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OAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

JUNE 1964

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

REACTOR DEVELOPMENT

GAS-COOLED REACTOR PROGRAM

Steam-Graphite Reaction Experiment. — An experiment in which the rate
of reaction of steam and graphite was determined was terminated after ap
proximately 1000 hr of operation. The cylindrical graphite specimen,
which was machined from an EGCR graphite column, was exposed to super
heated steam at temperatures ranging from 1300 to 1550°F. Weight measure
ments indicated that the graphite sleeve, which originally weighed 9994 g,
lost 4944 g during the test period.

Visual inspection of the sleeve before it was removed from the test
section showed that it was still in the original cylindrical shape; how
ever, the first attempt to remove the sleeve from the test section caused
it to crumble. The broken pieces had virtually no compressive strength.

Coating of Sol-Gel Oxide Particles. — Spherical particles of Th02—
8 wt <f0 U02 (uranium highly enriched) derived from the sol-gel microsphere
process were successfully coated with pyrolytic carbon by the fluidized-
bed process. The nominal diameter of the particles is 200 u, and the
two-layer coating is 100 n thick. The first layer of pyrolytic carbon
(approximately 35 \i) was deposited at 1400°C at an average deposition rate
of 84 Li/hrj the second was applied at l800°C at an average deposition rate
of 10 Li/hr. Evaluation of these coated particles showed no evidence of
reaction between the oxide and the carbon coating. Portions of this ma
terial were encapsulated for irradiation testing.

Instantaneous Fission-Gas Release from Coated Particles and Graphite-

Matrix Fuels. - Particles in capsule B9-17 (0R-138 duplex) were irradiated
at 2500°F to 16.2 at. $ uranium burnup. The fractional fission-gas re
lease rates were from 0.3 X 10~5 to 1.2 X lO"*5 at the end of the irradia
tion. There was a slight increase in fission-gas release with burnup.
During the last two days of irradiation, the temperature was cycled be
tween 2200 and 2500°F. No fission-gas release bursts from coating rup
tures could be detected during temperature cycling, and the release was
temperature dependent. The capsule has been removed from the reactor and
opened in the hot cell.



Capsule B9-18, containing 3M-RP-25 duplex coated particles, was in
stalled in the reactor.

Instantaneous Fission-Gas Release from U02 (C-l). — Automatic control
instruments and equipment were installed in the C-l facility to allow
variation of both the neutron flux and the specimen temperature in a con
trolled sine wave pattern.

All the new controls have "fail-safe" features, and the facility is
designed to operate unattended. The equipment can still be operated in
a steady-state manner, but the new controls will allow almost unlimited
variations of operating modes. For example, the neutron flux can be
varied while the air cooling automatically maintains a constant tempera
ture. By studying the amplitude and phase shift of the fission-gas re
lease, we hope to develop our defect-trap model for fission-gas release
and to experimentally establish the parameters in the mathematical form
of the model.

Single-crystal U02 specimens CI-13 were installed in the facility,
and testing of the system is in progress.

GCR-ORR Loop No. 1. — Experimental assembly 13 was removed from the
loop on June 1 and transferred to a hot cell for postirradiation examina
tion. The experiment was intended to investigate fission product release
to a circulating helium stream from a small hole in a stainless-steel-
clad U02 fuel element. The fission-gas release rate during the experiment
was abnormally low in comparison with that of a previous, similar experi
ment, indicating that the hole provided in the cladding had become par
tially or completely blocked.

During the scheduled ORR shutdown which began June 1, both loop com
pressors were replaced with rebuilt units. A flow-measuring instrument
and throttle valve were installed in the loop carbon-trap system for
better flow control.

LITR Capsule Irradiations. — Two capsules (L-CP7 and L-CP8) contain
ing pyrolytic-carbon-coated particles in each of four compartments con
tinued operation at indicated fuel central temperatures between 1200 and
2100°F. Both uranium carbide and uranium-thorium carbide mixtures are
included in the capsules. Estimated burnups have now reached 9.3 to 18.0
at. f0 of the heavy metal (U + Th).

ORR Poolside Capsule Irradiations. — Two capsules (03A-6 and 04-8)
containing EGCR-vendor fuel materials continued to operate at design con
ditions. The cladding surface temperatures are 1280 and 1540°F maximum.

Irradiation of one sweep capsule (01A-7) containing 6-cm-diam fueled-
graphite spheres was completed June 1, and the capsule was removed for
postirradiation examination. This capsule had operated since February
at a design central temperature of 2400°F and had reached an estimated
burnup (at. $ of total heavy metal) of 1.96$. Irradiation of the sweep
capsule (05-8) installed in April continued. This capsule also contains
6-cm-diam fueled-graphite spheres. Testing of two new capsules (01-8 and
08-8) was started June 14. Two of the spheres in capsule 01-8 were made
by drilling 0.272-in. holes in solid ATJ graphite spheres (6-cm-diam),
filling the holes with loose coated particles, and closing them with
threaded graphite plugs. The remaining sphere in capsule 01-8 and the
three spheres in capsule 08-8 consist of molded graphite-fuel matrices
in unfueled shells.



Eight-Ball Experiment. — Irradiation of the fifth eight-ball experi-
mental assembly (F1-8B-5) containing l-l/2-in.-diam spheres fueled with
pyrolytic-carbon-coated UC2 and (U,Th)C2 particles and specimens of py-
rolytic-carbon-coated B4C continued at design conditions. The indicated
central temperature for the top sphere continued to be approximately
2000°F. This assembly is scheduled for irradiation to high burnup.

X-Ray Diffraction Studies on Pyrolytic-Carbon-Coated Particles. —

Pyrolytic-carbon coatings, 50 u thick, deposited on uranium carbide par
ticles at 1400°C at rates of 1.5 to 164 u/hr were examined by x-ray dif
fraction for interlayer spacing, Co; apparent crystallite size, Lc; and
degree of preferred orientation. The size, Lc, was determined from the
relationship

Lc = 0.897v/(p cos 0) ,

where 7\ is the wavelength, p is the width at half height in 20 radians
of the (00.2) reflection, and 0 is the Bragg angle. Values of Co and Lc
were determined by standard diffractometer methods.

The results indicate that Lc exhibits a minimum at a deposition rate
of about 11 u/hr. The data for coatings applied at 1300 to 1800°C indi
cate that Lc increases with increasing deposition temperature. However,
Lc also appears to be affected by the type of particle used (UC2 vs U02-
Th02) and parameters other than deposition rate and temperature.

FUNDAMENTAL HEAT TRANSFER AND FLUID MECHANICS

Critical Heat Fluxes for Natural Convection of Water in Blocked Ver

tical Channels. — A dimensionless correlation was developed for predicting
the minimum critical heat flux for natural convection of water in a heated

vertical channel closed at the bottom and open at the top to a liquid
supply :

m;" [P^(P< - pt)]^
c min 8L, '

in which <t>c is the critical heat flux, \ is the latent heat of vaporiza
tion, De is the equivalent diameter of the channel, p^ is the liquid den
sity, pv is the vapor density, g is the gravitational acceleration, and
L^ is the heated length.

Few experimental data pertinent to this poor heat transfer situation
are available, and no predictive techniques were proposed previously.
Additional data are being obtained with tubes 0.086 to 0.245 in. in in
side diameter and 6 to 48 in. in heated length operated at atmospheric
pressure.

Magnetohydrodynamic Studies of Vortex Flow. — Hydrodynamic experi
ments were performed with a l.l-in.-diam stainless steel tube in which

the vortex was generated by tangential injection through two 0.013-in.
slits in an effort to elucidate further the mechanism of transition to
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instability on the concave wall. Based on binocular microscopic obser

vation (40X) through plastic end walls of a dye trace injected just down
stream of one of the slits, it appears as though the initial phase of
transition is an oscillatory two-dimensional expansion and contraction

of the wall layer that may be associated with incipient separation of
the decelerated jet flow. The fully developed instability, however, is
three dimensional; the dye trace rotates in an irregular manner about a
circumferential axis. The apparent oscillatory behavior of this phenom
enon may be the result of convection of a stationary perturbed state with
reference to the fixed point of observation, rather than a truly time-
dependent fluctuation. If such is the case, the instability is probably
of the Taylor-Goertler type, as assumed in the theoretical analyses. A
transparent plastic model is being fabricated that will enable observa
tion in both radial and axial directions, to establish more conclusively
the nature of the observed instability.

Numerical Calculation of Hydromagnetic Stability. — Results have

been reported (ORNL-3590, pp. 4—5) concerning the effect of an axial mag
netic field on the stability of a viscous, electrically conducting fluid
confined between concentric conducting cylinders for the type of flow
produced by rotating the inner cylinder. These experiments were extended
to include outward radial flow superimposed on the primary rotating flow.
Such flow might be obtained by making the cylinders of a porous material
and pumping the fluid through the inner cylinder, across the annular gap,
and out through the outer cylinder.

Radial Reynolds moduli from 0 to 60, Hartmann moduli from 0 to 100,
and cylinder radius ratios from 0.25 to 0.8 were considered. Generally,
an increase in either the radial Reynolds modulus or the Hartmann modulus
tends to stabilize the flow, but the effects are not additive. That is,
a high radial Reynolds modulus decreases (but does not eliminate) the
stabilizing effect of the magnetic field, and similarly, a high Hartmann
modulus decreases the stabilizing effect of the radial flow.

Potential Vortex Flow near a Stationary Disk. — In the design and
operation of confined vortex systems, the flow in the boundary layers on
the stationary surfaces is not satisfactorily understood at present. In
jet-driven vortexes of the type proposed for certain advanced energy-con
version applications, this flow amounts to a significant fraction of the
total for the system. To aid in understanding this phenomenon, a study
is being initiated in which the interaction between a vortical flow and
a stationary disk, perpendicular to the axis of the vortex, will be ex
amined. A two-dimensional swirling flow closely approximating a poten
tial vortex will be generated experimentally by passing water radially
inward through a rotating drum made of expanded aluminum honeycomb. (A
potential vortex is one in which angular momentum is conserved and the
tangential velocity varies inversely with the radius.) The flow is ex
hausted through a cylinder made of fine screen on the axis of the drum.
A preliminary system was assembled and is being used to aid in the final
design.

In addition to the experimental work, an analytical study will be
made. In this study the complete radial and tangential equations of mo
tion will be integrated simultaneously on an analog computer. A number
of flow visualization techniques, such as the tellurium dye method, the
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use of fluorescein dye under ultraviolet light, and the use of electro-
chemiluminescent materials, will be investigated in conjunction with the
experimental work.

POWER REACTOR FUEL PROCESSING

Chemical Analysis of Advanced Reactor Fuels. - A laboratory gas chro-
matograph for nonfluoride corrosive samples has been constructed in which
the sample measuring system, the partition column, and the detector are
made of glass with Teflon fittings. This instrument is being tested for
possible construction defects prior to introduction of corrosive samples.

THORIUM UTILIZATION PROGRAM

Separation Chemistry of Protactinium from Thorium in Molten Chloride
Salts. — Experiments employing neutron irradiation of mixtures of AICI3
and TI1CI4 to explore the possibility of removing bred 233Pa by volatili
zation have continued. Mixtures containing 100, 50, 10, and 0.5 mole $
TI1CI4 in AICI3 were used. No transfer of 233Pa was found in the mixtures
containing the larger proportions (100 and 50 mole fo) of ThCl/. The
larger quantities of A1C13 assisted in the transfer of the 233Pa. When
the quartz receiver was at a temperature lower (below 100°C) than the
heated mixture (160 to 300°C), it was possible to revolatilize the prot
actinium. When the receiver region was held at a temperature above 350°C,
the 233Pa appeared to remain fixed to the quartz. Volatilization of 233Pa
was demonstrated when the concentration of ThCl^. in A1C13 was 0.5 mole $.

Thorium Alloy Development. - A "getter" alloy of 50 at. $ Zr-Ti was
made in order to purify the argon atmosphere used in creep tests on tho
rium alloyed with 5$ indium. It is thought that an impure atmosphere was
responsible for the surprisingly poor creep test results found last month.
No tests have been made yet with argon purified by the getter alloy.

Sol-Encapsulation Studies. - Studies of the encapsulation of sol
drops in organic polymer coatings and drying to obtain gel particles were
continued. When a 6 M Th-U oxide sol was encapsulated with a cellulose
acetate butyrate as the coating polymer, the shell walls collapsed some
what during air drying, producing an irregularly shaped particle; but the
shrinkage and collapse were much less than had been experienced in earlier
studies with 2 M Th-U oxide sol.

Studies of the dispersion of carbon in order to prepare sols of 8.4 M
carbon-2.0 M Th-U oxide were continued. Tests were made with an ultra
sonic vibrator (Bronson Sonifier) to disperse four commercial channel-
black carbons at various pH's, and with several commercial surfactants to
promote wetting of the carbon. The results indicate that the Sonifier
disperses the carbon and that nine of the surfactants give nonvlscous
dispersions, 8 M in carbon. Brookfield viscosities of 6 to 184 centi-
poises at pH's of 1.6 to 6.7 were obtained. The most effective system
found for reducing viscosity and promoting dispersion was Renex 30 surfac
tant with Excelsior carbon. Samples were prepared for further evaluation
at 0RNL.
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Extension of the Sol-Gel Process to Newer Fuel Types : Thorium Ni
tride. — Several additional preparations of thorium nitride were made by
the reaction of thoria-carbon gel spheres with nitrogen at about 1800°C.
The composition of the nitride, as determined by x-ray analysis, varied
from batch to batch. In some cases, only ThN lines were found; in others,
additional lines attributable to Th02 were found.

Permeability of Vibratorily Compacted Fuels. — Permeability measure
ments with two sample compacts indicate that not all the porosity within
the compacts is involved in the flow of fluid through the samples. In
displacement experiments with both miscible and immiscible liquid pairs,
only part of the liquid in the voids was displaced. Void volumes and
water permeabilities were also reported for the same samples.

