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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. Heat
Transfer and Physical Properties, Radiation Damage, and Fuel Recovery and Reprocess-
ing, and 5. Reactor Shielding.

The ANP Project is comprised of about 550 technical and scientific personnel en-
gaged 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 at ORNL is directed toward the development of a circulating-fuel type of
reactor.

The design, construction, and operation of the Aircraft Reactor Test (ART), with the
cooperation of the Pratt & Whitney Aircraft Division, are the current 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.

vii
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ANP PROJECT QUARTERLY PROGRESS REPORT

SUMMARY

1.1. Aircraft Reactor Test Design

An experimental study of the creep buckling of
shells with double curvature was undertaken in
order to evaluate the possible effects of the
pressure differentials to which the various shells
in the ART will be exposed. Strains computed
from experimentally determined buckling patterns
will be used to predict the number of cycles to
which a shell may be subjected. All tube-to-shell
connections, such as the joins of the pump barrels
to the pressure shell in the region of the north
head and the connection of the NaK lines from the
north- and south-head manifolds to the pressure
shell, are being analyzed to determine whether
they can withstand certain mechanical loads and
deformations and whether they can survive a speci-
fied number of temperature cycles arising from
differences in thermal response of the pipe and the
shell.

An over-all thermal analysis of the reactor is
being made in order to determine the average
operating temperatures of major structural members,
to establish fabrication and assembly tolerances,
toreveal possible interferences between components,
and to determine which areas of the structure would
be subjected to excessive thermal distortions.

A series of tests is under way to determine the
fatigue life of Inconel tubing and sheet subjected
to rapid strain cycling at the surface. The infor-
mation obtained will be used to evaluate the effects
of high-temperature high-frequency local “‘surface’’
strain-cycling of the Inconel core shells and heat
exchanger tubes.

The transfer of radicactive gases from the fuel
expansion tank region of the ART to the pump
lubricating oil system was investigated. The
results of the calculations indicated a gamma-ray
dose rate of about 30 mr/hr at a distance of 1 meter
from the oil reservoir and a 500-hr dose from beta
emitters of 104 rads, which is trivial compared
with the 108 rads the oil can absorb without serious
damage.

Heat exchanger test experience was reviewed,
and, in order to evaluate the conclusion that the
difficulties experienced thus far have been caused
by conditions peculiar to the rig-test design, a

circular-arc-tube-bundle rig-test heat exchanger
that simulates more closely the ART conditions
is to be tested. A similar study of radiators is
under way.

1.2. ART Physics

The neutron heating in the reflector, island, and
fuel regions of the ART was computed. The results
of two-dimensional multigroup calculations made
at the Curtiss-Wright Corp. were used in the calcu-
lations. The total radiation heating in the ART,
excluding that from the fission products and the
fission-product beta rays in the core, was calcu-
lated by using the previously obtained values for
the gamma-ray heating and the values obtained for
neutron heating. An integration was also performed
over the radiation heating contours to find the total
heat load in each region of the ART.

1.3. ART Instruments and Controls

Two types of liquid-metal-level transducers are
being tested for service in the main, auxiliary, and
special ART NaK pumps. The units consist of a
resistance type, manufactured by the General
Electric Company, and a variable-permeance type,
manufactured by the Crescent Engineering &
Research Co. The G-E units have thus far operated
quite satisfactorily, but the Crescent devices have
been found to be very temperature-sensitive. The
tests, which are to continue for 3000 hr, are de-
signed to investigate accuracy, linearity, temper-
ature effects, reliability, lead length effects, probe
wetting effects, and time response.

Complete magnetic flowmeter units have been
purchased from the General Electric Co. in the
two sizes, 2 and 3‘/2 in., required for the ART and
ETU NaK circuits. A 3/s-in. flowmeter has been
designed for use in the ART and ETU cold-trap
and plug-indicator systems.

An evaluation study was made of the available
design, fabrication, and test information on the
newly developed ORNL high-temperature turbine-
type flowmeter. It was concluded that the oper-
ational principle of the unit is sound and that the
unit is practical for use with liquid metals and
fused salts at temperatures up to 1500°F and
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probably higher. Some reduction in the pressure
drop through the unit is to be obtained by stream-
lining. The results of tests of the 1-in. units will
be compared with the results of tests of a 3%-in.
unit now being installed in a NaK pump test loop.

Work is under way on an on-off type of liquid-
level indicator probe that will operate reliably
at NaK system temperatures for a minimum of
1000 hr, but no spark plugs tested thus far have
met these specifications. A resistance type of
probe is being developed which consists of a
low-resistance center wire inside a thin-walled
Inconel tube. This probe has the advantages that
all surfaces exposed to the liquid-metal vapor are
Inconel and that it can be welded into the system
by replacing the threaded fitting with a welding
flange.

Additional static and dynamic tests were made of
the helium-bubbler type of level indicator being
considered for use on the fuel expansion tank.
Careful control is to be maintained over the
moisture and oxygen content of the helium purge
gas used in future static tests in an effort to
prevent clogging of the bubbler tubes. Attempts
are being made to improve the accuracy of cali-
bration of the dynamic test rig.

High-temperature pressure transmitters of various
types are being tested — a 1:1 pneumatic force-
balance type with a fabricated Inconel bellows, a
strain-gage type, a unit in which a differential
transformer is used to detect the motion of a
fabricated-bellows sensor, and a unit which
employs a variable-permeance transducer to detect
the motion of a formed-bellows sensor. The tests
have shown the two-legged strain-gage type of
transmitter to be unsatisfactory, but the four-legged
strain-gage transmitters have the desired accuracy.

1+4: Component Development and Testing

Tests have shown the lubricants being con-
sidered for use in the ART pumps to be inert to
the ART process fluids. In-pile tests of dynamic
systems are planned for radiation-damage evalu-
ation of the lubricants, and a critical assembly
that includes a mockup of the north-head assembly
is being measured in order to determine the radi-
ation exposure to be expected in the ART. Tests
of elastomers of interest for seal application were
continued.  Buna-N O-rings were found to be
satisfactory in Gulfcrest-34. The journal bearings
of the ART sodium pumps were re-evaluated
because of an increase in the developed head

requirement, and no effects of the increased
journal bearing load were noted. Preliminary
tests of modified Durametallic seals, which utilize
a ceramic-faced steel rotor and a carbon stator,
have indicated that these seals will probably be
satisfactory for use in the ART NaK pumps.

Thorough water testing and evaluation of a fuel
pump with an acceptable impeller has continued,
and a similar pump is operating with the fuel
mixture (No. 30) NaF-ZrF -UF , (50-46-4 mole %).
In the developmental water testing of the fuel
pump it has been possible to reduce the pressure
fluctuations to acceptable limits, to establish a
decreasing gas-pressure gradient, and to regulate
the fluid flow into the expansion tank to the
desired range. Through modifications in the
impeller it was also possible to achieve the
desired lowering of the loop liquid pressures
relative to the gas pressure in the expansion
tank in order to reduce the stress loads on the
north-head assembly.

Water tests of the sodium pump were also con-
tinved. The maximum head required for ART
operation was increased, and tests at the new
operating conditions revealed ingassing of the
pumped fluid. Therefore a re-evaluation of the
impeller-volute configuration is under way. Tests
of the pump with sodium at 1200 to 1350°F re-
vealed the need for increasing the bearing clearance
and decreasing the cold shrinkage tolerance.

Water tests of Inconel primary NaK pumps were
completed and high-temperature tests were started.
The pump primed satisfactorily on startup, and the
oil seal leakage rates have remained within ac-
ceptable limits.

The newly modified and now acceptable model 32
impellers were installed in the fuel pumps of the
aluminum north-head mockup. Preliminary results
indicate that fluid no longer rises up the pump
shaft of a stopped pump or a running pump if
helium flow is maintained to both pumps and that
substantial improvement of the flow characteristics
in the xenon-removal expansion tank has been
achieved.

Additional heat exchanger and radiator tests
were run. The present series of tests are designed
for studying the effects of temperature, temperature
gradient, and time on mass transfer in the NaK
system.

Additional tests of ART prototype dump valves
and seat and plug materials have indicated that a
satisfactory valve has been achieved. A valve in
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which the spherical molybdenum poppet is fixed
rigidly to the stem and the copper seating ring
is conical has operated satisfactorily for 200 hr
through 14 operating cycles. This test is con-
tinuing.

Several types of condensation traps for removing
zirconium fluoride vapor from the reactor off-gas
have been designed and tested. A trap that is
being considered for the ART is described, as well
as traps of other designs for use on test rigs.
Developmental work is also under way on con-
densers for removing liquid metal vapor from the
purge gases bled from the ART sodium and NaK
pumps.

Developmental work was completed on a pulse
generator for producing temperature oscillations
in a fused-salt stream of 150 to 200°F at a
frequency of up to 10 cps, and the generator has
been built but not yet tested. The loop in which
the generator will operate is being fabricated,
and an investigation of techniques for measuring
rapid temperature oscillations in the liquid stream
and at the tube walls is under way.

The total pressure loss in the ART sodium
circuit is being determined by calculations and
by measuring the loss across mockups of those
regions of the circuit which are difficult to analyze
and to calculate. Design work was completed and
fabrication was begun on the facility for water
flow tests of the ETU sodium circuits through and
around the reflector-moderator region. Facilities
for three other flow tests are being designed.

Cold-trap evaluation tests were continued.
The results of these tests will be used to es-
tablish ART cold-trap operating conditions. Flow
tests are being conducted on mockups of part of
the dual cooling system for the ART fuel fill-and-
drain tank.

1.5. Procurement and Construction

The initial contract work on the construction of
the ART facility, which included the building
alterations, the building addition, the cell instal-
lation, and the installation of auxiliary services
piping, has been completed. Work on the second
contract, which included the installation of the
diesel-generators and facility, electrical control
centers, and spectrometer room electrical and air
conditioning equipment, has been completed,
except for installation of three diesel control

panels, performance testing of diesel-generator
sets, and installation of penthouse anchor bolts.

Design work on the process piping and process
equipment continued, and a small portion of the
work was contracted to the Rentenbach Engineering
Co. They will provide a distribution center for
supplying electrical power to the pipe and equip-
ment heaters, a dry-air plant, and a building to
house the air plant and wound-rotor-motor con-
trollers. In addition, they will install government-
furnished wound-rotor-motor controllers and in-
duction regulators.

Preliminary planning  work continued on the
program of reactor disassembly. Building sites
for the hot-cell facility were investigated, and
three possible sites were selected.

The preparation of reactor assembly and in-
spection procedures continued, and component
procurement is under way. One set of contoured
beryllium parts for the ETU reactor has been
received and inspected, and the cooling holes
are being drilled. Progress on the fabrication
of the thin Inconel core shells that form the fuel
annulus indicates that acceptable shells can be
produced by the Hydrospinning technique. Samples
of fabricated stainless-steel-clad boron-copper
cermet parts have been received, and the metal-
lurgical and dimensional checks made thus far
indicate that these items are acceptable.

Construction of the ETU facility is under way.
Most of the work accomplished during the quarter
was in connection with the main NaK system, the
control room, and auxiliary services piping. Layout
drawings were completed for mockups of most of
the ART cell components that will be duplicated
in the ETU assembly but not used in its operation,
such as the reactor lead shield, the dual cooling
system for the fill-and-drain tank, the fuel dump
valves and actuators, etc. Design details for
these items are to be provided by outside vendors.
Some design changes necessitated by disassembly
planning were made.

Progress is being made on the fabrication of the
fuel-to-NaK and sodium-to-NaK heat exchangers.
Assistance has been given to vendors in con-
nection with the close control required on the
variables of the brazing operations used in the
construction of the radiators. Frequent dis-
cussions have been necessary on the problem of
obtaining adequate quantities of acceptable
Inconel stock.
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1.6. ART, ETU, and In-Pile Operations

The critical review of ART operating problems
that has been under way for some time is serving
not only for the preparation of operating procedures
and operator training manuals but also as an
analysis of the reactor design. Process flowsheets
and control circuitry have been analyzed, and
revisions are being made where necessary.

The ETU system will be as similar as possible
to the ART, within the limited objectives of the
ETU, and thus the ETU will serve as a training
facility for ART operating personnel, as well as a
test of the reactor system. Revisions are being
made in the ETU flowsheets that reflect the
revisions being made in ART flowsheets. Because
the ETU will not require nuclear controls, it will
have only one principal control center rather than
the two to be provided for the ART.

Techniques and procedures are being devised
for removing the reactor from the ART facility and
for transporting it to the disassembly facility.
The designs of features which must be built into
the system to effect the disassembly were es-
tablished, and the necessary changes are being
made in ART designs. As a basis for preparation
of the disassembly procedures, the after-shutdown
dose from the reactor was calculated for various
reactor shield conditions. Calculations were also
made of the contamination that could occur in the
ART cell as a result of a leak in the fuel-pump
expansion-chamber seal or in the fission-gas
purge line.

Four proposed disassembly methods - saw
cutting, grinding, Heliarc-torch cutting, and
shearing ~ were studied in order to determine the
yields and sizes of the air-borne particles that
would be produced. It was found that small piping
and thin-walled sections can be sheared without
producing air-borne particles. For larger sections,
sawing with large blades and slow cutting speeds
will be satisfactory.

In-pile loop No. 6 was removed from the MTR on
September 15, after a very short operating period,
because of pump malfunctioning and apparent
breakage of a heat exchanger sniffer tube. Of the
total operating time of 224 hr, only 70 hr was at
full reactor power. The loop is to be sectioned
and shipped to ORNL. Higher power densities and
higher loop temperatures, of the order of 1600°F,
are being considered in the planning of the future
in-pile loop program. A higher capacity heat

exchanger is being developed to handle the in-
creased power, and an improved pump and pump
purge system are being developed to ensure satis-
factory operation of the loop at higher temperatures
for more than one reactor cycle.

A radiation test of an operating ART reactor
pump bearing housing is being planned. The test
will serve to determine the adequacy of the present
seal under radiation and to evaluate various
lubricants for use in high flux regions. Gamma
radiation will be satisfactory for this test, and a
special gamma irradiation facility will be set up
in the MTR canal.

In-pile tests of moderator materials are being
programed. For the first test, four beryllium oxide
cermets were inserted in a close-fitting Inconel
capsule that was then installed on the forward end
of an in-pile plug and inserted in the HB-3 beam
hole of the MTR. Other materials to be tested are
graphite and metal hydrides.

1s7. Advanced Reactor Design

Preliminary design work has continued on an
advanced reactor based on the concept that the
circulating fuel cools the moderator. The objective
of the advanced design work is a reactor that is
simpler than the ART and will operate at a higher
temperature. Since the choice of materials and the
optimum distribution of materials for a core-
moderated, one-fluid reactor of the type being
considered depend largely on heat deposition
rates and thermal stresses in the core-moderator
elements and in the reflector, a study was made of
these factors. The reflector of the reactor being
studied will serve the normal function of reducing
the core size and critical mass, and, in addition,
it will serve both as a part of the shield and as a
neutron barrier to reduce activation in the heat
exchanger.

Two reactor configurations are being studied.
One is comprised of rods of a metal hydride placed
in the core on uniform equilateral centers. A
fused-salt fuel would circulate through the core.
The rod diameter increases with radial distance
from the center of the core in order to obtain a
uniform power density in the fuel and to reduce
the gamma-ray heating density near the core
boundary so that relatively large-diameter rods
can be used in the reflector.

The second configuration resembles the first,
except that the reflector would consist of a thick
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inner layer of copper surrounded by an outer layer
of heavily poisoned hydride. Preliminary design
specifications have been prepared for this con-
figuration.

The principal materials that must be tested and
evaluated for use in advanced reactors are
beryllium oxide, several forms of high-density
graphite, zirconium hydride, and yttrium hydride.
It appears that, except perhaps for graphite,
cladding will be required to isolate the moderator
from the circulating fuel in order to minimize
corrosion and to provide the strength needed to
resist moderate fluid dynamic forces.

The effects of thermal stress and radiation on
the moderator materials are to be investigated in
in-pile tests. A beryllium oxide specimen has
been irradiated and will be examined soon, and a
second set of specimens is being prepared for
irradiation. The thermal stresses and temperature
gradients that would exist in zirconium hydride
cylinders in an operating reactor were estimated.
Differences in thermal expansion between zir-
conium hydride and two possible cladding ma-
terials, Inconel and molybdenum, indicate that it
might be difficult to maintain a solid bond between
the hydride and its cladding and that, if a bond did
exist, the differences in thermal expansion might
cause the can to buckle.

Some preliminary reactor calculations have been
run on the computing facility at the Curtiss-Wright
Corp. and on the Datatron at the Nuclear De-
velopment Corporation of America. The accuracy
of the numerical values obtained in the Curtiss-
Wright calculations is in doubt because the high-
energy cross-section data used were not correct.
Comparisons of the code data used for zirconium
and ytirium hydride with other computed and
experimental data are presented.

2.1 Phase Equilibrium Studies

A study of the system NaF-RbF-UF, was com-
pleted, and the boundary curves, compatibility
triangles, and isotherm characteristics of the
system are illustrated. The eutectic and peritectic
compositions and their temperatures are listed.

A new furnace was constructed and used for
visual observation of fused salts in the system
RbF-CaF,. With the new furnace a temperature
of 1200°C can be obtained; the upper temperature
limit of the furnace used previously was about

850°C. It was found that RbCaF . melts congru-
ently at 1110 + 10°C and that the eutectic between
RbCaF , and CaF , melts at about 1090°C.

The equilibrium relations in the solid solution
7Nc:F-6Z|'F‘-7Nc|F-6UF4 were established, and a
phase diagram is presented. Quenching studies
of the system RbF-BeF, were completed, and a
phase diagram was prepared on the basis of
thermal analysis data previously obtained and
the quenching data. Studies of the NaF-RbF-
BeF ,-UF , systems revealed mixtures with liquidus
temperatures and UF , concentrations of interest
as aircraft reactor fuels. The vapor pressures for
these mixtures are not yet available, but they are
expected to be much lower than those of the
ZrF ,-base fuels.

Additional data for the system KF-BeF, are
presented, and a thermal analysis investigation of
the CsF-BeF, system was completed. A tentative
phase diagram of the system NaCl-ZrCl, is
presented that is based on thermal analysis data
and petrographic examination of fused salts.

Tests were performed which indicate that fused
salts shown by petrographic examination to be
oxide free contain less than 0.1% oxyfluoride
compounds. It is concluded that, in cases where
such oxide-free fuel has been used and trouble has
developed because of precipitation of oxides, the
trouble must have been the consequence of im-
proper cleaning of the equipment, exposure of the
fused salt to atmospheric contamination, or other
mishandling of the system or the fused salt after
the petrographic examination.

2.2, Chemical Reactions in Molten Salts

Refinements of the experimental techniques
used in the investigation of the equilibrium
reduction of NiF, by H, in NaF-ZrF , have re-
sulted in data for concentration constants that
are about 30% lower than the average of the re-
sults published previously. The new data correlate
very satisfactorily with changes of temperature.

The studies of solubility and stability of
structural metal fluorides in fluoride mixtures
were extended to include investigations of CrF,,
Fer, and NiF, in RbF-ZrF , (60-40 mole %) at
600 and 800°C. Also the studies of the reduction
of UF4 by chromium that have been carried out in
various fluoride mixtures were extended to include
the reaction medium RbF-ZrF, (60-40 mole %)
and LiF-BeF , (48-52 mole %).

xxi



el

The solubility of BaF, in molten NaF-ZrF ,
(50-50 mole %) was found to be sufficiently high
to assure that there would be no deposition of
fission-product barium in a practical circulating-
fuel reactor system. The possibility of the for-
mation of much less soluble complex compounds
of BaF, with other fission-product fluorides is
being investigated. A systematic investigation of
the solubilities of LaF, and CeF, in fluoride
fuels was continued with the use of radioactive
cerium and lanthanum and other radioactive tracers.
The solubility of CeF, in NaF-ZrF -UF , was
shown to be low and to be independent of the
quantity added, and it was demonstrated con-
clusively that CeF , crystallizes from such melts
as the simple fluoride. It was found that the
solubility of LaF. (and presumably of all the
rare-earth fluoridesg is very high in NaF-KF-LiF-
UF ;. In NaF-ZrF -UF , the solubility of LaF,
is low and independent of the quantity added, and,
as in the case of Cer, the saturating phase is the
simple trifluoride. °

The similarity in the solubility of CeF, and of
LaFS in NaF-ZrF -UF , (50-46-4 mole %) and the
observation that CeF3 and Lan apparently form
a continuous series of solid solutions prompted
experiments to determine the possibility of re-
moving fission-product rare-earth fluorides from a
contaminated NaF-ZrF -UF , mixture to any de-
sired degree by repeated oaditions of CeF,, for
example. Experiments have conclusively demon-
strated that the concentration of labeled CeF, in
NaF-ZrF -UF , solution can be effectively lowered
by the addition of LaF .

A new experimenta? system was set up for
studying the solubilities of gases (in particular,
xenon) in molten salts. Preliminary calibration
tests with helium show good correlation of the
results.

Experiments were performed which demonstrated
that NiF, is a necessary intermediate in the mass
transfer of nickel in molten NaF-ZrF, (53-47
mole %) in a nickel container. The mass transfer
mechanism may be explained by the postulation of
a subfluoride which forms in the cooler regions
and disproportionates in the hotter regions. It is
realized, of course, that there are a number of
alternate explanations that may be just as
plausible.

Observations have been made of the colors
displayed by various fused fluoride salts in the

half cells used for emf measurements. The results
of this survey indicate that the prospects for a
spectrophotometric study of the corrosion reaction
participants are promising.

Work on the determination of the solubilities of
metal fluorides in molten salts by measuring the
emf’s of appropriate cells was continued. Cells
with CuF2 in NaF-ZrF4 (53-47 mole %) contained
in copper crucibles with copper electrodes were
investigated. = The equation for the effect of
temperature on the apparent solubility of CuF,
in the fused salt was formulated.

Thermodynamic analyses were initiated of the
effect of changes in composition of a fused salt
mixture on the deviations from ideality of the
melting points. Efforts are also being made to
develop theories and models which will account
for the thermodynamic behavior and to make
correlations and predictions on the basis of these
models and theories. This information will be
useful in adjusting the composition of a fused salt
mixture in order to obtain the optimized physical
properties.

2.3. Physical Properties of Molten Materials

Measurements were made of the vapor pressures
of the NaF-ZrF , system to check existing data and
to examine some compositions for which species
other than ZrF, must be present in the vapor.
The existence of an azeotrope at 75 mole %
NaF-25 mole % ZrF , was confirmed. Activities of
ZrF, in NuF-ZrF4 solutions were obtained at
several temperatures.

The effect on ZrF , vapor pressure of the partial
substitution of UF4 for ZrF, in the NaF-ZrF4
system was investigated. The substitution of
UF , for ZrF , diminished the vapor pressure of the
ZrF, in the salt mixture but was not nearly so
effective as increasing the amount of alkali
fluoride.

Measurements are being made of the activities of
structural metal halides as a function of alkali
cation size as an aid in predicting the extent of
corrosion reactions in fused salts. The total
vapor pressures in the FeCl,-KCl and FeCIz-LiCI
systems were measured over the entire range of
compositions, and the apparent heats of vapor-
ization were calculated.

Additional measurements of the surface tensions
of NaF-ZrF, (53-47 mole %) were made by the
sessile-drop technique. Approximate values are
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given for the surface tension of pure, liquid UF
that are based on a calculated density of 5.30
g/cm?.

2.4. Production of Purified Fluoride Mixtures

Many small batches of pure structural metal
fluorides were prepared for special studies, and
rare-earth fluorides were prepared for use in
fission-product removal studies. Requests for
the mixture NaF-KF-LiF-UF4 (11.2-41-45.3-2.5
mole %) have increased sharply, and 600 Ib or
more will be prepared per month. Investigations
are being made to determine why many containers
filled with this mixture rupture when the material
is remelted after freezing.

Two copper-lined stainless steel reactors used
in the production-scale facility failed recently
because of faulty temperature controllers. In
each case the temperature reached or exceeded the
melting point of the copper, and therefore the
stainless steel shell was attacked by the molten
fluorides. An alarm system has been installed to
preclude this type of failure.

In the preparation of the fuel solvent NaF-ZrF ,
for the Pratt & Whitney Aircraft high-temperature
critical experiment it was found that the NaF used
contained 3.5% water rather than the specified
0.05%. The solvent is being reprocessed to
remove the oxides and oxyfluorides.

Satistactory, good-quality NaZrF . was obtained
from a commercial vendor. This material was of
especial interest because the establishment of a
reliable commercial source of raw material will be
of great value in maintaining product quality.
The 250-1b production facility started continuous
operation on November 5 in order to fill projected
requirements for fluoride mixtures in calendar
year 1957.

Difficulties encountered in the conversion of
low-hafnium ZrCl, to ZrF  were resolved, and
1850 |b of material was converted. In recent
runs the dust loss was only about 3%. The indices
of refraction of sodium monoxide and potassium
monoxide were determined because of interest in
identifying the oxides of NaK collected in cold
traps in circulating NaK systems.

2.5. Compatibility of Materials at High
Temperatures

Studies of the penetration of high-density graphite
by molten fluorides were continued. Several
special experimental samples exposed to NaF-
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ZrF ,-UF , at 800°C for 24 hr were found to be
penetration resistant, and one sample (density,
2 g/cm®) showed no penetration. Samples of
APC graphite impregnated with Ne::F-ZrF4 (53-47
mole %) were also tested. Impregnation alone
reduced the penetration by a factor of 2, and an
additional pretreatment that consisted of heating
the impregnated material in vacuum redsced the
diffusion still further.

A series of tests was made to investigate the
rate of hydrogen diffusion through quartz at 800°C.
The data obtained will be correlated with data
obtained in a study of the NaOH-Ni reaction. In
electrolysis experiments on the NaOH-Ni system,
no mass transfer occurred when hydrogen was
being bubbled through the melt, even when there
was a temperature gradient across the system.
However, when a helium atmosphere was used
along with a temperature gradient of 100 to 150°C,
nickel deposits were found on the cold (~600°C)
cathode. After tests with carbon monoxide bubbling
through the system, carbon was found to have
deposited inside the crucible, and the NaOH melt
contained Na,CO,.

Additional studies were made of the effect of
hot NaK on elastomers. After tests under simulated
valve operating conditions, G-E silicone 81576
showed promise as a valve seat material.

2.6 Analytical Chemistry

A method for the direct spectrophotometric
determination of microgram amounts of lithium
carbide in lithium was developed. Acetylene,
which is formed when the lithium carbide is
dissolved in water, is absorbed in a solution of
silver perchlorate. The absorbance of this so-
lution, which is measured at 297 and 313 my, is a
function of the amount of lithium carbide present.
The range of the method is from 10 to 200 ppm of
carbon at 297 mp and from 50 to 1100 ppm at
313 mp. Nitrogen, as lithium nitride, can be
determined in the same sample.

In connection with the determination of oxygen
in metallic lithium by reaction of lithium with an
ethereal solution of n-butyl iodide, it was found
that lithium nitride reacted with the n-butyl iodide
to form lithium iodide and nitrogen. These reaction
products do not interfere with the proposed method
for the determination of oxygen.

A small test facility was constructed to simulate
a leak of NaK in a NaK-to-air radiator. In the
apparatus NaK at a temperature of 1200°F was
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injected at 1000 psi, through a small orifice, into
a stream of room-temperature air which was moving
at a velocity of 2400 lin ft/min. A concentration of
alkali-metal oxides in air in excess of 2200 ppm
was delivered to the scrubbers of the detector
with less than 25% loss by deposition on the walls
of the apparatus.

The use of the new reagent 4-isopropyl-1,2-
cyclohexanedionedioxime was studied for the
determination of nickel in solutions of alkali
metals. .The nickel-dioxime complex is extractable
with chloroform. With this reagent, nickel can be
determined in concentrations of the order of 0.5
ppm. Another new reagent, pyrocatechol violet,
was applied to the spectrophotometric determination
of zirconium in sulfate solutions of fluoride salts.

Developmental work was completed on the
spectrophotometric method for the determination
of cerium in mixtures of fluoride salts. The
interference of uranium, zirconium, and iron was
effectively eliminated by extracting these three
metals with trioctyl phosphine oxide.

Methods were studied for the preparation of
radioactive, tagged fluoride salts for use as
tracers in studies of equilibria at high temper-
atures. Cerium fluoride tagged with Ce'4' and
lanthanum fluoride tagged with La'4% have been
prepared.

