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FOREWORD

This quarterly progress report of the Aircraft Nuclear Propulsion Project at ORNL
records the technical progress of the research on circulating-fuel reactors and other ANP
research at the Laboratory under its Contract W-7405-eng-26. The report is divided into
five major parts: 1. Aircraft Reactor Engineering, 2. Chemistry, 3. Metallurgy, 4. Radiation
Damage, and 5. Reactor Shielding.

With the suspension of work on circulating-fuel reactors as of September 1957, program
emphasis will shift to research in support of the work of other organizations participating
in the national ANP effort. The major fields of the future ORNL effort will be research
studies of shielding, materials, and radiation damage and experimental investigations of

systems and components of power plants designed for the nuclear propulsion of aircraft.
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SUMMARY

During preparation of the reports given here
of work on the Aircraft Reactor Test (ART) and
Engineering Test Unit (ETU), it was announced
by the AEC that work on the ART and ETU was
to be suspended. The necessary steps have since
been token to place all fabrication ‘and con-
struction work in a standby condition. The reports
presented here have not been modified to reflect
the work stoppage. The next report in this series
will summarize the work on the ART and the
ETU and give a picture of the status of the
molten fluoride reactor program at the time it
was suspended.

PART 1. AIRCRAFT REACTOR ENGINEERING
1.1. Reactor and Facility Construction

Methods for assembly and inspection of the
ETU and the ART were studied further, and the
necessary special checking fixtures and in-
spection tools were designed and fabricated.
Component fabrication and assembly continued, and
an experimental main fuel-to-NaK heat exchanger
was received.  The completion of this unit dem-
onstrated the feasibility of manufacture of the
heat ‘exchanger.. The two sodium-to-NaK heat
exchangers received previously were installed in
the ETU north head. = Modifications that will
facilitate installation are being incorporated in
the ART units. The NaK-to-air radiators required
for. the ETU were received and installed, and
production'. of the ART radiators is under way.
Rings of brazing ‘material to be used in the

fabrication. of these units were producedrut ORNL was ‘prepare d.

at a rate of 10,000 per hour,

A pressure- shell ‘lower. forging was recelved -
and: the ‘upper pressure shell. forgmg is nearly'.'_
complete. The design of the pressure shell liner -
‘was completed, and preparahons for forglng and

machining are under way. The beryllium reflector-

a machined weldment.” ‘As d result of recent ex-

periments, ‘the ‘method for manufacturing the ‘boron- -
shleld-confmmng shells has been’ chunged from/, )
shear .spinning to deep drawing. ' The core shells

for the ETU have been completed, as previously
reported, and machining operations are under way
on another set of core shell weldments.

L}
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Assembly of the ETU north head is well under
way, and the retort for stress-relieving the assem-
blies was completed and tested. "The strut load
ring assembly was essentially completed.

All the boron carbide tiles for neutron shielding
are on hand and the cans and lids for the tiles
are being fabricated. Work is proceeding satis-
factorily on the preduction of the required stain-
less-steel-clad copper-B,C cermets. Design work
is proceeding on the shielding external to the
pressure shell,

Fabrication .and procurement of auxiliary equip-
ment are well under way. Layouts of the equipment
to be installed in the ETU cell are about 75%
complete. Installation work on the ETU facility
is progressing as scheduled, and many of the
major components are now available for instal-
lation,

Design work continued on components outside
the cell of the ART facility. Models were con-
structed of the special equipment room, radiator
pit, and radictor penthouse area to assist in
detail design and to demonstrate equipment,
assembly, and changeout procedures. All lump
sum contract work on the facility has been com-
pleted.

Developmental work on methods and equipment
for ART disassembly was continued. A full-scale
experiment and demonstration of an optical method
for taking measurements through hot cell windows
is ‘being prepared. Additional cutting tools were

. tested, and a list of tools and fixtures that will

be required for removol of the ART from fhe cell

: -"l.2. .Component Developmenf and Tesﬂng

The design reactor sodium pump speed was

‘mcreused from 3000 to 4000 rpm because of an
" incredse ‘in the head required. In o 1000-hr test
“run at the higher _speed, it was found that seal
moderator outer: shell is bemg fabncated from.

Ieakcge of the rotary assembly was never. greater

“than -at the lower speed. Oil sparging system

tests ‘showed “that with a- lower shaft - annulus
helium - flow of 500 liters/day and o low oil

'|eakage rate, satisfactory sparging could be

achieved with intermittent gas flow. A sparging
procedure for ART and ETU operation is being
prepared. '




The reactor fuel pump rotary element that was
aitered for irradiation testing was installed in
a gamma-irradiation facility in the MTR canal.
The test is under way with the rotary element
operating ot a speed of 2700 rpm. The average
dose rate is 108 rep/hr.

Additional tests of the twin fuel pumps installed
in the aluminum north head have demonstrated
satisfactory degassing characteristics over a
wide range of operating conditions. Installation
of the twin sodium pump loop in the aluminum
north head was completed and tests were initiated.
Preliminary data indicated satisfactory performance.

Additional performance data were obtained for
a fuel pump operating at high temperatures with
the fuel mixture NaF-ZrF -UF, (50-46-4 mole %,
fuel 30) as the circulated fluid. Curves showing
the minimum surge tank gas pressure and minimum
suction vs flow for cavitation-free operation were
plotted. In priming tests it was found that the
pump primed and gave full head and flow per-
formance when the liquid level was above the
floor of the expansion tank.

Examination of a primary NaK pump that was
stopped when the NaK leve! in the pump tank
rose and flooded the oil catch basin revealed
that grease formed by the interaction of NaK
and oil had clogged the seal loading springs
and inhibited their operation. Further development
work on the seal region of this pump is planned.

As a result of experience with NaK pump hot
test loops, modifications of the cold traps were
made. A nozzle was devised to admit a controlled
water-air mixture to the cooling coil and thus
effect a gradual transfer of the cooling load
from air to water. Tests of auxiliary NeK pumps
were initiated.

A semicircular heat exchanger designed to
simulate the tube stresses in the ART main
heat exchanger is being installed for testing,
as is a 25-tube heat exchanger that is to be
tested with the fuel mixture NaoF-ZrF -UF,
(56-39-5 mole %, fuel 70). A test of a 100-tube
heat exchanger was terminated because of a
failure of the furnace inlet line.. This heat ex-
changer had experienced 168 thermal cycles in
421 hr of high-temperature operation, and there
were no evidences of failure. A first-approximation
thermal-stress calculation had predicted a life
of 35 to 45 cycles for this heat exchanger.

York Corp. ART test radiator Ne. 1, which
developed a leak after 870 hr of operation was
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examined. Despite immediate shutdown to limit
damage by fire, the domage was sufficient to
destroy evidence that might have indicated the
nature of the failure.

The excellent performance of the cold traps
in heat exchanger and radiator test systems has
led to the elimination of plug indicators from
the ART and ETU NaK systems.

Further tests of the fuel dump valve designated
ORNL-1 indicate that the valve will be satis-
factory for the intended service at 1300°F. As
a result of further operating difficulties, the NaK
dump valve has been redesigned to minimize weld
and thermal stress distortions. ‘

Sodium circuit water flow tests were completed
during the quarter. In these tests the proper size
for the orifice in the control rod sodium cocling
passage circuit was determined. Also, tests were
run to establish the proper location of o flow
divider for directing sodium downward into the
reflector and upward to the island entrance region.

The second test of a one-fourth-scale outer
core shell model for determining dimensional
stability under thermal cycling conditions was
terminated after 339 cycles, that is, 39 cycles
more than scheduled. Visual inspection disclosed
no damages to the core shell, and it is currently
being measured.

Tests have demonstrated that satisfactory liquid-
metal-vapor condensers are now available for ART
and ETU use. Satisfactory zirconium fluoride
vapor traps are now also available.

A test of the ART island bellows under cyclic
strain, temperature, and pressure conditions re-
vealed that the two-convolution bellows would
be inadequate for ART service conditions. The
design has therefore been modified.

Since a failure of the fuel fill-and-drain tank
might have serious consequences, a test tank
is being built for testing under simulated service
conditions. This test is thought to be necessary
because the ART may impose stress aend tem-
perature conditions greater than those for which
design properties are known with any certainty.

1.3, Instrumentation and Controls Development

A test was completed of the ART control rod
drive mechanism that simulated ART operating
conditions, except that there was no radiation

present. During the first 1129 hr of the 3000-hr

test, the rod was withdrawn and inserted 1161

times. This portion of the test was followed

Y




by a series of periods in which the tod was fixed
at positions spaced 5 in. apart for a minimum
time of 200 hr ot each position. The remainder
of the 3000-hr test consisted of further rod cycling
in the same sequence as that used for the initial
phase of the test, The test system has been
dismantled for examination, and if results of the
examindtions are satisfactory, it may be concluded
that the ART control rod and its actuating equip-
ment have met dll the specifications that can
reasonably ‘be tested without the actual nuclear
tests.

Additional tests with helium-bubbler-type liquid-
level indicators in the fuel expansion tank of
the aluminum mockup of the ART north head
confirmed - the ‘‘dishing’’ effect on the liquid
surface in the expansion tank of changes in pump
speed. In tests in which measured amounts of
fluid were added to or removed from the expansion
tank, it was found that the level-measuring device
responded accurately.

Examinations of on-off level probes that failed
at high NaK temperatures in NaK pump bowls

showed that the units failed because of internal -

oxidation of the copper wires and that such
oxidation occurred when the copper-to-Inconel
welds were made. The probe has therefore been
redesigned so that the copper-Inconel junction
can be brazed instead of welded. Units of the
new design are being fabricated.

Calibration and testing of the 2- and -313-in.
magnetic flowmeters for use in the ART and
ETU were continued. All the 3/-|n. magnetic
flowmeters required for the ETU have ‘been
delivered and installed. Tests have indicated
that continuous temperature - and - magnetic flux
momtormg of these units will not be requ:red

Several ORNL-deslgned resistance-type Ilqmd-"

Vmetal -level - transducers for use .in NaK were
completed. = Tests have been- run with these
- units msta“ed in NaK -pump bowls to- obtdin

drift data and to observe wetting effects. Other -

probe ' materials - ‘and special coatings or plates

are to be tested in an effort to improve the wetting

characteristics. - Snmllar units are being fabncated
_ for use in the ART sodlum exponslon tank.

Tests of thermocouples were contlnue_cl.
data were obtained for Inconel-sheathed Chromel-
Alumel and platinum, platinum-10% rhodium thermo-

couples exposed to fuel 30 for various periods

P
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at various temperatures. A new closure technique
in which the junction is made by brazing rather
than' by welding is being investigated.

A well type of thermocouple was designed for
temperature measurements of high-velocity high-
temperature liquid metals in Inconel piping. The
pressure drop created by this thermocouple was
found to be less than 2.0 psi at 1200 gpm. Drift
tests of sample units in flowing NaK have been
started.

1.4. Engineering Design Studies

Analyses and experimental investigations of the
effects of stress on various portions and com-
ponents of the ART system were continued. In
one test, the resistance of beryllium to fatigue

‘cracking under the temperature conditions an-

ticipated in the ART is being studied. In another
another experiment a I/4-scc:le model of the outer
core shell made with the inner core shell weld
pattern is to be tested under strain cycling
conditions. This test will determine the adequacy

of the welded reactor shells.

