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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
three major parts: |. Reactor Theory, Component Development, and Construction,
Il. Materials Research, and Ill, Shielding Research.

The ANP Project is comprised of about 550 technical and scientific personnel en-
gaged in many phases of research directed toward the achievement of nuclear propulsion
of aircraft. A considerable portion of this research is performed in support of the work
of other organizations participating in the national ANP effort, However, the bulk of
the ANP research at ORNL is directed toward the development of a circulating-fuel
type of reactor.

The design, construction, and operation of the Aircraft Reactor Test (ART), with
the cooperation of the Pratt & Whitney Aircraft Division, are the specific objectives of
the project. The ART is to be a power plant system that will include a 60 Mw circulating-
fuel reflector-moderated reactor and adequate means for heat disposal. Operation of
the system will be for the purpose of determining the feasibility, and the problems
associated with the design, construction, and operation, of a high-power, circulating-fuel,

reflector-moderated aircraft reactor system.

vii
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ANP PROJECT QUARTERLY PROGRESS REPORT

SUMMARY

PART |. REACTOR THEORY, COMPONENT
DEVELOPMENT, AND CONSTRUCTION

1. Reflector-Moderated Reactor

Construction work on the building additions,
building alterations, and cell installation (package
1) for the Aircraft Reactor Test facility was on
schedule and at the 30% completion point at the
end of the quarter. A contract for $58,400 was
awarded to Rentenbach Engineering Company,
Knoxville, Tennessee, for package 2 construction
work, which consists in the installation of the
diesel-generators and facility, the electrical
control centers, and the spectrometer-room elec-
trical and gir-conditicning equipment.

Design was completed and contract negotiations
are under way for package A work, which consists
in auxiliary-services piping. Design work on
package 3, which includes process equipment,
pracess piping, etc., is currently under way,

Detailed layouts have been completed on all
major subassemblies of the ART. Typical weld
joints are being fabricated to determine shrinkage
allowances for the final weld designs. Also,
extensive calculations of stress distributions in
major structural
under way.

components and in piping are

Recent calculations have indicated that the heat
flux through the core shells of the ART will be
higher than previously estimated. The design
conditions for the reflector-moderator cooling
system were therefore modified accordingly. The
design sodium-temperature rise was increased
from 150 to 200°F and the design sodium-system
operating-temperature range became 1050 to 1250°F
to take the estimated heat load of 6.2 Mw. Minor
changes were also made in the dimensions of the
circuit, to assure that the pressure drop will not
exceed 30 psi, and in the arrangement of the
auxiliary radiators, to accommodate the increased
heat load.

The thickness of the lead portion of the reactor
shield was reduced from 7 to 4.3 in. to obtain
space for increased neuiron shielding around the
pumps. This decrease in lead thickness will in-
crease the gamma-ray dose rate by a factor of 10

{(from 7/8 r/hr at 50 ft to ~9 t/hr), but the dose rate
will be substantially less than that propased by
most of the airframe companies for nuclear aircraft.

A detailed one-sixth-scale model of the facility
is being constructed to assist in layout, fabrication,
and installation work. Also, the one-half-scale
plastic model of the top portion of the reactor
(“*north head"’) is being modified to reflect current
design. This model is used for studies of flow
and for layout design. A full-scale aluminum
mockup of the north head is nearly complete; this
mockup will be used for simulated service tests of
the fuel and sodium systems.

Studies of flow in a full-scale plastic model of
the core were continued. A guide-vane system has
been developed which generates a flow pattern
that contains no flow reversal throughout the core
annulus and provides good surface scrubbing, good
midstream mixing, and fairly high velocities
throughout the upper half of the core. Further
modifications are being made to improve the flow
in the lower half of the core.

Flow diagrams and instrumentation lists were
prepared for the Engineering Test Unit (ETU),
which is a nonnuclear mockup of the ART, Present
design and shop schedules indicate that the ETU
will be ready for operation in January 1957. Con-
siderable progress has been made in the establish-
ment of contracts and facilities for the procure-
ment of major ART and ETU components, and an
inspection group has been set up for quality control
of materials and fabricated parts.

Modifications have been made in the proposed
ART control system on the basis of information
obtained with the reactor simulator, which indi-
cates that in the event of o fuel-pump failure at
design power the maximum fuel core-outlet tempera-
ture can be limited to 1700°F by insetting the
control rod at the rate of ]/8% (Ak/k)/sec. The
magnetic, emergency, 1% rod drop was abandoned
because of the thermal-shock conditions that would
develop at the core outlet in the event of a spurious
rod drop at design power, and an emergency rod
insert rate of ]/a% (Ak/k)/sec was adopted. Per-
formance with U233 fuel was also investigated on
the simulator. The lower proportion of delayed

L 1
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neutrons, in comparison with U235 fyel, made the
fuel core-outlet temperature less sensitive to a
fuel-pump failure. It was also found that the core-
outlet fuel temperature would not exceed 1700°F,
even with no corrective control-rod action,

Three separate calculations of the activity that
will be produced in the NaK in the fuel-to-NaK
heat exchangers of the ART were normalized to
the current ART design. The normalized values
of activity from core neutrons for the three calcu-
lations were 463, 600, and 970 curies. The values
of activity from delayed neutrons could be normalized
for only two of the calculations, and thus total
activities were obtained for only those two. The
total normalized NaK activities were 650 and

1057 curies.

An estimate was made of the activity to be ex-
pected in the ART radiators because of the depo-
sition on the radiator tubes or header walls of
constituents of Inconel that will become activated
in the heat exchanger and will be carried to the
radiators in the NaK stream. Based on specific-
activity and weight-of-deposit estimates, the total
activity to be expected from mass-iransferred
material in the ART radiators is about 1 curie.
The dose level 1 ft from the hot surface of the
ART radiators is thus expected to be about 1 r/hr
and to be due mostly to Co9,

Information regarding all possible sources of
gamma rays in the ART and the factors that will
affect their transmission and absorption is being
collected for calculations of the radiation heating
in the ART. Preliminary calculations have been
made to validate the calculational techniques and
to determine the gamma-ray sources that can be
neglected in calculating the heat-deposition rate,

A calculation of the self-absorption of decay
gamma rays in the ART fuel dump tank indicated
a value of 90%, and therefore cooling facilities
must be provided to remove almost all the decay
heat. The activation of the sodium to be used as
the reflector coolant was recalculated to correspond
to the present design, and a value of 1,45 x 106
curies was obtained. In another calculation it was
found that it would be necessary to add 0.13 3
of lithium to the sodium in the reflector cooling
circuit to shut down the ART from isothermal

operation at 1200°F to room temperature; from
1400°F, 0.15 13 of lithium would ke required.

2, Expetimental Reactor Engineering

Disassembly and sectioning of in-pile loop No. 3,
which operated in the MTR, were completed. This
Inconel forced-circulation loop circulated the
fluoride fuel mixture N(1|:-Zrl:4-UF4 (53.5-40-6.5
mole %) at a maximum temperature of about 1500°F,
There was a temperature differential in the fuel
system of 155°F for 103 hr and 100°F for 168 hr.
Metallographic examinations of various portions of
the loop have revealed corrosion penetration to a
maximum depth of 1 mil,

In-pile loop No. 4 was completed and shipped to
NRTS. {t was inserted in the MTR HB.3 beam hole
on February 6 and removed February 29. It circu-
lated fuel for approximately 500 hr, and there was
a temperature differential in the fuel system for
approximately 390 hr. Loop No. 5 has been
partially assembled, but it will not be completed
until the operation of loop No. 4 can be analyzed
indicate any required changes.

Ten Inconel forced-circulation loops that were
electrical-resistance heated and two that were
gas heated were operated with fused salts, Six
forced-circulation loops were operated with sodium
and NaK in Inconel and in stainless steel.

Synthetic lubricants in the UCON LB series were
investigated to determine their suitability as pump
lubricating fluids in the ART, Since an operating
temperature of 200 to 240°F is anticipated, pe-
troleum products, which ‘‘coke'’ at temperatures
above 180°F, might not be satisfactory from a
heat-removal standpoint. Unfortunately, the UCON
fluids pick up copper from system components and
plate it out on mechanical-seal interfaces. Al-
though this problem could be circumvented by
eliminating all copper-brass parts, equally difficult
design problems would be infroduced. Other
synthetic fluids are being investigated.

The lower seal of the ART fuel pump has been
modified to assure that any oil leakage will ac-
cumulate in a catch basin, from which it can be
continuously removed. For the modified design
the seal will be a bellows type with a stationary
Graphitar 39 nose piece running against a
hardened-steel ring clamped to the rotating shaft.

Additional tests of the performance of the ART
sodium pump with water were made. Estimates of
the performance with sodium, based on the water-
test data, show that the cavitation characteristics
of the pump will be satisfactory. The tests aiso
indicate that the balance is satisfactory and that

sufficiently to




the pump will produce the required design head of
90 ft and flow rate of 430 gpm at an efficiency of
63% at 2860 rpm. It will require 15.6 bhp. Water
tests of the NaK pump have shown that the design
point can be reached at considerably below the
maximum motor speed of 3550 rpm. The efficiency
is approximately 75% at design speed, and the
volute unbalance is within satisfactory limits.

Difficulties were encountered in high-temperature
tests of the fuel pump with NaK. The lower seal
oil-leakage removal system did not function
properly on the first pump tested, and the lubri-
cating-oil pump on the second pump was unsatis.
factory. Two test stands are being prepared for
high-temperature performance and endurance tests
of the fuel pump with fuel, Similar stands for
testing sodium, NaK, and special pumps were
designed.

Operations were continued on heat exchanger
test stands. York radiator No. 3, Pratt & Whitney
radiator No. 2, and ORNL radiator No, 3 failed
during the quarter. These failures occurred on the
air-upstream side at or near the base plate, An
intermediate heat exchanger, ORNL No. 1, which
had operated for 1825 hr, also failed. These units
are being examined. York radiator No. 9 was put
info operation, This radiator, which is the first
fabricated according to the revised design, has
no side plates, support plates, or base plate.
Nickel plates with oversize holes provide top and
bottom air seals.

