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OAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

AUGUST 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.

SPECIAL NUCLEAR MATERIALS PROGRAM

Dissolver Solution Analyses: Plutonium. — Conditions were estab
lished and were evaluated at 1- and 5-mg levels of plutonium content for
a relatively simple, three-step, controlled-potential, coulometric pro
cedure for determining Pu(lll), (IV), and (VI), either separately or in
mixtures of each other, on a single portion of a sample in 1 M HCIO4 solu
tion containing a known amount of Fe(lll). The first step involves the
coulometric titration of Pu(lll) to (IV) at a potential of +0.9 v vs the
S.C.E. In the second step the Pu(lV) and (Vl) are then reduced to Pu(lll)
by titration at +0.4 v, and the third step involves the reoxidation of
Pu(lll) to (IV) by titration at a potential of +0.9 v. The difference
between the integrated currents of steps two and three is a measure of
the Pu(Vl) content, while step three yields the total plutonium content.
The Pu(lV) content is then calculated from the relationship between these
three entities, as follows: Pu(lV) = total Pu - [Pu(Vl) + Pu(lll)]. The
relative standard deviation of each titration is good, about 0.4$, and
the errors in determining 5 mg of plutonium in each of the three valence
states are less than lfc. Measurement of the exact errors involved in this
procedure is hindered by the difficulties involved in preparing stable
standard solutions of plutonium in the three valence states.

In the processing and purification of plutonium solutions by anion
exchange separation, the disproportionation of Pu(lV) can be serious be
cause neither Pu(lll) nor (Vl), thus formed, are sorbed onto the resin
column. Therefore, further chemical treatment and processing of the plu
tonium solution is required.

A spectrophotometric study is being undertaken to determine the ex
tent and rate of disproportionation of Pu(lV) in a solution of nitric
acid and aluminum nitrate at elevated temperatures. In order to apply
the spectrophotometric method of analysis to solutions containing Pu(lll),
(IV), and (Vl), it will be necessary to secure precise absorption data for
each of the oxidation states under equilibrium conditions of acidity, tem

perature, and anionic concentration. The absorption spectra of Pu(lll)
were obtained for various concentrations of nitric acid at 25, 50, 75,
and 95°C.

Dissolver Solution Analyses: Uranium. — Work was initiated on the
separation and determination of uranium by extracting it into 0.1 M tri-n-
octylphosphine oxide in cyclohexane and then stripping it back into an
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aqueous supporting electrolyte in which the uranium can be titrated cou-
lometrieally. The extraction is quantitative from 5 M HC1 or 1 M HN03,
and an interfering amount of organic material is not introduced into the
supporting electrolyte. A number of potential stripping reagents have
been investigated, the best of which are 0.1 M Na2C03 and 0.5 M Na3P0^—
0.5 M H3PO4.. The method offers considerable promise for determining
uranium in several types of dissolver solutions, particularly those con
taining stainless steel components. Some electrochemical studies have
been made with boron carbide as an electrode, in which there is an indi
cation that this electrode may prove useful in extending the potential
range anodically in controlled-potential coulometric titrimetry. Cop
per(II) exhibits a well-defined polarographic wave at —0.09 v vs the
S.C.E., whereas U(Vl) shows an ill-defined wave. A 3/8-in. boron car
bide rod used as a working electrode for coulometric titrations of U(Vl)
did not yield reproducible results. Better results were obtained with
an Fe(ll) ^ Fe(lll) system, but the titration was slow, probably due to
inadequate electrode surface area.

REACTOR DEVELOPMENT PROGRAM

GAS-C00LED REACTOR PROJECT

Pebble-Bed Reactor Physics. — Physics calculations were started on
a 5-Mw (thermal) Pebble-Bed Reactor Experiment. The configuration being
examined is a cylindrical core, 4 ft high and 2-1/2 ft in diameter, filled
with 1-1/2-in.-diam spheres. A graphite reflector 3 ft thick will be used
on all sides. An initial estimate of the required composition of the fuel
spheres is that each sphere will contain 47.9 g of carbon, 1.9 g of U235,
and 2.2 g of thorium. It Is anticipated that the reactor will be controlled
by B4C rods in the reflector. It appears that sufficient reactivity control
can be obtained by the use of four 3-in.-diam rods placed 5 in. outside the
outer edge of the core.

EGCR Valve Tests. — Seat leakage data for the 6-in.-IPS hermetically
sealed gate valve supplied by the Darling Valve Company were obtained by
pressurizing the valve in the open position and then closing it and vent
ing the downstream side. For upstream-side pressures of 100 to 1000 psig
the seat leakage of helium ranged from 4.5 x 10~3 to 7.6 x 10~3 cm3(STP)/sec;
these values are to be compared with the EGCR specification of 4 x 10~3
cm3(STP)/sec.

GCR-ORR Loop No. 2. — Installation of the main piping and the side-
stream cleanup system is approximately 90$ complete. The flange buffer-
gas system has been installed, and the off-gas piping is approximately
80$ complete. The 24-in. shielding plug is being constructed, and the
transfer table and the test-plug carrier are being fabricated.

Calculations were made for determining the temperatures and pressures
that will exist in the carrier during transfer of a fuel element. The fuel
element was considered to have decayed 12 hr before insertion into the car
rier. It will reach a relatively high temperature of 2100°F, while the
metal baffle surrounding it will be at a maximum of 1370°F. The total pres
sure rise in the middle chamber of the carrier will be 2.5 psia.



An analysis was made for determining the pressure-relief capacity
of the annulus between the 24-in. plug and the test plug. It was con
cluded that the capacity was sufficient to relieve the nose region in
the event of a rupture of the main loop pressure shell.

GCR-ORR Loop No. 1. — All equipment and instrumentation in newly re
constructed loop No. 1 have performed as designed. Pressure-vessel-steel
weld-material samples are being irradiated, and the second seven-week test
period is nearing completion. The maximum specimen temperature has been
held at 555°F, and the maximum temperature difference from top to bottom
of the specimen stack has been only 50 to 60°F.

The instrumentation necessary for fuel tests in the rebuilt loop is
complete, except for the nitrogen sweep zone and the helium leak-detection
system. The secondary container around the compressor piping is completed,
but the leakage rate is not yet satisfactory. The rate at present is ~10
cfm at a pressure of 0.85 psig. The target leakage rate is 1.14 cfm at
this pressure for a very conservative dose to the thyroid. The shielding
around the surge tank and duct for the container is ~40$ complete and
should be finished by the end of August. Two fuel specimens, one of which
will be inserted in the loop for the next reactor cycle, are 75 and 40$
complete respectively.

Coated-Particle Fuel Element Studies. — Cylindrical graphite pellets,
l/4 in. in diameter and 1/4 in. long, fueled with coated UC2 particles of
normal enrichment, were carried through the complete preirradiation evalu
ation procedure. The pellets selected for evaluation were considered to
be representative of those fabricated by Minnesota Mining and Manufacturing
Company for the ORR-CP-poolside experiment. The pellets were alpha-counted,
leached in 8 M HN03, alpha-counted a second time, thermally cycled three
times to 1450 to 1500°C, leached a second time, and finally alpha-counted
a third time. The alpha counts in all cases were essentially those corre
sponding to background and remained unchanged throughout the evaluation.
Based on chemical analyses of the leach solutions, the average amount of
uranium removed in the first leach was 3 x 10~"3<$ of the total uranium in
each pellet, and the amount of uranium leached after thermal cycling was
3 x 10~*$. These values are based on the fuel loading of 0.178 g of U
per cm3 requested in the purchase order. The actual fuel loading is being
determined. The leaching results indicate that the samples tested do not
contain any cracked particles, since the amount of uranium detected was
less than that in a particle. Neutron-activation tests have presented
contradictory evidence, however, and therefore the effectiveness of the
leaching procedure is questionable. Preliminary results of the neutron
activation indicate that a few of the particle coatings were cracked during
fabrication. Heating the pellets to 1300 and 1500°C for periods of a day
did not cause additional cracking of the coatings, but cracking did occur
when the pellets were subsequently held at 2100°C for 6 hr or cycled be
tween room temperature and 2100°C.

Two fueled graphite specimens similar to those scheduled for irradia
tion in helium sweep capsules at the MTR were subjected to neutron-activa
tion and fission-gas-release tests. The fuel was present as 200-u UC2
particles coated with pyrolytic carbon. Previous data indicated that such

pyrolytic-carbon-coated UC2 particles would retain fission gases at tem
peratures up to about 2100°C. However, these specimens released about
0.5 X 10~4 of the Xe133 present when heated 16 hr at 600°C. Additional
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heating, including about 20 hr at 1000°C, resulted in a total release
of about 7 x lO-4 of the Xe133 in the specimens. These data indicate
that the fueled graphite specimens contain significant amounts of fuel
that is not protected by the pyrolytic carbon coatings.

The first static-capsule irradiation test of a coated-particle fuel
element, L-CPlab, was completed on July 25, 1961. The initial specimen
central temperatures were 1950 and 2120°F for the "a" and "b" specimens
respectively. During the 2902 hr of irradiation, which resulted in a
calculated burnup of 9.3 at. $, both thermocouples showed a gradual down
ward drift, and the final temperatures were 100 to 150°F lower than the
initial temperatures.

The 0RNL-MTR-48-5 irradiation test of UC2-graphite elements is in
the second of the four scheduled three-week MTR Irradiation cycles. The
fuel element is a dispersion of 175- to 250-u spherical UC2 particles
coated with 80 to 100 u of pyrolytic carbon in a graphite matrix. The
element was tested in the fully retracted position for the first five
days at a graphite bottle wall temperature of 1050°F, a fission power
of ~1.85 kw, and a central temperature of ~1750°F. The element was then
fully inserted to obtain a 1500°F graphite bottle wall temperature, ~2.75-
kw fission power, and a 2500°F central temperature. Fission-gas escape
rate data are being collected.

Liquid-Phase Sintering of UC. — Experiments have indicated that an
essentially 100$ UC body can be achieved by using approximately 2 wt $
U3Si2 or USi2 as a sintering aid. However, bodies containing 5 wt $
silicide show discrete particles of silicide. Densities as high as 95$
of theoretical have been achieved by sintering specimens containing 2 wt $
U3Si2 at 1550°C.

Creep Properties of Type 304 Stainless Steel. — A close comparison
of the creep curves for type 304 stainless steel in C02 and in air has
revealed that considerations of minimum creep rate and rupture time can
be very deceptive in the selection of the environment that will render
the most beneficial strengthening effect. The differences in primary
creep must be considered. Hence, a family of isochronal curves for a
given percentage of strain as a function of temperature and stress best
represents the data. The family of curves for 1$ strain from times of 1
to 10,000 hr has been completed for air and C02 environments.

Drift of Thermocouples at High Temperatures. — Continued large negative
drifts were noted for the type 304 stainless-steel-sheathed Chromel-P—Alumel
thermocouples being tested at 870°C in a 7-psig hydrogen atmosphere. After
77 days the average error is —2.21 mv (—55°C). Similar thermocouples ex
posed to a CO atmosphere for 117 days have drifted slightly positive; the
error is +0.25 mv (+6°C).

THORIUM UTILIZATION PROGRAM

Thoria Pellet Development. — The forming techniques described in 0RNL-
3120 were successfully used to prepare a 1-kg batch of high-density mixed
Th02—1 wt $ U02 spheres for use in attrition tests and in studies of ura
nium leaching by water at 260°C. During sintering, the rough spheres were
first fired in air to 600°C to remove the organic binder added as a pressing
aid and then to 1350°C in H2. After being polished by wet tumbling, the
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spheres were heated to 1800°C in H2 to produce pellets with a bulk density
of 9.45 g/cm3. Attrition tests have shown that these mixed-oxide pellets
wear no more rapidly than do pellets of pure Th02.

Attrition tests of several batches of pure Th02 pellets prepared as
part of a 50-lb lot of pellets for loop and fluidized-bed studies have
shown variations of pellet quality. Attrition rates ranging from 0.35$/hr
to 1.4$/hr have been measured for fairly good pellets, while rates as high
as 4.8$/hr have been observed for obviously defective pellets. These wide
variations reflect difficulties experienced during fabrication and stem
from variations in the Th02 powder used as a starting material.

Fuel Cycle Development: Chemistry of Solid Fuel Element Materials. —
Nine Th02-U02+x samples, prepared for oxygen dissociation pressure studies,
were examined to determine the identity and number of phases present. Com
positions included the range 10 to 90 mole $ of Th02 at 10 mole $ intervals.
The samples were prepared by coprecipitating the mixed oxides from aqueous
nitrate solutions with NH4OH and sintering in air at 1500°C. The results
of x-ray diffraction analyses and microscopic examinations of polished
sections showed that each sample consisted entirely of a single fluorite
cubic phase. The absence of a second phase in these samples indicates
that at 1500°C homogeneous Th02-U02 solid solutions formed in coprecipita-
tion processes are highly resistant to oxidation in air.