The method for the determination of boron as
the fluoride complex in mixtures of fluoride salts
was extended to include the determination of
metallic boron in such mixtures. The metallic
boron is filtered after dissolution of the fluoride
salt in AICI;-HCI and then rendered soluble by
fusion with sodium carbonate.

The compatibility of pump lubricants with molten
alkali metals and fused fluoride salts was studied
in a special apparatus in which small quantities
of high-temperature (1100°F) molten metal or salt
are dropped into a reservoir of lower-temperature
(200°F) lubricant. Of the lubricants tested, only
Cellulube was found to react, and it reacted only
with sodium.

Studies were continued on the analytical appli-
cation of trioctyl phosphine oxide (TOPOQO) as a
reagent for the concenfration, separation, and
determination of components of ART fuels, cor-
rosion products, and fission products. It was
demonstrated that chromium can be concentrated
by a factor of 100 by a single extraction from
solutions of HCI or H,SO,.

3.1. Dynamic Corrosion Studies

Inconel forced-circulation loops were operated
with the fuel mixture (No. 30) NaF-ZrF ,-UF
(50-46-4 mole %) to study the effects of flow rate,
temperature drop, and operating time on corrosion
of the Inconel. Loops operated for 1000 hr at
various flow rates showed no significant differences
in attack. Results of tests with temperature
gradients of 145, 200, and 300°F indicated that a
temperature gradient above 200°F noticeably
increased the attack and that temperature gradients
of below 200°F did not correspondingly reduce the
attack. The comparison of corrosion results of the
loops operated for various times under similar
conditions showed a rapid increase in attack
within the first 15 hr followed by a gradual increase
in attack at a rate of 1 mil in 280 hr.

Inconel forced-circulation loops were also operated
with sodium to study the effect of temperature drop
on corrosion and mass transfer. A definite increase
in the amount of mass transfer with increased
temperature drop was found. There is an approxi-
mately linear relationship between temperature drop
and weight of mass-transferred deposit. Similar
loops operated with sodium to which magnesium
chips had been added showed no difference in the
amount of mass transfer as compared with the mass
transfer in standard Inconel-sodium loops.

A zirconium hot-leg insert in a standard Inconel-
sodium forced-circulation loop reduced the mass-
transferred deposit slightly compared with the
deposit in a standard Inconel-sodium loop. A
titanium hot-leg insert had no apparent effect on
mass transfer.

A forced-circulation loop constructed of Incoloy
(34% Ni—~20% Cr—bal Fe) was operated for 1000 hr
with sodium at a maximum fluid temperature of
1500°F. The mass-transferred deposits and the
maximum depth of attack were similar to those
observed in Inconel loops. The deposits, however,
in contrast to those in Inconel loops, did not
adhere to the loop walls. Mass-transferred deposits
were also found in a Hastelloy B loop operated for
1000 hr with sodium. The deposits were pre-
dominantly nickel and were similar in appearance
to deposits found in Inconel-sodium loops.

A gas-fired heater coil constructed of Inconel
was examined metallographically to determine the
extent of corrosion during operation as a heater
coil in an intermediate heat exchanger test stand.
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The heater had been exposed to NaK at temper-
atures of 1200 to 1600°F for approximately 2700
hr, the exposure being in the temperature range of
1400 to 1500°F. Intergranular attack to a depth
of 1.5 mils was found.

Several thermal-convection loops constructed
from experimental nickel-molybdenum alloys were
tested with the fuel mixture (No. 107) NaF-KF-LiF-
UF, (11.2-41-45.3-2.5 mole %) at 1500°F. The
hot-leg attack in these loops was relatively light,
being 1 to 2 mils for 500 and 1000 hr of exposure
to the fuel mixture. The fuel in loops fabricated
from an alloy containing 2% aluminum showed a
high aluminum pickup. Loops constructed of
alloys in which the chromium content was varied
from 3 to 10 wt % indicated similar depths of hot-
leg attack, but the concentration of the attack was
highest in the alloy containing 10% chromium.
Also, an increase in the operating time from 500
to 1000 hr in a loop constructed of an alloy con-
taining 5 wt % chromium did not increase the depth
of attack, although again the concentration of the
attack was increased. Nickel-molybdenum loops
operated for 1000 hr with sodium at 1500°F revealed
hot-leg attack to a depth of 1 mil and a small
amount of mass transfer in the cold leg sections.

A series of Inconel thermal-convection loops
was operated for 500 hr with special fluoride fuel
mixtures at 1500°F. Results from the loops
operated with LiF-ZrF ,-UF, (50-46-4 mole %)
indicate greater depths of attack than those found
with related alkali-metal fluoride systems. Loops
operated with NaF-ZrF ,-UF, (58-32-10 mole %)
showed the same type and amount of attack as
that found with a similar fuel mixture containing
only 5 mole % UF, that is, NaF-ZrF ,-UF , (60-35-
5 mole %).

3.2, General Corrosion Studies

Fusion welds on recrystallized tube-to-header
joints were found to have good corrosion resistance
to NaK (56-44 wt %) and to the fuel mixture NaF-
ZrF ,-UF , (50-46-4 mole %) when tested in seesaw
apparatus at a hot-zone temperature of 1500°F for
100 hr. These specimens, supplied by the Glenn
L. Martin Co., had an additional fusion weld on
the tube-to-header joints fabricated by the standard
““flange-during-welding’’ method.

Metallographic results indicate that boron is
leached from Coast Metals brazing alloy No. 52
(89% Ni—-5% Si—-4% B-2% Fe) to a depth of 4 mils

in 1000 hr by NaF-ZrF ,-UF, (53.5-40-6.5 mole %)
at 1500°F in seesaw apparatus. This depth of
leaching is approximately the same as that found
previously after similar tests of 500-hr duration.
In all the tests with Coast Metals brazing alloys
Nos. 52 and 53, both containing 4 wt % boron, the
depth of depletion of boron increased as the test
temperature was increased and became more
severe when the exposure time was increased from
100 to 500 hr. In another test in which the surface
area-to-volume ratio proposed for the ART was
used, the larger amount of test fluid did not affect
the depth of boron depletion.

A special nickel-molybdenum (17% Mo-3% Cr—
0.075% C-~bal Ni) alloy specimen exposed in
seesaw apparatus to NaF-KF-LiF-UF, (11.2-41-
45.3-2.5 mole %) for 1000 hr at a hot-zone tempera-
ture of 1600°F showed a weight loss of 0.13%.
After the test the fuel mixture was found to contain
0.1% Mo, 0.089% Ni, and 0.12% Cr. A specimen of
the same material was attacked to a depth of 1 mil
in a thermal-convection loop, and therefore it was
concluded that the seesaw apparatus cannot be
used for screening tests of nickel-molybdenum
alloys.

Tests were performed in seesaw apparatus to
determine whether graphite in an Inconel—NaF-
ZrF4-UF‘ (50-46-4 mole %) system at 1500°F
would ‘“‘tie up’’ the chromium in the Inconel as
carbides and thus affect the depth of corrosion
attack. The test results indicated that the graphite
had no effect on the depth of corrosion of the
Inconel and that the graphite was not attacked by
the fused salt.

Nickel and Inconel capsules were exposed to
NaCl-MgCl,-UCl, (50-33.3-16.7 mole %) in seesaw
apparatus at a hot-zone temperature of 1800°F for
100 hr. Both capsules had mass-transferred
crystals after the test, with the nickel capsule
having the greater amount. After 500-hr tests at a
hot-zone temperature of 1350°F, both nickel and
Inconel revealed slight attack to a depth of 0.5
mil, and there was no mass transfer of the nickel
capsule. A slight deposit of metallic crystals was
found in the cold zone of the Inconel capsule.

Four rare-earth oxide samples fabricated in the
shapes to be used for the ART control rod were
tested in molten sodium for 500-, 1000-, 2000-,
and 3000-hr periods. These specimens had average
densities of 4.10 g/cm® and apparent porosities of
46.3%. Chemical analysis of a sodium sample
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taken from the bottom of the test capsule used for
the 2000-hr test showed a total of 129 ppm of rare
earths in the alcohol insoluble residue. The other
samples from the 2000-hr test and the samples from
the 500- and 1000-hr tests showed no rare earths.
The samples from the 3000-hr test have not yet
been analyzed.

A compatibility test has been conducted on
Inconel staples inserted in Inconel sleeves in
beryllium blocks and immersed in sodium for 1000
hr. The temperature was cycled between 1300 and
500°F ten times dwring this test. Examination
revealed 25 mils of intermetallic compound forma-
tion near the bottom of the Inconel sleeve. It is
therefore thought that in the ART the unalloyed
Inconel near the surface will act as a barrier to
prevent the brittle compound from spalling into the
sodium stream.

An Inconel-sodium thermal-convection loop with
a zirconium sleeve inserted in the hot leg was
operated for 1000 hr at a hot-leg temperature of
1500°F.  Although the oxygen content of the
sodium was reduced by the formation of zirconium
oxide, no change in the usual sodium attack on the
Inconel could be observed.

Since a lithium-rich phase in a lithium-sodium
mixture might alter the corrosion resistance of
nickel-base alloys to such a mixture, an Inconel
thermal-convection loop was operated with NaK
containing 5 wt % Li for 1000 hr at a hot-leg
temperature of 1050°F. The lithium-rich phase
would not be present at higher temperatures. No
mass transfer was found in any section of the
loop, and it is concluded that if a lithium-rich
phase developed it did not affect the corrosion
resistance of the Inconel. The effect of larger
additions of lithium is to be studied.

Molybdenum and zirconium capsules were ex-
posed to sodium and to lithium in seesaw apparatus
for 100 hr at hot-zone temperatures of 1535°F. No
evidence of attack by either sodium or lithium was
found.

A preliminary investigation of the corrosion
resistance of molybdenum and Hastelloy B to
rubidium in a dynamic system was completed. No
mass transfer occurred in either the molybdenum-
rubidium or the Hastelloy B-rubidium systems.
No attack occurred in a molybdenum capsule ex-
posed to rubidium for 500 hr in seesaw apparatus
at a hot-zone temperature of 1900°F, while a
Hastelloy B capsule exposed for 500 hr at 1600°F

was attacked to a depth of 1 mil. Hastelloy B-
rubidium standpipe tests showed attack of the
Hastelloy B after 500 hr at 1400°F of 1.5 mil and
after 500 hr at 1500°F of 2 mils.

A lead-lithium alloy containing 0.7-wt % Li is
being investigated for possible use as a neutron
and gamma-ray shielding material. The alloy
containing 0.7 wt % Li was found to have far
better mechanical properties than those of pure
lead and the lead—0.06% copper alloy being
considered for ART shielding applications.

3.3. Fabrication Research

In the development of nickel-molybdenum alloys,
a system of evaluation has become necessary.
Optimum criteria for the acceptability of an alloy
in terms of oxidation resistance, creep strength
and rupture life, corrosion resistance, fabrica-
bility, joining characteristics, aging characteris-
tics, and nuclear properties have therefore been
established. A review of the data compiled to
date on experimental alloys has indicated that
many of the new alloys being investigated are
quite adequate in some respects. Many composi-
tions can be fabricated without difficulty; they
possess sufficient oxidation and corrosion re-
sistance; and they are not susceptible to aging.

The effects of carbon and chromium additions to
the experimental alloys are sufficiently well known
to permit generalizations. The addition of carbon
in excess of the amount required for deoxidation
seriously reduces the fabricability of an alloy in
the tube-reducing operation and also reduces the
ductility, Chromium is a dominant factor in de-
termining the oxidation rate and the corrosion
resistance of an alloy, and data have been ob-
tained which show that the minimum chromium
content for oxidation resistance may be about 7%.

Tubing from four special alloys extruded for
Battelle Memorial Institute has been received.
Reduction of the tube blanks was only partly
successful in that longitudinal cracks developed
in the tube walls. Again it was noted that fail-
ures occurred only in alloys with high carbon
content. Sixteen additional extrusions were pre-
pared from four other alloys selected by Battelle
Memorial Institute for studies of fabricability,
ductility, strength, and weldability. Sufficient
tubing is being prepared from a 17% Mo-10%
Cr—7% Fe—bal Ni alloy for fabrication of a forced-
circulation loop for a more severe test of this
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promising chromium-bearing alloy than can be ob-
tained with a thermal-convection loop.

Welding wire and stress-rupture specimens have
been prepared from laboratory melts of the INOR
compositions for preliminary evaluation prior to
completion of a commercial order for these alloys.
An inventory of the material recovery from the
commercial-size INOR alloy heats has been re-
ceived, and a request has been forwarded for the
fabrication of the recovered material into tubing,
plate, sheet, wire, and rod. Fabrication of rods
from some of these alloys is complete, and the
stock has been delivered to the New England Ma-
terials Testing Laboratory and to Rensselaer
Polytechnic Institute for stress-rupture and weld-
ability studies.

A contract proposal for the preparation of large
heats of two additional alloys has been received
and reviewed. This contract is to include the
forging of extrusion billets for processing at the
International Nickel Company and the preparation
of plate, wire, and rod on a commercial scale.

The shield plugs for the ART pumps are being
fabricated. The thin copper-B,C neutron shield
plate is being prepared by hot rolling, and the
zirconia thermal shields have been fabricated and
finished by grinding to size. The high-density
gamma-ray portions of the plugs, which consist of
tungsten carbide and Hastelloy C, are being pre-
pared by hot pressing in a large furnace.

Four batches of copper-B,C cermets roll-clad
with type 430 stainless steel that were prepared
by the Allegheny Ludlum Steel Corp. were evalu-
ated for distribution of the B,C, bend radius,
tensile strength and ductility, and thickness. All
batches were found to be acceptable except for
variations in thickness,

A 14-in.-0OD, 1.5-in.-wide ring of stainless-steel-
clad copper-B,C cermet was prepared for use in
the Pratt & Whitney Aircraft high-temperature
critical experiment. A similar 19-in.-OD ring is
being fabricated.

The strength of the 30% Lindsay oxide—70%
nickel control rod material was determined at
1500°F for various particle sizes of oxide. None
of the samples showed ductility, primarily be-
cause of stringering and agglomeration of the
oxide particles. Several 3-ply extrusions of the
Lindsay oxide—nickel control rod with Inconel
cladding were made. In all cases the core of the
extruded rod cracked during cooling because of
thermal stresses and lack of ductility.

Techniques are being developed for the grain
refinement by recrystallization of as-received
coarse-grained niobium that was arc-melted at
Battelle Memorial Institute. Evaluation of the
material will be based on its properties after
recrystallization.

Several plates of Nb-UO, compacts clad with
niobium were prepared by roll cladding. An at-
tempt to extrude a billet with a core of 60% Nb—40%
UO, was unsuccessful, however. The Nb-UO,
core was not reduced appreciably.

Fabricability and tensile properties of an 80%
Nb-20% U alloy were investigated. Attempts to
selectively oxidize the uranium in the alloy were
partly successful.

A high-temperature controlled-atmosphere tensile
rig is being modified to accommodate small speci-
mens for use in the testing of hydride moderators.
A retort is also being constructed for the prepara-
tion of yttrium metal by calcium reduction.

3.4. Welding and Brazing Investigations

A detailed investigation is being made of the
weldability and brazability of commercial and ex-
perimental nickel-molybdenum alloys. Preliminary
data on the mechanical properties of Hastelloy B
joints indicate that as-welded joints fail in the
weld metal, with good ductility, when tested at
room temperature and in the base metal, with re-
duced ductility, when tested at 1500°F. Hardness
measurements were made on Hastelloy B plate
welded with Hastelloy B filler metal and aged at
various temperatures. Aging at 1300°F produced
the highest hardness values. Nickel-molybdenum
alloys of various compositions are being fabricated
into thermal-convection loops in order to study the
effect of corrosion on the weld zones. The braz-
ing characteristics of the nickel-molybdenum alloys
are also being studied in order to determine
whether these alloys can be used in heat ex-
changer and radiator applications. Some results
have been obtained in tests of the flowability of
Coast Metals brazing alloy No. 52 on the various
alloys.

An extensive investigation was made of the
effect of temperature rate of rise on brazing be-
cause of difficulties encountered at the York
Corp. in attempts to braze stainless-steel-clad
high-conductivity-fin NaK-to-air radiators. When
brought to brazing temperature in the York furnace
at a maximum rate of rise from room temperature of
approximately 100°F/hr, the brazing alloy rings
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retained their original shape and therefore did not
provide a satisfactory tube-to-fin joint. Experi-
ments indicate that a minimum heating rate of
300° F/hr should be used.

The effect of the fin material on the flow of the
brazing alloy was also studied. Stainless-steel-
clad fins were readily wet by the brazing alloy,
whereas the brazing alloy rings melted completely
on Inconel-clad fins and adequate adherence and
fin-collar protection were achieved. In further
experiments it was found that stainless-steel-clad
fin-to-tube joints brazed in a dry-helium atmosphere
showed excellent braze adherence and fin-collar
protection, in contrast to the results being ob-
tained by brazing in a hydrogen atmosphere.

The coefficients of thermal expansion of several
high-temperature brazing alloys were determined
in the range from room temperature to 900°C. The
curve for Coast Metals brazing alloy No. 52 was
found to be nearly linear over the temperature range
investigated, and the curve obtained for a second
heating and cooling cycle was slightly lower.

Studies of the effects of various stress-relief
heat treatments on grain growth in Inconel tubing
were initiated. No oxide films were noted after
any of the stress-relief treatments. Heating to the
brazing temperature of 1922°F caused significant
grain growth on the exterior wall, but the interior
wall of the tube retained its fine-grained structure.
Further study of the effects of temperature, time at
temperature, and type of atmosphere is under way.

Experiments were conducted in order to deter-
mine the properties of welded joints of the boron-
containing stainless steel being considered for
shielding. The welded joints of type 304 stainless
steel containing 1% boron were brittle and clearly
indicated that this material should not be used
for load-carrying components.

A 500-kw high-conductivity-fin NaK-to-air radig-
tor, designated York HCF Radiator No. 9, was ex-
amined after test service for 1283 hr in the tem-
perature range of 1000 to 1600°F, including 695 hr
of service with a temperature drop across the
system. No cracks were found in tube-to-sump
plate joint areas and no evidence of incipient
cracking was noted.

Developmental work on the fabrication of valve
components was continued. Techniques have been
developed for attaching the following materials to
Inconel: nickel-bonded cermets, tungsten carbide—
nickel cermets, copper, molybdenum, tungsten, and

Thermenol. Techniques are being developed for
attaching cobalt-bonded cermets.

3.5. Mechanical Property Studies

The effect of section thickness on the creep-
rupture properties of Inconel in the fuel mixture
(No. 30) NaF-ZrF -UF, (50-46-4 mole %) at
1500°F is being studied. experimentally. Data
have been obtained which show that the strength
and ductility of Inconel in sections less than
0.060 in. thick is very dependent upon the speci-
men thickness, being lower for the thinner sec-
tions, but for sections more than 0.060 in. thick
the strength is not so sensitive to section thick-
ness. Further, the strength properties of the thinner
sheet are somewhat less sensitive to stress and
more sensitive to time in the fuel than are the
strength properties of the thicker sheet material.

Data have also been obtained which indicate
that the creep-rupture strength of Inconel at 1500°F
in fuel No. 30 is decreased by previous cold
working, whereas the corrosion resistance of
Inconel to fuel No. 30 at the same temperature is
unaffected by previous cold working. The reduc-
tion in strength is attributed to recrystallization
during the test.

Experimental investigations are being made to
determine the effect of strain cycling on the
properties of Inconel. Equipment which may be
used to strain-cycle a specimen at elevated tem-
peratures in controlled environments was de-
veloped and constructed. In the initial test,
as-received fine-grained Inconel was cycled to
failure in an argon environment at 1500°F with a
total strain per full cycle of 1% and a plastic
strain per full cycle of 0.12%. The cycle rate per
full cycle was 80 sec. The number of cycles to
failure was 3390 and the time to failure was 77 hr.
The failure was intergranular, and metallographic
examination disclosed no cracks in the gage length
other than the single crack which propagated to
failure. No grain growth or recrystallization ap-
peared to have occurred during testing.

Creep-rupture testing of the various experimental
nickel-molybdenum alloys now available is under
way. The results of some tests with an argon
environment and some tests with the fuel mixture
(No. 107) NaF-KF-LiF-UF, (11.2-41-45.3-2.5
mole %) are reported. The strengths of some
of these alloys at 1500°F in fuel No. 107 have
been shown to be adequate for reactor application,
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but further testing will be required to establish
the optimum composition for high-temperature
strength and corrosion resistance.

3.6. Ceramics Research

Equipment for the hydriding of yttrium and
zirconium metals is being assembled. With this
system it will be possible to heat 4 x 12 in.
billets up to 2300°F in an atmosphere of purified
hydrogen at constant pressures.

Several beryllium-containing materials were
prepared for evaluation as moderating material.
A Be,C-SiC cermet was made that may be more
oxidation resistant than Be,C alone. A large
hot-pressed block of beryllium oxide fabricated in
France was received for sampling and testing.
Also, specimens of beryllium oxide were hot-
pressed for testing in the MTR.

Sufficient rings of 70% Ni—30% rare-earth oxide
were prepared for the Pratt & Whitney Aircraft
high-temperature critical experiment. Studies are
being made of methods for fabricating rare-earth
oxide hemispheres to be used for cross-section
measurements.

3.7. Nondestructive Testing and Inspection of
Materials and Components

An instrument is being developed for the inspec-
tion of small-diameter tubing which offers the
advantages of both impedance analysis and vari-
able frequency. The device has the high sensi-
tivity of the cyclograph and may be operated over
a range of frequencies from about 15 to 600 kc.
Directly coupled signals are obtained both from
the resistance and the reactance changes in the
impedance of the coil.

An evaluation of the available penetrant methods
for the inspection of tubing resulted in the re-
placement of dye-penetrant techniques with the
postemulsification fluorescent-penetrant method
known as ‘Zyglo.”” Radiographic inspection
techniques have been developed whereby flaws of
less than 2% of the wall thickness can be located.

An attempt to correlate the types of defects
being found in tubing with the methods used to
find them has resulted in the establishment of
categories of defects. Sizes of defects are still
being investigated.

Materials for ETU, ART, and test components
are being routinely inspected with their intended
uses as the criteria for acceptability. Tubing and

pipe inspection methods have been standardized,
but developmental work on plate and sheet inspec-
tion methods has not yet been completed.

4.1. Heat Transfer and Physical Properties

The fluid friction characteristics of the fuel side
of a 260-tube full-scale model of the present ART
fuel-to-NaK heat exchanger were obtained. The
data obtained fall 9% below those for a similar
100-tube model. The over-all heat transfer per-
formance of a new compact heat exchanger having a
delta-array tube spacing was experimentally de-
termined to be superior to the performance of a
square-array heat exchanger having the same hy-
draulic diameter, the same number of tubes, and
the same spacer density.

Additional research was conducted on the tech-
nique of stabilizing flow in reactor cores by using
screen packing. The phosphorescent-particle tech-
nique, which was used previously to observe
visually instantaneous fluid-flow phenomena in
transparent ducts, was converted fo a quantitative
method; the velocity profiles are now being re-
corded photographically.

A mathematical analysis of the temperature
structure within the fuel, Inconel core shells, and
sodium coolant streams of an idealized ART core
was carried out; sodium flow rates and cooling
requirements were also established. A conceptual
design for a new core configuration for a reflector-
moderated circulating-fuel reactor was developed.
The core is composed of a cluster of circular pipes,
and the axial velocity structures in the fluid flowing
in the pipes are controlled so that nearly uniform
radial fuel temperature distributions are obtained.

Further research on the influence of thermal
cycling on the strength and corrosion character-
istics of Inconel in a fluoride fuel environment was
conducted. Deeper subsurface void formation than
was expected was observed in Inconel test sections
under both low- and high-frequency cycling.

The enthalpies and heat capacities of three salts
were measured: ZrF‘, NaNO,-KNO,-NaNO , (40-
53-7 mole %), and NaCl-LiCl (28-72 mole %).
Viscosity determinations were made for the molten
chloride eutectic KCI-LiCl (41.2-58.8 mole %); the
viscosities ranged from 5.4 centipoises at 375°C
to 1.8 centipoises at 600°C, A preliminary thermal
conductivity value of 1.5 Btu/hrft2(°F/ft) was
obtained for NaF-ZrF ,-UF, (56-39-5 mole %). A
study was initiated to investigate the effect of
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subsurface voids formed by corrosion on the effec-
tive thermal conductivities of metal walls.

4.2, Radiation Damage

Examination of the remaining portion of in-pile
loop No. 3, the impeller, was completed. No evi-
dence of attack on the impeller was found by
metallographic examination, In-pile loop No. 4,
operated under conditions similar to those used for
loop No. 3, was disassembled and partly examined.
The only difference from the loop No. 3 results that
has been observed in the examination of loop No. 4
is that the attack in the hot zones was 1.5 mils as
compared with 3 mils in loop No. 3. The cold
zones of both loops showed less than 1 mil of
attack. It has been noted that the original grain
size of the tubing used for loop No. 3 was larger
than the grain size of the tubing used for loop No. 4.

In an attempt to determine the causes of the diffi-
culties encountered in etching Inconel samples for
metallographic analysis, the rates of attack of
chromic, oxalic, and sulfuric acids on Inconel
surfaces prepared by various methods are being
studied. Variations in attack associated with the
prior history of the Inconel appear fo occur, but no
final conclusions can be drawn until more data are
collected,

Tube-burst experiments were continued in the
LITR with specimens of carefully inspected Inconel
tubing of the type to be used for ART radiator
fabrication, The three inspected specimens that
have been in the LITR in a helium atmosphere at
a stress of 2000 psi and a temperature of 1500°F
for more than 1000 hr have not yet ruptured. These
specimens indicate a stress-rupture life that is
considerably in excess of the 260-hr arithmetic-
mean rupture life reported previously for sub-
standard tubing tested under the same conditions.

The effect of temperature on the electrical re-
sistivity of Inconel was studied to obtain data
needed in the design of electromagnetic flowmeters.
A resistivity maximum was observed at approxi-
mately 900°F, and holding the specimen in the
temperature range of 600 to 900°F resulted in a
maximum resistivity increase of about 2% in a
24-hr period. Above 900°F, the resistivity was
not dependent on time or on rates of heating or
cooling.

The modified pump for circulating fused-salt
fuel in the LITR vertical in-pile loop has operated
satisfactorily for over 1700 hr in a bench test of a

loop mockup. The successful operation of this
pump indicates that there has been no significant
condensation of ZrF  in critical areas. Loop No. 8,
which will include a pump of the modified design,
is now being assembled for operation in the LITR.

Irradiations of Inconel capsules filled with fused-
salt fuel mixtures were continued, and three
irradiated and four control capsules that had been
tested at approximately 1500°F for 200 to 900 hr
were opened and examined. The four control cap-
sules and one irradiated capsule that had normal
test histories showed attack to a depth of 1 mil
or less. The irradiated capsule which had a tem-
perature excursion to 1600°F that lasted for 5 min,
in addition to other unusual short temperature ex-
cursions, was found to have been attacked to a
depth of 4 mils. The other irradiated capsule was
attacked to a depth of 8 mils, but this result must
be discounted because the capsule was bent during
specimen preparation, Two Hastelloy B capsules
filled with the fuel mixture NaF-KF-LiF-UF, were
prepared for irradiation in the MTR.

The sampling techniques and the methods used
for chemical analysis of radioactive and nonradio-
active samples of fused salt fuel mixtures are
being investigated in order to improve the repro-
ducibility of the determinations. It has been es-
tablished that radiation causes the analysis for
chromium by the diphenylcarbazide method to be
significantly low.

The neutron flux of hole 51 of the ORNL Graphite
Reactor was measured both in and out of the donut
with boron-covered Pu?3?, Np237, and U238 de-
tectors. These detectors measure the flux greater
than about 1 kev, 600 kev, and 1.5 Mev, respec-
tively. The n-to-p transition in n-type germanium
was also measured in the two positions and corre-
lated with the flux greater than 600 kev.

Equipment for studying hole lifetime in n-type
bulk material was designed and constructed, Pre-
liminary measurements show that the lifetime of
injected holes is extremely sensitive to neutron
irradiation. An exposure of 1010 nvt decreased the
lifetime of holes in one sample from 1010 psec to
404 psec. A subsequent exposure of 1010 nvt also
reduced the lifetime by a factor of 2.

The continued studies of electric field effects on
annealing rates of irradiated 1IN 38-A rectifiers
have led to contradictory data., Further investiga-
tions will be required, with emphasis on differen-
tiation between surface and bulk effects.
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Junction germanium power rectifiers have been
exposed to reactor irradiation. The changes ob-
served were qualitatively the same as those ob-
served in point-contact rectifiers. The rectification
of the unit was not completely destroyed after
2 x 10'7 nvt.

