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OAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

JULY 1963

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

EGCR Startup Program. - Prompt-neutron lifetimes and the approach to
criticality for core I were analyzed, and accurate control-rod boundary
conditions and rod worths were calculated. A substantial step was taken
toward completion of the checkout of the pulser transient code, and a start
was made in the programming of a code to extract decay constants from ex
perimental neutron-pulser data. Test calculations were completed which
checked the phase of the code that calculates the flux distribution as a

function of time during a pulser-induced transient. In checking the flux
distributions against those calculated by other means, it was found that
good accuracy was obtained with 15 terms in the flux expansion, and, for
some cases, tolerable accuracy was obtained with 10 terms. The presently
specified locations for detectors were found to be satisfactory. No de
tector relocation will be necessary during the critical experiment unless
the critical core is substantially larger than anticipated. Including an
allowance for air poison, the present estimate indicates that the critical
core will consist of 47.5 channels loaded with fuel and two small loop po
sitions plugged with graphite.

EGCR Flux Scanners. — Calculations were made to evaluate some effects

that would result from adoption of a proposal to insert an Inconel liner
(0.50 in. OD, 0.26 in. ID) in each of the 18 flux-scanner tubes of the EGCR.
It was found that the liners would increase the gamma-radiation heating of
the scanner tubes by about 51% in a typical EGCR operating situation, the
maximum heating would be about 462 w per scanner tube. The liners would
not significantly affect the fast-neutron flux distribution; they would,
however, depress the thermal-neutron flux to about 87$ of the value in the
unlined tubes. The liners would decrease the effective multiplication
factor of the reactor by Ak/k = 0.72/oj this corresponds to a decrease of
about 9% of the lifetime for the first core.



EGCR Construction Support. - The two large pipe welds joining A212B
carbon steel to type 304 stainless steel, which will be in the primary
coolant system of the EGCR, were completed in the ORNL shops. These pipes
are approximately 3 ft in diameter and have 1-in.-thick walls. The welds
were made with Inconel 182 filler metal following procedures developed at
ORNL. A 200 to 300°F preheat was imposed during welding, and a 1150°F
postheat was employed after welding. Stringent inspection of the welds
was maintained, including periodic examinations by an ASME code inspec
tor. The welds were of excellent quality, and the pipes were shipped to
the EGCR site for insertion in the reactor system.

GCR-ORR Loop No. 1. - A stainless-steel-clad U02 fuel element of the
EGCR type that was made defective by drilling a l/l6-in.-diam hole through
the cladding was tested in GCR-ORR loop No. 1 for one month. The hole in
the cladding was positioned at the end-cap insulator to avoid line-of-sight
release of recoil fission products from the fuel to the helium coolant.
With the cladding surface temperature at 1500°F and central fuel tempera
tures of 2050 to 2150CF, apparent equilibrium was reached in approximately
12 hr with about 1 curie of xenon and krypton activity in the loop. This
relatively high fission-gas release was expected for this fuel, which has
a d' (release rate parameter) of approximately 10-11 sec-1. No operational
difficulties were experienced with the loop, and a new test is planned with
a fuel that is expected to retain more of the fission gas.

GCR-ORR Loop No. 2. - Irradiation of the first capsule containing four
1.5-in.-diam graphite-matrix spheres fueled with coated particles was ini
tiated with ORR cycle 48. After initial adjustment of several components
in secondary systems, operation of the loop proceeded smoothly. The aver
age heat generation for the four fuel spheres is approximately 30 w/cm3,
which is the design value, indicating that previous flux measurements were
accurate. The gas temperature at the fuel assembly inlet is approximately
1060°F, and the central fuel temperatures vary between 1200 and 1600°F.
Fission-gas release from the fuel has been very low, with estimated con
centrations of krypton and xenon activity of less than 25 uuc/cm3.

Capsule Irradiations in the LITR. - A new capsule containing pyrolytic-
carbon-coated particles of UC2 and (U + Th)C2:, manufactured by the National
Carbon Company, was installed in the LITR for testing. Operation with the
revised arrangement for the test facility in the LITR tank, which avoids
interference with the capsules during refueling, has proved to be quite con
venient .

Capsule Irradiations in the ORR Poolside Facility. - Irradiation of
the set of capsules described previously is continuing in the ORR poolside
facility. Included are three sweep capsules containing 1.5-in.-diam graph
ite matrix spheres fueled with pyrolytic-carbon-coated uranium carbide par
ticles . The ratio of fission-gas release rate to birth rate for Kr8 for
two of the capsules continues to be approximately 1 x 10-5. The release
rate ratio for the third capsule has increased to approximately 2 X 10" .
The estimated burnup is about 3 at. $ of the total uranium.
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Postirradiation Examination of Fueled-Graphite Spheres. — Two irra
diated capsules containing fueled-graphite spheres are being examined. One
capsule contained four 1.5-in.-diam molded spheres in which the fuel par
ticles were uniformly dispersed, and the other contained four 1.5-in.-diam
machined graphite spheres in which a cylindrical fuel compact was held in
place by a threaded graphite plug. Irradiation temperatures were about
1500 and 1100°F for the molded and machined spheres respectively. Fission-
gas release, which was measured both during and after irradiation, was low
in both capsules. No flaws were apparent by visual examination after irra
diation. Dimensional changes indicated a maximum of about 1$ shrinkage in
the A direction (with the grain) for the molded spheres. Most of the spheres
showed small weight losses, < 0.5$. Additional tests will include determi
nations of impact strength, compression strength, and abrasion resistance;
and metallographic examinations will be made.

Pyrolytic-Carbon-Coating Fabrication Studies. — Nine coating runs were
made at 1400 C in a low-temperature furnace to gain experience in rapidly
applying laminar coatings (deposition rates > 25 u/hr) at 1400°C and to
study the effects of minor variations in coating conditions on deposition
rate and properties. It was found that careful control of methane flow

rate, methane partial pressure, and size of particle charge was required
to duplicate the thickness of one of the rapidly deposited laminar coat
ings. All rapidly deposited coatings appeared to have the same microstruc-
ture — a general laminar structure with a very coarse texture. The surface
appearance for different runs varied, however, from dull or mat through a
greasy luster to very glossy.

The crushing load of the particle coatings was found to be roughly de
pendent on coating thickness. Within any given batch there was a consider
able spread in crushing load, by as much as a factor of 3, but average values
indicated that one way to obtain strong coated particles was to apply thick
coatings.

Instantaneous Fission-Gas Release from U02. — In an initial experiment
with single-crystal U02 specimens, it was observed that the fission-gas re
lease decreased with burnup and that the fission-gas emission was independ
ent of the production rate. A second set of specimens is being irradiated
in an attempt to confirm these observations, and, as for the first set, the
fission-gas release rate has decreased with burnup. It was thought that the
decrease occurred because the surface of the U02 was being smoothed out by
evaporation caused by fission spikes and redeposition. The first specimens
were therefore examined with an electron microscope, and a very definite
smoothing of the surface was observed.

The first specimens had an equilibrium emission of Kr88 that was inde
pendent of the amount of Kr88 contained in the specimen for flux levels
from 1.1 X 1013 to 3.6 X 1013 neutrons cm-2 sec-1. The second specimens
have an equilibrium emission of Kr88 that is independent of flux from 1.1 X
1013 to 4.2 X 1013 neutrons cm-2 sec-1.

Furnace for Thermal Treatment of Graphite Bodies. — A graphite resistor
furnace was completed that is suitable for testing either three 6-cm-diam
spheres or five 1.5-in.-diam spheres. It will be possible to quench the
spheres with helium, if desired, to provide a severe thermal stress condi
tion. Outgassing of the new 3-in.-diam heating element and associated



insulation has progressed, and the continuous operating temperature is now
1500°C. The ultimate temperature capability of this furnace will probably
be about 2000°C.

STUDIES AND EVALUATIONS

Review of Nuclear Power Plant for Rooppur, East Pakistan. — The con
ceptual design of a 50-Mw (electrical) natural-circulation, single-cycle,
boiling-water reactor nuclear plant was prepared by the Bechtel Corporation
as a basis for establishing the economic feasibility of nuclear power in
East Pakistan. Design details of the proposed reactor were not available
for an analysis of the specific concept; however, calculations of the nu
clear characteristics and fuel costs of similar reactors (Humbolt Bay and
Big Rock Point) substantiate Bechtel's estimated nuclear power costs. The
conclusions are that the proposed nuclear plant is technically feasible and
economically competitive with a conventional oil-fired station of equal ca
pacity.

Value of Plutonium as Recycle Fuel in Large Heavy-Water-Moderated Re-
actors. — Previously calculated fuel cycle costs for large-scale natural-
uranium heavy-water reactors have been based on the assumption that the
by-product plutonium can be sold for use in other types of reactors at a
price of about $7.00 per gram. If such a market for plutonium does not
exist, a reactor operator would have to choose between a plutonium throw-
away cycle and the use of plutonium in his own reactor to enrich natural
uranium or depleted uranium. Calculations of fuel cycle costs under con
ditions of a large developed fuel industry indicate that the first recycle
of plutonium with natural uranium results in a fuel cost saving of only
0.08 mill/kwhr, as compared with a throwaway cycle. This is equivalent to
sale of the plutonium for $2.83 per gram of fissile material. Subsequent
recycles of the plutonium result in even lower savings, with the value of
plutonium reaching zero at the third cycle.

Molten-Salt Reactor Studies. — A literature search was carried out to

determine the chemical compatibility of certain construction materials
(lNOR-8, Ni, Mo, Nb, stainless steel, Inconel, Croloy, graphite, Ta, W,
and V) and fused chlorides and fluorides. A hazard analysis of molten-salt
reactors was initiated. Design studies of fast molten-salt reactors are

in progress.

