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OAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

MAY 1961

This Status and Progress Report summarizes that portion
of the Laboratory's work which is unclassified. Some of
the topics are included every month, but the majority are
reported on a bimonthly schedule.

REACTOR DEVELOPMENT PROGRAM

GAS-COOLED REACTOR PROJECT

Irradiation Program. — Longitudinal sections of the type 304 stain
less steel cladding of ORR-irradiated capsules 02-2, 05-2, 06-2, and 08-2
were examined metallographically. The end-cap welds were intact, and no
deleterious effects of irradiation were evident. At cladding positions

adjacent to the UO2 pellet interfaces, however, two conditions were noted
that were not present in the unirradiated control samples. In all the
irradiated samples, small voids were seen in the as-polished condition.
Relatively large voids (~0.003 in. long) were evident at a cladding po
sition where a pellet interface "wrinkle" was observed. The other change
in microstructure noted was the formation of a second phase in the grain
boundaries. This phase has been tentatively identified as sigma by both
metallographic and x-ray examinations.

Examinations of three LITR-irradiated capsules containing UC fuel
material revealed reactions between the UC and the tantalum can. Gross

damage of the outer Inconel capsules also occurred during irradiation of
the second and third capsules, at central temperatures in the range 2000
to 2500°F, to approximate burnups of 11,000 to 8000 Mwd/metric ton re
spectively. Analysis of gas collected from the first capsule, which was
Irradiated to a burnup of approximately 4000 Mwd/metric ton, showed that
1.7$ of the Kr85 generated by fission was released from the UC.

The release of short-lived gases, especially Xe138 and Kr88, from
irradiated U02 was studied in instantaneous fission-gas-release experi
ments. These gases reach equilibrium release within 24 hr, and the tem
perature dependence of release can be established within a few days. The
diffusion coefficients obtained for Kr88 over a four-month period of ir
radiation can be separated into two groups: (l) the values obtained be
fore the U02 sample was operated at its highest temperature (ll00°C) for
ten days and (2) the values obtained after the high-temperature operation.
The gas retention of the UO2 was decreased by the high-temperature opera
tion.

The eight group III capsules being irradiated in the ORR were with
drawn on May 8, 1961, after eight months of irradiation, and eight group



IV capsules were inserted. The group IV capsules include two stainless-
steel-clad capsules containing UO2 pellets of different grain sizes, two
similar capsules containing swaged UO2, and two containing tamp-packed
U02. The remaining two capsules consist of beryllium-clad UO2 pellets
supplied by the French CEA. One capsule has an electron-beam-welded clo
sure, and the other has a hand-welded closure.

Also installed in the ORR irradiation facility during this shutdown
were new mounting and positioning brackets and two new base plates con
taining mechanisms which provide for manual adjustment of each capsule
within a zone 1 to 8.9 in. from the west wall of the reactor while the

reactor is operating. This unit will be used to compensate for changes
in neutron flux levels. New gas circulators were incorporated in the
control-gas circuits of each of the eight capsules. The new circulators

differ from those used previously only in that the pump speed has been
increased from 500 to 1000 rpm. The higher speed should prevent the cop
per-Teflon vanes from sticking and causing temperature excursions such
as those which occurred previously. Two thermal-neutron-monitor thermo
piles were installed 22-1/2 in. west of the reactor pool-side windows at
the midpoint behind each of the north and south capsule groups.

The in-pile and in-pool piping of GCR-ORR loop No. 1 was completed.
This piping is required to provide double containment and to assure more
efficient flow of the helium coolant. The loop performed satisfactorily
in a trial run with the reactor operating at 5 Mw. The test specimens
installed in the loop consist of approximately 30 pieces of weld metal
representative of that being used in the main GCR containment pressure
vessel. This steel will be irradiated at approximately 550°F for at least
one seven-week cycle to study the embrittling effects of irradiation.

Reactor Physics. — The first results were obtained in a study of the
power distribution within 19-rod cluster fuel elements in the EGCR core.
For a cluster with the EGCR enrichment (2.46$) and very nearly the same
volume of fuel, the ratios of the rod power to the average power per rod
for the central rod and for rods of the first and second rings are, re
spectively, 0.840, 0.925, and 1.050. The power density across the outer
ring of fuel rods drops by a factor of 1.05, and that across the first
ring drops by a factor of 1.06.

A series of calculations is in progress to determine the reactivity
lifetime of fuel elements consisting initially of U235, thorium, and graph
ite. The specified conditions were a moderator temperature of 1000°K,
core leakage of 5$, fluxes characteristic of an equilibrium fuel cycle,
and an excess k of 1$. The fuel specific power and the composition of
fresh fuel elements were varied. The fission product cross sections of
Nephew (ORNL-2869) were used both for thermal and resonance absorption.

The atomic ratio of carbon to uranium in the fresh fuel was varied

from 2000 to 8000 with only minor (10-15$) changes in lifetime. A maximum
lifetime was obtained with a carbon-to-uranium ratio of about 4000. As

the ratio was increased, the absorptions in graphite became excessive;
as it was decreased, the fission product absorptions became excessive and
the value of f\ decreased. The optimum (for lifetime) atomic ratio of tho
rium to uranium in the fresh fuel was found to vary from about 7 to 11
as the specific power was decreased from 10,000 to 500 kw/kg. Some of
the lifetimes obtained with optimum fuel compositions are:



. „. ~ Fuel Lifetime
Specific Power /„. . ..,.-,

/, /. s (fissions per initial
(kw/kg) v _. ...^ , x

' fissile atom)

500

1,000

5,000

10,000

The specific power is an important variable in that it determines the

amounts of xenon poisoning, required control-rod worth for samarium over
ride, and protactinium poisoning.

EGCR Control-Rod Mockup Tests. — The EGCR control-rod mockup was as
sembled, and coolant-flow and pressure-drop tests were performed. The
pressure-drop measurements confirmed the calculated values; however, the
joint leakage was less than expected. Also, the rod weight of 137-3/4 lb
was near the computed value of 138 lb. One questionable feature of the
design was apparent in that the rod segments would not stay centered on
the central support rod. The control rod was therefore modified by re
ducing the clearance between the central rod and the internal spacers and
by inserting one additional spacer just above each joint. This modifi
cation allows the segments to be aligned while maintaining sufficient rod
flexibility. Bids for manufacture of the control rods have been requested,
and about 16 vendors are expected to submit bids by June 6, 1961.

Graphite Outgassing Studies. — Specimens machined from block No. 4
(file No. 3) of the EGCR graphite were degassed by external resistance
heating in the temperature range 30 to 1000°C. The specimens had been
machined in different sizes (l-in. diameter, 1-in. length; 1-in. diameter,
4-in. length; and 2-l/4-in. diameter, 2-in. length) from the central re
gion of a 6-in.-thick slab cut perpendicular to the extrusion axis of the
20-ft bar. The degassing behavior of all the samples was similar. Sig
nificant amounts of SO2 were released by all specimens during heating from
300 to 600°C. The volumes of gas evolved as a function of time at 300,
600, and 1000°C for the various specimens indicated that the effect of
the geometry of the specimen on the rate of release of the gas was unim
portant. Variations found from specimen to specimen of the same geometry
were as large as those observed for specimens of different geometry. An
increase in rate of release with increasing time of degassing was observed
in all cases at 1000°C.

Adsorbers for Removing Fission Product Gases from Coolants. — Studies

on the removal of radioactive iodine vapor from high-temperature helium
streams continued, with emphasis on iodine retention by Whetlerite char
coal (Pittsburgh BPL charcoal impregnated with salts of silver, chromium,
and copper). The migration rate of iodine through relatively deep beds
(~4 in. of Whetlerite charcoal, 12/30 mesh) is being studied as a function
of temperature. The second test of the series was terminated after 897
hr at 425°C with a helium velocity of 53 fpm. The iodine was contained
in the first 0.75 in. of charcoal, and the over-all iodine migration was

2,.2

2,.0

1,.6

1,.4
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no more than 0.07 in. Similar results were obtained from the first test

at 325°C.

Evaluation of ICI Beryllium Tubing. — Approximately 200 ft of ex-
truded beryllium tubing (0.300-in.-ID, 0.040-in.-wall) was received from
Imperial Chemical Industries Limited for nondestructive evaluation. Low-

voltage radiographic examinations of the entire shipment were completed.
Numerous, fine, high-density particles were detected throughout the tubing.
In addition, a number of extrusion marks of varying severity and a few
isolated pits were noted. Fluorescent-penetrant evaluation has, to date,
disclosed only shallow pinholes. Ultrasonic examinations are not com
plete, but it is evident that some of the tubing will be rejected for
failure to meet the prescribed wall-thickness tolerance.

Coated-Particle Fuel Element Development. — Preirradiation evaluation
was completed for spheroidal uranium carbide particles coated with pyro-
lytically deposited carbon, sample 3M, lot 10695-45. The surface contami
nation after three thermal cycles to approximately 1400°C had increased
to 0.003$ from an as-received surface contamination of 0.0009$. The amount
of uranium dissolved by acid leaching after thermal cycling was 0.03$ of
the total uranium initially present in the particles, indicating that some
of the particles were damaged. An effort will be made to evaluate this

material more completely to determine the cause of the poor thermal cy
cling resistance.

Fuel capsules were assembled for the second LITR irradiation experi
ment. Coated-particle sample 3M-SP-2 was selected for this experiment.
The capsules are similar to those used in the first LITR experiment (L-
CPlab) except that the ends of the tantalum cans have been modified to
facilitate opening in the hot cells.

Two fission-gas-retention tests were performed on 3M pyrolytic-carbon-
coated U02 particles. The first was a 140-hr isothermal test at 1960°C.
No Xe133 was released; however, activity was found deposited on the fur
nace. This activity was Identified as Bal40-La1^0, almost in equilibrium
ratio.

The second test was for 22 hr at 1900°C. Again no Xe133 was released.
However, activity was found on the tantalum wire on which the crucible
was hung in the furnace. In the first 1 in. of the wire, Ru103 was found;
in the next 1 in., there was a small amount of Ru103 and gross amounts of
equilibrium Bal40-La140. The rest of the wire (about 5 in.) was virtually
clean, although small amounts of Ba1*0-Lal4-° were found toward the colder
sections of the wire. No other fission product gamma activity was ob
served.

THERMAL-BREEDER REACTOR PROGRAM

Homogeneous Reactor Program

Homogeneous Reactor Test. — The experimental program of the HRT was
terminated late in April, and the reactor was shut down permanently as
scheduled by May 1.
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During the final run (No. 25), mixing of fuel between the core and
blanket regions increased sharply (reported in April). After shutdown
an inspection of the interior of the core revealed that the upper Zircaloy
vessel patch had become detached from the vessel and was lying on the up
per diffuser screen along with a portion of the bolt which had held it in
place. The lower patch was in place, but its gold gasket was loose.

The detached upper patch and bolt fragment were removed from the core
for examination. Preliminary inspection revealed that the bolt had melted
near the toggle nut about l/4 in. from the patch on the blanket side. There
was no appreciable attack on the core side of the patch or on its surfaces
which contacted the vessel or bolt. The melting of the bolt was attrib
uted to boiling and collection of uranium under the adverse flow conditions
existing in the blanket.

Operations necessary for removal of corrosion specimens and for in
spection and storage of the reactor (in an assembled state) are now in
progress.

Thorium Blanket Studies. — The investigation of the application of
the sol-gel process to the preparation of thoria pellets suitable for use
as blanket material in an aqueous homogeneous reactor was continued. Eight
materials prepared by the sol-gel process with varying N/Th ratios, along
with a material prepared by peroxide precipitation, were screened before
and after grinding in a spouted bed for 15 hr. Of these preparations,
four had > 50$ survival of rounded particles > 10 mesh. These included
the peroxide-precipitated material and the three sol-gel materials with
N/Th S 0.11. The peroxide-precipitated material had crystallites, at the
sol stage, nearly twice the average for sol-gel materials used. From this
result it was concluded that lower nitrate concentration and larger crys
tallite size for the precursor oxide are important for obtaining strong
particles by the sol-gel process.

Reactor Analysis. — Power-trace data from the HRT were subjected to

a variety of statistical tests covering both the observed fluctuations
and the reactivity changes necessary to produce them. The positive power
and reactivity deviations were found to be consistently larger on the av
erage than the negative deviations. The percentage deviation increased
with core power level. It was not established whether pressure, tempera
ture, or flow rate affected the deviations. Comparison of calculated fluid
recirculation rates with measurements made in a core mockup showed a strong
similarity. While agreement between the mockup measurements and the re
actor data is not complete, the comparison offers considerable support to
the idea that hydrodynamic fluctuations were a major cause of the power
deviations.

On changing the power level In the HRT, temperature transients due
to density changes may occur. It was calculated that going from zero power
to 5 Mw produces an initial temperature rise of about 0.7°C followed by
a gradual decrease over a 2-hr period to an equilibrium point 1.3°C below
the initial assumed level of 265°C.

Homogeneous Reactor Instrumentation. — The HRT instruments are being
placed in a stand-by condition. Instruments will be left in place wher
ever this is practical and will be secured in such a manner as to prevent

tampering or deterioration. Electrical circuits will be de-energized



wherever possible, and the air supply system will be secured. Precautions
are being taken to minimize condensation in the air lines and instruments.
Stand-by monitoring devices will be provided as required for personnel
safety and equipment protection. A telemetering system is being installed
to transmit alarm signals to the ORNL Guard Headquarters.

Metallurgy and Ceramics. — A study of several pellet-sintering methods
was made which led to the development of a successful procedure for fab
ricating Th02-1$ UO2 spheres. In this procedure, cubes are tumbled into
spheres by use of techniques described in ORNL-3120. After rough tumbling,
the spheres are fired in air at 600°C to remove Carbowax binder and are
then fired in H2 at 1350°C. After wet tumbling to polish the surfaces,
they are fired in hydrogen at 1800°C to produce a final density of 9.45
g/cm3.

One kilogram of Th02—1$ UO2 spheres was prepared by this method, and
the pellets appear visually to be sound and crack-free. These pellets
will be tested for uranium leaching characteristics.