Fuel Cycle Development: Fuel Preparation. — The development of the
sol-gel process for preparing U02-Th02 particles of high particle density
and compactability was continued. Thorium nitrate was reproducibly and
controllably steam-denitrated in an agitated trough calciner to give 5-kg
batches of oxide products with residual N/Th atom ratios of 0.05 to 0.066.
After >98 wt $ dispersion of these oxides to 2 M Th02 sols by addition of
dilute nitric acid up to N/Th ratios of ~0.11, drying to gels, prefiring
to 500°C, and air-sintering at 1200°C, fragments had toluene densities of
9.8 to 9.9 g/cc. Crushing in a pulverizer and sieving gave mixtures which
were vibrated to bulk densities of 8.2 g/cc, but material tumbled in a ball
mill was compacted to densities >8.5 g/cc. Calcination of the oxide from
the trough calciner at 700°C for 16 hr before applying the sol-gel process
gave particles with toluene densities of >9.9 g/ccj the particles were
vibrated to 8.8 g/cc after ball-milling and sieving. Two-kilogram batches
containing 2.5 and 3.9 wt $ of fully enriched uranium were prepared for
irradiation tests. Sol-gel thoria fragments precalcined to 500°C were
thermally fritted from a U.S. standard mesh size of >10 to <200 by quench
ing in cold water. The product was free-flowing, did not contaminate sur
roundings by spattering, and did not clinker on sintering at 1200°C.

Thermogravimetric studies of steam denitration of Th(N03 )4.*5H20 at
25 to 425°C showed three successive reaction regimes. Stability regions
were shown at 300 to 320°C and at 425 to 450°C, where N/Th atom ratios were
~0.3 and 0.05 respectively. Between 180 and 320°C the denitration was first
order with respect to the mole fraction of residual nitrogen, and the acti
vation energy was ~1.25 kcal per mole of Th02.

Eight fuel pins of vibratorily compacted oxide prepared by the sol-gel
process have been irradiated for two months in the NRX reactor with satis
factory performance.

Studies on adaptation of the sol-gel process to the preparation of
rounded attrition-resistant l/8- to l/4-in.-diam Th02 particles were con
tinued.
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Four samples of sol-gel material were prepared from Th02 made by steam
denitration of thorium nitrate at 400°C and were tested for attrition re
sistance by tumbling in water for 20 hr. The particles were initially 58$
>4 mesh and 83 to 95$ >10 mesh. Tumbling decreased the percentage of par
ticles >4 mesh to 23$, reduced the fraction >10 mesh by 19$, and produced
0.25$ fines <200 mesh.

Eight samples of sol-gel material were prepared from Th02 made by cal
cination of thorium oxalate in which the particle size of the oxalate was
varied from 1 to 10 u and the precipitate digestion time was varied from
0 to 4 hr. The Th02 for all samples was fired at 900°C for 4 hr prior to
sol-gel processing. No differences were observed in brittleness or attri
tion resistance when the samples were tumbled in water. The fraction of
>4 mesh particles was reduced by about 10$ from 50$; the fraction >10 mesh,
initially 83 to 95$, was reduced by 4 to 10$; 0.75 to 1.83$ of fines <200
mesh was produced.

The attrition rates for both types of preparations exceeded the maxi
mum acceptable rate of 0.5$/hr. Comparison of the nitrate-derived and the
oxalate-derived sol-gel preparations indicates that for the former there
is greater brittleness, greater breakage of large particles, but more at
trition resistance and less production of fines.

MOLTEN-SALT REACTOR PROGRAM

MSRE Design. — The package of specifications for reactor system com
ponents was released to commercial suppliers for bids. The cost of fabri
cation of all components is also being estimated by the Y-12 shops.

Reinforcing of all penetrations into the reactor containment cell
was found to be necessary, and designs of these reinforcing rings were
Included in the construction-package addendum.

Details for the fuel-pump support and for the reactor thermal shield
were submitted for comment. All structural-support drawings and auxiliary-
pump-piping layout drawings were completed.

Initial versions of flowsheets were completed, and revisions are being
made as required.

Drawings for the electrical heater, power circuits, and cable tray
were submitted for comment. Thermocouple drawings are being revised prior
to final approval.

Sampler and enricher drawings were reviewed, and final drafting was
completed on some portions.

Design was completed for the positioning jig and tools for the sampler-
enricher spool-piece replacement.

Design was completed for the tools for remote brazing of l-l/2-in.
pipe joints. Tools were provided for remotely holding and cutting the
pipe, taper-machining the cut end, assembling the joint, and holding the
furnace for remote brazing operation.

MSRE Procurement and Construction. - Much of the IN0R-8 plate, sheet,
and rod has been fabricated by the Haynes-Stellite Company and is being
inspected. Delivery is scheduled for early September.

Bids to furnish IN0R-8 pipe, tubing, and fittings were reviewed and
accepted. Details of contract conditions and the types of inspections to
be performed are being worked out with the successful bidders.
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One bid was received for furnishing the MSRE moderator graphite, com
pletely machined. This bid is being reviewed.

A prebid conference was held with contractors interested in bidding
on the lump-sum modifications to Building 7503. The conference brought
about some changes in specifications, and the bid opening date was ex
tended to September 6.

Some prospective fabricators of major components for the MSRE have
expressed a desire to obtain samples of IN0R-8 in order to become more
familiar with its working properties before bidding. It has been agreed
that qualified fabricators will be provided with sample quantities of
IN0R-8 plate, and the bid-opening date has been extended in order to give
fabricators time to work the sample material.

Development of Components and Systems. - Construction of the loop
piping of the full-scale hydraulic model of the core was completed. The
pressure vessel was received from the fabricator and installation was

started. The simulated graphite and internal structure are scheduled
for delivery on September 15.

The engineering test loop has operated isothermally at 1100°F and
50 gpm for a total of 2500 hr with the MSRE coolant salt. Characteristics
of the freeze valve and level indicator and the variations in oxide analysis
were determined during 30 fill and drain cycles and 66 sample withdrawals.

Design was completed and fabrication began on an 8-in. INOR-8 container
to accommodate full-size core graphite pieces in the circulating loop. A
controlled-atmosphere glove box is being fabricated for use in loading and
unloading the graphite test pieces.

Performance of a single-seal l-l/2-in. IN0R-8 solder freeze valve for
the enricher-sampler failed to meet expectations during 22 thermal cycles.
An alternative design using a double-sealing buffered gate valve was pre
pared. Procurement was initiated for major components of the sampler for
evaluation. Testing has indicated that a hydrogen-fired thin-wall 3/4-in.-
diam copper capsule is best for sample removal and handling.

A gold-plated Inconel ring-joint gas seal used with Inconel freeze
flanges was thermal-cycled between 200 and 1300°F for 21 cycles; the maxi
mum leakage rate, which disappeared after five cycles, was 2 x 10~8 std cc
of helium per second.

Construction of equipment for the fuel-drain-tank cooler test was
completed, and testing was begun with no salt in the tank. The tube showed
no serious distortion after thermal shocking from 1400°F by introducing
water.

Combination ring-joint—Flexitallic seal flanges were developed for use
where grouping of several connections of similar services within one leak-
detectable joint results in space-saving advantages. Satisfactory seals
were demonstrated over a series of 250°F steam cycles with both oval and
octagonal rings enclosing four l/2-in. Flexitallic inserts. A method of
holding the flanges together during bolt torqueing to give reproducible
ring alignment was also demonstrated.

Design of the long-handled tools and in-cell equipment for remotely
operating freeze flanges is virtually complete. In the maintenance mockup,
the primary loop piping is being installed to study component replacement
problems.

MSRE Pump Program. - The pump with the molten-salt-lubricated journal
bearing has operated continuously for 11,700 hr with molten salt LiF-BeF2-
UF4 (62-37-1 mole $) and has been started 82 times.



Weld repairs were made satisfactorily to INOR-8 castings of the
volute for the prototype fuel pump by the Laboratory and also by the
founder. The founder for the coolant-pump impeller and volute castings
reported shrinkage and gas defects in the first pair of INOR-8 castings
made. A second pair of castings reportedly have fewer shrinkage defects
but still contain gas inclusions. A third attempt is being made with dif
ferent core sand to reduce gas.

Fabrication of the prototype fuel pump has been resumed with the weld-
repaired volute casting. Reactor-pump drawings are being subjected to
project review prior to start of fabrication of the pump rotary elements.

Thermal analysis of the coolant-pump tank indicated no necessity for
forced-convection cooling. Computations are being made for determining
the necessity for variable flow control of the coolant for the fuel-pump
tank.

Metallurgy. - Tests were conducted to establish a suitable braze ma
terial, joint design, and procedure for the remote brazing of joints in
MSRE pipe.

The brazing alloy 82$ Au-l8$ Ni was selected for this purpose because
of its good mechanical properties and resistance to corrosion by fused flu
oride salts. Shear tests of the joint at 1300°F resulted in minimum shear
strengths for the braze of 12,500 psi. Microhardness measurements on speci
mens from 10,000-hr diffusion tests run at 1300°F indicated a diffusion
layer of 2 mils.

A tapered tube-and-sleeve joint design was tentatively adopted because
of its strength and ease of assembly and alignment, and induction heating
was selected because of the rapid and controlled heating aspects and the
ease of handling the coil remotely. A ceramic envelope was used to confine
a high-purity argon purge, which was demonstrated as adequate for brazing.

Several cylindrical joints were brazed in the laboratory and were found
to be satisfactory by metallographic and ultrasonic inspections. Techniques
are being developed for remote ultrasonic inspection.

Instrumentation Development. - Development of a float-type level trans
mitter for measuring molten-salt levels in the fuel- and coolant-salt pump
bowls is continuing. Fabrication of a loop for use in testing the prototype
transmitter is nearing completion. Design and fabrication of the prototype
transmitter are complete except for the differential transformers. Several
transformers were designed and tested. An early design, which used ceramic-
coated wire, failed repeatedly at temperatures below 1200°F. The present
design, which uses bare nickel wire wound in spiral grooves on a lava form,
shows promise of success. Except for occasional short shutdown periods for
inspection, this transformer has been in operation for two weeks at tempera
tures above 1200°F. This period includes 24 hr of operation at 1500°F.
There has been no evidence of insulation failure to date. Preliminary data
indicate that the combined zero and range shift between 900 and 1300°F will
not exceed- 3$. Since Armco iron is used as the core material, the trans
former becomes insensitive above the Curie points, approximately 1400°F.

Development of a single-point conductivity-type level element is con
tinuing. The resistivity of molten LiF-BeF2-UF,4 (62-37-1 mole $) was meas
ured at various frequencies, and a conceptual design was made of a level
probe for use in the MSRE storage tanks.
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Reactor Analysis. — Checkout of the two-dimensional version of the
IBM 7090 gamma-heating program Nightmare is estimated to be 90$ complete,
and a preliminary report on the new program is in preparation. Computing
time for a problem of moderate size is 10 to 20 min.

Dose rates outside the reactor cell from individual sources within

the reactor cell were estimated, assuming reactor operation at 10 Mw for
one year; various cooling times following such operation were also con
sidered. The primary radiation source during power operation was the
thermal-neutron-capture gamma radiation from the iron in the reactor shield.

The addition of about 1 ft of barytes concrete block on the inside of the
instrument room reduced the dose rate in the room to about 1 mr/hr.

The gamma-ray dose rates above the reactor cell and directly over the
reactor core were recalculated, considering the shield to consist of 3.5
ft of barytes concrete plus 3.5 ft of ordinary concrete. The revised dose
rate above the solid shield during 10-Mw operation was about 15 mr/hr; with
a l/2-in. crack in the 3.5 ft of ordinary concrete, the dose rate above the
shield was about 80 mr/hr.

STUDIES AND EVALUATIONS

Fuel Shipment Studies. — Differences between measured temperature
rises and calculated values, based on radiant heat transfer, in elec
trically heated mock fuel elements In a horizontal simulated shipping
carrier were <L5°C for fuel bundles containing up to 64 tubes and heat
generation rates per tube of up to 0.0514 w/cm.

REACTOR SAFETY

Calculation of Fission Product Concentration. — Concentration of

fission products in the fuel and in the coolant stream of a generalized
reactor power plant employing unclad fuel material has been calculated
by using actual fission product chains and wide ranges of assumed values
of both escape rates from the fuel and removal rates from the coolant
stream. Complete tables of data calculated with the IBM 7090 computer
are now available. As experimental data on escape rates from fuel and
deposition rates from the coolant become available, the calculated data
may be employed to determine coolant stream concentrations, which would
in turn furnish a basis for determining the degree of coolant purification
required to maintain the circulating activity below a given level.