Spent-Fuel Shipping. — The report on a "Guide to the Design of Shipping
Casks' is progressing satisfactorily. The sections on criticality, heat
transfer, shielding, contamination, regulations, and accidents have been
completed in first rough-draft form. The section on structural integrity
is approximately 65$ complete.

A report has also been completed on "Drop Tests Performed on the Frank
lin Institute's l/4 Scale Model of a 55-ton Cask." The report describes
the series of five impact drops which were carried out with the cask and
includes a section in which an energy balance was written on the piston

drops. The balance takes advantage of some of the information developed
earlier in the drop-testing program.
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Evaluation of Seed-Blanket Power Reactor. - The evaluation of a Bettis
proposal for a 500-Mw (electrical) pressurized light-water seed-blanket re
actor was initiated. Two representative designs will be considered. The
first, designated as a thorium-converter burner reactor, utilizes an en
riched U235 seed and a thorium blanket. This approach has the objective
of achieving long fuel life (70,000 full-power hours) and low fuel cycle
costs. The second design, designated as a thorium-converter recycle re
actor, utilizes U233 as the seed. Preliminary calculations by the Knolls
Atomic Power Laboratory indicate that this latter concept has the potential
of providing a self-sustaining breeder cycle capable of full utilization of
thorium.

REACTOR FUELS AND MATERIALS

Nondestructive Test Development. - Recent ultrasonic development work
has included further study on the through-transmission technique for the
detection of laminations or nonbond in thin sections such as sheet, fuel
plates, etc. The program has included both the development of new scan
ning equipment and the application of the technique to test specimens.

The new scanning device, which consists of the search-tube adjustment
and drive system, specimen holders, and a mechanical recording system,
was fabricated as an adjunct to the existing tube-scanning facility. The
continuous roller chain drive of the tubing scanner translates the speci
mens longitudinally past the ultrasonic transducers which are clamped into
the search-tube drive system. At the end of each longitudinal scan, the
transducers are indexed vertically (in the transverse direction) a fixed
increment (variable from 0.0005 to 0.500 in.), and the specimens are then
translated in a reverse parallel scan. The recorder table mounts longi
tudinally on the tank and is indexed in a horizontal transverse direction
simultaneously with the search units. Parallel Slo-syn stepping motors
accomplish the concurrent motion. The stylus which writes on the electro-
sensitive paper is suspended above the recorder table and is mechanically
coupled to the longitudinal chain drive. This system allows one-to-one re
cording on all specimens up to approximately 48 in. long and approximately
6-l/2 in. wide.

Materials Compatibility Studies. - The compatibility of niobium with
potassium and sodium as functions of temperature and oxygen concentration
in the alkali metal are important considerations in temperature-gradient
mass transfer and other corrosion mechanisms. A series of static tests
has been completed in which relatively pure niobium was exposed at ele
vated temperatures for periods of at least 48 hr to potassium and to so
dium containing from 25 to several thousand ppm of oxygen. Compatibility
of the refractory metal with the alkali metal was assessed by determining
the niobium concentration in the alkali metal before and after test. Ex
posure temperatures were 400 and 600°C for the Nb-0-K system and 400 and
800°C for the Nb-0-Na system. In both systems significant increases in
the niobium concentration in the alkali metal were noted as functions of
both the temperature and the oxygen concentration in the alkali metal.
This is in qualitative agreement with observations of other workers who
have studied the Nb-0-Na, V-0-Na, and refractory metal-N-Li systems.
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However, important differences were noted in the current tests : oxygen
seemed to be the principal catalyst for dissolution of the refractory
metal in the Nb-O-K system, while temperature exerted the greater influ
ence in the Nb-O-Na system.

Fuel Element Development. - Studies were conducted on the effects of
hot-rolling temperature and cold reduction on the blistering tendency in
high-strength aluminum-base plates and on the subsequent forming character
istics of the plates. To duplicate the conditions normally encountered in
forming fuel plates, composite-type compacts of Alclad type 6061 aluminum
were assembled and were fabricated in the temperature range 400 to 500°C
with typical fuel-plate reduction schedules. The plates were subsequently
cold reduced 7.4, 19.4, and 31.5$ in thickness, followed by heat treating
at 500CC, and furnace cooling prior to forming at a constant pressure of
1600 psi. It was shown that the formability of the plates could be im
proved by either decreasing the hot-rolling temperature or increasing the
percentage of cold reduction. In general, the formability of type 6061
aluminum was found to be best at 450QC and at cold reductions greater than
7.4$.

Although the formability of type 6061 aluminum was shown to improve
at the lower hot-rolling temperatures, the blistering tendency of the com
posites was observed to increase as the hot-rolling temperature decreased.
A 30$ blister rejection rate was observed in plates fabricated at 400°C,
as compared with only 5$ in plates roll clad at 500°C. The majority of
blisters noted in these plates were associated with a lack of metallurgi
cal bonding in the clad-frame interface. Metallurgical bonding was not
achieved in plates fabricated at 400°C, as manifested by the discontinuous
nature of the interfacial grain growth at the clad-frame boundaries. Con
tinuous grain growth was noted in the plates fabricated at 500°C.

On the basis of these results, a fabrication technique using a 500°C
temperature and incorporating a minimum of 20$ cold work before the final
anneal was recommended.

POWER REACTOR FUEL PROCESSING

Shear-Leach Process. - The engineering-scale development of the reac
tor-fuel shear and leach equipment, consisting of a 250-ton prototype shear,
conveyor-feeder, and leacher, was continued.

Particle-size measurements were made on sheared sections of stainless-
steel-clad U02, U02-Th02, and Zircaloy-2-clad U02. The sheared sections
were 1, 1-1/2, and 2 in. long. The amount of core material dislodged from
Zircaloy-2-clad U02 sheared into 2-in. lengths was 73$, a factor of 5.8 and
4.2 more than stainless-steel-clad U02 and U02-Th02 respectively.

Batch leaching of stainless-steel-clad oxide reactor fuels sheared to
l/2- to 2-in. lengths was also studied. In these tests the pieces were
placed in a perforated basket which was then suspended in a batch dissolver
containing recirculating acid for leaching the Th02-U02 or U02. Factors
studied included sheared length, basket perforation size, and air sparge
rates for the suspension of fines.

Batch leaching of 1-in. sheared lengths of stainless-steel-clad Th02-
U02 contained in a slotted basket (0.015-in.-wide slots, 23$ open area,



ratio of the diameter of the basket to the diameter of the tank = 0.8l)
and air sparged at less than 1.2 scfm/ft2 resulted in the most rapid leach
ing observed to date. Thorium dissolution was 90$ complete in 2.9 hr and
99$ complete in 7.4 hr. A similar run, identical except for the omission
of air sparging, required 5.7 hr for 90$ dissolution and about 13 hr for
99$ dissolution.

Packing-density measurements on sheared stainless-steel-clad Th02-U02

in 3-to 6-in.-diam cylinders were 4.4 to 5.1 g/cm3 for l/2-in. sheared
lengths and 3.7 to 3.9 g/cm3 for 1- and l-l/2-in. lengths. The uncertainty
in these values may be as high as ±10$.

With the stepped blade, a maximum force of about 156 tons was required
to shear a bundle consisting of 49 solid type 304 stainless steel rods 5/l6
in. in outside diameter.

Aqueous Process Development for Uranium Carbide Reactor Fuel. — The

irradiation of impure uranium monocarbide (5.0$ C) or high-purity uranium
monocarbide (4.8$ c) to 5000 to 7000 Mwd/ton had a significant effect on
the chemical reactivity of this fuel material. In recent hot-cell studies,
the irradiated specimens were almost nonreactive in water at 80 and 90°C,
whereas unirradiated specimens of the same original composition were com

pletely hydrolyzed to uranium dioxide in 4 to 6 hr under comparable condi
tions. Reactivity of the irradiated material in mineral acids, however,
appears to be greatly accelerated. Dissolution of the water-soaked pellets

in 6 M HC1 at 80CC was completed in 5 min, compared with 6 hr for unirra
diated specimens; gas evolution was too rapid for measurement. The reaction
rate in 2 M HC1 was about the same as that in 6 M HC1 at the unirradiated

or 500-Mwd7ton level. Dissolution in 15.8 M HNO3 was completed in less than
30 min, compared with the 2 hr required for unirradiated material.

Since the hydrolysis-dissolution head-end flowsheet developed for this
fuel cannot be applied unless passivity to hydrolysis can be overcome, an
alternative head-end flowsheet is being developed in which unirradiated ura

nium monocarbide is dissolved in excess 15.8 M HNO3 in 2 hr, yielding a dark-
brown solids-free solution containing 100 g of uranium per liter and 12.8 M
HNO3. The partial destruction of organic acids is accomplished by a 16-hr
reflux of the strong nitric acid solution and subsequent distillation of the

excess acid. After distillation of the excess acid, the uranyl nitrate con
centrate is diluted with water to yield a stable raw feed solution contain

ing about 375 g of uranium per liter and 1 M HNO3; the color is yellow-
orange. The remaining organic impurities finally are destroyed by a 2-hr
reflux with 0.05 M Ce (NH4J2(^3)5. Feed solution thus prepared performed
adequately in batch extraction and stripping tests under simulated Purex

solvent-extraction conditions. Uranium recovery was quantitative.

Corrosion. — Nichrome V, "A" nickel, and Haynes alloy No. 25 corroded
at rates of 1.4, 1.2, and 31.1 mils/month during exposure to 13, 14, and
4 cyclic oxidation-chlorination tests respectively. The cycle consisted
in exposure of the alloy specimen, which was buried in graphite-U02 mois
tened with HNO3-HF, to (l) oxygen at 800CC for 5 hr and (2) chlorine at
500°C for 5 hr. In a similar cycle in which the chlorine exposure was re
placed by chlorination in refluxing hexachloropropene for 3 hr at 180°C,
the Nichrome V and Haynes 25 showed slight weight gains over 12 and 3 cycles,
respectively, while "A" nickel and Carpenter 20 showed maximum corrosion
rates of 8.0 and 1.2 mils/month over 11 and 9 cycles respectively.