Metallographic examinations were made of irra-
diated samples of the stainless-steel-clad CaB -Fe
and BN-Ni cermets being considered for use as
thermal-neutron shielding, Measurements show a
slight increase in hardness of the irradiated CaB,-
Fe specimens. The BN-Ni samples retained dimen-
sional stability and continuity of the core-to-
cladding interface; however, an increase in hard-
ness of both the core and the cladding was ob-
served, Additional B,C-Cu cermet samples were
prepared for irradiation in the MTR,

As part of the study of chemical and physical
changes induced in polymeric materials by radia-
tion, infrared spectral measurements were con-
tinued on irradiated specimens after protfracted
exposure to air. Measurements were also begun to
obtain quantitative absorption coefficients from the
earlier spectral data. Molecular weights of stocks
of commercial polystyrene and polymethyl methac-
rylate were determined by viscosity measurements,
Samples of these materials were separated into
various molecular-weight fractions by a precipita-
tion technique. Specimens of these molecular-
weight fractions have been prepared for irradiation,
and specimens of unfractionated material have been
irradiated to establish the doses suitable for vis-
cometry samples. Low pressure (linear) and ordinary
polyethylene samples have been irradiated to study
the influence of molecular shape on radiation
effects. Engineering evaluation tests have been
carried out on several materials being considered
for gasket applications and on impregnated-
asbestos sheets for electrical usage.

4.3, Fuel Recovery and Reprocessing

All major equipment for initial runs in the fused
salt—fluoride volatility pilot plant is installed and
is being tested. '
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5.1. Lid Tank Shielding Facility

Experiments at the Lid Tank Shielding Facility
(LTSF) are performed in a large tank of water in
which shield mockups are placed adjacent to a
fission source and measurements of the intensity
of radiation are made beyond the mockup. The
LTSF fission source consists of a ‘‘plate’’ con-
taining U233 which absorbs thermal neutrons that
issue from a hole in the ORNL Graphite Reactor
shield. In September, 1955, a new source plate
(SP-2) that has several advantages over the old
one (SP-1) was installed. The average source
strength of SP-2 has been determined to be
1.62 x 10'! (fissions/sec) t+ 5%. This can be
interpreted as 5,18 £ 0.26 w of power based on the
assumption of an average reactor energy dissipa-
tion of 200 Mev/fission. Since the installation of
the new source plate, measurements of the thermal-
neutron flux and the gamma-ray and fast-neutron
dose rates in plain water have been made at
various distances from the source plate. Plots of
the results are presented.

Several calculations of the attenuation kernel for
the fast-neutron dose rate from a point, isotropic,
fission source in water have been performed. One
such calculation, which was based on LTSF ex-
periments in which the old source plate (SP-1) was
used, did not agree with a calculation performed
later with the ‘‘moments’’ method. At the time, the
discrepancy could not be resolved, but the installa-
tion of the new source plate (SP-2) has allowed
some differences to be explained. A new calcula-
tion based entirely on experimental data obtained
with SP-2 has resulted in agreement with the
moments-method calculation.

The latest tests in the new series of experiments
on advanced shielding materials have included
mockups containing stainless steel and tungsten as
the gamma-ray shield.  Thermal-neutron flux,
gamma-ray dose rate, and fast-neutron dose rate
measurements beyond these mockups are presented.
In addition, fast-neutron dose rate measurements
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5.2. Bulk Shielding Facility

In order to obtain some information as to how
the substitution of stainless steel for aluminum in
the fuel elements of the BSF reactor would affect
the gamma-ray flux spectrum at the surface of the
core, a calculation of the flux at the surface of a
reactor containing UO_—stainless steel fuel ele-
ments was performed. fn order to check the method
used, a parallel calculation was performed for the
BSF reactor containing uranium-aluminum fuel
elements, and the results were compared with
existing experimental data. The general shape of
a plot of the calculated results corresponds with
the plot of the experimental results, although the
magnitudes of the two curves were not in complete
agreement, The disagreement is not yet explained.
The calculation does show that the substitution of
stainless steel for aluminum will increase the rela-
tive amount of the high-energy flux at the surface
of the reactor,

Measurements have been made of the energy and
angle spectra of the photon energy flux resulting
from 1.17- and 1.33-Mev gamma rays from a point
source after diffusion in an infinite water medium.
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The two sources used had strengths of 100 curies
and 195 mc, respectively., Spectral measurements
were made with a Compton spectrometer having a
peak-to-total ratio of 0.7 and a resolution of 14%
(full width of half maximum) for 1.12-Mev photons,
The resulting energy and angle spectra of the
energy flux are compared, after integration over
the solid angle, with calculated results which have
been obtained by the ‘‘moments’’ method.

Provisions have been made at the ART facility
for a limited number of gamma-ray and fast-neutron
dose rate and spectral measurements. Most of
these measurements will be made within five
collimator tubes which will extend radially from
the shield in its horizontal midplane. In addition,
dose rate measurements will be made in a region at
the north head of the reactor. The design for the
collimator tubes has been completed.

5.3. The Tower Shield Reactor Il

A change in the concept of the utility of the
new reactor being designed for the Tower Shielding
Facility has brought about revisions of the design
that will provide a facility for general use rather
than a mockup of a specific reactor. A spherical
arrangement of light-water-cooled and -moderated
MTR-type fuel plates was chosen for the reactor,
The reactor will be controlled by boron-loaded
umbrella-shaped grids that will be located in a
spherical water volume enclosed by the core so as
to cause a minimum perturbation of the leakage
flux, The mechanical design and nuclear calcu-
lations are in progress, and a few development
experiments have been performed.









1.1. AIRCRAFT REACTOR TEST DESIGN
A. P. Fraas

STATUS OF ART DESIGN

The detailed analytical study of the temperature
and stress distributions throughout the reactor was
continued, and design modifications indicated by
the study were made. Many detail design changes
have been requested by the procurement staff to
facilitate fabrication. These requests have been
studied, and the desired changes have been made
if they would not have a substantially adverse
effectonthe integrity of the system. Contamination
of the fuel pump lube oil by fission products was
studied carefully in the light of new data, and the
acceptability of the ART lube oil system was
established. Heat-exchanger and radiator-component
test experience was carefully examined to determine
its significance and implications.

APPLIED MECHANICS AND STRESS ANALYSIS
R. V. Meghreblian

Creep Buckling of Shells with Double Curvature

It was pointed out in a previous report! that the
various shells within the reactor will be exposed
to pressure differentials which can cause creep
buckling. The three most critical shells from this
standpoint are the island core shell (I), the outer
core shell (II), and the reflector shell (V). The
core shells are to be fabricated from X-in.-thick
Inconel sheet, and the reflector shell is to be
fabricated from l/“s-in.-fhick Inconel sheet. The
general proportions and the locations of these shells
are shown in Fig. 1.1.1, There are at present two
separate experimental programs under way in which
the buckling characteristics of these shells are
being studied. One of these programs is concerned
with the buckling of the core shells. Although some
preliminary information is available on the properties
of these shells, most of the data were obtained
from low-temperature tests on full-size lead shells
and tubes.? In the test program presently under
way both full-size shells and &-scole models of

lA. P. Fraas and A. W. Savolainen, Design Report on
tlb9e Aircraft Reactor Test, ORNL-2095, p 57 (Dec. 7,

zExporim.nfs carried out by Pratt & Whitney Aircraft
personnel on the Fox Project.

halfeshells made from Inconel will be used. These
tests are being conducted at reactor operating
temperatures of 1200 to 1600°F. The first of the
tests was carried out on the ‘/‘-scale model of one-
half of shell Il that was used in the power cycling
experiment.® For this test the two ends of the
shell were capped off with heavy plates, and the
shell was exposed to an external atmosphere of
argon at 52 psi at 1500°F. Failure occurred after

3R, . Meghreblian, ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 23.
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Fig. 1.1.1. Shell Structure of the ART.
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275 hr. The collapsed shell is shown in Fig. 1.1.2.
It is recognized that the actual end conditions in
the reactor were not simulated in this test, since
only one<half of a shell was used and each end was
supported by a stiff plate, |t is expected, however,
that results obtained with these models will be
useful in correlating data obtained with the complete
full-size Inconel shells now being fabricated.

The second portion of the creep-buckling program
is concerned with the buckling characteristics of
shell 1V. This study is under way at the Syracuse
University Research Institute. Since shell |V has
a spherical shape over most of its surface, pre-

UNCLASSIFIED
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Fig. 1.1.2. The Y-Scale Model of One-Half of
Shell 1l After Creep-Buckling Collapse. (Con-
fidential with caption)

liminary studies are being conducted on lead
hemispherical shells of the proper thickness-to-
radius ratio. Another important feature of shell |V
which has been simulated in the lead model test is
the gap which will be between it and a layer of
boron tiles. These tiles, which will serve as a
thermal-neutron curtain for the outer surface of the
reflector, will be in a sodium vapor atmosphere
between shells |ll and IV. At room temperature the
gap will be 0.020 in. wide; when the reactor is
isothermal at 1200°F the gap will be 0.027 in.; and
at full power the gap will be 0.052 in. Under
normal operating conditions, the external pressure
over some portions of this },6-in. shell will be of
the order of 60 psi for prolonged periods of time.
Since this pressure is well above the critical
pressure for buckling, it is to be expected that
shell IV will collapse against the boron tiles. The
determination of the time required at various
pressures to cause collapse and the precise pattern
of dimples, or ripples, which will appear in the
shell are the two principal objectives of the
Syracuse study. Preliminary tests performed at
room temperature on lead hemispherical shells
indicate that a regular pattern of dimples will
appear in the shell if it is prevented from achieving
complete collapse by the presence of a fixed
spherical surface placed ata short distance beneath
the shell. The buckling pattern obtained on }16'
in.sthick 1lein.-radius lead shells when a ]"6-in.
gap is allowed between the under surface of the
shell and the supporting surface beneath is shown
in Fig. 1.1.3. The shell illustrated was subjected
to an external pressure of 1 atm. The pattern which
developed after one week of the test is shown in
Fig. 1.1.3a, and the pattern 34 days later is shown
in Fig. 1.1.35. It was found after 34 days that no
new dimples had been created, but the ridges
between dimples appeared to have become sharper
and more clearly defined. A sequence of highly
idealized drawings of this buckling process is
shown in Fig. 1.1.4. It is of interest to note that
no dimples appear at the top of the shell, since the
buckling of the lower portions causes the top to
be drawn down tightly over the supporting surface
underneath the shell.

It is expected that a buckling pattern similar to
that obtained on the hemispherical shells will occur
in shell 1V ofter prolonged operation with the fuel
pumps running at full speed. However, it is also
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expected that when the pump speeds are reduced or
the power output of the reactor is changed (so that
there is a changein the internal temperature profiles)
the dimples will disappear, at least in part. Evi-
dently, an important consideration in the design
analysis of shell IV is the determination of the
plastic deformation that will be developed around
the ridges between dimples each time the system
is cycled. It will be possible to compute these
strains once the general shape and size of the
dimples have been determined from experiments.
This is the next step to be undertaken in the study.
For this purpose it is planned to use one-half-scale

UNCLASSIFIED
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Fig. 1.1.3. Full-Size Lead Mockup of Shell IV
After (2) One Week at an External Pressure of
1 atm and (b) 34 Days Later Under the Same Ex-
ternal Pressure. This '/I -in,-thick 11-in.-radius
shell is separated from a supporting shell by a gap
of l/l6 in. (Confidential with caption)

PERIOD ENDING DECEMBER 31, 1956

copper shells at 300 to 400°F and one-half-scale
Inconel shells at 1500 to 1600°F. The strains
computed from the experimentally determined
buckling pattern will be used to predict the number
of cycles to which shell IV may be subjected.

UNCLASSIFIED
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Fig. 1.1.4. Idealization of Buckling Sequence.
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Tube-to-Shell Connections

A design feature which appears frequently in the
ART configuration is the connection of a pipe to a
shell of double curvature. The two most important
applications are the connections of the pump barrels
to the pressure shell in the region of the north head
and the connection of the NaK lines from the north
and south head manifolds to the pressure shell.
Other similar connections of lesser importance from
a structural standpoint are the attachments of the
fuel dump lines, the various instrument line tubes,
and the thermal sleeves to the pressure shell. For
each of these applications the design must be
analyzed on the basis of a double criterion, namely,
that the connection must withstand certain me-
chanical loads and deformations (usually transmitted
from the pipe fo the shell) and that it must survive
a specified number of temperature cycles arising
from differences in thermal response (and/or
boundary conditions) of the pipe and the shell.
The analysis has been completed only for the first
of these considerations.

The mechanical stresses that will appear at the
junctions of the pump barrels and the pressure shell
will be due to the combined action of weight and
balance loads distributed between the reactor and
its support structure. The mechanical stresses
at the NaK-pipe—pressure-shell intersections will
be due to the balancing loads applied to the reactor
by the pipes during off-design conditions.

In mostof the cases mentioned above, the general
shape of the doubly curved surface is well repre-
sented by a spherical shell. Thus the tube-shell
intersection stress analyses that have been under-
taken were based on the simplified model of a circu-
lar tube joined radially to the surface of a spherical
shell, as shown in Fig. 1.1.5. Three basic loading
conditions were considered in these calculations,
namely, a tube with axial load, with side load
(pure shear), and with pure moment (axis of the
moment perpendicularto axis of tube). More general
loading conditions may be obtained by superposition.
The first of these analyses, tube-with-axial-load,
has been completed.® The method used in this
study consisted in analyzing separately both the
tube and the shell and then coupling the two results
with the requirement that the deformations at the

4R. V. Meghreblian, ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 18-21.
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Fig. 1.1.5. Connection of Tube to Spherical
Shell Segment,

connection be compatible. Since the solution
for the tube, that is, a cylindér, is well known,
attention was directed to the analysis of the
spherical shell with a circular hole. Although
various facets of this problem have been studied
at some length,® most of these calculations involve
simplifying assumptions in the original differential
equations (usually in the equilibrium equations).
The shell analysis performed for the present case®
follows the general treatment given by Timoshenko.®
The results obtained by this approach are limited
only by the assumptions of the classical small-
deflection theory of thin shells. The method, in
short, involves the reduction of the equilibrium and
stress-strain relations to a single fourth-order
ordinary differential equation for the radial shear
in the shell. The solution is given in terms of
four hypergeometric series. The convergence of
the series solution is dependent upon the value
of ¢ (the colatitude angle measured from the center
of the hole) and the ratio of the thickness of the
shell to its radius (b/a). For example, for a/b = 25,
and Poisson’s ratio = 0.3, it was found that 17

SF. J. Stanek, Spherical Segment with Circular Hole
at Vertex Loaded Axisymmetrically Along the Edges,
ORNL-2207 (Dec. 19, 1956).

SA. E. Love, The Mathematical Theory of Elasticity,
4th ed., p 587-589, Dover, New York, 1944; S.
Timoshenko, Theory of Plates and Shells, McGraw-Hill,
New York, 1940, p 454-469; E. Reissner, J. Math.
Phys, 25, 80-85, 279-300 (1946); M. Esslinger,
Statische Berechnung von Kesselboden,p 1-20, Springer,
Berlin, 1952.
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terms were required in each series in order to
obtain an accuracy of five significant figures.

The general results obtained for the shell-with-
hole and for the cylinder have been combined to
determine the stress distribution in the vicinity of
a tube-shell intersection. The computed results for
the case of an axially loaded tube are shown in
Figs. 1.1.6 and 1.1.7. In this calculation the shell
parameters, indicated in Fig. 1.1.5, are: a =35
deg, B = 45 deg, and a/h = 25. For a rough
comparison, these results have been combined with
some experimentally determined data obtained from
a test conducted at the University of Tennessee
on a tube-shell intersection model of approximately
the same geometric proportions, that is, a = 3.4
deg, B = 68.4 deg, and a/b = 26.51. It is of
interest to note that the meridional stresses appear
to be in quite good agreement even though the

PERIOD ENDING DECEMBER 31, 1956

diameter of the hole for the calculated system
differs markedly from that of the test model. This
differenceis evidently most important in connection
with the circumferential stresses,

Fig. 1.17.

as shown in

Thermal Expansions of Shells and Reflector

As an initial step in the over-all thermal stress
analysis of the reactor, a detailed calculation has
been carried out to determine the temperature
structure and thermal growth of the various shells
and of the beryllium. The purpose of this study
was to determine the average operating temperatures
of major structural members, to establish fabrication
and assembly tolerances, to reveal possible inter-
ferences between components, and to determine
which areas of the structure would be subjected to
excessive thermal distortions., Although some of
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the temperature data selected for the fuel and
sodium circuits are known to be preliminary esti-
"mates, it is believed that the thermal growth
analysis gives a reasonably accurate picture of
the gross dimensional changes in the system, and
these data should be adequate for establishing
clearances between adjacent members. Howevey
it should be pointed out that the estimates are
based on free-body analyses. Further, since some
of the shells cannot expand freely in the full-
power condition, local corrections have been
introduced in the thermal-growth calculations to
account for edge constraints. (For example, shells
IV and V operate at average temperatures signifi-
cantly greater than the temperature of the structure
to which they are attached; thus, the edges of the
shells must deform to accomodate the colder
structure.)

The temperature structure in the core region,
which was used as the basis for the thermal-growth
analysis, is given in Table 1.1.1. The temperature
profiles for shells IIl and |V were based on the
detailed heat balances’ that have been obtained
for the multilayer structure of shells, boron tiles,
and sodium annuli which comprise the inner boundary
of the heat exchanger region. The average temper-
ature distribution in the island beryllium and in the
reflector moderator at full power is given in Table
1.1.2 for the stations indicated in Fig. 1.1.8. The
average temperatures at full power for shells |, V,

TH. W, Hoffman, C. M. Copenhaver, and J. L. Wantland,
Thermal Structures for the Region Beyond the ART Re-
flector, ORNL CF-56-3-23 and Supplement CF-56-4-129
S?ril 17, 1956); ANP Quar. Prog. Rep. March 10, 1956,

NL-2061, p 174.
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TABLE 1.1.1. TEMPERATURE STRUCTURE IN IDEALIZED ART CORE

Core-Wall ~Fuel Core-Wall =Sodium

Distance from Sodium Stream
Interface Interface
Equator, Temperature
Z (in.) Temperature Temperature CF)
CF) CF)
18 1250 1050 1050
12 1325 1096 1076
1375 1126 1104
0 1420 1155 1132
-6 1460 1184 1162
-12 1500 1215 1192
-18 1540 1252 1225
ORNL—L;-“G 18275

TABLE 1.1.2. ISLAND AND REFLECTOR-
MODERATOR MEAN TEMPERATURES
AT FULL POWER

Station Distance from Temperature
Indicated in Equator, at Station

/ Fig. 1.1.8 Z (in.) °F)

1 18 1060
<

% 2 12 1105

S 3 6 1150

B A%, s 4 0 1190
e

/ 8 5 -6 1210
~

{5 6 =12 1225

& -18 1230

8 16 1070

9 12 1105

10 10 1120

11 6 1150

12 0 1190

13 -6 1210

14 =12 1220

Fig. 1.1.8. Reference Stations on Island and in 15 18 1225

Reflector-Moderator for Temperature Calculations.
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Vi, and VIl are given in Table 1.1.3 for the stations
indicated in Fig. 1.1.9, and the average temper-
atures for shells Il, Ill, and |V are given in Table
1.1.4 for the stations indicated in Fig. 1.1.10.

The temperature data summarized in Tables 1.1.2,
1.1.3, and 1.1.4 have been used to compute the
dimensions of the various structural members at
full power andunder isothermal conditions at 1200°F,
The application of these data to the determination
of the clearances required between adjacent com-
ponents is well illustrated by the case of the sodium
annulus around the outside of the reflector. In the
cold (assembly) condition this gap will be 0,125 in.
At full power it will open up to 0.130 in., but at
1200°F (isothermal), it will close up to 0.110 in.
(These changes are due to the difference in the

coefficient of thermal expansion between beryllium
and Inconel.) In order to accomodate these vari-
ations in annulus thickness, it will be necessary to
provide a cold clearance of 0.015 in. between the
shell and the spacers.

The estimates of the temperature distributions
and the corresponding thermal expansions are being
used to determine the thermal-stress distributions
in critical areas. Areas presently being studied
include the junction of shells Il, Ill, and IV (Fig.
1.1.1); the junction of shells V and VI; and the
blowout patch® area of shell VI (the region of

8The purpose of the blowout patch is to provide a
pressure relief (for an extreme nuclear accident) which
will direct the expelled gases and fluids from the re-
actor down into the bottom of the test cell.

TABLE 1.1.3. AVERAGE TEMPERATURES FOR SHELLS I, V, VI, AND VIl AT FULL POWER

PR Y
Station Distance from Temperature Station Distance from Temperature
Indicated in Equator, at Station Indicated in Equator, at Station
Fig. 1.1.9 Z (in.) °F) Fig. 1.1.9 Z (in.) (°F)
Shell | Shell V
1 18 1160 23 12 1290
2 12 1220 24 8 1329
3 6 1261 25 4 1369
4 0 1297 26 i} 1408
> -6 1332 27 -1 1461
6 =12 1369 28 -4 1514
7 -18 1406 29 -8 1566
30 -12 1582
Shai vl 31 -17.4 1582
8 =21 1281 32 =21 1582
9 -22.5 1281 33 -22 1582
10 -21.5 1281 34 -20.6 1582
1) -18 1281
12 =58 1362 Shell ViI
13 -12 1265 35 1230
14 -8 1262 36 -24 1234
15 -4 1259 37 -16 1237
16 -1 1257 38 -12 1239
17 1 1259 39 -8 1241
18 4 1255 40 —4 1243
19 8 1253 41 0 1245
20 12 1251 42 4 1247
21 16 1250 43 8 1248
Shell V 44 12 1249
45 16 1250
22 16 1250
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Fig. 1.1.9. Reference Stations on Shells |, V,

Vi, and VIl

station 12 in Fig. 1.1.9). These analyses will
serve as the basis for the design of the critical
areas; however, the design of all three regions will
be checked by test. The actual thermal distortions
of shells I, Ill, and IV will be determined at the
NACA Lewis Flight Propulsion Laboratory., The
temperature distributions listed in Table 1.1.4 will
be imposed on these shells by the combined action
of radiant heaters and cold-air jets. Although the
facilities are inadequate for reaching the indicated
maximum temperature of 1600°F, the correct temper-
ature differences will be achieved. The highest
test temperature will be about 600°F, the lowest,
200°F. The test of the blowout patch areas of
shells VI and VIl will be conducted on ‘/‘-scole
steel models. The test assembly is being pre-
pared at the University of Tennessee.

PERIOD ENDING DECEMBER 31, 1956

TABLE 1.1.4. AVERAGE TEMPERATURES OF

W™ SHELLS 11, I, AND IV
AT FULL POWER
Station Distance from Temperature
Indicated in Equator, at Station
Fig. 1.1.10 Z (inJ) (°F)
Shell Il
1 18 1160
2 12 1220
3 6 1261
4 0 1297
5 -6 1332
6 =12 1369
7 -18 1406
Shell Il
8 ~19.9 1287
9 -18 1287
10 =12 1291
11 -6 1296
12 0 1300
13 6 1303
14 13 1303
Shell IV
15 13 1336
16 6 1382
17 0 1427
18 -6 1427
19 -12 1518
20 -18 1594
21 -20.7 1550

High-Frequency Temperature-Oscillation Studies

A series of heat transfer experiments® performed
on an idealized model'® of the ART core indicated
that relatively high-frequency (1 to 10 cps) temper-
ature oscillations could appear in the fluid for the
two flow configurations tested (swirl entrance and
vaned entrance). The extrapolation of these results
to the conditions in the ART indicate that in some
regions of the core (depending upon the entrance
configuration) the fluid temperature oscillations

9G. W. Greene et al., ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 227.

10 one-half-scale test model with uncooled walls and
uniform power distribution.
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z ORNL-LR-DWG 18277

Fig. 1.1.10. Reference Stations on Shells I, IlI,
and IV,

will be of the order of +60°F. The presence of
these oscillations in the fluid stream can cause
similar temperature variations on the exposed
surface of the core walls. Calculations®+!! based
on various idealized models of the flow conditions
at the wall-fluid interface have shown that the
amplitude of the oscillations in the exposed surface
can range from 20 to 95% of the amplitudes in the
fluid. The appearance of these temperature vari-
ations at the surface of the metal results in the
Irclpid strain cycling of the outer fibers. At the

D, H. Platus and R. V. Meghreblian, Conduction of
Heat -in a Finite Plate in Contact with an Environment
in Which the Temperature Varies as a Prescribed Func-
tion of Time, ORNL CF-56-9-60 (Sept. 12, 1956).

12

frequepcies (1 to 10 cps) which have been en-
countered, only the surface layers are exposed to
significant amplitudes, since the relaxation length
for these disturbances in Inconel is of the order
of 15 to 50 mils.

The only information presently available on high-
temperature high-frequency strain cycling is based
on conventional fatigue tests. These tests, however,
do not simulate well the conditions which may
arise in the walls of the core because of the rapid
decay mentioned above. For this reason a program
of tests and experimental studies has been under-
taken to determine the fatigue life of Inconel tubing
(and sheet) subjected to rapid strain cycling at
the surface. Some preliminary results from the first
of these tests have been reported.'? A second
series of tests, for which a pulse-valve mechanism'3
has been designed, is presently being prepared.
These two studies are being further augmented by
a conventional hot-fatigue test, which is now in
progress at the Battelle Memorial Institute,'4
Finally, a locdlized-heat-source test is being pre-
pared at the University of Tennessee. In this
test a sheet of Inconel (at high temperature) will
be exposed to a cyclic radiant heat source which
will be focused on a small area of the sheet, away
from the boundaries. It is expected that the infor-
mation gained from the various tests in this program
will suffice to determine the effects of high-
frequency local ‘‘surface’’ strain-cycling of the
Inconel core shells and heat exchanger tubes.

For the preliminary tests performed with the
pulse-valve rig,'® streams of hot and cold water
at moderate temperature levels were used (see
Chap. 1.4, ““Component Development and Testing,"’
this report). The purpose of these tests has been
to develop suitable detection devices and to pro-
vide familiarity with the system. Also, an attempt
is being made to predict the thermal response of
the tube walls in the experiment (to a given temper-
ature oscillation from the valves) by direct ana-
lytical methods. This approach will be especially

12, W. Hoffman and D. P. Gregory, ANP Quar, Prog.
Rep. Sept. 10, 1956, ORNL-2157, p 228.

'3W. J. Stelzman and J. M. Trummel, ANP Quar. Prog.
Rep. Sept. 10, 1956, ORNL-2157, p 56.

1he comparison of fatigue data from conventional
tests with that obtained from surface-strain tests may
be of value in correlating the various data.



important when the apparatus is used for tests with
high-temperature fused salts, since it may not be
possible to obtain reliable temperature measure-
ments of the fluid and of the tube walls. A study
has been made!! therefore of the response of a
thin plate to a specified variation in fluid temper-
ature, For these calculations it was assumed that
one side of the plate was at bath conditions and
that the other side was exposed to an established
flow field in which the bulk temperature varied
sinusoidally. Some of the results obtained from
this study are shown in Fig. 1.1.11. The symbol
n denotes the ratio of the amplitude of temperature
oscillation at the exposed surface of the plate to
the amplitude in the fluid stream, o is the frequency
of the fluid oscillations, » is the average heat
transfer coefficient of the fluid, % is the thermal
conductivity of the wall, and a is the thermal
diffusivity. Evidently, there exists (for a given
value of » and w) a plate thickness, a, which will
result in a maximum amplitude of oscillation at the
surface. Also, for am 2 1, where m = (w/2a)"/?,
the plate behaves as if it were infinitely thick. For
example, a material having a thermal dJiffusivity
equal to 0.2 ft2/hr if subjected to a frequency of

UNCLASSIFIED
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Fig. 1.1.11, Ratio of Amplitude of Temperature
Oscillation at Surface of Plate to Amplitude of
Environment Oscillation.
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1 cps would respond as an infinite plate for
thicknesses greater than about 50 mils (m = 20
in.~1). Also, for a thermal conductivity of 12
Btu/hr+ft:°F and a heat transfer coefficient of 2000
Btu/hr+ft2, the amplitude at the surface would be
about 37% of the amplitude in the fluid. At higher
frequencies the surface amplitude is further reduced;
for example, at @ = 5 ¢cps, 7 > 19%.