Out-of-Pile Blanket Materials Tests. — A study was made for deter
mining the susceptibility of Zircaloy-2 and other zirconium-base alloys
to hydriding during exposure to flowing slurries of thoria and of Th-U
oxides at temperatures of 200, 280, and 335°C. In one phase of the study,
with toroids in which pin-type specimens of the alloys were subjected to
slug flow of slurry at 26 fps, oxygen overpressure inhibited hydriding of
all alloys studied. On the other hand, when hydrogen and hydrogen-argon
mixtures were used, the rate and extent of hydriding of the alloys in
creased with increases in gas overpressures in the range 15 to 260 psig
(room temperature). For any given alloy in a specific type of slurry for
a specific test time, there was a threshold hydrogen overpressure above
which accelerated hydride formation resulted. Although threshold pres
sures varied markedly with different slurry preparations, in general the
threshold pressure was lowered as the percentage of uranium in the oxides
increased up to about 20 wt $ U with respect to thorium. For a given sys
tem the extent of hydriding was proportional to test duration.

At different temperatures in comparable tests the susceptibility of
the alloys to hydriding was greatest at 280°C, moderate at 200°C, and not
detectable at 335°C.

Where severe hydriding occurred, it resulted from the reaction of
the alloys with molecular hydrogen from the overpressurizing gas as well
as hydrogen which might have resulted from corrosion.

The alloys tested were, in their order of decreasing susceptibility
to hydriding: Zircaloy-2 (coarse grained), Zircaloy-2 (fine grained),
Zircaloy-3, and Zircaloy-4.

Based on metallographic examinations of over 200 specimens, uptake
of hydrogen by the alloys was initiated at the surface of the specimens
at areas where protective oxide films were continually damaged or removed
due to abrasion by impinging slurry particles. Hydriding progressed by
intergranular diffusion of hydrogen into the alloys. In many specimens
which were grossly hydrided, additional paths for entrance of hydrogen
were available through cracks and fissures which resulted from the volume
expansion associated with zirconium hydride formation.

In-Pile Blanket Materials Tests. — Direct observation by electron
micrography of samples of solids which had been circulated in-pile in the
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slurry loop experiment showed successively advanced stages of particle
degradation as irradiation and circulation continued. Initial in-pile
samples showed a rounding of sharp edges of particles. The progressively
increasing production of fine particles after about 400 hr of irradiation
was readily apparent in the photographs.

The total burnup of U235 in the in-pile slurry loop experiment was
estimated at 0.92$ of the original 0.4$ U (with respect to thorium), with
a total exposure of 1.6 X 1019 nvt. The flux averaged over the entire
volume of the main stream was 2.4 X 1012 nv. Approximately 7 X 1016 fis
sions per gram of solids were obtained. Analyses of Cs137, Zr95, Ce95,
and Pa233 in both the solid and liquid phases indicated that only Cs13'
appeared in appreciable concentrations in the liquid phase. The distri
bution ratio (solid/liquid) was found to be about unity for Cs137, com
pared with values of over 10* for the other nuclides.

In postirradiation examination of the loop after it was sectioned,
direct observation of the internal surface of the piping at the inlet and

outlet of the high-flux region of the loop showed only insignificant
amounts of dispersed material remaining on the piping. Similarly, cor
rosion coupons removed from specimen holders in the core section showed
no marked accumulation of solids. Weights of solids removed from coupons

by scrubbing ranged from 1 to 3 mg/cm2. Weight gains for scrubbed Zir
caloy-2 specimens (relative to original weights) ranged up to 2 mg/cm2.
A loss of 6 mg/cm2 of metal, or a pickup of 2 mg/cm2 of oxygen, would cor
respond to a generalized corrosion rate of 1 mil/yr. Zircaloy-2 specimens
located at entrance regions of specimen holders showed weight losses, par
ticularly for the higher velocity (22-fps) holder.

The autoclave from experiment L5Z-155S was opened, and the slurry
was removed for analyses. This experiment had been performed to evaluate
the radiation effect on the degradation of particles gently suspended in
a rocking autoclave in comparison with that observed in the slurry pumped
in the in-pile slurry loop experiment L-2-27S. In the autoclave experi
ment the thermal-neutron dose was 1.1 x 1019 nvt; in the loop experiment
the dose was 1.6 X 1019 nvt. The Zircaloy-2 autoclave contained a thoria-
urania slurry (0.4$ U based on thorium) which was a replica of that used
in the In-pile slurry loop experiment. The same catalyst and thoria-urania
(batch DT-22) preparations were used.

The surface area of the original (batch DT-22) thoria-urania (92$)
was 2 m2/g; that of the finely divided palladium-thoria catalyst (8$) was
53 m2/g. The surface area of the unirradiated mixture was 8 m2/g. After
irradiation, the surface area of the slurry was 30 m2/g.

Particle-size analyses of two samples of the irradiated slurry com
pared with an unirradiated control sample indicated no degradation of the
slurry particles. From the results of the physical analyses so far, it
is inferred that in-pile irradiation does indeed cause defects in the
slurry particles, as observed by an increase in the surface area, but that
particle agitation more vigorous than that experienced in a rocking auto
clave is necessary to actually break up the slurry particles.

Evaluation Studies

Thorium-Breeder-Reactor Evaluation Studies. — The fuel costs in a

CANDU-type reactor fueled with Th232 and uranium highly enriched with U235



(CANadian Deuterium Uranium THorium) were estimated by using cost bases
and ground rules used in the evaluation of five thermal breeder reactors.

The costs obtained, based on a "throwaway" CANDUTH cycle, were about the
same as those obtained for CANDU.

Preliminary nuclear calculations for a large one-region molten-salt
reactor indicate that even with a throwaway cycle it may be possible to
achieve breeding ratios greater than unity. However, the fuel costs for
this cycle in which salt and thorium are discarded, but U233 is recovered,
will be about twice as high as the costs of a two-region, two-fluid system
(MSBR), but may be below 2 mills/kwhr if 1000 Mw (electrical) can be ob
tained from a single 20-ft-diam core.

In studies of a gas-cooled, graphite-moderated breeder reactor (GGBR)
reported previously, it was assumed that none of the xenon produced in
the fuel matrix would escape and that a neutron loss corresponding to
about 0.06 in breeding ratio would be incurred. The use of AGOT-grade
graphite, however, may permit xenon to diffuse rapidly into the gas stream,
resulting in little xenon poisoning. A neutron saving of this magnitude
could possibly make the GGBR competitive with the molten-salt reactor as
a breeder.

MOLTEN-SALT REACTOR PROJECT

MSRE Design. - Piping designs were completed for the fuel- and cool
ant-salt systems, and the pump-support arrangement was designed. Loca
tions were assigned for electrical disconnects for heaters and thermocouple
disconnects within the reactor cell.

Detailing of the reactor-vessel design was completed, except for the
10-in. access port. The access port is being designed, as are the control-
rod penetrations which are a part of this port.

Reactor-cell penetrations and the numerous flow diagrams are being
detailed.

The pipe-heater design is also being detailed. A heater design for
the pump, which is one of the most difficult components to heat, was laid
out in rough form.

Drafting continued for the lower shielding plugs, the maintenance con
trol room, the electrical-service rooms, and the radiator support. Draw
ings of drain-tank-pit reinforcing are 90$ complete.

The location of the reactor-cell exhaust duct was changed slightly,
which will require a reworking of some drawings. Drawings of the storage-
pit ventilation system were finished. Electrical-distribution drawings
are progressing; they include power, auxiliary power, emergency power,
and lighting in control rooms, cells, and crane-bay areas.

The layout of the maintenance control room was revised to accommodate
additional equipment. The design for a 1500-w portable light unit to pro
vide additional lighting for television viewing was accepted.

The shielding-window drawings were revised to comply with comments
received on the preliminary drawings and with production tolerances.

The design of the freeze-flange torqueing tool was made, and drawings
are in progress for extension wrenches for this tool.
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Component Development. — The final design of the full-scale hydraulic
model of the MSRE core with its associated loop was completed, and fabri
cation was started.

Experiments conducted on the one-fifth-scale model to determine the
effect of the flow on solids indicate that some solids, with densities
as high as that of U02 and diameters as small as 20 u, will settle in the
lower head of the core.

Operation of the engineering test loop continues with the MSRE cool
ant salt. The loop is operating isothermally at 1100°F with a flow rate
of 50 gpm. Salt samples removed during operation indicated an oxide con
tent of only 300 ppm in solution.

Testing of the fuel-salt-sample capsule indicated that the copper
capsule must be destroyed to remove the sample. A capsule with a thin
wall which can be easily crushed was designed.

The reactor-vessel heater test operated satisfactorily for 11 weeks
with no obvious heater deterioration. A system for removing heat from
the reactor side of the test was used to evaluate permissible heat rates
into the reactor vessel during the initial heatup. It was found that at
1250°F, 4.3 kw could be added to the reactor vessel above that required
to overcome the heat loss.

Efforts to incorporate conical gasket-type gas seals in the MSRE
freeze flange were stopped, because studies have indicated that the criti
cal alignment requirement during remote assembly is prohibitively complex.
The efforts are being directed toward ring-joint seals, which are more
compatible with remote assembly.

Remote Maintenance. - Test brazes on a tentative design for a l-l/2-
in. pipe joint pointed up the alignment problem in maintaining the correct
gap for braze-metal flow. Since remote preparation and assembly of very
close clearance joints is undesirable, a design with a 50-mil/in. taper
to permit assembly with no gap is being constructed for testing.

The MSRE scale model is being revised to reflect the new layout in
the reactor and drain-tank areas.

Construction of the equipment mockup was begun; the initial test will
be on the remote operability of the freeze flange.

Layout design studies were started for a portable sliding shield for
use in the maintenance of reactor-cell equipment.

MSRE Instrumentation. — Preparation of instrument application dia-
grams is continuing. Eight drawings were issued for comment. Six of
these drawings had previously been issued for comment and had been revised
to incorporate recommended changes and a revised instrument numbering
system. Preliminary work began on four additional diagrams. Present es
timates are that 14 application diagrams will be required to cover all
instrumentation on the project.

Development work on thermocouple and electrical disconnects was com
pleted, and a specification for procurement of the electrical disconnects
was prepared.

Investigation of requirements for the data-handling system is con
tinuing. Tabulation of inputs to the data system is nearing completion.
The feasibility of using a differential scan alarm system, for scanning
pipe and vessel temperatures during reactor startup, is being investi
gated.
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Location of in-cell instrumentation is being incorporated in arrange
ment drawings of the primary containment vessel.

A quarter-scale mockup of the main control board was completed. This
mockup, which was a first approach to the problem of panel-board layout,
is a fully graphic board. A semigraphic board will be designed and pro
posed as an alternative.

Pump Development. - The test pump with a molten-salt-lubricated jour
nal bearing has operated continuously for 9630 hr with LiF-BeF2-UF4 (62-
37-1 mole $) at 1225°F. The pump has been started and stopped 78 times.

The Inconel centrifugal pump (PKP type) was shut down because of a
mechanical-electrical failure in the drive motor after 5436 hr of con

tinuous operation with LiF-BeF2-ThF4-UF4 (65-30-4-1 mole $) at 1225°F,
1950 rpm, and 510 gpm. A sweep-gas flow rate of 2000 cm3/min down the
pump-shaft annulus provided a dilution factor of 1100 against the back
diffusion of Kr85 from the pump-tank gas space, subsequent to the prelim
inary testing previously reported.

Water testing of the hydraulic configuration for the prototype fuel
pump was completed satisfactorily. Water testing of the hydraulic con
figuration of the coolant pump was started.

The foundry was provided with new composition limits for INOR-8,
which should increase the fluidity of the casting metal and aid in pro
ducing the impeller and volute castings for the MSRE pumps. Fabrication
of components for the hot-test stand for the prototype fuel pump was re
started after one month's suspension.

Debugging of a stress-analysis Oracle code for the pump tank con
tinues. Presently, the code satisfactorily computes pressure and load
stresses but not the thermal stresses. Computations of thermal stresses
in the cylindrical portion of the pump tank and in the spherical shell
are in progress.

Procurement and Construction. - Requests for bids on INOR-8 material,
from which the MSRE is to be constructed, were sent to prospective vendors.
Purchase contracts for this material will be executed in June, and delivery
of the plate and bar is expected by September. Delivery of the pipe and
tubing is scheduled for December.

Demolition and minor alteration work was started in Building 7503,
the MSRE site. This work, being performed by the H. K. Ferguson Company
on a cost-plus-fixed-fee basis, consists in the removal of old shielding
walls, excavation of the drain-tank pit, construction of an additional
stairway, and some minor electrical work. The work is approximately 60$
complete; it will be completed by June 15.

Chemistry. - The accumulation of corrosion products in molten fluo
ride fuels has been monitored by periodic sampling during long-term cor
rosion tests involving nickel alloys (INOR-8 and Inconel). Recently col
lected chemical analyses now provide complete life histories for a group
of pumped loops which completed operation several months ago. In agree
ment with earlier results, and because Cr° is the most active element in
the alloys, Cr2+ is the predominant corrosion product and provides the
important indications of significant trends with time. The best example
of the expected favorable behavior is still an INOR-8 system in which LiF-
BeF2-ThF4-UF4 (62.0-36.5-1.0-0.5 mole $) was circulated for 14,580 hr at
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700°C and the Cr2+ concentration remained steady at 550 ppm. Such results
have now been confirmed with a fuel having a high TI1F4 content, LiF-BeF2-
ThF4-UF4 (67-18.5-14.0-0.5 mole $), which circulated in INOR-8 at 700°C
for 10,000 hr and developed a Cr2+ concentration of 500 ppm. The effect
of temperature was shown by a similar system which manifested a steady-
state Cr2+ concentration of 700 ppm after 10,800 hr at 760°C. The in
fluence of the concentration of UF4, the main oxidizing agent in the fuel,
was demonstrated with LiF-BeF2-UF4 (70-10-20 mole $). As previously re
ported, the Cr2+ concentration developed with 20 mole $ UF4 had reached
1700 ppm in 8200 hr and showed no sign of leveling off.

Metallurgy. — A program is continuing for studying the crack suscep-
tibility of various heats of INOR-8 as a result of welding. One-inch
plates from seven heats of material were welded and were tested in bend
tests and examined metallographically. Results verified the prediction
that weld cracking was associated with inadequate purification and deoxi-
dation of the melt during casting. Crack-free weldments were made from
heats of both vacuum-melted and air-melted INOR-8 with improved deoxi-
dation practices. Acceptable heats have now been made by both major INOR-8
manufacturers.