"A stress analysis of the island expansion
bellows at the design condition of 300 cycles
of 90-mil axial deflection at a temperature of
1250°F revealed that the bellows would be sub-
jected to considerable plastic deformation at
the outer bend of the convolutions.  Correlation
with the strain-cycling data for Inconel indicated
that the fatigue life of the bellows would be less
than the contemplated 300 cycles. The results

- of the analysis were confirmed in a recent test

in' which the bellows failed after 80 cycles. The

- bellows has therefore been redesigned.

A detailed stress analysis of the support
structure for the lead shielding of the ART was
completed, and an analysis of the water bag was
initicted. - A stress analysis of a pressure-

- -measuring device for use in the ART was made
“to _establish - the - operating limits of temperature
.andpressore for applications in which dimensional

stability ‘of the unit is important.

 An apparatus - for . 'fSimﬁIfqneou’sly testing six

moderator specimens in the ‘temperature range
of 1500 to 2000°F in the ETR 'is being designed.
The moderator materials to be tested initially
are beryllium oxide, yttrium hydride, and beryl-

lium metal.
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1.5. Design Physics

Caleulations were made of the shielding re-
quired for the ART fuel fill-and-drain tank. The
lead shield was designed, insofar as it was com-
pleted, so that the dose rate at any point on its
surface was less than 0.2 r/hr cfter 100 hr of
operation at 60 Mw, 9 days after shutdown. It
was found that the pipes for carrying the NeK to
heat and cool the fuel could not be allowed to
penetrate straight through the shield, ond a con-
figuration that would satisfactorily reduce the
dose rate at such penetrations was developed.
Similar studies indicated that it would be necessary
to overlap adjoining pieces of the removable top
shield of the tank.

In connection with the problem of replacing a
fuel or sodium pump, a preliminary estimate was
made of the dose rate at a point 62.5 in. above
the reactor midplane and 22.5 in. from the axis,
that is, about ot the bottom of the fuel pump
motor under the same after-shutdown conditions as
those specified above. The dose rate was found,
for the present shielding geometry, to be around
800 r/hr, and the radiation was mostly - from
residual fuel in the heat exchangers viewed
through the NaK pipe penetrations in the north
head.

The rates of decay-gamma energy emission from
the ART fuel for the first 180 sec after reactor
shutdown following 500 hr of operation at 60 Mw
were calculated for six gamma-ray energy groups.
The results were used in calculations of the heat
deposition rates in the bellows and stem of the
ART fuel drain valves. A total temperature rise
of 106°F was obtained for the maximum allowable
duration of the fuel draining operation.

1.6. Materials and Components Inspection

Materials for the ART,ETU, andtest components
were inspected with the intended use as the
criterion of acceptability. Results of metallo-
graphic examinations were received which in-
dicated that pickling in phospheric acid could
be used satisfactorily for the removal of magnetic
particles. It was also found that polishing could
reduce rejections caused by surface scratches.
Results were obtained of metallographic exami-
nations which showed that no embrittlement or
attack occurs upon exposure to the materials used
in penetrant inspections.

/| ™M

Inspections of sample pieces and -completed
units submitted by vendors were made, including
radiators and radiator materials from York Corp.,
heat exchangers from Griscom-Russell and from
Black, Sivalls & Bryson, forgings and weldments
from Midwest Piping Company, tanks and bellows
expansion joints from Process Engineering Corp.,
bellows from Fulton-Sylphon Company, and Inconel
and stainless steel valves from Hoke Valve, Inc.

Procedures are being developed for the in-
spection of seven critical welds on the ART and
ETU that can be inspected only through sections
of beryllium. Normal radiographic techniques
cannot be used because beryllium scatters the
incident x-ray beam and causes general fogging
of the film, '

1.7. Heat Transfer Sfudi_es

The effect of stresses and cyclic frequency on
the strength and corrosion characteristics of
Inconel in an Nt:F-ZrF4-UF4 (50-46-4 mole %)
environment was studied in the pressurized-
system thermal-cycling apparatus. Data were
obtained for straight tubes which indicated that
the extent of corrosive attack on Inconel is
dependent on the frequency of the thermal cycling,
with the critical frequency in the vicinity of
‘é to 1 cps. The effect of prior strain was in-
vestigated in tests of bent tubes. In all cases
the attack was greater in the bends than in the
straight sections of the tube, but unexpectedly
no difference was detected between the attack
on the tension and compression sides of the
bends. As in previous tests, fine-grained tubes
showed intergranular attack and coarse-grained
tubes showed general attack. Inconclusive tests
of machined welds were run and additional tests
of inspected and approved welds are to be run.

After two runs in which the operating periods
fell short of the scheduled 100 hr because of
difficulties with liquid-level control of the high-
frequency pulse-pump thermal-cycling loop, the
loop ‘was operated for 100 hr at 1 cps with the
fuel mixture NoF-ZrF ,-UF, (56-39-5 mole %)

as the fluid medium. Outside surface temperature’

oscillations of 164°F were attained at the inlet
end of the test section. Metallurgical examination
of the test specimen has not been completed,
but standard dye stain and radiographic exami-
nations show no superficial damage.
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Temperature measurements made with the nickel-
plated junction of an Inconel-nickel gunbarrel
thermocouple flush with the wall of a thick-walled
Inconel tube exposed to sinuscidal temperature
oscillations in water showed good agreement with
results of theoretical calculations. A similar
inconel-nickel gunbarrel thermocouple that was
not attached to a tube was tested in static NaF-
ZeF -UF (50-46-4 mole %) at 1200°F for 300 hr.
It was determined that rapid removal of the
metallic junction between the central nickel
wire and the Inconel by the flucride salt precluded
the use of this type of thermocouple for measuring
rapid surface temperature transients in g flucride
environment.

The full-scale Plexiglas model of the ART core
was used for studies of the effect of inserts
and ramps in the core volute and of thin baffles
in the core region on the core flow. No significant
improvements in flow were noted. - Yelocity and
pressure-loss data were obtained in water flow
tests of the 10/44-scale model of the 21-in. ART
core with an ART type of entrance header, a
core inlet collimator, and five core screens.
The data show significant flattening of the
velocity profiles throughout the core. Simulated
one-pump operation with the screen-filled core
indicated that the screens and collimator effec-
tively eliminated circumferential asymmetries in
the flow. Measurements were made of the pressure
varigtion in the inlet header. Velocity profile
photographs were obtained of the flow in the
10/44-scale model of the ART by using the
phosphorescent particle technique.

Measurements

transfer coefficients for  NaNO,-NaNO,-KNO,

(40-7-53 ‘wt %) flowing through electrically heated .

tubes. - The data agree with the standard . cor-

relations. Preliminary results for forced-convection

heat transfer with KCI-LiCl (41.2-58.8 mole %)
flowing in a stainless steel tube fell below the
standard correlations.  Data from the screen-
filled half-scale .volume-heat-source core model
show ~markedly -reduced temperatures and fluc-
tuations along the island wall but little change
at the outer wall from earlier results obtained
with . a vaned entrance system. Initial heat
transfer data for source-vortex flow indicate a
fivefold increase in comparison with straight,
turbulent flow when the data are compared on
the basis of equal system energy expenditure
per unit of heat transfer area.

.were completed of the heat.

responding stoichiometric’ formulas.

. than in the NaF-ZrF, system.

il

A system- for determining heat transfer in
flowing mercury containing a uniform volume heat
source is being constructed. Experimental data
on mass transfer in alkali metal systems were
compared with results obtained with two theo-
retically derived expressions. It was concluded
that a more general hypothesis that combines
the mechanism of hot-zone attack with a
nucleation-deposition mechanism in the cold zone
is needed to explain the experimental results.

Preliminary results indicated a value of 0.21
Btu/Ib:°F for the heat capacity of LiCl-BaCl
(32.2-67.8 wt %) and of 0.24 Btu/Ib-F for LiCl-
StCl, (22.5-77.5 wt %). Measurements with a
modified  variable-gap apparatus yielded o value
of 0.34 Btu/hreft:°F for the thermal conductivity
of the salt mixture NaNOz-NaNO3-KNO3 (40-7-
53 wt %). New data were obtained for the thermal
conductivity of NaF-ZrF -UF, (50-46-4 mole %)
by using a calorimetric devuce. The values were
considerably below the thermal conductivities pre-
viously obtained (1.0 to 1.5 Btu/hr-t.°F) by using
the variable-gap apporatus.

The apparent density of ZrF, vapor deposits
was measured and found to vary inversely with
the sample thickness. An attempt to measure
the thermal conductivity of a ZrF, deposit in-
dicated a value of 0.045 Btu/hr-ft-°F.

PART 2. CHEMISTRY
2.1. Phase Equilibrium Studies

‘Further studies of the system KF-UF ; confirmed
the liquidus curve presented previously. Thermal-

. gradient quenching experiments revealed, however,
several differences from the phase behavior pro-

posed earlier. The formulas of the equilibrium

phases are 3KF0UF4',‘ 2KF-UF‘, 7KF-6UF4, and

KF.2UF,.

Refmed phase equnllbnum studies were made
of the system NaF-HfF ,. Seven NaF-HfF, phases
are isostructural with NaF-ZrF phoses of cor-
There are,

however, fewer phases in the NoF-HfF, system

The -system KBF,, -NcBF was studied as part
of a search for low-melfmg salt mixtures for use
as reactor coolants. It was found to be a simple
binary system with o eutectic containing about

90 mole % Nc!BF4 that melts at about 357°C.
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The same unidentified compound was found in
both LiF-MgF,-YF, and LiF-ZnF,-YF, through
petrographic and x-ray examinations. Preliminary
indications are that the unidentified material is
an LiF-YF, compound.

2.2. Chemical Reactions in Molten Salts

The determination of the activity coefficient
of NiF2 in the molten mixture Nc:F-ZrF4 (53-
47 mole %) by the study of the equilibrium
constants for the reaction

NiF,(d) + H,(g) = Ni(s) + 2HF(g)

was concluded. The investigation revealed that
NiF, in solution, under the experimental con-
ditions used, behaves in a very different manner
than that predicted by the free energies of
formation for solid NiF,. This result was un-
expected because good agreement had been
obtained, in a previous similar study, between
the experimental ond calculated behavior of
FeF, in the same solvent. Thermodynamic con-
siderations of the unexpectedly large activity
coefficients of NiF, in fuel mixtures indicate a
probable error in ﬁme estimated free energy of
formation of NiF,.

Studies were made of the reduction of UF,
by V° at 600 and at 800°C in NaF-ZrF, (S0-
50 mole %) and in NaF-LiF-KF (11.5-46.5-
42 mole %) and of the reduction of UF; by W° in
NaF-ZrF4 (53-47 mole %). The results showed
that V° is not stable in contact with UF4 at
either temperature in either medium. In marked
contrast to earlier experiments with NaF-LiF-KF
as the reaction medium, W° was found to be
stable with respect to UF4 in the reaction medium
NaF-ZrF . ‘

Additional studies of the stability of chromium
fluorides in NaF-LiF-KF were made with both
CrF3 and Cer. For the tests with CrFa, chromium
metal was added.  Since the experimentally
determined values for Cr** did not give a reason-
able balance of Cr**, Cr***, and total chromium,
it was concluded that the experimental values
were probably inaccurate.

