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Biology & Medicine

989. Bronchiolo-Alveolar Tumors of the Canine Lung Following
Inhalation of Plutonium Particles.
W.J. Clarke, J.F. Pork, J.L. Palotay, W.J. Bair (General

Electric Co, 9 Richland, Wash.)
The Amer, Review of Respiratory Diseases, Vol, 90,
No. 6:  963-67.  December 1964.

Inhalation of plutonium particles caused spontaneous
deaths at 55 to 1446 dhys after exposure in beagle
dogs having a lung burden of 0.6 to 48 uc. of Pu23902•
Four dogs surviving  more  than  1 9150  days  and  one
animal that died. 150 days following exposure to high

levels of plutonium aerosols showed bronchiolo-
alveolar tumors.  Although most of these neoplasms

Vere locally invasive, and some appeared to be of
multicentric origin, no evidence of regional or
distal metastasis was seen.  The progression
sequence of tumor formation appeared to be
desmoplasia, metaplasia, and, finally, neoplasia.
(auth.)

990. Distribution & Removal of Monomeric and Polymeric Plutonium
in Rats and Mice.
J.F. Markley, M.W. Rosenthal, A. Lindenbaum (Argonne
National Lab., Argonne, Ill.)
International Journal of Radiation Biology, Vol. 8,
No. 3:  271-8.  19650

Mice and rats were injected intravenously with
monomeric or polymeric 239Pu (IV).  Both species
deposited about three-quarters of the injected
polymeric Pu and about' one-third of the monomeric

Pu in the liver,  In bone, rats deposited approximately
twice as much Pu as mice, 12 per cent versus 6 per cent

•                            of injected polymeric and about 60 per cent versus
24 per cent of monomeric Pu.  By 12 days untreated

: rats..had lost no Pu from. bane, but about one-half
of the monomeric  Pu from l:Ever.  ' By 90 days the  rat
liver had lost one-half and the mouse liver one-
quarter of the deposited polymeric Pu.  DTPA-

. therapy in rats, from the third to the eleventh day,
removed about dne-half of both forms of Pu
deposited in bone.  From liver, DTPA removed all
but 1.5 per cent of injected m6nomeric Pu, but

none of the polymeric Pu.  In rats which received
the same experirilental regimen, femurs and tibias
had the same specific activity.  (auth.)
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Chemistry

991. The Analysis of Plutonium-Chromium Carbides.
G.W.C. Milner, A.J. Wood, G. Phillips (Atomic Energy

Research Establishment, Harwell, U.K.)
AERE-R 4859.  March 1965.  12 p.

Methods are described for the chemical analysis of
plutonium-chromium carbides containing from
140-92% Pu, 4-40% Cr and 3-18% C.  Sintering with
sodium peroxide is employed to dissolve samples
either directly or after ignition to oxide.·

Controlled-potential coulometry is suitable for
the direct determination of plutonium contents in
lM H2S04-0•01M potassium pyrophosphate, the
pyrophosphate being added to prevent the pre-
cipitation of chromium in the preparation of
solutions for coulometry. Results are quantitative
for 4 mg amounts of plutonium with a coefficient
of variation of 0.2%.  Chromium is determined by
potentiometric titration after separation from
plutonium by anion exchange from 8M HN03 solutions.
After oxidation with argentic oxide, the chromium

is reduced with a slight excess of a standard
ferrous solution and the excess is titrated

potentiometrically  with · standard ceric sulphate.
Results are accurate for 1 mg amounts of chromium
by this method with a coefficient of variation
of 0.21%.  Carbon is determined by combustion to
carbon dioxide, followed by manometric measurement
of the carbon dioxide produced. Vacuum fusion is
suitable for the determination of any contamination
of samples by oxygen and nitrogen.    (auth. )

992. Chemical Engineering Division Research Highlights,
May 1964 - April 1965·

(Argonne National Lab., Argonne, Ill.)
ANL-7020.  (n.d.)  273 p.

The following sections of this document include data on
plutonium:

Compact Pyrochemical Processes. Processes for Fast
Br eeder Reactor Fuels - general process. development;
distribution of fuel constituents between liquid
metals and molten salts; solubility of uranium and
plutonium in cadmium-zinc-magnesium alloys; solution
stability tests; halide slagging of uranium-plutonium
alloys; development of engineering equipment and pro-
cedures for molten metal-salt extraction operations.

(Cont'd)
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Chemistry  (Cont'd)

992. (Cont'd) Supporting Chemical Studies - plutonium-magnesium phase
diagram.  Preparation of Fuels for Fast Reactors-
homogeneous precipitation of plutonium-uranium carbides
from fused saits«

                              Fuel Cycle Applications of.Volatility and Fluidization
Techniques.  Laboratory Studies - recovery of plutonium from
alumina bed materials; reaction  of  PuF6 and metal fluorides;
fluorination of plutonium-containing solid wastes from
Rocky Flats.  Engineering-scale investigations -
processing of nuclear reactor fuel of low enrichment,

Reactor Safety.  Metal oxidation and ignition.  Fast
reactor safety studies - fuel migration and segregation
in mixbd uranium-plutonium compounds.

Analytical Chemistry. X-ray spectrochemical analysis
of aluminum oxide.

-· Studies and Evaluations. Cost evaluation of metal-fueled              
-   fast reactors - reference compact pyrochemical process

for metal fast reactor fuel; removal of fission products;
partitioning of uranium and plutonium; recovery of

          uranium and plutonium as ingots of metal; composition
of recovered uranium ingots and plutonium ingots;
estimated fuel cycle costs for the Argonne Reference

Metal-Fueled Reactor.  Divisional study of reprocessing
of fast reactor plutonium fuels - comparative cost
analysis; shipping and inventory costs.

993. Complexes of Metallochromic Substances.  V. Optimum Conditions
for Metal Complex For6ation and their Relition to the Complex
Composition.
B. Budesinsky (Nuclear Research Institute, Czechoslovak
Academy Of Sciendes, Rez u Prahy, CSSR)
Zeitschrift fur Analytische Chemie, Vol. 207, No. 4: 247-56.
1965.

Plutonium oxide is Among the many substances studied which
formed complexes with EDTA, xylenol orange, methylthymdl.
blue, pyrocatechol.violet, eriochrome black T, arsenazo
I,.and ·arsenazo III. 41 references.
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Chemistry  (Cont'd)

994. Contribution to the Study of the Sulfuric Complexes of Plutonium (IV).
M.   Lucas     ( CEN 9 Fontenay-aux-Roses, France)
Radiochimica Acta, Vol. 3, No. 3:126-29.  November 1964.

In French.

Using a solvent extraction method we have determined the
stability constant of the neutral species Pu(S04)2

corresponding to the equilibrium:
+ Ht,

PIA.504   + H SO,- :2: P'* (50432 (al)
The value for the constant 82= i p.(504,1.CaRl I W+)

-1  R* SO44+ 1  9 U 564- 1
is 3.8 * 0.7 at ionic strength w=1 and 230 * 0.50C.
The equilibrium composition of the solution was the
following:  HNO3 = 0.5M; Na N03 = 0.5M; Pu(IV) about
10-6M.  (auth.)