The additional air-pressure-drop and heat-transfer
data obtained were in substantial agreement with
All the 80-gal heat exchanger
test loops are equipped with circulating cold traps
that are capable of maintaining a contamination
level of 100 ppm O,. The 20-gal systems are
maintained at a contamination level of below 34
ppm 02 with cold traps.

A stand for testing the thermal stability of the
outer core shell of the ART is in operation. A
cycle time of 21/2 hr is being used, with a 1-hr
hold time under temperature differential and under

the previous data,

isothermal conditions, and a transient time be-
tween conditions of approximately 15 min. The
core shell will be examined after 100 thermal

cycles have been completed.

Anvil-bending tests of Inconel specimens in a
helium atmosphere are under way. Metallographic
examinations of the specimens tested thus far
have shown cracks that initiate at the outside
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fibers and propagate inward., It appears from the
data obtained that the number of cracks produced
for a given number of cycles at 1% strain is higher
at 1400°F than at 1600°F.

Tests of Swagelok fittings were made to determine
their suitability as replacements for welided joints
in forced-circulation loops. These fittings proved
to be satisfactory in isothermal tests in contact
with fused salts, and tests of the reliability of the
joints under thermal cycling are under way,

Tests of the first ART prototype dump valve
indicated the need for a design modification to
provide a conically shaped seating surface, A
test stand was designed for development testing of
cold traps and plugging indicators, and the ZrF4
vaporstrap test system was put into operation,

3. Critical Experiments

The study of the reflector-
moderated reactor with solid fuel, proposed by the
Nuclear Development Corporation of America (NDA),
was continued, The loading of the mockup, which
was found to have a room-temperature critical mass
of 31 kg of U235, was increased to 33 kg to provide
excess reactivity for measurements of neutron flux
distribution and the mass-reactivity coefficients of
various reactor component materials. The measure-
ments have been reported in detail and correlated
with the predicted reactor parameters by NDA,

sodium-cooled

PART II. MATERIALS RESEARCH

4., Chemistry of Reactor Materials

Additional phase-equilibrium studies were carried
out in several fluoride systems in order to gain a
better understanding of the structure and to aid in
devising improved fuels. Extensive low-melting
areas became apparent in the NaF-RbF-ZrF,
system, and it appears likely that a useful fuel
may be developed upon the addition of UF ,, New
data indicated that the viscosity of NaF-BeF -UF,
(70-26-4 mole %) was lower than that indicated by
previous measurements and that further investi-
gation of this system might lead to a desirable
fuel.

A material containing 63.5 mole % NaF, 18.0
mole % ZrF4, and 18.5 mole % UF, was found to
show promise as a lower melting, nonsegregating
substitute for N02UF6 as a fuel concentrate for
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“‘enrichment’ of reactor systems, It appears to
melt at 607°C, about 50°C lower than Na,UF .
Studies were made on the UF ,-UO, system which
led to a value of 1034°C for the melting point of
pure UF4, a value which is in good agreement with
the published data. With amounts of UO, on the
order of 2 wt %, there was a tendency for the
mixtures to undercool. The compound NaF.2UF ,,
which has appeared as a primary phase field in
several ternary systems, was found to be a sub-
solidus binary in the system NaF-LiF-UF .,

in molten NaF-ZrF , (53-47 mole %) was concluded.
At the temperatures at which the measurements
were carried out, there was no change in the values
of the equilibrium constant

K, = PfiF/XFeFZPHz
large concentration ranges, From the ex-
perimental data and from published values of free
energy of formation of the compounds involved,
activity coefficients for FeF, were computed by

over

using crystalline FeF, and pure supercooled liquid
FeF, as standard states.
From the emf of concentration cells of the type

M|MF2(a1), NaF(a,), Z¢F ((a;) || NaF(ag), ZrF j(ag), MF (a])|M ,

Experimental work was also carried out in the
following zirconium-bearing systems: KF-ZrF4,
RbF-ZrF,, NaF-KF-ZrF,. A newly revised, but
still tentative, phase diagram of the RbF.ZrF,
system was prepared from the data obtained by
thermal analysis and by petrographic and x-ray
analyses of quenched and slowly cooled samples.

Thermal-analysis data were obtained on the
RbF-BeF, system. Phase relationships were
found to be quite similar to those in the KF-BeF,
systems, and four compounds were tentatively
identified. Quenching studies were continued in
the NaF-LiF-BeF, system, particularly in that
portion having LiF, NaF, and NaBeF, at the
apexes of the triangle. In the Nc:F-LiF-BeI:Z-UF4
system many compositions containing moderately
high amounts of UF, and small amounts of BeF,
were shown to have acceptable liquidus tempera-
tures, but on the basis of available viscosity data
it appeared that the viscosity would not be com-
petitive with that of the best ZrF -base fuels.

Additional information was obtained in the NaF-
LiF-CaF, and NaoF-MgF ,-CaF, systems. Explora-
tory studies in the NaF-CeF ; and RbF-CeF, sys-
tem gave no indication of the presence of genuinely
low-melting compositions.,
electrochemical studies involving structural-metal
fluorides, an investigation of the LiF-NiF, system
was begun,

The diversified program for studying chemical
reactions in molten fluorides was continued. The
study of the equilibrium

In connection with the

FeF ,(d) + H,(g)== Fe(s) + 2HF(g)

activity coefficient ratios at various concentra-
tions were derived for l:ei:2 in molten NaF-ZrF
(53-47 mole %) in the temperature range 550 to
700°C. Sharp changes in emf were observed when-
ever the solubility of a metal fluoride was exceeded
in such a half cell, and by means of such observa-
tions solubility data were obtained on FeF,, NiF,
and CrF, in the NaF-ZrF , solvent. From cells con-
taining CrCl,, and electrodes of pure Cr® and Cr-Ni
alloys, emf measurements gave some indication of
The data on
Inconel seemed to be reasonably close to those
for an ideal solid solution.

Studies of the reactions of tantalum and tungsten
with UF, in NaF-LiF-KF eutectic showed that
neither metal was stable and that they offered
little or no advantage over chromium. Niobium, in
marked contrast to its instability toward UF, in
the NaF-LiF-KF system, was shown to be quite
stable when the UF , was contained either in NaF-
ZrF4 (50-50 mole %) or in NaF-LiF-ZrF , (22-55-23
mole %).

Studies of the reaction

KF + UF, — UF, + K°

the chromium activity in the alloys.

in NaF-KF-LiF eutectic indicated that UF, is
quite unstable, possibly because of complexing
of UF, by fluoride ions. This produces not only
unexpected quantities of K° but also a high activity
of uranium metal to satisfy the

4UF, ——3UF, + U

disproportionation reaction.
Many special structural-metal fluorides were

prepared for experimental studies, including CrFB,



FeF,, CeF,, LaF,, complexes of ZrF , and metal
fluorides, CuF,, NaCrF,, and NaNiF;.  Color
studies of alkali metals in equilibrium with alkali
halides at high temperatures are under way. In
general, alkali-metal contact with
alkali-metal salts are highly and strikingly colored.

In preparation for thermodynamic studies of
molten salts, vapor-pressure, density, and surface-
tension measurements were made. Vapor-pressure
equations for ZrF, obtained by various investi-
gators were correlated, and measurements of the
system KF-ZrF, were made,

phases in

The vapor pressure
of pure FeCl, was measured in preparation for a
study of ihe activity of FeCl, in melts of alkali-
metal chlorides.
are being studied by the sessile-drop technique.
Apparatus added to the conventional equipment for
fuel purification is being used for the study of
variations of density and surface tension of molten
salts with changes in chemical composition,

It was established that, in the solid, CaCl,
forms 1:1 complexes with KClI, RbCl, and CsCl.
Density and preliminary conductance data were
obtained for several molten rare-earth halides, and
fused alkaline-earth halides and their mixtures
with some alkali halides are being investigated.

Experimental studies were made with the copper-
lined stainless steel reactor cans proposed for
use in large-scale fuel production to replace the
unsatisfactory nickel reactor cans. It appears
that the copper-lined stainless steel reactor cans
will be satisfactory with ZrF -bearing mixtures.
Tests with alkali-metal and BeF ,-bearing materials
are yet to be made.

The equipment for conversion of ZrCl, to ZtF,
by direct hydrofluorination of the solid is being
rebuilt to overcome mechanical difficulties, and
an alternate process for the conversion is being
studied on a small scale,

Experiments carried out with the fuel-enrichment
apparatus used during the high-temperature critical
experiment on the ART showed that the equipment
will be satisfactory if usage is restricted to addi-
tions greater than about 500 g.

Surface tensions of molten salts

5, Corrosion Research

The effects on corrosion of varying the ratio of
hot-leg surface area to volume of fluoride fuel
mixture in a forced-circulation Inconel loop were
investigated.
decreased by a factor of 2 in comparison with the

In a loop in which the ratio was
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ratio for a standard loop, the maximum depth of
attack in 1000 hr was 6 mils, which is comparable
to the usual attack in a standard loop. The addi-
tion of sufficient fuel mixture to decrease the
ratio by a factor of 4 resulted in attack to a depth
of 9 mils in 1000 hr, Further, a very thin gald-

colored deposit was found in the cooler portions

of the loop. The significance of the increase in
depth of attack with increased volume cannot be
judged until the source of the deposit is found, but,
even if the increase in depth of attack can be
attributed to the increase in volume, it appears
that varying the system volume in the range
studied does not have a significant effect on
corrosive attack over a 1000-hr period,
Examinations of two forced-circulation loops
that had operated with the fuel mixture NaF-KF-
LiF-(UF, + UF,) clearly demonstrated that the
presence of U3* in such a mixture is very effective
in reducing hot-leg attack, Continuous layers of
metallic uranium, formed by the disproportionation
of UF,, were found, however, along the walls in
the cooled sections of the loops. The maximum
depth of attack in 1000 hr was 2 mils, in contrast
to attack to a depth of 35 mils in a loop operated
under similar conditions but which circulated an
alkali-metal
present only as UF4.

fluoride mixture with the uranium

Two Inconel forced-circulation loops in which
NaK was circulated completed 1000 hr of operation
with a temperature gradient of 300°F and a maxi-
mum fluid temperature of 1500°F, These loops
differed only in that one included a bypass cold
trap. As in the case of Inconel-sodium loops,
metallic deposits were found in the economizers
and in the cooled sections of the loops. Analyses
of the deposits showed them to be identical to
those found in Inconel-sodium loops., The simi-
larity of the results for the two loops indicated
that the cold trap was not effective in reducing
mass transfer, A stainless steel loop operated
under the same conditions with sodium showed
only very slight mass transfer in the economizer
and in the cold leg.

