flow coefficient (¢) where these coefficients have their normal definition.

$imilar data analyses were performed for test 6 which included testing near ’

7330 rad/s (70,000). There were problems encountered with the transducers for
test 6 in that drifts were encountered between the pre- and posttest calibrations.
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P N
L R




(siso) pasds-moT 1861)
JURTDTJ JI0) MOTJd 3IBTUI SA Ju2IdOT33a0) peayg dung °*gg =2an31d4

AN312133300 MO 13N
o1 Sil oir SoF 0o 560 1.1 580 080 G0 110} S90

_.quuuunuﬂ—_-d-—---—-_xﬁq--—«-q:--~u——-u~d<--qqq-duq--uuuuqq-———-‘——duﬂmuq---q-q~¢—-—~_-—-—-uﬂ-—-«-quq
-

-

g 861 €0 1631 O
2 1861 0 1531 O
- 1% 0 1531 v
- IO

E o

3 8

F

- o

: =)

= O o qqqau

3 o &«

3 o DO

m T8 g

- o

oy o
-

o

C

Rk

S€

[o=]
v

W
IN3IDI4430D QvH

SUTETSIYI ITYINTIIUI [TUUTTITII [TRCITRINI (YCSITUTEI [NUTURTTTI FUUTUUTINI [YIRCRRTTI [CRUTRUUTI IRRTNTRICI FSURTTRTTI [TROCAIT] o



B e
1]

The data were reduced using both the precatibration and postcalibration signals,
but neither resulted in consistent trvends compared with test 3, 4, and 5. It was
finally established that the best general agreement of the data for the four tests
was achieved using a calibration signal thar was the average of the pre- and
postcalibration. The results were scaled to 7330 rad/s (70,000 rpm) and are
plotted in Fig.59., There arve sceveral peints of interest in these data. VFirst,
the data in the low flow region show reasonably good agreement with the data from
tests 3, 4 and 5, as can be seen by comparing Fig. 59 ang 6. This agreement
appears to hold up to a flow of approximately 1.50 x 107 °M”/s (240 gpm) which is
3% above the design flow. The data at higher flows show a continual decrease in
head until at the highest flow the head is actually 20% below its scaled value
from tests 3, 4, and 5. This characteristic is typical of cavitation induced
head loss, and these rvesults arve discussed turther in the seetion below entitled
Suction Pertformance.

A thivd point of interest in the data of Figxﬁﬁ is the presence of three data
points in the flow range of 1.45 to 1.52 x 107°M3/s (225 to 236 gpm) that are
near or below the curve tit of the provious test series data. These thvee poiats
were from the beginniug of test 6 and were obtained at a test speed near 3141
rad/s (30,000 rpm). Figure 59 had shown that data {rom this speed range actually
scaled to a higher head rise, and these 3 points reflect some of the inaccuracy
associated with the calibration problems that occurved oo this test. These data
would agree with the results of tests 3, 4, and 5 1f the flow were actually higher
than the measured value. 1f the calibration problem has resulted {n a flow error
that is more prominent in the begiuning of the test (when the 3141 rad/s (30,000
rpm) data and hipgh flow data were obtained) but is essentially zero at the end of
the test, the appavent cavitation tall off could actually be occurring at higher
flows than the measured value shown in the tigure. However, there is no way to
verify this other than retesting.

Figure 60 and 61 present results for test 6 that comparve with Fig. 57 and 58 for
tosts 3, 4 and 5. The same observations made with regard to Fig., 59 would, ot
course, also apply to these two tigures.

In conclusion, the head rise of the tested pump is higher than the previous
pump by about 6% as long as a noncavitating tlow condition exists. However,
the present pump appears to be move sonsitive to cavitation. This will be dis-
cussed more tully below,

Pump Efficiency., The etticiency of the pump can be determined in two ways:

1. Using the measured pressure and tewperature at the pump inlet and
discharges, the pump isentrvopic efficieacy van be caleulated

2 Using the calibration curve for the turbine efticiency and the turbiane
fulet avaitable encrgy, the pump efficiency can be devived from the
caleulated fnput power and measured output power

Of the two approaches, the tirst has generally been shown to have less data scatter
and to provide a morve veliable measuvement. Both approaches were used to veduce
the data trom the current tescs, dand both vesults are preseuted below.




153 pa9dg-y3TH 1861 wWolg Pa[EDS 9ain) molj-peay dung

3TN Y34 SHOTIVO ‘03345 NOISIA LV MOV dWd

00E D62 082 022 D092 052 Oh2 0E2 022 O

0310 020 0310 0510 (1231 OE(0

02 06l o8t 04t

GNOD3S ¥3d4 SHILN DI9ND 0I5 OIS0 IV MOTS 4N
02l olg 0010

‘66 21n314

o9l 081

- -d--dddqq---«-ﬂ-d-dﬁu-q-uu-q-«ﬁﬂ-uq--qd-_-u‘-qddqdmﬂuqnnqqﬁ

B

a

B8

m oo
@/
g

DD

s

{nat 00002}
J3S Y34 vy DEEL
Ol QI3WVIS vivg

-.-:-<--m-‘-q:-ﬁq-q‘-ﬂ-, )

1861 90 1511
i

7l

51SG31 846l
GNY 1161 MO 4
vivl 0 114 3A90

R

000SE  OOSCE  0000E 0054 000s¢ ce
oW/ Q3345 NOISXT LV S Qv W

wee 00K

0000t 0006
131 Q33S MISXD LV Sl GV oV

000t

aoaet

D
>




(359}, road3-4314 1861)
N/D ssajuoysuawq jo uojjounj e e mo1j-peay dung 09 2andj3

NS0 N-D ¥3A0 N/D

174 St Dil S0t 1 o] 56 86 S8 08 5 0 KX )4

- . -,:----—d-dﬂuq--un«uqq-—-qu—-nquq-—-qdd—--««-qqqdﬂqﬂu«-«--uﬂﬁqq-u_q:----q--‘qqqu-qqq«-:‘-<—--<-<dﬁ_-uv. -»
m 186! 90 1S3) O

2 3 N3]

3 0

- 0

- D

- g oo { vau 00007

- IS ¥l Qv CEEL

= 01 0IWVIS Vivd

- P 0

= oog -
F 0 :
- a

8

002
) V)

000s2  005e¢
0008

70001
1333 'QI3dS NBISXT LV XSiN Qv ¥

ON/AM T0334S NOISH LV WXl GvH I
0006

0056 Q05  OOOCE 00542
000it

1 1743

100




v T TR AT T R o e e e e e B o A

!
~ :
o
—
(I¥se]1 poads-y3TH 1861)
JUSTITIIB0) MOTJ 3IDTU] SA IJUSFOTFJP0) pedq dung °19 2and1g
IN3D14430D MDY L3N
o2r St oI SoT 001 S60 060 5 1) 080" S0 00 SO Qo@'m
- ]
- = .
- .m 1861 90 1531 O 3¢
3 o NI .
‘ o 0O ]
3 =) —Jov .
"w [ O - a .
- 0 =
- I
. - oo J a
: - g 5 h
: - 3 = 3
- = s i
w = LY ] 1 2 .
- ma =) i i
p II.S
C O 3
) = 0 n
- %, E i
= = .
2 ] 1
- -::.-.::::-..::.:_:_:_:.—.:.._.:-.::::_::::r—:...-:.-_:..::-..:::.-::::.n::::mUo.

+ - ['e . -

R S

U - B . . L4
- - PR P Lo e . T - . N N . ‘i - 1 ir Jo— PR
ﬂ'ﬁb{#.ﬁ!i? B T T L - ‘ 4 -t - . . - . . I . L N . . TR P T RTINS WIRL S TRt s




T TR R e kb = Kl -

The fsentrvopie ofticteney tor tests 3,4, and M in shown dn Fig, 62, Tests 3 and
4 show pood agreement , both with cach other and with the 3141 vad/s (30,000 rpu)
data fvom the 1978 test servies,

The officteney For test S s cleariy tower by approximately 5 polats owt of 63,

ot 8% lower.  Botore reat 5, sowe oritice sise changes made to the halanee

platon tlow overboard dunp FHnes to purposely reduce the sump pressare and {fncroase
the axtal throst range ot the balanee piston, These clinges also cause a sub-
qtant tal {nerease in the tlowrate through the balanee piston, Using the wmeasured
overhoard flow aud the measured o throngh the puap boaring from teat 2, 4, and

§ (the beartng low measurement was not correct on test 1Y, the ratfo of balance
piston tlow to puwp delivered tlow can be calvalateds The average valuos tor

these tests are shown in Table 1o,

TABLE 10+ AVERAGE DISTGN BALANCE FLOW AR A PERGENT OF
THROUGH FLOW N= AT RAD/S (30,000 RI'™MY

TEST NO. SLICES AVERAGE FLOW RAYIO (%)
e N 1.8
4 1) 0.8
b 7 J0.1

The resultn show that the balance piston Plow actun iy fnceveasad by 8 to 9% ot
the throupht low tor test b, Because the batanee piston flow ix a pavasitie flow
Toss, such an fnervease would result fnoan 8 te 9% loss in etficieney and, hadeed,
an 8% drop wan experienced. N ahould alse be noted that the mapgnitude of the
tlow tat fo presented fo Table To ds Targe as compared with wost rocket cugine
pumps which ave genevally much lavgor tn stee, Oue of the main reasons it iw
dittienlt to achieve the higher ettictencies tor a small tow=tlow pump is that
clearances hotween rotat fue seals vt gonerat v be seated dowi proport tonal

to the pump diameter and the leakage flows become 4 much lavger peveentage ot

the thirought tow,

PA

Figure 63 prescents the etetetency Lor the same three tests wsing the deive hovse-
pover trom the turbine based on turbine ottictencey Crowm calibration testy, The
ot ietoney fn seon to be higher tov this approach but with more seatter awd
without a distinet dittercnee between test h and the other two tenta,s (This dx
approach Y preseated above). 1t Es believed that the calibratton curve tor the
turbine is actually toe tow tu ettivieney, based on the test data trom the curront
toat wertes which unduly penatizes the turbine and wakes the pump look wore

ctticiont than it actually tw,

At Low speads, the teapemitare rise trom the pump fulet to the puwmp exit in very
amal 1, ax shown in Fige b4 Aay instroneatat fon orvoers tu the tewperature weas=
wrements will vause a lavge evvor fu the {nontropie horsepower calibration at low
speads Any fnsstrment at ton ervors at hifgh speed will cause lens ovver in the
{sent ropie hovsepowet calentation hevause ol the highor temperature vise at thowse

S[M‘\‘\lh‘-

tol




103

$353] paadg-mo0] g6l uo paseq Adua301334 ojdoajuasy dang *z9 2i1n3-j

LMY ¥3d SNOTIVO ‘0334S NDISI) 1V MO WY
00E 062 082 02 092 0652 Os2 02 022 Q12 002 06l 08t i ool

05l

w QNCDIS ¥3d SUILIY 9D ‘03345 NOISIC 1V MO 1S 4
08y 0410 0510 0510 0410 13,14 0210 Olg 001
3 |—-u-u-u--:----——-—-dﬂ——-—-——-u#“u—nuuquq-—-‘-—q‘q-«ﬁ-nuu——-u——-uﬂdﬂﬂ-N-—-——juum-ﬂ—- a
E o 55
3 L= VvV oy
3 oo v v
= o
v = o -
m m ° Wy 2
m 3 o 13 .
W = o Boo &, 8 598 ;
3 A
E 9
| = I .
3 mhm
E 196i £ 1S1L O 2
= m—m % iS31 © 8..
= v
= {na 000} Q,_mew.w»
E J3S ¥4 QvY 0esl
2 = 0L G3vIS viva
| 3 % #
:.::-::::_—..:_:..__:::Cn:.C::-_C:::_::_:t—_::::—:_..::-E. b0 m
EEEEEE g
|
-
3 M
|
|
_“ .“
w . B ' ¥ r “

-, it o R T ST S
e S Al T SRR st e FR st




(s3s?] paadg-moT T86T)
2AIN) UOTIBIGITE) SUIqan} uo paseg Kdoueydofiyg dung °g9 2andtg

JLOANIN ¥3d SNOTTVO ‘033dS NOISI0 LV MO N
DOE 062 DBZ 02 092 0S2 Ow2 O0E2 022 Ol2 002 Qel OBl O 091 _ OSi
TR I L wai i WL WAL A AL LU UL WAL UG LA
ONOD3S Y34 SHILIN DIND '033dS NOIS3A LV MO JNNd

; 08I0 00 0910 0s10° ghl0 0EI0" 0210 ony oo
= 55
Mr 09
&
i !
m v DD
ml O 5S¢
3 1861 €0 1531 O
: YEERS|  Je
= : v
= {wWa 0000}
= JIS ¥3d Qv¥ OEE/ N33
3 0L QITVIS VIVQ
- 58
| = 2 06

ORICINAL PAGE 1S
OF PGOR QUALITY

P, YU T

104

)
T




s3s9] paadg-mo] 1861 Zutang 9s1¥ 2anjeasadwsy dang °*49 3ind81g

i " OIS 1S1L
3 0005E 00528 0000E 00512 00052 00522 00002 005! 0001
.
1 J%5/0vH ‘GileS 1S1L
o05e 052 00E D522 0052 0522 0002 oS o
1860 €0 1SIL O .s
1861 W0 1SIL O
1861 'S0 1S3L ©
NION =
O 7
D (4% ]
o =
@miuw 4
[9 2]
m
w
o & :
o w
SNOLLIGOD 1115 @
ISIL 1V Viva
. =
o

¥ 93 'L V110 AN

b £
§ 93 ‘1 Vi1 v

S

9




¢
i
4

AP S Py - T N L

Therefore, more vonfidence can be placed upon the data at speeds near 7330 rad/s
(70,000 rpm). The isentropic of ficioney cateulated from the measured parametors
at high speeds (test.6) are preseutod din Fig. 65. ote that the three points
between 1.46 x 10-247 /s (226 gpwm) and 1.518 x 10-3M /s (235 gpw) that are below
the data trend are the three data points obtained at the beginning of the test
near the 3141 vad/s (30,000 rpm) operating speed.  The data at or below the
design flow are consistent with the data previvusly obtained near 7330 rad/s
(70,000 vpm), anc the of fictencies achieved are consideved to be very good for
this size pump. The peak efficiency is over 08% at the lower flows, and the
efficiency at the design point s over 67%. The design point efficicncy had been
predicted at 70% with the peak efticiency oceurring at the design flow. However,
previous tests had shown the same doviations from the predicted values as
ohserved for the current test gsories.  The data suggest that at least one clement
of the pump (i.0., either the inducer, impeller, vaned diffuser, or volute) is
undersized so it matches better with the lower flow. Based on the loss coetfi-
cionts for these elements (Ref. 1) the diffuser losses ure predominant, mnaking

{t more suspect as the cause of the lower design point officioncy.  Also, the
diffuser was designed structurally to withstand very large tensile stresses due
to the high volute pressures attompt ing to separate the volute. Thus, the blade
blockage for the diffusor is relatively large. However, wore oxtensive studies
would have to be conducted to try to {dentify the actual cause of the peak
efficiency occurring at a lover flow.

The temperature rise through the pump for the higher speed opevat fon 18 showu

in ¥Fig. 66. The temperature vise i{s approximately 6 times as high at the higher
spoed providing much botter data accuracy such that the isentrvopic etficiency
based on tost 6 1s belioved to be a much more accurate value. The falloff of
officieney at the higher flows is due to the sawe phenomenon as caused the head
falloff presented in previous tigures. The otficiency for test b based on the
turbiune calibrvation is chown in Wig. 67. Again, the vesults are higher than

for the isentropic efffciency and, in fact, arve obviously too high, oxceeding
84%. Thus, the isentvopic efficiency is still believed to be a better value.

The head and oftictency Jdatn can be used to gewerate the power cuvrve for the
pump.  The results are shown in Fig. 68 fov tests 3, 4, and 5 and in Fig. 6Y tor
test 6. This power is dof ined as the pump input horsepower

hp = AH w/(550 n)
whore Al is the head vise, & the weight flowrate, and 1 is the pump cificioncy.
The most representat ive rosults are the values from test 6 at ot below design
{low based on the accuracy arguments presented above.

Inducey, Statde Pressure Rise. Oone of the special parameters measuted during the
test series fs the inducer discharge static pressure. The measurement is futended
to provide an cvialuation of fuducer pertormance to permit fdentification of any
potent fal fndueer problem. 1t also {dontitics the downstream pressure boundary
condition tor analvzing the balance piston recirentating low, because the balance
piston low that doos not pass through the beaviugs is dumped back into the

flowst ream between the {nducer discharge and jmpuller inlet.  (even the beaving
flow can be routed to return to this same dump location.)
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N During the 1977 and 1978 test series, this measurement was located flush with the

: wall at the tip of the inducer. Thus, {t was intended to measure the tip static

pressure at the inducer discharge. The test had shown this pressure to be signi-

; ficantly lower than the predicted value (Ref. 2). 1t was pointed out at the time

L that the low value could be due either to a faulty measurement of a hydrodynamic -
S deficiency, and if the latter were the case, it could seriously affect the suction

. performance of the impeller.

: In the current test series the measurement location was moved to the area where
o the front wear ring €low dumps into the impeller inlet as shown in the sketch of
f> Fig. 70. This measurement position provides a more direct measurement of the dump

- pressure for the balance piston recirculating flow, but it is not as accurate
for the inducer discharge pressurc because any vortex gradient occurring in the
fluid between the measurement and the fnducer tip will result in a pressure dif-
ferential between these two lovations.

The inducer static pressure rise for tests 3, 4, and 5 and for test 6 are shown
in Fig. 71 and 72, respectively. In both cases the data have been scaled to
7330 rad/s (70,000 vpm) so they can be compared to each other. The pressure rise
{s defined as the measured discharge static pressure minus the measured pump
inlet static pressure. ln comparing the results of Fig. 71 with those of Fig. 72,
it can be seen that the data arve only fo fair agrecment with the higher speed-
data giving almost 9% higher pressure rise until the drop in pressure above design
flow is experienced. This is caused in part by the recirculation of the balance
piston flow on the high speed test. Comparison of the pressure rise from either
Fig. 71 or 72 with the measurement from the 1978 test series (Ref. 1) shows that
: the current measurement is significantly higher. The 1978 series data indicated
a pressure rise of only 2088 N/MZ (303 psi) at design flow and 7380 vad/s
(70,000 rpm) based on the high speed data and only 271 psi at the same conditions
based on &ow speed data.  The data,from Fig. 71 and 72 show a pressure rise of
4.350 N/M® (631 psi) and 4.736 N/m” (687 psi), respectively, at the design flow .
and 7330 rad/s (70,000 vpm). In fact, the values presented ﬁu Fig. 71 and 72
actually exceed the design pressuve rise which was 3.612 N/m™ (524 psi) at design
’ flow and 7330 rad/s (70,000 rpm). Thus, the existence of a pumping gradient
between the measurement location and the inducer tip is certainly indicated
as would be expected.

Assuming that the front wear ring {low has a tangential velocity that is 1/2
the wheel specd and that this veloe.ty velationship is presevved dowastream
of the weav ring, the pressuve gradient between the measnrement and indueer
tip can be caleulated.  Using a LOX density of 1121 Kg/m3 (70 1b/£t3) and a
' spoed of 7330 rad/s (70,000 rpm), this pressure gradient would actually have a
magnitude of 2,00 N/m (290 psi). Subtracting this value frvom the 4,74 N/mz
) (687 psi) measuved pressure rise of Fig. 72 gives a resultaut of 2.74 N/m=
(397 psi).  This latter value is closer to but higher than the previous measured
values of the 1978 test series, 1f the flnid swirl in this reglon were at only
40% of wheel speed (K = 0.40), the pressurc gradient would have a magnitude
of only 1.28 N/m (186 psi) aund the resulting inducer static pressure rise would
be 3.45 N/md (501 psi) at design flow which is within approximately 4% of the -
’ dosipgn vatlue. With the expected leakage tlows of the front weav rving, a tluid
wwirl of only 407 of wheel speed, or even lower, is cortainly possible as has
been shown in numevous studies where the tlow coefficient was increased tor fluw
between a votatiug and stationary disk.

e e
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INDUCER
DISCHARGE
STATIC
PRESSURE
MEASUREMENT

O = 1.983 IN.

(5.036 CM™)
INDUCER 1

D= 1.659 IN.
Q (4.214 CM) .
IMPELLER

Figure 70. 1Inducer Discharge Static Pressure Measuremeunt

Also, the test data during test 6 at high test speed show a minimum inducer
static pressure rise at high flowrate of only 1.33 N/m2 (193 psi) (scaled to
7330 rad/s (70,000 rpm). Thus, the pumping gradient i{s not likely to exceed
this value unless a low deunsity exists in this pocket. Thus, the current
wmeasurements indicate that the static pressure rise approaches and could very
well agree with the predicted pressure vise value, but the exact magnitude

of the pressure cannot be determined with the available data.

Another interesting observation from test 17 is that the inducer static pressure
rise for test 5 is obvicusly lower than the data for tests 3 and 4. However,

it was previously pointed out that the balance piston flow was higher for test

5 by some 1.26 x 10=3m3/s ( 20 gpm). Thus, the inducer flow is higher by that
magnitude, but Fig. 71 and 72 are plotted as a tfunction of delivered flow
rather than inducer flow, If the test 5 data in Fig. 71 were moved hovizontally
to a flow that is 1.26 x 10™3m3/s (20 gpm) higher they would show excelleut
agreement with the data for tests 3 and 4.

The data at high test speed from Fig, 72 show the same significant decrease in
pressure rise at approximately 3% above design {low as was observed in both the
overall pump head and efficiency. This is extremely important because if the
talloft is due to cavitation, as it appears to be, it is important to know if the
vavitation problem originates in the inducer or in the impeller. The dara of
Fig. 72 definitely show that something is occurring in the inducer.
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such a significant dropof{ could cortainly trigger fwpeller cavitation, but the
inducer is at least experiencing fts own prablem.  This problem is discussed
further in the following scction.

suction Performance. It was intended for cavitation tests to be performed at
selocted tlows during the current test series to quantitize the suction perfor-

mance over the flow range. However, test time lHmitations did not permit these

tests to oo performed. Nevertheless, the data from the last test at high speed n
have shown indications of head loss due to cavitation. This ef fect has been

noticed and referred to with vegard to Fig. %9, 00, 6t1, 65, 68, 69, und 72.

1t has been poeinted out that the head falloft is oceurring in both the inducer

and overall pump. 1t is of Intevest to fovestipate the cavitation related data

and attempt to identify the specific cause of the head falloff,

The data from the overall pump and for the inducer pressure rvise have been analyzed
to caleulate the percent of head fatloff as a function of flowrate. The results
wore very interesting and arve shown fu Fig. 73, The tigure coutaius four curves
which are {dentified as follows:

1. The peveent head falloff of the overall pump as a function of flow
(curve 1)

2. The percent tallott of the stavie head vise of the inducer vs {low
without any correction to the {nducer discharge static pressure
measurement (curve 2)

3. The pereent talloft of the static head of the induver vs {low using )
a corvection of 1.28 N/m? (186 psi) (corresponding to k = 0.40 at
7030 rad/s (70,000 rpm)) to represeut the pumping gradient between
the fuducer tip and the static pressure ueasurement downstreaw of
the inducer.

4, Inducer suction specific speed based on dnducer inlet pressure vs
flow tor the high speed test data portion of test 6.

The curves show that the fnducer head starts to fall aft at a lower {low than

the overall pump.  Sccoudly, assuming that the corrvvcted curve 3 s the most
representat ive of the inducer behavior, the inducer static head has tallen by 23%
by the time the pump head falloft is 1%, (1t should be pointed out that the
fnducer stat te head fatloft will occur at s taster rate than the {uducer total
head fallotl),  Note also that at the highest flow, the tuducer static head tfatl-
of f {8 almost 100%. Thus, {t is apparvent that the inducer tatloff s the {irst
to occur, and it is probably the primary cause of the fallott of the pump head.

Examiniug the suction specific spoed curve of Vig, 73 shows that the {nducer ;
head begins to tallott at a suction specitic speed of approximately 15,000 tor

a tlow about ¥oabove design flow. At the desipn 1oy, the proedicted suct fon

spocitfe speed was approximately 105260 {rnd/s(m‘/s)‘/Ql(J/Kg)3/4} (30,000
(rpm)(ﬁvm)l/z/(lt«lhl/lhm)‘/“). and previons destgas of lavge size have been

able to achiove the higher suction pertormance.
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The Mark 48 inducer is smaller (Dp = 1.65 fn.) than previous designs and this
could impact the suction performance because blockage due to fillets, boundary
layers, etc. is much more severe puryentu§g~wise. ‘waever, it is believeg that

a degign exceeding 52,631 {(rad/s) (m3/s) 1/2/(1/Kg)3/*1{15000 (rpm) (gpm)1/2/(fe-1bt/
lbm)3/ } suction specific speed is achievable in this size range.

There is one other potential explanation of the head falloff. During test 6, a
portion of the design flow was recirculated to the eye of the impeller. This flow
has experienced some temperaturce increase in passiung through the pump, the balance
piston, and the recirculation line. 1f this flow is vaporizing, creating a two-
phase flow condition entering the cye of the impeller, it could impact both the
pressure reading and the impeller cavitation characteristics. To attempt to
verify one of these potential explianations as the cause of the problem, data

from previous test series on the Mark 48 pump werce examined, specifically data
from the test series in 1977 and 1978. The 1978 test ?gries never reached a
suction specific speed as high as 526314 (rad/s) (m3/s)1 “/(J/Kg)j/a} (15000 (rpm)
Cepm) 1/2/(f=1bf/1bm) 374), the mnxjyxm vilue being 47368 rad/s(mjls)l/z/(J/Kg)3/4
(13,500 (rpm)(gpm)“*/(ft—lbf/]hm)3 at a flow below the design flow. Test 4

of the 1977 series reached 54035 (rnd/s)(m3/s)1/2/(J/Kg)3/4{15400 (rpm)(gvm)llz/
(ft-lb{/lbm)3/4} suction specific speed but at a flow below the design flow, and
it showed no indication of cavitation talloff., Test 5 of the 1977 test servies

was the one that experienced thie LOX fire, but it did operate according to the
data at high suction specific speed values (between 70175 and 84210 (rad/s)
(m3/s)l/2/(J/Kg)3/4 {20,000 and 24,000 (rpm)(gpm)1/2/(ft—lbf/1bm)3/4}. These

data did indicate that head falloff was occurring but wot as drvamatically as for
the curreat data.. However, 1t is not clear what impact the fire incident had

on the recorded data. Thus, exawination of previous test data does not clarify . i
the cause of the head falloff.

Balauce Piston System Pertormance Evaluation

Balance Piston Pertormance.  1In 1979, the analytical model of the balance piston
predicted balance piston operation to have large margins for f{lows at or below
design flow but a wmargin of only 177 of the force range (13% with the high pressure
orifice open) at a high flow coefficient (202 above design). These analyses ave
géven in Table 17.  To provide additional safety margin, it was decided to perform
initial tests {n the current series with an overboarvd bleed to help keep the sump
pressure for the balance piston at a low value., The initial tests with the lower
spoed actually showed a much better axial thrust control usiug tho'monsured pres~
sures tor twpeller discharge, balance piston, and balance piston sump than had been
prodicted. However, {t was also noted that the fwpeller discharge and inlet static
pressutres wore much higher than had been used in the axiul thrust wmodel. The
previous values used in the analytical model were based on pressure megsurcments
frow previous test series, but these weasurements had been subject to error,
particulavly the {wpeller discharge pressure which read low due to leakage from the .
wmeasurement trvanster tube as 1t crossed flange intertuaces. '
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3 Using the pressures as weasured {n the curreat test effort in the analytical
model vesulted in excellent agrecment with the test data and a prediction

of comfortable margins for axial thrust control at all flows at a speed of
3141 rad/s (30,000 rpm).

During the initial tests 1n this series, there was evidence that the overboard

r drain line was choking causing a high back pressure for the balance piston

“ sump, Modifications were made to the overboavd draiun line to decrease the line
resistance by enlarvging the flow contvol oritice while retaining the flow
measurement orifice. This was doune to ensure that test 6, which ran to higher
speeds, was performed with the flow from the balance piston free to flow either
overboard or recirvculate into the cye of the fmpeller, A schematic of this flow
path is shown in Fig. 74. The measured parameters include the balance pistom

. . sump pressure, inducer dischavge pressure, overboard flow (©3), and bearing flow
: {(®2). These data together with the analytical model of Ref. 2 are sufficient

to calculate the vesistance and flow through the recivculation line (mg) widch
also permits calibration of the balance piston flow (&1).

PIND DisCh
Wiy i
e INDUCER IMPELLER »WDELIVERED
\ BALANCE
PISTON
W FLOW CONTROL ORIFICE
MAXIMUM DIAMETER
W Psump FL \
4 b 4 ful —» Wy OVERBOARD
RECIRCULATED ""\ u
FLOW MEASUREMENT
BEARING——s

¥ W, BEARING

| Figure 74. Flow Schematic Representative of Test o

The model does not include a separate fiow path for both overboard flow and
vecirculation tlow,  Thervefore, the procedure used was as tollows:

1. Pormit the overboard tlow (@) and the bearviug flow (©9) to both exit
through the beaving tlowpath by empivically decreasing the resistance
in the analyticai model until the calceulated tflow agrees with the
suw of the test tlows
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2. Adjust the resistance in the recirculation line until the correct
balance piston sump pressure occurs simultaneously with the correct
flow through the bearing

Since there are two measured values being matched (sump pressure and w, plus &3)
and two resistances being adjusted, a unique solution can be obtained at each
flow. This procedure was adopted for three data pcints from test 6, and an
average resistance for the recirculation line was calculated. Tablel18 shows the
resulting values of the analytical model compared with the test data.

Having empirically anchored the analytical model, and particularly the recircula-
tion line resistance, the model can be analyzed eliminating the overboard dump to
simulate the mode of operation with recirculation of all of flow except that going
through the bearing. For this calculation the resistance of flow passing through
the bearing and overboard was returned to its original design value because this
resistance was verified to be accurate by the data. The results of this analysis
are shown in Table 19, along with the predicted balance piston axial thrust results.

Figure 75 to 77 show the axial thrust force curve for the three operating points
of Tables 18 and 19. The figures each contain two curves; the solid curve repre-
senting the mode of operation as used on Test 6, and the dashed curve showing

the recircuiation-only mode. The point where the axial thrust is balanced is
shown on each curve, and both the table data and the curves show a very satis-
factory operation of the balance piston over the full range of flow tested.

In fact, there is no indication that the balance piston ever approached its
limits of axial thrust range during the test, nor would it with a recirculation-
only mode. TFigure 78 shows the primary pressure parameters that reflect the
behavior of the balance piston, and even during the portion of the test when
large pressure falloff was experienced due to cavitation, the pressures all
responded in a relative mannex that indicates only a small shift in the balance
piston. To verify this the balance piston parameter [' was caiculated where:

I['= (P P )

sp-1 ~ Psump)/ Prp ~ Pume

where Pgp.i is the number 1 balance piston pressure, Pgyqp is the sump pressure,
and Pypp is the impeller discharge static pressure, If ' approaches zero, the
high pressure orifice is approaching a closed position. Similarly, if T approaches
a value of one, the low pressuvre orifice 1s approaching closed. The most cdesir-
able value would be I' approximately equal to 0.5. During test 6, including the
cavitating part of the operation, I’ only varied from a value of 0,40 to 0.365
from one extreme of flow to the other. This is strong evidence that the balance
piston was fully operational and able to handle all of the imposed loads with
margin to spare throughout the test. Evaluation of the bearings after test
indicated no large axial loads had occurred on the bearings during turbopump
operation.
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Balance Piston Performance Near Design Flow (During Test 6, 1981)
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é Dynamic Seals Performance

Labyrinth Seals. The condition of the labyrinth seals on the impeller front
shroud and slinger indicated satisfactory operation with slight wear-in showing
on the silver plated lands. Pressure measurements across the impeller front

3 wear ring were compared to determine the range of seal pressure drop. A cor-

. relation of test 6 data given in Table 20 show at speeds near 7120 rad/s (68,000
rpm) the pressure drop across the seal is as would be expected and the impeller
front shroud labyrinth seal is operating satisfactorily.

% The labyrinth seal on the slinger consists of a two land stepped static component
' with three labyrinth grooves for each land on the votating slinger. The static
clearances are shown in Fig. 43. The data from test 6 (Tablc 20) indicates a
large pressure drop across the seal. The pressure drop data accounts for the
radial pressure gradient from the slinger seal to the slinger sump pressure
measurement assuming a radial pressure gradient as measured and reported in Ref.Z.
These measured pressure gradients were found to have very low pumping effective-
ness at high speed with a K slinger pumping coefficient K of 0.05 at 6912 rad/s
(66,000 rpm) and a K of 0.17 at 3141 rad/s (30,000 rpm).

As a result, the pressure drop across the labyrinth seal is very high which leaves
a much lower pressure in the seal cavity. As a result it is possible that the
slinger height could be reduced considerably. This would reduce tlie pumping
losses of the rotating slinger. There is some heating associated with the slinger
disc friction. The temperature measurements between bearing coolant flow, slinger
sump temperature and balance piston flow temperature show a higher temperature
by 1.11 K (2 R) for the balance piston flow. The accuracy of the thermocouple
readings is well below what the isenthalpic temperature change and disc pumping
would be, so a comparison cannot be made except to note that the temperature rise
. for the isenthalpic pressure drop across the labyrinth seal is 0.94 K (1.7 R) or
very nearly the measured temperature difference.

The flow rate was estimated through the beavings and slinger labyrinth by com-
bining the overboard bearing flow with the measured primary LOX scal flow of test
series 3 and 4, which runs very nearly a coustant 0.077 Kg/s (0.170 1lb/<) at

all speeds and cavity pressures measured. The net flow rate through the bearings
is of the order of 2.2% of the pump flowrate.

Floating Ring Scals. The performance of the floating ring seals has shown good
consistency throughout the several test sevies, The seal packages counsist of
three seals, having three drains and one helium puvge supply section. The
| helium purge supply pressure has been mairtained on test series 4 and 5 at
152 N/em? (220 psia) at all test conditions at near ambient supply temperatures
of 300 to 311 K (540 to 560 R). The primarv LOX seal drain temperatures in test
series 5 are considerably higher than on test veries 6 (Table 21). This would
indicate rvelatively less cold LOX leakage with more warm helium gas in the mixture
probably caused by the reduced slinger sump pressuves. The secondary hot gas
. seal drain shows little change between the two test <eries. The primary hot gas
seal drain gas temperatures are affected by the amount of chill on the turbine
bearing package for cach test but the pressure levels are ouly slightly higher
as ave the measured flowrates for 3141 rad/s (30,000 rpwm).
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Dvnamic Performance

The dynamic data from tests 2 through 6 were processed and analyzed to determine
{ what the dynamic characteristics of the turobpump were. The pump instrumentation

i : consisted of radial accelerometers located on the volute inlet and turbine hous-

ﬁ\ ing flange, and a pump axial accelerometer located on the volute inlet face. Two

? ‘ radial proximeter transducers were located at the turbine bearing instrumentation ]
X cap to measure shaft position and one axial proximeter transducer at the end of

; ! the shaft. All these data were recorded on FM tape for future processing. The

data processing was done at the analog facility in the Rocketdyne Engineering
Development Laboratory.

R

Maximuwm axial and radial acceleration levels measured for each of the four

3141 rad/s (30,000 rpm) tests were less than 1 g rms. All peak acceleration
levels referred to arve taken from Amplitude Mean Squared (AMS) traces filtered
with a 0 to 2000 Hz low pass filter or a 200 to 2000 Hz band-pass filter. At
the beginning of test 6 operation at 7121 vad/s (68,000 rpm), all of the
accelerometer measurements were overdriven on FM tape. Using the best data
retrieval methods available, the accelerometers show maximum amplitudes on the
order of 7 G's rms. These levels are roughly twice the maximum accelerations
observed on a 19/8 test (series 4) that was also conducted at 7121 rad/s (68,000

rpm).

Turbine end rubbiung was indicated on every test by 2X and 3X synchronous speed

frequencies. After test 6, the rotor experienced high torque. No explanation

for this increased interference was found {n the data. It is assumed that the ]

\ higher speeds of test 6 aggravated the rubbing condition that had been noted
since the first test of the series. Test 6 ramp down rate was not significantly
different below 3141 rad/s (30,000 rpm) than that seen on previous tests.
Similarly, its ramp dowm from 7121 rad/s (68,000 rpm) compares closely to the
1978 test mentioned above. '

Spectrum data (isoplots) from tests 2 and 3 show anomalous frequencies at 3.2X
and 3.6X speed. These frequencies do not appear on any later tests. They could
be related to a ball spin frequency which is calculated to occur at 3.1X speed, i

Two other anomalous frequencies, one at 1500 Hz and the other rauging from 2700
» to 3100 Hz, appear in the data. During each test the frequencies remain constaunt,
independent of rotor speed, and on some isoplots they appear before the test
was begun.  Consequently, they are believed to be wnrelated to votating irregul-
arities and are most probably acoustic frequencies or noise,

A final anomalous frequency was scen on test 5, 1t is subsynchronous and because :
it appears most strongly on axial awplitude spectra, it is believed to be related '
P to balance piston vibratiou. i

‘ Bent ly displacement data on all of the tests in this series were of dubious
value.  Time historics (Statos records) and isoplots were characteristically

| garbled with noise frequencies.  In most instances spot face amplitudes could not

‘ be distiuguished from rotor translational amplitudes. Peak displacewent values

were obtained by subtacting amplitudes attributable to woise frowm nominal

amplitudes,
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Radial and axial displacements for the 3141 rad/s (30,000 rpm) tests were on the
order of 0.762 x 10=2mm (3.0 x 10-4 inch) peak to peak, while the displacements
seen at 7121 rad/s (68,000 rpm) were on the order of 1.524 X 10=2um (6.0 x 10-4
inch) peak to peak.

The conclusions reached for test series 5 dynamic analysis were that observed
acceleration and displacement levels were consistently low. The operating
speeds of 7121 rad/s (68,000 rpm) and, 3141 rad/s (30,000 rpm) exceeded the 20%
safety envelope around the rotors observed critical speed of 5655 rad/s
(54,000 rpm).

Except for the Mark 48-0 turbine-end rubbing, none of the anomalies identified

in the test data are deemed to be serious. Some improvement should be channeled
into improving the readability of the Bently traces. Perhaps a different spotface
or spotface—probo.configuration should be employed because of the extremely

small shaft diaweter of the Mark 48-0.

Mechanical Performance

The condition of the component parts on disassembly were generally in excellent
condition. The inspection rovealed three aveas where damage to the turbopump
had been sustained during the testing. These areas were:

1. Turbine tip rubbiug
2.  lnducer tip rubbing
3. Distress of the chrome plating on the rotor shaft at the turbine seal

An evaluation of the specific hardware, causes for the condition and recommended
solutions follow.

Turbine Tip Rubbing. It has been previously stated that the high torque exhibited
on the rotor during posttest torque checks indicated the rotor torque to be

903 to 1130 N/cm (80 to 100 {n.-1b). Attempts to {ree the votor by turning only
resulted in larger torque values. A combination of blowing ambient GN3 through
the turbine while heating the turbine housing provided no reduction of the torque.
As the rotor turned, [t would at sowe points break loose for an arc of as much

as 0.785 radius (45 degrees) but with added rotation would seize. A push-pull
point where the shafr rotated freely within the acce des-
indicated an axial shaft travel of approximately 0.254 mm
(0,010 fnch) for only slight axial load. This fndicates the rotor was operating
within the acceeptable axial travel band width ot the balance piston. M sassembly
was accomplished by pulling the bearing support housing off the turbopump. The
support housiung contains the turbine tip seal. The intervference causiug the

high rotor torgue was caused by the rubbing of the votor tip and the galling

of the copper plating on the seal diameter adjacent to the stator vanes. This is
clearly shown by the condition of the copper plating in Fig. 79. The rotor

also shows evidence of rubbing and some collection of copper on the blade tips

in ¥ig. 80.

cheock was made at one
cribed, Measurements
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1t will be necessary to strip and replate the copper before the support housing 1s
useable. No other damage is apparent. The rotor blade tips will require cleanup
by hand to remove the copper accumulation. The blade tip itsell shows very little
wear.

The cause for the rubbing condition was investigated and found to boe due to the
close tip clearances used in the build and the operating changes involved. The
drawing stackup showed the radial clearance at asseubly to be 0,051 to 0.102 wm
(0.002 to 0.004 iunch) as is given in Fig. 81. 'The actual measured radial clearance
at assembly was 0.127 mm (0.005 in.). The c¢learance increases due to the effects
of chilldown if housing and rotor temperatures remain the same temperature. When
the turbine wheel speeds up, the wheel growth decreases the clearvance and it the
ambient GHy gas drive warws the components further, the clearance decreases further.
At this point, the rubbing is hLighly likely. 1f the system was driven with hot gas
at 922 K (1200 ¥), the housing growth would provide more than adequate clearaunce.
1t is recommended that with GHp drive, the turbine tip cvlearance be increased to
avoid the rubbing condition.

Inducer Tip Rubbing. The disassembly revealed some slight rubbing of the inducer
blade tip wich the inlet wall. The rubbing traces are shown in Fig. 82. The duct
surrounding the inducer tip is silver plated to a depth of 0.254 mm (0.010 inch).
The measurcments of the inlet duct indicate the depth of the rubblog is of the
order of 0.051 mm (0,002 incl) maximum over a circumferential arve orf 1.57 radius
(90 degrees). This slight rubbing has been reported on previous builds.  The

-~ radial tip clearance at assembly was measured at 0.174 um (0.0069 inch) with an

inducer tip runout of 0.0102 mm (0.0004 inch). It is recommended that no inducer
tip radial clearances tighter than 0.203 mm (0.008 iunch) be vun.

EﬂﬁiﬁﬁwpiﬁflffﬁiﬁﬁLﬂEB!ZQUi_§9§l; Examination of the shaft-rotor on the sealiung
surfaces reveals characteristic carbon tracks on the turbine end seal and primary
LOX seal. The tracking of the primary LOX seal is shown at midspan on the shaft in
Fig. 83, This condition is normal and not considered a problem. The turbine seal
arca which is unearest the rotor wheel on the pump side of the shaft showed serious
Jdistress in the chrome plating. This s casily vrecognized in Fig. 83. The seal
used here uses two floating vings made of Amcermet.  These rvings are shown with the
scal package in Fig. 84. The riung nearest the pump (left side in Fig. 84) lost

its press fit and came loose from the retainer while the one nearest the rotor did
ot and is shown with fts vetainer riung. 1t 1s hypothesized that as the Amcermet
operates at close clearances near the chrome. heat is generated. This heat causes
expansion of the Amcermet and yielding of the vetainer ring until the Awmcermet viug
press fit is lost. At this point the seal ring can wear on both the outside and
inside diameter of the seal ving. The ovidence of high heat in the chrome has been
voritied by hareness tests on the shatt both on and adjacent to the seal damaged
area.  The tests reveal high Rockwell € havdness adjacent to the distressed area
but below scale havdness on the distressed area.  Although the harvdness test is not
completely acenrate {or thin chrome plating, it does reveal that temperatures as
high as 1033 K (1400 F) way have developed in order to soften the chrome plating in

the distrvessed ared.
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Test data on hard chrome plating indicate that when chrome plating is subjected
to temperatures above 672 K (750 F) the hardness is reduced considerably.

| Several small segments of the chrome plating are missing in the distressed area. ‘1
; The shaft does not reveal any permanent damage but the chrome will need to be -
: stripped and replated before it can be acceptable for use. It is recommended
R that on subsequent builds the radial clearance on this seal ring be increased

to avoid the problem. The condition seems to be caused by lack of film cooling -

existing across this seal segment since the one closest to the turbine wheel

. with more pressure drop across it seems to be undamaged with only slight rub
?\ markings. The problem could also be corrected on the testing with GHy turbine
?‘ gas drive if the Amcermet seals were replaced with carbon seal rings.

Bearing Analysis. The bearings were analyzed after disassembly of the turbopump.
During disassembly, the bearings were damaged by the static axial overload required
to separate the pump components. The bearings were axamined after six starts
during which they accumulated a total of 580 seconds operating time. The pump

was run at 524 rad/s (5000 rpm) for 326 seconds, 3141 rad/s (30,000 rpm) for 166
seconds and 7121 rad/s (68,000 rpm) for 35 seconds. The balance of the time was

at transient speeds. The conclusions drawn from the bearing examination were:

1. The bearings would have continued to operate

2.  The coolant for the turbine bearing set showed evidence of par-
ticulate contamination

3. All bearings were damaged by static axial overload during disassembly ol
4, The turbine end bearings were subjected to synchronous radial load

The ball surface was mostly roughened, accompanied with a dull band. Some balls -
show Brinnel marks and some have shallow spalls. One ball had a short crease.

The general condition of the bearings was not bad enough to preclude continued
sorvice, although the deterioration was evident and the rate would be expected

to accelerate.

The high contact angle indicates that the inner race press fits may not be as
tight as intended. The press fit on these bearings at ambient condition was
measured at 0.0229 to 0.0254 mm (0.0009 to 0.0010 inch) tight.

The No. 3 bearing had experienced a radial synchronous load, as the iuner race-
way eccentric load path indicates. This could be due to a residual rotor
imbalance of the turbine wheel. It is difficult to explain the lesser indica-
' tions of synchronous radial loading in the No. 4 bearing, which is adjacent to .
the No. 3. A hypothetical combination of:

(1) Axial hang up of the No. 3 and &4 bearing cartridge,

(2) A shaft wotion toward the No. &4 beariug, or by
| (3) 4 looser fit between the outer race of the No. 4 bearing and the
; cartridge
| ;
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could be responsible. Another contributing factor would be due to an anomaly in
shaft alignment; any out-of-squareness of the shoulder where the rotor end is
attached will magnify the runout at No. 3,4 bearing location. It was also noticed
o that about 20% of the No. 3 bearing OD was unsupported, Any combination of these
N factors might make the No. 4 bearing radially softer so that it experienced a

' lesser radial 1load.

o

g -

E - The No. 1 and 4 bearings have Brinnel marks high on the shoulders, but Nos. 2 and 3
o at the low angle shoulders. This will result during dismantling in which Nos. 1
2&ﬂ and 2 outer rings were pulled out with the cartridge, leaving the No. 2 inner ring
o still on the rotor. Similarly, the force required to pull the No. 4 bearing inmer

' race was applied through the bearing, brinnelling it. The No. 3 race was damaged
! as the balls were pulled over the low shoulder.

A localized fretting on the 0D of the No. 4 bearing suggests a fixed radial load
or misalignment of the bearing mounting bore.

It is recommended that the turbine bearing coolant system be reviewed for con-
tamination and corrected. The shaft and bearing inner race fits should be reviewed
to determine if they are too loose at operating conditionms.
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SUMMARY OF RESULTS

The objectives of the program have generally been completed with the conclusion of
this test program. The specific objective of obtaining characterization of the
primary LOX seal leakage flows and baselinc pump performance data was achieved.
The resuits indicate that the head-flow performance was as predicted at design
flow for test series 4. In the subsequent test series (5). using newly fabricated
component parts, the head rise averages 67 higher than mea.ured on test series 4.
No satisfactory explanation has been found for this difference except the newly
fabricated impellers had some dimensional discrepancies of thin blades and shrouds
which could contribute to the condition.