995. Detection of Plutonium Penetration Through Containers at High
Temperatures.
W. M. Moore, Dale M. Holm, H. Ruess, R.L. Andelin (Los Alamos
Scientific Lab., Los Alamos, N. Mex.)
American Nuclear Society Transactions, Vol. 8, No. 1:174-5.
1965.

A system was built for monitoring plutonium leakage
(0.1 Ug sensitivity) from capsules at 1100C by counting'

the alpha particles with silicon surface barrier detectors.
The capsules are heated in high vacuum, and the detectors

are kept cool by placing them in cooled head assemblies
that have six nickel thermal-radiation foils interposed
between the detedtors and the capsule.   (auth. )

996. Determination of Burnup on EBR-II Fuel.
R.P.  Larsen (Argonne National Lab. 9 Argonne,  Ill. )
American Nuclear Sdciety Traqpactions, Vol. 8, No. 1:8.  1965.

Absolute values for 0-233, U-235 and Pu-239 fast-fission
yields will be obtained by irradiating gram quantities of
these materials for a protracted period in EBR-II to
burnups approaching 25%.  The number of fissions will be
determined from pre- and p6st-irradiation mass-spectrometric

uranium and plutonium analyses; the number of fission-
product atoms 9 from chemical, mass-spectrometric and/or
radiochemical analyses,  Several years of irradiation will
be required:
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Chemistry        (Cont'd)

997.              Determination of Plutonium in Kilogram Soil Samples by
Gamma Spectrometry of Am-241.
H. E. Menkerg' J.D. Buchanan (Hazleton-Nuclear Science Corp.,

'                       Palo Alto, Calif.)
American Nuclear Society Transactions, Vol. 8-, No. 1:88.  1965.

Gamma spectrometry proved to be.a relatively simple
alternative tr radiochemistry for analysis of Pu in
kilogram-quantity soils.  Results were good with uniform
plutonium distribution, with 2% variation.  Calculations
indicated that extreme nonuniformity would result in no
more   t han 21% error in samples where the natural soil

background was minimal.  The minimum detectable amount
of Pu was found to be about O.l·ug in a 1 kg soil sample.

998. Determination of Uranium and Americium-Curium in Urine by
Liquid Ion Exchange.
F.E. Butler (Savannah River Plant 9 E.I. duPont de Nemours and
Co., Aiken, S.C.)
Analytical Chemistry, Vol. 37, No. 3:340-2. March 1965.

Exchange of Th, Pa, U, Np, Pu, Am, Cm, and Cf from
various concebtration of HN03  and Hul to liquid ion

exchangers was determined.  Both.anion and cation exchangers
were used; the former was triisooctylamine (TIOA), while
the latter was di-2-ethylhexyl phosphoric acid
(HDEHP). Tests with TIOA indicated preferential and
rapid removal of U from other actinides, and in a
mixture. of Pu (III) and Np (IV), Np was extracted to
TIOA.  The reagent also separated Pa from the parent233

Np2376 HDEHP extracted more than 90% of all eight
actinides. from an acid solution adjusted in the pH
range 4·to 50  At higher acidities - e.g., 4N HN03 -
all the actinides are extracted except Am, Cm, and Cf.
(auth.),

999. Direct Yield of Xe-135 in the Fission of U-233, U-235,

Pu-239, and Pu-241.
C.Bo Bigham,.A. Okazaki, W.Ho Walker (Atomic Energy of Canada
Ltd., Chalk River, Canada)
American Nuclear Society Transactions, Vol. 8, No. 1:10.  19650

The ratio of direct to cumulative yields of Xe-135 produced
in thermal-neutron fission has been determined by
measuring the growth and decay of this nuclide in
irradiated U-233, U-235, Pu-239 and Pu-2410  (auth.)
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Chemistry  (Cont'd)

1000. Final Plutonium Purification by TLA Extraction and Direct
Precipitation from the Organic Phase, Study and Development
of the Chemical Process and of Continuous Precipitation Equipment.
G. Rolandi, J. van Geel, A. Geoffroy (Mol, Belgium)
NP-14945 (ETR-167)0  June 1964.  55 p.

After a brief historical outline of the progress of
the study since ETR-134, this report brings up to date
the work carried out at Eurochemic on the TLA-Direct
Precipitation Process for final plutonium purification.
The 20% TLA in Solvesso-100 system was retained for
extraction.  Equilibrium data for plutonium and uranium
extraction in this systtm as well as decontamination
factors obtained during flow-sheet testing in lhboratory
mixer settlers are presented and discussed.

The results of the study of chemical conditions for

direct plutonium precipitation are also given.

In addition, the characteristics of a continuous sub-
critical precipitator, specially developed for the direct
precipitation, are described, as well as the first
results obtained with this equipment.

Finally, the principles of the proposed flowsheet for
the combined TLA-Direct Precipitation Process are presented.
11 references. (auth.)

1001. Mass Distribution in Thermal Neutron Fission of 239PU.
D.A. Marsden, L. Yaffe.(McGill University, Montreal,
Canada)
Canadian Journal of Chemistry, Vol. 43, No. 1:249-67.

January 1965.

Improved radiochemical techniques have been used to
study the distribution in mass of the fissioh fragments
resulting from thermal neutron fission in 239PU.

Disintegration rates and half-lives were determined by
measurement with a 4 w B gas flow proportional counter.
Further identification of the nuclides was obtained by

gamma scintillation spectrometry. The flux intensity
during irradiation -was monitored by  the  59Co  (n,y)60Co
reaction.

(Cont'd)
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Chemistry  (Cont'd)

1001. (Cont'd) The absolute fissibn yields of 89Sr  90Sr  9ly  95Zr,
99MO' 103Ru, 106Ru, 105Rh, 109Pd  lf2Pd, fliAg'   d
115 cd in the light mass peak and'127Sb, 131I  f33 ''
132Te, 137Cs, 140Ba, 1 4 1 Ce 9 143Ce, 144Ce, 14#Nd, and
15.6Eu in the heavy mass peak have been. measured.  In
addition, the independent yields of 82Br, 124Sb, 126Sb,
and 136Cs were obtained. 58 references.    (auth. )

1002. Microcalorimetric Determination of the Enthalpy of Formation
of the Complex Ions of Trivalent Plutonium, Americium and
Lanthanum with EDTA.
J. Fuger, B:B. Cunningham (U. of California, Berkeley, Calif.)  '
Journal of Inorganic'and Nuclear Chemistry, Vol. 27, No. 5:
1079-84.      May  1965.

The heats of solution of· anhydrous plutonium, americium,
and lanthanum trichlorides have been measured in solutions            i
of ethylenediaminetetra - acetic acid at a carefully
chosen pH, and in inorganic solutions of the same ionic
strength. From.these data we have calculated the
enthalpy change for the reaction:

Me Cl +.2   i./  73-      -4      Me   Y-          -1-·   NA  9 1) +3(1      ,3 (c) (a
%) (az)

Using auxiliary data the thermodynamic quantities
AH', AFO, and 88' associated with the chelation are
reported for 25C and u = 0.1 and the results with
actinide chelates are compared with literature values
for the corresponding lanthanides. (auth.)