Additional experimental studies of the reduction
of FeF, by Cr° in Nc:F-ZrF4 (53-47 mole %) in
which higher FeF, concentrations were used
further indicate that reliable values for the Cr**-
* to-Fe** ratio cannot be determined in this reaction
~'medium. A study of the reaction with RbF-ZrF,

(52-48 mole %) as the reaction medium was also
made. Large Cr**-to-Fe** ratios were found,
and there was a difference between the calculated
and experimentally determined chromium -con-
centrations.  Additional experimental work is
planned to resolve these discrepancies. :

The studies of the solubilities of the structural
metal . fluorides CrF.z, Fer, and NiF2 in molten
fluoride mixtures were continued. Data are now
available. for the solubilities at 600 and 800°C
in the following mixtures: NaF-ZrF, (53-47
mole %), 'LiF-ZrF4 (52-48 mole %), KF-ZrF
(52-48 mole %), and RbF-ZrF, (52-48 mole %).

Studies of the activities of the metallic con-
stituents of the nickel-molybdenum alloys being
developed .to contain molten fluoride salts were
initiated. Preliminary experiments are under way
to determine the feasibility of measuring th
activities by an emf method. . :

Ratios of activity coefficients of NiF, to FeF,
in Nc:F-Zrl"'4 (53-47 mole %) and in KF-LiF
(50-50 mole %) were obtained in Daniell cells
at 650°C. Similar measurements were made of
Cr-Ni couples in NaF-ZrF, (53-47 mole %). The
valves for the Ni-Fe couple were in agreement
with results obtained previously, and, if the
activity coefficient for FeF, is taken to be 3,
the activity coefficient of NiF, obtained from
these measurements is (1.8 + 0.3) x 103, based
on the solid as the standard state. The data
obtained for the Cr-Ni couples indicated that
the container material affected the results, which
were thus inconclusive.

Various experimental difficulties involved in an
emf study of the effects of various compositions
of the solvent LiCI-ThCl, on a solute in dilute
concentration were resofved, and PbCl2 was
selected as the solute. Cooling curves were
run on various LiCI-ThCl, samples to study
the solvent composition limits at 700°C, and
important features of the phase diagram of the
system were established.

Determinations were made of the solubilities of

argon and of xenon gases in molten NaF-ZrF,

(53-47 mole %) as functions of pressure and tem-
perature. The data show that in this solvent the
solubilities of the gases follow Henry's law,
they increase with increasing temperature, and
they decrease with increasing atomic weight of
the gas. Similar studies' of the solubilities of
HF gas in NaF-ZrF, have shown that the gas
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(3) -less stable oxides.

C ———

follows Henry's law and that the solubility de-
creases with increasing temperature and increases
with increasing NaF concentration. Preliminary
data on the solubility of HF in NaF-KF-LiF
reveal that the. solubility "is roughly 50 times
greater than in NaF-ZrF . Lo

The solubility of CeF in NaF-ZrF, is being
studied as a function of composmon of the
solvent.. The solubility has been found to de-
crease . as the proportion of the tetravalent con-
stitvent. is decreased, - and the Cer behaves
more like NaF or BaF, than like ZrF . Data
were: - also obtained which _indicated that the
evaporation of - ZrF, during these experiments
does  not _exceed the accuracy of - the deter-
minations (£5%). :

The possibility of precnpltahng the rare-earth

fission products as oxides is being considered.

as a means of reprocessing fuels based on the

. NaF-KF-LiF: foel solvent.: Three ‘methods of oxide

-formation ‘are being studied that involve reactions

with (1) carbonates, (2) alkali hydroxides, and
In connection with this
study, experiments” are ‘being conducted to in-
vestigate the stability of UO, F ina fused salt
mixture. -

In studies of the oxidation of mleures composed
of sodium and potassium, it was found to be quite
difficult to control all the variables which affected
the oxidation process. . The results obtained were
not precise, but. it appears that the ratio of
sodiumsto-potassium: in the oxides decreases with
increasing potassium concentration.

* o cupbanie——

between the values indicates. that BeF, is
monomeric, it should be possible to measure
activities from vapor pressures over BeF,-rich
solutions.

2.4, Production of Purified Mixtures

Approximately 6000 g of YF, was prepared and
MgF, and LiF were added to make about 8000 g
of the processed YF ,-MgF ,-LiF mixture for use
in the preparation of ytmum metal. About 5 Ib

~ of CrF, was prepared, and most of it was con-

2.3.. Physical Properﬁes of Molten Materials o

The sublimation- pressures of HfF4 were de- -

termined for comparison - wrfh the “known  sub-
limation pressure of ZrF,.
the value for ZrF wos . about three times that
of HIF, ot a given temperature.— It is- thought. that
the factor ‘of -3 difference in the vapor pressures

_may be ‘used as @ basis for separating -zirconium

from . hafmum ina hlgh-femperature {above 925°C)
process and for the . produchon ‘of ZrF, from ¢

startmg mixture of zirconium and hafnium oxides.
New medsyrements : of the vapor -pressures of . -

BeF “were made” by using the Rodebush-Dixon -

" The values obtained - were - in “good

mefhod
greemenf with literature - values ‘in the range
800 to 1025°C that were obtained by using the
carrier gas method and assuming that the vapor
species -was monomeric,

It was found -that

verted to CrF,. A small batch of VF, was alse
prepared.

Experimental batches of various fused salt
mixtures were prepared for use in phase equi-
librium studies, physical properties testing, and
corrosion ftesting. Conversion of 10 lb of low-
zirconium HfCl, to HfF, was completed with a
total recovery o# 96.3%. :

One hundred filling and draining operations were
performed during the quarter that involved 785 kg
of liquid metals and 1229 kg of salts. A series
of experiments for determining the amount of fuel

‘which will be held up on various internal surfaces

of the ART was iinitiated.

2.5. Analytical C.hemistry of Reactor Materials

The instrument for the detection of NaK in air
by measurement of the absorption of sodium
resonance radiation by sodium atoms was modified
by the addition of an additional light stop which
will exclude the continuum radiation of the heated
furnace from the photomultiplier tube. This light
stop was effected by means of a plate in which
two -apertures, approximately 0.08 in. in diameter,
were :drilled.. “The circular holes in this plate

. correspond precisely to the images of the quartz

in order to

" achieve the precuse focusmg and ahgnment of

Since the -agreement - -

that remained

the optical system that is required, a rigid optical
bench - fabricated of 18-in. channel iron was in-
corporated into the apparatus.

““Studies “of the butyl lodrde-lodme method for

~ the determination of oxygen in metallic lithium

revealed that several interfering reactions occurred
during dissolution- of the metallic lithium in
ethereal . solution. ~-Mercury was added in order
to eliminate the .inferference of the excess iodine
‘after reaction of the lithium.
Anhydrous mercuric chloride was then added to
complex the iodide and, in effect, produce a

‘chloride rather than iodide system. An excellent

ls
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recovery of oxygen was obtained when 0.5 mg
of Li,O was added to a simulated sample solution.

The apparatus for the determination of oxygen
as oxides in fluoride salts and in metals by the
fluorination of the oxides with KBrF, was com-
pleted and assembled. A detailed procedure for
use of the apparatus was formulated and is
presently being tested. Zirconium oxide was
selected as a standard for calibration of the
apparatus.

The method for the determination of nickel as
its chelate complex with 4-isopropyl-1,2-cyclo-
hexanedionedioxime was applied to samples ob-
tained from studies of the solubility of nickel
in molten sodium. Since the samples are contained
in molybdenum buckets, some molybdenum is
also present in the sodium. In order to avoid
interference by this molybdenum it is necessary
to dissolve the sodivm sample in water rather
then in methanol. ' A special apparatus, fabricated
from fluorothene, was designed in order to carry
out this dissolution safely and efficiently.

A series of tests was initiated of the possible
reaction between pump lubricants and alkali
metals in an effort to determine whether the
reaction can produce acetylene. Initial tests
showed that *‘Gulfspin-35"" and NaK in equal
volumes reacted to produce considerable acetylene,
with an accompanying significant increase in
pressure. Approximately 2% of the alkali metal
apparently was converted to the carbide.

Additional work was done on the determination
of aluminum in mixtures of fluoride salts with
pyrocatechol violet. A study was made of inter-
ferences that would normally be encountered in
corrosion tests with fluoride salts and the newly
developed nickel-molybdenum base alloys. Iron
and titanium interfere seriously, but nickel,
chormium, molybdenum, and niobium do not
interfere. '

Studies of the application of tri-n-octylphosphine
oxide for the solvent extraction of metals of
interest in the ANP program were continued.
The effect of sulfuric acid concentration on the
extraction of titanium with TOPO was demonstrated
in experiments in which only 6% of the titonium
was extracted from 1 M sulfuric acid in contrast
to 99% from 7 M sulfuric acid. Niobium was found
to be extracted quite well by TOPO from hydro-
chloric acid solutions, relatively well from sulfuric
acid, and essentially not at all from nitric or
perchloric acids.

The weighing compartment of a Cahn Electro-
balance was installed in a vacuum drybox. By
means of this microbalance it is possible to weigh
trace quantities of ‘materials. that must be pro-
tected from either atmospheric contamination or
moisture.

PART 3. METALLURGY

3.1. Nickel-Molybdenum Alloy Development
Studies :

Developmental work has continued on o new
container alloy for the fuel mixture NaF-KF-LiF-
UF, (11.2-41-45.3-2.5 mole %, fuel 107) at service
temperatures up to 1800°F. Emphasis has been
placed on determining the optimum alloy com-
position, on determining whether the most promising

alloy, INOR-8 (composition range: 15-19% Mo,

6-8% Cr, 4-7% Fe, bal Ni), can be produced as
a ‘“‘commercial’’ item, and on determining the
fabricability of duplex tubing of INOR-8 clad
with stainless steel for use in heat exchangers.
Since corrosion resistance, weldability, and creep
properties have not yet been completely evaluated,
two other compositions, INOR-8 modified and
INOR-9, are also being studied as alternates.
The modified INOR-8 alloy contains 2 to- 4 wt %
nicbium to increase creep strength, and INOR-9,
which contains no chromium but is strengthened
with niobium, should be cotrosion resistant at
1800°F.

The physical properties of INOR-8 have been
determined, and means for producing sound ingots
are being investigated. Studies of oxidation have
shown that unless the alloy contains about 6 wt %
chromium the oxidation rate is not acceptable.
Tests of corrosion resistance and mechanical
properties are continuing.

Preliminary tests have shown the oxidation
resistance of INOR-9 to be .about the same as
that of Hastelloy B and the creep properties to
be about the same as those of INOR-8. It is
attacked by fuel 107 to a depth of 1 to 3 mils
in 1000 hr at 1500°F.

Studies of production heats of INOR-8 have
indicated that it is a ‘‘commercial’’ alloy. Upon
completion of orders which have been placed with
various vendors, sufficient material will be
available to fabricate about 30 forced-circulation
loops, one in-pile test loop, and specimens for
a rigorous program of creep and weld tests,
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Since all - nickel-base alloys exhibit mass
transfer when used as containers. for flowing
sodium ‘at high - temperatures,. it appears- that
composite - tubing. will - be- required for service
temperatures of 1650°F ‘and. above in fluoride
fuel-to-NaK heat exchangers. It has been demon-
strated that acceptable tubing can be produced
by coextruding composite billets of the nickel-
base alloy and type 316 stainless steel. The
weldability of the composite tubing and the effects
of diffusion of the components are being in-
vestigated.