Hastelloy B exposed for 304 hr to boiling 3 M ZrOCl2-3 M HC1 under
an atmosphere of HC1-H2 corroded at nearly constant rates of 0.8 mil/month
in the vapor and 1.0 mil/month in the solution. No intergranular attack
was noted. A specimen from a different heat, which corroded at about twice
these rates and showed intergranular attack, was found to be highly contam
inated with foreign material.

Fluoride Volatility Development: Aluminum Alloy Flowsheet Development.
— At 600 C, the apparent maximum practical temperature for processing alu
minum fuel elements, preliminary phase equilibrium data (ORNL-3462, p 9)
indicated that KF-ZrF4 melts had sufficient AIF3 solubility to allow their
use as the solvent in a molten-salt volatility process for Al-U alloy fuels.
Additional data have since been obtained, principally by a new visual method,
which better defined the 600°C isotherm and confirmed the choice of an ap
proximate composition path of the process. Purification of the components,
KF, ZrF4, and AIF3, by volatilization was necessary to obtain melts that
were sufficiently clear for visual study.

Mixtures of KF-LiF were also studied as potentially lower-priced Al-U
alloy fuel solvents for the volatility process. Although the binary system
has a low-melting eutectic, the liquidus temperature rose so steeply upon
the addition of AIF3 that only 3 mole $ could be dissolved at 600°C. The
minimum solidus temperature along the LiF-3KF'AlF3 quasibinary section was
found to be 720°C. There is a 490°C eutectic at the approximate KF-LiF-AIF3
ternary composition (51-6-43 mole $), but melts in this region would have a
capacity for at most about 6 mole $ additional AIF3 a"t 600°C.

Further laboratory studies of the KF-ZrF4 salt system were made in
order to determine aluminum dissolution rates and to establish more defi

nitely the chemical reactions involved. Gas evolution tests showed that
the dissolution of aluminum in molten KF-ZrF4 at 600°C with hydrogen flu
oride proceeds with the liberation of only 25 to 35$ of the theoretical
amount of hydrogen. A digestion period during which the melt receives a
continued hydrofluorination treatment results in the evolution of the re

mainder of the hydrogen and the elimination of a black residue in the salt.
These observations reaffirm that only part of the aluminum dissolves through
an acid-metal reaction; the remainder, and perhaps a major part, dissolves
through the reduction (by the aluminum) of ZrF^ to form amorphous zirconium.
Further use of the hydrogen evolution procedure is planned to establish the
relative hydrogen fluoride and ZrF4 dissolution effects at various salt con
centrations .

A modified Al-U alloy process flowsheet was devised to increase the
process capacity — the amount of fuel processed in a given amount of salt.
According to the proposed flowsheet, the fuel alloy is dissolved in 63-37
mole $ KF-ZrF4 until the composition 53.5-31.5-15.0 mole $ KF-ZrF4-AlF3
is attained, KF is added, and then more fuel is dissolved to attain the
composition 54-20-26 mole $ KF-ZrF4-AlF3. Laboratory tests of this process
modification were successful.

On an engineering scale, sections of LITR prototype Al-U alloy ele
ments were dissolved in 62-38 mole $ KF-ZrF4 by using anhydrous hydrogen
fluoride between 550 and 600CC in a 3.5-in.-ID X 24-in. IN0R-8 vessel.
Two dissolutions (one partial, one complete) were made with no important
difficulties. The second dissolution, in which a 2-in.-long, four-plate,
quarter-cross-section LITR element was completely dissolved, was very smooth



and rapid, as was the subsequent salt transfer. The respective penetra
tion rates for these dissolutions were 12 and 30 mils/hr. The rates were
calculated on the basis of the external surface only, since the internal
channels between plates were closed by sludge at the end of the partial-
dissolution run.

Fluoride Volatility Development: NaF Sorption Studies. - The removal
of UF6 and N2 by pelleted NaF was investigated by the use of differential
beds of pellets. Data on the rate and extent of sorption were obtained in
the temperature range 29 to 100°C and in the UF6 concentration range 0.57
to 10.9 mole $.

The rate-controlling mechanisms were found to be transfer of the UF6
across a stagnant gas film surrounding the pellet, diffusion of the gas
eous UF6 in the pore space of the pellet, and diffusion of the UF6 through
a layer of UF6-NaF complex covering unreacted NaF in the interior of the
pellet. The crystalline density of the complex UF6«2NaF was determined
to be 4.13 g/cm3, indicating that incomplete reaction of the NaF will occur
for pellets in which the initial-volume void fraction is less than 0.807.

A model was devised to represent the sorption of UF6 by a single pel
let of NaF, and differential equations based on the model were written. A
general method of solution of the partial differential equation describing
simultaneous diffusion and irreversible reaction with variable diffusivity
and reaction rate constant was derived for systems in which a steady-state
type of solution is valid. The experimental data were correlated on the
basis of the model, with a root-mean-square error of 9.5$ for all points.
The resulting computer code and associated data may be used for design of
sorber systems such as fixed or moving beds.

The effective capacity of l/8-in. right-circular cylindrical pellets
of NaF for UF6 was found to decrease with increasing temperature: At 29°C
a capacity of 1.13 g of UF6 per gram of NaF was observed, whereas the ca
pacity at 100°C was only 0.64 g of UF6 per gram of NaF. A model-predicted
result of a 35$ decrease in capacity for pellets having an initial void
fraction of 0.45 was observed experimentally as the surface area was in
creased from 0.86 to 1.1 m2/g.

In another study, a gascmetric apparatus for rapidly characterizing
dissociation pressures, sorption equilibria and kinetics, chemical states,
and decomposition conditions was built and tested. The method simply in
volves the measurement of pressure changes, which indicate quantities of
gases reacting with, or evolving from, known quantities of solid.

With the new apparatus the dissociation pressures of HF and UF6 over
their respective complexes with NaF and the decomposition of the UF6 com
plex to give F2 were verified. Also, a test for the sorption of UF6 on
NaF was developed, the existence of the compound Na2UF8 was demonstrated,
a more active form of NaF was made by an HF treatment, the stability of
the pentavalent uranium-NaF complex was studied, data were obtained which
indicated formation of a compound (NaF)2UF6HF, and the interaction of HF
and UF6 on NaF was studied.

Fluoride Volatility Development: Corrosion. - Laboratory-scale studies
were made at Battelle Memorial Institute to study the corrosion occurring
during the cyclic hydrofluorination of Zr-U alloy and fluorination of the
resulting UF4 in the same vessel, using the current zirconium flowsheet
salt (initially 37.5-37.5-25 mole $ NaF-LiF-ZrF4). This work supplemented
engineering-scale studies previously reported (ORNL-3436, p 12).
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Specimens of L nickel, HyMu 80, IN0R-8, Ni-5$ Fe, and Ni-1$ Al were
exposed alternately to HF-salt and F2-salt in an IN0R-8 container. The
study continued for ten exposure cycles, each consisting of 20 hr of HF
treatment at 650°C, 2 hr of F2 treatment at 500CC, and 2 hr of helium
treatment (l hr during each temperature transition period).

According to micrometer measurements, Ni-5$ Fe, IN0R-8, and HyMu 80
were the most satisfactory, in that order; the maximum corrosion rates for
all alloys (excluding L nickel) were 5.2 to 9.0 mils/month. Container wall
penetration rates were about 6 mils/month - rather inconclusive because of
the variation in initial wall thickness. No intergranular attack was noted
in specimens of HyMu 80, Ni-5$ Fe, and Ni-1$ Al. The L nickel showed its
usual intergranular attack, and IN0R-8 coupons, as contrasted with the
container, showed grain-boundary modifications which were revealed only by
etching. Bend tests caused separation of the L-nickel grains, but not for
the IN0R-8 specimens. Further details are reported in BMI-X-234.

Fluoride Volatility Pilot Plant. - Outstanding overall decontamination
factors were obtained during run R-8, one of a series made to demonstrate
the recovery in the pilot plant of uranium from highly irradiated Zr-U alloy
fuel elements. The six-month decay time for the fuel used in this run was
the minimum anticipated for the Zr-U alloy processing demonstration. This
program is scheduled for completion in calendar year 1963.

Overall (including dissolution and product recovery) decontamination
factors (DF's) ranged from more than 108 to more than 109 for volatile
Sb125, Te, and Ru1 , and from more than 109 to more than 1010 for non
volatile Zr95, Sr90, and Cs137. A DF of nearly 1011 was obtained for Nb95,
possibly the highest DF ever achieved for a single-cycle radiochemical proc
ess. In general, dissolution DF's were small compared with the recovery
DF's. Dissolution DF's for volatile fission products were Te, 7200; Sb125,
5; Ru106, 2800; and Nb95, 50. Strontium-90 and Cs137 DF's were 2 and 1.5,
respectively, and probably reflect the accuracy of the calculations rather
than decontamination. Trace quantities of Ru1"6 and Zr-Nb95 were detected
in the UF6 product, but all other nuclides were "below analytical limits of
detection. The UF6-product beta-gamma natural background is being evalu
ated to determine whether AEC specifications for returned UF6 were met
during the run.

Total cationic impurities in the R-8 product were about 712 ppm (AEC
total cation maximum is 300 ppm, based on uranium), with sodium, at 327
ppm, being the major impurity. Molybdenum removal by selective desorption
from the movable-bed absorber at 150°C was effective (the molybdenum level
in the UF6 product was 43 ppm, a fifth of the AEC maximum limit). The MgF2
trap in the product recovery system removed Tc99 and Np237 to acceptable
levels (4 and 48 ppm respectively).