Release of Fission Products on In-Pile Melting of Reactor Fuels. — A
brief description of the equipment for the in-pile fuel element meltdown

experiment was given in a previous report (ORNL-3062, p 11). Also in a
previous report (0RNL-3156, p 11) a description is given of the first run
in which a stainless-steel-clad U02 fuel specimen (3$ enriched) was sub
jected to meltdown conditions in the 0RR. This experiment was removed
from the reactor and transported to the hot cell for examination and prep
aration of samples for analysis.

During the meltdown operation the purge gas from the furnace was passed
through particulate filters, an iodine trap, and a liquid-nitrogen-cooled
charcoal trap where noble-gas fission products were collected. A radio
chemical analysis of this gas yielded an amount of Xe133 (5.27-day half-
life) approximately equal to the total amount of Xe133 generated in the
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specimen. Radiochemical analysis of the fuel from the experiment will
give further information on release of noble gases.

A second stainless-steel-clad U02 specimen {2% enriched) to be melted
is being installed in the experimental equipment. This unit is about 75$
completed and is being assembled in a sequence adaptable to hot-cell assem
bly of similar units which will contain preirradiated fuel specimens.

Two modifications are being made on the reactor facility: (l) the
water piping and control valves which supply the hydraulic cylinder are
being altered to permit more rapid insertion and retraction of the re
actor furnace; (2) the gas exit line is being altered near the liquid-
nitrogen charcoal trap so that off-gas samples can be taken during the
meltdown operation.

For future experiments, fuel specimens with varying degrees of burnup
will be required. Heat transfer calculations have been made, and a device
is being designed for irradiation of the specimens.

FUNDAMENTAL HEAT TRANSFER AND FLUID DYNAMICS

Thermal Transient Studies. - An experimental investigation of turbu
lence in relation to surface-temperature transients is in progress. These
transients, which may originate from instabilities in the hydrodynamic
boundary layer and which occur when there is a flux of heat across a fluid-
solid interface, are a potential source of thermal fatigue failure and ac
celerated corrosive attack of reactor heat exchange surfaces. It is esti
mated that surface amplitudes as large as ±7$ of the film temperature dif
ference might occur in aqueous systems; the corresponding maximum amplitudes
in typical fused-salt and liquid alkali-metal systems are approximately ±12
and ±25$ respectively.

Preliminary operation of a constant-heat water-flow system incorporat
ing an electrically (dc) heated test section consisting of 10 ft of 2-in.
stainless steel pipe has demonstrated the feasibility of measuring instan
taneous surface temperatures by means of "gun-barrel" type thermocouples.
The system has also been used to explore the operation of a constant-tem
perature hot-film anemometer to be used as a tool in the study of fluid
turbulence.

Vortex Heat Transfer Studies. - The heat transfer characteristics of
pure ethylene glycol in axial and swirl flow were studied under both heating
and cooling conditions. The friction factors for swirl flow are in agree
ment with a previously developed generalized relation, and the nonboiling
heat transfer coefficients for swirl flow could be correlated with the
earlier water data. The axial-flow nonboiling heat transfer coefficients
are best correlated by the relationship N cc N°* 98 rather than by the tra

ditional relationship N^ a NR°'80. The burnout data are adequately cor
related by a newly developed additive prediction method which depends on
the premise that the two modes of heat transfer - boiling and convection -
contribute without mutual interaction to give the total heat flux at burn
out. This method is being tested with available data. Thus far, the re
sults of 498 tests have been compared with predicted values, and the results
are encourgaging.

Glycol and water nucleate-boiling data obtained at ORNL have been cor
related by using a Kutateladze type of plot. Pool boiling and axial- and
swirl-flow forced-convection data fall about a line that is 51$ higher than
Kutateladze's suggested average.
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Fundamental Hydrodynamics. — The first phase of a fundamental ex
perimental investigation of fluid in turbulence has as its objective
the development of a reliable method of Reynolds stress measurements
suitable for liquid flows. To this end a relationship has been derived
between the mean-square fluctuating current of a hot-wire anemometer and

the six Reynolds stresses that does not employ the usual low-turbulence
intensity approximation. The relatively simple result is a consequence
of assuming proportionality between the wire-current reading and the per
pendicular velocity component. The result is valid for instruments equipped

with the proper linearizing element.

MARITIME REACTORS PROGRAM

NS "Savannah" Shielding Survey. — The assembly of equipment and in
strumentation for surveying the NS "Savannah" shield was completed. The
mobile shielding laboratory was modified in order to increase the rate at
which dose measurements can be made. Existing instrument racks were re
arranged and an extra rack was added to accommodate additional instrumenta
tion which was installed. The survey will be conducted after the "Savannah"
achieves full-power operation.

Irradiation Effects on Reactor-Vessel Steel. — Charpy impact specimens
of type A212 grade B steel from Savannah reactor-vessel material were ex
amined at the Naval Research Laboratory, Washington, D.C., after having been
irradiated in the ORR pressurized-water loop. In one ORR cycle the speci
mens had received fast-neutron dosages in excess of that expected in the

"Savannah" in 20 years. The temperature of irradiation was approximately
the same as the "Savannah" operating temperature (~500°F). The data ob
tained from this accelerated test indicate shifts in the nil-ductility
transition temperature of the specimens as follows:

Fast-Neutron (>1 Mev) Dose Transition Temperature
(neutrons/cm2) Shift (°F)

4.5 x 1018 90
1.1 x 1019 115
2.6 x 1019 190

Water Chemistry. — The behavior of corrosion-product activity in the

ORR pressurized-water loop is being studied with the general objective of
seeking means for reducing or controlling the activity. When a sample of
loop water was passed through a micropore filter and a cellulose backing

pad, an appreciable portion of the Mn5 , Fe , Co , and Co activity
which had passed through the filter was retained by the backing pad. From

this and further tests it was concluded that the activity was present in

the (cooled) loop water as dissolved cations. Conductivity measurements
indicated that the observed soluble activity of Fe59, Co , and Co60 was
present to the extent of 4, 3, and 2 x 103 dis sec" liter"" respectively.
Comparison of these values with the specific activity of Fe , Co , and
Co found in samples of "crud" filtered from the loop water supports the
view that the dissolved material is in exchange equilibrium with the water-

borne and loosely adherent crud. Since such exchange could be a principal
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mechanism of activity transport in pressurized-water systems, it is de
sirable to develop some sort of inorganic ion exchanger (presumably a
metal oxide) for use at the operating temperature of the loop.

Fuel Irradiation Testing. — Experimental assembly 3 was removed from
and assemblies 4 and 5 were installed in the pressurized-water loop on
July 7, 1960. A technique was developed for providing wire neutron-flux
monitors in each leg of the loop for each cycle. These monitors were in
corporated in assemblies 5 and 6.

ARMY POWER REACTORS

Surveillance of Radiation Effects on the SM-1 Pressure Vessel. — Four

test capsules were placed on the core support structure of the SM-1 pres

sure vessel prior to plant startup. Each of these capsules contained three
subsize Izod impact bars made of type A212 grade B steel taken from material
used in the pressure vessel. Six test notches were machined into each bar.

The SM-1 plant was started up April 8, 1957, and was shut down April 29,
1960, for core replacement after operating 16.4 Mwyr. During the core re
placement operation, one of the surveillance capsules was removed and trans
ferred to ORNL for testing.

The impact test bars were broken, along with three unirradiated control
bars. Increases were found in the subsize Izod transition temperature as a
result of irradiation. The temperature shifts were, starting with the test
notch farthest from the reactor core, 36, 52, 77, 99, 138, and 118°F.

Examination of Core I Fuel Elements from SM-1. — Postirradiation ex

aminations of fuel element S-79, which was exposed for 16.4 Mwyr in the
SM-1 reactor, are nearly completed. A radiochemical burnup analysis in
dicated a peak fission burnup of approximately 47$ of the U235 atoms. Metal-
lographic examination of fuel plate specimens revealed numerous cracks in
the type 304L stainless steel cladding. No cracks were seen in the fuel
matrix. The cladding cracks, both intergranular and transgranular, are
concentrated in the high-burnup regions of the element. Although the source
of the stress that produced the cracks has not been determined, it appears
that the incidence of cracks is a function of burnup.

NUCLEAR TECHNOLOGY AND GENERAL SUPPORT

Power Reactor Fuel Processing: Zirconium Dissolution in Titanium
Equipment. — The utility of a Darex titanium dissolver would be greatly
extended if it could be used to dissolve reactor fuels containing zir
conium as well as stainless steel. Since fluoride ion is used in aqueous
dissolution of zirconium-base fuels, inhibition of the attack of fluoride
on titanium with strong nitric acid, chromate, and fluoboric acid, singly
or in combination, is being studied. All systems studied to date are of
doubtful value because of unsatisfactory dissolution or corrosion rates,
precipitation, or a too sensitive control requirement on reagent composi
tion.

The most promising reagent found is 16 M HN03-2.64 M F~-O.025 M BF^""-
1.4 M Zr. Zircaloy-2 dissolution rates were 3.3 mg cm mih""1, and titanium
corrosion rates were ~5 mils/month. The zirconium must be maintained at
>1.4 M to minimize corrosion; titanium corrosion rates were 40 and 0.0
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mils/month at loadings of 1.35 and 1.42 M zirconium respectively. Although
dissolution and corrosion rates decreased with loading, the Zircaloy-2 dis
solution rate was still 2.75 mg cm-2 min-1 at 1.47 M Zr. The raw product
solution was stable hot or cold, and after dilution and with 0.01 M U added.
No feed adjustment other than dilution with water appears necessary.

Power Reactor Fuel Processing: Uranium Carbide and Uranium-Graphite
Fuels. — When a specimen of uranium monocarbide containing 20$ uranium metal
reacted with water at 80°C, the uranium metal impurity yielded 2 moles of
hydrogen per mole of metal. About 1.65 millimoles of H2 (35 vol $), 2.85
millimoles of methane (61 vol $), 0.41 millimole of carbon, and 1.10 milli
moles of monatomic hydrogen as saturated C2 to C& aliphatic hydrocarbons
were produced per gram of sample. The original specimen contained 3.33
millimoles of carbon and 4.03 millimoles of uranium per gram.

In further tests with the 90$ HN03 process for uranium-impregnated
graphite fuels, the extent to which graphitized fuel specimens were dis
integrated by nitric acid depended on the acid concentration, the uranium
content of the specimen, and the digestion time. In a 4-hr digestion, the
geometric mean particle size of powders produced by reaction of specimens
containing 8$ uranium decreased from 1000 to 150 u when the nitric acid
concentration was increased from 20 to 23.9 M. After a 1-hr digestion in
boiling 21.6 M HN03, the mean particle sizes were 1500, 320, 275, and 190
u for specimens containing 0, 0.7, 2.6, and 13$ uranium respectively. Most
of the particle size reduction occurred during the first 6 hr of contact;
for example, with specimens containing 13$ uranium, the mean size was re
duced only from 130 to 80 u by increasing the digestion time from 6 to
48 hr.

Uranium was recovered almost quantitatively by the 90$ HN03 process,
at 25°C, from Turret fuel specimens prepared by impregnating type AUC graph
ite with uranyl nitrate solution prior to baking. After two 4-hr leaches
with 90$ HN03 at 25°C, the uranium loss to the graphite residue was only
0.09$. More than 96$ of the uranium was recovered in the first leach and
subsequent water washes.

Power Reactor Fuel Processing: Dissolution of Niobium Carbide. — Nio
bium carbide (NbC), which may be used as a fuel coating, was virtually un-
attacked by boiling solutions of hydrofluoric acid, nitric acid, and sodium
hydroxide in concentrations up to 10 M. However, dissolution was achieved
in 1 M HNO3—HF solutions, where the initial rate of dissolution increased
from 2 x 1CH3 to 20.3 mg g_1 min-1 as the HF concentration was increased
from 0.1 to 10 M.

Power Reactor Fuel Processing: Mechanical. — Five SRE core I fuel clus
ters from the second carrier shipment were mechanically dejacketed. An av
erage dejacketing rate of 4.8 kg of U per hr was attained, ignoring downtime
for repairs, and an over-all rate of ~2.4 kg of U per hr was maintained in
cluding downtime. One cluster of seven fuel rods contained four rods that
required tedious auxiliary dejacketing methods because of waxy, oxidized
NaK and swollen slugs. One slug, originally 3/4 in. 0D by 6 in. long, had
grown 6.25$ in length and from 1.47 to 5.2$ in diameter.

Micrometer measurements of five jackets showed 7 to 20 mils expansion
in diameter when the applied internal hydraulic pressure was 1500 psig.
This amount of expansion should have freed the slugs so that they could
be easily flushed out by hydraulic pressure. However, because of degrada
tion of the NaK to a solid or waxy form, the slugs could be ejected only
by the jackscrew or by cutting and slitting the jackets and then prying
them off.
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The NaK disposal system operated satisfactorily during reaction of
~3000 ml of NaK bonding agent.