Examinations of two Hastelloy B thermal-
convection loops operated for 500 hr with an alkali-
metal fluoride mixture containing UFA at a maximum
temperature of 1500°F showed the maximum attack
to be less than 2 mils.
heavy surface pitting. A similar loop that was
operated for 2000 hr to determine the effect of time

The attack appeared as
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of operation showed no increase in depth of attack,
but the surface pits were more concentrated.

Thermal-convection loops constructed of Hastel-
loy B tubing that had been reamed to ensure uni-
formity of the inner surface were operated with
sodium and with NaF-ZrFA-UF4 for 500, 1000, and
1500 hr to determine the effect of increasing the
operating time. The depths of attack were similar
to those found in loops constructed of as-received
tubing, and the variations in attack as a function
of operating temperature were slight,

Screening tests of special fuel mixtures are under
way. In the preliminary Inconel thermal-convection
loop tests, it was demonstrated that NaF-LiF-
ZrF ,-UF  mixtures show corrosion behavior typical
of alkali-metal fluoride mixtures rather than
zirconium-base mixtures.

Six standard loops were
operated as the first of a series of loops to study
the effect on corrosion of various alkali-metal
fluorides as components of the basic fluoride fuel
mixture MF-ZrF .UF , (50-46-4 mole %), where M
stands for potassium, rubidium, or lithium. The
attack with the lithium-bearing mixture was severe,
but the attack with the potassium and rubidium
mixtures was similar fo that normally found with

NuF-ZrF4-UF4.

Inconel tube-to-header joints brazed with nickel-
chromium-germanium-silicon low-cross-section al-
loys were tested in sodium, NaK, and NaF-ZrF ,.UF
in seesaw apparatus, Preliminary data indicate
that alloys with high nickel contents are the most
corrosion-resistant to NaK. In a study of the effect
of brazing time on corrosion, the depths of attack
on joints brazed slowly (4 hr) and rapidly (10 min)
were found to be the same.

Cathalloy A3l (4 wt % W-96 wt % Ni) was
found to have good corrosion resistance to static

sodium at 1500°F,

One specimen of szO3 and two specimens of a
commercial rare-earth oxide mixture (63.8 wt %
5m203—26.9 wt % Gd,0;~balance primarily other
rare-earth oxides) were tested in static sodium in
Inconel contaginers at 1500°F. One of the com-
mercial specimens was tested for 500 hr, and the
other commercial specimen and the Sm,0. speci-
men were tested for 1000 hr. All the specimens
changed color; however, powder x.ray diffraction
comparisons of the untested and tested specimens
did not show any reaction products.

thermal-convection

Two type 316 stainless steel thermal-convection
loops were operated with sodium to study the effect
of a diffusion cold trap on the amount of corrosion
and mass transfer observed in such o system.
There was less attack and fewer mass-transferred
crystals in the loop which had the cold trap.

Three type 348 stainless steel—boiling-sodium
loops have been operated for various lengths of
time to study the extent of mass transfer in a
stainless steel—sodium system in which the oxygen
content of the sodium is held to a very low level.,
No mass-transfer crystals were detected in the
cold sections of these systems,

Tests have been conducted at 1200°F for 1000 hr
to study the extent of dissimilar-metal mass trans-
fer of beryllium metal to Hastelloy B in contact
with sodium as a function of the distance between
the two materials, The results indicated that to
avoid extensive alloying of beryllium with Hastel-
loy B at 1200°F a minimum separation distance of
20 mils is required.

A solid-phase-bonding screening test of K151A
(70% TiC-10% NbTaTiC,-~20% Ni) against K152B
(64% TiC~6% NbTaTiC,-30% Ni) showed that
these cermets solid-phase bond when in line con-
tact at a pressure of approximately 280 Ib per
linear inch in Nc:l"'-Zr|:4-UF4 (53.5-40-6.5 mole %)
at 1500°F for 1000 hr,

A series of differential-thermal-analysis tests
were performed to determine the solubility of
lithium in NaK. The data obtained showed that
the solubility is very low, 0,25 wt % Li being
soluble at 75°C,

Nine nickel- and iron-base alloys of special
compositions were prepared and were subjected to
static corrosion tests in sodium hydroxide for
100 hr at 1500°F. The most promising alloy of the
group was a 90% Ni-10% Mo alloy, which was
attacked to a depth of less than 0.5 mil. Further
tests are to be conducted on specimens of this
composition,

Thermal-convection loop tests of fused sodium
hydroxide in promising container metals are also
under way. The preliminary tests with Inconel
loops showed some discoloration of the hot zones
and etching in the cold legs. There were no
massive deposits in any of the loops. Preliminary
tests of nickel are under way.

Screening tests of elastomers for possible use
as valve seat materials in NaK circuits were

initiated, and several promising materials were



selected for further testing. Three General Electric
Company silicane specimens remained intact after
exposure to NaK at 200°C for three days under a
helium atmosphere.

A search for a moderator that can be cooled by
direct contact with the molten fluoride fuel mix-
ture was initiated, Thus far, beryllium carbide,
beryllium oxide, and boron carbide have been
tested in NaF.ZrF UF, in Inconel capsules at
800°C for 24 hr, The beryllium carbide specimen
reacted completely with the fuel melt; the beryllium
oxide specimen showed a 2% change in dimensions
and a 6% gain in weight; and the boron carbide
specimen showed a slight loss in weight.

Experiments are under way in which activation
analyses are being used to study the diffusion of
chromium in Inconel. It is believed that succes-
sively milling small amounts of metal from the
inside of an irradiated tube will produce a satis-
factary series of samples from increasing depths,
The amount of the sample, the depth of each milling,
and « measurement of the amount of Cr51 (278-day)
radioactivity in each portion will be used to de-
termine the degree of chromium diffusion as a
result of corrosive attack by molten fluorides.

6. Metaliurgy and Ceramics

Metallographic investigations are under way on
NaK-to-air radiators that failed after various
periods of service at high temperatures. A corre-
lation of the degree of adherence of the braze
material at the tube-to-fin joints and the degree of
oxidation of the copper fins with heat transfer
performance is expected to give a better under-
standing of the relative importance of the fabri-
cation features. An experiment was conducted to
determine the influence of the stresses set up
during welding on the crack susceptibility of back-
brazed tube-to-header joints. Two core halves
were brazed, one in the conventional upright
position and one in the horizontal poesition, and
dye-penetrant inspection indicated freedom from
cracks both before and after welding.

Tests of transverse shrinkage of welds of the
type to be used in the fabrication of the ART were
made. It was found that weld shrinkage increased
with plate thickness increases and that the Heliarc
welding process resulted in a larger shrinkage for
a given joint design in a plate of given thickness
than did the metallic-arc welding process.
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Methods for controlling, during fabrication, the
critical spacing between the two volutes which
constitute the pump housing of the ART NaK pump
are being studied, A combination of welding and
annealing was developed that gave satisfactory
spacing, and a brazing procedure is being in-
vestigated.

An experimental program is under way for de-
veloping a reliable and consistent procedure for
joining cermet valve components to metallic
structural materials, such as Inconel. A highly
promising procedure has been found in which an
interfacial reaction between the cermet and the
nickel transition layer at 1350°C results in a
metallurgical bond.  The nickel layer is then
brazed to the Inconel component,

Flow-point determinations were made on several
low-cross-section brazing alloys being considered
for use in the fabrication of the ART. Four alloys
with satisfactorily low flow points were submitted
for corrosion testing,

Satisfactory brazing of aluminum bronze fins to
Inconel was obtained by using a thin
(0.002-in.) electroplate of iren to facilitate welding,
The addition of manganese to nickel-base high-
temperature alloys was also found to promote

tubes

melting,

The creep-rupture testing program for inconel
was nearly completed. The design curves for as-
received (fine-grained) and annealed (coarse-
grained) Inconel in argon and in the fuel mixture
NaF-ZrF UF, (50-46-4 mole %) at 1300, 1500,
and 1650°F were completed,

The effect of a biaxial-stress system, such as
is found in pressurized tubing, on the ductility of
Inconel was evaluated by comparing the ductility
obtained in a tube-burst type of test to that ob-
tained for uniaxially-stressed sheet-type speci-
mens, The decrease in ductility shown by the
tube-burst specimen may be attributed to the 2-to-1
hoop-to-axial stress ratio set up in a closed-end
pressurized tube,

Metal-bonded boron bodies are being studied as
possible alternates for hot-pressed B ,C as neutron
shielding material because of uncertainties with
regard to the effects of irradiation on hot-pressed
B,C. The densities obtained have varied from
about 0.30 to 1.5 g of boron per cubic centimeter of
material.  Metal matrices of copper, iron, and
molybdenum were investigated. Rapid deteriora-
tion of the metallic properties was found to occur
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as the boron content was increased. The most
promising cermet was the copper-B4C mixture,

A design scheme for the ART neutron shield was
devised which will permit the radiation damage to
be absorbed in a ductile matrix of copper and, also,
permit the use of B ,C ceramic tiles to increase
the boron density and, hence, reduce the NaK
activation. This was achieved through the use of a
layer of copper-B4C backed by canned B ,C ceramic
tiles,

The reactions which occur between Inconel and
metal borides, oxides, nitrides, carbides, and
carbonitrides were determined at temperatures be-
tween 1100 and 2000°F., The reactions between
Inconel and boron-containing materials  would
prohibit their use in contact with each other above
1500°F.

Fabricability studies were carried out with fair
results on heats of the nominal composition of
Hastelloy B with carbon additions of up to 0.1%.
The carbon additions were effective in reducing
oxide-type inclusions, and the ingots were hot-
rolled to sheet successfully, A similar series of
melts of Cr-Mo-Ni compositions with carbon addi-
tions is being prepared in an effort to improve
fabricability of these alloys. Metallographic ex-
amination of a cracked extrusion of Hastelloy W
revealed eutectic melting at the base of a crack.
ldentification of the eutectic was not possible.