MOLTEN-SALT REACTOR PROGRAM

Molten-Salt Reactor Experiment. - Progress was made in the installa
tion of auxiliary piping, instrumentation, and electrical services in the
reactor cell and the coolant cell. The second fuel drain tank and steam
dome assembly and the coolant drain tank were delivered to the site. Ma
chining was completed on the coolant pumps, and all welding was completed
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on the fuel pump. The H. K. Ferguson Company started work on the electri
cal and auxiliary piping systems outside the three reactor-system cells.
The overall project was 75.5$ complete as of July 1, 1963.

Metallurgy. - Grade CGB graphite bars produced for the MSRE moderator
were found to meet specifications except that all bars contain cracks and
some bars have densities as low as 1.82 g/cc. Despite these conditions,
the graphite was found to have good mechanical strength and low permea
bility by salt. Salt permeation of cracked grade CGB graphite was com
pared with that of other graphites at 150 psig and 1300°F. Grade CGB was
found to have less than 0.1$ of its bulk volume permeated. Rapid thermal
cycling of this graphite between 390 and 1300°F did not damage the graphite
or cause salt-impregnated cracks to propagate. Tensile strength of grade
CGB was found to range from 5440 to 6500 psi when tested as a round bar or
ring. Severely cracked test specimens were tested to as low as 1500 psi;
however, the material did not demonstrate notch sensitivity. The specifi
cations were modified on the basis of these tests to define the amount of
cracking that could be accepted in bars for the MSRE.

Chemical purity of the graphite was established by testing for ash,
boron, vanadium, and sulfur. These elements were well below the accept
able limits. Chemisorbed oxygen content was determined to be 6 cc of CO
per 100 cc of graphite by measuring the gases evolved from the graphite
at 1800°C after a room-temperature evacuation to 10-3 torr.

Chemical Development. - One of the controlling considerations in ad
justing the BeF2 content in MSRE-type fluoride melts is a favorable balance
between the decrease in melting point and increase in viscosity associated
with increasing proportions of the highly viscous BeF2. Preliminary values
of the viscosities of an MSRE fuel (LiF-BeF2-ZrF4-UF4, 66.8-29.0-4.0-0.2
mole $) and coolant (LiF-BeF2, 66-34 mole $) as estimated from previous
measurements on similar mixtures were about 7.6 and 5.7 centipoises, re
spectively, at 650°C. Recent measurements on the above MSRE compositions
(but with 0.8 rather than 0.2 mole $ UF4 in the fuel) with a rotating-
cylinder viscometer (Brookfield) gave revised values of 7.5 and 6.3 centi
poises for the fuel and coolant, respectively, at 650°C in accordance with
the relations refuel) = 0.0916 exp (4098/t) and T](coolant) = 0.116 exp
(3755/t), where r\ is the viscosity in centipoises and T is the absolute
temperature. The higher viscosity of the fuel in comparison with that of
the coolant can be viewed as indicative of a diminished effectiveness of
LiF as a diluent for BeF2 because of complexing by quadrivalent cations
of fluoride nominally available from the LiF and also, as an added effect,
as a contribution of larger units of liquid structure associated with the
quadrivalent cations. The viscosity of the coolant changes from a value
of 11 to 9 centipoises in the interval between the design temperature limits
of 550 and 595°C for the MSRE coolant circuit.

Preparation of MSRE Materials. - Some lots of the 16,000 lb of Li7F
on hand for use in the preparation of fluoride mixtures for the MSRE were
found to have an undesirably low bulk density and high moisture content.
These characteristics would make it difficult to load and process the re
quired weights of dry material in the premelting furnace of the fuel pro
duction facility. Consequently, an experimental program was undertaken to
develop a technique for improving the properties of the material. The
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experiments were performed in small-scale equipment which is similar to
larger equipment available in the fluoride production facility.

The results of the experiments showed that powdered low-density LiF
could be changed into a free-flowing crystalline material of much higher
bulk density by a simple heat and dehydration treatment. The LiF was
purged with a mixture of anhydrous HF and helium while being heated to
200°C to convert hydroxides to fluorides and to remove moisture. The
system was then purged with helium while being heated to 650°C and while
being cooled to room temperature. During the treatment period the mate
rial was continually agitated by a rotating-vane mechanism. The final
product was satisfactory for use in the premelting operation.

Radiation Effects. — The history of the release of fluorine gas from
two gas-swept capsules in the most recent in-pile irradiation of MSRE fuel
(47-5) has been completed. The fluorine, which continued to be evolved at
decreasing rates for five months following termination of the exposure,
was produced only over a fairly narrow temperature range between —100 and
+100°C, with a pronounced maximum, at least for the out-of-pile decay pe
riod, near 50CC. Estimated G values for the region near the maximum, in
terms of molecules of F2 per 100 ev of decay energy, decreased from 0.04
to 0.02 or lower, in part at least as a consequence of back-reaction with
the buildup of chemically reduced species in the fuel. No evidence of F2
at MSRE conditions was found, and the evolution from frozen fuel occurred
usually only after an induction period.

During the several MTR shutdowns that interrupted the exposure, the
capsules were near 35°C for periods of several days, and the ensuing losses
of F2 were equivalent to increments of chemical reduction of the fuel. The
accumulated effects, shown in terms of the extent of expected reduction of
UF4 to UF3 in the following table, caused the fuel, rather early in its
history, to be reduced to the point that some disproportionation of UF3
could have been expected; appreciable deposition of uranium, particularly
in the capsule with higher power density, must have occurred before the
exposure was terminated.

Further evolution of F2 after termination of the exposure led to cu
mulative losses of about 190 and 410 std cc of fluorine or 1.9 and 4.1$
of the total fluoride content of the fuel for the low-power and high-power
capsules respectively (nominal experimental design powers were 35 and 65
w/cc).

Calculated Conversion of UF4 to UF3 Due to F2 Loss Induced by Decay Energy During
Pile Shutdowns While Irradiating MSRE Fuel (ORNL-MTR-47-5)

Interval

Duration

(hr)

0..34 mole j UF4 in Fuel 0.66 mole "L UF, in Fuel
Shutdown Induction

Period

(hr)

Cumulative F2 Loss
Induction

Period

(hr)

Cumulative Fj Loss
Date Std cc $ UF4 to UF3 Std cc %UF4 to UF3

10/29 98 36 7.8 32 8 21.4 46

ll/l3 53 30 10.5 43 10? 32.7 71

ll/l9 64 > 44 No yield 6 55.5 120

12/l 47 20? 12.0 49.5 0 75.5 163

12/21 47.5 > 47.5 No yield > 47.5 No yield

lA 85 30? 17.5 72 20? 98.8 214

l/21 8 0? 18.2 75 0 107.3 232
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MSR Processing. — The MSRE fuel processing system was reviewed by the
Radiochemical Plants Committee. Of most concern was the possible ground
contamination from activity released during processing. The permissible
releases to prevent excessive ground contamination are a factor of 10 to
104 lower than the permissible releases for air contamination. Off-gas
samples from the Volatility Pilot Plant runs under conditions similar to
those in MSRE processing contain no detectable activity except tellurium,
and the amount detected corresponds roughly to the permissible release at
the MSRE. An activated-charcoal trap will be added to the system, and it
should provide a margin of safety for iodine and tellurium. This will be
verified by tests at the MSRE following equipment installation.

Analysis of Radioactive MSRE Fuels. — The statistical evaluation of
the spectrophotometric determination of nickel in sulfuric acid solutions
of the MSRE fuel has been completed in the mockup. The dimethylglyoxime
(persulfate oxidation) method was used. The absorbancy of the solutions
was measured on the remotely operated filter-photometer (ORNL-LR-DWG 13584A
series) fitted with a 450-mp. filter. The relative standard deviation was
2.8$.

A variable-electrode cell system for amperometric, coulometric, and
polarographic determinations for hot-cell use was designed, and fabrica
tion is 80$ complete.

The statistical evaluation of the newly developed chromium amperometric
method is currently in progress on sulfuric acid solutions of MSRE fuel by
use of the variable-electrode cell system.

Other phases of the work necessary for handling and analyzing the MSRE
fuel sample in the hot cell are in progress.

The evaluation of the amperometric titration method for the determi
nation of chromium in sulfuric acid solutions of MSRE fuel samples was com

pleted. When the method was carried out in the Analytical Chemistry Divi
sion mockup cell to simulate the hot-cell facility, a relative standard
deviation of 1.6$ was obtained for unirradiated MSRE salt solutions. This
titration method was carried out without any prior separations. When the
titration is performed remotely, the results indicate a positive bias of
approximately 1$.

HIGH FLUX ISOTOPE REACTOR DESIGN AND DEVELOPMENT

Metallurgy. — A problem expected in the production of the HFIR fuel
elements will be the determination of the quality of the welds where the
fuel plates are joined to the side plates. None of the standard inspec
tion techniques will provide such information; therefore, quality-control
procedures must be used. It has been shown that with proper joint design
the most critical variable is the distance the plate penetrates into the
weld groove. Conventional techniques for measuring this dimension for 540
plates in several weld grooves are slow and expensive. A technique has
been developed by which a room-temperature vulcanizing rubber is used to
make an impression of an entire weld groove. After setting, the rubber
form can be placed on a shadowgraph, and the plate penetrations can be
measured quickly and accurately.
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A through-transmission x-ray attenuation technique was developed for
the measurement of fuel concentration variations in the HFIR fuel plate.
A tightly collimated beam of 50-kvp x rays is transmitted through a 5/64-
in.-diam area of the plate before being intercepted by an Nal(Tl) crystal
photomultiplier detector which converts the radiation beam into an elec

trical signal. As the fuel concentration varies, there will be an associ
ated change in the transmitted x-ray intensity and the subsequent electri
cal signal. Calibration with reference standards containing known fuel
concentrations allows interpretation of the signal in terms of fuel within
the plate. Instrumentation was designed and constructed to allow direct
comparison between the attenuation values of the calibration standards and

those of the plate being inspected. This allows immediate recognition of
out-of-tolerance conditions. The mechanical scanning system translates
the plate to be inspected longitudinally through the x-ray beam. At the
end of each longitudinal scan, there is a transverse index before the re
turn parallel scan; thus there is complete X-Y scanning of the plate. Such
techniques have been used to inspect the HFIR fuel plates to the required
±30$ uranium homogeneity standard for each 5/64-in.-diam spot.