On test series 4, test 9, a noncavitating suctio? performance capability of 84210
(rad/s) (m3/s)1/é/(J/Kg)§/4 [24,000 (rpm) (gpm)l 2/(ft«le/lbm)3/4] was demonstrated
at a flow of .105% of design flow at a test spee¢ of approximately 6964 rad/s

(66,500 rpm). It was predicted at that time that the suction performance capability
of the gump could be as high as 112,280 (rad/s) (m3/s)l/2/(J/Kg)3/4 [32,000 (rpm)
(gpm)l/ /(ft-lbf/lbm)3/4}. During test 6 of test series 5 with the newly fabrica-
ted components a cavitating suction specific speed of only 52,631 (rad/s) (m3/s)1[2/
(3/kg)3/4 115,000 (rpm) (gpm)/(ft-1bf/1bm)3/4] was obtained at a flow rate of 103%
of nominal and a speed of 7225 rad/s (69,000 rpm). A potential explanation of the
poor suction performance exhibited is that recirculation of the balance piston flow
back to the impeller eye may be the cause but examination of the limited data avail-
able does not clarify the cause. The efficiency of the pump was found to be.the
same as found in previous testing. The peak efficiency is 687 with the efficiency
at the design flow at 67%. The originally predicted peak efficiency for this

pump design was 70%. :

The data from tests on the balance piston were correlated with the balance piston
computer model to account for overboard balance piston flow. The results indicate
the rotor operates in a range of 39.2 to 44.8% of the net force range of the balance
piston over a respective flow range of 82 to 108% of nominal flow at near design
speed [7121 rad/s (68,000 rpm)]. The balance piston exhibits a force range of
50262, 44925 and 39142 Newtons (11,300, 10,100 and 8800 1bs) force at flows of

82, 96 and 108% of design. This force range and piston position exhibits.a very
comfortable operating margin and therefore can be expected to perform veliably

over the complete operating spectrum required.

The test program was curtailed due to high rotor torque at the conclusion of

test 6. The high torque was traced to the rubbing of the turbine tip and the
galling of the copper plating used as the tip sealing surface over the shroudless
turbine blades. “The cause was traced to reduced clearance during operation «f the
turbopump with an ambient drive gas such as gaseous hydrogen at 306 K (550 R) in
place of the LOX/LH) combustion products operating at 1041 K (1874 R) inlet tem-
perature. The result is a radial tip clearance increase of 0.356 mm (0.014 inch)
when operating with hot drive gases. It is recommended that the tip clearance

at the turbine be increased to avoid rubbing when using ambient gaseous hydrogen
as the drive fluid.
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- The problem was traced to the balance piston range and axial thrust control capa-

In general the mechanical performance of the turbopump was satisfactory with
exception of the first test build where a failure resulting in fire damage occurred.

bility which was indicated to be marginal. The results of the last test program,
when correlated with computer modeling to account for the internal recicculation

of balance piston flow, indicate very adequate axial thrust margin capability for
the turbopump.
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APPENDIX A
. MARK 48~OXIDIZER TURBOPUMP ASSEMBLIES
RS009820E ~ Original Configuration

Test Series No. 4

9R0012300 - Turbopump Incorporating
Spiral Groove Liftofi Seal

9R0014079 - Test Configuration .
Test Series No. 5

141

P




P~ 05800028

KEORISETEP-8" TZrP FYRAZAXER 1 REQR
9100 #-ON A I RESE

.ﬁg///-a}/a-cau BAT & RED \ :
LD/BY - S00G - QOO wASHER & AhQD — AR BLAMF e COOLANT
TORKUE +HO2 B ~N i \ SUBRLY  LUNE

PREZSRE TAP M &
DML 3TN w;:,_‘\~,7_‘
& et

BALANCE P1STON RET RN
FLCw CRAN — \

<&

PREGHURE TAP
TURBINE MOZZLE LT

PRECEDING PAGE BLANK NOT FILMED - %FN?JOA; PAGERS
: QUALITY

24




e WITNOFILE OTERLAP

e ® N

‘ —

;——T———”JJARY LO% SEAL o
ORAWN, 2 PLALES 130 APART .

\—— GiLoNCARY WOT5AS

Sfa CRAIN

- - aE AL DRAIN c—

PRISSURE TAP
BALAMLE PISTOMN
SUMP

(3) 3100-4-0101 SEM S REGD

ORESSURE TAP
BALANCE PISTON
CAVITY

PRESSURE TAP
IMPELLER DiSC

ECLDOUT. FRAMB 2/

o -

RSOG3612E SPWNG

FAL%ei2E SFRING ) ALaD

TS HL/GE SPRCE® 2

203:4eE-303

sanyoss.49-002  NUT
S238203-003  LOLK | REQ

(3 99PeC 9831 003 FOLT
s9Ms0C 9352 - 003 LOLK
TOR3LE TS 15 N LE

w b
by ot
M ™
I
O
"
N
wn
z
-
o

1w ER

v wiaD
(RS 9+1+]

| REGD

RLSDD ———\
\

- 23R30090/]

=

I\

|




| ¥ 1 .

IIRSO0IIIE SLEEVE [ REQO ). : C e . et
o I . ROMmM-©012-33:0 SALT 32 REZD , T
RS00964A3L-003 DIFFUSER { REQD - =t *aR4A09806 - 03 an - its REQD

TORQUE 22! N IR
(ORSD0964GE-003 SHAFT 1 REIDD
39R009L45-003 CLAMP | REQD
2ASIZRE SEM. | REaT

33Q60289810-003 BOLT 6 RLD Rom-m-am: PLATE | REQD
99RSD0IL - 008  LOCK & RidD PART NAME. MK-48-0 TURBOAUMS
TOR w 22t wLs . PART MO RSOOIB20K

PRS00 H47-003 SUNIER 1| REQD

-

[ES21E SEAL 1 REQD

WRI0 54 NUT t READ

9335309455 LXK | REQD
TORAVE 350250 LB

- RY003651E-00 WOUSING | REQD

RES 20t SEAL W REQD
RDE-NC52000 NUT 12 Ri
T RDISH 5L “J00 WASHER

\ -2 =80
— \ TCREJE 235210 WLB

///////
72,7 /////
X !

A AN

MY e

msao»nyxx | FQo -
TORGUE I1ISOZ50 W LB

H-49314 SEAL I REQD

H-4919 SEAL 1 ARsQp
REORDALDNI SEAL | REQO

14918 SEAL | RQD
L4917 SaAL ! REQD

RS0036426-O00 VOWTE ASSYMP | REGD

IR0 4E-008 VALT 1 mIRD ,
SRVDOMNSE
19309 %ScaL | RE
11-93/0 SEAL ' REQD
5) 11+ 4311 seaL 1 mEGD
4312 SEAL ) REQRD
u-asu SEAL t1wrao

p
- o ‘e --.—“c.t.‘

. SECTION A-A

SN pAE 15 HRAMS
OF pg Rouff# TTEOLDueR

[EUOR . u

] 1




e ke fo o i

B S LA

i

RSL5ILS7E-001 SUPPORT | RIGD -

RESI2I3E SEAL | REQD ' .

IHRDNL-1D19-6613 BILT 26 READ
RDIS3-5002-0006 WASHER 2 REQD *
TORQUE_ 2502:0 INLB

STE VIEW

RSO02HI12E SPRING 1| REQD

R3Y009612E 3PRING 1 REQD .
- RS009631£-003 SPACER 2 REGD

(0) S9R5003658-003 SHAFT | REQD .

/—@ 93RS00 9AOA-ATISLEEVE | REGQD :
(43 RDIN- 4010- 0406 BOLT o
U 02 OO0 WASHER
ORGUE 16O N LB
(D #9RS008240-003 NUT | READ

3928009907-003 LOCK | RE@D
TORQUE 230210 VLB

SRBO09805-003 COVER | REQD

— {5 C).0047 £ 0002

; _.l-_@@.am7 £. ooc2

XEORI4200L1 BENTLY TRANSODUCER 9 RIQD l

%—‘: ~ Lj——— ' | o . | YL

view C

.

IIRSD0IL5I-003 STUVD (| R&QD-

-

. - 1

- \ XEORP4OLE SPEED TRANSDUCER | REQD .
(&)%1007-7-007 SEAL S REGD ’

RESINTY ° BEARING 9 REgaAD °
RONI-IOH-3311 BOLT Us REQD

TORQUE 2922 4N LB . .

® _ - EOLDOUT FRAME -

RSOOSGIOE-003 SLEEVE 1' REGD . - o= —

S)11-4305 SEAL ) RIGD -:‘
1-4307 SEAL REQD !

4906 SEAL | REGD
1-4308 SEAL

' REQAD .
RIO0%SE-003 SHIELD 2 ®wEQD . . .
‘AL |\ REGD . . b AR
\ ®taD - 7 .
1 REaD )
N (- - 1 ]
meao e )
) X - e R5009820¢ | )
~ 10 ] 9 |, & | 7 ] 6
e e Mt » ; M

g




S0 R acalc A w5 M i 4 ot
. - - - a _-....'v-.‘...lw_. ST

d I 1 3
53--\.'.'"""»' SCEEL A TS
ST TR AETLRAN STl
v'e 4 ﬂ-..z:n’-.x.;’ WST  PEX wke —t
- H NTIT @STIQT AT XS !
v lf QST WO IE SIDE 22D i
e e R A !
l ol CECRE N LEHT & T Savmess i
[ 2ad V B i OIS PITAN e D Mgy 2
p e e STERE ES
| ZasnCf SITIe SETLAL S0 G
o Erees e cemrgEnTAL !
P }
. )
F
) l
i
]
]
i
) |
!
E
—Y VIEWDB -
FOLDCUT FRAME >
; D
- F—
c
L]
(e
.
T e aem FOR INFORMATI _
~ - LeCEwIB BATS POE AASMIRL. >
MACKIBE SPACEE THICLMIS PIR OCTAIL DLIEING 19 -
S AT UOUIS BITROGIN TEMPLRATVEL 4 108CL ®F
f“ L0 08 IN4 80184 WalR citaSamct X 13 2T8S. £
. @7 sacnim seacie taicastss Me stAL sus 10 e
) potae AT LIGVID BITROSIN T(mPLBATUNL & S
mgu (6 04 THL 16108 WHMA CLLASARCE Y e
) $0T8 ASTLEOLY 10 BITNIS 88 GIAS INCHIL. *
BAICE 84St i #4180 aVSSNY cun-‘l’n:"m& -
: E cun-uu &lmn anuuéw‘aﬁ; - =
; Ny ou [T 1'% -, -
i INENEIPY LS GASMGON o '
| (o) sscom seacts 2 agan saswixe 18 eMAlE TR . . .. . 143
COMP Simiation . : > - © - m
| (3) svessavmt sivisiw, T.v.L. 15 BOME BMiITRORP, CAL . .
i & 1GTIALL PROTECTIVE COVERS OVES ALl LAPOALD Mamdls, e - J— .
t TEM FITTINGS B PONIS. e = & s Sy, L2 2L e T
! LY %‘n M ."lnm ME MIARLD AtMIBNY NONE 2 St G
1 T iasiAL TRGLAMED ASTXBIRS PR RASWI-OW. o TUNRBOPUMP ASSe. A
| L CLTAR ML PARTS FRIGR 16 PuEP ASKIBWY ME . ’ pe oxi :
' BASLI-SSL, ML LIISOAL SSASALLY 18 04 BaiNEAINLS vone =i3- — OI1ZER
L SR 2 iSiEm
. — - -— — —— . - - .
= v o s S mincs s4/4 3 |02602] RSOOSEZIC
. 4 3 F] — 1
. l MKIZ6 — <o

J
1
]
|
!
!




it

N o c L o o DA ke Lo e
B A W ST RO T T PRI 1o Y0 5> " N

L s — 1

M 24 1 23 o] 22 I 27

TTACECIo0Re

view D

SCALE

view E 156

SCALE T




Gl et . i SR e
i A A . R M

Wt | oo

o WICNO.ILE %(OLAP 2084 o +

! 19 I 18 T 17 16 T

(& s100-~50-0101 sq

®#oo-5-0101 se4

A Su-4915  seaL 4
) !
l , 9R0012281-001 DIFFUSER ASH

. 900012287003 IMPELLER

B2CJSEE VIEW
9P00i2282-00/ VOLUTE, ASSY OF 1 &
9505009649-003 NUT | REQD

9995009803-003 LO0CKk I REQAD
TOPUE 650 225 W LB

(5)8100-33-0101 'SEAL IREQD

2011-4010-3627 80LT 2 PERD
2DIS3-5002-0004 WASHER 2 REGD
TORQUE 703 N LB \

{O) #50096506-003  INOUCER 1 RERD

{0 9905009801-003  BOLT | PEAD—
9905009802003  LOCK 1 @€Q0
TORQUE 7525 N LB

N

|

oR00!:290-003 INLET 1 REQD

i

. &u-e9ia  scaL 14

Eu-a9 SEAL

B

9P0012294-003

. 920012291-003"

9£00/2285-003

9P00/2293-003]

28 ‘\-IIJ 3
(S 8i00-2-0101
920012286003

9£0012292-003

9925009652 )
9905009658 7
roRQue 150

[ e a— .
Satratpes Sistuen

. 3RE0I2300 | o
20 1. _ w9 _ ] 18 I 7 P
v o WICEOIINE OVENLAP suia o




b N ey, | - - S R
g ” e e e b

A 1 1 1 3.

15 ! 14 i 13 ¢ 12 | 1 ]

ROII-1012-3310 BOLT 32 #2540 —

X E3fsee view D 99#S009806-003 LOCK 16 PEQD

. 99PS009410-003  BOLT & PEQD TORQUE 2221 N LB .

—en- 99250098/1-003 LOCK & PEaD RS009686£-003 SHAST | PEQD 4
k. (®eawo-s0-0101 seaL 1 keao TOPGUE 2221 IN LB

% RESIQIRE SEA. ASSY | REGD :
E (D #0o-5-0100 SEAL & #£2D o - i
E A (7XB) #D471-1056-000! PLATE | #ERD
. Du-s9s  seac 1 ®dap PART NAME: MR-48-0 TURBOPYMP A

F00/2281-001 DIFFUSER ASSYOF 1 2E00 \ ) PAXT W: 3001230 -001

4 usey, 2905009454 NUT 1 REQD .

§ . 99Rs00 ocKk 1 REQD
$£00/2287-003 IMPELLER | REGD~ ' ronau:,‘;li%z 50 p L8 “ LA

, B2CISEE VIEW E 12 5] ) S——

150! VOLUTE, ASSY OF 1 REQD {0 9r0012288-003 sEw 1REQD :

P L 77 A ”

\ < / A /
N %

e
p-003 NUT 1 REQD — £ /
.\.\\11 ;\{\(\\ _‘-\-—r\_// . R

§-003 (ocxk  1REQD \
=T -'— .

225 w8
SEAL IREED\

b/ eran—
L 1 2£a0

SEAL 1 R€QD

po:a

B)ii-a917 SEAL ! PEQD  ———

WP0012296-003  SWim I REQD— K VT T < p—
b $m

7

920012291-003 SPACE? 1 #EQD —/

9£00i2285-003 SLEEVE 1 @£20

/ PESI2UE SEAL ASSY 1 kEAD 2

/. . e
/ \\\ \\
\
®u-4912  scaL 1080 ‘X
/ Su-e9  sEaL 1 READ
W(ieoosa2x sEa. 1 #EQD @S n-4910  SEAL 1 REQD
.

9P00/12293-003 SHIM : REQD

(D800~ 6101 seaL 1 RED

9P00/2286003 RETANER ) #EGD

PO/8-8005-2006 NUT 12 £€QD ®n-4909  seaL 1 eead —
9£0012292003 sWiM 1 8€aD — /] £D153-5002-0006 WASKE® 12 PEQD .
. . TORQUE 235t w L8 PSO0GSIE-Oil WOUSING ASSVEE 186D N
9925909652 NUT [N {]] T *
9995009653  JOCr 1 PEQD . secTion A-AEd \
TORQUE 1150250 N LS . (NOT & Ty SECTION) ’ — 99 RS




IR - o R
4 ®  MCAOIILE GVEIAP ASLD O

-

I 10 I 5 .

RBSO094S7E-001  SUPPORT 1 REQD

RESIZIZE SEAL 1 REQD

RDI-10185~6613 BOLT 26 R£QD
. RDI$S3-5002-0006 WASHER 26 REQD
TOPQUE 2502:i0IM LB
&0111=1011=3311 BOLT
FOPQUE 2422 N LS
2500%3iE-003 SPACER

view BEE)
JORSO0%658-003 SHAFT | REQD

16 R£RD

1 REQD

g@)susoauoo-oos SLEEVE | REQD

(3)#0i11-4010-0806 BOLT
RDI53-5002-0004 NASHER
TORQUE 160t 8 IN LB

99RS009660-003 NUT 1 PEND
9985009807003 LOCK 1 RE2D

TORQUE 230210 W L8
99R500%805-003 COVER | REQOD

™

SXEQRI4206! BENTLY
. TRANSDUCER # REQD
'(5) 91007-3-0i07  SEAL 4+ RE40

\ \ RESIT4  BEARING e 2200
. 22Q0

\

\-PS009612E SPRING
£S009630E-003 SLEEVE | REQD

$H1-4905 SEAL 1 PEAD

\@ 11-4907  SEAL

: ! #E@D
1 116906 SEAL | REQD
S)1n-4908 SEAL 1 PLOD
“— 99 #5009656-003  SWILLO 2 PEGD
[
Desteust bssuteny! Oopemihs
Gestaniee Sovaen
Aonmgn St Semuen

mul?!ﬂu] l. l

TTe Tmicaeni® enesiar assa .




G MATING PING TO BE INCLUDED W ).

(D) BALANCE POTCY ASSEMBLY TO miTAM .02 GHAM
- INCHES. MATCI mARE ALL POTOR ASSEMALY
COMAONENTS PEX 40108008 BY ELECTRQ CHEN
ETCH [0DED PAPTS ADE COMPONENTS OF THE
POTOR ASSENE. V. ALIGN MATCHMARKS,
LOCKWIZE BILTS PER RAQIIFOOL.
APy BEP $AGI06-010.
I0ENTIE? PER RADING -008.
MACKINE SPACER DI DETAIL DRAWNG T8
OBTARS MATUP CODED DimiNSION.
NYODMETNE DN/ £ D] INC MRV WELLYNNOS,CA.
INSTALL PROTECTNE COVENS OvEs ALL EXPOSED
SLANGES, TURE FITTINGS ANO PORTS
LEAK CHECK TulBOPUMP PIP DETAKED ASSY
WITRUCTIONS

1O,

@ -

~ e L 4

WNSTALL THREAGED FASTENERS PER RADIOIOE.
CLEAN ALL PAPTS APIOP TO PusP ASSY PLP RADUC-08S.

6).00472.0002

oyo(§).0047 £.0002

view BEG

AL WTERNAL SUBFICES T8 BE Mol aiild LOX CLESN.*

NONE

NONE,

coey
S’

145

]|

e -

G Sen Cavnmne
——

I

TUREQSUNMP ASSY,
OxIDIZER

1102602 3012300

Co RN D
I . SR 1 w3 : 2__ ... U

[ ak0012300

iR . em o s




iprae==

(CI-
——

__v—-j'—

24 ] 2 : -
005232, &R
' .00 2 5% (6D
/,’/1 /‘/ s -
AS \\‘\‘\\> N \\\‘\-Qd
- \ oy

3
| ——— 0087 :.0001_’@
ok
view D GH
SCALE :—
w005 2534
¢
/4
Dozl

view E B8

SCALE '1'

—— -

av LBOUD ERAd

PRECEDH\.!"

3y

S PACE cLank noy FILMED




R A O banie L soiin it b i el al c Gk i, Ll -

T L < A T e vy SRS by o o s A T - o

, 0 GICeefIE BVLELEP asis @ . I

I 7] 16 I 15_
| |

avo-s0-0100 i

S #oo-3-0100 4

. Ou-sms  sem
20012298003 nurj

$£00/12297-003 PIN

980012287003 I1mPELL S

E2oC SEE VIR
(D a100-5-010i SEA. & PEAD
- {0 99rso09ses-003 NUT 1 REQD

9925009803-003 LOCK 1 #ERD
TOPSUE 650228 wWid
(®s100-23-0100  sEaL  12£80

(G pom-4010-3027 BOLT 2 PEAD
£DIS3-5402-0000 WAMER 1T REQD
TORGUE 7023 W (LB

(O #sooses0L-003 inouceER 1 0eRD

{© 99#s009801-003 <soLT 102
$905009802-003  LOCK ) #€QD
TOMUE 7525 Wi

0012290-603  NLET i MO~ E
S200:123282-00! vOLUTE, ASSY OF | 08
Ou-eve  staL ' g
Qu-e97  sta |
F00T294-003 |

S800.Z200-001 BiSSUS
22081329104

302245002

Q90002204008

B awe-1-000 ,:
® a0 e

¢ 93009652 ‘
. PES00%SS |

Ik ) . .
k. st et Gyt
' L A
A £ :




] 2 2

. 15 ] 14 T 13 Iy 12 1 —u
k- wOUI-K0I2-3310  ANLT 3z #FQD
4 Eflsee view D 5945009800083 LGl 18 REQD

. §905005810-003 BXT 6 PEQD TOPIUE 2221 W LB
[Y#100- 500101 SEAL | REQD

$90S00581i-003 LOLK & ££QD o 25009696 £-003 SNAST 1 PERD
TORQUE 2221 W LB

RESIQIZE SEAL 4S3Y 1 #€2D
N00~3-0i01 SEAL 6 #£40

GXB) #00714050-0001 R ATE 1 #EQD

1

/

h-esois  scaL ' REQD PART NAML: MNSR-S TYRBIPYMP
2298003 MUT & REQD rso0es5e ::;' "" reas
. N "» .
Jp97-003 PN & LEGD ~ 99050096585 Loce 1 w£ad
P003 IMPELLER | RELD~ \_l \ TOPOUE USL2 50 INLE "‘.:‘}
' B2CSEE VIEW £ .\\ \

7 —

AL & PEQD ‘
WUT 1 REQD A

1

azsi213E  SEAL m:nn7 PR

. “L“, 1 #£QD ings 3 - \\ g ] ’ Q \ S NNYN VW\.:W
Jetas A | N 77N H/ S
pran =) - .' ' 4\ * ™ \\ / 7, R e
‘J \ 1 L7 v S tend |
, ,i_‘.::y./ \ T
NN\ s
NN S5 B

NN "\\\‘\\ —t 2 ——
¢ &Eﬁ\ AR 3
had = = .

1 —_ RIS g / - AR T
. B R g 4 g e ' NN >
1 \ \\ \[ g 5 3. ' ZIS 7 m\“\
< ; - . - ¥ v \,
L 7/ 2 V- NSZ2% R LY 22N X
2 7 RSSALNa, W7 AN £ -
' L 7 \§ ’ X - P
L et o) Vet )
] ‘ /i > N = /
ASSY 87 1 8PQD ' A X
 seas Iy AN - _»\1 1
. - A
staL N/ {T] A - "n—n

“© -y y - 7 )
preonzee-coy  sum 183 S
2200001 DIFSUSER, ASSY OF | 828D -

% \\
. 980012291-90) SPACER )/ ®ad ’ XX
- #6913 SCAL 184D
M0/2285-003 SLEEVE (080 @"w”‘ seAL assv §Ae8d
! HRS

Qu-arie  sea

3

e

[B)90002294-083 S 1 28D A .
' / Ou-esu  siu 1 m°
D) 8/08-2-0:00  staL 1 2680
: : ORI REET VO 1
- SPO0RTENE03 METANE ) MQD . _ .
: 4O-8005-2006 NUT R £i88 Ori-e908  star s sead-

$800122890? AL /844 2013950020006 AP 3 SNAD
. .

TeeuE 238200 L8 . PLO0DUON UG A35Y 5
VIPSOONS? AT 1 KA A

' emes0OMIy B L o4 . . secTion A-ARQ
TORQUE UED2SH W LO A © (MOV A THRU SECTION)

* o,




2 @ NIGHSFILE BV(0LAP ANED @ g

10 | 9 | )

k RSO09657E-001 SUPPLRT ) £ESD

15 e
Ll

7
N

o v,
o.f

%

EM

oESIZIZE SEaL 1 REQD

(9) #0/11-1018~6413% BOLT 26 REQD
20153-5002-0006 WASHER 26 REGOD
TOMQUE 250210IM LB

&Diu-K0N-3811  BOLY 16 #2830
TORQUE 2022 W LD
2500% 318009 spacee ) REQD

view B3E)
E 99PS009058-003 SNAFT | L2

9923009804003 SLEEVE | REQD

Q) RDI1-#010-0808 BOLY 10 [1{]]
£7153-5002-0009 NASKER 10 REQD
TORQUE 02 B N LD

(©)29#5009460-003 NUT 1 PERD
9925009807003 LOCK 1 828D
TORGUE 230210 W L8

S9RS00%805-003 COvER 1 #EQD

XEORIS2061 BENTLY
_ ToANSOUCLR ® REQD
© sod=r0i08 sta o 20

K,; é/(

ey
4
s

s

77

Rudsy ///‘///

9983009650083 STUS 4 RI&D

KEORDA0ISE SPEED TRANIDUCER ) BEGD
G vee-1000 staL i aed

RESHTIE QEARNG o sRd
£300%2E 3SPRiNG e pA»
030094 € 083 SLULW | XAD

(S)u-a903 SEaL ! MOD
(3) H-6987 3IAL I {7

(5)u-4306 SEAL 1 NEAD

E \-(Du-es08 3staL 1 o0

0 93009450-08)  SNMLD 3 MERD

FOLDOUT FRAMY

-
) PR LLLILAE
T S R . | A&




3 ry I 3 1 2 I 3
——— =
S BT
(!
\ -—
G
. ¥
{8).00472.0002 '
——@.m".w * BT BN v
« OF pogr’ SHGE 1y —
view BEY SR Quatry

NaTING PG TO BE WLUsED N (@),
SALAMCE FOTOE 4334N0LY T8 WTws 88 Shew
O, STEN MAST ML NTOP ASLUNELY
CONISUNTY PR DASIS 008 BV LLICTS COEN
Ve, COOLD DATTS AN (SEVONDWE & TMG
SOTOR ASS0MELY. iGN WOMMMMES.
LOCIWEE B3LTS PIR 040.00008
APV PEY DOWSH 0.
WENTIHY PR 000:04-008.
MGG SASCED, N TSN BOsss 78
SETAN - WATON CORED sl Nlad, .
AVERECVIE BV EAS. SN SNV ML 0,8,

& SMEAL POOTCTWE COVIE BWEP ALL £
55 ANGES, TWOE FRTINS AND POSTS

5 LLAR ONICY TUNSRNS MO AITAED ARY
METOUCTIS,

L SETALL TUIAMY KATTIAGSE PAP BANGI083.

1 CLEAR AL AAPYS AP T8 NP ASIV NP BISU0-000.
ALl SO MOCICIS TO M MAMRED LIW LLEAN.

D GRS SRR P

g FOR 20812293043 3wt Sy

L0V BaE S
-

[ o
Mark 48=0 Oxidizer L.
Turbopump Assembly
=
- PuMP AVIRMLY,
o:::;‘;n, u:‘«-o “ . A
LTI 1)
1

'_Pl




oS e i
APPENDIX B
MARK 48-0XIDIZER TURBOPUMP OCTOBER 1978 TEST DATA

[

*PRECED

ING PAGE BLANK NoT FILME

cpeaer aFFiinstIayg c o o C
T

149




- TEhsetmESESsT T T

. e e 2 .’.'w..mmn" .. o.!-,\l h s
0 3921°0. 379141240 30d0d 1v3S 21vII3wWadAN) S . 2 ﬂhn,..._
@r 5031°0 3714790 INVTIIID 933 uv3Iy R R N
Y3 0re9°0 3214140 NIVED *9°H  °23S . . » ...kf..ﬂ.....u.,. )
< 3 . .5632°0_____ 3713140 NIVd1 "2°H AMVWIidd. FEr. A
m =Q 0099°0 3714190 1SOVHX3 3IN18dN1 ) L N |
i =5 6122°0 v3¥v 3IAT133433 INJEENL / * | W
=0 d6L3°2 . __ . 3214180 _NIVED 1Iv3S X3 _ . :
ga 0122°0 3214137 38AD 1SId Tve .
. S5 ozyz*o 3714140 INCD 08AJ 1S1d V8 e
Y . ] . m L
T nZasen ad 1vIdHl . : = -
0650°1 _ ¥31IWVII LVOuHL : L1380 N/S =
, 253971 . 4313WVI0 WY 3YLSAN . ¥9S-5501ZEA_ N/d —
_ - . (HISIO daNd) I1¥ILN3A X071 ]
- - 3915°0 : 19 _1¥JuHi . X 1
j = 21L%*0 ¥I1IWVID LVI¥HL €L38 N/S w ]
v = 0689°1 - ¥313IAVIO WV3IdLS5dT _ _ ¥9S-T11%0ZEA N/d u
. A i 4 . (99) 1¥NLNIA ZH) “__ . y
= m.....u. . . . ) .. < . .
m £° €436°0 . ad 1vyeHr - Q. ;
c _ $8l)€°1 : : ¥ILINVIT L1VIHH] = 12L6  N/S o
J00€°2 | . ¥313WV 10 WV3¥1SdY - _  u95-0021c0dA N/d < 3
: S g S %7 T (8unL) TWNEN3A 249 m :
T Tagzete a2 1vIuHl e .
I18%2°0 ¥W3I1IAVII LVOUHL 1288 N/S .
) ) IL36°0 , ¥3134vI3 WVIHLISdN | ¥9S-39209TA__ N/d -
. (99) Id1LNIA 20D 3
W .. J008°€Y . EEMIREL L »zwﬁu:«
. ... ..x. oo : ’ R -3 ” .- “
. ) . .:1' .u..\— P 3 .. S \.& q .o‘ . L“. w| u.."« . 2 ..F 3
S X s “wpgy3 gu1l’ w04 014S¥9 035N
“G¥VOBYIAC 03 LND¥ QINTA NDISId 3INVIVE ONV NOD TWNIWON 1V 1§31 HSdN ]
.W e o . W e e w ﬁzmz..ou
~ rnceg 535 SNDILIVEND 1531 , - ~ 81001 S1va ‘1531
2-90-C1  24v@ OINISSII0O¥d 6 ___T43guNN ,_E-
. ’ ( . ..*...-‘J ... ,
ATAWISSY dAN4284NI1 NIDAXD QINDIY : - } . g

: :
i . »’
w C e \ - AOVd e RS J. S

A L N e |

. . [
W e e d e A R R e T DI N e DR - B ?

o tzsmt& K{ETW...@.. n wRln 51{? N et T vt v TR S e

S,

e e ai.,v;?.,\&féﬁ.,.,.?. :




) )

P R £
' .,hv.‘.nsnft,fcvf‘.,‘lf-rnm't .cl.p.. r..aUM. .\.. -
*21512 €999L°0 . B8%5°662Z. 9°8962 T1l1°2- 4L°0 - %°9€S tLIE - ZY%3°L3 920°LB 81
*CiE99 1ST30°% -~ BIE®EOT  T°lE1E  06£°08  %9°91 4°9€6."  5°9LTE $3°73 9€9°93 R

—_— *CL%99 __  LIH0U°Hy - €297211_ 1 noE..mlliomhlmh!lmhlwulllE.boNn _.293°5)  s00°s8 - "~ 9L
*61599 08821°Y 806°62T 6°20Z€  92S°12 - 8L°91 - €°LES . .- 5°2%2t 1z3°%3 s10°%8 .. S1Y
*0L599 LLOSTI®Y “.° 666°%4T  €°9€2¢€ 6TL°19 6L1°91 B LE3 ﬂ. Z°IL2e  1%5°¢c3 520°€8-1 U

o *1%999 21%31°Y 126°291 __ 0°P92¢  162°%9  g2°91 _ 2° . 33°78 sz0°z8 > €1
*21999 »E581°Yy. - 298°181 - C°%C€€ 980°19 61°91 L°BES :. 0°%%EE  [93°18 . 900°I8,. m
*19599 09902°Y 186°002 1°8E€€ 6%1°8S  6L1°91 2°5€5,° . Z°SLEE-_ JE3ZII- S10°08%2

L “LEDI9 ____3%SI2°Y 219°€22___9°11£€  G65°SS___91°91 9°6€5- e.-?m.ﬂ 0%5°5L - - G20°6L%7- P.
*65T1L9 98222°Y G0E*262 9°ILCYE - 061°€ES  L9°91 0°09Szu! 5°BY¥E 5, 065°3L  ~ SED°BLYA . 64
*$9129 98GEZ°Y  €18°81Z  1°€v%€  606°0S  19°91 - ....oeu:w..w.p cwvm‘v. 295°LL. 7 $30°LL " ..‘q
*%1119 59ghZ°y " 960°J0€  0°08%E  218°8%  £€6°91  8°0%35 %» 1°I26E+ 526°3p7 . %10°9L I3
“15219 6709Z°% L16°86E  »°C6SE - GLY°€Y - 22°91 u.wvm.vmu: ZEIE uom.nr.u.&. €00°CEL A 3. 9
*H2€L9 02592°Y GL6°E0S 2°10L€ Ot1°6E€ 16°ST .mwn.,. CICLYLES  53%S°OLY €E0° 25.@.

) *29029  H2292°% _ €16°%29__.9°228¢_ _ 3BZ°SE _ SH¥°S1 8°%%G % 6°598 Enwlllnmwbl. 9 :-o
*2990€ 25%€6°0 06L°BI%C 5°H%E0H»  8CTI°Y 56°0 i m.ewnu 0°0%0%% " L95°Z)° 2€0°2% €
*6090¢ T1€E6°9D 829°2Z0SE €°8T11% 000°% €6°0 € 3\3!. B EZIY - 9€5°S5 - 029°55. 23

_ *6 0562 59906°0 - 020°GE9€ 9°%2Z%  009°E 89°0 ..}.M v 393°3% 620°9Y% | B

q = - . L TES T s, . 4. T
$7ive L ..mww
(Wdd)  (335/87) (Q1Sd) (v1Sd) (Q1Sd) (¥ _930) (visd) (2351} (935) -
MD 3 d vi13@ dd S/n NSJ3 ¥d AW3i dd .7 « DNy
ZH9 - JAWA JATVA JAIVA V130 S/ S/ 2 m:: w::.S m..:._.
Q33dS gant - NIdS ‘N1dS NIdS I¥NEN3A :Bt.wa TYOLNIA " 2 zm&
o S ¥4 313IWVEVI I AT WO INIBEOL N3IODI .m«
.W ’ u.‘. .q\w.ﬂ. - nE ES : r'
00°96 335 *NDILVd¥Nd 1531 A 8/-50- ,_.m u:n 1531
82-9€-C1_ 31v3 9NISS3II0Ud ‘ : :
R TS, 2
AYEWISSY dWNd3A3NL N3IDAXD CGINDITT -
2 e 39Vd o N-8Hid . :
7 /
K { . .

tam




153

F

12

9°£62 1°19¢€ £°31¢€. 1°661 S°6ST  6°19% 9°6E6 - 8°Z12 °*21s3lZ 293°19 920°i8 —BFt
_%°2%BY__ 1°Vi%_ 5°3831___ 1°153T1 __2°0%81 9°8g£5- - 8°%86Z €°620€ °01€32 2355778 9€)°93 L1
0°%6BT ., 9°1LY 2°158T 6°8981 8°1581 6°8¢€S B°€0DE L2°520€ °Z1%?? 2Z?5°38 °33 91
5°9981 HeZLY L°5061 €°1881 0°%931 2°6€S 0°920€ %°1%0E °61697 1£5°%8 G10°%8 S1.
5°2281 1°ELY z*1261 6°26B1  %°5]81 *6€3 ° ° ° c70°eg T
5°%331 L°ElY 5°325T 6°006T 1°€881 0°0%S €°GG0€ 9°0B0E °1977? 156°28 SED°28 €1
1°6581 rALIA Y g°5t61  1°0T61 0°€68T 9°0%S. 9°1L0€ ~ 9°850E °21897 175°18  %00°1l@ 21
___2°%051 S°Heh 2°B%61  €°C261  2°2061  6°0%S . : s10°08 . - .
00161 6°%LY yeuseT1  2°9251 8°L05T %°1%6§ Z°L50€ 9°321€ °1€317; 0%S°S5L S20°6L o
1°%161 £°GLY L°3651T G°0EsST . 6°1161 0°2%S E°90TE. 9°9Z1E, .amasow 056°3L  SEZD"BL .4 6
___s5°Ccz6l 8°G1L% *5951 %°9¢61 8 L1661 %°7%S 8 €11e% £°BE1E  *%31197-0956°tL %00°sL — @®F
2°6261 E°9LY £°0L51T L°0%51 ©°2261 O0°€%S- 1°021€. ~.~¢~m, *»IILY?. 626°IL %106°92 43
5°9¢61 BeLLY 1°1861 9°2651 . 6°€€6T T1°6%S T1°6€E1E7,_ & vamA".~m-o 095°:2 moo.m~-4‘
. SEYST %6l wummmd C°6551 ~ 9°1%61  S°9%S €21S1€ 7 T°6LTE~ "9Z€ELY 5v5°0L  €€0°0L
s L*1%61 5°08Yy 5861  2°1GST.  %°1461_ 8°l%S 6°S%TE€ B TLTE:."293L9 BES°LY .
= $°00% £ ey m..we L°60Y 0°11% €°86S Z°8%9 .o.¢~o.$ﬁa»ooam 195°29 N«o.moavv\nwj
: 5°86€ C°1%9 8°51% 2°60% »°Cly  2°BSS 6°109 $°€19. 5 *6090f  9£5°355  0Z0°SS
; 9°28€ 5°TeYy L°Z0% 0°25¢ 2°26€ 8°956S 1°186: . L uwmgw‘\ 52552 S%5°3%  620°9y°
w H ) . ‘” " .J..-.Non \uum .M-“i. e “
Q15 a) (¥4 ©30) (VISd) (v1S4d) (visd} (3 93Q) (visd) ~ (visd) (Wdd)  t23S) (335)
¢ v113@  dwW3l 101 dd 101 ¥d 1v1S dd S/0 dw31l 101 . ¥d L1D4- ¥d LVIS -
‘ 2713130 HX3 4%3 HX3 720N 131N1 hwaz.‘.axhud¢_ 3 IwIl
] TH2S0 3uni gunit gynl gunyt gdni . 8¥nl. a¥nL. JON3
, . N _ SY3 1 IAVHEVD
oD * 96 23S ¢NOILVENT 1S31
8.-30-01 % 31v3 9NISS370ud
N A19n3ISSY dWNdIRAUNL <mu>xo a_:o.a
£ v .wu«..,a--: e -;-,.i:_ e -
", - . ...nﬂu




b ] Y s
A 2 i f ) v M .*

——— > ——
R S —
s S ’ - P . RS -
6°026 o¥*z2 ~  8160°0 T sl°2Zt . " 8°00% -  S$°891 6L9L°S < 939L°0 *21612 8t ..,
. 1°6262____ 15°1S 8Z6£°0 1995 ___2°9Z9 s*Z1L 1525°1 - 518)°% *DI£29 LY -
8 €¥62 95° 15 LEGE*OD - €9°9S 61N 0°L1L Z3L5°T - LYO1°y- ~ °ILlv3d TP
G*€952 55° 1§ . 196€°0 16°95 . 179251 L1122 €616°T _ _BB2I°Y 51699 - SU: /A
»°1862 95°16 . 0%6€°0 92°15 2° 62451 0-9es - 052971 xxxmpmw‘w - _°DL59IF y1__ |
Z°%66Z  6S°1S Z¥6€°0 €E9° LS L°92%1 6°82L . .~ 13.6°T . ;899I°Yy . °I%999 €T
0°010€ »5°1$ 0S6€°0  €9°LS - 2°9€vT . °€€L .. . E5L6°LiL €381° y- - 21899 - 2L "
...8°520¢ €S° 165 L165€°0° ~ 18°26'% - 9°14%%1 £oL€s T RSLG TR vvow y *19632 -~ 11 wh
€°G€0¢ €5°15 ~ 666€°0 - G6°15 % 9°64%1 0°0%L . ,e‘om~m T, §512°7 *tesLy ... O g
2°2%0¢E 2s°1s " %96£°0 :  00°8G .- : S°YSH1 6° 1%L 3 655> o2z 0 css1EY - 6o
_ 6°150¢% 26°16 N'e9eE~0 . 22°8S°  ~  9°8645T  8°%%l C 6gig 1B 5ggzey . o1ty 8.
L°150€ €515 665€°0,: - 1%°86 --° . . ¥°09%1 9°9%L . .wompm 1 wwmomev.¢1 *y1119 - L
€°9L0€ 2s°1s * 196€°0 ' T1°8% ‘. ¢ §°6L%1  Z2°eSl T SSLSyIMTTLIoZ Y 162t * 9
_ E°880E €6°1S _ RG6€°0-7  B85°8G . 9°8l%1 . %°9SL * GL5°1T -~ 2592°% - °»% :
0°€80E 65° 15 ZY6E°0 s1°65 . 6°69%1 L°SSL g SLS? Tpus 2232°Y “L93L? vy .
1°955 68°8€ €661°0 - 6%° LT T, 9198 zZe201 aene.aaﬁﬁ SYES®D *2993€ € 4
___8°566 £8°8B€E 8351°0 6%° 21 ~_%°08S 0°201 095%°1 = 1c€5°D  °S5€9CE r Al
%°596 SE°SE 1661°0 ¥0° LY TET2LS UTL5. e, BZEYTN Uia 190570 *50652 - T A
8 . . . )rh.wﬁ ?w 3
. i . . i . - R it " S |
(VISd) (s-1? C(s-1y _ (81-1d) (aH) (4H) = b ~i) 1735797), Wdd ON .4
~ d 101 NI : S ‘ (L v4730)  (817¥I) e OVVY aeiuy : ... 39178¥°
__ZON_83ni 343 3/ anbual dH3_- A Ll | B 333d4S ~ _IWLL

' ) LS 4 v - U’ . T T L.....nﬂ :;u.. P ¢ . . -8 PR
. T DR . . <. el R S .1.1
A o s g NS LA — i ¥
4 " . - . ]

| . G3INNIINDD) S8 3 LI WVHV

onees 23S ‘NOIiv¥ng 1S3t~ O - ,.4m ik ,_m;unn.“@. -1 3193 nmwumg
3.-90-0T 31v3 9NISS3I0¥d 3 A L R e B

|
_ : | ATHISSY dWNADBENL VIOAXD cua
. _.39vd . 2-8 9N




R A dei e = i s HE e sk id

B Es
@ .
&S
LD
Yol
S&
&P
%
9°L51 02€0°0 1061°2 6°S12 W ;muwww, -
. 6°268Y . 221D°0 ___Tl98°¢t__ __0°S98% . ;;.omn@.-t NS R
G 5061 L2120 8698°¢ 0°98% .. UES9S Wmm»kmwqumwajf
ZeL167 92120 9£98°€ 9°98% .»ﬁmmewmat “fuww».
___ 16261 9.10°0 Q798°¢ £°98y 82 GO * CRIETC LA
6°9¢61 9.i0%0 z2098°¢€ L°98y mwmo.mm,autvsh 3¢
11951 9L19°D Z198°¢ G269° m A
. wt9ss1 _  _ S210°0 % 6S8°E ?
6°1951 SL10°0 %658°€ 0°68% 2259°¢€
1°9961 GL12°0 €658°€ 9°68% LIS9°€E
L. .rteLel 5210°0 o198° ¢ G° 68Y £199°
82261 5L10°0 1298°¢ 6°88Y 8069 °€E
2°5361 SLI0°0 L198°¢ 6°88% L8Y9°€
8°9561 __ __ 5210°0___ %66B°€_____ 8° mmeiix,sn,l-mbww;mitili1k..
£°6561 3L10°0 2998°€ ve98y GGH9° € 866E°T;
9°01y 5323°0 €H2ZHy ze022 HBGG°E 806 € Lk
AL 5320°0 681%° % 6°612 GB8GG°E 806¢°1”
L°€5€ 5L20°0 ELBY"Y 1612 S8SG € SO5E * Ll
- - - — . e b o ——— — —— o o e it i v+ —— v - | ——— i —— 3 -n'.
viSd EETED CEFED] ¥3 13w {d-431/119) Ju,.maxapu
$S3dd HXx3 -v3vd . -vyvd -vdvd : : .uspuruuwzm
13348 9Wnit 37080 MO 233dS d2 VAAYD - :

H oL
_€Q3NNIIN3Z) S ¥4 3 L I WV ¥V 4 3N

€r*gg 23S “NI11vdNd 1531
RL-9C-C1 __31v3 9INISS3I0¥d N .

ATHWISSY dwWN428WN1 N39AXD GINdDIY
R, 74 .