Specification of a weldability test method that is acceptable to plate
manufacturers was prepared for inclusion in the procurement specifications
for INOR-8. This method includes the restrained, 1-in.-thick weld test.

Corrosion Tests. — Metallographic examination of specimens from INOR-8
forced-circulation loop MSRP-6, which operated for 20,000 hr under the
conditions given below, revealed only light surface roughening and the
formation of a discontinuous surface layer. The surface layer occurred
only in the hot-leg regions and varied in thickness to a maximum of 2 mils.

Salt mixture

Maximum salt-metal interface

temperature

Maximum bulk-salt temperature

Loop zXD

Flow rate

Reynolds number

LiF-BeF2 -UF,4-ThF4
(62-36.5-0.5-1.0 mole

1300°F

1250°F

200°F

15 gpm

2300

In-Pile Tests. - The third MSRE graphite-fuel capsule assembly (ORNL-
MTR-47-3) was inserted in the MTR during the week of May 1. The experi
ment is operating satisfactorily except that the capsule graphite tempera
tures are low. The graphite-to-salt interface temperatures of the unim-
pregnated capsules are about 1430°F, or 120°F below design. Those of the
two impregnated capsules are 1500 and 1640°F, or 300 and 140°F below de
sign. These temperatures are well above the maximum MSRE core temperature
of 1275°F, and the operating conditions are considered to be satisfactory.
The cause of the low temperatures is not certain. The flux distribution
in the MTR may have been shifted as a result of the recent removal of the
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ANP experiments and a change in control-rod location from one distant to
this experiment to one near by. The helium-gas gaps in the experiment,
which provide the thermal resistance, may be slightly small.

Reactor Analysis. — A summary of the various radiation source strengths
in the MSRE equipment cells was prepared to aid in determining estimates
of cell radiation levels. The residual activity in the heat exchanger and
pump bowl following 10-Mw operation for one year was estimated and included
in the summary.

Assuming that 100$ of the fission products considered were plated out
in the heat exchanger, the resulting gamma emission rate at 10 and 30 days
after shutdown corresponded to 2.8 and 1.9 kw respectively.

If all the daughter products of xenon and zirconium plated out in the
pump bowl, the gamma activity at 10 and 30 days' cooling time would cor
respond to 0.13 and 0.056 kw respectively.

HIGH FLUX ISOTOPE REACTOR

Physics. — The reactivity worth of the HFIR control plates was re
cently calculated by using a one-dimensional, transport-theory reactor
code (DSN). By use of four-group cross sections that were derived prima
rily from a 34-group diffusion theory calculation (GNU), the worth (k —

eff

l) of the l/2-in.-thick gray region (nickel) and of the l/4-in.-thick black
region (0.030 in. nickel plus 0.220 in. silver) was calculated to be 0.10
and 0.18 respectively. These calculations treated the various narrow re
gions of plate and coolant as discrete regions; corresponding values for
a homogenized control region (3 cm thick) were, respectively, 0.13 and
0.23. Diffusion theory (GNU) gave 0.13 and 0.26 for the latter values of
control-plate worth.

Further calculations have been made in connection with xenon and sa

marium poisoning problems, with low-power samarium burnup being considered
for a core that has been shut down for several days. Based on a 15-day
normal operating lifetime, a core that has been shut down for a prolonged
period after no less than about 11-l/2 days cannot be restarted without
some samarium being burned out or fuel added.

Until the core is approximately 13 days old, sufficient samarium can
be burned out at low power (approximately 1 Mw) to permit the core to com
plete and even exceed by about one-half day the normal fuel cycle at full
power. Shutdown after 13 days plus samarium burnup results in a fuel cycle
at full power shorter than normal.

Assuming that low-power samarium burnup would be accomplished in an
auxiliary low-power facility in which heat is transferred by natural con
vection, and considering the redistribution of power resulting from redis
tribution of the poisons and repositioning of the control plates, it was
estimated that the maximum achievable power level without film boiling at
the hot spot would be about 1 Mw. Under these conditions the time required
to adequately burn the samarium ranged from zero for an ll-l/2-day-old
core to about 50 days for a 13-day core. For a 13-l/2-day core the re
quired burning time was about 100 days.

Control and Instrumentation. - A laminate of air, water, and iron has
been proposed for the ion-chamber neutron collimator located between the
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beryllium and the pressure-vessel wall. Calculations are now in progress
to determine the resulting increase in neutron current at the chamber lo
cation and to determine the off-axis "noise" component of this current.

A system for the on-the-line testing of the inlet and outlet tempera
ture sensors for the coincidence safety system was developed. A prototype
injection nozzle was fabricated for test in the mockup. This prototype
will be employed to determine the location of the nozzle with respect to

the sensors and the Ap and At between the injected water and the process
water.

A gravity-flow trough will be used to conduct a sample of all cool
ing-tower water as it comes from the tower to a common temperature ele
ment, which will be used to control the secondary cooling-water tempera
ture. Analog studies of the secondary cooling-water system indicate that
adequate control will be obtained.

Corrosion. — Several heat-flux corrosion tests were conducted to com

plete the corrosion program in support of the HFIR. The following para
graphs summarize the effect of heat flux, pH, and coolant temperature on
the corrosion of 6061 aluminum by water.

Ten-day tests were completed at heat fluxes of 1.0, 1.5, and 2.0 x
106 Btu hr-1 ft-2. In all tests the flow rate was 40 fps, the pressure
was 900 psi, the pH of the coolant was 5.0, and the inlet water tempera
ture was adjusted so that the outlet water temperature was 220°F. The
maximum rates of temperature increase were: 2, 6, and 17°F/day for respec
tive heat fluxes of 1.0 x 106, 1.5 x 106, and 2.0 x 106 Btu hr-1 ft"2.

A series of tests was conducted to determine the effect of pH in the
range of 5.0 to 6.4 (HNO3). The test conditions were: heat flux, 2.0 x
106 Btu hr-1 ft-2; flow rate, 40 fps; coolant temperature, 176 to 220°F;
pressure, 900 psi. The maximum rates of temperature increase were 17°F/day
at pH values of 5.0 and 5.3, 31°F/day at a pH of 5.7, and 48°F/day at a
pH of 6.4 (deionized water). In the last two cases, film stripping and
localized attack of the aluminum occurred.

Increasing the coolant temperature increased the rate of oxide for

mation. For example, at a heat flux of 1.5 x 106 Btu hr-1 ft-2, the rate
of temperature increase was 5 to 6°F per day when the outlet water tempera
ture was 220°F and 12 to 14°F per day when it was 250°F.

The data indicate that at a fixed pH and at flow rates, coolant tem
peratures, and heat fluxes of interest to the HFIR, the rate of oxide for
mation (and presumably corrosion) is determined to a large extent by the
specimen temperature.

Examination of the corrosion specimens is not complete, but except
for those cases where film stripping occurred, attack of the aluminum was
uniform and never exceeded 2 mils penetration during ten-day tests. In
those cases where film stripping occurred, localized attack to a depth
of 5 to 10 mils was observed. Under the most severe conditions expected

during operation of the HFIR, penetration of the aluminum cladding is es
timated to be about 1 mil per ten days, provided that the pH of the water
is maintained between 5.0 and 5.3.

Metallurgy. — The method of correlating uranium concentration with
measured densities in the HFIR alloy cores was found to be accurate to
approximately ±0.5$. This was observed in fuel cores of 24 wt $ U se
lected from those made for the critical test element, as well as in a
study of alloy castings ranging in composition from 18 to 30 wt $ U.
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Analysis of the data accumulated during the rolling of plates for
the critical element was completed for the outer annulus. The widths of

the "meat" in the plates were found to vary by approximately ±l/l6 in.
A taper in the width was observed at the ends of the plates for approxi
mately 1 in. of length. Lengths varied by ±l/2 in. A metallographic ex
amination of three plates indicated that the thickness dimensions were

well within the specified values.

Spacing measurements were obtained for inner-annulus water channels

of the critical fuel element. In those locations where Teflon spacer
strips were used during welding, a fair control was observed on dimensions.

Design. — As a result of discussions with machine-shop personnel,
the permanent beryllium reflector concept was modified to reduce the es
timated machining costs. In the revised concept, coolant is supplied from
a common plenum chamber to both the removable and permanent reflector re
gion, with flow control obtained by directing flow through an orifice into
the common plenum. The outer ring of the previous removable-reflector
design was incorporated into the permanent reflector in the form of a seg
mented, semipermanent ring. Four of the eight segments of this ring may
be removed to permit removal and replacement of the control plates. The
other four segments may also be removed, but with some difficulty, in the
event that they require replacement because of radiation damage. The en
gineering facility tubes were relocated to a point about 2 in. nearer the
core center line by grooving the outer cylindrical surface of the perma

nent reflector. The horizontal beam-hole sleeves in the beryllium were
replaced by short sections, with a labyrinth seal between the beam tubes
and the sleeves.

The present concept of the horizontal beam tube employs internal cool
ing, with coolant provided by primary water flowing axially through chan
nels within the tube and discharging into a plenum connected to the vessel
outlet line.

With the exception of the control-rod release mechanism, a prototype
of the mechanical drive components is being procured for testing in the
mockup. Detail drawings of the ball-latch release mechanism are now being
completed.

Purchase contracts were placed for design and fabrication of the pres
sure vessel, primary circulating pumps, main heat exchangers, and pres-
surizer pumps.

Drawings were prepared and distributed which present the present me
chanical and nuclear requirements for the fuel element. The drawings show
the end adaptors proposed for the reactor.

Critical Experiments. — The completed fuel element for HFIR critical
experiment No. 2 was flooded with water in the absence of beryllium re
flector and found to have considerable source-neutron multiplication. It
was made critical by removing part of the water from the central island.
The fuel element has been placed in the equipment designed for this second
series of critical experiments. Preliminary experiments to check out the
controls and instrumentation and to establish initial critical conditions

have begun. During this period of testing, the system was made critical
with water in only the fuel region, and the control plates were set with
a gray (nickel) window of 5.3 in., with the inner and outer black (copper-
silver) sections inserted 6.7 and 8.0 in. respectively. The beryllium,
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the control-plate region, and the target island were dry for this experi
ment.

MARITIME REACTORS PROGRAM

Physics. — One-dimensional radial burnup calculations with the CANDLE
2 code were performed for two Savannah-type cores. One core had the prop
erties of a stainless steel egg-crate structure and had fuel elements of

core I design containing uranium enriched to 4.2 wt $ U235. The other
core had the properties of a Zircaloy egg-crate structure and contained
the same fuel. Both cores appear to have about the same temperature re
activity deficit (Ak ~ —0.06), equilibrium xenon and samarium reactivity
deficit (Ak & —0.02), and peak or override xenon reactivity deficit (Ak ~
—0.01). However, the Savannah core I control rods, which can shut down
the stainless steel egg-crate core with a shutdown margin of about 0.02Ak,
can just barely hold down the Zircaloy egg-crate core. The burnup calcu
lations indicate that the 4.2 wt $ enriched-uranium fuel within a Zircaloy
egg-crate structure would have about twice the reactivity lifetime that
it would have within a stainless steel egg-crate structure. This increase
in reactivity lifetime would result in about a 35$ reduction in fuel-cycle
costs for Savannah core I fuel. Reducing the initial enrichment of the
Zircaloy egg-crate core to give about the same shutdown margin, with the
central control rod stuck out of the core, as is now available in the
stainless steel egg-crate core would result in an initial fuel enrichment

of about 3.8 wt $ U235. This fuel loading in a Zircaloy egg-crate core
would have a reactivity lifetime about 65$ greater than that of a 4.2 wt $
enriched fuel loading in a stainless steel egg-crate core and would result
in about a 30$ reduction in fuel-cycle costs.

ARMY PACKAGE POWER REACTORS

Three high-burnup fuel elements (l8 Mwyr) from core I of the SM-1
reactor were inspected visually at the SM-1 site. The elements did not
show any signs of damage. It Is planned to place two of the elements back
into the reactor with the core II loading of SM-1 for higher U235 burnup.
These two elements will then be exposed to average U235 burnups beyond
the burnup levels achieved in the two elements which are undergoing hot-
cell examination at ORNL. Presently, information exists on ~20 and ~40
at. $ average U235 depletion. The two high-burnup elements will be ex
posed to U235 depletions of ~60 and ~80 at. $.

The five Eu2O3—stainless steel dispersion control rods in the SM-1

were inspected after operating for approximately 8 Mwyr. The rods ap
peared to be in very good condition.

A spent fuel element (S-79) from core I of the SM-1 reactor Is being
examined in the ORNL hot cells. This is a conventional flat-plate unit

fueled with fully enriched U02 dispersed in stainless steel and clad with
type 304L stainless steel. The irradiation exposure was for 16.4 Mwyr
(~42 at. $ depletion of U235). Inspections performed to date include de
termination of over-all bundle dimensions, rippling in top and bottom



16

plates, coolant-channel spacings, nature of radioactive deposits, and rel
ative over-all burnups by gamma scanning. With the exception of rippling
in the outermost plates of 23 mils maximum amplitude and radioactive de
posits built up at the inlet end of the element, no unusual effects have
been noted. The element has been disassembled into its component plates
for further examination.

A drive shaft of type 17-4 PH stainless steel from the SM-1 control-
rod drive system and the control-section basket made of type 304 stainless
steel have been received at the hot cells and are being examined. The

17-4 PH component, originally age-hardened at 1000°F, and the basket have
functioned successfully in a pressurized-water environment of neutral pH
for 10 Mwyr. Detailed visual examination at 5 to lOx revealed no evidence
of cracks or other forms of damage in either the basket or the shaft. Non
destructive surface examination with magnetic particles and dye penetrant
remains to be performed on the drive shaft before it is sectioned for me-

tallographic examination.