1003. Neptunium Extraction by Trilaurylamine.

Jacques Champion,·Andre Chesne (CEN, Fontenay-aux-Roses,
France)
CEA-R-2607.  Octdbar 1964..  48·po

In French.
The extraction·by trilaurylamine of neptunium (IV)
from nitric acid and sulfuric acid· :- nitric acid
media has been itudied, with the aim of developing a
purification process for this element.  Relative to the

plutonium - neptunium separation, conditions are given
for the oxidation of neptunium (IV) in sulfuric acid -
nitric. acid medium, and data are presented on the
stabi1ization of the (+4) oxidation state by the organic
solvent: Two. procedures have been developed for the
simultaneous purification of the two actinides.

(Cont'd)



-9-

Chemistry  (Cont'd)

1003. (Cont'd) Both are based on the trilaurylamine extraction of
the tetravalent nitrate species. The first utilizes
a constant redox potential fixed by Fe+++/Fe++ couple,
while in the second, valences are determined by successive
addition of nitrite and ferrous ions. Gram quantities
of neptunium-237 have been recovered from plutonium
process solution.  Alternate procedures are suggested
for the chemical processing of irradiated 237NP.

(Nuclear Science Abstracts, Vol. 19, No. 9:15665)

1004. Plutonium and Uranium-Mass-Spectrometry Measurements on
Irradiated Fuels.
J. Chenouard, M. Lucas, R. Bir (CEN, Saclay, France)
American Nuclear Society Transactions, Vol. 8, No. 1:10.
1965.

Mass spectrometry was used for measurements on selected
samples of irradiated fuels, dealing with (1) the isotopic
composition of the plutonium produced, (2) the concentration
of this plutonium in the fuel, (3) the U-235 depletion,
and (4) the amount of U-236 produced.  No data are given,
but the method is discussed.

1005. Plutonium Hexafluoride, Its Preparation and Properties.
N.P. Galkin, L.A. Ponomarev, Y.D. Shishkov
ANL-TRANS-164.  March 19650  37 p.

This publication attempts to present a critical
coordination and systemization of the scattered literature
material concerning the fluorination process of plutonium
dioxide and tetrafluoride.  In addition, the principal
physical and chemical properties of plutonium hexafluoride
have been presented. 14 references.   (auth. )

1006. Radiochemical Determination of Plutonium Isotopes and
Americium-241 in a Plutonium Sample.

K. Watanabe, E. Sakai, K. · Minami (Japan Atomic Energy
Research Institute)
Journal of Nuclear Science and Technology, Vol. 1, No. 6:
197-202.  September 1964.

Isotopic ratios of 238PU, 240Pu and 241Am in a plutonium

sample were :approximately determined by means of
combined a- and y-ray spectrometry without chemical
separation of americium from plutonium.  The intensity

(Cont'd)
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Chemistry  (Cont'd)

1006. (Cont'd) of a-ray followed by internal conversion was determined
by measuring the intensity of LX-rays.  The ratio of
240Pu to 239Pu was obtained.from the ratio between the
a-ray intensity thus determined and the total a-ray
intensity from the two huclides. (auth.)

1007· The Reaction of Plutonium Dioxide with the Oxides of Several
Elements Formed During Nuclear Fission.
C. Keller
TRG. Information Series 448(D).  1965.  13 p.

Several oxide phases and binary oxides of plutonium, with
plutonium valencies from three to six, are obtained
by solid state reactions of Pu203 or Pu02 with oxides
of several elements. From the reaction conditions it
can be concluded that compounds of this kind are formed
at high burn-up in oxide nuclear fuels containing
plutonium.  The properties and stability of these
compounds are discussed. (auth„)

1008. The Spectrophotometric Determination of Silicon in Plutonium.
T.K. Marshall, K. S. Bergstresser, G.R. Waterbury (Los Alamos
Scientific Lab., Los Alamos, N. Mex.)
LA-3247.  April 7, 1965.  17 p.

Microgram quantities of silicon are separated from
plutonium by selectively-precipitating plutonium (III)
and (IV) fluoride 9 and the silicon in the supernatant
solution is determined spectrophotometrically as the
reduced silicomolybdic acid complex. Boric acid is
used to complex and prevent interference caused by the
excess fluoride ion during the formation of the blue
silicom61ybdic acid complex. The absorbance of the
complax is measured at a wavelength of 825 my:
Based upon 14 determihations each of 52, 104, and
152 ppm of silicon in plutonium (10.4, 20.8, or
31.4·ygo of silicon added to 200 mg. of plutonium),
the relative standard deviation of the method was
found to.be 3.7, 1.8, and 2.8% respectively.  The molar
absorptivity of 16,600 calculated from these data shows
that 10 ppm (2 ug:.of silicon in a 200 - mg. plutonium

sample) can be determined reliably.  High concentrations
of chromium, germanium, iron, nickel, or potassium
interfere in this determination.  (auth.)
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Chemistry  (Cont'd)

1009. A System for Remote Microsampling of Irradiated Fuel with
Micron-Scale Resolution.

P.E. ·Novak, P.A. Bohm, R.W. Darmitzel, A. I. Kaznoff, E.L.
Zebroski (General Electric Co., APED, San Jose, Calif.)
American Nuclear Society Transactions, Vol, 8, No. 1:

169-70.  1965.

A remotely operated microsampling system has been developed to
do precise (5 um) spatial sampling of isotopic- and

chemical-composition gradients across an irradiated fuel
specimen.  The system was initially developed to

determine migration and segregation of plutonium and
fission products  in mixed plutonium-uranium dioxide
fuel. (auth.)

L_         Z
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Health & Safety

1010. Aerosol Characteristics of Burning Sodium and Plutonium.
Harry J. Ettinger, William Do Moss, Harold M. Busey (Los

Alamos Scientific Lab.·9 Los Alamos, N. Mex.)
American Nuclear Society Transactions, Vol. 89 No. 1:143.
1965.

Aerosol-count median diameters and aerosol-mass median
diameters w6re determided for burning sodium, plutonium
aild Pu-Co-Ce alloy s under donditidhs ·of  'controlled
temperature, relative humidity, and oxygen concentration
in the vicinity of the 'burning material. The aerosol
characteristics determined indicate that careful
consideration muht  be  given to the design of filtration
systems to be used with these materials because of the
small· plutonium particles produced. Sodium particles
are  more' than  teri times larger,   and will tonstitute
a significant problem of filter clogging,

1011. Gamma Shielding Requirements· for Plutonium-238 and Polonium-210.
K.W. Foster (Monsanto Research Corp:, Mound Lab., Miamisburg,
Ohio)
MLM-1200. November 13, 19640  9 Po  ..        '

Gamma shielding requirements were computed for plutonium-
238 and polonium-210.  Literature values were used for
the gamma energiess their relative abundances, and for
the mass absorption coefficients of'these decay components
in various shieldidg materials.  A point source and

isotropic radiation were assumed; self-absorption was
not considered.  For plutonium-238 the. greatest shielding
thicknesses were required tb attenuate the 760-kev
component; therefore 9 the shielding required to reduce
the dose rate from this.component to less than one
milliroentgen(mR) per hour at one meter was used to
compute the total dose rate.  The following shielding
thicknesses are required to reduce the dose rate from
a bare 1-kg plutonium-238 bource to less·than 2.5 mR
per hour at one meter:  1095 cm lead, 3.77 cm iron,

1.03 cm uraniums and 11.6 cm concrete.

The gamma radiation intensities were computed for 100-watt,
1-kilowatt 9 and 10-kilowatt,polonium-210 heat sources.