It is expected that these calculations will be
useful in interpreting the results from the fused-
salt experiments. Also, this model should give
reasonably good estimates of the thermal response
of the core shells and of the heat-exchanger tubes
for the case of an established flow field, However,
since there appear to be hydrodynamic instabilities
in the core region, some care should be exercised
in applying this model to the reactor problem. In
any event, a conservative approach would be to
assume that the metal is subjected to the full
amplitude of the fluid oscillations. The material
tests are being conducted on this basis.

RADIOACTIVITY IN THE FUEL-PUMP
OIL SYSTEM

G. Samuels, Jr.

Until recently there has been a complete lack of
data regarding the transfer of radioactive gases
from the expansion-tank region of the ART reactor
to the pump lubricating oil system. The previous
report,’s however, described results of tests on the
back transfer of helium against argon in the fuel
pump. These tests were designed to give some
indication of the back transfer of xenon and krypton
against helium that can be expected during reactor
operation. An attenuation of at least 104 between
the concentration of radioactive gases in the
expansion-tank region and the concentration in the
oil catch basin and a leakage rate of gas from the
oil catch basin to the oil reservoir of 0.8 in.3/day
were estimated on the basis of the test results. In
determining the leakage rate of 0.8 in.%/day it was
assumed that, since the pump had been in operation
for some time prior to the test, the oil was come
pletely saturated with argon at the beginning of the
test run, and that all leakage across the seal was
collected in the oil reservoir. The value of 104 for
the attenuation in concentration between the fuel
expansion tank and the pump seal is a minimum.

155, m. DeCamp, Jr., and W. K, Stair, ANP Quar. Prog.
Rep. Sept. 10, 1956, ORNL-2157, p 39.
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The helium concentration in the argon buffer gas
used in the experiment reported previously was
10~4, and hence the actual attenuation in concen-
tration between the tank and the seal may have
been greater.

Because of the short half lives of the fission-
product gases the attenuation in the amount of
activity between the fuel-expansion tank and the
oil reservoir will be greater than the attenuation in
gas concentration. Thus the rate at which the
fission-product gases enter the oil system will be
of significant importance. A study was therefore
made to estimate the level of the activity in the
oil on the basis of these data.

In the ART, as well as in the above-mentioned
test, 500 liters per day of buffer gas will flow down
through the clearance around the pump shaft into
the expansion tank and 50 liters per day will be
bled directly from the oil catch basin. The attenu-
ation of 10* represents the back transfer of helium
against the 500 liters per day of argon. This back
leakage was determined from analysis of the 50
liters per day bled from the catch basin.

The equation representing the number of nuclei,
N, of any nuclide in the catch basin as a function
of time ¢ may be written:

dN

where

S
A

source strength of leakage rate into basin,
reciprocal of average dwell time, or purge
rate per unit volume,

Ay = decay constant of the radioactive nuclide.

After the fission gases are separated from the
fuel, their decay products can be treated as gases.
This assumption is conservafive, but the actual
behavior of these nuclides is not known. To calcu-
late the dose rate near the oil reservoirs, all the
radioactive nuclides were assumed to be concen-
trated as a point source in the oil reservoirs. It
was also assumed that the %-in.-fhick steel wall
of the reservoir will give no attenuation for gamma-
ray energies above 0.03 Mev, an attenuation of 10
in the energy range of 0.01 to 0.03 Mev, and an
attenuation of 75 for energies below 0.01 Mev. In
cases where the exact percentages of the gamma-
ray energies were not known, the maximum possible
percentages were used. The data for yields,
energies, and percentage of gamma rays were taken
from a report by Blomeke.'® The data for dosages

14

were taken from Rockwell.'? The results of the
calculations indicate a gamma-ray dose rate of about
30 mr/hr at a distance of 1 m from the oil reservoir.

The approximate volume of oil in each pump
lubricant system is 30 gal. [fthe total beta emitters
in the oil are assumed to be equally dispersed
throughout the system, the dose to the oil is found
to be about 20 rads/hr. This dose for 500 hr of
operation amounts to 104 rads, which is frivial
compared with the 108 rads which the oil is capable
of absorbing without serious damage. If a distinction
is made between the fission gases and their daughter
products, it is found that the fission gases account
for about 70 to 75% of the total activity in the oil
system, but only 25% of the gamma-ray dose
calculated.

HEAT EXCHANGER THERMAL STRESSES

Heat exchanger test experience has been carefully
reviewed in light of analytical studies and metal-
lurgical examination. The leaks that have been
experienced appear to have resulted from severe
thermal-strain-cycling conditions peculiar to the
rigetest heat exchanger design. These conditions
had been recognized as likely to cause trouble, and
great care was exercised to avoid them in the
design of the spiral tube bundle heat exchanger for
the ART. A circular-arc-tube-bundle rig-test heat
exchanger has been designed to simulate ART
conditions very closely, and fabrication of the
first test unit is being expedited.

A similar study of radiators is under way. The
more complex geometry and the wider variety of
conditions that must be satisfied make this a much
more formidable analytical task. It is particularly
difficult to arrive at a radiator core matrix suf-
ficiently strong to withstand air and gravity loads
and at the same time sufficiently flexible to ac-
commodate the thermal stresses associated with
differential thermal expansion of the fins and header
drums and/or nearby tubes under temperature or
load transients or under oxide-plugging conditions.
Several means of reducing the stiffness of the fin
matrix by slitting the fins appear to be promising
and are being studied carefully to determine which
can be incorporated in the ART fin matrix with the
least trouble.

16), o. Blomeke, Nuclear Properties o U335 Fission
Products, ORNL CF-54-12-52 (Dec. 20, 1954).

177, Rockwell, Ill, (ed.), Reactor Shielding Design
Manual, TID-7004, Fig. 2.1, p 19 (March 1956).
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1.2. ART PHYSICS
A. M. Perry

NEUTRON HEATING IN THE ART
C. M. Copenhaver

The neutron heating in the reflector, island, and
fuel regions of the ART was computed by using
the following equation in conjunction with two-
dimensional multigroup calculations made at the
Curtiss-Wright Corp.:

J .

1

H, (w/em3) = K 2 (2 N,.a..'o‘,.’.) Ei¢iAui 4
j

where

K = 1.6 x 10'3 w.sec/Mev,

N; = the nuclear density of the jth species
present at the point under consideration,
atoms/cm?,

]

o;. = the elastic scattering cross section of

the jth nuclear species in the ith lethargy

group, cm?2,

8.. = the average fractional energy loss of a
neutron in the 7th group which is scattered
by the jth nuclear species,

E. = average energy of neutrons in the ith
group, Mev,

¢, = neutron flux in ith lethargy group,
Au, = width of ith lethargy group.

Since the lethargy intervals under consideration
are small,

$,E) AE; = &,(u) Au; .

For isotropic scattering in the center-of-mass
system the average fractional neutron energy loss
in an elastic collision is

where

2
A -1

¢ B e e ) ()
A + 1

and A is the atomic weight of the scattering
nucleus. However, for the materials of interest
in the ART (beryllium, fluorine, etc.) the scattering
is not isotropic in the center-of-mass system at

the higher energies, and both the average

fractional energy loss, &(E), and the average
logarithmic energy loss, &(e), for neutrons having
elastic collisions become functions of the differ-
ential cross section. As the &E)’s used in the
multigroup calculations considered anisotropic
scattering, neglecting the scattering correction
would result in a considerable overestimate in the
neutron heating. After integration the average
fractional energy loss becomes

8(E) = 8,[fy(E) - f,(B)] ,

where /O(E) = 1 and f,(E) can be generated from
the neutron cross section angular distributions
given in BNL-400." The f1(E) function for beryl-
lium has an average value of about 0.5 in the 2- to
10-Mev energy range, while the corresponding value
for fluorine is about 0.15. Since the fluorine is
the main constituent in the fuel and since it has a
high. 5,(8, = 0.095), about 70% of the neutron
heating in the fuel was found to be due to fluorine,
and, thus, only the /,(E) function for fluorine was
considered. The elastic scattering cross sections
as a function of energy were obtained by using
data from BNL-3252 and ORNL-2113.3

The heat generation resulting from elastic col-
lisions of neutrons were integrated over the reflec-
tor, island, and fuel regions. The (7,2») reaction
in beryllium apparently results in the reaction
Be? + » —> 2n + 2a, with the two alpha particles
having a combined energy of about 1.57 Mev for
both modes of formation. By using the available
(n,2n) cross section for beryllium® and assuming
the fractional energy loss from inelastic collision
to be 1.57/E, the heating resulting from the (n,27)
reaction was integrated over the reflector and
island regions. The contribution to the heating
from the additional neutrons is negligible. The
inelastic gamma-ray source strength in the fuel,
obtained by summing all the individual volume
source strengths,? was then added to the combined

1D. J. Hughes and R. S. Carter, Neutron Cross Sec-
tions Angular Distributions, BNL-400 (June 1956).

20. J. Hughes and J. A. Harvey, Neutron Cross Sec-
tions, BNL-325 (July 1955).

3H. W. Bertini et al.,, Basic Gamma-Ray Data for ART
Heat Deposition Calculations, ORNL-2113 (July 5,1956).

R. B. Stevenson, private communication to C. M.
Copenhaver,
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total of the elastic and inelastic neutron heating
contributions to give a total source strength of
1879 kw (Table 1.2.1). Recent experimental data®+®
on the energy spectrum of neutrons from thermal-
neutron fission of U233 indicate an average fis-
sion-neutron energy of 1.963 Mev or 4.91 Mev/fis-
sion. Since inelastic scattering of neutrons in the
fuel was not considered in the multigroup calcu-
lations, it was not possible to normalize correctly
the total energy obtained from elastic and inelastic
scattering of neutrons to the kinetic energy of the
fission neutrons (1487 kw corresponding to 5
Mev/fission). It was realized, however, that it
was better to underestimate the fuel inelastic
contribution rather than to overestimate it when
normalizing, since the neutron heating in the
beryllium was much more sensitive to this con-
tribution than was the corresponding gamma-ray
heating. Since the inelastic gamma-ray source
strength of the fuel used in the gamma-ray heating
calculations was 665.3 kw, the normalization
procedure used would indicate a possible 3%
overestimate of the total heating at the surfaces
of the reflector and island regions near the fuel,
while keeping the fuel inelastic contribution at
665.3 kw when normalizing would lead to a pos-

sL. Rosen, G. Frye, Jr., and J. Gammel, Energy
Spectrum of Neutrons from Thermal Neutron Fission of
U?? and from an Untamped Multiplying Assembly of
U235, LA-1670 (May 1954).

6L. Cranberg and N. G. Nereson, Fission Neutron
Spectrum of U2’ from 0,2 to 3 Mev, LA-1916 (May 1955).

sible 10% underestimate. The normalized neutron
heating rates obtained for the island, fuel, and
reflector regions are shown in Fig. 1.2.1. A
conservative estimate of the neutron heating in
the Inconel core shells resulting from elastic
scattering of neutrons is about 2 w/cm® at the
equator,  Since this value is insignificant com-
pared with the corresponding gamma-ray heating,
neutron heating in the core shells was neglected
in the calculations.

TOTAL RADIATION HEATING IN THE ART

R. B. Stevenson’

The total radiation heating (excluding that from
the fission products and the fission-product beta
rays in the core) was calculated by using the pre-
viously reported values for the gamma-ray heating®
and the values for the neutron heating given above.
The result of the combination of these heating
values is shown in Fig. 1.2.2,

The heating arising from the capture gamma rays
in the control rod was included in these results.
This source of gamma rays substantially increases
the heating in the island. For the calculation of
the heating caused by these gamma rays, it was
assumed that the control rod was inserted to the
reactor midplane. |In this position, the fraction of
the total number of neutrons in the reactor ab-
sorbed by the control rod will be about 1.5%

70n assignment from Pratt & Whitney Aircraft.

8R. B. Stevenson, ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 33.

TABLE 1.2.1. ELASTIC AND INELASTIC NEUTRON AND GAMMA-RAY HEATING CONTRIBUTIONS IN ART

Unnormalized Heating

Contributions

Normalized* Heating

(kw) (kw)
Fuel inelastic gamma rays 665.3 526
Island elastic neutrons 236.1 187
= 209
Island inelastic neutrons 27.4 22
Fuel elastic neutrons 182.9 145 = 145 = 961**
Reflector elastic neutrons 687.7 544
= 607
Reflector inelastic neutrons 80.0 63
Total 1879.4 1487

*Normalization factor = 0.7917.

**Total neutron heating.
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(6k ~ 2.5%), and therefore the total gamma-ray
source in the control rod will be about 90 kw. Of
this 90 kw, about 24 kw will be absorbed by the
control rod and the Inconel thimble, the rest being
absorbed by the surrounding regions.

A summary of the total-volume gamma-ray source

TABLE 1.2.2, VOLUME GAMMA-RAY SOURCE
STRENGTHS IN ART

; Gamma-Ray Heating Energy

Region Source (kw) (Mev/fission)
Control rod Capture 90 0.30
Island Capture 14 0.05
Core shells Capture 280 0.93
Inelastic 60 0.20
Fuel in core y23s capture 598 1.99
Prompt 2261 7.54
Decay 622 2.07
Inelastic 665 .1y 3]
Reflector Capture 158 0.54
Heat exchanger Capture 431 1.44
region Decay 551 1.84
Total 5730 1912

PERIOD ENDING DECEMBER 31, 1956

strengths in the ART (excluding the contributions
from the north-head area) is given in Table 1.2.2.
The total gamma-ray source strength thus repre-
sents about 9.6% of the total available energy
(60 Mw). An integration was also performed over
the radiation heating contours to find the total heat
load in each region of the ART, and the results
are given in Table 1.2.3.

TABLE 1.2.3. TOTAL RADIATION HEATING

IN THE ART
Gamma-Ray Neutron

Region Heating Heating Total

(kw) tw) )

Control rod region 24 24

Island 354 209 563
Core shells

Inner 106 106

Outer 168 168

Core 2488 145 2633

Reflector 764 307 1371

Heat exchanger region 1222 1222

Total 5126 961 6087
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1.3. ART INSTRUMENTS AND CONTROLS
R. G. Affel

LIQUID-METAL-LEVYEL TRANSDUCERS
R. E. Pidgeon, Jr.! G. H. Burger

Level probes or transducers are needed for
providing continuous measurement of the NaK
level in the main, auxiliary, and special NaK
pumps of the ART. The measurement of the level
must be accurate to 5% over the temperature
range of 72 to 1500°F. A total of approximately
42 transducers will be needed for the ETU and
ART pumps, including units for pumps which are
being tested or are installed in test rigs. Two
types of transducers have been tested, to date,
in NaK systems: a resistance type manufactured
by the General Electric Company and a variable-
permeance type manufactured by the Crescent
Engineering & Research Co.

10n loan from Radio Corp. of America.
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The resistance type of transducer consists of
Inconel tubing welded in the shape of a ‘‘J".
Two current leads and two voltage leads, all made
of Inconel wire insulated with magnesium oxide,
are inside the tubing. A transformer supplies
3-v, 60-cycle power at approximately 10 amp to
the current leads. Sketches of the resistance
type of transducer and its equivalent circuit are
shown in Fig. 1.3.1, and a photograph of an actual
unit is presented in Fig. 1.3.2.

The resistances R, and R, are the lead re-
sistances of the input current leads, and R, is
the resistance of the Inconel tubing in the sensing
leg. As the NaK level rises on the sensing leg
the resistance of the sensing leg will decrease.
Since the conductivity of the NaK is high, the
resistance of the sensing leg, R,, and therefore
the output voltage, is inversely proportional to
the NaK level. The output voltage can vary from

UNCLASSIFIED
ORNL - LR-DWG 18281
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60 ~

NaK

MW\

3

—_—
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Fig. 1.3.1. Schematic Diagram of the Resistance Type of Transducer and lts Equivalent Circuit.
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UNCLASSIFIED
PHOTO 27506

Fig. 1.3.2. A General Electric Co. Resistance Type of Liquid-Metal-Level Transducer.

0 to 20 mv, and it is given by the equation

R]
E(ut) = 3 ——
i R, +R, +R; '
which is approximately
RI
E(out) = 3———,
R, +R,

since R] << R2 + Rs.

If the sensing leg and current leads are at the
same temperature throughout and the temperature
coefficients of resistivity of R;, R,, and R, are
the same, the output voltage is independent of
the probe temperature. Ideally, when the temper-
ature changes, the numerator and denominator of
the equation for the output voltage change by the
same factor and the output voltage remains

constant. In reality, a small temperature error
exists because all parts of the resistance probe
are not at the same temperature and the temper-
ature coefficients of resistivity of the Inconel
wire and the Inconel pipe used may not be the
same.

A vacuum-tube voltmeter can be used to measure
the output voltage. For recording, a Foxboro
circular chart recorder Model 9650 or a d-c strip-
chart recorder modified for 60-cycle operation can
be used. The strip-chart recorder is to be used
in the ART and the ETU.

The resistance level unit and its measuring
system are very simple, and the reliability of
the system and the primary element is expected to
be extremely good. The temperature compensation
of the unit seems to be good, the error introduced
by a change of NaK temperature from room temper-
ature to 1200°F (after wetting of the element)

21
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being about 3%. It is expected that after cali-
bration of the units they can measure NaK level
to 1% or ]/16 in. out of the 7-in. range.

The Crescent transducer, shown in Fig. 1.3.3,
consists of a coil sealed inside Inconel tubing.
The coil forms one leg of a bridge circuit. The
bridge is supplied with a 26-kc, low-voltage
signal from the measuring and control unit,
Fig. 1.3.4. Some of the 26-kc field from the coil
penetrates the Inconel tubing and sets up eddy
currents in the surrounding NaK. The eddy-
current loading causes the effective resistance
and inductance of the transducer to vary with the
NaK level and therefore the bridge balance varies
with the level. The change in NaK level is given
by the change in output voltage of the bridge
circuit. For small changes in the bridge balance
the output voltage is a linear function of NaK

level. The first units tested in NaK were ex-
tremely temperature sensitive. The effective
resistance and inductance of the probe, and
therefore the bridge balance, varied drastically
as a function of temperature. Since the units

were not satisfactory for liquid-metal service,

the vendor redesigned them, and they are now
believed to be acceptable.

The facility for testing liquid-level-indicating
devices, described previously,?2 has been in
operation since September. Two G-E and two
Crescent elements were installed in the facility.
One G-E and one Crescent unit failed shortly after
startup. The cause of these failures has not yet
been determined because the units are still in the
test system. The other Crescent and G-E elements

24, J. Metz, ANP Quar. Prog. Rep. Sept. 10, 1956,
ORNL-2157, p 36.

UNCLASSIFIED
PHOTO 27508

Fig. 1.3.3. Sensing Leg of Crescent Variable-Permeance Liquid-Metal-Level Transducer.
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UNCLASSIFIED
PHOTO 27509

Fig. 1.3.4. Control Unit for Variable-Permeance Liquid-Metal-Level Transducer.

have operated in the system for 1800 hr through
40,000 cycles. The G-E units have operated very
satisfactorily, and the operation of the Crescent
unit was as described above. It is planned to
continue the tests on the units for 3000 hr in
order to investigate accuracy, linearity, temper-
ature effects, reliability, lead length effects,
probe wetting effects, and time response. All
future elements will be calibrated and tested in
the existing test facility.

In addition to the G-E level elements installed
in the test facility, one was installed in a primary
NaK pump test system and has operated very
satisfactorily since September. It is planned, as
noted above, to install one in each of the NaK
pumps being tested.

In addition to the NaK level elements, a total
of nine sodium elements will be needed for tests,
for use in the sodium expansion tanks of the ART
and the ETU, and for spares. These units are
to be designed, built, and tested in the near
future. Again, all these units will be tested and
calibrated in the existing facilities.

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

Complete magnetic flowmeter assemblies for
the ART and ETU have been purchased from the
General Electric Company in the two sizes, 2 and
3]6 in., required for the main, auxiliary, and
special NaK circuits (Figs. 1.3.5, 1.3.6, and
1.3.7). The specifications for the 3'4-in. units
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UNCLASSIFIED
PHOTO 27503

Fig. 1.3.5. G-E Magnetic Flowmeter Assembly for Use on 2-in. NaK Lines.

required an accuracy of within 3.5% for 3000 hr
over a flow range of from 45 to 1400 gpm at NaK
temperatures from 750 to 1600°F. The 2-in. units
are required to have an accuracy of within 1% for
3000 hr at flow rates of 45 to 200 gpm and of
within 5% at flow rates above 200 gpm at NaK
temperatures from 750 to 1600°F. The specified
magnet ambient range for both units is from 100 to
560%F .

A ¥%-in. flowmeter has been designed for the
ART and ETU cold-trap and plug-indicator systems.
The %-in. unit will be required to have an accu-
racy of within +15% over the flow and temperature
ranges involved. Because of the relaxed accuracy
requirement, these units will not be calibrated,
but rather the output will be computed by use of
the standard magnetic flowmeter equations. These
units are now being fabricated in the required
number, and it is hoped that the ETU units will
be available by February 1.
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It is planned to calibrate the 2- and 3'6-in. G-E
flowmeters on the NaK pump test loops. The
calibration of the units in the loops will, in
addition to determining the accuracy (calibrated
against a venturi accurate to 0.25%), serve to
show the effects of temperature and handling
and to provide information on the general operation
of the units. The purchase specifications required
that G.E. supply the instructions and information
needed for calculation of the correct flowmeter
output. The instructions and data which they
supplied include air-gap-flux density values and
leakage-flux density values at various temper-
atures of the magnet and fluid. The leakage-flux
density is used to indicate changes in the air-gap-
flux density while the units are in operation. This
is done by measuring the air-gap-flux density and
the leakage-flux density and correlating the two
by a given factor for each flowmeter. In checking
the air-gap and leakage fluxes of the magnets
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UNCLASSIFIED
PHOTO 27504

Fig. 1.3.6. Disassembled G-E Magnetic Flowmeter for Use on 2-in. NaK Lines.

prior to installing them into the NaK pump test
loop, it was found that they were not in agreement
with the G-E supplied data and, in some cases,
that the variations were more than allowable under
the accuracy specifications. The G-E repre-
sentatives were notified of these discrepancies,
and they are now in the process of checking the
magnet flux in order to determine the source of
The final results of these tests are not
yet available, but it appears, on the basis of the
tests made thus far, that the required specification
has not been met in a number of cases. It is
therefore felt that the final accuracy of the flow-
meters can be determined only by actual loop
operation and calibration. The calibration of the
first six 31,5-in. units should be completed in
February, at which time the accuracy figures will
be released to the appropriate personnel. All
3]4- and 2-in. units will be calibrated, and the

error.

data will be made available to the ETU and ART

operating personnel.

HIGH-TEMPERATURE TURBINE-TYPE
FLOWMETERS

G. H. Burger

An evaluation study has been made of the
available design, fabrication, and test information
on the newly developed high-temperature turbine-
type flowmeter which is illustrated in Figs. 1.3.8
and 1.3.9 and was described in previous reports.?
A review of the test conditions and results is
presented in Table 1.3.1.

As indicated in the table only three complete
units have been fabricated. The other tests were

3G. H. Burger, ANP Quar. Prog. Rep. June 10, 1956,
ORNL-2106, p 43, and ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 36.
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PHOTO 27505 |

Fig. 1.3.7. G-E Magnetic Flowmeter Assembly for Use on 3-in. NaK Lines.

made with modified or repaired units, since none
of the units which failed, except unit No. 1-Rev 1,
were damaged to the extent that they had to be
completely replaced.  Unit No. 1-Rev 1 was
damaged beyond repair, because excessive over-
heating while it was stationary caused the blades
to collapse. The results of the tests which have
been run thus far are inconclusive with respect to
long-term operational reliability of the turbine
flowmeters; however, the following conclusions
can be drawn from the test results.

The operational principle of the unit is sound,
and the unit is practical for use with liquid metals
and fused salts at temperatures up to 1500°F and
probably higher. The cobalt vane proved to be
highly satisfactory for operation over the temper-
ature ranges of interest. The general design of
the unit appears to be satisfactory, but some
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improvement in pressure drop can be obtained by
streamlining.

The bearing material (Kentanium) is the only
uncertainty, and it appears to be satisfactory for
the temperatures and fluids of interest on the
basis of the rather short-term tests made to date.
There has been no evidence of bearing self-
welding in any of the units. Unit No. 1-Rev 1
was analyzed metallurgically, and no evidence of
wear or sticking was noted. However, it was
noted on unit No. 2-Rev 3 that the outside of the
bearing was very soft to a depth of approximately
0.030 in. This soft material was found to be
nickel, which was used as a binder and which
presumably remained after the unit oxidized.
Oxidation of the bearing material was the direct
cause of the failure of unit No. 3-Rev 0. This unit
was overheated in an oven during an attempt to
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Fig. 1.3.8. ORNL High-Temperature Turbine-

Type Flowmeter.

TABLE 1.3.1.

PERIOD ENDING DECEMBER 31, 1956

dry it after water calibration runs. The oxidation
of the bearing material indicates that units
with titanium carbide (Kentanium) bearings should
be used only in systems relatively free from
oxygen if they are to operate for the required

3000 hr.

A serious fault of the titanium carbide bearings
is that because of their extreme brittleness a
sudden shock can cause them to break, and this
has happened with the bearings of every unit,
except one, which has been removed from the
system. This problem can be solved by redesign
of the bearing shafts both in size and in con-
struction,

The permanent magnet and pickup coil assembly
appears to be satisfactory from the temperature
standpoint, but 60-cycle pickup seems to be a
considerable problem with the present units.
This problem is alleviated somewhat by using
60-cycle rejection filters and by improving the
shielding around the pickup coil.

The output signal from the units is fairly small
(less than 1 mv) at low rotational speeds and thus
increases the 60-cycle pickup problem. This
problem can be resolved by redesign of the cobalt
vane, the magnets, and the pickup coil to generate
larger output signals.

RESULTS OF TESTS OF ORNL l-in. HIGH-TEMPERATURE TURBINE FLOWMETER

Torbine Unit Test Turbine Running

. .lne _m Test Medium Temperature Time Reason for Test Termination
Designation °

i (hr)
1-Rev 0* Fuel No. 30 1200 0 Jammed flowmeter bearing
1-Rev 1 Fuel No. 30 1000-1500 365 Broken turbine shaft and bad
pump seal

2-Rev 0 NaK 72-1200 126.8 NaK pipe leak

2-Rev 1 NaK 72-1400 143.4 NaK pipe leak

2-Rev 2 NaK 0 Bad pump seal

2-Rev 3 NaK**

3-Rev 0 NaK 2 Oxidation of flowmeter bearings

because of excessive preheating
without an inert atmosphere

***Rev”’ indicates revised or repaired unit.

**Not yet operating.
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UNCLASSIFIED
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Fig. 1.3.9. Disassembled ORNL High-Temperature Turbine-Type Flowmeter.

In order to determine the feasibility and relia-
bility of the turbine flowmeter for its intended
long-term operation, tests are to be performed
with a number of improved units in one test loop.
For comparison with the results of these tests
of the small (1-in.) units, it is hoped that results
of tests of a 3'6-in. flowmeter now being installed
in the NaK pump test loop for operational tests
and calibration with NaK will be available. The
large unit will operate at flow rates of up to
1400 gpm at temperatures up to 1500°F. This
unit has been calibrated with water at flow rates
of up to 1100 gpm. The output signal vs flow
rate correlation is extremely good except at high
flow rates, where the curve becomes nonlinear,
as shown in Fig. 1.3.10. The cause of this
deviation from linearity has not been determined,
but it could be either the venturi or the turbine.
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SPARK-PLUG LIQUID-LEVEL PROBES
A. M. Leppert

Work is under way on the development of an
on-off type of liquid-level-indicator probe that
will operate reliably at NaK system temperatures
for a minimum of 1000 hr. To date, no spark plug
tested has met these specifications.

The Auburn Spark Plug Co. high-temperature
liquid-level probe, designated WCC-121, failed
completely during tests. With the plug shell at
approximately 600°F, the plug shorted out in
36 hr. At 72 hr the insulation split and allowed
NaK to escape to the atmosphere. Test units
operating at 450°F were still functioning at 72 hr,
but they were removed to reduce the hazard in-
volved.

Several Champion Spark Plug Co. liquid-level
probes, designated 344-X1, have been operating
successfully for one month at temperatures below
500°F. When the Champion plugs were operated at
temperatures between 600 and 750°F, they failed
within 24 to 48 hr.