Room-temperature tensile tests of pack-rolled
clad-niobium sheet have been completed. The
results compare favorably with those obtained with
wrought stock. Studies were continued of diffusion
barriers for cladding of niobium with Inconel. At
present the duplex barrier of copper—stainless
steel looks most promising, A technique has been
developed by which completely clad creep speci-
mens of niobium will be prepared and tested.

Extensive compatibility tests of UO, and
niobium, both powdered and wrought, were carried
out by heating for 500 hr at 1000°C. All evidence
indicates that the two materials are compatible.
Niobium is being considered for use in solid fuel
elements because of its good high-temperature
strength,

Encouraging results were obtained on the ex-
trusion of simulated seamless tubular fuel ele-
ments with mixtures of A|203 and stainless steel
as cores. Three-ply extrusions at ratios of 9:1
and 21:1 showed fairly uniform cladding and core
thicknesses,  Sections have been sent to the
Superior Tube Company for redrawing. A similar

technique is to be used for the extrusion of ART
control rods.

Work is continuing on the development of a high-
density barrier shield plug for the ART pumps.
Fabrication procedures have been established for
several suitable materials. A thermal conductivity
apparatus has been constructed and tested for
conductivity measurements on the possible ma-
terials,

A study of the fabricability of a light alloy con-
taining 20% lithium, which would be useful as
shielding material, was initiated. Several pro-
tective coatings and cladding materials for a
lithium-magnesium alloy are being investigated.

Methods are being studied for preparing compacts
of samarium and gadolinium oxides and cermets of
iron and rare-earth oxides and nickel and rare-
earth oxides for use in reactor control elements,

The cyclograph flow-detection instrument is
being used successfully for the inspection of
small-diameter tubing. The instrument is essen-
tially a tuned oscillator in which the oscillator
coil encircles the tubing, The variables that cause
flow signals have been studied, and spurious
signals have been defined. The wobble of the
tubing in the coil, which was the worst offender
in producing spurious flow indications, can be
eliminated by a well-designed mechanical feed
mechanism. Optimum test frequencies have been
determined as functions of tubing diameter and
wall thickness,

The results obtained from immersed ultrasound,
radiography, and fluorescent penetrant inspections
were compared. |t appears that no one of the
inspection methods alone is adequate and that if
any one of them were eliminated a few defects
would be overlooked.

7. Heat Transfer and Physical Properties

Preliminary heat-transfer data were obtained for
molten NaF-KF-LiF-UF, (11.2-41-45.3-2.5 mole %)
flowing through Hastelloy B tubes in a pressurized
forced-convection system, The data fall about
30% below the normal correlation for ordinary
fluids. Heat-transfer and isothermal friction char-
acteristics were determined in the transition re-
gion for three degrees of spacer density for the
ART heat exchanger, The limited data obtained
thus far appear to indicate that for a given heat
exchanger pressure drop the heat transfer coeffi-
cient is almost independent of the spacer density.



A 5/22-scale model of the ART sodium coolant
annulus was fabricated and assembled for a study
of the fluid flow distribution, Pressure-drop and
flow-distribution measurements are being obtained
for concentriceannulus conditiens, for various
radial displacements of the outer core shell, and
for other conditions. :

Visual studies were made of the flow through the
21-in, ART core model after the installation of
vortex generators supplied by Prait & Whitney
Aircraft. Vane angles of 50, 55, 60, 65, and 70 deg
were used. Although no large reversed flow regions
existed, steady and unsteady flow were observed
in various regions of the core. Other means to
obtain better flow distribution are being studied,

The temperature structures in an idealized ART
core and in the region beyond the beryllium re-
flector were calculated. Upper and lower limits
for the temperature rise of the sodium flow over
the outer surface of the beryllium reflector were
25 and 33°F. The core-wall cooling by the sodium
in the core annuli was found to be approximately
2.5 Mw. The half-scale model of the ART core to
be used for volume-heat-source heat-transfer ex-
periments was completed and was operated with
water, Operating procedures and schedules are
being established,

A study of the effect of composition on heat
capacity for NaF-ZrF, salt mixtures was investi-
gated; no significant differences were found over
the composition range investigated, 53 to 65
mole % NaF and 35 to 47 mole % ZrF ,. A study
has been initiated to determine the influence of
fission products on the viscosities of fuel mix-
tures. The viscosities of NaF-ZrF , (50-50 mole %),
NaF.LiF-BeF, (49-36-15 mole %) and NaF-LiF-
BeF ,-UF, (56-21-20-3 mole %) were determined.

Performance comparisons of several of the more
ANP fuels were made for heat and
momentum transfer in the reactor core and in the
heat exchanger. The alkali-metal base fuels
were found to be superior to the zirconium-base
fuels. The major differences between the fuels
occur in the heat exchangers. The heat exchanger

important

pressure drops were found to be only about half as
great for the alkali-metal base fuels as for the
zirconium-base fuels, and the radial fuel tempera-
ture differences were from 20 to 40% lower.

8. Radiation Damage

The effects of irradiation on the corrosion of
Inconel exposed to a fluoride fuel mixture and on
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the physical and chemical stability of the fuel
mixture have been investigated by irradiating
Inconel capsules filled with static fuel in the MTR
and by operating in-pile forced-circulation Inconel
loops in the LITR and the MTR. In the many
capsule tests and in the three in-pile loop tests
made to date, no major changes that can be at-
tributed to irradiation, other than the normal burnup
of the uranium, have occurred in the fuel mixtures.
The metallurgical examinations of the Inconel
capsules and tubing have likewise shown no
change in corrosion that can be the result of radia-
tion damage. The low corrosion results obtained
for the in-pile loops have been confirmed by
chemical analyses for corrosion products in the
fuel mixtures.

The sectioning of MTR in-pile loop No. 3 was
completed at NRTS, and, upon receipt of the sec-
tions at ORNL, examinations of the disassembled
loop were initiated. Metallographic examination of
as-polished Inconel specimens from the nose
coil revealed no evidence of corrosive attack.
Etched specimens appeared to have moderate inter-
granular attack to a depth of about 1 mil, but this
may be an etching effect rather than true corrosive
attack. Cells are being readied for obtaining
specimens from the pump and the remaining lengths
of fuel tubing. Chemical analyses of both the
fuel and fuel tubing are under way. Provisions
for the disassembly of the next loop are being
made,

Eight Inconel, helium-pressurized, tube-burst,
stress-corrosion specimens were exposed to radia-
tion in hole HB-3 of the LITR in a helium atmos-
phere, with a circumferential stress on each speci-
men of 2000 psi. Similar specimens are being
tested out-of-pile to obtain control data. A plot of
the time-to-trupture vs the operating temperature
during irradiation showed an unusual degree of
scatter in the data and led to an investigation of
the quality of the tubing. All but four of 28 speci-
mens of tubing stock examined by nondestructive
inspection were rejected because of pinholes and
spongy regions. Metallographic inspection of 25
sections from the 24 rejected tubes, however,
resulted in the location of only one appreciable
defect.  Better quality tubing will be used for
future experimentation,

An alternate apparatus for siress-corrosion test-
ing of structural materials in contact with a fuel
mixture has been designed for use in the LITR,
The thermal-neutron-flux data needed for the
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design calculations were obtained by irradiating
a mockup capsule at a position about 2 in, from
the inner end of hole HB-3 of the LITR., Measure-
ments on the mockup indicated that a flux of
9 x 10'2 neutrons/cmZ:sec will exist at the outer
surface of the fuel in the annular stress-corrosion
apparatus and that the flux at the inner surface of
the annulus will be 5 x 1012 neutrons/cmZsec.
Calculations based on these measurements indicate
an unperturbed thermal-neutron flux at this position
of 2 x 1013 neutrons/cm%sec.

Tubular Inconel creep specimens subjected to a
tensile stress of 1500 psi at 1500°F in a helium
atmosphere and irradiated for 33 days in hole HB-3
of the MTR were found to have fractured. Post-
irradiation examination has suggested that localized
high temperatures or the unknown contaminant that
was responsible for the film and the intergranular
attack on the specimen caused premature fracture.

Elevated-temperature tensile tests on monel
have shown that the existence of a ductility mini-
mum at about 1000°F is strain-rate dependent.
The ductility minimum was found at a strain rate
of 2 in./min, but it was not observable at a strain
rate of 0,002 in,/min,

Seven Inconel capsules containing NaF-ZrF,
base fuels that were iradiated in the MTR for
periods of six to nine weeks are being sampled.
Facilities have been put into service for irradiating
two or three capsules simultaneously in a hitherto
vnused high-flux position in the MTR,

The holdup of radiokrypton in charcoal traps
saturated with nitrogen or with helium was investi-
gated over the temperature range ~110°C to +16°C,
A theoretical expression was developed and fitted
to the results; this expression may be used for
predictions of holdup under other conditions or for
optimum design of the charcoal traps.

A second vertical in-pile logp is being prepared
for insertion in the LITR, The loop is essentially
the same as the one operated previously, but the
tip of the loop will extend more than 4‘/‘, in, below
the position of maximum flux in the reactor to
obtain a greater temperature differential than that
obtained previously,

Design conditions for the gamma spectrometer
for the off-gas system of the ART were established.

A flux-monitoring system in which Inconel is
used as the monitor has been developed for use
at high temperatures, The Cr31 activity is fol-
lowed for exposure times of up to one or two
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months, and the Co%% in the Inconel is used for
longer exposures.

Flux measurements have been obtained from co-
balt foils that were attached to the nose coil of
MTR in-pile loop No. 3. Fast-flux profile measure-
ments were obtained for hole 19 in the ORNL
Graphite Reactor, and similar measurements were
started in hole HB-3 of the LITR.

Although theoretical considerations predict a
substantial increase in the corrosion of Inconel by
fused fluoride fuels under irradiation, this has
never been observed experimentally, The excess
oxidizing power of the irradiated fuel, which re-
sults from the imbalance of fluorine between UF,
and the fission-product fluoride mixture, might be
expected to increase corrosion. The deposits of
the fission-product metals, ruthenium, niobium, and
(presumably) molybdenum appear, however, to
inhibit attack of such fuel on the container surface.

