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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, Fuel Recovery and Reprocessing,
and Critical Experiments, and 5. Reactor Shielding.

The ANP Project is comprised of about 550 technical and scientific personnel
engaged in many phases of research directed toward the achievement of nuclear pro-
pulsion 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 specific objectives of
the project. The ART is to be a power plant system that will include a 60-Mw circu-
lating-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 circu-

lating-fuel reflector-moderated aircraft reactor system.
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| SUMMARY

PART 1. AIRCRAFT REACTOR ENGINEERING

1.1.: Aircraft Reactor Test

Most of the detail drawings of the reactor-core,
heat-exchanger, pump, and pressure-shell assembly

have been completed, and design work on the re-

actor shield and the interior of the reactor cell is
proceeding, A review of the detail drawings indi-
cated that the pressure drop through the reflector-
moderator cooling circuit would probably be higher
than originally estimated, and therefore larger end
higher-speed motors are being ordered for the
sodium-pump drives. A re-examination is being
made of the tolerances and clearances specified
for the fuel-to-NaK heat exchangers in an effort
to ease the fabrication problems.

Tests of a fuel pump in a high-temperature test
rig have indicated that the cavitation limit is
somewhat lower than onticipated.: However, the
increased cavitation suppression head required for
satisfactory operation can be accommodated by
increasing the fuel expansion tank pressure by
about 10 psi. In tests of a fuel pump and expansion
tank assembly no objectionable aeration or pressure
fluctuations were observed in the system over the
entire speed range when the fuel level in the fuel
expansion tank was varied from '/2 to 3in.

The preliminary design of the fuel-recovery tank
was completed. The tank has been designed so
that no electrical, cooling, or other lines will need
to be connected fo it at the time it is removed from
the cell. P S '

Studies of the reactor support structure were com-
pleted.. The complete reactor and shield assembly
is to be suspended from an overhead bridge-like
structure. The weight of the reactor will be trans-
mitted to the bridge structure through the four pump

barrels.  To allow for displacement of the reactor
os a result of thermal expansion of the NaK lines,

the lines are to be precut so that their expansion
will move the reactor to the desired operating posi-
tion. Several bends have been added to the NaK
lines to allow for differential expansion between
the lines,

The stresses to be expected in the fill-and-drain
tank were also evaluated, The support of the fill-
and-drain tank assembly is to be accomplished by
means of a nitrogen cylinder located beneath the
tank,

A series of low-frequency thermal-cycling tests
of the core shells is under way., The thermal
cycle being used in the tests simulates that to be
expected in the reactor. In the initial test the
model was subjected to 300 cycles, a factor of 10
more than expected in operation of the ART,
Visual and dimensional inspection revealed no
gross failures. Metallurgical examinations are
being made.

Additional core flow studies were made on the
fullescale model of the ART core. Heat transfer
coefficients were calculated for the 0.010-in.-thick
fuel layer adjacent to the outer and inner core
walls for the core flow pattern established by
using a swirl-type header with and without guide
vanes,

1020 ART Phys ics

The results of experiments performed to determine
the rate of gamma heating in various target ma-
terials near the Bulk Shielding Facility (BSF)
reactor were compared with results calculated by
the method used for determining similar ART gamma
heating rates. The good agreement between the
experimental - and the calculated heat generation
values for samples near the BSF indicates that the
basic ‘gamma-ray data and the Prott & Whitney
gamma-ray deposition code used for the ART cal-
culations ~ should give representative results for
the gamma-ray heat deposition in various parts of
the ART, R . ‘

- Two-dimensional gamma-ray heating calculations
for the ART have been performed by using a code
developed for the IBM-704 computer by Kneidler
and Wenzel at Pratt & Whitney. Source strengths
for the calculations were obtained from two-
dimensional multigroup neutron calculations and
from critical experiments. The total gamma-ray
deposition (excluding that caused by sources in the
heat exchanger region) in the reactor was found to




ANP PROJECT PROGRESS REPORT

be 3.86 Mw, which amounts to approximately 84%

of the total source.  This means that about 16% of
the gamma-ray source energy escapes,

1.3. ART Instruments and Controls

The ART simulator was used for a study of tem-
perature control of the reflector-moderator and the
temperature responses of the reflector-moderator
cocling system. A control system was evelved
which will hold the mean reflector-moderator tem-
perature constant to within +15°F for step changes
between zero, 50, and 100% design power and be-
tween 1200 and 1425°F mecn fuel temperature {at
50% and zero power)..

Tests were continued on a helmm-bubbler type
of level indicator for the fuel expansion tank, and
three test systems are being constructed for study-
ing other liquid-level-sensing devices under con-
trolled conditions in flowing liquids. Additional
tests of a high-temperature turbine type of flow-
meter have indicated that these units can be ex-
pected to operate satisfactorily at 1500°F for
3000 hr. A unit with a 3!’2-in.-diu housing for oper-
ation in o system with flow rates up to 1400 gpm
is being fabricated.

Evaluation tests of several types of high-
temperature pressure transmitters were continved.
The effects of out-of-pile aging on the calibration
of thermocouples are being studied, and plans are
being made for in-pile tests, Life tests of two
synchronized high-speed mercury-jet switches for
scanning thermocouple signals are under way,

1.4. Component Development and Testing

Evaluation studies of lubricating and cooling

fluids for pumps were continued. Tests are being .

made in order to determine the compatibility of
various lubricants and reactor process fluids and to
evaluate elastomers for seal application.

Preliminary test data were obtained which indi-
cated that fission-gas leakage from the sumps of
the ART fuel pumps would be attenuated by o
factor of at least 104 from the expansion tank to
the shaft seal and by another factor of at least
104 between the seal and the lubricating oil
reservoir, These data are being analyzed to de-
termine the radiction dose to be expected at the
oil reservoirs,

Developmental test work on the. fuel pump im-
peller continved. Modifications were made to the
slinger impeller and to the seal plate over the

centrifuge cup to improve performance. An en-
durance test of a fuel pump was terminated after
approximately 2000 hr of satisfactory operation,
The pump was disassembled, excmined, and re-
assembled for further high-temperature testing.
More than 400 additionel hours of satisfactory
operation had been cccumulated by the end. of the
report period.

Water testing of on ART sodium pump continued,
Various configurations of the flow passages above
the centrifuge were tested, and a configuration was
found which gave stable operation of the pump in
a performance-acceptance loop.

Water tests were also performed on Inconel parts
for the NaK pumps. Data for the Inconel parts
were found to be satisfactory when compared with
data obtained previously with a brass impeller.

“York NaK-to-air radiator No. 9, the first 500-kw
radiator of the revised design to be tested, was
found to be in satisfoctory condition ofter comple-
tion of a program of 30 thermal cycies.. Endurance
testing of o heat exchanger at ART fuel-to-NaK
heat exchanger design temperature and flow condi-
tions with a heat load of 400 kw was initiated,

Two 4-in.~dia circulating cold traps equipped with
stainless steel cooling coils were placed in opera-
tion with no difficulties from oxide plugging. A
procedure for startup of the ART cold traps was
developed.

Water tests of the aluminum mockup of the ART
fuel system components of the north head were
continued.  Fabrication of a second aluminum
north head is under way in which the sodium sys-
tem components will be mocked up.

Four ART prototype dump valves received from
vendors were tested, but none met performance
specifications for ART operation. Assembly end
end welding procedures are being analyzed, and
seat materials are being tested in fused salts.

Apparatus and techniques are being developed
for investigating the effect of high-frequency
thermal oscillations and the resultant thermal
fatigue stresses on the ART core, Ahigh-frequency
pulse pump has been designed for dynamic mixing
of hot and cold fluids to provide a thermal-oscilla-
tion frequency range of 1 to 10 cps and a surface
amplitude of about 100°F.

Various types of cold traps and pluggmg indi-
cators are being evaluated in test stands., The
test stands are also equipped with Argonne samplers
and Mine Safety Applionces samplers -so that

*}
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chemical analyses of the NaK being circulated
can .be used to calibrate the plugging indicators,

Liquid-metal-vapor condensers are being  de-
veloped for use in helium purge systems in the
ART sodium and NaK circuits and the NaK dump
tanks. High-temperature chemical ebsorbents and
thermal-precipitation traps are being investigated
in the development of a zirconium fluoride vapor

. trap. The most promising system consists of a

bed of hot alumina which reacts with gaseous

~ ZrF4 to form solid Zt0, and AIF,,

1.5. Procurement and Consﬁucﬁon

Work on the building additions, building altera-
tions, and cell instaliation for the ART has been
completed, except for installation of six circvit
breakers and the completion of modifications to the
cell floor structure. A rigid leak test of the re-
actor cell was made; a zero leakage rate was ob-
tained with a detector sensitive to 5 micron ft3/hr.
Since the contract specification allowed 32 micron
#3/hr, the vessel satisfactorily met the leak
tightness requirement. The installation of auxiliary
services piping was completed, except for re-
placement of 15 incorrect valves in the nitrogen
system, The electrical control centers and the
spectrometer room electrical and aireconditioning
equipment were completed. Work on the diesel
generators was delayed because one of the gen-
erators and three control panels were damaged in
shipment. ' Two ‘of the four main blowers were
installed. ‘

Program and design planning for disassembly of
the ART -were 'mmafed. Procedures and tools
necessary for removing the reactor are being de-
veloped, and a new, Icrge hof-cell facnllty is being
planned. - -

. Construction work started on fhe Engineermg

Test Unit (ETU) facility, Details of the main
NaK piping were determined and the design of the
air duct for the NaK-to-air radiators was prepared.
The. study of the reactor assembly problem was
continued, and general assembly procedures were
prepared,. - “Nearly all the components and spare
parts needed for three reactors have been ordered.
Fabrication of ‘the north head for the ETU reactor
is 40% complete. The lower half of the beryllium
reflector-moderator has been contoured, and dnllmg
of the coolant holes was started.

The York Corp. and Black, Sivalls & Bryson,

Inc.,  are developing techniques for fabricating
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the fuel-to-NaK heat exchangers. The sodium-to-
NaK ' heat exchangers are being fabricated and
should be available soon. The Hydrospin machine
has been enlarged to produce the various shells
required for the reactors, and the outer core shells
for the ETU are being fabricated.

Acceptable samples of finished boron carbide
tiles were received from the Norfon Company. An
order has been placed for forgings for the reactor
pressure shell,

1.6. In-Pile Loop Development and Tests

Examination of in-pile loop No. 5 which was
inserted in the MTR but could not be filled with
fuel, revealed that a plug had formed in the fill
line that was a mixture of fuel and zirconium oxide.
In-pile loop No. 6, which is to be inserted in the
MTR soon, is to operate at @ maximum loop tem-
perature of 1600°F with the fuel mixture NaF-ZrF ,-

(53.5-40-6.5 mole %), o 300°F temperature
differential across. the nose coil, and a powet
density of about 0.75 kw/cm®. A horizontal-shaft
sump pump, identical to that in in-pile loop No. 6,
is operating satisfactorily in a test loop. It will
have accumulated 1150 hr of operation by the time
in-pile loop No. 6 is inserted in the MTR,

1.7. Advanced Reactor Design

Reactor designs are being investigated in which
the fuel cools the moderator, in order to eliminate
the sodium circuit used for cooling the moderator
in reactars of the ART type. One of these designs
depends on moderation by beryllium oxide in the
reflector and some additional moderation by graphite
in the core.’ Thermal stresses dictate the use of
the - graphite in the core.  The relatively poor
moderating properties of graphite ‘are not too ob-
jectionable because of the relatively large core
size (24 in. in dicmeter) required by the total
power and the allowable power densities. On the
other hand, the use of a very good moderafer, such
as zirconium or ytirium hydride, in the core would
make the reactor independent of moderation by the
reflector, and metals could be used in the reflector.
Metals require few cooling holes and are good
gammaeray and fast-neutron shields. With presently
assumed materials properties, the hydride-moderated
reactors would be better than the graphite~beryllium
oxide moderated reactors; on the other hand, the
properties of graphite aond beryllium oxide are
somewhat better known,
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PART 2. CHEMISTRY
2.1. Phase Equilibrium Studies

Phase equilibrium studies of fuel system com-.

ponents were continued. A re-examination of the
LiFsRbF system has revealed the compound
LiF+-RbF, and a revised equilibrium diagram has
been prepared. Further examination of the LiF-UF
system has confirmed the identity of the previously
arbitrarily designated compound 3LiF.UF,, There
is evidence that the compound is metastable.

Studies of the RbF-UF, system progressed suf-
ficiently for a tentative equilibrium diagram to be
prepared,  The boundary curves, compatibility
triangles, peritectic temperatures, ond eutectic
temperatures for the NaF-RbF-UF, ternary system
are now well-established. Detailed examination of
the four-component system NaF-RbF-ZrF -UF , has
established several mixtures which are of possible
interest as reactor fuels. . »

In studies of the RbF-CaF, system it has not
been possible to get reproducible data for compo-
sitions . containing more than 15 mole % CaF,.
There is evidence of a compound with a cubic
structure, which is presumed to be RbF-Cch
Examinations of the systems LiF-CeF,, NaF-CeF ,,
and RbF-CeF 3 were continued, but, as yet, ihere
is insufficient data for the preparation of equilibrium
diagrams. The NaF-CeF; system was shown to
have a binary eutectic, which melts at 775 + 10°C.

A study of the CsF-BeF, system was started
in order to complete the study of the alkali fluoride~
beryllium fluoride systems. This study is incom-
plete, but, as in other alkali fluoride~beryllium
fluoride systems, liquidus temperatures diminish
rapidly in this system with increasing BeF, con-
tent in the 33!6 to 50 mole % BeF , region.

Study of the NaF.LiF-BeF, system progressed
sufficiently for a plot of the boundary curves, com-
patibility triangles, and pertinent temperatures to
be prepared, although the composition of one of the
ternary compounds is not completely established.
The ternary system NaF-RbF-BeF, requires addi-
tional study before the analogous diagram con be
constructed.

Lowemelting chloride sysfems, which are poten-
tially useful as heat transfer mediums, are being
investigated. = The present investigation of the
KCI-ZrF, system covers the composition range of
10 to 75 mole % ZrF‘., it will be of interest to
compare phase equilibrium behavior in these

MCI-ZrCl, systems with behavior in the analogous
MF-ZrF systems, which have been thoroughly
studled at ORNL.