Some of these plugs were left in the test rig for
six days in an attempt to reduce shorting by using
a higher temperature. At the end of six days,
the plugs were leaking NaK around the shell and
center wire. Upon removal and examination, it
was found that all the lower insulation had been
dissolved by the liquid-metal vapor. The con-
clusions from these data are that the Auburn
probes are completely unsuitable, that the
Champion 344-X1 probes are satisfactory for
periods of up to 750 hr if the probe shells are
below 450°F, and that further tests are necessary.

A resistance type of probe is now being de-
veloped. This probe consists of an insulated
low-resistance center wire inside a thin-walled
Inconel tube. At one end the tube is welded shut
and encioses the center wire. The tube is welded
into a threaded fitting and placed in the test pot
with the closed end exposed to the liquid metal.
An a-c voltage is placed across the center wire
and the pot, which is grounded. The load on the
transformer is the combined resistance of the wire
and tube when the probe is out of the liquid.
When the probe contacts the liquid metal, the
resistance of the tube shorts out. The accompa-
nying change in current trips a relay to the control
panel. This probe has the advantages that all
surfaces exposed to the liquid-metal vapor are
Inconel and that it can be welded into the system

PERIOD ENDING DECEMBER 31, 1956

by replacing the threaded fitting with a welding
flange.

In cooperation with Champion Spark Plug Co.,
a BeO insulator is being developed for use in the
Champion N-7 special plug. As yet, none of
these insulators are available. Champion is
also working on the development of high-alumina-
content insulation that may be more satisfactory
than the insulation now used.

FUEL-EXPANSION-TANK LEVEL INDICATOR
R. F. Hyland
Static-Level Tests

Two tests of the helium-bubbler type of level
indicator, described previously,? in static level
systems were terminated. In one of the test
systems one bubbler tube clogged after 1800 hr
and the other remained open during 3000 hr of
operation at 1500°F. In the other test system one
bubbler tube clogged after 2460 hr and the other
after 2950 hr at 1500°F. All the bubbler tubes
were 0.25-in,-OD, 0.035-in.-wall Inconel tubing,
and, as in previous tests, the plugging was
apparently due to ZrO, deposits in the tube.

Two additional 3000-hr static-level tests are
planned. For these tests there will be careful
control of the moisture and oxygen content of the
helium purge gas. The helium will first be passed
over copper turnings maintained at 1000°F and
will then be scrubbed with NaK. Dew-point and
oxygen analysis tests will be made on the vent
gas before the rig is filled and on the supply
header periodically thereafter. As a further
control measure, it is planned to have a sample
of the fuel fill analyzed for oxide content, if it is
practical to do so. This is not now being done
on a routine basis.

Dynamic-Level Tests

A dynamic-level test rig which mechanically
varies the fuel level in two vessels on an ad-
justable cycle has completed 4000 cycles at
1500°F in 500 hr of operation. Moisture and
oxygen control features, as described above,
were added to this test rig before it was filled,
in order to reduce the bubbler plugging problem.
The vent gas from the rig before it was filled
had a dew point of —160°F, which was equal to

4R. F. Hyland, ANP Quar. Prog. Rep. June 10, 1956,
ORNL-2106, p 43.
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the supply header dew point, and the oxygen
content was reduced from 1.5 ppm at the header
to 0.6 ppm at the rig.

The apparatus was calibrated by filling it in
approximately 1-in. increments and by using an
accurately positioned variable probe as a refer-
ence. In spite of the improved calibration tech-
nique, in comparison with that used on the
static-level rigs, errors in measurement ranged
from 3 to 7.5% of the total level. Considerable
trouble with ZrF, vapor was encountered while
attempting to fill in small increments, and conse-
quently the reproducibility of the measurements
could not be checked at the time of filling;
however, it will be checked later.

The large error that still exists in these
measurements can probably be accounted for, in
part, by the inaccuracy (+5%) in the measured
density of the fuel mixture (No. 30) Nc:F-ZrF‘-UF4
(50-46-4 mole %). However, since this error is
constant for a given batch of fuel, other errors
must exist. Probes and bubbler tube lengths
change with temperature, exact probe placement
is somewhat uncertain, and temperature gradients
in the mass of the fuel might produce a density
error at the measuring point. In addition, the
level sensors now being used are differential
pressure cells with metal diaphragms and all-
welded construction of the type required for
reactor installation.  They have an inherent
inaccuracy of 1% and are ambient-temperature
sensitive. Similarly, the recorder being used as
a readout device has an inherent error of + ',é%.

It is planned to use a differential manometer
for the next series of calibrations to eliminate
the differential pressure cell and recorder as
sources of error. A separate differential-pressure
cell test and an evaluation program are also
planned.

HIGH-TEMPERATURE PRESSURE
TRANSMITTERS

W. R. Miller

The high-temperature pressure-transmitter test
and evaluation program was continued. Six units
were tested which feature a fabricated (rather
than formed) Inconel bellows in a 1:1 pneumatic
force-balance type of transmitter. The desirable
feature of the fabricated bellows in comparison
with the formed bellows is that it can withstand
greater differential pressures. Tests have re-
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vealed that these units have an average zero
shift of +1.58% of full scale from room temper-
ature to 1400°F, with an average accuracy of
+0.4% of full scale at a constant temperature.
Two of the six units tested, as well as one unit
of the strain-gage type (mentioned in the previous
report?), have successfully completed 2430 hr of
a 3000-hr life test.

Six transmitters have been received which
employ a differential transformer to detect the
motion of a fabricated-bellows sensor. Two of
these units are being readied for testing as an
alternate method of electrical transmission for
high-temperature pressure measurement.  The
large size of these units eliminates them as a
first consideration.

One transmitter has been received and is being
readied for a test in which a variable-permeance
transducer will be employed to detect the motion
of a formed bellows sensor. If the tests indicate
satisfactory performance, the housing of this unit
will be modified to make it practical for production
use.

The tests on the two-legged strain-gage type
of transmitters described previously proved
thses units to be unsatisfactory. Thermal insta-
bility was encountered because of the high
resistances required to produce a usable re-
sistance change over a narrow pressure span.
Since a solution to this problem would require
considerable time and no distinct advantages can
be foreseen for this unit in comparison with the
four-legged strain-gage bridge, it was decided
to forego further investigation.

Additional four-legged strain-gage transmitters
were tested, and the results were very satisfactory.
These units have accuracy and zero shift averages
equal to those of the units tested previously,>
that is, average accuracy, 10.25% full scale;
zero shift, +1.7% of full scale between room
temperature and 1400°F. Through close cooper-
ation with the manufacturer, it has been possible
to arrange for compensating changes of the housing
which will diminish the effect of ambient changes
by a factor of 2.

5W. R. Miller, ANP Quar. Prog. Rep. Sept. 10, 1956,
ORNL-2157, p 37.



An experimental model of a differential-pressure
transmitter for high-temperature operation s
being prepared for testing. Fabrication of the
unit has been completed, but the unit will require
annealing before satisfactory data can be obtained.

PERIOD ENDING DECEMBER 31, 1956

Stress-analysis studies have been made on the
Taylor and Moore sensing unit housings. The
analysis indicates that a housing thickness
increase will be required to make these units
satisfactory for operation at 1500°F.
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1.4. COMPONENT DEVELOPMENT AND TESTING
H. W. Savage

PUMP DEVELOPMENT TESTS
E. R. Dytko' A. G. Grindell

Bearing, Seal, and Lubricant Tests
W. L. Snapp’ W. K. Stair?

Further results have been obtained from tests of
the compatibility of proposed ART pump lubricating-
cooling fluids and the ART process fluids (see
Chap. 2.6, *““Analytical Chemistry,’’ this report and
ref. 3). The tests revealed that all the lubricating-
cooling fluids being considered for use in the ART
pumps are inert both to sodium and to the fuel
mixtures of interest. The lubricants tested were
Dowtherm-A, 0S-45, Gulfspin-60, and Gulfcrest-34.
More information concerning lubricant behavior in
dynamic systems exposed to radiation and on the
radiation exposure to be expected in the ART is
needed before the final fluid selection is made.
Therefore a series of dynamic tests is to be run in
the LITR, and a critical assembly is being measured
that includes a mockup of the ART north head.

Tests of the compatibility of elastomers of
interest for seal application with the lubricating-
cooling fluids being considered were continued.
Buna-N O-rings were exposed to Gulfcrest-34 (a
paraffinic-base mineral oil) for about 700 hr, during
which time the temperature was varied periodically
from 90 to 210°F in }a-hr intervals. The exposure
periods at 210°F were approximately twice as long
as the periods at 90°F. The hardness and strength
of the buna-N O-ring were found to have been only
slightly affected by the exposure to Gulfcrest-34,
Buna-N O-rings are now being tested in the lubri-
cating-cooling fluid UCON LB-140X (polyalkylene
glycol).

Further studies were made of the journal bearings
of the ART sodium pumps because of an increase
in the developed head required. Several tests were

lOn assignment from Pratt & Whitney Aircraft.

2Consultant from the University of Tennessee.

3G. Goldberg, A. S. Meyer, Jr., and J. C. White, Com-
patibility of Pump Lubricants with Alkali Metals and
Molten Fluoride Salts, ORNL-2168 (Dec. 28, 1956).
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conducted on rotary elements operating at 4400 rpm
with an equivalent journal bearing load of greater
than 600 Ib. The rotary elements operated satis-
factorily in all these tests, and no deleterious
effects of increased journal bearing load were
noted. For all the tests, bronze bearings were used
which had an initial cold-shrink fit to their steel
housings of 0.0005 to 0.0015 in. The bearing
rubbing previously noted* was found to have been
caused by the inadequacy of the original cold
shrink (0.003 to 0.004 in.). Atthe operating temper-
ature of about 200°F, a bronze-steel interface
pressure was created that was greater than the
yield strength of the bronze for 0.5% elongation.
The reduced cold shrinkage tolerance given above
has been established for all rotary elements, and
no further evidence of bearing rub has been noted.

Further testing of the Cartiseals proposed by a
vendor for use in the NaK pumps indicated that the
elastomer used in the seal is unsatisfactory and
as a result the seal leakage rate increases with
continued operation, as previously noted. The
elastomer O-rings were replaced by the vendor and
the tests have been resumed. Since the O-rings in
the Cartiseal are enclosed in a formed cup, they
are difficult to change. In addition, the light unit
face loading makes the seal balance critical, and
the balance could be a problem in vacuum filling
operations, Therefore, it is doubtful that this
seal can be used for the ART NaK pumps.

Continuously acceptable leakage rates have been
obtained in 4000 hr of testing of modified Dura-
metallic seals. These seals utilize a ceramic-
faced steel rotor and a carbon stator. The seal is
loaded by multiple springs -behind the rotor, and

the secondary O-ring seals are readily accessible.

Differential pressures as high as 12 psi have been
applied in both directions (process fluid to oil and
oil to process fluid) without affecting the leakage
rate.  These tests indicate that the modified
Durametallic seals will be satisfactory for use in
the ART NaK pumps unless more extensive tests
reveal further problems.

‘w. L. Snapp and W. K. Stair, ANP Quar. Prog. Rep.
Sept. 10, 1956, ORNL-2157, p 39.
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Analysis of Hydraulic Drive Failures
P. G. Smith

Several hydraulic pump drive units obtained from
The Dension Engineering Co. have failed in service
on fuel and sodium pump test stands. The operating
histories of these hydraulic units are given in

Table 1.4.1.

Motor No. 5971 failed after 1929 hr of operation
at speeds from 2400 to 2700 rpm because one of
the seven piston shoes broke up into small parts.
The other six shoes were found to be severely wom.
Motor No. 5969 failed in a similar manner after
2500 hr of operation, but the wear on the shoes was
less severe, Motor No. 7652 failed in a similar
manner- when it was placed in operation at ORNL.
This mofor was run by the manufacturer for 40 hr
prior to shipment.

The 700 series pump failed after 4400 hr of
operation because the bolt-clevis portion of the
wobble-plate positioning mechanism broke. It is
believed that this failure had its inception in the
use of mechanical stops in conjunction with the
motor-driven wobble-plate positioner.

The manufacturer is working on the piston shoe
problem. Recent developments indicate that the
poor reliability of these drive units can probably
be overcome by using an available motor which has
been proved to be durable at speeds up to 4000
rpm.

TABLE 1.4.1.

PERIOD ENDING DECEMBER 31, 1956

Fuel Pump Development Water Tests

M. E. Lackey G. Samuels
’ J. J. W. Simon'

Thorough water testing and evaluation of a fuel
pump with an acceptable impeller has continued in
one of the two high-temperature performance-test
loops. A similar pump is operating in the other
loop with the fuel mixture (No. 30) NaF-ZrF ,-UF
(50-46-4 mole %).

The primary items being investigated are, as
previously reported,® (1) the possibility of reducing
the magnitude of the loop liquid-pressure fluctu-
ations, (2) means for establishing a decreasing
gas pressure gradient in the direction of gas flow
from the oil catch basin down the shaft annulus
into the expansion tank and out through the off-gas
line, as shown in Fig. 1.4.1, (3) means for regu-
lating the liquid flow rate through the hollow pump
shaft, expansion tank, and centrifuge cup flow path,
also shown in Fig. 1.4.1, (4) the possibility of
reducing the level of the loop pressures relative
to the expansion tank gas pressure to reduce the
stress loads on the north-head assembly, and (5)
cavitation effects, Satisfactory results can be
reported for the first three investigations. The
magnitude of the pressure fluctuations was reduced
to within acceptable limits, the decreasing gas
pressure gradient was established, and the fluid

5). J. W. Simon, M. E. Lackey, and G. Samuels, ANP
Quar. Prog. Rep. Sept. 10, 1956, ORNL-2]57, p 40.

OPERATING HISTORIES OF HYDRAULIC PUMP DRIVE

UNITS THAT FAILED IN SERVICE

Operating M aximum Maximum Maximum
Hydraulic Unit Time Speed Power Pressure
(hr) (rpm) (hp) (psi)
600 series motor, 1929 2700 27 3000
serial No., 5971
600 series motor, 2500 4600 45 4000
serial No. 5969
600 series motor, 40%* 46007+ 5000
serial No, 7652
700 series pump 4400 1200 3000

*Operated at factory.
*Reported by manufacturer.
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Fig. 1.4.1. Schematic Diagram of Impeller Region of ART Fuel Pump.

flow into the expansion tank was regulated to the
desired range. The study of the problems involved
in lowering of the loop liquid pressures relative
to the gas pressure in the expansion tank to meet
stress |imitations imposed upon the deck plates in
the northe-head assembly is described below.

Plots of the suction pressure minus the gas
pressure in the expansion tank for several combi-
nations of impeller speed and liquid depth in the
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expansion tank, based on data obtained with the
original pump impeller, are shown in Fig. 1.4.2.
Two modifications were considered for reducing
the loop pressures, and initial investigations were
made of both types. Method A consisted in reducing
the diameter and number of the centrifuge cup
discharge holes. A blank centrifuge cup (that is,
no discharge holes) was fabricated for the main
impeller. This modification was tested and was

O
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Fig. 1.4.2, Suction Pressure Minus Gas Pressure
in Expansion Tank of Fuel Pump with Original
Impeller As a Function of Liquid Level in Expan-
sion Tank for Various Pump Speeds and a Flow
Rate of 645 gpm.

found to be unsatisfactory. There was no degassing
because the fluid from the expansion tank flowed
over the top of the cup without being centrifuged.
This configuration was modified, progressively,
by increasing the size and the number of the cup
discharge holes until the point of acceptable
operation was reached. It was found that degassing
of the system fluid was possible with twenty-
two '/a-in.-dia holes. An additional modification
was made that involved tapering the cup discharge
ports from the inside to the outside. A 30-deg
included angle was cut that left a sharp-edged
‘/B-in.-dia holeon the outer surface of the cup. This
modification lowered the differential between the
suction pressure and expansion-tank gas pressure
by about 1 ft for normal operating conditions, and
it was found that this pressure difference was

PERIOD ENDING DECEMBER 31, 1956

quite insensitive to operating liquid level changes.
The suction pressure differentials measured for
selected pump speeds and liquid levels are plotted

in Fig. 1.4.3.

It is believed that the centrifuge cup with the
fewer and smaller holes would be of advantage
under one-pump-stopped conditions during operation
of atwin-pump configuration. The fewer and smaller
centrifuge holes would increase the resistance to
flow up through the stopped impeller into the ex-
pansion tank. Such a reduction of the upflow would
lower the degree of overload on the centrifuge of
the operating pump and thereby reduce the violence
of ingassing that would occur when one pump
stopped.

Method B consisted in increasing the inside
diameter of the centrifuge cup top surface and
leaving the thirty-three l/4-in.-dic: holes of the
original impeller unchanged. This modification
allows the use of the present impellers by removing
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Fig. 1.4.3. Pressure Differential in Fuel Pump
with Centrifuge Cup Containing Twenty-Two ]/s-in.-
dia Tapered Holes Operating at a Flow Rate of
645 gpm.
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a small amount of metal from the inner surface of
the top cover of the centrifuge cup assembly. Tests
of this modification show about l}'z-ft greater
reduction, compared with method A, of the differ-
ential between pump suction pressure and the
expansion-tank gas pressure under design operating
conditions. The pressure differentials obtained
with this modification for various liquid levels and
selected pump speeds are shown in Fig. 1.4.4. For
this configuration, the pressure difference is
somewhat more sensitive to liquid levels than it
is for method A. The suction pressure level shows
a tendency to decrease more sharply when the
liquid level is below about l'/2 in. However, this
configuration does not exhibit as much variation
of pressure difference as was found to accompany
liquid level changes in the original configuration.
A schematic diagram of the impeller region of the
ART pump modified according to method B is
shown in Fig. 1.4.5. The impeller of this design
is designated model 32,

The developmental work on both methods A and
B was carried on simultaneously. Method B was
found to give very satisfactory results with only
minor changes to the original design, and these
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changes could be made to the existing pump and
centrifuge assembly without additional welding.
At the time that method B was found to give the
desired results, the developmental work on method
A was not complete in that the difference between
the pump suction pressure and the helium pressure
had not been reduced to that required for stress
considerations. It was felt that the possible
advantages of method A were not sufficient to
justify the additional time required to properly
size the centrifuge and the increased cost of this
method. In addition, the changing of the existing
pump and centrifuge assembly to method A would
require welding of the finished pieces to the
assembly and would probably require the procurement
of new pumps.

Subsequent tests with the model 32 impeller
indicated that the flow through the shaft feed holes,
the xenon-removal expansion tank, and the centri-
fuge cup was insufficient for proper ART north-
head cooling. The suction pressure decrease had
caused the flow through the pump shaft to the
expansion tank to decrease appreciably. Determi-
nation of this flow rate and resizing of the shaft
feed holes was accomplished by the method previ-
ously described.’ The effect of increasing the
diameter of the shaft feed holes on the pressure
differential for selected pump speeds and various
liquid levels in the xenon-removal expansion tank
is illustrated in Fig. 1.4.6.

The model 32 impelleris currently being subjected
to extensive evaluation tests. The pump suction
pressure characteristics as a function of liquid
levels in the expansion tank for a pump with the
model 32 impeller are shown in Fig. 1.4.7. The
performance data taken on six constant-resistance
lines with a 3-in. depth of liquid in the expansion
tank are plotted in Fig. 1.4.8, and Figs. 1.4.9,
1.4.10, and 1.4.11 show the cavitation parameter
o for three flow rates at three constant pump
speeds. The data indicate that o increases with
increasing flow at constant speed and decreases
with increasing speed at constant flow. The
minimum allowable differential between the gas
pressure in the expansion tank and the vapor
pressure of the working fluid at the suction temper-
ature in order to prevent cavitation is shown in
Fig. 1.4.12 as a function of the pump speed, flow
rate, and expansion tank liquid level.
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Fig. 1.4.5. ART Fuel Pump with Model 32 Impeller.

Model 32 impellers are being installed on fuel
pumps for testing in the twin pumps of the aluminum
north-head water test loop. The effects of one
pump on the other at equal, as well as mismatched,
operating speeds will be studied. Also a model 32
impeller fabricated of Inconel is to be used in
high-temperature tests of the pump with the fuel
mixture (No. 30) NaF-ZrF ,-UF, (50-46-4 mole %)

as the circulated fluid.

Fuel Pump High-Temperature
Performance Tests

H. C. Young' P. G. Smith

A test loop has been prepared for high-temper-
ature operation of an ART fuel pump with a model
32 impeller and the fuel mixture (No. 30) NaF-ZrF ,-
UF , (50-46-4 mole %) as the circulated fluid. The
assembled loop has been cleaned by circulating a
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cleansing fuel mixture, and it has been filled with
the test fluid. Performance data will be obtained
during the next quarter.

Fuel Pump Endurance Tests
P. G. Smith
The ART fuel pump (model MF) being tested for

endurance has continued to operate satisfactorily
at high temperatures with the fuel mixture (No. 30)
NaF-ZrF ;-UF , (50-46-4 mole %) as the circulated
fluid. The test has been interrupted three times
as a result of hydraulic drive failures. However,
1896 hr of trouble-free operation of the pump at
temperatures from 1100 to 1400°F has been ac-
cumulated. During the last 932 hr of this test, the
pump has been thermally cycled 41 times over the
temperature range of 1100 to 1400°F. These
relatively slow thermal cycles required about 5-hr
intervals.,

Sodium Pump Tests with Water

P. G. Smith R. Curry!
J. J. W. Simon

The sodium pump tests with water as the circu-
lated fluid were continued.® During the quarter,

6s. M. DeCamp, Jr., ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 43.
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the maximum head required for the ART sodium  deflection and the centrifuge performance and to
pumps was increased to approximately 165 ft at  determine the pump head and flow characteristics.
440 gpm, and water tests at these operating con- 3 2

ditiozz revealed ingassing. Tests ::ve therefore Sodiom Pump Tests with Sodiam
been programed to evaluate the impeller-volute P. G. Smith

configuration under the new operating conditions An ART sodium pump was placed in a high-
with respect to the radial unbalance force and  temperature test rig for testing with sodium at
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temperatures“of 1200 to 1350°F, and it has been
operated for three short periods (total of 200 hr).
These tests revealed several problems that were
not evident in water tests, but which were brought
out by the high temperature and the use of sodium.
A bearing seizure occurred, and it was found to be
necessary to increase the bearing clearance and
to decrease the cold shrinkage tolerance. During
one run sodium leaked past the O-ring seals and
into the catch basin. Investigations revealed that
the O-rings supplied by the manufacturer did not
meet the tolerance specifications, and this problem
is being studied further. Priming difficulties were
encountered that may have resulted from gross
ingassing on startup, and this problem will be
investigated at the startup of the next test. Also
the next test will be run with a lower sodium level
in the pump pot in an attempt to prevent plugging
of the off-gas lines with sodium. When these
difficulties have been overcome the pump will be
endurance tested,

Primary NaK Pump Development Tests
H. C. Young

Water tests of the first primary NaK pumps
fabricated from Inconel were completed, Heaters,
insulation, and other equipment required for high-
temperature testing with NaK were then added, and
the high-temperature tests were started in late
September. Performance curves obtained at a NaK
temperature of 1200°F are presented in Fig. 1.4.13
and compared with the water test data for the same
Inconel impeller and volute. The head was 2 to 3%
higher for the test with NaK. Approximately 2%
of the increase in the head can be attributed to an
increase in the diameter of the impeller as a result
of thermal expansion, and some of the increase,
possibly 1%, may be attributed to errors in the
calibration of the pressure-measuring instruments.

Jo N SimpscmI

Cavitation data were obtained at the design flow
rate for several different heads and at flow rates
above and below the design rate. The data indicate
that the cavitation parameters determined by the
water tests are reasonably accurate for predicting
the cavitation with NaK, if the difference between
the vapor pressures of the fluids is considered.
Two typical cavitation curves obtained with NaK
at 1200°F are shown in Fig. 1.4.14. The critical
cavitation values, o, for NaK and for water at the

PERIOD ENDING DECEMBER 31, 1956
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Fig. 1.4.13. Comparison of Performance Curves
Obtained for the ART Primary NaK Pump Fabri-
cated of Inconel When Tested with Water and with
NaK at 1200°F.

similar heads and pump speeds for the same flow
rate are also shown for comparison. As may be
seen, both the performance and the cavitation data
for operation with NaK correlate well with the
water test data, and it was also found that the
pump efficiency over the design range was 73 to

75% both for water and for NaK.

This first Inconel pump has operated at temper-
atures from 1000 to 1400°F for approximately
1000 hr. The oil seal leakage rates have remained
within acceptable limits. Gas which was trapped in
the pump discharge pipe during filling vented
through the vent hole to the pump tank, and the
pump primed satisfactorily on startup. The major
operational problems encountered were plugging of
off-gas lines with NaK vapor and ingassing during
the cavitation tests. A condenser made of a 2-in.
stainless steel pipe, 24 in. long, filled with
Demister wool was connected to the off-gas lines,
but some NaK vapor passed through this condenser
and caused malfunctioning of helium pressure
regulators. An auxiliary vapor separator, 3 in. in
diameter and 8 in. long, has been installed in the
off-gas line after the condenser, in an attempt to
solve this problem, but more operational time will
be required to evaluate the effectiveness of this
separator.
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Fig. 1.4.14. Cavitation Characteristics of ART Primary NaK Pump Operated with NaK ot 1200°F

and a Flow Rate of 1220 gpm.

It was found that when the pump tank gas pressure
was lowered to slightly below the pressure at
which cavitation occurred, the pump ingassed, as
evidenced by a rapid rise in the liquid level in the
pump tank and a sudden drop in the head and the
flow rate. This situation can, of course, be avoided
by assuring adequate gas pressure in the pump
tank. It is planned to continue operation of this
pump to determine its long-time reliability. Tests
are to be conducted fo determine the heat removal
by lubricating-cooling ocil and the temperature
gradient in the neck of the pump tank for various
liquid levels and operating conditions.

WATER FLOW TESTS OF ALUMINUM
NORTH-HEAD MOCKUP

E. R. Dytko
R. E. MacPherson D. R. Ward
R. Curry J. W. Cooke'

Tests of the ART twin fuel pump system have
been run as part of the water flow tests of the
aluminum north-head mockup in order to investigate
(1) fluctuations of flow rate and pump suction
pressure in the main circuit, (2) flow character-
istics in the xenon-removal expansion tank, (3)
ingassing of the main circuit when it is being
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filled with the pumps rotating or when one pump
is being slowed or stopped while the other is still
running, and (4) flow characteristics with one
pump stopped and the other running. In particular,
it was desired to ascertain whether liquid would
rise up the annulus between the pump shaft and the
radiation barrier when one pump was stopped with
the other still running.

Tests with the original xenon-removal system have
been completed, and the results of the investi-
gation of items 1 and 3 were reported previously.’
The system was found to be unsatisfactory with
respect to items 2 and 4 and has therefore been
modified. An improved xenon-removal system was
developed and incorporated in the model 32
impeller, which, as described above, has been
evaluated with water in a single-pump loop. Model
32 impellers have been installed in the twin-pump
assembly and preliminary results indicate that
fluid can be kept from rising up the shaft of the
stopped pump or the running pump if helium flow
is maintained in both pumps. The initial tests have
also indicated that substantial improvement of the

7
E. R. Dytko et al., ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 52.

o
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flow characteristics in the xenon-removal ex-
pansion tank has been achieved.

Design work was completed on two new external
circuit configurations that are to be tested in the
aluminum north-head mockup. One of the con-
figurations mocks up the reactor pump inlet region,
including the tops of the intermediate heat exchanger
tube bundles. A straight annular downcomer will
be used for the pump discharge region. For the
second configuration the straight downcomer will
be replaced with a full-scale aluminum mockup of
the reactor core. These configurations will be
tested to determine flow patterns in the pump inlet
and outlet regions.

REACTOR COMPONENT
DEVELOPMENT TESTS

E. R. Dytko R. E. MacPherson

Heat Exchanger and Radiator Tests

J. C. Amos J. G, Turner
L. H. Devlin D. R. Ward

A summary of heat exchanger and radiator test
operations during the quarter is presented in Table
1.4.2. The test of Process Engineering Corp. heat
exchanger No. 1, type SHE-2 (ref 8), in con-
junction with York Corp. radiator No. 7 (ref. 9) in
SHE test stand B was terminated on schedule after

PERIOD ENDING DECEMBER 31, 1956

more than 2500 hr of operation. These units were
replaced by Process Engineering Corp. heat ex-
changer No. 2, type SHE-7 (ref 10), and Black,
Sivalls & Bryson radiator No. 1, which is of the
same design as that used for York Corp. radiator
No. 7. The effects of temperature, temperature
gradient, and time on mass transfer in the NaK
system are being investigated in the tests of these
units. The temperature conditions being used for
this study are given in Table 1.4.3. The relation-
ship of radiator pressure drop to NaK Reynolds
number is determined before, at the middle, and at
the end of each run, Four runs have been completed,
and the program will be continued during the next
quarter.