NUCLEAR TECHNOLOGY AND GENERAL SUPPORT

Reactor Evaluation Studies. — A study has been made of fuel fabrica
tion costs as a function of fuel material and fuel-element design. A
simplified approach was utilized which involved the separation of cost
factors into two general groups: one containing factors independent of
a specific reactor fuel assembly design (but limited to rod-in-bundle con
figurations), and the other containing design-dependent factors (primarily
due to the method of assembly). Fuel elements for GCR-2, Yankee, Dresden,
and CANDU reactor types were considered; fuel materials considered were
slightly enriched uranium, natural uranium enriched with "commercially
pure" plutonium, and natural uranium enriched with recycle plutonium. Cost
equations were developed for the above cases; these include cost estimates
for oxide powder production and fabrication, salvage recovery and recycle,
fuel-element loading and assembly, quality control and inspection, and
fuel losses.

Calculations were made for determining what effect increasing the
fission cross section of Pu239 by 20$ would have on the fuel value of plu
tonium. The reactor types studied were Dresden (H20) and CANDU (D20).
It was found that changing the fission cross section increased the fuel
value of fissile plutonium about $2/g in the Dresden, but decreased the
value about $0.7/g in the CANDU (no fabrication-cost penalty was associ
ated with recycle fuel). This was due to the relative influence of plu
tonium on the initial-cycle lifetime, in comparison with its influence
in subsequent cycles. For the Dresden reactor, increasing the fission
cross section of plutonium increased the recycle lifetime more than the
initial-cycle lifetime, while the reverse was true for the CANDU reactor.

Radiation Detector Development. — Problems involving counting sta
tistics and spectrometer response functions have long been recognized as
difficulties in the path of complete understanding of experimental gamma-
ray spectra. An equally important problem posed by the nature of the
spectrometer output is under study at the Bulk Shielding Facility. Briefly,
the problem involves the impossibility of exactly defining a continuous
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spectrum by a finite number of discrete points, the form in which the
spectrometer data are displayed by the usual multichannel analyzer. It
has been found, assuming that counts and response functions are exactly
known, that expressions approximating a single parameter dependent on the
spectrum, such as dose, can be written as linear combinations of a finite
number of response functions. The physically logical assumptions that
g(e) ^ 0 [g(e) = particle spectrum as a function of energy] and 0 I e Sm
(nonnegativity) permit useful estimates of upper and lower bounds of the
desired parameters. A method called "linear programming," taken from the
mathematics of economics and scheduling, has been utilized in the compu
tation of such bounds. The methods developed are expected to be useful
in further study of the problems of counting statistics and response func
tions, and to aid directly in analysis of experimental results obtained
with crude spectrometers such as threshold foils.

Chemical Behavior of Thermoelectric Materials. — In further studies

of the characterization of nearly stoichiometric UO2, estimates were made
of the a0 value of U02 unexposed to air and of the precision which could
be achieved by using great care with the ordinary Debye-Scherrer powder
diffraction method for determining a0. Unit cell measurements were made
on U02 which had been prepared by the hydrolysis of U*+ in a molten mix
ture of NaCl-KCl-UCl4 and which had been protected from oxygen contamina
tion during all subsequent handling procedures. In making the measure
ments, Cu^ radiation and a G-E powder camera were employed, corrections

were made for film shrinkage, and extrapolation techniques were used in
evaluating the data. A value of 5.472 ± 0.001 A was obtained; it corre
sponds closely to the previously reported value of 5.472 ± 0.002 A for
U02 oo±o,oo3 (exposed to air), obtained with only routine attention to
the achievement of high precision.

Fuel Element Development. — An exploratory study was conducted to
determine the effects of alloying elements in enhancing the elevated-tem
perature properties of thorium. With hot hardness and recrystallization
temperature being used as criteria in preliminary tests, 45 alloys based
on C, Al, Cr, U, In, Mo, Nb, Zr, Sn, Be, Ti, and V were examined. Hot
hardness at 600°C, compared with that of unalloyed thorium, showed a four
fold increase when 4 wt $ In was added and a threefold increase when 5
wt $ Zr was added. At 750°C these improvements in hardness were even
larger. A Th-0.2 wt $ Be-0.2 wt $ C alloy appears promising at 400°C,
giving a 3-l/2-fold increase in hot hardness. The recrystallization
studies indicated that in alloys containing indium, softening occurs at
~600°C, and in those containing zirconium at ~530°C. Limited hot tensile
tests confirmed the strengthening effects.

Nondestructive Test Development. — A study of x-ray attenuation co
efficients by scintillation spectrometry has been in progress on various
alloys associated with power, compact, and research reactors. Materials
examined have been types 304 and 347 stainless steel, Zircaloy-2, 1100
aluminum, and enriched (93$ U235) uranium-aluminum alloys containing 7.0,
18.6, and 24.8 wt $ uranium.

The low-energy boundary conditions of 50 to 130 kev were based on
the effective energy capacity possible from the available x-ray unit
(Norelco 50 to 150 kvp). Background and scattered radiation were minimized
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not only by the shielding of the x-ray tube and detector but also by nar
row beam collimation from the x-ray source to the detector.

Detection equipment was primarily a Nal(Tl) crystal optically con
nected to a photomultiplier. The pulse from the phototube is fed through
a preamplifier to a linear amplifier and pulse-height selector for the
shaping and selection of pulses between two definite voltage levels. Out
put from this unit then goes to a linear count-rate meter and a Brown re
corder.

For purposes of correlation, theoretical gamma-ray absorption coef
ficients have been calculated for each material. This absorption was cal
culated for each element that was present in the amount of 0.1 wt $ or
greater as determined by chemical analysis.

With the assistance of the Mathematics Panel, both the experimental
x-ray attenuation coefficients and the theoretical gamma-ray absorption
coefficients are being fitted to representative curves. The Oracle was
programmed for six selected curves from each set of data to obtain by the
method of least squares the best mathematical equation.

Fuel Cycle Technology. — Supercentrifugation of thoria sols prepared
by the sol-gel process showed that the sol is optimum for addition of 3
to 5 at. $ uranium, evaporation, and calcination to dense fragments suit
able for vibratory compaction when it has an N/Th atomic ratio of 0.13 to
0.15 and the liquid phase contains ~10-3 M nitrate and < 10~4 M soluble
thorium and has a pH of 3.1 to 3.8. —

A third 1-kg lot of U02-Th02 containing 3.9 wt $ of 93$ enriched ura
nium was prepared by the sol-gel process for vibratory-compaction fabri
cation of irradiation test specimens. The N/Th ratio in the thoria sol
was decreased from 0.19 to 0.15 by refluxing with formic acid. By the
toluene immersion technique the particle density of the calcined fragments
was 9.79 g/cc. Forty-five per cent of the particles were > 4 mesh, and
80$ were > 10 mesh. Products were compacted by vibration to a bulk den
sity of 8.4 or $.5 g/cc in 5/l6-in.-diam tubes.

Reactor Controls Development. — A new concept of a coincident and
redundant safety system has been devised, in which the coincidence element
is the magnet which supports the safety rod or actuates the scram latch
mechanism. A prototype magnet has been built which incorporates a satu
rating magnetic shunt. Energizing one of its three identical coils will
result in negligible lifting force on the rod because of the shunt. En
ergizing a second coil will saturate the shunt, permitting the magnet to
exert rated force. Energizing the third coil will not substantially in
crease the force because of saturation in the magnet armature. The magnet
is thus a two-out-of-three coincidence element, holding the rod if any
two of its three coils are energized, and dropping the rod whenever any
two coils are de-energized. The technique is applicable to magnets con
taining different numbers of coils.

The release time of the prototype magnet, tested with a load of 300
lb being held with a force of 600 lb, has been measured as 4.1 msec when
all three coils are de-energized simultaneously, and as 8.1 msec when two
of the coils are de-energized and the third one remains energized. The
performance of the prototype coincidence magnet is thus quite satisfactory.
These measurements were made by using the transistorized switching circuit
described in 0RNL-3048.
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The advantage of this approach lies in the ability to apply a simple
test signal to the input of a channel of safety instrumentation, confirm
ing that as a result the corresponding coils in all the magnets are de-
energized. The test can be made at any time without interrupting reactor
operation, since de-energizing one coil of these magnets does not drop
the rods. This ability to test the entire instrument channel while the
reactor is in operation is most important in applying coincidence tech
niques to reactor safety systems. In other available coincidence systems,
complicated and expensive pulsed testing equipment is necessary, and the
tests encompass less than the entire instrument channel. The coincidence-
type magnet reported here is thus fundamental to the "second generation"
ORNL reactor safety system now under development.

Power Reactor Fuel Processing: Corrosion Studies. — In flowing modi
fied Zirflex dissolver solutions Haynes 21 alloy showed no localized at
tack and a maximum corrosion rate of 0.67 mil/month in 490 hr; the rate
for type 347 stainless steel was 5.87 mils/month in 304 hr. Corrosion
rates of LCNA alloy, types 309SCb and 304L stainless steel, and Hastelloy
F were all < 1.2 mils/month in both the solution and the vapor phase after
~30 hr exposure through six dissolution cycles.

In 90 vol $ 21 N HN03-10 vol $ 40 N H2S04 at 50°C, INOR-8, LCNA, and
CD4MCu were corroded at maximum rates of 0.11, 0.52, and 1.74 mils/month,
respectively, in 672, 672, and 168 hr. The LCNA showed localized vapor-
phase attack even though dry air was passed through the vapor space.

In dry HC1 at 200°C (192 hr) Haynes 25, Nichrome V, INOR-8, and Pyro
ceram 9608 showed corrosion rates of < 0.01 mil/month. In 34-hr exposures
at 600°C, rates for duplicate specimens (except Pyroceram) were 5.30 and
2.14, 5.63 and 1.52, 10.8 and 16.4, and 1.2 mils/month respectively. The
weight loss of the Pyroceram is believed to have been caused by mechanical
chipping of the edge of the specimen. In 24-hr exposures to dry Cl2 at
200°C, nickel, Haynes 25, Nichrome V, and IN0R-8 gained weight, but Pyro
ceram showed no change. At 350°C all weight losses were equivalent to
corrosion rates of SO.08 mil/month, and at 600°C (duplicate specimens ex
cept for Pyroceram), rates were (mils/month): 1.08 and 11.37 for nickel,
0.60 and 35.2 for Haynes 25, 0.38 and 8.79 for Nichrome V, 2.31 and 27.14
for IN0R-8, and 0 for Pyroceram. In all cases attack appeared uniform.
Rates were maximum for downstream specimens.

In boiling 4 M HNO3 welded INOR-8 showed excessive rates (> 200 mils/
month) in a 1.5-hr exposure. Unwelded Nichrome V showed uniform rates
of SO.22 mil/month in a 336-hr exposure.

Analysis of erratic corrosion performance of titanium in U02 core
dissolvent solution (35°C tests for multipurpose PRFP centrifuge) showed
the effects to be due to small differences in solution composition affect
ing the concentration of the free fluoride contaminant. In tests with
no fluoride the maximum rate was 0.03 mil/month; in some solutions rates
were as high as 8.9 mils/month; complexing the F~ with Al3+ or Fe3+ de
creased the rates.

Power Reactor Fuel Processing: Zirflex Process. — In an engineering-
scale test of the modified Zirflex flowsheet with unirradiated TRIGA fuel,
aluminum-clad 8$ U-92$ ZrH, the aluminum cladding and the Al-Sm neutron-
poison disks dissolved in < 30 min in refluxing 2 M NaOH-1.8 M NaN03, and
$ of the two graphite plugs disintegrated in 2 hr in 90 vol $ HNO3—10
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vol $ H2S04 at room temperature. The U-ZrH was 99.75$ dissolved after
11.5 hr of refluxing in dissolvent initially 6.3 M NH4F-O.55 M NH4NO3-
0.01 M H202. Both acid-aluminum-stabilized solvent-extraction feed so
lution containing 0.46 M Zr, 0.78 M free F~, 3.44 g of U per liter, and
0.8 M HNO3 and Al(N03)3, and H20-stabilized solutions containing 0.444 M
Zr, 0.62 M free F~, and 3.54 g of U per liter remained stable 300 hr at~~
room temperature. When NH4NO3 was omitted from the dissolvent, 8$ U-92$
Zr plate dissolved in 2 hr, with no stable foam, although 2 moles of H2
was evolved per mole of Zr dissolved. The scrubbed off-gas contained
H2 and H2O vapor and < 0.15$ 02.

The addition of ammonium tartrate to the dissolvent resulted in a

more uniform dissolution rate, a lower final F/Zr mole ratio, and a higher
zirconium concentration. The final solutions were stable at pH 5 to 10.
The initial dissolution rates of Zircaloy-2 in 6 M NH4F-O.35 M ammonium
tartrate and in 6 M NH4F were both 16 mg cm-2 min-1, dropping to 8 mg cm-2
min*"1 when the F/Zr ratio had decreased to 50 and finally to 0.6 mg cm""2
min-1. The final F/Zr ratio was 4.0 (1.2 M Zr) when the dissolvent was
0.75 M in ammonium tartrate; it was 7.0 for NH4F alone.

A solution of 0.7 M Zr, 5.2 M F, and 0.35 M ammonium tartrate at 30°C
was exposed to a Co60 gamma radiation field of ~1 w/liter (about 100 times
the radiant energy absorption expected in Zirflex waste) for two weeks
with no apparent instability or gas evolution. A sintered U02 pellet ex
posed to a sample of the same solution at 98°C lost no weight in 67 hr.

Preparation of stable basic solutions from modified Zirflex waste

required a pH of > 10 to ensure aluminum solubility, and the soluble zir
conium tartrate complex decomposed to insoluble zirconium oxide. The log
arithm of the time required for this decomposition was a linear function
of the tartrate/Zr ratio. Extrapolation of the data indicates that a so
lution containing 2 moles of tartrate per mole of Zr at pH 10 would be
stable for two years.

Power Reactor Fuel Processing: Solvent Extraction. - In continuing
studies on niobium extraction chemistry, the extraction coefficient for
niobium from 2 M HN03 into 30$ TBP-dodecane, in which 10$ of the TBP was
degraded by refluxing 6 hr with 6 M HN03, was 0.26 when all the niobium
was in an extractable form. The coefficient in organic-to-aqueous ex
periments was 0.33.

The use of an acid-deficient, instead of an acid, feed with a Purex
type of flowsheet improved decontamination from ruthenium and zirconium-
niobium by factors of about 10 and 4, respectively, with no increase in
uranium loss. This improved uranium solvent-extraction method may be used
to recover uranium, but it is not applicable in its present form to plu
tonium extraction. The scrub was 2 M HN03. The feed in the acid experi
ments was 1 M HNO3 and in the acid-deficient experiments was 0.18 N acid
deficient, with additional acid added to the fourth extraction stage.