Tests have shown fhaf alloys of the INOR-8
type can be brazed in a dry-hydrogen atmosphere
with Coast Metals brazing alloy No. 52 and similar
brazing alloys by using conventional techniques.
Sound weld deposits can be made, and joints
have been found to have satisfactory properties
in both the as-welded and the aged conditions.

‘Evaluation studies of the creep characteristics
of the nickel-molybdenum clloys under o constant
load (8000 psi) in contact with fuel 107 ot 1500°F
were continued. The data indicate that INOR-8
with 0.06 to 0.1% carbon meets the desired
strength requirements. -

A forced-circulation loop fabricated of an ex-
perimental nickel-molybdenum alloy (17% Mo-6%
Fe-bal Ni) completed 1000 hr of operation with
fuel 107 ot a maximum fuel-to-metal interface
temperature -of 1760°F.  Attack of the hot leg
was confined almost entirely to grain boundaries
and reached a depth of 4 mils at the hottest
point. A thin deposit of metal crystals was
present over most of the cold leg, and there were

widely: dlspersed clumps of metal deposnts up

to -6 mlls in thickness. ‘The deposited materml
contained sizable quantities of nickel and “iron.

The outer ‘surface, which was exposed to air, .

'developed ‘a- heavy unlform oxide - film, and
oxidation “was found along grain boundarues to
g depfhs of as much as 9m||s._,_,;,_ =
“Two - thermal-convechon loops
: expenmental mckel-molybdenum a"oys were also

“operated for. -1000 hr with fuel 107 and o maximum -

hot-leg temperufure of 1500°F, The hot leg of

loop 1136 (16% Mo—2% Al-15% Ti-bal Ni) showed

heavy. ‘surface roughenmg ‘and pits to a depth of
5 mils.
voids were observed at depths as much as 9 mils
below the surface, but they appeared to. be
fabrication defects rather than areas of attack.

,
‘l

~reaction with the titanium.

* 1500°F.

fabncufed of‘ -
- was: continued. . Results of tests of tubular speci-

In addition, very large, |rregu|ar-shaped‘ ~by this" environment.

No deposit was found in the cold leg, but there
was light surface roughening. An analysis of
the fuel ofter the test indicated considerable
reaction of the fuel with the aluminum and slight
The other loop (No.
1155, INOR-8 plus 0.5% Al-6% Cr-5% Fe-0.5%
Mn=0.06% C) showed no cold-leg deposits, but
the hot leg showed heavy surface roughening and
surface pits, with heavy intergranular subsurface
void formation to a depth of 3 mils. Fabrication
defects in the form of cracks and voids to a
depth of 7 mils were also found.

A summary of the thermal-convection loop results
obtained thus far indicates that the maximum
attack has not exceeded 3 mils in 500 hr at
Increasing the time of the test from
500 to 1000 hr causes the attack to increase
1 to 2 mils.

In order to investigate the compatibility of
molybdenum with nickel-molybdenum alloys in a
common fluoride fuel circuit, two Hastelloy W
thermal-convection loops with molybdenum inserts
in the hot legs were operated with fuel 107.
One loop was operated for 1000 hr ot 1500°F,

- and the second operated at 1650°F for 517 hr.

Numerous fabrication defects were found along
the surfaces of the molybdenum inserts, but there
was no evidence of attack. The Hastelloy W
surfaces exposed to the salt showed heavy
surface pits ond shallow void formation to a
depth of 3 mils in the loop operated at 1650°F
and 2 mils in the loop operated at 1500°F. The
cold-leg samples of Hastelloy W were moderately
roughened, ‘and in the loop operated ot 1500°F
moderate surface pits and some general subsurface
voids to a depth of 1.5 mils were observed. No
mass-transfer deposits or layers could be seen
‘|n either loop.

3.2. Developmental Studies of Inconel

" The program for the investigation of the strain-
cycle properties of fine- and coarse-gramed Inconel

mens ot 1600°F in fuel 30 indicate that the
strum-cycle properties ot 1600°F are similar to
fhose at 1500°F and show. that, as in previous
tests, ‘coarse-grained lnconel is greutly affected
“The "evaluation study of
the effect of prior strain cycling on the creep
strength has indicated that the creep strength
and rupture life are reduced by the first 100
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cycles and that 300 cycles does not further
reduce the creep strength; however, the total
elongation and rupture life after 300 cycles are
less than after 100 cycles.

A test program was initiated for evaluating the
strain-cycle properties of Inconel weldments in
orgon ond in fuel 30. Dota from initial tests
compare favorably with standard tubular specimen
data.

The strain-cycle properties of hot-pressed,
reactor-grade beryllium cre also being investi-
gated. Results of initial tests at 1250°F illustrate
the difference between a brittle metal and a
ductile alloy.

Results of strain-cycling tests of carburized
Inconel at 1500°F indicate that carburization
does not impair the strain-cycle properties.
Relaxation tests of fine-grained Inconel at 1100°F
were completed, and the results were found to
be those expected on the basis of previous tests.

in order to obtain information on the behavior -

of Inconel under multiaxial conditions, a biaxial
creep-test program was initiated. Data obtained
in initial tests demonstrate that the axial strain
rate is independent of the state of stress and
dependent only upon the stress in the oxial
direction in tests in which the ratio of the
axial to tangential stress is greater than %.

Tests were run in order to determine the
relative strengths and ductilities of Inconel
weld metal and base material. Both the yield
and ultimate strengths of the weld metal are
greater than those of the parent metal at tem-
peratures from 1400 to 1800°F, whereas - the
ductility of the weld metal is lower.

Several new brazing alloys were tested for
oxidation resistance ond found to be satisfactory,
Screening tests of a series of high-nickel-content
brazing alloys for use in fabricating NaK-to-fuel

heat exchangers were completed. It was found-

that porosity of the fillets was related to the
boron content of the brazing alloy.

A study of the effect of grain size on the cor-
rosion of Inconel by fuel 30 was made with the
use of thermal-convection loops containing hot-
leg sections subjected to annealing treatments
intended to produce grains similar to those formed
during the furnace brozing of heat exchanger and
radiator tubes. Preferential grain-boundary attack
such as that found in the examination of heat
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exchangers occurred to a limited extent in the
coarse-grained sections of the loop. In reviews
of previous test results indications were. found
that relatively deep attack can occur. under
certain conditions of grain-boundary orientation in
coarse-grained material. '

3.3. Welding and Brazing Studies

An examination of an all-welded Inconel impeller
that cracked in service revealed that the fabrication
procedure provided only a limited joint length
where the vanes were welded to the top plate,
ond the joint design and lack of accessibility
permitted only very shallow weld penetration.
A modified fabrication procedure is now being
used in which the joints are brazed for additional
reinforcement and to improve reliability.

Tests were performed which indicated that cracks
in the braze fillets of tube-to-header joints of
NaK-to-air radiators could be healed by rebrazing.
Such cracks result from transverse shrinkage and
distortion of the tube sheets during the deposition
of the longitudinal welds of the headers.

Tests were run to study welding and brazing
procedures for making the tube-to-tube sheet
joints in the heads of the ART fuel fill-and-drain
tank. In order to produce joints free of root
cracks, a low restraint, trepanned type of joint
was designed. The brazing alloy will be contained
in annular sumps machined in the tube sheet
around each tube. When the tube sheet reaches
the brazing temperature, the brazing alloy will
flow into the space between the tubes and the
tube sheet through three holes drilled from each
sump into the tube hole. A relatively low rate
of temperature rise will be used to avoid brazing
alloy liquefaction before the massive header
sheet reaches the brazing temperature.

A study was initiated to ascertain whether,
radiographic and metallographic determinations of
porosity in tube-to-header welds could be cor-
related. The limits of detection by the radio-
graphic method are being determined as an initial
step in this study.

Fabrication of a small semicircular heat
exchanger for experimental tests was under-
taken. The initial planning and procedural
experimentation have been completed, and the
first of two heat exchangers will be completed

soon.
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3.4. Corrosion and Mass Transfer Studies .

The possibility of using vonadium as a con-
stituent - of a container material for lithium is
being investigated. After 100 hr at 1500°F in
a seesaw furnace apparatus, a considerable
amount of mass transfer was found in the cold
zone of a vanadium capsule filled with fuel 107,
A  static capsule showed only “slight surface
roughening of the bath zone after 100 hr ot 1500°F.

Seesaw furnace tests were also conducted on
molybdenum aond niobium cups enclosed in the
hot zones of type 316 stainless steel capsules
while in contact with lithium ot 1500°F. Exami-
nation of the surfaces of the refractory metals
following the tests showed no attack, and no
mass-transfer deposits of niobium  or molyb-
denum .could be detected ‘either metallographically
or spectrographically on the stainless sfeel
cold-zone walls.

‘Mallory 1000, which is a tungsten-mckel-copper
alloy, was tested for possible use as a transition
layer between tungsten carbide-cobalt cermets and
Inconel in disk and seat brazed joints of sodium
or NaK valves. Specimens exposed to sodium for
100 hr at 1500°F in seesaw furnace apparatus
lost 1.3% in weight and were completely pene-
trated. A ‘heat treatment at 1920°F " for l/2 hr

prior to testing in sodium did not change the -
The quantity of copper.

corrosion resistance.
(4 wt %) present in Mallory 1000 .is sufficient

apparently to cause this material to be .of doubtful’

value for long: exposure to sodium or NaK at
1500°F. S

Tungsten carbide- and . titanium corblde-base
cermets were tested in sodium to determine their
suitability as seat components  of valves for
sodium or NoK service .at 1000°F. In tests at
1200°F the specimens were uncﬂacked :

Experimental studies -of corrosnve ‘attack of

containers by molten lithium ot high temperatures -
Thermal-convection loops fab-
ricated of stainless steel have been tested, and-
only two of eleven loops completed scheduled

were - continued.

500-hr tests without plugging. The lowest rate
of weight loss was 60 mg/in.2 in 100 hr, which
represents quite heavy ond- rapid attack. In
future. studies primary emphasis will be pluced
on refractory’ metals and corrosion inhibitors.-

A stainless steel inert-atmosphere chamber in
which thermal-convection loop tests can be con-
ducted was used for tests of unclad niobium

t7

" centration, -

loops. Both loops tested failed because of leaks
that developed in the saddle-weld areas. Loops
with welds fabricated by a different design are
to be tested. Preliminary tests of specimens
of refractory metdls suspended in the chamber
indicate - that the chamber will provide adequate
protection- for the metals and thus eliminate the
need for oxidation-resistant claddings.

Forced-circulation loops  of both Hastelloy B
and Inconel were operated for 2000 hr with sodium.
The maximum sodium temperature in these tests
was. 1500°F, and a 300°F temperature drop existed
between hot- and cold-leg sections. Metal deposits
were present in the cold legs of both loops;
weight “measurements of the deposits indicated
a buildup of 21 g in the Hastelloy B loop compared
with 20 g in the Inconel loop. Comparison of
these test results with those of 1000-hr tests
under identical operating conditions indicate that
the rate of mass transfer during the second 1000-hr
period is much slower than the rate during the
first 1000-hr period.

A Hastelloy W forced-circulation locp which
circulated sodium for 1000 hr at o maximum
temperature of 1500°F showed mass transfer
deposits that were approximately 17% greater
in .weight than the deposits observed in a
Hastelloy B loop under similar conditions. The
deposits were found by chemical analysis to

contain 97% Ni and 3% Cr.