The thieknesses of uranium required to attenuate the
0.803-Mev gamma radiation from each of the above sources
to 10009 100, 10.0 and 1.0 milliroentgen (mR) per hour

at one meter were calculated [eogo, 0.95 cm uranium would
reduce the dose rate of a 1000-watt source (5404 mR) to
10.0 mR per hour at one meter]«  (auth.)
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Health & Safety  (Cont'd)

1012. Monitoring of Atmospheric Contamination by Plutonium in
Laboratories.

Joseph Pomarola, Andre Risselin, Pierre Feliers (CEN,
Fontenay-aux-Roses, France)
CEA-R-2739.  February 1965,  32 p.

In French.
Immediate detection of atmospheric contamination by
plutonium is necessary for warning of operators.  A
precise estimate of the level of this contamination is
also necessary in order to give the Medical Section
proper information.

Experiments have been carried out at CEN-FAR using
atmospheric contamination by plutonium monitors.

This paper deals successively with·: important problems
of monitoring, the carrying out of the experiments and
the results.yidlded.. (auth.)

1013. Neutron Dose Conversion Factors for PuBe and PoBe Sources.

T.D. Jones, D.R. Johnson, J.H. Thorngate (Oak Ridge National
Lab., Oak Ridge, Tenn.)
Health Physics, Volo 11, No. 6:519-22.  June 1965.

A calculational program and an experimental program were
conducted to determine the average first-collision
tissue dose in rad/neutron per cm2 produced by PuBe and
PoBe neutron sourceso Calculated values were obtained
using a number of published spectra which were weighted
according to the first-collision tissue dose as a
function of neutron energy. In  addition 9 a direct

measurement was made of the energy deposited by the
neutrons in a polyethylene-lined, cyclopropane-filled
proportional counter„ Calculated values were 4.08 f
0.20 .x 10-9 rad/n/cm2 for PoBe and 3.90 * 0.06 x 10-9
rad/n/cm2 for PuBe.  The corresponding experimental
values were 4.0 1 0.2 x 10-grad/n/cm2 for PoBe and
3.9 * 0.2 x 10-grad/n/cm2 for PuBe sources.  17 references.

(auth.)
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Metallurgy and Ceramic s

1014. Analysis and Composition of the First U-Pu Charge (0.043                   1

Per Cent of Pu)«
Jean-Paul Brunet 9 Dominique de Lapparent 9 Pierre Lourme
(CEN, Saclay, France)
CEA-R-2613,  January 19650  ·51 p.

In French.

Checking the homogeneity in the content of plutonium of
0.043  per cent Pu-natural uranium alloy slugs  has  been
made by Pu-240 and U-238 spontaneous fissions neutrons

counting.

The purpose of the test was to select groups of slugs

to ba correctly associated into fuel rods for critical
experiments.

General technique for spontaneous fissions counting,
then elaboration of datas in view of ranking the slugs                i
are described.  Results are given for this particular
case. (auth.)

1015. Delta Stabilized Ternary Alloys of Plutonium.
J.E.   Fuller (Dow Chemical Co., Rocky Flats Division, Golden,
Colo.)
RFP-506.  April 22, 1965.  20 p.

A preliminary,survey of the plutonium rich corners of
the Pu-Al-Ga, Pu-Zn-Ga and Pu-Ce-Ga systems was made.
Emphasis was placed on the determination of how well
the delta phase of plutoniurn was stabilized by these
alloy additions·. (auth.)

1016. Effect of Annealing on the Resistivity of Self Damaged Plutonium.
D.A. Wigley (Clarendon Lab., U..of Oxford, Oxford, U.K.)
Proc. of the Royal Society Series A, Vol 284, No, 1398:

344-53.  March 9, 1965.

When samples of a plutoniurn are stored at low temperatures
their resistivities increase owing to the accumulation
of defects produced by the radioactive disintegration
of the nuclei.

Isochronal annealing experiments have been performed on
o plutonium which show that this additional resistivity
recovers in two distinct stages centered at about 75 and
150 K respectively.  In 6 stabilized,plutonium the first

annealing ·stage   is. more, pronounced and occurs at lower
temperatures, the values of which are dependent on the
concentration of aluminum used to stabilize the 6 phase.

(Cont'd)
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Metallurgy and Ceramics  (Cont'd)

1016. (Cont'd) Isochronal annealing experiments have also been performed

on heavily damaged samples of a plutonium and yield
further information on the anomalous temperature
dependence  of the resistivity changes brought about  by
self irradiation at low temperatures.

The correlation between the observed resistivity changes
and corresponding changes-in the concentration of point
defects is discussed:

1017. Electrical-Property Study on U02-Pu02 Solid Solutions.
W. E.  Bailey, -W. L. Lyon: (General Electric  Co.,  APED,  San  Jose,
Calif.)
American Nuclear Society Transactions, Vol. 8, No. 1:34.

1965.

A study was conducted on the electrical properties of
mixed-oxides (Pu02-U02) solid solutions to establish
a better understanding of the Pu02-U02 system,
particularly in the region from 10 to 20 wt% Pu02 in
which· a maximum in the melting point has been observed.
Resistivity and thermo-electric power measurements
were made from 25 to 50 C as a function of stoichiometry
and of plutonium oxide content.  One table and 6
references are included.  (auth.)

1018. Experimental Studies of Transient Effects in Fast Ceramic
Reactor Mixed Oxide (Pu02-U02) Fuels.
J.E. Hanson, J.H. Field (General Electric Co., APED, San Jose.,
Calif.)
American Nuclear Society Transactions, Vol. 8, No. 1:le.  1965.

These tests were designed to investigate fuel-cladding

transient performance with respect to densification and
redistribution of the fuel as a result of transient
melting, and cladding deformation and possible failure
from high thermal and pressure stresses resulting from
high heat-transfer rates and fuel-vap6r pressure.  It
was concluded that in non-pre-irradiated, axially
unrestrained fuel  1)  the increase in volume on melting
can be readily accommodated and does not result in cladding
deformations 2)  transients that cause a portion of the
fuel (= 70% or less) to become liquid do not result in
cladding deformation, but cause extensive fuel relocation

and densification 9 and 3)  the maximum transient limit
appears to be. cladding melting as a result of very high
fuel-surface temperatures or vapor blanketing of the
coolant (boiling'burnout).  (auth.)
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1019, High Temperature Thermodynamic Equation of State of Plutonium .
Carbide.

C.J. Kubit, R.G. Palm, W. Gunson (Westinghouse Electric Co.,
Atomic_Power Division, Pittsburgh, Penn.)
American Nuclear Society Transactions, Vol. 8, No. 1:29-30.
1965.

Equation-of-state calculations were. made using estimated
critical constants as well as known thermodynamic data.
The results of the calculations are given in two graphs.
The results indicate that on the basis of equal
weights the maximum tredible accident for PuC should be
considered less severe than for a similar.accident for U02.
6 references.

1020. High-Pu-Content Pu-Al Fuel  Plates.

M. J. Zambernard (Nuclear Materials and Equipment Corp.,.
Apollo, Penn.)
American Nuclear Society.Transactions, Vol. 8, No. 1:50.  1965.