Component Development. — The corrosion test program has been expanded
to include impregnated Teflon, Delrin, and Celcon plastics. These mate
rials have been tentatively selected for use in seal housings for the HFIR
control-rod drive rods and the ball-latch-mechanism push rod. These rods
reciprocate through Buna or Palmetto seals at slow cyclic rates. Plastic
was chosen for these housings in order to eliminate seal failures caused
by rods being scored while reciprocating through a metallic packing gland.
Delrin was initially chosen for this service and was found to be mechani
cally acceptable in extensive tests. Delrin failed rapidly (< 1000 hr) in
corrosion tests when subjected to pH 5 water at 100CC. These tests will be
repeated at 50°C, which is closer to the actual service temperature.

Tests are continuing on the various bearings prepared for use in the
HFIR. Two Marlin-Rockwell Corporation 106KSW10 bearings with an outside
diameter of 2.1654 in. have been operated approximately 1,350,000 revolu
tions under a load of 100 lb per bearing. The coefficient of friction meas
ured at the beginning of the test was 0.0132, and that at the end of the
test was 0.0209. The increase in radial clearance was approximately 0.0006
in. for each bearing. Journal-type bearings with Graphitar 14 inserts and
a Stellite sleeve-type bearing are currently being tested. Measurements
indicate that the coefficient of friction for the bearings with the Graph
itar inserts is about 0.13 to 0.14 after 16,500 cycles (8-in. reciprocating
stroke) in pH 5 demineralized water at 195°F.

A prototype assembly of an outer control-rod drive rod has been de
signed and fabricated, and tests are now under way.

Design and Analysis. - Design effort for the HFIR core components has
been concentrated on the preparation of certified-for-construction drawings
for the reactor internal structure. Since the last reporting date, certi
fied-for-construction drawings have been issued for the reactor beam tubes
and the supporting structure for the fuel and reflector assemblies. Work
is continuing on the design of the control-rod track and bearing assembly.

Reports. - Most of the material for the HFIR hazards report has been
submitted. The second draft is approximately 50$ complete, with about 75$
of the illustrations finished. The first draft of the operating manual is
about 5$ complete, and the first draft of the design report is about 50$
complete.
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PHYSICAL RESEARCH

Reactor Operations. — For the period January 1, 1963, through July
21, 1963, the ORR operated 75.8$ of the time, the LITR operated 86.1$ of
the time, and the ORNL Graphite Reactor operated 93.6$ of the time.

An ORR fuel-element rupture occurred on July 1, but no contamination
of equipment or building occurred, nor-was there any overexposure of per
sonnel. Only 150 mc of fission product iodine escaped through the off-
gas cleaning system to the environment. Alterations to the LITR reactor
tank were completed for side access to the experiment positions in the
core.

Waste Disposal. — The continuous-monitoring equipment at the 3039
stack was found to be very sensitive in detecting the gaseous activity
released from the ORR fuel-element rupture on July 1. Although the
readings on the off-gas line and stack tape monitors were very high, the
total release, according to analyses of the inventory samples, was no
more than 150 mc, mainly fission product iodine.

The Ru discharge from the waste-pit area to White Oak Creek,
during the month of June, dropped to 63 curies, the lowest monthly re
lease experienced in the last several years.

Hot-Cell Operations. — Operations in the hot cells were normal. Nine
fueled capsules from the ORR and the LITR were disassembled and examined;
fuels included U02, UC2 particles with pyrolytic carbon coating, Be0-U02,
and pyrolytic-carbon-coated UC2 embedded in graphite. Examination of ex
periment ORNL 41-9, containing about 180 stainless-steel-encapsulated BeO
pellets irradiated at the ETR, was completed; and examination of ORNL
41-10, a similar BeO experiment, was begun. The first ORR-GCR loop No. 2
experiment, a calibration test, was cut up in the disassembly cells.
Specimens were recovered from 16 ORR experiments in the ORR cells. The
study of the rate of gas evolution from molten-salt experiment MTR 47-5
under various conditions was completed, and disassembly was started.

At the High-Radiation-Level Examination Laboratory, installation of
in-cell and out-of-cell equipment continued.

PHYSICS AND MATHEMATICS

Neutron Diffraction. — Bulk magnetization and neutron scattering
measurements were made on alloys of the type Pdo.9 6Feo,03REo, 01 (RE = La,
Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm, Yb) to determine the existence and
type of coupling of the rare-earth moments with the ferromagnetic Pd-Fe
matrix. The saturation moment was increased by the addition of Pr and
Nd and decreased by the addition of the heavy rare earths. Thus it ap
pears that those rare earths to the left of Gd (J = L - S) have their
moments aligned parallel and those to the right of Gd (J = L + S) have
them antiparallel to the ferromagnetic Pd-Fe lattice. This is in accord
with a negative ionic-spin—conduction-electron interaction. The neutron
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scattering data indicate that there is only partial alignment of the rare-

earth moments and that part of the change in average moment is associated

with an alteration of the Pd moments on addition of the rare earths.

Theoretical Physics. — A theory has been developed which takes into
account the possibility of inelastic scattering before and after a re
arrangement collision in nuclear reactions. These effects modify the se

lection rules operating in the reaction, so that transitions may occur
which would otherwise appear anomalous. These phenomena are expected to

arise in, for example, deuteron stripping on deformed nuclei, and some
such cases have been observed. A computer code is being prepared for
numerical studies, in which the inelastic scattering is generated by a
nonspherical optical-model potential.

Low-Energy Neutron Time-of-Flight Spectroscopy. — The gamma-ray

spectra'resulting from the capture of thermal neutrons in Zr9 , Zr9 ,
Zr92, Zr9<*, and Zr96 have been studied with a large (9 X 12 in.) Nal
crystal. Gamma-ray spectra from the capture of neutrons in Zr agree

with previous measurements made with natural zirconium, since ~60$ of the
thermal capture in natural zirconium arises from the Zr isotope. Many
of the observed gamma rays from neutron capture in these five isotopes

can be correlated with known decay schemes. For example, neutron capture
in Zr92 gives gamma rays at 4.2 and 5.2 Mev which correspond to transi
tions to the excited states in Zr93 at 2.43 and 1.42 Mev. Measurement
will also be made of the gamma-ray spectra from neutron capture in indi

vidual resonances of zirconium.

Low-Temperature, Nuclear and Solid State Physics. — The internal

magnetic field Hg for the Mossbauer nucleus Ni in metallic nickel has
been determined by application of an external magnetic field which ranged

from 2.8 up to 24.0 kilogauss. The hyperfine splitting of the Ni61
Mossbauer radiation shrinks, indicating a negative effective field. Com
paring the observed changes in the absorption spectra with computer-
calculated absorption curves (taking into account absorber thickness,
etc.) yields He = —(90 ± 20) kilogauss. This result is in contradiction
with the older nuclear magnetic resonance results, but it agrees with the
new nuclear magnetic resonance results published recently by Streever
et al. The previous value obtained at ORNL for the ratio of the nuclear
moments is, of course, still valid; it is u /u = —0.47 ± 0.08. With the

new value u = 0.70 ± 0.04, it follows that u = -0.33 ± 0.06. The mag-
g e

netic moments for Ni61 in the ground and first excited states are there
fore about 2.3 times the values originally reported.

High-Voltage Experimental Program: Low-Energy (p,n) Reaction

Mn55(p,n)Fe55. — The 3-Mv pulsed Van de Graaff accelerator and associated
time-of-flight equipment have been used to study the reaction Mn55(p,n)Fe55
in the bombarding energy range 2.360 to 2.445 Mev. Strong fluctuations
of the kind discussed by Ericson [Phys. Rev. Letters _5, 430 (i960)] were
observed. The excitation functions of the neutron groups feeding the 413-
kev, the 933-kev, and the ground state of Fe55 fluctuate with a width T of
10 to 15 kev, and the fluctuations of different neutron groups show strong
correlations. In addition to the 413- and 933-kev states, two previously
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,55*unreported states of Fe with excitation energies of 510 ± 10 and
680 ± 10 kev were observed. These levels were observed both in the

neutron spectrum and in the de-excitation gamma-ray spectrum.

High-Voltage Experimental Program: Resonant Neutron Capture Gamma-
Ray Spectra in Titanium and Vanadium. — The theories of radiative capture
predict a minimum in the potential or direct s-wave capture process as

the low-lying p states become filled [Progr. Theoret. Phys. 23, 161 (i960);
Nucl. Phys. 17, 563 (i960); C. Shakin (private communication)]. Such an
effect should be at least qualitatively observable in the general region
of the s-wave strength function maximum. Since in this region of A, the
p states are near ground, it would follow that in those cases in which
thermal capture is dominated by the direct process, the high-energy lines
should strongly dominate but should diminish in relative intensity in the
resonance region. Such an effect has already been reported [Phys. Letters
1, 262 (1962)]. It is of interest to continue to study resonance capture
in this region of A. Preliminary results have been obtained on a number
of nuclei in the region of the s-wave giant resonance. The energy-averaged
spectrum of vanadium shows only moderate strengthening of the low-energy
transitions. Both vanadium and titanium have large resonances, and the
gamma-ray spectra show substantial changes from resonance to resonance.

