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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.

The ANP Project personnel are engaged in many phases of research directed toward
the achievement of nuclear propulsion of aircraft. A considerable portion of this research
is performed in support of the work of other organizations participating in the national
ANP effort. However, the bulk of the ANP research ot ORNL is directed toward the
development of a circulating-fuel type of reactor.

The design, construction, and operation of the Aircraft Reactor Test (ART) are the
current major objectives of the project. The ART is to be a power plant system that will
include a 60-Mw circulating-fuel reflector-moderator reactor and adequate means for heat
disposal. Operation of the system will be for the purpose of determining feasibility and
for studying the problems associated with the design, construction, and operation of a
high-power circulating-fuel reflector-moderated aircraft reactor system. Some advanced

reactor design work is now under way.

vii
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ANP PROJECT QUARTERLY PROGRESS REPORT

SUMMARY

PART 1. AIRCRAFT REACTOR ENGINEERING

1.1, Reactor and Facility Construction

Reactor and auxiliary components for the Engi-
neering Test Unit (ETU) and the Aircraft Reactor
Test (ART) are being fabricated by various manu-
facturers and by the ORNL and Y-12 shops. The
problems involved in the fabrication of the sodium-
to-NaK heat exchangers were resolved, and the
two units required for the ETU were received from
the Griscom-Russell Co. The units required for the
ART will be delivered in July and August 1957. A
workable program has been established for the
production of the fuel-to-NaK heat exchangers that
includes many time- and cost-saving procedures.
Progress on the production of these units is now
satisfactory,

Three prototype ART NaK-to-air radiators were
received for testing, and tests of one of the units
are now under way. It is expected that the ETU
units will be available soon for installation,

The boron carbide tiles, for neutron shielding, are
being produced by the Norton Company, and most
of the pieces have been received. A total of 33
different shapes was specified, and in all cases the
tiles have met the dimensional tolerances. The
facilities for the production of the tiles are now
being used in manufacturing the stainless steel
cans for the tiles at the ERCO-Nuclear Division of
American Car & Foundry Co. The required stain-
less-steel-clad copper-B,C cermet plates are also
being fabricated by ERCO from cermet material
fabricated by the Allegheny-Ludlum Steel Corp.
The plates will be completed during July and
August 1957,

Fabrication techniques for the production of the
reactor shells were reviewed critically, and changes
were made in the procurement program that are
expected to increase the certainty of obtaining
shells as they are needed in the reactor assembly
sequence; these changes should decrease the over-
all costs. The review of the hydrospinning tech-
niques revealed that production of the core shells
has been unsatisfactory because. of axial cracks in
the equatorial region and in the reverse curve
A preforming step (by Hydroform) and re-
distribution of the wall thickness reduction between

areaq.

anneals during the final spinning stages are ex-
pected to solve the problem. The preforming step
is to be included in the fabrication of all shells to
be made by spinning. Suitable heat treating tech-
niques for the intermediate spinning steps have
been developed, and control of the grain structure
has been accomplished.

Alternate processes for the production of shells
are being investigated in an effort to reach an
earlier completion date. Improvements in the
quality of the Inconel stock and in welding tech-
niques have renewed interest in machining of the
shells from formed weldments. The resulting
coarse grain size would be objectionable for the
ART, but for the ETU the grain structure is rela-
tively unimportant, The inner core shell for the
ETU has been fabricated by machining, and the
outer core and reflector shells are being made.
Tooling for the forging for the pressure shell liner
is being prepared, and the forgings for the pressure
shell have been struck. Cold drawing and pressing
methods are being investigated for the production
of portions of the inner and outer neutron shield
covers that cannot be formed by spinning.

Developmental work on reactor assembly methods
was continued, with particular emphasis on weld
shrinkage tests. The equatorial weld on the ETU
inner core shell was made successfully,

A satisfactory furnace-brazing method was de-
veloped for joining heavy Inconel sleeves to
thermocouple sheaths. Therefore it is now planned
to weld the fitting containing the thermocouple at
trepanned locations in the reactor structure. The
actual assembly welds will thus be heavy, and
repairs can be made without losing the thermo-
couple assembly.

With the delivery of the sodium-to-NaK heat
exchangers, assembly work on the ETU north
head was resumed. It is now estimated that the
ETU north head will be complete in December
1957. Fabrication of the beryllium parts for the
ETU has been completed, and orifice plugs for the
cooling passages are now available,

Work on the ETU facility was reactivated, and
installation of the furnace circuit main NaK piping
is 75% complete. Tests of hydraulic drive units
for the reactor pumps indicated that the originally
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proposed units would not meet the operating re-
quirements, and therefore variable-frequency
electric motor drives are to be used. The neces-
sary equipment is to be available in October,
Work is under way on the lube-cil, water, and
helium systems. The emergency electrical system
is 95% complete, and the normal system is to be
completed by a contractor by January 1, 1958.
Present estimates indicate an ETU facility com-
pletion date of December 1, 1958, exclusive of the
reactor and associated equipment.

Details of the layout of various components in
the ART cell are being studied, and design work
on the reactor shielding and its support is under
way. Parts and subassemblies for the fuel en-
richer were completed. Minor construction work on
the ART facility proceeded, and design work on
the layout of piping and equipment continued.,

The sequence of operations for disassembly of
the ART was studied further, and several methods
for cutting and measuring were investigated. A
sealant-injection system was designed for sealing
radioactive lines prior to removal of the reactor
from the cell.

1.2, Component Development and Testing

High-speed tests of Alcoa 750-T5 aluminum-
base-alloy journal bearings showed these units to
be satisfactory for the anticipated reactor service,
Therefore such journal bearings have been installed
in all the reactor pumps that have been assembled.

The full-scale reactor pump rotary assembly
which was adapted for a seal and lubricant irradi-
ation test in the MTR gamma-irradiation test
facility was completed and shipped to NRTS,
Since Gulfcrest-34 is to be used as the lubricant
in this test, the seals are brass-bellows mounted.
If a subsequent test is necessary with Ucon-LB-
140X as the lubricant, an all-stainless-steel
bellows will be used.

The aluminum ART north-head mockup in which
twin fuel pumps are installed was used for tests to
determine whether there would be liquid carry-over
into the off-gas system and, if so, under what
The fill-and-drain tank and its vapor
trap were also simulated in these tests for which
water was used as the circulated fluid. No liquid
carry-over could be detected when the liquid level
in the expansion tank was 3% in. or more. When
the level was reduced to 3/4 in,, droplets were
carried to the vapor trap at a rate of 0.10 in.® per
day and to the fill-and-drain tank at a rate of 0,004

conditions.
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in.> per day. Since the smallest carry-over of

concern in the ART operation has been defined as
1 in.3 per day, the results indicate that fuel carry-
over will not be a problem under normal ART
operating conditions,

Performance and endurance testing of fuel pumps
No operating troubles have occurred.
Similar tests of sodium pumps are under way.
Modifications were made to the sodium pump test
loops to more accurately mock up the openings
between the pump centrifuge and the expansion
tank. Examination of a sodium pump that had been
in operation continuously for 2572 hr at 3600 rpm
revealed that it had been operating in a region of
cavitation,

continued.

High-temperature testing of the primary NaK
pumps was continued, Based on the tests com-
pleted in this and the previous quarter it was
concluded that the helium purge down the pump
shaft could be eliminated. A test of a NaK pump
was terminated after 4400 hr of operation with
NaK at a maximum temperature of 1400°F and a
minimum temperature of 1200°F because of failure
of the oil seal. Means for improving the reliability
of the seal are being studied. A second high-
temperature NaK-pump test loop was placed in
operation, and six electromagnetic flowmeters were
calibrated for use in the ETU aond ART. The
performance of the pump in this loop indicates that
impeller and volute passage dimensions can be
controlled satisfactorily in the welding and ma-
chining processes used in the fabrication of these
parts.

Heat exchanger and radiator development tests
were continued. Operation of test stand SHE-C
was terminated by a radiator failure. The radiator
is being removed for examination. Operation of
other heat exchanger test systems was continued.

The design of the ART fuel dump valve has been
modified to assure proper alignment of the seat and
plug to prevent valve stem binding. The stem
guide nearest the plug has been removed, and a
loose-fitting spiderlike guide has been installed in
Further,
a mechanical backup has been added for the brazed
joint between the plug seating surface and the plug
body. A second seal bellows was added to the
valve stem to contain fuel and fission products in
the event of failure of the first bellows, and in-
ternal passages of the valve are being modified to
minimize holdup after a dump.

the valve seat housing to guide the plug.



The NaK dump valve will be similar to the fuel
dump valve, except that the mechanical backup for
the plug braze and the backup bellows will not be
required. A prototype NaK dump valve was found
to be satisfactory in water tests, The first NaK-
valve ‘‘in-line'’ operator was unsatisfactory, but
the second one meets specifications and is to be
tested soon.

A valve available from a vendor was selected for
use as a throttling valve in NaK cold-trap and plug-
indicator systems, The valve selected was de-
signed for closure service, but modifications were
made to obtain the desired throttling characteristics
and to provide for remotely controlled pneumatic
operation,

Water flow tests of the ART sodium circuit were
continued. Improved flow distribution was obtained
through modifications of the top of the beryllium
reflector.

The thermal stability test of the outer core shell
was terminated after the forty-third cycle because
of a ledk in the expansion bellows that joins the
shell to the bottom piece of the apparatus. The
shell was examined and no dimensional changes
were found. The test will be resumed.

The vapor condenser designed for use in the
NaK dump tank vent was found to be satisfactory,
and the condenser designed for the NaK pump
purge gas is being tested. In a test of a vapor
condenser for the sodium pump purge gas, 650 hr
of trouble-free operation has been accumulated.
Tests of an experimental version of the ART ZrF -
vapor trap have indicated that the inlet will have
to be redesigned to minimize thermal losses.

1.3, Instruments and Controls Development

Tests of the helium-bubbler type of liquid level
indicator are being made in the fuel expansion
tank of the aluminum north-head mockup. It has
been found that this level-measuring system re-
sponds very well at all pump speeds to the addition
and removal of water from the expansion tank.
Accurate metering tests are planned to determine
the accuracy of the measuring system in detecting
these changes. In a scheduled 3000-hr test with
fuel at 1500°F in the dynamic-level test rig, the
bubbler tubes plugged with ZrO, after about 2000
hr. Possible sources of the contamination were
leaky bellows in the fuel and gas lines, which
were discovered after the test rig was shut down.

Metallurgical examination of the liquid-metal-
level transducers tested in NaK systems indicated
that the failures were the result of defective welds.
Preliminary tests of modified units have indicated
that the operating characteristics of these units
are satisfactory for reactor service,

Twenty-two resistance-type on-off level probes
are operating in NaK pump test loops, and all but
two have given satisfactory service. In the two
units that failed, copper wire apparently oxidized
and came loose at the weld joint. It is expected
that this trouble can be eliminated by coating or
plating the wire with a suitable high-conductivity
oxidation-resistant material,

The 2- and 31/2-in. magnetic flowmeters for the
ETU and ART main, auxiliary, and special NaK
circuits are being tested and calibrated in NaK
pump test loops. Three types of calibration runs
are made on the flowmeters — constant temperature
tests, constant flow tests, and magnetic air-gap
flux density tests. With the use of an experi-
mentally determined sensitivity, the flow readings
obtained with the magnetic flowmeter agree with
those of a venturi to better than 1%.

Two redesigned l-in. turbine flowmeters have
been fabricated that incorporate larger bearings and
closer bearing clearances than those used previ-
ously, These units are to be tested in a NaK
pump test loop.

Tests of Inconel-sheathed thermocouples were
continued.  Bending tests on Inconel-sheathed
Chromel-Alumel material in a traveling-gradient
furnace indicated that bending produced negligible
effects. Annealing of the sheath material, however,
tended to reduce the response to gradients, Tests
also indicated that brazing Inconel sleeves to the
Inconel sheaths had practically no effect on the
thermocouple wires.

A test of the ART control rod drive mechanism
was initiated to determine the over-all reliability
of the system, the suitability of the porous ceramic
poison rod material in the stagnant-sodium-filled
thimble, and the effectiveness of the sodium-
surface cooling jacket in preventing sodium depo-
sition in the drive mechanism. High-temperature
automatic rod cycling is now under way.

1.4, Engineering Design Studies

The program of basic studies for determining the
elastic properties of the various special shapes
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associated with the shell structure of the ART and
the various tube-to-shell connections has been
extended to a more general treatment of tube
connections and of conical shells and circular
flat plates with variable thickness. Many of the
complex shell shapes in the reactor can be repre-
sented as composite structures derived from these
more elementary configurations.

An analytical investigation of shell VI, the
pressure shell liner, is being made to determine
the integrity of this structure under both thermal
and pressure loads. Although the results of this
study will be the solution of specific shell prob-
lems, general routines and techniques are being
prepared for analyzing any thin-walled shell
configuration,

An experimental stress analysis was made of
the support region of the north head of the pressure
shell. The method of attaching the fuel pump
stubs to the shell of the mockup does not duplicate
the ART design, and therefore an exact model of
that region will be studied. A correlation of the
data will permit an accurate evaluation of the
ART design.

Calculations are under way in order to determine
the steady-state temperature distribution through-
out the beryllium reflector during full power
operation. The results will be used to determine
the proper flow distribution of the sodium coolant
and to calculate thermal stresses in the beryllium,

A series of calculations was made to determine
the ratio of the amplitude of temperature oscil-
lation at the surface of a circular cavity (in an
infinite medium) to the amplitude of the temper-
ature oscillation of the fluid in the cavity. It was
found that, in comparison with the case of slab
geometry, the effects of the cylindrical surface
were important. The surface amplitudes were
smaller when the radius of the cavity was less
than one characteristic length. For a radius
greater than a few characteristic lengths, the
infinite slab gives a reasonable approximation.

A recalculation of the heat load of the sodium
system of the ART indicated an increase from 6.20
Mw to 7.02 Mw, and therefore the flow rate of each
pump must be increased from 440 to 500 gpm. The
island cooling hole flow distribution was de-
termined, and the orifice sizes were specified.

Final calculations of the cooling system for the
equatorial lead shield of the ART were made.

1.5. Design Physics

Shielding criteria for the ART were established,
and designs for various components of the ART
are being prepared. It has been found that, for
most components containing fuel, the radiations
from Lal40 control the shielding thickness and
that the required shielding thicknesses vary slowly
with time after shutdown. Shields for components
in the region around the lower end of the reactor
and for the fill-and-drain tank were designed for
periods of more than 9 days after shutdown.

As a result of the shielding studies, the NaK
pipe stubs are to be shortened from 516 in. fo 2"/2
in. to reduce the trapped fuel volume and thus
reduce the required shielding. Calculations have
indicated that 5 in. of lead shielding will be re-
quired around the fuel drain lines and valves. In
order to shield the fuel overflow line as close to
the source as possible, a crescent-shaped piece
of lead 3 in. thick at the center and 16 in. wide
will be placed within the water shield and against
its inner shell. The vapor traps on the fuel fill-
and-drain tank were found to require 2 in. of lead.

Much of this shielding is related to particular
requirements and design features of the ART and
would not necessarily be required in an airplane.
The experience gained with the ART shielding
should be very helpful in arriving at design modi-
fications which will minimize the need for heavy,
patch shielding.

1.6. Inspection of Materials and Components

Materials for the construction of the ETU, ART,
and test components were inspected with the
intended use as the criterion for acceptability.
All material rejected during the quarter was either
down-graded for noncritical applications or was
used in experimental equipment in order to mini-
mize losses. It was found that magnetic particles
could be successfully removed from CX-900A
Inconel tubing by pickling with a 10% solution of
phosphoric acid. If metallographic examination
confirms the apparent lack of corrosive attack, the
pickling method will be adopted for the removal of
magnetic particles.

An investigation of the high rate of rejection of
welds being made in ETU NaK piping resulted in
a change from helium to argon as the purging
gas.  Although argon is more expensive than
helium, a much shorter purging time, less total
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volume, less gas loss, and a lower rejection rate
were indicated.

Standards were established for the acceptance of
tube-to-header welds on the basis of radiography
of accessible welds. Inspection procedures
established for the inspection of spun core shells
include metallographic inspection of samples cut
from trim areas and nondestructive testing for
material integrity. Four inner core shells fabri-
cated by forming, welding, and machining plate
were inspected. The plate material and surface
were acceptable, but the weld areas were un-
satisfactory. Improvements were made by changing
the joint design and decreasing the weld rod size.

A portable eddy-current type of instrument is
now being used for the identification of Inconel
material. Cracks found in the cooling jacket welds
of a control rod mechanism raised a question as
to the composition of the material used, and a
check with the Metal-ldentification Meter revealed
that a 300 series stainless steel, rather than
Inconel, had been used.

1.7. Heat Transfer Studies

An approximate analysis was made of the heat
transfer in the ART core by using a model which
allowed both radial and axial variation of the
heat source term. The result showed a sodium-
coolant heat load 20% greater than that predicted
by previous analyses.

The effect of grain size on the strength and
corrosioh characteristics of Inconel in a fluoride
environment was studied in pressurized-system
thermal-cycling experiments. The grain size did
not appear to have an effect on the depth of pene-
tration, but there was an indication that in fine-
grained tubes there was a tendency toward inter-
granular attack. A summary of the presently
available data from this thermal-cycling study
indicates that for exposures of less than 20 hr,
the attack rate is greater for thermally cycled
specimens than it is for specimens not cycled.
For exposures of more than 20 hr the isothermal
and high-frequency curves are roughly parallel,
and thus equal attack rates are indicated that are
perhaps related to the chromium concentration in
the melt. Further, it appears that cycling frequency
has little effect. Data are being obtained on pre-
stressed and bent tubes.

A water calibration of the pulse-pump thermal-
cycling loop was obtained that showed good agree-
ment with the expression derived in a mathe-
matical analysis that related the axial and radial
attenuations suffered by a sinusoidal temperature
oscillation in turbulently flowing fluid.

Hydrodynamic studies of the sources of the
velocity instabilities in the ART core were con-
tinued in both full-scale and quarter-scale experi-
ments, A hot-wire surface element was developed
for use in obtaining the magnitude of the velocity
fluctuations at the core walls. The results of
recent tests verify earlier experiments which indi-
cated that the fluctuations reach a maximum in
the upper half of the core. A cooled thermal probe
was designed to provide a measurement of surface
temperature fluctuations ina metallic wall. Experi-
ments with various inlet configurations, guide
vanes, baffles, etc., were continued in an effort
to modify the velocity structure in the ART core,
but no significant improvements were obtained.
An analysis was initiated of the pressure variation
in two typical inlet headers to establish the magni-
tude of the source of circumferential asymmetries
and cross flow in the core inlet region.

The photographic recording of velocity profiles
by using the phosphorescent-particle technique
was continued. Distortion of the profiles by super-
imposed natural convection was noted even at a

Reynolds modulus of 10,000.

A preliminary experimental study was made of the
magnitude of the transverse pressure forces on the
walls between adjacent channels of the ART fuel-
to-NaK heat exchangers both with and without a
connecting gap between adjacent channels and the
housing. The results of these tests were inade-
quate, and the test system is being redesigned. In
a qualitative sense, however, there were indi-
cations that the gap equalized the pressures on
opposite sides of the channel walls.

Additional heat transfer and fluid friction experi-
ments were made with the delta-array heat ex-
changer in the very low laminar regime. The
effects of natural convection were clearly evident,
with heat transfer reduced and pressure drop in-
creased for downward flow through the heat ex-
changer. Conversely, the heat transfer was in-
creased and the pressure drop reduced for upward
flow,
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A modified pressurized fused-salt heat transfer
system was calibrated with NaNO,-NaNO;-KNO,
(40-7-53 wt %); the data agree with the standard
correlations. Further data were obtained with the
fuel mixture NaF-KF-LiF-UF, (11.2-41-45.3-2.5
mole %) in a small forced-circulation system. The
modification of the half-scale volume-heat-source
core model to study the effect of core screens on
the thermal fluctuations is nearing completion,
Some preliminary data were obtained on heat trans-
fer with source-vortex flow in a vortex tube. So-
lutions were obtained for forced-convection heat
transfer in insulated pipes containing flowing fluids
with internal heat sources for the liquid-metal
range.

The enthalpies and heat capacities of NaF-KF-
LiF-UF, (11.2-41-45,3-2,5 mole %) and LiCl-CaCl,
(62-38 mole %) were determined in the liguid and
solid states.
made by using the variable-gap method yielded
values of between 0.33 and 0.4 Btu/hr.ft.°F for the
mixture NaNO,-NaNO,-KNO, (40-7-53 wt %) and
0.8 Btu/hrft.°F for the eutectic mixture of LiCl
and KClI.

Thermal-conductivity measurements

1.8. ART, ETU, and In-Pile Operation

A study of the time required to complete the ART
experimental program was made.
that 2]/2 months will be required for shakedown
tests prior to filling the system with NaK and that
completion of the planned operation of the reactor
system will require 4]/2 months from the time the
NaK system is filled.

Further studies of the ART off-gas system design
and operation were made, It was determined that
10% more coke charcoal than coconut charcoal
would be required, and therefore the less-expensive

It is estimated

coke charcoal will be used in the off-gas system
adsorber beds.

Evaluation studies of ETU operation planning
were continued, and it was found that the specifi-
cations for leak tightness of components and
systems external to the reactor could be relaxed.
Also, heater-sheath thermocouples were eliminated
on all but a few special heaters,

A survey was made of the specific examinations
to be performed during the disassembly of the
ETU and the results that would constitute an
acceptable basis on which to proceed with the
assembly of the ART. The study has indicated
the advisability of flushing the ART fuel system

with a water-soluble salt after operation to remove
residual fuel. Tests to demonstrate this procedure
are to be made.