Calculations were made showing that the gas-diffusion rates reported
in GEAP-4397 on ORNL NRX samples A-l, A-2, C-3, and C-4 are consistent
with values expected from theory.

Irradiation of Thorium Fuels: Powder-Packed Oxide Fuels. - Rods of
essentially the same design as the l9-in.-long rods for the Brookhaven
National Laboratory criticality tests are being fabricated in the Kilorod
Facility. These rods will undergo irradiation testing in the MTR or in
the ETR. Because of faulty operation of the compacting equipment, three
of seven rods prepared during the last report period fractured at the
bottom weld. During this report period, five more rods were prepared.
Of these, three passed the autoclave test for corrosion resistance. The
top welds of the other two were badly corroded. Shipment of the three
acceptable rods has been postponed pending results of an investigation
of the cause of failure of the other two rods.

Irradiation of Thorium Fuels: Thorium Alloy Capsules. - It was re-
ported previously (0RNL-3647) that one of the two remaining thorium-zir
conium alloys prepared in capsules by the Advanced Technology Laboratories
was removed from the GETR after a few hours in-pile because of anomalous
thermocouple behavior. The other has now been removed after 18 days in-
pile because of fission-gas release to the reactor cooling water. Of the
six capsules originally prepared, all were removed for one reason or an
other; consequently, this irradiation study has been terminated.

Cleanup of Kilorod Facility. - The Kilorod Program is now completed.
The facility is being cleaned out, and final material balances are being
made. Mixed 3$ U02-JTh02 collected from samples retained during the pro
gram and from system cleanout are being dissolved to permit the analyses
required for the material balance. Complete dissolution of the mixed
oxide requires about 48 hr in boiling (about 118°C) 13 M HN03-0.04 M NaF-
0.04 M A134M3.0025 M Hg2+.

Thorium-Uranium Fuel Cycle Development Facility (TUFCDF). - Title II
design work by the architect-engineer was authorized April 3, 1964; proj
ect completion is scheduled for early 1967.

It is estimated that title II design is 15$ complete. Eleven draw-
ins have been approved. Details of design are being developed for the
in-cell fire-protection system, and numerous other design details were
developed and sent to the architect-engineer.

The design of the sol-gel and oxide fabrication equipment is pro
ceeding somewhat slower than indicated by the early-start schedule. Major



items receiving attention during this report period were the vibratory
compaction device, the fuel-rod cleaning device, the rod-capping machine,
and fuel-rod completion devices.

Equipment Development for Thorium-Uranium Fuel Cycle Development
Facility. — Plans call for testing radiant-heating panels for use in the
sol drying step in TUFCDF. Sol drying in the Kilorod Facility was carried
out in trays in a conventional oven. Use of radiant-heating panels should
greatly increase the drying rate attainable. Gel fragments prepared by
radiant-heat sol drying were cross sectioned and examined. The examina
tion showed the fragments to be dense, with, perhaps, a very slight in
crease in porosity in fragments produced at the highest drying rate tested.
As a test of their suitability, fragments prepared at the design drying
rate proposed for the TUFCDF will be sized and vibratorily packed.

Coated-Particle Development Laboratory. — The design of a facility
for the investigation of microsphere production and remote pyrolytic-
carbon coating on a pilot-plant scale is now complete. A laboratory in
Building 4508 will be modified to accept equipment for this work. In ad
dition, the design of several items of equipment Is nearly complete. The
facility will be used for the collection of engineering data that will
be applied to the design of remotely operated equipment for the fabrica
tion of fueled-graphite elements.

Process Development and Evaluation: Study of the Preparation of
Sol-Gel Particles of Controlled Porosity. — A small percentage of well-
controlled and -distributed porosity may be desirable in fuel particles.
Such porosity could provide traps for fission product gases and for gases
that may be Incorporated in the fuel during fuel preparation. A study
of ways to incorporate such porosity in thorium oxide—base fuels was
started. In one method, a high-fired oxalate-derived Th02 was added to
thoria sol prepared by the basic sol-gel method. Since the porosity of
the Th02 was known, it was postulated that measurement of the quantity
added could be used to predict the change in porosity of the final ma
terial. However, the added Th02 segregated from the sol in spite of agi
tation, giving a nonuniform distribution of porosity. In another method,
carbon was added to the thoria sol. Porosity was produced when the carbon
was removed by oxidation. However, the amount and distribution of po
rosity were not well controlled.

Pellet Fabrication. — Sintering tests have been completed on the
pellets to be used in flux-measurement rods for the criticality tests at
Brookhaven National Laboratory. Production runs are now in progress.
In the first production run, 59 of 60 pellets were acceptable. Production
of the 0.425-in.-0D X 0.300-in.-long (Th-3 wt $ 233U)02 pellets (approxi
mately 300 in all) will require another two or three weeks to complete.
In addition to the pellets, 100 wafers (0.425 in. 0D X 0.050 in. long)
are required. Sintering tests for the wafers are being conducted along
with pellet production in order that wafer fabrication may begin immedi
ately after pellet production.

Sol-Gel Microsphere Preparation and Evaluation. — Evaluation of the
chemical and physical properties of the 150- to 300-u-diam Th02-8$ 235U02
microspheres prepared for irradiation tests has been completed. Part of
the microspheres were calcined in air and part in Ar—4$ H2. Densities,



porosities (open and closed), specific surface areas, oxygen-to-uranium
ratios, carbon contents, and total gas evolved at 1200°C in vacuum were
determined. The oxygen-to-uranium ratio, evolved gas, and carbon content
were notably different in samples calcined in air from those calcined In
Ar—4$ H2. The oxygen-to-uranium ratio (calculated by assuming the thorium
to be present as Th02) was 2.52 in the air-calcined sample and 2.005 in
the sample calcined in Ar—4$ H2. The evolved gas was 0.645 and 0.017
std cm3/g in samples calcined in air and in Ar—4$ H2 respectively. Nearly
90$ of the evolved gas was oxygen. The carbon content of the air-calcined
microspheres was 80 ppm; the content of those calcined in Ar—4$ H2 was
410 ppm.

Studies of the design of columns for preparing the microspheres have

continued. When scale-up of the tapered column from 1.5 in. to 3 in.
minimum internal diameter was attempted, low flow velocity near the walls
permitted undried sol droplets to fall out of the fluidized region, and
excessive sol-droplet impingement on flow distributors caused droplet

coalescence. The addition of a tapered core to give a linear velocity
distribution over a 4-ft height of column appears to eliminate most of
the problems associated with the coalescence of droplets on the flow dis
tributors. Tangential solvent feeding to the column appears to eliminate
the problem of undried sol-droplet fallout at the walls. Additional

column configurations with tangential solvent feeding will be studied.

When gel microspheres are formed from sol droplets in the columns,
water accumulates In the fluid!zing-drying solvent at a rate such that

about 1 liter of solvent is expended in producing about 40 g of micro
spheres. To avoid large inventories of solvent, and the attendant han
dling problems, a distillation system will be installed to remove water
from a side stream on the solvent column.

MOLTEN-SALT REACTOR PROGRAM

Molten-Salt Reactor Experiment. — The MSRE reactor vessel and fuel

pump were placed on the assembly jig, and the connecting piping and freeze
flanges were welded to both units. The fuel-pump rotary element and the
pump drive motor were installed.

Modifications to the heat exchanger shell were completed, and re
assembly of the heat exchanger was started on the assembly jig.

Installation of the vent-house piping and installation of the south

wall of the high-bay enclosure were started by the H. K. Ferguson Company.
Progress continued on the installation of instrumentation and electrical
systems.

The critical-path schedule showed the project to be 94.6$ complete
on June 1.

Reactor Analysis. — Studies of MSRE drain tank criticality factors
were extended to include the possibility of uranium oxide precipitation

during fuel storage. Precipitated solids would be expected to accumulate
on metal surfaces; hence the entire deposit was assumed to occur on the

coolant thimbles in order to provide the most favorable geometry for crit
icality. All the zirconium and uranium in the fuel salt were assigned
to the deposit. The subcritical multiplication for this configuration
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was found to be below that of a drain tank containing frozen homogeneous
salt at 20°C. It was concluded that no criticality hazard should exist
If U02 precipitates in the MSRE drain tanks.

Development of Components and Systems. — Fabrication of three con

trol rods for use in the MSRE was completed, and a final test of the rods
at 1200°F was started. A hardened steel worm and worm wheel in the con
trol-rod drive mechanism operated through over 28,600 full-stroke cycles
without difficulty. The weights of the worm and wheel were measured peri
odically, and after 21,000 cycles there was a loss of only 0.04 g from
each. While the unit was regreased after each weighing, there was one
sustained run of over 10,000 cycles without regreasing. We believe that
previous failures of similar gears resulted from momentary overloading
caused by malfunctions of other parts of the system and that elimination
of these sources of overloading will also eliminate the gear failure.

Tests were conducted to determine the effect on freeze time of flow

through the reactor drain valve during the freeze cycle. Salt flows of
0 to 200 in.3/hr had little effect on the time required to freeze, which
averaged 18 min. At flows of 320 in.3/hr, the time required to freeze
was only 32 min. No important difficulty is expected in freezing the
drain valve in the MSRE.

The two IN0R-8 prototype bayonets for the drain tank cooler have
operated through over 1400 rapid quenches from 1200 to 220°F without dif
ficulty. While some warping of the thimbles has occurred, there has been
no evidence of cracking.

The problem of tube vibration in the MSRE heat exchanger was solved
by installing a flow baffle at the inlet and lacing bars at each flow-
baffle plate and at the U-bends In the tubes. The exchanger shell was
lengthened, a 7 X 5 in. conical reducer was installed at the outlet, and
the four outermost tubes were removed to reduce the overall pressure drop
to an acceptable 27.4 psig at 1200 gpm.

Some of the procedures for maintaining the MSRE after power operation
were tried in the drain tank cell. The crane was operated remotely, from
the shielded control room, to handle the shield beams, the shield blocks,
and the drain tank cooler assembly. The portable maintenance shield was
used in demonstrating removal of a helium valve, handling of an auxiliary
piping spool piece, and operation of four types of disconnects. Minor
difficulties were encountered, but generally the maintenance system test
ing was successful.

MSRE Pump Program. — Preparation of the fuel and coolant pumps for
the MSRE continued. The rotary element and drive motor combination for
the fuel and coolant pumps were operated in the prototype pump hot-test
facility for approximately 100 hr, and both combinations performed satis
factorily. No indications of the shaft rubbing previously reported were
noted. The fuel pump combination was delivered to the MSRE site. The

coolant pump combination is being prepared for delivery to the MSRE. Each
of the pump rotary elements was operated in the cold shakedown stand be
fore and after the hot tests to check the performance of the shaft, bear
ings, and seals.

Preliminary tests were made to calibrate the densitometer on the
water mockup of the MK-II fuel pump tank preparatory to measuring the
concentration of undissolved gas in the circulating water.
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One of the two drive motors for the spare pumps was completed and
delivered by the vendor.

Instrumentation Development. - We have initiated a program of as
sistance in the design, fabrication, and testing of an ultrasonic level
probe. This probe, which is being developed by Aeroprojects, Inc., under
contract to the AEC, will provide a single-point indication of molten-salt
levels inside closed, weld-sealed vessels. The method of penetration of
the vessel is of particular interest, since it permits ultrasonic energy
to be transmitted through the walls of a vessel from a remotely located
transducer. Fabrication of the probe assembly was started, and modifica
tions of a level-test facility are in progress.

NUCLEAR SAFETY

Melting Experiments in TREAT Facility. - The third and fourth ex
periments of a series being performed in the TREAT reactor to study the
release of fission products from fuel melted under transient heating con
ditions were completed. The miniature fuel specimens employed in these
experiments contained 30 g of 10$-enriched high-density U02 clad with
35-mil-thick type 347 stainless steel. The fuel specimens were given a
preliminary irradiation of 2 X 1016 neutrons/cm2 (17 times the irradiation
received during the transient) in order to study the behavior of longer-
lived fission products rather than that of their short-lived precursors.
The latter situation would prevail if all the fissions occurred during
the transient, as in the first two experiments of the series. Specimens
were preheated electrically to 800°C in air-steam atmospheres and exposed
to similar reactor transients. The atmosphere in experiment 3 contained
3$ steam by volume, and a 378-Mwsec transient at a 74-msec period was em
ployed. In experiment 4 the atmosphere contained approximately equal
volumes of steam and air, and the specimen was exposed to a 363-Mwsec
transient at a period of 77 msec.

When the experimental equipment was disassembled, the fuel specimens
were found to have a similar appearance. Approximately 75$ of the U02
melted in each experiment. The melted U02 became porous or foamy, and
approximately half the U02 in experiment 3 ran out of the unmelted pellet
shell, while about 30$ of the U02 ran out in experiment 4. The bulk den
sity of the porous U02 was found to be 5 g/cm3.

There was no shattering or fracturing of the fuel in either experi
ment. Analysis of gas from the experiment showed insignificant generation
of hydrogen from the water—stainless steel reaction. Determinations of
the release of fission products and of the transport of particles are in
progress.

Behavior of High-Temperature Materials Under Irradiation. - The
second or low-dose section of the current high-temperature materials ex
periment containing MgO, A1203, and BeO received a fast-neutron dose of
3.9 X 1021 nvt, and it is now undergoing hot-cell disassembly. The high-
dose section will be removed from the ETR after a dose of about 7.5 X 1021
nvt has been accumulated.

Assemblies for the low-temperature unfueled carbide irradiation ex
periments are now being fabricated. Preliminary construction drawings
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of the assemblies for the high-temperature carbide irradiation experi
ments have been completed.

Characterization and Control of Accident-Released Fission Products.

