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I. SUMMARY

The General Electric Company, under contract NAS 3-10610, has completed an
analytical and experimental development program for NASA-Lewis Research Laboratory.

The objectives of this program were:

A. To establish the performance and endurance capabilities of a full scale,
multitube, double containment, NaK-Hg refractory metal boiler for the

SNAP-8 Power Conversion System.

B. To investigate the effects of possible gaseous and solid contaminants

on the containment material.

C. To determine the mechanical strength and corrosion resistance of the
tantalum stainless steel transition sections employed in the boiler

design.

This report details the performance and endurance tests of the SNAP-8
boiler and describes the test facility. In addition, summaries of work completed
concurrently with the test program are included. These are: the corrosion
resistance of tantalum to mercury and NaK, low cycle fatigue tests of tantalum,
thermal shock testing of tantalum/Type 316 stainless steel bimetallic joints,
shellside hydraulic studies of a full scale model boiler, a single tube boiler and

the development of a mercury electromagnetic pump.

Initial boiler test results indicated that boiler performance characteristics
were essentially the same as at NASA-LeRC, namely the lack of boiling and low pres-
sure drop in the plug region, and an undesirable circumferential shell temperature

distribution in the high heat transfer region of the boiler.

The failure of the mercury inlet tantalum/stainless steel transition joint
required the rebuilding of the test boiler in the field. This rebuild included
the recentering of the tube bundle within the shell,at which time a heavy deposit
was discovered and removed from the tube bundle in the high heat transfer region.
Subsequent tests showed a marked improvement in thermal performance as well as an

improvement in the circumferential shell thermal gradient.




A 2500-hour endurance test was completed without thermal performance
degradation, at which time the facility was secured in good working order. A
radiographic examination of the boiler showed the mercury exit bellows to be
distorted and the mercury inlet bellows to be deformed. A rebuild of the boiler
in the field elim nated the exit bellows and the inlet of the boiler was made
such that the bellows operates at the lower static NaK pressure rather than the

high mercury pressure.

A subsequent 10,000-hour endurance test was completed without performance
degradation,which concluded the test program. The boiler was removed from the
facility, sectioned, examined metallurgically, and found to be completely

satisfactory.

Some general conclusions can be drawn from this test program:

1. The double containment refractory metal boiler concept is completely
satisfactory. The results of the metallurgical evaluation indicate

a life expectancy of 40,000 hours at observed corrosion rates.

2, Refractory metal boilers can be successfully repaired in the field

if access is provided.
3. The SNAP-8 boiler design is conservative thermally.

4. Precipitation of impurities in the primary NaK onto the boiler
tubes, as well as mercury side contamination, may effect boiler

performance.

Tantalum specimens with homogeneous oxygen concentrations ranging from
50-500 ppm were exposed to NaK at 1350°F to determine the threshold oxygen
(8)

concentration for corrosion. In addition, contaminated and uncontaminated speci-
mens were welded in a pure helium and helium atmosphere contaminated with air to eval-
uate the combined effects of welding, welding gas purity and pre-weld oxygen concen-
tration of the tantalum on the corrosion resistance of tantalum to NaK. Results

of these tests have shown that oxygen dissolution will occur at the tantalum-

NaK interface without corrosion if the oxygen concentration is below 270 ppm.

Specimens of tantalum, T-111 alloy and Cb-1Zr were strained 5 and 20% by
9)

bending. A portion of the bent specimens was retained in the as-bent condi-

tion while portions of the remaining specimens were given selected vacuum anneals.



Specimens and mercury were encapsulated in tantalum capsules and tested at
1200°F for 1000 hours. Subsequent cleaning and post-test evaluation indicated
no observable changes in any of the specimens as a result of the exposure to

mercury.

The start-up procedure for the SNAP-8 power conversion system results in a
severe thermal transient within the boiler when mercury at 70° F is injected into the
1300° F boiler. The refractory boiler design necessitates the use of tantalum/Type 316
stainless steel transition joints. This test(11) was conducted to evaluate two joint
designs; one a coextruded joint, the other a brazed joint. The coextruded joint failed

after 55 thermal cycles while two brazed joints survived 155 and 100 cycles each.

A water flow test was performed on a shell side mockup of the SNAP-8 boilerglz)

The purpose of this test was to visually study the shell side hydraulic character-
istics, to attempt to understand the reasons for the circumferential shell tem-
perature distribution, and to propose and test modifications to the boiler that would
improve boiler performance. Several tube bundle supports and turbulators were

studied, as was an exit plenum.

(14)

Elevated temperature, uniaxial, low cycle fatigue tests were performed on
unalloyed tantalum. The results of these tests showed that tantalum has high

resistance to low cycle fatigue consistent with its high ductility.

A single tube test boiler was designed and fabricated by GE-NSP(IS)

based upon
the premise that, if mercury '"wetted" the tantalum, the boiler would perform

thermally in a manner similar to the "high performance' alkali metal boilers

designed, fabricaged and tested at GE-NSP. The NaK-Hg test boiler was installed in the
GE test facility in order to check out the facility prior to the installation of

the SNAP-8, SN-1 seven tube boiler. The single tube boiler performance

was as predicted. Thus, if a contaminant-free enviromment could be assured for

the SNAP-8 boiler, a greatly shortened version of the present seven tube design

could be used at a saving in space and weight.

One of the reasons for the loss of boiler performance in prior tests of

SNAP-8 boilers is the lubricating oil contamination from mechanical pumps. To preclude

this possibility an electromagnetic centrifugal mercury pump(l7) was developed which

eliminated the oil bearings and permitted the testing of the refractory metal boiler in a



controlled loop environment. This pump developed in excess of 530 psi at
12.500 1b/hr for the duration of the test program without a failure and was
probably the prime reason for the lack of thermal performance degradation in

the test boiler.




II. INTRODUCTION

(1)

Early experience at General Electric with the mercury Rankine cycle for
central power station use has shown that the thermal performance of mercury boilers is
erratic and depends on the degree of "wetting'" that occurs between the mercury

and the containment material. (Wetting is defined as the contact angle between

the mercury and the containment material approaching 0°). In some cases, thermal
performance was enhanced by the addition of a "wetting" agent such as rubidiuum.
However, maintenance of the mercury central station proved expensive, thus eventually

causing shutdown of the central stations built.

The advent of the SNAP-8 program to provide a dynamic power generating system
for use in long term space vehicles revived an interest in the Mercury Rankine

(2)

Cycle. Tests at Aerojet General Corporation using Chrome-Moly steels as the
mercury containment material again demonstrated that the thermal performance was

unpredictable and the containment materials were not compatible with mercury.

Therefore, NASA-LeRC, after evaluating the results of various metallurgical
tests conducted on several materials, chose tantalum for the mercury containment
material because of its good corrosion resistance, low solubility and good "wetting"
properties With mercury. A seven tube boiler was designed and fabricated by NASA-
LeRC to determine the thermal performance and compatibility of tantalum with

mercury.

GE-NSP, with its considerable background in the testing of refractory alloy
components and loops at high temperature in a contaminant-free environment, was
chosen by NASA-LeRC to test the SNAP-8, SN-1 refractory alloy boiler for long
term thermal performance and compatibility of the materials of construction with

the working fluids.

Boiler SN-1 is a seven tube, counterflow NaK to mercury heat exchanger with
a static NaK third fluid between the primary loop NaK and the mercury to meet the
radioactive fluid isolation requirements for manned space missions. The primary NaK
portion of the boiler consists of the shell, baffles and tube supports fabricated
from Type 304 stainless steel and the outside of the static NaK tubes which are
Type 321 stainless steel. The mercury portion of the boiler is fabricated from




unalloyed tantalum with the exception of a short section of stainless steel at
each end of the boiler where a transition is made from tantalum to stainless
steel. The static NaK fills the void between the tantalum and the Type 321
stainless steel tubes. Bellows are provided at each end of the boiler to
accommodate the difference in thermal expansion between the unalloyed tantalum

and the stainless steel.

The boiler was installed in the W-1 test facility at Lewis Research Center
and tested for approximately 1445 hours prior to its installation in a modified
heat transfer facility at GE-NSP. This boiler, SN-1, was performance and endurance
tested for 137680 hours and subsequently removed for metallurgical evaluation. These
tests proved the adequacy of the boiler design and the compatibility of the materials

with the working fluids.

Concurrently with the boiler test program, experimental investigations were
carried out to evaluate the threshold corrosion resistance of contaminated
tantalum to NaK, the corrosion resistance of other refractory materials to
mercury, the adequacy of the tantalum/stainless steel transition joint, the
development of a mercury electromagnetic pump, hydraulic studies of the shell side
of the SNAP-8 boiler, and the design, fabrication and test of a "high performance"
single tube boiler.




IIT. TEST FACILITY

A. FACILITY DESCRIPTION

The SNAP-8 refractory boiler test facility is composed of a NaK primary
loop and a mercury secondary loop. The NaK is heated by a gas-fired heater
designed for a thermal input of 550 KW. The mercury loop, in which vapor is generated,
transfers its heat to an air cooled condenser. Figure 1 is an isometric vyiew of

the boiler test facility and illustrates the locations of the principal components.

The primary NaK loop, which simulates the reactor coolant loop of an actual
SNAP-8 Electric Generating System, contains a NaK electromagnetic pump with a
capacity of 200 gpm. This is sufficient to meet the required 50,000 1lb/hr Nak flow
at nominal system conditions. To assure adequate NaK purity, a columbium 1%
zirconium hot trap was installed in the dump tank. The NaK loop was helium mass
spectrometer tested after construction and after each facility or boiler repair.
The NaK loop was then flushed and hot trapped prior to system operation. This
was sufficient to maintain NaK purity between 10 and 25 ppm oxide. High purity
argon is used as a cover gas to prevent air infusion and to prevent the NaK from

boiling during operation.

The instrumentation necessary to determine the heat input to the boiler and
boiler performance includes an electromagnetic flowmeter and thermocouples. In
addition, loop operating instrumentation, such as pressure gages, liquid level
gages, gas fired heater thermocouples, are provided to facilitate facility

operation.

The mercury pump provides 12,500 1b/hr of mercury at 530 psi to the boiler.
The liquid throttle valve serves to dampen boiler oscillations which may occur
during operation by varying the liquid mercury pressure drop. The turbine simu-
lator is a throttle valve which can be varied to maintain boiler exit and condenser
pressures as required. The air cooled condenser condenses the mercury vapor for
return to the boiler. A tank is provided for mercury storage. Instrumentation is
provided to determine boiler performance and includes pressure gages, venturi meters
and thermocouples. Also provided are liquid level gages, condenser pressure gages,
pump pressure gages and thermocouples that are necessary for monitoring and con-

trolling loop operation.
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The NaK loop, with the exception of the Type 316 stainless steel dump tank,
is fabricated from L-605 alloy. The mercury loop,with the exception of the L-605
vapor line, turbine simulator and dump tank, is fabricated from Type 304 stain-
less steel. The facility is enclosed in a partitioned sheet metal enclosure.
One section of the enclosure contains all the NaK components with the exception
of the boiler; the other section contains all the mercury components and is coated
with an epoxy paint to facilitate cleanup in the event of a mercury leak. In
addition, all the air exhausted from the facility during operation is scrubbed
prior to its release to the enviromment. To accommodate thermal expansion, the
entire facility,with the exception of the gas fired heater and the mercury dump

tank, is free to move.

COMPONENT DESCRIPTION

NaK LOOP

Heater - The gas fired heater, constructed by Struthers-Wells Corp., is shown
schematically in Figure 2 and, as installed, in Figure 3. The tube bundle,
fabricated completely from L-605, consists of two torroidal headers of 5-inch
diameter pipes interconnected by 30 tubes of l-inch diameter (inside) by 0.210-
inch wall thickness. An 0.050-inch corrosion allowance and an 0.050-inch
oxidation allowance are provided. To reduce thermal expansion stresses, the
heater tubes have offset bends. The inlet header at the lower end is internally
baffled for good flow distribution. The heater shell is air tight and the exhaust
stack valved. In the event of a NaK leak inside the heater, all caustic fumes can
be contained. An alternate vent line to a scrubber system serves to expedite
cleanup. Automatic ignition and temperature control are provided to maintain
constant NaK discharge temperature to the boiler. 1In addition, safety controls
are provided to secure the heater in the event of a NaK or mercury pump failure,

heater overtemperature, or flameout. The nominal rating of the heater is:

Heat Rate 550 KW
Fluid NaK

Outlet Temperature 1350°F
Pressure 150 psi
Heat Transfer Area 120 ft2
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Figure 2. Schematic of facility gas fired heater.
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The heater efficiency is approximately 30% and a large fraction of excess air
is used to avoid carburation of the L-605 tube bundle and to limit flame tem-

perature.

NaK Pump - A helical, induction, electromagnetic pump is used to circulate the
NaK. Figure 4 shows the pump outline and pump duct detail. The pump, shown

in Figure 5, consists of a polyphase stator, a pump duct made up of two con-
centric tubes with helical passages in the annulus, and suitable enclosing and
supporting framework. The duct is fabricated from L-605 and operates at loop
temperature. The stator uses conventional Class H electrical insulation and is
thermally insulated from the duct. Compressed air is blown through passages in
the stator laminations to keep the stator within the Class H insulation allowable

temperature limits. Pump specifications are:

Working Fluid NaK
Flow 200 gpm
Head 20 psi
Operating Temperature 1350°F
Power Input 35 KW, 440 Volt
60 Cycle
Valves - The valves utilized in the NaK loop were manufactured by either

Fisher-Governor, Inc. or Hoke, Inc. The valves were designed for 1350°F at 100
psi operation and had stellited plugs and seats. These valves are of welded
bellows design and were subjected to helium mass spectrometer leak testing prior to

installation in the facility.

Dump Tank - The NaK dump tank, depicted along with other components in Figure 6,
is sized to contain 650 1lbs of NaK with ample volume for expansion in the event
of an emergency dump. The dump tank consists of an 8-foot section of 18-inch
diameter pipe by 0.500-inch wall pipe with 18 IPS pipe caps butt welded at each
end. A fill and drain line, vent line, liquid level instrumentation and loop
fill drain line are attached. Included in the dump tank is a hot trap of
columbium 17 zirconium. The hot trap is shown in Figure 7. Heaters are attached

to the lower half of the dump tank to promote natural circulation during hot

12
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Figure 7. Typical refractory metal hot trap.




trapping. The electrical heaters are designed to maintain the dump tank at 1300°F.

Automatic power controls are provided for temperature regulation.

MERCURY LOOP

Pump - A three stage mercury helical induction electromagnetic pump is shown
schematically in Figure 8. The pump consists essentially of a polyphase stator, a
pump duct consisting of two spiral diffusers and a flat plate with straightening
vanes attached spaced within a section of 6-inch IPS pipe. Shown in Figure 9
are the diffusers. Attached at each end of the pipe section are two 6-inch IPS
pipe caps with 3/4-inch pipe connections(at)the center of the caps. This pump

3

resulted from a development test program conducted by General Electric to
develop a mercury electromagnetic pump primarily for this program. The performance
curve for this pump is shown in Figure 10 and shows that the 530 psi developed
head at 12,500 1bs/hr mercury flow can be achieved at approximately 535 volts.

No difficulties were encountered in the operation of this pump for the entire

program.

Condenser - The condenser installation, shown in Figure 11, was fabricated by
Mine Safety Appliances Co. and consists of 30 1-1/2-inch outside diameter finned
tubes connected in parallel to two 4-inch IPS headers. The condenser is suspended
from a dolly to accommodate the facility thermal expansion and is totally enclosed

in a sealed stainless steel sheet metal enclosure.

Valving is provided to introduce and remove inert gas from the lower header
and a liquid level gage is installed to indicate the mercury inventory in the
condenser. The condenser is cooled by two 8,000 CFM centrifugal blowers, shown
in Figure 12, The blowers create a negative pressure inside the condenser box
such that if condenser leak occurs, the mercury vapor is exhausted through the
scrubber system. In addition, bypass air flow is provided to maintain the blower

temperature within specified limits.

Valves - The mercury liquid throttle valve and turbine simulator are reworked
L-605 alloy valves utilized on a previous program. The valves, shown in

Figure 13, were manufactured by Fisher-Governor Co. and are all welded bellows
sealed. The liquid throttle valve has a 3/8-inch diameter port with tapered plug
to provide a method of varying the liquid pressure drop in the mercury loop to

17
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Figure 9. Diffusers for three stage centrifugal EM pump.
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Figure 10. Performance curve for three stage centrifugal EM pump.
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Figure 12. SNAP-8 refractory boiler development facility showing condenser air exhaust
blower.
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Figure 13. Facility valves for SNAP-8 refractory boiler development
facility.
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stabilize the boiler. The plug and seat of this valve were stellited. The
mercury vapor throttle valve has a l-inch diameter port and tapered plug both
fabricated from Stellite 6-B. This valve simulates the turbine pressure drop and

permits the operation of the boiler and condenser at different pressures.

All other facility valves were manufactured by Hoke, Inc. and all bellows

sealed valves were installed with the seat toward the working fluid.

Dump Tank - The mercury dump tank installation, shown in Figure 14, consists

of a section of 18-inch diameter by 0.250-inch thick L-605 with 18-inch caps
welded at each end. This tank was reworked from an earlier test program. Attached
to the dump tank are the necessary loop fill and drain line, argon and vacuum vent

lines, emergency dump line and tank fill and drain line.

Mercury Subcooler - The mercury subcooler, shown in Figure 14, consisted of a 1/4-

inch tube helically wrapped and brazed to the 3/4-inch pipe line that ran from
the condenser to the mercury pump and from the pump to the liquid throttle valve.
The purpose of these coolers were to trim the mercury temperature to the pump
suction to prevent cavitation at low condensing pressures and to control the

boiler mercury inlet temperature.

Sampling System - Also shown in Figure 14 is the mercury sample line which is

connected to a sample valve external to the enclosure for sampling during opera-

tion. Also provided at the sample station are valved argon and vacuum lines.

Filter - To protect the 7 orifices located at the mercury inlet to the boiler from

blockage, a 40 micron filter was installed upstream of the boiler, as shown in Figure 11.

VACUUM - ARGON SYSTEM

The vacuum-argon system, shown in Figure 15, has a vacuum pump for both the
NaK and mercury systems. The pumps are used to remove inert gases before and
during operation. Liquid nitrogen filled cold traps are provided ahead of each
vacuum to condense the vapors and prevent their exhaustion to the envirorment.
The possibility of vapor exhaustion is greatest in the mercury condenser for it
operates at a high temperature, low pressure and thus, during the removal of
inert gases from the condenser, it is possible to exhaust mercury vapor. To

minimize this possibility, a mercury adsorber (Figure 16 ), is installed. The
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Figure 15. SNAP-8 refractory boiler development facility showing argon/vacuum system.
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adsorber consists of a section of 2-inch IPS pipe with end caps and appropriate
piping connections. The internals of the pipe are packed with copper mesh to
collect mercury vapor. Also shown in Figure 16 1is a mercury vapor condenser
which is a section of 8-inch stainless steel pipe with end caps and piping connec-
tion. The cooler is wrapped with stainless steel tubing for water cooling. The
cooler condenses extracted mercury vapor prior to its entering the mercury

adsorber.

Inert gas is provided to the mercury loop at the dump tank and condenser to
prevent the infusion of air into the system and to fill the mercury loop and
control condensing pressures. Likewise, inert gas is provided at the NaK dump
tank and stand pipe to prevent air infusion, to fill the loop and control loop

pressure.

BOILER DESCRIPTION

Boiler SN-1, designed and fabricated by NASA-LeRC, is a floating head,
double contained, refractory metal boiler. The boiler, shown in Figure 17,
consists of a 5-inch outside diameter by 0.090-inch wall, Type 304 stainless
steel shell. The shell is formed into a helix approximately 52 inches in diameter
for 2-1/2-turns with a 3-foot straight section at the bottom of and
tangent to the helix. Likewise, an 18-inch straight section is tangent at the
top of the helix parallel to the 3-foot section and on the opposite side of the
helix. The shell contains two fixed headers to which the seven flattened Type 321
stainless steel containment tubes are attached. Supporting the stainless steel
tubes are the tube supports spaced equally- throughout the assembly. Within
the seven stainless steel tubes are seven unalloyed tantalum tubes attached
to floating tantalum headers. Each tantalum tube contains at the mercury inlet
a 0.060 inch diameter orifice and a 3-foot long plug with 16 parallel helical flow
passages. Attached to each plug is a wire coil which extends downstream to the boiler
exit. To each tantalum header a tantalum reducer is welded. A tantalum/stainless steel
transition joint which is 2.5-inches in diameter is attached to the tantalum
reducer. A stainless steel bellows connects the bimetal joints to the shell heads.
Within the bellows, a stainless steel tube liner is utilized to.guide and protect
the bellows. Four pins are located at 90° intervals around each bimetal joint
to further guide the tube. Convoluted zirconium fills the annulus
between the bellows and the shell to act as an oxide getter for the static NaK

system.
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The primary NaK fills the area between the shell, the stainless steel tubes
and the stainless tube headers. The static NaK fills the annulus between the
stainless steel tubes, the tantalum tubes, and the shell between the stainless
tube headers and the shell end caps. The boiler is shown in cross section in

Figure 18, which depicts these areas.

The boiler was received at General Electric-NSP after approximately 1445
hours of testing at NASA-LeRC.

B. INSTRUMENTATION

A complete instrumentation layout for the test facility is shown on the loop
schematic in Figure 19. Pressure gages, flowmeters, thermocouples, level
controls and mercury vapor detectors are shown in their relative locations. The
instrumentation installation consists of temperature, flow and pressure instruments

which monitor operation and provide data for boiler performance.

Flow - A permanent magnet flowmeter was used to measure NaK flow. This flow-
meter consists of a 3.513-inch OD x 2.812-inch ID 1605 pipe centered axially and
vertically between the poles of a horn-type permanent magnet with a field strength
of 728 Gauss.

A theoretical calculated sensitivity of 13.93 gpm/mv was calculated from the
following equation:
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Calculate Y at 200, 500 and 800°F
3162 d (1 + a (Tt - 77) )

s By
Y _ o
B MV
- e o 2 _ 2
D" +d +rf/rw(D - d7)

Duct = L605
B = 828 GAUSS
Ko = .995

= 2.812 in
D = 3.513 in
r = resistivity, micro OHM CM of fluid
w = resistivity, micro OHM CM of wall
a = coefficient of thermal exp in/in/°F

The calculated flow versus emf at four temperature curves for this flowmeter is
shown in Figure 20. The instrumentation on the flowmeter consists of two emf
electrodes which are attached to the duct perpendicular to the pole air gap flux-
path. A thermocouple is attached to the duct and a thermocouple is attached to
the magnet to assure that the magnet temperature remained well below the Curie

point. Normally the magnet temperature was approximately 100°F to 150°F.

Two venturi nozzles were installed in the mercury loop. One measured the
liquid flow rate; the other measured vapor flow rate. Each flowmeter was designed
to provide a 20 psi differential pressure drop at 12,500 lbs/hr mercury flow.

Each venturi was calibrated in a water flow test to determine its coefficient.

The flow versus pressure drop for each meter is shown in Figures 21 and 22.