A - type 347 stainless steel forced-circulation
loop after operation with sodium at 1500°F showed
only slight traces of mass-transfer deposits.
The- loop was operated for 1000 hr with a tem-
perature drop of 300°F.

Studies of the kinetics of the process of dif-
fusion of nickel in-liquid lead were continued

as - part of a fundamerital investigation of the
. mass-transfer process.

Results obtained thus far
indicate that the diffusion coefficient for-the
diffusion of nickel in lead is-a function of con-
even though the saturation con-
centration is less than 0.5 wt % at the highest
temperature used. ' ‘

A vacuum still for producing high-purity sodium
hos ‘been completed and is  being leak checked.
With this system the sodium can be transferred
from the receiver to the pot and redistilled with-
out opening the system. -.Studies have been
initiated on the mechanisms of mass transfer in
thermal-convection loops by using a benzoic
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acid and water system to simulate a liquid-metal
system. The mass-transfer process in this system
has been shown to be hot-zone controlled.

3.5. Materials Fabricqﬁon Research :

Experimental  studies were continued of  the
production of high-purity yttrium metal by the
reduction of a YF,-MgF,-LiF mixture with lithium
to yield an yttrlum-mognesmm alloy. Slight
modificetions of the procedures used during the
reduction step. improved the yield. A vacuum
heat treatment of the yttrium-magnesium alloy is
being - investigated as a means of disﬁlling off
the magnesium and excess lithium. .

Equipment is being built with which to measure
the rate of diffusion of hydrogen through potential
cledding materials for hydride moderators. The
equipment will also be used for measuring the
rate of loss of hydrogen from clod hydrided-metal
assemblies aond for monitoring hydrogen losses
during thermal cycling and hydrogen migration
tests.

A study was made of the availeble information
on the volatility of BeO in steam. The data
indicate that under some conditions it would
be entirely possible to corrode and transport
large quantities of BeO in steam in relatively
short times. Several hot-pressed BeO specimens
were fabricated for physical tests.

An apparatus is being designed for the de-
termination of the heat throughput required to
cause initial failure in ceramic cylinders. The
data obtained with this apparatus will be used
in evaluating the thermal-stress resistance of
ceramic materials.

Dense zirconium hydride samples were prepared
to establish procedures for hydriding ytrium
metal in the new hydriding apporatus. The
equipment is now ready for production operation.

3.6, Metallographic Examinations of Engineering
Test Components After Service

A metallographic examination was made of the
York Corp. ART prototype NaK-to-air test radiator
which failed ofter 870 hr of testing, but no
specific cause for the failure was found. The
microstructures of the tube that failed and
adjacent tubes did not indicate stress failures,
and there was no evidence of incipient failure.

York Corp. test radiator No. 16, which also
failed during testing (after 1438 hr) was so
extensively. damaged by fire that the metal-
lographic date were inconclusive.. Five tubes
were found to be plugged. Chemical analyses of
two types of plug material indicated mass transfer
in the one case and fuel constituents in the
other. The presence of fuel components indicate
that there had been a leak of fuel into NaK at
the heat exchanger which was alsc being tested
in the test system. (

Examination of the heat exchonger {Process
Engineering .Corp. heat exchanger No. 3, type
SHE-7) did not reveal any open cracks, but the

fuel probably leaked through several tubes in

which there was complete grain-boundary pene-
tration. A metallic deposit was found on the
fuel side of a tube from the hot-header area that
was shown by spectrographic analysis to be
predominantly . nickel; the heat exchanger was
fabricated of Inconel. The fuel (No. 70) circulated
in this heat exchanger was NaF-ZrF, -UF (56-
39-5 mole %).

A similar heat exchanger (Process Engineering
Corp. No. 2), which had been removed from a
test system because of a cold trap failure after
1845 hr of testing, was also examined. This heat
exchanger had been circulating NaF-ZrF-UF
(50-46-4 mole %, fuel 30) and NaK. Grain-boundary
voids were found that completely penetrated the
tube walls in the hot-header area. There was
some general corrosion attack on both the fuel
and the NaK sides of the tube walls, and the
usual gold-colored metal deposits were found on
the surfaces exposed to fuel in the cooled area.

An Inconel centrifugal pump that had circulated

NaK for 4400 hr at about 1200°F was examined
after it was found that lubricating oil had been
leaking into the NaK stream. Carbide precipitates
were found on all wetted parts.  The extent of
carburization was not sufficient to domage the
heavy sections, but all thin sections, such as
bellows and diaphragms, were sufficiently affected
to require replacement.
. A metallographic study was also made of the
fused-salt - corrosion resistance of saddle welds
from a large number of thermal convection loops.
No evidence of intergranular corrosion of im-
properly oriented grains was found.
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3.7. Nondestructive Testing

The recent application of eddy-current methods
has involved the measurement of thin-metal
sections and of cladding layers. on  metallic
laminates. Also, a mathematical study is being
made of the impedance changes in' a probe-coil
over a plane metal object of apparently infinite
thickness. This study will be extended to the
case of a probe-coil over a plane metallic object
of finite thickness. The results of continued
efforts, both the experimental and the theoretical
studies will be used to develop techniques of
thickness measurement with induced eddy currents.

The ultrasonic and the eddy-current inspection
of pipe, plate, and tubing for the construction of
the ETU ond the ART continued. The rejection
rate for these materials was normal.

Two core shells were inspected for wall thick-
ness variations, for lamination-like discontinuities,
and for crack-like imperfections. No defects were
found, but one of the shells was rejected because
the section thickness was less than the spec:fled
allowable dimension.

Ultrasonic resonance techniques were used to
detect unbonded areas in Inconel-clad copper-
boron carbide plates. Unbonded creas greater
than the area of the ultrascnic transducer were
easily detected from either side of the laminate,
and .unbonded areas as small as 1/8 in. in diameter
were detected with reasonable reliability. = All
unbonded areas detected with resonance ultrasound
were confirmable by stripping the cladding from
the core, and, in the course of stripping the
cladding, no unbonded areas were located- that
had not been revealed by the |nspecf|on.

PART 4. RADIATION DAMAGE
‘4.1, Rcdioﬁon Damage

Exommahon of the radioactive portlon “of in-

pile loop No. 6 has ‘indicated that the maximum -
‘This “Inconel

depth' of corrosion was. 3 mils. Ine
forced-circulation loop was operated in the MTR.

Three  capsules contcumng moderator materials
(graphlte in nickel, ZrH4 in ‘molybdenum, and
BeO in ‘Inconel) that had been ‘irfadiated. in the
MTR were examined, The  dimensions of the
capsules were ‘not appreciably affected by the
irradiation. The BeO slugs were removed from
the capsules, and no evidences of swelling or
cracking were found. The cans will be removed

" tribution

‘neutron dosage of

from the graphite and ZrH, slugs on the remote
milling machine.

Specimens from the ARE serpentine fuel tubes
were examined. Subsurface void formation to a
depth ‘of 3.5 mils was found on the fuel side.
The sodium side showed a slight mass transfer
deposit and some  subsurface void formation.
A specimen taken from the inlet to the fuel-to-
helium heat exchanger showed subsurface voids
to a depth of 4 mils.

Out-of-pile creep tests are under way to provide
for comparison with data obtained-in the MTR.
Difficulties = with temperature control were ex-
perienced during the MTR irradiations, and the
apparatus is therefore being modified.

Leaks of undetermined origin caused three
stress-corrosion experiments in the LITR to be
discontinued, and therefore an apparatus is being
constructed that will be instrumented to check
the point of failore. Thermal stresses that
occurred during - irradiation may have caused
opening of brazed joints or tubing connections.

The forced-circulation loop which was operated
in a vertical hole in the LITR for 235 hr is being
disassembled.. The supposition that the pump
became inoperative because of bearing seizure
was substantiated. No significant amounts of
ZrF, vapor deposits were observed in the pump.
The loop will be examined in detail to determine
the extent of corrosion and the performance of
of the various components.

The average thermal-neutron-flux exposures of
several static corrosion capsules irradiated in
the MTR were calculated from the Co%? dis-
integration rate of the Inconel container material.
The values were in substantial agreement with
those . calculated from fission-product yields in
the fuel contained in the capsules. The con-
to the Co%? disintegration rate in
irradiated Inconel arising from the nickel con-
stituent through the Ni®%(n,p)Co%® reaction was
investigated and found to be negligible.

Preparations were continued for irradiation in

_the ETR of moderator materials for use in high-

temperature reactors. Fabrication of test speci-

. mens was started.

Hot-pressed boron nitride, which -is bemg con-
sidered for use as a neutron shielding material,
was tested and found to be undamaged by
irradiation at a temperature of 1800°F to a thermal-
1.3 x 102° neutrons/cm2.
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BE

Post-irradiation examinations of two hot-pressed
boron carbide tiles are underway. Plates of BN-Ni
(10.3 wt % BN) and CaB,-Fe (7.6 wt % CaB))
cermets clad with type 304 stainless steel were
irradiated in the LITR. There were no structural
changes as a result of irradiation to an average
B' burnup of 19%, but both .materials were
damaged by irradiation to an average burnup
of 38%. Stainless-steel-clad B, C-copper cermets
were also irradiated. Damage to these samples
was found to be related to burnup, temperature
of irradiation, and the thermal-cycling history.

The general results that have been obtained
in the investigotions of the effects of nuclear
radiation on semiconductor devices indicate that
the barrier phenomenon should be studied under
closely controlled conditions, and the equipment
for such a study is being developed. Experimental
results obtained from gamma irradiation of grease
coated and uncoated point-contact germanium
diodes were analyzed, and curves describing the
behavior were prepared. A preliminary experiment
was performed with transistors to determine the
actual amount of radiation domage introduced
into a sample by bombarding the sample at liquid
nitrogen temperature. The damage observed was
somewhat different than that of samples bombarded
at room temperature, but refinements must be
made in experimental techniques before con-
clusive results can be obtained.

PART 5. REACTOR SHIELDING
5.1. Lid Tank Shielding Facility

The latest and best data are presented for
attenuation from a fission source of fast neutrons,
thermal neutrons, and gamma rays in water,
borated water, and a hydrogen-saturated oil.
The thermal-neutron flux data presented are
corrected for flux depression by the foil detectors,
as well as for self-absorption and self-shielding
of the detectors.

The first test in a series of tests for investi-
gating the shielding properties of Hevimet,
stainless steel, and lithium hydride preceded
by a beryllium reflector-moderator and backed
by borated water has been completed. The
thermal-neutron flux measurements beyond the
various configurations are presented. Gamma-ray
and fast-neutron dose rates were presented
previously.

XXX
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5.2. Bulk Shielding Facility

In the continuing study of methods of reducing
capture - gamma-ray . production in' shields, the
effectiveness. of distributing lithium throughout
a lead shield was .investigated. It was found
that the lithiated lead was approximately. as
effective as boral-covered lead.

5.3, Tower Shielding Reactor-Il

Nuclear calculations and development - experi-
ments have been continued in order to fix the
design of the Tower Shielding Reactor-ll (TSR-II).
An additional feature in the mechanical design
is being investigated which will allow a beam
of radiation through the shield of the reactor
to sweep both a vertical and a horizental plane.
On the basis of the design now anticipated,
calculations have been performed for predicting
the gamma-ray heating of the TSR-II shield.