R 2 39vd

ERTPEEPTI PRS2 S0 PR T ) -




L}
a * QN . L
BC9hy  26°€l 09°s%y  0°21 2€2C°C £9°9¢Y LLent 65°iG66 (!9°€E1Z §I°»i1  o01°Ll 8
2 6%y 96°%1 88°9%%»  1°82Z 1266°0 Z9°8EY 95 €€ 65°LG6G 93°272 L1°1Ll  99°8R1 - ¢
L €1°GY% 56°91 0z°tv%_  1°82 2€60°0 18°8¢€% EE°YE $8°16S5 9L°D2Z 19°72L1  89°81 9
| 1o uyy 641 €2°Llyy  9°82 cveren £8°8EY 99°9¢€ §6°16S 93°322 38°531  89°81 m”
 5B°E4Y 85°41 0Z* %% 1°62 8460°0 28°8€Y €5°%¢ G5°15G 53°0227 E€E°591  R9°B1 »
I €0°E%y  55°%1 _ G9°9yy 2762 YGENTN _  6E°BEY S1°S€E G6°15S 96°07Z 03°391  8%9°81 _£7
| 20229y 19° 51 L1°9%% G°62- 196C°0 66°L1EY BE°GE 65°166 10°122 60°391  69°81 ~J
i 52°0%% v9° 51 99°Ghy  L°62Z 8960°0 E1°LEY D9°cg 65°155 31°12Z 89°191 01°81 11
{ 99 6Eh $3°61.  9L°9hy _ 8°62 . HL60°0 62°9tH _18°6€ _ _S6°16S.. 0€°122 82°t91. o0r°81 __ __0O1
| 01°acy 9991 0%y 1°62 1860°0 f5°GEY 00°9¢€ 16°1L6S 03°122 €1°991  69°81 6
{ 2€°9¢Y £3°%1 3EE¥Y  8°62 1860°0 0% °HEY 61°9¢ »1°355 9§°12Z &G1°331 o0z°8! 8 |
| coowEy 29741 0%°2%% __ 0°0€ %660°0 E£H9°EEY 1%°9¢€ B1°85S 19°122 6G°»31 89°RfL 2
1 ooc92y 19° %1 92%6z  L1°0€ cretrce 80° 0EY 98 °9¢ »1°366 S2°122 12°231  23°8l 9
1 32°21y 69° 41 »9°0cy 1€ L101°0 G1°22% 18°9€ %2°356 31°122 535391  25°81 3 _
' 09 *%8€E G9°*H1 20°81%_ 6°62 . 2660°0 GL°Y6E _  Ll1°%E€ __ _B82°8GG _98°02Z GH°H31  18°81 _ s
w G°g2¢ 12° %1 10°50E  6°C2Z EEEC"C £1°142 26°%1 65°166 £3°L17 91°8%1  CE°91 € i
| z1°0¢€c €2°%1 26°8)E  6°02 €4€0°0 01°6€2 86°4%1 62°L66 E1°512 €2°3%1  6%°91 2|
mpov.wmm._:-ww.va __bu°ylz  8°02 09€0°0 88°2€2 10°51 §5°156  2:°122 13°a»Y  @3°31 1
3 _
|ty 2300 (vl  td¥ 930)__ tvISd) (335/97) (s 933) (v1Sd) (d 930) (ViSd)  (d 93Q) (vISd). o
aw3i s/n ¥d ¢ dw3l dd MO13  om3l S/0 344 S/N dd3l ¥d dnll ¥d ON'
7% Iv3S 4140 W3S 33 WIS ¥Q W3S ¥J W3S 140 1w3IS JI¥D Iw3IS 394 39314 ¥0 T3S ¥0 WIS 3 W
] 94_923s 9H 23S 94 23S 94.23S 94 Wi¥d 94 Wlyd SH_A1Nd S/1 S/1 <07 Widd XDV Widd  3IWI,
| s |
vl v0Oo 9N}JY¥v 3’3 ONVY IVYVYIS ~ j
4
'} 00°9s 73S ¢NDOTivVand 1531 84-50-31 M
il 82 -90-C1__34v3 9NI1SS3II0¥d ) ‘
A18W3ISSY dANdIAYN1 N39AXD QINDIN
il < "6 39v4d e Dol - ' I R A
b s 5. qu
b ,/ . . 7 .‘ .‘.“ \.
L skl W




"~

& & n

; *y 4

& e -

&0
Dolias
RS R S
o)
&

"7 7 7e*0  o00°03% g €1 Y Z 611 61°15 6°€831 n*o 81
0°0 00°N3Y *zl £6°L8 9281 £9°89 r&d 13 & 0°0 L1
0°0 00°0%%_ _ ___ 8°tl_. NE* 68 geusl . _51°2% 2312 0°*3y .91 ___
0°0 00°03 Y 8 €1 99° 06 1°181 £1°15 *351¢ 0°0 S1
0°0 0n*09% *z1 s5°16 r°691 96°25 §°122¢ 6*d 91

;. _._..._ 00 . ____00°03% g*eY ___Z1°26 _ %151 18°2% €£°232¢ 0°9 A |
0°0 00°07% 8 €1l 66°€6 6°261 00°€5 He952¢ 0°0 21
‘ n*0 00° N3y 3 66° €6 9951 9 °25 2°52¢€ c°0 1
0°0 00°0%%_ __ _ 8°El__._ Y€ €6 6°961 _ _ _90°25 ___ 9°29¢I __ ... ©0°) o1
, 0°0 00°03% 3 L1°%6 6°561 51°25 9°35¢€2 0°0 6 .
o-0 00° 09 8°c1 1° <6 L1°651 £1°15 £°2e%: c°0 8 -
) g0 orcnoy 8°¢1 94° €6 8°151 $5°05 M ELF 0°0 L
0°0 00°03¢% 8 €1 SL €6 v°661 SL°58 8°82s5¢2 0°9 9
: o°n 00° 0% ‘1 91°26 9°861 £9°88 1°825¢ c°0 s
" o°¢ no°63» 8 €l 18°16 - 0°151_ _ 18°18 __ _ 1°325¢% 0’0 &
0°90 00°03Y g° el 6€° 93 1°902 06°58 9°315:2 0°) €
0°0 00" C9Y 9*£1 GE*HE 2°902 62°c3 Z2°536:2 n°p r4
osp __ ____eete3y 00 8°el  SETHE 2°502 £1°18 £°3)5% 0°0 1
£335781) (4 93Q0) tv1sd). {4 939) (VISd) __ (Y 93QG) _ __(¥I5d) __ (233707 ___
M 374 dw3l s/n dd S/N dnW3l dd dW31¢1d4dNS dd” 1ddIS LR F ON
iINV120) 41d0° 1003 41¥0°7133) NIvn3  N1wN0 1NYTIID INVI00) ¥3 W3S 3711S
__ ode_ud 943 _dY odg_4¥ 948 ¥¥ 949 ¥y 2Y8 ¥y oug Y 94 23§ Iwl g
1  _____(O3INNIINDDY V 1V O 95 NI 3dVvVIE Ovv  Iv3I3 L -
- .0
D3%96 73S ¢NIILY¥ND 1531 91-59-31  31vd 1531
3L-25-01__ 31v3 9N1SS3I04d . . [ YIGWAN NNYH
, s
AT8WISSY dANIIAWNL N3IOAXD G11D17 .ﬂ«n
! *u :wwca....i!nt L ) T o L ) g
, . ) ) o
w d A\ ] - v .

W'vnn.!.rl.,ni e mne s weed o st
v .

N R

IR L

)




o :,..-ali o . [ I
, | | . oy
- .- - - . - - Ly =3
——— = m M
33
i o ) T N m )
G &
S . - . e o - — - f+ 4 .
- _ - - = O-,or
080°0 £8°0€S . £°51 a1
$60°0 . rg°ces . 242 L1 -
960° 0 6L°0€S 9°91 97
960°0 08°0€S : 9°51 51
L 960° 0 0R® NES ) 3°91 3 0
W 960° 0 8L°0€S 9° %1 et
W 960°0 91°0¢S . 991 21 .
w _160°0 . _l*0gs 9°81 TR & S
w 160°0 8L°0€S 9°41 a1
m 160°0 RL°0ES 9yl 5
S _ 260°0 8L°0¢ES 9°4Y 3
160°0 8°rcs 9°y1 L
{ L60° 0 08°0¢S 9°%1 3 .
1L60° 0 16°0€S 9eny 5 S —
. oct1°0 cE°1¢6 9°%1 »
, $G0°0 01°2¢$ 1°91 £
S ®SO0*O______ ls°1f5 1°9% 4
: 59n* 0 96° (¢35 LS ]
_ Taa3ssey T T T e 930 visd oN K
J1VYMOId dW3L S/N 41¥0 SS3¥d S/ 4142 371713 -
w e . NIVY¥D W3S X371 NIV¥3 1v3S XD1 NIvE0 1v3S X1
(O3NNIUNDD) vV 1 VO 9NT3V 38 _QNYV

r0+9g 23S *NOILvind 1531
54-30G-r1__ 31V0_9NISS3204d

© A8WISSY ¢ 7479401 NITAXD OIN0IT e
€ 6  3ve .. : A e




TR T R R R e e T T R R T

e e o e ——— et . ekl ®. |t i e ==

2°5L8 25 1°96% 5°9%9 8°686 1138 B°6L3 1°181 2°n81 81
G*2LL2 2°135 1°9021 G*8621 G*H49¢ 2°90%2 5°1331 1°2% t°2181 L
0°9822 5°L35 5°0121 5°G2R1 . €°H9RE 0°20%2_ _ __1°2Z91___ 0°c? L°891 I
£°15L2 6°256 y*2121 6 9281 S*188¢ L*0€En2 0°5231 D°»5 5°061 61
5*1082 2°955 5°0221 »e 9581 0°198¢€ L°gE92 2°%27 1°L5S 5°251 51
C1°1182_____9°656 2°8221 £° €681 S°669€ 5°1€H2 2°€231 2°55 0°951 £1
seceQ2 9°90n1 0°8¢21 c°%2181° 6°126€ G°G6H5 2 1°LEI 0°z01 z°00?2 21
£*0982 £*3101 11521 1°L2281 1°L65€ 1°1592 1°0937 0°351 £°9)32 11
%8192 2°€201  0°%921 _ _ G6°064l _  B°8l5¢ _ €°69%2 _ 1°s3%91 _  Z2°311 zes12 . O1
£*66R2 IRIRQ! 1°2121 %° 5061 2°er0y 5°1192 1°2831 9121 1°322 6
1°2:62 9°5%0T1 %°0621 2° €261 2°GE0Y 8°9592 56311 ?2°991 L°9y2 )
L°9%e2 _ 2°e501 06621 %°1¢61 H° 4 H0% £°€062 1°91L1 5°9231 3°092 L
9562 6° %501 L1621 0°9%61 €°650% 2°9%62 8*51L% €°09 2°032 9
5°1662 weesnl . # [°7827 1° 0961 1°%90% £°9562 BeeZtLi 1331 3°03? s
2*0%52 G*6%01 = ®»°RG2Y____ _2°06561 ___  E°0O%0%» 6£°9692 _  _ 5°¢EL1____..0°031 . 5°63 .
1°908 0°152 1°99¢ %891 9°00C1 998 8°€53 L°9%2 yei32 €
L°%08 »°052 £°99¢ 1°2id 1°66% 65°663 2°1753 £°5%2 L°£32 2
5°8LL 2°512 ____%°2S€ G iYL 0°296 b°9€8 D°223. 3°2%2 5°¢92 1
1 715 d) (Visd) __ . _(viSd)_ __ vISd) . _ (VISd) _ _ _ (viSd)__ __ tvisd). __ . (Vv1>d) {v1Sd) . _ ..
td ChOY4S 4d dd 18 dd dd vd yd dd ud . DN
ANOwd NdaN13d dWns AYD HOSIQ 4I5S 10 K510 13N WY L 32118
¥3115¢n] 1S14 W8 1Sid_1ve 1S1d _1v8 dnnd ¥38923180 ¥3113dW] daNnd A 14dNs 3wl d

00°95 73S *NOIividnd 1S3l
q2-9r-C1__31v73_ONIS5370%d

“ %

'$334NSsSS3IYd dwWwnd

P = 7 - —_ - e e e ——— . ———— i —— —— et e i | Sme——— e

84-63-J1 31vJ 1S3}

39vd

5 ¥3aWNN_NNYR
z -

ATEW3ISSY dANddA¥N1 N39AXx] G101
2AA

~



LI°01- . 9°89% 2°182 *21512 CR

G1°r81 1°1€01 S°RLe ‘01€3? Lt

56°6L1 0°Lc01 %*8LZ . _ . . *21%3y_ It _

£€°581 1°1€01 L°622 *51597 H

60°987T 2°Z%C1 6°682 °0163)? 51
e 18°5371 %°8%01 _ 1°952 19233 £1

9L°131 6°1901 6°662 *2183? 21

60°%22 €°9€01 9°¢1e ‘12639 11

SL*erz 1°9s07.. = _0°O€€___ _ ' °*J€0%L?» - _._ _ . Ot __. . ———]

29°212 1°9901 €°25¢€ *$6T1L? 6

62°022 s*s.i01 »°16€ *»31e2? 8
e 15°322 1°8201 5°51% *511L? L

98°212 2*°1801 9°91% *1621) 9

94°9y2 1°%901 S°€ETY *»2¢€Ld s

CL*332 6°866 _ _ __ _ 8°8Y%___ 93y . Y _ .

92°6L 8°962 0°922 *Z39)¢ €

1%°92 §° 662 $°922 *$090€ 2

AT S $°682 1°%L2 °50%52 1

arsd . visSd v1Sd Wdd —

4 v1133 SS3ud S$S 3d ON :

949 74123d s/0 ~ 4JS10 3N 3
..... _ . dWwn d 1S1d_1v8 0948 dANd ¥432NnaN1 g334S -17) ¥ Ul

.S 3 danNn1vid3Idwi3l

N0®9S 23S *NDILV¥NT 1S3L
832-30-21 31v]1 9INISSIIOUd

ONVVY S$3¥NSS3¥d dwnad

LS

-

8L-§0-)

1 31v0 pmuL

(

01°s I9vd

ATEWISSY,

'Ni NV39AXJ 01101 -
AL s

-e




\\ . . - .
)
S e e e - - e m e
o
A
”‘e L . N
Sy e 2
R o ]
S T
&
" Topr93z 2ez 1 12°2% 9°5¢c2 *33 av
w 00°992 5967 €6°061 1°€62 € €13 o
00°992 2L8°2 . e0*961 , .. %%€se . . _ w»*219 1 ..
00°992 8L5°2 L0° 261 Q°%32 3°ceQ 51
00°992 936°? Z26°161 0°%62 1°983 51
. 0D®*992 ~  4186°2 NE°RLY C°4c? (23 : ] —el
(0°992 Y562 £9° 661 _ 2°462 3°953 21
00°992 809°2 59°102 €552 2°408 1
00°992 . B819°2 e .. %®2%€02 £°9G62 S0y .. Y. __
€ *992 129°2 88° %02 £°552 »°91s S
00°392 659°2 E°RO2 9°€62 : 3°32% ]
g .. 00%*992 = 419°2 »T°012 £°€62 0°9¢h L
c0°992 089°? T1°112 9°€52 5°3¢6 9
W 19932 189°2 12°112 €°€52 v 35€5 5
w 8%9°992 5892 . 5L°012 . €g°%282 R D X4 2 y . —
m €9°612 1291 ro°so9 2° 261 G*312 £
F L9°512 9c9°T 2L°€9 1°261 L°y12 b4 .
! .. .29°502 _ ___%19°1 89°19 2°161 0°592 T :
. 3
; ¥ 930 23s/80 0 . 1S4 . W930 . _ _____ visd o o
1 3S1Y dw3l d v1130 FPE] A 553ud oN
MO14 MC 19 a8 A0 gaA)d 19A0 32118
] . .AS1d_v8 1514 W3 151d va 1514 1ve 1514 ve. eI B
]
_ o (J3NNIINDJ) S 3 YN L1V dIdad3I L ANV .S 3805 S I¥Yd__9gwWwr1e __ . e
C0*95 23S ‘NOIivand 1S3) 84-$0-31  31ivy 1$31
{ 813 0-C1_ 21vQ ONISS3IIINd .I —— _ - 5 ~—YIONNN NOW
w | . AT8W3SSY dWNIIBENL N3IOAXO GIND1I
w 11°s 39vd Y o B _ o
| n
W 4 . - -, R
!??*E{?Elu B T T e T RSN R e ARG RS R e g

‘ .
AT U I R o S



M R

e T e

o ’ 2 T . . . ' )
H
.. e - - —— - . i
_ 12112 1€°5 , 6° 586 00561 00°09% 02°%51 1Ss°3ry 81
| 80412 6E"LY L°181¢ 0r* %61 0009y 00°%61 dw.m»_ 2 I
SN°812 cL 1Y 1°1r88 00° %61 00°09% 00°%51 3tt 91
L5°81L 19°% __  9°118¢ . 00°%81___ __ _00°09% uuuwwan.a-,.n. p_ _ St
2i°61L 2Ly 8°228: LIRETS | o0 09y non°yst X 2 »1
£9°221 2 8% 8°GERE neesel 00°09% 03°9s51 oe.m-_ €1
. 19°62L S5E*3Y G*£98¢ 00561 00°09% 02°%81 £6°5*1 21
SE°T1EL 56°9y 1°€69¢ 00*%61 0N 09y n0°*ys 1 pn.mn. 11
ns*2¢l L1 6Y %*£16¢E cncvel cOroy 00°%51 3Lt ot
2I°HEL %9°5% 9% 1E5L _____ 00°%6l____ ____ OD°39% g2°%61 -7 1 U W —
0S* 994 €1°05 9°896€ 0c°y61 00°09% 00°9st 1$°311 ]
B3R GYY LE° 03 9 L16€ rro961 oc°r9y 00°¥51 nm.m“ ]
S 32°14e £6°06 L°266F 00° %61 00°09% 00°%»sS1 8¢°3.1 9
8S° Hy Y SE* 13 0° 866E 8%°€61 00°N9y 2s°c61 86°311 s
18°1%L 82°15 0°916€ 8% ° €61 co°C 9y Z23°%:c61 gs°3t1 o
65°201 oL°91 _ 1°916 .. 66°081_ __ _  00°09%__  96°Ial. _ 0G°3:t1 €. . o
06°131 62°91 2°Sib 55081 00°09% £5°081 15°5tt 2
68° 98 13° 91 %° 8€6 H9°C81 co°Cc9y 35°091 RS °St) 1
({1sd} (visd) (3 933) td 230) ts 930) td 930)
.8 VAW)__ _ ¥d S/N__ W32 S/O___ L o
A1N3A AN3IA IN3A "TEJ FEETY dwil ON
(dW3i) HIs10 HIS13) HIS1a NEN13Y HIS10 131 37118 :
. __aH 4w d dWnd dand 1S1d ve _d¥ld _dhd ETI 1
>
S 3 ¥N21viYI3IdN3 I _ONY _S3IYNSS IV dwnd o
00 *95 23S *NNILVHNI 1S3 , 84-53-21 31¢) 1S31 ¢
. 82-90-01__ 31v3 9NISS$370dd . : 5 :
. _ AT8WISSY dWNdIGENL N3I9AXD 01101 -
mﬂ.o\ 39vd - . s 8N X :
. r, \‘
£ - ) R i | .o ~




2131)34S

3:-9C¢-01

y2Zl3°st
ommwomn

ommnsi:}ubbbhllm Dmvrllilwvwv.mm

73S *NOTLvENd 1S31

3ovd

3ivd 9ONISS53)0¥d

£9°el 6C°* 62 94* 291
83°1L 13°2L £5°211
8l°*22. 12°21 66°9i(1L
12°22 pe2L 19°1:¢
o _..&s2°zL B €E0° 922
»5°2L 95* 1L $6°82L
L8°21 21°2L fe*eed
12°¢ Gy 2L l2°lel
6%°ctl le 2 00°0%2
g6°¢cl gl el 26141
69°¢l 8y el :W!wwhlilll.ll‘
th* €L gz °€l »9°9% )
09°*c y3°¢€l s1°261
19°%L E3°ELl___ 8E°9SL _
124 71 I1°€L 89°*661
82°09 6g3°09 91201
N ‘1-Om03.0. 3% 03 00°201

2e°09 »2°+09 LO°LS

(x} (%) (d4)

443 d4

N3S ] 443 gyni

S¥3I 1IWVYY

- WS

5521° 7€
$902°7¢€
,H GoS  LHEVTIT 2

6315°2¢ om.en~
»339° 7€

m.vmﬂml E-i-nwé:

I €393° ¢
G 19L1°LE
GLZHYELE.
rnhum..n

»921° aN

vu.hrrlupbh.b!.llnh!\

{73578

03131 v313Q2v I

Y

A18%3SSY dWNdI3uNL N39AXD ainodin

T S R P



T Tmn T Z5%1°1 zve 8l 786650 1%960°0 LG°IELE fce31: 3113 81

$340°1 65° 81 §669%°0 £EBBDO 60°291%2 Le*r>1 “0T1eEd A H
25%0°1_ . 65781 __ 16S9%°0 . . 8€830°0__ 25°2%0%2._ 51°3%1._ . CIivIy . 91 . ¢
1Lyo0°1 - 15°91 8€99%°0 02880 °0 - Ye*L1BEZ  lZ°3%1 *5156339 S1 I
8L%0°1 25°81 £199%°0 92880°0 96°140€2  ZL°%5T . °DQL1593 91 |
I 8150°1 25 81 0129%°0 098230°0 »I°E%?22 BE°33 *1%932 £1 Pooo
: ‘ 5360°1 Ly*81 £929%°0 €6880°0  J22°62512  Tz°131 *218939 21 R
. 6%60°1 gy*el G989%°0 18880°0 YT EE012 - - 06°L11 *19599 - 11 2
3 T eseqncY__ 9%°8Y__  _1689%°0 _ 16880°C_ ___ 05°59351 %2755 _*teoty . . O1_ o
H %¥350°1 zze81 $889%°0 91680°) ZZ°10131  5)°512 °56119 6 .
W y¥z30°1 €y 81 L001%°0 85680°0 Ly*%209T 56°382 *y31L? 9 :
e $990°1 2% 81 _2Z1see S8680°0Q 9Z°19L%1 23°332 *»11L3 L
] 20L3°1 Zv° 81 9669%°0 1060 °0 sL°LL3%1  Y3°tral *1s2L? ?
6210”1 © 65 LY 9% 694%° 0 8€060°0 L5°TE69Y  21°L32 *22t19 S
»920° 1 %5l 0€01%°0 _ _ L9060°0 LE°SLBYY 65°232  LIM?Y . __ % __
4 015¢e° 93-5 206%%°0 18€T1°0 9L°199€ £6°23% *2930¢ £
623€°1 20°6G. »ESYH* O L6ETT*0 G0°199%¢ 08°c3Y *5090% 2 )
] e ___d1BE"°T 08" - CHEYH O 6£911°0_ L2°%%3¢€ LE°ISY 230997 1 3
. e (¥ 930 _ . _ R ¥ ¥ 3 S N1 1) R
S33(N/O) ) : 34309 03343 ON
4IA0 1 v1133 44332 1314 21412343 3334S 371718
o N3 drNd Jv3d 13INT  NI2TEDAS 4S dN 1534 3411
U -
ﬂ . s ¥3 13 WMVINVNI EANd 03 21VINIIVYI - o
‘n*9g 335 ¢NOILlVIND L1S31L 8L-50-0T  31vd 1531
82.-90-01 31Vv3 9NISSIIONd . , 5 YIOWNAN NNY -3

SUIUNPR RS PEPREE S i e ———— e

| | | A18WISSY dWNdIAYNL V394X 01131 -
16 . _39Vvd _ . . - 8HNA . . Lo



Ll

.

N . ' .
& &
T - s - e -
D O
. mW»A ZL° 0902 28°ETve 98°9c25 —~ R9°ge211 - 15L5%°5¢ - 59°532 81
&) 68°091 90°0%8 G9°181% €1°6818 $5508°2¢E 62°tv? LT D
10°251 _ _ %G°S€8____ __. 8Z"ZRl%_ _ __L€°SBLB._ __.__9BBEB"LE. _ _D¥iEvZ. .. . SL.t. ..
06°£91 356°6€8. 19°931% 22°€618 LLTLL LE 25%272 St
L0°121 $8°9€9 €5°06TY 6L°0088 RIS6L LE BI°EY2 91
_ _-98°62T _ 41°1€8 60°€61Y 41°9088 _G1265°LE 10°%%2 £1
99° €81 £6°vEg . 0L°861% 11°9188 azZrES°Lz 28°e92 21
2% 561 . 16°g£8 G%° 9024 s1°2¢98 08250°8¢ 9L°9%2 11
19°212  ____00°%€@__ __ __ €9°112% _ ____ 86°1%88 99221°3¢€ t3°9%2 ot
20°8¢€Z 0€°1€8 9% °012% T 65%6€83. - 0L3%2°8¢ S3°6%Z 6
58°082 "~ g8°2%8 16°€22% €8°29889 ZRSEY° 8L 1L°9%2 8
98°€E1E 62°9%8 69°522% 14°€988 085S °BE 9y 192 L
vy 11¢ 56°9%0 12°€22% " £9°0988 L1E59 *8B¢E 82°8%2 9
S%°01g 96°9€9 95°022% 91°1588 96€£9°8¢ 16°8%2 ma.#
n9*21< Lh"€v8  1z°122% _ . C1°1988  ____DI0G5°BE_ _ ZL°6%Z . 2% e
$5*86€2 12°0271 $9° 5€6€ $6°06€9 8L€2°8Y v ETE €
0%° €LEZ 08°8121 0E *2%6€ »%*96€8 - BET1DE*9Y 13°€1% r4
. .26°0062 19°2421 12°026€ 16°65€8 1551€°5% 96°C2¢ 1
t1d) _ tgH8)_  __ w1sdy_ . . _ wd  (935/8)___._ _AAdYY _ ___  _ON__ ___
¥3MOd 3s1d , : . 32178
HS dN 35404 SS3ud ava4 %314 MOTd N1l
Wdd cononyz = 3334S 139dvl 31 031vDS E
00°9¢ 23S ‘NOILVYND 1S3L B2-§0-2T  31vd 1531
_ 8:-90-01_31vQ 9N1S$323dd . : 5 WIGWAN NDE
A ATAW3SSY dANd3I8ANL N3IDAXD 4INOID .
ST ¢ 3ovd 2.1 A




< >
- : " — _
220902 28°€1b¢ 98°%£25 B9°€E211 16L5%°%€ 322 81
68°091 90° 059 G9° 1919 €1°6828 GSS08°LE c2°cy2 L1
10°291 $5°8¢8 g2°291% LE*SBLS 988€8°LE 0%°:92" 97
06°€91 85°G€E8 _____ _ _19°9314__ 22°c6L8_ LLTLLOLE . 26°222 _sY
Lo 1Lt G9°9¢8 €6 061 61°0n88 81662°L¢ 80°EY2 114
98°541 Y1°L€9 6C° €61y 91°9068 GLI65* pm 10°%%2 €T
L 99°¢9T £5°%¢8 0L°861% 1L°91 T4 21
| Zv° w6l 16°6€8 SH°9nZy s1°2:88 ao~uo.an yLo 992 11
4 19°212 00° %<9 £9°112% 86° 19988 99221°8¢€ L3°9%2 o1
g 20°8€2 DE*TER - 9%°012% _ .. 6G°6€89 0L3Iv2°8E 65°3%2 _ [N _
: 58°082 £8°2%8 16°€22% £€8°2938 ZBSEY°BE 1L°9%2 8
i I ETE 52°948 69°%22% 112°€989 08256°8€E P9°L92 L
. evcl1g 65°9%8 12°€22% £9°0988 L1€%2°3¢ 82°892 9
S%°01€ 96°9¢@ 96 °022% 91°1588 $5€€8 °BE 16°8%2 S
09°21¢ LY°EY0 12°122% C1°.989 01055°3€ 21° 652 »
»5°96¢2 12°0221 = G69°6E6E . 65°06€89 _8LIEZ8Y t1e €
0%°*€ELE2 08°8121 0E°2496¢€ 45°96€8 8c10€°8Y i1¢ 4
25° 0062 19°2421 12°rzeg L6° 65€8 1551E°5% 96°r2¢ 1
(1) ( dH9) (1Sd) (14) (33s/7%) (HdS? ON
) _ __d43m0d_______3S¥y™ _ . e .. 3210
) HS dN 35304 $S3dd gva4 %9513 1014 ET 1
W4d °0C0*0N2 = J33dS N91S30 J1 031vIS . - ,..m L
, ‘ r2s 4
- 0n°9g 23S *NOILVINI 1531 g1-§3-01 31vd 1S3
. Tg1-50-01 31v3 9N1S53704d N—

9x-e\

3ove _

AT8A3SSY

¢

0 N4

‘1dJ3uN1 NIJAXD 01 v

% g ina

“~

.‘M
4
E,

o



D SRS S o

. I 3 ) pz°13:£1 L% 28% __ 81
182291 01°132 11
12°1231 69°302 91
e . e E9°€d31 . . . 9€°302 sl _._
35°3331 L1°832 y1
12°2191 1 E A & B £l
o 21231 21*312 21
D3°5%91 14°%22 11
22°0531 91* 2z 1] |
- e - ; R — 6%°1331 N 5 S 7 7 S - B— _
10° 1491 _95°337 8
3n*3121 06312 L
e gr°8:c31 LE*11? 9
30°0e31 Le°zL2 S
532351 gs° 182 y
} . ---;.:illlx!hpuownxt‘,:t“oN.mu- € _
€3°32¢ 92°:z31 2
6€°959 90°151 1
a1S4d nisd
. . - LD § - D . .351¥ ON __
dd 1vi3 dd 191§ 32118
351170A ON1 INIL

@33dS 139d¥vl J1 G3IvIS '

wig *0000L

]

oneoc 23S NOILVHNG 1S3L _ 82-50-21  31v3 1531
g:-90-01 __31v3 ON1S$S320¥d : 5 YIIWNN NOY -

. ; A19W3 55V anna33Uni N3ICAXD GINJIT L
L1°6 9vd ) o ) . YA e = ‘Illl.l




EReCeE

. BN, I (e it a s A i §
i Y > Pe L4 . »
0Z°15¢ L%° 25y 81
e . L3°2C71 (A AT L1
19°1221 $3°302 31
£9°€391 0€£°3)2 S1
) - - 053 L recerz . S et
. 1L°2191 TE*I1? €1
¥2°1231 21°312 4
e - _ _08°5¥31 12922 11
22°0531 1°€¢2 ot .
5%°2391 S1°9y2 6
Ce e s - e 10°12731_ 96°23Z @ __
8%°91 31 r6°312 ]
3L°3€31 LeE"Li? 9
- P, 92°2¢€31 L6242 s _
$2°13s1 €6° 102 » )
51°52L v2°:z91 € .
: S e c—-o.. B2%82L . 32°:9t z 3
f - 5E*959 Tl F 1
i 3154 a1sd
" 3S1y 351y ON
e . - e s e e L BAULVAS w4 uvES. | 3918
: 317704 anli Inry
Wil °000*DZ = 0334S N91S3T 31 031vas 2
T o ' e memeee o .
00°95 J3S NDILvENT 1S3y 82-50-21 31v] 1S3.
| 3L-90-01 _34va INISS330¥a e 5
ATIBWISSY dwNdDRENY N30AXD 0INO1Y
871 °5 39vd ) b2, R e
:




ST TSR T

T T O 391310 39kng 1v3s 31V103NY3IN] A
0081°0 wu.u:.c INVID0D 948 yv3u —
0009°0 30041¥0_NIVWQ_°9°w__*23s_ L L
08%9°0 3213180 NIVYH0 °*9°H A¥VW lud
E»v 0099°0 3214380 1SNVHX3 3N 1duny
——— W T 61€2°0 ~  v3¥v _3AI1D3343 3INlguny
$ 77 T o00s*0 3314740 NIVEG Tv3S X3)
a, 0092° 0 33131¥0 J¥123% iSld VO
L -l
SO 0286°) 0 1vVOuHi T 7
@% 2%6$0° 1 ¥3I13INVIO 1VOuHL 1188 N/S
) 0689°1 ~ _83A3IMVIC WYIYLISdN YIS 65D 12EA N/ d
(HISTTO Nd) TUNINIA X007
= $926°0 0 AVOMHL -
o S 01Ly°0 ¥3ILINV1IO AiVOuRI €168 N/S
= 0689°1 ¥313INVIO WY3IWLSAN YOS -1.902€A N/Jd
Z H _ . (99) 1WAN3A 2ZHD
=L 1WA N3A
Py - .
< €1856°0 0D iVDuUHL
$Q0€°1 ¥3IL3INVIQ AVOUHE . 1el6 NS -
oddﬂqM 2 YILINVIO WYId1SdD BN -00Z1€0dA N/d T
(8¥NL) T W¥NANIA <HO
T T T e iO(m.OOuo!...::l T oo o R 3 Av0unl
08v2°0 W3L3INVIQ UVOUHL 1488  N/S
0456°0 . W3LIIAVIO WY3WiSdN Y95 -892091A_ N/d
. : T 7499) JeniN3A 20 T
LS . 3uSS3ud INI1SKY
hﬂqugquﬁg!mb IR INVRED J83d NOTI S JATIOITG0 — .
e Lttt SINIWND)
20°6Z  I3S *NO1LVYNG 1S3L 82-01-01 3iv0 1S3}
84-51-11 31V0 9NISS3II0ud : L 21 4dURON NNB
ATINISSY dWAJOBYNL zwc>xo agInod i
| S 4 | 39vd :lc&xt




|

»
~

1]
[}
[
o e e
]

T,
- *0€299 99196°€ YOE*L69 B°€Z6E€ YL Y€ €E° sl 2°1%  6°€9%E 090°s¥
*80299 SSYL6°€ . 602°10L 9°126€ EEE°¥E  1€°s) 2°196  S°L95E  9E6°YY
“14299 095 L6°€ €19°20L L1°0£6€ 922°%¢  9e°sl 2°1%6  L°li16E  €S8°9y
- w0289 T U 6€996%€  ZE6"90L  ECEfe€ T G9Twe  82°61 €°196  8°%16% OEL°YY
*$»2109 i499L6°¢ Ivi®cld 8°8to6¢L 160°%¢ st 61 1 el § 19 8°8lbt 199°%%
*€1189 SI%I6°€  E26°S1L  1°2Z96E  €16°€E  Z€°S1 %195 1°766E  t2S°%Y
“$ 1209 £10i6°€ 96 L1L L ¥¥6E  968°7€  8Z°sl 9° 195 C°9%6E 19%9°9h
“8€299 L9396°¢ 018°%2L 0°0S6€ €SB°CE  9¢°51 9°196  9°6H6E  SHE° vy
L *30689 Z1496°¢ £96°%24 $°9s6t  1sL°te  €2°61 »° 126 1°C66€  SEZ°%%
< “91€99 12%16°¢ D09°1€L S°BS6E 689°€E  8Z°Sl %19 USLbbt  Cl1°vY
. *06£99 281L6°€  26S°1E€EL 9°096€ UV6S°EE  #2°Sl 5196  1°0009% 6Z0°%%
“01989 90146°C EO8°UEL 9°996E  925°LE  €2°ST °i%6  0°500% 9%6°LY
T IEe9 1sTie"c T8 251 0°096C 9CH EE  22°41 T TR THe T 9 00y d28TeYy
*92289 00%L6°€ »26°8%1 1°216€ 06€°€E  €2°S1 v 1% £°110% 0%2°t%
*14189 $9296°¢ bIE°ESL S°916€ 182°CE  €1°sl v 1%s 1°510%  159°¢Y
T T 9289 T Zi9ile‘te 118%2¢4 7 1%8l6€  H12°tt €C°sl $°19% £°6 109  SES°LY
; %6819 ¥5296°¢€ Tyy*6sl E°Z86E  €91°cE  11°6l s°l96  0°220% 159°ty
 *14889 11696°¢ 162°29L $°986€ €20°tE  ¥1°Sl G196 6°920% LlE°EY
16956 °¢C L9%eS51 1"t 66t 636°2¢C  H0°sT T s'14s 1°0€0Y ~ "v9l%cy
*0v£69 88l26°¢€ $61°241 €°166€ $89°2¢  w1°Sl 9°196  H°E€0Y  121°tY
~0v€ 69 2€L96°C 965°€LL 6°966€ £28°2€ 01°s1 9°196  $°SE0Y  6E0°LY
+|i||ua!«¢~mm¢:|:1:undcw.n‘:.;ase.n~h::xa.doo¢ “HIE T susl 9°195  %°0%W%  9u6°2%
i *0%£69 96656°¢C P94°98L 9100y 199°2€ 66°%1 9°196  $°9%0% 28 °2Y
*10€69 L0Z96°C 990°18L 6°600% §1$°2€ €0°SI 9° 1% £°690% 0s1°2%
.t:lsnidnquuatrl:INnnuuannuxladdiddus;:quqae YIS%ZC %0731 T 9°Tes  1¢1s08 T929%2y
*25269 LE6Y6°E 120°96L 9°G10% ¥6£°Z€  16°91 L°196 6°%50%  Y95°lY
: *0$269 96856°€  69€°86L 9°610% Y0E°2€  l6°9l 9°19s 9°as0%  19%°2%
Tt s9e269 T T 68966°%¢ 046100 7 6°920% 912°2¢  96°91 L°1%$ 1°290%  L€£°29
; *€0269 8925 6°€ 196°808 1°420% 9€1°2¢  06°%1 L°19s 1°L90%  SS2°2%
] ‘09169 18596°¢C 062°€19 €°1€0% 810°2¢ 16°%1 L°1%5  0°120%  1€1°2y
A
o N} 1235/87) _ (01Sd) (v15sd) (01Sd) ¥ 936)  (ViSd) $245)
- | TTUURGWE T d ¥AVIA T N 3/0 T NSO ud VETY id
ZH9 IAWA 3AWA  3AWA . vilda s/n s/n Iwil
033 suni N1dS N1dS N1dS .a:»zua.nuammmwpexmazpzw>..||:p;m.;u
w. S ¥313WYUVd IAIWO INISUNL N3IODYOAH SANOISY
T 90°6Z 23S *NOIAVENG 1S31 42-01-01
. 9L-61-11 31V0 9NISSII0Ud o 2
£
: ATNISS dWNADEYNL N3IDAXD UINBIT
2 21 avé e R U )

956°yY ot
210°9% 62
(' TYRE 1Y P4
899°9Y i<
955°9% 9¢
29%5°9Y YA
6l 9% v,
262°YY (4
til°9 4
6%0° 9% | 94
196°%Y (¥
tyg Ly 6l
[TTRER ) 81
8i9°LrY il
955 °¢Y 91
2i9°¢Y S
LT X %1
492ty el
FEL2 R4 X ¢l
690°%Y il
116°2% ol
£90°2Y 6
144°¢Y ¥
L%9°2Y i
996 * ¢y 9
2uv°2y S
$SE ¢ Y
912y t
2%1°¢Y Z
- 820°2Y 1
t23s)
(V] )
Imly 321°
_NI939 3wl
o
9 -
31V0 193]
s4YNNN N2
N




DR T T T A - e .
4 °09%61 L°84y s oo @216l 9°9561 +°60¢ 0°991¢ 1°102¢  *ULZ89 090°SY 956°4e vt
41 °09e1 8°8Ly 6°0002 6°ZL61  {°9S61 ¢°60% $°991¢ 1710¢¢  *80¢89 9t6°9y Yi0°YY 2 oc
$°0%6T  6%BLY 80002 '$*{i617 7 B°9¢61 $°606 8°691¢ 6°Co1E L1249 ¢950°%y 05L°9% ~ y¢
€ 0961 5°8LY 9°06002 6°2L61 %°9661 %°60% €°991€  9°S6lt  "2U289 OLLi°vy 899 °9y ic
£ *0961 0°6LYy 9°0002 0°tL61  ©°9%61  9°605  0°991¢ . 1°10Ce °92169  199°%h you 4y ¢
L0961 8°8LY 9°0002 2°¢i61 1°9561 $°60% $°591¢ P°UBIL  “EL 189 LG %%y 29%° 94 4
9°6%61 9°8LY 6° 6561 $*2461 1°5¢61 $°6Q6 1°991¢ T°061¢  °*#1289 194°4e 6LE "9 9e
9°6561 L1784y L6661 2°1461 6°S‘61 9°60¢ g°L91e 1°TUct  *BEZBY BSE°9Y $52° vy (4
€®096T TTTe%R8LY  9%0¢02 2*€L61 ' 1°9%61. 9%60¢ 1°991¢ 1°10¢¢  °*8)eb9 SEL°yy til vy <2
1°0961 8°8LY €£°0002 0°€261 8°9561 9°60$ £°991¢ TG "91EH9 26 1°%% 6%0° 9y 12
¥°0961 L°8LY 9°000¢2 6°2L61 %°1.561 9°606 SY991E 9°%61E °0LEB9 BZO°YY 196°v % e
0%0%6TY 6%8LYy 10062 £*2L6T  6%°656T 9%606 6°99T1¢ " 1°10¢e CO0199 T 946%(% T 9By ol
1°6661 1°60% 2°6661 8°1.161 0°9661 2°606 8°L91¢€ 1°102¢ “i1€v89 228°%H 09L°cd» Ch |
6°8%61 0°6Ly 2°6661 ¢°li6l  0°%561 1°60$ 1°e91¢ 9°561t  °*92¢69 0%2°¢s $49°%9 il
6°1S61  B°gLe 6°L661 £°0L61 1°¥561 '2°%60% 1°191€  L°961€ * 11169 [199°Ly. 455 °is 91
9°6%61 £°8Ld 6°6661 s*2i6l ¥°9¢61 9°60$ B°991€  9°.61€ °*9¢289 #Ls°gy Z2iv° ey 51
9°1%61 8°Liy 9°: 561 €°0L61 B°%S61 9°60% 1°19T1€  1°961€ °*%2.9 154°¢sy BYe "Ly %1
TYC6Y LTIV C*566T $71%6Y Z°9%6T 0°608 eZoyg 1°10¢8 " *19889 12¢%Ly S9Z°vy t1
€°9561 L°LLy €°9661 S°1961 _ Z°S%61 9°60s 1°€91¢ 8°HO61E °*GL 169 SH2°ty 2Y%1°¢y s
$°9661 . S*24y %°v66l1 ¥°:961 1°s%61 8°60¢ 8°L91E 1°1028  "0%€69 121°cy 650° LYy 1
QO TCOT T LYY T 9*2661 Y0061 TG40 8606 T e*191¢ 1°10¢e  *09€69 620°cY LiB* 2y ul
8°2¢61 6°LLY 1°2661 4°9961 6°€%61 6°609% £°191¢ 1°00¢e  *92569 946%¢y £68°¢9 6
2°€S6 1 R PRY 2°€661 2°9961 S°%961 9°60s 8°191¢ 1°061¢  °09t69 2e8°2% 142" ¢y ] .
R41 1Y MY PAd 191 275986 L"t%6T7 %605 " ¢°G91¢ $*261€ °*10¢69 " 0¢%2 2y 499°¢y d
9°2¢61 e°LLY $°2661 1°5961 1°9%61 8°606 1°191¢ L6661t 9269 9(9°Zy vy oy 9
” 0°is61l 8°Lry 8°0661 2°¢961 1°2961 8°60¢ Y°941¢ 9°2BIE  *¢S269 94¢°2y 28%° ¢y 5
2 872561~ g1 d 4°2661 7 2%°¢961 2°¢%61 9°60¢% 0°091€  9°/BIt °05269 194°2Z¢ BSL® 2y 4
s 6°2%61 9°11% 8°2661 0°¢961 Y°EY61 9°60¢ %*651¢ S°6BIE  °*9%¢69 LEr°2y 9Ly Y
j $°1%61 8°44Y 1661 6°€t%61 L°C2%1 1°60% 0°LSTt LEHTE  "€0C69 642°¢% 2s1°¢Yy <
i B S €13 SN AP 7 K TPT8BT  S¥E986Y — T 2%6Y 9°60% 6°s551¢ 9°061t 09169 “1L1°Z%  geo ¢ 1
: “JUrsSd) 139 °530) (visd) {VISd) IVISdF 1w 530) (visda) (viSd) (wdd) t33%) (23%)
: 4 V1130 dh3l 101 u¥d 101 ¥d IVIS ¥4 S/0 dW31 105 4 401 ud 1vis (] .
3 37140%0 HX 3 HX3 HX3 ZI0N 13IN} 13IN1] 13N} Wil Awil dus y
BT NI oull T 9unT T eynI EI gunl guni © BWNA 05368 T GNT T NT938 iwl 4 “
S¥3I 13 nwvyuyvag INT O UDN]
)0°g2 23S ¢NOlAVYUNG 1S3) 8L-01-01 31v0 1531
04-%1-11 31Vv0 9NISS3IDOUd ax el BIUWON N1 M
AMON3ISSY dNADEANL NIDAXO GINDIT 5= — .
£ et e " ﬂs... =3 N m
. 2% ‘_
=
o
m .
o




D At

RO St P =

——y

) 4°001¢€

60°1$ Zyl %°0 82° 0% 2°159 e*tu9

I 2 X' L S 0 £4 LELY°O 89°0¢ 2°4¢9 ©°549
e*201¢ BO° 1% 1 H°0 1¢° 0% 6°%€9 1°559
s°101¢ D1°1s 6CLy°C ¥€° 06 $°€L9 0°%%9
_4°201% 21°1s EELY°0 . 96°0%  S°ueY 1°9%9
2°¢01¢ 11°1s 9€1%°0 68" 0% 0°9t9 9°449
9°001¢ 80°1$ oY1 %°0 9€°0% 1°1%¢9 €°%59
....... $°001¢ 01° 1% 6ELIV°0 6€° 0% 0°149 0°5%9
8°201¢ 80°16 syl $°0 *0% 9°6£9 6°¢S$9
6°201\¢€ 20°1s oL 9°0 9€°0¢ 1°199 9°559
2°€01€ LO®1S Y1 %°0 0€°0% L°299  2°sS9
9*101¢e 90°*1% usis°0 $2* 0¢ 1°0¢9 L°959
$°001¢ 80°1is 9%19°0 1£°5¢ $°9¢9 6°%%9
9°660¢ o1°1% 6el 9°0 9%° 0S €°6¢€9 1°599

TTT Te%i60€e T T1°16 9E19*0  9e°09 L°0%9 Y°¢ 59
$°101¢ J1°1¢ 6L %0 6%° 0% 9°659 1°699
6°160¢ 91°1s% i1 ¥°0 19° 0% €°€99 6799
2°660¢ 0Q° 18 691%*0 10°0Cs i4%i99 8°9%9
9°660€ £6°0S 891 %°0 65°6Y 1°%99 $Y°8499
%°001¢ 06°0$ %61 %°0 $9° 6% 6° 149 8°9S9

—  ¢*060€ 0606 L6l 6°0 7T T 85068 T 0°%99 €°%59
T 1°860€ 16°06 c614°0 9%° 6y . 1°£99 9°459

S *8e0C 68°0S 861 4°0 19" 6% 6°199 9°2%9
— %*L&b6t 06°0S IV*0 24" 6% €99 L%cey
6°1606€ '26°0% Z619°0 v9° 069 9499 6°959
2°E60¢ 16°0% €61%°0 o»° 6% 1°099 9° 159

T e%960€ T  16°0% €6l °0 25°% 6y 1%299 2°¢€99
2°960¢% 26°0S FLS K A4 15°6Y 1°6%9 0°¢£$9
6°€60€ 26°0% 0619°0 6Y° 6% 1°09y €°¢%9

TTTTRYZE0T T €608 SRIYCD T seT6y  €UUeY T T Tty

TTAVISAY T U8=e)

i3-1)

16%43) tan) (dH)
d 100 NI (1 ¥4130)  (21IvD)
70N 8w 343 340 3nbyol v ahe
S © GO3NNIINDI) S ¥ 3 LI NV BY
00°62 9235 *NOILVWNQ iS3L
82-1-11 31v0 9N1553D0ud L
ATEWISSY dWNdOW¥NL NITAXO
» 21 39v4d \‘-‘ﬂg:

s1es°1 si196°¢ 0t cu9 1Y
62L% seib° ¢ *80¢89 ¢
1246 °1 9646°¢C *LL 269 (704
Lv2i6°1 £996 °¢ PAPLD ) ic
9wZes*1 4946 °L *9¢ 149 P4
9219 °1 19%.6°t LLiyy 4¢
0Zis 1l 16i6°¢ - *y1249 “e
6lls*l 1896°% ‘UL 289 te
221s°1 1496 °% Y0t uY ¢
L229°1 £946°¢ *Yltyy 12
. ees”l WiL6°e  “0bLEY (%3
92i4%°1 11L6°%¢€ *01 %949 ti
$2i5°1 91L6°¢ *licu9 bl
9216 °1 LYL6°c *92¢99 il
€245°1 %Z96°¢ *1L 149 91
€2is’l i9i6°¢ *Pc by 51
221 2 N 5296°¢ *¥6419 91
0946°1 1696°¢ *Lyuuy vl
$54%°1 6956°%¢ *yi 169 ¢l
66is 1 6lL6°t *UYL69 il
194%°1 £i96°% *O¥E 69 ol
C945°1 9196 °¢ *¥iL69 b
. §616°1 9456°¢ 0969 b
TTTUe6ts*1 T T1296% T Y105 069 |
6545 °1 £996°¢ *29206% Y
2646°1 You6°t *2¢s209 5
95is°1 9HsH°t 05269 Y
9446°1 $946°¢ 99 L69 t
¥6i9°1 $2%6°¢ *€0269 ¢
e%4%°*1 095$67¢ 09169 i
(S-1) (33874971 wd¥ UN
Ulivy 33118
¥ kO3 033¢S Imll
n‘-
INT B YN p
84-0U1-01 24VU 1%41Q
<1 a3 GhiIN NOB
cgInoil nl/