500 aluminum-clad fuel plates containing a 35 wt% Pu-Al
core alloy were fabricated.  The plates were required
to meet stringent dimensional and bonding specifications.

Fuel in this concentration range can.be fabricated into
plates if considerable care is taken, and two new approaches
are used - assembly gettering and multiple-plate rolling.

1021. In-Pile Thermal Conductivity of U02 and 20:80 (Pu:U)02
Specimens.
W. E. Baily, D.P. Hines, E.L. Zebroski (General Electric Co.,
APED, San Jose, Calif.)
American Nuclear Society Transactions, Vol. 8, No. 1:39-40.
1965.

The thermal conductivities of U02 and of mixed oxide
(20 wt% PuO -UO290/M =· 1.97) were measured in-pile between
800 and 2008 C using both refractory-metal thermocouples
and gas-bulb thermometry.  One graph and one table
included. (auth.)

1022, Irradiation of Molten Pu-Co-Ce Fuels in Contact with Sodium.
J.A. Basmajian.'(Los··Alamos Scientific Lab., Los Alamos,
N. Mex.)
LA-DC-6753 (CONF-64117-1).  November 12, 19640  10 po

Two capsules ·containing 33.5 w/0 Pu, 56.5 w/0 Ce and

(Cont'd)
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1022. (Cont'd) 10.0 w/0 Co fuel in contact with sodium were irradiated.
The melting point of the alloy is 440C, and the temperature
of irradiation was 470C.  This distribution of fission
products from Butanol-soluble and HCl-soluble samples
is given.  There was no indication of the solubility
of Pu in Na from these·data,  Data are given on Ce-137,
Eu-155, Sr-90, Ru-106, Zr-95, and Sb-125.

102 3. Irradiations of U..- 20Pu - 10Fs Alloy: Fuel· Rods,
W.N, Beck, J.H. Kittel, and R.J. Fousek (Argonne National
Lab., Argonne, Ill.)
ANL-6750.  February 1965.  34 p.

Instrumented capsule irradiations were performed with
uranium-20 w/0 plutonium-10 w/0 fissium compositions
sodium bonded to various high-temperature jacketing
alloys. The specimens were EBR-II-diameter fuel rods
that had been reduced to a 51-mm fzie 1 length. The

jacketing materials tested were:  niobium, Nb-1 w/0
Zr alloy, Nb-33 w/6 - Ta-1 w/o Zr alloy, Nb-4 w/0 V

alloy, vanadium, molybdenum, Ta-0.1 w/0 W alloy, Inconel-X,
Type 304 stainless steel, and Hastelloy-X. A total
of 78 specimens were irradiated over a temperature
range of 420 to 900'C and burnups of 1.2 to 4.2 a/0

heavy metal.  Other specimens presently under irradiation
have exceeded burnups of 7.2 a/0 without indication of
failure. It was found that rupture strength of the
jacketing material is. not the only criterion of the
restraint characteristics of the jacket during irradiation.
The optimum relationship appears to be a jacket .that
retains a high rupture strength with a high degree of
ductility.  The lifetime of the fuel specimens before
failure occurred was also significantly extended by
increasing the void space within the jacket.  (auth.)

1024. Kinetics of the B+a Transformation of Pure Plutonium.
R. Galerne, B. Spriet (CEN, Fontenay-aux-Roses, France)
Compt. Rend, Vol. 260, No. 14:3961-3964.  April 5, 1965·

In French.
Transformation of the B-phase of plutonium was followed
by resistivity measurements. The TTT diagram shows
that the B+a transformation proceeds by one or two
mechanisms, according to temperature.  Values for the
activation energy, near that for self-diffusion in the
one case (11 kc/mole) and very low in the other
(2.6 kc/mole), suggest .respectively transformation by
diffusion and by shearing, (E.R.A.)
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1025.      '       The Low Temperature Allotropic Transformations in Plutonium.

R.D. Nelson (Pacific Northwest Lab., Richland, Wash.)
BNWL-49.  April 1965.  187 P.

Transformation kinetics, phase transformation damage,
steady-state creep, and effects of applied stress on
phase transformations of plutonium were investigated.
These related phenomena are discussed and are correlated
with similar information about more common metals. There
are several characteristics of these phase changes that
are consistent with either diffusional or martensitic

transformations, but these data alone are insufficient
to characterize them. Data forthe B+a a n d a+B
phase changes indicate martensitic trans formation;  data
for the B+Y and Y+B phase changes are consistent with
diffusional transformations.

The kinetic data show conclusively that the 8 + a,
a + B,B + y, and y +8 phase changes in high 'purity
plutonium can proceed isothermally to completion with
no athermal component. The most significant characteristics
of  the  B» a transformation kinetics  are  1)    the  B  +  a
TTT curve is a simple C curve with'the maximum rate of
transformation at -20 to -40°c; 2) several percent of
retained high temperature phases may exist in pure
plutonium at room temperature;  3)  alpha grains form in
disk shaped volumes  at high alpha formation temperatures;
4) plastic deformation  of the stable beta phase retards
the  subsequent  B  + a transformation ; ' and'5) plastic  de-
formation of stable alpha accelerates the a +B trans-
formation.

Signigicant characteristics of the transformation of the
gamma phase are  1) transformation of the gamma phase
is depicted by a double C curve consisting of a y+B
transformation curve; a y+a transformation curve; and
a complex region where the gamma, beta, and alpha phases

'      can temporarily exist simultaneously:  2) the y+a
transformation isa ski* transformation ; 3) plastic
deformhtion af stable beta accelerates the B+Y
transformation rate.

(Cont'd)
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1025. (Cont'd) High purity as-cast plutonium may contain a large volume
of microcracks that form during the B+a transformation.
The volume of microcracks increases with increasing

transformation temperature, higher metal purity, increased
specimen sizes and a j B transformation cycling.  Trans-

formation cycling produces growth in all directions,
general distortion 9 and extensive surface rumpling.
Plutonium free of microcracks can be produced by
quenching from the beta phase to -75 to -115'C during
casting. In metal that initially contains no microcracks,
no physical damage has been observed after either y Z 8,.+
0+y,o r 6 + B transformation cycling.

At a common temperature' the creep rate of the phase
normally stable at higher temperatures is greater than
the creep rate of the phase normally stable at the

lower temperatures except for beta formed from alpha.
The creep rate of beta formed from alpha is 200 to 500 times
greater than the creep rate of beta formed from gamma.
As a consequence, the creep rate of beta that is formed

from gamma is less than the creep rate of the gamma
phase under the same temperature and stress conditions.
The activation energies for creep of the six allotropes
were 269 30, 35, 31, 28, and 25 kcal/g-atom, respectively,
for the a, 8, 7,6, 6', and' E phases.  The creep
activation energies were related to the activation
energies for self-diffusion,

Application 6f uniaxial compressive and tensile stresses
markedly affect the total strain during B + a, a + B,
B+y, and y +B transformations in plutonium.  The
following conclusions were made:  1) both applied uniaxial
tensile stresses and compressive stresses raise the
temperature  for the beginning  of  the B+a transformation ;
2) stresses applied during transformation produce
pronounced crystallographic texturing  and microstructural
shape texturing  due to anisotropic phase changes;
3) the (010) plane of the alpha phase formed under uniaxial
stress becomes parallel to the applied tensile. stresses
and perpendicular to applied dompressive stresses;  4)
the a +B and B+a transformations occur anisotropically
in textured plutonium;  5) there is an apparent
crystallographic relationship between the parent and

product phases of the a +8 and B+a transformations;
and 6) some excess creep occurs when plutonium is

subjected to an external stress during transformation.
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1026. A New Technique for Testing Molten Plutpnium Container Materials
at High Temperature.
R.L. Andelin, A. R. Hawkins, N.G. Wilson (Los Alamos Scientific
Lab., Los Alamos, N.'Mex.)
American Nuclear Society Transactions, Volo. 8, No. 1:19.  1965.