22, Chemical _Reccﬁons in Molten Salts

Investigation of the equilibrium reduction of
NiF, by H, in NaF-ZrF, was continued. A related
mveshgcmon of the sfcbllnfy of NiF, in the solvent
was made that indicated the essential validity of
the equilibration data which have been obtained at
500, 575, and 625°C. The data obtained to date
indicate that the activity coefficient for NiF,
NaF-ZrF, (53-47 mole %) must be about 2750 at
600°C, The corresponding value for FeF, in this
solvent was previously found to be 3‘28. In the
investigation of the stability of NiF, in the solvent,
a number of peculiar effects were observed that
appear to be important in mechanisms of corrosion
of nickel by molten salts. Additional study of
these phenomena is to be undertaken,

The study of the activity of chromium in chromium-
nickel alloys was completed, and the values ob-
tained at 750 and 965°C are presented. The
studies of the solubility and stability of the
structural metal fluorides ‘in fluoride mixtures
were extended to include CrF,, FeF,, and NiF,
the solvents LiF-ZrF, (52-48 mole %), NaF-ZrF
(59-41 mole %), and KF-ZrF (52-48 mole %). ln
addition, the solubility of CrF in the NoF-LiF-KF
eutectic was determined. The solubility of CrF,
in these solvents varied markedly with the solvent
used. In all tests with FeF, at 600°C the solu-
bility increased with excess I%er present.and the
zirconiumeto-sodium ratios tended to decrease with
increasing excess FeF,. ‘The solubility of NiF,
in NaF-ZrF, and KF-ZrF, was found to be the

same and nearly independent of the amount of NiF

added. However, the solubility in LiF-ZrF  is o
function of the amount of NiF, added at both 600
and 800°C, :

Studies of the reduction of UF, by sfructurcl
metals were extended to include the reaction media
RbF-ZrF, (60-40 mole %) and LlFéBeF (48-52
mole %). The equilibrivm chromium concentruhons
in the RbF-ZrF, mixture at 800°C were found to
be lower than those in any other alkali fluoride—
ZrF, mixture studied. The equilibrium iron con-
centrahons were found to be virtually independent
of the reaction medium and in all cases were
higher at 600 than at 800°C. This behavior is in
marked contrast to that observed for the Cr -UF
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system, which exhibits strong dependence on the
reaction medium,’ "

The solubilities of the strucfural metal fluorides
NiF,, FeF,, and CrF, in molten NaF-ZrF , (53-47
mole %) that were determined by using concentrg-
tion cells and an emf method are presented. The
results fall within the range of fhe results obfmned
by filtration,

Vapor pressure data were used to calculate the
eﬂ‘ecfs of concentration and femperature on activi-
ties in the RbF-ZrF, and KF-ZrF, systems.
Activities of KF were very slightly hlgher than the
activities of RbF at correspondmg compositions
and temperatures, since the larger rubidium ien
has less aoffinity for the fluoride and RbF is o
better complexmg ‘agent than KF. The ZF,
activity was found to decrease with mcreasmg

_ionic radius of the alkali cation.

A systematic invesfigation of the solubilities of
rare-earth fluorides in ART -type fuels was initiated,
In the initial studies, LaF, and CeF, were used in
the solvents -NaF-KFe«LiF (11.542.46.5 mole %)
and NaF-ZrF , (50-50 mole %). The results obtained
thus for show the solubilities to be comfortably
high from the standpoint of reactor operation.

- Apparatus is being assembled for the determination

of the solubility of xenon in fused salts, -
Polarography was utilized for quantitative analy-
ses of structural metal ‘ions in the NaF-KF-LiF
eutectic, - Halfswave potentials were identified for
Ni*t, Fe***, and Cr**t, and solubility determina-
tions were made by following the plot of wave
height vs concentration to the solubility limit and
beyond. : ‘

Measuremenfs of activities in the sysfem ‘AgCl~

NaCl were made by an emf method as a trial study
with a solid electrolyte of a technique which may

" be applicable to fluoride systems and also as @

demonstration - of some metastable: solid solutien

behavior.  The feasibility of making equilibrium - - illed
. mixture prepared with extreme ‘care to assure that

‘. the mixture was oxide-free, - Precoutlohs were cons
*sidered desirable after it was learned that the. plug L

measurements with a solid electrolyte was demon-
strated, #f such. measuremems on solid fluorides

prove to be feasible, ‘a ceramic container would no :
longer be required for cells containing fluorides,

measurements - could be made on solids by using

cells des:gned to uvoud transference “potentials,

and compositiens with mconvemently hlgh meltlng
points could be studied, TR .
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2.3. Physical Properties of Molten Materials

Difficulties caused by partial plugging of the
capillary tips in the apparatus for applying the
maximum bubble-pressure method to determinations
of surface tensions of NaF-ZrF, mixtures have
prevented the accumulation of accurate data. The
equipment is bemg modified to minimize contamina-
tion,

Density determinations were made on NaF.ZrF,
(53-47 mole %) at 600, 700, and 800°C. The values
presented are believed to be accurate to within 2%,

The sessile-drop technique wos used for addi-
tional measurements of surface tensions of NaF-
ZrF, (53-47 mole %) mixtures. - Experiments de-
signed to study the effects on surface tension of
change of composition as a function of temperature,
pressure of the confining gas, and time of equili-
bration are under way, Experiments are also under
way to determine the wetting properties and surface
tensions of UF, and of UF, with small additions
of UO, on graphite.

. 2.4, Production of Purified Fluoride Mixtures

The use of copper-lined stainless steel reactor
vessels has proved to be successful in all but one
instance. It has been found that if NaF-KF-LiF-
UF, mixtures are frozen in the copper-lined vessels,
the copper liner will rupture when the mixture is
remelted. Therefore any large-scale production of
such mixtures would require continuous operation
of the production facility so that the mixture could
be maintained molten at all times,

- - A dust filter is being installed so that the con-
- version of about 2000 Ib of :low-hafnivm ZrCl, to

ZrF, can be started. It is hoped that the filter
will prevent large-scale loss of the product during

" the eonversion and permit efficient operation, .

"MTR in-pile loop No. 6 was filled with a fuel

which prevented the filling of |n-pi|e loop No.-5
may have resulted from oxlde contammahon of the"
fuel mixture. : '
~Data are presented on the kmds and quunmles
of matermls produced durmg the quarter, - :
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2.5. Compatibility of Materials at
High Temperatures -

The  diffusion of uranium fluoride—containing
mixtures into graphite was studied by obtaining
"counts, with an alphe counter, on samples ob-
tained by filing and scraping, in a uniform manner,
the surfaces of the graphite specimens. - After 10 hr
of exposure to NaF-ZrF UF , (53.5-40-6.5 mole %)
at 600°C, there was no evidence of penetration,
and, after 50 and 250 hr, only slight increases in
alpha count were found. A graphite sample ex-
posed at 800°C, however, showed a sufficient
increase in the alpha count after 10 hr of exposure
to indicate the presence of the salt |n5|de the
test speumen.

_An apparatus was developed for measuring the
equilibrium pressure of hydrogen from the reaction
of NaOH and nickel. The new apparatus permits
measurements. of the pressure inside a sealed
quartz envelope containing the NaOH-Ni.system,
The measurements can be made after the apparatus
has cooled to room temperature. Results of pre-
liminary experiments are presented.

Equipment has been assembled for testing
elastomers under tension in NaK at 185 to 190°C.
Screening tests are under way.

In the search for a reliable and practical method
for analyzing for oxygen in NaK, a comparison was
made of the amalgam and the butyl bromide methods.
The values obtained by the two methods disagreed
radically, ond therefore further studies of these
methods are under way.

2.6, Aﬁalyﬁccl Chemistry

Tiron (disodium-1,2-dihydroxybenzene-3,5-disul-
fonate) was applied to the spectrophotometric de-
termination of cerium in NaF-KF-LiF-UF, and
NaF.ZrF -UF ,. A colored complex, with its ab-
sorption * maximum at 500 mpy, results from the
redction between cerium and Tiron in a slightly
bosic solution. Uranium, zirconium, iron, and
fluoride interfere; however, their interference is
readily . eliminated by various means, including
extraction. Sodium alizarin sulfonate is being
investigated os a possible reagent for the spec-
trophotometric determination of lanthanum in
fluoride salt mixtures.

The minimum concentration of tantalum that can
be determined ’by the tannin-pyrogallol method in
NaF-ZrF -UF, was found to be approximately
1000 pg. ' '

The buffering action, which was observed when
the aqueous solution from the dissolution of NaK
in butyl bromide was titrated with acid, was found

" to be atiributable to the presence of 7 to 20 ppm

of aluminum in the alloy.  Although these small
concentrations will produce buffering, they cannot
account for the high oxide concentrations that
have been found in NaK by the butyl bromide
method. A modified metal reactor was constructed
so that the amalgamation procedure for the de-
termination of oxygen in NaK can be used.

An apparatus for sumplmg alkali metals at hlgh
temperature was modified by substituting a glass-
tosmetal Wilson seal for a packing gland seal to
facilitate complete removal of oxygen from the
apparatus and by replacing the Teflon-packed gate
valve with a Teflon-packed Jamesbury valve. This
valve is a reliable, vacuum-tight, ball-type valve,
which is completely opened or closed by a one-
quarter turn of the handle,

Methods for the determination of oxygen, carbon,
and nitrogen in lithium were studied. The last
two elements were onalyzed by dissolving the
sample in water to convert nitrides and carbides to
ammonia and acetylene, respectively, which were
then determined by conventional methods,

An all-metallic apparatus for the determination of
oxygen in lithivm by amalgamation was constructed
which will facilitate transfer of samples without
atmospheric contamination. A modification of the
butyl bromide method for oxygen was studied for
application to lithium. The metal is dissolved in
an ethereal solution of n<butyl iodide in the presence
of iodine. It is postulated that the lithium forms
the neutral iodide salt, that lithium carbide and
nitride are oxidized, and that the oxide remains
unchanged by the dissolution of the metal.

The experimental investigation of means for the
introduction of -reproducible concentrations of
sodiuminto air was continued with limited success.
Stable aerosols were not formed when helium which
had been equilibrated with 20 to 100 pg of sodium
per liter of gas was mixed with 10 times its volume
of air. Therefore, a test facility, which is essen-
tially a mockup of: the ART radiators, is being
fabricated to test the instruments which have
been developed for the detection of traces of NaK
in air,

A device was constructed which will permit
visual observation of compatibility tests of molten
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-fluoride salts 'und_ u.lkcil i-'.m'reials- _with--‘pum'p- lubri-

cants. Dowtherm-A at 200°F. was: found to be

-essentially inert fo sodium at 1100°F; however,

under identical temperature conditions, Cellulube-
150 underwent a vigorous, exothermic reaction,

An investigation was initiated to study the ex-
“traction of ART fuel components, corrosion prod-

uets, and  fission products from -acidic solutions

inte solunons of trnalkylphosphme oxides in orgamc', .
.solvents. The _extractant was Gpplled to evaluate
- -the determmuhon of chrommm by exiruchng it with

the phosphme oxide and then cnclyzmg the extract

d:rectly by the diphenyl carbnzlde method

PART 3. METALLURGY

3, Dynumlc Corrosien

~ Two Inconel forced-circulation Ioops were oper-

- ‘ated with the fuel mixture NaF-ZrF -UF , (56-39.5

mole %) ot maximum: fuel femperamres of about

' - 1500 and 1650°F in order to compare the corrosion

properties of this fuel mixture with those of the

commonly . used mixture NaF-ZrF +UF, (50-46-4

mole %). - Chromium was found m a crysfulllne
deposit in the cold zone of the ioop ‘operated at
about 1500°F, but no crystals were found in the
loop operated at about 1650°F. Deposits of this

~type have not been found .in loops operated with

NaF-ZrF -UF, (50-46-4 moie %). The ‘depth of
hot-leg cmack which was the same. for both loops,
7 mils, was midway between the average depths of

hot-leg attack found at 1500 (4.5 mils) and 1650°F

(9 mils) in loops operated wﬂh NaF-ZrF, -UF
(50-464-4 mole %).

Examination- of a Hastelloy B forced-curculahon ,
. ubove 1300°F.

loop that’ operufed wlfh NuF-KF-LlF-UF {11.2:41-

45.3-2.5 ‘mole %) verlfled fhe' cx:eilent carrosion
resistance of Hastelloy B to flucride fuel mixtures.
“as observed prewously in fhermal-convechon loops.

“An Inconel forced-circulation: loop’ that had. been

-~ operated “with NaF-ZrF oUF {50-46-4 mole %) in -

an endurdnce’ test was also exummed Operahon

" hed been terminated ‘at ‘8300 he because of o pump-
 drive fatlure. -The loop was gas-fired, and it oper-
_uted ‘with @ maximum fuel temperature of 1450°F,

- @ temperature’ drop of 200°F, & maximum wali
" temperature- of 1550°F, and a Reynolds number of -
10,000, - The hot-leg surface was roughened, ond' :

there- was - heavy lntergrunulor void formation to a
depth of 25 mils. The cold-leg surface was rough-

" ened, but no metallic deposits were found. Another.

1350 to 1500°F.

‘was  slight,
" showed substantially larger deposits than those
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 inconel loop that had operated with the same fuel

mixture for 3000 hr with moximum and minimum
fluid temperatures of 1600 ond 1300°F, a Reynolds
number of 5750, and a maximum wall temperature

- of 1700°F was also examined. The maximum attack
.was to a depth of 14 mils, and no deposits were

found in the cold zones that could be attributed to

mass transfer.

It was found that i mcreuslng ‘the temperoture drop

from 300 to " 400°F in Inconel loops circulating

sodl_um at the same maximum fluid temperature

_appreciably increased the amount of mass transfer,

The mass transfer was also appreciably increased
by increasing the maximum fluid temperature from
For type 316 stainless steel
loops circulating sodium the effect of increasing
the maximum fluid temperatures from 1500 to 1650°F
A type 310 stainless steel loop

found in o type 316 stainless steel loop opercfed
under similar conditions.

Two Inconel forced-circulation loops with beryl-
tium inserts in the hot legs were operated with
sodium, As observed previously, alloying occurred
where the beryllium and Inconel were in contact,

. but in areas where there was a positive separation

between the beryllium and the Incenel no alloying
was found. Similar results were obtained with
Hastelloy B thermal-convection loops containing

. beryliium inserts. A series of five Inconel thermal-

convection loops with berylhum inserts operated
with sodium ot temperatures varying from 1200 to
1500°F showed that attack of the beryllium ine
creased with temperature, There was some alloy
formation in all the loops operated at temperatures

Examlnuhon of a Hustel!oy X thermal-convechon

loop operated with NaF.Z¢F +YF, (50-46-4 mole %)

“at 1500°F showed heuvy fntergrunulor subsurface-

void formation to a depth of 35 mils, In contrast,
o Hastelloy W loop and o nickel-molybdenum alloy

- (85% Ni~15% Mo) loop operated with NaF-KF-LiF- -
 UF . (11.2-41-45.3-2.5 ‘mole %) under similar con-

dmons showed ‘maximum depths of attack in the

hot leg of 0.5 end 2 mils, respectively, '

- Inconel loops operated with NaF-ZrF -UF (50-

- 46-4 mole %) prepared with especuully pure ZrF

showed 2t 3 mils less attack than that found'

“with the standard mixture. A similar reduction in

attack was found in loops operated with fuel re-

_claimed from experiments,
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- Additional tests were completed in the screening
tests of special fuel mixtures in Inconel thermal-
convection loops. . The results obtained to date cre
presented. '

Data obtained in cycllc strain tests of Inconel in
a ‘helium atmosphere are also presented. At all
temperatures studied (1200, 1400, and 1600°F), a
2-hr hold time appears to produce cracks in fewer
cycles than are required to produce cracks in tests
with a ',é-hr hold time. Cracks initiate at approxi-
mately the same time in tests at 1400 and 1600°F,
but they propagate faster at 1600°F,

3.2. General Corrosion Studies

The recrystallized portion of resistanceswelded
Inconel . tube-to-header joints fabricated by the
**flange-during-welding method’’ and supplied by
The Glenn L. Martin Co. was found to have gocd
corrosion resistance to NaF-ZrF ‘-UF (50-46-4
mole %) and to NaK {56-44 wt %) at 1500°F dwing
a 100-hr test. The maximum attack on the joints
tested in NaK was 0.5 mil, and those tested in the
fuel showed 1.5 mil of attack on the header portion
and less than 0.5 mil of attack on the recrystallized
portion of the worked tube.