5.4. Shield Design

A Monte Carlo calculation of the energy spectrum
and angular distribution of normally incident
0.662-Mev gamma rays which are transmitted
through 3-, 6-, and 9-in.-thick aluminum slabs
has been performed on the Oracle. . Plots of
the transmitted collided energy fraction have
been fitted with analytical expressions.

A total of 512 problems has now been computed
in the Monte Carlo calculation of the gamma-ray
penetration of lead and water shields. Typical
results of the heating of pure lead slabs 4 mean
free paths thick are given for 3-Mev gamma rays
incident on the slabs at angles of 0, 60, 70.5,
and 75.5 deg.

In the Monte Carlo calculations for lead and
water shields, dose-rate buildup factors were
also calculated for normally incident gamma
rays on all-lead slabs and on all-water slabs,
as well as on composite slabs of the two materials
having varying percentages of lead content and
total composite slab thicknesses of up to 6 mean
free paths. The values of the buildup factors
determined for the pure materials in these cal-
culations have been compared with the values
obtained for infinitely thick slabs with the NDA
moments method.  Those determined for the
composite slabs have been compared with values
obtained by the use of formulas in which the
buildup factors independently computed for lead
and- water are combined to determine the value
for a composite slab.
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1.1. REACTOR AND FACILITY CONSTRUCTION

W. F. Boudreau

METHODS DEVELOPMENT
G. D. Whitman
C. K. McGlothlan G. W. Peach
Weld Tests

Weld shrinkage and distortion tests, as previously
described,! have continued, with approximately
50 tests having been completed. Shrinkage tests
were completed on the equatorial weld joints in
the two I/8-in.-1rhick core shells that form the
reactor fuel annulus, and a nominal value of 0.060
in. was established for transverse shrinkage. The
weld tests were also completed for the redesigned

1G. D. Whitman et al., ANP Quar. Prog. Rep. March
31, 1957, ORNL.2274, p 67.

A. P. Fraas

pressure shell equaterial joint, and @ nominal value
of 0.200 in. was established as the allowance for
transverse shrinkage. Work in progress during one
of the pressure shell weld tests is shown in
Fig. 1.1.1.

Additional tests are under way to determine the
weld shrinkage and acceptability of the joint de-
signs of the equatorial welds on the ‘/4-in.-thick
outer reflector shell, the '/16-in.-fhick shielding
cover shells, and the 3/8-in,-f|1ick pressure shell
liner. It was found that improved results could be
obtained in making the equatorial butt weld for the
pressure shell liner by reducing the metal thick-
ness at the land so that the root pass could be put
in with o lower welding current. Improved results
were obtained on the other special closure welds

© UNCLASSIFIED |
PHOTO 28671

Fig. 1.1.1, Pressure Shell Weld Test.
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by design modifications, including changes in

dimensional tolerances, and the development of
new welding procedures.

Equipment Inspection

Main Fuel-to-NeK Heat Exchanger Checking
Fixture. - A special checking fixture was designed
and fabricated to be used to dimensionally check
the main heat exchanger tube bundles and to thus
establish whether they can be assembled into the
reactor. The fixture is shown in Fig. 1.1.2, with

Fig. L2 Fuel-to-NaK Heat Exchanger Checking
Fixture with Wooden Model of a Tube Bundle Positioned
for Checking.

a wooden model of a tube bundle positioned for

checking. The spherical section of the fixture
establishes the outer surface of the reflector
assembly, and the pins located in this spherical
section define the area into which the tube bundle
channel must fit. The dummy header blocks at the

top and bottom define the parting planes between
the headers, and the notched rings at top and
bottom establish the nozzle positions.

Two heat exchanger checking fixtures of this
type, which were fabricated by the Bunell Machine
& Tool Company, were available in June; one was
delivered to ORNL and the other was delivered to
the heat exchanger fabricator, Black, Sivalls &
Bryson. Since then it has been necessary to return
the units to the Bunell Machine & Tool Company
for reworking, because the header end plates have
been redesigned to give more clearance between
the headers. ) :

Reactor Component Inspection. — Special tools
were designed and built to dimensionally check
the B,C tiles required for neutron shielding. An
inspection gage designed for checking the chord
length of the various pieces is shown in Fig.
1.1.3, and a device used for inspecting the top
and bottom edges of the tiles, which were machined
as conical surfaces, is shown in Fig. 1.1.4.

s asrve
o To T

Fig. 1.1.3. Boron Carbide Tile Chord-Length In- -

spection Gage,

Mechanical inspection forms have been made up
for all the reactor shells, the filler plates, the
north head, the load ring, the beryllium sections,
and other miscellaneous parts. For the most part
these inspection forms are scale drawings of parts
or assemblies with lists of the critical dimensions
which must be recorded for assembly fitup or for
general information.

1




Fig. 1.1.4. Boron Carbide Tile Conical-Surface In-
spection Gage.

COMPONENT FABRICATION AND ASSEMBLY
Main Fuel-to-NaK Heat Exchanger
J. Zasler R. B. Clarke

An experimental unit of the main fuel-to-NaK.
heat exchanger was completed at Black, Sivalls & -

Bryson and shipped to Oak Ridge. The manufacture
of this unit, which is shown. in Figs. 1.1.5, 1.1.6,

and 1.1,7, has proved all the major fabrication
methods and estoblished the feasibility of manu-

facture of the heat exchanger. This experimental
unit was completed prior.to the assembly of a
prototype unit through the use of partially- mspected
material and some imperfect parts.

The seventh channel - produced was machuned
successfully to within dimensional tolerances and
is ready for assembly into the prototype unit. A
modification was made to the tool-actuating mecha-
nism on the large boring mill used for channel
machining to allow the tool to rock as the channel
moves past it. The tool thus operates at a constant
angle as it is moved vertically. All parts have

PERIOD ENDING SEPTEMBER 30, 1957

been completed for the prototype unit, and assembly
can be started. A change in the method of fabri-
cating the header assemblies has been adopted
which eliminates several operations. As a result
of the experience gained in the brazing of the
experimental unit and in additional test work, it
has been decided that it is no longer necessary
to hand-clean the oxide from the tubes after they
are hot-formed in the resistance-heating fixture.

Sodium-to-NaK Heat Exchqngers
W. S. Harris

The first and second sodium-to-NaK heat ex-
changers, which were delivered during the previous
quarter, were successfully installed in the ETU
north head. It was determined that modifications
could be made that would facilitate the installation
of subsequent heat exchangers, and the modifi-
cations are being incorporated in units 4 and 5.
During the fabrication .of unit 3 it was determined
that a dented tube could be cut out and replaced
successfully. :

ART-ETU Radiators
M. M. Yarosh

Both of the radiators required for installation in
the ETU facility were received in Oak Ridge during
the quarter. The first unit, received during the
week of July 22, was inspected and then installed
in the facility. The second unit was. received the
week of September 2, and inspection was started.

As had been somewhat anticipated, fabrication
difficulties were encountered in the production of
these early units. It was found possible to intro-
duce corrective measures both to bring the units

_up to an acceptable standard for their intended use
and to eliminate the dlfﬁcultles from later pro-

duction.
" Distortion of the first - unit during assembly

‘welding resulted in cracks in the back-braze alloy

of 69 of the tube-to-header joints. The unit was
repaired by placement of additicnal alloy at the
back-braze joints and putting the unit through a
second ‘brazing cycle. " All ¢cracks were filled by

* the additional brazing operation.

~ During the fabrication of the second unit three
tubes were damaged as a result of distortion of
the unit during assembly. An assembly sequence
was worked out to eliminate such troubles in future
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Fig. 1.1.5. Tweo Views of Experimental Unit of Main Fuel-to-NaK Heat Exchanger.
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Fig. 1.1.6. Two Views of North Header of Experimental Unit of Main Fuel-to-NaK Heat Exchanger.
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Fig. 1.1.7. Two Views of South Header of Experimental Unit of Main Fuel-to-NaK Heat Exchanger.




radiator assemblies. This procedure is being em-
ployed on the first ART radiator assembly and
appears to be working successfully.

It was decided that the brazing operation could
be improved if the vendor was supplied with the

type of brazing rings previously produced at Oak

Ridge in pilot quantities.” A facility for producing
brazing rings was therefore set up at ORNL, and
ring production of approximately 10,000 per hour
was achieved. Through the week of September 6,
a total of approximately 750,000 rings was pro-
duced.

Main Pressure Shell and Liner
G. D. Whitman
C. K. McGlothlan G. W. Peach

The first pressure shell lower forging was re-
ceived from the Ladish Co. and is shown in Fig.

1.1.8.

This ETU part is to be machined in the

Fig. 1.1.8. Pressure Shell Forging, {(Cenfidentis!

" os)
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Y-12 shop, and tooling for this operation is being
fabricated. The part is scheduled to be complefed
by April 1958. .

It_has been decnded to fabricate the dormers in
the upper pressure shell as separate components
and weld them intc the shell. This work is to be
done in the Y-12 shops. .It is anticipated that the
first pressure shell upper forging will have been
received at Cak Rldge before the end of the report
period.

The lower pressure shell liner half is to be
forged and machined by the Ladish Co. This work
is currently in the design and tooling fabrication
stage. The first shell half is scheduled to be
struck 'in October 1957.

The upper pressure shell liner is to be fabri-
cated from a cold-formed weldment and will be
welded to the north head assembly before final
machining so that accurate dimensional control
can be maintained. This first weldment has been
fabricated by the Steel & Alloy Tank Co. and has

been received.

Beryllium Reflector-Moderator Outer Shell

G. W. Peach
The beryllium reflector-moderator outer shell
(shell Ill) is being fabricated from a machined

weldment. A cold-formed weldment of the lower
half of the shell is shown in Fig. 1.1.9 as received
from the Steel & Alloy Tank Co. This lower half,

which is nearly complete, is shown again in Fig.

1.1.10 during the machining operation. No par-
ticular  difficulty has been encountered in this

- ‘operation, and the design folercnces have been

held.

A shell Il upper weldment has been received
and will be welded to the strut load ring assembly
before machining so that weld shrinkage and dis-
tortion can be controlled and the finished shell

may be accurately positioned in the assembly.

Boron Shield Conh:mers - Shells IV and V

: G W. Peach
The method for manufacturing shells IV and V,

_the  boron ‘shield - containers, has been changed

from shear spinning: (Hydrospin). to deep drawing.

. Experimental draws have been made on steel and
‘Inconel sheet by forming 35-in. hemispheres in

order to evaluate the forming problems. These
tests substantiated the practicability of the method.
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Fig. 1.1.10. Shell Il Being Machined.
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Tool engineering is now under way' for the manu-
facture of shells IV and V by this method."