Temperature - With two exceptions, all thermocouples were chromel alumel with
0.125~inch, 0.062-inch or 0.04-inch diameters. One hundred and fifty thermo-

couples were installed on the entire facility. All thermocouples necessary to
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determine boiler performance were referenced to a 150° F temperature controlled

box. (Thermocouple locations and circumferential positions are shown in Table I.)

At locations where it was necessary to determine true fluid temperatures, wells
were provided which were immersed in the fluid stream to at least 10 times the

well diameter, The wells were made from 0.25-inch OD tubing and three 0.06-inch
OD ungrounded sheathed thermocouples were installed. Two copper-Constantan thermo-
couples referenced to an ice bath were used to check the 150°F reference temperature.

All other thermocouples were connected to various instruments to facilitate operation

and to oper it 2 safety relays.

Approximately 50 of the thermocouples, which were required for performance
calculations, were calibrated prior to installation at the freezing point of zinc
(787.1°F) and aluminum (1220°F). The calibrated thermocouples included all the
well thermocouples and a group of the boiler shell surface thermocouples. The

results of these calibrations are summarized as follows:

0.062-inch OD well thermocouples plus or minus 3/8% tolerance

except for two thermocouples which were within plus or minus 0.5%.
0.125-inch OD exposed junction thermocouples plus or minus 3/47.

The 0.125-inch OD exposed junction thermocouples were tack welded to the shell

as shown in Figure 23.

Pressure Gages - The pressure gages on the NaK loop and the mercury loop are

"Taylor" slack diagram units, as shown in Figure 24, These gages restrict the
mercury or NaK to the sensing head which is welded to the facility at the point
of measurement. An 0.005-inch thick diaphragm transmits the forces via a NaK
filled capillary tube to a sensing chamber located outside the loop enclosure as
shown in Figure 25. The sensing heads provide a pneumatic signal which varies
from 3 to 15 psig over the calibrated range of the pressure transducer. The
pneumatic signal is converted to a 4 to 20 milli-amp DC signal by a signal condi-
tioning circuit in the control room. The DC current is then converted into a

10 to 50 millivolt signal for recording at the control console and a 2 to 10 volt
signal for digital recording. In addition, the 4 to 20 milli-amp DC signal is
used to operate meter relays which are part of the facility safety system. A

typical circuit is shown in Figure 26.
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TABLE I

LIST OF THERMOCOUPLE STATIONS AND RELATIVE POSITIONS

Distance T/C** Distance T/C
Station from Ref. Pt. Positions Station from Ref. Pt. Positions
Number (inches) Occupied Number (inches) Occupied
0 -12 A 21 113 3/8 A,E
1 -6 A 22 125 1/2 A,E
2 0 A 23 137 3/4 A,E,G
3 6 1/8 A,E 24 150 AE
4 12 A,E 25 161 3/4 A,E,G
5 18 A 26 173 1/2 A,E
6 24 A,C,D,E,F,H 27 185 3/8 A,E,G
7 30 A,E 28 197 1/4 A,E
8 36 A,E 29 209 3/8 A,E,G
9 42 A,E 30 221 1/2 AE
10 48 A,C,D,E,F,G 31 233 1/2 A,E,G
11 54 A,D,E,F,G 32 258 3/8 A,E,G
12 60 A 33 282 A,E
13 68 A,C,D,E,F.H 34 305 1/2 A,E;G
14 71 3/4 A 35 329 1/8 A,E
15 77 3/4 A,C,D,E,F,H 36 353 1/4 A,E,G
16 83 3/4 A 37 377 1/2 A,E
17 89 3/4 A,C,D,E,F,H 38 401 3/4 A,E,G
18 95 3/4 A,E 39 425 3/8 A,E
19 101 1/2 A,E NaK Inlet 436 -+
40 437 B
20 107 5/8 41 449 A,E
End of Boiler 453 5/8 -
*Reference Pt.: Location is 1/2" downstream of downstream face of

Mercury Inlet Header (see Fig. 17).

*%
See legend in Figs. 52 to 107.
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Figure 25. SNAP-8 refractory boiler development facility showing mercury vapor detector
and mercury pressure gages.
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All of the pressure transducers were calibrated prior to installation at
ambient temperature and 500°F. The differential pressure transducers were
calibrated by subjecting the high pressure transducer to pressure with the low
pressure transducer vented to atmosphere. All calibration results showed that
the transducers were linear and repeatable within plus or minus 1% throughout
the calibration range. Typical calibration curves are shown in Figure 27.
Final adjustments were made with the NaK loop filled and the mercury loop with

operating inventory to account for static head variationms.

Digital Readout - A digital readout system was used to record all the necessary

facility and boiler instrumentation necessary to determine the SN-1 performance.
The recording system records 2 items per second on punch tape and printed tapers.
Table II shows all the parameters recorded on the digital system. The punched
tape or printed tape was then processed through a data processing system to

produce usable results.

Facility Instrumentation - Liquid level gages were provided in the NaK dump tank

the mercury dump tank, the NaK stand pipe and the lower drum of the mercury

condenser.

The NaK level proves are of the resistance type as shown in Figure 28.
These probes generate an EMF according to the resistance as a function of immersion

in the NaK. The electrical schematic for this circuit is also shown in Figure 28.

The mercury dump tank liquid level indicator and the condenser drum indicator
were electromechanical gages in which a float pushed a metal rod into an LVDT.
These probes proved unsuccessful, probably because the horizontal motion of the
mercury within the drum during filling and in the dump tank during draining de-
formed the shaft. The drum probe was replaced during a shutdown with a high-low
resistance probe which gave a signal change of approximately 25 millivolts when

the mercury touched the high probe or exposed the low probe.

Automatic safety control circuits were installed in the power circuitry to
provide securing of the facility if preset pressure or temperature were exceeded and
if loss of flow occurred. If these preset limits were exceeded, the EM pumps and gas
fired heater and mercury line electrical heat were secured. The parameters which would

shut down the facility are:
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TABLE II

Digital  T/C
Col it Symbol CATS Location
456 1 TBIW1 B Hg Inlet Well 1
457 2 TBIW2 B Hg Inlet Well 2
458 3 TBEW1 B Hg Exit Well 1
459 4 IBEW2 B Hg Exit Well 2
460 101 TNaKIN1 B NaK Inlet Well 1
461 102 TNaKIN2 B NaK Inlet Well 2
462 103 TNaKX1 B NaK Exit Well 1
463 104 TNaKX2 B NaK Exit Well 2
464 106 TGHIN B NaK Gas Heater Inlet
465 119 TFMD B NaK Flowmeter Duct Temp.
466 116 T(P1) B Pressure Gage Pl Temp.
467 117 T(P2HI) B Pressure Gage P2 Temp., (high)
468 118 T(P2LO) B Pressure Gage P2 Temp., (low)
469 23 T(P3) B Pressure Gage P3 Temp.
470 54 T (P4HI) B Pressure Gage P4 Temp., (high)
471 55 T (P4LO) B Pressure Gage P4 Temp., (low)
472 56 T(P5) B Pressure Gage P5 Temp.
473 49 T(P6) B Pressure Gage P6 Temp.
474 52 T(P8) B Pressure Gage P8 Temp.
475 50 T(P7HI) B Pressure Gage P7 Temp., (high)
476 51 T(P7L0) B Pressure Gage P7 Temp., (low)
477 T (PHEX) B Preheater Exit Temp.
478 478 B Cell Temp. Near NASA Boiler
479 B Cell Temp. Near NASA Boiler
480 B
481 B
482 B
483 B
484 B
485 485 B
486 110 TBSOA B N-Boiler Shell T/C, Station O, Cir. Loc. A
487 111 TBSIA B N-Boiler Shell T/C, Station 1, Cir. Loc. A
488 112 TBS2A B N-Boiler Shell T/C, Station 2, Cir. Loc. A
489 113 TBS3A B N-Boiler Shell T/C, Station 3, Cir. Loc. A
490 331 TBS3E B G-Boiler Shell T/C, Station 3, Cir. Loc. E
491 114 TBS4A B N-Boiler Shell T/C, Station 4, Cir. Loc. A
492 310 TBS4E B N-Boiler Shell T/C, Station 4, Cir. Loc. E
493 115 TBS4A B N-Boiler Shell T/C, Station 5, Cir. Loc. A
494 116 TBS6A B N-Boiler Shell T/C, Station 6, Cir. Loc. A
495 203 TBS6C B G-Boiler Shell T/C, Station 6, Cir. Loc. C
496 203 TB56D B G-Boiler Shell T/C, Station 6, Cir. Loc. D
497 311 TBS6E B N-Boiler Shell T/C, Station 6, Cir. Loc. E
498 204 TBS6F B G-Boiler Shell T/C, Station 6, Cir. Loc. F
499 205 TBS6H B G-Boiler Shell T/C, Station 6, Cir. Loc. H
500 500 C

46




TABLE II. - Continued.
Digital T/C

Col it Symbol CATS Location

501 117 TBS7A c N-Boiler Shell T/C, Station 7, Cir. Loc. A
502 312 TBS7E C N-Boiler Shell T/C, Station 7, Cir. Loc. E
503 118 TBS8A C N-Boiler Shell T/C, Station 8, Cir. Loc. A
504 313 TBS8E c N-Boiler Shell T/C, Station 8, Cir. Loc. E
505 119 TBS9A C N-Boiler Shell T/C, Station 9, Cir. Loc. A
506 314 TBS9E c N-Boiler Shell T/C, Station 9, Cir. Loc. E
507 120 TBS10A c N-Boiler Shell T/C, Station 10, Cir. Loc. A
508 206 TBS10C c G-Boiler Shell T/C, Station 10, Cir. Loc. C
509 207 TBS10D C G-Boiler Shell T/C, Station 10, Cir. Loc. D
510 315 TBS10E c N-Boiler Shell T/C, Station 10, Cir. Loc. E
511 332 TBS10F c G-Boiler Shell T/C, Station 10, Cir. Loc. F
512 209 TBS10G & G-Boiler Shell T/C, Station 10, Cir. Loc. G
513 121 TBS11A C N-Boiler Shell T/C, Station 11, Cir. Loc. A
514 122 TBS11D c N-Boiler Shell T/C, Station 11, Cir. Loc. B
515 316 TBS11E ¢ N-Boiler Shell T/C, Station 11, Cir. Loc. E
516 210 TBS11F c G-Boiler Shell T/C, Station 11, Cir. Loc. F
517 123 TBS11G c N-Boiler Shell T/C, Station 11, Cir. Loc. G
518 124 TBS12A 0 N-Boiler Shell T/C, Station 12, Cir. Loc. A
519 125 TBS13A c N-Boiler Shell T/C, Station 13, Cir. Loc. A
520 211 TBS13C C G-Boiler Shell T/C, Station 13, Cir. Loc. C
521 212 TBS130 o G-Boiler Shell T/C, Station 13, Cir. Loc. D
522 317 TBS13E C N-Boiler Shell T/C, Station 13, Cir., Loc. E
523 213 TB513F c G-Boiler Shell T/C, Station 13, Cir. Loc. F
524 214 TBS13H C G-Boiler Shell T/C, Station 13, Cir. Loc. H
525 126  TB514A C N-Boiler Shell T/C, Station 14, Cir. Loc. A
526 127 TBS15A c N-Boiler Shell T/C, Station 15, Cir. Loc. A
527 215 TBS15C c G-Boiler Shell T/C, Station 15, Cir. Loc. C
528 216 TBS15D c G-Boiler Shell T/C, Station 15, Cir. Loc. D
529 318 TBS15E c N-Boiler Shell T/C, Station 15, Cir. Loc. E
530 217 TBS15F c G-Boiler Shell T/C, Station 15, Cir. Loc. F
531 218 TBS15H c G-Boiler Shell T/C, Station 15, Cir. Loc. H
532 128 TBS16A c N-Boiler Shell T/C, Station 16, Cir. Loc. A
533 129 TBS17A c N-Boiler Shell T/C, Station 17, Cir. Loc. A
534 219 TBS17C c G-Boiler Shell T/C, Station 17, Cir. Loc. C
535 220 TBS17D C G-Boiler Shell T/C, Station 17, Cir. Loc. D
536 319 TBS17E c N-Boiler Shell T/C, Station 17, Cir. Loc. E
537 221 TBS17F c G-Boiler Shell T/C, Station 17, Cir. Loc. F
538 222 TBS17H c G-Boiler Shell T/C, Station 17, Cir. Loc. H
539 130 TBS18A c N-Boiler Shell T/C, Station 18, Cir. Loc. A
540 223 TBS18E C G-Boiler Shell T/C, Station 18, Cir. Loc. E
541 131 TBS19A C N-Boiler Shell T/C, Station 19, Cir. Loc. A
542 320 TBS19E C N-Boiler Shell T/C, Station 19, Cir. Loc. E
543 132 TBS20A ¢ N-Boiler Shell T/C, Station 20, Cir. Loc. A
544 224 TBS20E c G-Boiler Shell T/C, Station 20, Cir. Loc. E
545 133 TBS21A C N-Boiler Shell T/C, Station 21, Cir. Loc. A
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TABLE II. - Concluded.
Digital  T/C
Col, it Symbol CATS Location

546 321 TBS21E C N-Boiler Shell T/C, Station 21, Cir. Loc. E
547 134 TBS22A c N-Boiler Shell T/C, Station 22, Cir. Loc. A
548 225 TBS22E C G-Boiler Shell T/C, Station 22, Cir. Loc. E
549 135 TBS23A C N-Boiler Shell T/C, Station 23, Cir. Loc. A
550 322 TBS23E c N-Boiler Shell T/C, Station 23, Cir. Loc. E
551 226 TBS23G D G-Boiler Shell T/C, Station 23, Cir. Loc. G
552 136 TBS24A D N-Boiler Shell T/C, Station 24, Cir. Loc. A
553 227 TBS24E D G-Boiler Shell T/C, Station 24, Cir. Loc. E
554 137 TBS25A D N-Boiler Shell T/C, Station 25, Cir. Loc. A
555 323 TBS25E D N-Boiler Shell T/C, Station 25, Cir. Loc. E
556 228 TBS25G D G-Boiler Shell T/C, Station 25, Cir. Loc. G
557 138 TBS26A D N-Boiler Shell T/C, Station 26, Cir. Loc. A
558 229 TBS26E D G-Boiler Shell T/C, Station 26, Cir. Loc. E
559 139 TBS27A D NOBoiler Shell T/C, Station 27, Cir. Loc. A
560 324 TBS27E D N-Boiler Shell T/C, Station 27, Cir. Loc. E
561 230 TBS27G D G-Boiler Shell T/C, Station 27, Cir. Loc. G
562 360 TBS28A D N-Boiler Shell T/C, Station 28, Cir. Loc. A
563 231 TBS28E D G-Boiler Shell T/C, Station 28, Cir. Loc. E
564 361 TBS29A D N-Boiler Shell T/C, Station 29, Cir. Loc. A
565 325 TBS29E D N-Boiler Shell T/C, Station 29, Cir. Loc. E
566 232 TBS29G D G-Boiler Shell T/C, Station 29, Cir. Loc. G
567 362 TBS30A D N-Boiler Shell T/C, Station 30, Cir. Loc. A
568 233 TBS30E D G-Boiler Shell T/C, Station 30, Cir. Loc. E
569 363 TBS31A D N-Boiler Shell T/C, Station 31, Cir. Loc. A
570 326 TBS31E D N-Boiler Shell T/C, Station 31, Cir. Loc. E
571 234 TBS31G D G-Boiler Shell T/C, Station 31, Cir. Loc. G
572 364 TBS32A D N-Boiler Shell T/C, Station 32, Cir. Loc. A
573 327 TBS32E D N-Boiler Shell T/C, Station 32, Cir. Loc. E
574 235 TBS32G D G-Boiler Shell T/C, Station 32, Cir. Loc. G
575 365 TBS33A D N-Boiler Shell T/C, Station 33, Cir. Loc. A
576 236 TBS33E D G-Boiler Shell T/C, Station 33, Cir. Loc. E
577 366 TBS34A D N-Boiler Shell T/C, Station 34, Cir. Loc. A
578 328 TBS34E D N-Boiler Shell T/C, Station 34, Cir. Loc. E
579 237 TBS34G D G-Boiler Shell T/C, Station 34, Cir. Loc. G
580 367 TBS35A D N-Boiler Shell T/C, Station 35, Cir. Loc. A
581 238 TBS35E D G-Boiler Shell T/C, Station 35, Cir. Loc. E
582 368 TBS36A D N-Boiler Shell T/C, Station 36, Cir. Loc. A
583 329 TBS36E D N-Boiler Shell T/C, Station 36, Cir. Loc. E
584 239 TBS36G D G-Boiler Shell T/C, Station 36, Cir. Loc. G
585 369 TBS37A D N-Boiler Shell T/C, Station 37, Cir. Loc. A
586 240 TBS37E D G-Boiler Shell T/C, Station 37, Cir. Loc. E
587 370 TBS38A D N-Boiler Shell T/C, Station 38, Cir. Loc. A
588 330 TBS38E D N-Boiler Shell T/C, Station 38, Cir. Loc. E
589 241 TBS38G D G-Boiler Shell T/C, Station 38, Cir. Loc. G
590 371 TBS39A D N-Boiler Shell T/C, Station 39, Cir. Loc. A
591 242 TBS39E D G-Boiler Shell T/C, Station 39, Cir. Loc. E
592 372 TBS40B D N-Boiler Shell T/C, Station 40, Cir. Loc. B
593 373 TBS41A D N-Boiler Shell T/C, Station 41, Cir. Loc. A
594 243 TBS41E D G-Boiler Shell T/C, Station 41, Cir. Loc. E
595 595

596

597

598

599 599
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= Loss of flame in gas fired heater
. Loss of gas pressure in gas fired heater
. Loss of air blower in gas fired heater

, Overtemperature gas fired heater tube bundle

1
2
3
4
S Loss of mercury or NaK flow
6. Loss of pump power

7. Mercury inlet overpressure

8. Mercury exit overpressure

9. Mercury condenser overpressure

10. Mercury vapor line heater overtemperature.

These were all annunciated for the operator at the console. In addition, smoke
detectors were provided in the gas fired heater and the NaK portion of the test

cell which would annunciate to the operator in the control room if smoke were
detected. Also, mercury vapor detection was provided (Figure 29 ) in the test

cell and exhaust duct of the mercury condenser. The cell level was indicated and

the operator was able to determine the mercury vapor level within the cell prior

to entering. The condenser exhaust detector annunciated to alert the operator to in-

stigate emergency proceedings.

The NaK dump tank, mercury preheater and mercury vapor line heater would

automatically control a preset temperature.

The argon and vacuum system pressures were read at the console via conventional
pneumatic transmitters rated 30 inches vacuum to 160 psig. These transmitters
transmitted a 3 to 15 psig signal in proportion to loop pressure to a receiver
gage in the control room. Additional direct reading gages were located on the

argon-vacuum system for operator convenience.
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C. FACILITY CHECKOUT AND OPERATION

Facility checkout and operating procedures were established to minimize
facility problems during construction and to provide instructions to the facility
operator that would cover actions to be taken during emergencies that would

minimize the possibility of damage to the test boiler and the facility.

The facility checkout consisted of testing each component prior to and after
installation during the construction phase. Visual inspections of the piping
revealed that a residue of drawing oil was not removed from the piping during
manufacture. A mixture of hexane and alcohol was used to clean the pipe to remove
the residue. All welds were radiographed and the piping was helium leak checked
as it was installed to facilitate the location of possible leaks. Thus, at the

completion of the facility construction a clean, leak tight system was assured.

After the test boiler was installed and the loop was clean, dry and empty
the facility was baked out at 400°F for 24 hours. A vacuum system with a liquid
nitrogen cooled cold trap was attached to the system. At the end of the 24-hour
bake out the system was cooled. With all valves secured and the vacuum pump
removed a leak rate of 5 micron liters per hour was observed. This indicated an

extremely clean system and the facility was prepared for operation.

The NaK dump tank was filled with 650 1bs NaK with oxide content. The NaK
loop was preheated to 400°F and the loop filled. NaK was circulated for 24 hours
at 600°F and then drained into the dump tank. The dump tank temperature was then
raised to 1200°F for 48 hours at which time a sample of the NaK was taken and
analyzed for oxide. The results of the analysis ( 12 ppm) was well within the
20 ppm required for facility operation.

The NaK loop was again filled and operation commenced with a series of heat
loss and calibration runs. The thermocouple calibration runs were made at 800°F,
1100°F and 1300°F at high flow and minimum NaK AT across the boiler and served to
check the previously installed shell thermocouples against the calibrated thermo-
couples. A typical calibration run is shown in Figure 30. The heat loss runs
were made at a low enough flow to give a NaK AT across the boiler of 10°F to 15°F

and served to determine the heat loss in the boiler. During these tests the
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mercury side was evacuated to minimize heat transfer by convection. The results
of these testa are shown in Figure 31 and shows the heat loss to be in the order
of 10%Z. The calibration runs and heat loss runs were made after every shutdown

which required the boiler insulation to be removed.

Following the boiler calibration and heat loss runs the mercury dump tank

was filled with 2200 1lbs of triple distilled mercury. A typical analysis of the

mercury is as follows, in ppm. Cu .05-.1, Ag .05-.1, Au - ND, trace cadmium,

silicon, lead, titanium, bismuth, aluminum, indium, tin and iron.

The filling was accomplished under an argon gas blanket to minimize the
influx of oxygen into the system. The mercury system was filled and operated
in the liquid phase to determine the liquid pressure drop across the boiler which

would assist in the analysis of the data at a later time.

The static NaK system which acts as a barrier between the primary NaK and
the secondary mercury passages had a sample removed for analysis. The results

(5 ppm oxygen) indicated the NaK was in good condition. Enough NaK was added to
the static NaK system to bring the NaK level to the bottom of the expansion rank.

The NaK and mercury loops were evacuated followed by pressurizing the NaK
dump tank with argon and forcing the NaK from the dump tank into the NaK loop.
The NaK standpipe liquid level indicator signaled when the loop was full. The
NaK dump valve was left open during all times to permit volumetric expansion of
the NaK into the dump tank. The main function of the dump valve was to act as
a barrier between the NaK dump tank and the boiler in the event the boiler had
to be repaired. The gas fired heater is activated at this time to prepare the

boiler for mercury injection.

The mercurv loop was filled until a level was indicated in the condenser
drum. With the primary NaK at approximately 600° to 650° F, the mercury injection was
accomplished at low flow. The SNAP-8 startup, where mercury was injected into
the 1300°F boiler, was not accomplished during this test for the heater controls
and the heater were not designed to do this type of test. Since the primary
function of the test was long term endurance the boiler NaK temperature was raised
to the design condition of 1300° F, 12.500 1bs/hr mercury flow rate at 200 psia
boiler exit pressure from the 600° F at a rate of approximately 100° F per hour.

This prevented undue thermal strain on any component in the facility.
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When the boiler achieved design conditions, the gas fired heater was set
on automatic control and endurance testing commenced. The complete boiler and
facility conditions were recorded on a digital printout tape which was monitored
by the operator. Each tape was scrutinized for possible boiler or facility prob-

lems and one run per week was reduced for submittal to the NASA Project Manager.

(5)

The first facility malfunction occurred when a fuse blew on the NaK

EM pump. Since this pump is a 3”wye connection, the loss of one phase will cause
the pump to cease functioning. The fuses were replaced with a special plated

fuse to prevent further shutdown and, in addition, a meter relay in conjunction
with a current transformer was installed in each current phase of the NaK pump

and the mercury pump such that a loss of phase would secure the facility.