Seesaw corrosion tests of Coast Metals brazing
alloy No. 53 (81% Ni-8% Cr—4% B-4% Si-3% Fe)
in NaF.-ZrF -UF  (53.5-40-6.5 mole %) and in NaK
(56-44 wt %) showed the same type of boron deple-
tion as that found previously with Coast Metals
brazing alloy No. 52. Boron was depleted from
the specimen tested in NaK for 100 hr at 1500°F
to a depth of 2.5 mils and from the specimen tested
in the fuel mixture to a depth of 1.5 mils,

Haynes brazing alloy Ne. 40 (nominal compo-
sition, in wt %: Cr, 13.5; Fe, 4.5; Si, 3.9; B, 3.2;
Co, 1.0; C, 0.42; Mn, 0.25; Ni, balance) showed
good corrosion resistance to NaK (56-44 wt %) but
only fair resistance (3 mils of heavy attack) to
NaF-ZrF -UF, (50-46-4 mole %) during 100-hr
tests at 15004:

No mass transfer and very little corrosion occurred
in tests of niobium in sodium and in lithium in

seesaw apparatus. In these tests for 100-hr periods

the hot-zone temperature was 1535°F and the cold-
zone temperature was 995°F,

Long-duration tests of static NaF-ZrF -UF,
(56-40-4 mole %) in Inconel in which temperature
gradient was used to make the more volatile ZrF
crystallize above the fused-salt bath revealed that
no attack occurred in the vapor zone and that the

attack in the bath region was less than' that nor-
mally observed in fused-salt Inconel tests.

Of the four alloys subjected to carburization by
exposure for 100 hr at 1500°F to static sodium
containing various amounts of added graphite, the
alloys that experienced the greatest amount of
carbon pickup were, in descending order, type 430
stainless steel, type 316 stainless steel, type 310
stainless steel, and Hastelloy B, The alloys that
suffered the greatest amount of carbon penetration
were, in descending order, type 430 stainless steel,
type 316 stainless steel, Hcstelloy B and 1ype
310 stainless steel.

It was demonstrated that chromiumeplating Inconel
specimens prior to testing them in contact with
beryllium while immersed in sodium at 1300°F was
effective in reducing the extent of alloying. A
minimum of 5 mils of chromium plate will be neces-
sary to ensure that all the chromium is not con-
sumed by an alloying reaction with beryllium,

Two Inconel thermals-convection loops were
operated with sodium in tests conducted to de-
termine the effect of a diffusion cold trap on the
amount of mass transfer into the cold leg of the
loop. Corrosion and mass transfer were found to be
less in the loop with the diffusion cold trap than
in a standard loop with no trap.

Seventeen thermal-convection loops constructed
of various grades of the stainless steels and
Inconel were operated with lithium. None of the
stainless steels had satisfactory resistance to
mass transfer at hot-zone temperatures of 1500°F
and Inconel was not sahsfuctory at a temperature
of 1300°F,

- The intermetallic compounds NtAI NiAl + 5% Ni,
NiAl + 4% Zr, and MoAl were corrosion tested in
static sodium and in NoF-ZrF +UF, (53.5-40-6.5
mole %) for 100 hr at 1500°F The compounds
were not attacked by the sodium, but they were
severely attacked by the fused salt,: '

3.3.

Work on the development of Ni-Mo base alloys’
was continued, with emphasis on the fabrication
of seamless tubing of the various alloys for cor-
rosion evaluation. Tube blanks of the various
alloys have been successfully extruded, and re-
duction of the tube blanks to tubing, by redrawing
at the Superior Tube Co., has proceeded satis-
factorily, However, the large material losses that
now occur during the conditioning of the extruded

Fabrication Research



»

tube by machining prior to the rube-reducmg operg-
tion are not satisfactory,

The reduction of tube blanks of the special
alloys received from Battelle Memorial Institute
and the International Nickel Company, which were
extruded during the previous quarter, was only
partly successful. - The alloys which contained

- moderately high carbon contents of 0.12 to 0.25%

tended to crack badiy during cold reducticni, Metal-
lographic examination revealed stringers of carbides
in the microstructure; the cracks tended to propugote
along the stringers,

Forged billets of four new ul!oys were received

from Battelle Memorial Institute.” “These billets
_were extruded without difficulty, and the extrusions
“were sent to Superlor Tube Co. for reduction to

tubing.

The preparation of tubing of the ternary alloys
based on Ni-17% Mo alloys with additions of Ti,
Al, W, Nb, Cr, Fe, ¥, or C was continved.: These
alloys are being investigated to establish the upper
limit, from -a ‘corrosion viewpoint, of the third
element needed to improve the strength of the
binary alloy.  In addition, cast bitlets of three of

the ORNL INOR-designated nickel-molybdenum

base alloys were prepared and extruded to produce
tubing for ‘corrosion tests,

- Tubing redrawn from the ternary alloys prepared

previously was received and fabricated into thermal-
convection - loops. - Acceptable yields of tubing
were obtained from all the alloys.

Twenty-five feet of seamless Hastelloy W tubing
0.187 in. in diameter was redrawn from the first
successful extrusion, reporfed prewously, and the

feasibility of producing’ seamless tubing of this
type of alloy for heat’ exchunger apphcahons was
__thereby demonstrated,” k : S
“The fubncunon of expenmental oomposmons of::
‘tungsten _carbide with nickel alioy binders for use-
" in"the ‘ART- pump lmpeller shield. plug was cops
e hnued. <At was establlshed that a. compos ition of - -
~ 25 -to-30% ‘Hastelloy: C with tungsten carbide had -
.- optimum - properties. Ho!-pressed models of 1hej .
- gamma-ray . “shield were - sucoessfully ‘brazed fo
“Inconel ‘plate. Specrmens ‘of Z¢r0,, were fabricated -
- _and tested “for ‘use ‘in_ the “thermal “shield of ihe o
o ;_—sh ield plug and were found to be satisfactory, =
- A sample of the type 400 :stainless steei ciad o
'Cu-B C neutron shield material, which was fabri-

cuted by :the Allegheny Ludlum Steel Corp,, was
evaluated: The sample plate was satisfactory,
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except for thickness deviations and surface rough-
ness,

‘Encouraging results were obtained in the fabri-
cation of tubular contrel rods by co-extrusion, The
proposed rods utilize a core of 70% nickel-30%
Lindsay oxide, Thermal conductivity data were
obtained for the core material in the femperature
range 165 to 554°C,

Simulated fuel element tubing redrawn from three-

~ ply tube blanks extruded. previously was received
“‘and evaiuated.” The redrawn tubing containing fine

oxide particles showed fensile fractures in the
core, while the tubing containing coarse oxide
particles showed excessive stringering of the
oxide particles in the core. The study of fiow
patterns in three-ply extrusions was continued,
with the effects of sectional cores and cores with
tapered ends being investigated, A 29-deg taper
in the ends of the core reduced the fengths of the

_end defects,

An evaluation of crc-melfed niobium is being
carried out by comparing its properties with those
of powder-base wrought material. An alloy of 80%
Nb-20% U is also being fabricated into strip for
mechanical testing and cladding experiments,

34. We_lding ond Brozing Investigations

_Experiments were conducted to determine the
approximate weld shrinkage to be expected in the
fabrication of the volutes and impellers for the
ART primary NaK pumps and in the fabrication of
the Inconel core shells.” Procedures for obtaining

~ the desired dimensions have been established.

A 500-kw hlgh-conductlwfy-fm NaK-to-air radi-

:ctor (design now obsclete) was examined that had
’operafed for 1356 hr. Small cracks were found in
- several of . the tube-to-support plate _joints, and

evndence of . cracklng ‘was observed in several
tube-fo-sump plate - joints. - ‘The results of the ex-

- amination confirmed previous observations of the

relahonsh:p between the incidence of fracture and

_the presence of support members or plates.

A modlfled procedure for fcbncatmg ‘cermet.valve

) componenfs ‘was devalqped and scﬂsfactory disks
" ond :seats can now be- obtained,  The optimum

temperature ‘for consistent bonding ‘was determined

" for each cermet composition und was found 1o vary

sllghﬂy with the cermet type. : :
“Equipment and ‘procedures  for - the continuous

‘production of sintered brazing alioy rings have

been developed, ond an experimental pilot plant
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has been built in which a production -rate of 8000
rings per hour has been attained. It is felt that
production of this magnitude will definitely estab-
lish a satisfactory cost for ring production,

Experiments were conducted to determine the
most satisfactory method for preplacing an adequate
supply of braze metal at each joint in the assembly
of multitube heat exchangers, The most successful
method of initiating capillary flow was found to be
the metal-spray primer technique.

Hardness values were determined for cold-rolled
Hastelloy B sheet after aging treatments for various
times at 1200°F, A microstructure correlation is
being made to study the effect of aging on the
physical properties of Hastelloy B.

3.5. Mechanical Properties Studies

"Equipment has been designed and constructed
with which it is possible to determine the relaxa-
tion behavior of metals at high temperatures. Infor-
mation of this type is required in order to analyze
the -residual plastic strain induced by cyclic
thermal stresses. Data on the relaxation charac-
teristics of Inconel at 1300 and ]500°F are pre-
sented,

Tests were run to determine the effect of the
fuel mixture NaF-ZrF -UF, (50-46-4 mole %) on
the creep strength of Hastelloy X. The results in-
dicate that Hastelioy X is subject to such severe
corrosive attack by the fuel that a drastic reduc-
tion of its creep strength occurs at temperatures
above 1500°F.

Creep-rupture testing of an 80% Mg—-20% L.i alloy
at 200°F is under way. The data obtained to date
are presented in the form of design curves, with
stress as the ordinate and times to various elonga-
tions and rupture as the abscissa.

3.6. ‘Ceramic Research

A study of the fabrication and physical properties
of europium oxide was initiated, Numerous shapes
of nickel—rare earth oxide cermets, A|203, and
CaF, were produced for use in a high-temperature
critical experiment. Test pieces were produced
of high-density, high-purity beryllium oxide and of
zirconium carbide. . A hydriding furnace is being
built for producing zirconium and yttrium hydrides.
A die is being designed for fabricating a '/‘-in.-OD
beryllium oxide rod with five longitudingl holes.

A high-temperature x-ray diffraction study of
Hastelloy B ot 500, 600, and 700°C showed only
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a slight shift to larger d values with increasing
temperature. No inversions were found, and a
facescentered cubic pattern was obtamed at all
temperatures,

3.7. Nondestructive Testing Studies

Much time was devoted during the quarter to the

routine inspection of approximately 17,000 ft of -

pipe and tubing for the reactor construction pro-
gram, Both encircling-coi! eddy-current and
immersed-ultrasound methods of inspection were
vsed. Metallographic examinations were made of
regions that showed defects in order to correlate
the defect types and sizes with the data presented
by the inspection instruments.

An inspection method for the detection of small
laminar defects in sheet material was developed.
After consideration and rejection of such tech-
niques as ultrasonic resonance, . conventional

pulse-echo ultrasound, and fransmission attenua-
tion of ultrasound by using transducers on opposite
sides of the sheet, a new ultrasonic method was

conceived and is presently being investigated.
This method requires a pulse of ultrasound of 5 to
20 psec duration tuned to such a frequency that
the sheet thickness is an exact multiple of the
half wavelength. Under these conditions a rever-
beration, or ringing, of the ultrasound between
the two sheet surfaces is obtained, and the presence
of laminations is detected by a decrease in the
ringing. The reflectoscope is being modified for
application to this sheet inspection technique.

3.8. Inspection of Materials and Components-

Inspection of 3183 critical welds resulted in an
11% rejection rate for porosity, cracks, misalign-

ment, lack of fusion, and lack of penetration.
Inspections by radiographic, dye-penetrant, ultra-

sonic, and visual techniques were completed on
over 13,000 ft of tubing, and various amounts of
pipe, plate, sheet, rod, and other Inconel material
were inspected. The rejection rate for pipe and
tubing has averaged :approximately .10%, except
for two lots which were completely rejected, one
for oxidation of the inner surface and the other for
defects. Rejection rates for other shapes were not
greater than 5% ond averaged much less.

Sixty feet of Inconel W and 208 ft. of Hastelloy B
tubing were also inspected, The Inconel W tubing
was found to be acceptable, but over 65% of the
Hastelloy B tubing was rejected. ~ However, be-
cause of the immediate need for the Hastelloy B
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tubing, it was reworked and all ‘but the grossest
defects were accepted. Inspection of fabricated
components included thermal-convection loops,
dished Inconel heads, and small heat exchanger
units, : :
Fluorescent-penetrant mspechon equipment was
installed, and tests are under way to compare this
type of inspection with the dye-penetrant process

it will replace. It appears that higher quality

tubing can be ensured by the greater sensitivity
of the new method,

PART 4. HEAT TRANSFER AND PHYSICAL
PROPERTIES, RADIATION DAMAGE, FUEL
RE_COVE‘RY AND REPROCESSING,
CRITICAL EX'PERIMENTS :

4 Hect Trcnsfer and Physiccl Properhes

The fluid friction characteristics of 60-deg stag- -
‘gered spacers and 60-deg inclined spacers placed

alternately in a model of the ART fuel-to-NaK heat
exchanger were determined, and the data are pre-
sented. A full-scale model of ‘the present ART

fuel-to-NaK heat exchunger, which contgins more
‘tubes and o somewhat different spacer configura-

tion ‘than that of the previous design, has been
assembled, and pressure drop data are to be ob-

. tained.

A series of screens hcve been placed in the
northern hemisphere of an ART core model for the

purpose of _stabilizing the fluid flow, and the

screens have opparently eliminated the reverse
flow on -the outer core shell wall for the case of

straight-through - flow. Pressure drop measure-

ments were made for this system.

The static pressure distributions in the reflector_'

and island cooling annuli were calculated with the

aid of  information -previously obtained from the
experimental ‘study of : the flow dlstnbuﬂon in.a
~-model of the reflector annulus, - 2 :
.Heat fransfer experiments were. conducted on the
" 'ART _core model - with a vaned entrance system

under . umform volume heat ‘source condmons.

~Mean, uncooled wall temperature measurements are -
E pr‘es,ented cnd compcrcd with predicted: tempera-
tures for an idealized system. Large temperature

asymmetries, as well as-large temperature fluctua-

. tions, were recorded which stem from hydrodynamic

asymmetfries and flow instabilities, respectively.
These temperature fields are compared to. those
obtained previously for the swirl flow system.
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Six thermal cycling experiments have been con-
ducted in @ simple heated-tube flow system in
which cylic thermal stresses are generated in the
tube. . Some preliminary and specific information
on corrosion rates and tube strength has been
obtained.

The enthalpies and heat capacmes of a zirco-
nivm-base fuel with additives to simulate fission
products were determined; no significant effects

of the additives were found. Viscosity measure-

ments were made on ‘a thorium-bearing fluoride

" mixtire. ' A preliminary thermal conductivity corre-

lation expression has been developed which satis-

“factorily relates the conductivities of a number of
fused salt mleures.