The application of the deep-draw process to
these pieces is an unusuol one because of the
large ratio of part diameter to thickness. Con-
ventional drawing practice indicates o maximum
diameter-to-thickness ratio of 100/1. . The parts
in question are 0.085 in. thick and 45 and 50 in.
in diameter, and thus the diameter-to-thickness
ratios are 500/1 and 600/1, respectively. = This
involves a considerable extension of conventional
limits. The principal difficulties encountered in
the early stages of the test program were buckling
in the equatorial region of the hemispheres because
of insufficient blank hold-down pressure and rupture
at the center of the blank from excessive tensile
stress on the blank. L

PERIOD ENDING SEPTEMBER 30, 1957

Equiﬁme;ﬂ used for the experimental drawing
operations at Kaiser Metal Products, Inc., is
shown in Fig. 1.1.11, in which may be seen the

-punch, the draw die, and the hold-down ring of the

2200-ton hydraulic press. A typical rupture defect
on a 0.074-in.-thick, 35-in.-dia steel shell caused
by excessive punch pressure is shown in Fig.
1.1.12. A typical pucker defect in a 0.062-in.-
thick, 35-in.-dia Inconel shell is shown in Fig.
1.1.13. Specimens of shells formed by three dif-
ferent methods are illustrated in Fig. 1.1.14. The
specimen at the rear of Fig. 1.1.14 is 0.074-in.-
thick, 35-in.-dia cold-rolled steel that was formed
without backing material. As may be seen, the
material puckered. The middle specimen of 0.074-
in.-thick, 35-in.-dia cold-rolled steel was backed
with 0.132-in.-thick hot-rolled steel during forming.

S UNCLASSIFIED
i PHOTO 41303

Fig. 1.1.11. Hydraulic Press for Deep-Draw Process.
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The slight pucker is not evident. The front speci-
men of 0.074-in.-thick, 35-in.-dia cold-rolled steel
was backed with 0.169-in.-thick hot-rolled steel.
No defects were present.

Fig. 1.1.12. Ruptured Shell Produced by Deep-Drow
Process. (Confidertiat-withrcoptien)

UNCLASSIFIED
PHOTO 41

Fig. 1.1.13. Deep-Drawn Shell Showing Pucker
Defect. (Gonfidentialwith~eaptian)
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Fig. 1114,  Deep-Drawn Shell Test Specimens.
(Confrdenrrotwith TopHen)

The experimental work showed that by reinforcing
the blank with backup steel sheets, the desired
hold-down pressures to avoid puckering could be
maintained without rupturing the blank. The best
results were obtained on 35-in.-dia hemispheres
with 0.062-in.-thick welded Inconel blanks re-
inforced with ‘r’/az-in.-fhick hot-rolled steel sheet.
There were indications that good results could
be obtained with less reinforcing but that this
would require ‘‘cut-and-try'’ balancing of hold-
down and press-punch pressures.

The decision to discard the shear spinning tech-
niques for manufacturing shells IV and V was
based on the following:

1. Try-out work demonstrated that adherence to
the spinning mandrel would be very difficult and
perhaps impossible to maintain.

2. In order to even approach adequate dimensional
control it would be necessary to preform and pre-
machine the blanks. -

3. An extensive amount of development work
would still be necessary to establish the most
satisfactory shape for the spinning rolls.




4. Intermediate annealing steps®'might distort
the parts and make them difficult to realign on the
machine. v

5. Inconel stock requirements appedred to be
higher than criginally anticipated and it was un-
certain that material costs could be held within
reasonable limits. L

While it is felt that the spinning process has
very definite advantages in ultimate quality of
reactor parts, much basic knoWIedge of the forming
process needs to be developed to overcome the
difficulties experienced with ART parts.

Inner and Outer Core Shells
G. D. Whitman G. W. Peach

As previously reported the inner core shell and
island assembly for the ETU has been completed.
Four more inner core shell weldment halves have
been received, and two of these weldments are
shown in Fig. 1.1.15. Upper and lower halves of
an outer core shell weldment have also been
received, and machining operations have been

UNCLASSIFIED
PHOTO 20278

Fig. 1.1.15. lnner Core Shell Weldment. TE€om
fidonticlit Hion)
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started.” The lower-half weldment prior to machining
is shown in Fig. 1.1.16. Machining operations are
50% complete on the lower half of the outer core
shell and 15% complete on the upper half of this
shell. These parts are stress relieved after the
rough machining operation so that distortion in the
final machining operation is minimized. The shear
spinning process for the production of these and
other shells was abandoned because of the dif-
ficulties described previously and because satis-
factory forging, welding, and machining techniques
have now been developed.

Reactor North Head
C. K. McGlothlan

The two sodium-to-NaK heat exchangers received
from the Griscom-Russell Co. have been fitted into
the ETU north head, and welding operations have
been started. The heat exchangers are shown in
place in the lower deck weldment in Fig. 1.1.17.
In Fig. 1.1.18, one deck plate may be seen in
position for welding.

UNCL ASSIFIED
PHOTO 29277

Fig. 1.1.16, Outer Core Shell Weldment, Lower Half.
(Contidentiatmritt +Hom)
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PHOTO 29700

Fig. 1.1.18. North Head Assembly with One Deck Plate in Position for Welding. Secrotwith-santign)
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Three lower deck skirt forgings have been re-
ceived from the Ladish Co., and rough machining
has been completed on the ETU part. The forging
is shown as received in Fig, 1.1.19'and during the
machining operation in Fig. 1.1.20.

Three rough-machined fuel-expansion-tank tops,
forged from bar stock, have been received from the
Ladish Co., and one of these parts is shown in
Fig. 1.1.21.

PERIOD ENDING SEPTEMBER 30, 1957

The installation and successful testing of a
facility for producing dry hydrogen gas for a
reducing atmosphere for the stress-relieving oper-
ations on the north head assemblies has been
completed. A trial rin was made in which the
north head retort was filled with scrap Inconel
parts.  The scrap items were all successfully
cleaned at 1850°F. The stress-relieving retort
installed in the furnace is shown in Fig. 1.1.22.

Strut Load Ring
W. E. Thomas

The strut and ring assembly has been welded to
the load ring forging. The inside contour of the
load ring has been finish-machined in the passage
under the conical divider and requires one more
finish cut on the other surfaces. Inconel cover
plates for the copper-B 4(.". cermet layer on top the
load ring have been formed and are ready for
installation.  All sodium return passages have
been drilled. This assembly is shown in Fig.
1.1.23. Two conical dividers have been fabricated
and machined. One of the dividers has been welded

UNCLASSIFIED
330

Fig. 1.1.20. Lower Deck Skirt Being Machined.
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UNCLASSIFIED
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Fig. 1.1.21. Fuel Expansion Tank Top, Rough Machined. (Confidential with caption)

Fig. 1.1.22. North Head Siféss-Rcllevfng Retort
Installed in Furnace.
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to the pan face—pan rim—sodium inlet pipe sub-
weldment and heat treated, and it is now ready for
assembling in the load ring.

Neutron Shielding
C. K. McGlothlan
Boron Carbide Tiles. — All the tiles, 3386 pieces,

consisting of 21 shapes, have been received from
the Norton Company, and they have call been
inspected and accepted. A total of 1251 pieces
is required for each reactor assembly, and therefore
the total quantity on hand includes o number of
spare pieces. A hot-pressed spherically shaped
tile blank and the finished tile produced from such
a blank are shown in Fig. 1.1.24, and one of the
shapes produced for the load-ring cssembly is

_shown in Fig. 1.1.25.

Cans and Lids for Boron Carbide Tiles. — The
cans and lids for the tiles are formed from 0.0035-
in.-thick type 430 stainless steel and an inter-
mediate layer of 0.0015-in.-thick copper foil. These
materials have been fabricated by General Plate

Div. of Metals & Controls Corp. and delivered to
" the ERCO Division of American Car & Foundry

Co., for fabrication of the cans ond lids. The
tooling for this job is 75% complete. A ftotal of

©
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Fig. 1.1.23. Strut Load Ring Assembly.
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Fig. 1.1.24, Boron Carbide Tile Blank and Finished Part.
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Fig. 1.1.25. Boron Carbide Tile for Load Ring Assembly.

5434 pieces is required for the ETU and ART
reactors; the first 6 pieces have been received and
are being inspected. One of the tile, can, and lid
assemblies is shown in Fig. 1.1.26.
Stainless-Steel-Clad Copper-B,C  Cermets. -
Approximately 15% of the rolled cermet sheet
material being fabricated by Allegheny-Ludlum
Steel Corp. has been completed ot a price of
$1.07/in.2 for 0.100-in.-thick material. An esti-
mated 80,000 in.2 will be required for the entire
job which includes a small amount of 0.250- and
0.312-in.-thick material at a cost proportional to
the increased thickness. The ERCO Division of
American Car & Foundry Co. is fabricating the
required cermet shapes from the rolled cermet
sheet material. Tooling for this job is 95% com-
plete. Seventy fabricated pieces have been re-
ceived and accepted. The 1050 pieces required

18

involve 48 different shapes. Work is progressing
satisfactorily on this job. The controlling factor
in the completion of this order is the rate of
cutting of the material by the Elox (electrical-
discharge) process.

The electrical discharge method has been the
only practical way found to trim the cermet parts
accurately, and the work has been scheduled on
a multishift basis to expedite delivery of the parts.
Some of the cermet shapes required in the load ring
assembly are shown in Figs. 1.1.27 and 1.1.28.

Lead and Tungsten Shielding
A. M. Smith

Details of the cooling coils in the equatorial
section of the lead shield have been determined,
and the design of the steel inner shell support




L

Fig. LL27,
Plates.
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Fig. 1.1.26. Tile, Can, and Lid Assembly.
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Load Ring Cermet and Inconel Cover

assembly has been modified by increasing the
number of support ribs to reduce the stress level
at operating conditions. Changes have been made
in the method of welding these ribs to the shell to
avoid buckling problems. A vendor is now fabri-

_cating this support assembly.

Work is continuing on the design of the north
and south lead shield sections. It has been decided
to support the tungsten shielding from the NaK
manifolds, and the prellmlnary layouts have been
developed

Miscellaneous Components
A. M. Smith W E. Thomas

Reactor Spacer Rings. ~ Parts for two spacer
ring assemblies have been machined. One set of

* parts that is ready for assembly is shown in Fig.
'l 1.29.

"“Reactor Filler Plates. — Two sets of filler plates
are in various stages of complehon. One design

" change was made to provide a better flow profile.

The ETU filler plates, with the exception of plate

‘No.- 6, have been finish-machined - on the mating

surfaces, the sodium passages "have been cut, and-

‘the bolt and dowel holes have been drilled. The

plates have been bolted together and set up for
contour machining of the inner and outer surfaces,

as shown in Fig. 1.1.30. Plate No. 6 for the ETU
19
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Fig. 1.1.28. Load Ring Cermet Pieces.
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Fig. 1.1.29.

has been finish-machined on the inner surface
only. All ART filler plates, except No. 6, have
been finish-machined on mating surfaces and the
sodium passages have been cut.

NaK Manifolds. — Design of the NaK manifolds
for the ETU has been completed, and the drawings
were fransmitted to the vendor. Several minor

20

Spacer Rings.

changes of ART manifold drawings are being
made. Sufficient material for the manifold nozzles
was obtained despite the unusually close dimen-
sional tolerances specified as a means of reducing
stresses.

It is presently excepted that a prototype of one
of the ETU manifolds will be fabricated by October
1, 1957.




i
i
i
H

“

PERIOD ENDING SEPTEMBER 30, 1957

UNCLASSIFIED
PHOTO 29704

i

Fig. 1.1.30. Filler Plate Assembly.

ETU Cell and Accessories. - Layouts of fhe'

equipment to be installed inside the cell are esti-
mated to be 75% complete. A ‘‘negater®’ spring
arrangement to aid in support of the dump valve
actuators has been ordered. Preliminary drawings
have been prepared of the mockup shielding and
of the balconies or platforms that will be provided
within the cell. - Fabrication of the fuel fill-and-
drain tank suppoerts was completed. - Other equip-
ment such as ZrF -vapor traps, the auxiliary
sodium expcnsion tank and its associated piping,
and the fuel overflow line are being designed.
Estimates - of cost aond material needed for the
fabrication of the various units have been made.