One problem that occurred at random times throughout the 2500-hour test phase was
the frequent shutdown of the gas fired heater. At the end of the 2500-hour test
run the stack was removed and it was found that a steel ring used during the
forming of the refractory domz (Figure 32 ) was not removed and had carburized and
broken into pieces, subsequently falling into the heater and covering the flame eye.

The ring was removed and subsequent operation verified the fix.

The mercury condenser failed after approximately 2950 hours of operation.
The shell of the consenser was removed and it was found that the design of the
condenser had assumed that the flow distribution within the condenser would be
uniform. Therefore, the hairpins were locked together at the bend preventing
the movement of individual tubes. The hairpins were weld repaired and the
tubes individually supported to permit the movement of tubes thus accommodating flow
maldistribution. At the completion of the condenser repair the operation of the

facility was uneventful for the rest of the program.
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Iv. BOILER HISTORY

The NASA boiler was received in good condition from the Lewis Research Center
on December 22, 1967. Work was then initiated to prepare the boiler for installa-

tion in the test facility.

The third fluid static NaK system was sampled and analyzed for oxygen and mercury
in order to determine if a leak between the mercury and the third fluid existed.

No evidence of mercury was found and the oxygen level was acceptable.

A sample of mercury that was received with the boiler was apparently contami-
nated and it was assumed that the boiler might be in a similar condition. The
argon gas in the mercury contaimment portion of the boiler was bled into an analy-
zing rig and tested for hydrocarbons. The end caps were then removed and an
inspection was made of the boiler with a borescope. This inspection showed the

boiler to be relatively clean at both the mercury inlet and outlet ends.

Argon gas was purged through the individual tubes in the boiler using a small
diameter sample tube fed through a stopper. The inlet plenum was pressurized and
each of the seven tubes was tested to determine that flow was established. This

test proved that all tubes were open and argon flow rate was similar in all cases.

The boiler was radiographed to determine the relative location of the tube
bundle with respect to the shell. The radiographs showed that the orientation of
the tubes within the shell was toward the bottom of the shell. A typical cross
section through the boiler at about ten feet from the inlet end is shown in
Figure 33. These locations were approximated from X-rays taken at 6 o'clock and
9 o'clock. It was also noted that the inlet and exit bellows were somewhat

deformed.

The decontamination process of the boiler shell using HgX, a commercial decon-
taminant, left a residue on the boiler shell. It has been postulated that such resi-
due might cause an undesirable reaction with the boiler shell at elevated tempera-
tures. Therefore, the shell was flushed with distilled water and wire brushed to
remove the residue. While checking the shell surface thermocouples by heating, it
was found that a level of mercury vapor was obtained from the thermocouple junction

caps indicating a degree of contamination.
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The boiler was placed into operation at General Electric on February 17,
1968. On February 27, 1968, after 357 hours of operation, a fuse failure in the
NaK EM pump created a severe thermal transient on the boiler which in turn caused a
separation in the brazed bimetallic joint at the mercury inlet of the boiler(s) due
to excess tensile loading. A radiograph of the boiler at the mercury inlet (Fig-
ure 34) shows the failure. The boiler was repaired by installing a new bimetallic
joint, end cap, bellows and tantalum reducer (Figure 35). This tantalum welding
was accomplished in the field by using a converted portable weld chamber (Fig-

ure 36). A new section of shell was attached to complete the repair.

At this time, NASA-LeRC decided to attempt to recenter the tube bundle by
incorporating 5 new shell spacers into the boiler shell. Segments of the shell
were removed to accommodate the spacer installation. A typical spacer installa-
tion is shown in Figure 37. The spacer consists of two 180° spacer segments
with 4 spacer rode inserted through the tube bundle to maintain tube positioms.
The rods were welded to the segments and the segments were welded to the shell.
Subsequent radiographic inspection indicated an improvement in the tube bundle
position.

Discovered during the spacer installation was a heavy deposit on the primary
NaK side of the stainless steel tubes. This deposit, shown in Figure 38, was
wire brushed off and the tubes cleaned as shown in Figure 39. Figure 39 also
shows one of the original spacers which had not been removed along with one of the
new spacers. The old spacer indicates some distortion. Following radiographic and

mass spectrometer testing to assure boiler integrity, the boiler was placed on test.

The mercury loop inventory which contained NaK due to the above failure was re-
placed with a new charge to reduce the NaK concentration in the mercury loop from
1.2 to less than 0.1%. The boiler was put into operation on March 11, 1968 and com-
parative performance before and after the repair is shown in Figure 40.

The difference in temperature between the top and bottom was much improved with
the 15° to 20° F temperature variation at the inlet attributed to the incomplete
cleaning of the NaK side tube deposit in that region. The much improved heat transfer
in the plug region resulted in a higher exit quality from the plug and a major increase
in pressure drop of the boiler (171 psi as compared to 112 psi). The pressure drop of
the boiler was 202 psi (at the design condition of 11,800 1lbs/hr with an NaK inlet

temperature of 1305° F and a mercury outlet pressure of 255 psia) as compared to a

design value of 80 psi.
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Argén Exit
Through Mercury System

s

Welding Torch
and Argon Purge Line

Figure 36. Portable welding chamber used for tantalum welding.
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The shell side NaK pressure drop was increased from about 0.85 psi to about
1.75 psi at a NaK flow rate of 47,700 lbs/hr. This indicates that the combined
effect of re-centering the tube bundle and using the new spacer design was to
increase the shell side flow coefficient by a factor of about 2.06. However, the

pressure drop was still well within the allowable value of 3 psi.

In addition to increasing the shell side pressure drop, the mercury boiler exit
pressure and flow rate showed some increase in both the frequency and amplitude of the

oscillations associated with these variables.

On May 31, 1968, after 2268 hours of continuous operation, a leak occurred
near the NaK exit of the boiler(6 ). The facility was secured and the insulation
removed from the boiler in the area of the leak. Visual inspection proved
inadequate to detect the leak site but with subsequent pressurization of the primary
NaK system and the utilization of a soap solution, a very minute leak was detected.
The leak area was removed from the boiler (Figures 41 and 42 ) for metallographic
examination. The results of this examination indicated the failure was mechani-
cally or low cycle fatigue induced. The conclusion was based on (1) the absence
of any significant internal defects or inclusions which might have grossly
weakened the alloy, (2) the lack of any gross deformation in the failed area,

(3) the presence of local fissures at the inside surface of the shell near the

crack, and (4) the transgranular nature of the crack.

A patch was made from a spare section of shell and welded into place. Non-
destructive testing by radiographic, dye penetrant, and mass spectrometer testing
demonstrated the integrity of the repair as well as the rest of the boiler.

Testing of the boiler resumed.

On June 11, 1968, at the completion of 2500 hours of test, the facility was
secured in good working order to inspect the boiler prior to conducting further
tests. Radiographic examination of the boiler indicated that the mercury exit
bellows (Figure 43 ) was excessively deformed while the inlet bellows
(Figure 44 ) showed some deformation. In addition, it was discovered that the

tantalum tubes had shifted within the stainless steel containment tubes,

The boiler was modified, as shown in Figure 45 , by eliminating the mercury
exit bellows and redesigning the mercury inlet such that the bellows service pressure

would be that of the static NaK system, namely, 25 psig rather than the high 400 psig
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Area of Leak

Exterior Surface

‘Area of Leak
See Figure 41

Interior Surface

Figure 42. Interior and exterior surfaces
of leak site (full size).
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pressure of the mercury loop. The tantalum tubes were shifted back into the
stainless steel containment tubes as shown in Figure 46. Removal of the bellows
(Figures 47 and 48) confirmed the deformation of the bellows and subsequent
examination concluded that the inner ply of the mercury exit bellows had failed.

The gross deformation is shown in Figure 49.

Prior to the rebuild of the boiler the mercury exit bimetallic joint was
examined and found to be free of visual defects. The entire exit end of the
boiler was cleaned with alcohol to eliminate possible residue that could contami-
nate the closure welds. A new section of 2-inch outside diameter stainless steel
tube was butt welded to the 2-inch OD tube remaining after the bellows removal.

A new header was welded to the 2-inch OD tube. After successful radiographic
examination and mass spectrometer testing of the mercury containment welds, the
tantalum tubes were shifted back into the stainless steel containment tubes. A
new hot trap of convoluted zirconium was wrapped around the exit end and a new
section of shell was butt welded to the boiler shell and fillet welded to the
header. Finally, the static NaK expansion tank was mounted to the boiler shell
and the exit mercury vapor connection made to the facility followed by radio-

graphic and mass spectrometer testing.

In the redesigned mercury inlet,differential thermal expansion between the
tantalum tube bundle and the stainless steel is accommodated by two hydraulically
formed stainless steel bellows connected in series. Before installing the bellows
the tantalum tube bundle was moved back into the stainless steel contaimment tubes
to provide the maximum relative length of tantalum tubing to stainless steel
tubing in the cold condition. This tends to compensate for the higher expansion
of the stainless steel at design operating conditions. The bellows assembly was
welded into the boiler by connecting one end to the static NaK header and
extending the bellows approximately l.l-inches and welding it to the mercury
inlet pipe. This particular arrangement was chosen for the differential expansion
between the tantalum tube and the stainless steel tends to compress the bellows.
This was particularly desirable for there was uncertainty in the exact location
and relative movement of the tantalum tube bundle with respect to the stainless
steel after a number of thermal cycles. Thus the total available differential
expansion would be the rated stroke of the bellows (l.l-inches) plus the preset

extension of the bellows (1l.l-inches) for a total of 2.2-inches. Furthermore,
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This View is at a Point 900 Down Stream from the Vapor Exit on
the Top Coil Looking Vertically Downward.

e

This View is at a Point 90° Up Stream from the End of the Plug
Region Looking Vertically Downward.

Figure 46. SNAP-8 refractory metal boiler showing the relative position of the
tantalum tubes within the stainless steel tubes and boiler shell.
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Figure 49. SNAP-8 refractory metal boiler showing gross deformation of the
plies.
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the bellows assembly is capable of a total compression of 1l.8-inches before

exceeding the elastic limit.

Finally, a 1.0-inch diameter stainless steel ball bushing was installed.
The function of the bushing is to guide the axial movement of the mercury inlet
pipe with respect to the boiler shell during operation and to minimize bending
stresses in the coextruded bimetallic joint resulting from facility piping

movements.

The modification was subjected to helium mass spectrometer testing and
radiographic inspection before a section of shell was welded over the entire

assembly. The boiler was readied for further testing.

The test boiler was placed in operation on July 12 with a series of iso-
thermal heat loss and thermocouple calibration runs. These runs were made with
the mercury loop evacuated and served two purposes. The first was to calibrate
the instrumentation and the second was the decontamination of the static NakK
system. At the completion of the calibration runs the primary NaK loop was
dumped for hot trapping and the static NaK was sampled for analysis to determine
whether the static NaK should be drained and recharged. The static NaK analysis
showed approximately 10 ppm O2 and negligible mercury. The analysis of a
sample taken from the primary NaK dump tank showed 8 ppm 02. Thus the system

was ready for mercury injection.

Prior to operation, ''zero' measurements were taken in order that the relative
expansion of the tantalum tube bundle and the stainless shell could be determined.
It is interesting to note that the differential expansion during the first thermal
cycle was 1/2". During cool-down the tube bundle retracted 1/16". On a sub-
sequent thermal cycle the expansion difference was 3/4" and on the cool-down the

retraction was negligible, or 1/16".

Endurance testing commenced on July 12, 1968 and continued until August 20,
1968 and 3155 hours of testing, at which time a leak occurred in the boiler shell
(7)

at the NaK exit in the same area as the earlier May failure. Removal of the
failure area showed a cocked baffle, as shown in Figure 50, The fix of the
baffle is shown in Figure 51, This repair was made by moving the two spacers
shown in Figure 50 together and welding them to the heavy ring segment. The
boiler shell patch was then welded to the boiler, the spacers and the ring

segment.
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At the completion of repairs, the boiler was mass spectrometer tested and

radiographed before being placed on test.

On August 24, 1968 mercury injection was completed and the facility brought
to design conditions. Boiler performance appeared to be the same. At this point
the boiler endurance continued uneventfully for 10,500 hours. A few shutdowns
occurred as a result of power failures and minor loop difficulties, but none were
caused by boiler failures. At the completion of the endurance test a series of
off-design performance runs was made to determine boiler performance at reactor
outlet temperatures specified. This data is plotted in Figures 52 to 56.
Unfortunately, the turbine simulator was not sized properly to permit the required
boiler exit pressure, thus the test parameters obtainable were severely restricted.
The mercury loop was dumped, evacuated, and a series of isothermal heat loss and
calibration runs were made. The static NaK system was drained and then the
primary NaK loop was drained and evacuated followed by heating with trace heaters
for 72 hours to vaporize the NaK residue from the primary loop. Samples of
mercury and NaK indicated there had been no communication of mercury-to-Nak or

NaK-to-mercury. The boiler was removed for metallurgical examination.

The results of the metallurgical evaluation indicated that (1) there was some
loss in the ductility of the boiler shell material, (2) the 321 stainless steel
tubing was attacked in the area of the plug region which was coated with a heavy
deposit and wire brushed. There was no corrosion observed on the rest of the 321
stainless steel tubing. The tantalum dished head at the mercury boiler inlet
showed slight attack, however, this dished head may have been oxygen contaminated
during the boiler repair in February 1968. The coextruded and brazed bimetallic
joints gave minor indication of defects, however, this defect may have been present
since their manufacture. No deleterious effects were observed due to exposure to

mercury or Nak.

It is concluded that a design life of 40,000 hours could be expected from
this particular boiler.
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V. BOILER PERFORMANCE

The primary purpose of the test data obtained from boiler SN-1 was
to determine the change in thermal performance, if any, as a function of
test time, Two methods were chosen to provide such detection. The first
was the boiler temperature profile wherein the boiler shell thermocouples
are plotted as a function of boiler length. One such temperature profile
was plotted each week. The second method was the correlation of the over-
all boiler pressure drop with the pinch point temperature difference at

boiling inception.

Figure 58 represents a temperature profile plotted from data obtained
during the 1445 hour test at NASA which indicates poor thermal performance.
Figure 59 represents the initial critical tests performed at General
Electric. When this plot is compared with the previous plots as shown in

Figure 60 it indicates that possibly some improvement has occurred.

Figure 61 represents the temperature profile obtained directly after
the boiler failure on February 5. This curve compared with the previous
data represents an enormous improvement, Also, comparing AGC temperature
profile plots (Figure 62) with the post failure plots indicates similarity

of performance between SN-1 and SN-2 which was on test at AGC.

Figure 63 represents the initial boiler performance after the May 31

failure and indicates no change in performance.

The temperature profile at start up after the 2500 hour test and re-
build is shown in Figure 64 and the performance has remained the same.
A performance matrix, as shown in Table III, was performed in October.
The temperature profiles are plotted in Figures 65 through 100. A com-
parison with Figures 101 through 106 from the May 1968 matrix shows the
overall boiler performance has remained constant. A typical plot at the
completion of tests in November 1969 is shown in Figure 107 and a com-
parison of data from right after the February 1968 repair with the

November 1969 data also indicates that a performance change has not occurred.

The second method of data analysis was the correlation of the overall
pressure drop with the pinch point temperature difference at boiling in-

ception. Since any change in the thermal performance of the boiler is
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Table III

SNAP-8 PERFORMANCE MATRIX

No wNaK TN:\KIN ng
1 49,000 LB/HR 1280 "F 11,000 LB/HR
2 | 11,500 LB/HR
3 l 12,000 LB/HR
4 12,500 LB/HR
5 1300°F 11,000 LB/HR
6 11,500 LB/HR
7 12,000 LB/HR
8 12,500 LB/HR
9 1330°F 11,000 LB/HR
10 11,500 LB/HR
11 12,000 LB/HR
12 12,500 LB/HR
13 46,000 LB/HR 1280°F 11,000 LB/HR
14 11,500 LB/HR
15 12,000 LB/HR
16 12,500 LB/HR
17 1300°F 11,000 LB/HR
18 t 11,500 LB/HR
19 12,000 LB/HR
20 12,500 LB/HR
21 1330°F 11,000 LB/HR
22 11,500 LB/HR
23 12,000 LB/HR
24 12,500 LB/HR
25 52,000 LB/HR 1280°F 11,000 LB/HR
26 11,500 LB/HR
27 12,000 LB/HR
28 12,500 LB/HR
29 1300°F 11,000 LB/HR
30 11,500 LB/HR
31 12,000 LB/HR
32 12,500 LB/HR
33 1330°F 11,000 LB/HR
34 11,500 LB/HR
35 12,000 LB/HR
36 12,500 LB/HR
Tolerances: w ( + 1000 LB/HR)

Nak -

TNakIN ( % 10 °P)

Yag (¥ 250 LB/HR)
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accompanied by a change in the overall boiler pressure drop, it is possible
to detect changes in the thermal performance from changes in the overall
boiler pressure drop. For example, when the thermal performance (as measured
largely by the heat transfer coefficient in the plug region) is reduced, the
overall boiler pressure drop is also reduced.

In order to determine the variables which control the overall boiler
pressure drop, a simple theoretical model for the thermal and hydraulic
behavior of the boiler was postulated. This model was then analyzed in order
to determine the dimensionless groups which govern the boiler performance,
The more significant dimensionless groups were then used both to predict and

correlate the boiler performance. A brief description of the analytical pro-

cedure used, together with the resulting correlations, is given below,

A simple homogeneous model was used to obtain the local pressure gradient,

i.e.g
dP) Yy ‘;’2
— = = T 0.7 e
dL/TPF D  2g N°A°LH
where
1 _1-x + X
/pu ) Ae
Constant 4A
f —
H Do
NP /‘tﬂ
1 1 -x + X
/{H ﬂl_ /‘g
Then

n

_ (dp/dL) Ag 1-x) Pg il
CI’g (dP/dL) o ' )() ::El :;/Z,q::]

For the initial calculation it was assumed that n = o, The local pressure

gradient was then integrated assuming a linear variation of quality with

length.
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APO-X X ‘Dg dx
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€ oox g
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Y o-x _ (1-x) x
(X Apg = % ) + E Va"4 x/2
also AlDx—l _ éo— e Y .y
Z&Pg - 1 - x -

The total mercury boiler pressure drop is given by the expression

L 2 X
Ar - TPR W eP . Lrpe-up w2 . 1+X)
TPF gp D 2 2 2 gUP D 2,2 gUP 2
eP 2goN Ap %6 e-UP ZgCN A'UP
+ £ LSH W2
elP 3 2.2
eUP 2goN AuP 2UP
Let
APTI—’F
2 =
—_
2 2
ZgON Al]‘PJoge
Then K
SH Krpr-up
A\ A
r | ] [ i)
L,
fo @ e %E)(isi{;) . up _ogE) ot
P D L
80P Doup A U 8P Doyp _Au Lop 2
2 X
A L
+ £ P + UP E e )<1 - SCP)
oo () £e) (PN
e
L _ng J
NS
KI‘PF—P
Assume
1. Maximum K in Wire Coil Region
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2, No Vapor Density Variation p

gP
L L 1% i = &
UP p (“ue e scp
K= \eur D * La® A 2 L S
g eUP €Y Yep P P
Where

2.6 f

gUP"! gE

£

Expressions were now required for the plug exit quality and subcooled length.
Approximate expression can be obtained by assuming constant overall heat transfer

coefficients in the subcooled and two-phase regions of the plug, i.e.,

] oA <ln ATg \ Urpp_p
_ NaK Nax STpp TONLpUrpp_p ATpp) Usep
¥sp W i | T wc) ) R
Hg £ NaK _~ ’NaK
L (WCY g
. W
" L,](ATE/ATpp)] (WO nag -1 PN Ugcplp
bsce _ W, o *
LP Hg NakK

The dimensionless groups (excluding geometry faction) are as follows:

APTPF U
M =k="2 17‘5=TPF-P—> 1

St onesiracinte— U

2 2 SCP
28, N Ayp Sk
WC
(wNaK cNal( ATPP) P ( )Nal( - Constant
172 =\ ¥y, B 6 = (WO) o
7DNL_U ATE/ATPP (F°rATpp > 10°
T - P TPF-P o
3 (WC) yak 7 Solution is not sensitive to qT;)

175 = fgp, fgup ->» Constant




The correlation considersTTl, 1., and1T% and yields an approximate relation-

ship between these groups. Improved correlations would consider:

e A more realistic pressure drop model

2. The effective heat transfer area in plug (i.e., the effect of
swaging, etc.)

3. Variation of heat transfer coefficient in plug
4, Vapor density variations

5. Effect of TT7 for small Arpp

6. Variation of K in wire cool region

7. The effect of coiling the tubes on the pressure drop in the wire
coil region,

Equations 1, 2, and 3 were used to construct Figure 108, This figure shows
the approximate relationship between ™ 'ﬂ; and175. Note that any increase in
the heat transfer coefficient in the plug region (U ) shifts the resulting

TPP

curve upward (i.e., to a higher [SPT for the same l&Tpp) due to the higher

PF
plug exit quality.

Figure 109 shows the resulting correlation for some of the data taken on the

SN-1 boiler at General Electric.

Point No. 1 was taken on 2-3-68 after 21 hours of boiler operation at
General Electric. Point No. 2 was taken on 2-5-68 after 65 hours of loop opera-
tion, and point No. 3 was taken on 2-7-68 after 121 hours of loop operation. The
remaining points designated by triangles were all taken between 2-8-68 and 2-13-68
(150 to 357 hours) and show no trend with time. It may be concluded, therefore,
that during the first 150 hours of loop operation the thermal performance of the

boiler increased somewhat and then remained essentially constant until the first

shutdown.
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During the first shutdown several modifications to the boiler were
carried out, As a result of these modifications the boiler performance
shifted, as may be seen by comparing the circles (after the lst shutdown) and
the triangles (before the first shutdown) in Figure 109. This marked increase
in boiler thermal performance was accompanied by a corresponding increase in
boiler ;AP and was probably due to the removal of the thick deposits from the

shell side of the boiler tubes.

The early history of the SN-1 boiler during operation at NASA-Lewis is
shown in Figure 110. Note that the early NASA runs (CADDE RUNS 161-423) agree
with the General Electric data taken after the first 150 hours of operation,
CADDE RUNS 383, 410, and 423 show a shift to the right and downward indicating
a decrease in thermal performance just prior to the A-4 shutdown. Subsequent
to the A-4 shutdown the boiler was apparently somewhat "deconditioned". The

performance agrees with the early results obtained at General Electric,

In view of the results shown in Figures 109 and 110 it may be concluded
that the crud deposition on the boiler shell side occurred early in the
life of the SN-1 boiler at NASA-Lewis., Additional contamination on the tube
side occurred about the time of the A-4 shutdown. Operation of the boiler
at General Electric for about 150 hours removed the tube side contamination.
Subsequent mechanical removal of the shell side deposits further increased

the thermal performance of the boiler at the cost of a higher boilerZXP.