4.2. Radigtion Damage

Dlsassembly and examination of MTR in-pile

' lloop No. 3 has been completed, except for metal-
. lographic examination of the pump impeller. Cor-

rosion of the nose coil varied from 1 mil near the
inlet to a maximum of 3 mils near the outlet. No
mass-trarisferred crystalline deposits were found.

- Diassembly of in-pile loop No. 4 has been started,

but as yet no results are available. In-pile loop
No. 5, which was inserted in the MTR but could
not be filled, was received for disassembly. Ex-
amination of the. fill line revealed the probeble
location of the plug which prevented filling. Fuel
samples have been obtained from various sections
of the system for chemical analyses.

Chemical analyses of materials from in-pile loop
Neo. 3 have indicated that the amber-colored mate-
rial found in the pump was probably an oil-decom-
position product. Considerable deposits of Cs137
and Sr8? were found in the off-gas line, and small

amounts of these fission products were present in
~in the charcoal adsorber trap. -lIron, chromium, and
nickel analyses of the fuel confirmed the metalio-

graphic observation that: Imle corrosion hcd oc-
curred, : S - :

A series of burst tests of Inconel tubing at @
stress ‘of 2000 psi in helium has been essentially
completed out-of-pile and in the LITR at o temper-
ature of 1500°F, A decrease in the rupture life of

~the ~ 0,010-in.-wall, 0.191.in.-ID ‘tubing that was
‘used for these tests appears to have resulted from
-irradiation. - - The tubing stock used gave many

indications of defects during ultrasonic nonde-
structive testing, however, and therefore carefully
inspected tubing stock of the type to be used in

n
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ART NaK-to-air radiators has been obtained for
further burst tests in helium and in fuel mixtures.

lrradiation of static corrosion capsules in the
MTR has been continued, Two Inconel capsules
containing the fuel mixture NoF-ZrF -UF, (53.5-
40-6.5 mole %) were irradiated at 6 kw/em? for
over nine weeks. One capsule released fission-
product -activity after a temperature excursion re-
sulting “from the failure of a thermocouple, but
contamination control by freezing the fuel made it
unnecessary fo interrupt MTR operation, Two
other capsules are being irradiated at 6 kw/cm3,
Five Inconel capsules have been opened, and
samples have been submitted for chemicdl analysis
and metallographic examination.  Hastelloy B
capsules have been filled with the fuel mixture
NaF-KF-LiF-UF , and are being prepared for bench
tests and MTR irradiations.

A series of charcoal traps of different geometries
but with the same amount of charcoal are being
tested in radiokrypton holdup experiments. The
results of the tests will provide information needed
for the evaluation of the effects of the shape of the
trap on the holdup efficiency.

The cause of failure of the pump in the LITR
vertical in-pile loop was found to be a loose shear
pin which lodged in the impeller, threw it out of
balance, and bent-the shaft until it rubbed against
the impeller housing. In the future, internal loop
parts are to be joined by welding. Thermal mockup
and bearing tests have been run on o modified
shaft which is shorter and stiffer and. which has
improved bearings. Pump performance tests were
run with water to optimize impeller clearances, and
the results were interpreted in terms of fuel
Reynolds number in a loop with the optimized
pump. A full-scale bench-test pump is being as-
sembled, and in-pile loop parts are being modified
to conform with the improved pump design.

A new electronic analog circuit has been de-
veloped for simulation of the thermal behavior of
the LITR vertical in-pile loop. A series of calcu-
lations has been made which illustrates the be-
havior of the loop when circulating the fuel mixture
NaoF-ZrF -UF , (63-25-12-mole %) in position C-46
of the LITR. -

Electronic analog simulation was used to inves-
tigate the possibility that fluctuations in the
efficiency of removal of xenon from the fuel by the
pumps might cause troublesome reactivity tran-
sients in the ART, [t was found that no transient
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exists which has a period that is short enough to
cause concern for the controllability of the ART.

The fission yield of 65-day Zr?5 was determined
in enriched U,04 and in the fuel mixture (No. 44)
NaF-ZrF ,-UF, (53.5-40-6.5 mole %). For use in
fission monitoring, the yield found for Zr%5 is
0.0664 +0.0013 atom/fission. '

Characteristic curves have been cbtained for a
Philco surface-barrier transistor before and after a
series of “irradiations in hole 5IN of the ORNL
Graphite Reactor. Although the collector charac-
teristic showed considerable change, the grounded-
base characteristic. family of curves remained
practically unchanged after irradiation to an inte-
grated dose of about 1013 nvt. A model is pro-
posed to explain why transistors of different con-
struction show various sensitivities to surface
conditions.

Metallographic examination of a sample of stain-

less-steel-clad CaB .Fe that had been irradiated
in the LITR showeg that the clad-core interface
had retained its continuity.” There was on evidence
of gross cracking in the core or of deformation of
the specimen. Additional samples are being irra-
diated. Irradiation tests were started in the LITR
on stainless-steel-clad boron nitride~nickel cermet
specimens at room temperature -and at 1600°F.
Experimental equipment was developed and shipped
to the MTR for the irradiation of neutron shield
materials at elevated temperatures. The first
material fo be tested will be a stainlessisteel-clad
copper—boron carbide cermet, The temperature of
irradiation will be 1600°F. Boron nitride powder
samples were obtained and analyzed, and irradic-
tions of pressed bodies of this material are
planned.

Creep and compression tests on copper—boron
carbide compacts have been made at- elevated
temperatures.  High-temperature deformation wes
found to strengthen the material. = Equipment for
testing stressed material during irradiation in the
LITR is being prepared. : '

4.3. Fuel Recovery and Reprocessing

The fused salt—fluoride volatility pilot plant is
essentially complete and shakedown tests have
started. Reliability tests were run on the freeze
valve to be used in the molten salt lines. In 120
tests with 20 psi N,, one test with 100 psi N,, and
one test with 100 psi Freon, no leckage was
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detected. A svitable stub for. the ‘junction of
electrical cable to self-resistance-heated piping
was designed which allows the temperature of the
piping to be above 525°C while the temperature of
the connector to the copper cable is below 85°C,
In order to maintain the electrical -insulating gus-
kets in the freeze valve vent lines at or below
140°C, copper cooling fins were installed on the
vent lines. A molten-salt sampler was tested and
found to be satisfactory for pilot plant use.

The decomposition of the complex UF ;-3NaF to
a nonvolatile product was studied over the temper-

: ature range 245 to 355°C in order to evaluate the

effect of the decomposition on operation of the NaF
absorption-desorption step of the volatility process.
At temperatures above 250°C the decomposition
rate was of sufficient magnitude to seriously in-
" crease the uranium retention on the NaF bed if the
temperature and sweep gas.flow rate specified by
the process flowsheet were not precisely con-
trolled.

The probable decomposmcn reaction is
UF ;-3NaF —> UF cxNaF + O.SF2

Data obtained on the temperature dependence of
the reaction were successfully fitted by the ex-
pression

logr = 6.09 - (5.22 x 10%/T) ,

where r is the decomposition rate and T the absc-
lute temperature. The activation energy for the
decomposition reaction was calculated to be

+23.9 keal /mole of UF (.3NaF.
- 4.4, Critical Experiments -

Additional room-temperature experiments were
made on a reconstructed critical assembly that

represents the cirqulating-fuel reflector-moderated

reactor. - The fuel region consists of alternate
~chmlm'.|e ‘of Teflon and enriched uranium foil. It
was found in experiments in which the outermost

layer of the beryllium reflector was replaced with -

stainless steel that beryllium is 2.75 times more
effective than stainless steel in this region.

The reactivity coefficients of several materials
of engineering interest were evaluated ot various
points along the rudlus ‘at the mid-plane of the

reactor, The results are presented as the change

in reactivity introduced by filling a void with the
material. In the assembly being studied one end
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duct is thicker than the other so that the effect of
end-duct thickness can be measured, ~

Equipment is being fabricated for an elevated-
temperature critical experiment for investigating
the design features and nuclear characteristics of
the circulating-fuel reflector-moderated reactor
being designed by Pratt & Whitney Aircraft, The
design of the assembly is quite similar to that of
the ART high-temperature critical assembly which
was tested previously.

PART 5. REACTOR SHIELDING
5.1. Shielding Theory

The results of calculations of gamma-ray energy
flux, dose rate, and buildup factors in a lead-water
shield of finite thickness are presented. A Monte
Carlo method was used for the calculations, which
included 1-, 3+, and 6-Mev photons incident along o
normal ond at an angle of 60 deg. Comparisons
are made with data from the results of the moments-
method solution and from an earlier Monte Carlo
calculation for 3.Mev photons normally incident
upon a one-region finite lead shield.

The results of the calculations for radiation
incident at 60 deg indicate that the practice of
using only normal incidence data for shield designs
can lead to a poor approximation. This problem
becomes most acute when the number of mean free
paths across the shield is small or when the angular
distribution is such that a large portion of the
radiation is not normal or nearly normal to the

slab,
5.2. Lid Tank Shielding Facility

The studies of advanced shielding materials
were continved with mockups consisting of ¢ beryl-
livm moderator region, a lead or depleted~uranium

"gamma-ray shield, and a lithium hydride and oil

neutron shield. In some mockups a boral sheet was
inserted outside the beryllium layer to prevent
thermal neutrons from entering- the gamma-ray.
shield material.

Data obtained thus far indicate @ strong influence
of the placement of the various materials on.the
gamma-ray dose rate, The thermal-neutron traverses
for the various configurations, however, show the
flux to be independent of the order of the lithium
hydride and lead, except for the difference at the
beginning of each traverse caused by variations
in the amount of oil trapped between the various
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slabs. For a similar crrangement containing de-

depleted uranium, moving the uranium out of the

intense neutron field redyced the thermal-neutron
flux. The results of fast-neutron dose rate traverses
are being analyzed, and studies of similar con-
figurations are being continued,

5.3, Bulk Shielding Facility

The gamma-ray energy spectrum and time decay
characteristics of the fission products of U235
as related to circulating-fuel reactors are being
investigated, Based on the preliminary energy-
spectrum data obtained thus far, an integration of
the spectra between 0,28 and 5.0 Mev and between
125 aond 1600 sec gave a total of 2.81 photons

emitted per fission with a total energy of 3.22 Mev

- per fission, These values are to be compured with
data obtained from experiments on time decay
characteristics which gave 2,92 photons per
fission and 3.23 Mev per fission, All these values
carry an estimated error of about +25%.
Experiments are under way in an investigation of
the effect on the dose rate outside the ART lead
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shield of gamma-ray streeming through the NaK-
filled pipes. Measurements made beyond a duct
placed through a mockup of the ART shield at an
angle of 51 deg 30 min are reported, Some measure-
ments made beyond straight-through penetrations
mocking up portions of the south-head ducts are
being studied.. Measurements are now being made
in order to determine the effects. of various com-
ponents in ‘the mockups and of adding patches to
the shielding. ‘ '

5.4, Shield Mockup Core

Nuclear calculations were made in order to pro-
vide information for detailed design of the reactor
core-reflector-isiand region of the Shield Mockup
Core (SMC). The SMC, a 5-Mw fixed-fuel reactor,
is being designed for shielding studies of the
circulating-fuel reflector-moderated reactor, ~The
leakage fluxes of the SMC, with the exception of
the fission-product radiation from: the heat ex-
changer, are to be the same as those from the
reactor now being designed by Pratt & Whitney
Aircraft and designated as the PWAR-1.
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1.1. AIRCRAFT REACTOR TEST DESIGN
A. P. Fraas

STATUS OF ART DESIGN
Reactor Assembly

Most of the detail drawings of the reactor-core,
heat-exchanger, pump, and pressure-shell assembly
have been completed, and the drawings have been
approved for procurement. Design work on the
reactor shield and the cell interior is proceeding
concurrently with the construction of a one-half-
scale model of the reactor-pressure-shell, NaK-

~ manifold, and lead-shield assembly, and a one-

sixth-scale model of the reactor and cell. These
models are proving most helpful in visualizing
interference problems in both assembly and in

maintenance.  The preparation of written pro-

cedures for assembly, operation, and servicing is
continuing, with major attention being given to
unysual contingencies.

Reflector-Maoderator Cooling Circuit

A careful review of the detail drawings indicated
that the pressure drop through the reflector-modera-
tor cooling, circuit was likely to be substantially
higher than that originally estimated. in order to
provide for this probable increase in pressure drop,
larger and higher-speed motors ore being ordered
for the sodium-pump drives. Equipment is being
assembled for water flow tests on the crucial ele-
ments of the sodium circuit, in porticular, the
beryllium cooling holes and annuli and the mani-

fold ‘at the inlet.to the beryllium. - Preliminary .
calculahons indicate' that the increased pressure
drop -will not present any serious problems from -
‘the stress sfandpomt but the effects are belng

checked

Heuf Exchungers

A great deul of work and expenmentuhon by the

heat exchanger vendors has revealed that ‘it -will -
be extremely costly in time and money to meet
“the close dimensional . folerances - specified. - A
review of the design indicates that certain toler-

onces may be relaxed with only minor decreases
in performance. By working closely . with the
vendors it is believed that compromises may be
reached that will permit production of heat ex-
changers that will give acceptable performance’

Fuel Pumps and Expansion Tank

Further test work on the fuel pump prepared for
the high-temperature test performance rigs has
indicated that the cavitation limit is somewhat
lower than had been anticipated from the early
water tests. This condition could be improved
substantially, as indicated by the early water
tests, through the use of a modified impeller vane,
which would be somewhat more, but not unreason-
ably, difficult to fabricate. Indications are, how-
ever, that the increased cavitation suppression
head required to obtain satisfactory operation with
the present impellers is not excessive and can be
accommodated reddily by increasing the fuel ex-
pansion tank presswe by about 10 psi. This
problem is still being investigated (see Chap. 1.4,
“‘Component Development and Testing’’).

Tests on the north-head fuel pump and expansion
tank assembly have shown that satisfactory op-
eration can be obtained with fuel levels in the fuel
expansion tank running from ]/2 to 3 in. with no
objectionable aeration or pressure fluctuations in
the system over the entire speed range. Test work
is being continued with this setup in an effort to
reduce the pressure difference between the fuel
pump inlet and the expansion tank, and to improve
its performance with one pump out or with one
pump ot a substantially different speed from the
other. Reduction of the pressure differential be-
tween the pump inlet and the expansion tank is
important - because ‘this pressure differential will
largely determine the stresses in the upper and

" fower decks of the north head. It is believed that

ratlier small modifications in the details of the
bleed passages coupling the pump inlet with the
exponsuon tank will permit a very marked reduction
in this pressure differential.