In the intermediate-scale mixer-settlers operating with the standard
Purex flowsheet, stage efficiencies were up to 93$ for uranium extraction
and up to 95$ for uranium stripping with modified impellers operated at
speeds up to 1200 rpm. The extraction-scrub bank was operated at an aque
ous throughput of 92 ml/min ($5<f0 of flooding capacity), the back extrac
tion-partitioning bank at an aqueous throughput of 25 ml/min (~23$ of
flooding capacity), and the stripping bank at an aqueous throughput of 350

10
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ml/min ('VJ90$ of flooding capacity). The uranium loss in extraction was
0.001$ in five stages, and in stripping was 0.001$ in seven stages. Op
eration was stable at an aqueous feed throughput of 52 ml/min, equivalent
to a uranium throughput of 23.7 kg/day. Aqueous throughput in the strip
ping bank was limiting at 350 ml/min (90$ of flooding capacity).

Power Reactor Fuel Processing: Uranium Carbide and Uranium-Graphite

Fuels. — When uranium-graphite fuel specimens irradiated to ~0.001$ burnup
were burned in a stream of oxygen at 900°C, the amount of Ru106 volatil
ized appeared to be a function of the uranium content of the fuel. With
specimens containing 3 and 11$ uranium, 60 to 95$ and 30 to 40$, respec
tively, of the Ru106 were volatilized.

More than 99$ of the uranium was solubilized from a Pebble Bed Re
actor fuel specimen containing 125-n U02 particles coated with 17-mil-
thick A1203 when the specimen was ground to < 200 mesh and leached 6 hr
with boiling 15.8 M HN03.

Uranium loss to the graphite residue was only 0.012$ from a TURRET
fuel specimen (graphite impregnated with uranyl nitrate solution) in the
standard two-leach treatment with boiling 90$ HNO3.

The reaction of uranium monocarbide with water at 60°C yielded vir
tually the same reaction products as at 80°C. The only temperature effect
was a marked decrease in reaction rate at the lower temperature: a 5-g

specimen reacted completely in 2 hr at 80°C, but only 95$ in 6 hr at 60°C.
At 60°C the average off-gas volume in four experiments was 92.8 ml (STP)
per gram of specimen; its composition was 11.1 vol $ hydrogen, 86.2$ meth
ane, 1.8$ ethane, 0.54$ propane, 0.28$ butane, 0.071$ pentanes, 0.024$
hexanes, and 0.02$ of an unidentified material. At 80°C the off-gas vol
ume was 93.0 ml (STP) per gram of specimen; its composition was 10.4$ hy
drogen, 86.7$ methane, 1.8$ ethane, 0.69$ propane, 0.27$ butane, 0.059$
pentanes, and 0.055$ hexanes. There was no evidence of a change in re
action products with temperature.

Power Reactor Fuel Processing: Zircex Process. — The ZrCl4 waste
from the Zircex process may be made less corrosive by removing the chlo
ride with H202. The contacting of 1.33 M Zr0Cl2-8 M HC1 with 10 M H202
was rapid and stoichiometric at 75 to 99°C according to the equation
2HC1 + H202 —» Cl2(gas) + 2H20 until the total chloride concentration,
based on the original volume, was decreased to 1.1—1.5 M. Further chlo
ride removal was hindered by the increasing viscosity of the solution and
finally the formation of a hydrated solid, probably zirconium peroxide,
which dissolved readily in nitric acid. When enough nitric acid was added
with 100$ excess hydrogen peroxide to make the product 0.6 M in HNO3, the
chloride concentration was further decreased to 0.5 M. After chloride re

moval, stable basic solutions were made by adding KOH-K2CO3-tartrate so
lution. The same chloride removal reaction proceeded in the presence of

nitric acid except when dissolved iron was present, in which case the major
reaction was decomposition of hydrogen peroxide to water and oxygen.

Power Reactor Fuel Processing: Mechanical. — Eighteen unirradiated
NaK-bonded SRE fuel rods were satisfactorily processed in final cold test
ing of the dejacketing equipment. Approval to operate with irradiated
fuel was granted after satisfactory demonstration of the C02 fire-extin
guishing and double-containment system.
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In a four-stage model-leacher dissolution run, in which nine batches
of U02 pellets, 600 g per batch, were dissolved in 4 M HN03 at an HN03/U02
mole ratio of 5.43, dissolution was 98.4 to 99.3$ in 4 hr. In two runs
with 8 M HN03 the steady-state composite product contained 500 g of U per
liter and 1.9 M H+ at an HNO3/UO2 mole ratio of 4, as compared with a com
posite product of 335 g of U per liter and 4.1 M H+ at an HN03/U02 mole
ratio of 6.15. In each run apparent steady state was attained in three
to four stages.

Power Reactor Fuel Processing: Beryllium-Containing Fuels. — In boil
ing nitric acid—sulfuric acid mixtures, 70$ Be0-30$ U02 GCRE fuel pellets
dissolved completely in < 23 hr. Dissolution rates were essentially the
same in 6 M HNO3 containing 0.5 to 2 M H2S04 and in 8 M HN03-0.5 M H2S04.
In the presence of sulfuric acid, BeO dissolution rates were higher than
in 8 M HNO3 alone. In all cases uranium was leached completely from the
beryllia matrix in 5 to 7 hr.

The dissolution rate of high-fired beryllia was less than 0.01 mg
cm*"2 min-1 in boiling 30$ sulfuric acid, 2.2 M ammonium fluosilicate, di
methyl sulfoxide, and resorcinol.

Fluoride Volatility Processing. — In a total of seven complete flow
sheet runs made to date with nonirradiated enriched-uranium-zirconium alloy
fuel elements, nonrecoverable uranium losses ranged from 0.18 to 1.94 g
(0.04 to 0.31$) and averaged 0.75 g. Total cation impurities in the UF6
product were less than 320 ppm. A system is being constructed for con
tinuous flushing of the off-gas line with liquid HF to eliminate solids
from the off-gas.
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PHYSICAL RESEARCH PROGRAM

Reactor Operations. — Better performance has been obtained from the

revised ball-latch mechanism in the ORR control rods. In spite of con
siderable trouble with the mechanisms and two bimonthly shutdowns in the
last quarter, an operating time of 80$ was achieved at the ORR.

Work is continuing on the proposal to increase the ORR power to 40
Mw.

Waste Disposal. — A good balance was obtained between the different
sources of strontium entering White Oak Creek and that flowing across the
White Oak Creek Dam. In the case of ruthenium, only about half of that
identified as entering the system was accounted for in the dam discharge.

Considerable waste is seeping from open waste pit No. 4, and this
accounts for most of the ruthenium entering the creek. Practically no
strontium is leaving the pits, however.

Hot-Cell Operations. — The load is increasing in the Physical Exami
nation Hot Cells, Buildings 3025 and 3026D. Some overtime work has been
necessary, and as soon as personnel are available it is planned to begin
a second shift.

Plate-spacing and gamma-scanning measurements of SM-1 fuel elements
are almost complete.

The mechanical disassembly of SRE fuel elements in cell A of Building
3026D is almost ready for application to radioactive fuel. Cold runs have
been in progress, and several mechanical troubles are being corrected.

PHYSICS AND MATHEMATICS RESEARCH

Fast-Chopper Time-of-Flight Spectrometer. — Additional neutron ra
diative capture measurements were made with the 28-in.-diam spherical
liquid scintillation detector [Bull. Am. Phys. Soc. 4, 474 (1959)] in
stalled at the 11.5-m flight path of the ORNL fast chopper. The radia
tive capture cross sections of '-'25 naturally abundant elements in the
atomic-weight range 90 < A < 200 were measured from ~200 to 9000 ev with
a resolution of 0.17 usec/m. These cross sections agreed to within 20
to 25$ with the reported Van de Graaff results [Phys. Rev. 122, 182 (l96l)]
in the 9000-ev region.

The 28-in.-diam scintillator was recently moved to a 25-m flight
station at the General Atomic linear accelerator for testing the feasi
bility of using this type of equipment in the presence of the intense
"beam flash" produced by electron linear accelerators. Preliminary tests
with a 20-Mev electron beam (5-usec-wide electron pulse, 70-ma electron
current in the pulse) indicated that this scintillation equipment recovers
quite rapidly (s 8 usee) after the beam flash and is well suited for meas
urements with these accelerators.

High-Voltage Experimental Program: Van de Graaff Conversion. — The
3-Mv pulsed Van de Graaff has been shut down for major changes. The mass-
analyzing magnet is being remounted on a Navy surplus gun mount and thus
will be able to be rotated, obviating the need for a "fanning" magnet.
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The vacuum system is being replaced with higher speed diffusion pumps
with lower back-streaming characteristics. The high-voltage terminal
is being converted from an rf source to a duoplasmatron ion source.
The new system should afford several times more peak ion current at
pulse widths less than 5 nanoseconds.

High-Voltage Experimental Program: Neutrons from the He3 Bombard
ment of Some Light Nuclei. — The angular distributions of neutrons from

C13(He3,n)015 and Be (He3,n.)C11 were measured at a bombarding energy of
2.66 Mev. The excitation function of the Cl3(He3,n)015 reaction was
measured at 90° for He3 bombarding energies from 1.0 to 2.66 Mev. The
neutron spectra for the C13(He3,n)015 reaction showed the ground state
and the third excited state (6.15 Mev) to be clearly resolved at a flight
path of 2 m. The angular distribution for this reaction (ground-state
neutrons) showed a pronounced peaking at 9 =0° and 100° and a mini-

c •in*

mum at 9 =45°. For the reaction Be9(He3,n)Ci:L the ground state and

the first fine excited states were observed. Data for the above reac

tions are now being fitted to distorted-wave calculations from IBM 7090
share code Sally.

Spectroscopy Research Laboratory. — The triatomic metaborate ion,
B02~, was isolated in solid solutions in NaCl, NaBr, KC1, and KBr lat
tices. The infrared spectra of these solutions were studied, and the
ion was shown to be linear and to closely resemble CO2. Fundamental
frequencies identified with ions containing Bl0, B11, 017, and O18 were
measured, plus several overtone and combination bands of the more abun

dant species. For (B10026)~ and (B110l6)~ in KC1, observed frequencies
are v-j. = 1072 cm-1, v2 = 610 and 590 cm"1, v3 = 2043 and 1972 cm"1.

CHEMISTRY RESEARCH

Solvent Extraction Research. — Uranium was recovered from modified

Zirflex dissolver solution (no nitrate) by synergistic Dapex extraction.
From nearly saturated solution (2.7 M F, 1.5 M NH4, 0.33 M Zr, 0.004 M U),
uranium extraction coefficients were ~2 with either 0.1 M di(2-ethyl-
hexyl)phosphoric acid (D2EHPA)-0.05 M tri-n-octylphosphine oxide (T0P0)
or 0.3 M D2EHPA-0.15 M diamyl amylphosphonate (DAAP). The coefficients
increased by more than an order of magnitude on 1:1 dilution of the Zir
flex solution with water. The extracted uranium was readily stripped
with ammonium carbonate solution. Zirconium extraction was low, E°< 0.15,

a '
from the undiluted solution. TOPO alone also extracted uranium but only
in the presence of some nitrate; for example, E° ps) 2 with 0.3 M TOPO when
0.3 M HNO3 or NaN03 was added to the Zirflex solution.

In development of flowsheets for final-cycle plutonium recovery by
extraction with amines, the effects of extractant degradation on the
ability to reject fission products are being examined by measuring the
extraction of Zr95-Nb95 tracer from nitric acid solution. Prolonged
contact with nitric acid gives measurable Zr-Nb extractability, which
increases with time and with nitric acid concentration, and apparently
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is due more to changes in the amine (trilaurylamine) than in the diluent
(Amsco 125-82 plus tridecanol). Several scrubbing agents (e.g., sodium
hydroxide, acidic sodium fluoride) removed the Zr-Nb without decreasing
subsequent extractability. Treatment with dilute sodium chromate (0.005
to 0.1 M) in basic solution decreased the subsequent Zr-Nb extractabilityj
this solution appeared promising for process cleanup.

Ion Exchange Studies. — Calculations of predicted loading rates for
uranyl sulfate on chloride-equilibrated 960-u Dowex 21K were completed.
Assuming that the kinetic process involves diffusion of the U02l(S04)22~,
S042~, and Cl~ ions, the loading rate was shown to be a function of the
ratio of equilibrium sulfate to uranyl disulfate. Experimental loading
data could be fitted by the proposed model when this ratio was 0.02. Ade
quate experimental methods of determining resin bisulfate loadings are not
yet available, but the value 0.02 is within the range which available equi
librium data require, 0.00 to 0.25, and it allows reasonably accurate pre
dictions of the rate at which chloride ions are eluted from the resin dur

ing uranyl sulfate loading. The model was further confirmed by the absence
of significant variation in experimental loading rates for uranyl sulfate
on chloride-equilibrated resin over the concentration ranges 0.003 to
0.006 M uranyl sulfate and 0.025 to 0.200 M total sulfate.

Analyses of Dowex 50W-X8 (20 to 50 mesh) resin which had been placed
in a circulating system of demineralized water and irradiated in a 10,000-
curie Co60 source for a dose of 1.1 x 109 r showed a 30$ decrease in spe
cific resin capacity for a 20$ decrease in resin volume, and a decrease
in the moisture content from its original 42.7$ to 38.6$. A dose of
5.1 x 10 r decreased the specific capacity 60$ and the resin volume $5^0,
but increased the moisture content to 55.1$.

Mechanisms of Separations Processes. — In studies on separation by
foam, measured surface tensions over the experimental range 40 to 55
dynes/cm agreed with values calculated from the Gibbs-Langmuir equations.
Aqueous solutions of each of four surface-active alcohols — n-butanol,
n-pentanol, n-hexanol, and n-heptanol — and 30 solutions containing three
and four of these alcohols were tested.