The causes of a number of the difficulties that
occurred during operation of in-pile loop No. 6
have been established by examination of the dis-
assembled loop in a hot cell. The lower heat ex-
changer Calrod heater was found to have melted
through its sheath; the nose purge-gas sniffer
line had broken near the weld joining it to the heat
exchanger outlet end; and salt had accumulated
around the pump shaft in the region between the
sump and the bearing housing. The copper rotor
and the shaft were badly scored.

A second in-pile test of moderator materials was
completed, and the capsules have been returned
to ORNL for examination. The samples included
beryllium oxide encased in Inconel, graphite en-
cased in nickel, and zirconium hydride encased in
molybdenum.

1.9. Advanced Reactor Design

Studies of reactor cores with fuel-cooled moder-
ators were continued, and two new layouts were
prepared. One of the new cores would permit some
superheating of the fuel in an annulus between a
central moderated island and an outer core region.
The moderator would be in the form of rods closely
stacked in an equilateral lattice, and the rod dia-
meter would be varied from one region to another
to effect variations in the volumes of fuel and
moderator. A boron curtain would surround the
core region, and outside it would be a closely
stacked array of rods which would consist of
about 5 vol % fuel, with the balance being moder-
ator, structure, and B,C. This region, which has
been designated the ‘‘heat exchanger shield,”’
would isolate the core from the heat exchanger and
inhibit activation of the secondary coolant. The
U-tube exchanger surrounding this array would
consist of approximately 12 tube bundles. The
tubes would be as nearly straight as possible.

The fuel pump impellers would be inverted from
the position they occupy in the ART to provide
the most direct flow passage from the heat ex-
changer to the core. Three fuel pumps would be
installed to provide a capacity of about 300 Mw.

The second layout was an attempt to incorporate
a fuel-cooled moderator in a modification of the
ART, The same fuel pumps, heat exchanger, outer
pressure shell, control rods, and island base could
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be used. The addition of a third fuel pump might
increase the reactor output to about 100 Mw.

No internal welds would be required in this
system, except those for canning the poison and
the moderator. The welded assemblies would be
small, and leak tightness could be more readily
assured than in the more complex ART.

A study was made of the effects of various key
parameters on the temperature drop within the
moderator rods. Heating effects in the volume-heat-
source boundary layer of the fuel channel were
included. These parametric charts will be useful
in evaluating design proposals and in establishing
the desirable proportions for the rod diameters in
various regions, as well as the fuel passage sizes.

Various types of compact heat exchangers are
being studied. The study is based on experience
with the ART heat exchanger design problems. A
list of conditions which must be satisfied in the
design has been prepared, and a series of different
geometries has been delineated which may satisfy
the conditions.

A preliminary design for an apparatus for in-pile
testing in the ETR of moderator materials suitable
for use in the 1500 to 2000°F range was prepared.

PART 2. CHEMISTRY

2.1. Phase Equilibrium Studies

Phase equilibrium studies of the system NaF-
ZrF ,-UF, and the associated binary systems were
completed. The diagrams presented are revisions
and refinements of the incomplete studies reported
previously.

A tentative diagram of the low-BeF ,-content part
of the system NaF-RbF-BeF, is presented. The
ternary compound described previously as 2NaF.
RbF.BeF, has been located in the vicinity of the
composition corresponding to 2NaF:4RbF.3BeF,
and is now tentatively considered to have this
formula,

In an effort to elucidate the corrosion process as
it relates to structural metal corrosion products in
fused salts, studies are being made of the phase
equilibria in the systems NaF-CrF,, NaF-FeF,,
and NaF-NiF,. Tentative diagrams are presented
for the systems NaF-FeF , and NaF-NiF .

Interest in the possibility of obiwaining oxygen-
free yttrium metal by lithium reduction of purified
fluoride mixtures prompted a study of the YF,-
MgF,, LiF-MgF -YF,, YF;-ZnF,, and LiF-ZnF .-
YF, systems. The preliminary data obtained with

one mixture in each of the systems show that
liquidus and solidus temperatures in the binary
systems are too high to permit purification in
conventional equipment but that the addition of a
moderate amount of LiF lowers the liquidus tem-
peratures to workable levels.

2.2. Chemical Reactions in Molten Salts

Investigation of the equilibrium reduction of
NiF, by H, in the reaction medium NaF-ZrF, at
575°C was continved. It was observed that K_ is
independent of the nickel fluoride concentration
studied (150 to 570 ppm) and that K, can be ex-
trapolated to infinite dilution,

Additional studies were made of the solubility
and stability of the structural metal fluorides in
NaF-ZrF , (53-47 mole %) at 700°C. In particular,
a study was made of the effect on the solubility
of the individuai fluorides when mixtures con-
taining CrF,, FeF,, and NiF, in the ratio present
in 18-8 stainless steels are added to the solvent.
The tests indicated that complete solubility of
NiF, can be achieved only at relatively low con-
centrations of all three structural metal fluorides
in this type of mixture.

A study of the reduction of FeF, by Cr® in NaF-
ZrF, (53-47 mole %) at 600°C was made in an
attempt to determine the concentration equilibrium
constant for the reaction

FeF, + Cro==CrF, + Fe®

The equilibrium iron concentrations obtained were
too low, however, to permit any accurate evalua-
tion of an equilibrium constant,

Additional studies were made of the reduction of
UF, by structural metals at 600 and 800°C in the
reaction medium RbF-ZrF , (52-48 mole %), and the
results have been compared with the values ob-
tained for other reaction mediums in the alkali
fluoride binary systems. The comparison unex-
pectedly revealed that the iron concentrations are
nearly constant in the various reaction mediums,
The data for the Cr°-UF, system, on the other
hand, show the expected effect of change in cation
radius on the UF, activity, as measured by the
chromium concentrations; a similar effect was ex-
pected for the Fe°-UF , system.

Radiochemical tracer techniques were used for
further investigation of the solubilities of fission-
product fluorides singly and in pairs in molten
NaF-ZrF ,-UF , (50-46-4 mole %). With additions of



up to 26 wt % Ba, it was found that BaF, was
completely soluble over the 560 to 850°C tempera-
ture range. The addition of about 14 wt % CeF ; did
not affect the BaF, solubility. Evidence of a low-
melting NaF-ZrF ,-UF ;-BaF, eutectic was found.
Data were also obtained on the solubility of mixed
CeF, and SmF 4 in NaF-ZrF ;-UF ,, and studies of
the solubility of YF; alone and YF ; in the presence
of SmF; in this reaction medium were initiated. A
study of the solubility relationships of rare-earth
fluoride binary mixtures in NaF-ZrF ,-UF, has
indicated that for CeF;-SmF, mixtures in NaF-
ZrF ,-UF; the behavior is ideal and predictable.

The results of an experimental investigation of
the solubility of helium gas in NaF-ZrF, (53-47
mole %) show that the solubility follows Henry’'s
law, that it increases with increasing temperature,
and that its numerical values are similar to those
obtained for helium in NaF-ZrF4-UF4 (50-46-4
mole %). An experimental determination of the
solubility of HF in NaF-ZrF, (53-47 mole %) was
also made, and the results showed that the solu-
bility of HF followed Henry’s law and that it de-
creased with increasing temperature. A negative
heat of solution was found, which indicates that
the process of solution of HF in this solvent is
exothermic.,

Since the extent of completion of a number of
chemical reactions involved in the purification of
fluoride mixtures is judged by the HF concentra-
tion in the effluent gas, it was of interest to corre-
late the true solubility values with those obtained
from the determination of rates of simple stripping
of HF with helium from an HF-saturated solvent.
Apparent Henry's law constants for the solubility
of HF in NaF-ZrF , (53-47 mole %), as calculated
from stripping rates, were used in conjunction with
the experimentally determined Henry's law con-
stants to obtain values for the relative approach to
equilibrium. It was found that the relative approach
to equilibrium of the simple stripping process
varied from 17% at 600°C to 23% at 800°C,

The relationship between the heat of fusion of a
salt and its freezing point in a binary mixture of
salts is being studied. It appears from preliminary
measurements that heats of fusion can be calcu-
lated from experimentally determined freezing
points in systems where solid solubility is unlikely.

Further emf measurements were made in Daniell
cells with nickel and iron electrodes and the

solvents NcF-ZrF4 (53-47 mole %) and KF-LiF

(50-50 mole %). The results obtained, when com-
bined with those obtained previously, gave an
average NiF ,-to-FeF, activity coefficient ratio of
600 for the NaF-ZrF, solvent and 200 for the
KF-LiF solvent, A study of the system LiCl-
ThCi ,-AgCl is being planned in order to better
comprehend and resolve the effects of solvents of
varying acidity on the activity of a solute. The
activity of a dilute AgCl melt of approximately
constant concentration as a function of the ThCl,
composition will be determined directly from cell
measurements., Such measurements are impossible
to make electrochemically in fluorides because of
the present unavailability of a reversible fluorine
electrode.

Electromigration has been considered as a method
of separating lithium in a spent fuel from fission-
product poisons, and therefore measurements were
made of systems containing rare-earth chlorides in
lithium chloride. Experiments with Nitt, U***,
and Ce**™ in molten LiCl showed that these ions
could be separated quite effectively from lithium in
a fused chloride melt. For separation from a fused
fluoride melt, however, the practical difficulties
of finding a suitable insulating vessel and suitable
electrodes make the process unattractive.

The ratio of cation charge to ion radius has been
suggested as a measure of the relative acidity of
fluoride melts and as a basis for correlating nega-
tive deviations from ideality in fuel mixtures in
order to predict corrosion behavior. As an example
of an approximate correlation based on this prin-
ciple, a method of estimating the activity coeffi-
cients of UF ; and UF, in fuel mixtures was derived.

Studies of the oxidation of sodium and potassium
mixtures under carefully controlled conditions have
been initiated in an attempt to determine the effect
of certain variables on the final composition of the
mixed oxides. The variables under consideration
are (1) the original composition of the sodium-
potassium mixture, (2) the temperature of oxidation,
and (3) the temperature and time of equilibration
following the oxidation.

2.3. Physical Properties of Molten Materials

Vapor pressures have been measured over a
sufficient variety of molten fluoride mixtures to
provide a basis for estimating vapor pressures for
a number of unmeasured compositions, Estimated
values for the vapor pressures of ZrF ,-base fuels
have been compiled. Experiments are being made
to provide information on BeF ,-base fuels.
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Approximate activity coefficients of ZrF, in the
NcF-ZrF4 system in the temperature range of 600
to 900°C, assembled previously, have been corre-
lated in a convenient graphical form. The method
used to graphically summarize the change in ac-
tivity of ZrF ; with composition was to plot all the
values and then to draw a smooth curve through the
averages for all temperatures at each composition,
In this way an average curve for 750°C was ob-
tained.

An investigation of the density of molten UF, is
under way. Calculations were made, based on pre-
liminary data, that tended to confirm the pre-
viously observed apparent decrease in volume upon
melting.

2.4. Production of Purified Mixtures

Additional YF, was prepared to meet the con-
tinuing demands of yttrium hydride investigations.
The purified LiF and MgF, required in the modi-
fied reduction process for the preparation of yttrium
metal were also produced.

Several fluoride compounds were prepared for
research studies, including LaF,, CrF,, FeF,,
NiF,, and CoF,. Also 50 g of Li’F-NaF-KF
(46.5-11,5-42 mole %) was prepared by using
Li;CO3 as the source material.

The pilot-scale purification facilities were used
for the processing of 44 batches totaling about
650 kg of various fluoride compositions. Ten
pounds of HfCl, (low zirconium) was successfully
converted to HfF, in a small experimental con-
version unit,

Satisfactory inventories for fiscal year 1958 were
achieved by the end of June, and operation of the
production-scale facility was discontinued.

2.5, Analytical Chemistry

Several modifications were made in the apparatus
for the detection of submicrogram quantities of
NaK in air, With the incorporation of these refine-
ments in the instrument, the limit of detection of
sodium was lowered to 60 ppb. Because of the
higher decomposition pressure of potassium oxide,
it is thought that measurement of the absorbance
of potassium rather than sodium may provide a more
satisfactory method for the detection of NaK, The
components required for adapting the equipment to
the detection of potassium have been obtained.

The study of the butyl iodide method for the

determination of oxygen in metallic lithium was

continued. The apparatus in which the metallic
sample is dissolved was modified in order to re-
duce contamination from moisture and oxygen, With
the use of this modified equipment, concentrations
of oxygen of 100 ppm were found in samples of
metallic lithium,

Methods for the determination of traces of com-
bined oxygen in fluoride salts and metals are
being studied. It is proposed to liberate oxygen
by fluorination of the fluoride or metal sample
with KBrF, in a special apparatus, which is now
being constructed. The oxide will be released as
oxygen and subsequently measured by determining
its pressure with a differential manometer.

In the continuation of the modification and de-
velopment of methods for the determination of
contaminants in fluoride salts, a method was in-
vestigated for the determination of aluminum in
which pyrocatechol violet is used as the chromo-
genic reagent, Aluminum forms a reddish-brown
complex with pyrocatechol violet; the complex
exhibits maximum absorbance at a wavelength of
582 my, while the molar absorbance index at this
wavelength is 65,000. The molar absorbance is
linear with respect to concentration over a range
of 0.04 to 0.4 ug of aluminum per milliliter of
solution,

The development of a spectrophotometric method
for the determination of trace quantities of nickel
with 4-isopropyl-1,2-cyclohexanedionedioxime was
completed. . Methods by which the interference of
iron, cobalt, and copper can be eliminated were
established. The coefficient of variation of the
method is 5%.

The study of the method for the determination of
chromium with diphenylcarbazide in which chromium
is oxidized with argentic oxide was completed. It
was found that the coefficient of variation of the
method for the determination of 20 to 80 ug of
chromium is less than 2%, which compares favor-
ably with the coefficient of variation of 2% ob-
tained when the oxidation is carried out with
perchloric acid,

Two methods for the detetmination of zirconium
with pyrocatechol violet were compared. With the
method of Flaschka and Farah, the molar absorb-
ance index of the zirconium—pyrocatechol violet
complex is 14,000 at a wavelength of 620 my, while
that of the complex formed by the method of Young,
French, and White is 32,600 at 650 mpu. The dif-

ference in sensitivity of the two methods results
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from the presence or absence of EDTA and the
adjustment of the hydrogen ion concentration of the
test solution before or after the addition of the
pyrocatechol violet,  Either procedure can be
altered to give essentially the same results as the
other,

The investigation was continued of the appli-
cability of tri-n-octylphosphine oxide (TOPO) to
the determination of various constituents of fluoride
salts. It was found that zirconium can be isolated,
separated, or concentrated efficiently and rapidly
from acidic solutions by equilibration with TOPO,
As much as 20 mg of zirconium can be extracted
from 7 M concentrations of chloride with 0.5 mmole
of TOPO, while 14 mg can be removed from 7 M
nitrate solutions with the same quantity of TOPO.

The solubility of fluoride salts in molten ammo-
nium formate was investigated. The mixture NaF-
ZrF ,-UF , is soluble in this solvent if a complexing
agent is added to prevent reprecipitation of zir-
conium as the oxide., Yttrium fluoride is essentially
insoluble in the melt; however, yttrium oxide is
quite soluble. Ammonium formate was found to
decompose with time and increasing temperature to
formamide and formic acid.

Experiments were made to determine whether lead
shielding could be added to a reactor shield tank
constructed of aluminum and filled with water
without the introduction of serious corrosion
problems. Electrodes of lead and aluminum were
connected through a microammeter in a cell filled
with tap water, The current remained between 5
and 20 pa for a period of 100 hr. Since 20 pa
corresponds to an average corrosion rate of less
than 0.1 mil per 1000 hr, it is concluded that no
serious corrosion will result from the additional
lead shielding.

Absorption cells that have a 5-cm light path
were fabricated from Teflon for use in spectro-
photometric measurements when only small volumes
of solution are available. The volume of a cell is
just over 4 ml. The cells can be used in the
standard cell carrier of a Beckman spectropho-
tometer,

Batches of Ce,0, which contained Ce'4! were
prepared by precipitating cerium hydroxide and
igniting the hydroxide to Ce,0,.

PART 3. METALLURGY

3.1. Nickel-Molybdenum Alloy
Development Studies

Work was continued on the program for developing
nickel-molybdenum alloy structural materials that
will have better strength and corrosion properties
than those of Inconel when in contact with fused
salt fuels at temperatures higher than 1500°F. A
5200-Ib pilot heat of INOR-8 was melted and forged
by the Westinghouse Electric Corporation, and a
10,000-Ib heat was similarly prepared by the Haynes
Stellite Company.  The initial reports on the
casting and forging of these two heats were favor-
able. Material is not yet available from the Haynes
Stellite heat, but studies have been made of ma-
terial from the Westinghouse heat.

Chemical analyses showed the composition of
the Westinghouse heat to be within the specified
limits, except for carbon, which was to have been
between 0.04 and 0.08% and was found to be 0.14%.
A sound billet from the initial heat was success-
fully worked by extrusion and by hot and cold
rolling. Specimens were prepared for the determi-
nation of creep-rupture properties, tensile strengths,
density, thermal expansion, and thermal conductivity.

Investigations are under way of the effect of
varying composition on the mechanical properties
of alloys of the INOR-8 type. A preliminary com-
parison of the times required to produce the speci-
fied elongation (1, 5, and 10%) at 1500°F in argon
of several INOR-8 compositions indicate that
(1) all the materials tested are superior to Inconel,
(2) increasing the molybdenum content is the most
effective means of improving the creep properties,
(3) increasing the chromium content from 5 to 7%
without changing the molybdenum and iron contfents
produces only a slight improvement in the creep
properties, and (4) there is no obvious correlation
of the rupture life of the material with the total
content of alloying elements in the nickel base.

The nickel-molybdenum base alloys were tested
for oxidation resistance at 1600 and 1800°F. The
results were similar to those obtained in tests at
1500°F, and thus it appears that a chromium con-
tent of about 7% is adequate for oxidation re-
sistance at temperatures up to 1800°F.
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Evaluation studies of alloys of the Ni-Mo-Nbk-Fe
system (INOR-9) were continued. The study of the
forgeability showed alloys in this system to be
amenable to hot and cold rolling if they contain
no more than 7.5% niobium. Oxidation rates for
these alloys at 1500°F and at 1700°F were slightly
higher than those of Hastelloy B.

Seamless tubing drawn by the Superior Tube
Company from experimental nickel-molybdenum
base alloys prepared at ORNL has been received
for corrosion evaluation. Three thermal-convection
loops have been fabricated, and the fabrication of
forced-circulation loops is planned. Two forced-
circulation loops are being fabricated of tubing
from two alloys prepared at Battelle Memorial
Institute, The fuel mixture NaF-KF-LiF-UF,
(11.2-41-45.3-2.5 mole %, fuel 107) will be circu-
lated in all these loops.

A new method was developed for preparing ingots
for phase diagram studies in order to assure homo-
geneity, The metal is melted under hydrogen and
chill-cast under a partial vacuum. Prior to casting,
the molten metal is superheated by about 300°F to
ensure a completely homogeneous melt.

The room-temperature and high-temperature (1200
to 1500°F) tensile properties of a commercial heat
of Hastelloy W sheet were determined after aging
at several temperatures for periods of up to 1000
hr. The response of this alloy to aging time is
most pronounced in the interval up to 300 he,

Stress-rupture screening tests of the nickel-
molybdenum base alloys under a constant load at
1500°F in a fuel mixture environment were con-
tinued, Tests of specimens from a 4800-lb air-
melted heat prepared by the International Nickel
Company indicated that the melts were insuffi-
ciently degassed, Specimens from the Westinghouse
heat of INOR-8 had shorter times to rupture than
were expected on the basis of previous tests of
experimental heats. Similar tests at 1800°F again
indicated that vacuum-melted alloys are superior
to air-melted alloys. Based on results obtained
thus far, the degree of control necessary for the
production of commercial-size heats with adequate
high-temperature strength has not yet been attained.

Test plates of the INOR alloys were welded by
using filler metal of the same composition as that
of the base metal. No base metal cracks occurred,
but some of the welds were unsatisfactory because
of cracks in the weld metal. Coupons were pre-
pared for hardness and microstructural studies.

Since brazability will be an important factor in
the use of the INOR alloys, flowability tests were
conducted with Coast Metals brazing alloy No, 52
in a dry-hydrogen atmosphere. Flowability was
satisfactory except on alloys containing 1% or
more aluminum,

Thermal-convection loop tests of nickel-molyb-
denum base alloy exposed to fuel 107 have shown
that the least amounts of corrosion products were
found in the fuel mixtures circulated in the loops
which showed good corrosion resistance to the
fuel, in particular, the loops constructed of alloys
which contained niobium and titanium. An in-
crease in the operating time from 500 to 1000 hr
caused a significant increase in the aluminum
concentration of the fuel circulated in the loops
constructed of alloys containing aluminum.

Similar tests were run in which the alloys were
exposed to sodium. The results were similar for
all loops. A few scattered metallic deposits were
found in the lowest temperature region of each
loop, and the maximum hot-leg attack found in
any loop was approximately 2 mils in depth.

3.2, Developmental Studies of Inconel

Mechanical strain-cycling tests of Inconel were
continued, Tests of fine- and coarse-grained rod
specimens at 1300°F and at 1600°F in argon were
completed. At 1600°F the coarse-grained material
failed in fewer cycles than did the fine-grained
material, but at 1300°F the effect of the grain size
was negligible.  Similar tests of tubular speci-
mens appeared to show that the tubular specimens
failed in fewer cycles than did the rod speci-
mens, but the difference has been attributed to the
method of sensing failure. The effects of grain
size of the tubing were similar to the effects of
of grain size of the rod.