Fuel Recovery Tank

The prehmmary design of the fuel recovery tunk
has been completed. The ‘tank has been designed

“on the premise that no electrical, cooling, or other

lines need be connected to ithe tank at the time

~ that it is removed from _t_ﬁe cell. . This means that
the - afterheat being generated in the fuel must

balance the heat losses to convection and radi-

afion to hold the temperature in the fuel between

17




ANP PROJECT PROGRESS REPORT

its melting point and 1600°F. Because of the
sharp increase in radiation heat losses with tem-
perature this provides a fairly wide latitude. In
addition, the tank has been designed so that the
amount of air circulating up between the four 8-in.-
dia fuel tanks and the lead shield will be con-
trollable, and hence the gir flow through this
stack-type of thermal-convection cooling system
can be varied. It is believed that in this way it

*.will be possible to hold the fuel temperature in the

tank within the desired limits throughout a period
of approximately 30 days, starting about 10 days
after shutdown. Removal of the fuel from the cell
to the reprocessing facility within 10 days of time
of shutdown has been considered to be very im-
portant as a demonstration of the practicality of
such an operation and, hence, the possibilities for
operating with a low fuel inventory in @ complete
operational system. ‘

APPLIED MECHANICS AND STRESS ANALYSIS
R. V. Meghreblian
Reactor Support

The complete reactor and shield assembly is to
be suspended from an overhead bridgelike struc-
ture, as shown in Fig. 1.1.1. Although the shield
components will be in close contact with the outer
shell of the reactor, the weight of these members
will not be carried by the reactor. A separate
system of tension members is to be provided for
this purpose, and these members will transmit the
shield loads directly to the bridge structure. The
weight of the reactor will be transmitted to the
bridge structure through the four pump barrels.
The attachment of the individual barrels to the
bridge will allow horizontal motion of the barrels
in order to accommodate the relative thermal
growth between the reactor {(at operating tempera-
ture) and the bridge (ot room temperature),  Verti-
cal motion of the barrels will be restrained through
Fabreeka! pads, which are sufficiently resilient to
distribute the load fairly uniformly between the
four barrels. The bridge will be fixed at each end

Y abreeka is a material composed of layers of tightly
twisted, closely woven, lightweight cotton duck
thoroughly impregnated with a special rubber com-
pound. This material is manufactured by the Fabreeka
Products Company, Inc., Boston, Mass,
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to a flexible column consisting of 1.0-in.-thick
steel plates, 28 in. wide and 123 in. long. The
load carried by each column will be approximately
45,000 ib. This value is somewhere between one-
fourth and one-half the load required to cripple the
column, A precise figure cannot be given since
the "end condition' of the top of the column is
not well-defined. : .

The principal function of the flexible columns is
to allow the NaK lines, which remove the heat
from the reactor, complete freedom when expanding

from room temperature to the operating temperature -

of the reactor (Fig. 1.1.2). During full-power op-
eration, the upper row of NaK lines will be at
1070°F and the lower row at 1500°F. This will
result in horizontal growth of 0.75 in. in the upper
lines and 1,125 in. in the lower. If the reactor
were mounted in the cold condition precisely over
the center line of the column bases, these expan-
sions would translate and rotate the reactor out of
the neutral position and thereby cause bending
stresses in the columns (Fig. 1.1.24). The present
plan is to precut the NoK lines short by the
amounts mentioned above so that at room tempera-
twe the reactor will be located 1.0 in. off the
neutral position. This displacement will be toward
the cell wall through which the NaK lines enter
(Fig. 1.1.2¢c). As the reactor heats up, the NaK
lines will expand and move the reactor back to the
neutral position and thus remove the bending loads
on the columns and the axial loads in the pipes

(Fig. 1.1.25).

NaK Piping Inside Reactor Cell

The flexible columns described above will allow
for gross expansions of the NaK lines, but they
do not provide for differential expansion between
the lines of any one row. In order to provide some
margin for operational incidents and accidents?
and greater freedom in controlling NaK tempera-
tures, some additional flexibility has been intro-
duced into the piping inside the cell. This has
been accomplished by the addition of several
bends in each line. The bends will accommodate
300 to 400°F temperature differences between
adjacent lines. A horizontal view of the NaK

2Foi' example, the faoiluore of the pump in any given
NaK circuvit would cause a change in the temperature
of the pipes, and this in turn would produce thermal
deformations in the piping relative to the piping in the
other NaK circuits,
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Fig. 1.1.2, Movement of Reucior‘ Caused by Expansion of NaK Lines,

piping inside the test cell is presented in Fig.-

1.1.3. This layout was selected on the basis of a
hand calculation for which the method of Spielvogel3
was used. A more exacting analysis, which in-
cludes a careful study of the manifolding system,
is now under way at the M. W. Kellogg Co. These
calculations are being carried out with the aid of
fast computing machines.

A general schematic diagram of a complete NaK
circuit is shown in Fig. 1.1.4. The essential
featwe of this system is that the. NaK lines are
rigidly attached at only one point, the reactor cell
wall.
at the reactor and at the pump-radiator assembly,
have considerable freedom to expand. The only

The ends of each circuit, which terminate

constraints imposed on individual lines of a given -

circuit arise from the differential thermal growth
between the various lines as a result of differences
in length ond irregularities in temperature control.
The NaK piping external to the reactor cell was
described previously.4 ‘

35, w. Spielvogel, Piping Stress Calculations Simpli-
fied, 4th ed., Laoke Success, New York, 1951.

4R V. Meghreblian, ANP Quar. Prog. Rep. March 10,
1956, ORNL-2061, p 22, esp Fig. 1.7.
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The .principal stresses in the NaK lines will be
due to the thermal effects described above. Each
time the reactor system passes from one operating
condition to another, there will be a redistribution
of the thermal stresses in the various lines. The
stresses produced by relative thermal growths do
not persist for all time, however. Relaxation tests
(see Chap. 3.5, ““Mechanical Properties Studies'’)
indicate that stresses due to a fixed strain, such
as that present here, decay rapidly. This decay
takes place as more and more of the initial strain
on the member is transformed to plastic deforma-
tion. The decay is sufficiently rapid that the -
plastic strain developed in a. matter of minutes
aofter loading is a significant fraction of that which
would be developed in several hours. Thus with
each change in operating conditions, the thermally
loaded members will be subjected to some plastic
deformation. An important criterion for design,
then, is the strain-cycle life to which a given
member can be subjected.

The strain-cycle criterion was used as a basis’
for the design of the NaK lines. The objective of
various analyses now under way, therefore, is the
determination of the plastic strain that will be
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developed with each change in operating condi-
tions. The results will then be compared with
strain-cycling data by using a Coffin® type of cor-
relation, Some data for Inconel are presently
available,® and additional information is now being
collected at the University of Alabama and at
ORNL.

5L. F. Coffin, Jr., "A Study of the Effects of Cyclic
Thermal Stresses on a Ductile Metal,” Trans. Am Soc.

Mech. Engrs. 76, 931 (1954).

Pratt & Whitney Aircraft, Nuclear Propulsion Program
Engineering Progress Report No. 18, PWAC-554, Oct, 1,
1955-Dec. 31, 1955, p 63, Fig. 21,
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Fill-and-Drain Tank and Support

- On the basis of the present design and the op-
erational philosophy of the ART system, there is
some reason to believe that the safest position for
the fuel during the normal progress of the experi-
ment will be in the reactor proper, because in the
event of trouble it will be easier to dump the fuel
into the fill-and-drain tank than to pressurize the
fuel back into the reactor. |t has been suggested
that this may also be the safest place for the fuel
during certain off-design situations, such as the
one-pump-out condition, partly for the same reason

GESRER
ORNL-LR-DWG 16022

CELL WALL

8-in. PIPE ‘
. . |

Fig. 1.3.3. NaK Piping in the Reactor Cell,
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Fig. 1.1.4. Over-cll Suspension and Constraints on NaK Piping System,

and partly because of the increased probability of
a failure duwring the switching operations associ-
ated with an emergency condition, A study is now
under way to determine the validity of these
premises. In addition, there are several off-design
conditions and accidents in which it wili be
clearly unsafe to leave the fuel in the reactor; for
example, if there is an internal leak between the
fuel and sodium (or NaK) systems, a chemical
reaction might occur which could produce metailic
uranium.” Under certain operating conditions, the
vranium could be deposited throughout the hot
portions of the fuel circuit. In order to control
these reactions and to minimize their effects, it
would be necessary to remove the fuel from the
reactor.

A fuel fill-and-drain tank for receiving the fuel
is incorporated in the ART system design (Fig.
1.1.5). The tank will be on Inconel cylinder 38 in.
in diometer and 38 in. in length, which will be

kept ot a steady-state temperature of 1100°F by -

means of a continuous flow of NaK from twe in-
dependent external circuits. These circuits have

7W. B. Cottrell et al., Airc.raﬂ Reactor Test Hazards
Summary Report, p 38, ORNL-1835 (Jan. 19, 1955).
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Fig. 1.1.5. Fuel Fill-and-Drain Tank.
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several functions. First, they will remove the
decay afterheat from the fuel following a dump;
second, they will keep the fuel above its freezing
point at long times after the dump has occurred
and the decay heat has been dissipated; and, third,
they will maintain the tank at a sufficiently high
temperature to minimize thermal shock effects
when a dump takes place.

The design heat load for the tank is 1.75 Mw,
even though it is estimated that the decay heat
at the instant of shutdown after operation at 60

 Mw for one month would be 3.6 Mw This reduced

operational requirement is based on the premise
that the fuel will be cooled in the reactor to

1200°F before a dump and that a minimum of 8 sec "

will elapse after the coolant rod has been fully
inserted and before the dump valves are opened.

- Each of the two NaK cooling circuits will be
capable of extracting the 1.75 Mw of decay heat
under these conditions; however, it is expected
that under one-circuit operation, the fuel and metal
temperatures at certain locations within the tank

_may be as high-as 2000°F. Such short-time effects

will "not be encountered during o normal dump.
During normal operation, both circuits will be in
use, and the maximum metal temperature is not
expected to exceed 1600°F.

The primary structural loads within the \‘onk will
be due to the NaK pumping pressure of 40 psi.
Since the tank is to serve as an ever-safe deposi-

tory for the fuel, it is necessary that it be capable .

of surviving some 2000 hr of continuous operation

at temperature and possibly several fast dumps.

The principal structurel requirements of the tank,

then, - are based on. creep-rupture ond fhermui-i,_;‘

shock considerations.”

Analyses -show thaf the mos% sensmve areas in
this design are at the | joints between -the tube |
header sheets and the inner cyhnder The dis-
contmusty stresses in these areas are of the order ~
*"present operating -plan for - “the ART . —anticipates
‘that ‘the reactor will be cycled from the idle condi-
"‘;'rlon (1200°F 4soihermoi} to- full .power-some 30
~ times." One cycle consrsrs of 8 hr at idle ‘and
16 hr at fuil power. In- posslng from the idle condi-

of 6000 psi.. Thisis a relohvely hlgh stress level,

but it is- expected ‘that these ‘stresses will be
markediy reduced os the metal in that reglon de- -
forms in creep.. Slnce ‘the extent to-which dis-
conhnu:ry stresses canrelax is not known, a iestiﬁ
“program-is under way to study this effect by medns .
of tube-burst tests. Fma“y, because of the ime
portance “of thls component to the over-all’ sofety‘

of the experiment, it is planned to test the entire’

tank assembly by using one of the NaK circuits,

The test should demonstrate the adequacy of the
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design in withstanding the creep and thermal shock
effects mentioned above.

The support of the fill-and-drain tank assembly
will be accomplished by means of a nitrogen
cylinder located beneath the tank (Fig. 1.1.6).
Although the tank will be attached rigidly to the
reactor pressure shell through the fuel drain lines,
the major portion of the tank weight will not be
allowed to bear on the shell, The total weight of

- the tank, including the fuel, will be 6000 Ib, of

which 5000 fb will be carried by the nitrogen
cylinder. The weight of the tank without the fuel

" -will be 4000 Ib. This support arrangement intro-

duces some complication in the stability aspects
of the system, but calculations show that the
proposed distribution of lever arms, structural
stiffness of the drain lines, and the weights are
well within the stability limits of the system.

In the event of the failure of the nitrogen cylin-
der, all the tank weight will be exerted upon the
drain line and reactor pressure shel. This situva-
tion will produce high local stresses in the shell
at the points where the two drain lines will be
attached and will add an additional 1000 Ib to the
load in each pump barrel. Although this will re-
duce the design safety margin in these com-
ponents, the system can support the tank in this
manner. The purpose of the nitrogen cylinder,

-then, is to reduce the operating loads in the

barrels and in the pressure shell.

Core-Shell Low-Frequency Thermal-Cycling Test

A one-fourth-scale model of the core shells is
presently being subjected to the long-time tempera-

‘ture variations expected in the reactor as a result
“Foof chcnges in power level (see Chap. 1.4, **Com-
"}ponenr Deveiopmenf and Testing’'}). Such tempera-
~ ‘ture ‘variations: produce thermal _ distortions in the-

sheils, -and these effects. are among the most
severe condnrlons 1mposed on the shells. The

tion to full power -the” femperarure distribution in

t_he core shells will change from o uniform profile -
~to a linear d;strlbuhon, ‘with a maximum’ grochent

* of about 300°F through the wall. -

The cyclic conditions described above have been
simulated in the one-fourth-scale model of the
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Fig. 1.1.6. Fuel Fill-and-Drain Tank Support,

24



i
]
|
i
!
!

presented;:m Fig. = 4
~"ORNL"* were obtained from measurements - -made - -
by the ‘Metallurgy Division of ORNL; ‘the curves -

outer core shell by means of a dual NaK circuit
which heats the. inner surface" of the shell and
cools the outer surface. The fest cycle selected
was 1 hr at power and 1 hr isothermal at 1200°F.
At the power condition the shell is exposed to a
maximum temperature gradient of 300°F through
the wall. The stress buildup and relaxation with
each change in the operating conditions is illus-
trated in Fig. 1.1.7. The solid-line curve gives
the stress-time variation expected in the actual
shells during the operation of the reactor. The
broken-line curve gives the stress-time h|sfory for

the model.

ORNL ~LR~-DWG 16428
1717 T 1T T T 1 1
I’ s {\\ MODEL
\/’
\
REACTOR
o 1N N -
Wl 1
N
o /
\/
|
v I
N R N SO O
0 2 4 6 8 10
TIME (hr)

Figs 1.1.7. Stress-Time History of Model Used

for Core-Shell - Thermal-Cycling Tests in Com-
parison: wufh Stress-Tlme Hlstory Expected in: the o

In studymg the: reIaxaﬂon da aifor Incone], it
was found. fhct becuuse of the very rapid ‘decay of

~the stress it was not. necessary to demgn the core- -
“shell test for the 8- to 16-hr cycle time: pianned
. for the reactor.  The’ 2-he cycle time was found to =
“be sufflcuent ‘to develop ‘a. substanhal frachon of - “about 10 v
the - plastic deformation expected in the' acfuol'" 5
1-she||s.ﬂ A fypvcal set of relaxatlon curves for -
“Inconel,. as. obtamed from various sources, tsr::
“The ‘curves labeled
have survived without gross failure. It is believed

“that the factor of 10 increase in the number of

1.8,

labeled *‘University of Michigan’' are based on

measurements made at the Engineering Research -
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Fig. 1.1.8. Relaxation Data for Inconel at
1300°F,

Institute of the University of Michigan; and the
curves labeled ““From Creep Data'’ were synthe.
sized from creep curves.