Mathematics and Programing Research. — Facilities have been added to
the Oak Ridge ALGOL compiler for the CDC 1604 computer to provide for the
use of FORTRAN subprograms in an ALGOL program. Any FORTRAN subprogram,
whether compiled under the FORTRAN 62 or the FORTRAN 63 compiler, may be
referenced from an ALGOL program through one of four ALGOL standard pro
cedures (available without declaration): FORTRAN (for FORTRAN 62 sub
routines), F0RTRANF (for FORTRAN 62 functions), FTN (for FORTRAN 63 sub
routines), and FTNF (for FORTRAN 63 functions). Each of these names acts
as a signal to the compiler to generate the appropriate FORTRAN calling
sequence. These facilities may also be used for referencing CODAP-1
(assembly language) subprograms.

CHEMISTRY

Effects of Radiation on Analytical Methods. — The study of the effect
of gamma radiation on the dimethylglyoxime method for determining nickel
colorimetrically has been continued. It has been found that the colored
nickel-dimethylglyoxime complex is extremely stable, with no apparent
degradation being caused by gamma doses of ~106 r. Dimethylglyoxime it
self is much more sensitive to gamma radiation than the complex; appreci
able radiation damage has been noted at about 105 r. There is some evi
dence of a postirradiation recombination of the radiolysis products of
dimethylglyoxime. This phenomenon is being studied, together with the
effects of radiation on the other reagents involved in the procedure.

A study has been initiated to determine the effects of gamma ra

diation on arsenazo III ( l,8-dihydroxynaphthalene-3,6-disulfonic acid-

2,7-bis [(azo-2)-phenylarsonic acid] j, a chromogenic agent for the
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determination of members of the actinide and lanthanide series. Arsenazo
III has been found to be quite sensitive to radiation. The effects of
reagent concentration, acidity, dose rate, etc., on the radiolytic de
composition of arsenazo III are being examined. The sensitivity of the
reagent to gamma radiation and the linearity and reproducibility of the
results suggest that the reagent might find usage as a dosimeter for
absorbed doses as low as 100 r. This possibility is being explored.

The effect of gamma radiation on some procedures for the separation
of transuranium elements is being studied. Hydrochloric acid in the 10 M
lithium chloride solution that is used in these procedures is decomposed-
by ionizing radiation to give free chlorine, hydrogen ion being consumed.
The G value (number of molecules per 100 ev) for the formation of free
chlorine brought about by Co60 gamma radiation increases from 3.9 at
0.01 M HC1 to 7.8 at 0.25 M HC1.

Separations Chemistry Research. — Single-stage separation factors
greater than 100 between the lanthanides cerium and europium and the
transplutonium element americium were obtained by extraction with di(2-
ethylhexyl)phosphoric acid (HDEHP) in hydrocarbon diluents from very
dilute solutions of diethylenetriaminepentaacetic acid (H5DTPA) contain
ing sodium nitrate. Europium was extracted much more slowly than cerium
and americium. Equally large separation factors between the two groups
of elements, but without an observable time effect, were obtained in ex
tractions by dialkylphosphoric acids and alkyl hydrogen alkylphosphonates
from mixtures of carboxylic acids and sodium salts of DTPA. Complete
separation of americium from cerium was accomplished by a reversed-phase
chromatographic procedure in which a tracer-level mixture of the two
elements in a solution 1 M in glycine nitrate and 0.1 M in pentasodium
diethylenetriaminepentaacetate was filtered through a 20-cm-high column
containing 5 ml of 0.3 M HDEHP in diisopropylbenzene absorbed in 5 g of
microporous polyethylene. Residual americium was washed from the column
with only about two column volumes of a similar unspiked aqueous solution.

From the inception of the Amex extraction of uranyl sulfate, there
has been a question as to whether the actual mechanism of extraction is
transfer of a neutral complex,

x(R3NH)2S04(org) +U02S04 ^ U02(R3NH)2x(S04)x+l(org) , (l)

or exchange of anions,

x(R3NH)2S04(org) +U02(S04)22-^ U02(R3NH)2x(S04)x+l(org) +So/". (2)

This question cannot be answered by any equilibrium measurement, since
both mechanisms are thermodynamically equivalent. Kinetic measurements
of the transfer of S35-tagged sulfate between amine sulfate organic so
lution and sodium sulfate aqueous solution, with uranium absent, present
and being extracted, or already at equilibrium distribution, showed that
both mechanisms contribute to the total uranium transfer. Mechanism (l)
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predominates in the extraction from low-sulfate solutions, where little
of the uranyl ion is complexed (e.g., >50$o as uncomplexed U022+ at < 0.01
M Na2S04). Mechanism (2) becomes important at higher sulfate concentra
tions, where most of the uranium exists in anionic complexes [e.g., 75$
as U02(S04)22~ at 0.5 M NaaSO*].

Separations Process Development. - In a continuous run in mixer-
settler equipment, more than 98$ of the cesium was recovered from an
alkaline pollucite ore leach liquor (pH about 13) by extraction with 1 M
4-sec-butyl-2-(c^methylbenzyl)phenol (BAMBP) in kerosene and stripping
with hydrochloric acid. The strip solution contained 375 g of cesium per
liter. Decontamination factors for cesium (from feed liquor to strip so
lution product) were 180 from Rb, 700 from K, > 10,000 from Na, > 700 from
Li, and > 10,000 from Si. The cesium was also readily stripped from the
extract with water and carbon dioxide in a slightly pressurized contacting
vessel to give a cesium carbonate product.

Volatility Studies. - Increasing the fluorine pressure used in tests
on the volatilization of PuF6 from molten 31-24-45 mole $ LiF-NaF-ZrF4 at
600°C resulted in a faster volatilization rate. In two tests at about 40
psig of fluorine, half-time values of 1.3 and 1.7 hr were obtained. These
are markedly less than the normal value of about 4 hr. This pressure ef
fect indicated that the slow volatilization rate is basically due to un

favorable chemical kinetics.

No changes in PuF6 volatilization rates were observed in other tests
where 2 wt $ PbF2 was added to the molten salt to act as a fluorine
carrier, or where 50-50 mole $ LiF-ZrF4 salt was used to avoid the possi
bly adverse effect due to the presence of NaF as a complexing agent.

Radiolysis of Metal Fluorides. - Several experiments to determine
fluorine evolution rates from solid MSRE-type fused salt under fast-
electron bombardment have been conducted with equipment and techniques
developed for experiments of this type. About 0.3 g of salt In the form
of 30- to 50-mil-diam particles was exposed to 1.72-Mev Van de Graaff
electrons at a current of 0.97 ua. The calculated dose rate was 1.7 X
1013 Mev sec-1 g-1. Estimated temperatures in the salt were 30°C at the
maximum and 25°C average.

Completed experiments yield values of G as a function of dose up

to a total of about 6 X 1017 Mev per gram of salt. The observed G^ in
creased with increasing dose to about 3.5 X 1017 Mev/g and then remained
approximately constant at 0.015 to 0.016. During the initial dose of
1.2 X 1017 Mev/g, the average G^ was 0.005.

For comparison, some G„ values in MSRE in-pile capsule tests re-
r 2

ported by others are 0.02 and 0.04 during comparable low- and high-dose
periods. Exploration of effects of dose rates and other possible ex
planations of these differences in values is continuing.

Mechanism of Aqueous and Radiation Corrosion of Zirconium Alloys. -
A program is under way to study the mechanism of radiation corrosion of
Zircaloy-2 by means of ac film impedance measurements. Measurements have
been made on specimens irradiated by fast neutrons (5 to 8 X 10 7 nv > 1
Mev) while in a helium atmosphere at 100 or 300°C.
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Changes in the capacitance part of the impedance of irradiated cor
rosion film were similar to those which have been shown by others to re
sult from porosity and to be related to decreased corrosion protection.
Postirradiation exposure of the specimens to 300°C steam plus oxygen
caused the film capacitance to recover in 7 to 15 min. No measurable
enhancement of corrosion by weight-gain measurements (±0.3 ug/cm2) was
observed. It has not yet been determined whether the oxidizing environ
ment is required for the recovery of the film impedance.

Electrochemical Kinetics and Its Application to Corrosion. - The
dissolution of zirconium in solutions containing HF involves the con
tinuous formation and dissolution of a film of Zr02. In order to deter
mine the true rate of the surface reaction between HF and the zirconium
ions of the surface of the film, the effects of mass transfer (diffusion
and convection) must be eliminated. A rotating-disk electrode system
was therefore designed and put into operation. With this system the ef
fects of the concentration gradient set up by mass transfer are eliminated
by measuring the current as a function of rotational velocity. Data were
obtained from which the appropriate rate constants and the diffusion coef
ficient of HF can be calculated. Although preliminary experiments indi
cated that the reaction is first order with respect to HF, more refined
experiments showed that the reaction is most probably second order with
respect to HF.

Physical Chemistry of Molten Salts. - Freezing-point depressions in
NaF caused by the addition of up to 0.15 mole fraction of A1F3, ScF3
InF3, YF3, LaF3, and eight rare-earth trifluorides were measured as part
of a program of investigating how the thermodynamic behavior of fluoride
melts is related to structural parameters of the components. (previous
measurements with the rare-earth trifluorides alone were reported in
ORNL-3279, p 21.) The excess partial molal free energies of solution of
NaF, (F - Fc)^aF, evaluated from the measurements, are all negative. For
all the solutes except A1F3 and InF3, (F - F°)f was found to be in-
versely proportional to the interionic distance of the solute. The dif
ferent solution behavior of A1F3 and InF3 is attributed to steric and
polarization effects. The values of (F - F°)E with trivalent-fluoride

l\l cLl1

solutes are generally more negative than corresponding values with tetra-
valent solutes but less negative than the values with divalent solutes.