Bibindd-dac b i et 5 S AN SIS R S

&
Pt oviost B S

EER S

Sk oty

Eaanail e G

e TSR

dhds

SEAILY U - TN e T

6°6002 6910°0 689%°¢ 1°€1$8 $6069°¢€ ° st 1 s8°12 *0€ 289 V13

1°0102 6910°0 (%13 2d 3 6" 2% 9669°€ T TY R | 0z*8e 90299 o¢
S TTYYOI0T T 6410°0  BEsHE S Y T 4 C- A 9669°¢ 1TIA . 96 °*2¢2 “LiL299 o W
8°6002 6910°0 149%°¢ 6°21% G669°¢€ ¢86€°1 to°9ueze *L02%9 ~ 12
9°0102 0s10°0 LYSY € €"21s 9669° € _ s86e°1 11°yze  cvelwy Y¢
10102 6¥10°0 0zev’e 1°21¢ 9669°¢ TN Z1°822 77 el 169 %<
1°0102 6910°0 E1sy°€E 6*21% 9669° € sB6r.°1 s6*L22 *91299 4¢
0°6002 6410°0 LOSY € 1°¢1$ L609° & sgot °1 92°¥ee ' ¥4'L) t¢
——¢%010Z  6%10°%0 2949°€ T 9¢ls T £669°t sget°l s0*g22 *G0L89 2é
¥°0102 6910°0 tgov ¢ 9° €1 2669°¢€ 96t z22°¥2¢  *91ew9 12
_ 8°0102 6910°0 2 08Y°¢C Z° 916 2669°¢ 9uoe°1 6e°82 *0bt 9 (¥
l:‘.ﬂ-ﬂadﬁl‘l.m.ﬂd.qa. PYISH 't €*%1% 26697 ¢ 1 TY 54 SRR e1%922 T b9 ol
°6002 6410°0 LESY"E g°cls . 1668°¢ s86E°1 91822 *LLE89 6l
¥°8002 6%10°0 eFev°L 6°21$ 0669°¢ TTI%A Y oz*eze *Q2249 a1
%502 T 7 6410°0 Puss*E " T e*21$ ) ’ 0669°¢ su6t "1 11°82¢ ‘11169 91
1°1102 5410°0 »269°¢ 6°21$ 6869°¢ 966€°1 L1°822 92249 51
9°800¢ 0610°0 269y € ¥°016$ 8639°¢ 96t 1 91°82¢ 96849 sl
0°t007 —By10°0 1254249 44V} £+ —B669°€ " 9wee*l T ep el T TLYsE9 o1
2°2002 L9100 1299°¢ 0°02% 8869°¢ 9y6e 1 1°62¢ *cl 169 Fa)
*0°€00¢Z L%10°0 X111 241 2° 1S 6869° ¢ 9g6t°1 YA YT *09C69 1
) 1°1002 “LYT0°0 SR TP 1< 97 Sl 40 ¢4 2 6869°¢t | " qeet’l 91%62¢ *LUYEH9 il
£°1002 1L910°0 vyt 1°12¢ L86S° € 986t°1 1L°622 *y2€69 ¢
€°1002 9%10°0 229%°¢ £°12% 6869° € e86€°1 80 °622 *0¥E 69 8
T"100¢ %1070 Z6%%"¢ [ o 4 669°¢ EXT 44 S 90627 *10¢69 F]
0°1002 L910°0 91gy°¢C 4°0¢% 8869°¢ sg6e°1 92°622 L9269 Y
9°6661 L910°0 P2yt 9°02S 2869°¢€ s86€"1 20°622 *2652069 5
- - re100Z T LY10°0 LOYy*E T 9%02s ¢ 68069°¢ g86t°1 e0°6¢2 *0s 269 5
0°1002 L910°0 2e9v° € - 9°0¢S 0669°¢ s86€°1 60°622 *9y 69 Y
2°07 92 L910°0 CYYY €’ £°02S 6869°€ LTINS £0°6¢2 L0269 ¢
— S 0007 I%70°0 yEYYTL 0v0CS% 0669°€C —  $86€°1 T 46T T T 09169 i
l||-HM-ﬂd|l|||.¢wﬂu.&||l-du.~uﬂ I-Illdu.wuculit\lacptc...\:bow te/018) NdY UN
_SS3ud W3, -vivd -vuvd -y ¥vd | (S -1 JA9¥3NI 12115
338 quni Indull noH 03345 . éd ___WYmWv9 *I1IVAY a334S ETH Y

(oINNIINDD) S¥ 3 13 WVEVe INTSuAl

00°6Z 235 *NO11VuN0 1531 . 8L-01-01  31V0 153J
C2-€1-11 31v0 9N1S$370ud - 21 W3uMON Mo

ATENISSY dWNACUUNL NIJAXO gIno1

§ 2 ATNIE e - )s.x ~~




B T - e ————————————ir—tomsea sttt sttt Pttt Pt Nl s e, i . et ettt 00— et sl vt -
T e1°C2y 6°%1 $6°SEY 9°€E 2201°0 '6°92y s§1°4€ 19°96 €9°0€2 1s°til 09°2% “
(1 R} {7 16°91 2L"%EY L 24X 1 1201°0 14°929 11°2€ 09°98% £48°022 15°tal 66°¢¢ 6¢
, L4261y r{% A 98°6EY 1°€€ €201°0 0$°92% 02°4¢ 99°%5% 0K°0EZ at°uel st L€ “2
te%81d T 991 "gv*eEy  1%2€ T S201°0 T €92y 42°4¢ 09°%%% 4%°0€2 10°€21 el°¢t L
61°81% 6¥°vl 8E°sty 6°2¢ $20G1°0 £0°92y ¥2°18 U6°96% 96°GLZ Orc2LY 91°%L 9¢
$9°L1y 29°91 €2°9EY 1%2¢ 9201°0 ¥8°62% B2V ¥9°9sS  1vTuEZ 9l 09°5¢ 9
1 12y So°vl 62°SLYy v°2¢ 4201°0 65 °62Y L4t 99°9¢5% 16°0€2 <¢2°121 16°%¢ %
k TR 1Y to°y1 LG6°YLY 1°2€ 201°0 €Y °S2y (YK % 84°96% 4%°0te 8Ol X 2L 2N te
. $5°61y  16°1  66°vEy  6°2¢ = 9201°0 91 °GZy 92° it 09°%5% 14°0¢2 1%°00} 66°St i<
22% 1y Toyy 60°SEY 0°¢ct 9Z01°0 60°62Y (Y AFE 19°968  1%°0GtZ 0QO°O41 15°9% i¢
oL ~91% 06°¥1 11°cey 4°2¢ 0€01°0 16°92 8EC° L€ $9°4656 16°0t2 06°691 91°%ir ¢
46 €1y 20°%1 S2°%€EYy 2°2¢ 1€01°0 24°%2Y 6t s Y$°99s 22°Ce2 12°691 694 ¢ 6l
—BC CIS — I8°%Y  9%%sev  €%2¢  6Z0TT0  09%%Ty st's TT09%%es” 18%0€T TZ2%9T  Gtecen el
oL “21y e9°yt L6°SEY » Z€ 6201°0 09°92% €eLe 99°96¢  18°0€2 ZZ%st €44t 21
80°21% 64°%) $1°9¢cYy 2°1s 0£¢01°0 6E° 92y 482t L9°94% 98°0%2 $6°991 6l°6t 91
S T4 § Y 3L ) | 85%9¢d  1°%°2¢ T 1ZLT*QTT 6242y $2%it 99°966 b6 1°1¢2 2¢°191 19°6% sl
42°01y Lyl ¥9°9¢H 0°Z¢ 6201°0 18°¢2y ot ¢ 99°95% GE€°1¢2 21191 29°0% 91
92°60Y Wyl S8°SEY 1°2¢ ¢101°0 86°22% 92 *9€ 89°9¢% 64°622 $%°191 Y2ouYy ¥
—&Z 006  ¢O0°%T S O0'%Ey s'It otoT0 L1 b £4) (14X 14 Ci%9% 09%0tZ W8%l9Y T o6l*0y Fa
61°40% oL°¥%1 Yy Y€y »°1g 8001°0 89°02¢% 0¥°9¢ 99°9¢5  19°0t2 $S°L9 £0° 1% i1
. 1€ "90% 12°%1 r{ 3117 €°1¢€ 8001°0 ¥ 2L°61Y 9€°9¢ 19°96%  19°0E2 9$°L91 22°1y ul
W.||ﬂ~dwu«:|u.cnqqnzazusu.nnm:llnqunzl.-oeoauo;t.!tnqdao TOQ2°9E  Q1°%6S BE°0EZ ULl e 1Y [
80 "V 20°v1 19°2cy 2°1¢ 4001°0 ¥2°419 €2°9¢ 2L°9%% 91°0€2 621N ¥9° 1y ¥
00 "€0V¥ a1yl 44°1EY 2°1¢ €001°0 16°S1% gl1°9¢ 19°94% €6°0¢2 %9°191 99° 1Y i
.||NHd4qq|||l4q4qq||||nd44nd|l|4qqﬂ|1|1nqadqd|||:qaddqall-:nqo-en C0°H¢E CO°LET 10897 90°2% 9
%U “00% L °%1 Yo*0EYy 1°1¢ 2001°0 €21y e st CO°%%% %2°0€2 91°59) 1¢°29 5
0666 € oe°vl 16°62Y 0°1¢ 2001°0 1784 2% ) 11 L1 L9°9%% Li°Use &1°891 v ey 9
71266 € 08 °v1 S9°82Y 0*1¢ 10601°0 91°01y °  e1°s¢ 06°%%% 021°0t2 81°91 6%° 2y t
s1°26€ 9Lyl 19°42% 8°0¢ 0001°0 €Y°u0Y £9°st 06°9%% 98°0€Z 12°891 BL°<¢Y e
8y °s6t ¥yl 95°92y 4°0¢ 9660°0 2€°909 $9°$L  06°veS 06°012  6L°691  00°% Y |
¥y 930) tViSd) (¥ 930a) (vVisSd) 1I3SMI N 930} (VISd) vy 930) (visd) (w9303 (viSa)
—MIL SN wd S/N~ "~ w31l T Wd T TR0 a3l 30 de /N em b ¥d  dW3A P Ul
4180 W3S JI¥0C W3S WO W3S WO WIS WO WIS IJIu0 W3S JI¥0 TV 39ind P whid N0 T3S w0 W3S 3II1 1
96 2% 94 33S 9K 328 94 I3S 9H Nlud 9H N lud OH Wiwd  S/)  S/1 X0 Wivd X0 Wiue 4wt}
° <
vVIiv0o 9N1¥WVY3IO ONV Tv3s =
00°¢2 938 *NOJAVUMNG 1S31 81-01-01 31Y0 1831
81-61-11 31¥C 9N1S$S$S3I0W o ) el u3YmiiN NNB
A1ENISSY JINNAOGNEIiL N39AXO GINd1IT
® 21 3I9vd i )s.: ”~~

~-s

s R o W s

\

1

L




S WA T T - - Bl . . AR e
R o R i e e o S o 41.........41!..11.41411- - o T ISR TPy . .
0°0 00°09¢ 8°¢1 €6°60 2°202 SL'69 LT 1T (A ) (1Y
9°0 00°09¢ 8°¢1 60°00% 1°202 00 *06 0 *s6%¢ 0°0 N b
0°0 00°09%y el 12°001  g*¢Q2 00 °06 0 *v6v¢ 0°0 -~ ¢
0% 00°09y 8° e %0°001 $°202 £9%69 - I cgeeg 0°9 i<
0°0 00°09% e ¢l 11°001 2°202 t9 %68 L°s6ve 0°0 v
0°0 __00°09% 0 ¢l $1°0C) =~ +°202 = (s“e® t *LE%E Rd) a¢
0°0 00°09¢ Bl ou*001 L€ éue L3'6y D L6m c*o L P4
0°0 00°09y Ad 3 S 09°66 $°202 £9°6y 1°¢69¢ 0°0 (%4
0°0_ 02°09y  e°c} .. EE%66 £°¢0e 1€°68 L tovE 0°0 ¢
0°0 00° 0%y 8°cl 60°66 1°20¢ TR Y] 7 °2o%¢ 0°0 114
0°0 00°09y 8°€l 42°66 6°1u2 00 *6w 9 *2o9¢ 0°0 [
0°0 00°09¥ MR 95 %66 L°¢02 = G0%6R £ goee _ %0 61
0'0 00*09y 0 e $99%6 v°202 00768 " 9ieeot T T TTgeg ¥l
0°0 00°09¢y 8°¢1 61 °66 $°202 t1°%9 9 *Zo%¢ 0°0 3
0°0 G0° 09y 8°€1l 15°66 6°202 $2°69 9 °20%¢ 0°0 91
0% 00°09% ' g*gtl - T 91°%66 1°202 18°u9 9 *269¢ 0°0 sl
0°0 00°09y 8 ¢l i9°66 0°¢02 UIREE 1°€o9¢ 0°0 1
0°0 00°09% 8°¢1 44 °86 €°202 GITRIY) ? "Love o°u €l
0°0 00°09%% 7Y 19%86 %10 T €687 D 34sef T T T geg 4
0°0° 00°09% 8°¢} s1°86 0°102 0s 68 € °cove 0°0C il
0°0 00°09% 8°¢7 T 16°L6 - 9°002 1t °60 1 LT 0°0 )
TTTTTTTTeY T T 00%09% T TUQeelT T 9% - 4%002 809 °se 12 1711 0°0 [
0°0 00°09¢ e°t1l “u°L6 9°002 0% °98 9°c60¢ (A} v
0°0 00°09% 8°€1 ol1°%6 1°002 ¥8°gQ t (69t 0°0 i
0°0 00%0%% [ R | $3°06 mqmawulttlltcodwn--as:ln.namwte.,,yﬂfoﬂo_ 9
0°0 00°09% g8°¢1 25°96 4°002 t1%68 0 *L6e¢ G0 5
070 . 00°09y %€l l1°se 8°onrz £1°690 ?"Zoot 0°0 L]
T T 0% T 00“09y veel ti°ie 9°002 19°ey 9 *26%¢ 00 t
0°0 00°09% 9°¢l 22°16 2°0Ge TRdT] ¥ oot ¢C°0 P4
0°0 00°09y 8°€1 26°96 ¥°661  o1°ge _.9°%C%  0°0 )
(1238787 (¥ 930) (visd) (¥ 9230) (ViSd) (¥ 930) tvisd) (233/787)
] o ROYd ™ 77 Td4W3L SN T ud S0 dW3IL T T yd dk 34 1dans ¥d * 1daNns ngl2 UN
1NVI00) J1¥0°00)  3140°00) Nivyo Nivyo INVIDO D ANVICO)D ¥U Iv3S 33118
9u8 wu - 940 ¥ 248 wy 939 yu oue ¥y cxmluu-‘zn.cuc‘um.-;:.u: 239 Ik
. o (OINNIINDD) vV A VO O9NIT1BVY3E QaNV TV 3Ss
00°S2 23S *NOILVY¥NO 1S34 : : 8L-01-01
82-61-11 31%¥0 9NISS3I0ud : o S B 4 ¥IURNN NN

ANNISY dWNADBENL N3IDAXO CIND1Y

& 21 3Svd e )o.x.x )

L TGN I - Sl A
R, oo L o




I e Mot o . D ookt o

ot e bt i - - et Dbt S e T k]
k. ._. . ”
2%1°0 99 °90¢ 0 0% o€
- tyl°0Q ¥ °90% £°0% ¢ .“
et T T B4 ) B 62 *v0% 1°0€ 8¢ :
191°0 91°90% 1°1¢ F s
S¥1°0 $0°%0% ) s°1lk S L T
0s1°0 . 10°90% 0°2¢ o v ,
161°0 26°¢09% £o¢t LT
3 g€e1*0 _ td°€09% v°it €<
T T T T T T QY% T T T T 8908 Lokt e
451°0 19°¢0% 8Lt 1<
6s1°0 6€°€0S €y (P4
/70  { B 111 6% T el T
£€91°9 12°£09% 9°5¢€ "} ]
, $91°0 80°€0S% 9's% 41
o T T T eeYQT T T T T T 20°%¢e0s 2°9¢ 91
491°0 18°20% 9°9¢ sl
991°0 0L°20S 6°9s ’1
[ L) &K' [ €5 {114 TTTTTITTTTToMC ) R % |
691°0 0¥y °20$% <°ds <l
o41°0 €€ °20% L AFY 1 1t
i — Santieiasht T} A4 ' IR TRt { L 948 ol
141°0 01%20% 1" § § 'Y
1210 £t6°10% _ (V"] 3 ]
FZA G e gGRYO0e T T TTTYwme T T T T -
€21°0 ¢s°*10% T4 9
. €41°0 ¥ °10% L] 9 S
T T T c€41°0 s2°10% 9°8¢ 1)
*21°0 60°10% 4°6t . :
®L1°0 - 10°10% (1 1 4
(7a8d I 0108 i 1T S B
1 T T T T IS/ T T T We3a visd (¢]
3 AVN0Y dhil S/Nn 4180 $S3wd S/n 3140 IinNs
: NiVNO0 W3S X001 NIVNG W3S XDY  NI1VWO v3Es x0) 3w <
. m =
$Q3INNIAINDI) V¥V A V O 9N18V3IY ORY Tv3s -t
00°62 23% *aNOlivang 1531 . ¥2-01-01 31v0 41434
84-61-11 31vQ 9N1SSII0Md L L . o 21 daumIN Mt

AWNISSY 4nNeOBUNA N39AXD CGINDIY

8 ‘2 Ve ~

————— o ot s e —




. ——— e - -

reh v - - e

» TR AR

€ °ces 2°986 £°0911 ¥° 0622 0°86CY €°1082 2°0491 411 v 592 W
v°282¢ £ °8906 2°1911 99822 6* 68LY $°4082 2°0092 111 v°€92 6l i
8°2828  +°986 L°0911 %1822 . 1°164uY ALY T 4 §£°9491 TR L°892 ~ W& - '
1 T a2 6°28d 0°6611 2°¢82 Solls i“vedid O i 1°94t L°L9¢ - 42
m s°cize 2 8ed o0*1911 L°682¢ 1°644Y 0°%2i¢ °va9l TR oL ¢
; __9°92¢ 2°966 4*8sll__ e°swe? 1°62¢y $*9542 v w9l ‘6il LTE9¢ S¢ -
w 0°09¢¢ FRZATY L*3e1 0° 4922 L LULY vedde L°ed9l 9°121 Ltov9e 2
w e°122¢ 6°586 L°sgil Yy o822 2118 weeidd L 9191 veud) Lovue -
, v°592¢€ € 066 9°2911 wcsaze 2° 1889 1°0:22 5°9491 o141 2192 <
w L 6°Ls2t 0°96b €°L911 viesee L°0HEY ¥eies2 194191 6L 2°v9e 174
W 2°ts2t ¥ *1001 8°v911 € 9522 L° 96ty w208 0°2e91 L TRY 2°e92 Ge
m $°8g2¢ ‘6 *86b 1*2911 2eeee £°968Y 9°861¢ L9 *odl PR LT ol -
ﬁ T 0 62¢C 1°566 Essell 81222 1°08Ed  &*60id ~ T TLtwe9ry T wrtaat e FAXX T4 vl
0°c£2¢ 5°58b €°0511 L°012¢2 1°29¢Y 0°6l4¢ 1°L991 tsil 2°v492 i1 -
_ 0°2%< 2°986 L°1s1l  0°1022 S*15EY v 1642 $°9991 1°u81 2°e92 91
m EEACIT{ 9 6°9v86 £°0911 T 9%09tle 9 UsStLy L1°1412 1°9991 vl {° L9 oY
€°76 1€ g°€c0l 6°6221 2°14102 5° 0629 £°v9a12 1°y541 €91 2°t9¢ s
3 % 1R (3 9°1621 $°80St - 2°9602 €°es2y 2°8L82 % °be6l 1°281 t1°v92 vl
_ 6 CTIC  TLPTHIYT T TISVIST T 9PYeIZ  0°%0CHd 1*wisd T T efwsel T bToul 19092 <\
: E*LE1¢ 69621 9°6151 6°9912 3L £ 27 9°5282 6°6561 641 e°£92 -
: 9°cElE 9°9621 g*sisl 9°3912 1°21¢Yy tv2ue 6°ustl *vut 1°59¢ R
” TTIWEYE T T bCReZY T 6°616T T 9*9H12 T T R0y $*9¢8e 9°6561 , ‘04 1 Pad 174 6 ~
w 9°cc 1€ 5°6621 9°L1sl 9y 12 L°01¢Yy £°92u2 C°9s61 2°0e1 2°v 9 v
: 1°2¢1¢ 9°6621t o161 1°6912 6° LOCY L°2282 349461 *6d 1 1°v9¢ i
w. réat4d {90 M 1T4! r4d 2 €1 | A1 4 O"I0EY — — 1%22%2 7T 9% del " 6T =~ 1°¢€92 9
v 8°621¢ 6'eb2l 6°21s1 9°gy12 £° 00y t°228¢ 2°2461 ‘oal 1°€9e 9
w 2°621¢ L°v621 ze°216l 8°9912 € Z0EY 1°0e8e 1°¢s6? o4l 1°49¢ -
| 2°621¢ 9621 6*1 11 € 9412 2°10¢y 6*91u2 0*2s61 *‘ov1l 1°89¢ €
& c°s2ls 2°v621 y*0l ¢l 2*8v12 r A 11X} 8 218¢ 9°ussl v°0ul 1°19¢ &~
3 €°c21¢€ ve2s2l v 3 051 v° 9912 9°v62y _otzIwe 0°6%61 SR _0°¢9¢ i
¥
3 twisd) ivisd) tvisd) tvisd) ivisd) ivisd) (visd) iviSa) (vISe) ;
! “¥d MOWS ¥4 ¥d U8 N T T ud ud ¥d ¥ ue UN
2 AND¥I TR dnnNs AY) HISIO HI% 10 HX® 10 13W) FT3 7 37118
¥3NM3IGN] 1514 V8 1S1d W@  1S1d e dMlid ¥3SN441C W31 VIekl  dMid _Aldons sl
w :
m. L L S3¥NSsSS3Ivd da WhN d b
m 60°62 935 *NOlAvwnd 1S3A 81-0i-C1  31vQ 1531 E
w 84-51-11 3iV0 INISS3I0wd . L _ o @\A’ 21 Y3 OROIN KDY 4
‘ ANINISSY dWNACYBNL N3IDAXO QINDID Aﬁmwx
3 N /&»%A.
_,. . %o
: &

L

e fea By e aw A Thude ke Yt S St Ll I S




i sasabicinals uinc ool Zonn e o U B

S A S A A A

A B ) b

$°8¢9

0s°6E1l 00° 192 9°§101
111 €4°192 6°L101 1°6¢9
r{3gi2 8 eL*teg eSO 8°9¢9
e6°6ET 1192 2%i10} 2°9t9
$6°0%1 $1°192 '$° 4101 1°6¢9 ~ -
$2°0%l L% 2 2910} . Q%8
2%%6¢l »1° 192 Z2°%101 Y ULY
SAVTR! €1°092 1°9101 ¥°199
I L o4 Y g2vese 96201 2°949
$6°s21 99° ¢62 y°oE0N £°%49
g1°zel AR T4 €°0%01 6°%%9
i8°s21 BI°¥s2 1°£€01 S°EY9
ee’set €6° 6538 ¥*9201 6°6¢L9
99°021 S0* %52 $°9201 $°0%9
o . 69°s1l Z1° 952 9°2€07 9°049
I X A 1) O 182982~ 7 T 7 "et*BEOL 1°9¢9
0s° 22 66° 962 2°¢CeElY 9°L 49
el°601 02° 62 FAZTI AN 1°v69
gevIIY T %&d o6y T . -é6%2e9 -
69211 €0° 652 1°2Cy1 $° €69
ea*111 ¢0° %62 0°cCel $°269
R PA 4 § S 00%ved T T Te%elel $°£69
Ll ©5° 962 0°6éetl 9°169
¥6 €11 EVe G2 6°9¢€l 9°169
TEqIY (¥ AE 774 rAZ 714 TTTTTAR06Y T
69°s11 FA L 1 z2°26tl 1°069
1L°9t 96" €62 9°0¢tl 9° 163
. £ A B4 | yor sl T T Te%0é€el 9° 169
99°911 ov ¢S 2*68¢cl %°069
*E*SIY $0° €52 g*a6el %689 o

QIS¢ w930 - . ViS4 visd
¢ Vi34 Nl dwiid 1Y SS3de $S 3ud
9ue énd) duldAy s/a HIS 10
¢ 1Sld W@ 049 dWNd ¥IINONT
e .s3¥naivu3dw 34 0NV S3¥NSS
00°6Z 23S °*NOJAVYNO 1S3}
84-S1-11 31V0 9NISS3II0NJ o

_ovny gmave

Lol ]

*0£ 289 3 2p
*80289 6l a3
“11289 Y <5
*20299 12 a5
* 92 189 9.
“EL16 52 mmmw
*»1289 w 58
TRT ve =
*Y0E89 e 938
*91€89 12
*0bE89 e ~
_colee9 el
*1£589 81 )
*9C 2¥9 L\ |
1L 189 91 //(p
*9Z¢89 sl .
*94L9 sl
“198869 €1
IR U D A |
“UYL69 u
*0¥L69 o1
*¥2569 "6
*0vL6Y 9
* 1069 i
TR 2e9 T T T
*25¢69 s
*05¢69 y
“9v 269 t
*£0269 2
ce9tey 1
WdY
ON
32118
__.@3e¢s _3nld
o0
3Yd dwWNJ ~
8.-01-01 34wy 1S3)
rd ¥IUWNN NNY

ATNISSY &t:ucmxbb N39aX0 GIND1T




‘

; s _ A

L LA L 196°2 1€° 991 . ¥°692 L°6%6 6¢ .
45°99 026°2 L9° 991 $°692 1°8%6 P4
T 1e%eg T T le6*dT T T T Te9tiNl TR 969 ¥°5%6 : 12 o
69°%9 £€26°2 26°9%1 9°692 6°6%6 . 9 ~
s 90 °%9 0t16°z - 99°e¥Y _ eTes2 . itsve 8¢
$6°%9 i06°2 60° 991 6°692 6°L%6 S L7
 g1°89 €L8°2 ov*eal 0°042 6°8%6 : £
€E°S9 Ls8°2 . 00° 1941 o 2°0L2 2°¢96 . 24
—eg*e9 T kse*z T T T or*o%l , . yo0Le £*°096 12
; 01°99 a8’ 91°L€1 $°0L2 4°s96 o
w 12°99 82 08°€€1 9°042 5°%96 o1
. €099 $9L°¢ 60%Z¢Y LM 7Y A U7 S ) S
ZL"$9 1yL°2 €Lzl 2°0L2 8°256 L
€9°49 . 0112 €9°s21 2°692 #°956 91
— 2619 T T tedte Y T Tedtsev . T $°992 1°156 . o1
20°9$ 910°€ FRAdL ]! 1°€92 1°8001 L
L1°9S 189°¢ 16°€12 0°€9¢ g Le21 ¢l
TS E 1LI5°¢ — 0E* 902 R4 YA 11 T2 ST 4 S
06°9S C 919°¢ L1°s02 8°292 8°6£21 1
€v°9¢ 919°¢ €6° 502 L°29z - s 1921 Gl
¥ e - PI9%¢ T T TTTTTTTIRRG0E T T T T 99l 8- 1%21 6
. 6€°9% 119°¢ 62°502 9°29¢ 688l 8
S¥°9¢ $19°¢ : 99°50¢ A $*¢9e BoeL el L
I 4 2 1 019t 1 { T4 g9 T T T T T zeeeed ) 9 -
Sv°9$ L09°€C 89° %02 g9 FAFETA s
L2°9% el9°¢c . 21°%02 €£°292 9°1e21 y
ST eZ*ee | T 029°%¢ o 19°502 .29 v*8e21 €
Z1°9s 029°€ €9°502 0°e92 9°9¢21 <
46°5% £29°¢ 92L°$02 _e*19z ses€el 1
i ¥ 930 235787 ‘ 15d ¥ 930 visd
e | 3T TP T ) Uati T A P = | B 7T dw3a 41¥0 ¥d 31380 ON
: RO13 no 4 . ¥J1923d S/0 Ju¥ld3y S/n Ju¥lJ3¥ 3s
1 1S1d W8 1S1d We 1S1d 8 1S1d Wve___1Sld VY Im i
 \G3NNIINDI) S 3 ¥ N1V Y 3dW32 ONVY 'S3uNsSS3Iyd dwWhd .
00°6Z 23S ‘NOiivung 1331 . 84L-01-01 31va 183}
1 81-61-11 3AVQ SN1553204d ] 3 YIUWNN NAY ;

. ATBNISSY a::acma:» N3IZAXO GIN01Y

TUZL g $iH _ AR :

»

s W e el T e A A e e e e e B e o e ¢




hd .

o TWERTITRTERTATO T

T4 %3 OCSOZ T EB0TZEY T T T 66402 I[8°61Y
- $9°€€01 0L°2% £°0ZEY £C" 902 60°26% 56 °8 G2 66°s41
95 °5€01 $8°2% 9°22¢y T 9€° €02 60°26Y $6°902 55°5L 1
1 86 °9£01 11°cs 6" L0¢Y 2§°¢02 60" 26% $6°902 96°6a 1
T eat9ftor 1% 1°90¢y’ 7T 8L%€02 60° 26y 56 *%0¢ $%°6LY
, €6°5€01 60°€S 9*60EY 0i°€02 60" cbY $6°502 15°5¢L 1
| 82°1%¢01 Y1°ES Y SIEY $5°t02  60°coy__ sb°%0Z _ _ 9s°5Ll
S 4T°1€01 SE €S o eiLy t9°¢02 60°26% £6°%02 85°64
_ €6°0€01 €L°2% g°81¢Yy L%° €02 60° oY 16°902 09°s41
02°1201 _ s1°es 8°0¢ey  85°¢€02 606y 09°%0¢ 19°641
3 £1%920Y 96 °ES £°82¢y Y1°€0¢ 60°26% 09°%02 19°s21
4 96 °6101 00°c$ 9°92€Y 0C*%02 60°26Y 6L °%02 19°641
. €$°2201 86°CS €E°11€Y ¥S° %02 60°26% 9L 902 09°5L 1
'Y Ad % (') § 14 'S 174 CE A (T4 606 T T T T a8 560 T T 19%LYT T T
01°6001 95°2% 2°062% 22°$02 60°26Y 8€°¥0¢ 19°sdil
9¢°8101 *1°€S L°E€UZY ¥C*S02 60°26% 96 °502 19°621
TO00%G1 T W C1g TTTT §%QTY 7T 7T 86°e0 T 60*Z6Y o1°L02 19°621
1°9501 £0°16 8012y 68°902 60" 26% L¢*902 19°s41
W ¥€°8601 8E°1S L°BE2Y $§°%02 60°26% L2°902 19°641
F T e 990T 60°%ZS I*06<ehy SE 507 60%26% ~ T T LE®90¢ T T 191l T
, %2°6901 9%°2%  0°942% $6°%02 60°¢6Y L2°902 19°ssl
$9°1901 18°1$ $°942% 81°%02 60°26% 81°962 19°621
TTTTRETZ90T T 461G T T 09%2% Y ¥ AL T T 60% 26y 61°90¢ 19°521
, <D *9901 16°2$ 9°292Yy ¥9°402 60° 6% 01°902 19°6L1
: 92°9901 6%°2% 9°242% 0S° Y02 60°coy $0°90¢ 19°si1
BREEEEE ) & 112 6 rd: hd 41 TGETY T &S RUT T 60%26% T T T 0902 19%41 ~
61°0901 02°2s c°8e2y " £$°902 60°26Y 00°902 19°¢41
Y0 °2501 90°2% 1°4€2% 26°902 60°269% 26°%02 19°¢21
w T . 806601 ge2¢ a°yezy L€°%02 60°26% 66°$02 19°421
. %0°9501 26°1s *° 622 €2°902 60°269 98°502 19°%41
m.,, * M e e e e o e e e e e
. t154d) (vlsd) t¢ 930) (¥ 930) (¥ 930) t¥ 930)
! ¥d V1130 ¥d S/n dw3ai S/N
TTTTTTTITITOUTTTOAN3A T T T NN T U iNIA PPE]) PTYEYY PIVETY
(dh31) KISIG HIS10 #S10 Nen i3y HXB10 13 W}
o NN ¢ annd dannd 1S v dwNd  oWNd_
1 S3 WuNive3didmil ONV S 33NSS3Iud e NN 4
00°6Z I35 °NOllvuna 1S31 8L-01-01
84-61-11 31v0 9N1SS3I0ud 2t

C T WTRAERTEes

_a vd

ATBWISSY dWNdOBENL N3ITAXO CINDIT

Sy

LTl AU AN < o« o R Sl AWM g o - ol o
ot ol ot ol gl ot ot ot NN AN NN

-nre\noheog

ON
3217
Inil

180

34v0 1S3l

_ B3UNNN NY

“-ts




A A .t <t S ES

-t

*9ol1l £8°8¢ LE™ES 16°€59 0°019 2°012% 1°6068 9659°LE  4$°592 *GEZYY e
*¢911 ___99"8% 18726 98° 559 $°809  g°2l2y v°tles YYys"LE  £8°99 *g02Z89 - 6
*¢911- y8°8¢ 90°¢tH 90° 659 ¢ 609 6°212% 1°tl68 1109°4iL  s1°492 *14289 ® g2
, *8911 $4°86 12°¢b 96° €49 t 609 6°002% S°uLbL Y5694t SL°S7E *¢0cuY F 4
w *191Y 2i1°8% Ze°25 11° 959 1°809 €°9619 ©°0686  SUOL°Lt 11°9%2  °9189 3¢
1911 08°8% ¥6°26 29°6%9 1°609 £°661% €°l688 969°LlE  89°gHe *cL189 ¢
*i911 v8°4S CE®E6 = 62°9%9 ¥°019 8°602Y t°UC6S B1L%1e Sl e%2 *41299 y 24
*6911  96°6$ 0%°€5 66969 - s°119 G°SU2Y °6Lub sP6L%le  61°942 ‘Hi (69 t¢
°9911 20°6% 60°€S 68° €59 S °809 2°602% ¢°90689 919 Ly 9L°9%¢ *HU LYY e
°8911 LY°6S 12°c6 29°%%9 6°019 2°1idy %°LC6E VITL Iy 11°6%2 *91(89 - 1¢
*Ci1Y *8°6% SL"E6 22°¢S9 1°419 Y LIZY 0°0269 $298°L¢ €1°9%¢ UL 69 Oc
o1y T SHt6S ¥2°c6 €i¥%%9 Z%019 T0°61%Y 6ftivs T 8299°Lt 15%¢H2 T *01e9wy 6l
*€a11 64°6% 0¥ °tS $8° 949 %°119 2°202% %°68886 IL6E8°1E 99Uy *LLEYY oi !
ha 73 T 19°6¢ y1°26 = €17$%9 0°%09 6°981% 0°84%68 %10%°48 85°$92 *92L49Y L1
*1L11 £9°6% ol°Ze 99° €59 ¥°109 $°L11Y ©°Lt80 L299°lt 96°9%2 *1L189 91
*gill 6€°6% 81°26 80° 959 9°409 $°2L1% 8°6288 2199°1¢ 12°9%2 *92289 8 |
*2411 LE"SS 1L°63 0S° 959 6°98S 0°.01%Y 9°SuiH Y6¢0°2 0L °2%2 *46849 91
T601Y [ 4L 44 $3°60 61*¢co $%266  2%660% 6°%2698 T 8388°*9f 12%10Z T ‘Leyu9 N |
*l6ll 669 - 80°05 09° €59 ¥ *°886s 1°¢219 <18 s020°LE  U1°2%2 *qlL169 1
°g611 vL°%% 99°06 18°559 £ °v6S L°GC1Y E£°uYLS €182t LL°E%2 covE6Y il
] TREIT ™ T T UORLTeE T SO0%T6 T T UBITYSES T T T 0%968 T 1°2¢1y 6°%1948 0 160%°1t  29°%42 ‘Ovc069 ol
w *»6l} 18°¢¢ €s°056 1E° 959 % °269% 1°2€19 L1°6518 €202%2c  £2°05< LCen L
m *¢611 bL°5E 98°06 L5°2%9 1°26% C°0E1y L°96iB 912¢%°Le  6E°EY *09¢69 Y
"BeIY  16°%% 12°16 69°¢te9 0°*%6s 62T 025487 T S9GHTIL T HeTHEZ T T 10669 4
- *1eTl 26°S% $6°06 ¥6° 959 $ *56% 2°121% @"69.8 YOIV LE Y9°94¢ *£9269 9
T *c611 £$6°66 96°06 . 09°189 9°26% 2°921% §°9v.H 1992°1C »S°L 9 *25¢69 S
1. *1611 ' o6%es Y8°06 £CESS < *e6sS °221% 0°0%.8 €82E°LE 96°€8¢ *05269 Yy
*9611 DO°9%S 69°0b €0°€S9 0*"26% 9°021% &°5u:8 1242t  29°c92 99269 Y
“8o611 90°9¢ ~ 20°1s 62°2%9 4 °£6S g°L119% 0©°6eLd SebL°it  2L°9%¢ L0269 <
TEEYY  I0°%%  6%°05 ~  6€9°Z%¢H 7069 275115 9%02i8 T betlit Z2%Ev¢ T Cp9te9’ i
Bt 3§ TdH) T teHY T T iY1%d4) 14 {338/81) wad ‘{Wau) ON
G334 443 dN dH . 3%1¥ KOy Ko 13 - G33a% 3217
213417365 n3s1 343 guni a1 63 SS3¥d  O¥Y3IH  dWhd dwnd 1s3a Swi 2
- -10 ’
_ o S ¥3ILIWVUVYL dWNd g31VvINIIVY)I
00°s2 23S *wnOliveno 131 84-01-01 31v0 1531 BW
84-€1-11 31VQ 9NISSIDDYd e 1. WIGRON NN oy 5
) ToTTT T g
ATOWISSY JWNAOSUNL NIJAXD GINDIY A Ammw
L g . }
E1Z1 AN S . -~ o |
| . 23 M
G2
R .
. ‘ €5 |
. » i > L} w
%yﬁ i SEM w5 oA e o oA e e v Al ..L...L\E-r...:..&tt;w.y..).wa. .,.s.z... e e L . - B T e e sew SR e et i ‘. AN ot W 5t Er LT T %’.‘n#t‘.&?.wﬁn\w

L s o . o o e o v



W e PR O R A

SRR R P

A 2l ol o ab e il ailkolnn i dabalgis N s ek Ahlar ol dhanil MRS

AT TN T SRR e TR R TR T e T

SO R R, T X

Rk atiinka )

- es80° 1 9L 62 L5164°0 1%160°0 19°168¢€1 s1°22¢ UL 269
oz80°1t 9% " 62 26i69*0 €2160°0 64 °006¢1 2£°92¢ 80289
— €€80°1 ov* 62 0€ES64°0 92160°0 CTIRFL T’ TR 68 *N2e 12249
TTTTTEm T LT 2Leot T ov%62 £196%°0. 65160°0 £6°200%1 L1°%€2¢ °Z02469
s880" oy 62 2EL6%°0Q 04160 °0 LZ°%1801 SE€ 62t 92199
— €L80°1 0L 67 H696%°0  09160°0 $9°101tl  96°0et €L 189
0180" 1 0% °5d 0li69°0 L5160°0 (132 ISR £6°9¢¢ ‘91299
9880° 1 YE°62 6996%°0 041600 66°0L8¢1 $9°82¢ M 1%4 5
tiww 1 1€e°62 4(96%°0 40160 °0 P4 1: 1 THY te°L2e *B0L 9
Tt e o ’ 6680°1 ge*el’ 10969 °0 99160°0 6% °806E1 94 °0¢tE *91¢9
$380°1 94°82 ¥9569°0 04160 °0 uZ°188¢1 61°62¢ *06L89
- g280°1 8iL°82 2(56%°0 22160°0 (YRFIT TR 9€°0¢tt 01489
= - . 80601 ~ gl “Tivév*0 6016070 CL7%G6Cl T €N 128 T T Pleee9
- 1980°1 28°82 LEY6Y "0 6%160°0 £2°890%1 26°12¢ °922€9
1¥80° 1 91°82 61969°0 2€160°0 9g*Z2iel yH1EE el 199
- ) T T 8880%1 T 56°82 1 OCtev*O 24160 °0 o1°2886¢1 92%8¢¢ *92289
89L0*tTT &Rt uyl6ed 0 1,060 °0 26°28¢¢€1 08 *8t¢ ‘468.9
s1%0°1 99°0¢ 8C94%°0 60680 °0 ¥0°0leel £1°99¢ *19889
09S0° Y G5 0C Y9150 96880°0 62°atitl T we®*tee ‘c2169
- 1090°1 19°0¢ 96ELY°0 9€680°0 69°526¢1 64 °1€€ *Cy€69
: ¥990°1 99°0¢ 19€29°0 L9680 °0 €9°268¢1 29 °sc€ ‘0% 69
- - TTTTTTTTTTee0% T T 9eT0f T T TIRLY"0 T T wiles0%0 49°929¢€1 24°2¢¢ *y2¢6Y9
1650°1 85°0¢ €E€49°0 22680°0 24°988¢1 69 °2¢E *04€ 69
0990°1 8y 0€ 2SEL%°0 08680 *0 2e¢°eebel 1€°2%t *10c69
1890 Y Y Ut 0%I%"0 LI680™0 — ~ 08°626€T  L6™IC€E T L9269
. 1190° 1 T¢°0¢ 009%4%°0 6€680°0 L9°9v6¢€1 9¢€ “0t¢ *24 269
. — 6290°1 gE " 0C 9SELv°0 95680 °0 69°6l6¢l Bu°lItS 0269
T Tt s S190°T 7 1¢%¥0€ 14€4%°0 29680 °0 2B°698¢l TS 11% “9%269
— 2990" 1 12°0¢ 14€49°0 91680°0 86°019¢1 L1°€ELE *¢ 0269
1190° 1 %2°0¢ ¥8€L9°0 6£680°0  %0°0%8€1 9B 2tE *09 169
(¥ 930) t1d) (Wdu)
A+ [ 1174} A EE A 0334$ CT .
W3IA0 4 ¥1130 44302 nv4 2131234S 0334dS
(N/D) dwid avay 13N} _NOIAINS  HSIN aSA
S¥3I LIMVvYVya d W NJ ¢G31VvViINJ1Tvy

00°s2

84-51-11 31v0 9NISS3I0ud

935 *NOILVUNG 2S31

- I tht

ATONIS Y dWNdOUENL NIDAXD QIRDIT

840101 3
cl

t F]

rReeT g TR GRS T T 44

-

- EeCOrT O

ON
3T1%
ELIFY

182

1VQ 1S3
UhON AOY




SEYHE

. g6 6IT1

€S lcyy

t¥°lico

<92e9°86¢

16°14¢

89°c % L2° 4111 Y1°9¢4 Y £€8°19¢6 SHUL S BE 92°15¢
0L °59E L6°S111t QU LZYS 89°¥9¢s £2056°8¢ Y162
T Q0% el T 1% 121Y T T T peteevsy . T 8L°59¢6 LEUBY HE €L%2s¢
LLoLYE sL°¥Z11 G9°0Ed S 16°94€6 HOYEL UE 9 °2%e
le*d ot Ly 1zit 09°129%  w0°0ltL SL%0L Bt 92°25¢
T T T 2%yt T T 0e*0211 £6°62Y 8L Ll Y4904 *5¢ 61°26¢
56 °59¢ vi° 6111 90°52% % 65°99¢€6 Yi211°8% $5°¢se
98 *L Y€ v 6011 €02y YU°L5EH 66905 °8¢ 8°0se
TTTTTTT gdtLete 90%°601Y T 2e4%129% 60°€£5¢€6 6HSYY HE L1652
G °SeE ZE® 0011% 82 U199 L6°99¢6 £4€S2°8¢ 9 °262
U6 °S %€ ¥€* 2601 tZ°e 149 gl1°€eeH 81825°0¢ 12°1s¢
(444471 E0* 66017 §7°60%Y OE Le¢¢6 T T 22081*st T 10%te T T T 7
89 °9¢E 0%° %601 Y9° 1099 $9°%2¢h 648L9%HE 16°16¢
68 °6%E 2%° 2601 £6°909 Z9°L1%56 LY1s%° 8¢ 15°1s¢
Ee*s4C 11° 0011 L1%2bE D $0°5626 999¢ 9°yE 19°¢6¢
S1°09¢ St 1911 64°59L 9 28°99¢6 Ioey 1 °we Y T6Y¢
¥9°BsE 26° 2011 Uy ELZY y1°9.68 15906 °1e SE°LYE
T &6T"ISC - L2 Al 151 66*127% Z0T0668 T Gl199°%i¢ 66°442
s1°2€€ 11° 4601 209°%129 80°9¢69 1E9e9°L¢ 60°9%2
10°0%¢ 80° 0011 €2°1129 95° 6268 61592°L¢ $6°94¢
TTTTT T O82%6€ET T T 10°€60T T T T GICEIZY T T OY*1¢68 91695°%4L¢ C9°se2
90°6¢¢€ €0° €601 26°602% $2%%263 66185°L¢ 12°6%¢
$0°6 €€ $9° 9601 69°112% ©5°6268 669€8°LE 1€°192
I0°6CE ¥5" 0507 X M AT &8°9¢e8 ~ €5128%i€ 7 T 42%Iv2
Y6 °LLE 99° €601 ¥9°512¢ 29°9¢€69 tel99°L¢ 41°9%¢
19°8¢€¢ 20° 5601 99°212% GCY°0£68 ti2eL®Le 09°9%2
T 6:.%0%¢ 96° 1601 68°012% v1°6268 6O0LEY*LE 12°9%¢
8 °DvE 90° 9501 12°€1ZY CE°1£68 92289°L¢ w1°49¢2
20°19¢ 26° 2601 20°%129 9L°cL68 12989°.¢ 21°992
(43) t aHg) tiSd) (13) €33S70) %49 )
..... - T W3ARKOd - 7 ISIY
HS @N 3 SuOK $53¥d ovY3H f“014 HO 14
: Wd¥ * 00002 = G334S 139¥Vi C1 U3IIVYIS
00°s2 235 *NOlLYENC 1S31° 84-01-01
94-S1-1% 3LV0 9N1$S3I0ud 21
AYINISSY JINNdOMBNA N39AXO CiNBIT
sl 2zl 39vd

e _.-.;Lllﬂi:

c
-~ 3

L aladhalt AN SRS o X - SE UL X JEC T S .
o e e ot e el e B NN AN
!
183

NN
-t

33178

Inls

34%G L1431

_¥38nON hid




T

RIS

i St lad ol < i M0 L LI A Cl L A

Dot R

PETIE T 61T E 3113 2R % A ¥ £ 7 T4 743 3d 1 2
99 °C e LR2eL1T Y4°9CY S £6°18%6 $8CL 6" UL
oL"S ¢ LB° STl 981299 89°89t6 €£2055°8¢
 90°1%¢ ) 91°1211 0E°S2YY . SE*s9t6 L6889°4E
cL*LYE ca° 4211 09°0£9Y 19°91¢6 goU€l "Be
16°09¢ Ly* 1211 09°22%% £0°0L€6 SE%04L "L
L2°voE 06° 0211 €6°82%% _ 8e°2lto _ %1901°%t
S8 "5 ¥E vi®olll ¥0°52%% 65°99%0 942L0°9%
98 *E ¥E 9¥° 6011 Q€029 SU°ESE6 66906°8¢
: . L2 3.4 90°$011__ 29°1299 $0°€556 6USY9°HE
05 °s9¢ 2E® 001X 82°814% Lt6°99¢6 €le5L°6¢
06°59¢ y£° 2601 P24 2L 1) gl1°ccee g1824%°ut
% "E YL £0° 6601 92°60%9% 0€°l2¢6  _ 220S1°8E
88 *ect 09* %601 99°10%% $9°%2¢6 65949°4¢
68 °6%¢ 2%°Z601 $C°v09S 2s°L1¢o L9159°6¢E
€S °S ¥t 11°0011 L1°26¢y $0°$626 999 9°6E
Tt T T g1 09E gi® 1911 T 6L*%9€Y 28°%920 1568 1°8¢
(2% 117 86° 2011 89°€€2Y y1°9L68 16906°L¢
66°1%€C ¥9° 9601 66°12(9 28°0%68 S119%°ic
[ 6 114 11" 1601 4 k2 t4) 0°vcel T T1€9e9°ie
10°0%¢ 90° 0011 €2°112% 94°6268 61$9L°1LE
62°6¢¢ 10°€601 01°€129. 09°1¢£69 91696°LE
|||.|:!ltdo.wnn.!--:i:,nqqnoed.:iilliuwueo~¢:x-;,; (VAL T4 Y] 66185°1¢c
s0°6¢E $9° 8601 69°1129% 6$°6269 6SYES it
L0°HEE 85$° 8601 99°€129 68°9¢t 08 Ev4L78°LE
Y5 §1 1 O C60Y  ve*sIdy 28%9¢68 T £6499%1e
18 °9¢E 20° 601 $9°212% 09°0€68 €L2€L°LE
ol °0%¢ 96° 1501 68° 0124 ¥20°5264 60E89°LE
B T T T 69%0%¢ 90°* 9601 Ty2telzy ge°lcod 92528°4€
20°14¢€ 26° 2601 28°%129 94°c£ 69 12389°LE
t13) { dH8) t1Sd) t13) $235/74)
¥3N0d 3siy
TN T T T 883ud GY3H nols

T U HE AN T

[3

00°52
s2-61-11

23§ *NO1AV¥NO 1S3
31 v0 9NISSII0U

Wd¥

*000°0L = 0334S N9IS30 03 G3ITVIS

ATGW3SSY dWNAOBENL N39AXO CIN0IT

— . .n.JWxa

*

16*14¢
92°16¢
ye°15¢
t2°esd
L . 414
92°2se
81°¢9¢
5% °2%¢
28°06¢
11° Bl 174
%5 °292

127182
Lv°ese
167152
18°16c—
19°2%2

28 °6%
(1941 T4

66°99¢ —
60 °9%¢
56°9%¢
09°5%2
1L°69%¢
1€°L¥ye
¥2°19¢
" iTe9%2
U9 °99¢
L2°9%¢
»1°49¢
41°9%¢

{Wa3)

L 'R F)

84-01-01
ra

-~

ut
6l
¢

9<
L T4
L X4
1 4
<<
i¢
({74
6l

i1
91
&1

ORICINAL PAGE IS
OF POOR QUALITY

LK 4
d omt vl

-
-t

A

oN
331715
Inll

184

34V0 1531)
vd i IN ANOY




e S s A A S e

ST iivtityrsn e s it et A WS aulllllnlll’l.;,.
- . 010151 T 10%¢ud (V1Y
¥s 9991 L9689 “n ol
O¥ *L891 19°199 Z s
16°8891 (YL 2" 1% 42
T TTTTTrm T s e s 1900691 T 00°9uY 92
%L 6891 BE°cEy 42
_ ) .. €6°9691 N 44112 . %2
T T $9 6491 Y1°LuYy 1 %4
80 *8891 99°6BY l¢e
€0 °L691 80°€8Y 12
T T T T T e 6L “6991 €1°50y ¢
54 0491 L6°56Y ol
66 °8991 N T 91
£ 795)T €I%68y — T T T 1T T
28 *1991 ¥ ad4° LY 91
6L 5591 S6°1uY St
TTU T TTTT T L T e e Tt EY*L 291 8l°%2¢ 5
$9 °L 251 (B Sl 744 €l
16°0¢s1 9¢°%2S 1
135 '3 (4 S T 1.1 ¥ Rkt 1
6 °9161 99°1¢S o1
C0°s1s1 s1°e2s 6
T e Tt T T e e 28°Cisl 61°12¢ ]
T . 62°s1%1 40%¢2% F]
’ $Y°9161 gg°12s 9
N TTTTTTTT T 2% 16T TTTe1%2¢% T T LY
Y0 °91¢1 €1°¢2¢ v
c8°91¢1 $2°22% t
T . o 91°02s1 L8°12¢ 4
10°61s1 9%°1¢s |
aisSd gi18d
351 3S1d ON
R T dd 1vi$ ¥d 4%41S 393 1%
31NT0A (41 1] | FY I
* Wd¥ *00004 = 0334S 1394vi1 01 G31v)S
00°52 I3 *NOlLVENG 1S3} 8401 -01 31v0 1831
8L-S1-1T1 3JLV¥Q 9N1SS3II0ud rd 93 gnRiiN AGY

AMWWISHY dMNIOUENL N3IDAXO CINDIY

‘ )s:.