It is evident from these curves that within a

_matter ‘of minutes after the start of the test, be-

cayse of the extremely rapid decay of the stress,
an appreciable fraction of the applied deformation

”WI” have been converted to plastic strain. On

ﬂus basis it was: argued that the cycle times for
e “model test could be reduced to the l-hr inter-

~vals being used, since upproxlmutely 70 to 90% of

the  total strain developed in 8 to 16 hr could be
achieved in 1. hr, - In this way it was possible to
reduce . the tofcl model “test time by a fuctor of

The flrst of 1hese low frequency thermal-cyclmg
tests has been completed “The model was sub-

- jected to 300 full cycles, a factor of 10 more than

expected ‘in-operation ‘of the ART, and appeurs to

test cycles, in comparison with the cycles ex-
pected in the ART, is not an overly conservative
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margin for tests of so vital a structural component.
A complete metallurgical examination of the shell
It should be men-
tioned that the test program was interrupted after
57 cycles because of a leak in the external cir-
cuits and the specimen was allowed to cool to
room temperature. At the completion of repairs,
the model was brought to temperature again, and
the test was resumed.

CORE HYDRODYNAMICS
W. J. Stelzman

Further core flow studies were made on the full‘-
scale model of the ART core by using the tech-
niques described previously.® The configuration

.8G. D. Whitman, W. J. Stelzman, and W. T. Furgerson,
ANP Quar. Prog. Rep. Dec. 10, 1955, ORNL-2012, p 23.

W. T. Furgerson

EXPANSION JOINT

FUEL PUMP VOLUTE

-~
‘

-

tested consisted of swirl-type header No. 2 with a
simulated  conical island expansion joint (Fig.
1.1.9). Tests were run with and without inlet
guide vanes.. The inlet-guide-vane system tested
consisted of a set of 14 paired vanes designed by
G. F. Wislicenus? to induce radial mixing in the
fuel annulus. The direction of rotation of the
vortexes was to be alternately clockwise and
counterclockwise around the annulus.

The flow pattern produced by the blades agreed
with the design pattern in approximately the upper

“third of the core annulus, but the individual vortex

—

cores rapidly degenerated into a region of low-
velocity random motion at the equator. As the flow
accelerated in the portion of the core below the

9Consulmnt.

S—p
ORNL~LR-DWG 16130

FUEL PUMP VOLUTE

—
—

OUTER CORE SHELL

ISLAND WALL

Fig. 1.1.9. Swirl-Type Core Header No, 2.
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equator it picked up a pattern of rotation centered
around the core axis and was, in general, typical
of the flow obtained in this region with other inlet
configurations. .

A lack of circumferential symmetry was noted in
the flow pattern produced by these guide vanes.
Previous configurations have not been perfectly
symmetrical in this respect, but this system ap-
pears to be worse than the others. It is possible

that the vanes themselves were not symmetrical.

They are complex in shape and have no suitable
reference surface to use in effecting their align-
ment.  This analysis of the flow is based on
observations of injected dye, and there are no
quantitative data on this system. The decidedly
three-dimensional character of the flow made the
use of claw-probe traverses impractical.

Complete probe traverses were made of the same
core-header combination without inlet guide vanes.
Circumferential - asymmetry of the axial velocity
profiles, as indicated by the maximum deviation of
the reading of either. of two probes at each station
from the average, was as follows:

Maximum Deviaticn

Station _ (%)
8 10
7 10
(] 20
5 20

PERIOD ENDING SEPTEMBER 10, 1956

22
8
5

1

- 0w A

The profiles given by the two probes at each sta-
tion were, in general, similar in shape.

in an effort to obtain information on the heat
conduction to be expected through the core shells,
local heat transfer coefficients were calculated by
Reynolds number analogy from the probe survey
data extrapolated to the walls by means of uni-
versal velocity distribution equations.'®  The
local coefficients thus obtained were then inte-
grated from the wall out into the stream to obtain
the film conductivity. The integration was carried
out for an arbitrary distance of 0.010 in. from the
wall. This dimension was chosen because further
depth did not result in an appreciable change in
the film conductivity. The fuel assumed for these
calculations was the mixture (No. 30) NaF-ZrF -
UF, (50-46-4 mole %). The heat transfer coeffici-
ents for the 0.010-in.-thick fluid layer adjacent to
the walls, as obtained for the swirl-type header
No. 2 without inlet guide vanes and with GS-2
guide vanes (Fig. 1.1.10), are presented in

~ Table 1.1.1.

‘°w. H. McAdams, Heat Transfer, 3td ed., p 209,
McGraw-Hill, N. Y., 1954,

TABLE 1.1.1. HEAT TRANSFER COEFFICIENTS FOR 0.010-in.-THICK FUEL LAYER ADJACENT TO OUTER
AND INNER CORE WALLS OBTAINED FOR SWIRL-TYPE HEADER NO. 2
WITH AND WITHOUT INLET GUIDE VANES

Fuel mixture: Nt:F-ZrF4-UF4 (50-46-4 mole %)

Heat Transfer Coefficients (Btu/hr-ﬂ2-° F)

GS-2 Guide Vanes

Station ' No Guide Vanes -
Outer Wall " Inner Wall Outer Wall - lnf'ler Wall
8 4986 -2 5411 ‘ 4913
7 4631 2469 2418 2066
6 3800 3182 2651 2526
5 3394 -3243 2601 : 2
4 3032 4265 2559 2348
3 4959 4865 2494 2880
2 5678 5310 5794 3706
1 6193 5660 Not available Not available
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UNCLASSIFIED
PHOTO 25581

Fig. 1.1.10. Guide Vane and Baffle-Plate Arrangement (GS-2) for Distribution of Flow in Plastic Model

of ART Core.
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1.2, ART PHYSICS
A, M. Perry

COMPARISON OF BASIC GAMMA-RAY DATA WITH
BULK SHIELDING REACTOR GAMMA
HEATING MEASUREMENTS

H. W. Bertini C. M. Copenhaver

The series of experiments performed to determine
the rate of gamma heating in various target mate-
rials necr the Bulk Shielding Facility (BSF) re-
actor ! afforded an opportunity for a direct verifica-
tion of the basic gamma-ray data and the method
used for the ART heat-deposition calculations.?

Such a comparison is of considerable interest,

since the agreement between the calculated results

.and the results for the BSF experiments tends to

confirm the methods and data used in the ART
caleulations, '

Experimental heat-generation rates were measured
in aluminum, iron, ‘and lead samples at several
distances along the center line of the reactor, as
illustrated by Fig. 1.2.1. In the experiments,
measurements were made of the transient tempera-
tures of the samples during heating in the gamma-
ray field and during cooling after removal from the
gamma-ray field,

The calculated heat-generation rates indicate
that the energy deposition in the target metals is
due to the following principal radiation components:
1. core gamma rays,

2, reflector gamma rays (water capture gamma
rays),
3. target gamma and beta rays.

Since on Oracle code for the calculation of
gamma heating in reactors of rectangular geom-
etry3+4 was available, the heat generation rate in
the target samples caused by gamma rays emanating
from the core was determined. The heat generation

e, T. Binford, E, S, Bettis, and J, T. Howe, Gamma
Heating Measurements in. the Bulk Sb:eldmg Reac:or.
ORNL CF~56-3-72 (March 7, 1956).

2. W, Berfini et ‘al,, Basic Gamma-Ray Data for
ART Heat - Deposu:ou Calculauons. - ORNL-2113
(Sepf. 17, 1956).

3. C. Clcibome und T. B. Fowler, The Calculatzon

of Gamma Heating in Reactors of Rectangulo:d Geometry,

ORNL CF-56-7-97 (Ju‘y 20, 1956) .

41, B. Fowler and H. C. Claiborne, Operatmg Manual
for Oracle Code No. 243: The Calculation of Gamma
Heating in Reactors of Rectangular Geometry, ORNL
CF-56-8-126 (Aug. 20, 1955).

in the target caused by gamma rays from the ith
energy group, HV), for one volume element of the
core is

K NA{V) E, T
H:'(V) = - 2 e—x Ba I
4 lr (V) + 7 (V)] p

UNCLASSIFIED
ORNL-LR-DWG 16282
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Fig. 1.2.1. Gomma-Roy Hecting in Metals ot
Yarious Distonces from the Core Face of the
BSF Reactor,
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where
K

It

a constant which normalizes the thermal

flux to 1 Mw and converts Mev/sec to

watts, »

N,(V) = number of gamma rays per second in the
ith energy group for the particular vol-
ume element, V,

E. = average energy of the ith energy group,

r radii of core and reflector, respectively,

= pr (V) + pr(V), where pu_r (V) and

#,r,(V) are the number of mean free paths
in a volume element, V, of the core and
reflector, respectively,

B, = A(e™ ~ 1) + 1, the energy absorption
buildup factor (the constants A and a
were evaluated for the materials of in-
terest in the report ORNL-2113),2

kg = energy absorption cross section for
gamma rays for material being irradi-
ated,

p = density of material being irradiated.

®
i

Appropriate B, data were then calculated by
using an equivalent atomic number and interpo-
lating the available buildup factor data5 for point
isotropic sources in homogeneous mixtures. Since
the effective Z of the core is 9.9 and the effective
Z of the reflector is 7.5, the homogeneous mixture
approximation is valid, ond an equivalent Z of 9
was used.,

The BSF reactor is a thermal reactor, and there-
fore the significant gomma radiation results from
thermal neutron fission or capture. Thus, the
spectrum of prompt gamma rays plus u2ss capture
gamma rays is 8.8 e~ 1:91E photons/Mev-fission.2
For 5500 kw/hr of reactor operation per day,é the
average ’daily fission-product decay gamma-ray
energy would be about 85% of the saturation value
and the resulting decay gamma-ray spectrum is
8.92 ¢~1-33E photons/Mev.fission. The gamma-
ray energies per thermal neutron capture in alumi-
num for the various intervals from 3 to 10 Mev were
obtained by summing up the individual contributions
for each interval from a paper by Kinsey, Bar-
tholomew, and Walker.” An additional energy of

5H. Goldstein and J. E. Wilkins, Jr., Calculation of
the Penetration of Gamma Rays. Final Report, NYO-
3075 (June 30, 1954).

Se. B. Johnson, private communication (1956) to
the authors,

’B. B, Kinsey, G. A, Bartholomew and W. H. Walker,
Pbys. Rev. 83, 519 (1951).
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1.80 Mev was added to the third group (1.5 to
3.0 Mev) to account for the decay gamma-ray energy
resulting from Al28 (half life, 2.3 min). Thermal-
neutron capture by water gives rise to a single
gamma ray, 2,23 Mev, per capture by hydrogen.

The heating in the target sample by capture
gamma rays emanating from the water reflector was
obtained by using disk sources 2 in, thick and
40 cm in radius, An average flux in the disk was
obtained from the qverage flux along the disk
center line, determined experimentally, ® as a func-
tion of distance from the reactor north face, multi-
plied by 0.8 to account for the decrease in flux in
the disk radially.

In computing the heating in the target sample
from self-absorption of gamma and beta rays re-
sulting from thermal-neutron capture in the targets,
local perturbations in flux caused by the presence
of the target sample were not considered. The only
significant beta-ray source in the target samples
was the 2.87-Mev beta ray resulting from the decay
of Al?8, This beta-ray source was assumed to be
entirely absorbed in the aluminum sample. The
froction of gamma rays absorbed in the target
sample was obtained from an expression by Storm
et al.® based on the straight-chead scattering ap-
proximation for an infinite cylinder containing a
vniform source distfribution. Since the expression
neglects multiple scattering effects, the energy
absorbed in each cylinder was taken as the mean
of the values calculated by using the energy-
absorption and the total-absorption cross sections.

A comparison of the experimental and calculated
results is shown in Fig. 1.2.1. The rounding of the
calculated curves close to the reactor surface
results from the peaking of the thermal flux curve
in the reflector region, The magnitudes of the ex-
perimental and calculated values agree quite well
where the Z of the target metal is close to the Z of
the surrounding mixture, Z = 9, but the agreement
becomes worse as the difference in the atomic
numbers increases, - For materials having similar
Z's, the equivalent Z method should yield good
results, as confirmed by the aluminum sample,
However, for @ heavy Z material following a light
Z material, the large, low-energy spectrum built up
in the light Z material is highly absorbed in_the
first mean free path of the heavy Z material, and a

Sm. L. Storm, H. Hurwitz, Jr., and G. M. Roe, Gamma-
Ray Absorption Distributions, for Plane, Spherical,
and Cylindrical Geometrics, KAPL-783 (July 24, 1952).



buildup factor based upon a homogeneous mixture
will yield a low result that becomes less and less
accurate as the depth of penetration in the light
material increases. This light-heavy sequence
phenomenon has also been indicated by Monte
Carlo calculations of gamma-ray energy deposition
for water-lead slabs. ?

In view of the good agreement between the exper-
imental and calculated heat-generation values for

" samples near the BSF reactor, it seems reasonable

to conclude that the basic gamma-ray data given
elsewhere,? used in conjunction with the Pratt &
Whitney. gamma-ray deposition code, should give
representative results for the gamma-ray heat de-
position in various parts of the ART.

GAMMA-RAY HEATING IN ART

R. B. Stevenson

Gammoa-Ray Source Strength

The gamma-ray source strengths of the island,
core shells, fuel, and reflector-moderator of the
ART were determined so that a calculation of the
heating due to these gamma rays could be carried
out. The prompt, decay, and nonfission capture
gamma rays in the fuel, the gamma rays caused by
inelastic neutron scattering in the fuel, and the
capture gamma rays in the Inconel core shells,
beryllium, and the sodium coolant were taken into
account in the calculation of the gamma-ray source
strengths,

The copture gamma rays and the gamma rays
caused by inelastic scattering were computed by
using neutron fluxes determined by a Curtiss-Wright
two-dimensional neutron calculation for the ART.
The gomma rays resulting from inelastic scattering
were assumed to be emitted with an energy of
1 Mev. The distribution of the prompt and decay
gamma rays in the fuel was calculated from. the
fission power distribution determined from the
Curtiss-Wright two-dimensional neutron calculation
and from an analysis of the high-t emperuture criti-
cal experiment, 10"

In both the Cumss-anht two-dnmensnonul cal-
culation and the determination of the gamma-ray
source strength, the ART. was divided into a large
number - of regions, the materials in each region
being considered to be homogeneous for ease of

9S. Auslender, ANP Quar. Prog. Rep. March 10, 1956,
ORNL+2061, p 223.

105, M. Perty, Fission Power Distribution in the ART,
ORNL CF-56-1-172 (Jan. 25, 1956).
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computation. The basic data for the calculation of
the gamma-ray sources were taken from a report by
H. W. Bertini et al. 1!

The results of these calculations are shown in
Figs. 1.2.2, 1.2.3, and 1.2.4, The distribution of
the gamma-ray sources in the island, fuel, and
reflector-moderator is shown in Fig. 1.2.2. The
values given, in w/em3, are the sums over the
seven energy groups actually used. The distribu-
tion of the gamma-ray source strengthin the Inconel
core shells as a function of the distance from the
equatorial plane is given in Fig. 1.2.3, while
Fig. 1.2.4 gives the source strength in the region
adjacent to the control rod (a combination of sedium
and Inconel) as a function of distance from the
equatorial plane. The values given in these plots
are felt to be fairly accurate, although there may
be some discrepancies near the Inconel core shells
due to the approximations in geometry used in the
neutron flux calculations.