The objective of high temperature testing was to accelerate
plutonium pendtration through th6 container wall and thus
shorten the time required to obtain corrosion information.
The method developed decreases the time required to
obtain corrosion information over conventional capsule
testing in isothermal sodium loops.  Tests may be
conducted at temperatures between 900 and 1200C, and
the exact time of failure is determined. (auth.)

1027. Observations of Allotropic Transformation of Plutonium with
a Hot Stage Microscope.
J.  Mars,  B.  Spriet (CEN, Fontenay-aux-Roses, France)
CEA-R-27260  January 19650  56 p.  In French.

A hot stage microscope designed for the examination of
plutonium and its alloys is described.  This apparatus
was used to study the a + 8, B.I Y, 6   E allotropic
transformation of pure or B and 6 stabilized plutonium.
The a+B transf6rmation  is typically a nucleation and
growth process«  Some particularities caused by the
internal stresses due to the volume change during this
transformation are examined. The kinetics has been
studied as a function of these stresses and a temperature
dependent activation energy for nucleation has been
deduced.  The B+a transformation presents a memory
effect which implies an orientation relationship between

the two phases.  This fact is probably caused by the
stresses created.during the B+a transition.  The
B t y and 6 j E transformations are also diffusion
govetned processes. (auth.)

1028. Plutonium-Cerium-Cobalt Fuel Development for Molten Reactors.
D.R.'Harbur, J.W. Romerd, J.W. Anderson (Los Alamos Scientific
Lab.9 Los:Alamos, N. Mex.)
LADC-6808 (CONF-650506-1).  January 1965.  26 p.

A molten plutonium reactor concept is being developed at
the Los Alimos Scientific Laboratory.  The fuel which is
under consideration for this reactor is a ternary plutonium-
cerium-cobalt alloy in which the plutonium content can be
varied cohaiderably with only small variations in the
melting point. Presently the fuel is prepared as vacuum
cast rods, which are loaded into tantalum capsules.

(Cont'd)
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1028. (Cont'd) Obtaining fine-grained unsegregated castings on a
production scale was one of the major problems encountered
in the fuel development phase of this reactor program.  This
problem is discussed and the equipment and procedures
developed for casting this fuel are described. (auth.)

1029. Plutonium Recycling.  Quarterly Report No. 16, July 1 -
Sept. 30, 1964.

(Centre de Etudes Nucleaires, Fontenay-aux-Roses, France)
EURAEC-1271.  (n,d.)  10 p.

In English,
This report contains brief statements about the

study of plutonium oxide base ceramic fuels   and the
fabrication of plutonium base fuel elements.

1030. Progress Relating to Civilian Applications During February, 1965.
Russell W. Dayton, Stan J. Paprochi (Battelle Memorial Institute,
Columbus 9 Ohio).
BMI-1717 (Del.).  March 1, 1965.  48 p.

Studies of PuN and its Alloys - W.M.. Pardue, V.W. Storhok,
R.A. Smith, D. L. Keller, and J.E. Gates, p. 8-1 to B-2.
Hot isostatic pressing of a PuN-85 w/0 UN powder blend at
2800'F (1540'C) for 3 hr. at 10,000 psi did not result in

complete alloying of the PuN and UN. Homogenization
of the hot isostatically pressed material for 91 hr. at
3130'F (17200C) ·resulted in a single-phase solid-solution
alloy.  The alloy is being machined into specimens for
thermal expansion and vaporization studies. (auth.)

Development of BeO-Th02-Pu02 Fuels - W.M. Pardue, R.L.

Martin, M.S. Farkas, and V.W. Storhok. p B-2 to B-3.
Bodies of BeO-Pu02 at compositions near the reported
eutectic ·were melted, but metallographic examination
showed that equilibrium was not attained. A Th02-20
mole per cent Pu02 solid solution was heat treated in
dry hydrogen for 3 hr. at 1650'C.  X-ray diffraction analyses

are being conducted to check a positive deviati6n from
Vegard's law relationship.  Studies of the solid
solubility of Th02 in BeO are continuing.

(Cont'd)

L --
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1030. (Cont'd) Postirradiation Examination of UC-20 w/0 PuC - R.L.
Martin, V.W. Storhok, J.H. Saling, M. Pobeteskin, and
J.E. Gates.  p. B-8 to B-9.  The lattice parameters of

UC-20 w/0 PuC fuel specimens determined after irradiation
are listed.  Stainless steel-sheathed thermocouples were
tested for sodium penetration. Mass spectrometric
analyses for uranium and plutonium isotopes are complete,
and the data are being used for burnup calculations.
No uranium or plutonium appeared to be present in the
reaction zone of the stainless steel cladding of the

spedimens.

1031. The Pseudo Binary Phase Diagrams of Pu02 with Alumina,
Beryllia and Magnesia  and the pseudo Ternary Pu02-Th02-BeO.                                          i
A. Hough, J.A. C. Marples (Atomic Energy Research Establishment,
Harwell, U.K.)
Journal of Nuclear Materials, Vol. 15, No. 4:298-3090  1965.

The pseudo-binary diagrams of plutonium oxide with
alumina, beryllia and magnesia have been examined under
oxidizing conditions.  All three systems are simple
eutectics with no intermediate compounds and limited
terminal solid solubility.  The compositions and temperatures
of the eutectics have been determined: the latter are
very similar to,those reported for the corresponding
urania systems. The system BeO-Th02 was also found to

be a simple eutectic, in agreement with the results of
previous workers.  In the ternary system BeO-Th02-Pu02,
there is negligible solid solubility of beryllia in the
plutonia-thoria solid solution and vice versa and a
eutectic valley joins the eutectics in the binaries
BeO-Th02 and BeO-Pu02.  17 references.  (auth.)

1032. Research and Development Quarterly Progress Report for October 9

November and December, 1964.  Ceramics.
D.J. Kessel (Dow Chemical Co., Rocky Flats Division, Golden,
Colo.)
RFP-518.  May 219 1965.  21 9.

Container Materials for Plutonium Melting Studies.  D.J.
Kessell, W.P. Meier,  p 1-5.  The pressure-sintering
method of fabricating crucibles was unsatisfactory for
Y203, . ZrN, and TiN because of reaction with the·· graphite

,. dies. .Usable crucibles were fabricated with AlN and TiC.

Magnesia Propellers Fabricated by Is6static Pressing.
A. R. Teter.  p 14-19.  Magnesia stirrers to be used for

electrorefining plutonium metal were fabricated by the
isostatic pressing technique.
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1033. Resistivity of Plutonium, Neptunium and Uranium due to the
Accumulation of Radiokctive Self Damage.
E. King, J.A. Lee (Atomic Energy Research Establishment,
Harwell, U.K.) Mendelssohn, D.A. Wigley (Clarendon Lab.,
U.  of Oxford,  Oxf rd U.K.)
Proc. of the Royal Society, Series A, Vol. 284, No. 1398:

325-43.  March 9, 1965.