L]




10°68%

ﬂ i : 01°0491 ot
: - - o gCeeggRTT T T T 4E°000 62
: : 4 08 *L¥9l 19°189 ¥
16 °8891 €L°98Y i
1% °0691 00°98% 92
S T T w6691 RESENY s¢
W 26 *2691 $2°S8Y Yy
. s9ves9r 9118y £
80 °8e9l 99°t4Y <<
£0°1891 80°68Y 12
) . : 6€ “6991 £1°80Y we
B ToTE T ST " sl *0491 L6°SUY 6l m
: ; 66 "¥991 6 Y sl |
w . 69°9991 €L°689 i
E ; - — WT1991 T Y44 k) 91
u 6L °5591 56°18¢ 51
H £y €291 82°s2% . .l
ml.- - mem o e e - - - e egciZel . €1°%ZS £l
3 16°02s1 92°42S 4 m
3 T 13 19°e29% i w
K T ¥6*9TST 7 99°12¢ o1
- ' 00°s1sl ~  S1°t2% IS
w 4 28216l 61°12$ ¢
o T e T o 62°6161 T L0%22% " :
w <y °91s1 oe*12s 9
. ¥Z°s161 £1°22% '3 m,
——— T S TeT T T TRITRETS v ,
_ .ﬁ 20°9161 vz°22$ £
v o 91°02s1 18°12s 2 :
mtllllul. sewowe s emweme s mT o : 18°81sl 96°12% 1 .
3 3
¥ Snnh N ] Y I 71} 1 B !
& 351 R oN .
M ¥d 1ViS . ¥d 1ViS 1S
T mmem e mmmem s T T 3ANT0A ol Nl
. N4¥ °000°0L = 03345 N91530 01 G3WVIS 2 -
4 : ,
[ N
00°62 938 *NQiivung 1S31 . : 82-01-01 3iV0 1531 b
; 82-61~T1 3iV0 9N15S3ID0ud : : 21 YIUWON NNY
. ATENISSY dWNdDEUNL N3IDAXC CINGIT 4 :
- S1°21 —\39vd '\ ~ -




> E T e T R A e S T

L e - .. . e - - - - . . — e o - - - - - ~
09Z1%0 3714193 39¥nd I1v3S ILvITIINNILN] & 2
n031°0 3314140 INVIDIID 9¥a ¥r3y &

e e _0fE9cn _ 37131¥0 NIVHQ °*9°H  *J3S AR

' 9659°0 3314140 NTVAD *9°4 AUPA TN ~ Q&
2099°0 IDIJT¥N 1STIVHXT INITuN] S0
612200 Y34V 3A1173443 INIIuNQ Avmu»
2005°0 32147140 NIvdQ 1¥3IS X)) Oa»
0092°0 3214140 341234 1S1d v &
0286°0 T 37 1vIdHl - -
0650°1 A 43134VIT 1VIHHI 1133 N/S
0689°1 ¥3IL13AVII WY3INLISAD ANS-4SF12ZA  N/d
(HIS11 dWid) 14NEIN3A X0)
o L awe*0 @) 1vIYHL
— PLLY* T M313INVIO 1VIdHL €138 N/S
- 5689°1 ¥3L3IAVIO WYIYLSEN HOS-TL9D7EA  N/d
=3 193) I4WIN3A 247
m o
mmm €135%°0 97 1V39H) .
L _®EX _ ____ _s®)ec*v 4ILIAVID 1VIEHL TZe5 wNAS
< ooncs? 343134VIT WY3IH1SdD HIG-NNZTIINAA  N/d
(3%71) I41LIN3A ZHO
0636°0 a7 1v3aHl
ngvZ° e ¥3ILIAVIT 1¥NHHY 1133 N/S
L . . o15%*0 MILIWVED AY3HL5dD 495-352991A N/d
132) THIIN3A 700
0008°¢ 1 . . IRISSI4d INII PWY
T T T T UTTIIONT Cdnd 01 33EvIND¥II03Y OINTI *d°d HITY IINVWEISY¥ID NTILIN5 IATLDIraD
" % SINIAAN)
00°GZ 23S *NOJ2AVHND 1S31 81-71-31  31¢3 1531
22-11-01 31V3 9INISS3II0H , 71 HIAWNN NA Y
. . A1943ISSY dWNdIB4NS V3ITAXI M1I9TI
1. 21 39vd I-94N4
/

R

Y Y T P T P R e sy




-,e . . w
T N A ——‘LJ

ﬂ *€1£89  6NCI6°E »10°621 9°966E _ 911°¢£¢ 52°s1 »°1%% *335¢ L2°yYy gINT %Y f£1
! 6E269 Gel96°Z GL1°69L G°t66¢t L26°2¢€ 21°51 9°1%3% 2°1:0% 232°z» RIN°ZY 21
*16159 €8656°¢C 989° 608 8°920% 160°2% Z25°~1 L°1%5 2°330% 7252°2Y% 920°2y 1t
w ’ *1%989 680ES°E 055°998  9°690Y 860° 1€ 29°91 1°1%5 T°%9371Y INE°TY Az N1y M
7T T *Z26n89 yRI9N°C LOE°G6H6 8°501% 196°62 %0°%1 5153 5°191y §L2°0% L00D° 0%
M *19569 99865°¢ 6EL°980T H°E%1y €91°L2 56°%1 6°0%3 5°LL1Y $32°5¢ 110°6%
V ecncl1e  nnecyen ~ gZe*?ect 9°607%  P09°Y nG°0 9°0%3 6°3312% i93°3¢ G12°8¢
W *9T1GIE €L9EL*D TII°16GE R°»12% €r9°y rgee 5 (%3 £°312y INE°LE BEO°LE
X *11G1¢ 8Y52L°0 669°219¢€ €£°%E2% S65° Y nG*0 G*0%3 £°1:2y IsL*Ye 223°%°
L "96%62 20%59°0 881°0TLE 0°€92Y 116°¢€ 6€°0 2°0%% neL9Zy 53 °02 123°0¢
‘61962 96169°0 16N°SE1E 9°182% 716°¢ 6E°r 6°5€5 2°062y inetLe ¢10°12
*18882 8Y10L°0 616°09LE €°60€y 006°¢ hE*D 1°5%6 pezley ZL2°vw? 5N"y?
*$1951 __ $€692°0 __ 8I0°6L0% n*0zey _se1°1 90°0 $°5%5 3°27¢€r €52°22 620°22
. AwWaew) 238737 t01Sdi __ (vIiSd) (31Sd) (¥ 93M tvisSd) £23S) (3139)
(i R?] d v1130 Ma S/n NS4 A4 évil ud IN
ZH JATVA JAIVA JAIVA ¥1139 YA 371 IWIL Iwlil 37118
063345 _Sdm NIdS _ NI1dS _ NidS 14NINIA  THIAN3A TUUN3A an3 N1938  3IWl}
f 2
S¥43ILINVEYI 3IATHNI INTABNI N 393372AaH SNDNDIS VDI -
00°22 73§ *NOILV3¥ND 1S31 91-71-91 1vy 1S31
R2-11-C1 _31v3 9NISS3I04d 21 ¥W3IIWNN NNA
ATEH3ISSY dWNdIG¥NL N3ITAXD aINDIY :
oz e2r, T v o ‘Mu;g. ™
-. N
R TR R P R el N N




Coen T T TR

T Gl .oé e e iaggw et mEe v ey ‘; -~ i.ﬁll. N - i R )
! : - — e
. o o
e e e R mv.m? 2
. : A Ad.nm.ﬁw
o . A%%Mx4
O
T°0961 9°8L9Y 5002 8°2L61  5°956T 9°606 89°691¢ G°55T1E °Z1£39 9ILZ°¥»  ROO0°%YY £
0°%561 9Ly 0°¥651 2° 1961 1°6%61 8°60§ ne¢9leE 1°002c °5€237 932°:% RIP°ZH ra |
S 1°1§61  B°LLY s°1661 n°4951 1°2%61 L°6nS 1°161¢ £°%31E 15133 932°2% g820°2% 11
21961 G°8LY 61851 1°6657 G*9€61. %°60S 2°3%1€  8°2115  °i%33% 90f°1y  BEI°TH o1
£°%161 2°8LY £°ese6l 4°9261 1°1r6t  6°80S 2°060€  N*671%  °26037 Gl2°0% L00°0Y 6
G098l ec1e- _E°BEST 2°9281 _1°0981 A°%05 0°*R382  S°LENE  °19539 S17°5% 110°6¢€ ]
T9%95¢ T*evd 2°01» %°10% $°95¢ 8°96% L°156 9°255 *3051: £95°8¢t 12°8¢ 2
$°96¢ 6°2%% $3°01Y 1°10% €°96€ 9°96% 1°15% 6°25%% *3161c 99F°1li aEneLg 9
9°96¢ 5°1%y 2°01y L°10Y €°96¢ 8°G6Y 6*2h% 6°356 *11618 051°%% 225°%¢ $
2°€6¢€ rad 114 J z2°19¢ i°96¢t §°9GE  9°GKHY I°E7TS 1°523 *gey62 6B2°2F 1253°0¢8 »
6°SS¢E coy2y 2°69¢ »*66¢ 8°%GE  6°GHY 6*926 »eGEG °*$195¢ €32°12 S510°212 £
o Te1se mumom;:.:o.mum:|1:wu»mml.- 0°€SE  9°96% 9°516 re3zs3 *23332 242°%2 Y00°%? 2 -
I%d &2 8 6°0¢Z TR 1°69T 5% 191 0°20° »*912 322 *y1351 §52°22 G2DP°22 1
{disd) (¥ 930) tvisd) {visd) (visd} (¥ 930) tvisd) (7354} (¥d44) t238) t23%)

d vi1l3aa dW3l 101 ¥d 171 ¥d 1viS ¥d $/0 dwW3l 131 44 131 ¥4 1V1S NN
33141y MX3 4%3 WX3 770N  13WI 137171 13181 EX P IWIL 37,
H3%sa a9nl eunl suni g¥n1 fuyni 93Nl Aun1 a1 0334$ aN3 MIn38 3Nl

Sy 3I313AVIVd INT1 9 Y1

cn*g? 938 *NOI1VY¥NJD 1S31 8s1~01-21 31v3 1931

 81-11-01_ 31va_ 9N1$53204d o 21 NIGHNN NN

. ATON3ISSY dWN4I8ANnL NIDAXD QINJID
€ 21 39vd J3=-89%N4

. R T O - R T . - TCER TN o b ks

1
Y
M
i




Lt et i A

——— — v —— b

@ e m e mm e s e & e e Ay b e - RSEPRPIRE

- ¢veolt 80°1¢ ¥318°0 2E° 05 6°0%9 " 9°%69
8°660¢ 26°96 161%°0 89° 6% $°899 2°6%9
0°¥60€ £6°0% 0561%°0  £5°69 1°6%9 9°2%9

T eii0ET  86°08 Y11%°0 1%° 6% 0°1%9 N°8%9
$°B20¢ 11° 16 GEI®°0 20° 6% G°c19 1°9¢9
2°8262 €E°YS  160%°0 61°0% 1°€ny 1°R€9

—8%6i%  22°1% »R12°0 y5° 21 2°202 2°st
6°61% 12°1% gqt1zZ°o 95°21 $°€02 »°Ge

. L%09$ ¥2° 1y $912°0 §6°21 8°%02 w5l
9°216¢ J6°6¢ 6102°0 gttt Z2°612 G*2?
0°91% 06° 6% yL02°0 98°11 6°€¢2 5°99
$°609% S¥°5¢ 2€02°0 10°21 _eeue 1°99

B 5 4 ¢ A m»q|m:.- Y 4 b B SRk 2 R { X »°21

T TTAIVISAY is-1) ts-1) (3a1-134) 1dH) (H)
4 101 Ni (1 v1139) (817vD)
2T @uny 443 3 _3nd¥ol LI a9

o (O3NNTINDD) S¥W 3 L INYVYHVY

00 °62 33S *NOI 1¥3¥NJ 1S31
© 8L-T1-01 31va_9INISSIINYI .
ATANISSY dNN4DRUN1 NI9AXT
» 21 Ivd w4

IZLs°!
isis° 1
¥506°1
o%is°l
0eZLs

3966° 1
6h99°1
56%%° 1
LEL LA
582%°1
6F%° 1
532%°1
s5%2°1

(5-1) (
RAFS ]
ud

INT 931

amM

1r258°¢ *z1€99
€19%°¢ *3€2%7
336%°% 16189
SDES*E “15987
AL9y°*s * 76089
135%°% *195669
rger°o0 3061¢€
13EL°0 *3161%2
68it*)d *1151¢
nygen *I69%2
2763%) °51962
G1oL*) 19932
£532°0 °*y1961
23$/971) wWéd

“0149 33348

84-01-71

21

- AN PN OSD O

32178
Iwl }

3

b

31v) 1521
WIAWNN NNY




X ]
k: ST e - :
3 -
3 [=,)
I P
: g~
2“3 .
I &
: &
< e . O ¢ ,
w , C
1 -
: Y0102 6*10°0 66%%°t  9°tlis T €569°¢ GR5€°1 81°Q??2 *-1¢R9 €1
$°2002 LY10°0 CISH° € 5°025 8859°¢ 9a5€° 1 51°622 *5€257 71
_9°0002  1%10°0 - Zi4heg 2 czs 6869°¢ GROE*T 10°622 - *16159 11
Z*1561 L510°0 TEby g L°116 6869°¢ GPSEST 5yeg22 *1%337 ot
w 9°2961 6%10°0 »6EH°E 2°21¢ . 2669°¢ YR6E° T Zve122 *2¢089 6
, €°ST6T  6ST0°0  €429°€  €°86% GzZ0Ll°f  ©  CASE"T £6°122 *19559 f
M 9°66¢ 3519°0 9i8E° € 6°6¢7 . 2%29°¢ 1%8¢€°1 03°51 1 *5061% l
[ 2°65¢€ 6610°0 106€°¢€ 1°042 SH29°¢ 1%9€°1 $2°521 *3151¢ 9
$°66E 8610°0 998E°E  Z°0%Z 9629 °¢ 03z 1 vI°b21 “Lig1€ G
. 6°%GE 6610°0 GZ6E°€ 6° 977 €229°¢ €636 1 60°671 *)eh6? N
§°9g¢ 1120°0 »99G°¢ 8°622 2229°¢ YEBE T 12°111 *51952 £
, ___8TESE  9120°0  €699°€ 0022 g0z9°¢ vege el 21°971 c10982 2
8¢9 0810°0 Z86E° € 1°611 0356 °¢ €18¢°1 TRIE R *21351 1
| wisa T ¥Eiaw WILIW  ¥3I3W (¥-Wa1/n1e) (A1/7718) WdY ON
‘ SS. Vd HX3 -vdvd . -vyvd -vy¥vd (S-1)A2¥3IN3 31917S
_133wA_8¥NL_ 3INONIL  MOVd 033dS . 47 YWR V9 “ 1 vAY 33345 Inly
(QINNTINDD) S ¥ 3 1 I W VIV I NT. €Al
\ ontcz 935 ‘NOILv¥NT 1S3L . 8/-01-01  31v] 1S31
1 gL-T1-0T 31¥3 INISS3IIOHd . Z1. HIAWON NNY
L 8L-T1-0T  31¥2 INISSAIL e ‘
ATOW3ISSY. dWNdIFYNL N3ITAXT aINDTI .
s *21 39vd . -8 %A _ : .
,w ‘ | |
- - P —— T p— : :
v » 'S 4 . *

S e | BRIl e L e o A W R ek




OF POOR QUALITY

ORIGINAL PAGE IS

.

25°61Yy 26°%1 __€M°Sty  6°Z%  1ZO1°O 11°62% 8z°Le 49°933 L»°0z2 &Z°JL1  %E°IE |
¥8°10% 18° %1 08*%Ey  »°1¢ 60601°0 GE°12Y 84 °9¢ Z2L°%33 £9°n:2 €3°L31  68°0% 21
95°96€ 92°%1 gz° 12y A°rE 5660°N rAR I 95°5¢ f6°y33 33°FE2 FEBIT 63°TY 11
692286 _ OL°Y1  SL°SIY  9°62 2860°0 S8°58¢E 8)°5¢ 96°533 33°0E2 91°391  08°2% o1
19 °53¢ 5°9T  99°55€  €£°12 $560°0 €L LYE 45°1¢ N6*%55 37°072 YE°L9T 8% 1Y s
18°9%€E gE* Yyl 19°55€  9°€2 7680°0 5n° 887 1re12 1R°y335 £2°0:2 M9°331  16°CY ]
1S5°0%¥€  12°%1 _ €0°9TE _ 1°0Z  6E€0°0 8L°152 sn°gG1 59°%53 22°322 09°%31  £5°0% ]
16 °co¢ 52°%1 95°91¢  1°0Z Z9€0°0 198952 an*s1 19°533 15°222 91°%31  95°0% 9
02°05€ £2°91 ¥6°81c 8°0Z 9%€0° N 92°r92 11°51 KR53 31°622 12°%31 91°1% s
09°0LE  H1°%1 I»°92z  0°0Z 9€£0° N 56°692 80°51 18°%33 ££°622 05°€21  10°1% »
95 *86€ 81° %71 6%°LEE  €°0Z 9€€0°0 6L°682 61°51 99535 9L °322 13°I31  NE°OY £
91°8EY 61°%1 ¥g°eIc  1°0Z YEED®N 16°81¢ 12761 2Z°%33 %3122 €%°191  2€°Pf 2
0L°89% 96°€1  €3°€Zz _€°L1 __BEZO°O  69°9SE 351 ZZ°%35 37°322  53°IS1  L%°3F 1
_ {4 930)_  (VISd) (4 937) (¥Isd} (335/8T) (¥ 933) (71Sd4) (¥ 0N37) {vi5d) {¥ 930) (v1Sd)
a3t S/n 44 S/N dw3l dd w314 dw3l S/1 44 3/9 Ad31 Ad dwil ud ON
S1W0 1v3S 31¥0 1v3s ¥3 W3S ¥0 1v3S ¥J v3s J143 Tv3ds 3143 Ivis 3774 319 40 Iv3s %2 IviS 37178
94 23S 94 23S 94 135S _94 73S _9H WI¥d 99 Aldd 94 A i3d 571 /1 <D0 Kldd X0) wi¥d  3wid
o~
L L vivna 9N14733 aNVY 1Vv3S 2
00°5Z 335 *NOILviNg 1531 81-71-21  31v3 131
_91-11-01 31iV3J INISS3IING z1 43240N NNY
A19¥3SST dANdIZPNL V39AXD GINBIY
9 <21 / 9vd Yo A N
(
T B e BB
A O ol TN

.

?

e

L e e

e




. R e —_ SR P, 1
. . o 2
N%%W: A !
. m%m :
e e e es e m i N - e - A)Q) R
&
Q' 4
ﬂ-
4
- e s S ammn . - - - - - - — .- - L
0°0 00° 09% 8°c1 €2°66 _ 2°2n2 61°68 52653 e 3
o0 ncc 09 % 8 ¢l £%°96 0°102 1£°53 1°e5n: 0°0 21
i 0°0 00°09% 8° €1 »1°16 6°661 g8€°89 G 269z 0°0 "
} 3 0°0  00°09Y 8°El 19° 96 2°661 %5°88 9°15%3 ree o1
m 056 00° N9 % g gl 29° %6 z2°851 1£°33 G T15%E 0°0 6
w 0°0 00° 09> g€l 16°€6 0°851 G2°%3 1°05%E 0°0 f
_, 0°0 _00°09% @€l 1906 2°n12 95°63 1°524% 00 !
d T R e 06° 09y 8°t RE°16 2°112 £9°5%9 LAY A 0°0 9
w 0°0 00° 09% 8°c1 £€°26 g 112 00°18 9°98%3 0°0 s
w 0°0 C0° 09 % 8 €l 16°26 L°112 69°25 9°0B Y%z 0°0 »
: 0*C 0C* 09y 8° €1 80°¢6 €°012 rs°cs 5°29%¢ 0°0 £
w N 0°0 00°03% 8 €1 92 ° %6 £°602 59°55 C6LYE 0°) z
- 0°0 00°09%  B°€1 ' €1°G6 62902 51°35 Z°39%¢ n*0 1
(935787} {4 937 (VIS4) (3 93D (v 154d) (¥ 920) (VIS d) €335 /731)
MOT3 awal s/n ¥d S/N dnil ¥4 dW3I1*1447S  ¥d*1dd1S LRy 0N
INVI00D 41 40°* 100D 4130°700) NIvd0 NIVYO0 INVYIIND 1NVYID0D H3 W3S 32118
oW wd____ 9¥3 ¥y 9¥3 ¥y 9¥a ¥y 949 %Y 948 WY 0ug ¥y 34 73S 3wl i
T (GINNTINDI) V L v 30 9 NTY¥YV3IE aGNV 1¥¢3S
00°G2 23S *NOILVIND 1S31 84-01-31  21v3 1534
82-11-01 31vQ INISSIITYJ_ 21 ¥IAWNN NN

i *21

39vd

ATAWISSY dWNd38dN1 NITAXD NINDIT

-84

e

JRECTIUUNTE Ve R RIS SOt SN S TIPS IR GRS R L bl




,w.
v - 961°0 09° €06
691°0 g8€°20$
S __s1*0 . 20°106¢
. €L1°0 GE*106
191°0 01°10%
. £€91°0 _____29°cos
€91°0 $8°65%
»91°0 0%° 005
e o . _ Ss9t1°0 . 69°00S
491°0 09°206
091°0 LL° 906
e _1s1°0 . .. 1t°o1s
8%1°0 1%°€13
T o 1535797 4 933
- 31vdm0T3 ‘ dW31 S/Nn 4130

N1Y¥0 v3S X331

8 *21 / 39vd

R

00°6Z  I3S *NOILlv¥nl 1531
3.-11-01  31v0 9N155320%4d

AT18W3SSY dnNdI!

NIv¥0 1v3S X071

(G3INNIIN3I) v 1 v d 9NT3v3IE

€tz
5°3¢
5°3z
G°9¢
g£°5¢
£°62
3°G¢E
%52

°5¢
1Al 22
22

5°1:2

visSd

$S3dd S/ 4140
NIY®0 1v3S xIT

W
w

g NV T v

Nt ¥39axJ) €111

el

-t N
-t v

MNP O~DBCO
-t

32175
Int i

82-C1-01

194

3193 1<31
$IgwWNY NNY

e B

= e et




n e ——

195

|
i
{
l
l
!
|
}
'
|
t
!
i

R S

2°¢e32

Z2°192¢ 6°212?2  %°68EY £°gR1?
0°6el¢e 71612 9°10€EY 2°02872
1°621¢ 8°6061 s*8%12 Te167% 6°7182
g°001¢E £°1921 $°06%1 1°2912 8°192% Z t51?
5°940¢ $°8621 r*96491 9°1112 6°181% L°%El?
1°%052 1°%121 0°10%1 2°9¢£02 1°Y%%6% 5°2862
0°829 9°0%y  0°61S5 = 87069 $° %501 ‘elld
9°628 S*ivy 9°s51¢ »* 269 »° 6401 6°GlLL
0°628 S°1vy L°31S 87269 8° 9401 WRTN]
0°962 1°%1% 1°98% 5°8£9 2°6CH ALY
H°6KG) G°H1y 1°98% R°EYH9 B EHe £°892
5°921L 9°16¢ £°59% 2°919 6°GL8 5199

1°25€ €°962 8°90€  L°l%€  6°u0% 2°2v%

Nomum
)ce3?
5°23¢

3°181 5°7232

Zz* 28l I°H32

1°962 £°992

5°0352 y°332

»*052 5°392

.“m a'how

L°252 2°192

y°152 5°992

2°232 2°992

[

[ ]

~ NN EPNON D

tvisd)  (VISd) (VISd) {v15d) tvisd) {visd) tvisd) ivisd) 1v1Sd)

¥4 GNOUHS dd ad 18 34 44 ud #d dd ¥d ON
iNC¥4 NuN £ 39 dnns AV HIS 10 HIS10 HI517 13IN1 WNY 1 717S

¥3173dWl  1S1d W3 _ 1SI4 W3  ISId Tva  dnnd #3514310  ®3113dA1 ddnd A144NS Iwl g

C T T TR TR AR
1
= PN
o o o
[MENIE
™ NP
NN!O
d—l‘
0N
LI Y
O ¢
-t
[
«1!—1
i
IPT WM N ONWD~M~D P
¢ @« S o
T DWW QDN c\s.
WY W M N AN N U MY N U e
CYUY OV U N W U N W W W
o el —d g
NN~ D
e & & O ‘
QYW W |
VO DO M : |
I I ) |
-t N N
oud md =i amd
TS P R P U T | Ly TP
N S, ~

$S3I¥NSS I HJ d WY d

00 °57 33§ *NOIiv3Nd 1S31 81-0¥-31 31v] 1531
82-11-01 31v7] ONIS53IN4d . 21 UIAWNN NN

oy ——

AT9WISSY 4wN3IR2ANE HIDAXT CGIIN]D
6 °21 ERA X 3J-199%4




A e e

LR 2

el i il

S0°621

w
|
m
w
w
w

89°2z11
Y€°911
56°691
»Lo1ST
SLo1T-

... 28%°9SZ _ __ 6°2EC1
»1°662 B 6hHET
92°£62 Z° 681
6%z Coueel
16°9€2 9°9621
09°102 1°90%1

__6L°00Z_ %°85%
95°102 €°09%
€5°202 9°86%
56602 1°0€%
11°022 v 2cY
L0022 0°61Y

. setezz . s°2z®2

4 930 visd
NI dWNd LV $S3ud
dwil 24173y $/0

1514 va 948 dWn4

S3IVYNILI7H I dW3II

00°s2 73S SNOT LV HNT 1531

9L-T1-01

01°21 \\14u<¢

31va 9ONI1SSIINYY

ATEWISSY dWNd

9°Hy) 21e3? £1

2°¢59 *57757 21

2°069 *16162 11

1°€827 °1%333 nt

2°199 *Z25037 5

0°1¢s °195 ]

€£°%2¢ sfglz L

1°62¢ °37131:2 9 -

1°62¢ *T1131: S

6°GTeE *954552 Y

L°91¢ *51952 t

9°%0¢ *rR332 ?

L°8%2 *H 151 1

vISd Wdd

S33¥d NN

HIS 10 32178

¥33IN0N1 ERT M ELIN

0
: a
ANV S I ¥y71 S S 3 Hd d WnN 4
8:-01-01 Jiv] 1S3t
21 H3IAWIN NNA
9 a1 :
\ h cuo>xq cindi —
-




£9°69 »59°2 Y9°0h ] €0z 1°865 |

¥5°9g 819°Z L€°902 . 8°292 6°7:21 21
90°9¢ 229°¢ 12°502 6°192 5°3¢21 11
$0°Ss .99 167€02 £°09¢ ?°yezl o1
7 isces IEIZ 0%* 102 0°962 6°2021 . 6
89°g¢ 66L°¢ 1€°002 €°%¢2 L°8671 8
69°22 8yL°1r  EE"eE o 1°5¢2 I*L Yy )}
IR UTTTUUTRR LT BE°6E 8°6092 G*ayy 9
O€E €2 65L°1 . 16°6€ 9°902 €39y S
S5°%2 689°1 ore ¢ 8°202 €°22y 5
€E°L2 158°1 12° 6% s°112 g°%2y €
20°82 ¥29°1 TL°%e 1212 2°33% r4
18°%¢ ¥60° Y . ____P&°ST ‘ 1A ¥4 *s5tL2 1
8930 J33s/9Y _Isd - ¥ 930 vISd
35T dW3l d v1130 dW3l 413 Nd 4140 ON
MO7d MO 4 43173y : S/Nn 4173y S/ 2193y 392178
1S1d v ASI1d w8 _ __  __1S1d vg o 1S14 1wy 1514 1vg EL
S+%o- vvo =9 Ve  ®lo

(JIMNIINDI) S I ¥ N LYY IAdwIL, avy 3495 S39d dwhn g

€0°G2 I35 *NOILvung 153) 84-01-0T  31v3 153}
—3L71T-0T 31v3 INISS3IP9e - - . o 21 ¥I3WNN NNY

AI19WISSY dWNdI3UNL N3IAXD nIndTI
' J-89in

11271 39vd

“h




ik I Y T A e

51°6201

10°€901 _

86°9501
»0°5%01
¥9°2001
0€°198
06°€€l
OL°GET
g1- L€l
9oL 21
€E°0%1
6L°ZET
Z€°62

(dw3l)
dH

00 *s? 23S

11Sd)
¥d v113d
AIN3A
HISI 1
dwnd

'NOT LV 43N] 1531
.mhda 9NIS53ID DI

2121 / 9dvd

i & e ¢ ———

ORIGINAL PAGE 1S

OF POOR QUALITY.

®HN
9°02¢Y 66° €02 oer freyn? r9°511 £1
zezvzy . S97%07 0°0 12°732 12°5L1 21
$oZE2Y cE 902 0°n £2°332 13°51L1 11
L°861Y »2°€02 0o 12°502 19°501 1
2° 021y 05002 0°0 06°€32 g5°3tt “
1°6185 15°261 0°9 35°351 23°311 8
1°0701 16281 o*n zp°z Y »9°521 1
6°1201 _ 00°¢87 0°0 21°:31 G7°5%1 9
6°0201 66°297 0°0 977531 53°311 S
1°116 22°€91 n-0 0z°:31 we o3t »
2°126 »8°€91 0°0 01°531 03°3L1 €
1°658 16°281 6-0 50231 10°9L1 2
6° ¥6f €v° LT 0°n z1°3L1 gz°ILT 1
{v15Sd) (v 930) (¥ 930) ¢4 9309 (¥ 9339
dd S/N dW3l S/9
IN3A INIA T anil Wil N
ST HIS13 N411 39 HIS10 131 39175
aWnd LY 1S1d 1ve dW1d dw1d IWi s
. 3
s3wniesw3ddnil ANV S NSS 3IHd dWD ~
a1-9T-31  21v7 1731
z1 HIAWNS NN Y
A18WISSY dWNIIRANL NITAXD 41N 171 —_

et

-}

. 3 .
PNY NS W S VY




F “-'— \-‘l N hl
W e e ) - . ' @
w e e e e e e v o ———— e o e = _
m
m e . i
 Sg911 1£°6% 92°¢6 08° %69 %°019  6°012% 9°1068 £159°LE 15°6Yy2 *21€87 z
SR Y & ¢ $9° GG £EE° 06 91°6S9 9° 165 B°921% 2°6%13 »931°LE RI®EYZ °*°5%2%7 el
. *1611 20°9% 5L° 06 28°259 1°266 9°911y 2°92L23 83?25°LE 23°2»? 16169 1t
. e10ZT 9%° 9% 0116 96°1%9 0°N6S 9°180% &°0c93 LST3°LE 99°%»2  °1%883 W3 | .
. *6021 »8°19 61°T6 G1°9¢9 6°516 1°0CCY 9°09n3y 2€772°LE O%°bp2 *26089 I . .
. fvleY_22°29  20°%8 80°8€9 6°GES $*°8GlE L°0ESL 1631°1F 30°8Bi2  °195%2 8
. T¢BeEl 00°8%  S»°G8 $2°G1 £°%99 £°96l 1° %501 9693°32 232°9:1 *3061¢€ 2
*cHET EY°LYy gE* 68 1%°62 5° %9 9°%561 (€ °G6691 »233°0Z 2%°9¢1 *3151¢ 9
. *geel 16°9% €%°63 GE*GL €°%9 beH6l R°%591 $233°32 2Z%°9:1 L1561t 13
 *9gyl 19°2% 20°L8 15°29 »°5g 1°989  €°99%1 139€°3)7 L€°3t *35457 »
. 1e91 1£°6% 6%°29 n6° 99 7°66 a*sR9 c°Alsl f£7%5°32 35°%:1 °57062 £ ]
(2161 aecr€  91°9L 10799 £°06% G°H29  f°Z9¢1 n556°32 08°H:1 18332 2 .
M *201¢ gh*l1ct 5 *Gl HH° 71 9°6 L°%91 1°22¢ 233531 37°%01 *%2951 1 Y
i : 1
) (%) %) td4) (dH) (15d) 139 (73s741) Ad9 {wd¥) oN
M G334S 443 44 dH 3S 14 %374 L TR E) 313349 33118
. 9141234S _ _ N3ISI 443 8ani K {uF! $S34d Jv3i4 dnd dnnd 1531 INlj
_ ) '$3.3 13 WY BV dWII C3ILVIIIIVD
00°52 73S *NOI1LV¥NT 1S31L RI-01-01 31v] 1S31
W _ 8L-T1-01 31V3 9NISS3IT4d ] 21 BIAWNY MAA
| ATEWISSY dwNdIRANL NITAXT 31101
L €1°21 39vd . K -G HNA
w )
,my v » LY I -
¥~¥4§?~?u.,q..ruvu_r,m....{«l,.iﬁ.. e P «m,l..“.. o kel - o e -

L O T L e T




é il il e e Bl @ AT "EER—
Mdeigl o i
ialline. -

AGE 18
7 AUALITY

GRIGINAL P,

¢
7]
S 5
9%80° 1 01°62  1096%°0 LE150°0 ga°ntsel A K 43 *z1299 €
1560°1 99°NE  EE%LH°O L2680°0 nge263il 9°1¢es *5€257 rd|
€901 12°0¢ ZLELY°0 16680°) 1v°51s71 ?2°f€¢E *161%9 11
zZzL0°t 99°62 0EYL%°0 2€060°0 58°€93¢€1 81°"€Z *L %8R9 ot
9E80°T ' 26°12 626190 aZ160°0 (2°819:1 15°:¢¢ °?260827 6
6880° 1 96°22 2L€1%°0 €L150°0 nte18221 L3°2v2 °19567 ]
2506°1 . BE°L 6 EYH°D 556501°0 LE°133¢ L3°29% *3051¢ ]
—— T T T Ty 0e  1s°L NGeohC 2eor1en €L°13e 30°73Y *3151¢€ 9
€r0€°1 Z9°2L LGEYH*O $0011°3 92%°93%¢ 4 &k 1) *1161¢ S
) 2y%€°1 2s°L 098¢%°0 25%11°0 8)° 2R E 17°39% *25452 »
o otee°l 9t°8 IKLEHD 6%611°C 25°€0nE ZenLy °51952 1 M
030%°1 80° 9 2291%°0 17811°0 19°9%¢° 59°337% *1 9382 2
e onez _ 9%°2 _ SEI4E’O 17691°0 L9 1961 3%°L3Y *y:961 1 #
(3 9331 (14) t Wa%) i
T T e3G(N/DY 44309 3334S NN H
HIA0 1 vi13a 44322 4314 I141234S 3334S 32118 .
AN/ dwWnd ___nv3H 13IN1 NDJILODYS 43dN 1831 INl 1 4
3 A_
C¥3JIIWVYIVYA didNA4 a3ILVIIIIVI M
009 73S NOTLVI¥NI 1S31 91-01-01 31v] 13} _
21-11—T1 31v3 9NISSIINH4d o 21 ¥ITRNY %N -
ATAW3ISSY dnNdIgunt N3IOAXD a11017 : ~

»1°21 ,\)wf, YN




]
~ i
]
ZL°EYE  OECLOIL 801204 20° €5 €5 $1229°3¢ £9°132 €1
T T 66%8EE 05°9601 20°812% S0°£%58 53655°%t ¢ 23°6%2 21
10°6€€ 15° 9601 26°€12% 46°126R noLGe1: 39°9%2 11
55°1v¢ 25°8601 $%°612% (6° 2908 £5EHT1°3¢C L°8Y2 nt
GEE5E 62° 1501 £9°252% £%°0969 Sh15v2°3: 0%° 152 6
08 °G3¢ 6e°6201 Ge°2¢2Y 09°1¢68 2219%°5° £E9°25¢ 2]
19°€822 18°09%1 6%°126¢ GG £9€0 2E1IE°9Y 13°20¢ ]
T 126822 T T 7@v9gey’ 98° K15¢ 0g°19¢3 IETIRZ "Iy 10°e0¢ 9
£EY°5R22 2L°£061 16°616€ 61°€9¢Q 17397 °9% 30°¢0¢ s
L1°6£92 sz°ert 98°£99¢ 1€°6929 159§F°ay N3°91¢ »
82°6292 B€E* 2681 69°268¢ »z°1628 IGEIG3Y £3°91¢ €
1%°€€L2 65° (881 62°199¢ €2°6851 Z1315°6% 39°92°¢ P4
____ 10°g€16 12°1192 £1° 6902 RL°GEYD T371g° 11 %3°39% 1
2%
(13) ( due) (154) (14) 1335/4) (nd9) N wD
»IM0d IsTy 31315 93
HSdN 3SHOH $$3dd avaM w014 €014 ) o9
e | 3%
W3Y °Creog = 3334S 139%¥vL 21 031v)3 \wm.
= e :
09 |
00°G2 23S *NOTLVHND [S31 nL-NT1-21 3197 1°31} “
m _8L-T1-01  31v7 INIS53DIIdd 21 338wN™ NNY -
¢ ATBWISSY dWNGEIANNT NIOAXD 2INDTT 3
h ST 21 ‘9vd geNa |




roww

ot o nidlanibabiod

Lol o A et

ZL°EYE feeentt
66°0EE  03°8601
10°6L€E 15°%601
S6° I%E Z29° 2601
o SEESE §2°1601
08°68¢€ 6E°* 6201
19°¢822 19°89%1
. 26822 28981 _
1A KT 44 9L°€ 06}
11°6€92 s2°¢M1
82°6292 ge*2Zsst
19°¢cetL?2 55°6887
10°ceLs 14°1192
t1d) (d48)
B . 43N0
HS dN 3ISY0H

£n°g2 73S ‘NOTLVIND 1531
_ 8L-11-0T 31vQ ONISS3IIVI4

91°21 /7 79vd

ek ameiwms R

50°12%%

SY°612%
€y 2¢2
SL°Z2¢E2Y
6%°126¢

9R° £98¢
69" 2$8¢
62°199¢
£€1°6882

t1sa)
3S1Y
$S3IYd

—— ———— —— —— -

*00040L = 033dS N91530 J1 131973

LER]

AIBWISSY

ZN°EGES
SO0 E%58
45° 1568
£5°2%69
E¥°0959
09°1¢68
§55°¢L9¢8
08°13¢3
61°¢€9¢8
L£°69¢8
»e*1623
€2°s98¢
RL°GEH9

{14)

V3K

B . it Ethanh i e daa it A A

®12Z2°82
63)65%°L ¢
INLSLCLE
1213 3 Bl
S»1y2°3:
ZZ1%%°s¢
ZEVIE"IY
ETIE*IN
1333¢€°3%
1357EE°9Y
I5EI6°BY
21315°6%
183" 12

{33s79)

N0 4

dWNNdIBANL NIDAXI C1N01T

,\\llx;

£?° 152
33°6%2
89°9%2
L AY2
0% 162
t?°252
1°°20¢
10° €0F
50°€0€
f2°I1¢
{0°gtle
39°92¢
y2°39%

(WdD )

1014

f1-01-31

mm
77}
<
a3
-d
<
'N‘m
a
o2
Y- ]
£
21
1t
(1) {
6
]
1
9
s
»
t
P4
1
IN
INS
Iwl}
o~
Q
o~
I1v]) 1S3}

A#34nWN* NNY

-~




-

™ _ ¥2°%371
92°7251

o o 85°5151
62°91;31

£2°1:23

T 11°%¢€31
M LA

‘ 93°52¢7

Com oo T 6€°2€:1
16°:2¢?
€y ETz1
75°5521
g1°6n:t

e e = oo e e A - s S amamom ms mSmT T -

u13d

. . ERR R

T ¥d 1VYi3
JLOTDN

Wid °0000L

e i e, <+ e . a2

= 0334S 1394Vl I21 03IIYIS

nn°s2 73S *NO11V4NT 1S31
34V 9NISS3IIOAd

m ATPWISSY dWNdIBUN1 N30AXD CINID
41°21 aoNA4

!
.4
3
3

Vot bk s R - e BT . L - R P

O - .- . O B o R o

203

[al
-l

€063y
yt°c2s
p2°125
Iecsls
Z1°%15
£2°83r%
£1°39¢E

-t NN
-i wd

~

~

.

o

L4

™
-‘Nﬂ.nno'~'oa-3

-
o
[ ]
o
»
"~
[ ]

Cl1sd

sy aN
¥d 1v1$ 3317¢

gni Inll

81-51-01 31v7 1931
21 W3IdwI NNY

\J

e e e Mt s AR Ot S A Nty A e

-

I S Y G Sy o




e B v e e amase .