— It has been demonstrated that radioiodine in the elemental form can be

removed from gases quite efficiently by activated-charcoal adsorbers.
However, under certain circumstances a small fraction of the iodine ap
parently can assume other forms, such as methyl iodide, which are more
difficult to remove. Experiments indicate that the mixture of iodine
vapor species emanating from an iodine source includes methyl Iodide or
a similar compound. Penetration of activated-charcoal adsorbers by these
nonelemental forms of iodine is under continuing investigation. The ef
fects of moisture and temperature on the adsorption of these forms of
iodine by several types of charcoal have been studied. At room tempera
ture and under dry conditions (relative humidity of 3 to 5$), all char
coal types tested are effective in removing these forms of iodine from
air. However, at a relative humidity of 65 to 75$, a coke charcoal and
a metal-Impregnated charcoal are Ineffective (efficiency of ~60$ under
the conditions of these tests), while cocoanut-shell charcoal exhibits
an efficiency of 97$. This efficiency may be adequate, since the nonele
mental forms comprise only a fraction of the iodine inventory. In similar
experiments at 100°C, consistently high efficiencies (99.7 to 99.99+$) were
observed under all conditions.

A method for characterizing radioactive aerosols has been developed,
which interprets the distribution of 65Zn particles in a series of uniform
fiber filters in terms of the three main mechanisms of filtration — diffu

sion, interception, and inertial impaction. Quantitative analysis of the
data in the diffusion regime to yield particle sizes consistent with those
obtained from electron photomicrographs and from particle concentration
techniques has been previously reported.

Several series of experiments have been performed in which the po
rosity of the filter mats has been raised from its original value of 0.72
to 0.94. Very thin filters were employed in the last set of experiments
to interpret the initial sections of the curves depicting filtration ef
ficiency vs depth of filter. A computer program is being prepared to
show whether the data obtained are in conformity with existing theories
of fiber filtration and where modifications in the theories will have to

be made.

Behavior of Fission Products Released During In-Pile Destruction of
Reactor Fuels. — In previous experiments, miniature U02 fuel elements have
been melted in-pile in helium, air, moist helium, and moist air atmos
pheres to investigate the behavior of released fission products. In the
next series of experiments the fuel will be melted in the presence of
steam to simulate conditions in a pressurized-water reactor accident.
The use of a steam atmosphere has necessitated considerable modification
of the present equipment to provide controlled steam injection, to prevent
premature condensation, and to condense the steam at the proper point.
In all experiments the gas exit tube has served the dual function of (l) a
delivery tube which transports released fission products to the filters,
and (2) a diffusion tube which provides analytical information relative
to particle size and the activities associated with the particles. Con
densation in this tube is prevented by heating it with a steam jacket.
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As the steam sweep gas emerges from the heated region of the exit tube,
it passes through a condenser where the water is removed before the sweep
gas passes through the filters. Separate radioassay of the condenser and
filters will provide information on the fate of fission products during
condensation. The filter unit has also been modified to include several

improvements : (l) increased filter area, (2) provision of a means for
testing each filter in place, and (3) changes to facilitate handling in
the hot cell.

One of the objectives of these fuel destruction experiments is to
determine the extent to which fission products released in a reactor ac

cident will penetrate filters and adsorbers. Distributions of released
fission products and uranium found in the off-gas system of fuel meltdown
assemblies have been determined for all experiments. The table shows the

amounts of material downstream of high-efficiency filters expressed as
percent of the total amount of that type of material. The high-efficiency
filter material is either Gelman type E glass, HV-70, or Flanders F-700.
It is seen that only very small amounts of nonvolatile Ru, Sr, Ba, Zr,
Ce, and U and slightly larger amounts of volatile I, Te, and Cs are usu
ally found downstream of a high-efficiency filter. The large amount of

Material Found Downstream of First Intact High-Efficiency Filter
(Type E Glass, HV-70, or F-700)

Experi-

menta
Conditions I Te Cs Ru Sr Ba Zr Ce U

G-l Burned in air 5.4 0.067 21 25 0.43 0.26 0.31 4.9 0.17

G-3 Burned in air 1.5 0.07 14 1.1 0.47 0.38 0.18 0.7

2 He atmosphere 0.13 0-0.,10 0.008 4 0.005 0.024

3 He atmosphere 0.8 10 0.002-0.,010 0.19 0.019 0.0037 0.011 0.0003

5 He atmosphere 3.5 0.4 19 2.3 0.63 0.22 0.008 0.13 0.008

6 He atmosphere 15 22 12 0.66 0.20 0.18 0.08 0.027 0.012

7 He atmosphere 0.16 0.06 2.9 0.7 0.48 0.32 0.012 0.16 0.0051

9 He atmosphere 2.8 12 4.2 1.3 0.25 0.13 0.013 0.035 0.0033

10 High-flow He 1.3 0.022 2.5 0.0011 0.23 0.23 1.2 0.13 0.008

11 Very-high-
flow He

2.9 0.19 2.7 0.022 0.023 0.17 0.0011 0.017 0.0006

12 Moist He 0.81 0.111 1.1 0.06 0.15 0.053 0.0030 0.022 0.005

13 Moist air 45 0.61 1.0 0.02-0. 06 0.071 0.11 0.0012 0.019 0.002

"G" prefix indicates experiments with uranium carbide-graphite fuel. Others were with U02.

iodine shown for experiment 13 is probably due to its oxidation by the
moist air atmosphere. Thus the iodine was deposited to a lesser extent
prior to the charcoal, and only 0.7$ penetrated the first 2 in. of char
coal. Although the efficiencies of the filters are not very high, the
amounts of fission products found downstream represent very small frac
tions of the total inventory because of the effectiveness of deposition
and sorption processes prior to the filters.
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Properties of Aerosols Released from Overheated Reactor Fuels. — A

comparison of the effect of several meltdown parameters on the properties
of the fission product aerosol released from melted U02 fuel materials
has been made. The form of iodine produced and its behavior in conjunc
tion with vaporized U02 were observed, as well as the effect of iodine
concentration.

Stainless-steel-clad U02 fuel specimens irradiated to tracer level
and to a high burnup level (7000 Mwd/ton) were melted to study the effect
of fission product iodine concentration on the fraction of iodine in a
penetrating form. The effect of trace atmospheric contaminants on iodine
behavior was reported previously.

In the latest experiment an attempt was made to produce a realistic
aerosol by use of tracer 131I. A sample of carefully prepared molecular
iodine having a known quantity of carrier iodine in addition to several
millicuries of 131I was sealed in a l/4-in.-diam quartz ampoule and placed
in the melting crucible under a layer of insulating Zr02 powder, in an
effort to delay the heating of the quartz until after some U02 had melted
and U02 vapor was already entering the tank. Premature release of iodine
occurred in this experiment, so that melting of the specimen cladding and
of the U02 occurred after the iodine vapor entered the containment tank.

Results of four varied experiments, which are compared on page 14,
indicate that the U02 meltdown with simulated fission product iodine was
reasonably successful in duplicating the aerosol from the 7000-Mwd/ton
fuel, and the iodine behavior differed from that in the low-iodine-con
centration experiments. The amount of iodine penetrating the 1.5-in.-
thick charcoal bed was lower with the higher-iodine-concentration runs,
C and D. The proportion of iodine in one particle size range (l8 to 22 A)
was low in the simulation run, and it possibly would have been higher if
vaporization of the iodine and U02 had occurred simultaneously as planned.
The results also show that a larger fraction of the iodine on the stain
less steel aerosol tank wall was desorbed by the argon sweep gas in the
high-iodine-concentration experiments. The desorption conditions employed
in these experiments are not representative of accident conditions, and
experiments are in progress to determine the extent of desorption under
more realistic conditions.

Nuclear Safety Pilot Plant. — Much of the report period was spent
upgrading the containment in order to obtain an acceptable leak rate prior
to operation with fission products. The required changes included back-
welding threaded connections and replacing unions with flanges. Several
iron-body valves in the decontamination system which had undergone cata
strophic attack by the decontaminating solution [0.4 M (NH4)2C204 + 0.2 M
NH4C2H302 + 0.5 M H202, pH = 2.5] were replaced with stainless steel ball
valve s.

Additional results from the two U02 melting runs were received. The
aerosol produced appears to consist of ultimate particles (some spherical,
some cubic) ranging from 30 to 1000 A. These are highly agglomerated,
with agglomerate sizes appearing to range from 0.1 to several microns,
(it is often difficult to determine whether a given mass of particles is
a single agglomerate or several.) The aerosol appears very much like
that produced in other U02 melting work. No unusual behavior of the aer
osol in the vessel was observed.
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Behavior of Iodine in U02 Fuel Meltdown Tests

Iodine Disposition

Total release from fuel

Amount deposited in furnace
chimney

Total on aerosol tank wall 46.5 23.8 26.4 34.2

after 2-hr aging and 2.5-
hr gas sweep period

Amount airborne and desorbed 31.0 29.6 60.4 57.0

from tank wall during 2.5-
hr gas sweep period

Amount in penetrating forma 3.7 0.4 0.3 0.5

Loss through 1.5-in. char- 1.3 0.14 0.01 0.03
coal bedb

Particle Size Distribution

in Aged Aerosol (A)

Percent of Iodine Inventory

Low Iodine

Concentration

High Iodine
Concentration

A B C D

83.8 63.8

6.3 10.6

87.2 91.6

0.4 0.4

Percent of Airborne Iodine

8-14 (l2) 80.2 68.0 78.0 92.0

18-22 14.4 12.4 22.0 8.0

50-100 ~5 19.6 0.02

MOO 0.4 0.4

Run A — Tracer-irradiated U02 (containing ~1 \ig of I) with 20$ unfiltered
air (~5 ug i/m3 in the containment tank).

Run B — Tracer-irradiated U02 (containing ~1 ug of i) with 100$ filtered
air (~5 ug i/m3 ).

Run C - 7000-Mwd/ton U02 (20 g U02, containing ~400 ug of I) with fil
tered air (~3 ug i/m3).

Run D — Tracer 131l simulation with ~200 ug of I and with filtered air
(-1.5 ug i/m3).

itetermined from distribution of iodine activity in charcoal beds
after removal of elemental iodine.

This is a part of the penetrating iodine activity.
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Two new sampling devices were designed and are being fabricated.
One is a fallout sampler that permits collection of 11 time-dependent
fallout samples during a run. The other consists of five May-pack sam
plers with diffusion channels inserted after a different May-pack ele
ment in each sample. This arrangement will be used for determining
whether unusual iodine compounds exist in the Nuclear Safety Pilot Plant
aerosol.

Reactor Containment Handbook. — Review of 9 of the 12 chapters of
the handbook have been completed, and review of the remaining 3 will be
completed within a few weeks. This review is based upon further OREL
work as well as the external comments which have been received to date.

In addition, an index for the entire volume is now over 50$ complete.
The volume will be assembled and given limited distribution as a Tech

nical Memorandum subject to receipt and resolution of further comments

from the Commission.

Nuclear Safety Information Center. — The miniature Nuclear Safety
Information Center (NSIC) for the Third International Conference on the
Peaceful Uses of Atomic Energy has been completed. Approximately 1300
documents relating to the containment of nuclear facilities were indexed
and placed on microfiche for use in the Geneva exhibit.

NSIC continues to collect, evaluate, and store information in its
own retrieval system. During the Center's first year of operation, over
2500 sources of information were processed.

During this report period (May-June), NSIC has received and answered
ten specific requests for information. In the same period six persons
have visited the Center to utilize its services. Of the several "state-
of-the-art" reports in process, one, Current Practices in the Release and
Monitoring of I131 at NRTS, Hanford, Savannah River, and OREL (ORNL-
NSIC-3), was completed, and the report is in reproduction.The use of
an IBM 7090 for the preparation of periodic bibliographies and the selec
tive compilation of other bibliographic information is being explored.

WASTE DISPOSAL

Clinch River Study. — One purpose for the coring of Clinch River
bottom sediments in 1962 was to inventory the quantity of radionuclides
associated with these sediments. During this reporting period, processing
procedures of the cores for this inventory have been completed. The proc
essing of about 150 cores included compositing the radioactive portion
of the core, and then determining the specific weight and moisture content
of each composite and splitting the core into aliquots for analytical

work. Aliquots of all cores have been submitted for radionuclide anal
yses. Aliquots from selected cores were submitted to the U.S. Geological
Survey, Quality of Water Branch, Raleigh, North Carolina, for particle
size analyses.

Some of the results of these analyses have been returned, but not
enough are available to compute the inventory.

Mineral Exchange Studies. — Comparisons were made of the behavior
of alumina and Dowex 50 in sorbing trace concentrations of strontium in
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the presence of EDTA (ethylenediaminetetraacetic acid). With 3.2 g of
a-alumina and 2.5 g of Dowex 50-X4 and the addition of 60 ppm EDTA at
pH 8.4, the strontium distribution coefficient (K^) was decreased from
96 to 0 for Dowex 50 and was increased from 60 to 90 for alumina. The

increase in K^ of alumina was suspected to be due to complexing of stron
tium by EDTA and sorption of the complex by alumina. Pretreatment of
alumina with EDTA showed that the K<i of the treated material was increased
from 25 to 165. With long contact time the K^_ slowly decreased; the de
crease is suspected to be caused by dissolution of alumina in the alkaline
system and possible complexing of aluminum ions by the EDTA.

Distribution coefficients were measured for two minerals, muscovite
and pyrophyllite, as a function of sodium nitrate concentrations. Both
materials showed sorption curves which did not correspond to ideal ion
exchange. These materials were selected since they represent minerals
of relatively low ion exchange capacities; muscovite derives its exchange
capacity by broken bonds at the edges of the crystallites and by isomor
phic substitution, in contrast to pyrophyllite whose capacity is due only
to broken bonds. Responses similar to those of muscovite and pyrophyllite
were observed with several soil materials which had not undergone inten

sive weathering.