After the failure of York Corp. radiator No. 5
in test stand C (previously reported' ), tests of
Process Engineering Corp. heat exchanger No. 1,
type SHE-7, at ART operating conditions were

8The design of heat exchanger type SHE-2 is illustrated
in Fig. 2,22, p 52, of ANP Quar. Prog. Rep. Dec. 10,
1955, ORNL-2012.

9Radiator No. 7 is shown in Fig. 1.4.8, p 60, of ANP
Quar. Prog. Rep. June 10, 1956, ORNL-2106.

loTl’me design of heat exchanger type SHE-7 is illus-
trated in Fig. 1.4.5, p 50, of ANP Quar. Prog. Rep.
Sept. 10, 1956, ORNL-2157.

111, H. Devlin and J. G, Turner, ANP Quar, Prog. Rep.
Sept. 10, 1956, ORNL-2157, p 47.

TABLE 1.4,2, SUMMARY OF HEAT EXCHANGER AND RADIATOR TEST OPERATIONS

Hours of Totol H Number of s f
Test Unit Nonisothermal foto o?rs Thermal e
Operation ot Dpseation Cycles Tast
Process Engineering Corp. heat 1520 2574 15 Test completed
exchanger No. 1 (type SHE-2)
Process Engineering Corp. heat 761 1217 36 Test completed
exchanger No. 1 (type SHE-7)
Process Engineering Corp. heat 537 694 12 Test continuing
exchanger No. 2 (type SHE-7)
York Corp. radiator No. 7 1520 2574 15 Test completed
York Corp. radiator No. 8 434 629 26]/2 Terminated by radiator
failure
Black, Sivalls & Bryson 537 694 12 Test continuing
radiator No. 1
Black, Sivalls & Bryson 211 293 3 Terminated by radiator

radiator No. 2

failure
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TABLE 1.4.3. RADIATOR TEMPERATURE CONDITIONS FOR INVESTIGATION
OF MASS TRANSFER IN THE NaK SYSTEM OF A HEAT
EXCHANGER~RADIATOR TEST LOOP

Radiator Inlet Radiator Qutlet Temperature
Run Temperature Temperature Gradient
(°F) °F) (°F)
1 1375 1100 275
2 1546 1317 229
3 1421 1317 104
4 1447 1244 203
5 1546 1317 229
6 1550 1491 59
7 1447 1244 203
8 1500 1100 400
9 1250 1100 150
10 1500 1100 400
11 1447 1244 203
12 1349 1172 17
13 1474 1172 302
14 1519 1389 130
15 1350 1350 Isothermal

resumed; York Corp. radiator No. 8, which is identi-
cal to radiator No. 7, was used as a heat sink. As
indicated in Table 1.4.2 this radiator failed after
629 hr of operation because of a leak in a radiator
tube between the hot<NaK inlet header and the
tube-fin matrix. A photograph of the failure areq,
taken after the unit had been cleaned, is shown in

Fig. 1.4.15.

York Corp. radiator No. 8 was replaced by Black,
Sivalls & Bryson radiator No. 2, and, again, the
heat exchanger endurance test was resumed at
ART operating conditions. Failure of this radiator
occurred after 293 hr of operation as a result of
cold-trap malfunction. Loss of cooling water
caused the cold trap to heat to approximately
1000°F and to introduce large quantities of oxides
into the system. The oxides apparently caused
nearly complete plugging of one or more of the
radiator tubes. Failure occurred approximately
2 hr ofter loss of the cold-trap cooling water. The
differential thermal expansion between the tubes
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carrying NaK and the plugged tube, or tubes, was
possibly one of the factors that contributed to the
failure. A photograph of the failure area on the
hot-air outlet face of the radiator is shown in Fig.
1.4.16. An attempt was made to determine the ex-
tent of tube plugging in the radiator, and the results
are presented in Fig. 1.4.17. It is quite possible
that the extensive plugging shown is not representa-
tive of the condition of the radiator at the time of
failure.  Although reasonable precautions were
taken, air could have entered the radiator during
removal and inspection operations and reacted with
residual NaK to form additional oxide not present
at the time of failure.

Since the test heat exchanger had operated 1217
hr, 761 of which was at ART full-power operating
conditions, it was removed along with the radiator
for metallurgical examination. Process Engineering
Corp. heat exchanger No. 3, type SHE-7, is currently
installed in test stand C, and testing of this unit
will begin when a radiator is available,



Black, Sivalls & Bryson heat exchangers Nos. 1,
2, and 3, type IHE-8 (ref 12), were received during
the quarter. Units 1 and 2 are currently installed

=
———J ONE INCH -
TRnrY

Fig. 1.4.15. York Corp. Radiator No. 8 Which
Failed After 629 hr of Service in Small Heat Ex-
changer Test Stand C.

PERIOD ENDING DECEMBER 31, 1956

in the IHE test stand B in conjunction with York
Corp. radiators Nos. 11 and 12, and testing will
begin early next quarter. Current programing calls
for running the exchanger in which heat is trans-
ferred from fuel to NaK at a fuel inlet temperature
of 1600°F to simulate ART design temperature
conditions. This will require operating the com-
panion NaK-to-fuel heat exchanger at a NaK inlet
temperature of 1700°F. In view of the extreme cor-
corrosion found in previous units operated at a NaK
inlet temperature of 1600°F, it is planned to replace
the NaK-to-fuel unit after 500 hr of operation at
these extreme conditions. A summary of the
pertinent heat exchanger corrosion data is presented
in Table 1.4.4,

The IHE test stand C has been modified for
performance and reliability testing of a prototype
ART radiator. The unit is being fabricated by York
Corp. and is shown in Fig. 1.4.18 during assembly.

Valve Development Tests

L. P. Carpenter l. T. Dudley

M. H. Cooper'

Prototype ART Dump Valves. — No new valves
were received from the vendor during the quarter,
but several valves were tested that were rebuilt
with components previously tested. Valve 5A,
which was assembled by combining a cylindrical
copper seat and a swiveled conical poppet made of
molybdenum, leaked after being cycled, that is,

21he design of heat exchanger type IHE-8 is illus-
trated in Fig. 2.13, p 42, of ANP Quar. Prog. Rep. Dec.
10, 1955, ORNL-2012.

TABLE 1.4,4, SUMMARY OF CORROSION OF FUEL-TO-NaK HEAT EXCHANGERS OPERATED IN TEST STANDS

Total  Nonisothermal o o Fuel-Wall Interface  Maximum Depth of
Heat Exchanger Operating Operating Temperature (°F) Attack in Heat Reason for
Designation Time Time o Tl Each I Exchanger Termination of Test
(hr) (hr) n Heat Exchanger In System (mils)
ORNL-1, 2; type IHE-3 1809* 993 1550 1550 25 NaK-to-fuel leak
Black, Sivalls & Bryson 1398 1008 1550 1550 25 Scheduled
1 and 2; type IHE-3
ORNL-1; type SHE-1 1557 1540 1460 1650* 7 Scheduled
ORNL-1; type SHE-2 2071 1041 1535 1700** 6 Scheduled
Process Engineering 2574 1520 1535 1700* 8 Scheduled

1; type SHE-2

*Previously reported incorrectly as 1129 hr. The 1129-hr value was actually the total time with fuel in the system.

*n resistance heater,
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UNCLASSIFIED
PHOTO 27365

Fig. 1.4.16. Failure Area of Black, Sivalls & Bryson Radiator No. 2 Which Operated for 293 hr in
Small Heat Exchanger Test Stand C.
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Fig. 1.4.17. Extent of Oxide Plugging of Tubes
of Black, Sivalls & Bryson Radiator No. 2,

closed-opened-closed. Valve' 5B, which was
rebuilt with a fixed spherical molybdenum poppet
and a conical copper seat, is presently being tested.
Valve 4B, which was rebuilt after previous tests,'®
leaked severely when retested. The fuel mixture
(Ne. 30) NaF-ZrF ,-UF , (50-46-4 mole %) at temper-
atures in the range of 1200 to 1350°F was used
for these tests. The operating conditions and

results are summarized in Table 1.4.5, and valve
4B is shown in Fig. 1.4.19 before assembly.

13e. R. Dytko et al., ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 53.
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Valve 5A, which had a copper seat and a swiveled
molybdenum poppet, initially had a low leakage
rate but the leakage increased with the valve
operating cycles. Increasing the seating force
reduced the leakage, but cycling again caused
unacceptable leak rates. Examination of the valve
after termination of the test showed that the copper
seat had been deformed elliptically. The deformation
was apparently caused by the swiveled poppet,
which did not seat in the same position after each
cycle.

Valve 5B, in which the spherical molybdenum
poppet is fixed rigidly to the stem and the copper
seating ring is conical, is still being tested and
has operated satisfactorily for 200 hr through 14
operating cycles. The fixed spherical plug and the
conical ring mate in the same position each time
the valve is closed, and hence the nonuniform
deformation encountered with swiveled plugs is
not produced.

Valve 4B, which has a swiveled Kentanium 151A
plug and a Kentanium 152B seat, leaked excessively,
and testing was terminated after 120 hr. Deep
grooves on one side of the poppet indicated
misalignment of the plug and seat. The valve will
be rebuilt with a fixed plug and retested. It is
hoped that further improvement of the seat and
poppet alignment can be obtained by mounting the
plug guide close to the seat ring. This should
overcome any misalignment of poppet and seat
which might occur when the end connection carrying
the seat is welded to the valve body.

Seat and Plug Materials. — Twelve seat and
poppet materials combinations have been tested
to date in the fuel mixture (No. 30) NaF-ZrF ,-UF
(50-46-4 mole %). The Kentanium cermets '4 appear
to be adequate valve materials; the copper-
molybdenum combination shows promise of positive
leakage control and tolerable self-welding charac-
teristics. Valves of the refractory metals, tungsten
and molybdenum, exhibit low opening forces, but
they leaked badly for several days after being
cycled.

The results of the seat materials tests are
presented in Table 1.4,6. Three Kentanium combi-
nations (tests 1, 2, and 4) have met ART per-
formance specifications. One Kentanium combi-
nation (test 3) failed because of misalignment

‘4For the compositions of these cermets see Table
3.4.8, p 198, ANP Quar. Prog. Rep. Sept. 10, 1956,
ORNL-2157.
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UNCLASSIFIED |
PHOTO 26916

Fig. 1.4.18. Prototype ART Radiator Being Assembled at York Corp.
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UNCLASSIFIED
PHOTO 27399
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Fig. 1.4.19. Prototype ART Dump Valve with a Kentanium 152B Seat and a Kentanium 152A Plug
Before Assembly. (Confidential with caption)

TABLE 1L.4.5. OPERATING CONDITIONS AND RESULTS OF PROTOTYPE ART
DUMP VALVE TESTS WITH FUEL MIXTURE (No. 30)
NaF-ZrF ;«UF, (50-46-4 MOLE %)

Pressure differential across seat: 50 psi

Valve 4B Valve 5A Valve 5B
Seat material K152B Copper Copper
Plug material K151A Molybdenum Molybdenum
Operating time, hr 120 312 In test
Valve temperature, °F 1200
1240 1300 1350
Stem thrust, 1b 750 750 750
1200 1000
Opening force, |b 500 700 500
800 2000
Leakage, cma/hr
Minimum 6.4 0 0
Maximum 46.2 19.5 0.6
No. of cycles 5 20 14
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TABLE 1.4,6, CONDITIONS AND RESULTS OF TESTS OF VALVE SEAT AND PLUG MATERIAL

Pressure differential across seat: 50 psi

Valve

Test Seat Plug Operating o1 No. of Leak Rate Stem Thurst Opening Force e
*" Material  Material  Time (hr) ?"F) Y% Cycles  (em®/hr) (1b) (Ib)
1 K162B K152B 2285 1225-1240 32 0-3.9 1000-750 500-1500 Test terminated for examination
of materials
2 K1528B K1628B 1683 1225-1325, 48 0-7.1 750 170-2240 Initial high leakage decreased;
1500 operating force after 500-hr
closure at 1500°F was 2340 Ib
3 K162B K151A 24 1210-1220 1 100 750 Seat and plug misaligned; plug
cracked
4 K1528 KI151A 1213 1310-1325 43 0-5.0 750 140-1400 Still operating on a 500-hr
closure period with no leakage
5 Cu Mo 501 1250 7 0-37 750 250-1040 Leakage caused by crack in
copper plug; test terminated
6 Cu Mo 1452 1310-1325 44 0-12 750 252-1960 Initial low leakage increased;
opening force after 500-hr
closure was 1960 Ib
7 Stellite 1160 12001350 18 9.4-52 750~1960 112-2000 Opening force at 1200°F low;
higher at increased temperature
8 K1628 Cu 143 13201330 15 0-112 750 840-1760 Test terminated because of ex-
cessive leakage; grooves formed
in plug
9 Cu Mo 3185 1500 17 0-2.6 750 590-1680 Test terminated because plug
welded to nickel base of seat
10 Mo w 498 1300-1320 9 0-368 750-2140 140840 High leakage after cycling de-
creased during closure period
1 Mo Mo 405 1300-1310 6 2.0-22 750-2140 130-840 High leakage after cycling de-
‘creased during closure period
12 K162 Cu 357 1300-1310 2 1.5-20 750-1728 150-340 Leakage decreased with increased
stem force
13 Mo w Installation completed
14 K94 K94 Being fabricated

LAIO0dIY SS3Y00¥d LI23rodd dNV



and cracking of the plug. A photograph of the valve
tested in test 1, which operated for 2285 hr in the
fuel mixture (No. 30) NaF-ZrF ,-UF , (50-46-4 mole
%) at 1240°F, is shown in Fig. 1.4.20.

Two copper-molybdenum combinations (tests 5
and 9) failed, and the leakage rate of a third copper-
molybdenum combination (test 6) increased sharply
from nearly zero to 12 em®/hr. The leakage in-
crease in test 5 was caused by the cracking of the
copper seat ring, which, along with the molybdenum
plug, is shown in Fig. 1.4.21. The copper seat
material is not expected to crack during ART
operation, however, because the copper seat ring
will be restrained from radial deformation by the
Inconel walls of the valve end connection. Further,
the molybdenum plug has been made spherical and
the seat ring conical to minimize the deformation
of the copper.

UNCL ASSIFIED
Y-20595

Fig. 1.4.20.
Components After 2285 hr in the Fuel Mixture
(No. 30) Na F-ZrF‘-UF‘ (50-46-4 mole %) at 1240°F.
(Secret with caption)

Valve Seat Materials Test No. 1

PERIOD ENDING DECEMBER 31, 1956

The refractory-metal combinations, tungsten vs
molybdenum and molybdenum vs molybdenum,
exhibit low opening forces and low leakage rates
after several days closure. However, high leakage
rates are observed after completion of an operating
cycle. Investigation of the effect of increased
stem thrust on the leakage rates after cycling are
in progress.

Zirconium Fluoride Yapor Traps
M. H. Cooper F. A. Anderson'3

Several types of condensation traps for removing
zirconium fluoride vapor from the reactor off-gas
have been designed and tested. The zirconium
fluoride condensation trap presently being con-
sidered for use in the ART is shown in Fig. 1.4.22,
The trap, 9 in. in inside diameter and 25 in. long,
consists of an inlet section with a central water-
cooled coil and a water-cooled shell. The outlet
sectionisa 12-in.-long shell-and-tube, gas-to-water
heat exchanger. The inlet section is expected to
condense the zirconium fluoride vapor in the off-
gas during low power operation; at high power, the
radiation heating in the inlet section is expected
to cause most of the zirconium fluoride vapor to
move into the shell-and-tube section, where the
zirconium fluoride vapor should recondense. At
high power, the radiation heating should prevent the
formation of zirconium fluoride plugs, and it is
expected that an equilibrium will be established
when the temperature of the radiation heated
surface of the zirconium fluoride layer equals the
condensation temperature of the vapor in the off-
gas. The calculated equilibrium zirconium fluoride
layer thickness for this trap is 0.075 in. at full
reactor power,

Two other condensation traps, shown in Figs.
1.4.23 and 1.4.24, were designed to prevent plugging
of off-gas lines with condensed zirconium fluoride
by providing surfaces with temperatures above the
condensation temperature of the zirconium fluoride.
The results of tests of these traps are summarized
in Table 1.4.7. Neither of these traps can be used
in the ART in its simple form because of the
excessive length required to contain the evolved
zirconium fluoride in a 0.075-in.-thick equilibrium
layer during full-power operation.

15consultant from the University of Mississippi.
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UNCLASSIFIED
Y-20197

Fig. 1.4.21. Copper Seat and Molybdenum Plug (Test 5) After 501 hr at 1250°F in Fuel Mixture

(No. 30) NaF-ZrF ,-UF, (50-46-4 mole %). Note cracks in copper seat ring. (Secret with caption)

TABLE 1.47. SUMMARY OF RESULTS OF TESTS OF ZIRCONIUM FLUORIDE VAPOR TRAPS

52

Operating Helium Flow Rate Sump Hot-Wall
Trap Time E ; Temperature Temperature Comments
(liters/min) o 5
(hr) “(°F) (°F)
Icicle 132 2 1350 1270-1300 No plugging in these tests;
28 2D 1450 1450-1500 small quantities of ZrF,
54 3 1425 1400-1425 carried through trap at
28 3 1425 1400-1480 higher helium flow rate
190 3.5 1425 1400-1480 Plugged
285 3.5 1400 12501270 Plugged
Hot Finger 300 3.5 1400 1250~1500 Plugged
i |
R



Chemical reaction traps packed with aluminum
oxide were tested at several gas velocities to
provide design data for the traps to be used in the

o
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Fig. 1.4.22, Diagram of Zirconium Fluoride Yapor
Condensation Trap Presently Being Considered for
Use in the ART.
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Fig. 1.4.23. Diagram of Icicle Trap for Zirconium
Fluoride Vapor.
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Pratt & Whitney Aircraft high-temperature critical
experiment. This type of trap was also operated
at 1700°F to simulate predicted axial temperatures
of ART traps when the reactor is operating at full
power. The results of these tests are presented in
Table 1.4.8. The aluminum oxide used in tests of
trap No. 1 may not have been thoroughly dried
prior to use, and heating of this material may have
resulted in some particle disintegration and en-
trainment, with subsequent plugging of the trap
outlet line. The traps for the high-temperature
critical experiment were designed for a superficial
gas velocity of 0.8 fps through alumina packing
at 1300°F.

Alumina was tested in a similar apparatus at
1700°F. This is the estimated central temper-
ature of the alumina packing at reactor full-power
operation for the particular trap design being con-
sidered. The trap operated for 90 hr before the
test section became plugged. Examination of the
test section indicated that the reaction products

==mam
ORNL-LR-DWG 18304
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Fig. 1.4,24, Diagram of Hot-Finger Trap for
Zirconium Fluoride Vapor.

TABLE 1.4.8. RESULTS OF TESTS OF ALUMINA REACTION TRAPS FOR ZIRCONIUM FLUORIDE YAPOR

Sump Trap Operating

' .
Trap No. Temperature Temperature Time Gc(lls.'F o/w F‘;“ Ga(sﬁ}/:|:;:ﬂy Comments
iters/min e
(°F) (°F) (hr)
1 1300 1350 69 4 0.39 No plugging; A|203 found in
exit line
1300 1350 72 2 0.19 A|203 found in exit line
1300 1350 34 6 0.58 Exit line plugged with A|203
2 1310 1350 90 8 0.79 Exit line clean
3 1500 1700 90 1 0.10 Test section plugged with

reaction products
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formed the plug, but further tests will be carried
out to confirm the cause of plugging.

Liquid-Metal-VYapor Condensers
M. H. Cooper

Work continued on the development of condensers
for removing liquid metal vapor from the purge
gases bled from the ART sodium and NaK pumps.
The condensers tested this quarter consisted of
24-in, sections of 2-in. sched-40 Inconel pipe
filled with Inconel Demister packing. In a test of
this condenser with sodium vapor in helium flowing
at a rate of 500 liters/day and with a condenser
inlet temperature of 1200°F and an outlet temper-
ature of 70°F, the outlet line plugged after 500
hr. In a test made under the same conditions with
NaK vapor, the condenser did not plug. However,
when this condenser was tested at gas velocities
approaching those expected during NaK dumping
operations (~1.7 ft3/min), the unit was unsatis-
factory in that entrained NaK was observed in the
outlet lines. The test setups illustrated previously
were used for these experiments. ¥

The plug in the outlet of the condenser in sodium
service was caused by the condensation of sodium
as a result of vapor channeling through the center
of the trap. Although the trap wall temperatures
near the outlet approached room temperature, the
temperature of the gas in the center of the trap was
probably much higher because of channeling at the
low gas flow. The sodium-vapor condenser has
been redesigned, as shown in Fig. 1.4.25, to include
baffles to prevent channeling of the gas.

The condenser for use during NaK dumping
operations has also been modified, as shown in
Fig. 1.4.26, to provide a 24-in. section of 4-in.
pipe at the condenser outlet that functions as an
entrainment separator. |t is expected that NaK
removed from the gas stream during the dumping
operation will drain out of the trap during inter-
vening periods of low gas flow.

AUXILIARY COMPONENT
DEVELOPMENT TESTS

J. J. Keyes
High-Frequency Thermal-Cycling Test
J. E. Mott! A. G. Smith, Jr.!

Development of a pulse generator for producing
temperature oscillations in a fused-salt stream of
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Fig. 1.4.25. Modified Sodium-Vapor Condenser.

150 to 200°F at a frequency of up to 10 cps has
been completed, and the generator has been built
but, as yet, not tested. The design of the unit is
shown in Fig. 1.4.27. The loop in which the
generator will operate has been designed as shown
in Fig. 1.4.28, and it is being fabricated.

6\, H. Cooper, ANP Quar. Prog. Rep. Sept. 10, 1956,
ORNL-2157, p 60.
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Fig. 1.4.26. Modified NaK-Vapor Condenser for
Use During NaK Dumping Operations.

An investigation of techniques for measuring
rapid temperature oscillations in the liquid streams
and at the tube walls is under way, for which a
mockup of the pulse generator, previously de-
scribed,'” is being used to generate thermal
oscillations in water. Data have been obtained

PERIOD ENDING DECEMBER 31, 1956

with whichto evaluate thermocouples and recording
equipment. The investigations of several types of
thermocouples for temperature measurements of
metal surfaces in contact with water have led to
the adoption of the so-called ‘‘gun barrel” probe
manufactured by the Midwest Research Institute.
This probe consists of a thick-walled steel tube
(0.09 in. OD) plated at one end with a 1-p layer
of nickel. The interface between the nickel and
the end of the steel tube form the plane of emf
generation, as shown in Fig. 1.4.29. The nickel
lead wire to the plated end is nickel oxide coated
for electrical insulation from the steel tube. The
time constant of this thermocouple is reported to
be about 0.25 psec. Stream measurements were
made with a two-wire, 5-mil, Chromel-Alumel im-
mersed junction, the response of which has been
calculated to be adequate (that is, well below 0.1
sec).

The mockup of the generator has been used for
water tests of two tubular test sections consisting
of a 0.460-in.-ID, 0.250-in.-wall Inconel tube
insulated on its outer surface and a 0.460-in.-ID,
0.250-in.»wall Lucite tube. The data for the
Inconel tube, tested with an inner surface film
coefficient of 3100 Btu/hr-ft2.°F, are plotted in
Fig. 1.4.29. The theoretical curves presented for
Inconel and steel are based on derivations of
Jakob'® for the case of a flat plate of infinite
thickness. Because of the small surface penetration
at high frequency, this case is believed to hold
approximately for thick-walled tubes. The positions
of the data points with respect to the theoretical
curves illustrate the influence of the steel thermo-
couple wall on the measured oscillations. Inconel-
nickel thermocouples of the same design should
eliminate this difficulty, and they have been ordered.
Data have been obtained with other film heat
transfer coefficients, and they show similar re-
lationships to the theoretical curves.

Wall temperature measurements were made for the
Lucite tube with a conventional two-wire thermo-
couple junction that was embedded in the Lucite
and ground flush. For this application, 5-mil
Chromel-Alumel wires were used. The data and
calculations are in reasonable agreement, as

17y, J. Stelzman and J. M. Trummel, ANP Quar. Prog.
Rep. Sept. 10, 1956, ORNL-2157, p 56.

wM. Jakob, Heat Transfer, vol 1, p 297, Wiley, New
York (1949).
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Function of the Frequency, f, of the Thermal Cycle
Imposed on the Stream for a Thick-Walled Tube
with a Film Heat Transfer Coefficient of 3100
Btu/hr.f12.°F.

illustrated in Fig. 1.4.30. The good thermal insu-
lating properties of the Lucite may be seen to
have had an effect on the relationship of the
experimental data to the theoretical curve.

A thin-walled (20-mil) test section has been
fabricated that has provisions for water cooling of
the outer surface. It is planned to investigate the
influence of finite wall thickness and outer surface
cooling on the ratio of the thermal amplitude of the
inner surface to the thermal amplitude of the
stream. '?
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ART Sodium Circuit Water Flow Tests
S. Kress' R. D. Peak’

The total pressure loss in the ART sodium
circuit is being determined by calculations and by
measuring the loss across mockups of those regions
of the circuit which are difficult to analyze and to
calculate. One region that had to be mocked up,
called the island entrance region, occurs at the
point where the island cooling sodium stream from
one sodium pump meets the corresponding stream
from the other pump and turns down into the annulus
around the control rod thimble on its way to the
island. This region is illustrated in Fig. 1.4.31,
in a 100-deg section view, which shows only one
of the two inlet pipes. The mockup of this sodium
flow passage was made of steel, and it was tested
with water. The measured pressure loss for this

9p, H. Platus and R. V. Meghreblian, Conduction of
Heat in a Finite Plate in Contact with an Environment
in Which the Temperature Varies as a Prescribed

Function of Time, ORNL CF-56-9-60 (Sept. 12, 1956).
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Fig. 1.4.31.
100-deg Section View.

region at the design flow rate to the island of 0.68
ft3/sec was 13.8 ft of head.

A pressure loss measurement was made for
spacers of the type which will be used to position
the island and reflector beryllium with respect to
the Inconel core shells. The test piece, shown in
Fig. 1.4.32, had eight full-size spacers in each
row around the aluminum bullet. The bullet was
mounted in a 4-in., sched-40 pipe equipped with
suitable pressure taps for measurements of the
pressure drop across several rows of spacers. The
test was run both with and without the spacers
mounted on the bullet so that the pressure loss as
aresult of the spacers could be determined directly.
The spacer pressure loss, expressed as a loss
coefficient, AH/(V%/2g), was only 0.0805, which
was considerably lower than the loss coefficient

Ak 1745 in—ebf

CONTROL
o] ROD THIMBLE

¥— 303:in.—

T S
A, L)
AL 5

FUEL EXPANSION TANK

SODIUM FLOW TO ISLAND

ART lIsland Cooling System Entrance Region Showing Sodium Flow Channels in a

of 0.15 measured by Copenhaver and Lynch?® on
a 7,,-scale model of the annulus region.

Since the heat loads in the island vary with
position and lengths of the four rows of cooling
holes through the beryllium are different, the sodium
flow through these cooling holes must be controlled
in some manner in order to obtain uniform temper-
atures throughout the beryllium. A convenient way
to control the sodium flow in the individual holes
will be to vary the orifice size of the nominally
3’,6-in. holes at the equator joint of the island
beryllium by inserting ‘{,.-in.-fhick orifice disks.
The results of tests with various orifice sizes are
shown in Fig. 1.4.33 as pressure loss coefficients

2oC. M. Copenhaver and F. E. Lynch, ART Reflector
.‘S'gnslitfm Annulus Study, ORNL CF-56-7-155 (July 31,
6).
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Fig. 1.4.32. Test Piece for Experimental Measurement of Pressure Loss in the Annulus Region
Between the ART Beryllium Reflector or the Island and the Inconel Core Shells as a Result of the

Spacers. (Secret with caption)

vs orifice diameter. |In the investigation, measure-
ments were made for orifice diameters of 3/16 in.
(no orifice disk) to 0.104 in. The smallest orifice
in the longest island cooling hole was found to
limit the flow to about 64% of the flow without the
orifice disk. Also, this same orifice (0.104 in. in
diameter) in the shortest island cooling hole limited
the flow to about 74% of the flow through the longest
hole without an orifice disk.