Chemical Engineering Research. — A pulsed column being operated at
low aqueous/organic flow ratios typical of the scrub section was studied
to determine the effect of type of plate and dispersion on stage height.
The HETS (height equivalent to a theoretical stage) values for stripping
nitric acid from 30$ tributyl phosphate in kerosene in a nozzle-plate
column being operated with the solvent phase continuous were 1.6 ft at
an aqueous/organic ratio of l/7 and 2.9 ft at l/20. These values were
slightly greater than those for a sieve-plate column with the aqueous
phase continuous. The HETS for the sieve-plate column being operated
with the solvent phase continuous was much greater, 4.8 ft at an aque
ous/organic ratio of l/7.

Physical Chemistry of Molten Salts. — In the program of cryoscopic
measurements of fluoride systems, the effects of other alkali-metal fluo
rides on the freezing point of NaF were investigated. When the concentra
tions of any of the alkali fluorides were 6 mole $ or less, the measured
freezing points were equal to those expected of ideal solutions. For LiF
and KF solutes the ideal behavior appeared to extend up to 15 mole $.
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When deviations from ideality occurred, they were negative for LiF and
positive for KF, RbF, and CsF. At the same concentration in the non-
ideal range, the magnitudes of the positive deviations followed the order
CsF > RbF > KF.

As was the case with the tetravalent fluoride solutes previously re
ported (0RNL-3048), the cation size appears to be important. When the
ionic radius of the solute metal was smaller than that of Na+, negative
deviations occurred, and vice versa, with a correlation between the dif
ference in ionic radii and the deviations from ideality. All these bi
nary alkali-fluoride mixtures containing more than 40 mole $ NaF yield
pure crystalline NaF as the primary phase on cooling from the liquid state,
permitting the evaluation of partial molal free energies of mixing with
NaF over wide ranges of composition. These free energies should be useful
for ultimate correlation with structural parameters of the solutes.

High-Temperature Aqueous Solution Chemistry. — Studies of the chem
istry of protactinium in aqueous systems at elevated temperature were
initiated on a macro scale with the use of Pa231 recently made available
from British sources. Preliminary experiments demonstrated that, at con
centrations of ~100 ppm, protactinium was not precipitated rapidly from
(i.e., was apparently soluble in) 2 M Th(N03)4-3 M HN03 or 2.5 M Th(N03)4~
0.5 M HN03 solutions at temperatures from 21 to 180°C. These tests were
performed with stainless steel containers and, in one case, in the pres
ence of zirconium metal and zirconium oxide. These preliminary results
suggest that the adsorption of protactinium on these metals and corrosion
products is either slow or negligible in solutions of the type tested.

Nuclear Methods of Chemical Analysis. — Radioactivation analysis
methods, involving the use of short-lived radionuclides having half-lives
in the range 0.89 sec to 37 min and direct radioactivity measurement tech
niques by means of a gamma scintillation spectrometer, have made it pos
sible to determine many different elements in a large variety of sample
materials. Analyses for the elements Li, W, N, 0, F, S, In, Hf, Se, Sc,
Ag, Rh, Rb, Dy, Ir, V, Al, Hg, Nb, Mg, Co, Ta, Re, Br, Ga, Sb, Sm, U, Th,
Pt, CI, Pd, and Zn are now being made by means of short-lived radionuclides
and by the nondestructive assay of the irradiated sample material. Metals,
alloys, animal tissue, body fluids, feed materials, ores and minerals, and
chemical compounds are now being speedily analyzed in an almost routine
manner. The fast pneumatic tube system of the HN-3 laboratory at the ORR
is being used in this work. The system has an average flux of 5 x 1013
thermal neutrons cm"2 sec"1, and it has been possible, depending upon the
irradiation time, decay of the radionuclide after irradiation, and the ef
ficiency of the counter, to determine microgram and submicrogram amounts
of the elements listed. For example, short-lived radionuclides can be
used to determine quantitatively 10"l0 g of Nb, 10"13 g of V, 10"14 g of
In, 10"8 g of Se, 1CT10 g of W, 1CT5 g of S, and 10"4 g of 0.

Chemistry of the Heavy Elements. — The reduction and the reoxidation
of an aqueous solution composed of U02S04 (0.0123 m), CUSO4 (0.0085 m),
and D2SO4 (0.0072 m) in D20 (98.5 at. $ D) are being studied in the wave
length range 0.34 to 1.2 u as a function of temperature, time, and over
pressure of H2 and/or 02. The second prototype high-temperature aqueous
spectrophotometric cell, designed to allow gas-liquid equilibration, is
being used.
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At 25°C and 750 psi H2 the Cu(ll) and U(Vl) were found to be reduced
successively to Cu(l) or Cu(0) (during the first 19 hr) and U(lV) (during
the next 28 hr). The disappearance of the copper spectrum occurred with
out detectable turbidity, and it is presumed that the reduction of copper
occurred at the surface of the titanium cell wall. The U(lV) species (un-
hydrolyzed and hydrolyzed) appeared to be essentially soluble at room tem
perature, and their spectra were qualitatively identified and followed
subsequently as a function of temperature over the range 4 to 130°C. The
spectral data indicated that the U0H3+/U4+ ratio increases montonically
with temperature, while the total U(lV) in the reduced solution slowly
decreases due to hydrolytic precipitation.

Aggregation of the U(lV) hydrolytic species appeared to occur pref
erentially at the surface of the cell walls, because the changing spec
trum of the system was uncomplicated by turbidity when the temperature
was raised slowly (i.e., < 0.1°/min). At higher rates of heating, tur
bidity did occurj for example, at 37°C, after a l°/min rise from 25°, the
absorbance at 7150 A increased from ~0 to > 2.4 in 2 min. At 130°C not
more than 15$ of the U(lV) remained in solution. This hydrolysis was
found to be completely, though slowly, reversible with temperature.

Reoxidation of the system at 25°C and 180 psi 02 was rapid. The
conversion, U(lV) —* U(Vl), was 96$ completed within 5 to 6 min. Oxi
dation of the copper proceeded more slowly, approximately 3-3/4 hr being
required for completion.

Reduction of the solution with H2 at 150°C and higher resulted in
complete elimination of all species absorbing in the wavelength range
studied (viz., 0.34 to 1.2 u). Upon reoxidation at high temperature,
unidentified absorbing species were observed which could be copper and/or
uranium intermediates or corrosion products.

Electrochemical Kinetics and Its Application to Corrosion. — An os-
cilloscopic technique was developed and used in a study of the differential
capacity of electrodeposited iron electrodes actively corroding in halide
solutions. Significant differences in capacity are found which depend pri
marily on the identity of the anion contained in solution, and depend only
slightly on acidity. Differential capacities in acid halide solutions de
crease in the order HC1 > HBr > HI; likewise, spontaneous corrosion rates
decrease in the same order, iodide being an effective corrosion inhibitor.
In addition, capacities increase with time, and the rate of increase is
proportional to the corrosion rate. The change of capacity with time seems
to depend on the amount of hydrogen produced by reaction at the interface
and absorbed by the metal, as well as on the surface roughness, which in
creases with time due to corrosion. In support of the electrochemical
measurements, electron microscopic examination of electrodes reveals dif
ferences in surface topography which are characteristic of the anion in

solution.

Studies were continued on the role of the anions OH", SCN", Cl~, and
S042" in affecting the reduction kinetics of cupric ion on passive stain
less steel in aqueous perchlorate media. Potentiostatic measurements
demonstrate that adsorption of anions from solution onto the surface of
passive stainless steel follows, to a first approximation, a potential-
dependent Langmuir isotherm. At constant potential, the ease of adsorption
of the anions studied decreases in the order OH" > SCN" > Cl~ > S042". The
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apparent specific rate constant for reduction of cupric ion increases
with increasing anion adsorption, particularly OH"; and the slopes of
potential plotted vs logarithm of current density change with extent
of adsorption, in harmony with a change of mechanism with changing sur
face constitution. The present technique permits a determination of
energetic quantities pertaining to the adsorption reaction, and these
were determined for the adsorption of OH" on passive stainless steel in
solutions of interest.

Chemical Applications of Nuclear Explosions. — Measurements of tritium
exchange when an H2-H20-HT0 mixture is passed over layers of CaS04 showed
that the process is diffusion-controlled. The maximum exchange observed
under these conditions was 25$ for 45 sec residence time at 600°C with
flow rates of 6.5 x 10"3, 4.5 x 10~4, and 4.1 x 10"11 mole/min of H2, H20,
and HTO respectively. The calculated equilibrium exchange under these
conditions is 90$. The exchange was much more rapid with forced gas flow
through a fixed bed of CaS04, 48$ at 600°C in 5 sec compared with 16$ in
identical experiments in which the gas was passed over layers of CaS04.
The results indicate that if mixing is good in the Gnome experiment, ex
tensive exchange of tritium with environmental water will occur.

METALLURGY AND MATERIALS RESEARCH

Ceramics Research. — The sinterability of similarly pressed compacts
prepared from thoria powders with different properties was determined
as a function of particle size, crystallite size, surface area, immersion
density, and particle size after treatment for 3 min in a Waring Blendor.
The sinterability, as indicated by density after firing at 1800°C for 2 hr,
decreased gradually with increasing particle size, but scatter of points
far exceeded experimental error. For surface area, crystallite size, and
immersion density, there was a rough correlation with sinterability for
powders in which the precipitation technique varied. However, for sinter
ability of powders with properties changed by higher calcination tempera
ture, there was an abrupt departure from the correlation. The best cor
relation of sinterability with powder properties was with particle size
after Waring Blendor treatment, which represents a measure of particle in
tegrity. The larger the resultant particle size after blending, the lower
the sinterability of the powder from which the sample was taken.

Structure of Metals. - Studies of annealing under an applied stress
showed two effects. First, recrystallization in high-purity aluminum was
appreciably retarded at 240°C by the application of a compressive stress.
In addition, the fraction of recrystalllzed grains that had a < 100 > fiber
texture was greater in the specimens annealed under stress.

CONTROLLED THERMONUCLEAR RESEARCH

DCX-1 Facility. - Fabrication of the electric quadrupole lens was
completed, and the lens was installed at the base of the DCX accelerator
tube. The ion source and accelerator tube assembly was completely re
aligned to correct for the effects of the fringing magnetic field on the
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H2+ beam trajectory. As a result of the additional focus control and
the realignment, 15-ma H2+ has been injected into the plasma region,
although not as yet with entirely acceptable focus. The addition of
a 1 x l/2 in. aperture at the entrance to the plasma region renders
the focus acceptable and still allows the injection of 10-ma H2+.

Some preliminary runs have been made for measuring plasma rf ra
diation at the proton cyclotron fundamental and several harmonics as
a function of pressure with gas dissociation. It was found that the
intensity of the radiation at each frequency varied nonlinearly with
the pressure.

Preliminary work has also been done on probing the plasma potential
with a variable-energy lithium ion beam and with measurements of slow
ions drifting out of the plasma region. The measurements to date, all
at 2 x 10"6 mm Hg, indicate a potential of about 100 v at 2 ma of in
jected H2+ current. The potential increases with injected current to
a value of about 300 to 400 v at 8 ma of current.

DCX-EP-A. — The electron gun (which is part of the 100-kev neutra
lized accelerator) has been installed in the EP-A facility, but it has
not as yet been run because of incomplete data for the magnet coils.
Magnet coil tests are in progress and are expected to be completed by
the first of June; tests on the electron gun, the 100-kev grid source,
and the 100-kev neutralized beam source will then be run.

Work has been resumed on the installation of the required isolation
transformer operated by the 100-kev neutralized beam source.

Data from the Sherwood test facility indicate good vacuum pumping
by the gettering action of the titanium rotating anode.

During the previous month, the high-voltage power supplies for the
Sherwood test facility were increased in drain potential by a factor of
2, which will enable further testing of the low-energy prototype of the
100-kev neutralized ion beam accelerator.

High-Current Injection. — The 600-kv beam facility has produced a
beam of 115 ma at 600 kev. Profile measurements have been made along
an 8-ft path of the beam by using probes. It appears to be completely
space-charge-neutralized in the region below the lens, except that the
H4" component is dispersed below the focal point when it is focused above
the target. There have been no target failures since modification of the
facility.

It has been demonstrated in the 100-kv test facility that automatic
space-charge neutralization occurs in an ion beam which has been passed
through a solenoidal magnet field, if no electric fields are present to
drain electrons from the beam. A positive bias on the target, for example,
destroys the neutralization. The beam remains neutralized, however, be
tween a region of transverse magnetic field introduced above the target
and the solenoid even with the target biased.

Theory. — A solution of the statistical equations for plasma and
radiation has yielded a formula for cyclotron radiation which differs
from earlier ones by Trubmikoff and by Rosenbluth and Drummond. The
origin of this difference is not yet known.

The cross section for the dissociation and ionization of the H2+
molecule by electrons has been calculated by the Gryzinski formalism.
The results differed considerably from those obtained by the Born approxi

mation.
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A sufficient criterion for electrostatic stability of plasmas has
been found which requires that the operator appearing in the linearized
Volsov equation have an anti-Hermetian representation. With this crite
rion, stability has been proven for a class of equilibrium distributions
isotropic in velocity but inhomogeneous in space.

BIOLOGY AND MEDICINE PROGRAM

RADIATION EFFECTS ON BIOLOGICAL SYSTEMS

Pathology and Physiology. — In order to study the influence of dose
rate on the oncogenic effectiveness of ionizing radiation, RF male and
female mice were exposed to whole-body Co60 gamma radiation at varying
dose rates, beginning at 10 weeks of age. The dose rate ranged from less
than 1 rad/day (administered continuously 23 hr daily) to 7 rads/min.
Mice were exposed daily until they had accumulated a predetermined total
dose or until half the starting population had died. In general, the life-
shortening and oncogenic effectiveness of the radiation decreased with de
creasing dose rate, but the precise relationship between effectiveness and
dose rate varied from one effect to another. For induction of thymic lym
phomas, intermediate dose rates of 20 to 75 rads/day were maximally effec
tive. All the effects studied were observed to be induced at a rate of 5
rads/day, but none were found to be induced at a rate of 1 rad/day, even
when the mice were exposed throughout their entire life span. For statis
tical and other reasons, however, the significance of the negative findings
is equivocal.