The 250-ton prototype shear, including the feed mechanism and hydrau
lic (oil) system, was received from the Birdsboro Corporation and installed.

A 600-g batch of crushed U02-Th02 pellets (Davison Chemical Company)
was 73$ dissolved in 6.5 hr in 13 M HN03-0.04 M F~-0.10 M Al3+ in the four-
stage Pyrex model leacher.

Power Reactor Fuel Processing: Corrosion Studies. — In continued ex
posure of types 304L and 347 stainless steel in modified Zirflex solvent
extraction solutions composed of 0.75 to 1.5 M HNO3-O.6 M Al3+-0.36 to
0.49 M Zr4+-2.44 to 3.33 M T at 50°C, the over-all corrosion rates de
creased with time. After 320 hr the corrosion rate of type 304L appeared
linear at 0.1 to 0.2 mil/month, regardless of the test solution or the
specimen position. The rate for type 347 also became linear at about
0.11 mil/month. Type 304L suffered grain boundary attack plus etching in
localized areas, whereas type 347 was attacked preferentially in the heat-
affected zone near the welds, in addition to a general surface-pickling
attack.

Types 304L and 347 stainless steels were corroded at maximum rates
of 0.01 mil/month during 1000 hr exposure at 35°C in simulated low-acid
waste solution containing 2 M HN03, 1.82 M stainless steel, and 100 ppm
CI"". No sign of localized attack was observed.

Haynes alloy No. 25, Nichrome V, and INOR-8 were exposed at 600°C to
N2, saturated at 25°C with CCI4, in both the presence and absence of vol
atile ZrCl4. In 24-hr exposures the maximum rates for the three alloys
were 127.8, 174.2, and 96.6 mils/month, respectively, without ZrCl^, as
compared with 170.3, 109.9, and 90.2 mils/month with ZrCl^ in the gas
stream. Triplicate specimens of each alloy were used; the middle speci
men corroded most rapidly in the absence of ZrCl^, while the upstream
specimens corroded most rapidly when ZrCl^ was present.

Power Reactor Fuel Processing: Continuous Modified Zirflex Process. —
Studies were continued to adapt the modified Zirflex process to the con
tinuous dissolution of uranium-zirconium alloy fuels to obtain increased
throughputs by continuous operation. In a 2-In.-diam dissolver the Zirc-

aloy-2 dissolution rate increased nonlinearly with increasing F/S (feed
rate/surface area) ratio, so that zirconium loadings were lower as the
reaction rates increased. Solution loadings were S80 g/liter, with F/S
SO.06 at reaction rates S5 mg cm""2 min-1. In one run in a 6-in.-diam
dissolver with 6.5 M NH4F-O.6 M NH4NO3-O.I M H202 as the dissolvent,
steady-state operation for 1 hr resulted in an average reaction rate of
5.6 mg cm""2 min"-1 at an F/S of 0.08. The effluent contained 70 g of
Zircaloy per liter.

Power Reactor Fuel Processing: Solvent Extraction Studies. — In the
TBP-25 first-cycle solvent extraction flowsheet, decontamination from both
ruthenium and zirconium-niobium was higher when the feed was 0.15 N acid
deficient rather than 1 N acid; decontamination from ruthenium was greater
with 4 M HNO3 scrub than with the normal 0.75 M Al(N03)3 scrub. With both
an acid-deficient feed and an acid scrub, fission product removal was below
the level of analytical determination, indicating greater than threefold
improvement in decontamination.
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Power Reactor Fuel Processing: Dissolution of Beryllium and Beryllium
Oxide Fuels. — In further studies on the dissolution rates of BeO-base fuel

specimens in boiling fluoride solutions, the initial dissolution rates of
sintered Be0-5$ U02 in boiling 1 to 5 M HBF4 were 0.02 to 0.21 mg cm-2
min-1. In solutions containing 1 to 5 M HBF4 and 5, 10, and 15 M HF, the
initial dissolution rates were approximately 0.7, 1.0, and 1.5 mg cm-2
min""1 respectively. The rates were not markedly affected by HBF4 concen
tration.

Radioactive Waste Treatment and Disposal: High-Activity Waste Cal
cination. — A cost study on pot calcination of high-activity waste from
a 6-metric ton/day fuel processing plant indicated a range from 0.87 x 1CT2
mill/kwhr (electrical) for acidic Purex and Thorex wastes in 24-in.-diam
vessels to 5.0 x 10~2 mill/kwhr (electrical) for reacidified Purex and
Thorex waste in 6-in.-diam vessels. About seven years of Interim liquid
storage would be required before acidic Purex waste could be processed in
24-in.-diam vessels.

Radioactive Waste Treatment and Disposal: Low-Activity Wastes. — In
a third run in the 60-liter/hr scavenging—ion exchange pilot plant for
0RNL low-activity waste, decontamination factors were still satisfactory
after 1500 resin bed volumes of waste had been treated (e.g., Sr, >1000;
total rare earths, 100; Cs, >100), and the effluent activity was <L0$ of
the maximum permissible concentration.

Radioactive Waste Treatment and Disposal: Disposal in Deep Wells. —
Test drilling at the site of the second fracturing experiment is nearly
completed. The upper grout sheet, composed of four separate layers formed
one above the other, extends out from the injection well some 500 ft to
the east and northeast, but only short distances out in other directions.
The lower grout sheet extends largely to the north and northwest, but its
outer limits are still undefined.

A detailed analysis of the geologic structure of the area, which appears
to have determined the directions in which the grout sheet moved, will have
to wait until the deviation from vertical of the test holes has been meas

ured; with holes 800 to 1000 ft deep, even a slight bend is significant.
The core hole at the proposed site of the Waste Disposal Fracturing

Plant is now at about 2200 ft; the scheduled final depth of the hole is
3000 ft. Rock well suited to disposal operations has been encountered from
1500 ft to the present bottom of the hole.

Radioactive Waste Treatment and Disposal: Disposal in Natural Salt
Formations.— Stress measurements in the pillars of the Hutchinson mine
have shown the absence of horizontal stress and the presence of vertical
stress varying from 1300 to 1600 psi. The absence of horizontal stress
was expected; however, the theoretical stress in the pillars based on
mine depth and per cent salt extraction is about 1950 psi.

Comparison of the data from the field cavities with theoretical cal

culations of temperature rises around spheres has indicated that the thermal

conductivity of the salt surrounding the experimental cavities is 2.6 Btu
hr""1 ft-1 ("F)""1, and the diffusivity is 0.099 ft2/hr. These values agree
quite well with the Birch values for single pure-salt crystals at 80 and
65°C respectively.

A computer code has been designed for the solution of temperature
rises in a heat-generating layer of infinite horizontal dimensions (flat
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slab) and in the salt surrounding the layer, as a function of time for
wastes of variable age. Use of this code has shown that the storage of
waste cooled less than one year is wasteful of mine space and that the
thickness of the slab (from 1 to 10 ft) has little effect on the tempera
ture rise in the slab.

Studies on radiolytic gas production of wastes in salt have shown
that gas production can be eliminated by pressurizing the cavity or by
maintaining an atmosphere of hydrogen over the waste. The pressures in
volved are not extremely high (3 to 10 atm), but do represent a problem
in cavity design. Disposal of liquids in salt as a mixed layer of salt
and waste appears to eliminate the problems of radiolytic off-gas, as well
as cavity alteration.

Radioactive Waste Treatment and Disposal: Clinch River Study. — A
continuous water-sampling system was installed at Centers Ferry on the
Clinch River. The instruments were so designed that the rate of sampling
is proportional to velocity of flow in the river.

Results of sorption tests on membrane filters indicate that essentially
no strontium, cobalt, and ruthenium are sorbed as river water samples are
filtered. A small percentage of cesium (4$) is sorbed by the filters.

Various types of bottom-sediment core samplers have been tested and
evaluated for compaction and retention characteristics. The most effective
was a 3-l/2-in.-diam split-tube sampler with a basket shoe.

Results of a recent TVA silt range survey of Clinch River in the study
reach have shown that additional cross-section sampling sections, interme
diate to the standard silt ranges, do not significantly change estimates
of sediment volume.

Distribution coefficients (K) were determined for several clay min
erals, using cesium and strontium in tap water. Tap water was used, since
the chemical composition simulates that of Clinch River water. The stron
tium K for illite was reduced from about 500 in demineralized water to 120

in tap water, and the cesium K from 80,000 to 50,000. The cesium Kis
indicative of the high selectivity illite exhibits for this element.

Radioactive Waste Treatment and Disposal: Fundamental Studies of
Minerals. — Sodium vermiculite shows three distinct sorption-of-strontium

responses in the pH range 2 to 11. Up to pH 4.5 the response depends on
the displacement of aluminum from octahedral layers of the mineral. Thus,
less than 10$ sorption was observed at pH 2 and only 59$ at pH 4.0; in
both cases maximum sorption was observed after contact for less than 96
hr. Sorption increases uniformly (to approximately 70$) between pH 4.5
and 9.0 up to 96 hr of contact. At pH 11, sorption sharply increases to
91$ at 96 hr.

Comparison of strontium removals by sodium vermiculite, clinoptilo-
lite, Duolite C-3, and Dowex 50 showed that sodium vermiculite is ineffec
tive at low pH but competitive at basic pH. Exchange capacity and sta
bility of vermiculite at low pH are important considerations in strontium

sorption reactions.
Particle diffusion processes have a pronounced influence on cesium

breakthrough curves obtained from small columns operated for rather short
periods of time. Extrapolation from bench-scale experiments to the field
may require correction for this phenomenon, as the cesium loading increases
with increased time of column operation. For prolonged times of column op
eration, the effects of particle diffusion are not so pronounced. The choice
of particle size for an operating column may be determined, in part at least,
by the kinetics of the exchange reaction.
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PHYSICAL RESEARCH PROGRAM

PHYSICS AND MATHEMATICS RESEARCH

High-Energy Physics. — A necessary consequence of parity nonconserva-

tion in A0 decay is a longitudinal polarization of the decay proton in the
rest frame of the A0. A sufficient number of K~ interactions in helium
which yielded A0 hyperons, whose decay protons scattered, have been meas
ured to determine the sign of the helicity. Thirty events were found and
analyzed at ORNL. These, together with 120 events analyzed at other lab
oratories, yield a negative asymmetry parameter.

High-Energy Electronuclear Machines. - Cyclotron Analogue II was first
operated on August 4, 1961. The Analogue, an eight-sector AVF cyclotron,
models approximately the beam dynamics of an 850-Mev proton cyclotron under
study at ORNL. A series of energy measurements at various radii, based on
pulse-height spectra of x rays produced by the electrons striking an alu
minum target, are in approximate agreement with design calculations. The
maximum electron energy so determined appears to be greater than 500 kev;
the design energy for v = 2 is 440 kev, although isochronous fields are

provided for acceleration to about an electron rest mass. The beam pro
file, visually observed on a phosphor-coated probe, shows evidence of the
resonance at v = 4/3 and at the coupling resonance v + v =2. In the

r ' r z

initial test, the threshold voltage for acceleration to full energy was
about 350 ev (per turn). It is expected that optimization of the average
field coil currents and an improved electron source will reduce this
threshold.

Basic Studies of Cryogenic Electromagnets. - The High-Field Solenoid
was completed and was successfully operated at a power input up to 3.2 Mw.
The field was calibrated at values to 55 kilogauss; extrapolation gave a
field of 90 kilogauss at the 3.2-Mw input, the effective limit of the power
supply. This copper solenoid has a usable central cavity approximately
1-7/8 by 10 in. and is water-cooled for continuous operation.

In the initial experiment with the High-Field Solenoid the supercon
ductivity of Nb-Zr was examined at 4.2°K. The 0.020-in. Nb-Zr wire (25$
Zr) carries in excess of 100 amp (5 X 10* amp/cm2) for transverse fields
below 45 kilogauss; the current drops rather rapidly to 1 amp at 72 kilo
gauss. These tests were made with a pulsed (0.001-sec) current in the
wire.

Theoretical Physics. — Four problems have been coded for the IBM 7090
computer as part of a program of numerical studies of nuclear reaction

theories. This is a cooperative effort with members of the Electronuclear

Research Division, the Neutron Physics Division, and the Mathematics Panel.
First, a highly flexible code to calculate the distorted-wave theory

of direct nuclear reactions in zero-range approximation, neglecting spin-
orbit coupling, which was written for the IBM 704, has been running suc
cessfully on the IBM 7090 for some months. It is being used to interpret
(p,d) and (He3,n) reaction data obtained at ORNL and reaction data from
other laboratories, as well as for purely theoretical studies of distorted-
wave effects.
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An extension of the above program, to calculate the distorted-wave
theory with spin-orbit coupling effects included, has been largely re
written to incorporate improvements in computation and to utilize the
capacity of the IBM 7090. This code is now running.