. — e s e i > -\ A < e it s e w o aa'n - - e . e e

00°62 73S *NOILiv¥Nd 1S3
8L-1T-0T 31v0 ONISS3IDTWd

-

———— — . ——— s n = i — e b t———— =+ & —_— e e ———. e e e -

»2°%331
¥T°023Y
e 5131
32°8131
£E2°1:=5
T¥°wes?
Zy°lce
93°52¢7
Sl
' te*=2:21
Evcerzt
?3°93 21
s1°50:21

a154d
351
¥d 1Vi3
Elm bl

Wid *0C0°0LZ = 03348 NOISIO 21 M3INIS

AT8W3ISSY 1:3QWWMWb N30AXD 0IND1T

*Hd

i

€EnN*6ay
YLt
D125
98°813
Z1°913
gzeope
€1°93¢
EE"SIZ
st°pve
1.1 2l 13
U A
$° 212
snensz.

a1sd

3519
¥d 1ViS

NI

B1-21-2"°
ot

S, NAPHN O D>

NN
32175
LD

2

A197)
nianny

sy

131}
\NN4d




2l s SLa RS £k

APPENDIX C

e e e e e ©

s e te Pt

oy

MARK 48-OXIDIZER TURBOPUMP APRIL 1981 TEST DATA

-
I
A
.

205
Y e e R RO TP T e Ca o
B I N P T T T e T AL

e e a



L

=i Pt §

092Z1°0 3I71J1¥0 I%UN W3S 31YI33INY3 NI

———— 9009 — —— — —-IDTH NG INVIV0D NG VYN

°33s

0009°0 3213190 NIVNO0 °9°H

0659°0 32131480 NIVVOD °9°H A¥VN 1
009920 — SN0 LSWHXI INIRINS - -
61€ET*0 vauy 3Al 103343 INIWNL

3214190 NIVNQ MOI4 ¥

0061°0
e HIEE*O———— — 3TNGB AD ISTd VI
0292°0  351J1¥0 WVINDI OGAD 1S14 WO
0650°1 ¥31INVIO IVO¥HL
oss9°1 W3 13WVIC WY3IN1SdN
(&
b4 $9L6°9 @) wvowl
8 b —SHYO— ¥23UVI0 - AVOUHL - -
g8 0609°1 W3 13MVIO0 WVIN 1SN
BN . e e e
€L86°0 0 AVO¥H1
$00€°1 ¥W31INVIO 1VOUHA
-900€2 1INV ET WY IV 154N
 9SReAe-————— - —- - == @D AYBUHL
09%2°0 ¥3II3WVIQ AVOWL
0456°0 W 13NV 10 WY3W1SdN
0008°€7
. T *M0Td N91S30

00°w2 I35 *NDILVWIO 1S3)
 18-6T-4 31VQ ONISS3I0¥d

- . e g

w3 SSY

e . 1&.81

. L1888 WS
. YIS -6S0IZEA N/ d
:.Qmsct,t-s.ntgucd

e GERENIS
VS -1L%0ZCA W4
(99) IVIINIA ZTHD

“1EL6 WS

e WIS—OOTIEGUA— W
(9aN1) JNNINIA ZHD

188 WS
- ¥9S-89209TA W/ 4
- (991 INAINIA 207

JuNSS3%d ANIINY

40 IN3J¥34 0L DL IN3I¥3é 00T OM
NNNSAC=0I34¢C LINYVL LV 1331 ©°H

©** ° SIN3IWHDD

18-€Ei Y
€

dHNd0BYNL NIDAXD CINO 1Y

*GQUVOSUIND -NO1S 14 FNVIVE -

207

. ‘ ‘ \
. PRECEDING pAGE BLARK NOT FiLmgyp

34v0 1S31
YIAWIN NN

R S PR

}




n.-moo

ezz°221

*24962 c-oai.o o.«.noon e.onun 2%°0 6°0€S 2°268¢€
YL ¥4 10299°0 04€°960€ S°"CELSE 10£°9 2¢°0 6°0€S 0°19%€
g 2087 ——STL69°0 ——TEPOZLOE L7 GOSE — 9929 2%°C 6°0€S 9°18SE
06562 €1959°0 192L°980€ O°€09€ €s2°9 14°0 6°0€S 0°96S&€E
98962 2€099°0 $I1S°00T1E H°L19€ §%2°9 2%°0 6"0€S Z2°119¢
— - 22008 T - —GLE9VD-- - EGLOGTITE- 4"2€9€ - OEZ"9 29%°0 6"0ES $*°929¢
*1120€ 691990 BS6°TEIE 6°199€  911°9 Z29°0 6°0€S S°199¢
, °0%0 ¢ . 509%9°0 LY SHIE Z°C€99€ 9s1°9 1%°0 6°0€% 0°959¢
- : ‘ ——— 9YEG - —— O TPE
E - 0 - S8L°GLIC 9°TWE N1°9 19°0 0°1g$ 2°989¢
- | ®N199°9 EP*ZoTE €°00LC ¢01°9 1%°0 0°1€S $°20i€
. Sa4TTC - INBVNIG AR POTE— 6 EFLE - 690°9 19°0 1°1€g 8°91lL¢
*S9s0 € 89999°0 - TE9°1T2€ 1°eElE  150°9 18°0 1°1€$ A {7X1
*60%0 € 8€299°0 0BI°PE2E €°ySlE  110°9 1$°0 1°1€S 0"19L€
— 2N E— —C1099%0 - —— BBZ"26ZE - Y2E9LE — $16°S 1%°0 1°1€s €°294 €
*1506 2 L VY99°0 OSL°L92€ Z°%BLE  9E6°S 14°0 1°1€$ 2°621€
8282 €v199°0 1T16°€Q2€ 9°009E 0€6°S 14°0 1°1€s Y°96L€
—— - -*Tees2 65659°0 L90°10€€ 2°STIOE  O©O29°S 0%°0 rA4 {11 2°600¢
*g9L82 90059°0 SOY°82EE Y°0¢SE 082°S 6€°0 2°1e$ 9°428¢
21882 200¥9°0 T10L°T9EE 0°998E T6L°S 8£°0 €°1€8 2°099¢€
ce e -2 ERGT— —4GISRD — L OL G ECE ST IVOE - —2QL%G- — Q€0 - 4°1€s - €°SS8E
*603$ 2 08559°0 CETI®69EE 9°9I¥E 2Z8i1°3 6€° 0 ¥°1€$ 1°11eg
‘10892 LEESE°0 E61°INVE 9°268E 950°S 12°0 5°1€S 1°S98¢€
——— *SIGTT - - PEVNEO 198°8496 6°5006 —T92% - 42°0 €°1¢cs 1°006¢€
~2¢892 031895 °0 PEY°TAHE 9°6I6E T90°Y 22°0 r4d (11 C°ET6€
*otvL 2 00EYS°0 96L°%0CE O0°%CeE mno.o 92°0 0°1€S €°826¢
o) 133707) (0184) (VI Se) (01S4) ¥ 930) tvisd)d

. APV ——4- VLG - ¥ SN NSDé ve 3L yd
r 4] 'IAWA IAWA JAMYA ViV30 s/n s/n
3343 suni N1dS N1 &S NIJS . I¥NIN3IA IT¥NINIA I¥NIN3A
u:muu:q.«s w»-«o m:.a::a N3S95SD¥YAAN
00°%2 umu .zo-<.=o pmuh

u.!ﬁd!‘ whco Qzuwmmuodt

096°121 %€
¥61°6T1  SBY°BIT €€
9€2°111 - 046°911  Z€
Z2L°y11  S6%°91T 1€
Ly2°21T  646°117 OF
162 °60T— €99°601 62
96Z°10T 8856°90T 82
TOL°Y0T  2L9°%0T 12
-g22720T-  966°101 92
051°66  299°66 2
€2 LG 996°96 52
651 °%6 169%°%6 €2
€92°26  Sl6°16 22
82L°6% 556%°689 12
csZ e $86°99 0¢
LEL"YS 69%°%9 61
122°28  v66°18 81
v 6L 8i%°6L L1
o.Z4L  296°9L 9%
9sL°vL  88Y°wL Sl
- 9T - ZL6°TL  ¥1
YZL°69  16%°69 €1
692°49  186°99 2T
. GEAW®  §9%°¥9 11
6$2°29  166°19 01
€E¥L°6S  SLY°6S 6
(33%) (335 )
oN
e T awi: 3217
oN3 NIS39  3Wil
$SNO03s VY g
T8-€1-%  31v0 1531
€ WOWIN MY

I9vd

z°e
e

b.'tw wnd s:.:ﬁuoc:h N3ISAD ana ua

ol )2

J— H




B bttt i . B M s s R i w

209

ZOBOE W 9°BSE G°SSE S°UYE 1°9eg 9°11¢ E°S1S  °21962 ©Z2°221 096°121 ¢
TTERVE STV RS SSE 17 BYE T VS - 061§~ O°6TS  “6L96T—¥S2°61T SV 6T1 €€
ZoLYE S°9%9  9°0EE  S°SEE 9°I%€  1°9vs L°41%  1°91S  °62962 S€2°LTI OL6°91I1 2¢
v°59€ 99 9°0SE  GTESE  Z°L9C  1°99S S°L1S  9°Z1S 06562 ZZL°¥11 $69°%11 1t
TTTENYE 2790y 6 0SE  — SOSTE —2°0%E T°9YE - - 1°81S  B°81IS  °¥8S6Z LYZ ZIT 6L6°T11  OC
0°9%¢ SO  ZOUISE  0°9SE  6°8YE  2°9%s 0°615  9°22¢  °2996Z T€L°60T €99°601 62
Z°9% 0°9¥9  9°0SE  Y°ESE 9°IVE  €°94S S°L1S  8°11¢  °L120€ 95Z2°.01 ©86°901 92
TTINYE Y BNSE9NSSE PORYE YUYV G STS - — 0°ZZS - 0%0E- TH2 90T ZLY°¥OT (2
Z°998 9°6YP  S°8SE  I°SSE  L°BYE  ¥°99¢ %°61S  6°025 “0SSIf $2Z°201 866°101 92
6°EYE €°69%  2°08€  S°SEE  Z2°9YE  9°94S S°816  9°02S °OESIE 0SL°66 2u%°66 52
TEVE 10— 9066 - §O55E - 6°1VE - ¥° 99§ 8°L1§  2°61S  “IWVIE- YEZ°L6 996°95 &2
£°99¢ TIS¥  B°0SE S°GSE  S°EYE  9°99S S°81S  ¢°02S  °66TIE 651L°%6 T169°% €2
Z°9t- 1°699 B°06€  G°SSE S°94E ST 9 9°81¢  9°61S  °8860€ €¥Z°26 SI6°18 27
TTRREAE 6N 9N SUSEE Y 0YE —9°UYS - - 9°LTS  ZULTS  ‘6090T- BZL 68  5Sv°89 12
£°59€ 6°%%Y  9°0SE  S°SEE  VORYE  L1°9%s L°116  %°02S  °16%0€ €62°i8 $86°99 0z
9°€9€ Z°S¥®  9°D6€  §°SSE 1°89€  L1°¥%S 8°L1S  0°61S  ~1S862 4EL°Y8  699°99 6l
TGN - €YY - - ECISE— - T2OEE — O°6YE 87 94§ 6°L1I§  0°025 °S826Z 122°Z9 ¥66°13 81
8 °L €€ L°Y9Y  0°0SE  Z°WEE  S°9YE  9° 99§ 1°91¢ 1°60S  °10€52 9%L°6L 8LY°SL il
6°2¢€ Y°EYY  E°ZOE  ECUYE  ZU0YE  6° 99§ 0°%0S  9°86%  °BLOZ O€2°LL 296°9L 91
TTETYRE —SEW SOZVEE°LVE —170YE —2°9%S - - ¥°90S  1°€0S —~ZLSBT—ISL 9L OBV YL st
8 °9€E 6°EYY  9°EYE 6 LYE  6°0%YE  L°9%s €°L0S  6°%0S  °LEDGZ 0%Z°22 Ti6°TL  +1
seLEE $°Z9%  9°YYE  Z°8%E  Z°INE S ¥es 8°906  S°E0S  °60THZ YIL°69 i69°59 €1
—EGeT— - —-8°ZEY- - 0°S6T - 0°20E- -0°E6T - 9°94§ L°2€Y  0°S2TY  "I6292 €¥2°L9 186°99 21
y°582 L°2E%  S°¥Z  TI°662  1°Z62 E°9%S 0°62%  ¥°229  °91GZZ EEL°Y? S9Y°%F 11
$°692 L°820  Z°E6Z  2°862  S$°162 1°9%S 1°6Z%  9°229  °2689Z 662°29 166°19 Ol
TR IRV 60262 - 17962 - - 0°T6Z — 1°€9§ YOTIEY 27629 - C6EVITEVL°OS  SLv°6S o
T AGISOR — 490 - 4VISH - 1VISH - VISH ¥ 530)  (VISed WISd) iMeW) - €338  (I35)
4 VIT130 4WA 1QL U 10 Ve AVAS ¥4 5/0 ¢W31 01 ¥4 104 Wwd AVIS ON
3214190 3 W3 Hx3 1208 131 BW1 13w} MiL Wil 32178
“HISO PN — L SNk SNt ——sung SNt~ - S¥N: -~ - SUNL - OIS - ONF — —NI%38  3wlL
S¥IIIMVEVYE 3INITISUN]
00°%2 3% *NOILVWIO 1531 0> 1-€1-y  31v0 1532
W-ST-» UV INISSIIONY e € VNN Ny
- —— it = - _——— —— - —— —— ee - G A~
AWNI SSY dMNdORUNL N3DAXD GIND I =3
g €~V b A2 P ~~
-— . - - EN - A 0
=90
O 2
) £ v
hd ‘ » 0 D

e

e




z°20% ¥0°s€ $002°0 ?8°11 1oz 0°19 9925°1  2099°0  °21962 ’e
| ————9005—— 1670 —— 99620 ——96°11 — - - £292¢ 9°t9 - - 0OEY"1 - 2299°0 — 62962 €€
m €108 00°s€ Z00Z° 0 F{ i 4 6°€cZe 1°99 69Z%°1 €199°0 °62962 r4 3
m 2 108 16°0¢ 0002°0 19°11 0°9z€ 9°99 9929°1  L1969°0  *06562 1€
H €006 68°8€-— - H661°0 - — Z6°F1 - 6°¥2¢ z°19 9629°T  €099°0  °8562 o€
: °006 se°e¢ 1002°0 96°11 €°22¢ 9°29 98Z%°1  i£99°0  °29962 62
r z°i9s ®W°se w02°0 £8°11 ¥° 82¢ 1°89 WY1 6199°0  °1120€ 92
| ———— o005 50%0%——9eee—19°1F 29Z€- - 9°99 - —¥ETY°T- — 69690 - -- *0960¢ 12

9°60S YRV €212°0 ze°1y €° otc ¥°02 ZIEY°T  S299°0  *0GSIE 92

z°909 26°0% sZ12°0 0211 £°02 %629°1  1£99°0  -0€si€ $2

—— 2386 -— PGS - -SZTIG - —PPNIT - - 9°1ge 6°69 2L29°T  0299°0  °l9v1g vz
1°909 $2°0¢ €012Z°9 s2°11 0°z€€ L°69 1629°1  299°0  *6611¢ €2
z°009 10°0% 8902°0 vee11 1°9E€ 6°69 962%°1  1999°0  °B860E 22z
IS 0WE - - 99— S2°VT - — - —ETEEE i°99  --992%°1  4Z99°0- -*6090€ - 12
€°i08 ZL st 6502°0 06° 11 1° 9€¢ 1°69 6929°1  1899°0  °i690€ 0z

v° 109 11°8€ £102°0 v6° 11 1°4¢¢ 6°29 Z1Z9°T  8999°0 15862 61

—— 9206 - M°FE- --1061°0- - €0°2F - - O°GEE 1°19 6%2%°T  %199°0 50262 o1

8°%0s 9°8¢ L187°0 €6°11 102 9°99 L12%°T  009%°0  °“10E62 21

s "6V ss°s¢ 2561°0 94° 11 € £ce $°¥9 1229°1  60S9°0 99282 91

0 — ——PEE €56V 0 S IF ———8°62C - 0°S9 - ¢92¥°T -OPYRD - - “Zi68Z $1
1°189 v eos 856 1°0 ve° 11 1°1€€ $°c9 6829°T  91$9°0  °1€062 »

?°98¢ se°ns 1661°0 sec 11 1°9€S  0°19 0ZEY°T  8599°0  °60962 €1

- 32NP—— - —46°9€ - -VERT®O-- —90°0F - - 4°21€ *°0s €50%°T  9EES°0  °16292 21
voR2% e ¥S51°0 19°01 v*90¢ "4y $S0%°T  9%¥5°0  °91sz2 "

s°oty 2%°9¢ 8 1°0 %3 e°e1g 0°1s €01%°1  1898°0  °Z$992 01

AT GBIV O 96 - - -6 EEE 2°1S - €8T8°1T  OEYS“D  °sEwL? °
b T e ¥ Y P! Y Y (aHd 5-1)  193579V) Wy on
é A0 N} (1v1130) (91WV3) OlwN 39175
00 W2 443 m 3ND¥0s e e v no14 033¢s T Y
: =]
G3NNI4NG) S¥W 3 13INVUVYE 3INITIGUNSL a
bo°vz  IB *molivwng 1331 . | 19-€1-%  31v0 1S31
18-61-% 3LV0 SNISS II0¥4 € WBINNN Ny
ATNI SSV dNNIORUNL NIDAXD GIND 17

v °t PNV O-89iW

- - -

i




pats daFRElE S e CRATT RS T

211

1°€6€E 61200 y629°¢€ 6°%12 6996°¢ 068€°1 €8 €01 24962 €
e A eEQE- - — OFZO%O - - HOE9°E - 0°91Z : 019" € o68€°1 86°%8 1 *61962 €€
T°€S€ $120°0 1809°¢ 9°c12 699S°€ 068€E°1 26°681 62962 rd3
(R {1 3 »120°0 $909°¢ £°61I2 6996°€ 068€"1 B el *065$62 1€
B . $120%0 0619°¢€ 2°612 899s°¢€ 068€° 1 16°981 %8562 13
9°SsE 9120°0 9669°¢ e°g12 6996°€ 069€°1 5581 “29962 62
1°€s¢ ¢120°0 121X Aod 8°612 199%°€ o68e°1 G0°%81 *1120€ 82
—  £%EE - — -1330% - — 2009 E—— TGIT - - - -199G°€ 066€°3 68301 *09560€ 12
1 °CSE 1120 °0 z2929°¢ $°622 899¢°€ 068£°1 8v°581 *0SG1€E 92
€ "€S€ 1120°0 YGED°E y* 622 1996°€ 068E° T 18 °%81 *0€S 1€ 2
- - EBE .- 13200 8YE9°€E 6°922 199%°€ 068€° 1 i1°e81 *19%1¢ ¥2
8 *EE€ ZI20°0 s 2€9°¢€ 6°92Z 0> 199G°€ 068E°1 61°%81 *6611€ €2
: 9 °€St $120°0 9659°€ ¥° g2z ., M 999G°€ 160€°1 26°981 *8860€ 22
——EEeE - — —EVZ0%0 - -B6E9E - - 92T O $995°€ 168€°1 86°€81 *6090€ 12
¢ *€6€ $120°0  »0L9°C e*37> MQ 499G ¢ 168€°1 . Z21°s81 *2850¢ c2
y°€6E 1200 € 169°¢€ 121 ¥996°¢ 168€°1 €281 15862 61
- - G *C6DE - -4330%9 - -0699°€ - o€ =5 €996°€ 168€° ¥ €Ey°c01 *508262 81
0 *zZsE 9120°0 Y9€9°€ 1°€12 = N 999¢°¢ 068€°1 9¢°%81 *10£62 i .
} PR {4 8120°0 sZL9°e 2re02 © 1595 € 068€° 1 19°281 "89282 91 ‘
- —9%eE— - —9120%0- —Z6E9°E- - L%0T2 mnu_.w 6%9$°€ 96CE* T ¥ °99 1 21682 st
0°29€ 8120°0 $269°¢ 2112 099¢°¢ 068€°1 92°%81 *1€062 2
9°19¢ ¢120°0 3 Y99°¢ v 512 2996°€ 068€°1 92°68 1 *60962 €1
- 4YHE - - -912070 2969 °¢ Z°161 B8Z96°¢€ <88€°1 16°6L1 *16292 21
. L°982 1220°0 L809°¢ 8°¢9t 0€9s° € y88€°1 i1°9L1 - *9lg22 11 3
N b T4 1120°0 c0E9° ¢ y* g6l 2€9¢°¢ »88€°1 9L°LLY *25892 o1 : n
~— GG T — —SI20%0 - -  YWMEE- 9661 - - - ZY9G°¢ €89€°1 42°081 *6E922 6 3 A
——— e —- - - ¥3AIN - W3HIN - ¥IAIN $U-H31/N19) ta/nie)d Wde ON ;
] SSIud W3 -vivd -Yuvd -Vivd (S-19A9¥3IN3 3N\ .
33 SNl INVVOL "o 0334S k) YHRYO *JIVAY 03345 InlL m
4

(O3NNIINGD) S ¥ 3 43 WY ¥Y Jd INISuyNni1

r 00°9%L 3B NOILYWNNO 1S3) 18 -€T-4 34va 1S31 L
~ 19-¢1-% 3AVQ 9NISSII0Wd € WVEWNN NN ,“
{ ATON3 SSY dWNdDBYNL N3IDAXD GINDID |
R ~ PN A

- - - . - * N A




W e e e e+ e .

86 °892 10°%1 60°18Z 08°81 1150°0 €9°681 %51 I16°T95 99°61Z 64°10E €9°%1 €
, ss“oLe 20 °»Y 68°282 2°91 €050°0 €% 191 Z28°s1 0S°T9S 96°612 S9°00¢ ¥9°%Y EE
| —— STELT- - 0"y - —GOS8T - 8°BY- - 9GYO0"O - TT® 681 g2°s1 SI°T9¢ 0€°0ZZ 9y 60t y9°91 (44
69°622 80°%1 YE°S02 1°81 S150°0 $8° 161 00°91 86°04%S 9L°02Z 00°01¢ 29°%1 1€
oL%L? 80°%1 L°162  9°81 9050°0 ¥E°v61 46°S1 29°0%% 82°122 2Z1°11e L9°9% (41
-6 "ERT—--10°%1 - €S°9T §°8% S690°0 oz- 96l 98°s1 S8°0%S 68°122 wiL°€Ele YL 91 62
0 °192 10 °%1% €8°66Z E°81 0150°0 €e 161 10°91 $8°09S 99°22Z 10°8IE 99°%1 82
0zZ°1sZ 80°T  WW°c0€E Z°B1 40$0°0 ©0° 002 10°91 0L°0%S 99°€2Z €8°0Z€¢ 99°91 Lz
—9E 2% — 0V —— SV 10— 181 - 6150°0 10" €062 —- BI°91 - 09%°09S SY“¥ZZ 89°IZ¢C $9°41 92
1Z2°00¢€ 20°%1 ] 3 417 1°81 4050°0 €0°902 €0°91 91°0%¢ TL°¢ZZ 28°cZe »9°+1 52
o€ i0¢ 140 °%1 €L°91¢ 1°81 1150°0 19° 602 21°91 Y1°0%S 18°92Z 90°si¢E £9°41 L X4
— --99°936— 90°4Y- - SE°E2E - 1°81 €050°0 99 Z12 €1°91 98°6€5 22°87Z 92°9Z¢ 99°41 1 74
¢s"iss 20 °%1 00°2¢e¢ 0°01 8890° 0 29° 912 10°91 86°6€S €9°622Z 68°LCE 99°%1 (44
0 *96 € 10 °91 1€°8vE 6L 96%0°0 g€s° 02z 11°91 91°095 68°0€Z [1B°0t€ 69°%1 12
——3I0€0 € — LV 8H7SLE 92T - €E6V0°0 - 86°%27 11°91 - 91°09¢ S9°1EZ - EL°Z€€ 69°%1 + T4
% °%% € 15 °€% ¥ 266 s°Ll 66%0°0 46° 622 62°91 19°6€S O01°0€Z 0O%¥°¢tE £€L°%1 61
. YE°IBY 16 °€l 90 °60V L f A § Z6%0° 0 L YAl 2 ¥4 12°91 SL°6€ES 06°62Z is°LEE 49°%1 81
- 99%eE-- L6°CEl - 910V 1°21 8840°0 01°042 62°91 €L°6€S $E£°62T 11°6¢ct 49°91 L
1 00 “80 Y $6 €l €Y sy 8°91 96%0°0 91 %42 ¥4°91 6%°6tS 1S°82Z €L1L°0%¢ ¥9°91 ?1
O1°€ly 18 *€l 16° 129 €°Ll 16%0°0 $0°152 *»°91 6E°6ES HL°1Z2ZT 65°Ivt €9°91 >
—9T*Y— L ET——OLET — LT -~ 28900 - — 09" 15 8y°91 2E°GES €9°9ZZ- 68°1IV¥E  €9°91 51
L2y 96 °¢l 2€°¥EY 9L} €1£0°0 0° 492 c6*921 0Z°6ES OL°STT 11°E%E £€9°61 el
SL°66¢E 9% °cl €°vey 2°11 2€50°0 s1°€le 62°11 00°6€S 82°02Z LZ°%%€ 15°%1 z1
- YECEPE- - 05°€R 64°64€ -€£°11 (239 8 *1°492 6¥°L% 96°9€ES 99°02Z 91°9%¢C 0s°s1 11
€0'sd € 10°%1 N L9¢ 9°81 €490°0 4$° €0¢€ €8°91 65°8€S €EE°2TT (L0°6%C 95°%1 o1
L 9€E %Y 19 °%1 19°L6€ €°81 4060°0 19°ccE eLl 00°6€S $9°2TT 85 °ss¢E 85°91 5
. e Caa
3 - PR
¥ 930) IvisSd) (¥ 930) (Visd) (225/87) (¥ 930) tvi1Sd) (¥ 930) (ViIS¢d) (¥ 93G) 1{vVIsSd)
—— NS/ - W SR L - W - U M31 S/ ¥ S/N N3l e 3L Yd ow
4590 IVIE 4I¥0 Iv3S ¥W0 WIS WS WIS W WIS J4Iv0 WIS JIN0 Tv3iS 3IWd I%NN4d ¥C VIS w0 Ivas 3NHB
9 338 2H I3 9H I35 9M J3S M WINd OH Nlvd 9 Wivd S$/71 $/731 X010 wWidd X0V Widd 3wl)
vaivae 9Nl uvY 30 anNnvy Iv3s m |
e e - U . . *
20°v2 JI:| ‘NOTAVWIO 1S31 18-€1-% 31v0 1533 u
18-~y 31V0 INISS IO0Nd , € WONNN NNV
ATWINI SSY dWNNdDB¥NL N3OAX0 GIND I
9 °t I9vd D-99iN

U A y . g
R oo Cace e S o B N . o N e



2796 sE° 0t e°z1Z

213

41° 021 6°212 . 0°0 8°69%€ 0°0 »€

ﬂ. 0% 6. ¥8° €01 0°v12 €1°611 o°y1z 0°0 0°06%€. 0°0 €€
2 96— —— OGRSV — - —22%611 S°€12 Im 0°0 - 19EHE 0°0 2¢€
€°L6 1z*Y01 e°€12 LL°8TT © 6°€£12 W 0°0 1°169€ 0°0 1€ i
3 9°16 Zy°501 0°612 ST 282§ | 0°s12 S o°0 S T9%€ 0°0 o€ w
m - —-oge - - -BT*9OY--- - B°S1T 2e¢° 811 8°§12 O 0°0" 2°69%¢€ 0°0 62
", 1°86 ¥ 501 €°ST12 19° 211 $°S1Z o 0°0 2°04%€ 0°0 e
3 0°s6 L6°50% 1°612 $6°911 1°¢12 = m 09 6°1¥%¢€ 0°0 12
m — 91T 96— —SE2SOT —— 29I ————19°9IT - - £%912- TG4 0°0 - - 9HEYE-- - 0°0 92
3 »911% 1°86 £2°901 Z°612 28° 91T 2°S12 . 0°0 2°09%¢ 0°0 2
3 €9 11°0 €°86 €9°901 $°s12 €€* 911 G°s1tz ©O o0°0 €°0YYE: 0°0 ¥2
“ — S9T1%9— —— 986 - - —26*90Y— —S$°SIT - - Q9911 $°612 0°0 £°099¢€ 0°0 €2 L
m 1911°0 6°86 s¥* 201 v°*912 29° 911 9°912 0°0 6°0%%¢ 0°0 22 :
1 I9TT%0 1°86 €6°201 6°912 09° 911 6°912 0°0 9°09%¢€ 0°0 12
| e A2 5286 09290 —— €2 ¥Z ——SF2 2L - €MVE- - 070 - 9*IHvE - - - - 0°O o2
96 TI%0 0°001 16°601 s°812 y¥2° 111 c°812 0°0 6°14%€ 0°0 61
26 11°0 €°0017 €9° 011 %612 19411 r4d 3 t4 0°0 E°29%€ 0°0 81
] —SETIT ——— 8981 L THT— 00T - - &L° LT} 0°022 0°0 8°Z94€ 0°0 L1
W 08 11% 1°10% zece €°022 96° 811 €022 0°0 9°299¢€ 0°0 91
W *91T°0 - €°201 £6°S1T c°€22 6s® 121 g g2 0°0 ST EYVE 0°0 st
: — I — Y EO T —— LV 0§22 2°92Z- - 0°0- - OEVYE - -- 0©0°0 »1
m - €91T*0 1°€01 86°211 y°g22 os° 221 y°522 0°0 6°SHVE 0°0 €1
5 ¥ 11°0 4°€01 os°81l z°922 90° €21 2°922 0°0 121774 0°0 4
S SHPLI®0 - -— —0°%0T. - - HT6TV-— — 02927 - 16 €21 8°922 0°0 9°49%¢ 0°0 11
. (1344 ) 1°€01 sL°911 9°622 11° 921 9°g22 0°0 0°9%%E 0°0 o1
€0°¢21 1°422 0° L°99%%¢€ 0°0 6

0€IT*0 ?°¢01 60° 611

14922

1233797 (VvisSd) (¥ 920) (visd) (¥ 930) (Visd) ¥ 930) Visd) 133s/787)

w RG-S/ G N3-SR - - SFR- - dNIL . ¥d di 31 *VddNS e * TS "0 oN
: ANYYA0 2 . JIV0° 1003 41%0° W03 IIN0® WOI . NIVY¥0 N1V30 INVI0DD INVIO00)D ud IVv3S 3T

it

N W Ne W o8 W oW W 9v8 ¥y o¥e ¥y ue Wy Ne W OH 33§ E] P )

(O3NNIINDD) V A VO 9O NT UV GNY 1TVv3Ss

2 00°%2 I3 °*NOILVWNG 1334 H . 19-€1-4 31v0 1531

: 1-ST-% 3 VA INISS IOV . . € ¥IGWNN NV

. : A . . AN3 SSY 4NNA0RUNL N3OAXD OIND 1V )
L °€ 104& ’ ' : Py ) —

- A J . » r L] N

_ . A ——  — -

AR SRR PO N S SE SR 5. U STV S TSV S SOVARPRPUMS SRR P




(Al (1] §°%y

anyv

0°0
€E° 162 6°Zy 0°0
e o TOPOBT——— - - G - 6°0
60°282 8°5Y 0°0
80°892 . 9°9% 0°0
66°952 : 4°49 0°0
r43d 374 £°6Y 0°0
90— — ST o6y —— - . 9% - —-
6T° €82 4°5% 0°0
€2°662 6°6Y 0°0
ISP —— — STIOE - —- - 1 0°0
0695°0 L0°60€ 6* 6y 0°0
16960 €0°s2s S A4 0°0
— 96650 SO TE — 0296 ——— - - — 0%
1206°9 £9°5%¢ L 2 1 0°0
6289°0 99°19¢ 1 3 3 4 0°0
BTGNP - BE°EIE - - TG - 0°0
94990 €6°08¢ 1°€Y 0°*0
€LEY "0 6€°16¢ €°0y 0°0
92y T 4 #7906 - - - 0°0
186€°0 TO°0EY y°Ll€, 0°0
S0E€*0 20°6%Y 1°0¢ 0°0
43660 PTG 2°TE - 0°0
: 19628 9°L8Y | A ¥ 0°0
u €261°0 €E°9%6Y 9°61T 0°0
W
s ' ’ .
o 33— — 4SO WIS -——  (23S/97)
A VYSR0OI3 98 éW3k S/M 1180 ¥é S/ 3180 J VR0 4
, WV GOAD- VS HRG — — —
1
(CINNIANGI) V 1 VO 9NiIUNWV3IS
00°%2 238 ‘NO1AVYWN0 1331
9-61-% 31v0 INISS 30%d
AWINI SSY dNNdOGANL N3IDAXD AIND 1Y
- ¢ € I9v4 O~ 9%iN
)

. - . - . T &
g o oL em e, ST L B o .

- - == = = NIVHO W3S XOV AV IV
Tv3s

64°20¢ 9°%1
$9°80¢€ ?°91
9% °60¢€ - 9°y1
00°01€ 1°91%
21°11€ L°91
Y2 °€1lE 1°%1
10°81¢ 2423
€9°02¢ 9°9%1
-~ G0 °IZE--———— 9% - -
29°¢cZ¢ 9°%1
%0 °s2¢ 9°91
- 92°9%¢ 14791
68°12¢ L°91
49 *0€€ 1°91
€L°2CC - —-- LY
1L Ad 211 1°91
1$°L€€ 1°%1
11°6€€ - 1°%1
€1 °09¢ ?°91
65 °2%¢ 91
-69°19€---— 9%l -
11°€v¢€ %1
12°5%€ 41
921°9%¢ $°91
10°69%¢€ 9°%3
98 °ss¢€ ?°41
v 930) - - - ivis¢)

édn3k $/0 41¥0 e S/N 3190

10-€1-»

-— - e w

oN
321 7%
INl

214 -

3Av0 1531
BINNN Y

-

b




Yy
‘ e ‘ . 0
3 Lo1lL 3Ty o°vet 2°98s ¢° €001 9°99¢ 0°559 9°9€2 g9sz et
s°6dl zosey 1°59€ 2°%es 9° 4001 $°99¢ 9°9¢9 9°8€2 8°852 €€
e 2%g2p—- - -TERY- - OG- —— T°EBE - - 1°E001 1°S9¢ 6°9s8 8°8¢2 0°652 2¢
8°sid 8°z2y 1°09¢ *°yes 0°1001 2°69¢ 1°958 £°6€2 1°692 1€
9°g1e S°ZTY €°vy9¢ 9°48$ 1°000% 2°99¢ *°959 €°6€2 2°652 o€
, -6 20-— - 592y - -9°19€- - - 006§ = 2°1101 9°0LS L1098 €°042 S °662 62
. 6% 18 5°6vY ?°98¢ 1°819 $°$601 1°266 1°106 L°2%2 1°652 82
, 6°990 €Uy 8°50Y 1°+59 0° 9811 €129 voi196 1°642 0°092 12
AP0 —BSIEY— — 2ET—— S99 69T €S9 - 1°86 - €8¥Z - 0°092 2
»°108 $°06¢ 8D €°c8Y $°8921 9°459 »°186 2°0%2 0°092 <2
€°068 1°68% €12y $°089 8°£921 6°€59 £°966 £°992 6°652 %2
o2 - YeSlY EW 0°899 9°9221 9°099 1°c98 €°Lo2 1°662 £2
e°sve 9°2LY Z°s0y e°159 8°6611 2°169 9°rce S *982 9°652 22
€098 »°09% 6°96€ £°6€9 v 0511 0°519 1°126 1°642 $°652 12
——0*RER —— S SEVY— - - S°TeR— ——T°LEY - — ¢ EEIT 9609 9°026 R L 24 $°6SZ oz
A\ ¢°900 0°SEY PAL T3 £°019 $°$107 9°80s +°989 6°E92 $°662 61
1°€1L 33 L 0°v9% . €°ses $* 6001 $*99¢ 8°159 »*242 v°652 81
- — gkt - — YTy $°S%-- -  9°98§ € 1101 €° 19§ 2°2s9 292 $°682 i1
Z°ssi 0°E0Y 9°9¢¢ 9°Gi¢ 6286 1°9¢¢ »*150 X374 £°652 91
¥°65L 0°59% €°09¢ e°Lis 9°266 1°09¢ 2°9¢8 Z2°€v2 $°662 st :
| SN E9Y — — TN 06L§ ~$°§66 0°99% s°298 0°€42 v°652 1
0°seL L°91Y §°T4E 2° 268 61201 0°%4$ *°199 9°2%2 vo652 €1
: 0°219 2°99¢ 1°€2€ 1°92% 9959 11 9°1€4 2°942 0°092 21
- PGEE - -GRZOE - - - - LG9 — - V2EY - ¥°¥L9 s°0vy 6¢°209 1°0€2 $°662 1
$°919 6°C9€ °12€ 129 9°2s8 6°01¢ 2°cel G992 1682 o1
" £*969 €°e3¢ 8°GSE Z°ces 658 6° 616 1°$92 L°c92 0°092 6 )
W ;
; visey tvis d) tvise tvise) tvi Sd) wisd)d tvise) (visd)d (VIS ¢)
- -9 -GRDIHS — — W - - - I8 wé- - v 2w ue v vd oN
ANONS ML 3Y aNns AV H3$10 AV HIS 10 L3NS WNYL 31
¥IN I 1S14 WS  ISId Ve 1514 WE und 1S1d WS ¥3113¢M1 dnnd Adans ETY 1
,— | S3YNSSIVL éWNJ w
w 00°v2 738 *NOILVWIO 1S3L ar 18-€1-%  31v0 1$31
_ W-ST-% 3ILVC INISS IIVYd _mm £ ¥WINNN NNy ‘
O B S — - .- . AU
_w . A3 SSY dWNd02¥NL NISAXD CIND 1D MN |
4 6 ° 9ve o 82 1) —_ .
B g 3% M
: KA _
_ s
- L | - 3 -
» < P r ] [ ] »

At vt B eeaws e o 3 N -

»
]
§
v
3
4
3
L
]




m €19 ¥esel €°8s 11°561 6% T 61y 6°22% 2°L€€ 21962 14
w 0°zY 2s%en 1 L o ] L1°c6l s29°¢€ 9°6l9 r A x4 r 4 ]1 61962 €€
: e _o2e— — —O1%SAY - 18§ ————9TE6T - - ys1°¢ 0°CcZYy 2 €2y ecLe¢ *62962 2¢
- s °29 868 % 1°6% 2s°sel 140° e°°elY e 22y v°LES *06562 1€
m ¥°€9 s1°051 z°09 si°sel eC1°Y €°81Y G°22¢% L1°LEE *v8562 5 O€
mee c-—- - 26081 ¥"19 - st eel - 291°0 €29 S°92% s Evet - *29962 ..m 62
, oLy ¥6°08 1 1°29 $6°961 (178¢ ] 1°€99 6°SYY v°L€ L120€ Yz 82
1_ *°29 161 6°79 vi°v6l 1299°2 1°99% AR T  Ad 119 *0960€ I = &2
3 — gy — OV T jo. 9290961 — —RE1%€ - - - - E°18Y 0°16Y 1°12% pss1€ - O 92
*°29 62°181 L°29 v5°961 990°2 9°189 S 069 L°02% *oEg 1€ — & $2
: *°29 +0°Ts 1 29 6Z°9%61 ”€te° 1 zZ° 18 1°699 9°61% cjevic = S #2
. 3% ———20%061 - %19 - BE°6Y - ez 1°29 *°61Y 2°10% s6ll1€ ¢ 2 €2
F z°99 65°08 1 o°19 88°661 €891 ¢°01Y 9 Uy L°86€ *9860€ i u 22
z°%9 ¥Z°081 ¥°09 ?v°561 oes° 2 $° 189 4°09%% 2°ve “s090€ O ©C 12
_ e gy 26681 — -2 — ——— &1L —— — 406" 2- 9° 26y . 8USSY Zoet € *t690¢ oz
. 0°1® £9°681 °i$ z2e°vel *96° 1 1°9¢Y (R 13 1°69¢€ *1s862 61
z°99 sc°ssl €°Se 84°C61 W9 € 1°609% €° €1y 4°9v¢E *s8267 et
e 9%5%5— - — O80T - 6% — 90%Eet = 166°Y 4109 ¥° 218 - 2%9€ *10€62 41
. v°98 o201 L°T6 oz T6l ey $ 9°L6€ 0 ° €09y 1°6vE g0 91
: 0°Cs 09221 . 1°18 %9°161 185°$ * 66¢€ 0°50% S$°ve§ *21682 sl
] : 25— 29T —— - T3 - — — ETLT - — —ES Y +° 109 2°90% 896 *1£062 »1
1°18 s9°c8 1 6%y  €T°981 296° S 2°3iy 1°91% voors *60962 €1
e 1 1z°cel L 19°981 0L1°y 0° 09¢ Z°t rad 241 16292 21
g - —ABERT—  T°0E - -908 11338 ] 9° 962 €°20¢€ $°00% 91522 11
L°Ey sv°l | 2 1 eec 101 %n°e 1°6s€ 6°E9€ 9°91¢ °2s892 o1
L 22 1 10°¥81  &f ¥ o LLl 919" € 4 T34 13 1 1 9 €18 3178 6
visd ¥ 2930 vis ¢ v 930 al sé visé visé viSd NV
e NeSWAS M3k WS - SSBNd - - - MR- oo o $S3vd SS3ud SS 3¢ . ON
am I WIINL SBA D g0 é Y1730 s/0 s/n w510 391 %
g JUNE SV @GN  OW8 SNd V8 dud Sue dNNd SUS NN WO @ind  BIMNANI 033¢S EL ¥ )
. 2
s3ynivyaIduil ONYV s3I¥NSS3¥d NN «
00°%2 I3 °WSIAVWNO 1S3l A 19-€1-» 31V0 1S34
1B-61=0 Ve INISS I € YIGNNN NV
AWK SSY dNAdOGNNL NITAXD OINDTD
ot°t 29vé O- 89NN
B ———————— e

Y n . ey
El S R HE.!:..,P..W?E,.&.W?&K.&W\:bl -

R P
e— Py




]
: )
e e e e e e e e } . =
20 *B- cis°t L1°2% 0* 181 %°01¢ L 1 3
€0 “&-~ L 2824 : 16°2S 0° 181 %018 1%
e PP —— - PYE?Y - QO - - o*181 $*01¢ 4
90 °0~ y18°t €41°28 0°181 €*ol¢ 1€
90 °F~ s1s°t &L°2% 0* 181 2°01¢ ] 1
Y- — - - - GTE®Y - - - - OGS - 1°181 e°21€ 62
: L 1 M e1¢°1 - 9E°as . 9° 181 6°12¢€ 82
S 1%~ 099°1 00°29 FAS{ )| 2°9%¢ 12
€528 —689" 1 £06y—— —— - - 929l - - - S%09%€ - — - 92
166~ 091 L A4 1 K 9°281% £°6S5¢ 1 Y4
19%0~- W09°1 29°s9 , s*28 1°86€ L X4
T < < .. ¢ - T 2+ 201 10§ ¢z
40°6~ 299°1 929 0° 2ot S$°9%¢ F £ 4
99~ ?19°1 1°09 i* 181 6"9¢¢E 12
3529 99*t-— — ——— 5926 ————— - 9°* 101 L Ad 11 T 02
L ¥ O - S98°Y . €€° 9% 1°101 »°12¢ 61
€L~ 1 T4 34 4 €°cs 6°081 0°01¢€ . ] |
o P o~ - HTE°Y - - . L 36 3 e°0el 6°60¢ it
b 4 o Ko - 969°1 €s° 16 . s°081 9°20¢ . L A |
L%~ 80¢6°1 y2°is 9°¢001 4°50¢€ o1
— P —FP P —— RO — - —— 9° 031 1°90€¢- - : L2 I
€0 °F~ €y$°1 81°98% o°* 181 9°41€ €1 ” 3
$1°9~ 4SE°T Ty €61l $°992 k4 | s
e & o o L. : X b SEECUIENEENPE R 24 | T - 9°011 4°912 1 o
19°9-~ 1 {3 3k | L 4 2l 2 ) 9° 6l 6212 01 :
29°9-~ 19%°1 ¢ 1°€11 4 1 K 4 6 m
) - — Tt : Gt
_ & o
¥ 980 YA R/ 1Sd . ¥ 930 visd ocC
—— BN e e 4 VARG -- - - - éN31 310 e 190 . ON
a0 4 A0V ¥J1 33w S/0 W13 s/n 1IN 321 8
-, 3$1d IVE 2¢13 ve 1814 WO 1S14 WO 1514 VO il
fCINNIINGI) S 3 U N1V Y I NI NV S$3¥wNSS 3N NN 4
00°% 338 *NOI1VWING 1S3) 1014 34v0 1533
19-5T—-% 3 VY0 INISSIION . € ¥IGWAN NI
ATNI SSY dNNdOBENL NISAXO OIND I
11°¢ 394 . P—GMNN —

e

N



— - — e -~ - ST — - -~ 1°§86 - 29° 221 ' 0°0 o9°2411 0o°cat Y 1
4 3 7§ ot°s . c°986 19° 443 0°d oe°221 00°cLt €€
r {2 T T°e : ¥°586 FLAFVA | 0°0 ov°L4t 10°€L1 z€
—— e — 19— — - 428 — - -29*42% 0°0 09°211 z0°211% 1€
€0 °sn 60°6 ‘ 1°18s 19° 11 0°0 09°141 €0°cL1t st
192 6e°e €°6001 oL°441 0°0 09°1al 10°€21 62
—— e - - 19%R ?* 801 g0 et 0°0 £9°221 se°211 ” g
6 °S8 1 { A 0°Z6i1 ezl 0°0 +1°84% 90°cL T
T T3 s1°9 9°962Y 2s° ol 0°0 velt 10°¢L1 9z ¥
—— P —— SV — - —— P PEeY - - — WEtl - 00 : Zo°s11 - - sO°*tal sz I A
Z0°95 () &4 ] g gv21 »cot 0°0 2v°at €0°€4t 2
_ 19%8 19°9 s°t1121 cze oLt 0°0 IRL7TY 60°c41t €2 =
—_— -GGl —-  — "9 - $*°981% : s1°o1Y 00 10°841 16221 22 =
N *vE (3] 0°2¢11 06°qL1 0°0 to°111 ¢0°c41 12 @
st1°sh 12 4° 4118 eL%441 0°0 oLt €0°cLl (‘T 4 m S
————g - ———— €2V 1942ty - - 00 094221 - 1W0°*tY 61
96 08 s9°¢ ¥° 966 €v* 443 0°0 (T4IY8 ve*24t 8t
°2°04 c9°9 0° 166 o4t oc°C (YRINR Le°2at 11
— SR -8 - - — - E"99¢ ——— - - ¥E°4iN 0°0 4221 €0°€L 9t
99 °se ¢s°® 4°086 LA TR | 0°0 62°111 secul sl
65 6% z0°9 1°086 4€°841 0°0 r{ATTN | se°221 19 |
—_— PPN PP — — —— -2 GOt —— - LY - 0°0 09°221 - - e9'tL) €1
S 2 () 1%8°4 %03 L T3 TR : 0°0 sa*9s1 e0°€4l 21
e2°L9 19°9 y°50L 28°%ut 0°0 20°911 €164t 11
e — 1O G - — —— BB - s ol -- - s6° 9t 0°0 (TXL TR $1°641 ot
43°%8 (44 ) €°siL ”%°91 0°0 s1°24% €2°€21 'Y
(184) tvised v 930) v 239) v 930) ty 230)
¥ V1130 ¥ S/ - 4@l SIN
—— - - ANOA - - - LN@A - - MIA M3 i PEET -3l on
(8L ) N3l #2S10 ®3s10 MENL N H)»s 10 13w} N
o~ amdé dund dund 1514 WO and aNndé eI R )
SIVUNILVYUYUISNI L ONVY SIUNSSIVE éewuNnyd m
00°L I:W °*NOILVYWNO 1532 18e-€1-% 31v0 1$32