Disposal in Deep Wells. — An injection of 150,000 gal of ORNL-type
waste was completed on May 28, 1964, at a depth of 890 ft. This injec
tion was the fifth in a series to test the performance of the hydrofrac-

turing plant and mixes. The waste was mixed with 6-l/2 lb of cement-base
mix per gallon, and the injection required l0-l/2 hr. Over 5000 curies
of activity was injected; no activity was detected in the observation well
150 ft updip from the injection well.

The continuous operation for 10-1/2 hr served to test the ability
of the pump to perform without changes in packing and seals. The mix was
designed not only to be cheap and to have a long pumping time, but to have
improved radionuclide retention characteristics. Drilling operations
have begun at the site to recover cores containing the grout sheets from
five injections.

High-Activity-Waste Solidification: Engineering Work. — Two tests
were made in 16-in.-diam pots to investigate scaleup effects and the per
formance of induction heating equipment. Simulated Purex waste of a type
which may be produced at Hanford in 1965 was used as feed in these tests.
The first test was stopped after 95 hr because a hole, 4 In. wide by 6 ft
long, developed in the calciner pot. Examination indicated that failure
was caused by corrosion and localized overheating. In the second test,
with control thermocouples set at 800 to 850°C, a 4 X 6 in. elliptical
hole developed in the pot. There were no indicated temperatures in excess
of 860°C, but the pot was obviously overheated in the region of the hole.

Both calcination tests were satisfactory from the standpoint of
process performance, and pot filling rates following those predicted by
the radial-deposition model and applicable to smaller diameter pots. The

maximum feed rate was 2.0 liters/min, and there was no indication of ex
cessive entrainment in the off-gas.

Fabrication was started on two 15-in. susceptors, one of stainless
steel and the other of Hastelloy X, to be used in further induction-heat
ing tests. These tests will be made with 8-in. pots inside the susceptors
and will resemble the proposed mode of heating in the Hanford pilot plant.
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A continuous melting unit for producing glassy solids (20 in. in di
ameter and 40 in. long) was operated for 150 hr before corrosion caused
failure of the stainless steel vessel. The maximum steady-state rate for

this unit was 40 liters of waste per hour, which is equivalent to waste
production from a Purex plant processing 9 tons of uranium a day.

High-Activity-Waste Solidification: Laboratory Work. — A small-scale
continuous melter was constructed and tested to evaluate problems in the

continuous conversion of aqueous wastes to glassy solids. Problems to be
evaluated include processing rate, scale formation, melt segregation, and
corrosion. A conventional stainless steel "pot" (4 in. in diameter and
24 in. high) was modified for use as the continuous melter.

The melt depth was maintained at about 1 in. by a fixed overflow out
let in the center of the bottom. Also, a pipe containing a heating ele
ment was inserted down the center of the pot to increase the heat transfer
surface. Feed rates as high as 5 to 7 liters of waste per hour were ob
tained. In runs over periods up to 100 hr, corrosion of the stainless
steel container was slight with the Purex (FTW-65) lithium aluminum phos
phate melt as long as the temperature was kept below 900°C. The process
was shut down and restarted a number of times with no apparent difficulty.

Continuous melt processing was found to require a somewhat more fluid
melt than is necessary for semicontinuous fixation by the rising-liquid-
level method. The addition of more lithium and phosphate, reducing waste
oxide content from 44.5$ to 39.6$, produced a melt that was easily handled
(mp, 700°C; pouring point, about 850°C). A program of computer coding
was started to assist in correlating compositional data with the physical
and chemical properties of the melts developed.

Intermediate-Activity Waste. — The incorporation of evaporator con
centrates and sludges in emulsified asphalt is being studied as a method
of preparing these wastes for disposal. The waste slurries or solids are
first mixed with asphalt, and the temperature of the mixture is raised
to 160°C to volatilize the water, leaving the solids encased in asphalt.
The leach rate (in distilled water at 25°C) of 137Cs from an asphalt
product containing 20 wt $ solids from simulated 0RNL waste-evaporator
bottoms was 7.4 X 1CT5 g cm"2 day-1 at the end of five weeks, while the
rate from a product containing 62 wt $ solids was 2.4 X 10""* at the end
of five weeks. The leach rate of l06Ru from a product containing 62 wt $
solids was 6.9 X lCT7 at the end of five weeks. Workers at Mol, Belgium,
reported a somewhat lower rate for cesium for a product containing 20$
waste solids in asphalt, but their ruthenium leach rate is roughly equiv
alent to that reported here.

Experiments thus far indicate that the leach rate is affected more
by the percentage of solids and by the elements being leached (Cs and
Na > Ru and Sr) than by the type of leach test (i.e., flowing water vs
stagnant water).

Low-Activity Waste : Pilot-Plant Work. - Several modifications made
in the scavenging-precipitation ion exchange pilot plant resulted in im
proved process performance during three runs with OREL low-level waste.
A fluidized bed of activated alumina, added as an initial process step
to reduce phosphate to 1 ppm or below, reduced phosphate in 500,000 gal
(15,000 column volumes) of process waste water from 0.5—2.0 ppm to 0.1-0.7
ppm. More than 50$ of the phosphate in the low-level waste was removed
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in the first 10,000 bed volumes treated, which confirmed earlier labora
tory results. A new 4-ft-diam, agitated clarifier operated at a rate of
48 gal min""1 ft"2, compared with 27 for an older unit, yielded effluent
having an average total hardness of 7 ppm (as equivalent CaC03). Filtra
tion through a deep-bed anthracite filter further reduced the hardness in
the clarifier effluent to 4 ppm. In addition, the new clarifier elimi
nated premature hardness breakthrough caused by channeling of the influent
through the sludge blanket.

Grundite clay was added to the ion exchange regenerant solution to
remove cesium, and this stream was then recycled to the process feed
stream. This causes all the radionuclides separated from the waste to
leave the process in the solid sludge and eliminates a regenerant evapo
rator.

The overall decontamination factors for the three runs averaged 17,
11, 1200, 1400, 2.6, and 580 for gross beta, gross gamma, cesium, stron
tium, ruthenium, and rare earths, respectively, which reduced the concen
tration of radioactive constituents in the treated waste water to less

than 2$ of the 168-hr occupational MPCW values. Further treatment with
an anion exchange resin column increased the ruthenium and cesium decon
tamination factors to 14 and 11 respectively. These changes were esti
mated to reduce the cost of waste treatment by this process from 78/ to
about 66/ per 1000 gal; if the alumina column is not required, the cost
is 60/ per 1000 gal; If strontium is limiting instead of cesium, the cost
is 56/ per 1000 gal.

Low-Activity Waste : Laboratory Work. — Modifications to the scav
enging-precipitation ion exchange process for the decontamination of OREL
low-level radioactive waste are being evaluated on a laboratory scale.
They include (l) the use of activated alumina to reduce the concentration
of phosphates in raw untreated waste (pH 7 to 8) to about 1 ppm or lower
in order to prevent abnormally high residual hardness after the scavenging
step; (2) the consolidation of the activity retained in the process into
a solid form by adding Grundite clay to the regenerant waste of the cation
exchange column to sorb cesium activity and the recycle of this slurry

into the scavenging step; (3) the possible substitution of another phe
nolic-carboxylic resin, Ionac C-265, in place of the Duolite CS-100 resin
now in use; and (4) the possible use of an anion exchanger to remove ru
thenium and cobalt activity remaining after cation exchange treatment at

pH 11.
Column experiments indicated that activated alumina does not sorb

hexametaphosphate and thus provides a possible explanation for the ob

served incomplete sorption (only 50$ or better) of phosphates contained
in untreated waste. The capacity of alumina for sorbable phosphates was
estimated to be 0.4 meq of P043- per ml of Al203 (equivalent to removing
1 ppm of phosphate from 13,000 volumes of waste per volume of alumina),
which is numerically equivalent to 60 meq of Al3+ per meq of PO43-. The
stated equivalence ratio together with work reported in the literature
indicates that phosphate sorption on alumina is a surface-dependent phe

nomenon.

Micro-pilot-plant tests demonstrated that the addition of Grundite

clay not only consolidated the cesium and strontium activity into a solid
form but also increased the factor for waste volume reduction (to air-
dried cake) by 1.6 - that is to say, from 3400 without recycle to 5500
with recycle.
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Ionac C-265 resin was expected to have up to twice the capacity for
strontium that Duolite CS-100 resin has, while retaining the same capacity
for cesium. However, the sorption of cesium was nil. Incomplete analyses
show that the decontamination factor (DF) for strontium was greater than
1500 after 2700 of the 6000 volumes of waste treated. This compares with
a DF of 1200 for 2000 volumes, using CS-100 resin.

Illco TAD-1 resin showed a DF of 5 and 1.6, respectively, for ruthe
nium and cobalt for 300 volumes of waste processed, but decreased to 1.5
and 1.0 for 1500 volumes.

Disposal in Natural Salt Formations. — Specifications for the 19.1-
in.-LD waste-charging shaft for the demonstration experiment were prepared

and put out for bid. The successful low bidder was the Sterling Drilling
Company of Sterling, Kansas. The contractor has set up his rig and is
currently drilling at a 300-ft depth.

Delivery of the cast uranium shield plugs for the fuel element can
isters, the surface carrier internal rack, electrical hole mockup liners,
and the underground transporter were made during the month. Modification
of the surface carrier and shipping rack is in progress.

In order to check out operating techniques and design, a prototype
test using one hole liner with its electrical heater assembly is being
operated in the same room in which the radioactive floor array is to be
located. Heated operation began on June 2, and results have been about
as expected. Approximately 1 liter of water (released from the shale
interbedded with the salt in the floor) has been collected in the off-gas
condensate trap. The need for minor engineering changes in certain parts
of the equipment has become apparent.

Engineering, Economic, and Safety Evaluation. — Although it is be
lieved that the most responsible method of managing very radioactive

liquid wastes from the processing of power reactor fuels will consist in
converting them to solids and disposing of them permanently in salt mines,
a possible alternative is long-term storage as liquids in tanks. Analyses
are in progress to compare the costs and safety of tank storage with the
costs of the preferred, more conservative approach.

The basis for the tank-storage analyses is the same as has been used
in previous economic studies of waste management; a hypothetical 6-ton/day
fuel processing plant is assumed which handles a combination of uranium

and thorium converter fuels irradiated to 10,000—20,000 Mwd/ton. Storage
of wastes under both acid and alkaline conditions is considered. In each

case the volumes are adjusted to the smallest values consistent with ef

ficient removal of decay heat. As acid solutions, Purex wastes are stored
at a rate of 100 gal per ton of fuel processed, and Thorex wastes are
stored at 200 gal/ton. Under alkaline conditions the wastes are stored at
600 and 1200 gal/ton respectively.

The tanks, with a capacity of 1 to 1.25 million gallons, are enclosed
in steel-lined concrete vaults for secondary containment and are similar

to those at Savannah River. Decay heat is removed by circulating water

through vertical and horizontal banks of coils submerged in the waste.
In the safety analysis the consequences of failure of these tanks

by a variety of mechanisms will be considered. The cost of "perpetual"
storage will be estimated by using the concept of a sinking fund, set up
to draw interest at a rate that will accumulate sufficient money to re
place the tanks at the end of their life expectancies.
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ARMY PACKAGE POWER REACTOR PROGRAM

PM fuel specimen assemblies A-l and A-2 continued to operate satis
factorily in the pressurized-water loop in the ORR during ORR cycle 53
(4-10-64 to 5-31-64) and are now operating in cycle 54, which began June
13, 1964.

On May 25, 1964, a routine water sample was removed from the loop,
and analysis with a multichannel gamma-ray spectrometer showed the pres
ence of fission products 88Kr, 133Xe, and 135Xe. The water sample ana
lyzed radiochemically on May 26, 1964, contained a considerably higher
amount of fission products than previous water samples removed from the
loop since the start of the PM fuel irradiation program, August 30, 1963.
The May 26 results along with some typical results obtained since the be
ginning of the PM tests are listed below:

Fission Product Nuclide Activities (dis sec-1 liter""1) in ORR
Pressurized-Water-Loop Coolant

Date
91gr 92gr 132X I33j

'9.67 hr) (2.7 hr) (2.33 hr) (20.8 hr)

9-18-63 209 505 1852 292

2-4-64 640 932 893 300

4-2-64 301 426 735 168

5-26-64 632 786 5610 7660

After considerable study of this problem, it was decided that the fission
product activity level was not serious enough to warrant removing the
specimens. Day-to-day monitoring of the activity in the loop coolant has
continued. Since May 26, the fission product activity levels have gone
down, but with considerable fluctuation. It is believed that the activity
is due "to a small defect which has developed in the cladding of one of
the fuel specimens. Unless the fission product level rises significantly,
it is planned to leave the specimens in the loop until the end of ORR
cycle 54 (7-26-64), at which time the regularly scheduled interim hot-cell
examination will be performed.

PHYSICAL RESEARCH

PHYSICS AND MATHEMATICS

High-Energy Electronuclear Machines: The Separated-Orbit Cyclotron. -
It now appears practicable to design an 800-Mev separated-orbit cyclotron
with all orbits lying in a single plane. This would make it convenient to
deflect the beam from various orbits (at various energies) into a fixed
external ion-optics system. Model magnet measurements demonstrate that
the desired magnetic field gradients can be maintained with an orbit turn
separation as small as 4 in.
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A separated-orbit cyclotron to accelerate protons from 200 to 800
Mev in a 25-turn spiral of alternating-gradient magnet elements is being
evaluated. The guide-field pole tips are disposed on 31 magnet yokes, or
sectors. Since each yoke is driven by a single pair of large coils, the
total magnet power requirement is reduced to only about 0.5 Mw. Radio-
frequency cavities between the magnet yokes provide unusually high energy
gain per turn, about 25 Mev, but require less than 10 Mw of rf power for
their excitation. Operating at a frequency of 50 Mc/sec, the rf system
uses commercially available equipment and is expected to cost somewhat
less than the 200-Mc/sec systems previously studied.