The pilot program for the third problem, the strong-coupling direct-
interaction theory of inelastic scattering, is in operation and considers
coupling between two nuclear levels. Preliminary results indicate that
the physical coupling is at least intermediate in strength for many ex
citations in even-even nuclei. Extensions to coupling between more than
two channels are being prepared, in particular to investigate "double ex
citation."

The fourth problem, the optical model for elastic scattering with
nonlocal (velocity-dependent) potentials, has been coded for a separable
potential. Preliminary results indicate that such a nonlocal potential,
with fixed parameters, is able to reproduce the energy dependence of the
observed scattering, which otherwise requires a local potential with param
eters that vary with energy. Spin-orbit coupling is included. A search
program has also been written that automatically obtains parameters which
give a best theoretical fit to given "experimental" points.

Also being coded is a program to calculate the distorted-wave theory
without the zero-range approximation.

High-Voltage Experimental Program; Total Neutron Cross Section of

Pb208. — Measurements of the total neutron cross section of Pb208 (99.75$)
with ~3 kev energy resolution were reported in the 1.0- to 1.9-Mev range
[Bull. Am. Phys. Soc. 6, 251 (1961)]. These measurements have been ex
tended to lower energies (~0.72 Mev) in order to overlap the results from
Duke University (Bilpuch, private communication, April 12, 1961). For the
ORNL measurements a stilbene crystal, in which pulses due to gamma rays
were depressed by Brooks-Owen pulse-shape discrimination, was used as a
neutron detector. The resonance at 0.724 Mev shows a peak cross section
of ~13 barns, in agreement with Duke University data. Between 0.72 and
1.9 Mev, at least 60 resonances were observed with J values ranging from
l/2 to 7/2. In order to decide on the parity of the levels, angular dis
tributions of the scattered neutrons are necessary. The apparatus for
detailed differential cross-section measurements is being assembled.

High-Voltage Experimental Program; Decay of the Compound Nucleus

Tj235-x- -^y ]Tission and Neutron Emission After Formation by 1050-kev Neutrons

on U23*. — The dip in the fission cross section of U234 at 1050 kev is
believed to be due to competition from neutron emission, which leaves the
residual nucleus in a band of excited levels lying between 788 and 984 kev.
The drastic change in the angular distribution of fission fragments which
occurs coincidentally with the dip in cross section can be explained if
it can be shown that neutron emission from the higher J states of the com
pound nucleus competes more favorably with fission than does emission from
the lower J states.

A modified Hauser-Feshbach calculation was carried out for neutrons

incident on U23* with 1050 kev energy. The results show that neutron emis
sion takes place more readily in general from the states of higher J than
from those of lower J, thus lending credence to the above hypothesis. The



19

following tabulation, which shows the results of these considerations,
is a summary of relative decay probabilities of the (j,it) states of the
compound nucleus u235* by neutron emission for an incoming neutron energy
of 1050 kev. Note that P represents the relative probability of decay.
To find the absolute probability of decay, P' would need to be divided
by the sum of itself plus the probability of decay via fission.

(J, it) 1/2" 3/2" 5/2" 7/2" l/2+ 3/2+ 5/2+

p' 1.14 1.58 1.06 1.04 1.26 1.65 1.54

In this table the excess of the relative neutron emission probability,
P , from the compound state of (J,it) equal to 3/2" over the emission prob
ability from the l/2~ is of most significance.

Further calculations are in progress, and these together with the
details of the above considerations will be reported later.

Multiparticle Medium-Energy Nuclear Physics; The 86-Inch Cyclotron. —

Radiations from the electron-capture decay of Eu150 indicate two isomeric
states with half-lives of 14 hr and > 5 yr. The transition data were ob
tained from internal-conversion-electron and gamma-ray spectra. The en
ergies and intensities of the transitions belonging to 14-hr Eu150 indi
cate excited states at 334.1 (2+), 740.7 (0+), 1153.1, and 1256.1 kev.
Levels at 334.1 (2+) and 773.3 {A- ) kev, as well as states of higher ex
citation, are populated by the decay of > 5-yr Eu150.

Multiparticle Medium-Energy Nuclear Physics; The 63-Inch Cyclotron. —
Alpha-particle spectra and angular distributions from sodium targets bom
barded with 28-Mev nitrogen ions were measured. The cross section for the
radiative capture of nitrogen on phosphorus (N1* + P31 —» Ti*5) was found
to be 1.7 |ib by radiochemical methods and absolute beta counting. Proton-
transfer reactions (N1* —> 015) were investigated for Al27, CI35, and K39
targets. Thin platinum films were bombarded with 25-Mev nitrogen ions;
faint tracks in the platinum were observed with an electron microscope.
The aim of this experiment was to investigate formation of tracks in thin
films by ionizing particles. Thoria was bombarded with 24-Mev nitrogen
ions to simulate radiation damage by fission fragments.

Electronuclear Machines; The Isochronous Cyclotron. — The initial

phase of testing the 0RIC 76-in. magnet has just been completed. After
the pole tips were aligned, the Hall probe-positioning mechanism was
placed in the magnet and the field was measured at 7200 points in an auto
matic sequence requiring 12 to 15 hr. In this first phase of measurements,
field surveys at nine main-coil current levels were made for determining
the basic field patterns produced by the main field coils with only the
three-sector steel pole tips in place. An extended series of measurements
will be required to evaluate the range of contributions of the valley
coils, harmonic coils, and circular trimming coils. Early analysis of
results from the basic measurements indicates that the field configura

tion is consistent with predictions from model measurements.
The valley coils and harmonic coils were completed, welded in stain

less steel "cans," and vacuum-tested. The cans were then filled with
glass beads and impregnated with epoxy resin. One of the two disks of
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circular coils is also ready to be canned; special welding techniques were
developed to prevent distortion.

The detailed design of the dee and liner components was completed,
fabrication techniques were developed and tested, and the fabrication is
proceeding satisfactorily. The structures are formed from sheet copper;
flattened copper tubing is being attached by Heliarc braze welding (BT
silver alloy) in a pattern designed to minimize distortion.

Models of the power-amplifier grid circuit and the power-amplifier
resonator coupling line were fabricated. Design of the rf trimmer and
its hydraulic control was completed, and the system is being fabricated.
The plate supply for the rf power amplifier was completed and tested satis
factorily, except for further efforts on the part of the vendor to reduce
the voltage ripple. A "breadboard" intermediate amplifier was constructed
and is being tested; a driver amplifier is under construction.

The basic design of the beam deflection system and the ion optics
system for focusing the external beam and directing it to the various tar
get positions are essentially complete. Beam stops and shield plugs are
being designed. An elaborate safety interlock system was designed and is
being installed to permit safe maintenance work in one experiment room
while the beam is being used in another room.

The 32-in. diffusion-pump assembly was installed except for the Freon
baffle, and the mechanical forepumps and main vacuum lines were vacuum-
tested. The 20-in. diffusion pump was assembled and checked out, and is
ready to be attached to the dee-stem house.

Stable Isotope Development. - Monitoring the calutron receiver with
an oscillograph indicated the possibility of extreme defocusing of the
beam when the ionic sound frequency of the source plasma Is in resonance
with the cyclotron frequency of the ion beam. At this point the beam may
be swept back and forth across the pocket with an energy span of several
kev. The ionic sound frequency is a function of electron temperature,
atomic weight of the ions, and the dimensions of the arc chamber. With
the proper choice of ionization chamber size and support gases, it is ex
pected that this defocusing effect can be minimized, with a resultant im
provement in the purity of the separated isotopes.

Striking pads of Mg, Cu, and Ni have been prepared for calutron re
ceivers by compressing the metallic powder in a mold under several tons
of pressure. Although pads formed in this manner are less dense, it is
hoped that their porous structure will provide a more retentive striking
surface for the ion beam.

Special Separations. - A total of 18 heavy-element shipments were
made during July and August.

CHEMISTRY RESEARCH

Thorium Oxide Studies. - Photomicrographs of unirradiated pellets
(code P-82) and those irradiated three months in D20 in the LITR (~2 x
1013 neutrons cm-2 sec"1) showed essentially no differences attributable
to irradiation. Both the original and irradiated pellets were composed
of heterogeneous structures with regions of varying densities, 1- to 2-u
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pores, occasional pores 25 to 50 u long and 10 u wide (probably resulting
from the manufacturing process), and some impurities. The interiors of
the irradiated pellets showed a uniform, mottled gray-black coloration
similar to that of the exterior surfaces of the pellets.

Photomicrographs of Davison thoria pellets that had been treated with
dibasic aluminum nitrate, which experienced considerable damage under ir
radiation (20 out of 50 pellets disintegrated during a four-month irradia
tion), showed a much higher porosity and many more large pores than the
P-82 pellets. The epoxy resin used in mounting the pellets for polishing
penetrated into the interior of one of the two pellets used in the metal-
lographic examination, indicating that some of the interior pores were
surface-connected. A wear test on some of the surviving irradiated pellets
showed only slightly more wear than that shown by the controls. Hence it
appears that the rather excessive damage shown under irradiation probably
resulted from the high porosity of the pellets and poor quality control in
their manufacture.

Recalculation of rate data from a series of radiolytic hydrogen and
oxygen recombination experiments carried out at 250, 265, and 280°C with
a slurry of 1600°C-fired Th02 containing 100 g of Th per kg of D20 and
300 ppm Pd (based on thorium) showed an apparent activation energy for the

palladium-catalyzed H2-02 reaction of 31 kcal (k = 1.67 X I0l4e~31'000^RT).
The value previously reported was 24 kcal.

Equipment Decontamination. — Corrosion acceleration in oxalate-per
oxide mixtures at 0.05 to 0.10 M H202 was eliminated by use of acetate
instead of citrate as the buffer and peroxide stabilizer, and by raising
the pH from 4.0 to 4.5. Glycolate accelerated corrosion even more than
the citrate. Oxalate-peroxide was effective on ruthenium which had been

baked onto steels in helium at 110°C (decontamination factor = 47 in 20 min
at 95°C). Alkali hydroxide solutions, acidic or basic reducing agents,
and oxalate-peroxide were useful in removing carrier-free I131 from metals
after the iodine had been deposited on the metals from helium at 400°C
(decontamination factor up to 1000). Type 347 stainless steel contaminated
with nonsmearable americium was decontaminated by factors of 23 to 635 by
various acidic reagents in 20 min at 95°C. Fluoride aided the decontamina
tion. The decontamination factor in low-corrosive oxalate-peroxide was

80. Cerium and europium, simulating transuranics, were removable from
various metals by factors of 22 to 6000 in six different reagents. De
contamination from transuranics therefore appears feasible.

Protactinium Chemistry. — The solubility of protactinium In sulfuric
acid solutions is being investigated in an attempt to find a solvent, not
containing fluorides, which will form stable solutions containing several
milligrams of protactinium per milliliter. Stable solutions have been
reported containing 17 mg/ml in 7.7 N H2S04 and 36 mg/ml in 3 N D2S04. In
initial solubility experiments with 3.5 N H2S04 a gel containing 30 mg of
protactinium per milliliter formed after several hours. The protactinium
concentration decreased gradually to 6 mg/ml after two weeks as the pro
tactinium precipitate formed a layer on the container surface, but the gel
was not broken. In 9 N H2S04 an apparently stable solution was obtained
with about 8 mg of protactinium per milliliter. As the acid concentration
increased above 9 N the protactinium solubility decreased.
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Radiation Chemistry of Organic Moderators. - Exposure of purified
biphenyl samples in evacuated Pyrex tubes to temperatures of 300 and 400°C
has been continued for 718 and 1212 hr, respectively, without visible signs
of decomposition in either case.

Various diffusion-pump oils have been exposed to high temperatures
in order to determine their relative thermal stabilities. Small samples
of the oils were placed in Pyrex tubes, evacuated, and then heated gently
under vacuum before being sealed preparatory to pyrolysis. Sample pairs
of purified m-bis(m-phenoxy-phenoxy)-benzene were placed in furnaces at
regulated temperatures of 400, 450, and 500°C. A faint yellow discolora
tion of the material became apparent after 34, 2, and 1.5 hr at the re
spective temperatures. The sample at 500°C was dark brown and extremely
viscous after 20 hr. However, the sample at 400°C appeared to continue
decomposing until it had been exposed for 175 hr, after which there was
no further increase in the intensity of its yellow color, although the
sample was heated for 300 additional hours. This suggests that only an
impurity in the ether is being pyrolyzed at 400°C rather than the ether
itself.