Biophysics: Magnetic Resonance Studies. — A preliminary experiment
on the production of electron spin resonances in glycine by energetic pro
tons from the ORNL 86-in. cyclotron was performed. Doses, approximated
from beam current measurements with a Faraday cup and calculation of stop
ping powers for protons of known energy, were from 3 to 50 megarads delivered
at about l-l/2 to 2-l/2 megarads/min. By the use of aluminum attenuation,
two linear energy transfer (LET) distributions (l9- and 10.5-Mev incident
protons) were employed with LET averages of roughly 4.6 and 13 kev/u. More
thorough dosimetric studies are in progress. The electron spin resonance
(ESR) dose curve and subsequent decay are quite similar to results obtained
with 300-kvp x rays, for which the average LET is very roughly 3.5 kev/u.
Specifically, there is saturation at doses above 20 megarads and slightly
more rapid decay (on semilogarithmic plots) of high-dose samples than of
low-dose samples, as was seen in previous x-ray experiments. No marked
differences have been noted between the results of the 10- and 19-Mev
protons.

Free radicals produced in succinic acid and di-succinic peroxide were
studied by ESR techniques. While the ESR signals for these two materials
differed in shape, the efficiency for their production was about the same
at high x-ray doses. As decay proceeded, succinic acid showed a marked
increase in fine structure, but the peroxide showed no change in curve
shape.
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Biophysics: Ultraviolet Studies. — Deoxycytidine was irradiated
by monochromatic ultraviolet light obtained by use of the large quartz
monochromator. The destruction of the pyrimidine ring was detected by
the change in its absorption spectrum. For incident wavelengths of
2800, 2650, 2480, 2380, and 2300 A, the quantum yield for destruction
is (6.0 ± 0.1) x 10~3. At 2250 A the yield is 7.1 x 1CT3. Irradiations
at the longer wavelengths yield products which revert, on heating, to
deoxycytidine. Irradiation at 2250 A gives rise to products which are
not heat-reversible.

Work on the synergism observed in the combined action of x rays and
ultraviolet radiation on Tradescant!a pollen was continued, with emphasis
on a determination of the action spectrum for the phenomenon. Preliminary
results indicate that ultraviolet wavelengths in the range 2480 to 3650 A
are effective in producing the synergism. The action spectrum deduced
from these incomplete exploratory measurements appears to be a very broad
curve covering the entire 2400- to 3650-A region.

Chemical Protection and Enzyme Catalysis. — The reversal of the phar
macological effects of S,2-aminoethylisothiourea (AET) by drugs has been
studied at several levels of AET administration; studies were also made

when the AET salt and the rearranged mercaptoethylguanidine were admin
istered. Although nearly complete reversal of the oxygen tension effects
of AET was obtained with the use of a vasodilator, no differences in pro
tective action were observed.

A glycoprotein possessing thyroxine binding activity has been iso
lated from bovine plasma and purified by column chromatography. Its
physical and chemical properties are currently being investigated.

Continuing structural studies on bovine heart malic dehydrogenase
(mitochondrial) have shown the N-terminal amino acid to be glycine. Car-
boxymethylated enzyme was hydrolyzed, and 1.3 residues of S-carboxymethyl-
cysteine were isolated per mole of malic dehydrogenase. This finding is
compatible with the hypothesis that the coenzyme binds primarily to the
free sulfhydryl groups of the enzyme.

COMBATING RADIATION DETRIMENTAL EFFECTS

Mammalian Radiation Recovery. — Cytotoxic antiboay techniques have
been used to identify lymphopoietic, granulopoietic, and erythropoietic
elements in bone marrow, lymph node, and spleen suspensions of parent
strain mice that were lethally irradiated and were treated with 20 or
40 million leukocytes from the peripheral blood of normal Fi hybrid
mice.

Rat urine contains substances that immunize mice and prevent the
transplantation of rat bone marrow in the mice after lethal irradiation.
Attempts are being made to identify the material chemically.

Studies of x-ray-induced chromosome aberration show that peripheral
leukocytes present in freshly drawn human blood are all in the pre-DNA
(deoxyribonucleic acid) G-I phase. Studies are in progress with H3 thy
midine to determine when DNA synthesis occurs and also whether the cells
can divide more than once in tissue culture. The peripheral leukocyte
system will be used in looking for biologic effects of high-energy radia
tion in tests with outer-space rockets.
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An identification study of host and donor antibody-forming cells
in heterologous chimeras sensitized to sheep red blood cells showed both
host and donor activity.

A structure in lymphatic tissue known as the tingible body seems to
be an important site of granulocyte accumulation and destruction in normal
animals given large doses of rat bone marrow. This change is one of the
earliest detectable events in the development of immune tissue reactions.

TRAINING, EDUCATION, AND INFORMATION PROGRAM

International Reactor Program at ORNL. — Forty-eight students cur
rently enrolled in ORSORT programs have completed 29 weeks of school since
the beginning of classes in November 1960.

Plans have been made for conducting a fourth session of foreign pro
grams, starting in September 1961. Brochures announcing this program have
been distributed to industrial and governmental agencies in 45 countries.

ASEE-AEC Basic Summer Institute. — Plans have been made for present
ing a series of ORSORT experiments in physics and radiochemistry to par
ticipants of the 1961 ASEE Basic Summer Institute conducted by North Caro
lina State University during the week of August 7—11, 1961.



33 -

OPEN LITERATURE PUBLICATIONS

Anderson, N. G., W. D. Fisher, and M. L. Anderson, "Studies on Isolated
Cell Components. XV. The Distribution of Certain Enzymes in the
Electrophoretic Pattern of the Soluble Phase of Rat Liver," Exptl.
Cell Research 23, 318 (l96l).

Anderson, N. G., and H. D. Swanson, "Studies on Isolated Cell Components.
XIV. An Electrophoretic Analysis of the Soluble Proteins of Rat
Liver, Kidney, Brain, and Testis," Exptl. Cell Research 23, 5$ (l96l),

Bair, J. K., "Levels in N14 at 11.74 and 11.82 Mev," Phys. Rev. 122, 897
(1961).

Bender, M. A, and L. E. Mettler, "Chromosome Studies of Primates. II.
Callithrix, Leontocebus, and Callimico," Cytologia 25, 400 (i960).

Blewitt, T. H., S. T. Sekula, and J. Diehl, "Energy Release in Reactor
Irradiated Copper. Part II. The 600 to 700°K Release," Phys. Rev.
122, 53 (1961).

Boston, C. R., and G. P. Smith, "The n —» %Electronic Transition in Pure
Alkali Nitrate Melts," J. Chem. Phys. 34, 1396 (l96l).

Boyd, G. E., S. Lindenbaum, and G. E. Myers, "A Thermodynamic Calculation
of Selectivity Coefficients for Strong-Base Anion Exchangers," J.
Phys. Chem. 65, 577 (1961).

Bradley, M. J., and L. M. Ferris, "Recovering Uranium from Graphite Fuel
Elements," Ind. Eng. Chem. 53, 279 (l96l).

Brosseau, G. E., B. Nicoletti, E. H. Grell, and D. L. Lindsley, "Produc
tion of Altered Y Chromosomes Bearing Specific Sections of the X
Chromosome in Drosophila," Genetics 46, 339 (l96l).

Cable, J. W., E. 0. Wollan, W. C. Koehler, and M. K. Wilkinson, "Neutron
Diffraction Study of Metallic Erbium," J. Appl. Phys., Suppl. 32,
49S (1961).

Cartledge, G. H., "Chemische und elektrochemische Aspekte der Korrosion
im Kernreaktor," Korrosion 12, II Kongr. europ. Foderation Korrosion
Frankfurt/Main, 1958, p 1 (i960).

Chu, E. H. Y., and M. A. Bender, "Chromosome Cytology and Evolution in
Primates," Science 133, 1399 (1961).

Chu, E. H. Y., J. Warkany, and R. B. Rosenstein, "Chromosome Complement
in a Case of the 'Male Turner Syndrome1," The Lancet 1, 786 (l96l).

Clayton, R. K., and W. A. Arnold, "Absorption Spectra of Bacterial Chro-
matophores at Temperatures from 300°K to 1°K," Biochim. et Biophys.
Acta 48, 319 (l96l).

Cohn, H. 0., J. K. Bair, and H. B. Willard, "Carbon-13 Neutron Total Cross
Section," Phys. Rev. 122, 534 (l96l).

Congdon, C. C, and D. B. Duda, "Prevention of Bone Marrow Heterografting.
Use of Isologous Thymus in Lethally Irradiated Mice," Arch. Pathol.
71, 311 (1961).



34

de Serres, F. J., "Some Aspects of the Influence of Environment on the
Radiosensitivity of Microorganisms," pp 196—216 in Symposia of the
Society for General Microbiology No. XI, Microbial Reaction to En
vironment, Cambridge University Press, 1961.

Eldridge, J. S., and W„ S. Lyon, "Promethium-148," Nuclear Phys. 23, 131
(1961).

Fowler, J. L., "The Neutron as a Probe of Nuclear Matter," J. Term. Acad.
Sci. 36, 109 (1961).

Gengozian, N., I. S. Urso, R. R. Carter, and T. Makinodan, "immune Status
of Irradiated Mice Treated with Adult Bone Marrow and Fetal Hemato

poietic Tissue," Transplant. Bull. 27, 87 (l96l).

Gens, T. A., "New Developments in Uranium-Zirconium Alloy Fuel Reproces
sing," Nuclear Sci. and Eng. 9, 488 (l96l).

Goldstein, G., D. L. Manning, 0. Menis, and J. A. Dean, "Spectrophoto-
metric Methods for the Determination of Osmium — I. Extraction and

Ultraviolet Spectrophotometric Determination of Osmium Tetroxide,"
Talanta 7, 296 (l96l).

Goldstein, G., D. L. Manning, 0. Menis, and J. A. Dean, "Spectrophoto
metric Methods for the Determination of Osmium — II. Extraction and

Determination of Osmium in Situ with l:5-Diphenylcarbohydrazide,"
Talanta 7, 301 (l96l).

Goldstein, G., D. L. Manning, 0. Menis, and J. A. Dean, "Spectrophoto
metric Methods for the Determination of Osmium — III. Reaction of

Osmium Tetroxide with l:5-Diphenylcarbohydrazide in Aqueous Solu
tions Followed by Extraction of the Complex," Talanta 7, 307 (l96l).

Haber, A. H., and W. L. Carrier, "Pigment Formation and Photosynthesis
in Dormant Lettuce Seeds," Plant Physiol. 36, 351 (l96l).

Hollaender, Alexander, "Educational Opportunities of the Biology Division,
Oak Ridge National Laboratory," J. Tenn. Acad. Sci. 36, 98 (1961).

Horton, C. A., and J. C. White, "Infrared Spectra of Some Organophosphorus
Extractants," Talanta 7, 215 (l96l).

Kelley, M. T., D. J. Fisher, W. D. Cooke, and H. C. Jones, "Controlled-
Potential and Derivative Polarography," pp 158—82 in Advances in
Polarography. Proceedings of the Second International Congress
Held at Cambridge 1959 (I. S. Longmuir, ed.), Pergamon. New York.
1960.

Kernohan, R. H., and M. S. Wechsler, "Neutron Irradiation of Cu-Al at
Elevated Temperatures," J. Phys. and Chem. Solids 18, 175 (1961).

Khym, J. X., and W. E. Cohn, "Amine-Induced Cleavage of Periodate-Oxi
dized Nucleotide Residues," J. Biol. Chem. 236, PC9 (l96l).

Kimball, R. F., N. Gaither, and S. W. Perdue, "Metabolic Repair of Pre-
mutational Damage in Paramecium," Intern. J. Radiation Biol. 3, 133
(1961).



35

Koehler, W. C, "Neutron Diffraction by Helical Spin Structures," J.
Appl.Phys., Suppl. 32, 20S (l96l).

Kretchmar, A. L., and C. C. Congdon, "Biochemical Changes and Increased
Liver Weight in Bone Marrow Chimeras," Am. J. Physiol. 200, 102
(1961).

Lee, D. A., "The Enrichment of Lithium Isotopes by Ion Exchange Chroma
tography. III. The Influence of the Nature of the Solution Phase
on the Separation Factor," J. Am. Chem. Soc. 83, 1801 (l96l).

Long, E. L., Jr., J. T. Meador, and R. J. Gray, "Experience with Vibra
tory Polishers and Design for Hot Cell Application," pp 79—89 in
Symposium on the Preparation of Metallographic Specimens, STP-285,
American Society for Testing Materials, Philadelphia, 1960.

Lynn, W. G., and J. N. Dent, "A Comparison of the Responses of Triturus
and Desmongnathus to Thyroid-Stimulating Hormone Administration,"
Biol. Bull. 120, 54 (l96l).

Lyon, W. S., "Gamma Branching in Kr85," Nuclear Sci. and Eng. 9, 148
(1961).

McCoy, H. E., and J. R. Weir, "Effect of Environment on the Mechanical
Properties of Metals," pp 115—48 in Proceedings of the Symposium
on the Environmental Factors Influencing Optimum Operation of Ord
nance Materiel, Sept. 27—30, 1960, Southwest Research Institute,
San Antonio, Texas, 1961.

McCoy, H. E., W. R. Martin, and J. R. Weir, "Effect of Environment on
the Mechanical Properties of Metals," pp 163—76 in 1961 Proceedings
of the Institute of Environmental Sciences National Meeting, Apr. 5,
6, 1, 1961, Washington, D.C., Institute of Environmental Sciences,
Mt. Prospect, Illinois, 1961.

Miller, F. J., and H. C. Jones, "Absorption Cell Attachment for a Welch
Densichron Reflection Unit," Anal. Chem. 33, 651 (l96l).

Miller, H. H., M. T. Kelley, and P. F. Thomason, "Polarographic Studies
of the Reduction of Pertechnetate Ion in Aqueous Solutions," pp 716—
26 in Advances in Polarography. Proceedings of the Second Inter

national Congress Held at Cambridge 1959 (I. S. Longmuir, ed.),
Pergamon, New York, 1960.

Moore, F. L., "New Technique for the Separation of Trivalent Actinide
Elements from Lanthanide Elements," Anal. Chem. 33, 748 (l96l).

Moutschen, J., "Differential Sensitivity of Mouse Spermatogenesis to
Alkylating Agents," Genetics 46, 291 (l96l).