REACTOR ASSEMBLY
G. D. Whitman W. E. Thomas

The top and bottom neutron shielding cans for
the top of the island have been fabricated and
assembled for installation. in the ETU reactor.
Two design changes have been initiated which
will make final assembly easier. Welds on the
sodium expansion tank are to be displaced to a
point more distant from the sodium pump barrels
in order to eliminate the need for boring the pump
barrels after final assembly. A second change is
being made to eliminate a possible hazard while
cold-positioning the island. In the previous

21
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arrangement, a nut and bolt located between the
pressure shell and the filler plates were to be

used, but, if the nut and bolt were to become in-

opercative during assembly, it would be necessary
to grind out the pressure shell equatorial weldment
and replace the threaded parts of the support struc-
ture. The redesign eliminates the hidden nut and

bolt by providing threads on the pressure shell and

a plug and plunger arrangement that can be re-
moved and replaced externally.

ETU FACILITY
G. D. Whitman
P. A. Gnadt A. M. Smith

Installation work on the ETU facility is pro-
gressing at the rate originally predicted. The
status of construction as of August 15, 1957, may
be seen in Fig. 1.1.31, which shows the control
room enclosure, the NaK pipe main support columns
and cell mockup, and the main piping of the furnace
and isothermal NaK circuits, with the stationary
units of the four pumps mounted at the top of the
structure.
of the support steel is a portion of the main air
duct in which one raediator is already installed,
In the foreground cre the two reactor support
pedestals. The workmen are shown installing
cross bracing end walkways on the structure.

The induction regulators and associated conduit
installed in the basement area may be seen in
Fig. 1.1.32, and the heater distribution panels,
transformers, and associated switches may be
seen in Fig. 1.1.33, with the induction regulators
in the background. Present estimates show an
expected ETU facility completion date, exclusive
of the reactor and its associated cell equipment,
of September 1, 1958. Completion of the cell
equipment is scheduled for December 1, 1958. A
description of the construction and design status
of the facility as of September 1, 1957, is given
below.

Reactor Support Structure
A. M. Smith

Details of the reacter support platform were
completed, and fabrication was started on both
the ETU and the ART structures. Plans have
been made for the machining of the columns and
the stress-relieving of the entire support platform.

22

In the background just above the center

Column footings .for both ETU and ART support .
columns huve been completed :

NaK Piping, Associcted Supports, and Cemppneefs
P. A. Gnadt

Support - Structures and Shielding. -~ All main
supporting steel has been set in place. Installation
of cross bracing, gratings, shielding supports, and
hanger supports is approximately 65% complete.
Work is now in progress on this portion of the
facility. It is planned that the shielding plates
will be installed during the summer of 1958.
Design drawings are complete for this work, except
for minor modifications. The shielding plate design
is scheduled for completion early in 1958.

NaK Piping. - The installation of the furnace
circuit main piping is complete to the cell wall.
Pumps, furnaces, throttle valves, and flowmeters
are installed. One cold trap has been installed.
Present plans are to install the remaining cold-
trap circuit, thermocouples, liquid-level-measuring
devices, fill-and-drain tanks, and associated lines
and valves after completion of the auxiliary and
isothermal NaK-circuit main piping. All material
for this work is on hand, except the drain valves,
drain tanks, and continuous-level-measuring de-
vices. The drain valves are scheduled for delivery
late .in 1957. The drain tanks and continvous-
level-measuring devices are scheduled for delivery
October 1, 1957.

The main piping for the two isothermal NaK
circuits is 95% installed. Pumps, throttle valves,
and one flowmeter are in place. The status of
material for the remaining work is the same as
noted above for the furnace circuits.

A radiator has been installed for one heat dump
circuit. The remaining radiator is scheduled for
shipment approximately September 1, 1957, and it
will be installed in the air duct as soon as it is
received. The two pump bowls for these circuits
are scheduled for delivery September 15, 1957.

The main piping for these two radiator circuits
is preformed ond will be installed as soon as the
pump bowls and remaining radiators are delivered.
The flowmeters are on hand and will be installed
with the pump bowls and the radiators. The status
of the cold-trap circuits, thermocouples, level
devices, drain valves, and drain tanks is the same
as mentioned above for the furnace and isothermal
circuits.




PERIOD ENDING SEPTEMBER 30, 1957

s

Fig. 1.1.31. Status of ETU Facility Construction as of August 15, 1957, (Seeret-with-saption)>
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Fig. 1.1.32. Induction Regulators and Associated Conduit Installed in Basement Area of ETU Facility.

Fig. 1.1.33. Heater Distribution Panels, Transformers,
of ETU Facility, (Eonfidemtial-with-caprion
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and Associated Switches Installed in Basement Area
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The cold-trap and plug-indicator circuits for the
six NaK systems are prefabricated and ready for
welding into the main piping circuits. It has been
decided, however, that the plug-indicator circuits
can be eliminated, and they will not be installed.

Main Air Duct. — All major components for this
system are -on hand. ' The section of the duct for
housing the two radiators is installed. The re-
maining sections will be installed following the
installation of the radiators.

Electrical Equipment
P. A. Gnadt

The emergency electrical system, consisting of
the 300-kw diesel generator unit and associated
switchgear and: supply cables is 95% complete.
Design work for the normal electrical distribution
system is 90% complete, and will be 100% com-
pleted by November 1, 1957. All completed design
drawings were released to a cost-plus-fixed-fee
contractor on June 1, 1957.

The contractor has installed all voltage regu-
lators, transformers, motor control centers, heater
distribution equipment, and 85% of the cable trays
in the basement area. Installation of cables be-
tween the induction regulators and the distribution
cabinets is approximately 50% complete. Accept-
ance tests for approximately 125 variable trans-
formers revealed excessive winding temperatures
at the specified ratings. These units are being
returned to the vendor for modification or replace-
ment. These variable transformers are for use as
voltage controllers for o portion of the heater
circuits. The cost-plus-fixed-fee contractor has
completed -the control room enclosure, installed
the cable trays above the contrél room;. installed
all conduit entrances to the control room through
the roof and floor, and is presently setting the
steel support structures for the NaK moter con-
trollers, resistors, and associated cable troughs.

The varicble-frequency drives for the reactor

pumps have been ordered, and delivery is expected -
late in calendar year: 1957. The motor-generator -

sets associated with the pump drive motors will
be installed by the cost- plus-ﬁxed fee contractor.
The pump drive units will be installed after the

reactor - and pumps have been installed in the

facility.

Design werk on pune| layouts and controls has

been started by the Instrumentation and Controls
Division. Preliminary panel layout drawings and
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a set of preliminary block diagrams describing
control functions have been prepared. The control
panels are to be available by opproximately August
1, 1958.

Details of the heater designs are being prepared,

-and installation and wiring-connection drawings

for the Calrod and clamshell heaters are to be
completed by December 16, 1957. Heaters and
surface-type thermocouples will be installed after
completion of the NeK piping assembly.

Auxiliary Services
A. M. Smith

Piping drawings for the auxiliary services
(helium, lube oil, air, and water) in the basement
area have been revised. The installation work for
this piping will be done by a cost-plus-fixed-fee
contractor. The removal of some of the existing
pipe and installation of the modified pipe runs were
delayed until August 28, 1957, to allow the elec-
trical forces to complete their overhead work in this
area. Layouts of the auxiliary piping above the
track floor have been prepared. A preliminary bill
of material for items required on this part of the
system have been prepared, and procurement of
some items is now in progress,

After considerable difficulty in obtaining a leak-
tight system, the type R lube package (Figs.
1.1.34 and 1.1.35) delivery was made on June 28,
1957. This equipment is stored in the basement
area and will be installed by the cost-plus-fixed-
fee contractor. Failure of the subcontractor to
deliver leak-tight pumps to the lube package vendor

- has delayed the completion of the type K lube

package. Delivery of this package is now scheduled
for October 1, 1957.

ART FACILITY
F. R. McQuilkin
Design Activity

Major design work on components outside the

. cell of the ART facility is to be completed by
~ April 1, 1958. The work outlined by these designs

is to be done by ORNL forces. Design work is

“proceeding on the special equipment room (equip-
. ment for NaK coolant system fuel fill-and-drain

tank), the radiator pit, and the radiator-penthouse
area (NaK coolant system equipment for fuel and
sodium systems). Incomplete I/lz-scale models of
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Fig: 1.1.34. Type R Lube Package for ETU Facility Showing Control Panel. ntide

Fig. 1.1.35. Type R Lube Package for ETU Facility, {€onfidentialuuithsaptian)
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these areas, which are being made;to assist in
detail design and to demonstrate equipment, as-
sembly, and change-out procedures, are shown in
Figs. 1.1.36, 1.1.37, and 1.1.38.

Figure 1.1.36 is an elevation view taken looking
southeast at the radiator pit. The circular pattern
in the lower left corner represents the cell; the
special equipment room is in the background. The

air duct, which has not been assembled, will be

located in the upper right corner above the radiator
pit. The tank at the right is the drain tank for the
radiator drain pans. The five vertical tanks are
the main and auxiliary ‘NaK dump tanks.. The
horizontal tank is the special NaK dump tank.
The equipment structure to the left of the drain
tank lis the NaK purification system for the main
and auxiliary coolant system and consists of the
cold traps, plug indicators, flowmeters, valves,
and piping. The rack will be revised to omit the
plug indicators. In the ceiling of the radiator pit
are the main and auxiliary NaK piping, with the
flowmeters and the heat-barrier-door operators.
Figure 1.1.37 is a view looking down into the
radiator pit with the air duct removed. The cell
wall is at the left; the NaK piping and off-gas
penetrations may be seen. - The smaller boxes
represent the NaK flowmeters and the larger boxes
represent the heat-barrier-door operators.  The hot
NaK piping penetrations for routing to the radiators
are located between the heat-barrier-door operators.

Figure 1.1.38 is a view looking south from the

cell into the radiator pit at the right and the
special equipment room at the left. The special
NaK pump and moter, along with the motor cooling

duct, are located at the top. The two large tubes - -
at the center of the 'special equipment room are -
the spectrometer tubes. Below the tubes in the
foreground is located the special NaK purlftcuhbn :

system.: The specml heat dump annulus and main

‘blowers, with- frunsmon .and duct, are locafed in”

the bcckground
The major ltems of plplng and eqmpment for the

special equipment room have been assembled. A -
preliminary “demonstration by use of this model
‘indicates - that “the - requnred equipment change-out

functions  can be accompllshed Meanwhile the

equipment ‘is being rearranged in the radiater pit
‘to provide better access. for equupment mmntenancel '

and change-out. :
Design work is in progress on the cell-evacuation
system, main blower back-flow louvers, smoke-
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generator equipment, water filter, control-room
lighting, and additional switchgear. Detailed
schedules for design and construction of package 3
(all work that is remaining exterior to the cell)
are being prepared. The remaining capital work,
which is scheduled for completion by June 30,
1958, consists primarily of additions and modifi-
cations to electrical facilities, cable trays, and
instrument-room air conditioning. Shop fabrication
of noncapital items has been started in preparation
for construction work to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>