The tritium produced by the Li%(n,t)He4 reaction
is expected to cause a large increase in the cor-
rosion of metal capsules by fuels in the NaF-KF-
LiF-UF4 system, In order to prevent this, any
lithium used in MTR capsule irradiations must
contain less than 0.2% Li¢, In in-pile loops, up to
1% Li® can be used without depressing the neuiron
flux unduly and without causing serious ‘increases
in corrosion,

A study of radiation effects on B4C and related
thermal-neutron shielding materials is under way,
The first irradiations were made on uncoated hot-
pressed B, C (Norbide) and slip-cast B,C bonded
with SiC (The Carborundum Company) at low tem-
peratures (~200°C), The hot-pressed samples
retained their physical dimensions and bulk struc-
ture with no helium evolution. The slip-cast
bonded material showed inadequate radiation sta-
bility. In order to determine whether the hot-
pressed samples will retain helium at elevated
temperatures, samples will be irradiated at tem-
peratures up to 2150°F,

9. Analytical Chemistry of Reactor Materials

Instruments are being developed for detecting
leaks of NaK into the exhaust air stream from the
NaK-towir radiators of the ART and from radiators
installed in test stands. The instrument to be used
on the ART is capable of detecting an incremental
increase of about 0.01 ppm of alkali metals in the
air while it is crossing the bank of radiators,
whereas the instrument for monitoring the exit



gases from the test stands is to have a sensitivity
of about 10 ppm. The detection method for use
with the test-stand radiators is based on the
measurement of the hydroxyl ions which are formed
when the alkali metal oxides and hydroxides are
absorbed from a sample of the contaminated exhaust
air in an aqueous solution containing the color
indicator bromcresol green. The absorbance of
this indicator is increased by a factor of 2 by the
addition of 1 to 10 ppm of NaK, The instrument
will be designed so that an alarm will be activated
if the coulometric current required to hold the pH
of the absorber solution at a constant value ex-
ceeds a predefermined rate. A more sensitive in-
strument for use with the ART radiators is being
studied that is based on the absorption of light of
the frequency of the sodium doublet resonance
line at 5890 &, Calculations show that 0.01 ppm
of sodium in air would produce a 50% attenuation
in a beam of sodium-doublet radiation which
traversed a 50-cm optical path.

A spectrophotometric method for the determina-
tion of trace amounts of titanium in mixtures of
fluoride salts was developed. The method is
based on the yellow color of the titanium-Tiren
complex, and uranyl, zirconium, and ferric ions
are masked to prevent their interference.

The method for the determination of trace amounts
of tantalum in NaF-KF-LiF mixtures without
vranium was modified and was applied to the de-
termination of tantalum in uranium-bearing mix-
tures. The tantalum was separated from the inter-
fering uranyl ions with cupferron.

Studies were continued on the bromination method
for the determination of combined oxygen in fluc-
ride salts. Attempts to improve the recovery of
oxygen as CO, from the bromination of ZrO, by
the addition of NiF2 were unsuccessful. However,
the solid products resulting from the bromination of
the mixture of ZrO,, NiF,, and graphite were large
crystalline masses rather than the finely divided
solids obtained previously from the bromination of
the mixture of ZrO,, FeF,, and graphite. Analyses
of the crystalline product are expected to provide
a basis for a better understanding of the reaction
mechanism,

A method for the determination of small amounts
of boron in fluoride salt mixtutes was developed
in which the salts are dissolved, at room tempera-
ture, in a solution of AlCl,.6H,0 and 2 M HCI,

The boron remains in solution and is extracted by
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ethyl ether and determined by the carminic acid
method. The extraction coefficient was found to
be approximately 0.45 *+ 0.02. By this method,
boron can be determined in concentrations as low
as 10 ppm.

A spectrophotometric method for the determina-
tion of bismuth as the tetraiodobismuthate(lll)
complex was applied to the determination of bis-
muth in NuF-Zer-UF‘t. The effect of uranium on
the absorbance of the complex was negligible for
uranium-to-bismuth weight ratios of less than 30:1,

A method for the determination of dissolved oxy-
gen in lubricating fluids was developed that is
based on the displacement of the dissolved oxygen
by carbon dioxide. The oxygen content of a number
of lubricants ranged from a maximum of 42 ug per
milliliter of fluid to @ minimum of 15 pg/ml,

Modifications were made to the method for the
compleximetric of zirconium in
zirconium-base fuels. The zirconium-Versene com-
plex was formed at pH 6, and the solution was
digested on the steam bath before titration, Zir-
conium was determined in a total of 21 samples by
the modified procedure.

determination

The average difference
between the results and those obtained by the
gravimetric procedure was 0.6%.

A significant decrease in the time required for
the determination of microgram quantities of ele-
ments of the rare-earth group in stainless steels
Inconel was obtained by removing the
chromium, before electrolysis, as the volatile
chromyl chloride.

The optimum conditions for the distillation of
sodium metal from Na,0 in the distillation method
for the determination of oxygen in metallic sodium
were established, The optimum temperature range
for distillation is 800 to 850°F, Distillation
periods of as much as 4 hr can be tolerated at
these temperatures without loss of N020. Dis-
tillations at higher temperatures confirmed earlier

observations that Nozo is volatilized at tempera-
tures above 900°F,

and in

10. Recovery and Reprocessing of Reactor Fuel

The completion of the pilot plant for recovering
fused salt fuels is now scheduled for May 15, 1956,
Tests of the percolator type of contactor planned
for use in the fluorination vessel showed it to be
satisfactory.
the pilot plant held satisfactorily against a pressure
of 20 psig in 50 freezing and melting cycles,

A freeze valve designed for use in

Tl



Continued studies of the fluorination process
for the recovery of uranium from fused salts have
indicated that the presence of salt impurities has
a much greater effect on the rate of UF , volatiliza-
tion than other factors, such as use of nitrogen
with the fluorine or variations of the method of
introducing the fluorine into the molten salt, A
fluorine efficiency of 70% was achieved with
>99% UF _ volatilization when the impurity content
in the initial salt was kept to a minimum, The
vapor pressure of UF ; over the complex UF :3NaF
was determined at various points in the tempera-
ture range 80 to 320°C, The data were success-
fully fitted by the linear equation

log P = 10.88 — (5.09 x 103/T) .

mm Hg

An enthalpy change of +23.2 kcal per mole of UF,
was calculated for the reaction

3N<1F-UF6 —> 3NaF + UF6

Uranium losses in NaF beds under process con-
ditions did not exceed 0.05%, even with repeated
use of the NaF over three cycles,

PART IlIl, SHIELDING RESEARCH

11. Shielding Analysis

The code of a Monte Carlo calculation of energy
penetration and deposition resulting from transport
gamma-ray radiation in a shield of slab geometry
was used in a parametric study of a two-region
lead-water shield. The radiation was 1-Mev gamma
rays incident on a slab at 0 deg, 60 deg, 70 deg
32 min, and 75 deg 31 min. The first region of
the slab was composed of water 1.5 mean free
paths (mfp) thick at the initial gamma-ray energy,
and the second region was composed of lead
0.5 mfp thick. The coding was also extended to
calculate energy flux and tissue dose rate, The
results indicate that lead is more effective in
stratified slab shields when it is placed behind
a good scatterer, such as water.

12. Reactor Shield Design

The heating in the lead and alkylbenzene shield
of a 300-Mw circulating-fuel reflector-moderated
was calculated for the following com-

(1) primary gamma rays originating in
or near the reactor core, (2) fission-product gamma

reactor
ponents:
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rays from the heat exchanger, and (3) thermal
neutron captures in the lead and borated (2% boron)
alkylbenzene, The third component was sub-
divided to take into account the secondary gomma
rays from lead, hydrogen, and boron capture.
Alpha particles resulting from thermal-neutron
captures by boron were also considered.

The gamma-ray and fast-neutron dose rates at
a distance of 50 ft from the ART were calculated
as a function of the thickness of the lead shield.
Contributions to the total gamma«ray dose rate by
primary gamma rays from the core, secondary gamma
rays originating in the shield, and heat exchanger
gamma rays were determined.

13. Lid Tank Shielding Facility

Analysis of the dynamic source tests on mockups
of a reflector-moderated reactor and shield was
completed. In the analysis the experimental dose
rate resulting from fission-product gamma rays
emitted in the heat exchanger mockup was sepa-
rated out and compared with dose rates calculated
by two different methods.
was assumed that all the fission-product gamma
rays were of a single energy (2.7 Mev/photon).
The other calculation was based on the spectrum
of gamma rays from the fuel belt, previously meas-
uted at the LTSF. The two calculated values
agreed, but they differed by about 30% from the
measured value. |t was found that the difference
could be attributed to the dose buildup factor for
water having been used in the calculation (that is,
the buildup factor was chosen as if the lead were
an equivalent thickness, in mean free paths, of
water), Substitution of a new buildup factor for
the total mean free paths (lead and water), based
on Monte Carlo studies of laminated shields, re-
sulted in agreement between the measured and
calculated dose rates.

14. Bulk Shielding Facility

A mockup experiment at the ORNL Graphite
Reactor thermal column was initiated to measure
the gamma rays streaming through the NaK pipes
of the ART.

The measurements of the decay rates of fission-
product gamma rays as a function of time after
fission were extended to include six energy groups
between 0.28 and 5 Mev for times up to 1600 sec
after fission.