Attempts to explore (at the University of Alabama)
the effect of thermally induced strain have been
hampered by instrumentation difficulties. The
results of preliminary tests, however, indicate
close agreement with the data obtained at ORNL
under isothermal conditions.

At Rensselaer Polytechnic Institute, controlled-
resistance-heating equipment was used to conduct
thermal strain cycling tests that simulated the
ART operating conditions. No evidence of cracking
or failure of either of two coarse-grained specimens
was found.
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The effect of cyclic stresses imposed on a
statically loaded system is being studied at
Battelle Memorial Institute, It is the aim of this
program to define the conditions of stress under
which fatigue is the controlling mechanism for
failure and the conditions under which creep
determines service life.

Bend tests designed to simulate the thermally
induced strain patterns that will be imposed, on
the core shells and heat exchanger tubes of the
ART are being run in order to evaluate the effect
of cyclic stress conditions. The results of tests
in which the specimens were exposed to NaF-
ZrF“-UF4 (50-46-4 mole %, fuel 30) showed little
effect of environment at 1200°F, and even at 1400
and 1600°F the effect of the corrosive environment
was significant only after relatively long test
periods.

The effects of various fabrication procedures and
thermal treatments on the microstructure of Inconel
are being studied. It has been found that recrys-
tallization may occur at a temperature as low as
1200°F in 80% cold reduced material and at a
temperature as high as 1800°F in 5% cold reduced
material, that the recrystallization temperature for
any specific amount of cold work can be lowered by
from 50 to 100°F by increasing the time at temper-
ature from 15 to 120 min, and that the recrystal-
lization temperature for coarse-grained Inconel is
about 100°F higher than that for fine-grained
Inconel cold reduced a comparable amount. The
microstructures that result when the material is
initially coarse grained appear to be different from
those of fine-grained material. It appears to be
somewhat difficult to achieve a homogeneous fine-
grained structure, especially with regard to carbide
distribution, when the material is initially coarse
grained.

Studies of the effect of the brazing cycle on
grain growth in Inconel tubes were made under
simulated radiator and heat exchanger fabrication
conditions. As a result of these and related tests
the maximum brazing temperature permissible
during the brazing of high-conductivity-fin radiators
was raised from 1905 to 1950°F,

An Inconel forced-circulation loop was operated
with sodium at a maximum temperature of 1250°F
but with a mass flow rate of 605 Ib/ft2.sec rather
than the conventional 132 Ib/ft2.sec. Under the
conventional condition, mass-transferred material
is normally not found, but in this loop there were

very light deposits in the cooled section. The
results of this test indicate therefore that mass
transfer may occur in an Inconel-sodium system
even at relatively low temperatures if the mass
flow rate is high.

3.3. Welding and Brazing Studies

An experimental brazing program was carried
out in cooperation with York Corp. personnel. As
a result of this study, improved methods were
developed for brazing NaK-to-air radiators for the
ART.

An improved procedure for brazing the ART fuel
fill-and-drain tank header was developed. In order
to obtain complete filleting a trepanned sump is
machined around each tube hole, and three small
feeder holes are drilled around the circumference
to provide a connection from the sump to the tube-
to-header joint.

An apparatus was constructed for high-temperature
bend tests of weldments. Because of the sim-
plicity of the specimen and the economy of ma-
terial, this apparatus may be useful in initial
screening tests of new materials.

Tests were run to determine whether copper
oxidation during service and the resultant changes
in heat transfer and air-flow characteristics would
prohibit the use of stainless-steel-clad copper
radiator fins with unprotected edges. Design
changes made 24,000 ft of fin material obsolete;
however, the obsolete material could be salvaged
if it were cut into smaller sizes and if it could be
used with the cut edges unprotected. Methods of
treating the exposed edges were also studied.
However, the tests revealed that, since the cut
edges will be parallel to the air flow and they will
be on the downstream ends of the fins, there will
be no need for edge protection.

3.4, Corrosion and Mass Transfer Studies

Seven new brazing alloys, with nickel contents
ranging from 72 to 93 wt %, were corrosion tested
at 1500°F for 100 hr in NaK and in NaF-ZrF ,-UF,
(53.5-40-6.5 mole %, fuel 44), Only two of the
seven alloys, Handy & Harmon Hi-temp Nos. 91
and 93, which were chromium-free and had low
boron contents, showed good corrosion resistance
to both mediums. An iron-base brazing alloy (86%
Fe-=5% Si=5% Cu~4% B) that was tested under the
same conditions aiso showed good corrosion re-
sistance to both mediums.
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Corrosion tests are being made of the fluorinator
vessel to be used in the fluoride volatility process
for reprocessing reactor fuels. Preliminary tests
have indicated severe intergranular attack of the
low-carbon nickel material of the vessel at the
bath level.

A specimen of B,C was exposed to static NaF-
ZrF ,-UF, (53.5-40-6.5 mole %, fuel 44) at 1500°F
for 100 hr, and the quantity of boron found in the
fuel indicated that the specimen had lost 30% in
weight.  Metallographic examination showed an
irregular reaction layer, which is as yet unidenti-
fied, surrounding the specimen.

Standard corrosion screening tests were run on
BN, BN + Si;N,, ZrB,, ZrB, + BN, MoSi,, and
MoSi, + BN in sodium at 1500°F. Metallographic
data indicate that the presence of BN decreases
the resistance of the material to molten sodium.

Experimental studies with molten lithium were
continued. Various devices have been tried in an
effort toreduce mass transfer in thermal-convection
loops fabricated of type 316 stainless steel, but
the major effect has been merely an alteration in
the location or physical nature (small or large
crystals) of the mass-transferred deposits. Data
are also being obtained for determining rates of
solution of container materials in pure lithium.

Measurements were made of the diffusion co-
efficients of nickel in lead in both saturated and
dilute solutions at a series of temperatures. The
initial measurements were made as part of a funda-
mental study of mass transfer. Since the rate of
mass transfer inaliquid-metal system may possibly
be a function of the rate of diffusion of the solute
in the solvent, an understanding of the process of
diffusion in liquids is essential toan understanding
of the mass transfer process.

3.5. Materials Fabrication Research

Two full-size gamma-ray shielding plugs were
hot-pressed for use in the ART fuel pumps. Neither
of the plugs, which are composed of 75 wt %
tungsten carbide and 25 wt % Hastelloy C, was
the desired length, but both will be used for engi-
neering tests, The shield plugs of the pumps are
also to include a thermal barrier of very low-
conductivity material. Three full-size disks of
zirconia, which has been reported to have the
lowest thermal conductivity of any commercially
available ceramic, were machined from cold-
pressed, sintered material.

An extensive study is being made of the re-
crystallization of arc-cast and powder-metallurgy
niobium.  Specimens have been cold rolled to
reductions of 20 to 97% in thickness and are to be
annealed at various temperatures for various times.
X-ray and metallographic techniques will be used
to determine the rates of recovery and recrystal-
lization.  An experimental quantity of niobium
pellets obtained from the Electro Metallurgical
Company was successfully consolidated by ex-
trusion. The extruded rod was cold swaged 97%
without annealing.

A calcium reduction process was used in initial
attempts to produce yttrium metal. A reasonable
yield of Y-Mg-Ca alloy was preduced, but failure
of the tantalum crucible during vacuum distillation
of the material rendered it useless. A new process
was therefore developed in which lithium metal is
used as the reductant. A good yield of high-quality
alloy was obtained in an experiment to determine
the feasibility of the new method, and part of the
alloy was purified by vacuum distillation to produce
ductile sponge material.

Zirconium hydride specimens were prepared for
physical property measurements. Data were ob-
tained on linear and volume expansion and density
as related to hydrogen content, Samples with
various hydrogen contents have been prepared for
thermal expansion measurements. Some data were
obtained on the rate of permeation of hydrogen
through metals.

Three five-ply billets consisting of cermet cores
of Lindsay oxide and nickel clad with Inconel and
mild steel were successfully extruded. One tubu-
lar and two rod extrusions were made. Tensile
test specimens are being prepared.

The fabrication of molybdenum tubing for use in
corrosion tests and as moderator-canning material
is being studied. Experimental extrusions were
made of several billets of molybdenum and of
molybdenum-containing alloys.

3.6, Metallographic Examination of Heat
Exchangers, Radiators, and
Other Components

Metallographic examinations were made of two
Black, Sivalls & Bryson NaK-to-fuel heat ex-
changers which were operated in test stands for
extensive periods at high temperatures with large
temperature differentials. Zirconium-base fluoride
fuel mixtures were circulated in both heat
exchangers.
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The corrosion on the fuel side of the heat ex-
changer of type |HE-8 varied from zero in the
coolest section to a depth of 0.011 in. in the
hottest section. There were mass transfer crys-
tals on the NaK side of the sample from the coolest
section that were up to 0.002 in. thick, but there
was no corrosion. Tubing from the NaK inlet
header, the hottest region, had grain boundary
voids that extended to a depth of 0.016 in. on the
fuel side and there were fissures on the NaK side
to a depth of 0.003 in. Thus only 0.006 in. of the
0.025-in.-thick wall was unattacked.

Welds which were exposed to fuel at the hottest
end of the heat exchanger were also examined. The
attack was confined primarily to grain boundaries.
Where the long axes of columnar grains intersected
the weld surface there was much deeper attack
than in a weld in which the grain boundaries were
parallel to the surface. The deepest penetration
(0.016 in.) was found at craters in the welds. Un-
favorable grain orientation that led to deep inter-
granular attack was also found at the intersection
of two cover passes of a weld. It was also found
that machining of some welds, as required by the
assembly procedure, had exposed
oriented subsurface grains.

The results of these extensive examinations thus
revealed that in high-temperature corrosive en-
vironments the structural orientation of the weld
metal is an important factor in its corrosion re-
Most carefully made welds have, how-
ever, a surface layer oriented in such a way as to
minimize attack.

unsuitably

sistance.

If the surface layer is removed,
as by machining, so that the improperly oriented
subsurface grains are exposed, the corrosion rate
may be expected to increase.

Brazed joints that were exposed to NaK in the
coolest section showed some roughness and de-
pletion of a small amount of the brazing alloy.
The depletion was more severe in a brazed joint
at the hot end, and there was a heavy precipitate
in the Inconel adjacent to the brazed joint as a
result of diffusion of minor constituents of the
braze material into the header. The diffusion
leaves a nickel-rich material in the fillet.

3.7. Nondestructive Testing

A simple, portable instrument was developed
with which to sort metals and alloys on the basis
of conductivity. A unique design feature of the
instrument is that the magnitude of the indicating

XXX

deflection is of no importance; hence,
amplitude-determining variables, such as changes
in the electronic tubes, changes in the power
supply, or any other fluctuation, have no effect
on the accuracy of the reading, This design gives
stable, reliable, drift-free operation.

The possible use of eddy-current methods for the
measurement of sheet or cladding thicknesses is
being studied. Within the range of materials and
thicknesses studied, the accuracy is better than
0.001 in,

The immersed ultrasound technique was used for
the inspection of 10,000 ft of tubing, 600 ft of
Inconel pipe, and 400 ft? of Inconel plate. There

is an unresolved problem in the inspection of plate

meter

in that no means exist to differentiate between the
presence of defective material, which is cause for
rejection, and the presence of carbide precipitates,
which is not cause for rejection.

PART 4. RADIATION DAMAGE

4.1, Radiation Damage

The radioactive portion of in-pile loop No, 6 is
being disassembled and examined (see Chap. 1.8
for findings), and several samples taken during
disassembly of the ARE were removed from storage
for examination. Examinations were completed of
MTR-irradiated beryllium oxide slugs and their
Inconel container; little or no damage to the slugs
or the container could be found.

Eight Inconel specimens were subjected simul-
taneously to tube-burst stress-rupture tests at
1500°F at three stress levels while being exposed
in a helium atmosphere to MTR irradiation, The
results of the tests cannot be evaluated, however,
until out-of-pile tests under identical conditions,
including the high-temperature (1700°F) excursions,
are completed.

Two tube-burst tests in which stressed tubes
were immersed in a zirconium-base fluoride fuel
mixture were also conducted in the LITR. Both
tests were terminated because of fuel leakage and
high activity.
in a hot cell.

A low-intensity fast-flux exposure facility is
being designed for irradiating semiconductor and
other electronic components. Efforts are being
made to obtain semiconductor samples of known
characteristics for testing in the new facility.
Several grown-junction germanium diodes of known

The specimens are to be examined



characteristics are being prepared, and the feasi-
bility of making diffused junctions has been es-
tablished. Further investigation of the anomaly in
the reverse conductance of IN 38A diodes under
irradiation has indicated the probability that this
behavior may be due to surface changes induced
by decomposition of the grease used'in constructing
the unit.

Radiation damage studies of ART neutron shield
materials are under way. Boron carbide and
stainless-steel-clad copper B,C cermet samples
are being tested under simulated service conditions
of temperature and burnup.

Estimates were made of the air-borne activity
that could result from leakage of fuel from a circu-
lating-fuel reactor. The calculations were made
for the case of fuel leakage onto the ground.

The fuel mixture NaF-ZrF ,-UF, (60.8-27.4-11.8
mole %) was circulated for 332 hr in an Inconel
loop operating in a vertical hole in the LITR. The
reactor was operating for 235 hr of the 332-hr loop-
operating period, including 207 hr at full power,
All components of the loop operated satisfactorily
except the pump. Operation of the loop was termi-
nated by stalling of the pump, probably because of
bearing seizure. The loop is to be disassembled
and examined.

Four methods have been developed for monitoring
thermal flux during irradiation in the MTR of
Inconel capsules filled with static zirconium-base
fluoride fuel mixtures. The methods consist in the
measurement of the activity of the Co%® and the
Cr3' produced by the activation of the cobalt and
the chromium in the Inconel capsule and the meas-
urement of the Zr?5 and the Cs137 produced from
fission in the fuel.

Two types of activated charcoal being considered
for use in the ART off-gas adsorber bed were
tested to determine their relative effectiveness
in holding up noble fission gases. Surface area
and pore size were measured by classical ad-
sorption methods, and dynamic holdup tests were
run with radiokrypton as a tracer. The measure-
ments showed the two materials to be indistin-
guishable, but 10% more coke charcoal than coconut
charcoal was required. A method for analyzing the
ART off-gas is being developed.

PART 5. REACTOR SHIELDING

5.1. Lid Tank Shielding Facility

A series of tests for investigating the shielding
properties of Hevimet, stainless steel, and lithium
hydride preceded by a beryllium reflector-moderator
and backed by borated water is being performed to
aid the Pratt & Whitney Aircraft shield design
effort. Most of the configurations studied were
designed to give information concerning the pro-
duction of secondary gamma rays in the Hevimet,
stainless steel, and lithium hydride. The radiation
attenuation properties of lithium hydride were also
investigated for thicknesses varying between 12
and 36 in. Analysis of the data is incomplete.

A valve of 3.22 + 0.18 barns was calculated
for the effective neutron removal cross section of
Hevimet on the basis of thermal-neutron measure-
ments made in plain water beyond a 4-in. thickness
of the material placed adjacent to the LTSF source
plate. From this value, a removal cross-section
value of 3.13 % 0,25 barns was calculated for
tungsten. This is to be compared to a value of
2.51 * 0.55 barns, which was determined from
earlier LTSF experiments.

New sets of neutron cross sections for nitrogen
and oxygen are being prepared by the Nuclear
Development Corporation of America under ORNL
subcontract 1069. Calculations are also being
performed on the age of fission neutrons in water
(involving oxygen data) and on the sensitivity
of the air scattering of neutrons to the microscopic
cross sections.

5.2, Bulk Shielding Facility

Efforts are continuing to process the raw data
from the measurements of the gross fission-product
gamma-ray spectra at short times after fission.
The small-pulse ‘‘tail’’ which appears in the
response to a single gamma-ray energy has been
successfully removed from the fission-product
spectra in a hand calculation. The approximate
Gaussian response in the region of the peak, how-
ever, introduces anomalies in the corrected spectra
which appear to be traceable to the too large width
of the Gaussian function. Oracle calculations are
being started to investigate this point and to
determine just how much of the nonunique response
can be eliminated from the observed spectra.
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Fabrication of some of the equipment for the
shielding measurements at the ART was initiated.
It is anticipated that the installation of all the
components at the site will be completed by the
tirst week in November,

A calculation was performed to determine the
high-energy portion of the gamma-ray flux at the
surface of the uraniumealuminum BSF reactor.
The flux was considered to consist entirely of
the uncollided flux plus the Compton-scattered
flux. The four sources of primary gamma rays
included in the calculation were prompt-fission
gamma rays, capture gamma rays from aluminum,
capture gamma rays from uranium, and fission-
product decay gamma rays. These sources were
divided into four energy groups. Although the
used to calculate the Compton-
scattered flux tended to overestimate the actual
spectrum, the calculated intensity was considerably
lower than that of a previously measured spectrum.

Two 256-channel analyzers have been obtained
to facilitate spectroscopy experiments at the BSF
and the ART. Considerable time has been ex-
pended in the testing, debugging, and modification
of the units. One unit is now performing satis-
factorily, but the second unit operates with a
nonlinearity of about +0.7%, compared with the
required £0.2%.

The design of the BSF pool bridge from which
the 15-ton gamma-ray spectrometer will be sus-
pended is now 95% complete, and fabrication is
approximately 5% complete, The design of the
measuring device which will indicate the position
of the spectrometer in the pool is 25% complete,
while design and fabrication of the spectrometer
shield are 80% and 20% complete, respectively.
The fabrication of the shield has been accelerated
by the recent success in the pouring of small heats
of the lithium-lead alloy which will be used in the
shield.

The development of a neutron spectrometer
utilizing single crystals of Li|(Eu) is continuing.
1t has been found that when the crystals are cooled
to about —140°C the pulse-height response of the
crystals results in a much sharper fast-neutron
peak of nearly Gaussian shape. In recent investi-
gations, pulse-height spectra from the crystals
operating at the temperature of liquid nitrogen
{=196°C) have been recorded for neutrons from the
(d,d), (d,t), and Be?(d,n)B'® reactions and from a

assumptions
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Po-Be source. The scintillation response of the
various crystals to gamma rays has also been
studied. The results of these investigations are
recorded.

With the exception of the high-voltage power
supply, the equipment required for the measurement
of the neutron diffusion parameters in beryllium and
graphite has been assembled. These measurements
will be made as a function of temperature by the
“pulsed-neutron method.”” Preliminary measure-
ments will be made at room temperature and at
liquid-nitrogen temperature by using an accelerator
at the ORNL High-Voltage Laboratory.

Several full-scale tests have been performed to
aid in the development of the plate-type control
system for the proposed UO,~stainless steel test
reactor at the BSF. Drop times of the plates were
studied for the condition of fall under force of
gravity only and for the conditions of initial spring
forces of 66 and 86 Ib. Although the results of the
tests have not yet been completely analyzed, the
mechanical feasibility of the mechanism has been
demonstrated. In addition, tests have been per-
formed with the BSF reactor to determine the effect
of using this type of control system. For these
tests, boron-loaded aluminum plates were intro-
duced at various positions within the reactor core.
Both single plates and pairs of plates were used.
It appears that the optimum separation distance
for two plates is between 3.5 and 6 cm.

Mockups of the TSR-ll control device have been
operated in a square water-filled hole, 6 in. on a
side, in the center of the BSF reactor. The mock-
ups consisted of four or eight stainless steel or
boron-loaded aluminum plates. In conjunction with
these tests, a series of tests was performed in

. which the effect of a single boron-loaded aluminum

plate inserted in a dummy element near the center
of the reactor could be determined. In addition,
pairs of boron-loaded aluminum plates were inserted
in the TSR-Il test cell to investigate the effect of
the shading of one plate by another,

5.3. Tower Shielding Reactor Il

Central fuel elements were successfully fabri-
cated for the TSR-ll, and plans have been made to
set up a complete dummy core for cooling-water
flow studies. The results of the BSF experiments
with a mockup of the internal control-plate system



were compared with the results of Oracle calcu-
lations that predicted the amount of excess re-
activity that could be controlled in the TSR-Il. In
addition, a prototype of the proposed TSR-Il con-
trol system was tested to obtain a comparison
between the actual and the calculated values of
the pressure required to operate the mechanism
and to determine the time required for the full

travel of the control plate under scram conditions.
The calculated pressure was 66 psi for normal
operation, while the experimentally observed
pressure was 100 psi. The calculated length of
time for full control-plate travel was 15 msec, while
the experimentally observed time was 50 msec.

‘Further tests to resolve the discrepancies are in

progress.
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Part 1

AIRCRAFT REACTOR ENGINEERING

S. J. Cromer






1.1. REACTOR AND FACILITY CONSTRUCTION

W. F. Boudreau

Reactor and auxiliary components for the Engi-
neering Test Unit (ETU) and the Aircraft Reactor
Test (ART) are being fabricated by various manu-
facturers and by the ORNL and Y-12 shops. As
parts are received the ETU reactor is being
assembled and the operating facility is being
constructed. Major construction work on the ART
facility has been completed, and design work on
the process piping and equipment is under way,
Procedures for disassembly of the reactor are
being prepared concurrently with assembly pro-
cedures to assure feasibility of disassembly. De-
tails of the status of fabrication and construction
are given below.