The entire plot of weekly points is shown in Figure 111 which indicates

performance remained about constant during the course of the endurance test.




hfg

V. NOMENCLATURE
Tube cross sectional flow area, ft2
constant pressure specific heat, Btu/lb °F
equivalent diameter
fluid friction factor, dimensionless
gravitational constant, ft/sec2
latent heat of vaporization, Btu/lb
discharge coefficient, dimensionless
length, ft
number of tubes
friction factor (0 for rough tubes, 0.2 for smooth tubes)
pressure, lb/ft2
wetted perimeter, ft
temperature, °F
overall heat transfer coefficient, Btu/hr-ft2-CF
flow rate, lb/sec
vapor quality, 7
fluid viscosity, 1lb/sec-ft
fluid density, 1b/ft3

two-phase pressure drop multiplier, dimensionless

Subscripts:

E

Hg

NaK

boiler tube exit
plug exit

gas vapor
homogeneous mixture
mercury

liquid

sodium-potassium
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PP

SCP

SH

TPF

UP

plug region

pinch point (NaK-Hg temperature at Hg liquid vapor interface)
subcooled plug region

superheated vapor region

two phase flow

unplugged tube region

vapor quality

zero quality, overall

98




*a7130ad 2anjeaadwe] I97T0q A1030BAIDI 8-JVNS °8G 92In3Tjg

*14 ‘2 NOILYLS WO¥d 3INVLSIA

0001
4o L'Vl 0ddlV 0501
do L6 31ddLVY
4o 092 HSLY :
1Sd 6°¥01 IHdV }
VISd L 6LE NI 9Hd i
VISd 2°¥l2  1N0 9Hd : 0oLl
40 679821  1N0 9HL 2
4o 0£°28¢ NI 9HL
YH/81 §°60£0L 9HM
MY 89%  4IMOd 0SL1L do
do 97291 YenN1V “JYNLYYIdWIL
do 0°LOEL NI XeNl
YH/97 ¥°¥8L9% MeNM
INIL
31va
85/ NNY 300YI YSWN 0octL
0521
00€L

99




*9T7T30ad @anjeradwal I19TT0q KI10310BII3I 8§-JVYNS *6S °IndTg
14 ‘2 NODLYLS WO¥4 JONVLSIC
op 9¢ 2€ 82 2 02 9l 2l & v 0
[ | T T _ | | _ I 000l
HETHEIRE R
oLl 04V AR
4o 96 81dd1V 10 wm, 3
4o 282 HSLV jo : = 0501
1Sd 601 9Hd V H § |
VISd GEE NI 9Hd v it
VISd 922 1N0 9Hd ae aN3g 40 3AISNI e
d0 2621 LN0O 9HL 3
4o 262 NI 9HL A 0 i
dH/81 1986 OHM av ¥ i ontl
MY Sty 43M0d TS =0 di i
40 Sl NeNLV T13IM bH @ |
do €0EL NI MeNL
¥H/81 880t  XeNM TI3M e A
S¥H 0090 INIL

3961 ‘G AYYNYEI4  3Lva

00eL

0S¢l

00€L

do
‘UNLYYIdWIL

100




*9T130ad 2anjeasadwe] 197TOq A1030BIF9I §-JVNS

14 2 ON NOILYLS WOYd JONVLSIC

9L

*09 @2an3tg

8961l 934 §
G2 NNY

39

—'l

oLstL "SYH GPEL
Ll do 91
96 d0 86
25¢ do €92
601 ISd L0l
GEE VISd VL€
92¢ YISd €1¢
a6el 4o 6821
26¢ do ¥8¢
7986 4H/81 LeLolL
Shy MY Shy
vSlL 4o 961
€0€L do SO€L
880LY 4H/87 §129¥
S4NOH 0090 SUNOH €vSL
£961 AON 91
¥S6 NNd 300v2

M

NOIL¥43d0

0ddLV
4lddLV
HSLV
9HdVV
NI 9Hd
1n0 9Hd
1n0 9HL
NI 9HL
OHM

Y3Mod
ABNLV
NI JeNnl
ABNM

IWIL
3lva

1t

11

e
seussamuagas

e a

T

yus
T

1T

o

1T
it

T

usa:

BT

d=

H

sess

neas i
it

T
T

T
T
81
it

s

1
T
T

suan:
T

sadsesnessssssnsassaan ue

T

18 o 8
1
b o4 &

Hit
joa &
ﬁ
38
152 1
g
g
i

T

T
5s e 8
u o
8

a s

e
HE
2an :

T

oooL

0S0L

0oLl

0slLL

00clL

0sel

ooelL

do
‘ UNLYYIdWIL

101



*971301d 2anjeiadws] 13T7T0q A10310BIISI Q-JVNS °*T9 =2an8Tg
*14 ‘2 NOILYLS WO¥4 JINVLSIA
o 9¢ 2¢ 82 e 02 9l 2L
| ] I | I T ]
€L # INIOd XIYLVW st
1

d0 G 0dd1lV n_o 9 T
1o G a1ddLy - ° it
40 822 HSLV H ik
1Sd 691 9HIV v i

vISd Llp NI 9Hd @ GN3E 40 J0ISNT e

VISd 2te 1N0 9Hd Hasit
do 6421 1n0 9HL 74 (o) 3 i
4o 8G€ NI 9HL v i B

4H/81 BLLLL OHM g <mop mw
M Lot 43Mod B il 5
4o 651 NeN1V 113M BH
do ¥821L AeNL =k e

¥H/87 686G YeNM ok Ao
SYH L¥9L JWIL

8961 HOYVW L2 ilva

T

R iatas

000l

0s0L

ooLlL

0SLL

0octL

052l

00€l

do
“RNLYYIdWIL

102



*97TJoad sanjeiadwe] 19T7T0q A1030BII31 §-JVNS °Z9 2an81g

*14 “2 NOILYLS WOYW4 3JINYLSIC

9l el 8
] E3TTILE SR ERENE SRRTISIRL: SIS IR ARETICUTIRLILR BRATACITT S KBER!
AonrEn Ll
.w#xﬁmﬁ AH”V DA”HVnV
(
4o OL 39 J9v
do €V
o L£2 o S€2 NOILYJ01 uqa:ouozmuz* u>Hh<4um‘
ISd L6l ISd €/1 i LeY petq sats poeta it
VISd 90% YISd ¥6€ :
VISd Gl¢ 1N0 9Hd VISd Le¢
40 8921 1N0 9HL do 021
49 LSV NI 9HL do SLY
4H/87 L1811 9HM 4H/97 8LLLL
MA Lvb 43M0d
do LPL NenlV do 961
4o §L21 NI NeNnl do 08¢l
4H/87 16561 ACNM 4H/871 62287
S¥H 0001 JWIL S4H 6791

8961 1IddY LL ilva

8961 HOYVW 22
J9Y

ooot

0501

ooLL

0sLL

002l

0S¢l

00€l

do
‘ JYNLYYIdWIL

103




3F ‘Zz uOT3}BIS WOJIJ 82UBISIQ

*oT130ad @anjeiadwal I9TT0q K1030BII31 8-JVNS

*€9 21n31g

o 9¢ ze 82 ve 02 91 z1
| | | | | | |
d,€  0ddLy
4,05 €I1ddl\]
i,8€2  HSLY
Tsd 8L1  DHA Y
8ISd bgb UI DHd
e1sd 9¥Z 3INO DHd
4,2621 31O DHL
4, 1€V Ul DHL
ay,q1 €101 DHM
M I1p.  I9mog
A LET  NENLYY T
o ays jo do
4,5621 UI MeNL LIoRE & 3
Iy/q1 ZE16¥ MENM 11oM 3Hdp
SINOH 0021 auy, TIoM YENA
8961 aung 2 a38Q

form

sl L

i

|

i -

il
At

5 B
. - i

- - et

:

|
S

000T

0601

00TI

0021

0sz1

00€T

d, ‘@aanjsxadua],

104




*a7130ad @injeiadws] I19TTO0q AI030BIFDI §-JVYNS '#9 2an3Tg

14 ‘g uoneig wou4 adjueisig

o
<

— 0001

i e Hi h :
mnmm._ E T H } S
mm.ﬂlﬂl O m ” I : ! MA_‘ “
£ 9 e - e = 0s0L
= . e S T
ﬁu mﬂmﬂ MMQ I ! T 1 1 1 Sou i M w.u -
facit ersd ¢9Z 3INQ 9HHd v sses: T : S Eeied Seseasacss
H uag JO apisu| : e _ j
& dov*LzeT o omr GO puea s : i : :
ge do8°CTS Ul 9HL ! : m :
1 1y/sq1 80T‘ZT OHM YA @ ! 00L1
MI 087  I9mog b
s 467691 MeNL l1Bys yo doy
d,T°0CET Ul MBNL oM fH @
1y/sqT %958y JMEeNM 1128M MEN & ! Gaui
SINOH GEOT aury, T :
i 8961 AInr 91 a3e( seiEfacs i
: Lf H b 1 4 “ 1 p_ 3 Lr._I
sEBstpavaanedenss: Sgsspebstiands : : ! HH i
sepgesiodiages H H HH 1 Htd = 18e8p"
%:; i : e S RN S a e 00zZ1
+4 m. m» 1 4 11 H HitT ”M H -4 Sabagdan IALHJAI 1 ‘,mr} HiH THIHH ...u . Jl., H H } %\.I : <. 1 iul ‘_mn
,Tm B £ .1.1 HHH . " HiH wupRs .Hx : s am H.n“»x_; . j”:.( L,i o8 man
Sl e R e e e e ety e R e B ot e e el Nl T #._
HTaT g8 1 H egizabestauphnsus gepbRdandiisngsanph H THHTHHAR SERESEETIsRuaNs: B HiHHIA
i SR R T R R R TR T ST oo
11t} 8 i ¢ sdsciBasabt ifuiadnaviises erys 341t 5 T HAT AT A H o i.xw
W.L 1 _ _H HH sigaas W mLVH% %1 ..émfn | .‘1n. AML JM. ‘u %‘* %. 11 A,ik..
M Lt * ! w: LR T b eceitetitint: i I 1 HHITHR R HH RO R
1 * 114 T 2 i F -+ . . 1] 3 3 T3 T
A i :?:il HiHl i i listE
. P P e T
L : alfoliallzlis s E 1 ooel
H ! i ﬁ h £ THATE A 4L
Al L I st itk
* : f M m i i ~ m 1.4 HTT{H] ‘..m.; Hih
TN T m,,wn? TN wl Af
* H] : il . _ ; Hitl | | Hii R z:,*. ith Hyl 0SEL

105

4o ‘@amesadwa |



*oT71301d 2anjeasdwsl 197T0q A1030BAISI 8~JVNS °G9 2a1n3Tjg

‘14 ‘z uonels wou4 adueisig

ot 8¢ e (014 9l v 0 —
RS e e ESEsEamaan : e s e o
xv*wtrw.*ﬂﬁuhﬂnﬁfrr*n l .@r‘% - 1\w\r t VL___ lﬂ%lﬁrT:r_!T SuananE; 4,4_« - T T ia ai oot + :
s ST i
mr An. Jn—wOWﬂ 9 0ddlv “ T —— : : 1 “ _ I » M
M._tw k e m_mn_l—-q i W t 1T T t : _< HH 4«_ M
;\M .md €1¢ HS1V usas Esesnaish S deahrhih
o T esT T oHav 10— | i i 0501
L) —ersd5°200  — uj DHJ H S S
Hi eTsd L°ZPC 1IN0 OHJ W puog o apisu| T : T st 12 ,
| 7 4 ETEHTT 1nQ DHL ad Sl S EEes
Sl T d. 97829 ujl OHL : S : i £2iE
Sl T IWE 9PETTT T DHM YA 0 : e 4 ool
% M €°2Ev  1amog 8% S e e R e
H T8 EVT  MeNLV lleys o doj. HHH HHH . aSes H H
peass lw 2LZT  u| deNL I19M BH @ it g jiit
D ——Tw7EtTIeter  denm 113M MeN & B i
: T i# jutod XTJIJEN Oty 1 . 0GlL1L
69-.-01 aleq
3 0
“ {8 _A‘
; mf i iR
! i ot 00zZ1
o 1 Beode
1 1 oy
i =g i
0sclt
(0014}
osel

106

4o ‘@amesadwa ]



*91T30ad aanjeradwel I9TT0q K1030BIFDI 8-JVNS *99 2In3Tg

“14 ‘Z uonels wou4 asueisig
9g

o
<

0001

SRR : e i R
i R R i HiEH |
i : = I
s5di i.7 9 0dd.LV i i HE
HHH d 2" ce g1dd1V : ; ! :
it d 6"11% HS1V (@) : _ : :
s o 9 : I 0501
T Tsd €Y€9T OHdV a0 ® _ H H !
= W — ®rsd 8 Z0%  U| HDHJ H . + - i t
safse eTsd L*CVC 1IN0 9HJ o W puag 40 apisu| :
i 25927 0 oHL U : Ritees
FH a4 L°v29 U]l DHL : ; HH t HH
HE IU/# 267 TT  DHM o JA O : e i , e 00LL
V 1T ar 1 1 107
T W v vev 1aMOg i i : SiSEsER s et
14 X Q 1 1
i+ T0°PPT  MENLV I1eys jo dol H
% d_9°0L3T Ul MeNl I1°M BH @ i
kit Iu/# T8€°6%  MENM I18M EN & 0511
i g# jutod XTajepy owll i SEEEREESEN o efisiieist
ﬁ*..k _— e o T H+11 * 1
sEse 69-,-01  93€d it £ g5
a5y Rab. 1 it
R R R THH TR TR T HEEE e Eaea
R T - . HH an srsdangingebnunspisinasrn uanghnses bugs p saaababebanladicsessy
R jEsitsgiies gz |Eedjice EHE N ey T
AT T TR T FE R H H H Ho Saigassh SRR T
$sgestassysitegd L] s H ] A HH HITH: T L ,
.....W T TH i H m T R - HHE 1 e u‘inm.w. T r -t i+ “utl uYMm
HHHH T A Y s sSteiiisagizpessadataneayaneapiagsstasy L T t.w. T
=335RERENS H B 1 s HHHH seREAERESaeE. P T R w.j;__,ﬁum H
[ Hii] R T e R JEEHERRRR IS0, oo RRRARERR: R AR AR e ent
i 11 TR HiHH HHTHTH T 13 SEREREY (5 <) ke SR RRTRRE RN SURRERI NM sHTHI
i i eitticas hit] sHidks it A 0521
x.d m W.. T T T A *uﬁ w TN AR _f CTTEY
i St s T ._ il m:&ﬁ i i
! i ) ¥ — pon . - 3 444 114 H
! it il =il Lx.zﬂm_&
! i i R R i
it L
ﬁ ﬂ 3
A ﬁ i z : 1 00El
| ! :u 171
H MI 13 i3 1

g
(B
R Shuts veeas saael ot

By , Hl
w w u
| i 1
G “, i LIt
! _: i il sHl oggl

107

4o ‘@imesadwa |




*97r30ad @anjeaadws] ISTTOq A1030BIF2I 8-dVNS L9 2an31g

14 ‘z uoneis wou4 adueisig

oy 9€ ce 8C 174 9l w4 . 1 “ L,o _—
o Bl B e e e e e L e et
s ?wfn%ﬁwwn MT%E& %I‘Tt.WLF,Tr_:,: : u e =
AL 0ddLv ; S
mﬂml{ (0] m_mh_.—vq + “H _"hw T T g ««4_ T
- Q.9 S i 0501
i X _ [ DHdv 30 @ S e
s i U1 OHd H E e e e i :
(il @ zvzer _wnooHL 9 i :
ssast d €YEL9 Ul 9HL e i T i m h“ _w_ B
e Tu78 ¢e0* 2T OHM 28 o] e e 001
ao " “ _ 255 P
I M 7°09%  Jamod 4% = H e Hi
: I T°2CT SeN LY I13ys jo doy : W ~
] “1P]&|; Jgasaae « »
: 4 2°T8CT Ui MeNL i1em 6H @ HHTH
1 T T Iu/#F 80¢'6%  MENM l13M MEN & _ B B L e 0511
——g¥ JUTOd XTATEN awi| _ G Sl 000 aHE
o 69-9-01 UMND s pay H ,r 4_ H H LI ,Nx 5 wq }
o EBp Bt 888 : - s T
mm 3 A«w:ﬁ 00zZ1
] 1 T it
Ha t i i
mw ﬁ s £l @ ﬂk
ﬂ i i il

0G¢1

o8 Bt

8 S
'

=3

5

e ol

38 FPIEE § TR S BE TN PUSTS SRR SU TR

il
t
il
2 00€l
i
EH ;;
HiH
f“mm 0SEL

108

4o ‘@imesadwa |




*a71301d @anjeradwsl I9T770q A103DBIFDI g-JVNS 89 2In3Tg

"14 ‘Z uonels wou4 aduessiqg

o
<

0001

i HE B i
Hif ﬁ : i
-] -
W e “ 0soL
o i : <
Lw PTSTT9ELZ  INQ OHd o ¥ puag j0 apisuj d d ,
] I _FTELZT N0 OHL a i ;
fes d 2 v0L uj9H1L is D ; T
Risyin (PR t 1 T 4* Hi
b IN)FTECZT  OHM YA 0 i _ B6LL
i d 97087 1amoy v - :
bt 207091 NENLV 118ys jo do| :
: o ,.Im G* Huwwmalsww_h MeNL I1oM bH @ }
il T TU/# 121767 MeNm I13M MeN & : ettt o0sLL
i v# aurod xtajew SWIL - § : i
T 69-9-01 €d Th i
issos T T eapds: T 2 T Bes T T 28 T i ge R g
EEEatass! .:fmT it e uasisasnsoibataspsanciinsaalasnungdusabs H : B BasdagnandaaEaneszasly KN Wum SEssERsERRssERpieaResil:
i G e e ; Lo 00zL
t H S§esntn sesanyes TM: A HHHERIH AT HH T A 1 H w_lm 1
Hi s L R - I i
T e T T R i 1 TR
G R T R R i fishsit
T TH 1 TR R I 1 i H
et i e tﬂf x_w i i Y ogzl
ji i e
i 1 H
1 :A M HHH
U w w
_ L M il G 00EL
| Hn umﬁ,r i
A TR 11
| B A
, T T R
| ERISaRISERIENENRRRAL) 11
| HiG I iHiHH 0SElL

109

4o ‘@amesadwa |



*97T3oad aanjeasadwe] ISTTOq LAI1030BAFDI 8~-dVNS

"14 ‘g uonels wou4 soueisig

69 2an31g

ses

oy 9€ |
T ESRSS SEE T A
s ;_MJ A*.omﬁﬂr ,-.zw;lw w%ww¢ ss 53 L
HHH e T
o= d8°9 0ddLV i SR
| I 8V LY 81dd1v q B
faett S HS1V H Sl
Tsd 9%061 OHdV 30 i -
H BTSd 1"CEV U] OHd H SiEsiEfmesE 22 : fasi:
i e1sd ¢*1v2 1IN0 9Hd o ¥ puag 40 apIsu| ct ; 5 358k
i I97VECT N0 OHL d HE ; : i
siusd a *€€9 uj OHL I = a8 1 2s
gl ,Ewlwmm 0T  OHM 1A 0 e R T : £
e% _ . a9 S HEH T
14 WX L7€Ty Jamogd P : e !
H homqowﬁ SNeNLV ll8ys 40 doj : - w
d PT0€T ul MeNl 11om bH @ £ !
3z TTIQ)F G0V EF MeNM 113M MEN & HH : HEH
m“I T T G# 3jutod XTajelW Bwlj T g T M et
s =i aleqg ERSESE o e
i 69-9-01 ifi ] i W W
+ T L HU T b {
J 11 ot % H.,
Hii 1EH o
+4 88 5EH 5 H
L i L
4 : “1 : Y

1H

1

e

ju SOuSE SeEny bt
T

0001

0501

0SLL

0oct

0S¢l

oogl

0SEl

110

4o ‘@amesadwa |



*97130ad @2injeiadws] I9TTOq A1030BIFSI 8-JVNS 'O/ 2andtg

"14 ‘Z uollelg Woi4 asuelsig

8¢ 9l cl 8

o
<

(0[0o]}

SEaRsaac deieauasy Aisas tanas dvena sun e FmaEETE rasstsa: asann: ;:
i sasasssansate -wwwﬂvmwntw.u., a .MmiiTrﬂhbi ! T _““ H 2t THH :
i 2l = : S b SEEEpasEsfusetsuat
mn4,x 'W\Od (0574 x_\x,, T 3 a8 amas:
shbi : HHHE jEAR msmmesEna na:
m% el Q 9 H e 00l
88 SU 681 30 ) T peuazs. SSpssssiasss
Hﬂw —ersdgopy H : e E S
] —eTsd — : imesaaciassancanm: 2ot T
¥USE 300 DHd o ¥ puag 40 apisu S b g
i 4 S"E6ZT ~InQ DHL a i it it b :
H T EETTIO T uj9HL _ﬂ e
T 7% FIETT— OHM 28 <O - e 0011
i : 89 _ L
Lﬂh NI 9% 0vY 1aMod T T H T
i I EFVT MeNLV l1eys 4o do | ! :
it T I.TTOST Ul deNL 112m bH @ , :
B e aMm e i ]
H NENM 1M MEN & i HEHE : i oLl
i 9 TOV TR Sl S e R e e e Y
5 69-9-0T _ aleQ 5 H : S
] i HHH T HE TR
H e3sasasbssaunsnnand s TR HETHE R T == H R T HTH i
i HH AT R R e R i I gzl
i R E e R TR R e e e i i ] :
2l e et e : 00Z1
s $ dwr‘”::;ﬁr HEy w : b M.
R ‘
: i siEssisain T ] T
1t} R it { Hi
3 I HTH: AT t ¢
i HRHE L i i
| H 1 0S¢l
V H i il 1
; 1258 1R00E o : |
. il
i
8
i 00€E!
t
|
! ! i

0SElL

m

4o ‘@4mesadwa |




*a7130ad @anjeradwe] 197TOq A1030BAFDI 8-JVNS T/ 2an3Tg

‘14 ‘Z uonelS Wwou4 adueisia

or . B . 0001
8 HE T B8 ! - e
i | *
5 . : i S ESsiseees
FH 979 0ddlV 5 : i
saas: £ mqwm g91ddlV g i FE
i 1972 HSLV O o i it ss e 0501
mt«w rsd m 9LT DHdV 10 @ f Wm_ § 1 WJ i : ”
mrllld.nmqlodﬂ«l U] ODHd H ; e _m . 4
i eTSdTTZIZ ~ IN0 OHd o ¥ puag 4o spisu| : HE : :
i p— S AT T : i e e R :
] 699 U] DHL ERETTRE i E s ias et
i lld:\wlhf.ﬂ OHM 28 0 e EE I MEs iy e e 00L1
T aQ : SRR ESstties fEi e
M 6" VSV lamog d ” , _ P T
s I 970¢T MeNLY 113YS 40 do | HHH i
S| T aoSTZEZTul Nl 1oM BH @
77 Tor T yenm II2M MeN & 4 05LL
] I# JUTod XTI3eN owl] i
i 69-9-01  2eQ gissty
R R R R
SSsnsatasast gh phadboPeal duisnsatussanus ebeks 1 snEdssanesfunsnpin
Hi HHHE EHE R HE T 1nv Sedagiihnanliices o T 00Z1
a S SR ERss by stat s T HEL R
: “ 1 e
e H - %14, HHEH
AM. r% ,_T vmrﬂ
i Spes
= i e 05zl
fi] 1 i
i i
1l
t
4
% 00€E!
|
lq,