In one calculation it
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ART FACILITY DESIGN AND CONSTRUCTION
F. R. McQuilkin

Aircraft Reactor Engineering Division

Design and construction work on the Aircraft
Reactor Test (ART) facility in Building 7503 was
continued. Package 1 construction work on the
building additions, building alterations, and cell
installation was on schedule and at the 50% com-
pletion point. The principal work accomplished
during the quarter included completion of the
building-addition structure, completion of the spec-
trometer room and tunnel, erection of the 30-ton
crane, modification of the 10-ton crane, con-
struction of the blower house and switch house,
placement of reinforced concrete for the stack
base and for the walls of the special-equipment
room, and partial erection of the cell tanks and
surrounding structure. Some of this work can be
seen in Fig. 1.1, which is a view from a location
southwest of the altered 7503 building. The
dark-sided portion of the main building is the
addition which will house the reactor cell, heat-
dump systems, and spectrometer room and tunnel,
In the foreground, from left to right, can be seen
the switch house, blower house, and stack foun-
dation, A closeup view of the blower-house
interior, prior to erection of the exterior walls,
is shown in Fig. 1.2. In the left foreground can
be seen the walls of the ramp access way from
an elevation of 840 ft to the radiator pit at an
elevation of 820 ft in the main building. In the
center foreground are the forms and the reinforcing
steel for the upstream end of the main air duct.
An inferior view across the building addition
looking toward the southeast corner of the building
is shown in Fig. 1.3. In the bottom center can
be seen the spectrometer tubes, which extend to
the spectrometer tunnel beneath the low bay and
which will penetrate the cell water tank. At the

bottom right can be seen portions of the special-
equipment-room walls, An interior view across
the building addition looking toward the southwest
comer is shown in Fig. 1.4. The lower sections
of the cell tanks can be seen in the foreground,
and the opening into the blower house for the main
heat-dump air duct is shown in the center left.
The duct will enter the building and pass hori-
zontally across the corner to the stack, The main
and auxiliary radiators will be mounted in the
duct on a diagonal line approximately as repre-
sented by the left edge of the picture. The bottom
sections of the cell tanks are shown in Fig. 1.5.
The inner tank is the bottom hemispherical head
of the pressure vessel, and the outer tank is the
water tank. The incomplete cylindrical portion of
the pressure vessel is shown in Fig. 1.6. At the
top center can be seen the 4-in.-thick panel which
contains sleeves for the NaK and the off-gas
piping. In the left and right foreground are the
4-in.-thick panels which will receive the junction
panels for auxiliary-services lines, heater leads,
and the instrumentation and control lines. The
farge 2-in. panel at the upper left contains the
small nozzles for beam penetrations into the spec-
tromefer tubes. In the bottom of the tank, under
the scaffolding, can be seen the structural framing
for the floor, equipment support, and reactor
support.

Bids were received for package 2 construction
work, and a confract for $58,400 was awarded on
January 20, 1956, to the Rentenbach Engineering
Company, Knoxville, Tennessee. This unit of
work consists in the installation of the diesel
generators and facility, the electrical control
centers, and the spectrometer-room electrical and
air-conditioning equipment. At the end of the
quarter, this work was in the material procurement
stage, with no site work having been started.
Approximate completion dates for package 2 are
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Fig. 1.1. View of Altered 7503 Building from Southwest.

Photograph taken Feb. 17, 1956.
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Fig. 1.2, Interior

of Blower House Prior to Erection

of Exterior Walls. Photograph taken Feb. 10, 1956.
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UNCLASSIFIED
PHOTO 16456

Fig. 1.3. Interior View Across Building Addition Looking Toward Southeast. Photograph taken Feb.
10, 1956.
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Fig. 1.4 Interior View Across Building Addition Looking Toward Southwest, Photograph taken Feb.
10, 1956.
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UNCLASSIFIED ¥
PHOTO 16506

Fig. 1.6. Incomplete Cylindrical Portion of Pressure Vessel. Photograph taken Feb. 17, 1956,

June 24, 1956, and July 15, 1956, respectively,
for installation of contractor-supplied and Govern-
ment-supplied items.

Design was completed and negotiations for a
proposal are in progress with the package 1
contractor, V. L. Nicholson Company, for the
installation of package A work, which consists
in aquxiliary-services piping. Two proposals are
being requested, one based on the package 1
completion schedule, which currently is June 8,
1956, and the other based on the contractor’s
proposed schedule in the event the first schedule
presents unreasonable situations,
are to be submitted March 7, 1956.

Design work on package 3, which includes the
process equipment, the process piping, etc., is
currently under way, and it is expected to be
complete early in June 1956. Package 3 work will
be performed by ORNL forces.

The proposals

ART DESIGN
A. P. Fraas

Aircraft Reactor Engineering Division

H. C. Gray
Pratt & Whitney Aircraft

Detailed layouts have been completed on all
major subassemblies of the ART. Detailing of
the north head and the main heat exchangers has
been completed, and the detailing of the control
rod, reflector-moderator, island, and pressure-shell
subassemblies and the reactor support structure
is under way. Typical weld joints are being
fabricated to determine weld shrinkage allowances
(see Sec. 6, ‘‘Metallurgy and Ceramics’!) for the
final weld designs. Detailed layouts of the reactor
shield and the piping inside the reactor cell are
being prepared.
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Stress Analyses
R. V. Meghreblian

Aircraft Reactor Engineering Division

An extensive series of calculations has been
under way for several months in order to determine
the stress distribution in major structural com-
ponents at the top of the reactor assembly, referred
to here as the ‘‘north head.’”” The design loads
being used in these calculations are based on
full-power (or ‘‘design-point'’} operation of the
reactor. Two components have been studied in
detail: the double-ring structure, which transmits
the up-load from the reflector-moderator to the
north head (and thence to the pressure shell), and
the composite double-deck structure of the north
head. The proposed design of these members is
based on these calculations.

It is believed that these analyses provide a
reasonably accurate picture of the gross features
of the stress distribution and, therefore, are
adequate for determining basic dimensions and
proportions of structural members. However, the
structural configuration of the north head is so
complex that analytical studies must be based on
relatively simple geometric models which cannot
include all the details of the actual design. Thus
the finer details of the stress distribution must
be determined by other techniques.
experimental

A program of
stress analyses was prepared for
this purpose, and the work is presently under way
at the University of Tennessee. The program
includes stress studies of the two north-head
components mentioned above, as well as studies
of the structural integrity of the pump-barrel and
NaK pipe attachments to the pressure shell and
full.-scale tests on portions of the NaK piping
outside the pressure cell. The NaK circuit
selected for this experiment is that portion of the
system which serves the NaK pump-and-radiator
assembly on the reactor side of the main air duct
(Fig. 1.7). This circuit is the shortest portion of
the entire piping system, and it is believed to be
the least flexible; thus stresses from thermal
expansion of the piping are expected to be most
severe in this circuit. At the conclusion of the
thermal-stress study, the facility will be used to
determine the vibrational characteristics of the
complete NaK pump-radiator-piping assembly.

The program of detailed stress analysis of the
ART is being supplemented by a parallel program
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Fig. 1.7. Nak Circuit for Radiator-and-Pump
Assembly on Reactor Side of Main Air Duct.

of material tests on the high-temperature character-
The purpose of
is to establish a better basis than
that presently available for the design analysis
of structural components that are exposed to
cyclic load conditions. A research contract has
been awarded to the University of Alabama for a
program of tests on the high-temperature strain
and thermal-cycling properties of Inconel. Con-
tracts are being negotiated with the Universities
of Michigan and Syracuse for a series of tests to
determine the relaxation and creep properties of
Inconel in the temperature range 1200 to 1600°F.
The Syracuse program is to

istics of Inconel and beryllium.
these tests

include a joint



analytical-experimental study of the creep-buckling
of thin hemispherical shells. The data to be
obtained through these contracts are needed for
the design analysis of the core and reflector
shells, which will contain the circulating-fuel
system. An analytical and experimental study of
the reflector shells is being undertaken by the
Lewis Laboratory of the National Advisory Com-
mittee for Aeronautics.

Sodium System

R. . Gray
Aircraft Reactor Engineering Division

Recent calculations of the effects of the non-
uniform power distribution in the reactor core
indicate that the heat flux through the core shells
of the ART will be higher than previously ex-
pected. The combined effects of heat transfer and
radiation heating yield a total estimated heat load
to the sodium system of 6.2 Mw. The increase
in the heat load required either an increase in
the design sodium flow rate or an increase in the
design temperature rise of the sodium system.
Since an increased sodium flow rate would result
in excessive pressure drops in the system, the
sodium temperature rise was increased from 150
to 200°F, and the sodium-system operating temper-
ature range became 1050 to 1250°F. Minor changes
in the dimensions of the reflector-moderator cooling
circuit were also made to stay within the pressure-
drop limitation of 30 psi and the maximum sodium
temperature limitation of 1250°F. These changes
included the removal of the staple-spacer support
lands of the island and the reflector annuli, the
increase of the island and the reflector-annuli
thicknesses to 0.188 in., the shortening of the
reflector-return-annulus spiral spacers to 3.1 ft
(8, = 45 deg), and the increase of the reflector-
retum-annulus thickness to 0.125 in. The flow
of sodium in the island and reflector cooling holes
is to be adjusted by variation of the entrance
conditions of each tube row. In this manner a
balanced flow condition can be obtained with a
minimum pressure drop.

Detailed relaxation calculations have determined
an island cooling-hole distribution which limits
the maximum beryllium temperature difference to
50°F, while maintaining @ minimum number of
cooling holes. This design includes a total of
120 holes. The previously determined analog
solution for the reflector cooling-hole distribution
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specified 288 holes, and that solution remains
unchanged.

The increased sodium-system heat load also
necessitated modification of the auxiliary radi-
ators. The four radiators are to be mounted to
form a V in order to obtain low NaK and air
pressure drops.

Reactor Shield
W. B. Cottrell

Aircraft Reactor Engineering Division

The thickness of the lead portion of the ART
reactor shield was reduced from 7 to 4.3 in, to
obtain space for shielding
around the pumps. This decrease in lead thickness
will increase the gamma-ray dose rate by a factor
of 10 (from 7/8 r/hr at 50 ft to ~9 r/hr), but the
dose rate will still be substantially less than that
proposed by most of the airframe companies for
nuclear aircraft.
material are being designed to relieve the problem

of gamma-ray streaming through the various ducts
in the lead shield.

increased neutron

Collars of gamma-ray shielding

Reactor Study Models

W. L. Scott
Aircraft Reactor Engineering Division

A detailed one-sixth-scale model of the ART is
being fabricated to assist in the layout of piping
and in the study of fabrication and installation
procedures. Tentative mockups of the oil, helium,
electrical, and instrumentation lines are now being
made., All the basic cell structure, the reactor-
and-shield support structure, and the NaK lines
have been installed.