HEAT EXCHANGER PROCUREMENT
R. D. Schultheiss

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

The Griscom-Russell Co, has resolved the prob-
lems involved in the fabrication of the sodium-to-
NaK heat exchangers, and two units have been
completed and brazed successfully. These heat
exchangers, shown in Figs. 1.1.1 and 1.1.2, were
received on June 13 and 20, 1957, ond are being
installed in the ETU assembly. The units required
for the ART are to be delivered in July and August
1957.

NCLASSIFIED
PHOTO 4119

Fig. 1.1.1. Sodium-to-NaK Heat Exchanger Installed

in ETU North Heud.w

A. P. Fraas

Fuel-to-NaK Heat Exchangers
R. B. Clarke

A detailed analysis was made in cooperation
with Black, Sivalls & Bryson personnel of the
remaining development problems associated with
the fabrication of the fuel-to-NaK heat exchangers
for the ETU and the ART, and a workable program
was devised. Procedures were developed for the
fabrication of the various welds, and the installa-
tion of the brazing furnace was completed.

Six channels have been machined, to date, but
they are not usable because they are not within
dimensional tolerances. The sixth channel closely
approached the required dimensions, but it is
evident that the tooling for the machining must be
revised to include a rocking tool.

Holes have been drilled in a tube sheet that are
within dimensional tolerances, and it appears that
standard rods can be used for positioning the
drilling head.

Tube trimming is now being done on a Bridgeport
mill by using a mimic attachment pickup from a
standard tube sheet. This procedure reduced the
trimming time from two weeks to 8 hr. Wedge
assembly will be done by welding a flat plate to
the tube sheet and profiling the inside face to the
required dimensions from a template rather than by
welding profiled wedges to the tube sheets, This
procedure will simplify the welding, provide
greater accuracy in final positioning, and reduce

UNCLASSIFIED
PHOTO 41195

Fig. 1.1.2. Second Sodium-to-NaK Heat Exchanger
Prior to Installation in ETU.
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the over-all fabrication time, The outer face of
the bulkheads will no longer be profiled but,
rather, will be milled in conjunction with end
milling of the bulkheads. This procedure will also
reduce fabrication time. Steps in the fabrication
procedure are shown in Figs. 1.1.3, 1.1.4, and

1.1.5.

NaK-to-Air Radiators
M. M. Yarosh

Three prototype ART test radiators were received,
and one unit is now being tested. The cores for
the two ETU radiators have been welded and
brazed and are being assembled into radiator units.
It is expected that the ETU radiators will be
available soon. Work is now under way on the
fabrication of the main and the auxiliary radiator

cores for the ART.

NEUTRON SHIELDING FABRICATION
M. Bender G. D. Whitman

Boron Carbide Tiles

Virtuatly all the problems related to the pro-
duction of the boron carbide tiles have been
resolved, and most of the tiles have been received.
The manufacture of these pieces by the Norton
Company, while expensive (total cost, $207,000),
appeared to be straightforward. The parts were
made from hot-pressed slabs that were machined
with optical grinding tools. In all cases the tiles
met the specified tolerance, a major accomplish-
ment in view of the many odd contours which were
required. A total of 33 different shapes was
specified. A typical finished tile is shown in
Fig. 1.1.6.

UNCLASSIFIED
} PHOTO 41197

Fig. 1.1.3. Machining of the Inside of a Fuel-to-NaK Heat Exchanger Channel. (C‘wi th caption)

.
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PERIOD ENDING JUNE 30, 1957

UNCLASSIFIED |
PHOTO 41198 |

Fig. 1.1.4. Fuel-tosNaK Heat Exchanger Tube Bundle in Assembly Fixture. (Wl with caption)

Stainless Steel Cans for Tiles

The fabrication of the stainless steel cans to
contain the boron carbide tiles posed a serious
problem, since in order to reduce the neutron-
leakage gap between adjacent tiles it was neces-
sary that the tolerances be equivalent to those
for the tiles. The ERCO-Nuclear Division of
American Car & Foundry Co. was given the job of
manufacturing the required pieces. By utilizing
the facilities available for the manufacture of the
tiles as the source for dies to be used in a static
rubber-press forming operation, by relaxing non-
critical tolerances, and by making slight design
modifications, the expense of the cans appears to
have been brought to within tolerable limits. The
working estimate for the cost of these parts'is now
$50,000, which is to be compared with an original
estimate of $125,000,

Thus far no finish&d parts have been delivered,
but representative specimens have been furnished

and no major manufacturing problems are apparent,
Tooling for this work is about 80% complete. Two
of the dies are shown in Figs. 1.1.7 and 1.1.8.

Stainless-Steel-Clad Copper-B ,C Cermet Plates

The copper-B,C cermet material required for
neutron shielding is being manufactured by the
Allegheny-Ludlum Steel Corp. Early experimental
production of the material gave very low yields,
bui close cooperative effort between the ORNL
Metallurgy Division and Allegheny-Ludlum estab-
lished that the production difficulties were the
result of improper design of the pack-retaining
bars, poor dimensional control of the retaining bars
during fabrication, and failure to properly evacuate
and purge the pack before rolling. These diffi-
culties having been eliminated, the production
yields approached 100% for recent experimental
runs. Although the production difficulties appear
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Fig. 1.1.5. Fuel-to-NaK Heat Exchanger Channel in Master Checking Fixture, (S oww®® \ith caption)
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Fig. 1.1.6. Typical Finished Boron Carbide Tile for
Equatorial Region,

UNCLASSIFIED
PHOTO 24967

Fig. 1.1.7. Stretch Die and Formed Blank for Manu-
facture of Stainless Steel Cans for Boron Carbide Tiles,

PERIOD ENDING JUNE 30, 1957

UNCLASSIFIED
PHOTO 28966

Fig. 1.1.8, Rubber Press Dies for One Shape of Can
for a Boron Carbide Tile.

to have been solved, the basic cost of the material
remains high ($1.00 to $1.40 per square inch),

The ERCO-Nuclear Division of American Car &
Foundry Co. is fabricating the required cermet
shapes from the rolled cermet sheet material.
Tooling for the required parts is essentially com-
plete. The fabricating steps include cutting the
cermet material to the approximate developed areq,
hot forming the pieces in a mechanical press over
steel dies (Figs. 1.1.9, 1.1.10, and 1.1.11), and
machining the edges of the part to the required
shape by using the Elox (electric-discharge) cutting
method (Fig. 1.1.12). All phases of the operation
have been tested, and the methods appear to be
satisfactory.  Difficulty was experienced with
blistering of the stainless cladding on the cermet
during hot forming, but the trouble was traced to
poor quality control during the early experimental
stages of sheet production. No further difficulty
is anticipated.
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UNCLASSIFIED
PHOTO 28971

Fig. 1.1.9. Copper-B4C Cermet Blank Being Inserted in the Press.

ERCO has supplied some of the required parts
(Fig. 1.1.13), but the bulk of the parts will be
manufactured during July and August. The current
working cost estimate for these parts, exclusive
of the cermet material made by Allegheny-Ludlum,

is $150,000, compared with an original estimate of
$250,000.

FABRICATION OF SHELLS AND CONTAINERS
M. Bender

Evaluation of Fabrication Methods

A critical review of fabrication techniques for the
reactor shells, together with a further analysis of
the dimensional, metallurgical, and other require-
ments for these parts in a reactor, has led to a
partial reorientation of the procurement program,

As discussed below, it is anticipated that this
change should increase the certainty of obtaining
shells as they are needed in the reactor assembly
sequence and should decrease their over-all costs,

Hydrospinning Techniques

The feasibility of fabricating the reactor shells
by spinning was re-examined during the quarter,
Progress at the Lycoming Div. of Avco Mfg. Corp.
has been very slow, despite extensive relaxation
of dimensional and metallurgical requirements,
None of the twenty-six ]/B-in.-fhick inner core
shell (shell 1) pieces' produced thus far were

TFor shell structure of ART see Fig. 1.1.1 of ANP
Quar. Prog. Rep. Dec. 31, 1956, ORNL-2221, p 3.
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UNCLASSIFIED |
PHOTO 28970

Fig. 1.1,10. Copper-B4C Cermet Blank Being Heated Prior to Pressing Operation.

completed successfully. The pieces were unsatis-
factory primarily because of axial cracks in the
equatorial region and in the reverse curve area.
It is hoped that this can be corrected by the intro-
duction of a preforming step (by Hydroform) before
the first spinning operation and by a redistribution
of the amount of wall thickness reduction between
anneals during the final spinning stages.

Of the twenty ]/a-in.-'rhick outer core shell
(shell 1) pieces processed by Lycoming, only
15 have reached the final spinning stage. Of
these, three were close enough to the specified
dimensions to be considered for the reactor in-
stallation, but they were rejected because of
insufficient wall thickness in some areas. These
pieces had contour deviations of as much as
0.050 in. in some areas and were as much as
0.020 in. off the nominal dimension at the equa-
torial trim line. Lycoming has reported that the
use of a preforming step is advisable in the pro-
duction of these pieces, as was the case for
shell |, and they are taking steps to preform all

new material before further processing. This step
will introduce a 60- to 90-day delay in the produc-
tion of shell || pieces. No more hydrospun shell 1|
pieces are expected before September 1957,
Limited success has been achieved at Lycoming
in the forming of the ]/4-in.-'rhick outer reflector
shell (shell HI), Typical stages in the spinning
operation are shown in Figs. 1.1.14 through 1.1.17,
As with shells | and I, however, attempts were
made to produce the pieces without preforming
them. While one piece approached the desired
shape (Fig. 1.1.17), it was not possible to de-
termine whether it could be brought to the finished
contour.,  Examination of the proposed reactor
assembly procedures and experimental weld shrink-
age control data showed that even if the part could
be produced to the finished dimensions it would be
distorted when welded to the load ring and to the
shell Il spur. The spun shell was therefore
abandoned in favor of a machined weldment,
Lycoming was requested to give first priority to
the spinning of the ]/lé-in.-'rhick inner neutron



ANP PROJECT PROGRESS REPORT

UNCLASSIFIED |
PHOTO 28969

Fige 1.1.11, Pressed Copper-BAC Cermet Plate Being Removed from Die.

shield cover (shell IV). In this case, as in pre-
vious instances, the preforming step was bypassed
and serious difficulties were encountered, as
shown in Figs. 1.1.18 through 1.1.21. A preforming
step is being instituted, and, if the preforming
solves most of the difficulties, it is anticipated
that delivery of shell 1V pieces will be made in
January 1958, Investigations of the production
of this shell have been limited by the Inconel
stock available. Lycoming initially requested
3/]6-in.-thick stock, but they later changed their
request to ]/s-in.-fhick material. No ]/B-in.-thick
material has yet been delivered, and therefore the
experimental work has

%6-in.-fhick stock,

Tools are being designed for the spinning of the
]/]6-in.-thick outer neutron shield cover (shell V).

been carried out with

10

These pieces are complex, and their production
will involve a combination of drawing, or pressing,
and spinning. Lycoming has predicted a February
1958 delivery for these pieces.

Despite the many problems, there have been some
important accomplishments made by Lycoming in
the spinning art, For example, they have de-
veloped suitable heat-treating techniques for the
intermediate spinning steps; this is a relatively
new practice in spinning. Control of the grain
structure to approach the stringent requirements
has been accomplished, in spite of the complica-
tions caused by the odd shapes being manufactured.
Further, they have closely approximated the re-
quired shapes while using a method which is
ideally suited only to the fabrication of conical
and tubular shapes.
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Fig. 1.1.12 Formed Copper-B,C Cermet Ring Being
Machined on an ELOX Cutting Machine.
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Fig. 1.1.13. A Typical Stainless-Steel-Clad Copper-
B4C Cermet Plate for Equatorial Region.
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The wall thickness deviations are, as yet,
troublesome, but the results are better than could
have been expected with any method other than
precision machining. The major difficulty has been
that all the deviations have been on the low side
of the tolerances.

The length of time required to reach the present
state of the spinning art has led to the feeling
that alternate processes should be investigated
in order to reach an earlier completion date, The
use of this process for the production of reactor
parts is not impractical, however, and further de-
velopmental work is warranted because of the
vltimate high quality of the finished product and
the probable low unit cost for large-quantity pro-
duction,

Machined Weldments and Forgings

The possibility of machining the shells from
formed weldments was explored early in the fabri-
cation studies. It was rejected, however, because
of the questionable quality of heavy Inconel plate,
the coarse grain structure of such plate, the addi-
tional risk incurred by welding, and the unpre-
dictable distortion behavior of the welds in the
reactor structure. Experience with Inconel and
new developments in the design have now invali-
dated some of the arguments against the machined
weldments.  The quality of Inconel plate, as
measured over the past two years, has proved to
be far better than anticipated. Welding techniques
exist with which extremely reliable welds are
produced. In addition, the support spacers now
being used to define the cooling passages around
the shells have eliminated the worry about poten-
tial distortion of the shells because of the welds.
The objections to coarse grain structure are still
present, and recent data have emphasized the
importance of fine grain structure in the core re-
gions where high temperatures and severe thermal
cycling will occur simultaneously. For the ETU,
however, where these severe conditions cannot be
introduced, the grain structure is relatively un-
important,

Four ‘/e-in.-fhick inner core shell (shell |) pieces
were fabricated from weldments. Two of the four
pieces were dimensionally acceptable, and they
were metallurgically sound, except for minor weld
defects not significant in the ETU. Additional
pieces are being fabricated, and it is anticipated
that even the minor imperfections will be absent,

1
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Fig. 1,1.14. Typical Flange Failure That Occurred During Spinning of Shell Ill.

Fig. 1.1.15. Typical Flange Bulge That Occurred During Spinning of Shell 11l.

12

UNCLASSIFIED
PHOTO 28974

UNCLASSIFIED
PHOTO 28973



UNCLASSIFIED
PHOTO 28972

Fig. 1.1.16. Shell Il Partially Formed by Spinning.

Outer core shell (shell Il) pieces are also being
machined from weldments,

Since it has been established, as stated above,
that the l/“-in.-'fhick outer reflector shell (shell 111)
pieces cannot be fabricated satisfactorily by
spinning, the pieces are to be machined from
weldments, Fortunately, coarse-grained material
will be acceptable in this shell because it will
be cooled with sodium and will not be subjected
to either high temperatures or severe thermal
cycling. The weldments are now being fabricated
by Steel and Alloy Tank Co. and will be machined
in the Y-12 shop.

PERIOD ENDING JUNE 30, 1957

The method of fabrication of the 3/8-in.-thick
pressure shell liner (shell VI) was changed from
spinning to the machining of a forging in January
1957. Tooling for the forging is now being pre-
pared by the Ladish Co. The required Inconel
will be available early in August and delivery of
the part is promised in October.

The fabrication of the outer pressure shell
(shell VII) was originally undertaken by the Allis-
Chalmers Mfg. Co., who had, in turn, ordered
forgings for these pieces from Ladish. The Allis-
Chalmers contract was canceled during March 1957,
and ORNL took over direct administration of the
Ladish subcontract. The first shell VII lower
forging has been struck, but it required minor
correction before shipment to the Y-12 shop. The
upper forging has also been struck and is now
being inspected. The machine work on these
pieces is to be performed by the Y-12 shop.

Cold Drawing and Pressing Methods

In January 1957 it was established that the lower
portion of the ‘/]6-in.-fhick outer neutron shield
cover (shell V) could not be produced by spinning,
and it was decided that it must be cold drawn or
pressed, Cold drawing had been investigated pre-
viously for the production of these thin shells but
had been rejected on the basis that the deep
drawing required would cause excessive wall
thickness deviations. The horizontally section-
alized nature of the shell V pieces alleviates this
problem to some extent, and it appears to be
likely that the thinout problem will not be serious
in the case of the lower portion of shell V.

The thinout problem continues to cause objection
to the drawing method for the production of shell
IV. A favorable aspect of the situation has
occurred, however, in that the stress design con-
cept of this shell has been modified from the
original premise. The shell is now expected to
buckle in a predetermined pattern against the
neutron shield. Therefore the structural require-
ments are not so severe as originally anticipated,
and the wall thickness. requirements can be re-
laxed. Investigations have indicated that the wall
thickness deviations of a cold-drawn shell IV might
be as much as 30%. Design information shows
this to be a greater deviation than desirable but

13
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Fig. 1.1.17. Shell 1l Formed by Spinning.

abandonred at this point.

Inside of shell polished to remove defects. Spinning operations

Fig. 1.1,18, Typical Cracks That Occurred During Spinning of Shell 1V.
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Fig. 1.1,19. Typical Scalloped Edges That Developed During Spinning of Shell V.

not necessarily unacceptable.  Consequently,
efforts are being made to obtain a supplier for
drawn shells,

Centainers

Costly tooling has been required to meet the
dimensional requirements of even some relatively
simple shapes included in the reactor assembly.
These shapes include the Inconel containers (top
and bottom cans) which will hold the boron-
containing cermet material at the top outer pe-
riphery of the beryllium reflector and the Inconel
rings which will contain the insulation below the
outer periphery of the load ring. These parts are
being formed by hydraulic pressing and drawing at
Kaiser Metal Products, Inc., in Bristol, Pennsyl-
vania. Two representative pieces have been
formed and are now being inspected.

DEVELOPMENT OF REACTOR ASSEMBLY
METHODS

C. K. McGlothlan

Weld shrinkage tests are being made in order to
establish procedures for assembling the reactor.
In particular, studies were made of the transverse

and radial shrinkage to be expected in the equa-
torial weld of the ‘/B-in.-fhick inner core shell
(shell 1). This shell will be assembled in two
halves over the beryllium island and spacers to
form the island subassembly., Twelve tests with
rolled hoops and spun shells have provided suffi-
cient data for accurately predicting the weld
shrinkage. The tests also served to familiarize
welders, machinists, and inspectors with the
problems involved in welding the island sub-
assembly,

The shell | equatorial weld for the ETU island
subassembly has been made, as described below.
A total of 0.050 in. was allowed for transverse
shrinkage, and the shell actually shrank 0.065 in.,
The radial shrinkage predicted was 0,030 in, at
1/2-in. planes on each side of the weld; and the
actual radial shrinkage after welding varied from
0.005 to 0.025 in. The designed gap between the
Inconel shell and the 414 Inconel staple spacers
in the beryllium island subassembly was 0.0035 *
0.0015 in.; the calculated minimum gap after weld-
ing was 0.0045 in. on the cylindrical sections and
0.0025 in. on the tapered sections.

15
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Fig. 1,1,20. Spun Shell 1V Set Up for Machining Excess Stock in Polar Region. Scalloped edges still present.

Weld tests have been completed for welding of
the l-in.-thick pressure shell, The first test on
short rings showed considerably distortion and
excessive radial and transverse shrinkage. Two
additional tests on rings 56 in. in diameter and
24 in. long were performed by using a modified

16

weld design in which the l-in.,-thick wall was
tapered to ]/2 in, at the weld joint to reduce the
weld metal volume and to provide room for radial
shrinkage. The data obtained indicate that both
tests made with the new weld design produced
approximately the same transverse shrinkage and
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Fig. 1.1.21. Spun Shell IV Ready to Remove from Selas Annealing Furnace.

that the radial shrinkage was not excessive.
Therefore, this welding detail has been incorpo-
rated in the reactor design.

A satisfactory furnace-brazing method has been
developed for joining heavy Inconel sleeves to
thermocouple sheaths. Varying degrees of success

were encountered in the use of the initial Heliarc
welding techniques for these sheaths, which have
0.025-in. walls and which were to be welded into
various walls and shells. The thermocouples were
to be welded to the individual fittings as the
reactor assembly progressed through its various

17
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stages. This type of assembly would have pro-
duced many uncertain welds that could not be
completely inspected, and, since these welds
would also have been very difficult to make, a
different method of installation is now planned in
which the heavy fittings will be brazed to the
thermocouple sheaths.

Tests have shown that the heavy fittings can be
satisfactorily furnace brazed to the thermocouple
sheaths, and therefore the fittings containing the
thermocouples will be welded at trepanned loca-
tions in the reactor structure, The actual assembly
welds will be heavy and repairs can be made with-
out losing the thermocouple assembly,

A test was also performed that simulated the
welding of the lower portion of shell Il to the
adapter spur. This test indicated so much dis-
tortion of the parts that it was necessary to revise
the fabrication procedure. Instead of the finished
parts being welded together as originally planned,
the adapter spur will be made as part of the lower
hemispherical reflector shell.

Weld tests are now in progress to determine the
shrinkage that will occur when making the equa-
torial welds on the ]/B-in.-fhick outer core shell,
the ]/l‘-in.-'rhick outer reflector shell, the ]/lé-in.-
thick shielding cover shells surrounding the
neutron shielding material, and the 3/8-in.-thick
pressure shell liner,

ETU REACTOR FABRICATION AND ASSEMBLY

M. Bender G. D. Whitman
H. M. Abele C. K. McGlothian
G. W, Peach

The assembly work on the ETU north head was
resumed upon arrival of the sodium-to-NaK heat
exchangers. It is now estimated that six months
will be required to complete the assembly of the
north head.

A lower-deck skirt forging was received, and it
will be used in place of the formed weldment that
was originally built for possible use in the ETU
reactor if delivery of the forged part delayed the
job. A north-head welding fixture has been fabri-
cated (Fig. 1.1.22) with which to position the lower
skirt and upper cylindrical appurtenances during
welding operations.

All stress-relieving operations on the north head
are to be done in the Y-12 plant, and a hydrogen
gas drying facility has been installed in the plant
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foundry so that suitable atmospheres may be pro-
vided in the large electric furnace available for
this job.

The first machining operation on the strut load
ring forging is complete, and the sodium outlet
pipes have been welded to this part. . The struts
have been welded to the ring and the two assem-
blies are being welded together. This assemkbly is
shown in Fig. 1.1.23 as set up for welding the
struts to the forging.