0SEl

112

4o ‘@amesadwa |




*97730ad aanjeiadwsl 197T0q K1030BIFDI §-gYNS °Z/ 2and1j

‘14 ‘Z uonels woui4 aduelsiqg
9l cl 8 14

o
<

ooot

s : : : ; HE
HHH = = HiEE
mmm S T L m
mmw : he e 0501
5| TrsdeIiy uioHd ! i e
i ..Idﬂmag - 1IN0 OHJ o W puag 40 apIsu| i R :
i~ agreser ool O R e
= T A CTFIL T Ul DHL HEE e S
L T zoe T oMM 98 ) L LY 0oL L
3 - XV} : it : : HHH
T MY v 2Ly Jamogd us 10 do £ ! T i
{ T 0"ZST T Nenlv s 49 SRl m :
- FTE62T Ul deNL I1oM BH @ : i
FEE — —TuF PR 6T T MeNM I13M NeN & i e i
H| T g# 3utod XTajEN Awll T S I, SO
e - HiEiiiEE i fi
,..ﬂ.,». T ypans THHRT S ] %
] T T
sgsEman 3 THEH 1 1 T B T
Lmum - Lux”x i3 'mrl HOF4 HET H M_u«u.. ,._vr“H.uH”“xm. A T‘x er‘: w Mx LM OON—.
! TR R R i1 1 fw..., 3 H R
; HHH , e
w 4_.:.. 3 e W@.x e .L_Lnn 1
I 1382 S SRR
! U : M‘t ;.n t
m i} 0szL
i i
H
£t
i
o ! 00€L
{ 3
I it
! -
| i
+ _1
il ogel

113

4o ‘@amesadwa |



*97130ad @anjeradwsl I9TTOq LI03DBAFDI 8—-gVNS €/ 2an3Tg

"14 ‘Z uonels wou4 aduesiqg

a e s e meus emamne: w: - :,v_ - oool
RSN fesas e nas s R SRR e T
ssuss jpus P - — 5 t 1
H.HUYI. + T T I _,, Hg Z, T
g ww d,v L Ch TR : H t
B I 8796 =t S
£tz I 9"69¢2 ; : t ; e
— o = e e 0501
] __¥ed BOTC ” I T
|| TSt ovyey  ulOHd H S e e =
ik BTSd 6°€VC N0 OHd o W puag o apIsu| i SEiE SRS EaRes sty :
e I 21T o oHL U HE ; T L
it d 67099 uj OHL szt T “ Hiftetai
il IU/# €92°TT  DHM : : e 0011
Jomog 8w | EiHi i : st
MY G gEP H A
EREA MENLV l12ys jo doy gl
d £°SZET Ul MENL I12M 6H @ i -
I4/# €21'6¥% MENM 11I3M MeN & &5 FHHA HEHEEHEIHEE o)1)
H 6F JUTOd XTJajely awl] ; SEsansEasinanans HHEHH i HTHE
i 69-L-0T € T8It JEigEcsts b
gedss . i HH S 1 T
Rl R R i R ]
s : Tt ] Bt seffaies H SEB3Es RIRE! 1 T xmmﬂ HHAH 17 T
Au,' Hi rfr M men T 1 “Mx T = = AH - ‘Muxtr x.lﬂ Ml yLuL ase 3 OONﬁ
pvv.M‘% T.ru H H JnL ] HE BT NJ BN !1 8! H 98 Bas HHHIT 1 1HE 8 -.. 1u.
il A Al i i
HETH sears T T TH R R ATTH : * e
B SEtss HTH i it i L
saasetes : I HH PHR T TR 1 U
il ” L i ML ozt
w i ; i i ielERsEE
i } 4
! w + h d.u
- 4 & 4
m. A i , 4
! w 1 1 w 3
: it : m M 00€!
4 ! _ !

a

et
T

[Sansu

jus

H# ogglL

114

4o ‘9amesadwsa |



*97130ad @anjeaadwal I9TTOoq A1030BIFaI 8-JYNS 4/ 2an31g

‘14 ‘Z uonels wou4 ajuesig

ov 9e 4> 0001
aene: s 3533 Soeks aas! AT T
WHM %&##Wmmw mﬂh.—ur H‘MM T , : . : - . W u“ - - : - %JL qq« 7 F.nu_“u «Lﬂf
_,Ym.; 1T : n : _mm _m
& Sl & 0ddLlv 5 _ e
HH I 1799 g1dd1V =
13 d 6°9%¢C HS1V O T : ! : T
1T o 9 Eazaan: inaus as:
wmm el SHdV 30 (4 s e e e e osot
J —eTrsdETF9F U] DHd H £ masias : HE
o Jdmaljnml N0 DOHd o ¥ puag Jo apisu] as: i L T [rur
i~ azmer anpoHL 4 : e e R e e e
i I z89 u] OHL ezt : EHRE iR TS et
L auE PTTT OHM POTA) 20 i Sk eI ] 0011
i . a9 Esses i Secteet TR
i MI L°0SY 19MOd d T Sk SaETREnes tH
: mom-mv.m MENLV 118ys 0 Ao | o s
i I.TFEET Ul deNl l13M 6H @ HH
w8 eTr'er  venm [13BM MeN & i g A o))
] —01# 3utod XTazeN dwil EE HH e R T
[ 69-2-01 aleq HE R T
Ammml WH R A T “,TW%,,,LQ £ nuﬁ‘
t : 3 = .w F
i T ] _ fics g
8 m ITM I
shuadbhe I
it e
i3k
Hid
0621
ik
HI
it
i
i #
+  00€EL

—

a3l oggl

115

4o ‘eamesadwa |




*a7130ad @anjeiadwe) I9TTOq K1030BIFD1 8-JVNS °G/ 2and1g

‘14 ‘Z uonels wou4 asueisiq

ov 9€ 8¢ 9l ﬂ
T : rf Raa — %.mﬁ A i m
HEEHE e b#,fxfTuPrtTimtr , : , S
i BEnat
m% I9°L 0dd1v He
i 4,572V g1ddLy R
i 4 ETT5T HSLV O 9 : : FrHE
] rsd207 OHdV 30 ® e i
£ eTsd6°T9F U DHJ H i
.ww eTsd "8G InQ OHJ W puag O BpISU|
] A7 PTET 10 DHL ad Sii !
5 m Z7v0L uj OHL SiEsa R
MJA [Jlﬂlaj OI; UD .O _»A.“ ; u,w ..,.nx,m,”w_ +A.U 8—_.
feste S AV : : HHHH
Y mom 8GY 18amod s s BT
: I TTT3T MeNLV I1eYysS 30 €O
T 8 TZET Ul HeNl l1am 6H @ i 2
H Haww CET'EY  HeNm IIBM JEN & 21 og11
| —TT# 7uToq XTaTem ewi) B
i 69-1-0T1 aleQ H B HH
aiEE Mv
I L R i : i ” . X oozt
: vw - H H " 2 . ] 8 IR i n . 2| .A.m
agvey rfﬁ,p e
TR T
i
J
i 1 0G¢lL
»M. t
! b
i i
it i
w i
. 1
i | |
_ 00€L

0SEL

116

4o ‘@amesadwa |



*oT7t3oad @sanjeisdwe] I9TTOq L103DBAIDI 8-gyNS 9/ 2In3T1g

14 ‘g uonels wou4 adueisig
ol

ov 9t A% 8C —

“ I*Tuxttﬁrrtixu11+1%i% e r m e

un ‘,—w E 5 i 3 : . T 1 1 r ) 8 S

uxmu : ’ TR " M 1 + + T

H v e : =

mmmm -mpmow _ww T mans; “d s va_i T 1 T

HH Sar =8 : : FEsssaee = :

H 4 G°T1S¢ O t P R ;

e 2 e - -

Hw ﬁmn 8%80¢ DHd4V a0 (] e EaE e s E R aas o Ll
H - - 1t

eTsd 0" 8LV Ul OHd H
eTsd g'69% N0 HYHdJ V¥ puag jo apisu| : :
T zer wooHL 90

H

:
:
- i d_G*05L uj OHL E i =4
i IU/F €9%°CT  OHM 28 @) - - HoE
HH | E i :
H W M 97ELY Jamod - s H
sase I TTLST MeNLV lIsyg jo doy
i M lubu‘m«ﬂw ul eNl I1oM 6H @ it
m nm MNZB __0; V_Nz . H B8 S! : OMPP
] ~21# aurod XTIIEW awil AT =
HHH 69-Z-0T  @eg H : ST 3
aades HH 1H1 - Hi3 @
HA H . HH H 3 TH A t H m
B4 HH S 4+ HHH q HIH - BEsasbassnanas iksEEalags m
T R : TR e 3
= L e — - e T 00zl o
H T A HHHH HH 3 HHH T H AN 1 HiE m
T B i i
R T D R R R ] : T
1 w # HIHH 14T o LT RREssafnnbagiibe .ﬂ,ﬁ H. i 158
agsts b Fatids: HHEH i H i1t
i [ HiiE I 1 ;n H 1t 1 {13 0sz1
i e G el
il Y i
| i
i Hil )

0ogl

e f———
1
Ty
5

t

=

SEEE Gaas 1

——

5 fcemns o
[Soams Saush SPUEE SEETN SQEIS SETS

= el

B 3,

0SEl

17



*971Joad @anjeiadws] I9TTO0q AI0310BIFDI @-JYNS *// °In3Tg

"14 ‘Z UOIBIS WO.4 3duelsi
cl 8 14 0

A 8¢ 144 (074
O¢» 1 _h_.” . 1 + __ T “ T T h: 1T OSP
S e GHpmEmE e
£t i i e HEE
S I 6L 0ddlv S e
i I 87T g81dd1v i HEE
EEESE IJH.MDW“.M.M.MI HSL1V O 9 i e 0s01
] ! OHdV a0 ® SEsE: A S 5 Eher
o —eTrsd 5 TTHF U Sea T aEan ] ! S EaTsiasuas
- . | DHd H fesctss : S R
HAT é w—._o OI& O ‘ ncwm %o Qn_mc_ w T : ,_ w ; m »u
Fil — azvszer _wmooHL O : i e
- d 7 IED ul OHL H : faistmgcsaset
= : izt perante
HE —IW/F TZZTT T OHM 5 6 e , I
Vv o EuE H 1 1
i : av i L
: MY 8 EEV lamog T
a_veT NeNLV ll2ys 4o dot it uw
- d_T"98%1 Ul MeNl l12M BH @ i des it
s TU/# 0L079%  MENM l13M MEN & HH ! i LAl 061
i = ©T# FUuTod XTIFEN awl| o H EsaEensnaay i £t &
s 69-8=0T  aieQ S5 PR fistasensest HHEH
H H1 1 H T w s
TP T -+ m,_r. - 31 Bt 11 HH 1 HHHH HBH-+H HHH Sasasss H H
HitH .mx.w . M H _,ﬁ jasdissgaspaghsdndas «_H HH jisds HHH nxat dpasigiseisaass 1 HHHHHH B .h. w - w
1 1 sasguw * t 88385k patdqpuang akshsnesun puswnhunun pruunasonpanng gy 1 & 111 T i 3.
i 5 M HI I Shiss R T ] rﬂ .J i 4 oozt
: H o B R R g H1 TS
sl et i M il t i
i I i
HTHITET T H
H T Hi H
JT %
m,__ oSzl
il Ih!
i ik
|
2R
el
| I
I [ oogl
| ik
| i _A. |
4_ \M
H 0SEl

118

4o ‘@imesadwa



*aT71Joad aanjeisdwel I9TTOq L£10310BIJDI §-JVNS "8/ 2In8Tg

‘14 ‘Z uonelg wou4 aoueisig
9l

o
<

T

9g
R T 1 wuLl ,_u, L Jmm A:1 ﬂwm «<<__W|“ »_JLH% ru:
ulh uw‘ﬁ“mw 1“5@.%.1_‘;:} t m« 1 +
HH
gassd 4 979
i o ;
Hi I 1°TT
] I E£°TTe

: I,
%n U591l DH4AV 30 O. B e aer b ! s
Hi Ul OHd H i
gaest s 1IN0 SOHd V¥ puag jo apisu| i !
i I_0°0LET 1IN0 DHL ad HEEE i 4
m }A d 87750 uj oH1L 8 .. Y ; =
- T OHM JA <0 iEEE e RaEne : 00LL
- nEEsaEEan: 18 uY +
HH . a9 S HHS Hi
MM MI 87 GVY lamod - ! ! gt
] I 879CT MENLV I19ys jo dol : :
m !Joﬂj%ﬂﬁ«l 9LZT Ul Menl 1o 6H @ i “_
i SENM 13M SeN & i § o511
HHf] T PT# 3uTod XTI3EN Wil PR R
s 69-8-01 2leQ e R e R $EScts
] fRiesitsecsen :
sepgszessqassey 1T T T S psEssesasapareseeny
e e I e e e st e kgt HE T
R S HTH R H SHEHR R R R HH
IR R H T T R H e i T
R A o0l
tessastents : H " :
1 T3

{ i

{ .

L

0sct

tc
cpasscuses

RS Rt st

OB
=

Tt

oo

00€EL

D

0GEL

119

4o ‘@amesadwa |




*9TT3oad @injeiadwsl I8TTO0q £103dBIIDI §-JVNS *6/ 2an3tjg

"14 ‘Z uonelg wou4 adjueisig
gl

o
<

S i
e — - :
HHH e s 1
mmmmm jo Nk “ { : &
i Hih EcE i
it w e i
Asass ; . ; T 3 iaa;
azmms ! T T ma: 1 T :
i e e e e e e it
] H g e R e
£as8e BTSd 97862 1IN0 DHJ ad ¥ puag jo apisu| ; H RsEte:
angsa — T spee
i d,77TLET 30 OHL L ]
i I.2°T89  UI DHL : i e
) aw/# 68T TT DHM 310 0 st e e L
gkt av : HHE
§EaE MY 1SSV 1amog p SaRzREssEdtssREss
fsses I 27091 MENLY llBys Jo do| - 2
i —3°T"6LZT  ul yeNl oM BH @ T
H TUJF OBTIF T HENM 1M MeN & : N
b T i B
i} — OT# 3utod XTA3EW 8wl T i i
69-8-01  @1ed 1 . fhecsiicndbpectd
HH + »M T 3 shss g 4‘ L.x.u.
1 sum 11 3 Hy 1 1 35 ] u_T ]
(T R R ¥ 4 ] 11 seiseschs=iiyfeghestiti
HH T H T R e i H £ R
T sagssssssieiidasiiss HoH e e H seperRibeyssbatiass
pigsssiapeages t W R H R Tflx%w T Hi HHY 3 i
T A e R H HEH
S HOHEE R H 1 1]
T T T
HiTHIH 1] THH i
aapegs 9 : 1 1 il
1 =
| it i
ESEIESERRL! o
HitlhibE ih
!
HEsetl
! H L

e

s pmewy

ETS gUwES bwy ...{-..
=

L1l

= 85

B
ot

0sol

00L1L

0SiL1

001

o0&zl

00€lL

0SElL

4o ‘@amesadwa |

120



*97T30ad @anjeiadws] I9TTOq A1030BAJ21 @-gVNS °08 2an8Tg

"14 ‘Z uonelg woi4 aoueisig

cl 8 0
o —— — 000l
s Eiisassissasnasass tass, £F
HHH I
Staas : : t
HHH : : H
= e
mb ——eTSdETCTF U] DHd H et : b -
.“m BTSA T892  1n0 OHd W puag Jo apisu| : : _ ” : o
4% —arzrernpoHL 09 HES i HEHH
mﬂ T A ETE89 uj OHL e : : : : HH
i — 095 208 TT— SHM YA i HiE : 001l
st e AV i :
: MY v OLY Jamogd % tes _ £
A I 2ot MNeNL1V e o
: —_—— e — &
A ET6LZT Ul MeNL 1M 6H @
in5 T aIuy/#¥ 2ecstov MENM 1IBM MEN & " 0SLL
T ToT#F JuTod XTITEeN awi) i HHE e L)
T 69-8-01  2®d e it : fi
...ml ARG REH AR : T Hikh H _u“. i x.u,fu tH1H i
o8 .Jmmr.* HH HHETH R “ H rTTHL. assinsagsngas Hi i b r.Hl..__. ‘#ﬁ.
SERICIR R : R R SiRssasies
i il : + : : 00zl
} 1 1 HH
m. as HHE
] I T1H
i i
! i HE
: : 05zl
: i
{Eili |
w
M_ ol
i i : 0oL
! i
! il il HinH
R ! 1
. M HiHH el oggy

121

4o ‘damesadwa |




*a7t30ad @2anjeradwa] 197TOq AI030BIJSI 8-gVNS ‘T8 °2an31g

‘14 ‘g uoneis woui4 adueisig

or 9e 174 oNA 9l 0001
wm“ N\ml H M,w T hw ,.rmo}%fjrli:; I B
W I97L s5ases
I 8L s :
I £7652 o T }
TTSERTIRT T DHAV g ® i 0501
—Ersdt B GCE U] DHd H SEEE: :
eTSA"ZVTIPC N0 OHd ¥ puag jo apisu| !
— apveser ooHL  4C i
!!_im 2¥2S9 Ul 9HL T it
T IwF CE0TT T OHM oJA <0 i : 00LL
HH av i
s MY Z°1EP Jamod d m REREEERCacesl . H
i 187671 MNENLV 84S 40 col i
: ,m 2'L631 uj deNl I1°om bH @ TR
i TTTIUJF EL0YLT MENM I12M MeN & H AR R SRR i 0G|
| T grod woIE elil) e b
il pomemor oA - ji R e
EiisE g _. | ,
i i Eateec sttt Bt A L= 00z
il
Hik i
Hrte fppesy
i £l 05zl
!
+
00€L
0SEL

122

4o ‘@amesadwa |



*a713oad sanjeiodwa] ISTTOq KI030BIFDI 8-gVNS °Z8 2an3Tg

‘14 'z uonels wou4 adueisig

(04 9€ (AN 8¢ cl 8
T Sass sress aaee: o T i3 . : 3 SR aaa o = SeasREsain
xMuwquvl .furw:»'tlﬁ «»%f—gn Pttt t E I S Sa & H - o :
1 S masasasEsssy S Ea
i do¥ 0ddlv F R e _
+4- .WON«MHMHN Iw.._rq - O O [ 4_._ HT 1 T _w ) 8
— TS TBLT  OHdV Elw s i S
—eTsd 179 U] DHd H e S
BTSAdETLYZ — 1nQ OHd W puag JO 9PISU| Lt !
I.2"88ZT 10 OHL ad ]

li.II.H 8Y099 Ul 9HL

— —IU/2 66S T DHM N b
L e mQ
M1 6°6EV 1amod ——l
i 5 SoT MENLV
HH loH1wm| Ul MeNL l12M 6H @
it /% 0SE*9F SleNm II3M MeN &
il — 8T1# autod xTajew dWil
el T 6e9-L-01  oed
ﬁ n,me 1 + T -
. W.JHM w.. HH HH TR AT 1HH Il‘v T

T

o
JSanynngussaunanas;

gesast

s

0001

0501

0oLl

0SlL1L

00clL

06l

00€L

0SEL

4o ‘@4mesadwa |

123



o
<

*9T7130ad aanjeaadwsl 197TO0q L1030BIAFII 8-JVNS

‘34 ‘Z uoNElS WoJ4 adueisi|

mp

€8 °2In3Tjg

e T 7
H T W,
%W g 0dd1V e h :
{ I V792 dlddlv S ESssistecl MR ioee : : =
1 I 57922 HSLV Q9 i st isaka et 5 &
—Tea’o LT OHdV Elw ® HH st e aee i 3
] eTsd 6798V U] DHd H : RhT e -
1 —eTsd 6602 T HHHH 1 1 :
o 1IN0 SH4 o W puag jo apisuj : : jEssadsass i !
55 LS ﬁ 06zT ingoHL @ EEiEs: : T N :
1] - s 1 1 I T ]
Wﬂ Ul DHL e T i :
mu, uﬁm 196°TT  HDHM YA 48 o : i ! :
fa258 9 HHHTE HHTHH £ i
i M €°19% 1amog b Sgesss: :
e I_6°ToT MNENLV I13ys Jo doj } HHH saiss
d 679621 uj denl 11°Mm 6H @
ires IU/# 6LS7 9V MENM IIBM MEN & : 1
W 61# JuTod XTajeW Quwnl i R
W 69-.-01  21eQ :
fastgezes TR ; T T
IzEsase i S13Essfeasasizisciisitistsiiice
L sHEHHE HHH uALht-xg%,‘H%~
[ 11 Hi] H SEasStanasiainssaleg sasts
-t MH ww il HHE T BT .JL TS
I T AR e TR
NM mw H .-fﬁmrﬂ .m.“f‘r#mu@ 2
SIIEERNS T AR s B
H 1 HiTH .ﬁ .w J HH Awy*rﬁ .ﬁﬁ :
2] # TR TR
i «t;. M Hfassh !
2 i THH 1 1
m il i H
| I T 1
§ T : B
! Al { !
1 * d
I . it
it A
] : HH
i W
117 7
Ly i
_: ilid

000l

0sol

0oLl

ostt

0S¢l

00t

0SEL

124

4o ‘@amesadwa



*9713oad aanjeiedwal IS9TTO0q A1030BIF21 Q-JVNS 'Hg§ 2In3Tg

"14 ‘Z uoilelg Woi4 asueisiq

oy 9l cl 8
52 St 0001
mwnnmu mes s w 04. : “M_
nmw = T ! M '111.
i = T -
i e s : 0501
mwrw ~ U DHd H e i i
y — ©FsC 07Z5C  InO HHd W puag jo opIsu| it m
& L6 %82T ngoHL 9C S : :
i T I 87669 U] DHL s e s anat
L Tw/# ees T OHM A 0 e R : 00L1
H H 1 f
fiiE Mi 6" VLY Jamog q% 4 e :
i I 17991 MeNLV l13ys jo doy
HHH — d.97268T Ul MiENL l18m 6H @ !
WMW MENM I18BM MEN & HH HHH
HE| — Og# 3utod XTajem dwil Joi e 0511
it 69-2-01 _ @1ed it
aaduw
fis e et cgnateaa e rsa gt et H
HH x; H i i HitH H HH
T 00zl
it i
T :
&.m_g .W.E. g
T : 0sZ1
HHHL i
i Al
il ettt
o1 i T
ik : 1 i 4 00EL
+ T w I W* 1
T aith t TH HE i
| | B HH
! * M\,m T “
B EsREL e el SSEESAENN HHH  oge)

125

4o ‘@4mesadwa |



*9T130ad 2anjeradwsl 19TTOq AI03d0B1J31 8-JVNS °G8 2an31g

14 ‘z uonels wou4 adsueisig

9t ce 9l

o
<

0001

ule‘ TF r_ L,:.,. T H;_ﬁ 1 4“.: T W .,M, “
B _ _ B -
S EESis St :
mmu 3 hONcN. o&&-_vq “ T W T T
st I 98F  @lddlV B _ i
el HELY Q9 it R i : 0ol
| e g a0 e i T ;
: . Ul DHd H e : HEEEE H
i ETSd 6 TP~ 1IN0 DHd W puag JO 8pIsu| o - i :
il — aozerangonL 00 2 : T
HHH 0 1 !
il 2,97999 " ul OHL S Higs
mmurnn. - I/ 20011 OHM UD <mv aSaacs i : ! __ 00L1L
st . a9 : : S st
i MY 8°0EV 1aMod i T ok §EE
mmmmu I 7TIST MNeNLV lleys jo doj ] £
T I 8"PCET Ul MeNl l1oM 6H @ T g
tieet TU)F 2050 MeNM I13M MEN & Y 96y
HHH T Te# 3UTod XTI3EN awil] HiH A
HH 69-2-01 a1eQ SLIT  HEHH HE HHH : HH
sl HEs gaE EEssEsEiey aRAR
e s ] S s e B b R
H A P e HH R A HH EESSsEIssERise: PRI
i I e ooz
FHE sas ﬂ1|w LA T 1 Bt B
wﬂm.‘ i “#.m.w._.nL ‘.ly‘* g xmi
jassasate ;r ERESseasass i
iichiEn it ishue gt i i
e M 9 _ﬁl 25 agy
T il i 0Z1
jitfis il A_
i. s | Nw i 1
i } ! !
m .u% . _ﬂ “ |
w W : M . 00€L
1M ' ? *%,
T
Hid it i
T R1R1 8]
_ .m‘__; 3 .;_Er
. HHUEELED oggl

126

4o ‘@aniesadwa |



*97T3oad @2anjeisdwsl] ISTT0q A103DBIFDI Q-JVNS 98 2andTg

"14 ‘Z uonelg woi4 agueisig

ov 9€ A 8¢ ve oc 9l _ 0 —
e SR eSS ERE EESEE Sis ] Ee e ER e SR AR e PR 8 1y H R
: ?Emvﬁwi - A%Hﬁiﬁi P e e e : ]

segse : - T

i wom Mw Qi L e " Hr

i oETT g1ddLv - _ £

i o A 23 m . : 0501

Je FES O0E OHdV g ® “ : i

— ®TsdUEST U] DHd H

eTsd Z70%2 1IN0 OHd V¥ puag 40 apisu|
T I VTETET InQ OHL ad
T I L7869 Ul 9HL

Iliquu,d?.Adl OHM oYA) <O
S a9 !