-6~ 3ALVO IN1SS 30V € YVICWNN MYV

AW SSY 4MAICOUNL NIDAXD OINO 1Y
21°¢ I9ve -8

- rtt— e i o ——— e m————— e s




]
— s - - - - o
“0311 8°2y 62°8Y 0°19 sy 8°992L 1°1091 SSIL®°ST @E°101 21962 ’€
- g g Y- - — BT - -EE LY ——— -1 L9 — - 9G¥ 0°99Z 9°E091 - T6v9°S§1 $8°001 °*62962 €e 4
24313 802 L ;i3 1 11°9% 72°¢Y 2°99), €009} 1999°¢1 (0°101% 6962 rq 3
*S111 % 19 819 es* 99 2°s% 1°190  1°96s1 1€26°61 19°001 °06562 1€
AQLEYL —— - GOZ® - SVLY- - GI%29® E° sy 2°092 2°€6s1 9%€9°S1 06°001 °98562 o€
1531 ot1°69 12°19 1$° 49 1°6y 6°9i1 0°9291 1999°C1 91°6 °29982 52
*6991 20°69 . 1v°89 10°89 2°1y 9°2s9 2°0811 +165°91 80°%.  °1120€ 02
PG JPY P ZERYE— ORI — — TP - E°TH6 - 6°T961 66Y2°E1 96°00 *09860¢ 12
316 9% °%9 s90L 19°04 2°6% G°1201 2°%212 1618°21 26°28 *0¢G 1€ 92
616 9% °99 16°0L s2°0L ° 6y €°0201 6°1212 9216°21 €1°%9 *DESIC $2
- IZe- - - SR'S9- - 96°0L 19°69 9° ¢y $°S101 6°1112 e116°21 €1°€8 *“1901¢ »2 “
*95e *°'59 S 1} 2109 1°6% €°646 1°9€02 16T4°C1  9€°98 *6611¢ €2 :
*226 12°59 1¢°02 06°57 2°6% £°5S6  9°%867 6EE9°C1 08°19 “3860¢ 2 :
T —SE Y — — EPOR - ——19°89 - S8V~ - £°636 2 L8l EZI°sT 00°Te *3090¢ 12 i
5% Y 60°69 19°0L v1°69 6° 8¢ 0°688 9°¥s81 IS1S°1 19°cs “1690¢€ 02 3
1201 EE*°¥9  90°89 19°19 = °% 6°1€8 1°9€11 1229°9T 92°%6  °*1s862 ol
- -peYIY— - TS - 2699 - 11°29 ”* 4y 1492  9°%091 ¥502°S1 09°%6 se262 sl
colt ¥ 59 $0°29 19°99 ” $°891 2°809% 9192°61 2v°86 *10£62 11
2611 09°Y €099 co°e9 s°2v 9°6EL Z°19¢1 0921°sT  1s°L6 99182 91
PG EF— —— —STREP— — CLRPP—— TOEP -~  VEY - $°6¥L $°1961 2212°S1 20°%8 “Zies? s3
9511 0v°Ee v °19 " sy 1°99 g°2sl 2°%4s1 6TTO°GT1 9E°66 LE0S2 ’1
*9g11 06°29 11°02 86°99 ° 9 £€°682 9°5991 $802°ST 12°101 °509862 €1
- *ygYE----- - 00%T9 - 19°69 - 950 0°€E - 9°109 11V 8212°%1 028 147972 rq|
*»21 sI°0S  Zy°ay $9°9% 1°12 8°€29  €°149 668E°ET 0S°98 91522 11
0921 T $6°02 2°0% 1°9¢ 0°809 o°ii21 0295°6T 19°003  °25892 01
— Il ——— BP9 — 19%°6L —— —S9°TS— - 1°6¢€--  1°S19 €°¥621 €695°91 90°101  “o€WZ Y
———— . - 38F - - B - e - M) (1Sd) 13 (235/791) P T on
. a33¢s 243 r e ISH no13 nov3 a334S 39118
21319348 W1 433 uni oIMs  SS3ud avan dind MNé 1531 Ianl i
S¥ILINYVVE 4WN4 034VINITIV)I “
00°%2 338 *NEIiVWI0 1S 19-€1-%  31v0 1531 w
T -5T-% V3 INISSIION s VBINON MY M

| . ARNI SSY $NNAORUNL NIDAXD QN1
I —~39v¢ | [T -




%, W
[ TP S P e e e =

sj02°0

s0€0° 1 09°Y

es Yy
16860 99610  €9Z0°1l 09°y
o epeste 910220 - T6ZOLT ——6EFTH
6166°D  Yie1°0  §v¥20°1 vy
9E65°X  8902°0  0620°1 95y
o egegew - - 6661°0  iyIOE-- €STH
C06§®  Y502°0  ¥6€6°0 ¥9°y
1086%  €9Z2°0  1€98°0 90°S
o %eSy— —9TEE*0—— OEELTO = —HETE
zzes y  TWEZ°0  SS6L°0 ¥E°S
ze9s >y  LE€2T°0  ZL6LSO 6€°S
o eigD - —+8FT0 - TGEWTO - -G0°G -
018"  1§Z2°0  6vs8°0 +0°$
90es~X  1812°0  0168°0 19°%
 veeeTI— 65130 ——4¥T620—— 08T
2166°3  6602°0  §256°0 6s°Y
v665°0  2002°0  6510°1 woy
.......... ﬂ.'“lnv e e 5“.“1 o ‘:. ‘ PR N’.’ -
e009°X  §v0Z°0  12z%0°1 c2°Y
Ge09°0  ¥i61°0  €120°1 SE°Y
 oceep— —HIETRO-——4ETEOTT ———SETA
gesey  Lve1®0  yiso°l 09°y
9609°0  LT02°0 195071 19°¢
19090 - 7903%0-—- 16S¥° V.. - 8073
otte*x  ssoz°0 682171 €L €
w09y  Tost*0 LTV 06°€
(¥ 930)
—-- - - S3GANEY T
» » wIAO 1 ViBO0
quis ¥4 iS¢ e (NE) dwnd
s ¥3
00°%2 I3 °NGIAVING 1531

19-61-4 AUV

G 9NISSII0Nd

4122%°0

12€Lv° 0

- SLELY"O"

GEELY" O
o1€L%° 0

- 09y 0

69905°0
€zeest 0

299560
T2956°0

16965°0
81¥%5°0
411€6°0
0s€2s* 0

25908° 0

¥298%° 0
- 08904° 0

$P589° 0
2v59Y° 0

- -4659¥° 0.

€219%° 0
698L%° 0
- Q69%%° 0
2909%° 0
WwLYY* O

24300
QVv3H

AN SSY dWNd

\

R TE%0

48980° 0
$$980°0
01580°0
0€980°0
69980°0
8v580°0
41520°0
14210°0

- 98990°0

10490°0
91190°0
€£010°0
10220°0
26$10°0
06210°0
42080°0
95$00°0
4€580°0
919890°0
90980°0
16980°0
$8980°0
20680°0
49160°0
01560° 0
91660°0

44302
(VR E ]
13N}

Wwnd

S1°v60€
S0°€60 €
Z9°980¢€
€1°690¢€
€E°vi0€
§9°950¢€
28°8662
222562
49°988¢
¥5°6897
96°188¢
9¢° 1262
Z2°%¢€62
96 °€96¢
6L°%662
98°2562
¥6°1162
99°6162
£€2°8682
69°6262
16°9562
10°2%0 €
62°9%52
i2°1802
y5°9€l2
91°0682

a33S
2131334S
NOILONS

g31viINnII

peYni N3I9AX0 GIND 1Y
O-99NH

22°Z%Y
L0°2%Y
89°2¢Yy
LY EYY
09°EYY
19°69%Y
0Z°0SY
90 °95 Y
22°19%
L6°09%
LZ°19Y
¥9°65Y
IL°LSY
LO°¥SY

- 6F"YSY

20°25¢
89 °6%Y
16 °6 %Y
¥ 1Y
0y *1sY
TEisy
9€°0sY
yy°8SY
81°99%¢
»y°95Y

| £t 124

(13)
SN

v?2

o~
*21962 143
*61962 117
62962 43
*06562 1€
*%»8462 413
*29962 62
*41120€ 8z
*0960¢€ Le
°0sslt 92
*0csle T4
*i19vic L L4
*abllc €2
*96860€ 44
°6090C¢ 12
*1690¢t 0e
*1$862 61
*guZ6l 81
*10c62 1
*89L9¢ 91
*21682 sl
*1€062 *1
*60962 €1
*°16292 Zl
*91622 i1
*25992 ot
B 33 7 X/ 6
trd¥)
onN
033dS 32175
1S32 3Nl
o
o~
o~
1e-¢1-4 31v0 1531
€ YIONNN NI




QS o .
2 Y0 °25Y 1 244 /1 Z8°182
3 99 °16% 96°SL y9°282
e — - - EREGy— T2 — - SO ERL T -

. 68 °6sy iy°9 £6°Z8L
41°9%% 91°9% i4€°28¢
e -GSy - - LW 1L°vyel
SL°EYY 92l 65°09%8 .
ZZ°8Zy o1°» 19°y988

——— M- —— Y8 Sy —— — 09°eCe " -
CELTY 920° 9 1L°¢€Z6
Zy 61y 69° % 1€°€26
—— T2y - -€2° 19 19°5$06
& 8y % ° 9 89°€69
90 *LEY ¥2°0L 99°699

WoeEdy—  — 9 H—— 1098
ozT°LSY €9° 2L 61°0¢8
68 °1LY e sl 66°%080
- — T west - - - — T6"50¢
ey 169y 98 SL 146°%08
. 00 "8y yzeoL 16°€00

; 2SIy — — - §t*9t— — T SI°E0® -

CETIY - 19 61°90¢
€6°9S 11°6L s1°164
—— - 94T - iz e - 12°Zsi
€Z°19$ ?° 10 %6°0si
9L °1%s 00°%e 66°S€L

00°%vi 33 *NOILYWNC 1S31

= 0334S 139v] D1 03IVIS

Zz° 191
12°8€91
09°0991
02" 6€91
SE*8€91
12°e991
99°4sil
11°€981

v9°0z61

16°0261
9Z° 0261
€5°9881
11°0981
gs°zisl
6¥°¥611
80° 9511
98° €891
84° 5991
1¢° 2891
Ze° 1891
¥83°0891
12° 109}
0L° 2591
€zezesl
€9° 4651
»6°69S$1

(14)
GvY3N

€0688°S1
9Z818°s1
88298 °$1
9681°% Y
996%9°S 1
€1999°¢1
6€989°¥1
eLeTEE
oeLeyT 21
o1982°21
y2z1€°21
4¥9668°21
z22e61°c1
ce099°tl
SseLLz Yl
$56569°%1
$9899°s1
991€9°s1
291LL°%1
16154 °51
s6TZ6°S 1
¥9€E16°51
16982°91
Y098 °L1
8198¢"L1
192¢1°81

t235/79)
RO 3

0s°201
40°201
£€°Z01
98° 1017
Ze*201
68 001
o9 c6
18°58

S8 °8L

6D °64
iZ°6L
v0 €9
00 °¢8
s1°68
$6°16
1i°ve
10°101
o2 °001
$9°101
$°101
$9°201
$5°201
£0°501
$Z°s 11
¥2°211
€0°L11

indd)
LR E

221

ON
nmsvs
INIL

~ds

uo.nu.omnqa-mw- o
FINN MY |

19-51-% 31V0 INISSII0V . . €

>4.zunn<sx=¢on¢=-zmc>xoo~=oaa o
DR NN ~~ |

si°e 3o

W




At A A AL b i 8 b o JEaE SRS I e AR S A ot e S (Ol 2

LR ol o

e - 9% TNR- - - €8°196 - - - 09°9S2y
216592 9 1°¥96 $0°192%
19°0292 12° 996 29°592¢
S8 IPVT - 1y 16— — - 09°Z92 -
05 "€8¥2 05" 196 96°652Y
29 18¥2 Sv° 256 €L°92Z€Y

e~ £S89 $1°$26 SE LY
Sy 1E62 68° 119 €119y
19°0122 9E° %S 6¥°820§

T 2T — —ITLCER— —— - T GTOF - -
€822 SZ° 1ve ¥2°1208
18°21€2 90° 459 %62

S ———— Y . ook <l - ZE°VORY
95 *6L €2 ¥E°* 268 69°%E LY
D SHE2 €1° 606 S0°E8M

ST YE— - - — AT ————VE VLY -
91°6952 6E° €96 v1°29€Y
691962 ¥6° 456 L LOEY

lllllllllll - YT ) QLoLLEY
S1°SE9? sv° 996 €9°YLEY
661292 86°%L6 98°ZLEY

Y316 — - 2GS~ —— WL GOEY
98 °6¥2¢ 18° S00T SE°L0EY
€L°SOSY 19°0211 19°S60V
STPRRE--- — - EBTHEOT - — TO"ZETH
15 °8v82 Z1°2901 10°100%
T¥]) t $49) (154
¥3IN0d 3ISIv
- — Y0 - 350N ——553d
Né¥ °000°8L =
00°%Z 233 °*NOILVWIC 1S31

18-€1-% 31VY0 INISS II0Vd

?1°¢

Ve

” '

~

[

Y1°€169
68°1Z¢8
G1I°2e€9
Zs°92¢68
16°6169
$2°65C6
L1°€S86
0L1° 4€001
€8°95901

— - - 49°RE¥O0Y

L1° 95401
$2° 09201
y2°12101
»1°0166
Z20°0L16
16° 0556
69° 1916
11°8i16
Z€E° 0916
22°Zs16
1Z°1s16
s2° 9816
92°%206
BE°H198
08° 0899
19°9¢c%¢

114)
av3n

19910°L €
12606°9¢
eceio’LE
0§299°9¢
28¢00°L €
9% 20$°9¢
1$108°€¢E
898680 °1¢
LESLS B
96199°82
ss82L°8¢
61660°0 €
61864°0€
202Z1€°2¢e
18ElE"EC
19682°4¢€
81095°%¢
6ELY°9E
9%008°9¢
19461 °9¢€
9sEs1%lE
szZZEN" L€
9%100°8¢
OLLZ9"1Y
91 195°0%
oT1ZE2ZY

(335/8)
ngv3

0334S N91530 02 O3WIS

(g 22 1]

AMWI SSY 4WNAOSENr: N3IO%A CINd 1D

~~

?1°6€2 117
o1°8€2 134
LL"9€2 44
89°1¢€2 1t
yL°8¢€2 413
1v°stl 62
¥6°L12 82
€2°002 te
86°¢cot 92
£s°981 §2
96°v81 vz
92 °€61 4
€E 861 ze
11°802 i
ys o912 114
&6*6 T 61
89°5€2 8l
Z1°s€? i1
e2*icd 1 2}
$6°9€2 s1
' 43 174 vl
sZ°ot? £l
s1°692 21
16°892 11
06°192 o1
20 °€L2 J
Md9) ON

37

nO4 INEL

o
3
IB-€T-H 31v0 1532
€ YIINNN NNY

e




e

DSk b thindidha g

o TR TRARAAIIE R

e e o e m .o —— . e 0°0
0°0

: 0°0

[ f— e °.°
0°0

. . _ 0°0
O U U . 0°0
0°0

0°0

0°0
00
—_ - . ° .°
0°0
0°0

nnnnn e e e e o = e o ¢ e e o - . . - 9%Q

0°0

0°0

e Rt S °0°
. 00

0°0

o°o

0°0

S e T - - . - . - 0°0

0°0

: aisd
as 1y
e i e - - - ¥d 1V1S
. 31010A
Nd¥ °0000€ = 0334$S £3%YV1 D1 OIVIS

00°%2 335 *NOILYWIO 1S3l
" 19-61-% 31VQ ONISS3IIONJ

AT8N3 SSY dNNADBYNL NIDAXD Q1N 1Y
p-yNW

L1°€  _—39v4

BT .. . e.a .

42°001
%L °101
8sc°t01

- 8001

61°101
68°S01
sg*221
o1°6€l
42°951
6¥°951
$6°561
8 Lyl
86°2Z91
¥9°cel
90°0€l

€y z2% -

81°601
$L°601
9€°801
19°801
45°801
19 *601
6E°E01
¥y 890

68°68

¥ °c8

aise

I
¥d iViS

aNl

€1

€

RN NP ¥ St - IR SR ST, SIS S

223

3Wll
34vaQ 1S31
Y3IGNNN NNY

zt . ¢

11 _

o1 b
6 §

ON ’ w .
NG T

]

i

i

!

|

|

\} A




b

i

co R

7 R R TR

AT T SR S RIRR SR R 8 Y I T T R S e

o Fe s OIS TR R AR R T

0°0
00
0°0
0°0
©°0

0°9
0°0
0°0
0°0
0°0
-—-0%0

0°0
0°0
00
0°0
0°0
- 0°0

0°0
0°0
0°0
0°0
0®0
0°0

0°0
0%
0°0

- GISd

N4

009

I3 *NO1AVING ASIL
“~ 19=$1-% 31V0 INISSII0Nd

| ) B 3

sty
¥d AViS
31NIDA

*000°0L = 03343% NOIS3C O oNvVIS

ATINI SSY 4NN4OSUNL NISAXD TIMM I

O~ S¥iN

99°09%% £ 43
06°€SS 133
16°18% e
60 °8%S 1€
© T 90°0€S 1] 4
€SS 62
<0 °899 82
1e°Lse Lz
61°068 92 ;
6€°0%9 1 34 =
90 °6V8 - L £ 4
41°%09 €2
¥2°9LL ez
sscLZL . 1e
60°80L oe
1$°999 6t
L3 an . 1] A |
$S°L6% L1
96°695 91
tE 168 1
60 *16S *1
L°96% €1
- TG°T9S z1
5° 18y 11
L€°68Y o1t
20°9%Y 6
- — - G1s¥ .
31y ON
¥é LViIS 32178
anl 3Nl

o~

18-€1-% 34va 1534
€ WEWNN NNY




C My,

o "

R R

0091°0 T 33131480 INVI0ID 998 ¥vIY
0009°0 3213530 NIVHQ °9°H °J3%
0559°0 3233190 NIVY0 “9°H A¥VAlud L o
0099°0 3271414 ASNVHXT 3Vigunl
61€2°0 ¥v3¥v 3IAI 123343 INIYUNL
e 00S4°0 3313582 NIVI0 MI1J 98
9€92°0 3214190  08AD 1S1d We
000€ 0 3314180 WYAINID IBA0 1SId W
0296°0 T a3 avdena o T
0650°? ¥3134V10 1VOWHL ii88 N/S
_ . _oee®y ¥3I13INVI0 NY3IY15dD ¥OS-6S01ZEA N/ J
~ o (HIS10 dWNd) JYNINTA X0)
= $916°0 a2 1v0BHL S
Z9 olL¥°0 ¥313WV10 1v0uHL €188 N/S
B " 0689°1 ¥IA34V]10 WY3¥iSdN YOS-11%02¢A N/d
- (99) TWNINIA ZHI
€4086°0 09 ivJBH1
$80E°1 __¥3IA3NVIO0 1v0dHl o 1€46  N/S.
. 000€°2 ¥313WVI0 WY3YiSdN YIS -00Z1€0JdA  N/d
(8¥71) 1¥VIN3A ZHID
T T U896 0 - 39 1vouH)
0842°0 ¥313MVI0 1VOdHL 1180 N/S
0456°0 843134V10 WV3IV1ISdN ¥95-892091A  N/d
199) I¥1IN3A 20D
. _ .. __ oo00®°cY JuNSS 3ud AN3IIOWY
./ S3V¥d V1130 1YNINIA NN €90 Old ¥D3 SNIIIVHG 1TV 1SOd ONV 3¥Wd 40 39Vy3IAY
_°NI_€~0=vIO0 T¥N1dv 3313140 10A D3 NO1SId IINVIVY
A . *NdY 00049 139u¥V¥1 iV NOJIVINIYII34 HiI% 0BVDGYIL0 NIVYO NDISId 3IINY vy
L ] * * ° SINIWWO)D
0°%9 I35 *NOILV¥NG 1S3l 16-82 -%
_19-2Z-%__ 31V0Q_9N1$S3IG¥d 9

ATBWISSY dWNdOBYENL N3IDAXI GIND1Y

oA

wy
o9
o~

a

El

¢S

)

pus |

=S

Z

oo

£ 1

(e N'e]

31v] §S31

HIEWNN NNY

T e kNN i VA WO 0 e -




Rl e N

L) L » .
18€L9°¢ 8CO°C9E L°OEEE GZL°9Yy_  20°s1 6°0%$
3 09%LY°E 992°96E Y°LOEE  92%°¢  _ €6°%1 2° 1%
L 59099 °¢ 160*E1% 0°dtlec Z1€*y% ~ gE8° 41 9°1%g
— - sedled  TZBZILTE T SE1cvis T 1%¢chee 16€°9%% “»0°Gl 0°2%%
*YE169 268%L°€ 126°11y 0°9ivt 084°%Y %2°s1 »°2%%
8169 GYOSL E  ¥96°i2%y B°20SE  061°%%  2Z°5) L°2%S
Q91269 BZ6sL*¢ 09%* 64y #°veEst 288°2%. tl1°61 Pk % 19
. *21269 ZyE9L°€ 942°28% S°€95¢ 8581 S0°S1 1 21% 11
91689 ZovgL¢E 2yL°S1S * . 8°Y6S5E 81L°0% 8B8°%1 6° %S
10999 y1092°¢ 192°8%s ¥°829¢ SHL°6E  £8° %1 174
"9£009 9619L°€ %19°€1% T°859¢ c20°6E G191 QTeyg
°Eo6L9 ZyisLec €1$°809  6°269E _ LL0°BE  Z9°%1 2°9%6
96149 22€94L°%c 0€ES*41€9 0°%2ic 0Es®Le 95° %1 5°59¢
*09699 69194 °% LTL°999 9°GSlE B8L1°9¢ 0s° 91 1°6%%
. 68019 $999L °¢€ 056°969 Z°L0iC 166°s¢ 0% ° »1 2°9%%
29419 96994 %¢ ¥86%124 0F029¢t oyvice 0eE*%1 € °99¢
o 47K ogioL ¢ 605°091 9°2%8¢ E99°4¢ gl° 91 8°9%¢
*82ZELY LLYSL"E YLEYL6L  ¥°990E SOE°%E  €0°%1 6° 9%
. 10219 168%L°¢C 922°128 L°%16t 069°€E€  96°t1 1°4%%
*19099 00192 °€ cI9®298 2°166¢ 060°¢E 68°¢1 9°0%¢
°05899 8ZiI94°¢ 989°068 6°506¢ 149°2¢ 08°¢€l 6°1%S
- 356049 T 0o®IL*€ T TOIL*TI&E T ¥ R10v  d6ec2f  18°E1 0°8%6%
Ly 90€E9L "€ 19€°956 0°2S0% O048°1¢t  %9°¢l Z2°8%6
*Y65L9 BYPGL°E  909°166  §°580Yy E9E°1E 0s° ¢l 9°8%¢
™ COL84Y 0009 °F 6GC* 070t Z°021% 0€0°1¢ ¥y 1 6°8%¢
*098LY yiviL € L6G°9S1T ©°942% 068°62 91°¢1 6°6%¢
) *»% 139 069%€8°¢€ 0S6°¥92Y  ¥°Y¥EYY  $0L°B2Z  ol°El £ °06Y
— - SPi€0€ T T 16RaT 0 | €€0°920% LVisy  L99°S 0v°0 6°8%%
*294%62 22%€9°0 082°€61Y Z°902y SiZ°S ¥€°0 L 2F X TA
*€620€ 1$9€9°0 COY°9€2ZY ¥°GSLY  SIZ°S %€ °0 5°9%¢
o T {238/ ) (ai1sd)  (YISd) . (11Sd) (¥ 930)
e T ST U RGN T 4 VA0 wd S/n NSId ¥d dW3l
. ZN9 JATVA JAWA JAWA V1130 S/%
a334S suni _ NIAS _ NIdS __ N1dS J¥NIN3IA  JUNINIA
. Sw¥w3ai3INVYy ve IATYVO INIG¥NI
00 “69 23S *NOILVUNG 1S31

19-22-6  31V0 9N1SSII0NJ _

— —_ e - 1

ATOWISSY dHNdLeuii N3IDAXD OITI 1T
Q-8444

,

N

9°L8EL
1°91s¢
S oH%E
L°cLyt
b E0SE
L°2v5¢
L 299t
0D °%6st
$°529¢
8959t
$°LH9¢
Ss*6lLt
16l t
LUl E
S°s it
9°LY0E
908Ut
ot lot
L°S%¢
Y°8lot
5°210%
9°550%
€°6i0>
»°Z11y
LR R A R
9°10¢H
c*09%%
1°196%
2°10LY

2 0sLYy

tvisd)
ud
s/n

JTUNANIA

N 3933 0AH

£€2 “0sl $25°6%1 2¢
€92 691 : »1 1€
£sZ2°evt 935°L%1 ot
222191 $55°?51 6
F{ WAL} 535°5%91 He
2%92°6%% 153541 12
2s2°w¥1 73591 92
122°e%1 255°29] 42
1€2°291 tI6°191 “e
192°191 Li>°0%1 e
152 °0%1 ti5°6k1 <
02¢ "6kl Ebs*3il 12
0t2"vel ¥ til 0
19211 2L5*4i 61
162 °9t1l t35°5¢t1 'R |
192 °%cl L55°%¢C1 1
Ot 2 *ve 295%i] g1
0%Z°til 215°2¢el %1
0s2°Zel Z3I5°1tl L3}
092° 1€l 255°J¢€1 el
$22°0L1 195°6¢21 21
6L 2 *62l 12,°421 11
6%Z°821 18%*t2zv - C1
6s2°LZl 155°9¢21 6
g22*9 095°321 ]
€eatel ISR | i
ez et 535°I11 9
942°211 gL5°111 S
£€S2°1S $35%°Jo P4
142 °93 LLs*e® 1
133%) 1335)
) ON
INiL IWIL A0S
anN3 N!D3Y Wl )
“
sND3ISVvVY -
19-32 % JiIv0 1533
9 dIUWNN NNY

e e

[Spp——" G




e and . e S o S i, 1. - - it o P PO - i o . A - P

4 9°0601 O°EEST  §°LIB1 ¢ O 671862 L°€S6Z 19169 €€2°0s1 ¢ w4l § Z€

3 T TUVE8T  SCEEET 0Zel  2°9%¢ 0°2662  $°2L62 °21069 €92°6%1 S13*pdl ¢

’ (R 3411 mwd 0°ic8t SUERT  9%¢gZ81 2°9%s L°5662 $°20 62 °L16689 €£92°8%1 545°1%1 ot
9°Zy91 .moc g°eL8l L°%56% 9°0¥81 %°9%g L°¢€20€ 2°€00€ °90169 222°L%l 465°9%1 6¢

2 ecivet S oY 9°2681 _ 1°9181 o.emo._.t.mio...m 6°%S0¢ L°B20E8 °%€169 21£2°9%1 %35°3%1 Ye

$ 6°9981 1°v6y 1°0061 61881 0°1981 6°1%% L°190¢ 0°2%0€ °18169 Z%2°%%1 HL3°»51 1

i v°6981 ¥°%Y - $°0061 6°1881 8°99481 9°/1%¢g $°490€ 0°6¢%0€ °*91269 <Z5Z°%%1 9%85°:%1 9¢

3 P°ZAOT_ L°%6% ¥°%061  1°9881  6°6981 4°89S 6°%L0€ 6°8S0E °ZL269 12Z°E¥1 955°291 ¥
v iLel 0°ced 22061 €001 2°9981 $°99¢ 5°0L0E 9°6%0€ °*91689 1€Z°2%1 < In°Inl %2

: »°Z401% L°S6Y 8°c061 2°5681 €°6981 0°6%¢ 1°210¢ $°loUt  “L0Y49  192°1%1 £15°0%1 £¢
it 0°96% 9°soe6l 2°0081 _ 9°1481 1°6%S 5°920¢ I°Ls0E  °9€089 1S2°0%1 tL3i>°s5¢tl ¢

i P eint 9°%sd 1°¢061 T°1081 . 2°1481 8°b%% 2°640¢ 1°070¢  °"€8429 022°5¢l <55°del 1¢

3 5°9L01 0°:z- 2°8061 9°6881 B°EL81 §°0SS 8°8L0€ 6°6S0f 96149 OEZ*FET ¢957Lil 0¢

3 1°0881  Z°16V 6°0161 §°Z681  9°9.81 8°0sS *280¢ 6°%90€ °09699 1¥Z°LE1l ¢21>%9f1 &1
(R YR 3 s%16V e*olel o0*Zeel 8°9281 T1*1gg 9°280¢ L°190€ °bE0L9 162°9E1 cd3°sil 61
1°0881 1°86% ¥°1161 ¢°2681 6°9481 E€°1SS 6°%80¢ S°090€ °29%19 192°SE1 £ 65°%€1 i
8°6i81 £°86% ¥ 1161 1°2681 6°9181 5°1SG¢  9°%80€ 5°990€ °“82%19 0€2°%el 275°:¢l g1
Z2°8L91 8°86% €°6061 2°0681 6°%L31 0°2sS 1°180€ S°290€ °"82€L9 O0%2°LEl ¢i15°2¢l1 o1
1°0881 1°66% 6°0161 1°2681 6°9181 ©°2¢% G°E€R0f 6°990€¢ °10249 082°2€1 235°1¢l 51
L4401 .m.eeo $°6061 T°1601  €°5i81 8°2sS 2°080€  ¥°GS0€ °18999 092°1cl 266°CclT £l @ >
vecoel 5°66" ¥ oT6T 9681 9°0881 0°€ss 0°280€ 6°Z10€ °®06899 622°0eT 195°621 rd| ..“..l
0°L081 6°66% y°gl 6l 6°6681 1°9881 . 9°€5S 9°960€ 6°2L0f °*96CL9 6£2°62Z1 1!15°8<1 11 oF
9°288% €°008 6°€l6l  9°5681 $°6481  0°¥S$ »*680f 6°890€ °91219 692°8¥2ZT 145°L 21 01 Mw
s°0o801 $*00% $*T1161 ¥°tenl 1°2281 Z2°%ss 9°980€¢ E°990¢ °%SGL9 6%2°LZ1 155°921 b
s °Z881 L°008 6°tl6l 9°5681 6°8481 ¥°%cg 1"160€ 6°690€ “01819 822°921 . 09>°3¢1 v MR
9°€681 0°20%  $°SZ6l  8°P061  €°1681 6°SSS 6°111€ B8°G00f °09849 €€4°121 w9v°121 2 lm
6°€261 9°206 €°2561 1°9%€6T  2Z2°€261 1°$S% © B°QQTE  LUF1E ‘%9199 2E2°LV1  595°311 9 o

1°69% 6°1LE 8°%4¢€ 0°69¢ €°499% 0°9%¢ 6°2%%  *YLt0€f 9%2°211 wi>°lil 3 m S
0°€9Y 6°6%¢€ 1°€$¢€ 9° 8YE 9°99¢  €°21% $° 206 *29%62 £S2°16 $35>°Jb P4

K113 1°26% ¥ 6%€ 0°€sSE 0°89€C 9°%9¢ %°91g 1°916 °t620€ 192°%8  ¢(5°:8 1

101SdY (¥ 9307 " (visd)  (VISd) (viSd) (¥ 930)  (viISd) (ViSd) (WdY) t335) {735

[N

SR b i i A e e s 2 il E Gt bk el A KAt 0 A A B D SIS N S AN
L
°
e
[ ]

VAT130 W31 101’ W4 101 V¥4 1ViS ¥Md S/0 dW3IL 131 ¥I 3I1  ¥ud 1VIS . ON
314190 HX3 _ HX3 HX3 10N 433N 13791 1381 EVLE HIL 1D11S
50 sl wni sy suni N} guni Jul aun1 0334$ aN3 NIO3H  dWl )
L o S ¥W3ILIWMVUEUYI Ivieuni
e.oo 93 *NOIAVUNO 1S3 . . 18-82-%  31vD 1S31
19-22-¢ 31 v0 9NISS3I0%d e 9 ¥IYWNN NN Y
. ANWISSY dNNAIBUNL NIDAX] OIND1Y
, %Y M™Mve o o O-89i4 .
L * » LY »
L J




1°02™\  2zv°1s S10%°0 . @v°0¢ N an 0°599 YL65°1 ° 9€49°€ 2 Pl 13
. BEE6Z T EYCIE  110v°0  19°0s 6°<101 5°599 1L66°1 9%19°C  *2135) 1e
L M4 Y4 ¥4*1¢ 100%°%0 ¢L%0¢ 14° %101 6°999 6969 °1 9089°¢ *i15087 0g

e ! 2°e962 €% 1s 010%°0 61°1¢ 6°6101 B8°€L9 Libs "1 8212 °¢ *93167 62
3 9°€662 €%°1s 110%°0 oL°1s 6°0€01 ¥°0¥9 52661 o6%L°¢ TR Y ) e
 E00¢ T ¢V Ig T0%*0  — wo°1g - £%9¢0l t‘tg9 L6517 1 T¥ RXY *14152 ¥4
0°200€ €y° 1S 210%°0 i8°1¢g 6°1£01} 6°Cy9 6les*d £6%L°¢ *91¢257 927
Y°E10€ €y 1 €10%°0 9°19 $° 1401 €°589 L2¢e5°1 €91 °¢ *21 259 134
“0%sd0¢E 19*1e ' 266€%0 " El%2¢ 2%se01 t°%g9 LL6S T Y462 °¢ *Gloy L P4
€°110¢ 0s°1s ¥L6€°0 v°2¢ 2°¢€01 0°949 €265°1 1092 °¢ “LI9u? t7
6°910¢ 96 1% 6L6€°0 ‘90°€¢ %°1901 9° 1489 1466 °1 619L°¢ IHE R 2?2
T ITEYOE T YT TUETEET0 O OECES 0 9%6201 . 7°4o 0tbs 1 Y151 °¢€ *€Ised 12
ZeL0¢ 29°1g 6808€°0 ¥8°€¢S L°SE0T 1°689 L96G°1 2€94°¢ *95149 0¢
1°120¢ €9°*1¢ S4L9E "0 01°%3 1°0401 0°069 €965 °1 $i92°¢ *0959 9 61
T o%t20¢ €9°1¢ gloc*¢ " 80%%¢ 6°8¢e01 S *069 1964 °1 6994 °¢ *6£0L 7 81
2°¢cZo¢ 19°1¢ 006€ *0 6L°CS $°€€01 2°169 T TRA | 9994 °¢ “23%L 7 L1
&°220¢ 19°1g L60€°0 iL°cS 2°Le0n 9°069 1i&6s°1 8192°¢ *8lY9L) 91
I 4 2 (I N £ Al 1 169¢€*0 L7 54 £ 11 T1] $%539 1166 °1 8554°€ - *R2et? %1
’ 6°120¢€ 29°1¢ €08c°0 96°€$ g°te01 $°069 9966 °1 06%2°¢ *13¢19 91
9°810¢ 915 S98E 0 L 24X 11 €°Zeol 0°169 2956 °1 0194 °¢ *18699 Lt

T TR0 T OUOHTRIE T Z9BET0 T 1T G 6° 6201 9°169 $966°1 £ 191 °¢ 05399 21
9°9€0¢C £€9°1¢ €48€°0 € °yS S°0%01 1°669 €26s°1 S%i2°¢ *9:e31? 11
9°220¢ €9°1¢ 9L48€°0 41°%¢ 2°9¢c01 5°€69 2165 °1 6%9L °¢ B IPTE) ol

[ Rl 3 4.7 \ L 2d [ . 968¢ %0 Z9%¢c s 1°8¢e01 5°269 9 6G"1 596} *¢ IV 6

. €°620¢ 6%°1¢ tl6€°0 $9°¢g s°i€01 $° €69 6165°1 809L°¢ *0LILY )

4°6%0€ 09°1s S08E *0 90°%% €°9€01 L°869 €666 °1 LoLL ¢ “CIWLY ]

B A 1) { SEEE 14 40 06D PO%¢¢ 1°8401 6°%1¢L *%09° | ove8 ¢ LTI 9

0°s€S 01°%¢ ol1o0z°0 sE°21 1°2¢¢ % 1L YL29°1 $€49°9 *YLeUe 5

1°20¢ svy°oe Z2961°0 99°11 ¥°0€€ $°%9 022%°1 25€9°0 *23%52 2

T U0S S6TUT 686Y*0  ILTT T T TTRR09E 6519 - geeel $8¢9°0 )t 1
IV ISdY T UUS-=17 S US=1)  Wwv-1 {dH) (dH) 5-1) (335791} AdY ON
<4 104 NI €12 v1130) (8113V)) Jlivy 3218
0N s 343 mn w:ocnhf..x:!;.azn. dHe ¥vd nol3s g344S IW1 L

. aQ
e ... SOINNIINDI) S ¥ 3 23 WVYYJId 3INIRUYN] 9
00°69 135 ‘NOILVWNG 1S31 | . 19-82-5  31v0 153y m
18-22-5 _ 31v0 ONISSII0Nd e 9 3UNNN NNY

. H ATBN3ISSY dWNdDBYNL N3IAX) QINDIT |
Y . IMNMe _ L | 0-84iw _
\ {

N, \




A B Lo K 3. 5 L koA A b, PAE G AV 2 m s e et dme liae oo b ghermbe s el L P

o

L% PTN esIC0 eeev°E 9° 20¢  «9e S66E°1 L 992 197\ R 2t
T o%0L® 8s10°0 206%°¢ 9°10¢ Tyyo°¢ “66E°1 - 96°8%2 2355 T 1

TTTURTEL8Y T SSI0°0  #86YCE T Y'tros 1949°¢ S66€°T C6°842 *I558) ot
- F*1681 8510°0 "9169°€ 8°10¢ 6%%9°¢ S66E°1 SE 6% *9I157 ¢

6°6061 8¢10°0 196%°¢€ 8°109 L9%9°¢ 966€°1 05 *6%2 *ug159 1 P
B B B S SRR T (A B { 7 S 24 3 ®*108 T T 1959%¢ 166€£°1 18 *642 ALY 12
0°8161 8510°0 SELY°E 0°20% 09%9°¢ 166€°1 1L6°692 *31263 9¢
€°1261 8s10°0 €26%°¢€ 1°20% 2E%9°¢ L66€° 1 22°092 *21¢%? .4
6%i61 6$100 $606°¢ ¥ 66% 0€%9°¢ L66E°1 62°0%2 91549 9 e
8°02Z61 6910°0 LEGY°E 0" 26% $2%9° ¢ L66E" T 2€°062 *1)93) '

A e ¥4 1910°0 yE6Y°E 9°26% g1v9°¢ 166€°1 €6 092 *%zU4Y P4
& T4} tIT0*0 V06Vt 2T oey T 2199 ¢ L66E°%1 26°0¢s2 *EINLN 12

6°c261 %910°0 €Y69° ¢ 1°9g¢ 0199°¢ L66E°1 1L °062 *9511 79 (1P4

6261 ¥910°0 LY6%°€ €° 99y L0%9°¢ L166€°1 Ci°0s2 *0769) 61

T T%261 $910°0 11X Ad Y £ X 717 $099°¢ 166£° 1 $6°062 *6€0L9 Ul
D°e261 €91C 0 ccov € 9° 18Y 10699° ¢ L66E°} 0E°142 *23%19 i

! »°6261 €910°0 806%°€ 2° 18y S6E9° ¢ 866€°1 b *152 *8Z%L9 91

B A (Y LA M B (1] 22 4 $* 90y TTTT T 26€9%¢ 866€°1 £t *1¢2 ‘g2it? 51

T 96261 - 99109 €16%°¢ €° S8y 8ULY° € g66€°1 1%°142 *102LY 51
6°L261 $910°0 196%°¢ 828y €8t9°¢ #66€°1 9% *152 *4d4897 €l
3 T T%TERY T 8910°%0 1 1S 54 S 4 {1 2 €8£9°¢ 866€°1 $9°1s2 *06892 21
i €°%¢ENl 9910°0 GELY°C 1°9%9% 08€9° ¢ Hoot 1 90°292 * 3637 11
0°2€81 $910°0 6E6Y °C 2°98Y €L4E9°L 866€°1 22°2%2 *91217 o1

L 2 ¥4 %4 (12 CM 606%°¢ TI8% T Gie9*e 866€°1 t%*2¢2 PPV 6

€°1e61 2910°0 Y069°€ €° 68Y 69¢9°¢ B66€°1 19°2s2 oL+ r

*°5961 €910°0 YE0Y °E 1° 98¢ 19€9°¢ 666€°1T 26°€%2 *098.9 ]

B Ad 703 SN L ) (L 6849 L Al [17 o1€9°¢ 666E° Y Yt *66e ‘oyly? ]

?°%i¢E 2120°0 208S°¢ €°912 68%5°y 116€£°1 iL°161 *9L¢0¢€ 4

$ *T5E €120°0 196%°€ _1°012 289s°F 6006€° 1 1% *681 “2Ivs? Z

T 9%EE T EYTOT0  teist*E vcote T 208%% ¢ 1061 16%2061 *€5¢0¢ 1

\ .

T VIS . 1IN L EVEL ¥3 iIW (4-WB8I/7%19) (9N 9) Wd 9 ON
$SIud HX3I -vivd -vyvd -YYVJ (S-1)1A9dNI 33118
J3INM WL NDNOL MOTS_ 03348 L d) YHNYD *TIVAY EER Wl

;
L MG3MNIINDI) S ¥W I 13 WYYV IN1183N}

00°69 J3S 'NOILVYWNO0 (S31 18-82 - 31v3 1531

m 19-22-6 31v0 INISS3II0¥ e ? dIYRNN NN Y
: AVGHISSY SWNEDYUNL NIDAXD QINDITY

: s 9 Ve : 3-89%4
:
W » | ] » Y

;infw..\r,m*f%_ﬁﬁu%ﬁ..\i i

BT AL




e Ll

[ 29 a » .
s A 4 {3 o.c- 20°€2> $°0¢ £840°0 €1°g6¢ 90°22 €£°68%% B%°022
$E°21y L v BE°22% L°0f  €810°0  SIE”N  90°12  G1°05% $%°022
TVZIY 89yl S€°22Zy 2°0€_ €8L0°0 9% g6t 00°22 10°9%S 8¢°022
b{ At 4 {3 0L%%1 29°22y ~ ¥%0¢ 2810%0 90°%6¢ 66°92 86°1%% 02°022
41°2%% siL°vl 29°22% 1°1¢ ¥8L0°0 SE*yot 90°12 26°1s% 61°022
EOCTIY  94°91  GE°22%Y E°lE€  ¥9L0°0 19°%6¢ %0°12 L2°1%% 01°022
eIy 61°%1 €€°22% i €840°0 12° o€ 90°22 29°1%5 %0°022
TR § (% oL°¥1 c8°12% 9°1¢ 2810°0 06°56€ 90°12 S9°lss 90 °022
Z9°11y 29°%1 19°12% €°2¢ 1840°0 »1°16% 90°L2 S9°1%6 ©$6b°612
10*21% 98°s1 Ge°22% 9°2¢ 0840°0 - 98°86¢ 90°12 €9°1s% €U°612
?1°21y 26°%1 19°22% 9°¢¢ $840°0 €2 C0Y 62°L2 29°0%% 95°612
{3417 c6°%1 GL"€2Y 9°¢¢ 4810°0 02°10% LE€E°L2 65°1%S 2t°612
'Y 2 4 {3 10°ST " 10°%T% ¥°¢f $i40°0 81°i0% 26°92 96°26s CE°612
TR ¢ (7 20°sl 1L°€2y 0°st 8940°0 9€°00% 1L°9¢ 06°155 90°612
16 °01% 90°s1 66°22% ¥°c¢ €94L0°0 08° 66¢ 1e°92 59°165 66°U12
I9%1% ¢o°sl 1%°22y  ¥°sE 2940°0 41°86¢ 9%°q2 19°29% 19°812
90°01% 20°s1 19°22% 0°s¢ ¥240°0 L1°ge6€ $8°9¢2 99°16% ¢%°812
18 °01¢ Z0°S1  9€°Z2y  E°sf 8440°0  €2°Ll0% 96°92 89°165 9€°912
i9°60% 26°%%1 48°12%  0°%¢ Z840°0 L2°96¢ y0°i2 $9°L56 S0°912
¥0 *60% 91°61 16°02y 6°9¢ 1240°0 00°96¢ 89°9¢ 89°lss 29°Q12
$6°40% 10°%1 €0°02% 9°S€  Z840°0 ‘99°96€ 2022 €9°14% 26412
L9%20% 1% T ag%61y 1%1€ T €eroco 9t°voe 1€°12 16°1SS 10°812
15 °20% €2°61 ~ ¢C®61v g°if 9080°0 65 °€6E 19°212 LY°LSS B6°L12
L6 °20% 41°81 LE°61y  6°9€ 0£80°0 92°26¢ 85°42 L¥°1Ss 92°212
¥6 °90V g€2°61i ¥9°81Iv 1°i¢ Y€S5°0 16°06¢ #9° w2 L1%°Lss 9°L112
is 168 cE°sl 09°2t¢  6°8¢ $990°0 sl1°s4L€ 81°62 €2°29% 1%°112
16°186¢ 20°91 €S°S8E  9°9y 9980°0 9¢°10¢€ S$1°62 66°15% Sl1°612
L300 ~ 90*¥N 00%0¢€ €*8l T §990°0 g1%o022 s9°y1 8d°Lsy 21°€12
5 °19v€ e0°y1 ¥9°2%¢ 0°81 €290°0 LE*° 912 16°y1l ¥2°16% 21°912
8Z°vly 90°%1 »1°06€ s°81 0960°0C SI°go¢E 16°81 81°LsS 05°L12
ty 930) iviSd) (¥ 930) (vViSd) (23S t¥y 930) (VISd) (¥ 930) 1VISd)
dNIL S/N udSs/in T du31 0 dd "o+ dw3l S/n Na  S/N 3] wd
I¥O Iv3S 4130 W3S WO W3S WO WIS ¥ W3S J1¥3 W3S J14) 193 IoUNd I9Nd
o9 I8 9 33 9H I3S__9H I3S__9H NWlWd 94 wiwd I . 414d S/1 S/
. L o o YAVY0 9N1l1evIE® ONV TVYIS
00°%9Y 335 °*NOILVYWNO 1S3)

19-22-5_ 31¥0 9NISS3I0N

- ————— — —— = L = e .