There is some ambiguity in the source strength
values assigned to the Inconel core shells, and the
values may be in error by as much as 20%. This
ambiguity arises from the fact that use was made
of two different two-dimensional neutron calcula-
tions in determining the core shell neutron absorp-
tions. One neutron calculation was for the high-
temperature critical experiment, which contained
no sodium, while the second was for the ART with
four times more sodium than will be present, The
resulting neutron absorptions in the core shells are
quite different for these two cases, so an appropri-
ate average was used in calculating the values
given in Fig. 1.2,3.

The gamma-ray source strength in the core shells
represents the absorption of approximately. 3.1% of
the total number of neutrons. This is substantially
lower than the figure of 7.5% which was obtained
for o spherical mockup of the ART. However, re-
cent calculations!? of the Pratt & Whitney reactor,
with both spherical and cylindrical geometry, have
shown that for a cylindrical mockup the percentage
of neutrons cbsorbed in the core shells is less
than that for a spherical mockup by about a factor
of 2. Thus the figure of 3.1% obtained from the

two-dimensional neutron calculations does not

4, W, Bertini et al.,, Basic Gamma-Ra Data for
ART Heat Deposition Calculations, RNL-2113
(Sept. 17, 1956).

12E. Wagner, Pratt & Whitney Aircraft, private
communication to R, B, Stevenson.
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seem to be inconsistent with figures obtained for a
spherical mockup of the ART.

The total gomma-ray source strength in the ART
was found to be 4.6 Mw, of which approximately
4.1 Mw comes from the core, and 0.28 Mw comes
from the Inconel core shells. The remainder comes
from the capture gamma rays in the island and the
reflector-moderator.

Gamma-Ray Heating

The heating resulting from the gamma-ray sources
described above has been obtained by using a two-
dimensional gamma-ray heating calculation. The
caleulation, which was carried out on an [BM-704
computer, utilized a program developed by Kniedler
and Wenzel of Pratt & Whitney Aircraft. The
program uses a buildup factor approach to account
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for the scattered gamma-ray photons. In the case
described here, the buildup factor for water was
used throughout the reactor. '
The sources were computed at a number of points
in the reactor, the volume associated with each
source point being approximately a cube 4 ¢m on a
side, Each source was divided into seven energy
groups. The heating was determined at o large
number of points for each energy group for _all
source points within a specified distance from the
heating point. This distance was tcken as 40 em.
Thus, a point at the outside of the reflector on the
equatorial plane ‘‘sees’’ the entire fuel system
source on the equator. 4
The results are shown in Figs. 1.2,5, 1.2.6, and
1.2.7. The heating in the island, core, and re-
flector-moderator are shown in Fig. 1,2,5. The
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values given, in w/cm3, are the sums over the
seven groups used. The heating in the Inconel
core shells as ¢ function of distance from the
equatorial plane is given in Fig. 1.2,6. The heating
in the region adjacent to the control rod is shown
in ‘Fig. 1.2.7. The heating caused by the gamma
rays from the control rod. is not included in these
results, The heating from the heat exchanger
region was reported previously'3 and is included
in the outer regions of the reflector.

13H. W. IBer'I'ini, ANP Quar. Prog. Rep., June 10,
1956, ORNL-2106, p 28.
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The uncertainty in the source strength of the
Inconel core shells does not have much of an effect
on the heating values, since. the source of gamma
rays in the core is so much greater than that in the
core shells, A test calculation has shown that a
50% change in the source strength of the core
shells will change the heating values at a point
close to the core shells by less than 5%.

The total gamma-ray energy deposition (excluding
that caused by sources in' the heat "exchanger
region) in the reactor was found to be 3.86 Mw,
which amounts to approximactely 84% of the total

“source. This means that about 16% of the gamma-

ray source energy escapes,
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1.3. ART INSTRUMENTS AND CONTROLS

E. R. Mann

REFLECTOR-MODERATOR TEMPERATURE
CONTROL SIMULATION

J. M. Eastman F. P. Green
E. R. Mann

The ART simulator was used for a study of a
reflector-moderator temperature control system and
the temperature responses of the cooling system

~ which will circulate sodium through the reflector-

moderator and through sodium-to-NaK heat ex-
changers. The NaK is cooled in external NaK-to-

" air radiators. With the reactor held at design-point

conditions, abrupt closure of the louvers of one of
the two NaK-to-air radiators caused an increase of
approximately 100°F in the maximum sodium tem-
perature (at the core outlet) and in the mean
beryllium temperature. The response was essen-
tially first order, with a time constant of approxi-
mately 2'/3 min. A 50% reduction in power from
design-point conditions caused a decrease of
about 150°F in the maximum sodium temperature
and in the mean beryllium temperature, with a time
constant of approximately 3 min. For operation at
50% power, an abrupt change of the mean fuel
temperatwe from 1425 to 1250°F caused c de-
crease of about 160°F in the maximum sodium and
the mean beryllium temperatures, with, again,
about @ 3-min time constant.

The mean reflector-moderator temperature was
computed in the process of simulation and was
used as the main criterion for evaluating the tem-
perature control system. A control system was
evolved which performed satisfactorily and will be
used for the ART. The control method consisted
in (1) holding constant ¢ signal composed of the
maximum scodium temperature biased with the
temperature differential in the NaK across the
radiators and (2) causing the louvers to open when
this signal exceeded its set value by more than
2°F and to close when the signal became less
than the set value by more than 2°F. - This ar-
rangement provided a proportionality characteristic
adjusted to cause the maximum sodium tempera-
ture to be held at 1200°F for zero reactor power
and 1250°F for design-point power. These are

10n assignment from Bendix Products Division.

C. S. Walker

the values calculated (ond built into the simula-
tor) for holding the mean beryllium temperature
constant at 1200°F. The louver actuating speed
was adjusted to give full stroke in 30 sec.

This control system was operated on the simu-
lator with.step changes between 0, 50, and 100%
design power and between 1200 and 1425°F mean
fuel temperature (at 50% and at zero power). For
these disturbances the mean moderator tempera-
ture was held constant to within £15°F. The
system was not stable in the sense that the
louvers remained fixed for steady-state conditions.
In order to maintain the desired temperatures, the
control system caused the louvers to shift posi-
tions at 30- to 60-sec intervals. When the tem-
perature control system hardware has been as-
sembled, it will be checked on the simulator.

INSTRUMENT DEVELOPMENT
R. G. Affel

Fuel-Expansion-Tank Level Indicator
R. F. Hyland

Tests were continued on a helium-bubbler type
of level indicator, described previously,? for the
ART fuel expansion tank. In these preliminary
tests made to check the operation of the bubbler,
two bubbler tubes are used and the fuel is static.
One test rig was shut down after 3000 hr of opera-
tion at a fuel temperature of 1150°F; neither
bubbler tube had clogged. Another rig has com-
pleted 2686 hr at 1500°F, and another has com-
pleted 2352 hr at 1500°F. In both these rigs one
of the two bubbler tubes has become clogged.

Examination of a bubbler tube from the rig that
was terminated showed that a thin film had de-
posited on the inner surface. A chemical analysis
of a 10-mg sample of the film showed it to contain
7 mg ZrO, and about 1.8 mg O,. - Since the helium
supply of the building contains an average of
1.5. ppm O,, sufficient oxygen was present in
1000 liters of helium (the approximate flow for a
75-hr period) to account for the entire 1.8 mg of
O,, if complete reaction is assumed. Analyses

2
R. F. Hyland, ANP Quar. Prog: Rep. June 10, 1956,
ORNL-2106, p 43. Qu
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of the contents of two bubbler tubes that plugged
in a previous test at 1500°F, during which the
system was accidentally contaminated with oxy-
gen, also showed high ZrO, contents. It is ap-
parent therefore that the cause of bubbler-tube
clogging is oxygen contamination and the subse-
quent formation of ZrO, a high-melting-point
(3000°C) solid, rather than ZrF ;-vapor deposits
or fuel, as anticipated. It is planned to use either
a NaK ‘scrubber or the incandescent-titanium-
sponge method to purify the helium used in further
tests.

Systems for Testing Liquid-Level-Sensing
Devices in Flowing Liquids

- H. J. Metz

Three test systems are being constructed for
studying the operational characteristics of various
liquid-level-sensing devices under controlled con-
ditions in flowing liquids. The test system con-
sists of pressure vessels at both ends of a motor-
driven teeter-totter. Liquid will flow from the
rising vessel to the vessel going down and the
liquid levels in the vessels will remain constant.
A gear-motor drive is provided which can rock the
vessels at a rate of 0 to 10 cpm. A helium atmos-
phere at a pressure of about 1 to 3 psig is pro-
vided in a closed circuit over the vessels to pre-
vent contamination of the fluid., The desired
temperatures are obtained and maintained with
heaters and variable autotransformers.

Each vessel has six spark-plug probes con-
nected to level-indicating lamps, and the liquid
levels in the vessels can be adjusted from 1 to
10 in. Two level-sensing devices can be tested
in each vessel at various levels. The tests will
be of long duration to assure that the level-sensing
devices will work for 2000 to 3000 hr with the
surface of the fluid in constant motion.

High-Temperature Turbine-Type Flowmeter
G. H. Burger

The first turbine-type flowmeter was designed
and built in October 1955 for measuring flow in
l-in.-ID tubing. Since then numerous tests have
been made in order to determine the operating

characteristics and the life of the units. The
initial design has been modified as test data have
indicated the need for changes, and three succes-
sive models have been built.3

The test results obtained thus far have been
disappointing, particularly the life test results.
As stated above, four flowmeters have been tested,
but none has even approached the required 3000 hr
of operation. The brevity of the test, however, in
all cases except the first, has been due to system
failures, such as pipe leaks and pump difficulties.

Performance tests of the ‘units have been quite
satisfactory. The units have been tested in both
NaK and fused-salt fuel mixtures with excellent
results. The accuracy of the measurements in the
NaK system have been well within 1%, as checked
against a magnetic flowmeter and venturi. . The
accuracy of the units in the fused-salt mixtures
could not be precisely determined because of the
absence of a venturi in the system. . The salt sys-
tem also had a very low maximum flow rate which
was out of the design range of the flowmeter. The
bearing material and the bearing design of the unit
tested in the fused salt appeared to be satis-
factory, since no evidence of bearing-sticking or
self-welding was evident from the operation of the
units or from metallurgical examination of the
units after removal from the system. The turbine
blades and the turbine body appeared to be un-
marked by the fuel or the NaK. Even though the
tests in fuel and in NaK have been-relatively
short, in the neighborhood of 300 hr, the units
have operated at temperatures up to 1500°F, and
the indications are that the units can be expected
to operate satisfactorily for 3000 hr.
- A fifth model of the flowmeter has been fabri-
cated which incorporates improved bearings. - The
water test and calibration of the unit have been
completed, and it appears to be quite satisfactory.
A similar turbine-type flowmeter with a 3]5-in.-dic
housing has been designed for operation in a sys-
tem with flow rates up to 1400 gpm and is now
being fabricated. This unit will be evaluated in
a loop for testing NaK pumps. It will be cali-
brated against a venturi installed in the system.

3
G. H. Burger, ANP Quar. Prog. Rep. June 10, 1956,
ORNL-2106, p 43.



High-Temperature Pressure Transmitter
W, R. Miller

Pressure transmitters of several types obtained
from five different vendors have been tested at
temperatwes between room temperature and
1400°F. Four models were of the pneumatic force-
balance type which employs a bellows or dia-
phragm as the sensing element. The all-welded
bellows appears to be the most satisfactory. Six
of the transmitters tested produced an average
accuracy of £0.37% full range if held at a constant
“temperature, but zero shifts as large as 3% full
scale were observed between room temperature and
1400°F. :

Five .units were tested whlch utnllzed a dio-
phragm—lsoiated NcK filled tube system _in which
NaK hydfostuhca“y ‘transmits the._ dlaphragm
sensor. motion to a 3 to 15-psi tronsmltfer-mdlcu-
tor.. These units are available in ranges from 0 to
50 and 0 o 200 psi wnh tube “system capillary
lengths of up to 50 ft.. The units tested were

random selections from a lot of 25 and were found |

- to have an average accuracy of $0.43% full scale,

with- zero shifts between room temperature and §

1400°F which averaged +1.7% full scale.
Tests have been performed on three units which
employ the tube-system type of sensor but termi-

nate in a four-legged unbonded strain-gage bridge.
_modification of its input-damping network.

Results to date show .an average -accuracy of
$0.25 full scale at a constant temperature, with -
zero shifts of £1.7% between room temperature and
1400°F. Although these units are the most ac-
cwate and promising to date, tests show that

1emperuture variations at the -strain gage produce:_ .

span- shifts of £2% full scale when the fempera—
tuwe of the strain-gage housing s elevated to
150°F.  One more unit of this type remains to be
tested, as well as two units wl-uch uttllze a two-

i st A

e Thermocouple Data Reduction

- 'which operate at 1800 rpm and scan 80 thermo-

divider network with 79 one-millivolt increments

. on the receiver switch could be recorded reliably

" repeatedly (after intervals ranging from one to

* mercwy ond adhering to the various surfaces of

'iegged strcln-gage bndge. : i con
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m:ug s *ﬂ“""’"‘"‘"x
i .
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Tesfs of He[iarc-Welded lnconel Sheuihed
: Thermocouples in Sodium

J. T. DeLorenzo -

the effect of a helmrc-welded lnconel sheath on

cate that the weldment produces no noﬂcecble

-

- oxide, one switch was continuously purged with

- purge is illustrated in Fig. 1.3.1.
- _testing of the system both switches will be purged.
Tests have been made in an uttempi' to defermme ' - - , ' j/

the calibration of a thermocouple. The data indi- t{ 4J T. D,Lo,eme and W. R. Miller, ANP szr ng

PERIOD ENDING SEPTEMBER 10, 1956 &

deviation of the cullbrutlon from the normci .
changes induced by aging effects over the interval
of the tests. Equipment is being fabricated and
assembled for aging tests of such welds in static
sodium at temperatures above 1000°F for 3000 hr.

A preliminary investigation of possible in-pile
calibration tests is under way. For these tests
sodium vapor pressure would be used as a tem-
perature standard. The instrumentation require-
ments and the system design are being studied.