00LL

; W2V 0vY 1Moy d P A T
¢ X S veT SENLY {19Yys Jodag . V e :
: IJPJ% ZET Ul deNl l12M 6H @ S
giEs IU7F GGG MBeNM I19M MEN & A S 5L L
Ui — ¢eg# jutod XTITeW awl] T.mlwﬁ. SEEHERIR i w.“%_.ml.ﬂ_wbrw :
69-L-01  @ieqQ L9TT oo ipEsanzanr . semsansapsecnprasEeisizsy
! H T ﬁ}nq_x hes Fes w*“rﬁ.b
R SR i ] e
T Epasseisases A T Bas HH o
HE i e IR - _m?x 00ZL
: T il
i H ] i [y
i S saate : S
.*1 L”L ;
i 0sz!

00€L

0SEL

127

4o ‘@smesadwa |



*2713oad @anjersdwel 19TTO0q K103D0BIFD1 @-gVNS /8 2In3Tg

‘14 ‘z uoneig wou4 aosueisig
9l cl 8 14 0

(=)
<

0001

i _ : H : 5
i _ e i il
i e : i :
- Shm R : =4 0501
sazs NN fon HAEE i HiH
anmm B B uj w Hd H T : wr H Bins
o] T TSYZ7LST N0 OHd W puag 40 apisu| dritEiis et it
HMH I ETB0ET  1nQ DH.L ad i S HE H
ﬁW I BBIL U] DHL : e it
mﬂw T TIY/F ET0OCTT OHM YA @) e SiseaseiEssies { HEH 0oL
sapm v a@ H = s,
iis av 4
it WY € ECH 1amog ; ]
i I 67801 SENLV l13ys yjo doy. A
i T I 9ITET Ul dieNd ll2m 6H @ : et
i TU7# ZTI T SeNm llaM SeN & i aii: N
]~ €c# jutod xTajep dwil HEHE T TR R A L
stz 69-2-0T  d 6STT IfF T T
e HT R83bpassbavapabonsulsiauss
Basasgasss TR meL =388 I T A HH HEHH T T R H |
{ bt t tHT ausespERRREE s T 1
i mﬁ T H MMA.A .‘xlup s HHHT HH H M
His HHE L e 00zL
seasdsdse]slisgisneatafgasisatietl Eoas
ﬁ e s
8 r“_u_mmi i_m THAR R HH L #
H SRR o
i f i : i
HeLE - 0sZl
H i

P poaae

1T
== eagws sees seut s

: 00€l
I i 45 i
il o= L
i L
i iit! _ ML“_ W“[m% 1 0SEL

128

4o ‘@amesadwaj



*o713oad @anjeradwel I9TTO0q L10310BAJ91 8-JVNS °88 21n8TJ

14 ‘g uonels wou4 adueisig

(=}
<

0001

34l 5 2 1 i 5 1
T 1 1T
B R S ¥ Fae
T M S b |
1 ! :
sne ' t
sasas ad W
assns : : =+ T
HHH " = :
sseas t T I T H
- 1 ¥ 1 1 1
sssuw ! : A _
ssawEn I T T . T 1
1177 ! T + a5 T
ssass : t t £ 2 East:
T : 1 ; 0sol
ssuss T : 1 ins : s
saesa THHH T =H HH mpage
1] T T
H P : : : +HH
t T I T '
! " 1

—ersd 1"vL2 1IN0 9Hd W puag jo apisuy
a6 z0ct wmooHL dC _
d €°8TL uj DHL :

s

A

L w78 TL5'ZT  OHM 98 0 gitesisn st m 00LL
: g i i
g W 8" 9LF 1amog " 3
£558 ayg jo do
: I 27991 MNeNLV 113YS # i
g T BETET Ul deNl 11om 6H @
H i IU/# 168°'9% IBNM lIBM MEN & 0511
HHH Po# Jutod XTJaje| odwl] f ;i
mmﬁm 69-2L-01 aleQ 8PTIT L
andns H HH it
it H ] xrrx,w:x,. HHH ¥ THHEH 1 H § Tx.rm
T HH 8 Lnnx.x 11 HH H HHH 44 Suus e | i - =
e e - . - e SRS oozt
geasisedndsts LT H S8 sascipaatiqasiins £ HiHh FamIR: HEHH ST e ;
tH T Sssagiss 3 H HHEH R (HH e i HH HHHH
H3H Mﬂ Bpangs s neddy s ] gs fauuse (1 A 1 HH LrTﬂ ,_.M Ed i seusanasdd b 5
HEHH S HE HIFH Se38ssal H 35 HHH : ]
H 1»% sefdonpagoaibags {14 aSeiudpsapunyanipa agpenpdsasdpapgsipasednn g vw. _‘.rm w h 1288 g
T T B R R T e R B T L O HHTEH 1 ]
asgd; 113 L } . __M ;-{ | 1 HETH I :,x H : pq ik Y T NN ! : i 1 i
T e e G il R T
; RSNEARIN satilhs SRR XT
| | i 1 SegdabiastilEReRboents dn: 1]
i ! M ! I AT T HIE T 1 00€1L
. 1 0 3 % i i
[ n 1 .«n 9 1
i___ & i _mm _:L | r_pﬂ«& B85 :
: g | ksfadds: 1 THH 1
1| ZLI i 1! M r T “.ML T i
4 t * _; il HHHHER ] i SRECERREISE
] il R AR EARRRARER AR THEHHENY HILHEN  oge)

129

4o ‘@imesadwa |




*37130ad sanjeradwsy I9TTO0q AI0JOBIFDI §-JVNS 68 2an3Tg

"14 ‘Z UOIIEIS WOl ddueisi(

ov 9e 0z & nel
EuBaEREs S8SSERRESE paRES puna} Rasaauatnnasaus: SESREEESawE:
R EHEEHE g
it s e e
£E2 379 0ddLv Gk s 5
L I ETOE gldd1v S : -
i 467128 HS1V Q 9 feizesisaiee - 050l
it Tsd £°6L1 OHdV Elw ® FEEEE R =]
g — ersd €' Tey Ul DHd H Eaisiams o &l
| T FTST 6T TIC 10 HHd ¥ puag jo apisu difiiii s i
| —aeeet mooHL 9O BEE: s feis
= —— Tt T T mas 1 2
] 4097068 UIOHL e i
i 24)# 350 TT — OHM 1A 0 = i i 1 ool
» . . mq H 1 ? 1 T.Tl ' = a U
i Wi 9% CEY 13m0y ————— i i EiEiiinaain: £
2 I S” GeT ~ DiENLV g A g
d_G'8LZT Ul MeNl oM BH @
H I0/# 122°0S MENM IS MEN & oStLL
Cc# Jurtod XTJI3BW 8wl]
ﬂ% 69-6-01 a1eQ
I .W mu_\ T -
1 H T
i b8
i M 00Z1
a5 Tl
i H
w =
q_. 05zl
i 00€EL
il
i
i
|
1
|
~ N
it 0sEl

130

4o ‘@amesadwia |



*a7130ad @anjeiadwel I9TT0q A1030BIF2I §-JVNS ‘06 2In3T4

‘14 ‘Z uonelg wou4 adjuelsiqg

ov 8¢ 8
m masEEay f_»mjmﬁtﬁu.ﬂ_., _P: H.:_ 08—.
mmmmm RS BN 133 AARESS TR 11 M H
i ks 0dd1lv ‘
s d,5°CE g1dd1V
mmum .Hom JA 4 HS1V I 1 EamE eUiEsEmuEiamaaves
g T5d 5TBLT OHdV a0 : e = SRR 060L
uwm% eTsd 0°8CF U] DHd H S R e
| —eTsd 9 8T ,, T R :
| ———-a-oepr wn% Wun_ ad ¥ puag Jo apisu; . ST e B
] — o — md‘ s 1 i SemRambauadncanas s ot -+
it 6E9 " uj DHL e R ; A
t ———a1 dmﬂf‘ﬁ‘ﬂ.l Hri 1 HH T ] 1 , T AT T
i ol =L i st BRI B 00L
1141 MY 8722V T Jamog o i gtees __w. b 4 e
s I 778ET MENLV llsys jo doy. it fEEjipesactats
I 9% T82T U] MeNl I1em 6H @ i i
1 au/# 91226 MENM lIBM BN & HH ¢
] 9g# jurod XTJajel Wil : asEasgeesss g e 0911
! 69-6-0T  23€Q 32 S = T BEaEiRgEs :
oozt
0gel
00€L
(051}

131

4o ‘@amesadwa |



sa7130ad @anjeiadwsl ISTFOq £1030B1391 §-JVNS °*TI6 =In3TJ1

"14 ‘Z uonelIS Wou4 adueisig

l 0
ﬁwv mw saneE suaEE m : _m_Pu Hi+ ;N s + Fos sammnsuaus OSP
i :‘,,wﬂﬂ SRR e e
1 o R _,“ “r ; t a1 t LL.M
i I 7L 0dd1lVv : RE3esie st CSSIERIEI IR e
2 d.87L " glddLV : : i
%M I T7602 HS1V O 9 T : E 0501
s —TSTE"TZT T DH4V 30 ® : e SR T g
L e 0Ty i 9Hd I e e a
fiis BTSd 27092  1nQ DHd ad V¥ puag J0 apisu| Eie i ! , e
4 T dI'ELZT I1nQ OHL m b HE
|~ 3oz70%9  ulOHL EHE : i
gif !i|unwwlﬂ.n?m.ﬂ| OHM T 0 s HHEEE L SH 001l
+ v + 1 nussusasaaRES
H MY 97 99% J1amog av : £ o 4 4 HhH
e RSVAS AN SNENLV l1dys jo doy gt
~T9708TT  ul yeNL I1°PM 5H @ :
TU/F ZVLTE MEeNM I12M MEN & o511
~ZzF 3UTod XTITEN awi) 1
65-6-0T _a1eQ 9ETT it
T ]
IS R ]
- H pw.m.p,.” u_ .h
H ] HE «.mf F .ny
i .” mﬁ 4 ozl
*. _ 1 ] .,U_
i I i H
i i & i} i
il | IR
e 2% By T
il ., m i ‘e i m i 00€1L
“ I Ijisss ki EELHBET RIS
HH 8 m 1 i HHH T ,7 HH+HHH ¢
it il bt
f T SRR A
M,:_ i il f ; Hish
A IS e

132

4o ‘@imesadwa |



*a7130ad @anjeiadwel I9TTOq AI1030BAFDI 8-JVNS °76 2In31g
"14 ‘Z uonels wou4 sduelsig

oY 9¢ ze 9l cl
i HEEE e R ol et Eaeas Saces s R o] SESSCCERs Sasu s SELT :
] SESEEe .
m._lmm .mow1® 0ddlv St a: i ] HEdE :
e I,P7EC  hiddLv Tt : ]
s I 7" H..om HS1V o) = : 2 i
1 ~TSTETOLT T DHJV 30 2 St | e
prass . mwas 1 41
] oo uuwm«'l u] OHd H ] B 2 i
i ETSA"CT0LZ 1IN0 DHd \ £ ] : o
Soge= NN _ uag 40 apIsu| = s8i2 11 1T
Ci —— aomzzerang oML ad puag 4o BpIsu| 2 : S it
99 U] OHL HeE ” ] ! gisas
e Tu7# 98C 2T OHM YA @) e = e T T 3
H v st ssalise R S S e s
HH M 0° v S THE S EERgis H
i 0°GLY 19MOog ] S ESE EesayEeEr il T
: ERCHEIA MeNLlV l13ys o doy HEH R i : i
d 8°8LZT Ul MeNL Iem bH @ - H T

IU/# 23V°2S  DIENM l18M MEN & HH gl
—gZ#F TUTOd XTITEN  awn) 1
69-6-0T a1eq i
L
it

jSsssesspeanseaee

TEas

b o

pue

8

0001

0solL

00L1L

0stL

00cl

0sclL

oogl

0SEL

4o ‘@amesadwia |

133




*9T7130ad sanjeasdws] I9TTO0q AI1030BIJ21 8-JVNS

"}4 ‘Z UOIIEIS WO14 aduelsig

‘€6 °2an3Tg

oY 9€ 0z 9l
HEBHEHEE R E
H ESTrmsses "
et ENCHES 0dd1v HEEEE
i I v°ev g1dd1v e ..
] 4 .9°vES HS1V O 9 SESE
iEm Tsd 87061 OHdJV 30 2 SiRsiscas:
%u. eTsd g 8EY u] OHd H b 5
HU.F etsd G*Ly2 1IN0 DHJ W puag JO apIsu| it i
ifh I_9768¢T N0 OHL a R i i
16°866 U OHL i -
IU/# 2Sg 11 DHM 20 <O HaRaa: + w
i I a9 S i
tww MY T°6EY 1amod o o do T E &
: TETEET T UMeNLY lieys o0 do 2 £
: d 6"76S1T U] deNL 1em bBH@ i T ] HH]
H T ANEZTe TE T yEeNMm 113M MEN & i i :
6C# jurod XTJI3eN 8Wl] e i HEET R
69-8-0T a1eqg LSTT e HHEHHHH HHHH

T

T
T

1

mas

et

1
1T

1
T

i

Buw

Pt
T

[SESEETeNe SEFRE

e

0s0l

0oLt

0SlLlL

00clL

0scl

00€EL

0SEL

‘ainiesadwa |

do

134




*97130ad @21njeaadwal I9TTO0q AI103DOBIJDI 8-JVNS °H6 2an3Tg

"14 ‘Z uoIlelS Woi4 aduelsig

ov 9g 0 o0l
aTacueusasgssesyuses semRavaEas as 1 :
B SR
it g £
i 4,0°L 0dd1V i i
W? d_1°8¢ g1dd1V S S8Ss Sansses:
i i 87122 HSLV 0 HEEEHE :
1137 + T
= T5d 9° 981 DHdAV 30 o‘ st o ot eemat e pEey 2504
eTsd ¢*66% Ul OHd H R :
e1sd 6°6S2 N0 OHd O W puag Jo apisu| ik : i
U i i i
~ d.£°309 Ul OHL A ! H HHH
T Iu/# GI6TT OHM YA <O d5S3sssstses : “H 00LL
HT + uy
- A L 13m0y av H_ g
MY L°ECP : H
d6°66%___ ENLV ll2ys jo doy ik
d_2°g621 Yl dEeNL I1oMm 6H @ : - T
IU/# 820°2C  DENM l18M MEN & i HH 3 ST S M d o511
0E# 3UTOd XTajeN Bwlj FFH : e e R H S o -“W
69-8-01 2@ i 5 T
r.m%. H+ | 1 = w w.
H H
it L 00Z1
; :
0G¢l
il
i
{
5 00€L
1B
[
;
1
0SEL

35

1

4o ‘@amesadwa |




*o71301d 2anjeradwal I9TTOq KI103DBIFSI §-JVNS °*G6 2In3Tg

"14 'z uonels wou4 adueisiqg

9€ A% 8¢ ve cl

m
H

I T T T e RSasRsTy copey shazs sassaaseER et TR | 000!
F 3&% mwruxt 581 jafsscosss iasts ased sisny snd=d dasuacasss o ST T Stsaisead ctast seess Sep Hns
nsdan T t H H : : .41 T 18 nEsEs
& 4 1 Hi T 1 L 1 o e HHH
e 'mOQ L o&&.—-q w I T T T H THH sugmm
? 3,672E 81dd1V S HE S i facsd e e et ated
e I £7922 HS1V O afeSeRasiran e o S TR et L ot
gns: 9 EEsaaIannasne: i EESEEnaii:itioassnssatasisais:
f T TSEPTEST  oHav 30 ® Ty 0501
| T ®TSTETBTE U] DHd H i FE T AR e
] BFed PEOE 7 aN0 9Hd ¥ puag Jo apisu| it : T e
e 1egezt ooHL  9Q T it e
A 1% T u T R IR
ku o €9 _ OI._v 1 I jan o) SHEHE R ey JnvL.u 8
. U7 THOTT OHM oA 0 ; e e 00LL
] g J 1 1 ﬂm , } 1 } u . o I
T M 9°2LY 1amog i SSE sttt g
: ERMEI SENLV l1dys jo do| HECiE
H 4 P*TOET Ul MeNlL I1°m fH @ H g
= IU/# €66 1S  DENM lIBM MEN & 1 H R HE
i T HEH Y 0611
THT EESSSENEE SR 111 HAH 14:~ ...JL :
€6T1I H1 T apasss T
: TR H T L Y
1 EERE S 3 TIHE apREEesi 1 13 R pa G R A,lr <R
! HHH , T HH : EEpES!
i : T R
u.vA seay Wﬁ.w HT. s 1HLUM - .V.A ..: OON—‘

POPED SRIE S RASTE

0S¢l

oty
1
[ avFSaany o ansn pE:

S S

i1

0o€lL

C

Eaws sawes SREsaR T

0SEl

136

4o ‘@dmiesadwa |




*oT713oad @anjeiadwel ISTTOq AI1030BAIFSI 8-JVNS °96 2an8TJq

‘14 ‘g uoneis wou4 adueisig

oy 9€ ce cl 8 ——
e L R A o e CrEE R e st caER S
iR S R e §$E4%$%¢ : -
| —5T s _ S ﬂ
il i €762 8lddlV Bt S i
} 16818 HSLV o) SHbEs i 0501
i Tsd €°061 OHdV 3 ; T
e eTsd 6°09% Ul OHd H I _ : :
s vtsd 9°0LZ N0 DHd W puag jo apisu| = Sssiss i
]~ aresernoont 30 T m
it 8 8°Lv9 Ul OHL e “
e  Au/# ESETZT DHM 2 ﬁ SLask 00LL
i
fr MY 08F 1aM0d ki T
t T T8VT HeNlV l13ys jo doy
it I,87962T U] yeNL oM 6H @ i
ik u&m L6725  MeNM IIBM MEN & AN T
.WT ZEe# jutod XTA3eN dwl] P e 05l
,? 69-8-01 ai1e 6%TT HH i J.LnxlA 1? HH
Bicgedet T i 00zl
lr“ -t ] * I\..\.\‘ ! U.MFL
HH it ?.ﬁl sidenss %
H iR HHHHTH :
i .Lh f,; m T
i L o5zl
| ﬁ i » 1in
il L
14 ,
el e 00€EL
it | . ._
‘_ , : il 1%._ §
horl I T :
8 ! i T
T e ]
il gt i

0SEL

137

4o ‘@imesadwa |



*o7130ad @anjeiadwel 13TF0q AI1030BIFSI 8-JVNS °L6 2an31g

14 ‘Z uonelg wou4 aduesig

(A 8¢ ve (014 9l _ 8 :H 0 0001
e et dhese L SRR SRR i e s e T
=g e it : 55iE H
I97L 0ddLV e ; : =
A TTCC T glddlV H _ ST i
. N W‘MQWW@Nlll HS1V 10O ) B aes Bassa; i 0501
~TsTETIEET T DHAY Ela) @ A ! : i ;
——eTrsd LY ~ U] OHd H i : =t Seatasses &
~®Tsd LTEYZ T InQ DHd W puag Jo apIsu| T _. : iE2icH =
—— @ reet npoHL 99 B : i
&y wionl e i
T au/# 866°0T  DHM o JA) <O - R Eiea TSRt e =+ 00Li
- qv _ R Lo S H
M 6°62F  Jomod " it i i figd e T
T TET  ENLV NS ja 4oy, - - s
— d €T62ET 4| MeNl I1°m SH @ T FH
T au/#F g9t 4, ﬂng 118V JEN & M1 13 171 HHE OmP l
Te¥ Jutog XTIJem owl] : : : T TH{HE
69-8-01 aeQg G6TT
pesey pan =T H T SEEu:
ﬂ.%l LYﬂHf Wn T ! shasdpcesl
HEH t R R T
m HE: . i S 00z1
it f 4 H H 1 HHH
I : bR i
B i T
il :.H” mf m‘
L ” 05zl
| i
.mJ
H
W 00€1
4 0SEl

138

4o ‘@imesadwa |




*aT7130ad @injeaadwa) I9TTOq K1030BIFdI §-JyNS °86 2In3Ti

14 ‘g uonels woui4 adsueisiq
9l cl 8

o

1% : - 0001
.m & »ﬁ&%ﬂlﬂ : \» H, 6 mq M— a, __u
LAW_M o 1 ,vﬁ.TiT.FliIT*.lL T 4 T ; T m
11+ 1Tt ¥
| T AETSodaly i |
| —_ i i
s 2 9¢%¢e HSLV O 9 E8 saand : R 0501
T TSd g 02Z OHdV 3g ) FeasEEpEasgsatsatas. i HHH
| s o ] S
ies ] N0 OHd ¥ puag 0 apisu| S = S
AR G ad : HEEEE i ,
G T d PTSOLTT U OHL " . :
T au/# BYTCTT T DHM 28 0 : M 0011
] av t ; £
M1 8°Svv 1aMoyg — H V H
I 9"6eT MENLY
—I£TZZET Ul eNl I18M SH @ H
unmw 6ST°2S  MeNm 113M MEN & gesst 0511
"TPT # jutod Xtagew OWI| A HHHH HH ,.:1._4 H
69-8-01 aeq €811 EHEHH ! figsetees
T | R EED
1 M HHHH Hm _h.h. sespnzs ' 00c!
HiH HE W. H ; S w, W i
3e bt H S I ERil ERERaass HHHH
mw w k! ‘ri pul r_i Esses .7”.~ : ﬁ:wf 1t
i e A
LRI g 18 oy WES
it ;u_{r, 8671
o .u xufx.m T § W WJ
' x* | : HHH
| »4 ___ w H{H rw il wA
Al T
_ S _ L 00€ |
T i
| ! | !
| i | 451 _ 1
H i giiis
] H (1 Hi1{+ I3!
fHiE il gggy