. — e ot o m—— ©

>J¢twmwc INNdIVYNL NIJAXD GIVOIT
=894

i

S

61°9%¢
80°tot
Zé°1e6¢
ot 06t
% °gut
49°i vt
12°98¢
09°s8¢
8L "yUL
60°t0¢t
09°13¢
22° 06t
ts°8Le
49°9L¢
$0°%Lt
X AA ¥ 1
20° 1t
699t
09 °99¢L
%€ °o9¢
06°19¢
€9°05%¢
SEeLet
1€°65¢
0% *¢ 5t
(IR R 41
€L°91¢.
66 °20¢
t1°182
$6°99¢2

(v 930)
dh31
¥Q 1v3S
X0V WlYd x

1e9Z-»
9

£5°n1 r4 1
e \ X §
09%°%1 Gt
59y (¥4
0% %1 L T4
g%°%1 1
1s°»1 4
0%° %1 (4
0%°%i L X4
1%°%1 td
In°yi P4
$9° %1 114
LY Al 2 | 07
Ol 61
1E°%1 ul
Se %1 i1
Sty 91
[ 2] 51
SE°H1 51
SA 0 ) Ly
te "%} 21
O%°%1 | B ]
"% ot
(L A4 2] 6
S%°y) -]
»9° 91 4
'L A 2 | 9
S9°y»1 %
st*yi <
el 1
(v]Sd)

%d ON
¥0 WIS IN W
Ul wWlyd Inl

X
o~

3AVv] 151}

WIAWNAK NNY




R A ik ahaiesnsnne sh g A el e w cide o

- ——— - R . - 1
L, (385 10 68°5o o°822 SLoe 0°822 0°0 0°00%¢ 0°0 - €€ m
_ g-ﬂ 6197 16°%6 <° 822 mn.m” $°322 0°0 1°02%¢ I¥T~ T |
; i 201 99°56 g6 £°622 0°0 8°0%4¢ N Ad' B 0¢
§ TRRRTTE T YCEEU T %% T T ETIEZ  09°001 €°1¢2 0°0 L1°29%¢ R 6l
0s€1°0 9°€01 2L°te 6°2¢2 68°001 b2v2 2°0 0*sBYL 0°0 4¢
€6€1°0 0°901 0L°L6 9°¢c2 86° 001 9°tee 0o°0 6°906t 0°0 12
T ettt T #etie T T eTtiT T 9%% 001 6*1¢€2 0%0 2*°¢1¢¢ 20 92
26EL1%0 $° €01 10°96 6°1€2 90° 0013 6°1¢2 c°0 2°916t 0°9 2
15€1°0 $°£01 91°96 0°2¢2 2%° 001 0°2v2 0°0 $°91¢¢ 0°0 ?&
T egCT®W €*col 69°96 e*1e2 . 29°001 #ele2 0°0 0°9tst 2°0 £ ¢
4 _ 09€1°0 24°€01 90°96 €°2¢2 9%°001 £°0v2 0°0 9°51%¢% (1 21 22
“65€1°0 $°401 »9°26 c°9€2 . 68° 001 4 52 0°0 2°51st 2°0 4
—HPEY0 WOV 1Z2%267 T TTEEHET T  6s*001 - ucwi 0°0 »*y16¢ 0*0 ne
19€1°0 $°901 £9°96 €°9€2 - 9£°001 €92 0°0 $°€16¢ 3°0 o1
8961°0 €°401 v41°96 v 9¢2 2z2* 001 Houy 2 0°0 9°21%¢ 3°0 a1
SHETI%0 ~  1%%01 c0%96 = Z%ve2 et oot 2°9¢2 0°‘0 1°21st 0°0 'R ]
€9€1°0 2°401 21°26 2°9€2 9%° 001 Z2°9¢? 0°0 1°21s¢ D°0 71
$9E1%D 2°01 19°96 6°€EZ €$°001  6°tte2 0°0 2°21%¢ J°9 51
09¢T® 9°%01 9t’i6 ¥etZ 10°%101 AL T4 0°0 5° 11yt 0°0 51
29€1°0 1°501 9¢°86 2°%? 0€°101 2°9¢2 0°0 1°11st 2°0 )
961°0 2°%01 06°L06 9°ce2 e2é°o0t 9°6¢¢ 0°0 2°11s¢ 2°) 21
TTINY PHOY 7 €8%ié T 1%W? L1s° 001 L°%¢2 o0 9°01s¢ 2°0 i
€SELD 9°4y01 90°L6 €°9c2 ¥€°001 L°9€2 0°0n £ °50s¢€ 0°9 o1
09€1°0 *°901 $0°46 6°€EZ ¥s°00! 6°tt2 0°0 9°905¢€ 2°0 o
r1{4 &} FALT ) 01%16 vece 9%°001 ©  9°te2 0°0 2°80%¢ 2°0 "
96€1°0 41°901 1%°L6 0°9¢2 95°001 0°%¢2 0°0 4°90¢¢ 0°0 ]
yeE1°0 6°%01 98°426 y°e€2  18°001 »ougl 0°0 9°906¢ 2°0 9 \
B T2 G JNNNEEE A ') BN 216 - Z%062 $1°L6 2°0%¢ 0°0 5°19%¢ 2°2 4
0E91°0 9°111 89°9% 1°9%2 $2°201 1°942 0°0 1°889¢ 0°0 2
909%1°0 9°211 _92°66__ 1°492  1€°s01 1°L%2 0°0 1°899¢ 2°0 1 {
;
§338797) (visSd) ty 930) (visd) (¥ 9304 (vis4) 3 9300 (viSd) 23878 1) ‘
- ROY4  ¥d 8570 ' dW31 /N Nd S/ dd d ud dW 3l *VddNS  Ha°1ddNS L HRE) N
ANVIOOI 3130°7002 J180°700) 21¥0°100) . NIVEd Nivyd INVIONI  INVIOOD) ¥d W3S 37178 )
. ouE Y¥  9VE ¥ 9ove W oue ¥¥ 943 ¥ 949 ¥4 9499 ¥Y 2¥g WY 94 23S Iwl i q
L (O3NNIANGD) V L VO 9N19v3IE OGNV VIS i
i
00°%9 I35 *NOILVWNO AS3L 19-92-%  31v0 1531
- 19-22-6¢ 3JAV0 INISS3IOONO = - @ 9 YIUWNN NNE )
] J
: | . ATNISSY dWNDRENL NIJAXD GINDIT E
L0 9V 0-89Md 2 |
H e e s - PQ




AWNISSY NNGIGUNL NITAXD GINDIY
LI 2 9v4 O-avid

PN

30N 62 Z°n 0°0 61°%6¢ *°y1 ¢
— 34°0 ] 80°%62 L 2 ¥ 0°0 S0°t6¢€ %°y 1 1
— u wm £’ s8°662 °1 0°0 2116t c°y1 ot
1€1L%0 : | (&4 15 2 B S ¥ 0°0 0t 0ot 2°91 »2
600L°0 €0° 182 €1 0°0 46 °RAE s T
. %%1L°0 @ 9%°b662 et 0°0 FERIETY s°yl 17
€i69%*0 1744 ('] S 1Y L A 0°0 14 °9¥t (A1) | 92
N Z189°0 69°20¢€ 1°.9 0°0 09°s¥E 2°vl 6¢
. 8199°0 16°50€ 6°%9 0°0 LR T] 3 *y1 %e¢
S599°0 €9°c0t 019 0°0 60°cut %°vl w2
4129°0 €9°€0t | 0°L$ neY 09°19¢ ey e
9%09°0 L %vCR0E 2°%% 0°n 22°0ur st 12
(11 I4d) 890t ' 4 £4 o*o 19°0i ¢ 13X | (P4
1086 °0 ¥9°062 0° 0% 0°0 19°9L¢€ syl N
I 3. ) 06°562 ) 2°0¢ 0°0 LI ALY { »°y 21
9136 %0 s6%262 €°0% 0°0 FE¥Ad ¥4 eyl i
LS50 09°682 ¢°1¢ 0°0 r &R TS €°y1 91
?119°0 4€°9682 g2 0°0 60 °F9¢ (R LD | 53
e129°0 ei*%e2 L IX T4 0°0 oV *99y veal vl
€S¥9°0 ovy°ell 1°9¢ 0°0 ¥4 998 »*y1 £t
£€899°0 99°642 9°0$ 0°0 05°19¢ »°y] a1
T LY - T %242 029 (1] £9°6S5¢ ‘vl 11
9604°0 6€ *692 £°%9 0°0 SE°tsE sy o1
$2TL° 0 16°592 9% 0°0 1€ °55€ el (3
10%°0 €197 99 0°0 6%°2s¢t ‘el 4
“a 0568°0 20°212 6" 09 0°0 61 %1 tE (243 | ]
6889°0 40°192 6° 6% 0°0 €L°91¢ e°y} 2
R {3 {5 D ) A4 § { SN 144 < 20 0°) 66°20¢ ¢°y) %
6EMH°0 86°L2¢ 1°0¢ 0°0 €1°1902 *yl P4
298€°0 $6°06¢ [ 341 S 0°0 $5°992 »°yl 1
0N
DR . T4 21 {9 9309 i VIS4 1%38/791) tw 930) 1viS4) 33118
B VYER0TYI OWN M33 S/n 2190 Y S/N 31¥) Jivevirg dd31 S/N 2190 ¥d S/ 31D Iwli
- e - == = NIV O%AD 590 lld - - - - - - = = « NIVO 1¥3S X0V AYWWIYd - = - -
N o (GINNIINOD) Vv 1 v 3 9% 18 VvV3d ONV Ivi3Is 2
00 6% 238 *NOIAVUNG 1S3) 18-9Z-% 1Y) 1831
10-22-6 31Y0 INISSII0Vd L 9 HIGHWON v g




o TR TR TR

e°€se . ge*1s0e 11669
26 e %02 K13 A
4 IV 0°kCe  ac1zed 10 2
L%2e1 0%ele e*Hioz €° 608y
Zesa1t 8°%16 8° 1002 2°659Y
2°111 2°806 2°2661 %058y
o°ssit’ ¢°21e &° 9661 2°658%
2°6211 L°118 2° 8661 1°198%
*° 1511 8°220 9" igel 9° 9219
9°2011 6°Coe 6° 206t 9° 965
$°0901% 9°982 20z 6°9SEY
8°iLe "2°Ed 61921  0°9slY
1°%10 v°2€9 6°CI0T 7 o098¢
&°182 1°€5S ¥ 2691 6° %65€
5908 9°19¢  &°€ifl 2°91%¢
€999 0°6EY 0°€921 ¥°i50¢
(24 1] 2y L2t %*€00¢
9°2€9 S EEY 9°C¥21 8°9662
0°969 9°Sve 2°08Zt £°¢90¢
'+l €998 £ 1€£€Y 6°solt
 B'slE 0°16% 926t €°LeCE
c 992 0 Socs 9° 9991 23 {14
9°€20 ¥°gE9 0° 20681 9° 808t
L S°S86_ ¥cv2L 02 9%i1 ¥ ELLY
4L°920% %€ ¥* 9081 $* GOEY
0°1601 2°012 0* 2181 €°10€Y
6°SEO0T 89 LNl 6" 0%v€Y
YT 0%2e2t 4*99% 2°986
v°l1€ 2°91¢ 9°9%¢ 0° €%
0°16€ $°19€  1°58% $°9901
A _tvisd) _ tvise) tvisd) tvisd) tvisd)d
u vd THOWS yd ¥d 19 W ud
W ANDYJS NW13Y dNNS AVS HIS10
! ¥3NV3eMd)  21S1d WS 1S1d_WEe _ 1S1d W@ _dund

e s | ———— . s @+ ¢ e

1°9¢6l
04261
9*1161
4° 1161
€°%681
1°1681
8°%0681

. 4°5681

1° 1541
Z° 19
0°s5¢ll
1°4991
14°8€s1
6°92%3
9°~1¢l
991N
6° €021
s*6oll
€eeey
o ¢8ed
£°1v¢€)
y°02%1
9 6E51
4°0491Y
ecn21l
9°9tLl
s eyl
$°6%%
Y°8ES
8°14%

visd)
28 ud
AY3

1514 1v@

9°849%
€°299¢
L9998
S°1v9t
£°559¢
£°SeEt
0°0%9¢
1 °2%¢
[ YL 1
6°0ist
©°5$06%
L9174 1
1°0%1¢
2°1662
"2 1%:F 4
t '989¢
1°9432
9°9492
veoiote
getLee
2°€982
99262
2ol it
0°%0tt
S bUL
£ °009¢
2°82%
»°L99

98V

1°¢ov

IviSd)
¥d
HXX 10

LERREDLD!

00°9 23S *NOILVWNG 1S31
19-22-5_ 31V0 ON1SS3I0¥d

dve

[ Al
L

P P

%t TR Y -

T TR . SR i e

$3¥4NSSIBdd dAaNJ

ATENISSY 4uNdITUNL N3DAXD O 1T
D-GYNd

-

221 L*192 2€
1°621 $° 19 a3 | 4
L3¢ TR 1°19 ~ Ok
1°041 9°09?2 ¥4
s°gLl 1°092 ve
v 1Ll 1°652 12
121 2°63¢ P4
Y041 $°3¢92 L4
9°491 L1 T4
9°191} 0°15%2 P4
g°%1 1°9%2 22
6°8s1 $°942 114
g°sal £°952 (+F4
(S 1% 2°942 6l
9°cc 2°9%2 vl
1°0¢1 2°9%2 Lt
€°cet 2°952 91
€°1¢1 2°9%2 %1
1°2¢1 9°932 51
6°€el 9°9¢2 ]
9°sl 9°9s2 21
921 6°94y? 1"
g°cel 1°e1%2 0
9°6%1) t°1s2 "
2°%1 15?2 '}
£°vs1 €°15? Y|
g°9%1 1°L32 G
0°9¢2 0°092 %
£°9€2 2°092 é
6°0%2 2°092 1
tvisd)d tvis 4)

Yd ¥d UN
13W) NNV L 391 18

dwid Alddns Wil

10-92-% JIV0 1S3}
9 YIukNN Ny

R WP R L

|
]
3
3
u
{
1
~.
-




i S AR L 3L i 7ot/ it ol LS

Nt Sl -

el

TR CT N AERRRYY o R Ty T T R AR S

v

o.aa“ 20°6t2 $°ob $6°202 LS 6~
B e pr % BL°S12 0° 001 $6° 202 12€°0
.n«u ci*c1Z 9*66 $6*202  60.° o#u-
R b <4 A { 2L 4 ¢ SN L * TN 1 o {4 SET* 01~
R & 11 | €E€°S12 0°66 . s1°202 S6L°01-
9°2¢61 Y6912 6°L6 ¥€* 202 009°01-
N 34 (4 GEEREEEE {-%d 2 - 31 1Y 9¢° 102 . T E0E*O01-
€18l €L °€E12 9°26 09°002  6%E°0l-
4°5%1 €L"212 1°68 19° 661 8L1°01-~
€261 293112 . 6°49 €0* 961 $68°6~-
0°9¢1 ¢g DI} €°08 YR°9RT 762°01~
8°s21 ¥6°00Z  €°9L 04°$61  191°21-
[ 14 t{ M1 4 el I¥%1U 119%i-
- 291y ¥8°902 - 2°W ¢2° o1l E6Y°61~
ST €v°s02 €°LL o v61 128°81-
RN &2 & L A4 T R AR { SN I { K 1) 960% 02~
1°011 €4 °902 1°€L 2s°s61 20e°12-
<011 42°102 1°sd 91° 961 9%0° 02~
B 3 & & SRR I A 114 eIl §0%261 r£ 04} O
91l 18°002 €°09 90° 861 282°L1-
?°911 96°602 0° %9 62° 661 €1s°81~
TRIY T U eTNIIe T8%%E8 T I8 002 (-1 AFE O
y°0€t LE°2TI2 6° 06 e2°102 Si9°11~
9°LEL 01°€%2 1°€6 88102 - $86°01~
B B <) S L Ad 4 t4 %6 §L° 232 Zeecii-
1°9%1 t1°912 6°601 00° 902 099°02-
L°€€Y 66°€02 1°69 89° 2561 29y°21-
s 7 S TS § SRR 1 T T 4d 1 ] | 9vptg-
€09 T 6v*181 e°0% 19°s81 612°8-
6°CY Z29°981 8°2y 12°081  119°9-
visd ¥ 930 visSd ¥ 930 gl Sd
Yd ANS  dW3Il J4WnS SS3Nd T dW3 )
uIMIS YIONLTS G9AD 08 AD é virio
SYe JUNd U0 dWNd  Sue uzmmllxummzm¢3¢ _ 9¥e dNNd
S3¥WNi1vedd W3 T
00°69 I3 .xa.-<¢:a 1$31
18-22~%  31Y0 IN1SSII0N R

9°0€21
L°9121
6°9021
8°2021
0°6811
g°1811
€581l
9°58 1Y
91411
$*2111
A*°NCHl
0*066
1888
%°108
L°s2L
9°999
1°639
$° 159
9949
8°669
v egl
0* %84
£° 598
$°986
0°#£01
L° L1101
$°9%01
9°96¢
9° 8¢
9°€0%

visd
$S344
s/0

oug dung

S3I¥ynNnsSsS Ivd

o°122Z1\
€£°9021
Z2°9611
1*2611
2°8L 11
AR YR
D*u2 1l
2°6i 11
$*itld
9Q*20 11
C°nhnNY
o116
1410
6°L8L
6°90¢L
S °9%9
$°HE9
Y L1e9
0%949
s°289
6°s14
%°%99}
RS ¥ X' ]
$°Si6
1°9201
0°4501
6°G€01
6*10¢
L AP X § 1
0°t6t-

visd

SS 3ud

S/mn
o948 duwnd

ATINISSY dKNAIGUNL NISAXI CITD11
O-R9Ad

(

e S P § P

€°6l6 13169 2¢
9°8%96 .~.,olwv ) 1t
9°866 $1%587 113
L %266 *30167 67
2°%te *9i169 He
G *826 *18157? 12
%626 *912%? 92
£ 66 * 2L 257 174
169 ‘91637 LY
€°858 *1098) €2
1°86L *9£099 P4
2°%¢L Le3s5L? | 4
9°109 *9511 2 4
0*45% *09599 61
9°LGE *6edL? ul
:°91¢ *ZI%LY 41
1401t “gevL? 91
$ °60¢t *‘gZel? $1
0%t *13¢L? 51
g °yct *18¥97 1
2°19¢ *05993 21
9°%% 1y *953L? 11
6°%9% *912¢) ot
g8°st2 *9652 7 - 6
1°984 *0LdLY .8
281 *0?8L9 i
19T ¥} *yy197 9
6°20¢ *9Le0c 5
9 *€0¢ *Z2¥M62 <
6°1¢¢ *£520¢t 1
vIiSd Wy
$SIWd ON
HIS IO 3218
H3ITMNON] 033dS Ixl L
~2
d Wwhn d aQ
1882 ~-% 31vJ 1S31
9 HIOWNN NN




Bl o0

|
.

gL°0% 2°s12

o 1570961 - 0°s1¢

o x%ﬁ .. 6%W12

. 6*%12

21261 1*°%12

_ ze"os1 L %12

€9 (124 41 8°%1¢

es°Ist 1°%12

. G0°y¥l 6°€12

06°9¢€V €€l

S AL 7 4] .2 212

K 7524 ) D 6° 112

3e9° AN ] 8°012

99 °c9 8°60¢

0E°8Y 9°602

T oLty 9°60¢

96° 0% $°* 602

$%°0y . . %°60¢

Z2€°2y %*602

2€E°Sy $°602

. 49°%~ ._..s800°C ... . E0°0S 9°60<

’ 90°1¢c - 991°2 y1°0¢ © 0°012

90 °8E ~ ¥66°2 ¥5°09 6°01¢

94°8€ - 086°2 Q01T - s 112

2%t~ ¥21°%¢ 20°%121 o*212

80°6€ - 121°€ 9L°021 g8°11¢

94 %€ -~ °1°¢ 19°221 8° 112

TR Y- (1L 2d | B 4 R 1] 8°641

6E°9- 609°1 € *62 €°6L1

0L°9~ 96L°1 L6°%€ . 8°6L1

woesa _ J3s/ey . BSd_ » 930

mwmm;umaai 4 V1V30 dd31 W)

(T} F) (TR P ¥J3d3y S/Nn 2¥1D34d
1S1d IV9 - 1S1d WEe_ iS1d W8 1S1d W

. __ CWO3ONIINGD) S I BN LI VB3I dAI L TINY

00 *69 73S *NOILVYWNO 1S31

1922~

RN

Rk

0ve

31 va 9NISSII0Yd

9°$99
1°859
1*1s9
1°899
9°9¢9
1°2¢9
$°EL9
2°€€9
1°809
1°48%
8°¢%S
1°%0¢
g°g 1y
#°6€¢€
€182
»°£9¢
1°092
8692
1°992
$°912
€62
9°22¢
0°10%
2°96%
¥y°LES
2°1¢S
9°%€S
9°012

102
1°s¢2

visd
¥d 3140
S/ JY¥id N
1S1d W9

S 3I¥NSS IV

ATW3ISSY dWNAIGYNL N3IJAXD QI

0-89iN.

3018
JWl 1

d W0 d

18-82 -
.9

L]

LR POR TR YO

——
o ‘—"I‘

ORIGINAL PAGE IS
OF POOR QUALITY

3!

- NWL PO
0

4

ON

R R Y

TIPS S

31¢3 1S391
YIYWNN NNy

N e datie

R S N




d E 4
T g sTeey 11°961 0°0 81°961 18211 i
0" %689 60°961 0°0 80°961 1g°2el le
2°159y 60°961 0°0 20°961 8 Ll 0
69498 60°961 0°0 L0961 98241 Y4
S E6LY 86°561 0°0 #s°s61 oL 2Ll ¥e
G°58LY z26°s61 0°0 127961 YRR 12
. ece81y____  S6°Sel 0°0 20°961 sL°2L) 22
9°96LY $6°661 0°0 209061 sL2Ll $¢
Z2°159% %9°561 0°0 82°s6l Lozl »2
m. i $6°€S9 CL €Y 9°526% 09° s61 0°0 . 19°%61 gL°241 ¥
{ . ¥L°0%8 L6°SY 8° 0929 B2 961 0°0 €2°561 6L°21l ze .,
w i 9z °ced L2°1Yy 0°SL0% 18°s61 u*o 61°651 gL zLd 12
m i 05.°928 %°0% 9°SL2€ 88°sol 0°0 29°s61 y9°2Ll 22
W J s6°ale €i°ls $*90S€ 95°961 0°0 2€°961 9u 241 51
W ) $9°808 91°€S €°0z2¢ 16°961 0°0 28°961 L8°2LY 81
ﬂ ! g1°908 15°%% 8°9562 12°461 0°0 gv°L6l 687241 Ll
ﬂ ” 2% °200 16°%¢ ¥°0062 86°961 0°0 6E°L6l 9824l 91
" ' 68°L6L 29°%¢ v €682 69°961 0°0 vELel 89°2i1 o1
: 69°100 _9€°%g _actieez _ £%°961 _____0°0 _ gleel | 98l 91
' 19°86l €9°€S ¥ 560¢ 60°961 0°0 91961 "TRELY il
i 61°108 in°Zs v°9£2€ s8°s61 0°0 8v°961 o06°221 21
. S1°%18 02°2% 9°619€ 6E°s6l 0°0 8€°961 16°211 1
i v°618 0f °0% 1°914€ 18°%61 0°0 85°561 gacaLt o1
; LE°S20 €EoLY 0°8Y0Y S%°v61 0°0 11°667 08 °ZLl 5
i weZEd g8°sY 9°522¢%  oi°%61_  __ _0°0 __ _ __ 11°ss1 _arcaLl ®
) 1Z2°0%9 66°9Y 9°222% S* 961 0°0 00°56 1 91°24% i
| $6°%58 yo*89 L°%92Y L1° %61 0°0 €2°561 €0°CL? 9 i
[ 6T°CL __ ___66°8 . $°%96 sa°LLl 0°0 Yo 2L 1 z9°2tLl S i
; €1°9 s1%8 €226 €221 0°0 12°041 16°211 4
' ¥2°€L 98 9°6201 gz°8Ll 0°0 g89°tL1 T1°E41 1
- “ ’ - - - ) B - T ;
{ 1154} (¥1Sd) ty 933) (4 933} (¥ 930) v 930) : :
it B ¥é V1130 ¥é S/N dWil S/n
; AN3A AN3IA IN3IA PrETY 3l 3l ON
! léwil} HIS10 H3S149 HJSID NuUni3 HIS10 13WI 31
L L ond dund _ dWnd ____ 3S14 R dWnd _dWnd N1 m
r 4
: < _
. . s3uwnive3éW3i ONv S3IUNSSIY dwn 4 bl |
: ;
! 00°9 23S *NOlLVEIU 153i 18-92-%  31vQ 153 ,,M.
' ) 9 dIGWNN NN ;

18-2Z-5__31¥0 ONISS3I0WI

v ATEHISSY dWNdDTINL N3TAXD GINDTD
39¥d - o / O~-89dn

T s i e

PP T < TS SN

P A {kmﬁ?.?ﬁﬂ k T



°418 29°89 s8°% *6°v99 2°%9%
. B K754 B B4 A . 2 2 AL
“IOE T HEEY T SFTEY N6y L1188
; *s6b Zy°%9 ¥9°¢9 0L €L9 »°€9¢
w *110% 22°89  0%°€9  91°089  5°L19%
m T¢10T N ) A T AN A 44 1] rdAd { 1] 5369¢
: 5101 12°89 20°%8 99°€09 y°9.¢
- *9201 6€°99 16°%8 92°%$89 0°29S
4 WY T 90%9 S1°98 12°%9 2°%.S
b ~Z901 92°19 19°98 96°689 8°81%
: *3:11 16°99 16°18 65$°189 0°€9%
. LY — O0L°%9 %9°61 ) & 5 1 2NEEE 24 X 74
0521 92°¢9 16°SL R0°689 6°22%
. *12€1 €2°09 16°10 00°069 2°€C6Y
WU T 90%iS €899 eSO T €*19%
i *128% SY°ES L€°29 L11°169 6° 0EY
LTV | €6°2¢  25°19 85°069 L°y2y
1 WY $6%2% 019 ey sy
*g0s1 60°%S €8°29 $Y°069 9° €LYy
114! 69°SS 99°%9 10°169 " 9%y
hd (12 G PL%ES . Y699 LA (% L*2%%
*9e¢1 96°6% 18°69 $0°569 1°58Y
1921 16°29 9c° %L v °569 $°5lg
R} ) 0L°%Y -T4d 7 SRR 2 31 1 A 4
*2€11 91°99 81°08® 25°€69 6°S$SS
{24 10°29 19°09 €1°969 1°€9¢
SEHYT — 77 DECAD CZLC09 T 1etWIL 8°9lS .
0221 09°09 61°29 1L ¥ vy
*1c21 »9°09 88°29 26°S9 z2°1y
v SITYY 90°%¢Y [{' M 1] 60°%L9 FAL 13
- 6 4 S £ 1 N ¢ ) - TdRY
03348 443 . : aH daH
21415348 N3S1 433 83n1 gima
o . SY3i13IWVvEvye
00°9 I35 °NOILVWNO 1S31
19-22-6 31v0 INISSII0Ud L
; . ,
i g1 39vd

FERORRS P

P . ~ .
Fo R o v T Mo g T

P R T

o e

- B

« §°808%

SIiYy

S*0%LY
2°2€i%
. 8°689%
9°8L9%
$*Z89%
£°169%
1°655%
€°SEYY
1°202%

4°911L¢
0°96%¢
94281¢
€°L1262
0°¢eL8¢

T 9%698¢

2°1656¢
0°290¢
9°102¢
8°2i¢t
9°%99¢
seB6t
€°161%
0°esld
1°981%
€°0si
1°%01
" 9*s08

ti1Sd)
3314
€S34d

dwnd

0-99%d

1°6004%

6°1566
D°2686
»*1286
1°1086
0 91i6
6*2016
9°t11Le
9*°1cLd
1°89%6
8°6226
6°0929
1°69¢8
L°66L1
1°282¢
€°6¢l9
6°¢229
1°¢l19
6*3609
5°6929
%°06%9
»°0119
y°521L
0°%692
o°slen
L°1999
2°C998
9°3¢:8
i°0161
€°9Ly1
€£¢%891%

ov3a

FAL R A 3
»TFE* 1t
98221t
GHHhG* 1E
1921°¢2¢
€182"2¢
20ES " 2E
8%69°2¢
fsvuce
1706°%¢€
GOYE ST
49216°s¢€
S1.8°9¢
2Es2°2¢
60L9%L e
60R0°8 €
'R A VAL'1S
¢111*B ¢
B6€0 "HE
9%t Lt
6166°L€
01%y°L€
0648 ° 7€
1stB8°%s¢
»E 1€ °9¢€
$06L st
LETe*9¢€
$265°6 1
g81%¢€°y1l
6180°s1

(33s/791)
LR E
dWNd

631VvViINd21V?

AMONISSY ddNdOSY¥NL N3DAXD 0INDIT

™~
r {0 131 *1319 P4 3
8L ‘661 *ZLIS 1€ /
€0 *561 *[5587 ot
8€ °102 °93157 6l
93 °402 *Hetld? 82
68 "502 13153 Le
¥4°402 *91252 92
St *602 * 21257 62
06°¢12 *91682? L YA
09°022 *13937 (4
€6 *922 *%:68? F 4
€€*1EZ °"€35L7 12
61°8€2 *95119 9¢
16°1%2 “09597 51
20°5%2 *6f0L9 g1
59°6%2 =23%1 ) L1
65°062 ' PATE] 21
16"6%2 *g2EL? st
06 *892 *10¢l3 %1
067932 L8397 9 |
L9°%%2 05399 2
28 *2%2 *96019 15 I
IL*L€Z . °*9l213 o1
6622 L 29y B s
6Z2°922 ~*0L¥L9 g ;
16°822 “093L7 ]
12°2€2 *w¥12) 9 h
8€ *001 *9L:0E - ' y
80°66 *23%62 P4 y
9€%6°  *£520¢€ 1 m
Nd9 {hd¥) CN : 4
n0ol3 a33ds 39118 m
awnd 1531 3N 1 m
|
18-82 JIv0 1S3 =
9 dI0WIN i

NN Y :




Aot

W

iy

e ———— R A A NPT e I R L AR R ARt R e
3 - h - ,
_ . .
499%°0 96020 41$99°0 4€°€2 901%6°0 26210°0 SE*01%21 21°9¢ct *17167 r
¥902°0 42L9°0 12°52 $88€5° 0 25€10°0 L21°68521 69 “0f € {515 1t
_ 650 ~ gote0 T si°sZ 819¢s*0  2¢€£10°0 40 92921 11°92¢ “15687 ot
[ %4 ;4] €200 Cei®®0 T TATRT T oiteso 10%L0°0 66°26121 $9°62¢ *93167 ¥4
9205 °0 1€02°0 1968°0 174 X 4 2€92%°0 2¢SL0°0 0E°8Z1t1 GFoelE “o¢ 157 He
€€9$ 0 9102°0 6168°0  %2°€Z = 6192%°0 »9610°0 gi°2L2et 91°GlE 13157 12
9CPC’0  TH661°0 7 tv06%0 92%¢Z T £892%%0 L19L0°0 16°%92¢1 s1*ilt *9lZ67 9e
1985 °0 6L61°0 9¢16°0 62°¢c? 9012%°0 96910°0 DE°689¢ 1 L1°21¢ *2Li6F 5¢
0986°0 1L61°0 419%€6°0 10°€2 L1816°9) %48L0°0 L11°298¢1 01°€0€ *9i6487 e
i%8%*0 o681°%0 20L6%0 £8%22 6£60%* U €2180°0 19°cL0ev1 2€°662 *13789 £
$€8%°0 9:1°0 1%00°1 3422 Z6186%°0 £9%8C°0 12°¢98%1 i%°282 *%: 037 P L4
984%°0 **81°0 92£0°1 1422 $294%°0 00480°Y QY *0uYsi te "Gid *eaal?d 12
—€ILIC 0 VIV 56901 T 9i*TT £68%%%0 01C60°0 €8°*6C091 51°%092 *I511? (vF4
946 °0 L€91°0 0060°1 19°¢¢ 6022%°0 281600 25°%¢s91 08 °0s2 * 09599 61
€996 °0 69%1°0 ¥901°%} e6°€l 8%68€°0 02€60°0 L1°6224% €£2°0%2 *6:0L9 g1
T ¢OLE D L6€Y*0 T T 9911l T T 6%%%2 1866E%0 0%60°0 €v°9%uL 1 in€e? *239L ) IR
1146°0 €821°0 €121t €5°¢2 Y469€°0 9%%6C°0 88 °1%68.1 86 °€E2 *82%L? 91
- 9146”0 99¢1°0 66l11°1 3L 74 SGO%E°0 9 960°0 %2°9894 1 LB°sE *9Zel9 sl
9i9%°0  Go6c1*0 <119 F{ 427 4 0809¢°0 ~ 9196070 89%1esLl 123152 *10cL9 y1
1996 °0 £2y1°0 2E11°% 69°€2 40L4.%°0 Z28¢60°0 tecis L 06°0%2 *14899 et
1€4$°0 *691°0 €901°1 66"€2 tLE6E°O . £0t60°0 0E° 12691 1€°9%2 *05327 21
—1eiCY0 T 29€1%0 6160’1 B 1 24 14 celtd*0 86160°0 SR ATR )] X A4°LT4 *95)L 7 1
424850 82¢1°0. 0©2190°1 L AL ¥4 BSZ¥%°0 68580°0 LE°€L 651 0L°092 *912L? o1l
995 °0 2141°0 2420°1 1€°22 °  1191%°0 €5980°0 80°6062%) Z6°lae *%g5LI 6
%L 0 15110 9500°Y A4 ¥ AN X T T LA €1%60°0 9 °2L8%1 »0*T192 TR TR 9
964$°0 €ELT 0 9L10°) - 8¢*22 L889%°0 9,580°0 16°€€691 $9°192 098¢ ¢
2545°0 1081 °0 ¢820°1 (\TAd 24 9669%°0 %9980°0 LE"2%061 y2°¢t92 ‘o413 ?
—EWCTT  YeNTTD 0166°0 ey 6E2H%*0 66€£¥2°0 21°s81¢ 28°9tH *91£01t 5
64086°0 0l€1°0 iv10°1 1€°Y 2024%°0 84480°0 9L°€%0¢ 69°1% * 23960 P4 ”
06e&S °0 8991°0 1696°0 15°Y 1042970 69180°0 - £S°EL0E 22°L%Yy *£520¢€ 1 !
9 9230) (14 (MdY)
—_— T T T SICIN/TY . 44322 03348 ON
» » ¥3A0 1 v1130 443D (DREF! 21313345 03345 37118 i
guMsS B3 1S1d WVE (N/D) dwnd  av34 1391 N2ILIONS HS dN A5 IMl |
? » .
/ o  s¥W313IMYMVE dd4Nd 2331LVIINIIIVI a
Woeooo 938 °NOl1iVv¥NG 1$31 18-8Z % 31v0 1531
1W-22-6 3AV0 ONISS3Z0Wé =~ . HIGHPN NNJ
ATONISSY dWNdI8ENL NiI9AXDI CINDIT
»1°9 Mvyd 0-89%%d

w
|

_ ot

-. .
AT

R LB+ A e o s mrm v e e

e L e L Tme

t




CE°VHE 66°9%8 £2°926¢% €1°10201 SYES° 1€ €8 002 43 oo
9°6¢¢€ . A9cise __14°%06% 25°65101 28282°1¢ L% °202 1€ a
*18€ 213269 €E°618% z1°6D107 1209°1¢ 26%td2 ~ —  o¢ ° ;
N § R T3 11%%H 31417 94°29001 02€00°2¢ 66 °€02 62
19°92¢ 86°¢98 €6°¢08Y 66° 0966 89825 °7¢ £v°202 3¢
19°22€ = 11°398 s1°68.y 91°2¢66 29999°7¢ 1€ *802 Le
LE°2ZE 90°148 61°60LY $6°2€66 $86868° ¢ 6L°632 32
1€°61¢ 61°948 SE°06LY 12°4LE66 6%0%2°¢tL s6°112 $Z
R (35 419 . 95°939 . 9%°tOLY £€8°8926 L91L6°¢¢ 98 °912 92
T ¥9°10€ 20*4L06 61°L19% 61°%096 65%02°9¢ 80°922 £2
16°962 LL°%16 16°89%Y 69°%426 1199¢€ *9¢ 80 °¢€2 e
$9°062 06°%26 94°962% = 80°6L69 90662°1¢€ 09 *6€2 12
€202 "9E°9E6 ZEEECH 61°594y €10i9°8t €1°992 0¢
60°%L 2 29°s€6 €6°9L1€ 22°8s6L SEYY6°BE 68 °¢s2 51
26°192 __ 8€£°0Z6  96°69%¢ 6L €E%¢ L BLYEE "6F 89°9¢2. 81
TRTTTT Taetie? %9%006 89°1¢c1¢ 00°1049 09€1¢ bt %0°6%2 L1
; L1°2%2 18°166 YE€°960€ 0€°88%9 11699°6¢ st1°092 91
26°952 12°969 16°460E 2% 06%9 €ELE29°6E 24 682 s1 :
(33T 4 60°906 81°202¢ 29°7089 4192964 12°6%2 51
$8°€92 €9°616 SP°EST € 19°8014 85665 °5¢€ 6€°862 €l
99°292 L8°616  L¥°01SE 6%°€2%L 2€E€9£°6¢ 02 °9¢2 21
TTTTTTTTo€%04T T T 1e%eTe 95%929¢ 29°%51L 99190 *6% tees 1t
¥L°282 06°626 04°%16€ 16°Y9¢0 G26it°B¢ 96 492 o1
16°162 $5°816 €S°LITY _ 88°8f6Y YECE1°LS, 1€°8¢2° 6
~ 96°862 €s°cl6 10°914% 69°6026 6L12%°9¢ o8 *£€2 d
$9°662 1€°226 80°614% o2°L126 9994 9°9¢ £1°9¢2 L ”
99°862 0€°926  1Z°L1%Y 66°8126 1220¢°i¢ 09°8€2 9 ;
TTTTTTTTo4%eIR T T e9%960 eT?vo0€E 28°0%¢Y 0ERLER SE 2€ *1ee 5 i
2o c6v2 €9°¢1e €2°846€ Y6°EEEY 96 1% °9¢ 19°s€2 P4
$0°99€2 24°€06 19°10ey 19°£668 Lto1$8°»¢ 86 °922 1
' i
. an (dH8) 11Sd) (13) (33s/7%) ind9) ON =
IR0 sty 321 7% o
MS oN ’ 3S WO $SIud Ov3H nold MO Iml g
T . . W
Wd¥ ° 00004 = 0334S 139¥vi J1 031vIS o
e e e e e @
0°9 I3S ‘NOILYUNO 1531 19-82-y  31v) 1531 M
10-22-6 34V0 INISS3II0NdI 9 3ITWNN HNY m

ATGNISSY 4dWNdOBYNL NITAXD QINDID

ity 3V - 89N d




IR - ae Cab Linch Al A A . i o I Fh L ok T M

ol Saliinll A e Akl T e —
66°9G9 €2°9206% TTTET1*10201 T a¥bESCTE €9°002 €
L8°2%9 14°906% 86°6S101 29291\t 19°202 it
o . 21°zee  EE°6LBY 1°60101 91 289°1¢ 26*102 ng
e . La°568 2 6ETsseY 94°29001 02€00°2¢ 66°202 Y 4
‘ T ISR T T T U #eYER T T tete 08y 66°0966 9982%%2¢ £9°%102 4l
, N 19°22¢ 41°%99 S1°68LY 91°2¢ 66 29999°¢E 1€°6802 F ¥4
. LE°Y2E 90°148 61°68LY G6°2€66 488682t 6L *602 92
LE*61E 61°€i8 gc*064% = 12%*Lte6b 69792°%¢Ce s6°*112 52
12°21€ 9¢°989 9G°C0LY £€8°8916 L9126°€¢ 94 °912 52
. . 4,00 1,3 20°L06 61°219% 61°%096 65%02°SE 80 °622 2
L 16862 La%s16 1 €34 1227 69°%226 1199€°9¢ 8o0°*cel 2e
$9°062 06°%26 91°962% 80°64 69 90652°1% 09°6€2 12
r{Sd4I4 9€£°9E6 ZETECOY 6l*%5%% L0156t t1°'u% o Jr/d
TTTe0CWAZT T T TE9vste €691ttt - 2°ssa SEYY6 “BL 68 %292 Ll
26°192 8€°026 . 86°69%€ 6E EYEL 6LYEE"6L 89 °962 81
T LEC1ST . %9°006 09°161¢€ 00°1049 09C16°bE %0 *652 11
Y & 4 {7 4 T i9%68 T T ¥Et9eot 0£°88%Y 11699°6¢ s1%092 3
: 26°%52 12°968 16°260¢€ 29%°0659 €L£29°6¢ 29°6S2 (]
3 €S°LST . 60°906 gI°202e 29°2099 »1529°6¢% 12°6%2 %1
, G0°¢9e t9°sle G9%°¢GEC 19°801L 8556% °6€ 614862 £ 1
88°192 18°616 L9°G1ISE 6%° €29l ZEL9€ bt 02 °9%2 21 .
o€°0L2 16°926 96°949¢ 29°6%42 99190°6€ £E°€s 1t
d D 7 A4 { A 0S%%26 T Oituwiet 16°5%¢8 626LE°0¢ 9y *L 42 ci
| Le°162 s5 916 €9°L42Y 89°9¢68 yEEE1ILE 1€ Y€ 6
: 96°862 €s°¢cl6 10°919y 69°6026 6L12%°9¢ GE°£E2 )
69%662 ) T¢%226 90°6ied 021126 90819°9¢ ti%ce ¢ 3
80°062. 0€°926 L2°L1%Y 66°8120 1L20€°1 € 09°8¢2 9 {
: oL°61€2 €8°968 c1°v86¢ 28°09¢¢ DEGEI*SE 2 *1¢e2 5 7
— - ZH%EHRT T T €0°ETé T eTTelet yo'eEvl 96 16%°9¢ 146°%¢2 2 )
¢0°88¢€2 ZL°€06 19°10Ey 19°€668 LI 16D °s¢ 86°422 1 .
» tady taMg) (1Sd) (14) (935/9) ine9) ON ’
VRO Isiy 3IN S §
— T THSIN S T TISWON T 3$S3¥d avaiu L2 F] [ {shF Wi} &A
. 1
- —— e e o e 2o — .A
Nd¥® °000°04 = 033dS N91S30 0L CITWIS 3 ;
~ [
VAPt -
00 “e9 93S °*NOILVVNG 1S31 18-82-% 3)V0 1532 P
19-22-6 31Y0 INISS3II0Nd 9 Y34 WNH NNY P

’

AWWISSY dNNAIBENL NIDAXD GIND1Y . o
L ) e /v . O-89%d L

( | ( | ‘M




SRR

ST

_ S T - M B e
B T 0°0 25%°913 ¢
0°0 %€°2132 ic .
. R v°0 £2°¢29 ™~ ot I
T s T R ¥ 360 Te2
Tt e e T 0°0 16°64 4 P4
0°0 19°vil L2 ®p.
- - 0°0 16°€LL 32 =
0°0 89t sz W3
: 0°0 28°ave v2? <3
N . 0°0 2s°52L €2 O
ToTTTTeT o T ot T 0°0 40°19? 2? Mﬂ-
0°0 06°L2? 12 mm
o 0°0 ownnec 02 @
0°0 s L 13 6l 0
0°0 £2°992 1] S
0°0 €8°002 %
ST T T s T s s e ST e ) ] 0°0 SALTY | 91
. : 0°0 19251 51
o 0°0 . %9°302 1)
0°0 80°022 i
0°0 SELY?2 F3
L ) 0°0 69°%0¢ i
T T T T T 0°0 1L °9¢Y P
0°0 $6°309 6
e 0°0 . 9%°193 9
. 0°0 98°(97? ¢ :
0°0 €1°359 9 b
, 0°0 €L°18E 5 3
Tt omTeme T srE e mmmem s s m s o.o e"‘cm N
0°0 $1°38% 1
a1sd Qlsd
i E AL 351y ON
TToTT T i ¥d 1viS ¥d 1v1$ IS
IANTIA ON) Ini
Nd¥ °0000L = 3334S 1399yl J1 031V¥IS
00°69 23S *NOIAVWNO 1S3l 18-82-% 31V3 151}
- 19-22-¢ 31V0 ONISS3I0¥d o 9 d3IANNN HNY
. ATONISSY dWNNADBENL NIDAX) GINDIY
41% MV O-8%in
u.l'l , .»‘
b v - -




T TREE T et e g P Y S T

o . . - "I . ~, " :‘ 2o . .
I R T ARl A kv T b i A hwm..rﬁ - S A

_ ¢ * S -~ . 0°0 . 29°913
- -t 0°0 T T ee*0l3
B o°v €239
Y 11\ o 0°0 __ secsel
b o o 0°0 16°642
0°0 15°%vLL
0°0 16°ELL
L 0° eg YLl
0°0 R { M 1A
0°0 2s°s2t
0°0 10°137
. 0°0 06°t2?
0°0 61°Lb6Y
L o 0°0 69°L5¢
0°0 €2°yy?
0°0 ¥8°30¢
R 0°0 sE°y61l
0°0 19°251%
0°o 99°0302
} ) 0°0 eb°o02¢
0°0 st°Ly2
0°0 69°%0:
0°0 12°9%y
Tt T AT T e e 0°‘0 $6°929
' . 0°0 ¥5°199
_ 0°0 99°£99
_ 0°0 ti®3s?
ﬂ 0°0 €L°10¢
~ 0°0 9%°99¢
T T T T 0°0 *2°G3Y
w o g1$9d a1 é
— . 3% 1d Sy
: ¥d 1ViS ¥d 1v1$
] - oo T I1NIDA aN}
v Nd¥ °000°0L = 03345 NIIS3I0 31 O3S
m 00 °69 333 *NOILYWNO 1S32 : 18-02 %
: 19022~ 31¥0 INISS3I0¥d e 9
ATONISSY dWNEIBNNA NIJAXD F1nD1)
W _siey ; Wvd : S m.aos.__.

S R TR T TR TR

e
| S
. C¢
PNMHf nnw
'T4
12
22
5¢
L T4
194
rd'4
12
02
51
sl
IR
91
51
L | k
(9 | !
<l .
1t
01

NGO~ >

ON
32178
LN

o~
- -~
~

31v0 1S “

Y3IdWNN NNY