Four Inconel inner core shell (sheli 1) halves
were fabricated by cold forming, welding, and
machining. The machining of these parts was
done in the Y-12 shop, and two halves have been
assembled into the ETU reactor. Other ETU
reactor shells are to be fabricated by forming,
welding, and machining; the machining operations
on these shells are to be done in the Y-12 shop.
Work was started on tracing templates and holding
fixtures, The pressure shell forgings are scheduled
to be delivered during June.

The Inconel material has been received and
machining operations have been started on one set
of filler plates for the ETU. Complete design
information has been established on the beryllium

parts, and work has been started on the final
contouring of the upper beryllium reflector-
moderator hemisphere. This work, which is

scheduled to be completed in June, will complete
the beryilium fabrication.

A complete set of beryllium orifice plugs for the
island cooling passages for two reactors has been
fabricated. These parts, which will be inserted
in the lower island half, are sized to give the
proper flow distribution in the parallel passages.

The remaining work on the ART beryllium,
principally the upper hemisphere contouring, is
not scheduled to be done until the ETU reflector
assembly has been completed., In practically all
cases it is planned to complete the major ETU
subassembly before work is started on the ART
subassembly so that unforseen difficulties may be
avoided on the second reactor assembly.

As stated above, work is under way on the ETU
island assembly. The upper portion of the beryl-
lium with the staple spacers installed, the upper
core shell half, the bellows expansion joint, and
the vane mounting are shown in Fig. 1.1.24. In
Fig. 1.1.25 the assembled beryllium halves are
shown, and in Fig. 1.1.26 the shell halves are in
place for welding.
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Fig. 1.1.22. North-Head Welding Fixture.

The staple spacers were sized and inserted in
the beryllium without difficulty, The edges of
the spacers matched the contour of the beryllium
to within 0.002 in.; and since the shells and
beryllium were within design tolerance, all the
spacers could be made the same height.

The beryllium parts were degreased in trichloro-
ethylene and vacuum dried at 200°F for 24 hr. The
equatorial weld was made without difficulty and
the weld shrinkage values were within the design
tolerance limits,

ETU FACILITY
P. A. Gnadt A. M, Smith
NaK System

The installation of the furnace circuit main
NaK piping is approximately 75% complete. The
considerable difficulty encountered in obtaining
acceptable welds was attributed to inadequate

purging of large sections of pipe and the resulting
porosity in welds. Therefore techniques were
developed for isolating weld areas and removing
residual air from the large system volume. As a
result of these improved techniques the weld re-
jection rate was considerably lowered.

The purging difficulties indicated that all
auxiliary devices, such as thermocouple wells,
pressure-measuring devices, and other small
appurtenances attached to the main piping, should
be welded into the pipes before the main piping
runs were completed. The original plan to attach
all appurtenances to the system after the main
piping runs were completed was developed in an
effort to reduce damage which might result during
later phases of construction. The change in the
assembly sequence as a result of the purging
problem has caused component fabrication dif-
ficulties, because the appurtenances had not
been scheduled for fabrication until late in 1957,
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Fig. 1.1.23. Strut Load Ring Assembly. P
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Fig. 1.1,24. Parts for Upper Half of ETU Island Assembly,
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Fig. 1.1.25. Assembled Beryllium Halves of ETU Island Assembly.

. : UNCL ASSIFIED
¢ PHOTO 28840

- Fig. 1.1.26. Inner Core Shell Halves Positioned for Welding.
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Work on the main piping was not, however, slowed;
the agpursenances will be welded into the system
as soon as they are available.

Two NaK pump stationary assemblies have been
set in place in the support structure. Fit-ups
on the main piping have been made, and welding
is now in progress.

The main piping of the isothermal NaK circuit
will be assembled after completion of the furnace
circuit piping. One NaK pump stationary assembly
has been installed in this circuit, and the other
pump stationary assembly and throttle valves
are scheduled for delivery in June. All main
pipes are formed and are ready for installation
system components are received.
Thermocouple wells are to be available for in-
stallation before the main pipes are assembled
in the structure.

The main piping of the auxiliary NaK circuit
cannot be started until pumps and radiators are
available.  Present plans are to assemble the
main piping on these circuits following completion
of the isothermal circuit main piping. One radiator
is to be available for installation in July.

NaK dump tanks and lines cannot be assembled
into the facility until the dump valves are avail-
able, and dump valve procurement is dependent

as soon as

upon tests which are being made of a prototype
unit (Chap. 1.2, ‘‘Component Development and
Testing’’). If the test of the prototype unit is
successful, the production units will be fabri-
cated.

Cold-trap and plug-indicator system fabrication
has been stopped temporarily pending the results
of a re-evaluation of the pressure drops in the
NaK systems. Throttle valve procurement, line
sizes, and system locations are dependent upon
the results of this analysis.

All major components for the main air duct
system are on hand. Completion of this portion
of the work is contingent upon the results of a
high-temperature leakage test of the louvers.
The presently installed radiator test duct is to
be used for the test, and assembly work will
not proceed until after the test is completed.

Control Room

The control room housing and the air conditioning
system are approximately 90% complete. Design
work on panel layouts and controls has been
started,  Delivery of the panels is presently
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scheduled for August 1958. The Instrumentation
and Controls Division has assumed the responsi-
bility of procurement, connection, and checkout
of wiring and piping between the panels and
associated sensing elements.

Gas and Hydraulic Systems

Tests of hydraulic drive units for the reactor
pumps indicated that the originally proposed
units would not meet the operating requirements.
The hydraulic drives have therefore been dis-
carded in favor of variable-frequency electric
motor drives. The necessary equipment, including
motor-generator sets, magnetic clutches, and
drive motors, will be available in October if
present commitments are met.

The vendor, Bowser, Inc., for the lube-oil
packages has two packages 90% complete, but
late delivery of the lube-oil pumps from a sub-
contractor is delaying the completion of the units.

Intermediate runs of the lube-oil, water, and
helium piping are approximately 80% complete,
but revisions must be made to the piping systems
now installed. Detailed engineering for these
revisions and for connections to the equipment
located in the basement area is now being started.
Revisions to and completion of the piping in the
basement area are scheduled to be done by a cost-
plus-fixed-fee contractor by January 1, 1958.

Electrical System

The emergency electrical system, which consists
of the 300-kw diesel generator unit and associated
switchgear and supply leads, remains 95% com-
plete. All design work is complete for this phase
of the work, and the installation work will be
completed by January 1, 1958,

Design drawings for the normal electric supply
system have been released for construction by
a cost-plus-fixed-fee contractor. This contractor
will install all remotely operated voltage-adjusting
units, distribution panels, transformers, switches,
wiring, associated auxiliary equipment for the
electric heater supplies, .motor control center,
motor-generator sets, cable trays, and wiring
and will connect all electric power leads to the
equipment in the basement area. Also, this
contractor will install all cable trays on the
track floor, except those in the cell and NaK
piping areas, and will install and connect the
speed control units and resistors for the NaK



motors. All major equipment is on hand for this
work, which is scheduled for completion by
January 1, 1958,

Design work on heaters for individual com-
ponents is approximately 25% complete. Instal-
lation of heaters and thermocouples is scheduled
for the first quarter of calendar year 1958,

General Construction Status

Designs for support structures, cross bracing,
and walkways in the NaK piping area are approxi-
mately 75% complete, and pipe hanger and support
designs are approximately 90% complete. Most
of the major design work not covered specifically
above is completed. Some minor design work

remains that will not affect the construction
schedule.
The facility is shown in Fig. 1.1.27 as it

appeared on May 17, 1957, The control-room
enclosure may be seen, as well as the NaK piping
main-support columns and cell-wall-mockup main
piping of the NaK furnace circuits, with the two
NaK pump stationary units mounted at the top
of the structure. In the background is the portion
of the main air duct in which the radiators will
be suspended.
reactor support pedestals.

Present estimates indicate an ETU facility
completion date of December 1, 1958, exclusive
of the reactor and associated equipment.

In the foreground are the two

ART COMPONENT DESIGN
A. M. Smith W. E. Thomas

Design work on components to be installed in
the ART cell has been directed primarily to the
completion of details layouts that
were previously scheduled to be completed by
outside vendors. The dependency of one design
upon another and the limited space inside the
cell have made preparation of these layouts very
time-consuming.

A review of the shielding requirements is essen-
tially complete, and detailing of a steel backing
shell to assist in supporting the equatorial section
of the lead shielding was completed. Design
layouts for changing the north- and south-head
shielding from segmented pieces to a single
piece are being made. Preliminary designs are
also being made for the cooling-coil layout. The

of various

PERIOD ENDING JUNE 30, 1957

design of the bag for the water shield has been
started but cannot be finished until the lead-
shield design is complete.

Design work was completed on the column
footings and connections to the support pedestals
for the reactor, as well as details of the support
platform.  Shop estimates of the time required
for fabrication of the support platform are in
excess of 4000 man-hours.

The decision to use electric rather than hydraulic
drives for the four reactor pumps eliminated the
need for an outside containment system for the
hydraulic drive units and twelve pipe penetrations
through the cell-wall auxiliary-piping junction
panels. The junction panel drawings are to be
revised, and the existing panels will be reworked.

Shop drawings of the main NaK manifolds,
prepared by Midwest Piping Company, Inc., are
being reviewed. Shop drawings for the auxiliary
NaK manifolds are to be completed during June.

All parts and subassemblies for the fuel enricher
were completed. Final assembly of the enricher
will be done just prior to installation inside the
cell.

ART FACILITY
M. Bender F. R. McQuilkin

R. D. Stulting W. T. Ferguson
G. C. Robinson

Construction work on the ART facility has been
contracted in four stages determined by the design
program. The first three stages, packages |, A,
and I, which included building alterations, building
additions, cell installation, installation of aux-
iliary-services piping, installation of diesel
generators and facility, electrical control centers,
and spectrometer-room electrical and air-condi-
tioning equipment, were completed prior to this
report period. The fourth stage, package llA,
which included a distribution system for supplying
electrical power to the pipe heaters and equipment
heaters, a dry-air plant, and a building to house
the air plant and wound-rotor-motor controllers,
was completed May 10, 1957. However, a modifi-
cation was made to that contract package at a
cost increase of $17,480 and a time extension
of 75 days that established a new package HIA
contract cost of $135,694.71 and a new contract
completion date of July 24, 1957. The work under
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this modification includes the lube-oil fill and
waste systems and portions of the louver hydraulic
system. The work was 18% complete on May 31,
1957.

The following tabulation presents a cost break-
down of package Il contract work, for which final
payment was made during the quarter:

Initial contract price $58,400.00
Final contract price $71,557.67
Total number of contract 8

deviations

Official starting date January 25, 1956

Official scheduled com-
pletion dates
Part 1
Part 2

June 22, 1957
January 27, 1957 (ref 2)

Actual completion dates
Part 1
Part 2

June 22, 1957
February 22, 1957

Liquidated damage rate $100 per day

Liquidated damage None

charged for delay

The damage charge was not invoked because
the government-furnished diesel-generators were
damaged in shipment, and a contract extension
was granted for the excessive amount of time
required for the diesel testing.

Some of the construction work for package
HIA may be seen in Figs. 1.1.28 through 1.1.33.
Figure 1.1.28 shows some of the 40 remotely
controlled induction regulators which will supply
variable voltage to the main, auxiliary, and
special NaK pipe heaters. Figure 1.1.29 shows
some of the remotely controlled Powerstat units
which will provide variable voltage to a portion
of the equipment and pipe heaters within the
cell. Additional heaters will be supplied from
manually operated Variacs located on control
panels. Figure 1.1.30 is a view of a portion
of the heater distribution panels.

Figure 1.1.31 is a view of the building which
houses the air plant and wound-rotor-motor con-
trollers. Figure 1.1.32 shows the air plant, which
consists of the carbon-ring compressors, after-

2This date was based on 150 days for completion after
all government-supplied diesel-generator equipment was
turned over to the contractor for installation, which was

November 28, 1956.
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coolers, water separators, and receivers. The
automatically operated driers for dry instrument
air are located behind the receivers. Figure
1.1.33 shows the government-furnished wound-
rotor-motor controllers in the center and a portion
of the associated resistors on the left. The
conduits and cable trays will contain the primary
and secondary motor cables and the control cables.

Design work is proceeding on the layout of
piping and equipment in the radiator pit area.
Preliminary reviews have indicated that access
to the equipment will be inadequate with the
existing design. Relocation of equipment is
being considered, and work has started on a
design model of the area. Work is also proceeding
on a model of the main and auxiliary radiator
and penthouse area. Procedures for assembly
of the main and auxiliary radiator equipment have
been prepared, and procedures for assembly of
the special radiators and for replacement of all
radiators are now being prepared. A review of
the structural framework for the main and aux-
iliary radiators is being made in order to determine
the minimum space which can be occupied by
the radiators.

A building and crane load test was performed
on the 30-ton crane to determine crane performance
and building deflection at loads of 75,000, 80,000,
and 85,000 Ib, in anticipation of an increase in
process equipment weights, With loads positioned
at critical points with regard to structural load-
carrying ability, no vertical deflections were
detected for any building column.

ART DISASSEMBLY
M. Bender F. R. McQuilkin
A. A. Abbatiello L. W. Love

The sequence of operations for disassembly of
the ART has been further explored in an.effort to
develop a workable scheme for obtaining internal
samples and dimensions and for visually examining
various parts. In general, the presently proposed
procedure follows a component removal method
to expose each reactor element with a minimum
of distortion.

The principal tool within the disassembly hot
cell, in addition to the handling cranes and mani-
pulators, will be a turntable capable of supporting,
rotating, and lifting the reactor. Two major cutting
tools will be included which will be mounted on
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Fig. 1.1.29. Remotely Controlled Powerstat Units.
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Fig. 1.1.30. Heater Distribution Panels.
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Fig. 1.1.31. Building Which Houses the Air Plant and the Wound-Rotor-Motor Controllers.

a horizontal ram that can be positioned at any
angle on the surface of the reactor. The actual
cutting methods will be determined experimentally,
but the mounting arrangement will be adaptable
to several systems. Direct observation by means
of windows, TV cameras, etc., will be provided
to give the information necessary to direct the
disassembly operation, Supplementary photographic
aids, replication, and optical measurement devices
will permit comparisons and provide means for
recording the observations. Because of the high
space utilization within the concentrated area of
the hot cell, it will be necessary to decontaminate,
rinse, and move major reactor parts to storage as
they are removed. Cutting methods and measuring
techniques are being studied, and a sealant-
injection method was designed for sealing off
radioactive lines when they are severed.

The hydraulic shear has been adopted as the
major cutting tool for removing the ART from the
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pressure cell. A special, high-capacity shear,
with a 280-deg wrist rotation for maneuverability,
has been designed and ordered. Severing methods
for use in the hot cell that include end-milling
and drilling a series of interlocking holes were
found to be unsatisfactory from the standpoints
of severing rate and tool life. Abrasive grinding
would give desirable cutting rates, finishes, and,
probably, maneuverability, but it would also
present a contamination control problem.

Hollow ‘‘hypo-needles’’ were tested for the
sealant-injection system, and a design was pro-
duced for applying this method to the cutting of
the radioactive lines prior to removal of the reactor
(Fig. 1.1.34). Commercial soft studs have been
received that are to be drilled, heat treated, and
tested. -

Three measurement systems adaptable to hot
cells were studied. Replication is attractive
because dimensional shapes and surface detail
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Fig. 1.1.34. Two Concentric Pipes with Studs Injected by Using a Stud Gun.

can be compared by using molds made before and
after reactor operation. Replications of surfaces
representative of critical reactor internal parts
were produced by three methods. Metallizing with
lead-base wire produced replicas with fine surface
detail and good dimensional reproducibility, as
shown in Fig. 1.1.35, but the possible harmful
effects of lead-base alloys left in inaccessible
areas have not yet been determined. Casting
with four different gypsum compounds also pro-
duced faithful detail reproductions, but casting
has the disadvantage of requiring molding frames
around the part to be cast. A gun-emplaced gypsum
reproduced detail fairly well, as shown in Fig.
1.1.36, but the particular gun used did not operate
well. Further development of this method would
make possible the reproduction of vertical surfaces
without the use of molds, but a better functioning
gun is required,

UNCLASSIFIED
PHOTO #7123

Optical measurements through zinc bromide— Fig. 1.1.35. Metallized Replica of Upper Half of Inner
lead glass windows were evaluated and appear  Core Shell. @www®t with caption) '

31



ANP PROJECT PROGRESS REPORT

to be practical for the longer, less critical dimen-
sions.  This study indicated that an optical
tooling bar (a cathetometer type of measuring
instrument capable of moving in the horizontal
and vertical directions) outside the cell window
can be used.

Fig. 1.1.36.
agent. (@S with caption)
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Replicas of Inner Core Shell Made with Gun-emplaced Gypsum.

Photogrammetric methods have not yet been
evaluated, but recent information points to the
possible application of a newly developed method
of comparative contour measuring, which is a
variation of the photo-lofting method used in
the aircraft industry.

UNCLASSIFIED
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1.2. COMPONENT DEVELOPMENT AND TESTING
H. W. Savage

PUMP DEVELOPMENT TESTS
E. R. Dytko! A. G. Grindell
Bearing, Seal, and Lubricant Tests

D. L. Gray W. K. Stair?

High-speed tests of Alcoa 750-T5 aluminum-
base-alloy journal bearings with both Gulfcrest-34
and Ucon-LB-140X as lubricants were successfully
concluded, Each unit was tested for more than
1000 hr with transverse loads of up to 600 Ib of
force at the bearing. No measurable wear was
observed with either lubricant. As a result of these
tests, aluminum-alloy journal bearings have been
installed in all the reactor pumps that have been
assembled.

A test of the fuel pump purge system was run to
determine whether lubricant leakage past the lower
seal would be removed from the catch basin by a
50-liter/day helium sparge flow or would be forced
down the shaft annulus by the maximum allowable
ART helium purge flow of 2500 liters/day. In an
initial test with Gulfcrest-34 as the lubricant, the
leakage was insufficient for conclusive data to be
obtained. Since it cannot be anticipated that such
low leakage will exist under reactor operating
conditions, it is plonned to rerun the test with
Ucon-LB-140X as the lubricant, inasmuch as the
incidence of seal leakage with the Ucon fluid has
been higher than that with Gulfcrest-34.

A Vyran elastomer O-ring was subjected to a
high-temperature cycling test in Ucon-LB-140X in
order to determine the effects of time and tempera-
ture. It was found that this elastomer would not
be satisfactory for ART use because of the perma-
nent deformation that occurred rapidly at high
temperatures. The permanent deformation, known
as ‘* high-temperature set,’’occurred in shorter and
shorter times as the test temperature was increased.

The full-scale reactor pump rotary assembly
which was adapted for a seal and lubricant irradi-
ation test® in the MTR gamma-irradiation test

IOn assignment from Pratt & Whitney Aircraft.

2Consultant from the University of Tennessee.

3w, L. Snapp and W, K. Stair, ANP Quar. Prog. Rep.
March 31, 1957, ORNL-2274, p 30.

facility was bench tested for 52 hr at 3000 rpm
and 114 hr at 4000 rpm, and the seal leakage was
found to be relatively low. The pump unit was
then enclosed in the pump can, and the complete
rotary assembly and its associated hydraulic drive,
electrical power system, instrumentation, and con-
trols were tested as a unit. The unit was found to
be satisfactory and was shipped to NRTS for
Contrary to a previous statement,?
the seals in the rotary assembly are brass-bellows
mounted, since a decision was made to run the
first test with Gulfcrest-34 lubricant, which is
compatible with copper alloys. 1f a subsequent
test is necessary with Ucon-LLB-140X as the
lubricant, the all-stainless-steel bellows will be
utilized.

irradiation.

Twin-Fuel-Pump Water Tests
J. W. Cooke! R. G. Jenness

The aluminum ART north-head mockup in which
twin fuel pumps are installed was used for tests to
determine whether there would be liquid carry-over
into the off-gas system and, if so, under what
conditions. It was desired to know whether there
would be continuous droplet carry-over in the off-
gas flow during normal ART operation and whether
gross carry-over would occur when the liquid level
in the swirl tank was increased by the system
ingassing that would occur if one pump were
stopped. For these tests in which water was used
to simulate the fuel and air was used to simulate
the helium purge gas, the ART off-gas line and
separator were duplicated in glass so that droplet
carry-over could be observed. The fill-and-drain
tank and its vapor trap were also simulated; the
tank used had a capacity of 1 gal. A cold-air purge
rate of 70,000 standard liters per day was used
that was calculated to be equivalent to 11/2 times
the maximum hot-helium purge rate in the ART of
6000 standard liters per day. In calculating the
equivalent purge rates it was assumed that:

1. the droplet size distribution for both the air-
water and the helium-fuel systems approximated
a normal distribution curve,

2. the average water-droplet diameter was three
times that of a fuel droplet based on physical
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properties of the two liquids and on the use of
identical droplet-making configurations,

3. the total volume of liquid going into droplets
per unit time was equal for both systems under
similar pump conditions,

4. any droplet, in either system, that rose above
the vertical section of the off-gas line was
carried over.

In order to distinguish between liquid carry-over
due to condensation of water vapor and the liquid
actually carried over as droplets, a tracer material,
sodium dichromate, was added to the water. Also,
to minimize the evaporation of the water droplets
formed in the expansion tank, the purge air was
saturated with water before it entered the expansion
tank. Detection and measurement of the liquid-
droplet carry-over were accomplished by visual
inspection for droplets in the transparent off-gas
line, by discoloration of vapor-trap and fill-and-
drain-tank residues, and by quantitative analysis
for the total weight of the sodium dichromate in the
residues.