J. T. VDeLorenzo

Life tests were begun on two synchronized high-
speed mercury-jet switches, described previously, 4

couple signals per revolution. The input signal
to the transmitter switch consists of a voltage-

and one 0.5-v tap, which triggers the sweep of a
17-in. oscilloscope. The oscilloscope monitors
the common line between the switches. The input
signal produces o stair-stepped trace that ranges
on the oscilloscope from 1 to 79 mv in 79 steps.
It was found that any ten consecutive output points

Bacrrerst

on a standard .12-point recorder after a slight
Initially, the life tests had to be terminated

three weeks) because of plugging in the jet
nozzles. After each case of plugging, the switches
were disassembled and examined. . In each case, a
-heavy black scum was found on the surface of the

the ‘mercury pool. A chemical anclysis revealed
that the scum was primarily mercurous oxide.
- in an ottempt to eliminate the formation of this

dry nitrogen. After approximately 20 days the un-
purged switch showed indications of plugging.
The marked improvement produced by the nitrogen
In further fife

RS

" Rep. June 10, 1956, ORNL-2106, p 42, Fig. 1.3.1.
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‘UNCLASSIFIED
PHOTO 26928 -

Fig. 1.3.1. Nozzles of Two Mercury-Jet Switches Showing Clean Condition of Switch That Was
Continvously Purged with Dry Nitrogen in Comparison with Mercurous Oxide Scum Formation on Switch
That Was Not Purged.
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1.4. COMPONENT DEVELOPMENT AND TESTING
- H. W. Savage

PUMP DEVE-LOFMVENT TESTS
E. R. Dytko! A. G. Grindeli
Bearing and Seal Tests
W. L. Snapp! W. K. Staii'
A petroieum fubricant for the ART reactor pumps®

‘has been specified on the basis of present infor-

mation, but the search for better lubricating and

- cooling fluids for pumps has continued. A test

program for determining the compuflhlhty of vari-

. ous lubricating fluids with the reactor process
fluids. (sodlum and fuel) has been undertaken, The-
first tests were conducted with Dowtherm A and’
Cellulube 150. heated to 200°F under a helium
- atmosphere. The heated lubricant was admitted to
~a container of sodium at o temperature of 1100°F,

which was alse heiwm blanketed.  The reaction of
the Celluiube 150 was vigorous enough_fo be near

- explosive proportions, while there was very little
reaction between the molten. sodium and Dowtherm -

A.  These results were - sufficient to preclude

- further Cellulube testing.
“A loaded journal-bearing test was conducted with .

Dowtherm A as the lubricant and with an applied
bearing load of 250 Ib. This test was terminated
after 659 hr of trouble-free 0perahon ~ The total
measured seal Iéukagé was 1 cm® at the upper
seal and 12 cm? at the lower seul The process
sides of both seals were found to have the same
type of gummy carbon deposit as that found previ-

ously in tests in which Dowtherm A was used as -

the lubricant. 3 There was 'some visible evndence

- of beormg ‘subbing, which was uppurently mmor':

since. no deleterious ‘effects couid be found in

power trace.
An investigation of the possnble effects of in-

creasing the present recctcr-pump {fuel and sodium) -

rotary-element operating speed range 'is to be

“made.  Tests will be storted soon with hlgher o

operating speeds ‘and increased bearing loads.

Similar tests are plonned for the NaK pump roicry‘

element

On csugnmcnt from Prnn & Whifney Alrcruh
Consultant from the Umversny of Tennessee..

3W L. Snapp and W. K, Stair, ANP Quar Prog. Rep
June 10, 1956, ORNL-2106, p 46.

Excessive axial motion was found in the original
NaK pump thrust-bearing design. A change to a
duplex pair of angular-contact ball bearings
mounted face-to-face has provided the desired
axial rigidity without sacrificing transverse flexi-
bility.

A seal design proposed for the NaK pump by a
vendor is now being tested. In general, it has
been found that the vendor’s seal operates with
modest leakage rates during the early part of a

test but that subsequent operation always results
—in _much higher leakage rates. A bellows type of

seal, snm!or to that to be used in the reactor
pumps,? has been tested for NaK pump applica-

- tion, with inconclusive results., Further tests
.should result in a modification of this type of seal

which will give acceptable performance. Modified
D_urametallic seals?® have been received and are to
be tested soon.

Testing of elostomers for seal application has
been impeded by delays encountered in obtaining
test samples of recommended materials. A test
was conducted, however, in which Cellulube 150
and Buna-N base elastomers were used. Since

Celulube 150 requires the use of butyl rubber

elastomers, the results, as expected, were poor
with respect to strength ond hardness of the seal

_ material. The Buna-N O-rings did, however, main-

tain a satisfactory seal throughout the 800 hr of
test operation at 220°F. It is evident that more
compatibility . data are necessary for a realistic
evaluation of elastomers, since the unsatisfactory
performance observed thus far in tests at 220°F is

" in contrast to: satisfactory results reported for
either the bearmg operunon or.in-the. dnve~mofor T ‘ 4 et

tests of elastomers 'at 150°F in other fluids.?

Tui: of Gu: Aﬁenuuhcn by Seals
S M. DeCamp, Jr. W. K. Stair

“Tests have been concluded that were designed

"to determine whether there would be fission-gas
" leakage ‘from the sumps of the ART fuel pumps
into the ;'lubricct_ing oil catch basins and thence

) W L; Snﬁpp and W. K. Stmr, ANP Quar Prog Rep.
March 10, 1956, ORNL-2061, p 43.

5UCON Fluids and Lubricants, Carbide and Carbon
Chemicals Co., F-6500D, 1955.
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into the lubricant reservoirs external to the reac- -
tor cell. Attenuation of the fission-gas concentra-. .

tion by a factor of 10" from the fuel expansion
tank to the lubricant reservoir was considered to
be necessary to eliminate biological shielding of
the lubricant systems. Preliminary test data in-
dicate attenuation by a factor of at least 104 from
the expansion tank to the pump shaft seal and by
another factor of at least 104 between the seal and
the reservoir. These data are being analyzed to
determine the upper limit to be expected for the
radiation dose from the lubrlcahng-oll tank.

Fuel Pump Development Tests

I N A Simon !
M. E. Lackey - G. Samuels

Developmental test work on the fuel pump im-
peller’ continued, with water belng used as the
pumped fluid. Efforts are under way to reduce the
magnitude of the system pressure fluctuations, to
produce the desired gas pressure gradient down
the shaft annulus in the direction of the purge gas
flow, to determine the fuel flow through the centri-
fuge, to reduce the pressure level of the system to
meet the stress limitations of the north-head deck
plate, and to obtain cavitation data. Some of
these problems are, as yet, only partly solved.

Part of the work on the reduction of the magni-
tude of the pressure fluctuations has been carried
on in conjunction with the efforts to obtain the
desired gas pressure gradient down the pump shaft
into the expansion tank and out into the off-gas
line. These two problems are interrelated be-
cause both are affected by the upper seal face of
the slinger impeller, area 1 in Fig. 1.4.1. The
increase in the pressure fluctuations that was
experienced . during operation with high liquid
levels in the expansion tank can be attributed to
the priming and unpriming of the slinger impeller
or perhaps to a hunting of the liquid level on the
face of this impeller. As changes were made to
the slinger impeller in attempts to remove the
pressure fluctuations, the changes .in the gas pres-
sure gradient were noted. With the original slinger
impeller design, complete with 12 blades on the
upper. surface, both the fluctuations and the re-
verse pressure gradient were at their maximums.
The reverse pressure gradient indicated that the
upper seal face of the slinger impeller could act
as an effective gas pump and cause gas pressure
in the expansion tank to build up to greater than

40

the gas sUpply pressure, with the gas pressure in
the oil-leakage catch basin in the rotary element
being the lowest pressure in the system. This
condition would be especially undesirable if the
pump stopped abruptly or even if there were a
sudden reduction in the pump speed, because the
gas pressures would be such that fuel might be
forced into the seal region of the rotary element.

The upper seal face of the slinger impeller has
been modified so that it is a smooth disk, and the
axial clearance, as well as the radial clearance,
of the impeller is kept as small as possible. This
configuration keeps the amount of liquid in and
around the impeller face to a minimum, regardless
of the liquid level in the exponsion tank.” Opera-
tion with this modified impeller produced a normal
gas pressure drop m the direction of flow, with the
oil-catch-basin gas pressure being ot an mter—
mediate level and above the expansion tank gas
pressure. Further modifications of this region. are
being tested in an attempt to provide a pressure
equalizing volime that may be necessary for
alleviating any possible unequal liquid level dis-
tribution around the pump shaft. These tests will
provide a basic shape for further development
tests in the twin-pump aluminum-north-head water
tests, where the effects of unequal pump speeds
can be noted. '

A second trouble orea with respect fa pressure
fluctuations was found to exist at the lower face
of the slinger, that is, the degassing face of the
slinger impeller, which is area 2 of Fig. 1.4.1.
The first modification for correcfmg this situation
consisted in simply rémoving the vanes, or blades,
from the impeller face. The resulting large clear-
ance rendered the degassing feature of the centri-
fuge ineffective. The shape ‘that appears to
function acceptably consists of a smooth. dlsk that
maintains the previous clearances. ’

Mcdifications were also made to the seal plate
over the centrifuge cup, area 3 of Fig. 1.4.1, in an
effort to reduce the centrifuge leakage flow. A
lip was added that extended vertically downward
from the inner surface of the seal plate to the top
of the centrifuge cup. This resulted in operation
that was, in general, poorer than before. The
pressure fluctuations were greater and the degas-
sing time was longer -because the greatly in-
creased velocity of the liquid discharging into the
already restricted flow area only further restricted
the centrifuge cup inlet flow. When this: lip was

«F
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removed and a similar one placed on the outer
surface of the seal plate, the operation of the pump
was improved. In locating this lip on the outer
surface, the axial clearance from the lower edge
of the lip to the top of the centrifuge cup was
made identical to that existing between the top of
the centrifuge seal vanes and the lower side of the
seal plate. While this medification increased the
resistance of the flow passage from the centrifuge
discharge holes, area 4 of Fig. 1.4.1, to the
centrifuge inlet, it did not reduce the available
head of the seal vanes on the top of the centrifuge
cup and thus did not affect the discharge pressure
of the centrifuge in any way. This reduced flow
has less effect upon the character of the flow at
the centrifuge inlet, and pressure fluctuations are
therefore less.

Another series of tests was performed to deter-
mine the amount of flow that passes through the
shaft feed holes, area 5 of Fig. 1.4.1, the ex-
pansion tank, and the centrifuge. An indirect
method was used to measure the flow, since it is
virtually impossible to measure it directly. The
internal xenon-removal feed flow up the shaft was
blocked, and data were taken while known xenon-
removal feed flows were added to the expansion
tank through an external circuit. The pressure
difference between the expansion tank and the
pump suction was plotted vs the external circuit
flow for a constant main loop flow and a constant
pump speed. This pressure difference was equated
to the difference determined with the unblocked
shaft. The shaft flow was computed from this
presswe difference and was found to be approxi-
mately 11.5 gpm.

The reduction of the fuel system pressure level
will be attempted by two methods. The first will
involve reducing the size of the centrifuge dis-
charge holes in an attempt to reduce the head de-
veloped by the centrifuge. The second will in-
volve increasing the internal diameter of the
centrifuge cup to reduce the centrifuge head.
Results of incomplete tests performed on each of
these modifications indicated that each will allow
a reduction of the pressure level to obtain an
acceptable stress in the north-head upper and
lower decks. The final selection of one of these
modifications will be determined by future tests
concerning the stability of the pressure level as
a function of the liquid level in the expansion tank.
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The results from some initial test runs indicated
that a potential problem of cavitation exists with
the present impeller blade design. Values of
Thoma's cavitation parameter,® o, are about 0.7
for 2400 rpm and 0.51 for 2700 rpm. An impeller
with new blades having an improved entrance
angle was tested for cavitation, end o was found
to be about 0.54 for 2400 rpm and 0.41 for 2700
rpm. |Investigations of the cavitation characteris-
tics of the present impeller design will be con-
tinued.

Fuel Pump Endurance Tests

S. M. DeCamp, Jr.

An endurance test of an ART fuel (MF-2) pump
was started” on April 10, 1956, and was terminated
on July 2, 1956, after 1964 hr of operation. Op-
eration during this period was satisfactory.
Troubles experienced earlier® with gas flow down
the pump shaft and with removal of oil from the
lower catch basin drain did not recur. Removal
of the pump from the pump barrel was relatively
easy, and disassembly of the pump was accom-
plished by heating the pump impeller and as-
sociated equipment and removing the parts while
they were still hot.

The test was terminated when the operating
sounds of the pump changed and the source of the
sounds could not be definitely located. Examina-
tion of the components after disassemb]y gave no
indication of trouble in the pump. It was reas-
sembled and installed in the cold mechanical
shakedown stand, where it was run for 100 hr. At
the end of this period the pump was operating
satisfactorily, with no leakage detectable at the
lower seal.

The pump and a new hydraulic motor were then
reinstalled in the high-temperature endurance stand
for further testing. At the end of 400 hr, the pump
was still operating satisfactorily, with no sign of
lower seal leakage. Operation of this pump'is
continuing.

A, H. Church, Centrifugal Pumps and Blowers, p 82,
Wiley, New York 1944.

s, M. DeCamp, ANP Quar. Prog. Rep. ]une 10, 1956
ORNL-2106, p 48.

8. M. DeCamp, ANP Quar. Prog. Rep. March 10,
1956, ORNL-2061, p 48. X



Sodium Pump Development Tests
S. M. DeCamp, Jr.

Water testing of an ART sodium pump in a per-
formance-acceptance loop, initiated prewously,
was continued. The tests conducted previously
were aimed at solving the problems of bypass flow
around the main impeller and ingassing of the main
fluid circuvit. The bypass flow was from pump
discharge through a pressure breakdown labyrinth
to the expansion tank, and it was returned to pump
suction. Bypass flows as high as 10 gpm were
possible without ingassing with this bypass flow
circuit.  Examination of the reactor north-head
geometry and thermal stress conditions, however,
indicated that bypass flow of this type was un-
desirable because of the low sodium temperature
(1050°F) in the expansion tank. A preferred solu-
tion is to bring hot sodium (1250°F) from directly
below the lower deck of the sodium expansion
tank to cool the top lid of the sodium tank and then
to return this flow to pump discharge by means of
a centrifuge.

Various configurations of the flow passages

above the centrifuge have been tested. The most

recently tested configuration is shown in Fig.
1.4.2, and performance curves obtained for the
configuration are presented in Fig. 1.4.3.

It became apparent in earlier tests that the size
of the slot in the side of the pump barrel was in-
adequate to handle the return flow of liquid to the
centrifuge. In order to handle the required flow, a
second slot was cut into the barrel below the
original slot, The addition of this slot increased
the maximum obtainable flow into the centrifuge

and, at the same time, caused more stable opera- :

tion of the loop. _ ,
Primcry and >‘A’u;<‘i|i6r')" NVaK Pﬁmp
. Development Tests!0

H. C. Young! - J.G. Teague‘

The flrst Inconel - “stationary assembly - for an

ART primary NaK: pump (PK-P), consisting of

volute and pump tank, was received. This as-
sembly’was welded into a high-temperaturé tesf'

9. M. DeCamp; ANP Quar Prog Rep ]une 10, 1956
ORNL-2106, p 50.

107he primary NaK pumps are to be used to circulate

NaK through the ART fuel-to-NaK heat exchanger sys- 7

tem; the auxiliary NaK pumps are to be used to circu-
late NaK through the ART sodium-to-NaK heat exchanger
system.
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loop made up of approximately 60 ft of 3}’2- and
4-in. IPS Inconel pipe. A heat exchanger and the
necessary instrumentation were added to the loop,
and water tests were conducted.

Initial tests indicated that the pump would not
prime because of excessive quantities of gas
having been trapped in the discharge pipe during
the loop filling operation. A ¥,.-in.-dia hole was
therefore drilled through the top of the discharge
pipe inside the pump tank to permit the trapped
gas to be vented during filling. After the pump
was primed, a continuous leakage of 2 to 3 gpm
flowed through this vent to the pump tank. A
baffle and a deflector were developed and in-
stalled to control the splashing caused by this
high-velocity leakage. The pump primed satis-
factorily afte<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>