Theoretical evaluation of cavity design for the separated-orbit cy
clotron has been extended to determine the cavity shape required to achieve
a constant voltage, or a specified voltage variation, along the accelera
tion gap. The method used is an extension of that used in the design of
optimally shaped drift tubes for linear accelerators.

Medium-Energy Nuclear Physics: 22-Mev Protons. - The information about
the (p,n) residual interaction between a lg9/2 proton and a 2d5/z neutron
obtained by studying the 93Nb(p,d)92Nb reaction has now been employed
in calculating spectra for many elements in the mass region A = 90. The
magnetic analysis system at the 86-Inch Cyclotron was used to obtain more
experimental information on odd-odd nuclei to explore further the nature
of the (p,n) residual interaction. The reaction 59Co(p,d)58Co was studied,
and the four low-lying states arising from the shell-model configuration
(jtf7/2 )-1( vp3/2 )-1 were identified. In addition to the previously known
2+ ground state and 5+ level at 24 kev (these are unresolved in this ex
periment), we have found the 3+ level to be at 340 kev and the 4+ level to
be at 430 kev.

The new scattering chamber was installed in the small experiment .room
at the 0RIC, and a test run was made with protons. The spectrum of pro
tons scattered from a polystyrene target provides the beam energy measure
ment. The elastic and the inelastic scattering from 12C provide two ref
erence energies. The position of the proton-proton scattering peak on
this scale determines the beam energy.

Medium-Energy Nuclear Physics: Heavy Particles. — The zero-degree

cross section for the reaction 12C(160,Q!)2^Mg was measured from 25.6 to
35.5 Mev excitation energy in the 2°Si compound nucleus for the ground-
state and five excited-state alpha-particle groups. Results show that the

compound-nucleus mechanism is dominant and that the lifetime of the com

pound nucleus decreases slowly with increasing excitation energy.

Alignment of the polarized proton experiment on the 0RIC was com
pleted. With 10 ua of alpha particles on the primary hydrogen target,
about 2 x 107 polarized protons were measured in the second scattering
chamber. This is precisely the intensity we expected with the ion optics
designed for the purpose.

Medium-Energy Nuclear Physics: Theory. - The spectroscopy of nuclei
in the mass region A = 90 is expected to be determined to a large extent
by the residual interactions between nucleons outside the semiclosed shell
core of 90Zr. In particular, the low-lying energy levels of these nuclei
will arise primarily from configurations in which protons are filling the
lg9/2 shell while the neutrons are filling the 2d5/2 shell. Hence the
energy of these levels will be determined by the residual interactions
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between two protons in lgg/2 orbits, between two neutrons in 2d5 /2 orbits,
and the interaction of a lgg/2 proton with a 2d5/2 neutron.

The (n,n) effective interaction is well known from the spectrum of
92Zr. The recent determination of the energies of the 0+, 2+, U+, 6+,
and 8+ states in 92Mo, and the spectrum of 2+, 3+, 4+, 5+, 6+, and 7+
states in 92Nb completely defines the set of effective (n,n), (p,p), and
(p,n) residual interactions necessary for the calculation of the struc
ture of the low-lying states of nuclei in this region.

Although the 90Zr core is known to contain proton pair excitation,
calculations on the basis of a simple single-configuration model will
serve as a basis for interpreting the origin of experimentally observed
levels. The effect of this pair excitation on the calculated energy spec
tra is expected to be partially accounted for by the use of experimentally
determined two-body matrix elements. Deviations from the results of the
simple model should serve as an indication of the importance of other con
figurations in this region of nuclei.

Low-lying energy levels in isotopes of niobium, molybdenum, and tech
netium arising from the coupling of protons in the lg9/2 level and neutrons
in the 2d5/2 level were calculated. A comparison with available experi
mental data shows reasonably good agreement and indicates that the consid
eration of 90Zr as a core state is a reasonable assumption. The simple
model serves as a good basis for interpretation of the levels observed in
these isotopes and as a good guide in judging the importance of other con

figurations. The intensity with which states In 92Zr other than the 0+,
2+, and 4+ are excited as a result of the pickup of the lgg/2 proton in
the reaction 93Nb(d,3He)92Zr would provide experimental evidence on the
extent of configuration mixing.

Interesting evidence was seen in the results of neutron stripping ex
periments for admixing of higher single-particle neutron states with the
calculated levels. The evidence for the excitations of the protons to

higher orbits is only indicated by the log ft values for the (3 transi
tions. Proton stripping experiments like (3He,d) would be very useful in
identifying proton excited states.

A more general calculation including the effect of the higher con

figuration of the protons and neutrons would require information regard
ing the interactions between the two nucleons in the higher states. Ex
periments such as 90Zr(t,p)92Zr, 91Zr(d,p)92Zr, 90Zr(3He,p)92Nb, and
91Zr(3He,d)92Nb, done with sufficient energy resolution, can provide such
information and would be very desirable.

Cyclotron Operations: The Isochronous Cyclotron. — Operation of the
ORIC has continued on a schedule of seven days a week, 16 hr per day.
Since most of the external ion-optics equipment for transmitting the beam

into the small experiment room is now installed, about 60$ of the 112-hr
operations week can be scheduled for nuclear research work. The con
tinued installation of various components associated with the beam optics

control circuitry requires about 20$ of the total time. The remaining
20$ is scheduled for ion dynamics and other development studies for the
improvement of cyclotron operation.

During the hours allotted for nuclear bombardments, the cyclotron is
now "on beam" about 75$ of the time. The "outage" time is for routine
operation maintenance needs, such as filament changes in the ion source,
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target setup, and changing or readjusting power supplies for different
operating conditions. The experimental bombardments have included beams

of ~35-Mev protons, ~75-Mev alpha particles, and ~37-Mev deuterons. These
beams were supplied to the various reaction target chambers located in
the small experiment room. The reaction chambers were aligned with the
ion beams, and the irradiations were successfully completed.

High-Voltage Experimental Program: Elastic Scattering of 17- to

21-Mev Neutrons from 12C. — A search for a resonance in the yield of
elastically scattered 17- to 21-Mev neutrons from 12C has been made. The
differential cross section has been measured for laboratory angles of
36, 51, 60, 86, 123.5, and 139°. The total cross section was also meas
ured for the same range of neutron energies. In the differential cross
sections measured at 36, 51, and 60°, a broad resonance was present at
a laboratory neutron energy of 19.5 ± 0.2 Mev. Its total width at half
maximum was approximately 1.1 Mev, and its peak height was between 14 and
21$ of the value of the continuum. Within the 4.5$ statistical error of
our measurements, the resonance does not appear at 86°. At 123.5 and
139°, the cross section decreases monotonically by a factor of 3 between
17.5 and 20.5 Mev. The total cross section is consistent with a weak

resonance at 19.6 ±0.2 Mev which has a total width at half maximum of

about 1.2 Mev. The resonance, which presumably results from a state or
states in the compound nucleus 13C, appears similar to the known reso
nance in the yield of elastically scattered 22.5-Mev protons from 12C.

High-Voltage Experimental Program: Alpha-Alpha Correlations in the

Reaction 7Li(d,n)24He. — The reaction 7Li(d,n)24He has been studied at
two deuteron bombarding energies, 4 and 7 Mev, by observing the two emit
ted alpha particles in coincidence. A total of 15 three-dimensional cor

relation functions were measured with different combinations of detector

angles. The pronounced structure observed in these spectra is consistent

with the assumption that the reaction proceeds primarily through a se
quential mechanism via the intermediate nuclei 5He and 8Be.

Stable Isotopes Development. — The combination of an RuF5 charge and
an internally valved feed system fabricated entirely of nickel has greatly
improved the separation of ruthenium. The new approach yields outputs

averaging 6 ma, results in a substantial increase in isotopic purity, and
increases process efficiency by a factor of 5. Previous ruthenium proc
essing required the use of metallic ruthenium charges which were vaporized
by electron bombardment. The operation was erratic and outputs were low,
averaging only 2.5 ma total current.

The feasibility of the new type of separation was demonstrated in
the 255° separator system. The success achieved was due to the design
of a feed system compatible with both the operating pressure and the re
quirements for chemical stability of RUF5. The all-nickel construction
minimized chemical decomposition of the feed, and the internally valved
feed system provided controlled conductance in various pressure regions
and further reduced the possibility of charge dissociation. The charge
container was operated at the equilibrium pressure of RUF5, and laminar
flow was through a tube of small diameter to an all-metal leak valve.

At this point in the system, a sharp transition in pressure occurred.
Low-pressure flow continued to the arc region through a specifically
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sized tube providing conductance for the required amount of vapor with
only a small pressure differential between the ends of the tube.

This concept in equipment design makes practical use of thermally
unstable feeds, and the technique may be applied in the separation of
other elements in the platinum metals group, in which volatile but rela
tively unstable compounds exist.

One 48-in.-radius calutron was fitted with an additional diffusion

pump to provide a means of studying the characteristics of the pumping
system. A 10-in., 4000-liter/sec pump was placed directly under the ion
source to supplement the four 20-in., 5000-liter/sec pumps normally used.
A calibrated leak introduced through the ion-exit slit of the source pro
duced a pressure rise in the system. The single 10-in. pump below the
source provided ~40$ of the effective pumping speed for the source-re
ceiver region that the four 20-in. pumps provide as they are now posi
tioned. Further testing showed that equivalent pressures could be main
tained at various gas loads by the single 10-in. pump or by three of the
original 20-in. pumps.

The addition of this small pump almost doubles pumping speed in the
region midway between the source and the receiver, and practical appli
cations of such an increase are being determined in selenium separations.
A 20$ increase in ion output is being achieved in the system which has
increased pumping capacity.

Special Separations. — A one-year separation of plutonium Isotopes
from 652 g of available feed was completed last September. Since that
time, recovery operations needed to process feed residues have been com
pleted, and a material balance is available. The 652 g of feed was re
cycled to provide 2458 g loaded into the system, and 1800 g was vaporized.
Total recovery amounted to 540 g or 82.8$ of the starting material. Un
recoverable feed losses to the system are approximately 5$ per cycle. The
material actually recovered consists of 231 g of separated isotopes and
309 g of available charge material. A loss of 3.9 g was allocated to de
cay to americium, and 8.4 g was buried in salvage which was uneconomical
to process. The calutron system contains ~100 g of plutonium which was
not removed by recovery techniques applied in equipment cleaning.

Recycle recovery has been completed for uranium separation series
"c"; unrecoverable losses to the system total < 4$ of the starting feed.
A total of 30.3 g of 233U with 232U content ranging from 4 to 12 ppb re
sulted from this series. A total of 1300 g of 238U with 235U content
ranging from 1.5 to 20 ppm was collected in uranium series "b." Recovery
of unresolved feed material has not been completed for this series.

CHEMISTRY

Analysis of Molten Salts by Electrochemical Methods. — A molten mix
ture of LiF-BeF2 (66-34 mole $), the coolant salt for the MSRE, was pre
pared for voltametric studies by the Reactor Chemistry Division. This
mixture had been treated with beryllium metal and then filtered to re
move traces of reducible impurities. Subsequent current-voltage curves

recorded at a pyrolytic graphite indicator electrode revealed the absence
of reduction waves which could be attributed to electroactive impurities
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such as iron or nickel. A small rather ill-defined wave was observed at

~1.1 v vs the platinum quasi-reference electrode. This is believed to
be due to the reduction of zirconium, since a small amount (700 ppm) was
found by chemical analysis. It is planned to study this wave further
after making standard additions of ZrF4 to the melt.

The potential at which the cell current becomes too large to measure
(potential limit of the melt) occurs at approximately —1.8 v. At this
potential, it is believed that the beryllium is being reduced at the py
rolytic graphite indicator electrode. The potential limit of the LiF-
BeF2 melt is ~0.2 v more negative than that observed for the LiF-BeF2-
ZrF4 eutectic, a fact which suggests that beryllium metal is a stronger
reductant, in the melt, than zirconium metal.

It appears that the platinum quasi-reference electrode may not be
as well poised in the LiF-BeF2 melt as it seemed to be in an LIF-NaF-KF
mixture. This fact is borne out by a peculiar shift of 0.1 to 0.2 v in
the potential limit of the molten mixture, depending on whether the cover
gas is static or flowing through the cell. The reason for this phenom
enon is as yet not known. Work is in progress, however, to prepare Ni-
NiO reference electrodes similar to the one used by Steinmetz (UNC-5032,
Aug. 24, 1962). If this electrode functions properly, it should then be
possible to observe whether the potential of the platinum quasi-reference
electrode shifts.

Protactinium Chemistry. - The purification of the 231Pa borrowed
from England is nearly complete; the oxide has been packaged and is await
ing shipment. The material recovered contains an estimated 38.2 g of
231Pa, with an uncertainty of about 1 g. In addition, approximately 200
mg of protactinium has been recovered and purified from various solid and
liquid wastes removed from the hot cell used for processing the above ma
terial. The usual purification procedure, based on anion exchange of a
chloride complex, was unsuccessful for this last operation because of
interference by very fine solids suspended in the solutions. A solvent
extraction method utilizing Alamine 336, a commercial mixture of tertiary
amines, was successful.

Arrangements are being made to recover from the burial ground the
equipment used for the 231Pa-232U processing done about two years ago.
There is a possibility that a small amount of 231Pa may have been acci
dentally discarded with the equipment. If so, an effort will be made to
recover it.