High-Temperature Aqueous Solution Chemistry. - Measurements of
thoriunUIVJ hydrolysis in 1 M sodium perchlorate solution at 94°C, de
scribed previously (0RNL-3307), have been completed. The resulting vari
ation of hydroxyl number n (the average number of bound OH- ions per Th'4+
ion in solution) with pH and with the thorium concentration has been com
pared with the behavior expected for various assumed hydrolysis species

^x^V by the use of anonlinear least-squares computer program.
It appears from this analysis, not yet complete, that at least four species
must be assumed to account for the experimental results. Initially, two
mononuclear hydrolysis products are formed, ThOH3+ (log Qi^i « -2.2) and
Th(0H)2 (log Q1>2 « -4.5), Q being the formation quotient of Th (OH) .

xy x y
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v / xC /n \ CyC . It appears that two polynuclear products are formed

x y „
subsequently, either (Th)2(OH)26+ (log Q2(2 «-2.5) and (Th)5(0H)i28+

(log Q5,12 * -16.4), or (Th)2(OH)35+ (log Q2,3 « -4.7) and (Th)4(0H)i06+
(log Q4)io M14.6). Either scheme (x:y = 1:1, 1:2, 2:2, 5:12 or x:y =

1:1, 1:2, 2:3, 4:10) produces agreement between the calculated and ob
served values of n with a mean deviation less than 0.02. Comparison of
these schemes with available observed hydrolysis data at 25° shows a
similar consistency.

Chemical Separation of Isotopes. — Two disturbances to the water
distillation cascade were experienced. On June 10, process water was
lost from column 4 as a result of a leak at a soldered joint in a feed
line. On June 22, a partial flooding of column 6 occurred when the
jacket water became cooled after an electrical outage which affected both
jacket water heating circuits simultaneously. It is estimated that these
disturbances will increase the time to achieve isotopic equilibrium by

approximately four weeks. The water distillation cascade is currently
performing well: the present concentrations of 0 and 0 are 1.17$ and
66.0$ respectively.

METALLURGY AND MATERIALS

Physical Properties Studies. — Thermal conductivity data on 93.4$-
dense U02 that were previously obtained in the radial heat flow apparatus
indicated that below 200°C the thermal resistivity deviates from the lin
ear relation observed between 200 and 1050°C. A limited study of the
temperature region 100 to —67°C was made by modifying the high-temperature
radial heat flow apparatus. The thermal resistivity showed a definite up
ward trend with decreasing temperature in the temperature range below 0°C.
Between 200 and 18°C the thermal resistivity decreases with decreasing
temperature; hence the thermal resistivity of U02 passes through a minimum
near 0°C, or in other words, the thermal conductivity reaches a maximum
value near 0°C.

The thermal comparator apparatus for rapidly measuring the thermal
conductivity of small samples was calibrated satisfactorily at 125°C and
is currently being calibrated at 400°C, which is the limit of operation
of this apparatus.

The total hemispherical emittance apparatus is now capable of con
tinuous operation at 1 to 4 X 10—7 torr. Precise measurements up to
1200°C have been realized with a dc power supply which has better than
0.1$ stability. A FORTRAN computer program was written to expedite the
numerous routine calculations involved in obtaining emittance and elec

trical resistivity values. Measurements on strips and rods of IN0R-8
yielded emittance data which are related to the electrical resistivity
data. The electrical resistivity of IN0R-8 is quite high and has a maxi
mum indicative of short-range order. The resistivity can be altered 5 to
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by rapid cooling in the apparatus and is reduced nearly 25$ by cold-
working. It appears that these data can be used to study the effects of
order-disorder on thermophysical properties.

CONTROLLED THERMONUCLEAR RESEARCH

DCX-1 Facility. - Observations of the plasma volume, density, rf
radiation, and total number of trapped protons have continued on plasmas
formed by Lorentz dissociation. Injected H2+ beams (obtained from H3+
dissociation) with currents from 10 to 300 na have been used to create
the plasmas, which were contained for times from 0.1 to 20 sec at each
injected current. The containment times were varied by controlling the
operating pressure. For short confinement periods (0.1-1.0 sec) the
plasma density and the total number of trapped particles vary linearly
with the beam currents and containment times as predicted; however, for
longer periods (1.0-20 sec) the plasma spreads from a volume of 2 liters
to 30 liters and reaches a density limit close to 108 protons/cm3. The
total number of trapped protons still continues to increase nearly
linearly.

For the same containment times, the gross properties of plasmas
established by Lorentz-force trapping are qualitatively the same as those
of plasmas with an equivalent number of trapped protons established by
gas dissociation, even though the H2+ beam is a factor of 100 lower for
Lorentz than for gas trapping. This indicates that there is no strong
H2+-beam-proton-plasma interaction in the system. The basic problem is
then that of understanding and quenching the plasma spread by some stabi
lization technique.

Beam-Plasma Interaction. - Observations of a beam-plasma interaction
have been made with an intense dc electron beam of l/2 to 1 amp at a
voltage between 20 and 30 kv. The distance from accelerating electrode
to beam catcher is about 20 in. Coaxial to the beam and 4 in. in front
of the beam catcher is a 9-in.-long, 7-l/2-in.-diam copper cylinder in
which a localized high-pressure region can be obtained. The entire ap
paratus is located in a uniform magnetic field of 3700 gauss maximum.

At least two different modes of interaction have been observed; both
modes are effective x-ray producers. The first is characterized by an
x-ray energy maximum between 30 and 40 kev and an apparent self-excited
pulsing of the electron beam which can be varied from about 50 to 120 kc
by careful adjustment of the electron gun parameters.

The second mode is characterized by an x-ray intensity 50 to 100
times that of the first mode and by an x-ray energy maximum between 175
and 200 kev. There is no beam pulsing in the kilocycle range associated
with this mode, and the x-ray intensity falls sharply below 2000 gauss
or above 2500 gauss. In addition the position of a longitudinally mov
able electrode between the accelerating electrode and the interaction
region has exhibited marked effects upon the x-ray production. On many
occasions, the x-ray intensity has been observed to have two maxima as a
function of the movable electrode position. Qualitatively, these peaks
can be interpreted as arising from electron bunching of the beam. The
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beam velocity being known, the bunching frequency is calculated to be
equivalent to the electron cyclotron frequency.

Theory. — Exact upper bounds on instability growth rates in real
istic~miTrar-machine configurations have been obtained from the rate of
change of free energy, a method reported previously. Complications in
cluded magnetic mirror field curvature, large density gradients, azi-
muthal streaming of ions through electrons (diamagnetic current), and
ion temperature anisotropy. The bounds, at most of the order of the ion
plasma frequency, correspond to the fastest growth of the Harris electro
static streaming and anisotropy instabilities in infinite plasmas in a
uniform magnetic field. Thus, one concludes that no faster modes are
introduced by the density gradients and field curvature. Also, the re
sult emphasizes dependence of Harris modes on R/a, the ratio of plasma
radius and Larmor radius, which might account for differences in ion
cyclotron activity in the DCX machines, for which R/a is small, and the
neutral-injection machines Phoenix (Aldermaston) and ALICE (LRL). The
growth rate for the azimuthal streaming mode goes down as R/a increases,
corresponding to a reduction in diamagnetic current; R/a goes up with
magnetic field. A weakening of the streaming mode might account for the
observed change of character of ion cyclotron oscillations in Phoenix and
ALICE as the magnetic field is increased.

Cross Sections. - A 127p electron velocity selector was used to
produce electrons whose energies were between 15.67 and 15.95 v. Colli
sions of these electrons with hydrogen molecules produced H2+ ions in the
ground vibrational state. Measurements were made of the dissociation
cross section of H2+ in gases to determine the sensitivity of the dis
sociation cross section to the vibrational level of the molecular ion.
The resolution of the velocity analyzer was sufficient to detect ions in
the first three vibrational levels. The attenuation of the H2+ beam by
the gas-cell entrance aperture reduced the small beam (200 ions/min) to
currents of less than 1 ion/min. Geometric changes are being made in the
analyzer to obtain larger H2+ currents.

Passage of H3+ ions through a water vapor cell was used to form H2+
in highly excited vibrational levels by a single dissociative collision.
The number of H2+ ions formed per incident H3+ was 0.14 at 60 kev and
decreased to 0.11 at 400 kev. Measurements of the H2+ spatial distribu
tion indicated that less than 1 v of internal potential energy was con
verted to kinetic energy during the time of the collision and that the
measured half angle at half maximum amplitude was less than 5 milli-
radians for a 60-kev H3+ beam.

BIOLOGY AND MEDICINE

RADIATION EFFECTS

Statistical Services and Research. - Mean platelet size and size
distribution in blood can be determined from plots produced by a 25-
channel Coulter counter. Electronic noise and particles in the diluent
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cause error in counting platelets of small size, and the limit of 25
channels causes truncation of the upper end of the distribution. An
unbiased statistical procedure for estimating the mean and the variance
of the size distribution has been applied. A method of estimating the
number of counts due to the noise and the diluent, separately, has been
proposed for future experiments.

A computer program for the CDC 1604 has been written for processing
Coulter counter data. Programming for the CDC 1604 and conversion of
IBM 7090 programs to CDC 1604 programs are continuing.