Samples of Consolidated Vacuum Corporation's Octoil-S (2-ethylhexyl
sebacate) and Octoil (2-ethylhexyl phthalate) were also prepared for py
rolysis in the manner described above. Yellow discoloration of the Octoil-
S began after 2.5 hr at 400°C and after only 1 hr at 450°C, in each case
crystallizing to a white solid upon being cooled to room temperature.
Octoil produced evidence of having even lower thermal stability, for it
became markedly discolored after 45 min at 450°C, depositing a white solid
upon reaching room temperature. The sample at 400°C was not discolored
after 3.5 hr, but it did precipitate a white solid upon being cooled to
room temperature, indicating that chemical change had occurred. There
was no visible evidence of the onset of this change, however.

Surface Studies; Chemical Development. — Observations on the con
ductance of dilute electrolytes in a cell containing a porous plug of Th02
have indicated a marked reduction of the cell constant when a peptizing
electrolyte (Na2C03) was used. The effect was reversible with a flocculat
ing electrolyte (Na2S04) and was indifferent to 0.1 N KC1. A similar shift
has now been observed with Th(N03)4 as the peptizing electrolyte. However,
in contrast to the observations with Na2C03, the Th(N03)4-peptized plug
is flocculated with 0.1 N KC1.

The study of particle-particle repulsion in Th02 slurries is of in
terest to the development of breeder reactors; preliminary tests were made
in a study of the adsorption of ions on the surface of Th02 particles as
a function of solution concentration, temperature, and pH. Ideal particles
for study, which would permit best comparison of experimental results with
theoretical estimates, would be spherical, of small diameter, and would
have no internal surface available for adsorption. The actual particles
used were made from the oxide formed by the calcination of 1.0-u particles
of thorium oxalate; this oxide, consisting of many flat crystallites with
much internal surface area, was reduced in size by digestion in hot 0.01 N
nitric acid and classified by sedimentation. The fraction between 0.2 and
0.3 u in effective diameter was retained for test. Its surface area by
nitrogen adsorption was still five times that of ideal particles. The
acidity of the equilibrium suspending solution in the adsorption tests
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was followed through the pH range 6 to 3; the calculated fraction of sur
face sites covered by adsorbed acid increased from 0.04 to 0.15. The
smallness of the coverage at the low pH was surprising, suggesting that
much of the surface available for nitrogen adsorption was not effective
for ion adsorption. The results encourage the belief that efforts to ap
proach more closely the ideal spherical particles will give useful infor
mation concerning the theoretical and practical aspects of particle-par
ticle interaction.

Analytical Chemistry Research. - The separation of selenium from
tellurium and other elements by solvent extraction was investigated. Se
lenium, as hexabromoselenic acid, H2SeBr6, is extractable into benzene
from mixed solutions of HBr, H2S04, and HCIO4. The degree of extraction
at different concentrations of these acids was determined, and optimum
conditions were established by the use of radioactive Se75 (112-day) and
stable selenium in solution. Microgram or milligram quantities of sele
nium (as much as 33 mg) were extracted, with benzene, to the extent of
97$ or more from an aqueous system composed of 1 M HBr, 7 M H2S04, and
7 M HCIO4. This method is suitable for the separation of Se from Te, Sb,
Ga7 and Sn, elements which are not extractable under these conditions.

Work was continued on the determination of antimony by controlled-
potential coulometric titrimetry. On the basis of precision studies, a
relative standard deviation of 0.4$ was found for the reduction and sub
sequent oxidation of 2 to 5 mg of antimony. Efforts are now being directed
to the application of this method to the determination of Sb(V), which
must be chemically reduced to Sb(lll) prior to coulometric titration.

Aqueous Solution Chemistry. - The bisulfate acid constant was com-
puted from 25 to 225°C from data on the solubility of Ag2S04 in H2S04 solu
tions. The values at any temperature within the indicated range are ex
pressed by the equation

In K2 =-12^'108 +12.31995 -0.04223215T ,

where T is the absolute temperature. In addition, the thermodynamic con
stants for the reaction HS04~ = H+ + SO42 were calculated.

Radiation Chemistry. - In the Co60 gamma radiolysis of aqueous nitric
acid solutions, the absorbed energy causes, in addition to the decomposi
tion of nitrate ions to nitrite and oxygen, a decomposition of acid mole
cules to OH and N02 radicals. Evidence for these radicals is based on a
comparison of the effect of added NaN03 and HN03 in the radiolysis of di
lute aqueous solutions of eerie sulfate with and without thallous sulfate
present. Addition of thallous ion to a eerie sulfate solution increases
the yield for eerie reduction. According to the mechanisms proposed for
these two systems, the increase in cerous yield is equivalent to 2GQH,
where G is the 100-ev yield of hydroxyl radicals produced by the decom
position^ water. The addition of NaN03 to these two eerie systems in
creases the eerie reduction rate by the same amount, indicating that the
NaNO-, has no effect upon G_„. Adding HN03 to these two eerie systems,

J On

however, produces a greater increase in the eerie reduction rate when
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thallous ion is present. The difference in the two yields increases line
arly with HN03 concentration, suggesting an additional source of OH radi
cals, postulated to be the decomposition of HN03 to OH and N02.

High-Temperature and Structural Chemistry. - The specific conductivi
ties of solutions of cerium and praseodymium metals in their triiodides
were found to rise rapidly to values, at saturation, more than 50 times
the conductivities of the triiodides. On the other hand, the conductivity
(essentially ionic) in solutions of neodymium in molten Ndl3 goes through
a maximum (only 2.5 times the conductivity of Ndl3) near 50 mole $ Ndl2.
The latter compound is known as a nonconducting solid, while the corres
ponding solid iodides of cerium and praseodymium are known as metallic
conductors. Further experiments are in progress to determine whether the
maximum near 50 mole $ Ndl, is due to a mechanism involving electron ex
change between Nd2+ and Nd3+.

The curve of conductivity vs concentration for solutions of praseo
dymium metal in PrCl3 was found to lie between the almost horizontal curve
for neodymium in NdCl3 (little or no electronic conductance; solutions are
mixtures of NdCl3 and NdCl2, both known as insulating solids) and those of
lanthanum and cerium metals in their trichlorides. In the latter, the
conductivities rise rapidly to values, at saturation (~9 mole $), approxi
mately five times those of the trichlorides.

Transuranium Elements. - A prototype of the transuranium facility
intercell conveyor was fabricated and was installed in the cell mockup
for testing. A glove box for solvent handling is being tested to deter
mine solvent fire hazards and conditions resulting in loss of containment.
A pressure differential of 6 in. H20 will displace the plate-glass viewing
window. In order to avoid flammable concentrations of solvent vapor, the
solvent temperature must be low enough to give vapor pressures below the
flammable partial pressure. At the design ventilation rates, the solvent
vapor concentrations throughout the box approached the equilibrium con
centrations .

Following removal of plutonium from a solution of highly irradiated
Pu-Al alloy, the americium, the curium, and rare-earth fission products
can be recovered by sorption from neutralized nitrate solution on anion
exchange resin. In tracer experiments at 85°C, increasing the resin (Dowex
l) size from 50-100 mesh to 50-60 mesh to 10-50 mesh increased the ameri
cium loss from 0.9 to 2.3 to 31$. Decreasing the cross linkage from lOx
to 4x for 50-100 mesh resin increased the americium loss from 0.9 to 9$.

Results of solvent extraction scouting tests indicated that einsteinium
and californium are as difficult to separate as trivalent americium and
curium, the maximum Es/Cf separation factor being 1.65 for the system
di(tetramethylbutyl)phenylphosphonate vs 1 M HC1. Distribution coeffi
cients(organic/aqueous)between 0.6 M Alamine 336 in diethylbenzene and
10 M LiCl containing 0.02 M HC1 are as follows; californium, 11.8; fermium,
9.6; einsteinium, 8.9; and berkelium, 3.0; giving Cf/Fm, Cf/Es, and Cf/Bk
separation factors of 1.2, 1.3, and 4.0 respectively. Distribution coef
ficients (o/a) between 1.05 M mono-2-ethylhexylphenylphosphonate in di
ethylbenzene and 2.25 M HC1 are Cf, 0.66; Es, 0.83; and Fm, 2.08. Unless
a more favorable extraction system is found, californium, einsteinium, and
fermium will be separated from each other by chromatographic elution with
ammonium a-hydroxyisobutyrate from a cation exchange column.
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Uranium-232 Preparation. - As a joint effort with the British and
the Canadians, ORNL will prepare two samples of U232 of high isotopic
purity for nuclear cross-section measurements. One sample, approximately
20 mg, will contain 100 ppm of U233, and the other, approximately 1 g,
will contain 1$ U233. The chemical flowsheet for the process was de
veloped and was tested with tracers. The design work on the necessary
hot-cell equipment is almost complete, and the special equipment is being
constructed.

A charge of 50 g of Pa231, as the oxide, will be irradiated in the
ORR at a flux of 1014 neutrons cm"2 sec"1. The flowsheet provides for
dissolving this in hydrochloric acid containing a small amount of hydro
fluoric acid, isolating the uranium by anion exchange, and purifying and
concentrating the uranium by solvent extraction. The effluent from the
anion exchange step, containing the protactinium, will be treated with
aluminum chloride to complex the fluoride, and the protactinium will be
loaded onto a second anion exchange column. After elution from this col
umn, the protactinium will be precipitated with ammonium hydroxide, fil
tered, and ignited to the oxide. The entire procedure will then be repeated
to prepare the second sample of U232.

Target Preparation. - Electron bombardment melting equipment has been
installed in the 24-in. evaporator, and normal iron has been successfully
evaporated. The techniques are being developed prior to evaporating
Fe56,57# y^ additional 18-in. evaporator has been delivered and is in

use.

Thickness measurements of thin (15 to 150 ug/cm2) carbon films have
been made by use of a densitometer. The measurements have been confirmed
by multiple-beam interferometry to be accurate within ±7$.

Studies have continued with the decelerating ion receiver. The addi
tion of a mechanical device to rotate the target has resulted in a more
uniform deposition of the collected material. Targets of B10 and B11 on
tantalum and Ni58 on copper have been prepared.

METALLURGY AND MATERIALS RESEARCH

Research and Development on Pure Materials. - Experiments to estab
lish the conditions necessary to avoid LiF evaporation during the growth
of single crystals were completed. Total evaporation occurred at pres
sures as high as 10"1 mm Hg in a one- to two-day period at temperatures
as low as 8l5°C. No significant evaporation occurred under the above con
ditions of pressure and time at 735°C. No significant evaporation occurred
at 905°C during one day at 250 mm pressure. Less than 1 wt $ of LiF was
evaporated over an 11-day period at 900°C with helium pressures ranging
from 760 to 1010 mm; the LiF that deposited from the vapor under these
conditions formed needles which were single crystals approximately 4 mm
long and 100 u square.

The furnace for producing single crystals of LiF was reassembled in
the new laboratory in Building 4500. A baffle, consisting of a ceramic
insulator and a silver foil, was added to increase the axial thermal gradi
ent at the freezing-point isotherm.
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CONTROLLED THERMONUCLEAR RESEARCH

Arc Research. - Studies of the lithium arc in the long solenoid have
yielded the following results and information.

A new type of cathode construction has been adopted. This construc
tion consists in depositing 0.040 in. of tungsten with a plasma jet over
0.015-in.-wall tantalum tubing of the desired diameter. Cathodes made
this way give a more uniform erosion of the cathode and increased life.

Lithium arcs have been run under magnetic-field conditions approxi
mating those expected in the DCX-2. The anode was placed in a field of
7.2 kilogauss, and the cathode in a field of 22 kilogauss. Under these
conditions it was necessary to use cathodes with diameters of 5/l6 In. or
less when the anode opening was 1 In. in diameter. Larger cathodes burned
into the anode and also caused the lithium to leave the anode at a much
higher rate.

Spectroscopic measurements of the backstream, by use of lines from
excited Li+ and the 3-m spectrometer, yield values for the drift velocity
of from (0.9 to 1.5) x 105 cm/sec.

Probe measurements with a Langmuir type of probe give an average
electron density of 1.5 X 1011 electrons/cm3, with an average energy of
10 to 12 v and with some measurements as high as 25 v. Direct measure
ments of the probe potential in the backstream show voltages up to full
voltage of the cathode.

Measurement of the amount of lithium deposited on a cooled copper
plate yields a value of 2 X 1019 particles/sec for a 100-amp arc. Combin
ing this particle flux with probe-determined densities yields an average
drift velocity of approximately 107 cm/sec.

DCX-1 Facility. - The modifications for reducing the dynamic pres
sure in the plasma region were completed, and a steam bakeout of the ap
paratus was begun. After 20 hr, when a fault to ground developed in the
west extension coil, the apparatus had to be returned to atmospheric pres
sure for replacement of the coil.

The apparatus was pumped down again, and a second bakeout was con
tinued for 43 hr. During 19 of these hours the liner section was heated
to 200°C with superheated steam. When the apparatus had cooled to room
temperature, the sections that had been baked were cooled to liquid-nitro
gen temperature, and the titanium evaporators were energized to deposit
pumping film onto the cold surfaces.