Radiation Chemistry of Organic Materials: High Polymers. - Solu
bility measurements have been made on polystyrene irradiated in a reactor
and in cobalt gamma sources. The results have been treated in a manner
which reveals the rates of both molecular cross-linking and scission. The
ratio of scission to cross-linking was low, about 0.14. Significantly,
the ratio is the same for both reactor neutrons [LET (linear energy trans
fer) ~3 ev/A] and for gamma radiation (LET = 0.02 ev/A), although the
absolute rate for either process is 2.8 times as high for neutrons as for
gamma radiation. (The scission yields are 0.0094 ± 0.0005 per 100 ev for
gamma radiation and 0.027 ± 0.004 for neutrons.)

The two processes would not be expected to have the same dependence
on LET, since the simplest mechanism for scission would be first order,
while cross-linking would be second order. The observed dependence of
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both processes on LET indicates either that the kinetics of both processes
are complex or that the small amounts of scission observed were oxidative

degradation with an LET dependence similar to that of the cross-linking.

Spectrophotometry of Solutions at High Temperature. — We have re-
ported (0RNL-3628) measuring the absorption spectrum of C02 in the con
densed states between 1.19 and 1.66 u as a function of temperature from
-80°C and 13 psia to 65°C and about 2000 psia. The (3v3), (2vx + 2v2 +
v3), and (vx + 4v2 + V3) bands are sufficiently intense to allow a reason
ably precise study of the effect of temperature on band contours and other
parameters. The third harmonic asymmetric stretch band exhibits a slight
asymmetry due to the presence of one or more unresolved components cen
tered on the low-frequency side of the band, and we have not yet attempted
its analysis. However, we have found that the (2vx + 2v2 + v3) and (vx +
4v2 + v3) bands can be fitted to a good approximation over the entire fluid
range studied (from the freezing point, —56.6°, to 65°, 34° above the
critical point) by a Lorenz function which assumes a statistical distri
bution of perturbations of each molecule by its neighbors.

Physical Chemistry of Molten Salts: HF-H20 Equilibrium with Molten

Fluorides. — In continuing studies of the equilibrium

2HF(g) + BeO(cryst) ;=± BeF2(soln) + H20(g)

in LiF-BeF2 melts saturated with BeO, the variation of the equilibrium
pressure quotient P2 /P _ with melt composition in the range 2LiF'BeF2

HF H20

to BeF2 has been determined. As is seen from the expression of the equi
librium constant for the above reaction,

K = —— a ,
P2 BeF2 '
HF

the increase of P2 /P _ with BeF2 content of the melt should be propor-
lir xi2U

tional to the increase in the activity of BeF2, a^-. _ . If this activity

is expressed as the product of an activity coefficient 7 and the mole
BeF2

fraction X_ [=moles BeF2/(moles BeF2 + moles LiF)], then the quantity

7BeF /K ls given "by ^HF^H O^^BeF ' The followinS are results of ex
periments at 600°C:

X^j, 0.33 0.4 0.5 0.6 0.7 0.8

Pjp/Pjj 0(atm) 0.0057 0.0145 0.0320 0.0490 0.0590 0.0660
7BeF /K 0.0171 0.036 0.064 0.082 0.084 0.0825

If, instead, the components are redefined as Li2BeF4 and BeF2, a different
mole fraction X^ results, and hence a different activity coefficient

7 may be computed by an analogous calculation from the same experi

mental data;
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^ eF?
0.25 0.50 0.667 0.786 0.875

y' „ /K 0.058 0.064 0.073 0.075 0.075
/BeF2/

It is seen that, in terms of the components Li2BeF4 and BeF2, the result
ing activity coefficient is more nearly constant over a wider composition
range, suggesting that such LiF-BeF2 mixtures may, to a good approxima
tion, be considered ideal mixtures of Li2BeF4 and BeF2 when BeF2 exceeds
40 mole $. Similar results were obtained at other temperatures in the
range 500 to 700°C.

Physical Chemistry of Molten Salts: Viscosities in the BeF2-LiF
System. - The viscosity of fused media containing BeF2 is interesting
because of (l) the importance of liquids containing BeF2 in nuclear tech
nology (e.g., in molten-salt reactors) and (2) the structural similarity
of BeF2 to Si02 (therefore BeF2 can serve as a low-temperature research
analog in the study of Si02 glasses). A continuing program of study of
the viscosity of the BeF2-LiF system is indicating how viscosity changes
with composition, how these changes are correlated with structural param
eters of the individual components, and how this system compares with the
analogous SI02-Mg0 system.

Measurements were obtained with a commercial rotational viscometer
on 13 mixtures with compositions varying between pure BeF2 and 34 mole $
BeF2—66 mole $ LiF. In this composition range the viscosity changed by
at least five orders of magnitude (e.g., at 725°C the viscosity of pure
BeF2 was found to be ~106 centipoises, while the viscosity of the 60-40
mole $ BeF2-LiF mixture was 30 centipoises; the viscosity of the 34-66
mole $ mixture at 725°C would have been even lower). The energy of ac
tivation for viscous flow (E ) decreased from ~60 kcal for the pure BeF2

to ~17 kcal for 60-40 mole $ BeF2-LiF and to ~11 for the 34-66 mole $
mixture.

The change of the energy of activation with composition in the BeF2-
LiF system parallels that in the Si02-Mg0 system. In other words, the
ratio of E (pure BeF2)/E (x-y mole $ BeF2-LiF) is approximately equal to

E (pure Si02)/E (x-y mole $ Si02-Mg0).

The pronounced lowering of viscosity and energy of activation with
increasing LiF concentration is believed to be associated with the grad
ual breakup of the continuous, random network of Be-F tetrahedra. This
network is presently thought to account for the glassy properties of
pure BeF2.

Target Preparation. - Milligram quantities of isotopically enriched
rare-earth metals, excluding lanthanum and cerium, were produced from
their respective oxides by electron bombardment heating. Because of the
porosity of the metal derived in this manner, all of these materials can
be cold rolled into foils ~1 mg/cm2 thick. Similar techniques are now
being applied to chromium oxide and other oxides for which a suitable,
low-vapor-pressure, metal reductant can be used.

Zone-refining techniques applied to isotopically normal tungsten and
molybdenum bar stock produced metals which were ductile enough to be cold
rolled. Extrapolation of this technique to the electron beam melting of
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small quantities of these metals has been used to obtain molybdenum iso
topes in ductile form. These beads have been rolled to thicknesses of
~1 mg/cm2. A similar technique for tungsten is being developed.

High-temperature vapor sources and substrate rotation devices have
been developed which show promise in obtaining highly uniform thin-film
deposits. Using one combination of these devices, two 241Pu02 targets
were prepared. The film thickness of each target was 2 mg/cm2, to an
estimated uniformity of ±5$.

TRANSURANIUM-ELEMENT PRODUCTION

Chemical Process Development. - Studies have been initiated to evalu
ate ethylenediaminetetraacetic acid (EDTA) as an eluant for californium
and einsteinium from cation exchange resin and to study the behavior of
californium and einsteinium on anion exchange resins in the EDTA form.

Attempts are being made to produce plutonium sols with the lowest
possible nitrate:plutonium mole ratio. In connection with this work,
methods for accurately determining the nitrate concentration of pluto
nium sols are being developed.

Various procedures are being investigated for producing sols of
lanthanides as a stand-in for americium and curium. Although sols have
been produced by several methods, a completely satisfactory procedure has
not yet been found.

Curium Recovery Facility. - Cells 3 and 4 in Building 4507 are being
equipped as an integrated facility to test transuranium process chemistry
at full-scale activity levels and to recover gram quantities of 242Cm and
244Cm. Startup with tracer-level runs is scheduled for July. Operations
during this reporting period include continued equipment testing and mod
ification and flowsheet testing.

Polyethylene service lines have continued to degrade during cold
testing operations, and we have decided to replace nearly all the in-cell
polyethylene lines with metal tubing. The first Zircaloy-2 mixer-settler
was received, and it was tested hydraulically with the major chemical
flowsheets. Satisfactory operation was obtained. Fabrication of the
rack containing two such Zircaloy-2 mixer-settlers, which will replace
the present Homalite units prior to startup, is progressing satisfactorily.

In laboratory testing, Adogen 364 (a tertiary amine substitute) ap
peared superior to the previously used Alamine 336, showing no tendency
to form emulsions in mixer-settler operations.

HFIR Target Development: Prototype Target Irradiation. - The initial
phases of the postirradiation examination on the first HFIR prototype tar
get were completed at Vallecitos. The spacing between the tubing and the
hex can, the diameter and length of the capsule, and the capsule to hex-
can attachments were unchanged. All surfaces of the aluminum were covered
with the typical thin, off-white oxide.

A gamma scan of the element indicated almost uniform flux distribu
tion over the entire length, with slight peaking occurring about 4-l/2 in.
from the top of the full column. Cobalt-activation analysis of the cen
tral aluminum fin indicates that the flux level was essentially as in
tended^ to produce 40 at. $ burnup with an average heat rating of 700,000
Btu hr 1 ft-2. Burnup analysis will be made to confirm this.
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Two of three punctures for gas collection have been made. The quan
tities of gas collected from the voids at the ends of the element were
nearly equivalent to the helium originally in these areas, indicating
little diffusion of fission gases from the pellets to the void spaces. A
third puncture (into one of the central pellets) and analysis of all the
gas samples will be made. Sectioning and metallographic examinations
will be done during July.

HFIR Target Development: Plutonium Target Fabrication. — Hardware
procurement for the HFIR target fluid-flow test bundle has continued. A
new system for handling liquid nitrogen and gas has been installed on the
welding glove box.

Transuranium Facility. — Construction progress on the Transuranium
Processing Plant included pouring the concrete floor of the decontamina
tion room and the normal concrete portion of the north-south cell parti
tion walls. The intercell conveyor housing was received and located in
the cell bank. Procurement of 17 valves from the Velan Valve Company will

be delayed beyond the July 1 contract date because of vendor problems in
meeting our specifications.

The OREL shop fabrication of chemical process equipment is now 15$
complete. Schedules are being revised in order to reflect some material-
procurement delays. The target date for completion of this equipment is
being moved up from August 15, 1965, to July 1, 1965. Fabrication of
some piping assemblies by other shops may be required in order to meet
this schedule. Design of the equipment is 65$ complete and should be
finished by February 1965.

Corrosion. — Welded specimens of Zircaloy-2 were immune to hydrogen
pickup during 1000-hr tests at 55°C in nonaerated and oxygenated 6 M HC1
solutions. Solution-exposed specimens showed final hydrogen contents
within the concentration limits initially present in the unexposed alloy,
38 to 53 ppm. The observed corrosion rates in both environments were
less than 0.1 mil/month. Similarly, no hydrogen pickup in welded Zir
caloy-2 occurred after 1000 hr at 55°C in a nonaerated solution of 11 M
LiCl containing 0.02 M HC1. The corrosion rate was negligible. However,
a pickup to 150 ppm of hydrogen took place in a welded, solution-exposed
Zircaloy-2 specimen after 1000 hr in oxygenated 8 M HC1 at 55°C. The un
exposed material contained between 3$ and 53 ppm initially. This was the
first observed case of hydrogen pickup in Zircaloy-2 exposed in TRU-re-
lated solutions at temperatures below boiling. A corrosion rate of 0.5
mil/month was obtained in the 8 M HC1 solution; the vapor-phase rate was
0.1 mil/month. The strip solution in the flowsheet for lanthanide-ac-
tinide separations is 8 M HC1. All other process streams are 6 M or less.

Analytical Chemistry Development. — An extraction method for the de
termination of radioactive ruthenium has been evaluated. Ruthenium re

covery of less than 98$ with an alpha decontamination of less than 3 x
105 has been routinely achieved. It is now proposed to use this method,
retaining the distillation procedure for a reference method.

A new method for the separation of trivalent actinides from lantha-
nides was developed. The quaternary amine Aliquat 336-S (95 to 98$ tri-
caprylmethylammonium chloride) dissolved in xylene (30$ by weight) ex
tracts the actinides from solutions that are 0.2 N in H2S04 and, most



- 30

important, from solutions that are 0.2 to 0.6 M in NH4CNS. Excellent
separation factors are obtained from the lanthanides (e.g., Cf/La is
about 104, and Bk/Ce is about 1600). These separations are possible only
at the dilute concentrations of NH4CES; high concentrations lead to com
mon extraction. In the absence of EH4CNS, the actinides are not extract-
able from this system. The extraction system has several advantages over
the 11 M LiCl-HCl system for this separation, including higher solubili
ties (greater extraction per unit of reagent) and noncorrosivity. The
stability of the thiocyanate under high radiation and other radiation-
induced problems will be investigated.

METALLURGY AND MATERIALS

Preparation of Pure Materials: Single-Crystal LiF. — A 325-g crystal
of LiF, designated ORNL-8, containing 50.77 at. $ 7LI was produced and was
made available for use at the Materials Science Center of Cornell Univer

sity as a part of the AEC Pure Materials Program. This crystal was pre
pared by standard techniques developed at OREL (OREL-3341) for preparing
single crystals of lithium fluoride of <1 ppm impurity level. Crystals
OREL-7 and -8 were found to be sufficiently pure that the proportionality
constants of the Rayleigh scattering term could be shown to be dependent
upon isotopic composition.

Preparation of Pure Materials; Single-Crystal Li2BeF4. - Crystals
of pure Ll2BeF4 were prepared and were used for initiation of the first
structural investigation of this important compound. The product, grown
by the modified Stockbarger method, was polycrystalllne. A melt of the
stoichiometric composition, prefused with ammonium bifluoride in a graph
ite crucible, was used as the charge material. The polycrystalline char
acter of the ingot obtained from the Stockbarger furnace is therefore
probably due to nucleation emanating from graphite centers. Optically
clear single crystals of maximum size approximately 3 x 4 x 10 mm com
prised some 20$ of the frozen mass. Preliminary x-ray diffraction data,
obtained with these crystals, indicated that they will serve as excellent
specimens for crystallographic studies.