Several test runs of approximately 6 hr were
made with equal pump speeds of 2700 rpm, equal
loop flow rates of 645 gpm, a purge air flow rate
of 70,000 standard liters per day, and various
expansion tank liquid levels. No droplet carry-
over could be detected by any of the three methods
described above when the expansion tank water
level was 3]/2 in. Droplets could be seen to hit
the walls of the off-gas line between the expansion
tank and the separator when the expansion tank
water level was reduced to 'II/? in. When the water
level was reduced to 3{1 in., quantitative analysis
of residues indicated that water droplets were
carried to the vapor trap at a rate of 0.10 in.3 per
day and to the fill-and-drain tank at a rate of
0.004 in.? per day. Since the smallest carry-over
of concern in ART operation was defined as 1 in.3
per day and since approximately 11/2 times the
calculated equivalent purge flow rate was used,
the results indicate that fuel carry-over will not
be a problem under normal ART operating con-
ditions. A final evaluation of the carry-over will
be made in ETU operation.

Tests for determining the effect of stopping one
pump were started with equal pump speeds of
2700 rpm, equal loop flow rates of 645 gpm, an
expansion tank level of 3]/2 in., and the bypass
valve between the pump inlets closed. Off-gas

purge flow rates of 1000, 3000, and 6000 standard
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liters of air per day were used. These flow rates
cover approximately the same range in the aluminum
north-head expansion tank as will exist in the
ART expansion tank. In each test, one pump was
suddenly stopped while the other pump either con-
tinued to operate at the initial speed or at a re-
duced speed. The liquid carried over to the fill-
and-drain tank was measured for different time
periods after stoppage of one pump, and the results
are shown in Fig. 1.2.1. During these tests there
was no liquid carry-over to the vapor trap.

Fabrication, assembly, and leak testing of the
sodium region of the aluminum north-head mockup
were completed. Leak testing posed a much
greater problem than was anticipated, but after
numerous efforts, including rewelding and appli-
cation of an epoxy resin, the aluminum test piece
was leak-tight at a hydrostatic pressure of 55 psi.
The pumps, external piping, and instrumentation
are now being installed.

Fuel Pump High-Temperature Performance Tests
P. G. Smith H. C. Young'

The performance tests, initiated previously,4 of
an ART fuel pump with NaF-ZrF,-UF, (50-46-4
mole %, fuel 30) as the circulated fluid were termi-
nated after 2880 hr of operation because fuel was
inadvertently allowed to freeze in the two pressure
transmitters.  Operation was in the temperature
range of 1200 to 1300°F, with flow rates and pump
speeds that varied over a considerable range around
the ART design point. Head and flow-rate per-
formance data were obtained at pump speeds of
2400, 2700, and 3000 rpm. At design conditions,
the head appeared to be about 1 ft lower than that
found in tests with water, but this difference is
well within the range of experimental error.

Test operation of this pump will be resumed after
a thermal barrier has been inserted in the pump-
barrel radiation-shield region and a bubble-type
liquid-level indicator has been installed in the
pump surge tank. Tests are to be made of pump
priming and of the performance and accuracy of the
bubble-type liquid-level indicator. Pump-barrel
temperature gradients will be measured, and checks
will be made on head vs flow rate and on cavitation
with the use of Taylor pressure-measuring devices.

AH. C. Young and P. G. Smith, ANP Quar. Prog. Rep.
March 31, 1957, ORNL-2274, p 34.
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Fig. 1.2.1. Overflow from Fuel Expansion Tank as a Result of Sudden Stoppage of One Fuel Pump. Data ob-

tained for water flow and air purge of twin fuel pumps in aluminum north-head mockup. (SwsB with caption)

Subsequently the pump will be operated for an
extended period under conditions conducive to
cavitation in order to study cavitation damage to
the impeller.

Fuel Pump Endurance Tests
P. G. Smith

The ART fuel pump being tested for endurance
with fuel 30 as the circulated fluid has accumulated
a total of 3200 hr of continuous operation at 2700
rpm. The wetted portions of the pump (impeller,
volute, and the containing vessel) have been
thermally cycled 582 times over the temperature
range of 1100 to 1400°F. The pump-surge-tank
helium-gas pressure is being maintained in a range
that would induce cavitation in the impeller. No
operating troubles have been experienced during
this test. The oil leakage rate of the lower sedl
of the pump has continued to be 5 cm®/day, and
there has been no measurable leakage from the
upper seal. The test will be terminated for exami-
nation of the pump in the near future, and a new
fuel pump rotary element will be placed in operation
for a further endurance test.

The hydravlic drive system has also given
trouble-free continuous operation throughout the
test, in contrast to previous experience. The
improvement is believed to result from maintenance
of a 120-psig pressure on the discharge side of the
hydraulic motor. The back pressure holds the
pistons against the wobble plate at all times, in
accordance with the manufacturer's recommenda-
tions.

Sodium Pump Development Water Tests
J. J. Simon'

Performance data were obtained for the ART
sodium pump (MN-2) with water as the circulated
fluid in an Inconel test loop. The outer diameter
of the seal vanes on the centrifuge cup lid was
increased from 5.5 to 5.625 in. in order to reduce
the inward flow to the centrifuge across the cup
lid. The data obtained, as shown in Fig. 1.2.2,
are essentially the same as those obtained in
earlier tests. It was found that ingassing of the
system fluid occurred at reduced main loop flows
when the operating conditions were in the region
to the left of line A in Fig. 1.2.2. Design modifi-
cations have been made to the loop to accommodate
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Fig. L22 Performance Characteristics of ART
Sodium Pump (MN-2) with Water as the Circulated Fluid.
(Secret with caption)

the rotary elements produced for the reactor pumps
and to more accurately mock up the latest designs
of openings between the pump centrifuge and the
ART sodium expansion tank.

Sodium Pump Endurance Tests
P. G. Smith

The sodium pump which was being operated in
on endurance test with sodium had accumulated a
total of 2572 hr of continuous operation at 3600
rpm when it was stopped for examination. The
pump and containing vessel had been thermally
cycled 516 times over the temperature range from
1050 to 1250°F. Examination® of the pump con-
firmed that it was operating in a region of cavitation.
The impeller damage resulting from cavitation is
shown in Fig. 1.2.3. At the beginning of this test,
data on the pump input power vs the pump-surge-

5p, G. Smith, MN Pump Endurance Test, ORNL CF-57-
5-62 (May 17, 1957).
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Fige 1:2.3. Impeller Removed from Sodium Pump
Operated for 2572 hr with Sodium at 1050 to 1250°F.

Note cavitation damage. (Confidential with caption)

tank helium-gas pressure were obtained, as shown
in Fig. 1.2.4. The flat maximum power portion of
the curve indicates the absence of impeller cavi-
tation; the sloping portion of the power curve for
surge tank pressures lower than 10 psig was
interpreted as impeller operation in a region of
cavitation. Therefore the 7- to 9-psig pump-surge-
tank gas pressures used for this test were in the
cavitation range.

by
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The pump and test equipment are presently being
utilized to obtain the temperature gradient along
the pump barrel for various neutron-shield ond
thermal-barrier configurations. One test for a
period of 268 hr revealed that a modification to the
batrier was desirable in order to simulate more
nearly the reactor temperatures. The test stand
in which the tests are being performed is being
revised for further tests of barrier modifications
and of a simulated ETU lube-oil system.

Primary and Auxiliary NaK Pump Development
H. C. Young J. N, Simpson'

High-temperature testing of ART primary NaK
pumps was continued. The pump that was inspected
during the previous quarter® after 2100 hr of satis-
factory operation was reinstalled for further testing
after the leading edges of its impeller vanes at
their junction with the hub were ground off to
minimize restriction of the flow passages. This

Sn. C. Young and J. N. Simpson, ANP Quar. Prog.
Rep. March 31, 1957, ORNL-2274, p 39.

PERIOD ENDING JUNE 30, 1957

change did not alter the cavitation pattern. The
pump was operated for 500 hr without a helium
bleed down the pump shaft annulus but with a
continuous helium bleed of 50 liters per day through
the oil catch basin. Lower-seal oil leakage, which
averaged 15 cm® per day, was sparged properly
and no operational difficulties were encountered.
The rotary assembly was dismantled, inspected,
and reinstalled in the test loop after 500 hr of
operation (2600-hr total). Based on this 500-hr
test and the 408-hr test conducted in the previous
quarter, the helium purge down the pump shaft
annulus has been eliminated.

The pump was next placed on endurance testing
at a minimum NaK temperature of 1200°F and a
maximum NaK temperature of 1400°F. Additional
performance and cavitation data taken after a total
opetating period of 4200 hr correlated well with
earlier data. The oil leakage through the lower
seal had increased from an average of less than
20 cm® per day to over 200 cm® per day, and the
power trace indicated momentary increases as
large as 6 kw. In view of the increased oil leakage,
it was thought that these surges could be due to
rough seal faces, and operation was continued.

After 4400 hr of operation the helium pressure in
the pump tank increased to approximately 25 psi
above the regulated helium supply, ond shortly
thereafter the NaK level in the pump tank rose
until the oil catch basin was flooded. The pump
was stopped, and the rotary element was removed
for inspection. It was found that oil had been
leaking down the pump shaft. Large quantities of
oil residue were lodged in the thermal-barrier area
above the impeller. Carbon buildup had scored
the pump shaft and is believed to have caused the
power trace surges.

The oil had leaked down the shaft, at least
during the last week of operation, even though
200 cm® per day or more of the leakage was removed
by the catch-basin helium purge. It is therefore
postulated that when the oil leakage became ex-
cessive the oil mixed with the NaK to such an ex-
tent that its vapors resulted in a substantial increase
in pressure in the pump tank, and considerable
quantities of vapor were entrained in the pumped
liquid. When the excess pressure was vented, the
contained liquid and entrained vapor expanded to
such an extent that the pump tank filled and over-
flowed. The ingassing and pressure buildup could
also have been caused by leakage of gas into the
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NaK through a bellows failure in a pressure-
measuring device or through a failure in a valve
bellows. Both these possibilities are being investi-
gated. The reliability of the lower seal is being
studied to determine means for improving it. The
test loop is being cleaned for further testing.

At termination of this test because of the oil-
seal failure, the pump had completed 4000 hr at a
NaK temperature of 1200°F and 400 hr at 1400°F.
During the 4400 hr of operation the pump rotary
element was removed three times for inspection.
The elastomer secondary glands of the oil seal
were replaced at each inspection, and the original
rotary element was approved for further testing.
The critical dimensions of the rotary element
remained constant, and the volute mouth dimensions
remained essentially constant after initially in-
creasing an average of 0.010 in., as described
previously.® The oil seals were designed for a
life of 2000 hr, and, with exception of the elastomer
secondary glands, which are time-temperature
sensitive, they operated satisfactorily. It is
believed that by providing a double rather than a
single elastomer seal, the seal should prove to
be satisfactory for o somewhat longer operating
time than indicated by this first endurance test.

The major difficulty encountered during the test
was partial plugging of the off-gas reflux condenser
on the pump tank. Although such plugging occurred
three times, functioning of the condenser was
satisfactorily restored on each occasion by heating
it to approximately 600°F. The cold trap tended to
plug during the last 500 hr of operation, and there-
fore its piping will be removed and inspected. The
spark-plug probes on the pump tank gave reliable
service throughout the test; only one short occurred.
The resistance-type level indicator in the pump
gave reliable NaK-level measurements throughout
the test and will be kept in service for further pump
testing.

A second high-temperature NaK-pump test loop
was placed in operation, and six electromagnetic
flowmeters were calibrated for use in the ETU and
ART. The performance and cavitation data ob-
tained agreed very well with the data obtained with
the loop described above. It therefore appears that
impeller and volute passage dimensions can be
controlled satisfactorily in the welding and ma-
chining processes used in the fabrication of these
parts.
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A previous error in calculating the velocity head
across the pump resulted in the performance curves
obtained during the quarter for the auxiliary NaK
pump being slightly lower than those reported
previously.® The pump efficiency is about 1% less
than reported previously, and the minimum suction
pressure required to suppress cavitation is slightly
more. The revised performance curves are presented
in Fig. 1.2.5, and the minimum pressures required
to suppress cavitation during operation with NaK,
based on the results of water tests, are given in
Table 1.2.1. The revised performance charac-
teristics of the auxiliary pump are adequate to
meet the design requirements of the ART.
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Table 1.2,1. Minimum Suction Pressures Required to
Suppress Cavitation in an Auxiliary NaK Pump
Operating with NaK at 1200 and at 1400°F

Suction Pressure

Flow Rate Pump Speed Required* (psig)
(gpm) (rpm) S S
At 1200°F At 1400 F
300 3450 -3.78 +1.20
3250 -4,15 +0.85
3050 -4.53 +0.48
2850 -4.98 +0.04
2650 -5.35 -0.32
430 3450 +0.55 +5.34
3250 +0.04 +4.89
3050 -0.39 +4.48
2850 ~0.93 +3.96
2650 ~1.66 +3.25
500 3450 +2.39 +7.15
3250 +2.35 +7.11
3050 +2.00 +6.77
2850 +1.74 +6.53
2650 +1.31 +6.10

*Based on the results of tests with water and the as-
sumption that the cavitation parameter remains constant
for water and NaK; data were corrected only for vapor
pressure and density differences between water and
NaK; the local barometer reading of 29.15 in. Hg was

used in establishing the correction.

REACTOR COMPONENT DEVELOPMENT TESTS
D. B. Trauger

Heat Exchanger and Radiator Development Tests

J. C. Amos J. W. Cooke
D. R. Ward R. L. Senn

A summary of heat exchanger and radiator test
operations during the quarter is presented in Table
1.2.2.  Small heat exchanger test stand B was
modified to accommodate a 20-tube semicircular
heat exchanger, which is currently being assembled.
A description of this heat exchanger and the test
objectives was presented previously.”

Testing of Process Engineering Corp. small heat

exchanger No. 3, type SHE-7, with NaF-ZrF -UF,

7). C. Amos et al., ANP Quar. Prog. Rep. March 31,
1957, ORNL-2274, p 43.
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(56-39-5 mole %, fuel 70) in test stand SHE-C was
interrupted after a total of 1438 hr of operation by
failure of York Corp. 500-kw radiator No. 16, which
was also being tested in this stand. The primary
purpose of this test was to compare the performance
and corrosion effects of fuel 70 with those of fuel
30, which was used in all previous heat exchanger
tests. The test program was designed to duplicate
the test history of the previously operated” Process
Engineering Corp. heat exchanger No. 2, type SHE-7.
At the time of the radiator failure, the test system
was operating normally at approximately ART de-
sign temperature and flow conditions. The heat
exchanger fuel inlet temperature was 1600°F, aond
the radiator NaK inlet and outlet temperatures
were 1500 and 1100°F, respectively. The radiator
is currently being removed from the test stand for
metallurgical examination.

Concurrent with radiator and heat exchanger
testing, a radiator fin oxidation test was performed
in test stand SHE-C by inserting the fin samples,
shown in Fig. 1.2.6, in the hot air stream. The
purpose of this test was to determine the depth
of copper oxidation which would occur when stain-
less-steel-clad copper fin material with untreated
edges was exposed to high-temperature air flow,
The results of these tests, as reported in Chap. 3.3,
**Welding and Brazing Studies,’’ indicate that fins
with untreated edges may be used in radiator
fabrication.

Black, Sivalls & Bryson intermediate heat ex-
changer No. 1 was replaced by their heat exchanger
No. 3 in test stand IHE-B. Shakedown operations
at 1200°F are under way preparatory to starting
phase |l of a test at a maximum NaK temperature
of 1700°F. Power conditions for this phase of the
test will be the same as those given previously®
for phase . Controlled thermal cycling of the heat
exchangers will be a major feature of phase |l
operations. A cycle will consist of Y% hr of
operation with a temperature difference across the
system followed by I/2 hr of isothermal operation
at 1200°F. The heat exchangers are to be subjected
to 35 such cycles. This number of cycles represents
a first estimate of the upper limit of the number of

cycles required for heat exchanger failure. The

8J. C. Amos et al., ANP Quar. Prog. Rep. March 31,
1957, ORNL-.2274, p 46.
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Table 1.2.2. Summary of Heat Exchanger and Radiator Operations (As of June 10, 1957)

Hours of Hours of Total Number of
Test Unit Test Operation with  Nonisothermal Hours of Thermal Status of Test
Stand Fuel at 1600°F Operation Operation  Cycles
Process Engineering Corp. SHE-C 297 1044 1438 21 Test interrupted by
heat exchanger No. 3 radiator failure
(type SHE-7), operating
with fuel No. 70
Black, Sivalls & Bryson IHE-B 503 547 1127 5 Test continuing
heat exchanger No. 2
(type IHE-8)
Black, Sivalls & Bryson IHE-B Test continuing
heat exchanger No. 3
(type IHE-8)
York Corp. radiator No. 11  IHE-B 547 1127 5 Test continuing
York Corp. radiator No. 12 |HE-B 547 1127 5 Test continuing
York Corp. radiator No. 16 SHE-C 1044 1438 21 Terminated because
of radiator failure
York Corp. ART prototype  IHE-C 172 475 5 Test continuing

radiator No. 1

results of the test should be helpful in determining
the accuracy with which heat exchanger life can
be predicted by present stress analysis techniques.

Testing of the York Corp. ART prototype radiator
No. 1, previously described,® was started in test
stand IHE-C, and heat transfer data are currently
being taken. A plot of the room-temperature air-
pressure-drop data for this radiator is presented

in Fig. 1.2.7.

During startup of this test an experiment was
conducted to determine the effect on oxide content
in a new NaK system of dumping the NaK while
hot, allowing it to cool, and then recharging the
system. The NaK was circulated at 1200°F with
the circulating cold trap operating as near the
loop temperature as possible (outlet temperature,
1100°F) until the plug indicator readings reached
equilibrium at approximately 1015°F., The NaK
was then dumped and aliowed to cool to 200°F
before the loop was recharged and the 1200°F
isothermal condition was established. The plug-
indicator readings then reached equilibrium at
approximately 950°F. The small reduction in oxide
content obtained by the hot dump may have resulted
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from inability to maintain the cold trap at the same
temperature as that of the remainder of the system.
Since the cold trap was not drained and had col-
lected oxide during the initial isothermal operation,
it could have acted as a source of oxide during the
subsequent operation.
sarily invalidate the use of a hot dump for system
cleanup, but it does indicate that it would be of
little use in ETU and ART operations.

The cold trap installed on this test stand (IHE-C)
is 8 in. in diameter and, except for its ]/Z-in.-OD
(rather than 5.8-in.-OD) stainless steel cooling coil,
is identical to the ART main NaK system cold
traps. No plug-indicator readings were taken while
this cold trap was being placed in operation. A
period of approximately 24 hr was required to reduce
the cold-trap outlet temperature to 350°F so that
cold-trap cooling could be transferred from air to
water, When water cooling was applied, the NaK
flow rate was increased to 1.2 gpm to maintain
an outlet temperature of 300°F. Plug-indicator
readings taken immediately following this operation
showed no definite plugging temperature, which,
for this system, means that the oxide saturates the
NaK at a temperature well below 600°F.

This test does not neces-
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Valve Development Tests
J. A. Conlin
I. T. Dudley M. H. Cooper’

Fuel Dump Valve. ~ The presently proposed
configuration of the fuel dump valve incorporates
a number of modifications to the original design.
Formerly the stem and plug were aligned by two
guides in the bonnet, which operated on the stem,
and misalignment and valve-stem binding occurred
during high-temperature operation. It is thought
that the assembly became warped when the final
closure weld was being made. The stem guide
nearest the plug has been removed, and a loose-
fitting spiderlike guide has been installed in the

90n assignment from Pratt & Whitney Aircraft.

valve seat housing to guide the plug. With this
arrangement it is unlikely that gross seat-to-plug
misalignment can occur. Final alignment is ac-
complished by the plug sliding freely into place
in the seat.

The valve-plug seating surface is, as before,
brazed to the plug body, but in order to eliminate
the possibility of a failure of this braze when the
valve is opened that would result in the plug
remaining seated, a mechanical backup for the
brazed joint has been included in the valve. No
cases of braze failure have occurred during tests,
but there have been some instances of braze
failure during final machining.

A second seal bellows has been added to the
valve stem to contain the fuel and fission products
in the event of failure of the first bellows, and
modifications to the internal passages of the valve
are to be made to minimize fuel holdup after a
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dump. As a result of valve-seat tests, the previ-
ously described'® cermet KM will be used for the
plugs and K162B will be used for the seats.

A valve, designated 5C (ref 10), which had a
spherical molybdenum plug and conical copper
seat, completed a 1500-hr test at 1300°F with
fuel 30. Leakage rates were erratic after each
opening and closing following a 500-hr closure
period, and became excessive, that is, greater than
10 ecm3/hr, aofter the thirty-third operating cycle.
Leakage rates were not measured during the re-
mainder of the test. As a result of this and similar
experience in valve-seat-materials tests, the
molybdenum copper seat combination was abandoned

for ART use.

10, 7. Dudley and M. H. Cooper, ANP Quar. Prog.
Rep. March 31, 1957, ORNL-2274, p 49.
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A valve, designated ORNL-1, was assembled
from reworked parts that included the spiderlike
plug guide described above. Both the seat and
the plug were the cermet K151A (ref 10); the final
choice of seat materials had not been made when
this valve was assembled. This valve was tested
for 1500 hr through 50 operating cycles with fuel 30
at 1300°F. The leakage rate was immeasurable,
as determined by the fluid level in the system,
except on two occasions after an opening and
closing cycle when the leakage rate was approxi-
mately 3 em3/hr; however, opening the valve and
flushing fuel over the seat and plug reduced the
leakage rate to zero. It is believed that some
foreign material had lodged in the seating areas
and prevented proper sealing.