After 4 hr of evaporation the pressure (ion gage) in the liner region
was 1.2 X 10~8 mm Hg with the evaporators still energized (a heat load of
16 kw) and with an 8.5-ma injected H2+ beam. No reductions in base pres
sure were obtained by cutting off the evaporators or by filling the two
cold traps in the liner region with liquid helium.

The system would maintain base pressure for about 2 hr, and then the
pressure would gradually increase. Warming up the liquid-nitrogen-cooled
sections about 50°C and then recooling them returned the system to nearly
the original base pressure within a few minutes. Two explanations for
this feature have been suggested; that the effective surface area for
titanium pumping is gradually reduced by condensation of gases or that
at these low temperatures the sorption of gases in the titanium film is
limited to a monolayer depth.
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The response of the vacuum system to a 10-ma injected H2 beam was
encouraging. With a fresh titanium surface the pressure rise associated
with this beam was less than 1 X 10-9 mm Hg (ion-gage pressure) in both
the liner and intermediate regions. Near the end of the runs the less
effective surface pumping resulted in pressure rises of about 3 X 10-9 mm
in the liner and 4 X 10~8 mm in the intermediate region.

Near base pressure, proton mean containment times in excess of 5 sec
were obtained. Oscilloscope traces of the neutral-particle detector sig
nals measured near base pressure during plasma buildup periods were not
the simple exponentials expected but were much more complicated. The
traces gradually became exponential as the pressure was increased. The
character of the traces near base pressure is not yet understood.

DCX-2 Facility. - Installation and assembly of the DCX-2 facility
continued. The mirror and outboard booster coils were tested to 54 kilo
gauss axial field and were approved for use. The inboard booster and dip
coils were assembled and were installed on the track and are undergoing

approval tests.
The vacuum system was assembled and preliminary leak checking was

completed on all tank sections. The main tank port surfaces required re-
machining. The tank has since been reinstalled on the track and is ready
for complete tests.

The injection duct design was completed and the duct should be avail
able for installation during October.

Vacuum. - Pumping speeds and sticking factors for several gases were
measured under six standard conditions in the large-scale getter pump test
facility. Indications are that at liquid-nitrogen temperature only a sur
face layer is formed for any of the gases measured. Room-temperature sorp
tion of hydrogen is not limited to a single surface layer, indicating that
the hydrogen probably can diffuse throughout the titanium film. Nitrogen,
oxygen, carbon dioxide, and carbon monoxide appear to be limited to sur
face-layer sorption even at room temperature.

BIOLOGY AND MEDICINE PROGRAM

ENVIRONMENT RADIATION STUDIES

Terrestrial Ecology: Evaluation of Fission Product Distribution and
Movement in White Oak Drainage System. - The vertical and lateral distri-
butions of radionuclides in the former bed of White Oak Lake are being
determined. Preliminary results from core samples taken along transects
at the lower and upper ends of the lake indicate that (l) there is more
gamma activity per gram at the upper transect than at the lower one, (2)
most of the gamma activity is contained in the first 12 in. of soil, and
(3) activity in the upper few inches of each core is rather uniformly
distributed.

Terrestrial Ecology: Clinch River Studies. - A portion of the radio
nuclides released to a stream are sorbed on the suspended free-flowing
particulate matter. This matter consists of both inorganic and organic
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phases, which must be separated for the evaluation of their respective
roles in the movement of radionuclides in a river. The particulate mat
ter from relatively large quantities of Clinch River water (6.5 gal) was
concentrated and removed by constant-flow centrifuging. In order to sepa
rate the organic from the inorganic fraction, the isolated particulate
matter was centrifuged through a bed of sucrose whose density increased
with depth. This method takes advantage of the relatively low specific
gravity of organic matter (l.l to 1.2) and the relatively high specific
gravity of the inorganic matter (2.6) to effect the separation of the two
fractions. The organic matter did not pass through the 80$ sucrose layer,
but the inorganic fraction did. Results to date indicate that 99.7$ of
the organic matter, containing only 1.6$ of the total inorganic matter,
can be separated.

Terrestrial Ecology; Forest Ecology. - Studies of the natural cycling

of Cs134 inoculated into white oak trees in the spring of 1960 continue.
Movement of this radioisotope from woody tissue, in which it overwintered,
into leaves has been found to be as great (32.7$ of original inoculation)'
as that from the initial inoculation. Exports of Cs134 from leaves during
the growing season were 12.7$ leached out by rain, 49.9$ returned to woody
tissue, and 37.4$ remaining in the leaves to reach the soil as litter.
Mobility of radiocesium in the natural soil profile is significantly
greater in wet soils. While the 0 to 1-in. soil layer contained over 60$
of the Cs134 rained out of trees and litter, this element penetrated to
a depth of over 10 in. in wet illitic soil. Uptake from Cs134-tagged lit
ter applied to soil around white oak saplings was found to be low (0.2$ of
the amount applied) but was as great as that from Cs134 solution applied
to soil around saplings.

Terrestrial Ecology: Soil Microbiology. - Experiments on uptake ac

cumulation and release of Co60 and Cs134 by the fungus Trichoderma viride
were continued. Previous work established that leaching with water~for
24 hr released 11$ of the Co60 and 18$ of the Cs134 present in fungus
mycelium. Freezing of the mycelium resulted in loss of 89$ of Co60 and
98$ of Cs134. These findings were utilized in leaching experiments test
ing the release of Co60 and Cs134 from sterile and fungal-infected leaf
litter. Less Co60 (26$) than Cs134 (59$) could be leached from the sterile
litter. The fungus reduced the quantity of Co60 and Cs134 found in the
leachates after 3, 6, 10, and 15 days by 6, 24, 25, and 30$ and by 36, 39,
28, and 27$, respectively, thus immobilizing in the mycelium 2, 9, 9, and
12$ of the Co60 and 23, 24, 16, and 15$ of the Cs134 that was initially
present in the litter. These figures indicate that Co60 leaches less
ra?34ly fr°m lltter than Cs134. After three weeks the concentration of
Cs in the mycelium was 16 times higher than that in the litter. Freezing
and subsequent leaching of frozen litter and mycelium resulted in release
of 31$ of the Co60 and 37$ of the Cs134 originally immobilized by the
fungus. Comparison of these figures with the 89 and 98$ release of Co60
and Cs134, respectively, from frozen mycelium without litter suggests that
this reduction in isotope release is due to adsorption of nuclides from
the mycelium onto the litter.
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RADIOLOGICAL PHYSICS, HEALTH PHYSICS, AND INSTRUMENTATION

Radiation Physics and Dosimetry. - An electron beam interacting with
a dispersive (atomic or molecular) medium produces two intense sources of
instability that are represented by a growing longitudinal wave and a grow
ing transverse wave. The longitudinal wave has frequencies that are equal
to the atomic binding frequencies of the surrounding medium and is desig
nated as the "Bohr wave." The transverse wave has frequencies determined
by the Vavilov-Cerenkov criterion and is similar to the Vavilov-Cerenkov
wave produced by a single particle interacting with the medium. These
sources of instability are "continued" into lower frequency ranges in which
they produce growing waves of a "hybrid" type that are characterized by
an electric vector having both longitudinal and transverse components. The
longitudinal and transverse waves represent the "fundamental modes" that
exist in the medium in the absence of the beam. The perturbation produced
by the beam is responsible for the instability of the fundamental modes
and for the occurrence of the coupling between these modes. The coupling
produces electromagnetic waves in which the electric field has a longi
tudinal component. The conditions for coupling and the character of the
instabilities have been investigated.

ISOTOPE DEVELOPMENT PROGRAM

Neutron Activation Analysis Research. - Activation analysis techniques
were applied to the determination of trace elements in ecological speci
mens of soil, vegetation, and water. In samples of these materials, micro
gram amounts or less of I, Br, Mn, As, Se, La, Th, Co, Sc, Al, Zn, Cr, Ta,
Ce, U, Cu, and Sb were determined either by a nondestructive assay method,
with gamma-scintillation spectrometry, or by radiochemical methods of anal
ysis. The high sensitivity of activation methods is emphasized as a re
sult of this work, since more conventional methods are usually less sensi
tive for the elements cited.

Activation analysis techniques, by use of the irradiations from neu
tron sources having a thermal neutron flux of 6.5 x 1011 neutrons cm"2
sec"1, followed by nondestructive assay by means of gamma-scintillation
spectrometry, made possible an estimation of the amount of Cu, Zn, Na, Br,
CI, Hg, and Mn in drugs and pharmaceuticals with a greater degree of sensi
tivity than has been possible heretofore by the more conventional methods.
Samples of hormones, vitamins, analgesics, and antacids have been assayed.

Recovery of Fission Products. - In the processing of 17$ tributyl
phosphate in Amsco against 1 M NaN03 in the MK II stacked hydroclone con
tactor, which consists of 1.5-in.-diam, 2-in.-high hydroclones with 0.5-in.
underflow and overflow ports, the capacity limits were found to be deter
mined by the gradually increasing entrainment of organic phase in the aque
ous phase rather than by a sudden onset of flooding. The percentage of
the organic phase entrained in the aqueous phase followed the empirical
relation E = 0.21 a/o (a + o)1,53, where a and o are feed rates of aqueous
and organic phases in liters per minute. For example, the organic entrain
ment was 3$ at a total flow of 1.5 liters/min and an a/o of 10.
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Radioisotope Research and Development. — The 41-kilocurie Sr90 SNAP
7-C heat source was completed. The source consists of 28 pellets of
Sr90Ti03, weighing approximately 50 g each and encapsulated in Hastelloy
C, and generates approximately 250 w (thermal).

A product of 2200 mc of I125 resulted -from the irradiation of 75 ml
of normal xenon at approximately 85 psig pressure for three weeks at ap
proximately 2 X 1014 neutrons cm"2 sec"1. A sufficiently low concentra
tion of I126 for product-grade material was achieved, although the irradi
ation period was approximately ten times longer than previous irradiations.
The three-week irradiation period allows insertion of a much larger sample
in the lattice of the ORR than can be accommodated in the hydraulic tube,
with a consequent production cost decrease of greater than a factor of 10.

Radioisotope and Stable Isotope Production. — Ion currents equivalent
to 2510 g of separated isotopes were monitored during the past two months.
Isotopes of Ca, Sn, Ni, W, Sm, Gd, and Lu were separated and collected.

Chemical recovery and refinement were completed on 34 new inventory
lots of isotopes of Ca, CI, Dy, Ga, K, Ni, Sm, Tl, and Zr, and on returned
samples of Ca, Dy, Er, Mg, and Pb.

Samples of Sm148 and Sm150 were recovered, refined, and analyzed in
preparation for a "second-pass" separation. The Sm150 was enriched to
95.41$ from its normal abundance of 7.47$ in the first pass and to 99.975$
in the second pass. The Sm148 was enriched from 11.27 to 96.61$ on the
first pass and to 99.91$ in the second pass.

Samples of Ni61 and Ni64, products of enriched feed, were recovered,
refined, and analyzed. Isotopic analyses of the first samples Indicate
the highest enrichment ever attained for these isotopes: 99.97$ Ni61 and
99.92$ Ni64.



31

OPEN LITERATURE PUBLICATIONS

Auxier, J. A., C. H. Bernard, and W. T. Thornton, "Silver Metaphosphate
Glass for Gamma-Ray Measurements in Coexistent Neutron and Gamma

Radiation Fields," pp 503-10 in Selected Topics in Radiation Dosim
etry, Rosenbaum, Vienna, Austria, 1961.

Biedenharn, L. C, and G. R. Satchler, "Polarization Phenomena in Deuteron
Stripping Reactions," Helv. Phys. Acta, suppl VI, 372 (1960).

Blanco, R. E., and CD. Watson, "Head-End Processes for Solid Fuels,"
chap. 3 in Reactor Handbook, 2d ed., vol 2, Interscience, New York,
1961.

Bronstein, H. R., and M. A. Bredig, "The Electrical Conductivity of Solu
tions of Metals in Their Molten Halides. II. Sodium-Sodium Iodide,
Potassium-Potassium Iodide, and Potassium—Potassium Fluoride," J.
Phys. Chem. 65, 1220 (1961).

Cooke, W. D., M. T. Kelley, and D. J. Fisher, "Capillary Behavior in High
Sensitivity Polarography," Anal. Chem. 33, 1209 (1961).

Davis, F. J., "Neutron Dose Determinations with Threshold Detectors," pp
399-404 in Selected Topics in Radiation Dosimetry, Rosenbaum, Vienna,
Austria, 1961.

Felsner, G., and M. E. Rose, "Effect of Inelastic Scattering on Polariza
tion Asymmetry," Nuovo cimento ^20, 509 (1961).