Reactions at Metal Surfaces. — Our investigation of diffusion in the
refractory metals tantalum and niobium is continuing. Refinements in the
technique for isotope depositions have markedly improved the reliability
of the extreme near-surface penetration data for both host metals. These
improvements have permitted us to take greater advantage of the extreme
sensitivity of our anodic-film sectioning technique.

We obtained penetration profiles for the diffusion of 95Nb into both
mono- and polycrystalline tantalum specimens at several temperatures. The
non-Gaussian behavior observed was interpreted to be a result of the co
existence of both lattice and "short-circuit" diffusion mechanisms. Even
in the single-crystal specimens, the contribution of diffusion along dif
fusion pipes was easily seen. At low temperatures in polycrystalline
specimens, these short-circuit diffusion mechanisms predominated, com
pletely controlling the shape of the penetration curves for penetration
depths greater than a few thousand angstroms.
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This research has demonstrated that the determination of lattice

diffusion coefficients at low temperatures in tantalum and niobium (and
probably in general) requires the careful interpretation of data obtained
by a technique capable of resolving concentration gradients on the sub-
micron level. Our anodic-film sectioning method is such a technique and
has proved satisfactory for the determination of lattice diffusion coef

ficients as low as 10~17 cm2/sec. We anticipate future improvements in
the method to increase its range still further.

Deformation of Crystalline Solids. — Knowledge of the increase in
energy content of metals and alloys during deformation is important be
cause it provides information on the defects thus created, and this en
ergy provides the driving force for subsequent recovery and recrystalli
zation. This energy can be measured either during the deformation (as
the difference between the mechanical work done on the sample and the

heat released by the sample) or during the recovery and recrystallization
processes. Values obtained by these two methods do not agree satisfac

torily, and we may attribute this to the inadequacy of methods to measure
the recovery energy. We are building an isothermal calorimeter that we
expect will be able to properly follow the recovery process.

The most critical aspect of such an experiment is the ability to
rapidly increase the temperature of the sample and the furnace while keep
ing both at nearly the same temperature and to precisely control the fur
nace at this higher temperature. This is critical because recovery pro

ceeds with a rate that decreases so rapidly that reliable measurements
must be made in very short times. The more difficult part of this problem

is heating the sample. Of the several ways that have been tried, the best
appears to be the use of a tungsten filament inside the furnace to heat
both the sample and furnace. Unfortunately, in our present apparatus, the
filament is not in adequate thermal contact with the furnace, so that the
filament cools below the furnace temperature. The new apparatus now being
constructed should take care of this problem. Nevertheless, the present
calorimeter has worked well enough to measure the recrystallization energy
of copper in agreement with accepted data.

Spectroscopy of Ionic Media. — As part of our continuing study of the
nature of the molecular entities that exist in high-temperature liquid
media, we have been investigating the structure of metal complexes by
spectroscopic methods. Preliminary measurements of the optical spectra
of molten NICl2-CsCl mixtures indicate that the coordination geometry of
Cl~~ ions about Ni2+ ions changes markedly when the NIC12 content changes
from a very small value to 75 mole $. The measurement temperature, 850°C,
was well above the liquidus curve for all mixtures except those near 75
mole $ NiCl2. For NiCl2 concentrations up to about 30 mole $, the spec
trum changed only in minor ways and appeared to be due predominantly to

Ni2+ ions surrounded by tetrahedra of Cl— ions. When the composition
reached 40 mole $ NiCl2, the relative intensities of the absorption bands
were decidedly altered. At concentrations above 40 mole $, these changes
became strongly accentuated. Clearly, something quite different replaces
the tetrahedral coordination geometry at the higher concentrations. Al

though we have not yet identified the new coordination geometry, it ap
pears to be quite similar to that which prevails about Ni2+ impurity ions
in molten MgCl2. It is relevant to note that the NiCl2-CsCl system has
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two binary compounds, NiCl2-3CsCl (mp, 547°C), with an approximately tet-
rahedral arrangement of Cl~ about Ni2+, and NiCl2»CsCl (mp, 758°C), with
an approximately octahedral arrangement of Cl~ about Ni2+. However, the
unidentified melt spectrum does not correspond to octahedral coordination.

Theory of Alloying. — The general study of alloying zirconium with
transition elements adjacent in the periodic table has continued with new
measurements on Zr-Sc, Zr-Ti, Zr-Nb, and Zr-Mo. We found from measure
ments of electrical resistivities that no significant long-range ordering
occurs in hexagonal Ti-Zr solid solutions that could account for our pre
viously reported maxima in superconductivity transition temperature and
density of electronic states. With increasing scandium content in Zr-Sc,
the density of electronic states decreases to a minimum at 10$ Sc and then
rises nearly linearly to a value for pure scandium that is 3.8 times that
for pure zirconium. The decrease in electronic density per electron re
moved by dilute alloying with scandium is equal and opposite to the changes
produced by electron addition through alloying zirconium with Ag, Cd, In,
Sn, or Sb, in agreement with a rigid band approximation. On the other
hand, in dilute Zr-Nb and Zr-Mo alloys, the experimental rise in density
of states and superconductivity transition temperature and the drop in
Debye temperature with increasing alloy content were greater than would
be predicted by this approximation. Measurement of electrical resistivi
ties of Zr-Nb alloys after annealing at 600 to 620°C showed solid solution
to 4 at. $ Nb and a smaller change in electrical resistivity for niobium
than for usual alloying additions to hexagonal zirconium.

Structure of Metals. — One of the current problems in the theory of

annealing of metals concerns the origin and nature of nuclei for recrystal
lization of cold-worked metals. We are studying the annealing behavior of
niobium single crystals containing deformation twins that have been intro
duced by mechanical working. These twins are thin lamellae which are re
lated in structure to the bulk crystal by a plane of symmetry called the
coherent twin boundary. At 1000°C the noncoherent twin boundaries were
mobile, and the twins could expand or contract through the migration of
these boundaries. The coherent twin boundaries were much less mobile;

they did not move in 30 days at 1000°C. These niobium crystals also re-
crystallized at this temperature, but only at twin intersections. The new
grains had fixed orientation relationships to the intersecting twins and
the matrix. The growth rates of these grains were very anisotropic, and
the direction of fastest growth was parallel to the primary twin system.

Fundamental Research in X-Ray Diffraction. — To understand the oxida
tion behavior of metal crystals, a detailed knowledge of the structure of
the surface films is necessary. This knowledge can be obtained by x-ray
diffraction techniques. In our continuing study of thin Cu20 films grown
on copper single crystals, we have found some interesting diffraction ef
fects.

We have found and explained a discrepancy in the spacings between
110 planes in the films. In Cu20 these planes alternate between planes
containing copper atoms only and planes containing both copper and oxygen.
Our experiments showed that the spacing between the oxygen-containing
planes was less than twice the spacing between adjacent unlike planes,
and the difference increased with decreasing film thickness. We had
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previously shown [Acta Cryst. 13, 542 (i960); Acta Met. 10, 691 (1962)]
that the forces between the copper crystal and the oxide film distort the
structure of the film, so that the atom spacing decreases with increasing
distance from the metal. Since the diffraction method inherently aver
ages the spacing over the film thickness, we can resolve the discrepancy
by recognizing that the plane of atoms next to the metal consists only of
metal atoms. The spacing between oxygen-containing planes is measured
from a diffraction peak that arises only from scattering by oxygen atoms

and thus does not involve the first plane. The spacing between adjacent

planes, however, involves the much heavier scattering by copper atoms
and thus includes the first plane with its greater separation. This ef
fect is surprisingly large, sometimes amounting to several tenths of a
degree in the diffraction angle.

Our theory [Acta Cryst. 13, 542 (1960); Acta Met. 10, 691 (1962)],
which assumed uniform film thickness, failed to account completely for the
shapes of the x-ray diffraction peaks. We have expanded our theory to in
clude the fact that the film thickness is not uniform, and it now agrees
with experiment. Also, the expanded theory has resolved a discrepancy
between values of the film thickness derived from different features of

the diffraction pattern.

Crystal Physics. — Experiments with single crystals aid the funda
mental understanding of the properties of many materials. Since suitable

single crystals are frequently difficult to obtain, particularly for re
fractory substances, we are conducting a continuing program, both to pro
vide crystals needed in research and to devise and improve methods for
growing crystals. Also, we are investigating select physical properties
as they relate to the crystal-growth process or to new compounds.

We are building a split autoclave (working volume is 5/8 in. in diam
eter by 5-l/2 in. long) to contain 30,000 psi at 500°C. It incorporates
our modified Bridgman seal supported by a retainer ring [Rev. Sci. Instr.
34, 1262 (1963)], which has been most effective in other autoclaves.

Thorium dioxide crystals containing Gd, Dy, Er, or Yb at controlled
concentrations below 0.1 wt $ were grown from molten Li20«2W03 containing
1 wt $ B203, at 1225 to 1275°C. These crystals are being studied by elec
tron-spin-resonance (ESR) methods. Since our undoped Th02 crystals were
sufficiently pure and free of thermal defects that they showed no reso
nance spectrum down to liquid-helium temperature, the spectra observed on
doped crystals are due to the dopant and the necessary charge compensa
tion. We have now obtained ESR spectra for Er3+ and Yb3+, each of which
combines types that correspond to different point symmetries. One was
isotropic with rotation of the magnetic field and was attributed to a
paramagnetic ion in a cubic site. The other spectrum for Th02(Yb), upon
rotation of the magnetic field, had axial symmetry about the four [111]
directions of the crystal, while that for Th02(Er) had tetragonal symmetry
about the three [100] directions. The line widths of the cubic spectra,
for low concentration of ytterbium or erbium, were less than 1 oersted.
This is quite narrow and somewhat indicative of crystals of good quality.

The crystalline mosaic spread of (ill) faces of Th02 was determined
by x-ray double-crystal diffraction methods. The line widths at half
maximum were about 0.05°, and the defect densities were of the order of
109 per square centimeter. These numbers give us our first quantitative
measure of crystal quality.
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Fundamental Investigation of Radiation Damage in Solids: Effect of
Lead on the Room-Temperature Colorability of KC1. — The introduction of F
centers in lead-doped KC1 by ionizing radiation has been measured as a
function of lead content for different radiation intensities. For the

lowest intensity (gamma irradiation), as little as 0.5 ppm impurity caused
a marked decrease in the late-stage coloration, and less than 100 ppm com
pletely suppressed the late stage. Lead impurities are less effective in
decreasing late-stage colorability when higher irradiation intensities
(electron irradiation) are used. These results suggest that previously
observed variations in the late-stage coloration characteristics could
have been due to trace amounts of impurities of the order of 1 ppm.

Furthermore, it is suggested that these trace impurities are not depleted
during irradiation, but affect the late-stage colorability by acting as
electron or hole traps, or as recombination centers.

Fundamental Investigation of Radiation Damage in Solids: A Capacity
Microphone for Ultrasonic Measurements at Megacycle Frequencies. — A
transistorized capacity microphone has been developed for use in ultra
sonic measurements employing the pulse-echo technique. Briefly, the pur
pose of such a development has been threefold. With a gap of known dimen
sions between the sample and the detecting electrode, it is possible to
calibrate the output signal in terms of sample displacement, so that an
absolute value of sample strain can be obtained. If the conventional
quartz crystal detector is used, the strain can only be estimated at best,
since the bond efficiency is usually unknown. Second, it is of importance
in studying harmonic generation in solids from finite displacements to
have absolute measures of the harmonic as well as the fundamental strain

amplitudes. This is achieved in the present microphone by virtue of the
flatness of electronic response between 10 and 100 Mc/sec. Across this
range there is not more than 1$ deviation in sensitivity from one extreme
to the other. Finally, the microphone uses no bond (in contrast to the
conventional quartz detector), so that the effect of bonds may be assessed.

CONTROLLED THERMONUCLEAR RESEARCH

Plasma Physics. — We have been Investigating a very simple magnetic
probe for studying the properties of a plasma. The probe is merely a
bare wire immersed in the plasma. When an electric current of high amper

age flows through the wire, the wire is surrounded by a magnetic field
which repels charged particles. By measuring the electric current caused
by the charged particles which are able to reach the wire, as a function
of the magnetic field, we obtain information as to the momentum distribu
tion of the charged particles in the plasma. In this respect, this probe
differs from the Langmuir probe [Phys. Rev. 28, 727 (1962)], which meas
ures the energy distribution of the charged particles. Although other
workers have used magnetic fields to analyze the momentum of particles

emitted from a plasma [Handbuch der Physik, vol. XXII, p. 61; J. Nucl.
Energy: Pt. C _2, 69 (1961)], apparently the use of the probe wire itself
as the magnet is novel.
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Vacuum. — The studies of the behavior of organic compounds in vacuum

systems have been continued in the ultrahigh-vacuum test facility. Ex
periments were conducted on the effect of electron bombardment of a sur
face during and immediately following admission of the saturated hydrocar
bons heptane and dodecane. No evidence of hydrogen evolution was found
unless the hydrocarbon pressure was increased to several microns, which
presumably allowed a Townsend discharge to occur. An initial attempt to
detect the presence of dodecane on the surface at a temperature below its
normal boiling point (—10°C) failed when the electron bombardment tech
nique was used. The ionization potential for this compound (about 10 v)
is higher than that of bis-octylphthalate (about 6 v), for which the tech
nique proved useful in previous studies. These findings appear to cor
roborate the conclusions tentatively reached in the earlier experiments
that secondary electrons are involved in the decomposition reactions of
absorbed compounds subjected to electron bombardment.