139

4o ‘@amesadwa |




*o7T30oad @anjeiadwel ISTTOq A1030BIISI 8-JVNS

"}4 ‘Z UOnEIS Wou4 3duelsi|

*66 2an3Ty

op 9€ ce 8¢ 124 0z 8 4 }o
~Am-wlm‘ﬁxt|md> r%, 1 I wJ_H P oW a o h L -M>~ H H_ gﬂ'*ﬂﬂ%ﬁph— M 31 ‘F"*Lﬂ”“ WWFAA. jas
Hy t MM..WLLWF%.r R o] fiia e derm e e B S e e I w,; : I fssy
seges L ! n o e }
MWT 4679 0ddLV | F
g6 €Y 81dd1V : {22
isgs .m L*T9% HS1V G : : g H
it rsd g ETe OHdV g B E m g
Ww, S S Ul OHd H H i 2 Eis:
it —eTsd g*19C N0 9Hd ad ¥ puag jo apisu| i mm i af
i I EICET 1IN0 DHL : ieisiEicic 45t HEBERES
wﬂr I°9°ETZ ul OHL : i H I
e I ~TU/# T90'TT  OHM oI @ : e G e
: i 89 i R
Y NI STVSY 1amogd N s Y
: I T7evT MENLV 113Y4S § L : i
T A TTEEET U] MeNl I12M 6H @ H
L uamw EETES MENM 1IBM MEN & HH
Ge# jurod XxTajew Wl HiH g i
69-8-0T 31eQ T6TT 7 i a
11 11
i i I [
e i L R R
i i R L
e she HH t B z i 1
it : : : -
Hm ' ” “
i i
1

D " G S

0001

0sol

0ostLl

00clL

0scl

00€EL

0SEl

4o ‘@amiesadwia |

140




*971Joad @anjeisdwa] I9TTO0q A1030BIFAI 8-dVNS 00T 2an31g

"}4 ‘Z uonels woi4 aoueisig
8C ve oc 9l

15 SUNES SSEES ABETDESREE B

o
<

0001

Tt

i1

:
g
&

H

T

A

T
Lt

agaas

T e T T T
|EBES NNy SEAAE BEEA!
'Hw#

0501

w
(]
‘(9

g H f . eeet o
m eTsd$ 022 1nQ DHd W puag 4o apISU| crtat ”
185 € TZET 1IN0 DHL ad “ i
.H T I 7702 uj DHL iE :
4 TU/#BEVTT DHM IA O : : HHE 0011
] a9 SR :
WY L"Go% Jamoy )
: I ST ovT SNeNL1V l1Bys jo doy
T A ST9ZET Ul deNl l18M 6H @ H
] Tu7F 168718 MENM IIBM JEN & A g
[ T 9E# 3UTOd XTITEN awi) : L T
i 69-s-o1  ¥°0 08TT i sestss s e
HiE HiH R
oh B M, H“ t & +14 3 1 4_ 1 xw, .| H H XH MIU b+
T PR R m_wl H t Hi HH z siee faett
H L e AT HHE R
T sttt i I 00zZ1
i L i HHES R e e I R, . i
i ; T : P
: T p ERGY KR
i { i RESNSeISEcs g i wdl o Wy B
w v e il e fiitath, st
i | ; ! il AN ogz1
i { | il i |
(i E [EES i 1
i { gl | T
121 - | ! ¢
; 111} DA u_ 1 .AT *l..
1l T T
i 00€L
A i
it

e et

B
B

3
Swsen ngsas stwes

[SOSEw we)

1

0GEL

141

4o ‘@dmesadwa |



*9T7TJoad aanjeisdwe] I9TTOq AI1030BIFDI §-JgVNS °*TOT 2anS1g

‘14 ‘Z uoneig wou4 aosueisig
A 8¢ ve 0c 9l Zl 8

<

oy

9€
R T SR e St s E s s ey S eSS e s s Rt SR s e s R s s s s s et dasR RNt TR EiEeSsE TS SR LIRS PR R RO
R R R B e ; A
i : i Hina i i
il 0°7 _ Oddlv i SR N
i Io1°62  81ddLV S sEisisast badsgfasadsat ﬁ&& S i st
i do2°S12 HSLV O 9 _ 1+ L:Z;.mwuf_ mr
75d 20T OHdV g o w : R HIE R T
etsd G'LZY ul OHd H sssass peenss: HHERH R gt 1
L 4 o + 4 441y r
BIS0 6BYE WODHd s ¥ puag jo apisul i e
ioL' oLzt _wO9OHL d i R i
158 1L6 Ul OHL i HE RS B il
— T a6 gt 1 + r 3 b 1 Sele b3 b
IU/SqT 6vEal OHM YA @) H jisasitessasnieraes : H
mo v y.J.Tnm .MT Jeses i :m .M.uvw 4 »m
ol . I19ys 0 do e i ] it
150 65T MENLV 4 gisit T it
d,8°0821 Yl MeNl I1°M 6H @ : ot et i .*
e b b et b + + 414+
I4/sq1 £€06F MEeNM 11I3M JEN & H R R R . (051 % A
TR e T s R
L e E
AR Y .r% 1.wi mvm .n.» i b, w..,mm .m
+ =~
110 M H 111 0 BeustsusepEBEus asRspRREEd b0 ssus: 1 113 e 1Y)
T I SRR o
H1i1 H 11 . b pusbadavs. k. T
ST HHHH : ! 3
S it e ~HH o0zt o
H 1 HiH ssanie HHH s8ss: 1 rrm T m
a8 H o : H f 1
8 Sep .
] H : M ﬁ
‘nrﬁ HHH H 44 R 98 1 JW; Jr%x. 1
1 e H 1 Mw .HL. T . mt :
A e Hr e HHI 0621
1§21 Fyine pab bl gy 14 p 8 3 o2z pgouspRan - T
s e R sl HiH
BES3E R R T L T R R R TR 1 H HIH
Gt h;.fxmi.'wﬁii. i i S L MJ
i REsziasasizsessey i i T T T H e T T
it ST Tl et y R e ]
iapa 113 SSTEeEsysasssiesr: 1 T T ] ngssgassasen: I
HiE i s e R e R T ! J:M 00E1
I ggesssagecysannas.  engpensanang, T AR HE C I T R AR j3gss
rﬂmmm&‘rm T dstitastasasited HHHH H S TR A a%_
soiopds IRUSEREaER pRRssSELs: I3esi8sansgsst HH d e e R R R
B e SHEHE BRI E B Ll g
TR 199p 288 us egeessaps sges. e o 9 84 T8 'ﬁm. :
R T HE HHTH R T
l b W%, Fll - H".. uww mM . vlhxx % i ..AH».J,.”‘* g I unwm w.n
P H ; T T
it s s R RS i it i T SRR R R

0SEL

42

1




*a7130oad sinjersdwsl I9TTOq K103DBAFSI §-JVNS

9€ A%

"14 ‘Z uoneig wou4 adueisig
ve 9l

*Z0T ?an314

cl

T
T
T

8¢

18 8w
1

s

£ 0ddlv

—eTsd Z*9%¥  u| HHJ
eTsd 17192 N0 OH4
T ETZBZT Q0 OHL
!lw.g.m«l uj OH1L
xy7satzEpieT— OHM

MY ETLLY

I 979ST

AR
Iy/sq1 T18°6%

SIH 02L0

aw |
aleq

B#F

3

FHHIATIT I 3 T3 .ﬁl.i Ty T
HHH AR T TR RS 38
i b BT HH H v S i1
HH SHEAH n‘mkwlmm o
H B 4 Aot
] o &3
g1dd1V : i E
HSLV O 9 qisies: 14
HE AN R
H i h e R S
ad W puag jo apisuj Hih % il
R e e
SegEsstaysarssrasases: 1+
A\ sugbgecansapasassaunsspls 13
o 0 i =
a9 SiEtst chitsdeics s thaes 1
Jamod d T s Be
l12ys o doy. g e B }
MeN1V Gt i
Ul MenL I13M 6H @ BiEEt e i
MEeNM I13M MeN & JHHHHHERED il
} i

B e ns et ot

38 saszasbews

i .ﬁ 335582 Ht HH T nt
. R H]
u#q it M.n.w g ?m Bepansd: sagk:
i +1H P RO ]
sk H fResstitai: Hh
jSERe oy 4+ . 11
: 1 i w 1 & : S88Bwp 1
TLILLr g
ST FHEHRY ! R
i HITHHTH HHH HHEH
. SRSpEe ARES! ses
1 14 2 L i1t
i H SRR sstyladse : asdiagacaifgassdd 111
H neteifsasss Sesaassisasssisgs. 1 1 + SEEaEH tH
i T HiH H t HHH R T e
3 e R R 3323500 ? HH T 3 15
HHH HHHH L R i
spgadsaggeousa ' sasspsangyss iBERY
‘ r'u 44 lL b B8 06 m BRSS9 ~ it
T HE R B 1 11
Pt H T m H gyl ases 2 sua 3
3 “TN[Y B H R T H HH H 3
'3 H1tH egdddhad ! lm H
1 +44 ass! F+ 111 . | -
s o e _{@“@H i ; it
e e
] it SBiassasansaztsse: % H shisfitssast ! 33 $558 :T_Er Hi8
! '+ jegstpetetogss: S HE AR R pe Fpde tanga s ke send:
i 33 HIH HHH Hi HH H HE HHE Hirbtrion
t L B i1 314 H < .
i W HorHTh . i %:
: R H 1H IR
‘ i i
H Sgsassgasssssayas s :
TR 1 ! SHEH m“i;u&im
11 HH H H i H Hrit b HE I

0001

0S04

0GLL

00clL

0GZ1

00€lL

0S€El

4o ‘ddmesadwa |

43

1




e

*97T130ad aanjeaadwsl I9TT0q L1030BIFa1 §-JVNS

8¢

‘14 ‘Z uoneig wou4 adsueisig
vw 9l

*€0T @an31g

cl

HHHHHBERS * t*i% R = |83 poepessass sans!
i Eﬁﬁw i e i HEREE
FHH :
HHH A T 3
muunl —m‘ @ m o&mn—-q Sask sas. 4 H1 uﬁ;
] I.2792 81dd1lV HHHHIL
i 28 Lo HSLV O 9 i iz
Y0065 DHAV 30 ® T
il —eTSa §78TF Ul OHd H et i
] —sysa o007 — B He s LI
i3 N0 OHd o W puag jo apisu| H aiainite
i Ip"czet npoHL @ i ]

H 4+ il
3238 IL72L u| OH1L .u}iwi
B st STe OHM o8 @
o a9 v T H
§ MY 6°0LY lamoq o do HiHTELH
T d_v° 991 MeN1V lieys jo doy ; i agistts
£ do0° 6221 Ul MeNl I1em 6H @ $
54 I4/sql p0og€‘9p MNeNM 1IBM MeN & S H
i35
Tt SIY 6100 awiny
i so-te-s e R )
B INE e "
S5 + 1 TTH WH H 1 pes T HITHT H 1 T . <
i B i
it R R R RS HEHR HH T HY O 8
i j8§8Esasssaangassastts T e
B mm .“ “ * luafﬂ XH H “[ m “M ww
1 B! e » T
i ] S A $
wam § Aw.l H .myx nTI be 81 BHT 4 H . »
HH T R H HHH HEH
Bl HHE 1 HH HEHHH S
1“J 2354 HHH] ge i genaspanuns
xhﬁ m ! 1333383853 sebss s 2 L 1HH
3 amapd pen 1T aspes| 11 8 sesafasas HHH 54
7T H 88 sssw saus: .. ssss H
- e H1HH +4 S08e p41 HH HE S TH
i AT "ﬂgwbﬂ S358tacedsssiisncaniis s HHE RN im,
jasast R ssgaates H HTHH 53 SE0EE2a3s EREL
o HHH R R H ] asasbiss .iuT 1417
T e T T T T
gess: HEH esasass A{M 11 HHEH : H sssesgssasgsss L HTHYH 'm. 85
HH ghesgdeesiaaniset glusessesssisd 1 Hbtg
: i ,m e s1EE83R30ES siftaitiscesses it 2iEiE F2RAAEEE
HEHTHHBH T HEH TR HHHHH FHHEHIHT
B R R IR ipsteitasaLtaseae ! sses s 9 aaun:
tHHH tH i § 1 H 11 1 : H HE HHH .:..#rw.nm

0504

0StLL

00cl

0621

00€1L

0S€l

4o ‘@njesadwa )

144




*a7T30ad 2anjeaadwe] I9TTO0q KI030BIFDI §-JVNS “#0T °2iIndTg

‘14 ‘Z uoneis wou4 adueisig
£ 8z ve 0c 91 cl 8

<

ov

0001

9t z
s

gﬁ 2 §MM4-— _~k——-———n + An‘a . 19 Aw M_MAY
SR RS P R R R R i ghastst
7y b B
: . HHY
i IR 0dd1V e i i
d I°UE 91ddlV ,_uut.mmf“
—a8'9eT HEHE
o° Y HSLV O o 5 i
PS4 EzT OHdV g ® e T
vTsd g ETT U] OHd H e HiHEH 1
AT S TeEssputagastatit g5
ot EL A A:X4 1IN0 OHd ¥ puag jo apisu| ! ! ! a8
——arTezT angoHL 9O S R R i
11330 T e DB s WBE 0
I G CR/Y u| oHl1 : : o ”N_r »w
tHT HH ot H HE
—Tu7sat BIFZT T OHM 1A ) s i Rl Gl
ag " Ead SRR e steat ko] Seint R gran Eepatas el e
MY £°9LV 13mog m et e R R ss R EEEE e
1 T651 SYeN LY l12ys Jo doj t : b Em:&: :
Q I F supe 14 s i
A.T°662T Ul MeNL 113M 6H @ R i il
TU/SAT LV0'9%  NeNM IPM MeN & sttt et It i
sI4 gg90 AWl Y bakl
89-£2-§  @eg G m‘n
Hi L
agey AR TR ST R isengpEuensRangas
Wm mﬁ%fjw& HH T T T HHH .rﬁxu
Rt s ey i szt
H! it rw« s
TR i 2 : . 00Z1
Gisaictiictsiss :
i1 i3 HHI T
1 fisssossesgasasshoces AT
111 R3S s 2233 :
= I it H H sage ; !
5 i ; s ;
M. 13 888¢ ol " a2 sesss shahs fg
: B e e e o areae H oszl
B 3 R
[eges H4 1+ e HH H3H H A T +
T T iR e &
b+ 444 ++4 Se8e - i AT 8 1 411 H
St nwxrll HH 8 T T aotassoansuans napasnoehy nes gy b8
S R 1 HHT R Y R i
T H = P HErE 5
~J £ 1T H H ! gesiadassiptages wuxuﬁwmﬂ. L 00€1
LT H s H H o Eeanes ! “ w 1 - s h wL + 19
Aﬁ: i HEHRRE T T HE H EEyeescss spchBanss sannl i
LFist i HHRIRE T i
H : Eifistaticcas et et lsaatnbaa re A RAR s :
i T ifisiniseeialatt T R e i :
i+ T i HHH T
9 pas =8 sees ww T e HHE R P e
RSBt ER e sssagsesasashytngogsasey 1 H T + i ; r.m,w ..Jw 1

0sel

145

‘aamesadwa |

do




*o71301d @anjeradwel 197TOq A103DBIAFLI §-dVYNS ‘GOT °2an3Tg

14 ‘Z uoneis wou4 aouelsig
4 0c 9l Zl

1
R i

9€ ce

8¢
i i e

000t

ov
HE0 HHIT B B T3TT T !
i R HE I R
M R ssusgbdfsssfsce n“m.mA H m
o 0dd1lV : i :
o i g1dd1v HHITE M 3 :
ot ToL HS1V o) SESHi
TTRESTEITT T gy 30 ® T i 0504
oteq LLEVTTTT Ul OHd y H i
I.W,d\ﬂmg a.rmmmll N0 OHd O W puag jo apisuy (i S
g 5*922T ngoHL G T :

Lo

(s 5 %
TH b

T
‘‘‘‘‘ I E°TBY U] DML -
T Iu/sAT 06%‘CT T OHM YA 0 i

Tl TR 0T69Y T uamogy . 3
e T I,0°2%T 3eNLv lI3ys jo0 doj
I CTBLTT T ul yeNd l12m 6H @ 4

00L1L

1SS0

JY/8AT TLT*ZE  HENM 113M MeN & i .
-—— PRS— - - P,
sIy $100 awl] “ MJI.
89-%2-¢ 9¥ea Nt
ﬁnﬁ.
B TR
i e R T
peastseeatatatastinsase: 3 HiT
1 i HHHEERPH : 00clL
TR R HiE R 3
Wfﬂ am J Hitt M
pS33 8e sespess jas THHHH B aue
: 5 i ]
i i HHE i
433 3 e 3 % sgugens 37T
i g R G i
B i H L i
s L & 0sz!
pegn 1:3% 0311+ 31
e S35 HHH P
H HHH B
rm i HH T
ErH i)
Etstiss BT
5 2084 by i 8l gn kglze b ds
it ﬂ BT Jm GuEt
SR TEEAIEL: I
T RTHE itk
it etedatss: i
i TR I
L R g A
38908 o1 134 inpe o4idgn 1131 T
i

0GEL

146

dq ‘@anjesadwua |




*a7130ad @2anjeiadwel 19TT0q A1030BIFDI §-JVNS °*90T 2an3Tg

‘14 ‘Z uoneig wou4 aoueisig

4> 8¢ o] cl 8 v

9€
T

TS

oot T H panagragseey g pengageyen
R 1 1 B SHHORHEY L HBIHES
i i EERE i i R
1111 1%%“3 Hrt
ErH EH e HT
i IvE 0dd1v R
it ——%gr——— HHHH t Hdi
n.mw. o 81dd1V H thiH E8EeEs
¢ v ——t “+ rpedes
1 d,¢7¢cee HS1V o HH 1 Sei pigh Hidhin —
o —1sd% gy HH T s
OHd4V 30 & TR SR e
: H i MI S H 1T _3.,
2 ¥ puag jo apisuj ! S s [
ad R TR
R THE RIS
SiEstEsses s e T
ESwREs Fpeasenses shuat s pes o e dpaagoyysi
Hatiiridt 1 1 55 o6 bas bt S2s
28 <O SRR e e 2 0o0lLlL
kv | SEEissiiseise fopt: H
MY 8°2ZLY 13MO0(d d : HHHBEHE
E] o do { HHI oo akes
4 979%1 ABN1V I134S 4 1 i E TR T T
d 676621 Ul YeNl I12M 6H @ A R
o H t 4 =T
TU7SAT 2L9°28  MeNM IPM MEN & R 0511
SIT 0%90 awi| A R B
: S iRt tateRatat izcys by pant
ae# go-pz-c €A TR R S
EEEEE shE Ry phebs [hota asd fanasfeett sobis
s, HH xnyiuw,r HH HHH e e e R E RIS os PR a ) PRk es Fe st ERET:
i) Mm. b H HHH HH R W.m Iese FEEES bpees “u.w. wa HL e
vie PO Bt SsRfsfalas. HitH1H HiHH Tt Hiil u.p. + + 14
=1 i i T it L | jif i il
. e B4 " 44 4 r1 I B $4 44 HA. +T - dhed »b,lA bad e iHL OONP
1 1tk Hit i R R e R ia R R pn 40 358
th ! H H e ahE Y HaR e Hi
oy . H 4T
et 1 > {] H r R |3 9% St
it SE3esitselset: : . 1 t i
i B3as3:s H H asdgassgacassss o 3%
....wln HOHHTTH R T 1 i
L ; i i
T o ; : i : 0scl
i TN wm i HEHH } High
i B R HE R T 10 R
13833 ! HHEL
i i e
1 +
TH HH » . e g 1T
il Ml e T 00!
! i R AR L
S i s T
.‘*.* et atetan: e T H Sagresagleseityioasinine
it L et e it
$ERtedtadsarssaatathtss b s EHH T Spasatiseiaidiis:
38838 an §83adazsss HHHIH HiH ftiteicesaised
: et R R HARELE
w.wm.h crm.m itiastil H T T s P R

0SEL

147

4o ‘@amesadwa |




o71301d @anjeradwey 19T7T0q K10310BIID1 8-gVNS °LOT 2In3Td

"}4 ‘Z UONEIS WOl ddueisiq

o
<

0001

ve oc 9l Zl
WMrM Mwm%¢ﬁl1%_*vﬁ:i _, ».W‘_ H a5 B BUE! i = H
i HEHE PR P e o D
am 7078 0ddLlv : :
el T,6"%E  81ddLV : o
mmmm d 87L6T HSLV O o H
e 1sd p*9pT  OHAV Elm) i5) 3 = 0501
%mr etsd 17 oph ul OHd H 3 :
3ss e1sd 0*00¢ 1IN0 9HJ \ 4 i t
] , uag 40 apisu] : +H
i ag7z8et o oHL 9 PuRg Jo BRI :
fl T #G0°0SY Tuj DL : =
seisd Iq7s4dT 006°0T OHM 28 (@) H H 00LL
£ . § i
% W6 ETH 13m0y B ﬁ S
s I5676ET SENLV liays jo0 doy - i
£ I TT062T  uj HeNL I12M 6H @ hedcasEaclEs
] T au/sat ces‘er  DIENM lioM MeN & St i ]
s HH R e 0511
3 it HEH e
ml%u Eeagssse sssiussbinasgsanas bups, H
HH BoB: TR pmsspasgERES
§oges T HAEREIT suashands pasusuasesEssd
SRR E R B 12 S & H s teyas altssitilan
HH T i iadatatssdsaietas » TSR EE i
TR IR Egal AR nngpan w m“_*i, wn
LE388fRsEaestnasges etk wl, wmﬁ sl NSLH fisstciieenes .m
iBgpabassbbel AT 4 E B } IS ] W i
2 Eadn BEsae i _H mr%m‘%w, thm% H HHHE Y m ooet
] ! HHTHHT T THH :
It Li | £ ﬁ it i dr 1] q
i i i |
w !
“ i 0set
44
H
00€1

0SEl

148

4o ‘@4mesadwa |




100

\UAN

AP pp/ AP
\
S

Maximum)

K (Plug Only) /\\

(.6300) / ‘"DNLPUTPF—P
20 N A >\: W C
N “— "NaK PNak
AN
/ {_ K (Plug Only)
/////, (.4725)
10 1////

0.1 0.2 0.4 0.6 0.8 1.0

w
NaKCpNaKATpE
ngHngg
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VI. THE CORROSION OF OXYGEN CONTAMINATED TANTALUM IN NakK (8)

Tantalum specimens with homogeneous oxygen concentrations ranging from
50-500 ppm were prepared by contamination at low pressure and subsequently
exposed to NaK at 1350°F for 1000 hours to determine the threshold oxygen con-

centration for corrosion.