The other regions of the sodium circuit which
will be tested include the orifices at the equator
joint of the reflector beryllium, the various en-
trances to the cooling holes through the beryllium
reflector and island, the top of the reflector, the
pump tees, and certain slot passages in the north

head.
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ETU Component Water Flow Tests
W. J. Stelzman

Four water flow tests of ETU components are
planned in order to determine the flow distribution
in the sodium circuits through, and around, the
reflector-moderator and island regions and the
pressure losses in these circuits. Design work was
completed and fabrication was begun on the facility
for test No. 1, which is designed for studying
flow in the sodium cooling circuits through and
around the reflector-moderator region.  Where
possible, the actual ETU components will be used.
It is anticipated, however, that the facility for test
No. 1 will be completed in advance of ETU com-
ponent assembly. The flow diagram for test No. 1

is shown in Fig. 1.4.34,
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Fig. 1.4,33. Pressure Loss Coefficients for
Sodium Cooling Holes with Various Sizes of Orifice
Disks Placed at the Island Equator Joint,

Cold-Trap Evaluation Tests
R. D. Peak

Cooling tests were run on several cold traps in-
stalled on two test stands, small heat exchanger
stand C (SHE-C) and cold-trap stand 1 (CTS-1).
The cold traps tested on stand SHE-C were a
standard 4-in.-dia cold trap, 60 in. long, wound
with ‘/2-in.-dia copper-tubing cooling coil, which
was described previously,z‘ and a very similar
4-in.~dia cold trap wound with a %-in.-dia stainless-
steel-tubing cooling coil. The cold trap tested on
CTS-1 was similar to the standard 4-in, trap, but
itwas 8 in. in diameter, 60 in. long, and wound with
a %-in. stainless-steel-tubing cooling coil.2? Also
tested on each stand were 40-in.-long NaK-to-NakK
economizers made of %-in., sched-40 pipe inside
a l-in., sched-40 pipe. All the test data were
correlated so that the operation of the ART cold-
trap systems could be predicted.

With air cooling in the coils of the cold traps, a
substantial amount, ranging from 10 to 55%, of the

21g, A. Anderson and J. J. Milich, ANP Quar. Prog.
Rep. Sept. 10, 1955, ORNL-1947, p 54.

ZZR' D. Peak, ANP Quar. Prog. Rep. Sept. 10, 1956,
ORNL-2157, p 60.
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Fig. 1.4.34, Flow Diagram for ETU Component
Water Flow Test No. 1,

total heat lost by the NaK was lost by natural con-
vection and radiation from the uninsulated cooling
coil and thus was not picked up by the cooling
air. This heat loss by natural convection and
radiation was measured for the 8-in. cold trap, and
it was found to correlate with the measured coil
surface temperatures, which, in turn, were found
to correlate with the average cooling-air temper-
atures. Over-all heat transfer coefficients for the
traps were based on the inside areas of the traps
covered by the cooling coils. These inside areas
were 3.87 ft2 for the 4-in. traps and 7.35 12 for
the 8-in. trap.

The over-all heat transfer coefficients for air
cooling, based on the heat picked up by the air,
were correlated with the air flow rates and are
shown in Fig. 1.4.35. Since no correction was
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Fig. 1.4.35, Air Heat Transfer Coefficients in
Cooling Coils of Cold Traps Based on Area of
Cold Trap Covered by the Cooling Coil.

applied for the heat lost by radiation and con-
vection from the external coil, these values should
only be applied to cold traps of similar design. The
coefficients for the 4-in. trap were similar for either
the copper or the stainless steel coil and were
higher than those for the 8-in. trap with its stainless
steel coil. The test NaK flow range was from
0.29 to 2.88 gpm.

With water cooling in the coil of the cold traps,
essentially no heat was lost by natural convection
orradiation. The over-all heat transfer coefficients
calculated for water cooling correlated best with
NaK flow rates through the cold trap, as shown in
Fig. 1.4.36. The coefficients for the 4-in. trap
with the stainless steel coil were higher than the
coefficients for either of the two other traps. The
water flow range was from 0.25 to 6.0 gpm.

The test data on the 40-in. NaK-to-NaK econo-
mizers were correlated on the basis of over-all heat
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Fig. 1.4.36. Water Heat Transfer Coefficients in
Cooling Coils of Cold Traps Based on Area of Cold
Trap Covered by the Cooling Coil.

transfer coefficients based on a mean heat transfer
area of 0.51 ft2. Twenty-five of the 27 test points
fell between the over-all coefficient line predicted
by using the Martinelli and Lyon equation?® and
the line predicted by using the Lubarsky and
Kaufmann equation?* as shown in Fig. 1.4.37.

Temperature patterns were measured in both the
4- and 8-in. cold traps at three cross sections: (1)
just entering the packed area, (2) halfway through
the packed area, and (3) just leaving the packed
area. The temperatures were measured ‘/2 in. in
from the top and bottom of the trap, at the center,
and halfway into the center from the side. The
patterns for the 4-in, trap are shown in Fig. 1.4.38,

21, W, H. McAdams, Heat Transmission, 3d ed.,
p 213, McGraw-Hill, New York, 1954.

248. Lubarsky and S. J. Kaufmann, Review of Experi-
mental Investigations of Liquid-Metal Heat Transfer,
NACA TN 3336 (March 1955).
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Fig. 1.4.37. Over-All Heat Transfer Coefficient
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and the patterns for the 8-in. trap are shown in
Fig. 1.4.39. The patterns for the 4-in. trap show
more extreme temperature differences than those for
the 8-in. trap for some unknown reason. These
patterns demonstrate the fallacy of attempting to
correlate plug-indicator break temperatures with
cold-trap exit or center temperatures when sub-
stantially lower temperatures exist near the walls
in the trap.

Water Flow Studies of NaK Systems for Cooling
Fuel Fill-and-Drain Tank

W. J. Stelzman

The ART fuel fill-and-drain tank is to be cooled
by two separate NaK systems which will serve
separate sets of U-tubes that will permeate the
fuel volume from opposite ends of the tank. One
of these two systems will also feed NaK through
an annular jacket around the tank to provide wall
cooling. Tests are being conducted on mockups of
part of the annular jacket and part of the U-tube
cooling system.

The first mockup tested represented one-half the
annular jacket. Observation of the flow pattern
indicated some regions of relative stagnation which
may be eliminated by inserting baffles in the flow
channel.

PERIOD ENDING DECEMBER 31, 1956
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The second mockup, which is being tested,
represents one-half the bank of U-tubes that carry
the NaK and are not associated with the annular
jacket. This test will indicate the flow distribution
across the tube sheet for the proposed drain-tank
entrance and exit configurations.
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1.5. PROCUREMENT AND CONSTRUCTION
W. F. Boudreau

ART FACILITY
F. R. McQuilkin

Contract work on the Aircraft Reactor Test (ART)
facility is being done in four stages, package 1,
package A, package 2, and package 3A, as deter-
mined by the design program. Package 1 work,
which included the building alterations, the building
addition, and the cell installation, and package A
work on the installation of auxiliary services piping
have been completed. A summary of the costs in-
curred during work on packages 1 and A is pre-
sented in Table 1.5.1. Package 2 work on the
installation of the diesel generators and facility,
electrical control centers, and spectrometer-room

TABLE 1.5.1.

electrical and air-conditioning equipment has been
completed, with the exception of the installation
of three diesel control panels, performance testing
of diesel-generator sets, and installation of pent-
house anchor bolts. Design work on the process
piping and process equipment (package 3) is con-
tinuing.

A portion of the work, termed package 3A, was
recently prepared for lump-sum prime contracting
by negotiation with the two contractors, V. L.
Nicholson Company and Rentenbach Engineering
Company, who were awarded the package 1 and
2 contracts. A supplemental agreement has been
issued authorizing the Rentenbach Engineering

COST OF PACKAGE 1 AND PACKAGE A CONSTRUCTION AT ART FACILITY

Package 1
Initial total contract price $765,835.00
Construction of addition to Building 7503 $501,462.00
Construction of 7503 cell $264,373.00
Final total contract price* $881,852.25
Construction of addition to Building 7503 $607,526.68
Construction of 7503 cell $274,325.57
Total number of contract deviations 45
Official starting date August 23, 1955
Official scheduled completion date June 1, 1956
Actual completion date October 9, 1956
Contract liquidated damage rate
Phase | $100 per day
Phase Il $300 per day
Liquidated damages charged for delay None
Reason damage charges not invoked Contract deviations plus equipment delivery
delays resulting from Westinghouse strike
Package A
Initial total contract price $50,351.62
Final total contract price $50,351.62

Official starting date
Official scheduled completion date

Actual completion date

April 10, 1956
June 29, 1956
September 26, 1956

*This includes the $50,351.62 contract price for Package A.
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Company to perform the package 3A work, which
will include provision of a distribution system for
supplying electrical power to the pipe and equip-
ment heaters, a dry-air plant, and a building to
house the air plant and wound-rotor-motor control-
lers. The electrical distribution system will in-
clude distribution centers, conduit, cable, cable
trays, Powerstats, and induction regulators. The
building will be a prefabricated type located west
of the blower house and will be provided with the
required auxiliary services. The dry-air plant will
consist of two compressors, a dryer unit, and the
necessary auxiliaries and piping. Package 3A pro-
vides for installation of the government-furnished
wound-rotor-motor controllers and induction regu-
lators; all other equipment is to be furnished,
installed, and tested.

Work performed during the quarter included in-
stallation and testing of four 480-v circuit breakers,
installation of a repaired radiator for diesel unit
No. 4, mechanical testing to ascertain damage of
diesel-generator units Nos. 3 and 4, drilling of
holes for penthouse anchor bolts, installation of
flashing around diesel-generator radiators, instal-
lation of two main blowers, completion of cell
floor structure, demolition of the crane-bay parapet
walls, completion of the high-pressure nitrogen
manifolds, and removal of blocks which formed a
5-ft shield wall for the ARE reactor pits.

Some of the construction work may be seen in
Figs. 1.5.1 through 1.5.5. A view of the cell floor
structure immediately prior to installation within
the cell is shown in Fig. 1.5.1. The fill-and-drain
tank support pad and the support pads for the sam-
pling tanks may be seen in Figs. 1.5.1, and 1.5.2,
which show the cell floor structure after installa-
tion within the cell. The fill-and-drain tank sup-
port shaft will pass through the rectangular hole
(~3 x 6 in.), which may be seen in the support pad
as installed in the cell (Fig. 1.5.2). A photograph
of the crane bay, Fig. 1.5.3, which was taken
looking south toward the cell and the penthouse,
illustrates the increased floor area made available
by removal of the parapet walls on the ARE pits.
One of the two main blowers that is now installed
and is in operating condition may be seen in

Figsil.5:4.

The startup of one of the Buda diesel-generator
sets for mechanical testing is shown in Fig. 1.5.5.
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Two of the diesel-generator sets broke loose from
their supports during shipment and were therefore
checked for mechanical damage by this test.

Preliminary planning work continued on the pro-
gram of reactor disassembly and examination. As
outlined previously,! this activity is being de-
veloped in two basic parts, the first being that of
removal of the reactor from the cell and the second
that of transportation to, and hot disassembly in,a
new large hot-cell facility. Tentatively, the new
facility is being called the Central High-Level
L aboratory.

The problems associated with removal of radio-
active equipment and the reactor from the cell have
been the subject of intensive study in order to de-
termine whether such considerations would require
design changes in the reactor, the cell equipment,
or the cell. (For details of this study see Chap.
1.6, ““ART, ETU, and In-Pile Operations."")

Thirteen possible building sites for the disas-
sembly facility were investigated. Of these, three
appeared to be sufficiently desirable to merit
favorable recommendation. They are all located
on Central Avenue of the Oak Ridge National
Laboratory area near important associated facil-.
ities, such as the permanent reactor buildings,
existing hot cells, and the contaminated waste and
recovery facilities. A final choice for the site is
expected to be made during the next quarter.

Present planning for the engineering work re-
quired includes the employment of an architect-
engineer for the structure, building services, and
large hot cell of the disassembly facility and
employment of design jobbers to prepare detail
drawings and specifications for the tools, fixtures,
gages, and measuring devices required for hot
disassembly work. Design criteria for the facil-
ity and design concept sketches for tools and
gages are being prepared by ORNL personnel.

A mockup of the large hot-cell facility is pro-
posed to provide a facility for disassembly tool
shakedown, disassembly procedures shakedown,
and personnel training. Because the time of need
for such a setup is expected to conflict with the
large-cell construction schedule, a separate loca-
tion for the mockup is being considered.

'E. R McQuilkin, ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 64.
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UNCLASSIFIED
PHOTO 18543

Fig. 1.5.1. Floor Structure Ready for Installation in Cell.
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| UNCLASSIFIED
" PHOTO 18595

Fig. 1.5.2. Floor Structure Installed in Reactor Cell Showing Support Pads for Fuel Fill-and-Drain Tank and Sampling Tanks.
(Secret with caption)
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Fig. 1.5.3. ART Facility Crane Bay After Removal of Parapet Walls on ARE Pits.
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UNCLASSIFIED
PHOTO 18729

Fig. 1.5.4. One of Two Main Blowers, As Installed and in Operating Condition.

ART-ETU REACTOR CONSTRUCTION
M. Bender G. D. Whitman
Reactor Assembly

H. M. Abele C. K. McGlothlan
G. W. Peach

The preparation of reactor-assembly and inspec-
tion procedures was continued. Component pro-
curement is under way, and weld-shrinkage tests
are being made. Inspection procedures and data
sheets have been completed for the reactor shells
and beryllium parts, and general descriptions of
the inspection methods for other components have
been prepared.

One set of contoured beryllium parts for the ETU
reactor has been received. These components are
being processed through the local shops for hole
drilling and inspection operations. The lower half
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of the hemispherical reflector-moderator has been
completed and is ready for assembly in the first
water flow test. This lower beryllium hemisphere
is shown in Figs. 1.5.6 and 1.5.7 in the horizontal
boring mill used to drill the holes that provide the
passages for the sodium coolant.

The thin Inconel core shells that form the fuel
annulus continue to be a difficult fabrication
problem. Several shells have been received from
the vendor for metallurgical examination and for
use as weld test specimens, but none of these
components has yet been within the established
design tolerance. These shells are being fabri-
cated by a shear forming process that is known
commercially as ‘‘Hydrospinning.”” The progress
to date indicates that the technique will ultimately
produce acceptable inner and outer core shells,
but problems still remain on raw material finish
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Fig. 1.5.5. One of the Diesel Generators Undergoing Mechanical Testing.
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Fig. 1.5.6. Reflector-Moderator Southern Hemisphere Viewed from Equator.
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Fig. 1.5.7. Reflector-Moderator Southern Hemisphere Viewed from Bottom.
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requirements, final mandrel sizing, and inspection

techniques.

Samples of fabricated stainless-steel-clad boron-
copper cermet parts have been received and are
being given metallurgical and dimensional checks.
These items appear to be acceptable. The surface
finish is good. Some difficulty has been experi-
enced in holding the raw stock to the thickness
tolerance and in obtaining the proper thickness
ratio between the stainless steel cladding and
the cermet.

Considerable effort has been put forth on weld
tests which not only give data on weld shrinkage
of particular reactor geometries but will also serve
to train the craftsmen on setup and welding tech-
niques that will be required on the actual reactor

parts. In addition to shrinkage information, data
is taken on welding current, rod consumed, welding
time, and gas flow rates. To date, the reproduci-
bility of the shrinkage data on similar geometries
has not been good enough to hold the spacing
allowance between many of the parts in the reactor.

Tests have been performed on flat plates to
determine the effect of joint preparation on weld
quality and to determine the effect of gap and
parent stock thickness on transverse shrinkage.
Hoops of diameters and thicknesses that simulate
those of the reactor shells are being welded to
obtain information on transverse and diametral
shrinkage, and rejected shells are being welded
whenever they are available and suitable for weld
tests. The setup used in making the equatorial
weld of an inner core shell is shown in Fig. 1.5.8.

e
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UNCLASSIFIE
PHOTO 27390

Fig. 1.5.8. Practice Welding of Inconel Inner Core Shell. (Secret with caption)
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ETU Facility
P. A. Gnadt A. M. Smith

The ETU facility is now being constructed. All
the main NaK piping supports have been installed,
as shown in Fig. 1.5.9, as well as most of the
additional floor supports required. Many of the
main NaK piping runs, such as those shown in
Fig. 1.5.10, have been bench assembled and are
ready for installation into the piping support frame.
Design of the individual pipe hangers is 90%
complete, and material procurement has been
initiated. = Cold-trap and plug-indicator piping
circuits are being bench fabricated. Long delivery
times for some components will delay the comple-
tion date of the NaK piping installation until
approximately June 1, 1957.

The materials for the control-room enclosure
have been ordered, and the scheduled completion
date is February 1, 1957. The design of the enclo-
sure is complete, except for the air-conditioning
system and its associated auxiliary equipment.
The main air duct is now being fabricated. The
delivery date of the NaK-to-air radiators will delay
the installation of this component until the summer
of 1957. Detailed design of the electrical system
is approximately 40% complete. The designs of
motor control centers, heater distribution cabinets,
cable trays, and voltage-adjusting devices have
been completed, and most of the equipment is now
on hand. Advanced orders for tubular and ceramic
clamshell heaters have been filled. Design work
on the installation of individual heaters and their
associated thermocouples is approximately 30%
complete.

Changes in flow sheets have delayed the design
and construction of the controls system and the
control panels. Firm flow sheet information is
expected to be available by January 1957. Some
instruments and other controls components have
been ordered. Design and construction of the
control panels and control circuits is expected to
take approximately ten months after approval of
the instrument flow sheets.

The designs of the basement auxiliary service
piping, lube oil, hydraulic oil, helium, and water
systems have been completed, and approximately
15% of this equipment has been installed. Major
portions of the piping to the individual lube oil
and hydraulic drive units will be completed when
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the equipment is delivered early in 1957. The
plant air header for the facility will be installed
by ORNL forces during the period required to clear
the basement area of the existing air compressor
and other equipment. The design layout of the
auxiliary service piping in the reactor area has
been started.

Cell Components
A. M. Smith

Present planning for use of the ART cell draw-
ings where possible in the fabrication of the ETU
makes the over-all design of both the ETU and
ART cell components approximately 20% complete.
Mockups of the ART components not required for
the ETU are to be made for the ETU assembly in
order to determine assembly procedures and tech-
niques for the ART.

Layout drawings have been prepared for 12 of
these items, including the main and auxiliary NaK
manifolds, the reactor lead shield, the dual cooling
system for the fuel fill-and-drain tank, the fill-and-
drain tank shielding, the fuel dump valves and
actuators, the junction-panel expansion joints, and
the reactor support platform. Design details for
these are to be provided by outside vendors.
Details of the designs for the enricher, the en-
richer line assembly, and two auxiliary-piping
junction panels have been completed, and these
items are presently being fabricated.

The vendor selected for fabrication of the lead
shield has proposed a chimney type of shield to
replace the segment shield designed for the north-
head region of the reactor. Sketches are to be
prepared and presented for approval. Detail draw-
ings for the remainder of the shield are presently
being reviewed.

Planning for disassembly of the ART has brought
out problems which involve several of the items
already designed. These include the reactor
support platform and support columns, the NaK
manifolds, the fuel fill-and-drain tank and its
shielding, and some piping layouts. The reactor-
support-platform design is presently being revised,
and other design conflicts are being studied.

75



ANP PROJECT PROGRESS REPORT

Fig. 1.5.9. ETU NaK Piping Support Structure.
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Fig. 1.5.10. ETU NaK Piping.

ART-ETU REACTOR COMPONENT
PROCUREMENT

M. Bender J. Zasler
Fuel-to-NaK Heat Exchangers

The York Corp. has fabricated a steel mockup
of the channel and header assembly for the fuel-
to-NaK heat exchanger in order to obtain addi-
tional information on the nature of the problems
which might be encountered with the York method
of fabrication. The Black, Sivalls & Bryson
Company has completed the extensive modification
of a large vertical boring mill required for ma-
chining the heat exchanger channels to final
dimensions, and the first test channel is now being
machined. Both companies have done considerable
work on the problems of tube forming, welding, and
machining, and both are developing suitable
assembly and brazing fixtures.

Sodium-to-NaK Heat Exchangers

The Griscom-Russell Co. has been actively
working on the more than thirty individual fixtures
required to bend the tubes for the sodium-to-NaK
heat exchangers. It has been found more difficult
than anticipated to solve the springback problem,
and much of the last quarter was devoted to making
up the first four fixtures. Fixture production is
now starting to move much more rapidly, however,
since a great deal of knowledge has been gained
from the work that has been accomplished to date.

Brazing Problems

Recent experimental and metallurgical work has
indicated that the high-temperature brazing opera-
tion used for radiators, for all heat exchangers,
and for the dump tanks must be subject to ex-
tremely close control, if excessive grain growth is
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to be avoided in the tubing walls. The lower the
brazing temperature, the less the chance for ex-
cessive grain growth. Successful brazing at the
lowest possible temperature involves very careful
control of furnace conditions (uniformity and close
control of temperature and careful attention to dry-
ing and to distribution of the hydrogen), clean-
liness of the work before brazing, adequate fitup
of the parts to be brazed, and careful control and
application of the brazing alloy. A great deal of
work is being carried out with the vendors to
ensure close control of all these variables.
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Inconel Stock

The problem of obtaining adequate quantities of
acceptable CX-900 tubing continues and is being
discussed at frequent intervals with the Superior
Tube Co. Obtaining plates or sheets having an
adequate surface finish for the thin shells is a
second currently urgent problem. Discussions
have been held with representatives of the Inter-
national Nickel Company concerning raw material
production problems and inspection techniques for
special forms of Inconel required for heat ex-
changer, radiator, and other parts.
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1.6. ART, ETU, AND IN-PILE OPERATIONS

W. F. Boudreau

H. W. Savage

D. B. Trauger

ART AND ETU OPERATION
W. B, Cottrell

A critical study of ART and ETU operational
problems was initiated several months ago. This
review has as an ultimate objective the formula-
tion of operation procedures and operator training
manuals, but it has also been conducted as an
analysis of the reactor design. The real test of
the design of a complex installation such as the
ART is, of course, the operation of the complete
unit, but the preparation of operating procedures
can serve to reveal certain design deficiencies at
an early stage when changes can be effected with-
out undue delay and cost. This has been a major
objective during the development of the operation
procedures, The review has been extended to
include analysis and revision of process flow
sheets and control circuitry. It also is serving to
familiarize a core of operating personnel with
reactor and installation details,

D. B. Trauger

Operating Procedures

ART. — Operating procedures are being formalized
for the entire ART test program. This effort has
been accompanied by the maintenance of up-to-date
flow sheets of the various systems involved. There
are 15 flow sheets which include all the com-
ponents, valves, lines, instrumentation, and de-
sign operating values for the experiment. These
flow sheets were first issued in November 1955,
were revised during June and July of 1956, and a
third revision is now nearly completed.

The operating procedures for the ART are based
on the experimental objectives of the program, the
physical requirements and limitations of the sys-
tem and its components, the controls and instru-
mentation available, and the layout of the test
facility. The fact that it was not deemed advisable
to have all the controls centered in a single con-
trol room requires not only good coordination be-
tween the two major control centers but an elaborate
system of permissives, interlocks, and annunci-
ators to react in various situations.

In addition to the two major control centers the
ART will have an electrical center, information
centers, and miscellaneous operating stations. The

two major control centers will be comprised of the
main control room from which the fuel, sodium,
and heat dump systems will be controlled and the
nuclear operations will be performed and of the
auxiliary control room from which the NaK, hy-
draulic, and lubrication systems will be operated.
This arrangement, which will minimize the number
of routine process operations controlled from the
main control room, will leave the nuclear operators
free to concentrate on the nuclear aspects of the
test program. The auxiliary control room, on the
other hand, will be the center for all process in-
formation and control not required in the main
control room,

An outline of the ART operating procedures has
been prepared, and the first draft is about 50% com-
plete.  The procedures will include details of
operation for the following phases of the program:

1. acceptance ftests,

2. cleaning of the systems,

3. charging of the NaK systems,

4. system heating,

5. charging of the sodium and fuel systems,
6. fluid shakedown tests,

7. enriching the fuel mixture,

8. low-power operation,

9. high-power operation, and
10. shutdown,

To date, procedures have been prepared for phases
2, 6, 7, and 8, and the procedural sequences in-
volved in phases 3, 4, and 5 have been analyzed.

In order to minimize cleaning problems when the
various systems have been assembled, precautions
are to be taken during assembly to assure extreme
cleanliness. Nevertheless, it is anticipated that
acetone rinses of the fuel, sodium, and NaK sys-
tems will be desirable as a final cleanup and also
as a preliminary check on the operability of the
various systems and their associated instrumenta-
tion.

After the cleaning has been completed and the
acetone removed, the NaK system can be filled
with NaK. The heat generated by the pumps and by
the piping heaters will combine to bring the reactor
up to the desired temperature. When the reactor
temperature is about 300°F, the sodium systems
will be filled (the control-rod sodium system is
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independent of the reflector-moderator sodium
system) and the reactor will be heated to 1200°F,
the design isothermal temperature for the system.
The fuel carrier will then be charged to the fuel
fill-and-drain tank, the NaK cold traps will be
placed in operation, and the reactor will be ready
for the fluid shakedown tests.

In the fluid shakedown tests, a check will be
made of the operation of all the system components
and of all operating procedures that will be re-
quired when criticality is achieved. Thus this
phase of the test will assure the indoctrination of
the operating crews, as well as determine the
system characteristics and the applicability of the
operating procedures.

The enriching operation will consist in discrete
quantities of a fluoride mixture that is rich in
U235 being added to the fuel carrier in the fill-
and-drain tank. After each such addition, the fuel
will be pressurized into the reactor, with the con-
trol rod inserted, and counts will be taken as the
rod is withdrawn. The amount of uranium added
will be small compared with the rod poisoning, and
therefore criticality may be safely attained.

The low-power-operation phase will involve
principally the calibration of the control rod and
the determination of the nuclear characteristics of
the reactor, including the reactor temperature co-
efficients, the effect of delayed neutrons, etc,
Upon completion of these tests the reactor will
be brought to power in a number of steps and
operated at 60 Mw. During operation at design
power a number of experiments pertaining to the
nuclear characteristics of the reactor and to tests
simulating an aircraft power plant will be per-
formed. Following the completion of these tests,
the experiment will be terminated and the reactor
will be prepared for disassembly.

ETU. - The principal objective of the ETU is
the construction and operation of the reactor
assembly under simulated reactor conditions of
pressure, temperature, and flow with natural uranium
in the fuel mixture so that the assembly will not
be critical. This test should provide information
on the adequacy of the reactor fabrication and
assembly techniques in advance of ART operation.
While it will be possible to duplicate ART flow
and pressure conditions, it has proved impractical
to attempt to obtain the large ART temperature
differences in the absence of the 60-Mw nuclear
heat source.
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In order to derive the greatest value from opera-
tion of the ETU, the system has been kept as
similar to the ART as possible, consistent, of
course, with the limited objectives of the ETU
program. The ETU flow sheets and operating
procedures parallel those of the ART, and the
ETU will serve as a training facility for ART
operating personnel, as well as a proving ground
for the reactor.

The ETU system differs from that of the ART,
however, in many respects. It does not include
the special NaK systems for cooling the fill-and-
drain tank. Two of the four main NaK systems will
have no radiators, and the other two will include
gas furnaces in place of the radiators. The two
gas furnaces will provide the bulk of the heat
(total ~3 Mw) which will be used in the ETU to
simulate reactor system temperatures. The ETU
fuel will contain natural uranium. The ETU con-
trol system and instrumentation will not have the
numerous controls and interlocks that will be
associated with the ART heat-dump system or the
ART nuclear instrumentation. The ETU will have
no disaster containment system.

Despite these differences the ETU will be simi-
lar to the ART in many important respects, the
most important being the reactor and the equipment
within the cell area. Except for the differences
noted above, the NaK systems will be similar to
those of the ART, and the hydraulic drive and
lubrication systems will be practically identical to
those of the ART.

The revisions currently being made to ETU flow
sheets are a counterpart of the revisions being
made in ART flow sheets. However, it is essen-
tial that the ETU flow sheets be ‘‘frozen’’ earlier
than the ART flow sheets, since the ETU will
operate first, Similarly, the ETU operating pro-
cedures will have to be available in final form
first, although the ETU procedures will be patterned
after those of the ART, with modifications as re-
quired. However, since the ETU operational re-
quirements have not been completely specified, no
effort has yet been made to compile the ETU
procedures.