Pathology and Physiology. - To explore the relation between shortened
survival and late effects of ionizing radiation on specific age-dependent
processes, the aging of collagen fibers from tail tendons of irradiated
and unirradiated mice was investigated. Virgin male and female RF/Up mice,
caged separately by sex in groups of 8 to 10, received a whole-body ex
posure of 450 r at 2 to 3 months of age, or in the case of a few animals,
a tail exposure of 2000 r. At intervals through the remainder of the
life span, the irradiated animals and controls were killed, and the tem
perature of maximum contraction (TMC) was determined for single tail-
tendon fibers. In fibers from both irradiated and unirradiated animals
the mean TMC increased smoothly with age, with no significant difference
in slope between groups, except in fibers from mice that were members of
actively breeding or formerly breeding pairs. The results indicate that
the thermal response of collagen fibers shows an age-dependent relation
to temperature which is not appreciably influenced by whole-body x radia
tion in life-shortening doses or by larger doses of x rays administered
to the tail. The results with breeders imply the influence of other
factors on the age-dependent changes in collagen (e.g., sexual, nutri
tional, or stress variables), the role of which remains to be established.

Recovery from Somatic Effects of Radiation. - Assessment of the pro-
liferative capacity of bone marrow cells of (BALB/c X A/He)Fi mice was
obtained by determining the ability of these cells to repopulate the
spleen on transplantation into x-irradiated (700 r) syngeneic recipients,
the repopulation being measured by analysis of the uptake of labeled
iododeoxyuridine (l13lUdR), a specific deoxyribonucleic acid (DNA) pre
cursor, in the spleen. The relation between the I131UdR uptake in the
repopulated spleen and the number of marrow cells transplanted five days
earlier was linear over a range from 0.5 X 105 to 16 X 105 normal cells.
Curves identical in slope were obtained with marrow cells exposed in vitro
to 50, 100, 200, and 400 r of 300-kvp x rays. From these data, an x-ray-
dose-survival curve was obtained, which differs from the curves obtained
by other methods in that it is of the one-hit type. The reason for this
difference is, however, yet to be disclosed. The advantages of the present
method for studying the proliferation of marrow cells, as influenced by
irradiation or other factors, are as follows: (l) the recipient mouse is
the natural medium for growth of transplanted marrow cells and need be
maintained for only five days after inoculation, (2) I131UdR labeling is
specific for DNA of cells in S phase and, therefore, measures marrow cell
proliferation directly, (3) five observations (i.e., five recipient mice)
are adequate for reproducible assessment of the proliferative capacity of
a given number of irradiated marrow cells, and (4) the method appears more
sensitive to radiation than other techniques available heretofore.
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Physiology of Blood Platelets. — Previous investigations suggested
that young platelets are larger than the average size of platelets in a
normal population and that they decrease in size as they age. Confirma
tion was sought by making rats platelet-deficient with platelet-specific
antiserum and then measuring the volume of the newly formed platelets at
intervals by use of a Coulter counter and size distribution plotter. The
mean size of platelets collected two days after injection of platelet-
specific antiserum was greater than that of a normal population; the size
distribution was observed to return toward normal during a four-day
period. Thus the suggestion was confirmed that young platelets produced
under these circumstances are larger than the mean size and decrease in
size with age.

Medium(Low)-Level Long-Term Effects of Radiation. - The labeled

thymidine analogue iododeoxyuridine (l131UdR), which is a specific DNA
precursor, was used to assay cellular proliferation in vivo by scintil
lation counting of the I131 gamma rays emitted from newly synthesized
DNA. Cellular multiplication and turnover were measured by injecting
known amounts of I131UdR into an animal and analyzing whole organs for
radioactivity at various intervals after injection. Such determinations
were made in young adult gnotobiotic (germ-free) and conventionally
reared ND-2 (Lobund) random-bred mice to study cellular renewal in these
animals and the dynamics of the lymphoid hypoplasia in the germ-free
state. The preliminary data on germ-free mice indicate a significantly
reduced proliferative activity in lymph nodes, as measured by DNA pre
cursor incorporation, and to a lesser extent in the liver and bone marrow.
In the spleen and thymus of the germ-free mice, I131UdR incorporation was
comparable with that occurring in conventionally reared mice. Judged by
ability to repopulate the spleen on transplantation into lethally irradi
ated recipient mice, the marrow of germ-free donors possessed the same
proliferative potential as the marrow from conventional donors. These
data point to the importance of bacterial antigens and resulting immuno
logical reactions in the physiology of normal lymphatic organs.

COMBATING DETRIMENTAL EFFECTS OF RADIATION

Mammalian Recovery. - There is evidence that all immune responses
involve the induction of specific primitive cells with subsequent pro
liferation and differentiation. A most important problem is the origin
and life history of these cells. This is true either with the clonal
selection model, in which the primitive cells are previously committed,
or with other existing models in which the cells are multipotent and
uncommitted until induced by the antigen.

Histologic studies of lymphatic xissue of antigenically stimulated
animals have indicated a relation between large, primitive lymphocytes
proliferating in germinal centers and the primitive antibody-forming
cells developing in the lymphatic nodule and medullary cords. These ob
servations have more specifically demonstrated that the germinal centers
are dissociated during the first 24 hr after injection of an antigen, and
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that the cells of the dissociated germinal centers are rapidly prolifer
ating and differentiating into recognizable members of the plasma cell
series. Since the plasma cell is known to have the capacity to produce
a specific antibody, the correlation has been made between the germinal
center cells and the primitive antibody-forming cells associated with
all immune responses.

By systematically following the H3-thymidine-labeled germinal center
cells at close intervals, evidence has been obtained regarding the ac
tivity and migration pattern of these cells in normal and antigenically
stimulated animals. Data from autoradiographic studies demonstrated no
significant difference between the primitive stem cells of the germinal
centers and the morphologically identical cells in the lymphatic nodules
of antigen-stimulated or control animals. The results indicate that the
germinal center stem cells have a generation time of 5 to 7 hr, whereas
the cells in the lymphatic nodule divide in about 9 hr.

A study of the percentage of labeled germinal center cells over a
series of 2-hr intervals demonstrated a significant difference in the
flux of cells in antigen-stimulated and control animals. It was also
evident that another effect of the antigen is a stimulation for more mi
totic activity in the germinal center and an increased migration of cells
into the lymphatic nodule.

According to the autoradiographic investigations, the observed dis
sociation of germinal centers in the first 24 hr of the immune response
can now be postulated as a direct or indirect disruption by the antigen
of a steady-state compartment of primitive lymphoid stem cells. These
cells then become localized throughout the spleen and undergo intense
proliferation. On a morphologic and functional basis, there is no reason
to doubt the existing correlation between the germinal center cells and
the primitive, potential antibody-forming cells, which are a constant
feature of the histology of the immune response.

MOLECULAR- AND CELLULAR-LEVEL STUDIES

Biophysics: Ultraviolet Studies with Bacteria. - If Escherichia
coli B is exposed to near-ultraviolet radiation before exposure to far-
ultraviolet radiation, it shows less sensitivity to the far ultraviolet.
This is called photoprotection (because the near ultraviolet is given
first), and it presumably involves induction of a growth and division
delay. Recovery can also be obtained by giving the near ultraviolet
after the far ultraviolet (photoreactivation), but this is primarily a
photoenzymatic repair of far-ultraviolet damage. There is no obvious
reason why the growth and division delay involved in photoprotection
should not also be involved in photoreactivation. With a mutant (phr~)
isolated by W. Harm, photoreactivation has been found at 3341 A, but not
at 4047 A. Knowledge of the action spectra for the two processes permits
the conclusion that the photoreactivation observed with this mutant is of
the growth and division delay type and not of the photoenzymatic-repair
type. It is suggested that any cell that shows photoprotection will have
a growth and division delay component in its photoreactivation.
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Biophysics: Decay of Long-Lived Free Radicals. - Measurements of the
rates of decay at different temperatures of the long-lived free radicals
produced by x irradiation of glycine, alanine, glutamic acid, and glycyl-
glycine are in progress. For glycine and alanine the data fit second-
order kinetics better than first-order. This implies direct radical-
radical recombination. For glutamic acid and glycylglycine the data to
date fit first- or second-order kinetics about equally well. Measurements
in the absence of oxygen indicate that the decay is not oxygen-dependent.
Second-order kinetics can also be used to explain previously observed
free-radical decay data in seeds and the seemingly more rapid decay in
heavily irradiated amino acids, as compared with the same acids lightly
irradiated.

Biophysics: Growth Curve of Salamanders. - Inspection of a recently
published growth curve LCopeia 1, 119-30 (1963)] for the cave salamander,
Gyrinophilus palleucus, reveals that the growth under optimal growth con
ditions without metamorphic changes can be accurately described by an

equation of the form L(t) = L (l - e~ ), where L is the length of the

animal, t the age, and L and K empirically determined constants. A

preliminary literature search has been begun to find whether this formu
lation has been given previously and whether this form is relatively com
mon. Such a simple expression of growth should be amenable to a bio
physical, mechanistic explanation.

CIVILIAN APPLICATIONS OF NUCLEAR EXPLOSIVES

Chemical Applications of Nuclear Explosions. - Leaching of the water-
insoluble residue from a composite Gnome sample with hydrochloric acid
gave almost the same solubility and percentage of activity leached that
was found in previous leaching experiments with nitric acid. With 30 ml
of acid per gram, 80$ of the plutonium and total-rare-earth betas were
leached, and 75$ of the solid dissolved at hydrochloric acid concentra
tions of 1 to 6 N. By using only 6 ml of acid per gram, 60$ of the plu
tonium and total rare earths were leached, and 50$ of the original sample
dissolved. Analyses for calcium and magnesium showed that nearly all the
magnesium dissolved when 6 ml of acid was added for each gram of residue.
However, the concentration of dissolved calcium showed a threefold in
crease when the acid-to-sample ratio was increased from 6 to 30 ml/g.
Acid consumption was 15 meq/g. Glycolic acid was about 80$ as effective
as the equivalent concentration of hydrochloric or nitric acid for the
leaching of plutonium and total-rare-earth beta activities.
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