The existing one-half-scale plastic model of the
north head is being modified to reflect the current
design. This model is to be used for the determi-
nation of the locations of the pressure taps
required for flow studies and for layout design of
the shielding of the north head.

ART COMPONENT DEVELOPMENT,
PROCUREMENT, AND TESTING
Water Test of Aluminum Mockup of North Head
| D. R. Ward

Aircraft Reactor Engineering Division

The fabrication and assembly of the fuel-system
components of the aluminum north-head mockups
are nearly completed, and tests of the fuel system
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are to begin soon. The sodium-to-NaK heat
exchanger mockups and other parts of the sodium
system will be fabricated while the fuel-system
tests are being performed. No unexpected problems
have yet been encountered in the fabrication and
assembly of this mockup.
parts during welding has somewhat reduced the
precision of the assembly, and similar warping
may be encountered in welding the Inconel reactor
parts.

Fuel-pump performance,
studied under both normal and unbalanced con-
ditions. Several view ports have been provided
for observation of fluid ingassing and degassing.
The interchange of liquid between fuel pumps and
the fuel swirl chamber will be studied thoroughly.
Special instrumentation is being provided for de-
termining the level to which the liquid will rise
around a pump shaft when one pump is stopped
while the other pump is running.

Warping of aluminum

with water, will be

Core Flow Studies

G. D. Whitman W. J. Stelzman
W. T. Furgerson
Aircraft Reactor Engineering Division

Studies of the flow in a full-scale plastic model
of the ART core were continued through the use
of the techniques described previously.! Several
guide-vane configurations that had been previously
tested in the full-scale aluminum core model were
retested in the plastic model, and photographic,
conductivity, and pressure-drop data were obtained
for each inlet configuration, Attempts were made
to alter the flow patterns obtained, by adding baffle
plates and turbulators to the trailing edges of
the vanes, but flow-reversal regions still continued
to exist in the core annulus above the equator,

An inlet-guide-vane system designed on the
basis of one-quarter-scale-model axial-flow data?
provided the lowest core-entrance pressure drop
to date, but it generated a flow pattern similar to
that obtained with the axial-flow type of header
that had no means of auxiliary flow guidance.
Further modification and testing of this guide-vane
system by means of systematically attaching and
relocating a conical baffle plate on the trailing

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

2, E, Lynch et al.,, ANP Quar. Prog, Rep. Dec. 10,
1955, ORNL-2012, p 171.
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edges of the guide vanes yielded the arrangement
shown in Fig. 1.8, which generated a core flow
pattern containing no flow reversal throughout the
core annulus and, at the same time, provided good
surface scrubbing, good midstream mixing, and
fairly high velocities throughout the upper haif
of the core. Below the equator the velocities were
high, but the fluid adjacent to the inner and outer
sutfaces tended to hug these surfaces as it
approached the core outlet; thus the movement
of the fluid from these surfaces was slight, and,
in general, the midstream mixing was poor. Further
modifications to this design are being made so
that the flow in the lower half of the core will
be improved.

Engineering Test Unit

M. Bender W. C. Tunnell
G. W. Peach G. D. Whitman

Aircraft Reactor Engineering Division

Flow diagrams and instrumentation lists have
been prepared for the Engineering Test Unit
(ETU), which is a nonnuclear mockup of the ART.
It will differ from the ART only in heat-input and
heat-removal arrangements, For the ETU, two
gas furnaces will supply 1.5 Mw of heat to the
fuel system through two adjacent NaK systems.
The remaining two NaK systems will operate
isothermally. The 1.5 Mw of heat input will be
removed from the fuel through two sodium-to-NaK
reflector-coolant systems. The ART auxiliary
systems, such as the fuel drain tank, the off-gas
system, the fuel recovery system, the fuel
sampling system, the drain-tank cooling system,
and the various gas systems, will not be mocked
up as part of the ETU.

Work has been started on a detailed study of
the test program for the ETU, and & manual
covering all phases of the program is to be issued.
The building modifications required to accommo-
date the ETU are being made. Contracts have
been let for the core shells, the heat exchangers,
and the radiators. The design of the boron-
containing tiles was modified to conform to lower
temperature limits and new radiation-domage infor-
mation, and therefore procurement of the boron-
containing materials has been delayed.

Present design and shop schedules indicate that
the ETU will be ready for operation in January
1957.
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PHOTO 25581

Fig. 1.8, Guide-Vane and Baffle-Plate Arrangement for Distribution of Flow in Plastic Model of ART

Core.

The north head for the ETU has been designed,
and a fabrication sequence for its assembly has
been prepared. A work estimate shows that 27
calendar weeks will be required for its fabrication
and assembly after the materials are received. A
similar study of the moderator assembly is now
being made.

Methods for inspection during assembly are
being studied. It has been established that the
dimensional tolerances specified will require that
the assembly operations be carried out in a
temperature-controlled area. Dimensional in-
spection will be performed with templates and
gages designed especially for this application.

Procurement of Special Reactor Material s
and Components

W. F. Boudreau
Aircraft Reactor Engineering Division

Considerable progress was made during the
quarter in the establishment of contracts and
facilities for the procurement of some major ART
and ETU components and facility items. The
construction of components, however, did not
proceed as rapidly as had been forecast because
of a lack of firm design information. The current
status of some of the major items is presented
below,
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Beryllium. — One beryllium hemisphere pressing
was mg‘éf"éﬂguc‘c’:essfully in the new facility of
The Brush Beryllivm Co., and machining is to
proceed as soon as firm design information is
received. The pressing of the beryllium for the
islands was scheduled to be completed by the end
of the quarter.

Shell Fabrication. — Modification of the Hydro-
spin machine to be used for fabrication of the core
shells was delayed during the quarter by a combi-
nation of contract negotiation difficulties and a
lack of firm information as to the size of the
largest shells to be produced. The provision of
facilities was advancing at a satisfactory rate
at the end of the quarter, however,

CX900 Inconel. — The first lot of 5000 ft of
3/“S-in.-OD CX-900 Inconel tubing was received
from the Superior Tube Co. near the end of the
guarter, and inspection was started. Although
considerable progress was made in processing the
remaining quantity of lnconel to its final form,
this was also delayed by lack of firm design
information.

Main Heat Exchangers and Radiators, — An order
was placed with the York Corp. for the fabrication
of all the radiators and one-half the heat ex-
changers required for the ETU and the ART. An
order was placed with Black, Sivalls & Bryson,
Inc., for the remaining main heat exchangers. The
activities of both companies during the quarter
were limited chiefly to the preparation of facilities,
the training of welders, and general planning,
because of the lack of final design information.

Dump Valve. — The second prototype dump valve
was delivered on February 12, 1956. Reasonably
firm information has now been developed which
will permit the production of additional prototype
valves ot a greatly accelerated pace during the
next two quarters,

Main Blowers and Louver Dampers. — The order
for the four main radiator blowers progressed on
schedule during the quarter. Difficulties have
been encountered in obtaining a vendor for the
louver dampers, primarily because the service
requirements are so unusual, Negotiations were
in progress with the American Foundry & Furnace
Co. at the end of the quarter.

26

Inspection of Materials and Fabricated Parts

A. Taboada
Metallurgy Division

R. L. Heestand
Pratt & Whitney Aircraft

An inspection group has been established for
quality control of reactor and test materials and
components. Weld-joint designs were established
that are to be used as o basis for all critical
welding, and a system for identifying and classi-
fying critical welds was formulated. All drawings
are to be reviewed by the inspection group for the
detection of undesirable weldments.

Welding procedures and inspection techniques
were established for all anticipated types of
welds. Since welders who are to work on critical
welds must pass the qualification tests set up
in the weld specifications, training groups were
set up to qualify welders. The techniques es-
tablished for weld inspection include visual, dye-
penetrant, and radiographic examination of all
critical welds. Specifications for the inspection
of all critical materials are being prepared, and
amrangements were made for all purchase orders
for critical materials to be reviewed by the in-
spection group.

The welds inspected during the quarter totaled
2005, with 14% rejection. A total of 5655 ft of
tubing of various sizes was inspected, and 491 ft,
or 9%, was rejected. Defective areas were found
in some of the 36 pieces of various sizes and
lengths of pipe and the 99 pieces of plate that
were inspected, but the defects were ground or
filed out and the pipes and plates were accepted.
Dye-penetrant and reflectoscope techniques were
used for the inspection of 86 pieces of bar stock,
and five pieces were rejected. Other items that
inspected included eight Inconel dished
heads, 329 fuel sampling assemblies, York Corpo-
ration radiator No. 3, and ORNL radiator No. 3.

were

ART INSTRUMENTATION AND CONTROL
R. G. Affel

Instrumentation and Controls Division

J. M. Eastman
Bendix Products Division

obtained with the simulator has
shown that in the event .of an ART fuel-pump

Information



failure at design power the maximum fuel core-
outlet temperature can be limited to 1700°F by
inserting the control rod at the rate of ‘/8%
(Ak/k)/sec. The magnetic, emergency, 1% rod
drop has therefore been abandoned because of the
thermal-shock conditions that would develop at
the core outlet in the event of a spurious rod drop
at design power, and an emergency rod insert rate
of ‘/8% (Ak/k)/sec has accordingly been adopted.

Reactor performance with U233 fuel was also
investigated on the simulator. The lower pro-
portion of delayed neutrons, in comparison with
U235 fyel, made the core-outlet fuel temperature
less sensitive to a fuel-pump failure. It was
found that the core-outlet fuel temperature would
not exceed 1700°F, even with no corrective
control-rod action. For this test, the over-all
temperature coefficient for the ART with U235
fuel, —2.5 x 10=3 (Ak/E)/°F, was assumed as
the temperature coefficient, The U233 fuel could
be expected to give a somewhat different temper-
ature coefficient. The micromicroammeter amplifier
and the servo amplifier used for the ARE have
been obtained and will be connected to control
the simulator for studies of the ART flux servo.

The heat-exchanger-infet minimum-NaK-temper-
ature limit is being studied to determine control
and louver-actuator performance requirements.
Initial tests indicated that a louver closing time
of 2 sec was probably faster than necessary.
However, the method of transport-lag simulation
used for the tests was considered to be inadequate.
Further work will be done with improved simulation
of this lag, and control components will be used
in the hookup.