Finch, C. B., and J. B. Wagner, Jr., "Determination of the Standard Free
Energy of Formation on Lead Selenide," J. Electrochem. Soc. 107, 932
(1960).

Hurst, G. S., and E. B. Wagner, "Special Counting Techniques in Mixed
Radiation Dosimetry," pp 409—17 in Selected Topics in Radiation Do
simetry, Rosenbaum, Vienna, Austria, 1961.

Inouye, H., "The Oxidation of Columbium at Low Oxygen Pressure," pp 649-65
in Columbium Metallurgy (ed. by D. L. Douglass and F. W. Kunz), Inter
science, New York, 1961.

Klima, B. B., "Lead Ring Gives Tight Seal in Packed Columns," Chem. Eng.
68, 146 (1961).

Kochanny, G. L., Jr., and A. Timnick, "Ferrate(VT) Formation by Hydrogen
Peroxide in Presence of EDTA," J. Am. Chem. Soc. 83, 2777 (1961).

McCoy, H. E., and D. A. Douglas, "Effect of Various Gaseous Contaminants
on the Strength and Formability of Columbium," pp 85-118 in Columbium
Metallurgy (ed. by D. L. Douglass and F. W. Kunz), Interscience,
New York, 1961.

Moeller, D. W., G. W. Leddicotte, and S. A. Reynolds, "Behavior of Radio
nuclides on Ion-Exchange Resins," J. Am. Water Works Assoc. 53, 862
(1961). ~~

Morgan, K. Z., "Dosimetry Requirements for Protection from Ionizing Radia
tion, " pp 3—23 in Selected Topics in Radiation Dosimetry, Rosenbaum,
Vienna, Austria, 1961.



32

Neufeld, J., and W. S. Snyder, "Estimates of Energy Dissipation by Heavy
Charged Particles in Tissue," pp 35—44 in Selected Topics in Radia
tion Dosimetry, Rosenbaum, Vienna, Austria, 1961.

Neufeld, J., "Space Dispersive Properties of Plasma," Phys. Rev. 123, 1
(1961).

Pawel, R. E., J. V. Cathcart, and J. J. Campbell, "Break-Away Phenomena
in the Oxidation of Columbium Single Crystals," pp 667—84 in Colum
bium Metallurgy (ed. by D. L. Douglass and F. W. Kunz), Interscience,
New York, 1961.

Ritchie, R. H., H. B. Eldridge, and V. E. Anderson, "Calculation of the
Radiation Yield from Fission Assemblies and Comparison with Experi

ments," pp 657—66 in Selected Topics in Radiation Dosimetry, Rosen
baum, Vienna, Austria, 1961.

Shanks, R. E., and J. S. Olson, "First-Year Breakdown of Leaf Litter in
Southern Appalachian Forests," Science 134, 194 (1961).

Snyder, W. S., "Estimation of Dose Distribution Within the Body from Ex
posures to a Criticality Accident," pp 647—56 in Selected Topics in
Radiation Dosimetry, Rosenbaum, Vienna, Austria, 1961.

Tamura, T., and D. G. Jacobs, "improving Cesium Selectivity of Bentonites
by Heat Treatment," Health Phys. 5, 149 (1961).

Weston, L. W., and W. S. Lyon, "Neutron Capture Cross Section of Gold at
30 kev and 64 kev," Phys. Rev. 123, 948 (1961).

Willard, H. B., "Detection of Deuteron Alignment with S-Wave Reactions,"
Helv. Phys. Acta, suppl VI, 175 (i960).

Name

Al, J.
Aoki, K.
Avery, D. G.
Bhalla, C. P.

Bisset, I. J. W.
Blennemann, D.
Bloom, H.
Bloxam, F. S.

Brandon, D. G.
Chang, J.
Chelma, M.
Christensen, A. N.
Dazo, B. C.
De Nordwall, H. J.
Draycott, A.
Everest, D. A.

FOREIGN VISITORS

Affiliation

Southwest Research Institute

Japanese AEC

United Kingdom AEA

Westinghouse Electric Corp.,
Pittsburgh

Australian Embassy
University of Bonn
University of Tasmania

Westinghouse Electric Corp.,
Pittsburgh

University of Cambridge

National Science Foundation

College of France

Danish AEC

University of Mighigan

United Kingdom AEA
Australian AEC

National Chem. Laboratory

Citizen of

Netherlands

Japan

Great Britain

India

Australia

Germany

New Zealand

United Kingdom

Great Britain

China

France

Denmark

Phillippines

United Kingdom

Australia

United Kingdom



Name

Flood, H.

Frissel, M.
Fronaeus, S.
Fujimoto, S.
Giuliani, P.

Halperin, A.

Haul, R.
Hayashida, T.

Hills, G. J.
Hookway, H. T.
Horii, S.
Hughes, F. S.

Imai, I.
Inahata, M.
Jackman. L. M.

Kennedy, S. J.
Kim, S. M.

Kofstad, P. K.

Kuan, H. M.

Kusano, T.
La Pena, de, R. T.
Leden, I.
Lee, C. J.
Logothetis, E.
Lombard!, M. H.
Long, B. F.

Mlkuriya, S.
Mills, 0. S.
Miyaka, K.
Mural, G.
Okajima, N.
Ootuka, H.
Pascual, 0. S.
Rola-Szustkiewicz, S.

Rydberg, J. H. A.
Sastre, C. A.
Sennis, C.

Tajeda, C. A.
Takeuchi, K.
Tingate, G. A.

- 33 -

Affiliation

Norwegian Institute of Tech
nology

Argonne National Laboratory
University of Lund

Japanese Study Team
Comitato Nazionale Energia

Nucleare

Carnegie Institute of Tech

nology
University of Bonn
Japanese Study Team
Imperial College

British Embassy

Japanese Study Team
South Africa Atomic Energy

Board

Japanese Study Team
Japanese Study Team
University of Iowa
United Kingdom AEA
Oak Ridge Institute of Nuclear

Studies

Central Institute for Indus

trial Research

Rice University

Japanese Study Team
Philippine AEC
University of Lund
Seoul National University

Greek AEC

University of San Marcos
State University of New York

Maritime College
Japanese Study Team
University of Manchester

Japanese Study Team
Japanese Study Team
Japanese Study Team
Tokyo University
Philippine AEC
Alliance College, Cambridge

Springs, Pa.
Swedish Government

Brookhaven National Laboratory
Comitato Nazionale Energia

Nucleare

Philippine AEC
Japanese Study Team

Australian AEC

Citizen of

Norway

Netherlands

Sweden

Japan

Italy

Israel

Germany

Japan

Great Britain

Great Britain

Japan

South Africa

Japan

Japan

Australia

Great Britain

Korea

Norway

The Republic of
China

Japan

Philippines

Sweden

Korea

Greece

Peru

Canada

Japan

Great Britain

Japan

Japan

Japan

Japan

Philippines

Australia

Sweden

Argentina

Italy

Philippines

Japan

Australia



Name

Tomlinson, J. W.
Uffelmann, F. L.

Williams, P. M.

Yamada, Y.

Yamada, Yasusada

Yoshikai, K.

34

Affiliation

Imperial College

British Embassy, Washington,
D.C.

Electricity Trust of South
Australia

Massachusetts Institute of

Technology

Massachusetts Institute of

Technology

Japanese Study Team

Citizen of

Great Britain

United Kingdom

Australia

Japan

Japan

Japan

Reports issued in this series during the past year;

August 1960

September 1960

October 1960

November 1960

December 1960

January 1961

February 1961

March 1961

April 1961

May 1961

June 1961

July 1961

ORNL-3009

ORNL-3024

ORNL-3038

ORNL-3048

ORNL-3062

ORNL-3074

ORNL-3097

ORNL-3120

ORNL-3140

ORNL-3149

ORNL-3156

ORNL-3174



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. T. E. Cole

34. C. F. Coleman

35. E. L. Compere

36. D. D. Cowen

37. J. A. Cox

38. F. L. Culler

39. J. E. Cunningham

40. J. S. Drury

41. A. C. England

42. M. F. Fair

43. D. E. Ferguson

44. J. L. Fowler

45. J. H. Frye, Jr.
46. J. L. Gabbard (K-25)

35 -

ORNL-3190

C-44a — Nuclear Technology — Materials
M-3679 (25th ed.)

INTERNAL DISTRIBUTION

47. W. F. Gauster

48. M. W. Gerrard

49. J. H. Gillette

50. W. Y. Gissel

51. H. E. Goeller

52. C. D. Goodman

53. A. T. Gresky

54. J. C. Griess

55. W. R. Grimes

56. P. A. Haas

57. C. S. Harrill

58. J. c. Hart

59. M. R. Hill

60. C. J. Hochanadel

61. A. Hollaender

62. L. B. Holland

63. R. W. Horton

64. F. T. Howard

65. A. S. Householder

66. H. H. Hubbell

67. G. S. Hurst

68. G. H. Jenks

69. R. W. Johnson

70. R. J. Jones

71. W. H. Jordan

72. P. R. Kasten

73. G. W. Keilholtz

74. G. G. Kelley

75. M. T. Kelley

76. E. M. King

77. W. c. Koehler

78. K. A. Kraus

79. Laboratory Shift Supervisor

(D. Phillips)
80. J. A. Lane

81. D. M. Lang (K-25)
82. R. E. Leuze

83. W. H. Lewis

84. T. A. Lincoln

85. S. C. Lind

86. R. B. Lindauer

87. R. S. Livingston

SB. J. T. Long

89. L. 0. Love

90. R. N. Lyon

91. R. J. Mackin



92. H. G. MacPherson

93. F. C. Maienschein

94. W. D. Manly
95. J. A. Martin

96. H. F. McDuffie

97. J. R. McNally
98. A. J. Miller

99. E. C. Miller

100. K. z. Morgan

101. W. L. Morgan

102. F. J. Muckenthaler

103. E. J. Murphy
104. J. P. Murray (K-25)
105. M. L. Nelson

106. C. E. Normand

107. G. W. Parker

108. R. B. Parker

109. J. J. Pinajian
110. M. E. Ramsey
111. A. W. Riikola

112. L. P. Riordan

113. G. A. Ropp

114. A. F. Rupp

115. A. D. Ryon
116. H. C. Savage

117. H. w. Savage

118. A. w. Savolainen

119. H. E. Seagren
120. E. D. Shipley

121. A. Simon

122. 0. Sisman

36 -

123. J. R. Sites

124. M. J. Skinner

125. A. H. Snell

126. W. S. Snyder
127. W. L. Stirling
128. R. W. Stoughton
129. H. Stringfield
130. E. G. Struxness

131. J. C. Suddath

132. W. H Sullivan

133. c. D. Susano

134. J. A. Swartout

135. E. H. Taylor
136. C. D. Watson

137. B. S. Weaver

138. A. M. Weinberg
139. M. E. Whatley
140. J. C. White

141. C. E. Winters

142. E. 0. Wollan

143. R. E. Worsham

144. W. Zobel

145. A. Zucker

146-147. Central Research Library
148. ORNL -- Y-12 Technical Library,

Document Reference Section

149. Reactor Division Library
150. Biology Library

151-338. Laboratory Records Department
339. Laboratory Records, ORNL R.C.

EXTERNAL DISTRIBUTION

340-376. Division of Research and Development, AEC, ORO
377. Aeroprojects, Inc. (W. B. Tarpley)
378. Allis-Chalmers Manufacturing Co. (W. F. Banks)

379-381. Ames Laboratory: Iowa State College (F. H. Spedding)
382-384. Argonne National Laboratory (N. S. Hilberry)

385. Atomics International (H. Pearlman)
386. Babcock and Wilcox Co. (Atomic Energy Division)

387-388. Battelle Memorial Institute (H. W. Russell)
389-391. Brookhaven National Laboratory (L. J. Haworth)

392. Bureau of Mines, Salt Lake City (j. B. Clemmer)
393-394. Division of Research and Development, AEC, ORO (D. F. Cope)
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)



37

412-413. Los Alamos Scientific Laboratory (N. E. Bradbury)
414-415. National Bureau of Standards (L. S. Taylor)

416. National Lead Company (C. K. McArthur)
417. Nuclear Metals, Inc. (A. R. Kaufmann)

418-419. Philadelphia Electric Co. (L. R. Gaty)
420. Sanderson and Porter (Atomic Energy Division)
421. Union Carbide Corporation (R. W. McNamee)

422-423. USAEC, Chicago Operations Office
424. USAEC, Lockland Aircraft Reactors Operations Office

(H. H. Gorman)
425-426. USAEC, San Francisco Operations Office (R. Hughey)
427-428. USAEC, Savannah River Operations Office (H. Rahner)

429. Westinghouse Electric Corp. (A. Squire)
430-677. Given distribution as shown in M-3679 (25th ed.) category C-44a

and those addresses shown in C-44b and C-44c which do not re

ceive copies under C-44a


	image0001
	image0003