At the completion of 1500 hr at 1300°F, the
temperature was raised to 1500°F, and through five
operating cycles the opening force was less than
200 Ib. The valve has been closed for 340 hr of a
500-hr closure test, and there has been no leakage.
This test will be continued until completion of a
1500-hr test, including 50 operating cycles at
1500°F, or until valve failure. The high opening
forces and erratic leakage rates experienced with
all valves tested previously probably resulted from
stem-to-stem guide binding and galling because of
seat-plug misalignment rather than from self-welding
and distortion of seat materials. A second valve
is being reworked that will match more closely the
configuration and materials of the ART fuel dump
valve, and it should be ready for testing soon.

NaK Dump Yalve. — The NaK dump valve, shown
in Figs. 1.2.8 and 1.2.9, is similar to the fuel dump
valve, including the spiderlike guide arrangement
for plug guidance. Stellite 6 is used both as the
rubbing surface for the guide and for the valve-
seating materials because the operating temperature
will be lower than that of the fuel valve. No
mechanical backup for the plug braze will be
required, since Stellite is a hard-surface overlay
that is integral with the plug. The backup bellows
has also been omitted because of the lesser
hazard in the event of a leak.  The first prototype
valve has been tested with water, and the leakage
rate of 0.1 ecm3/hr at 65 to 70 psi is satisfactory.
The valve is presently being tested to determine
its flow resistance in the open position and is to
be installed on the NaK valve test stand for further
testing.

J
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Fig. 1.2.8. Prototype NaK Dump Valve Before Being Welded.
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Fig. 1,2.9. Prototype NaK Dump Valve and Actuator Assembly.
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**In-Line’’ Yalve Operator Test. — The first NaK
valve ‘!in-line'’ operator received was found to
have a total travel of 3/B in. instead of the required
5/8 in.; the spring rate exceeded 3000 Ib/in., where-
as 2000 Ib/in. had been specified; and the yoke
counter bore was 0.020 in. too shallow. These
minor deviations were corrected in the second NaK
valve operator, which was received with the
prototype NaK dump valve. After a separate
performance test, the second operator will be
tested in conjunction with the prototype NaK dump
valve described above.

NaK Cold-Trap and Plug-Indicator-System Throt-
tling Valves. — Several small NaK throttling valves
are required for the cold-trap and plug-indicator
systems of the ETU and the ART. The specifi-
cations for these valves state that they must
operate at 1000°F, that they must withstand a
200-psig system pressure without failure in an
emergency, that they must provide full flow of
5 gpm or greater with a pressure of 24 psi across
the valve, and that they must provide throttling
control accurate to £0.05 gpm in the range of 0.5
and 1.5 gpm with a pressure of 60 psi across the
valve.

It was decided to use a valve for this service
that was immediately available from a vendor. The
valve selected was designed for closure service
(Fig. 1.2.10) and did not have adequate throttling
characteristics; however, it met the pressure and
maximum flow requirements, and modifications
were made in the plug in order to obtain the desired
throttling characteristics. Also, the valve stem
and bonnet were modified for use with a remotely
controlled pneumatic operator. With these modifi-
cations the valve meets the requirements, with
certain limitations. The full-flow requirement and
the short permissible stroke, 0.155 in., of the
bellows place stringent requirements on the valve
actuator in the throttling range; however, flow tests
indicate control to be more than satisfactory. The
high system pressure and procurement time limi-
tations make the use of a different bellows or
valve impractical, at least for the ETU,

One of these valves was tested for leak tightness
in the unmodified condition. Leakage was measured
by water displacement. The test included 100
operating cycles and a one-week closure at a
temperatyre of 1200°F with helium ot a pressure
of 90 psi across the valve. No measurable leakage

UNCLASSIFIED
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Fige 1.2,10. Throttling Valve for Cold=Trap Systems.



was detected. The valve bellows was pressure
tested by subjecting each of two valves to a 200-
psi internal pressure at 1200°F for 24 and 40 hr,
respectively; neither bellows failed. One valve
was tested on a NaK test stand at 1000°F for
1500 hr. The test included 46 operating cycles.
Valve leakage with a 50-psi pressure differential
was 3 cm®/hr for a stem thrust of 140 Ib, and there
was no leckage for a stem thrust of 280 Ib.

Sodium Circuit Water Flow Tests
S. Kress!!

Water flow tests for determining the head losses
through various regions of the ART sodium circuit
are nearly complete. Three regions were examined
during the quarter: the entrance to the coolant
holes in the beryllium reflector-moderator, the
entrances and exits of the coolant holes in the
beryllium island, and a proposed bypass slot be-
tween the sodium heat exchanger shell and the
external pressure shell of the reactor.

A previous test of the losses at the entrances to
the reflector-moderator coolant holes indicated
that certain of these holes were starved for flow,
specifically those in the region of the shoulder of
the pie-shaped depression in the beryllium.]2
this region the entering sodium impinges on the

In

circular boron can and spreads out over the top of
the reflector. Remodeling of the shoulder, as
shown in Fig. 1.2.11, has provided a more graduadl
transition from the depression to the reflector top.
The plane of the remodeled shoulder makes an
18-deg angle with the 7-deg plane of the depression.
Tests of the modified model showed considerable
improvement in flow distribution. The flow through
the holes differed and was, in general, lower in
the region of the shoulder, but the flow variation
was small enough to permit final control by proper
sizing of equator joint orifices.

Tests of flow to the island cooling passages
were run in order to establish entrance and exit
losses for the annular coolant passage adiacent
to the core shell. To simulate this region, a test
piece was made (Fig. 1.2.12) which consisted of
a straight passage of the same cross section as
that of the curved annulus between the island and

o, assignm&wt-frem Pratt & Whitney Aircraft.

125, Kress and R. D, Peak, ANP Quar. Prog. Rep.
March 31, 1957, ORNL-2274, p 52, esp. Fig. 1.4.22,
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the shell and which included 3/]6-in.-dio holes at
angles of 6 and 10 deg to the passage, that is, at
approximately the angles of the coolant holes in
the ART island. The results of these tests are
plotted in Figs. 1.2.13 through 1.2.16 as entrance
and exit loss coefficients, K, vs the ratio of the
velocity in the holes to the velocity in the annular
passage, V,/V,. The loss coefficient, K, is
defined by the equation
Kv?2
AH = —FPT
%
where AH is the head loss (in ft) that results solely
from turbulence, V ;. is the flow velocity (in fps)
through the section that carries the total flow, and
g is the proportionality constant relating force to
acceleration and mass. Corrections were made to
the measured values of K for friction losses and
velocity changes.

A test was also run in order to determine the
head loss vs flow characteristics of a proposed
bypass slot between *F6™8odium-to-NaK heat ex-
changer shell and the external pressure shell of
the reactor. This slot, which would connect the
region between the pressure shell and the outer
pressure ring with the sodium-to-NaK heat exchanger
inlet region, would allow some sodium to bypass
the present slots between the pressure shell and
the upper-deck outer shell and would thus provide
a more direct entrance to the heat exchanger. A
previous test'2 was made of such a slot, but stress
analyses dictated a change in dimensions. The
presently proposed slot is 2 in. wide and 0.5 in.
deep and has a slightly larger cross-sectional
area, 0.00694 ft2, than that of the previously
tested slot, which was 5 in. wide and 0.187 in.
deep and had a cross-sectional area of 0.00651 ft2.
The experimentally determined head loss equations
for the two slots are, respectively,

I

1.98
2%
1.14 v'-97
AH = ——

2%
where AH is the head loss (in ft) across the slot,
V is the mean velocity (in fps) through the slot,

and g is the proportionality constant relating force
to acceleration and mass.

45



ANP PROJECT PROGRESS REPORT

Wooden Model of the ART Reflector-Moderator Coolant-Entrance R

Fig. 1.2.11.
Remodeled Depression, (@ vith caption)
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Outer Core Shell Thermal Stability Test
J. C. Amos R. L. Senn

The test, described previoust,]3 in which a
quarter-scale model of the ART outer core shell
is being thermally cycled, was interrupted following
the forty-third cycle because of a leak in the
expansion bellows which joined the shell to the
bottom piece of the apparatus. While the bellows
was being replaced, the shell was examined, and
no dimensional changes were found. The proposed
300-cycle test will be resumed soon.

Liquid-Metal-Yapor Condensers
M. H. Cooper A. G. Smith'4

The NaK-vapor condenser V for the NaK dump
tank vent, described previously as a revision to
the Mark IV model,'% was tested at a gas saturation
temperature of 1200°F and found to be satisfactory

13 =
J. C. Amos and L. H. Devlin, ANP Quar. Prog. Rep.
March 31, 1957, ORNL-2274, p 50.

Mon assignment from Pratt & Whitney Aircraft.

SM, H. Cooper, ANP Quar. Prog. Rep. March 31,
1957, ORNL-2274, p 60.
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at gas flow rates from 2.8 to 1.1 scfm. The effi-
ciencies found at several gas flow rates are given

below:
Flow Rate Efficiency
(scfm) (%)
2.8 99.5
2.8 99.5
2.2 98.8
1.6 99.9
1.1 99.9

A prototype of the liquid-metal-vapor condenser
for the NaK pump purge gas, which consists of a
2-ft length of 2-in. pipe filled with Demister
packing, is being tested at twice the design gas
flow of 1000 liters per day of helium saturated
with NaK vapor ot 1200°F. Approximately 750 hr
of trouble-free test operation has been accumulated.

The sodium-vapor condenser |V for the sodium
pump purge gosls became plugged with sodium at
a ]/4-in. outlet fitting after 1420 hr at the design
flow of 1000 liters per day of helium saturated by
bubbling it through sodium at 1200°F. A second
test in which the temperatures along the condenser
were reduced in order to achieve more complete
removal of sodium vapor by the condenser has been
in operation for 650 hr without difficulty.

Zirconium Fluoride Yapor Traps
J. A. Conlin M. H. Cooper

Tests are under way on an experimental version
of the ART ZrF ,-vapor frc:p.]6 The test program
includes simulation of reactor design conditions
for normal operation and for a fuel dump. The trap
will be tested at continuous low purge flow rates
for a 500-hr period, with intermittent high flow
rates for 5 min at 100-hr intervals. The test con-
ditions and the results obtained thus far are pre-
sented in Table 1.2.3.

The trap completely removed ZrF , vapor from the
The inlet line
plugged twice at the trap face, however, apparently

gas at both gas flow rates used.

161pid., b 61.
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Table 1.2.3. Conditions and Results of Tests of ZrF 4-Vapor Trop

Fuel*
Test Condition Test Period Temperature Purge Gas Comments
o Flow Rate
(°F)
Fuel dump 0--5 min 1400 10 scfm No ZrF4 carried past trap
Normal operation 0-100 hr 1300 5000 liters per day Inlet line plugged twice;
no plugging since rais-
ing trap inlet tempera-
ture
Fuel dump 100 hr—100 hr 1400 10 scfm Pressure drop increased
and 5 min about 1 psi

*NaF-ZrF4-UF4 (50-46-4 mole %, fuel 30).

UNCLASSIFIED]
PHOTO WIT0

Fig. 1.217. Inlet Section of a Prototype ART ZrF4-
Vapor Trap After 50 hr of Testing, (Swaggf with caption)

because cooling of the inlet plate by natural con-
vection and radiation to the water-cooled trap
walls was greater than expected. The inlet line
after 50 hr at the high purge flow rate is shown in
Fig. 1.2.17. Additional heat has been applied at
the trap inlet to maintain it above the condensation
temperature of the ZrF, vapor from NaF-Z¢F ,-UF,
(50-46-4 mole %, fuel 30) ot 1400°F, and testing
has been resumed. Since it will not be possible
to heat the ART trop in this manner, redesign of
the inlet will be necessary to minimize thermal
losses.
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1.3. INSTRUMENT AND CONTROLS DEVELOPMENT

E. R. Mann

FUEL EXPANSION TANK LIQUID-LEVEL
INDICATOR

R. F. Hyland

A series of tests of the helium-bubbler type of
liquid-level indicator, described previously,! was
run in the fuel expansion tank of the aluminum
north-head mockup. These tests were made in
order to determine the effect of the extreme turbu-
lence in the expansion tank on the accuracy of the
|level-measuring system. Inasmuch as an absolute
level calibration cannot be obtained under turbu-
lent conditions, the tests were designed for de-
termining level differentials under various condi-
tions.

The unshielded bubblers used revealed a re-
producible trend toward an increase in the indicated
level of about 0.75 in. of H,0 when the pump
speed was increased from 500 to 2500 rpm and a
corresponding decrease in level when the speed
was decreased. The change in level with a change
in pump speed was attributed either to velocity
effects or to an actual level change as a result of
a ‘‘dishing” effect. Additional bubblers were
then installed where they would most likely give a
level profile, and preliminary tests indicate that a
corresponding decrease in the indicated level is
obtained at one point for an increase at another, in
confirmation of the postulated ‘‘dishing’’ effect.
It is extremely difficult to observe visually what is
taking place inside the expansion tank, and there-
fore it is planned to use high-speed photography to
confirm that level changes actually take place as
indicated.

Gas in the system is a constant problem because
it tends to get trapped and displace water. In
order to obtain reproducible results, all tests have
been performed with the system degassed (visu-
ally) as completely as possible. In runs where one
pump was stopped to purposely ingas the system,
a very rapid and continuous rise in both the indi-
cated and observed level was noted.

The level-measuring system responds very well
at all pump speeds to the addition and removal of
water from the expansion tank. Accurate metering

R. F. Hyland, ANP Quar. Prog. Rep. June 10, 1956,
ORNL-2106, p 43.
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C. S. Walker

R. G. Affel

tests are planned to determine the accuracy of the
measuring system in detecting these changes.

A scheduled 3000-hr test at 1500°F in the
dynamic-level test rig, described previously,! was
terminated by bubbler plugging after approximately
2000 hr. As in previous tests, the plugs con-
sisted largely of ZrO,. As noted previously, the
four tubes plugged almost simultaneously, and it
therefore appears that slugs of O, or H,0 may get
into the helium purge gas despite all efforts to
eliminate them. Possible sources of the con-
tamination were leaky bellows in the fuel and gas
lines, which were discovered after the test rig was
shut down. This test rig is being repaired, and a
Freon leak check is to be made before a new test
is started.

A static-level test system for studying the cause
of bubbler plugging is being constructed. This
system was described previously.?

LIQUID-METAL-LEVEL TRANSDUCERS
R. E. Pidgeon, Je.3 G. H. Burger

Results of metallurgical examination of the
liquid-metal-level transducers tested previously?
in NaK systems have indicated that the failures
were the result of defective welds. A modified
version of the transducer was therefore designed
for use in the ETU and ART NaK pumps. Test
units of the modified design have been constructed,
as shown in Fig. 1.3.1, and installed in the level
test rig shown in Fig. 1.3.2. Two units have also
been installed in pump test stands. Preliminary
results indicate that the operating characteristics
of these units are satisfactory for reactor service.

Tests to more completely determine the operating
characteristics of the units are continuing, with
particular emphasis on temperature effects and
wetting, which could be a problem during the
system filling operation. Acceptance testing and

calibration of the units for the ETU are to begin
G

2R. F. Hyland, ANP Quar. Prog. Rep. March 31, 1957,
ORNL-2274, p 23.

30n loan from Radio Corp. of America.

46. H. Burger, A. M. Leppert, and R. E. Pidgeon, Jr.,
ANP  Quar. Prog. Rep. March 31, 1957, ORNL-2274,
p 18.
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Fig. 1.3.1. ORNL-Designed Liquid-Metal-Level Trans-

ducer.

soon. The level transducers for the sodium sys-
tem are being fabricated, and they will be tested
in the same manner as the NaK probes.

ON-OFF LEVEL PROBES
R. E. Pidgeon, Jr. G. H. Burger

Fabrication and testing of resistance-type on-off
level probes of the type shown in Fig. 1.3.3 were
continued. Six units are now being tested in the
level test rig, and more units are being fabricated
for testing. Twenty-two units are now operating in
NaK pump test loops, and all but two units con-
tinue to give satisfactory service. These two

PERIOD ENDING JUNE 30, 1957

units failed because of an open circuit between
the center electrode and outer shell at the bottom
of the probe. The copper wire apparently oxidized
and came loose at the weld joint. It is expected
that this trouble can be eliminated by coating or
plating the wire with a suitable high-conductivity
oxidation-resistant material, such as nickel, or by
aluminizing the wire.

On-off probes for the NaK pump bowls and dump
tanks are being designed. |t is expected that the
first of these units will be available for testing in
August. Material for an all-Inconel probe has been
ordered, and several of these units will be con-
structed and tested.

Investigations and tests are continuing in an
effort to find suitable commercial spark-plug probes
for nonradioactive liquid-metal systems. Several
special plugs made by the Champion Spark Plug
Co. are to be tested soon, along with a BeO plug
fabricated at ORNL.

MAGNETIC FLOWMETERS
G. H. Burger C. L. Pearce, Jr.3

The 2- and 3]/2~in. magnetic flowmeters for the
ETU and the ART main, auxiliary, and special
NaK circuits are being tested and calibrated in
NaK pump test loops. As stated previously, the
objectives of these tests are to calibrate the
magnetic flowmeters against a water-calibrated
venturi flow standard of 0.25% accuracy, to check
theoretical calculations of flow output and ac-
curacy, to investigate the effects of temperature
and handling, to determine long-term reliability,
and to provide general operating data for use in
the ETU and the ART. The pump test loop
(PKP-2) in which six 3]/2-in. magnetic flowmeters
were installed (Fig. 1.3.4) was put into operation
on February 12, 1957, and the pump test loop
(PKA-2) in which six 2-in. magnetic flowmeters
were installed (Fig. 1.3.5) was put into operation
on May 23, 1957.

Two of the six 31/2-in. units have operated ap-
proximately 1000 hr, and four were removed after
770 hr of operation. The six 2-in. units have op-
erated more than 300 hr. The test conditions in-
clude varying ambient temperatures, fluid tem-
peratures, magnet temperatures, and flow rates.
These variables are monitored continuously by
Brown strip-chart recorders and are recorded on
data sheets at 2-hr intervals, Additional data are
taken on controlled runs to observe the effect of
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Fig. 1.3.2. Rocking Facility for Dynamic-L.evel Tests of Liquid-Level Transducers.
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Fig. 1.3.4. Magnetic Flowmeters (31/2 in.) Installed in a NaK Pump Test Loop.
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Fig. 1.3.5. Magnetic Flowmeters (2 in.) Installed in a NaK Pump Test Loop.
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each of the variables on flow output as measured
by the units. In addition to these measurements
the air-gap flux density of each magnet is meas-
ured at frequent intervals to determine the effects
of temperature, aging, vibration, and flow on the
magnetic circuit and to determine the effect of
air-gap flux density on flow sensitivity. The air-
gap flux density measurements are taken during
operation at magnet temperatures over the range
from 77 to 600°F. These values will be used to
relate magnet temperature to air-gap flux density
so that flux measurements will not be necessary
during reactor operation.

Three types of calibration runs are made on the
flowmeters — constant temperature tests, constant
flow tests, and magnetic air-gap flux density tests.
For the constant temperature runs the fluid tem-
perature is held constant and the flow rate is
varied in 100-gpm steps from 600 to 1600 gpm.
The constant temperature is changed in 200-deg
steps from 400 up to 1400°F, and a final test is
made at 1500°F. For the constant flow runs the
flow is held constant and the fluid temperature is
varied from 400 to 1500°F in 100°F steps. The
constant flow is changed in 100-gpm steps from
600 to 1600 gpm. For the magnet air-gap flux
density measurements, the fluid temperature and
flow are held constant and each magnet is en-
closed with the pipe, by wrapping it with insulat-
ing blankets, so that the magnet is heated by the
pipe. When the magnet temperature reaches 600°F,
the blankets are removed and the air-gap flux
densities are measured while the magnets are
cooling to the ambient temperature of the loop en-
closure.

Four of the 3]/2-in. magnetic flowmeters which
were calibrated against the venturi on test stand
PKP-2 were removed from the loop after 770 hr of
operation and are now being prepared for welding
into the ETU or the ART when required. The re-
maining two 3]/2-in. magnetic flowmeters were
left in the loop for further tests and to provide
reference data. Four uncalibrated flowmeters have
been installed in the loop to replace the four
removed, and they are now being calibrated.

Two 2-in. units and two 3]/2-in. units have been
welded into the ETU system. Data from the cali-
bration and test runs will be used to calculate
the flow sensitivities of these units. The correla-
tion of the experimental data is not yet complete,
but a preliminary survey indicates that the units
may be expected to give satisfactory service if the

PERIOD ENDING JUNE 30, 1957

magnet flux density is accurately known during
operation.  Additional information is to be ob-
tained in the continuing test with regard to wetting
effects and flux stability. The flux densities of
six magnets have dropped from 0.6 to 3.6% over a
period of 7 months. The magnets have been
handled extensively in installation and removal
from the loop, however, and it is felt that most of
the flux-density drop is due to handling. The drop
during operation ranged from 0.3 to as high as
1.5%. No correlation has been found between any
of the controlled factors and this drop. Further
monitoring of the two flowmeters left in the loop,
as well as the completion of the correlation of the
available data, should give additional information
as to flux stability.