The louvers are being supplied with pneumatic
actuators to facilitate testing. Current plans call
for two ‘speeds of actuation of the louvers installed
in the ART — one for normal load changes and the
other for fast louver movement to prevent the NaK
going into the reactor from dropping below the fuel
freezing temperature during unusual transients
such as an emergency rod insertion. The exact
mode of control to be used for NaK temperature
limiting and the means of correlating manual and
automatic louver action are to be determined from
the simulator study.

Tests indicate that, if the surface temperature
of the stagnant sodium in the control-rod thimble
is held to below 300°F, sodium deposition on the
cool walls above the surface will be very small,
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Accordingly the rod drive mechanism is being
designed without a bellows to seal it from the
helium atmosphere above the sodium. Two rod
drive motors and drive speeds are being used;
the faster one will provide ‘/8% (Ak/k)/sec. The
motors are geared down through worm reductions,
and they drive the rod through differential gearing
and a pinion and rack. A conventional shaft seal
is used on the pinion shaft to retain oil in the
gear casing. The sodium in the upper part of
the rod thimble is to be cooled with a water jacket.
The rod drive mechanism is housed above the
shield and the reactor support structure. The
layout is essentially complete.

The ART control technique has been revised to
accommodate the changed emergency-rod-insertion
method.  The information block diagrams and
elementary wiring diagrams have been further
revised to place more dependence on the operator
and less on instrumentation to prevent dangerous
misoperation of the reactor. The original complex
chains of instrument permissives were considered
to be too sensitive to the reliability of instrument
and control components. It is still plonned to
provide aqutomatic corrective action whenever an
emergency requires this action in too short a time
to permit operator deliberation and to warn the
operator by annunciators whenever an emergency
requires his attention and corrective action. Inter-
locks to prevent misoperation will be reduced. It
is expected that when the operator is changing
power level he will have foreknowledge of the
proper operating sequence and the response to be
expected, and he will have time to judge the
validity of instrument information and act ac-
cordingly. |t is planned to use the simulator to
familiarize the operator with the reactor and
system response characteristics.

Preliminary instrument specifications for the
ART helium and nitrogen systems were issued to
provide engineering forces with space requirements
for these devices. Preliminary installation flow-
sheets for both the ART and the ETU are now
available, and detailed design work is proceeding.

A number of methods for detecting NaK leaks
into the high-velocity air streams from the ART
radiators have been analyzed, and experimental
work is being done on two of these methods. This
work is reported in Sec. 9, “‘Analytical Chemistry
of Reactor Materials.”

Tests of solenoid-valve-seat materials suitable
for use in systems involving liquid-metal vapor
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have been made (see Sec. 5, “‘Corrosion Re-
search’), as well as tests of suitable valves to
meet various pressure and leaktightness require-
ments. All-welded solenoid valves, which were
found to be leaktight by a spectrometer check, are
being tested. A survey of a number of commercial
vendors of solenoid valves disclosed that the
special requirements dictated by the disaster con-
ditions postulated for the ART impose severe
solenoid-valve problems. It is hoped, however,
that a suitable design will be developed. Tests
of a number of commercial solencid valves have
demonstrated that only a soft seat material will
meet leaktightness requirements. Metal seats are
completely unreliable, in that their leakage rates
are not reproducible under repeated cycling.

Approximately 12 pressure transmitters designed
for high-temperature use have been tested, and
performance data have been compiled. Two units
of a new design have also been received and
are being tested. Initial test data indicate that
the newer units have performance characteristics
somewhat better than those of the currently used
devices. A number of other newly designed trans-
mitters are on order and will be tested. Trans-
mitters used on test loop instrumentation have
been analyzed in an effort to determine the point
of failure. No conclusive information is available
as yet.

An initial test of a high-temperature ORNL-
designed turbine-type flowmeter was attempted.
It was found that expansion of the magnetic core
of the flowmeter and expansion of the circulated
fluid forced one of the bearing inserts out of the
rotor and thus jammed the device. The flowmeter
has been redesigned and will be retested.
Improved methods of measuring the magnetic field
intensity of magnets used for electromagnetic flow-
meters have been investigated, and a new
measuring system was ordered. [t is felt that
with an accurate measuring system it will be
possible to increase the accuracy of flow measure-
ments made on liquid metals with the use of
electromagnetic flowmeters.

The first of a series of test rigs for measuring
the fluid level in the reactor fuel expansion tank
was placed in operation and then shut down in
approximately 2 hr because of plugging of a z-in.
line with ZrF, vapor deposits. A second ftest,
for which a 3/B-in. line was used, was terminated
in approximately 10 hr by plugging. The units
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have been redesigned and further testing is under
way. A contract has been placed with the General
Electric Company to supply a trial quantity of
high-temperature liquid-level-sensing elements for
liquid-metal systems of the type used in the SIR
system. These units may be applicable to the
ART liquid-metal level measurements.

An investigation of the different types of thermo-
couples that might be used to measure reactor
intemal temperatures has indicated the swaged,
magnesium-oxide-insulated, Calrod type of thermo-
couple to be the most suitable for ART use.
Quantities of this type of thermocouple have been
ordered for use in an evaluation program, and a
contract has been given to a vendor to supply
these thermocouples for the ETU. Thermocouples
that use both Chromel-Alumel and plotinum—
platinum-hodium wires will be installed in the
ETU in an effort to obtain the highest accuracies
possible.
couples have had to be relaxed from the initial
specifications because of the difficulty in cali-
brating the thermocouples in their final locations,
A preinstallation calibration will be performed,
but it is not yet known how the installation will
offect the accuracy of the temperature measure-
ments.

A number of commerciglly available standard
instrument components have been examined and
tested for various functions. Among these items
are pressure regulators, pressure controllers,
temperature controllers, instrument check valves,
and electrical pressure transmitters, Electrical
pressure transmitters have been explored on a
specification basis, and orders have been placed
for a number of trial units,

Accuracy requirements on the thermo-

REACTOR PHYSICS

A, M, Perry
Electronuclear Research Division

NaK Activation in the Fuel-to-NaK Heat
Exchanger of the ART

H. W. Bertini
Aircraft Reactor Engineering Division

Three separate calculations have been made of
the activity produced in the NaK in the fuel-to-NaK
heat exchangers of the ART by core neutrons. One
of these calculations was made by the ORNL Lid



Tank Shielding Facility (LTSF) group,® one by a
group at the Nuclear Development Corporation of
America,? and one by the author. The configura-
tions used for these calculations are described in
Table 1.1, An attempt to normalize the three cal-
culations to the present ART configuration is
described here. The configuration used for the
is also described in Table 1.1. It
is expected that the final ART configuration will
be essentially the same as that used for the

normalization

normalization,

The results of the normalization of the data are
presented in Table 1.2. No corrections were made
to the calculations to account for differences in
the size of the core., Corrections for differences
in the beryllium thickness were made by taking a
relaxation length of 5.7 cm for the decrease of
NaK activity vs the increase in beryllium reflector
thickness,> Corrections for variations of the boron
content in the first boron curtain were made by
using a plot of sodium activity vs boron layer

3), B. Dee et al., ANP Quar. Prog. Rep. Dec. 10,
1955, ORNL-2012, p 209, Table 12.1.

4w, Frank, Nuclear Development Corporation of
America (NDA), private communications to H. Bertini.

5). B. Dee, op. cit., p 204, Fig. 12.1.

TABLE 1.1,
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thickness® and an extrapolation for the thicknesses
expressed as 0.587 and 0.681 g of B0 per square
centimeter, No corrections were made for the
variations in heat exchanger thicknesses or for the
variations in the second boron curtain thickness.
The activity was assumed to be directly propor-
tional to the mass of the sodium (in the NaK) and
to the design power. An additional correction was
made to the LTSF data to account for the incorrect
assumption that, at the time the LTSF results were
reported, the power of the LTSF source plate was
3.6 w. A recent measurement’ indicates that the
source-plate power was more nearly 2.1 w.

The delayed-neutron activity calculations by
NDA are not included in Table 1.2, because there
is no simple correction factor that wiil take into
account the large heat exchanger thickness used.
Oniy the L TSF-source-power and sodium-mass
corrections were applied to the LTSF delayed-
neutron results, and only the sodium-mass correc-
tion was applied to the author's delayed-neutron
results,

6G. T. Chapman, J. B. Dee, and H., C. Woodsum, ANP
Quar. Prog, Rep. June 10, 1955, ORNL-1896, p 199,
Fig. 12.14.

7D. Otis, private communication to H. Bertini.

CONFIGURATIONS USED FOR CALCULATIONS OF THE ACTIVITY OF

THE NoK IN THE ART FUEL-TO-NaK HEAT EXCHANGERS

Configuration

For LTSF

Calculation

For For
Author's

Calculation

For NDA

) Normalization
Calculation

Calculation

Core radius, in. 10.5 13.19 10.63 10.5

Beryllium-reflector thickness, in. n 11.81 11.81 n

First boron curtain, grams of B ¥ per square 0.325* 0.587 0.681 0.216**
centimeter

Heat exchanger thickness, in. 2.1 6.5 1.97 3.25

Second boron curtain, grams of B 10 per square 0.325 0.162 0.341 0.216%*
centimeter

Sodium content of NaK in heat exchanger, kg 42 200.67 13.4 35

Reactor design power, Mw 60 60 60

*A ]/B-in. layer of pure 80 has 0.731 g of g0 per square centimeter.

XA 3/8-in. layer with a natural-boron density of 1.3 g/cms.
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TABLE 1.2, RESULTS OF NORMALIZATION TO THE ART CONFIGURATION OF CALCULATIONS OF THE
ACTIVITY OF THE NaoK IN THE FUEL.TO-NaK RADIATORS OF CIRCULATING-FUEL REACTORS

LTSF Calculation

NDA Calculation

Author’s Calculation

Correction Factors Used

Reflector thickness

First boron curtain 1.45
Sodium mass 0.833
LTSF source power 1.71

NDA to ART normalization

factor

1.45 1.45
2.5 2.9
2.61

426 x 107 kg of sodium
per core neutron per

c