Parsons, D. F., E. B. Darden, Jr., D. L. Lindsley, G. T. Pratt, and M. P.
Edwards, "Electron Microscopy of Plasma-Cell Tumors of the Mouse.
I. MPC-1 and X5563 Tumors," J. Biophys. Biochem. Cytol. 9, 353
(1961).

Parsons, D. F., M. A Bender, E. B. Darden, Jr., G. T. Pratt, and D. L.
Lindsley, "Electron Microscopy of Plasma-Cell Tumors of the Mouse.
II. Tissue Cultures of the X5563 Tumor," J. Biophys. Biochem. Cytol.
9, 369 (1961).



- 36 -

Popp, R. A., "Regression of Grafted Bone Marrow in Homologous Irradiated
Mouse Chimeras," J. Natl. Cancer Inst. 26, 629 (l96l).

Randolph, M. L., "Quantitative Studies of Electron Spin Resonances Pro
duced in Biologically Significant Materials by Ionizing Radiations,"
pp 249—61 in Free Radicals in Biological Systems, ed. by M. S. Blois,
R. 0. Lindblom, H. W. Brown, M. Weissbluth, and R. M. Lemmon, Aca
demic Press, New York, 1961.

Russell, L. B., and E. H. Y. Chu, "An XXY Male In the Mouse," Proc. Natl.
Acad. Sci. U.S. 47, 571 (1961).

Stiegler, J. 0., and T. S. Noggle, "Victawet and Sodium Meta Phosphate as
Parting Agents for Electron Microscope Replicas," Rev. Sci. Instr.
32, 406 (1961).

Wechsler, M. S., and H. M. Otte, "The Generalized Theory of the Marten-
sitic Cubic to Orthorhombic Phase Transformation," Acta Met. 9, 117
(1961).

Wilkinson, M. K., W. C. Koehler, E. 0. Wollan, and J. W. Cable, "Neutron
Diffraction Investigation of Magnetic Ordering in Dysprosium," J.
Appl. Phys., Suppl. 32, 48S (l96l).

Wodtke, C. H., "Cooling Off a Hot Plate," pp 12-13 in Metalworking Bul
letin, vol 12, No. 2, Linde Company, Long Island City, N.Y., 1961.

Zittel, H. E., M. T. Kelley, F. L. Conover, and G. R. Wilson, "Effects
of Phosphate and Other Anions in the Polarography of Uranium in
Acid Media," pp 530—37 in Advances in Polarography. Proceedings
of the Second International Congress Held at Cambridge 1959 (i. s.
Longmuir, ed.), Pergamon, New York, i960.

VISITORS

UNITED STATES

Haworth, Leland (AEC Commissioner)

Advisory Committee for the Reactor Chemistry Division

Daniels, F.
Miles, F. T.
Gucker, F. T.



FOREIGN

Name

Adwick, A. G.

Ahmad, R. M. A.
Amouyal, A.
Anzai, S.

Aoki, S.

Bagley, K. Q.

Bell, L. G.
Bromley, D. A.
Brooks, F. D.

Bruin, A. de
Calori, A.
Chappell, H. G.
Diehl, J.
Evans, W.
Fattore, V.
Fischhoff, E.
Fleischmann, M.
Fotheringham, J. A.
Fujimura, K.

Fukada, R.

Genthon, J. P.
Gill, S.
Goto, T.
Hall, T. A.

Hashimoto, T.

Holliday, J.

Howiett, J.

Iijima, H.

Imamura, H.

37 -

Affiliation

United Kingdom Atomic Energy
Authority

AEC of Lebanon

French CEN, Saclay
Japanese Research Reactor Study

Team

Japanese Nuclear Research and
Development Administrative
Study Team

United Kingdom Atomic Energy
Authority

Atomic Energy of Canada Limited
Yale University
Atomic Energy Research Estab-

lishment

Kema Laboratories

CNEN, Italy
Emory University
Max Planck Institute

Atomic Energy of Canada Limited
Sicedlson, Italy
EURATOM - CEA

University of Durham
Ferranti Elec. Limited

Japanese Nuclear Research and
Development Administrative
Study Team

Japanese Nuclear Research and
Development Administrative
Study Team

French CEA

Ferranti Elec. Limited

Ibraki Prefecture

United Kingdom Atomic Energy
Authority

Japanese Nuclear Research and
Development Administrative
Study Team

United Kingdom Atomic Energy
Authority

United Kingdom Atomic Energy
Authority

Japanese Nuclear Research and
Development Administrative

Study Team
Japanese Nuclear Research and

Development Administrative
Study Team

Citizen of

United Kingdom

Lebanon

France

Japan

Japan

United Kingdom

Canada

Canada

South Africa

Netherlands

Italy
Great Britain

Germany
United Kingdom
Italy

France

Great Britain

United Kingdom
Japan

Japan

France

United Kingdom

Japan
United Kingdom

Japan

United Kingdom

United Kingdom

Japan

Japan



Name

Inoue, Y.
Iwakani, J.
Kamada, M.

Kitagawa, H.

Kolb, M.
Korringa, J.
Laffaire, M.
Lago, B.
Lalere, J.

Lindstrom, 0.

Long, W. M.

Lounasmaa, 0. V.
Maki, H.
Marathe, C. R.
Mimura, I.
Mitchell, J. W.
Mlyazaki, K.

Muroi, 0.

Nagashima, K.

Nakamura, K.
Nizza, P. F.
Oel, H. J.
Okamoto, Y.

Otsuka, K.

Palumbo, D.
Pfeiffer, C. F.
Pilkington, E. S.

Postma, H.
Rafiee, M. H.
Roux, A. L.
Schmid, E.
Schopper, H. F.
Schwarz, H. R.
Sennis, C.
Srinivasan, N.

Strehlow, H.

38

Affiliation

University of California
Ibraki Perfecture

Japanese Nuclear Research and
Development Administrative
Study Team

Japanese Nuclear Research and
Development Administrative
Study Team

Research Reactor Geesthacht

Ohio State University
French CEA

French CEN, Saclay
French CEA

Allmanna Svenska Elektriska

Aktieboaget
United Kingdom Atomic Energy

Authority
Argonne National Laboratory
Associate Director of ABCC

Indian Institute of Technology
Ibraki Prefecture

University of Virginia
Japanese Research Reactor Study

Team

Japanese Research Reactor Study
Team

Japanese Research Reactor Study-
Team

Japanese Institute of Health
French CEA

Max Planck Institute

Japanese Nuclear Research and
Development Administrative
Study Team

Japanese Nuclear Research and
Development Administrative
Study Team

EURATOM

Atomic Energy Co.
Commonwealth Scientific and

Industrial Research

Brookhaven National Laboratory
Combustion Engineering, Inc.
French CEA

Florida State University
Cornell University
Eldg. Technische Hochrule
CNEN, Italy
Atomic Energy Establishment of

India

Max Planck Institute

Citizen of

Japan
Japan
Japan

Japan

Germany
Netherlands

France

France

France

Sweden

United Kingdom

Finland

Japan
Japan
Japan
New Zealand

Japan

Japan

Japan

Japan
France

Germany
Japan

Japan

Italy

Sweden

Australia

Netherlands

Iran

France

Germany
Germany

Switzerland

Italy
India

Germany



39

Name Affiliation Citizen of

Suzuki, H. National Research Institute for

Metals

Japan

Takahashi, H. Japanese Atomic Energy Research
Institute

Japan

Tanishita, I. Keio University Japan
Tansiti, E. CNEN, Italy Italy
Toyoshima, N. Japanese Nuclear Research and

Development Administrative
Study Team

Japan

Tsukada, K. Japanese Atomic Energy Research
Institute

Japan

Vathaire, F. de French CEA France

Vidart, A. P. French CEA France

Volkoff, G. M. University of British Columbia Canada

Waelbroeck, F. EURATOM Belgium
Watanabe, K. Ibraki Prefecture Japan
Wataniki, Y. Ibraki Prefecture Japan
Weiss, H. Siemens-Schuckert Werke Germany
Went, J. C. Institute of Biological Field

Research

Netherlands

Whyte, G. N. National Research Council Canada

Willax, H. A0 Swiss Federal Institute of

Technology
Germany

Yagishita, M. Japanese Nuclear Research and
Development Administrative
Study Team

Japan

Yamamoto, H. Japanese Research Reactor Study
Team

Japan

Yoshinaka, Y. Japanese Research Reactor Study
Team

Japan

Reports issued in this series during the past year:

May 1960
June 1960

July 1960
August 1960
September 1960
October 1960

November 1960

December 1960

January 1961
February 1961
March 1961

April 1961

ORNL'

ORNL'

ORNL.

ORNL'

ORNL'

OREL'

ORNL.

OREL'

ORNL'

ORNL'

ORNL'

ORNL'

•2960

•2980

•2991

-3009

•3024

-3038

•3048

•3062

•3074

•3097

•3120

•3140





1. I. Alexeff

2. K. A. Allen

3. C. F. Baes

4. E. A. Bagley

5. P. S. Baker

6. C. R. Baldock

7. L. H. Barker

8. S. E. Beall

9. E. E. Beauchamp

10. R. H. Beidel

11. P. R. Bell

12. D. S. Billington

13. C. A. Blake

14. R. E. Blanco

15. F. F. Blankenship

16. E. P. Blizard

17. J. 0. Blomeke

18. A. L. Boch

19. E. G. Bohlmann

20. C. J. Borkowski

21. G. E. Boyd

22. M. A. Bredig

23. J. C. Bresee

24. R. B. Briggs

25. R. E. Brooksbank

26. K. B. Brown

27. F. R. Bruce

28. W. D. Burch

29. T. H. J. Burnett

30. A. D. Callihan

31. A. E. Cameron

32. C. E. Center (K-25)
33. R. A. Charpie

34. T. E. Cole

35. C. F. Coleman

36. E. L. Compere

37. D. D. Cowen

38. J. A. Cox

39. F. L. Culler

40. J. E. Cunningham

41. J. S. Drury

42. A. C. England

43. M. F. Fair

44. D. E. Ferguson

45. J. L. Fowler

46. J. H. Frye

41 -

ORNL-3149

C-44a — Nuclear Technology — Materials
M-3679 (24th ed.)

INTERNAL DISTRIBUTION

47. J. L. Gabbard (K-25)
48. W. F. Gauster

49. M. W. Gerrard

50. J. H. Gillette

51. W. Y. Gissel

52. H. E. Goeller

53. C. D. Goodman

54. A. T. Gresky

55. J. C. Griess

56. W. R. Grimes

57. P. A. Haas

58. C. S. Harrill

59. J. C. Hart

60. M. R. Hill

61. C. J. Hochanadel

62. A. Hollaender

63. L. B. Holland

64. R. W. Horton

65. F. T. Howard

66. A. S. Householder

67. H. H. Hubbell

68. G. S. Hurst

69. G. H. Jenks

70. R. W. Johnson

71. R. J. Jones

72. W. H. Jordan

73. P. R. Kasten

74. G. W. Keilholtz

75. G. G. Kelley

76. M. T. Kelley

77. E. M. King

78. W. C. Koehler

79. K. A. Kraus

80. Laboratory Shift Supervisor
(D. Phillips)

81. E. Lamb

82. J. A. Lane

83. D. M. Lang (K-25)
84. R. E. Leuze

85. W. H. Lewis

86. T. A. Lincoln

87. S. C. Lind

88. R. B. Lindauer

89. R. S. Livingston

90. J. T. Long

91. L. 0. Love



42

92. R. N. Lyon 124.

93. R. J. Mackin 125.

94. H. G. MacPherson 126.

95. F. C. Maienschein 127.

96. W. D. Manly 128.

97. J. A. Martin 129.

98. H. F. McDuffie 130.

99. J. R. McNally 131.

100. A. J. Miller 132.

101. E. C. Miller 133.

102. K. Z. Morgan 134.

103. W. L. Morgan 135.

104. F. J. Muckenthaler 136.

105. E. J. Murphy 137.

106. J. P. Murray (K-25) 138.

107. M. L. Nelson 139.

108. C. E. Normand 140.

109. G. W. Parker 141.

110. R. B. Parker 142.

111. J. J. Pinaj ian 143.

112. M. E. Ramsey 144.

113. A. W. Riikola 145.

114. L. P. Riordan 146.

115. G. A. Ropp 147-148.

116. A. F. Rupp 149.

117. A. D. Ryon

118. H. C. Savage
119. H. W. Savage 150.

120. A. W. Savolainen 151.

121. H. E. Seagren 152-340.

122. E. D. Shipley 341.

123. A. Simon

0. Sisman

J. R. Sites

M. J. Skinner

A. H. Snell

W. L. Stirling

R. W. Stoughton
H. Stringfield
E. G. Struxness

J. C. Suddath

W. H Sullivan

C. D. Susano

J. A. Swartout

E. H. Taylor
C. D. Watson

B. S. Weaver

A. M. Weinberg
M. E. Whatley
J. C. White

C. E. Winters

E. 0. Wollan

R. E. Worsham

W. Zobel

A. Zucker

Central Research Library
ORNL - Y-12 Technical

Library, Document Reference
Section

Reactor Division Library
Biology Library
Laboratory Records Department
Laboratory Records, ORNL R.C.

EXTERNAL DISTRIBUTION

342-378. Division of Research and Development, AEC, 0R0
379. Aeroprojects, Inc. (w. B. Tarpley)
380. Allis-Chalmers Manufacturing Co. (w. F. Banks)

381-383. Ames Laboratory: Iowa State College (F. H. Spedding)
384-386. Argonne National Laboratory (N. S. Hilberry)

387. Atomics International (h. Pearlman)
388. Babcock and Wilcox Co. (Atomic Energy Div.)

389-390. Battelle Memorial Institute (H. W. Russell)
391-393. Brookhaven National Laboratory (L. J. Haworth)

394. Bureau of Mines, Salt Lake City (j. B. Clemmer)
395-402. General Atomic (General Dynamics Corp.) (Manager)
403-404. General Nuclear Engineering Corp. (j. West)
405-406. Idaho Chemical Processing Plant (r. L. Doan)

407. Kaiser Engineers (P. D. Bush)
408-409. Knolls Atomic Power Laboratory (K. R. Van Tassell)
410-411. Lawrence Radiation Laboratory (H. Fidler)


	image0001
	image0003