BIOLOGY AND MEDICINE

MOLECULAR- AND CELLULAR-LEVEL STUDIES

Physics of Tissue Damage: Measurements of Diffusion-Pump Oil Deposi
tion with Radioactive Tracers. — A radioactive tracer technique Is pro-

posed as a quick, simple, nondestructive method for measuring the deposi
tion of diffusion-pump oil. Ten milliliters of DC 704 oil was irradiated
in the LITR (1.25 x 1013 neutrons cm-2 sec-1) for 2.6 hr. The 30Si, com
prizing 0.54$ by weight of the oil, becomes activated to 31Si, which has
a half-life of 2.6 hr and emits a beta ray of 1.48-Mev end-point energy.
The oil was diluted to 225 cm3 and added to the diffusion pump. After 1
hr of pumping on a bell jar, the jar was removed and the inside was scanned
with a Geiger counter. The ratio of counts/cm2 in the top of the jar to
the counts/cm3 of the bulk oil gave a thickness of 6 A. Use of larger
radioactive samples and higher reactor fluxes may increase the sensitivity
by more than two orders of magnitude.

Physics of Tissue Damage: Optical Properties of Graphite in the Far
Ultraviolet Region. — The optical properties of hot-pressed pyrolytic
graphite were studied in the wavelength region from 1100 to 3000 A. The
real (n) and imaginary (k) parts of the complex index of refraction were
obtained from reflectance measured at 20° and 70° incidence. The complex
dielectric constant and the energy-loss function were determined from
these n and k values. The energy-loss function, Im(l/e), was found to
exhibit a maximum at a wavelength of 1800 A, corresponding to an energy
of 6.9 ev. This peak has been studied in electron energy-loss experi
ments, which have placed it at 7.5 ev and attributed it to the excitation
of the conduction electron plasma.

TERRESTRIAL AND FRESH-WATER ECOLOGY

Analysis of Growth Responses of Two Sedges on White Oak Lake Bed. -
An earlier report (OREL-2903) concerning the lengths of inflorescences of
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sedges (Carex vulpinoidea, C. Frankii) growing on White Oak Lake bed
showed that inflorescences were longer in areas with higher air dose
rates of gamma radiation. Because of variations in such factors as mois
ture, site fertility, and soil alkalinity, the differences in inflores
cence length could not be ascribed to radiation dose with any certainty.
To investigate effects of site factors, a further series of sedge inflo
rescences was measured from four areas on the lake bed and from four un-

contaminated sites, and a number of soil factors were measured at each
site. A statistical analysis was performed in which the factors soil pH,
calcium, active phosphorus, exchangeable potassium, organic matter, and
radiation dose rate in air were considered. The linear model

k

Y = a + £ p.x.
i=i 1 1

was examined, in which Y represents inflorescence length, a is a constant,
P-j_ is a regression coefficient for the ith factor, Xj_ is an amount of the
ith factor, and k = 0, 1, 2, 3, 4, 5, or 6. There are 26, or 64, possi
ble models of this type, but in one of them (k = 6) the model would pass
through the seven averages, leaving no means for assessing its validity.
The remaining 63 models were examined with a computer program, which se
lected the best model with one through five variables. For Carex vulpi
noidea the best general model was

Y = 63.55 + 0.2091 R ,

where Y = inflorescence length (mm), and R = radiation dose rate in air
(mr/hr) 1 m above ground. For Carex frankii the best general model was
the three-term one:

Y = 157.83 + 0.5827 R - 14.87 pH + 0.4362 Ca ,

where pH = hydrogen ion concentration in soil, and Ca = exchangeable cal
cium (lb/acre). For each sedge species, radiation dose rate in air pro
vided the best single-term model and appeared as a significant factor in
the two- to four-term models. However, it still remains likely that other
soil factors associated with inorganic constituents of industrial wastes
influence the lengths of inflorescences. An experimental approach (in
both laboratory and field) would seem to be needed to resolve whether the
observed increase in lengths of inflorescence is a direct response to
radiation, an indirect effect, or the consequence of some purely chemical
aspect of waste disposal. In any case a radiation response in natural
environments is not likely to be entirely independent of other factors.

Environmental Influences on Responses of Metaphosphate Glass Dosim
eters. — Application of glass-rod dosimetry is increasing in field radia-
tion ecology studies. To qualify certain of these field uses, a study
was made on the influence of temperature and sunlight on radiation re
sponse (fluorescence) of Toshiba low-Z rods. In a temperature range 3.5
to 53.5°C, rods showed no change in response to beta radiation from 137Cs
solutions. The response to 137Cs gamma rays, however, increased with in
creasing temperature. A linear expression describing this Increase is
Y = 4.12 + 0.007 X, where Y is fluorometer units per rad, and X is tem
perature (°F).
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Predosed rods were found to fade (lose fluorescence) exponentially
when exposed to sunlight for 30 hr, given in 6-hr increments at about 104
ft-c. Rods lost 37 to 46$ of the dose during the first 6-hr exposure.
Fading was also related to predose, as high-predosed (5500 fluorometer
units) rods had a significantly greater (p < 0.01) percentage of fading
than low-predosed (400 fluorometer units) rods. The effectiveness of sev
eral kinds of shields was studied, and nylon plastic shields painted black
were found to prevent fading when tested by 20-day exposures on White Oak
Lake bed.

Effects of Growth Rate and Ionizing Radiation on Ribonucleic Acids in
Mimosa"Seedlings. — Mimosa (Albizzia julibrissin Durazzini) seedlings were
germinated at controlled rates by varying temperature conditions. Total
and soluble RNA (ribonucleic acid) extracts were made from each sample,
and their concentration ratios were expressed as percentages of soluble
RNA/total RNA. Base compositions of both soluble and total RNA were
also determined for each sample. A linear correlation exists between
base compositions (individual bases of soluble RNA) and growth rates.
However, growth rate apparently has little, if any, effect on the soluble
RNA/total RNA percentages.

Groups of Mimosa seedlings germinated at one optimal temperature
condition are being irradiated in the 60Co source room and will be used
for RNA determinations similar to those for the above controls germinated
at the same temperatures. Thus far, only one extraction of soluble RNA
has been made from irradiated seedlings. The soluble RNA/total RNA ratio
(23.69$) varied considerably from that for the controls (average of
13.94$). The base compositions also showed some differences. Guanine
(34.2$) and cytosine (30.6$) were both slightly higher than control fig
ures (averages of 32.7 and 29.3$ respectively), while adenine (18.0$)
and uracil (17.1$) were both slightly lower than control figures (averages
of 20.3 and 17.7$ respectively). The dose received by the Mimosa
seedlings ranged from 500 to 1500 r over a four-day period preceding
extraction.

Analog Computer Simulation of a Five-Compartment Ecosystem. - The
pattern of coupling between parts of an ecosystem determines how radio
isotopes and other substances will be distributed at equilibrium.
Several experiments to illustrate this were performed with the following
five-compartment system:

Xi = tqiXq - t12Xx - t10Xi - rlAXx ,

X2 = T12Xx + T42X4 ± T23X2 - T20X2 - T24X2 ,

X3 = T23X2 - T30X3 - T34X3 ,

X4 = Tx4Xx + T24X2 + T34X3 " T42X4 - T40X4 ,

where X is the quantity of material in compartment I (i = 0, 1, ..., 4,
i

with 0 denoting the environment, 1 the primary producers, 2 the herbivores,
3 the carnivores, and 4 the decomposers), and the t . are instantaneous

fractional transfer rates from compartment i to compartment j (j = 0, 1,
..., 4). The input was a constant signal, Xo = 5 v.

With parameter values of t01 = t12 = t23 = Tj_4 = 0.05, T42 = 0,
t10 = 0.1, t20 = 0.2, t30 = 0.3, and T40 = 0.4, the equilibrium masses
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were Xx = 1.3, X2 = 0.22, X3 = 0.031, and X4 = 0.19 v, for a total of

X = 1.741 v X = 2 X. .

V i=i V
Thus, 74.7$ of the total material was in compartment 1, 12.6$ in 2, 1.8$
in 3, and 10.9$ in 4. When T42 was increased from 0 to 0.05 the values
were X± = 1.3, X2 = 0.24, X3 = 0.035, X4 = 0.17, and X = 1.745 v. The
total equilibrium mass was increased slightly, with compartments 2 and 3
increasing and 4 decreasing. The relative distribution of material be
tween compartments was only slightly altered: 74.5$ in 1, 13.8$ in 2,
2.0$ in 3, and 9.7$ in 4. When the parameters were changed to t,2 = 0,
T]_o = 0.4, t20 = 0.3, t30 = 0.2, and T40 = 0.1 (all others as in the first
experiment), the equilibrium was Xx = 0.5, X2 = 0.06, X3 = 0.001, X4 =
0.861 v. The total amount of material retained by the system was markedly
reduced, and the distribution among compartments was quite different:
58.1$ in 1, 7.0$ in 2, 0.1$ in 3, and 34.8$ in 4. When t0i was increased
to 0.1 and t12 to 0.075 (other parameters as in experiment l), the ma
terial in the system was increased considerably at equilibrium: Xx = 2.2,
X2 = 0.55, X3 = 0.08, X4 = 0.36, and X = 3.19 v. The distribution was
69.0$ in 1, 17.2$ in 2, 2.5$ in 3, and 11.3$ in 4.

These four experiments are sufficient to demonstrate that ecological
systems with the same input of materials will vary greatly in the amounts
of material retained at equilibrium as well as in the distribution be
tween compartments, depending upon how their living components are coupled
(the values of the t. . in the model). Therefore, a primary concern of

empirical radioecology must be the elucidation of basic organization
patterns in important natural ecosystems, for without such information
predictions about how such systems will handle nuclides, and even how
they will react to radiation stress, cannot be made with reasonable
accuracy or precision.

Evaluation of Fission Product Distribution and Movement in White Oak
Drainage System. - The sludge in abandoned waste pits 2 and 3 is primarily
a mixture of calcium carbonate and illitic clay, with calcium carbonate
comprising about 20$ of the total weight of the material in pit 2 and 50$
of the weight of the sludge in pit 3. Very small quantities of 90Sr were
leached from the sludge with water, base, weak acid, and weak neutral salt
solution; however, 1 N neutral salt solutions and 1 N acid solutions were
effective leaching agents for strontium. The only leaching solution to
remove more than trace quantities of 137Cs from the material was 1 N HN03.
Most of the 90Sr in the sludge Is associated with the calcium carbonate,
while the 137Cs occupies highly selective exchange sites on the illitic
clay fraction of the sludge.

ISOTOPE DEVELOPMENT

Solvent Extraction of Fission Products. — In recovering strontium
and rare earths from Purex waste by the di(2-ethylhexyl)phosphoric acid
(D2EHPA) extraction process, efficient separation of strontium from cal
cium was obtained in the second extraction cycle by making the aqueous
feed 0.02 M in citrate and operating at a pH of 3.2 rather than at a pH
of 2, as specified in the original flowsheet. More than 98$ of the cal
cium was coextracted with about 100$ of the rare earths (from which it can
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be easily separated in subsequent cycles) in five extraction and three
scrub stages, leaving about 98$ of the strontium in the raffinate. Feed
for the test was simulated first-cycle strip solution; the scrub was
0.01 M HN03, and the solvent was 0.3 M D2EHPA-0.15 M TBP-Amsco 125-82.

Radioisotope Research and Development. - A significantly improved
generator for "m-Tc has resulted from changes in the elution method. An
activated alumina column of 50 to 200 mesh particles equilibrated with
0.1 M HCl adsorbs 99Mo quantitatively from ammonium paramolybdate in 0.1
M HCl solution. Excess water is removed by air drying and methylethyl
ketone (MEK) washes. Elution experiments were performed with MEK con
taining (1) 0.25 to 5.0$ H20, (2) 0.25 to 5.0$ 0.1 M HCl, and (3) 0.25$
0.001 to 0.1 M HCl. It was established that:

1. Increased H20 concentration in MEK improved the elution of 99mTc.
2. An increase in HCl content alone did not increase the elution of

99mTc<

3. The solutions containing HCl gave somewhat poorer elution, since
greater volumes of eluant were required to remove the 99mTc.

4. The 5$ H20 in MEK gave sporadic traces of molybdenum.
5. The 5$ 0.01 M HCl in MEK would be a suitable eluant for the generator,

since It extracted most of the 99iaic from the column with a reasonable
volume of solution and showed no detectable 99Mo activity. Neither
the 5$ H20 in MEK nor the 5$ 0.01 M HCl contained dissolved alumina.

This generator uses reactor-produced 99Mo which is free of inter
fering activities, such as l03Ru present in fission product 99Mo, that
could contaminate the 99mTc product.

A 250-mg enriched 58Ni target, which had been irradiated for 7.65
years in the isotope stringer of the LITR at a flux of 1.15 x 1013 neu
trons cm-2 sec"1, was processed for 58Co by use of the HCl—Dowex 2 sys
tem. The principal reactions, effective cross section at push time,
half-lives, and yields are listed below;

Effective Yield
Reaction Cross Section Half-Life

(barns)
(mcl

58Ni(n,7)59Ni 3.0 8 x 104 years 0.14

58Ni(n,p)58Co 5 x 10-3 72 days 4.03

A portion of a 2.5-g NaCl target, which has been in the isotope
stringer of the ORR for 3.95 years at a flux of ~2.5 x 1014 neutrons
cm-2 sec-1, was processed to determine the yields of 32P and 33P. The
yields were favorable enough to warrant processing the entire target for
33P. The main portion of the target had already been used for the sepa
ration of 36C1 and 35S. The phosphorus was associated with a relatively
large amount of 35S and therefore was recovered in an intermediate proc
essing step during 35S purification. The 33P/32P ratio will be 20:1 on
July 1, and ~1.1 mc of 33P will be available after the 32P decays to less
than 5$.

Radioisotope and Stable Isotope Production. — Ion currents equiv-
alent to 3423 g of separated isotopes were monitored during May and June.
Isotopes of Ba, Mg, Ni, Ru, S, Si, Se, and W were separated and collected,
using 28 of the calutrons associated with this program.
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