An increase with time in reslstivity occurs in plutonium
at low temperatures as a result of radioactive self
damage.  The effect has been studied in experiments at
liquid helium temperature lasting over 8000 h and has

been found to exist in the a, B and 6 phases of the metal.
In all cases the resistivity approaches saturation, the
rates of increase depending on the crystal structure and
isotropic content of the sample. In spite of wide
differences in these rates the functional increase is
roughly the same.

The temperature dependence of the accumulated resistivities
in all three modifications deviates very strongly from

a simple additive resistance obeying Matthiesen's rule.
The resistivity of fully damaged a plutonium is almost
temperature independent, becoming smaller than that of
the undamaged specimen above about 50 K.

Measurements on neptunium and uranium 233 have also shown
resistivity increases  with time at helium temperatures,
but the effect is too small to decide whether Matthiesen's
rule is obeyed in these metals.

The observed effects have been discussed under the
assumption that in plutonium, scattering of electrons
at low temperatures is mainly due to a co-operative
phenomenone (auth.)

1034. The Steady-State Creep of High-Purity Plutonium.
R.D. Nelson, T.K. Bierlein, F.E. Bowman (Pacific. Northwest
Lab., Richland, Wash.)
BNWL-32.  January 1965.  20 P.

Compressive creep experiments were perf6rmed on the six
allotropes of plutonium at constant stress and isothermal
conditions. The following conclusions were made:  the

creep rates of the allotropes formed by heating a low
temperature-stable allotrope decrease in the order of

(Cont'd)
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1034. (Cont'd) E>6' >6>B>y>a.  The creep rates of the allotropes
formed by heating  a hi*11 temperature-stable allotrope

-                             decrease in the order of < >6' >6>B>y>a.  For
strains between 10-4 bnd 10-1 hr-1 the steady state creep
rates of the beta and gamma phases vary as the fifth
power of stress; the steady-state creep rate of the
delta phase varies as the sixth power of stress.  The
average activation energies for steady-state creep based
on  an  Arrhenius  relationship .are  269   309  35,   31,  28,
and 25. kcal/g-atom  for  the  a,. 8,  y,  6,  6',  and E phases,
respectively.  Activation energies for self-diffusion
were calculated from an empirical expression that utilizes
modulus compensated creep rates.  These activation energies
are 239 27, 31, 30,.28, and 25 kcal/g-atom for the
01, B, Y, 69 6-,.and E phases, :respectively. (auth.)

1035· Structure of U-20 wt% Pu-Fissium Alloys.
O.L. Kruger (Argonne National Lab. , Argonne, Ill. )
American Nuclear Society Transactions, Vol. 8, No. 1:28.  1965.

In this investigation the phases and solid-state trans-
formationswere determined for alloys of U-20 wt% Pu with
5,.10 ahd 15 wt% Fs and the same alloys with 1.5, 3.0
and 4.5 wt% additional zirconium in the fissium. (auth.)

1036. Studies of the Sintering Behavior of Plutonium Dioxide.
P.E. Potter (Atomic Energy Research Establishments Harwell, U.K.)*
AERE-R-4729.  September 1964.  14 po

The sintering behavior of two samples of plutonium
dioxide has been examined. The effect of calcination
temperature, sintering atmosphere and temperature have
been studied.

It was found that for one oxide at temperatures of
1300 and 1500 C, wet hydrogen was the sintering atmosphere
in which the highest densification occurred for the powders

of smallest particle size. For the other oxide an air
atmosphere was the best for densification.  The difference
in behaviour is explained by differences in the iron
impurity contents.  The largest particle size material
sintered little under all conditions and poor densification
was also obtained when the sintering temperature was
lowered to 1100 C.  9 references. (auth.)

.
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1037. Thermal Conductivity of 20:80 (Pu:U)02•

F.J. Hetzler, T.E. Lannin, K.J. Perry, E.L. Zebroski (General

Electric Co., APED, San Jose, Calif.)
American Nudlear Society Transactions, Vol. 8, No. 1:36-7.
1965.

Thermal conductivity of unirradiated 20:80 (Pu:U)02
pellets has been measured between 800 and 1890 C by
the radial-flow method.  Measurements were made in
argon using stoichiometric, hypo- and hyperstoichiometric
material. One graph and one table included.   (auth. )

1038. Two- and May-Component Systems with Plutonium.  Literature
Search, Phase Diagrams, and Data.  Part II.  Pu-Sr to Pu-Zr.
G. Brossman, M. Kemmerich, F. Weitzenmiller
KFK-2200  June 1964.  170 Po

In German.
40 references.
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1039. Plutonium Oxide Shipping Packages.
F.E. Adcock, J.T. .Byrne, and R.L. Delnay (Dow Chejical
Co., Rocky Flats Division, Golden, Colo,)
RFP-501.  April 28, 1965.  90 p.

This report describes part of a program to develop
procedures and containers which would permit the shipment
of plutonium oxide without shipper-receiver discrepancies.
It covers the design, testing, and evaluation of plutonium
oxide shippidg packages.
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1040. Age of Plutonium-Beryllium Neutrons in Tungsten-Water Media.
Donald Shook, Roger L. Alexander (NASA, Lewis Research Center,
Cleveland, Ohio)
American Nuclear Society Transactions, Vol. 8, No. 1:252-3.  1965.

The slowing down distribution to indium resonance has been
measured in water and tungsten-water media, using a
pluto6ium-beryllium source.  Ages were obtained as
one-sixth of the second moment of the measured distributions.
9 references.  (autho)

1041. A Compilation of Experimental and Theoretical Neutron Spectra.
R.H. Jones, ed. (Atomic Energy Research Establishment,
Harwell, U.K.)
AERE-R-4776.  November 1964.  65 p.

This report contains experimental data on a solution of
plutonium nitrate in water.  The data on plutonium were
obtained from the Dounreay plutonium solution critical
experiment.  Neutron energies were determined by the
time of flight method,

1042. Critical Assemblies of Fissionable Materials.
Carroll B, Mills (Los Alamos Scientific Lab., Los Alamos,
N. Mex.)
LA-3219-MS. April   7,    1965.       2 3   P.

A number of critical assemblies were studied for reactor
safety and criticality evaluation reasons early in the

nuclear powered rocket development period.  These were
all of the H20 moderated U233, U235, and Pu239 critical
experiments and the relatively few D20, Be, BeO, and C
moderated, enriched U235 critical experiments available

that provided simple parametrics and extremes in type.
The atomic densities and dimensions directly useful for
computational purposes are listed for fast to thermal
flux spectrum assemblies.  Eleven pages of tables, 28
referenceso (auth.)
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1043. The Criticality of Plutonium-238,
Eric H, Ottewitte 9 Vahe Keshishian (Atomics International,
Canoga Parks Calif.)
American Nuclear Socity Transactions,  vol. 8, No. 1:2010  1965.

The criticality of Pu-238 was calculated with the one-
dimensional DTF-II code, embodying Carlson's S4 transport-
theory approximation.  The calculationk showed that
Pu-238 systems are about as fast in neutron energy (the

median fission energy is about 1.3MeV) as those of
Pu-239. (auth.)