Oxygen contaminated specimens were prepared in a high vacuum system

(Figure 112 ). The specimens, measuring l-inch wide by 22 inches long by 0.040-
inches thick were heated by direct resistance. The vacuum chamber was initially
evacuated and baked out to achieve a cold wall pressure of 1.5 x 10-9 torr. The
specimens were heated to 2400°F and held at a 1 x 10_6 torr pressure maintained
by leaking oxygen into the vacuum chamber. The results of this contamination
are shown in Table IV. The contaminated specimens for exposure to NaK were
suspended from a tantalum wire holder in a tantalum capsule as shown in Figure

113 . The capsules were filled in an electron beam welder at a pressure of
2,5 % 10-5 torr and electron beam welded closed. A total of 28 specimens, as
listed in Table V, were exposed to NaK in the tantalum capsules. The speci-
mens were removed from the capsules in a helium environment and cleaned with

liquid ammonia.

All the specimens lost weight but the results indicated the higher the

initial oxygen concentration of the specimens, the greater the weight loss.

The specimens were bent 120° using a 0.0625-inch radius anvil. The results
are shown in Figure 114 . All specimens exhibited ductile behavior. Cracks
were noted in the heat affected zone and weld areas of the NaK exposed specimens

containing 520 ppm oxygen.

Transverse sections of the NaK exposed tantalum were examined in the as
polished and etched conditions and compared to similar specimens which had not
been exposed to NaK. Evidence of corrosion was found in tantalum specimens con-

taining 520 ppm and 270 ppm oxygen respectively.

Microhardness traverses were made on specimens before and after exposure to
NaK. The hardness and oxygen concentration are summarized in Table VI. The
hardness and oxygen concentration of the unwelded specimens was reduced to

approximately the same level after exposure to NaK for 1000 hours at 1350°F.
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This reduction in oxygen concentration occurred without corrosion in specimens

containing less than 270 ppm oxygen before exposure to NakK.

Reductions in the weld and heat affected zone area of welded specimens after

NaK exposure were less than for the unwelded specimens.

During NaK exposure of tantalum specimens containing over 270 ppm oxygen,
oxygen dissolution and corrosion along the grain boundaries and crystallographic
planes would occur. At high temperature, oxygen diffusion and dissolution may
occur fast enough to reduce the oxygen concentration in the tantalum region ahead
of the advancing corrosion to a value below that necessary for corrosion to occur,

thereby preventing corrosion from penetrating very deeply into the specimen.

Results of the tantalum-NaK capsule tests show that oxygen dissolution will
occur at the tantalum-NaK interface without corrosion if the oxygen concentration

is below 270 ppm.
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TABLE IV. OXYGEN CONTAMINATION OF PURE TANTALUM
AT 2400°F IN A 1 x 106 TORR PRESSURE
MAINTAINED BY AN OXYGEN LEAK

OXYGEN CONCENTRATION, ppm

OXYGEN PARTIAL EXPOSURE TIME, IN TANTALUM
PRESSURE, TORR HOURS PICKUP TOTAL
-7
5.2 x 10 7 51 115
5.8 x 107 11 145 220
4.8 x 107" 21 220 270
5.2 x 1077 39 445 520
. -2 - -1
Average contamination rate 5.4 mg cm sec torr
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Figure 113. Tantalum capsule and speci-
mens before assembly and filling with
NakK.
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VII. THE CORROSION RESISTANCE OF TANTALUM, T-111, and Cb-1lZr

TO MERCURY AT 1200°F (9)

Test specimens 0,5-inches wide by 1.0-inch long were sheared from 0.040-
inch thick unalloyed tantalum, T-111 alloy (Ta-8W-2Hf) and Cb-1lZr alloy sheet.
The specimens were acid cleaned to remove surface contamination. Half of the
specimens for each were bent using a 0.406-inch radius ram and a 120° anvil, and
the remainder of the specimens were bent with a 0.109-inch radius ram and a 120°
anvil to produce strain levels of approximately 57 and 20% as shown in Figure 115.

A 5% strain is normally incurred in the bending of tubes for boiler comstruction.

Part of the bent test specimens was retained in the as bent condition while
portions of the remaining specimens were given post bend vacuum anneals. The
annealing conditions selected were: 8 hours at 1600°F, 2 hours at 1900°F, and
2 hours at 2200°F. The specimens were encapsulated in a 1.0-inch outside diameter
by 0.100-inch wall by 6-inches long seamless tantalum tubing as shown in Figure 116,
The capsules were filled with sufficient mercury to cover the specimens at the
1200°F test temperature and the filling was accomplished in a vacuum purged, helium
filled, TIG welding chamber. Each tantalum capsule was placed inside a stainless
steel capsule and sealed under helium using the identical procedures for the

tantalum capsules. Figure 117 shows the capsule test stand.

At the completion of 1000 hours of testing the capsules were sectioned and
the residual mercury distilled from the specimens. The cleaned specimens were
weighed and no significant weight changes observed. Subsequent fluorescent
penetrant inspection revealed the lack of surface cracking. Metallographic
examination of the specimens revealed the lack of corrosion or changes in micro-

structure.
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T-111 alloy specimens before exposure to 1200° F mercury.

Figure 115.
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Figure 116. Tantalum capsule and specimens before
assembly and filling with mercury.
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Figure 117. Test facility for isothermal corrosion capsule tests.
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VIII. THE EVALUATION OF THE SNAP-8 BOILER(lo)

At the completion of the endurance test of the SNAP-8, SN-1 boiler, the
facility was secured and the boiler removed for complete non-destructive and

destructive evaluation.

The sectioned boiler, shown in Figure 118, was examined visually and found
to be in excellent condition. It was observed that after cutting the shell about
half way through, the pressure of the tubing cutter would cause the remaining
portion of the wall to crack. Metallographic examination of a specimen taken
from the outer shell showed an almost continuous grain boundary precipitant as

shown in Figure 119 . This precipitate is most likely M type of carbide

c
2376
phase. Metallographic examination of the OD and ID of the shell revealed little

corrosion or oxidation.

A bend specimen of the boiler was bent with the ID in tension over a 1-T
anvil and cracked after 100° of bend. There was some loss of ductility of the
stainless steel shell material, but it is not detrimental to boiler operation.

The l-inch OD by 0.035-inch wall Type 321 flattened tubes used to contain
the static NaK fluid were found to be covered with NaK oxide in the plug region
which was easily removed with a damp cloth. The tubes, except in the plug
region, were bright and shiny. The report of the February 17, 1968 boiler

£33 described a heavy deposit in this region which was mechanically

failure
removed. Metallographic examination of this area revealed some attack in the

OD of the tubing to a depth of 0.0005-inches as shown in Figure 120. An analysis
for interstitial elements in the plug region showed a high oxygen content

(201 ppm) and a higher carbon content (279 ppm).

The other stainless parts showed no sign of attack or degradation from either
the static or flowing NaK. The inlet section of the boiler, shown in Figure 121,

was in good condition and the bellows was not deformed.

Metallographic examination of the tantalum dished head at the boiler inlet
showed a minor amount of corrosion on the static NaK side. The attack, shown in
Figure 122, penetrates to a depth of 2 mils. The morphology of the corrosion
indicates the cause as being a slight contamination of the tantalum surface. The

tantalum dished head at the boiler exit showed no sign of attack. The oxygen
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5
) at which

oxygen contamination could have occurred during the field repair
time the dished tantalum head was replaced. Chemical analyses shows the oxygen
concentration at the boiler exit to be 10 ppm as compared to 40 ppm at the boiler
inlet. Oxygen dissolution as influenced by the higher exit temperature (1300°F)
could also explain the difference in oxygen concentration. Figure 122 also shows
some surface cracks on the ID of the tantalum orifice. These were probably the

result of machining processes and not corrosion.

Metallographic examination of the pretest tantalum tubing used in the
fabrication of Boiler SN-1 revealed severe grain boundary attack on both the ID
and OD, as shown in Figures 123 and 124. These defects may have resulted from

surface contamination during processing and subsequent acid pickling.

Deposits were noted at the exit of the plug on the ID of the tantalum tube
as shown in Figure 125. This deposit was water soluble and a spectrographic
analysis of the deposit indicated the major constituent to be chromium >10%
with minor amount <10% of cobalt, iron and nickel. These elements, except for
the cobalt, which is a major constituent of L-605, are the major constituents
of stainless steel. Stainless steel and L-605 are utilized as piping in the
facility.

The tantalum tubes were split longitudinally and removed from the plugs, as
shown in Figure 126, Metallographic examination of a section in this area
indicated the pretest grain boundary voids but no sign of attack. Liquid metal
exposure would tend to accentuate these grain boundary voids; no corrosion was

observed.

Both tantalum-316 stainless steel transition joints were evaluated. Helium
mass spectrometer testing proved the joints leak tight. Fluorescent penetrant
inspection of the joints showed no indication on the brazed joint but one indi-
cation on the coextruded joint. Ultrasonic examination of the coextruded joint
confirmed the fluorescent penetrant defect and several indications were noted
on the brazed joint, particularly in the inner annulus or wide braze section of

the joint.

Photomicrographs of the coextruded joint are shown in Figure 127. The
separation is 0.016-inches long. A photomicrograph of the worst area of the
brazed joint is shown in Figure 128, One void approximately 0.003-inches in

diameter is shown and seyeral smaller voids are present.
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Post test evaluation of the SN-1 boiler materials following test has
indicated the excellent compatibility of the selected materials with NaK and
mercury at elevated temperatures. No major corrosion or degradation was observed

and all indications point to a 40,000 hour life at observed corrosion rates.
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H24041C Etchant: 10% Oxalic

Figure 119. Microstructure of the 316 stainless steel
outer tube shell at the NaK inlet of SNAP-8, SN-1
boiler.
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NaK CORROSION ON THE
STATIC NaK SIDE OF THE |
TANTALUM DISHED HEAD 008

HJ6031A \ AS POLISHED
TANTALUM DISHED HEAD
TANTALUM
HEADER \
AT Hg INLET

ORIFICE
\

CRACKS AT THE SURFACE
OF THE ORIFICE
(TRANSVERSE SECTION) 004

H06051C AS POLISHED

Figure 122. Post-test microstructures of the tantalum at the
boiler inlet.

172




e e e i T S o e s

H24021A ETCHANT : 30NH4F, 50HNO

3 20H20

Figure 123. Tantalum tube - 0.670" ID x 0.040" wall
used in the construction of the SNAP-8, SN-1 boiler
in the pretest condition.
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Figure 126. 1ID of tantalum tube exposed to mercury at distances marked from the
header at the boiler inlet.
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Figure 127. Separation of 316 stainless steel
feather-edge from tantalum on OD of coextruded
joint from inlet of SN-1 boiler.
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Figure 128. Microstructure of the Ta/316 SS brazed joint from mercury exit
of SN-1, SNAP-8 boiler.
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IX. MERCURY THERMAL SHOCK TESTING OF 2-1/2 INCH DIAMETER
BIMETALLIC JOINTS FOR SNAP-8 APPLICATION i1

The startup sequence of the SNAP-8 power conversion system subjects the
entire boiler to a severe thermal shock when 70°F mercury is injected into the
1300°F boiler. In the present boiler design, 2.50-inch diameter tantalum-316
stainless steel tubular transition joints are required at both the inlet and
exit of the boiler. For this reason representative joints utilizing brazing and
coextrusion techniques were prepared for thermal shock testing to determine
their reliability.

The brazed joint, shown in Figure 129, was vacuum brazed at 2160-2180°F
for five minutes using a cobalt base filler alloy. Following brazing, the joint
was nondestructively tested utilizing dye penetrant, ultrasonic and maes spectro-
meter techniques. No rejectionable defect was observed. The coextruded joint

was not inspected prior to test.

The test assembly, shown in Figure 130, consisted of welding the brazed joint
and the coextruded joint together at the tantalum ends. The coextruded joint was
positioned at the test section inlet and an 0.060-inch diameter orifice installed
downstream of the two joints to restrict the flow of mercury through the test
section and to suppress film boiling of the mercury in the joint areaa. A vacuum
jacket surrounds the bimetallic joints to prevent oxygen contamination of the
tantalum during test. A bellows is used to couple the vacuum jacket and the test
section together in order to accommodate the differential thermal expansion
between the vacuum jacket and the test section during cycling. The joints were
heated electrically by a ceramic heater which was wrapped around the vacuum
jacket. Chromel alumel thermocouples were attached to the stainless steel and
tantalum section of each joint. Test temperatures were recorded on a high speed

oscillograph which allowed the temperature transient of each joint to be compared.

The thermal shock test facility is shown in Figure 131 and consists of a
mercury EM pump, the test section, storage tank and a water cooled heat exchanger.
An evacuation and gas pressurization port was used to evacuate the loop before the
test and to pressurize the loop with helium for mass spectrometer testing at

specified intervals during the test.
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Figure 131. Schematic tantalum/type 316 stainless steel bimetallic joint mer-
cury thermal shock test facility.
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A typical thermal shack cycle, shown in Figure 132, consisted of heating
the bimetallic joints to 1300°F in 30 minutes and maintaining this temperature
for 1 hour. The mercury pump was activated and 300°F mercury at 325 psig was
forced into the test section. Mercury flow was maintained for 30 minutes be-
fore the pump was secured and the mercury allowed to drain from the test section.
Electric heat was constant throughout the program except for mass spectrometer

tests.

The test program was to consist of 100 thermal cycles with helium mass
spectrometer testing to occur after 5, 10, 25, 50 and 100 cycles. At the comp-
letion of the 55th cycle, a pressure rise was noted in the vacuum jacket. Sub-
sequent helium mass spectrometers testing confirmed the leak and the bimetallic
joints were removed from the vacuum jacket. The failure was observed to have
occurred in the coextruded joint at the interface between the tantalum and the
stainless steel. Metallographic examination of the coextruded joint indicated
a void in the interface between the stainless steel and the tantalum as shown in

Figures 133 and 134 .

A typical thermal transient of the test section is shown in Figure 135.
The coextruded joint was more severely shocked than the brazed joint which was
positioned downstream. The probable reasons for the variation in their cooling
rate can be attributed to the fact that the mercury vaporized as it entered the
test section and a momentary pulse in mercury is observed. Also, the brazed

joint is thicker than the coextruded joint causing a decrease in cooling rate.

The coextruded joint was replaced by a brazed joint and thermal cycling
resumed. The first brazed joint was cycled 155 times while the replacement
joint was cycled a total of 100 times without failure. Subsequent metallographic
examination showed the brazed joints to be in excellent condition. A typical
thermal transient is shown in Figure 136 and the difference in temperature

decrease is attributed to their respective locations.
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Figure 132. Typical thermal shock cycle of a 21—inch diameter, SNAP-8
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type, tantalum/type 316 stainless steel bimet4llic joint.
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Figure 133.
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Typical microstructures in joint area coextruded tantalum/

type 316 stainless steel joint after mercury thermal shock test.
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I11.,

Transducer
S A

1
\ , Sonic Beam
\

IT.

1v,

I. C-scan recording depicting areas of interface discontinuity. White
indicates response areas,

II. Longitudinal cross section indicating depth of indications relative
and wall thickness. Note depth of #3

I1I. Transverse cross section of joint indicating depth of indication and
method of ultrasonic inspection,

IV, A-scan presentation of A, defect #0 near OD B. defect #2 depth
C. defect #1 & 4 depth D. defect #3 change of depth E. & F, change
of time base due to velocity change created by change of ratio of Cb-1Zr
to S.S.

Figure 134. Presentation from ultrasonic inspection of coextruded tantalum/
type 316 stainless steel joint after mercury thermal shock test.
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Figure 135. Transient temperatures of ZLinch diameter tantalum/Type 316 stain-
less steel coextruded and brazed joints.
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Figure 136. Transient temperature of 2;—inch diameter, tantalum/Type 316 stain-
less steel brazed joints.

188



X. THE SHELL SIDE HYDRAULIC TESTS OF A FULL SCALE SNAP-8
(12)

MULTIPLE TUBE BOILER

A series of shell side flow studies of a model boiler using water were
conducted to evaluate the frictional characteristics of the SNAP-8 boiler. The

test model is shown in Figure 137 .

Nine helical wire coils were used for flow studies. The wire coils were
used as turbulence promoters by installing them around the tube bundle next to
the shell. The various helices were used to determine the mixing versus pressure
drop relationship as shown in Figure 138 which shows that a pitch to diameter
ratio of about two is a good compromise for minimizing pressure drop and promoting
good mixing. Three different geometries of tube supports (Figure 139 ) were flow
tested. The results of these tests are plotted in Figure 140 which shows that

spacer #2 has the lowest loss coefficient.

Shown in Figure 141 is an illustration showing the lack of mixing at the
NaK exit of the boiler. This poor mixing is a good reason for the poor shell
temperature distribution in this area. The temperature distribution from boiler
testing is shown in Figure 142. A plexiglass flow model (Figure 143) was con-
structed to provide a manifold at the exit to promote good mixing. The manifold

was tested, and shown in Figure 144 is an illustration of the results showing good mixing.

{13 Boiler SN-4

The results of this test were incorporated in SNAP-8, SN-4.
was tested at AGC and it appears that the problems associated with boiler SN-1
namely, poor tube support and the temperature maldistribution in the high heat

transfer zone, have been alleviated.
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NOMENCLATURE
SECTION X

Description

Net Flow Area

Clearance between the Shell I. D. and
Bundle Diameter

Wire Coil Diameter

Diameter

Equivalent Diameter
Shell Inside Diameter

Loss Coefficient

Loss Coefficient based upon Shell Side
Velocity Head

Measured Pressure Drop

pDeV
Reynolds' Number, S
Shell Side Average Velocity
Density

Absolute Viscosity

Axial Flow
Shell Side
Spacer

Wire Coil
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inch
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dimensionless
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Loss Coefficient, K* | dimensionless

| I [ [ |
2.5 o -
(e
2,01 n
A
A
1.5 -
1.0 ]
NRe
)
3.8 x 104 1,8 x 104
0.5 [ Rod Spacer ) o) -
Spacer #1 A A
Spacer #2 a 0
0 | ] | | |
1.0 0.8 0.6 0.4 0.2 0

Net Flow Area Ratio (AF)sp/(A'F)sh’ dimensionless

Figure 140. Spacer loss coefficients vs area ratio over a Reynolds number
range of 1.8x10%4 < Npg < 3.8x10%4.
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XI. THE HIGH TEMPERATURE LOW CYCLE FATIGUE BEHAVIOR OF TANTALUM(lA)

An investigation of the low cycle fatigue behavior of unalloyed tantalum

was made in the temperature range between room temperature and 1400°F.

Uniaxial cyclic and monotonic tests were performed in a reverse loading
machine. Induction heating was used in all experiments and a thermocouple was
attached to the specimens for temperature control. The specimens were situated
in a purified argon atmosphere. Load versus time (at constant crosshead rate)
was recorded for the monotonic tests. For the cyclic tests, dimetral stresses
were measured, recorded, and served as the basis for control of the test. An
X-Y recorder was used to record hysteresis loops of load and diameter change.

Additionally, both load and diameter were recorded as a function of time.

A total of 10 low cycle fatigue tests were completed and the results are
included in Table VII. Stress range versus life results are shown in Figures 145,
146 and 147. At 600°F the stress range increases with cycling. The results at
1000°F show no clear trend. There is an increased strength of the material at
1100°F over 600°F for each diametral strain range and, as expected, the increased
stress range for increasing levels of strain range. At 1350°F various frequencies
and strain ranges are employed and the stress range is seen to decrease with

decreasing frequency of strain rate and with decreasing strain range.

The primary purpose of this study was to obtain useful data for design
purposes. Thus the procedure for generating equivalent stress amplitude curves
for materials in Section III of the ASME Nuclear code were followed. This requires
the conversion of the strain range data to equivalent stress amplitude or
6 . &
2

and introducing a safety factor of either 2 on stress amplitude or 20 on life,

whichever is more conservative. A plot of o, versus N'f (Figure 148 ) using the

factor of 20 on life is shown for the three temperatures of the test.

It should be noted that the high value of equivalent stress does not mean
the material is capable of supporting those stresses. Rather, they are the
elastic. equivalent of strains, which are obtained through elastic thermal stress

analyses and apply only for fatigue life prediction.
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XII. SINGLE TUBE TESTS(ls)

At the completion of the facility modification and while awaiting the
delivery of boiler SN-1, it was decided to check out the facility with a single
tube boiler, designed and built by GE-NSP using the heat transfer and two phase
pressure drop relationship developed under previous NASA contracts NAS 3-2528
and NAS 3-9426. The application of these relationships led to a boiler which was
16 feet long as compared to the 35 foot boiler tube length based on non-wetting.
Complete details on the design and testing of the single tube boiler may be found

in a separate Topical Report, Reference 5.

The GE-NSP single tube boiler, shown in Figure 149, is different from pre-
vious single tube boilers in that instead of a plug followed by a wire coil, it
contains a helical insert of’P/D = 2.0 for 12 feet and a wire coil (P/D = 0.88)
for the last 4 feet. The helical insert (Figure 150 ) has a tubular centerbody
which is instrumented to permit measurement of local mercury temperatures thus

giving some insight as to what is occurring within the boiler.

Initial operation of the boiler demonstrated immediate '"wetting' and none of
the conditioning problems previously reported. Test results which illustrate the
performance of this boiler over the anticipated reactor temperature control band
are shown in Figures 151, 152, and 153. These are boiler temperature profiles
showing the measured temperature distribution on the shell and the measured local
mercury temperature in the helix. In addition, the four basic heat transfer
regimes have been denoted, namely, subcooled liquid, nucleate boiling, transition-
film boiling and superheat. Note that superheated vapor is supplied to the turbine
over the entire reactor control band and that the exit mercury vapor temperature
remains within 30°F of the NaK inlet temperature as the NaK temperature varies
50°F. It is interesting to note that the stability of the boiler without the
plug (Figures 154, 155, 156 ) meets the stability requirements for SNAP-8.(16)
Shown in Figure 157 is a combined plot of a single tube data point with data from
the multitube boiler test. The performance of the single tube boiler without the

plug duplicates the multitube data.

These data are reported in Reference 15 but the primary significance is that
the mercury boiler performance can be predicted and it is possible to shorten the
length of the SNAP-8 refractory metal boiler and thus permit the design of a

lighter, more compact boiler.
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XIII. THE DEVELOPMENT OF AN ELECTROMAGNETIC PUMP FOR MERCURY(17)

An electromagnetic mercury pump was developed by General Electric for the
SNAP-8 refractory boiler test to prevent the contamination of the refractory
metals used in the boiler fabrication by the lubricating oils associated with the

bearings of the SNAP-8 centrifugal pumps.

A total of 10 different pump ducts were designed, fabricated and tested.
The results of these tests were used to design and fabricate the pump used in the
test of the SNAP-8, SN-1 boiler. A pump duct design is shown in Figure
158 which shows the mercury entering the pump at the suction end and being accele-
rated to the outside wall where it spins until the vaned diffuser forces the
mercury back to the core of the duct. The mercury is again accelerated to the out-
side wall where it spins through another diffuser and is ac¢celerated back to the wall.
The outlet of the pump consists of a flat plate welded to the straightening vanes
located in the end caps with an annulus between the plate and the duct wall. The
mercury passes through this annulus where it is straightened out and forced to the

exit. The performance curve for this pump is shown in Figure 159.

Althouth this pump was not very efficient (approximately 17%) it thoroughly de-

monstrated the need for keeping the mercury side of the facility containment free.
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Developed Pressure, psi
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Mercury Flow, 1lb/hr x 10

3

Performance curve - pump duct modification no. 9.
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