The ETU facility will have only one principal
control center, whereas the ART will have two.
Although this is made possible by the omission
of nuclear controls, the ETU control center will
be so crowded that it will be necessary to operate
remotely all heater controls and to make use of
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multiple switching arrangements for both heater
and thermocouple circuits. The centralized control
center will permit good coordination of all phases
of the operation, but the ETU will also require
some operating functions at other locations.

Process Flow Diagrams
C. W. Cunningham R. A. Dreisbach’

ART. - The ART process flow diagrams are
listed in Table 1.6.1 with the latest revision
number and the date of issuance for the latest
revision, Drawings which are either being revised
or which are due to be revised are so indicated.
For the convenience of the ART operators, the fuel
fillsand«drain, enriching, sampling, and recovery
systems diagrams were consolidated on one flow
diagram. The main, auxiliary, and special NaK
systems flow diagrams, likewise, were combined
on one flow diagram.

The most significant recent changes which have
been or are being incorporated in the ART process
flow diagrams 2 are described below.

10n assignment from Pratt & Whitney Aircraft.
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1. Jackets have been added to the off-gas line,
the inlet end of the reactor vapor trap, the overflow
line, the branched fill-and-drain line, and the dump
valves, and provisions have been made for circu-
lating sodium coolant in the annuli thus created.

2. Provisions have been made for measuring
fuel pressure at the south head instead of at the
fuel pump suction and discharge. The fuel pump
suction and discharge pressures will be obtained
on the ETU but not on the ART,

3. Helium bypass lines have been added for
each fuel pump to permit a rapid fuel dump in the
event of plugging of the reactor vapor trap.

4, A similar bypass line, including a frangible
disk valve, has been added around the vapor trap
on the fill-and-drain tank.

5. A helium<bubbler type of level indicator has
been provided in the overflow line to follow the
fuel level in the reactor during the filling and
draining operations.

6. An auxiliary sodium expansion tank has been
added in parallel with the reactor sodium expansion

2F|ow diagrams that were up to date as of May 1956
are presented in Appendix A of ORNL-2095, Design
Report on the Aircraft Reactor Test (Dec. 7, 1956).

TABLE 1.6.1. ART-PROCESS FLOW DIAGRAMS

System Drawing Number Lus'[:;:i’ion RE::::d ﬁ::::::
Reactor Temperature Instrumentation D-2-02-054-1451 Original 11-5-55 No Yes
(issue date)

Fuel Fill-and=Drain, Enriching, D-2-02-054-1469 Rev A 11-29-56 Yes

Sampling, and Recovery Systems
Sodium System D-2-02-054-1453 Rev A 5-4-56 Yes
Main, Auxiliary, and Special NaK D-2-02-054-1470 Rev A 7-18-56 Yes

Systems
Cell Pumps Hydraulic=Drive Systems E-2-02-054-1460 Rev B 10-9-56 No Yes
Reactor Pumps Lube Qil System E-2-02-054-1461 Rev B 9-24-56 No No
NaK Pumps Lube Oil System E-2-02-054-1462 Rev B 9-26-56 No No
Helium System E«2-02-054-1463 Rev A 4-26-56 Yes
Off-Gas System E-2-02-054-1464 Rev A 4-26-56 No Yes
Nitrogen System E-2-02-054-1465 Rev A 4-26-56 No Yes
Process Water System E-2-02-054-1466 Rev A 4-26-56 No Yes
Process Air System E-2-02-054-1467 Rev A 4-26-56 No Yes
Compressed Air System E-2-02-054-1468 Rev A 4-26-56 No Yes
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tank to assure that the sodium pumps will remain
primed if the reactor temperature is reduced to

below 1200°F.

7. Provisions have been made for manually ad-
justing the pressure differential across the bottom
seals of the reactor pumps and the NaK pumps from
the lube-oil-package control panels in order to
eliminate more complex control equipment,

8. Thermocouples are being provided on the
outlet of each of the 12 main fuel-to-NaK heat ex-
changers for the detection of a leak between fuel
and NaK. A leak in either direction would cause a
temperature perturbation.

ETU. — ETU process flow diagrams are listed in
Table 1.6.2 with the latest revision number and
date of issuance of the latest revision of each flow
diagram. Diagrams which are either being revised
or are due to be revised are so indicated. The
most significant changes which have been made or
are being made to the ETU flow diagrams are those
described above for the ART diagrams, except that,
in addition to provisions for the fuel pressure
measurement at the south pole, provisions will
also be made for measuring the fuel pump suction
and discharge pressures.

Electrical Systems
S. M. DeCamp

ART, - Sufficient electrical drawings have been
completed for analysis of the electrical systems
from the operations standpoint. The system is
divided into two sections — half of the main reactor
loads are fed from purchased TVA power, and the
other half are supplied by locally operated diesel-
electric generating sets. This system was devised
to ensure an orderly shutdown of the reactor fol-
lowing loss of one power system. Where necessary
the loads will be automatically transferred from the
failed system to the operating system, and where
permissible the transfer of power will take place
manually.

A load study has been made of the ART power
system. Presently available data show that under
normal operating conditions the 750-kva trans-
former will be loaded to 725 kva and that the 1500-
kva transformer will operate at 1160 kva. Adequate
transformer capacity is available to maintain 80%
bus voltage while starting the large induction motors
used to drive the main NaK pumps and the main
radiator blowers.

The diesel system consists of five engines,
each driving a separate generator. Each generator

TABLE 1.6.2, ETU-PROCESS FLOW DIAGRAMS

System Draving Nibe Last Revision Being Revision
Date Revised Pending
Reactor Temperature Instrumentation D-2-02-054-1476 Original 2-17-56 No Yes

(issue date)

Fuel Fill-and«Drain, Enriching, D-2-02-054-1477 Rev A 4-2-56 Yes

Sampling, and Recovery Systems
Sodium System D-2-02-054-1478 Rev A 4-2-56 Yes
Main, Auxiliary, and Special NaK D-2-02-054-1485 Rev A 4-2-56 Yes

Systems
Cell Pumps Hydraulic-Drive Systems D-2-02-054-1481 Rev A 10-21-56 No No
Reactor Pumps Lube Qil System D-2-02-054-1482 Rev A 10-2-56 No No
NaK Pumps Lube Qil System D-2-02-054-1483 Rev A 10-3-56 No No
Helium System D-2-02-054-1484 Original 2-17-56 Yes

Process Water System

Process Air System

(issve date)

D-2-02-054-1487 Rev A 4-2-56 Yes
D-2-02-054-1488 Original

2-17-56 Yes

(issue date)
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is rated at 375 kva. One machine, larger than the
other four, while rated at only 375 kva, will be
capable of supplying some leading current to help
correct the system power factor, The total load
on the diesel system is expected to be 1545 kva.
The system rating is 1875 kva with five generators
running or 1500 kva with four machines running.
In the event that only four machines are in opera-
tion, it may not be possible to start the last main
blower.

Normal control power will be taken from both the
TVA aond diesel bus. Controls and instruments
will be fed from the bus that feeds their associated
equipment. A dec—a-c motor-generator set with a
battery floating on the bus will provide a third
source of control power. In case of a power
failure the battery will continue to run the d-c—a-c
motor-generator set, This third source of power
will be used to power vital reactor control equip-
ment, such as the control-rod drive motors, critical
relays, and control instruments.

ETU. — Drawings of the ETU electrical system
have also been reviewed from the standpoint of
operations.  Originally the ETU design was to
follow the design of the ART electrical systems as
closely as possible. However, the fact that the
ETU will not contain a critical assembly has made
possible the elimination of many controls required
for the ART, and the space limitations for the ETU
have made such omissions essential. The pro-
vision of only one control room for the ETU also
decreases the similarity between the two systems.

Control of all ETU reactor pumps will be from
the control room, but the lube oil pumps and the
hydraulic equipment will be locally controlled, The
speeds of the hydraulic motors for driving the fuel
and sodium pumps will be varied by remote means
from the control room.

Since the ETU reactor will not be critical, a
power outage will not be so dangerous as for the
ART. However, certain key equipment must be
kept in operation until power is restored. There-
fore a 300-kw diesel-driven generator has been
provided. In case of a power outage this unit will
maintain lube oil circulation to the pumps, will
supply control power, and will maintain heating on
vital lines. At the present time the system is de-
signed so that a voltage drop to 80% of rated
voltage will cause the same action as a loss of
power. Since loss of power will not cause a thermal
shock to the system, this type of operation will be
satisfactory.
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Electrical heating for the ETU will be controlled
by induction regulators and Powerstats, which will
be remotely operated from the control room. A
selector switch and push button will make possible
the operation of several heaters with a minimum of
control equipment and yet achieve the desired
degree of control. All heater circuits are being
wired to provide for the use of a clip-on ammeter to
check heater loads.

Leak Testing of the ART
J. R, Sites
L. O. Gilpatrick C. F. Harrison

It will be desirable to have assurance that no
material fransfer path exists between the fuel
system and the cooling systems of the ART before
and during startup. A very sensitive technique
for such a check is that of isotopic dilution as
determined with a mass spectrometer, The testing
can be done during one of several stages of startup.
If the cooling systems are loaded with helium and
the fuel system is loaded with a higher pressure of
krypton, any buildup of part-per-million amounts of
krypton in the helium, with time, can be detected
and an estimate of the size of a single equivalent
leak can be calculated. The position of the gases
could also be reversed in the systems,

A subsequent check would be desirable when the
sodium and the NaK had been loaded into their
respective systems and there was helium in the
fuel system. In this case, however, there does not
seem to be any effective technique for using a
mass spectrometer that is sensitive enough to
detect very small leaks.

With the sodium and NaK in their systems and
with fuel in the fuel system, an increase in the
amount of potassium (from the NaK system) in the
fuel can be detected, but there is no sensitive way
to detect a leak from the sodium system into the
fuel system. |If the pressure differential were in
the opposite direction, it would be possible to look
for an increase in the zirconium content of the
sodium or the NaK.

The methods used for detecting trace amounts of
krypton in helium were developed and used on the
ARE, with a sensitivity of about 1 ppm. For the
check of the NaK content of the fuel, potassium-
free chemical reagents must be used. Super-
distilled water, NH‘CI, NH‘OH, and HCI have
been made with less than 10 ppm of potassium,
but the HF required for the analysis is less pure.
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Samples of the fuel carrier have been put through
ion exchange columns to remove the zirconium and
to separate the relatively large amount of sodium
from the desired potassium. Some attempts have
been made to determine the potassium content of
the fuel carrier without removing the other con-
stituents, but the results obtained thus far have
not been entirely satisfactory.

ART DISASSEMBLY
W. B, Cotirell

W. E. Browning R. P. Shields
D. B. Trauger

An obvious corollary to the operation of the ART
is the analysis of its performance. To a degree
this can be obtained from a study of the instrument
records, but a final analysis must depend on in-
formation which can be obtained only from the
disassembly, examination, and destructive testing
of the reactor parts. Accordingly, a disassembly
facility has been proposed in which sectioning of
the reactor and subsequent examination of the
parts may be accomplished. Also, techniques and
procedures are being devised for removing the re-
actor from the ART facility after the test has been
completed and for transporting it to the disassembly
facility.

The procedure for disassembly at the ART
facility from the time that the reactor test is termi-
nated until the last major radioactive component
is removed from the cell has been prepared. The
designs of the features which must be built into
the system in order to effect this procedure in the
desired manner were thus established, and the
necessary changes were initiated in the reactor
system and facility designs.

Inasmuch as the disassembly program involves
the handling of not only radioactive components
but also an entire system which at one time con-
tained radioactive fluids, estimates were made of
the after-shutdown doses from the reactor resulting
from residual activity and the doses from the ART
cell that would result if there were an off-gas
system leak. While the dose from the residual
activity would not be so great as to prevent per-
sonnel access to the shield surface, the dose from
a presumed off-gas-system leak would restrict
access to the cell, since daughter products of the
gases could not be purged. Accordingly, the dis-
assembly procedures have been based on the
assumption that cell entry is not permissible.
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Disassembly Procedures in ART Cell
W. B. Cottrell

The operating procedures covering the dis-
assembly of the ART cell components provide for
remote control of the fluid (fuel, sodium, and NaK)
removal and flushing operations. All reactor fluids
will be removed except the control-rod sodium,
which will be allowed to freeze in the control-rod
thimble. When these operations have been effected,
the cell will be opened and the fuel recovery tank
will be removed. The cell interior will then be
decontaminated, if necessary, by a water rinse.
The reactor and all components within the cell
will then be cut loose by remotely operated guillo-
tines and removed from the cell for transportation
to the disassembly facility. The detailed tech-
niques for effecting the removal of the reactor from
the ART cell have not been resolved; that is, it
has not been determined whether the top of the
cell will be removed before or after the reactor is
cut loose, whether these operations will be per-
formed in a water or a controlled air environment,
and what the means of support and control of the
remotely operated tools will be.

The sequence of operations involved in removing
the reactor is outlined below:

1. Transfer fuel to recovery tank.

2. Transfer fuel carrier to fuel fill-and-drain
tank for flushing reactor.

3. Flush reactor and dump fuel carrier,

4. Cool system to about 300°F,

5. Drain sodium from reactor,

6. Cool system to about 100°F.

7. Drain NaK systems,

8. Flush sodium system with alcohol.

9. Flush NaK systems with kerosene and
alcohol.

10. Open all manholes.

11. Remove recovery tank from cell.

12, Flush cell with water.

13. Flood cell with water,3

14, Cut off top of cell.*

15. Remove postpower fuel samples.

16. Prepare reactor for removal.

17. Remove reactor from cell.

3Flooding the cell with water is only one of the pro-
posed techniques for effecting the subsequent opera-
tions.

‘Depending on the disassembly technique ultimately
adopted, the top of the cell may be opened at this time
or after the reactor is ready for removal.
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18. Remove fill-and-drain tank from cell.
19. Clean cell.

After-Shutdown Dose from the Reactor
K. W. Edwards T. J. Bales®

The after-shutdown dose from the reactor was
calculated for the following reactor shield con-
ditions: reactor shielded by the as-designed lead
and water shield, reactor shielded only by the lead,
and reactor unshielded. For each of these three
conditions the dose level at the surface of the
water shield at the equator was determined as a
function of time after shutdown following operation
at 60 Mw for 100 and for 1000 hr. In each of these
calculations it was assumed that 2% of the fuel
remained in the reactor, as well as all the sodium,
It is currently believed that flushing the reactor
with carrier will leave less than 0.04% of the fuel
in the reactor and that all but trace amounts of
sodium will be removed from the reflector-moderator
cooling system. The dose data presented in Figs.
1.6.1 through 1.6.6 were based on activation studies
made by Bertini.®

Contamination in ART Cell from Off-Gas Leak
D. E. Guss’

Calculations have been made for determining the
contamination that could occur in the ART cell
as a result of a leak in the fuel-pump expansion-
chamber seal or in the fission-gas purge line,
These calculations were based on an expansion
chamber volume of 90 in.?, an off-gas flow rate of
3000 liters/day, and a continuous 1% leak of
purge gas into the reactor cell during 500 hr of
operation at 60 Mw.

The beta activity data are presented in Fig.
1.6.7 as the total number of curies present in the
reactor cell. The average energy of the beta rays
present will be about 500 kev, and the maximum
energy present will be 2.2 Mev,

The gamma-ray activity data are presented in
Fig. 1.6.8 as the dose rate at a distance of 12 ft
from a point source whose intensity is that of all

50n assignment from Pratt & Whitney Aircraft.
6H. Bertini, private communication to T. J. Balles.
70n assignment from U. S. Air Force.
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the gamma-ray activity present in the cell. The
result, if wall scattering is neglected, provides
the total body dose a man would receive in the
center of a 12-ft sphere if the gaseous fission-
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product daughters are assumed to be plated on the C
spherical surface. The bulk of the gamma-ray

activity arises from Ba'4? and La'4%, and the

residual, activity for times after 140 days arises

from Ba'37 and follows the 33-year Cs'37 half

life.

Particle-Size Distribution from Cutting Operations

J. C. Bolger® S. F. D'Urso®
M. H. Fontana®

A study was made of the air-borne-particle yields
and size distribution that would result from each
of four proposed disassembly methods. The
methods are saw cutting, grinding, Heliarc-torch
cutting, and shearing, and the materials studied
were Inconel and 18-8 stainless steel. The range

8Massachusetts Institute of Technology Practice School
students.
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of this investigation extended from particles
approximately 2 p in diameter down to 0.0016 p in
diameter. Particles were detected and analyzed
by use of a General Electric Company condensation
nuclei meter and by electron-microscope pho-
tography.

Heliarc-torch cutting yielded the largest number
of air-borne particles. Condensed vapors from both
Heliarc-torch-cut Inconel-and stainless steel speci-
mens produced aerosols containing greater than
107 particles/cm®. Few large particles were
produced, that is, less than 0.1% were greater
than 1 g, and the average particle size was less
than 0.01 p.

Grinding with a diamond-wheel cutter, 8%, in. in
diameter at 2500 fpm rim speed, yielded both 1nconel
and stainless steel particles in quantities ranging
from 5 to 8 x 108 particles/cm® that were 0.0016 p
or larger. The mean particle diameter was approxi-

%0n assignment from Pratt & Whitney Aircraft.
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mately 0.04 j, and about 20% of the particles were
greater than 1 p in diameter. Inconel and stainless
steel yield roughly the same number and size of
particles. Whether the sample was ground wet or
dry had no appreciable effect on particle yield.
Dry grinding, however, caused severe overheating,
especially with Inconel.

The band saw used in the saw cutting experiments
was operated over a range of blade speeds from 44
to 2842 fpm and with blades having 10 and 14 teeth
per inch. It was found that the number of air-borne
particles per unit of material cut increased roughly
in proportion to blade speed. The large-tooth blades
produced less fines than did the small-tooth blades.
When cut under the same conditions, Inconel
yielded more and smaller fines than stainless steel
yielded. With a saw speed of 114 fpm and a blade
having 10 teeth per inch, the total particle yields
were approximately 50,000 particles/cm® for
stainless steel and 100,000 particles/em® for
Inconel, The average particles were large, 0.2 p
for stainless steel and 0.05 i for Inconel.

A Manco guillotine was used to shear Inconel
and stainless steel tubing ]/2 to 3/4 in, in outside
diameter. With the measuring techniques available
no air-borne particles produced by this cutting
process could be detected.

These results imply that disassembly of small
piping and thin-walled sections should be carried
out by shearing whenever possible. For cutting
larger metal sections, sawing with the largest
blades and the slowest cutting speeds will be
satisfactory. Grinding produces from 10 to 100
times as many fines as saw cutting does at the
same feed rates andis therefore a secondary method
for cutting large sections. Grinding should be
performed wet whenever possible, especially with
Inconel, to avoid serious overheating. Heliarc-
torch cutting yields the largest number of air-borne
particles and would therefore require the most
elaborate air-filtering equipment.

IN-PILE EXPERIMENTATION
D. B. Trauger

In-Pile Loop No. 6

J. A. Conlin C. C. Bolta®
R. A. Dreisbach D. M. Haines?

In-pile loop No. 6, described previously,Io was
inserted in the MTR on September 3, and was

10
C. C. Bolta et al.,, ANP Quar. Prog. Rep. Sept. 10,
1956, ORNL-2157, p 81.
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removed on September 15 as a result of a long
series of difficulties that culminated in pump
malfunctioning and apparent breakage of the heat
exchanger sniffer tube. Since this sniffer tube is
part of a gas-monitoring system that would indicate
impending failure of the heat exchanger tubes, its
loss necessitated the shutdown. Both these
troubles are thought to have been caused by the
severe thermal cycling to which the loop was
subjected as a result of numerous reactor scrams
and malfunctioning of the temperature controller.
The loop performance is summarized below:

Total operating time 224 hr
Operating time at some power 134 hr
Operating time at full power 70 hr

Loop high temperature 1600 to 1630°F
Average heat removal by air 33.7 kw

at full power

0.866 kw/cm3

Power density based on air

heat removal at full power

4167 kwhr

Total heat removal

The loop is now at the MTR awaiting sectioning
prior to shipment to ORNL for examination.

Higher power densities and higher maximum loop
temperatures, of the order of 1600°F, are being
considered in the planning of the future in-pile
loop program. The higher power density may be
obtained, in part, by fully inserting the loop into
the reactor beam hole. Additional power maybe
obtained by increasing the uranium concentration
of the fuel salt and, possibly, by having the MTR
reactor loaded more heavily in the region of the
HB-3 beam hole. To handle the increased power,
a higher capacity heat exchanger must be developed,
and to ensure satisfactory operation of the loop at
the higher temperatures for more than one reactor
cycle, an improved pump purge system must be
developed. The required developmental work is
under way, as described below. The next in-pile
loop test is scheduled for June 1957,

In-Pile Loop Heat Exchanger
J. A. Conlin C. C. Bolta

As indicated above, future in-pile loops may be
operated at higher power densities and will require
larger capacity heat exchangers. The present unit
is capable of removing a little over 30 kw of heat
energy. Future loops having significantly higher
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specific™“power will require heat exchangers with
capacities of 45 kw or more. A number of methods
are available for increasing the heat exchanger
capacity without gross redesign of the loop. The
principal methods under consideration are: in-
creasing the air-side heat transfer area by the use
of fins, increasing the air pressure and flow, and
injecting water into the air stream to increase the
heat capacity. Increasing the air flow will require
the use of a larger capacity, higher pressure air
system. This can be obtained at the MTR from the
GE-ANP installation by supplying the GE-ANP
facility with low pressure air in return. |t is ex-
pected that one, or a combination, of these ap-
proaches will provide the required increase in
capacity. A heat exchanger test rig with more
complete instrumentation than can be incorporated
in-pile has been set up, and a heat exchanger of
the original design is currently being tested to
obtain the test data needed as a basis for evalu-
ating proposed design changes.

Prototype In-Pile Loop Pump
J. A. Conlin D. M. Haines

The future in-pile loops require a pump capable
of operating at higher temperatures for longer
periods than in previous loops. To satisfy these
requirements, developmental work is under way on
a pump capable of operating at 1500°F and 4500
rpm for 2000 hr — that is, 100% more life and 50%
greater speed than are required for proposed in-pile
loops. The shaft of the first test pump seized
after 1020 hr, and the shaft of the second pump,
previously described,'! seized after 986 hr. Both
stoppages were due to zirconium fluoride buildup
on the shaft. Seizure occurred in the slinger
region of the shaft in both cases, even though the
slinger clearance inthe second pump was increased
from 0.006 to 0.060 in. The rate of fluoride buildup
was much greater with the larger clearance, possibly
because of increased eddy currents, with the result
that pump life was not improved. A third pump is
being tested that has completed 750 hr of the
2000<hr test. This pump has clearances of about
0.030 in. around the pump slinger. In addition, a
chemical vapor trap, which is packed with alumina,
has been incorporated in the system. The pump
purge flow is split so that one half follows the

115, A, Conlin, D. M. Haines, and W. S. Karn, ANP
Quar. Prog. Rep. Sept. 10, 1956, ORNL-2157, p 81.



original path to the bearing housing seal and out,
and the other half flows across the slinger, over
the pump sump, through the vapor trap, and out
to a new off-gas line. It is hoped that this latter
portion of the purge gas will sweep the zirconium
fluoride vapor away from the slinger and into the
vapor trap. Also, the fuel has been changed from
the mixture NaF-ZrF,-UF, (53.5-40-6.5 mole %,
No. 44) to the mixture NaF-ZrF ,-UF , (56-39-5 mole
%, No. 70), which has a lower zirconium fluoride
vapor pressure

In-Pile Lubricant and Seal Test
J. A. Conlin D. M. Haines

Refined estimates of the ART fast-neutron fluxes
and radiation-damage data from in-pile loops and
other sources have indicated a need for irradiation
testing of the reactor pump seal system. It is
proposed to determine whether the present seal and
cooling passage design is adequate for the high
dose rate of 2.5 x 107 rep/hr (including prompt
and delayed neutrons and gamma rays). The test
will also serve to screen various lubricants for
use in high-flux regions. The bulk of the lubricating
oil may not suffer excessive damage because of the
150 to 1 dilution factor in this circulation system.
However, provision has been made for changing the
oil during ART operation,

The principal points of suspected trouble are the
seal and the seal oil leakage removal system. In
the first instance, the possibility exists that the
oil on the seal itself may not be diluted with new
oil with sufficient rapidity to prevent the accumu-
lation of coke or resins that might cause increased
leakage. The second possible trouble spot, the
seal leakage removal system, consists of a 0.137-
in.=ID tube that reaches to the bottom of an annulus
into which the seal oil leakage drains. The seal
oil leakage is blown from the annulus up the tube
by a helium purge. There is the possibility that
this oil removal system may become plugged by
coked oil.

It is planned to use gamma radiation to test a
full-scale pump bearing housing under simuldted
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operating conditions. It appears that gamma radi-
ation will be adequate for this test, since there is
no appreciable difference between the effect of
gamma and neutron radiation on hydrocarbons for
equal energy absorption. A special gamma irradi-
ation facility will be set up in the MTR canal that
will consist of an 8-in.-dia pipe surrounded by an
array of eight partly used reactor fuel elements,
that is, elements which are normally set in racks
for xenon decay. It is estimated that this instal-
lation will provide a 5 x 108 r/hr flux. A sealed
pump bearing housing will be lowered to the region
of maximum flux in the pipe, and the bearing will
be operated until the desired exposure is obtained.

In-Pile Tests of Reactor Moderator Materials

J. A. Conlin D. M. Haines
C. C. Bolta

It has been proposed that moderator materials
such as beryllium oxide, graphite, and certain
metal hydrides be investigated for possible use
in high-temperature, circulating-fuel reactors. The
moderator material would be encased in a metallic
sheath in the reactor. (For further information on
the proposed reactor use, see Chap. 1.7, ‘‘Advanced
Reactor Design,”” this report.)

A series of in-pile tests have been undertaken
to check the mechanical stability of the moderator
materials under simulated reactor operating con-
ditions. In reactor use, the material will become
an externally cooled volume heat source. This
will cause thermal stresses which may cause
spalling of the surface and possibly rupture of the
metallic sheath, ;

For the first in-pile test, four beryllium oxide
cermets, each 1 in. long and 1 in. in diameter,
were inserted in a single close-fitting Inconel
capsule with a 0.020-in.-thick wall. This capsule
was installed horizontally on the axis of an in-pile
plug in a forward position and was inserted in the
HB-3 beam hole of the MTR on October 15, with
removal scheduled for November 26. The capsule
was surrounded by a helium atmosphere, and the
maximum sheath temperature was 1495°F from
gamma-ray heating.
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1.7. ADYANCED REACTOR DESIGN

W. K. Ergen
A. P. Fraas

Preliminary design work has been done on ad-
vanced reactor concepts along the lines described
previously,l with the objective of achieving an air-
craft reactor system that is simpler than the ART
system and which will operate at a higher temper-
ature.  Efforts toward simplification have been
based upon the concept of a reactor in which the
circulating fuel cools the moderator. As stated
previously, if the fuel is to accept heat from the
moderator, the moderator must be at a higher
temperature than the fuel. Thus beryllium metal
cannot be used as it is in the ART for the moder-
ator because of problems of containing it and
because of its poor mechanical properties at tem-
peratures above the fuel temperature of interest,
that is, 1750°F. Graphite, beryllium oxide, and
the hydrides of zirconium and yttrium are being
considered as possible moderators.

Elimination of the moderator cooling reactor
would be a major simplification of a system such
as the ART in that the system would not require
the two sodium pumps, with their associated drive
and purge systems, the two sodium-to-NaK heat
exchangers, and the sodium expansion tank, along
with the critical internal welds at points which
separate the sodium and the fuel systems. A
corollary of this simplification would be a simpli-
fication of fabrication and assembly problems.

The use of the fuel to remove heat from the
moderator also presents the possibility of in-
creasing the effective heat output of the reactor,
since the heat would be added to that in the high-
temperature fuel circuit rather than being disposed
of through the sodium system. Many possible
sources of trouble and some important hazards
would also be eliminated if the separate moderator-
cooling circuit were not required.

DESIGN CONSIDERATIONS

A circulating-fuel reactor in which the fuel cools
a high temperature moderator is likely to be a core-
moderated reactor because thermal stresses limit
the thickness of moderating material that can be
used. In general, the choice of materials and the
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optimum distribution of materials for a core-mod-
erated, one-fluid reactor depends very much on
heat deposition rates and thermal stresses in the
core-moderator elements and in the reflector. Since
the relative performance of various reflector ma-
terials, and, indirectly, of various core materials,
depends in part on the amount of fuel that may be
required to cool the reflector and in part on the
possible poisoning required to suppress fissioning
in the reflector, it was found to be essential to
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