Each flowmeter incorporates three separate
signal leads for spare leads and auxiliary outputs,
as shown previously.® It was found that in all
cases the outputs from the three leads from both
the 2- and the 3]/2-in. units were the same, as
closely as they could be read from the Brown
recorders. It was also found that three separate
recorders could be connected to the three leads
without interaction. In fact, satisfactory opera-
tion is obtained by connecting two recorders to
the same flow lead because of the low impedance
of the circuit.

The speed of response of the magnetic flowmeter
is limited by the speed of response of the Brown
recorder used. The flowmeter appears to follow
faithfully minute variations of flow and responds
well to abrupt changes in flow. As has been
anticipated, noise pickup proved to be no problem,
since the impedance of the flow element is very
low. The linearity of the units appears to be very
good; preliminary observations indicate that it
may be better than 1%.

An experimental sensitivity has been fitted to
the data for two 3]/2-in. units, and by using this
sensitivity it was found that the flow readings ob-
tained with the magnetic flowmeter agreed with
those of the venturi to better than 1%. The ex-
perimentally derived sensitivity was greater than
that calculated by G.E. by 6.5% at a fluid tempera-
ture of 700°F and 8% at a fluid temperature of
1500°F for one unit, and for the other unit it was
4.1% higher at 700°F and 5.6% higher at 1500°F.

SG. H. Burger and C. L. Pearce, Jr., ANP Quar.
Prog. Rep. Dec. 31, 1956, ORNL-2221, p 24, esp
Figs. 1.3.5, 1.3.6, and, 1.3.7.
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The experimentally derived sensitivity decreased
linearly with temperature with the same slope in
both cases. The reproducibility of the measure-
ments on these two units was better than 1%,

The 3/s-in. magnetic flowmeters designed at
ORNL (Figs. 1.3.6 and 1.3.7) for plugging-indi-
cator and cold-trap systems will not, as stated
previously, be calibrated because of the relaxed
accuracy requirements. However, the units will be
handled and installed in the same manner as the
main and auxiliary system flowmeters. The flux-
density variation of these magnets with tempera-
ture has been found in tests of a number of units
to be approximately the same as for the 2- and
3]/2-in. units. Further temperature tests will be
run on these units to determine magnet and flow-
pipe air-gap temperatures at various simulated
fluid operating temperatures. Four of the flow-
meters have been completed for installation in the

ETU.
TURBINE FLOWMETERS FOR USE AT
HIGH TEMPERATURES
G. H. Burger

Two redesigned 1-in. turbine flowmeters have
been fabricated that incorporate larger bearings

and closer bearing clearances than those used
previously. These units are being calibrated with
water prior to being installed in a gas-fired NaK
pump test loop. |f these redesigned units prove to
be satisfactory, it is planned to redesign the
3]/2-in. flowmeter which failed, as described pre-
viously,® in a NaK pump test loop. It is believed
that a satisfactory unit can be obtained by using
closer bearing clearances, a larger bearing di-
ameter, and a turbine with heavier blades and a
larger blade root radius.

THERMOCOUPLE TESTS
J. T. De Lorenzo

Tests of Inconel-sheathed thermocouples (0.250-
in.-OD sheath, MgO insulation) with closure welds
made by the Heliarc welding process were con-
tinued, with an additional 2000 hr of testing having
been accumulated since the previous report.
Nineteen closure welds on Chromel-Alumel ma-
terial that had previously passed dye-penetrant and
x-ray inspections have now completed 4300 hr of
operation at 1500°F in sodium. No major shifts in

6G. H. Burger, ANP Quar. Prog. Rep. March 31, 1957,
ORNL-2274, p 26.
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Fig. 1.3.6. ORNL-Designed Magnetic Flowmeter (3/8 in.) for Vertical Mounting.
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Fig. 1.3.7.
(3/8 in.) for Horizontal Mounting.

ORNL-Designed Magnetic Flowmeter

the drift were observed up to 2800 hr of operation.
Since that time, five sheathed assemblies have
shown sharp deviations, with two finally exceed-
ing the vendor's lower tolerance limit of plus or
minus 3/4% (~11°F at 1500°F). Thirteen similar
specimens and three platinum, platinum=10% rho-
dium units have completed 2000 hr of exposure at
1500°F in NaF-ZrF,-UF, (50-46-4 mole %, fuel
30). After 1400 hr of operation, three Chromel-
Alumel specimens started showing sharp devia-
tions, with one finally exceeding the vendor's
lower tolerance limit. No positive cause has been
found for these sharp deviations, but they may
have resulted from leaks in the sheaths or the
closure welds. A summary of the results obtained
in the tests is given in Tables 1.3.1 and 1.3.2,
except that the measurements that deviated sharply
from the normal data are excluded.

Equipment has been procured and assembled for
obtaining integrity and drift data on well-type
thermocouples (beaded couples welded to the well
tip) in a static NaK system at 1500°F. Both
Chromel-Alumel and platinum, platinum-rhodium
thermocouples will be investigated.

The study of drift of similar sheathed thermo-
couples and the conventional beaded thermo-
couples in air as a function of time and tempera-
ture has continued. An additional 2000 hr of
testing has been accumulated since the previous
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Table 1.3.1. Results of Drift Tests of Sheathed
Chromel-Alumel Thermocouples in Sodium at 1500°F

PTe's'ld Temperaturea (OF)

erio

(hr) Deviation? Spread®
0 5.2 3.5

1000 5.1 4.5

2000 5.4 6.5

3000 4.79 5.04

4000 4,2° : 7.3¢

“Ninteen assemblies were tested; each assembly con-
tained two thermocouples aged 24 hr at 1350°F in helium
prior to testing.

bDeviation of the average of the thermocouple readings
from the test temperature.

“Maximum spread of the 38 readings obtained.

4Excludes data from two assemblies.

€Excludes data from four assemblies.

report, and the results of the tests at 1300, 1600,
and 1800°F are presented in Table 1.3.3.

Bending tests on Inconel-sheathed Chromel-
Alumel material were run in a recently completed
traveling-gradient furnace. The gradient pattern
developed in the furnace is symmetrical about a
peak temperature of 1830°F, with a slope of about
840°F per inch. Comparative results with unbent
material indicate that bending produces negligible
effects on the thermocouple wires, as shown in
Figs. 1.3.8 and 1.3.9. Annealing of the sheath
material tended very positively to reduce the
response to gradients, as shown in Fig. 1.3.10.
The sheath material had been annealed for 24 hr at
1350°F in helium by the vendor. Subsequent
tests will be made on material annealed for 200 hr
at 1350°F in helium by the vendor.

The effects of brazing Inconel sleeves to the
Inconel sheath of Chromel-Alumel thermocouple
material were also examined with the traveling-
gradient furnace. The results indicate that,
thermoelectrically, the brazing operation produced
practically no effect on, the wires that could be
distinguished from the normal background. The
normal background was determined by subjecting
several unbrazed samples to the same gradients.

A 50-kw Megatherm induction-heating unit has
been renovated in preparation for a test designed
to study the effects of rapid heating at rates of
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Table 1.3.2. Results of Drift Tests of Sheathed
Thermocouples in Fuel at 1500°F

Test Temperature (°F)
Period
(hr) Deviation® Spreadb

Chromel-Alume! Aged 24 hr at 1350°F€

0 1.9 4.5
1000 3.5 3.8
2000 2.44 7.04

Chromel-Alumel Aged 200 hr at 1350°F¢

0 2.9 0.2
1000 5.1 0.7
2000 7.3 0.5

Platinum, Plutinum-Rhodium/

0 -1.0 5.5
1000 0.4 1.0
2000 -0.6 2.0

%Deviation of the average of the thermocouple readings
from the test temperature.

bMaximum spread of the thermocouple readings.

CEight assemblies were tested; each assembly con-
tained two thermocouples aged 24 hr at 1350°F in he-
lium prior to testing.

dExcludes data from two assemblies.

®Two assemblies were tested; each assembly con-
tained two thermocouples aged 200 hr at 1350°F in he-
lium prior to testing.

/Three assemblies were tested; each assembly con-

tained two thermocouples.

200 to 300°F per second on the accuracy and
integrity of Inconel-sheathed thermocouples.

CONTROL ROD DRIVE SYSTEM TESTS
S. C. Shuford’ C. S. Walker

A test of the ART control rod drive mechanism
was initiated to determine the over-all reliability
of the system, the suitability of the porous ceramic
poison rod material in the stagnant-sodium-filled
thimble, and the effectiveness of the sodium-
surface cooling jacket in preventing sodium dep-
osition in the drive mechanism. The test period

70n assignment from Pratt & Whitney Aircraft.
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is to be 3000 hr and the expected temperature
conditions of the ART are to be simulated. At the
end of the test period the system will be dis-
assembled and examined.

The rod-drive gear box and motors are shown in
Fig. 1.3.11. This drive mechanism is enclosed in
the pressure tank at the center right of Fig. 1.3.12.
The manually operated variable-voltage controllers
for the electric heaters on the thimble, together
with indicating and recording instruments, are
mounted in the four instrument racks shown. The
heated thimble, as well as the water jacket for
sodium surface cooling, is in a pit below the
floor level. The entire system is sealed under a
low helium pressure.®

A room-temperature mechanical shakedown test
was run for 351 hr, during which time the mecha-
nism completed 212 uneventful cycles. On May 14,
the thimble was filled with sodium, and the thimble
temperature was brought up to approximately
1100°F. The water system for sodium surface
cooling was adjusted to supply 0.8 gpm at 230°F
to the heat exchanger.

High-temperature automatic rod cycling is now
under way, and on June 13 the mechanism had op-
erated 700 hr through 630 rod stroke cycles. The
cycling schedule includes full rod insertion in
31.5 sec, rod dwell at bottom for 16.75 min, full
rod withdrawal in 6.25 min, and rod dwell at top
for 16.75 min.

A variation in the temperature near the top of
the thimble has been observed. When the rod is
held stationary at the top of the thimble, the upper
thimble temperature undergoes random excursions
of approximately 70°F. When the rod is held at
the fully inserted position, the random excursions
are approximately 30°F. These variations are
attributed to thermal-convection currents in the
sodium. The upper 3-in. section of the sodium,
which is surrounded by the cooling-water jacket,
has a temperature of approximately 230°F and the
lower 40-in. section of the thimble is at approxi-
mately 1100°F; therefore slow convection currents
exist because of the difference in densities.
Additional temperature variations occur near the
top of the thimble each time the rod is inserted or
withdrawn. The temperature ranges from 960°F
with the rod inserted to 1080°F with the rod

85. C. Shuford, ANP Quar. Prog. Rep. June 10, 1956,
ORNL-2106, p 41.
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Table 1.3.3. Results of Drift Tests of Sheathed and Beaded Thermocouples in Air at 1300, 1600, and 1800°F

Chromel-Alumel Chromel-Alumel Special Chromel-Alumel Normal Chromel-Alumel Pt, Pt—10% Rh
Period Sheathed Assemblies? Beaded Assemblies? Beaded Assemblies® Sheathed Assemblies? Sheathed Assemblies®
(hr) Deviation/ Spread® Deviation/ Spread® Deviation/ Spread® Deviation! Spread® Deviation! Spread®
(°F) (°F) °F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

Test Temperature: 1300°F

0 5.0 3.3 -7.0 2.1 -5.3 1.1
1000 5.5 3.7 -4.0 3.1 -4.4 2.2 0.2 2.0
2000 5.3 2.4 ~3.8 3.5 -4.1 6.5 -0.5 2.0
3000 6.0 2.5 -3.0 4.5 -3.0 5.0
4000 6.2 2.0 -2.0 4.5 ~2.0 6.0

Test Temperature: 1600°F

0 3.8 2.8 6.0 2.0 -7.1 3.5 4.7 4.3
1000 6.4 2.6 3.9 2.5 -2.2 6.1 5.6 3.1
2000 7.0 2.7 6.2 5.5 -0.7 10.7 14.0 4.0
3000 6.0 3.0 12.0 6.0 5.0 14.0 17.0 4.0
4000 13.0 4.0 16.0 5.0 7.0 18.0

Test Temperature: 1800°F

0 1.0 2.6 -7.5 4.3 1.3 2.1 5.5 4.2
1000 7.7 15.1 15.2 19.2 8.7 14.3 10.2 10.5 0.2 4.0
2000 8.0 16.2 26.2 9.5 11.7 19.2 14.0 14.0 -9.0 6.5
3000 12.0 20.0 30.0 14.0 18.0 29.0 16.0 12.0
4000 14.0 18.0 30.0 15.0 21.0 46.0

4Six assemblies were tested; each assembly contained two thermocouples aged 24 hr at 1350°F in helium prior to testing.

bsix assemblies were tested; each assembly contained two thermocouples fabricated with especially cleaned wire (accuracy, i?’/e of 1% over range 530
to 2300°F) in carefully cleaned wells.

“Same as special assemblies except that they received no special cleaning.

4Same as assemblies described in footnote a except that they were aged for 200 hr at 1350°F in helium.

®Five assemblies were tested; each assembly contained two thermocouples.

/Deviation of the average of the readings of the twelve thermocouples tested from the standard test temperature of 1300, 1600, or 1800°F.

8Maximum spread of the twelve readings obtained.
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withdrawn. [t should be remembered that the rod  electrical heat in this test. The cycling tests will
will be the heat source during nuclear operation of  be discontinued at 1000 hr and static tests will be
the ART, in contrast to the externally applied initiated.
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Fig. 1.3,12. ART Rod-Drive Test Facility. (@O S with caption)
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1.4. ENGINEERING DESIGN STUDIES
A. P. Fraas

APPLIED MECHANICS AND STRESS ANALYSIS
R. V. Meghreblian

Basic Problems in Elasticity
F. J. Stanek

Many of the structural configurations encountered
in the ART are not the basic shapes usually treated
in the theory of plates and shells. Some examples
of the unusual configurations are the two core
shells! (shells | and I1), shell VI, and the various
tube-to-shell connections associated with shell VII.
In order to provide adequate designs for these
members, it has been necessary to undertake a
program of basic studies to determine the elastic
properties of various special shapes. The stress
analysis of the tube-to-shell connection, which was
the initial study,! has been extended to a more
general treatment of tube connections. In addition,
two new studies have been initiated for determining
the elastic behavior of conical shells and circular
flat plates with variable thickness. These analyses
are of special interest because many of the complex
shell shapes in the reactor (such as shell VI) can
be represented as composite structures derived
from these more elementary configurations. The
analytical work for all three problems has been
completed, and numerical results are now being
obtained.

The analysis of the spherical shell problem
encountered in the design of the tube connections?
has been generalized to a wide range of thickness-
to-radius (a/h) values for the shell. The special
functions obtained in the solution of the shell
equations for arbitrary axisymmetrical edge loading
and uniform internal pressure are being tabulated.

The conical shell problem involved the solution
of an infinite series, as was the case for the
spherical shell problem. The special functions
used in describing the deformations and stresses

1R. V. Meghreblian, ANP Quar. Prog. Rep. Dec. 31,
1956, ORNL-2221, p 6; for shell structure see Fig. 1.1.1,
p 3.

2k, ), Stanek, Spherical Segment with Circular Hole
at Vertex Loaded Axisymmetrically Along the Edges.
Appendix A. Axially Loaded Circular Cylinder Attached
to Spherical Shell, ORNL.2207 (Dec. 19, 1956).

in the conical shell were expressed in terms of
the dimensionless variable

1/2
t
x = 2(10.92)"/4 <°°b a) J172

where 2a is the vertex angle of the cone, b is the
shell thickness, and y is a coordinate measured
from the vertex along the surface of the shell. The
solutions of the infinite series expressions of
these special functions are being tabulated for
values of 0 < x < 150, and the results will provide
solutions for a wide range of conical shells, ex-
cluding only those which have small values of a
and » and large values of y.

The analysis of the circular plate of variable
thickness has been completed only for the case
of a linear thickness-to-radius relationship. Em-
phasis is being placed on configurations in which
the greatest thickness is toward the center of the
plate. During the preliminary study of this general
problem it was discovered that by taking Poisson’s
ratio equal to 1/3, the solution of the bending
analysis could be expressed as a function with a
finite number of terms. This simplification has
been introduced as a computational convenience.
The membrane analysis of the plate, on the other
hand, is given as an infinite series. A generalized
set of computations is being made which will
permit solutions to a wide variety of tapered
circular plates.

This analytical work is being coordinated with a
program of experimental stress analyses at the
University of Tennessee. The next step in the
experimental program is the study of a truncated
conical shell with a tapered circular plate base.
The results of this study should demonstrate the
validity of the cone-and-plate analyses mentioned
above.

Stress Analysis of Shell VI

S. E. Moore D. M. Miller
An analytical investigation of shell VI, the
pressure shell liner, is being made to determine

the integrity of this structure under both thermal
and pressure loads. The thermal loads will result
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from the nonuniform temperature distribution over
the shell and from the constraints imposed on it
by the adjacent structures. The pressure loading
will arise from differences between the pressure
in the sodium circuit on the outside and the pres-
sure in the fuel circuit on the inside. These
studies will include the determination of complete
displacement profiles and stress distributions.

The studies for the two types of loading will be
made In the thermal stress study,
which is presently under way, the shell is first
being examined under the assumption that there
are no external constraints on the system and,
therefore, that all stresses which appear will be
due to the nonuniform temperature profiles. The
results of this study will be combined with a set
of suitable edge loads to simulate the constraints
of the surrounding structure. In this way the
thermal stress distribution and growth of the shell
will be determined. .

The pressure load conditions to be imposed on
this shell will include the reactor design point
operating the conditions which will
exist with only one fuel pump operating, and the

prefill condition when the reactor contains neither
3

separately.

condition,

fused salt nor sodium.

The analytical model selected for the study
treats shell VI as a composite structure consisting
of cylinders, cones, spherical elements, flat plates,
and flanges, as shown in Fig. 1.4.1. (The term
flange denotes a shell of revolution with a constant
radius of curvature for which the axis of revolution
does not pass through the center of curvature, for
example, a torus.) The study was carried out by
solving each element in general and then treating
the total structure as a system of elements with
the requirement that all loads and deformations at
junctions between elements be compatible. This
approach lead to a set of approximately 150 simul-
taneous algebraic equations in the various defor-
mations and loads.

The analytical solutions for the cylindrical and
spherical segments are well known and were applied
in the usual way.?*3 The solutions for the conical

3During the prefill period a portion of the reflector
assembly weight will be transmitted to the pressure

shell through shell VI,
4. W, Geckler, IngmArch. 1, 260 (1929).

Ss. Timoshenko, Theory of Plates and Shells, McGraw-
Hill, New York, 1940.

64

UNCLASSIFIED
ORNL—LR—DWG 22942

A |

|

—_ e —

SPHERE

Fig. 1.4,1. Shell VI Structural Elements.

segments and tapered plates were obtained by the
methods described in the preceding section, and
the flange analyses were performed by using the
Esslinger method.® The data are now being corre-
lated.  Although the present effort is directed
primarily to the solution of specific shell problems,
general routines and techniques are being prepared
for treating any thin-walled shell configuration.

Experimental Analysis of Pressure Shell Dome

B. L. Greenstreet R. L. Maxwell”

The ART is to be supported by attaching the
four pump barrels to the reactor support platform.®
The suspension of the ART in this manner will
produce relatively large stresses in the pressure
shell in the regions where the pump barrels are
welded into the shell. These stresses will arise
from axial (weight) loads on the barrels and from
side loads resulting from expansion of the NaK

M. Esslinger, Statische Berechnung von Kesselbdden,
Julius Springer, Berlin, 1952,

7 Consultant from the University of Tennessee.

8
R. V. Meghreblian, ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 18.



piping and differential thermal expansion between
the pressure shell and the platform,

An experimental stress analysis has therefore
been performed on the support region (north head)
of the pressure shell to provide a detailed check
of the calculated stress distributions. This test
was made at the University of Tennessee’ on a
full-size aluminum mockup of the shell, which is
shown in Figs. 1.4.2 and 1.4.3, with the strain
gages in place. The mockup duplicates the sodium
pump barrels, the sodium expansion tank, and the
upp&r portion of the pressure shell, and it includes
a skt of truncated fuel pump barrels. The holes
for the NaK lines and various instrumentation out-
lets:have not been reproduced.

The shell was loaded in several ways to provide
the information required for examining all loading
conditions anticipated during operation of the ART,
including axial loading on both the sodium pump
barrels and the fuel pump barrels. Axial loads
were also applied singly to each of these barrels.
The side loads (in opposed pairs) were applied
normal to the axes of the barrels (see Fig. 1.4.4).
This condition was used for each pair of pump
barrels and for a combination of one fuel and one
sodium pump barrel.

In the case of the ART, the side loads will act
near the upper flanges of the barrels and will
produce a combined moment and shear at the base
of the barrel. The effects of pure moments and
shears transmitted from the barrels to the shell
were also studied.

The method of attaching the fuel pump stubs to
the shell of the mockup does not duplicate the
ART design; however, this deviation affects only
the stresses in the immediate vicinity of the
junction. !t is planned to make an exact model of
this region and to measure the stresses for the
loadings corresponding to those described above.
A correlation of the data will permit an accurate
evaluation of the ART design.

Reflector Temperature Distribution

D. L. Platus D. M. Miller
R. V. Meghreblian

Calculations are under way in order to determine
the steady-state temperature distribution throughout
the beryllium reflector during full power operation.

9Under the direction of R. L. Maxwell.
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These results will be used to determine the proper
flow distribution of the sodium coolant and to
calculate thermal stresses in the beryllium.

A sketch of the reflector-moderator cooling circuit
is shown in Fig. 1.4.5. Cold sodium enters at the
top of the reflector and passes down through the
cooling holes and the inner annulus. This sodium
removes the gamma-ray and neutron heat deposited
in the beryllium and a<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>