1044. Determination of K& for a Pu02-U02- Graphite Lattice.
T.B.  Thornbury,  N.A.  Hill  (Battelle-Northwest,·Richland,  Wash. )
American Nuclear Society Transactions, Vol. 8 No. 1:268.  19650

A value of k- was deduced from measurements of effective
cross section ratios and from the mass of conver reanired
to· reduce the multiplication of a Pu02-U02-fueled cell to
unity. The value fdr k- ·is given as 1.21 & 0.01.

1045. Doppler Effect Calculations with Interference Corrections.
R.N. Hwang (Atgonne National Lab., Argonne, Ill.)
Nuclear Science and Engineering, Vol. 21, No. 4:523-35.  April 1965.

Because of great concern about the effect of resonance
interactions'on the Doppler-effect calculations,
extensive studies have been made for various dilute
systems.  A simplified method which allows the simultaneous
occurrence of more than one type of interference has
been developed to calculate the temperature-dependent
effective cross sections.  Consequently, the numerical

work involved is simplified considerably.

Calculations have been made for typical Pu239-U238,
U235-U238, and Pu239-U238_Pu240 systems.  The results of
these calculations seem to indicate that the resonance

interference will substantially increase the negative
Doppler effect of the system as compared to the case
where resonance interferences are ignored.  (auth.)
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1046. Effect of Distribution of Fissile Material on Critical Mass.
H.K. Clark (Savannah River Lab., E.I. du Pont de Nemours & Co.,
Aiken, S.C.)
American Nuclear Society Transactions, Vol. 8, No. 1:200-1.

1965.

This report calculates minimum critical masses of U-235,

Pu-239, and U-233 as a function of distribution.

1047. The Fission Cross Section of Pu241 from O.OleV to 3KeV.
G.D. James (Atomic Energy Research Establishment, Harwell,

U.K.)
Nuclear Physics, vol. 65, No. 3:353-68.  March, 1965.

241The fission cross section of Pu has been measured
from 0.01eV to 3KeV by the time-of-flight method.

Below 11eV the data are in fair agreement with the cross
section given by the multilevel parameters of Simpson

and Moore.  A multilevel analysis of the cross section
from 11eV to 17eV has been carried out. The errors

in the mean fission cross section are discussed.

27 references, (auth,)

1048. Fuel Burnup in Heterogeneous Reactor Lattices.
C.G. Poncelet (Westinghouse Electric Co., Pittsburgh, Penn.)
American.Nuclear Society Transactions, Vol. 8, No. 1:208.  1965.

A new code (for determining fuel burnup) called LASER,
which has been programed in FORTRAN-IV for the IBM-7094,

is described. Data are given for Pu-239.

1049. Measurement of Prompt 0 for the Neutron-Induced Fission of

Th232, U233, U234, U238 'and Pu239.
D. S. Mather, P. Fieldhouse, A: Moat (Atomic Weapons Research

Establishment, Aldermaston, U.K.)
.Nuclear Physics, Vol. 66, No. 1:149-60,  April 19650

The average number of prompt neutrons emitted in the neutron-

induced fission of several nucleides has been measured with

a large loaded-liquid scintillation counter,  Determinations

were made for at least four incident energies in the range
thermal to 4 MeV; relative measurements have uncertainties
of between 1 and 4% and the standard for absolute values

is v(Cf252, spontaneous) = 30782 1 0.024.
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1049. (Cont'd) The results emphasize that the atomic number has most
infludence in determining the value of 0  at 'a given
incident energy, since the values for the uranium
isotopes lie close together but are well separated
from the Pu and Th results.

Parameters obtained from a polynomial fitting program
dre. given for the present results and also for all
available published  data. - Linear  fits- were found to be
as good as quadratic and higher-order expressions in
this limited energy·range. 23 references, (auth·.)

1050. Measurement of the Strength of a Pu-Be Neutron Source.
L. Fava, V. Sangiust, Mo Terrani (CESNEF, Milan, Italy)                 ,·
Energia Nucleare, Vol. 12, No. 4:205-211.  April 1965.

In Italian.
In this paper the measurement of the strength of a
Pu-Be neutron source is described. An absolute measure-
ment and an intercalibration by two different methods
with the Ra-Be source of CISE, have been performed.
The intensity of the Pu-Be source is (5.24 1 0.10).106 n/sec

and is in good agreement with the results of the inter-
calibrations. (auth.)

1051. A Method of Calculating Mutual Shielding Between Resonances
of Different Nuclides.

P.H. Kier (Argonne National Lab., Argonne, Ill.)
American Nuclear Society Transactions, Vol. 8, No. 1:286-7.

1965.

A method of calculating resonance absorption by a rod in
a two-region cell that uses nonasymptotic neutron-source
distributions has been developed.  The method has been
used to compute mutual shielding between the 1.055 eV
resonance of Pu-240 and the 0.297 eV resonance of PU-239
in the energy range 1.44 eV to 0.532 eV for a temperature
of 300 K. ( auth,0

1052. Neutron Cross Sections of Pu-241 in the Energy Range 1 KeV

to 15 MeV.
A. C. Douglas (Atomic Weapons Research Establishment, Alder-
maston, U.K.)
AWRE. 0-101/640  February 1965.  63 p.

Recommended values are given for the neutron total and partial

(Cont'd)
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1052. (Cont'd) cross sections of Pu-241 in the energy range 1 keV to

15 MeV. The scant experimental evidence is surveyed and
supplemented by. estimates based on nuclear theory„ Details
of energy and angular distributions are given so that
the data are complete for the purpose of neutronics
calculations.

The values given in this report have been combined with
data below 1 keV and have been written on punched
cards as part of the UKAEA Nuclear Data Library,  49
references.  (auth.)

1053. Physics Research Quarterly Report, October, November, December,
1964.
The Staffs of Reactor Physics, Experimental Physics Research, and Criti-
al Mass Physics (Hanford Atomic Products Operation, Richland, Wash. )
HW-84608.  January 15, 1965.  98 p.

A Study of Three Aqueous Homogeneous Plutonium Nitrate
Critical Spheres - W.A. Reardon and D.H. Thomsen.
P· 5-29. A ·comparison has been made of several available

models and methods of calculating k Among the aimseff'
of the study is the testing of the RBU code with its
Monte Carlo routines and its diffusion theory code.
Comparison is then made with the HRG-TEMPEST-SPECTRUM-HFN

scheme of cross section preparation and computation in a
multigroup, many region, one dimension diffusion theory
calculation. The· basic RBU library was used throughout -
hence a common set of basic cross sections provided a
base for the calculations.  (auth.)

Analysis of MTR Cycle 108-Low Exposure Plutonium Cores -
J.J. Regimbal.  p. 31-53.  A full, 27 element plutonium core
was burned in the MTR in August 9  1958.    In that experiment
the MTR Pu-Al plates contained only 4.3 isotopic percent
Pu240, not enough for·.a significant control augmentation,
but .the experiment furnishes the opportunity of testing
computational methods which may be useful in the design
of other plutonium cores.  Calculations are reported of
the statics and burnup of the two full loadings which

comprised that MTR experiment.

( Cont ' d)
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1053. (Cont'd) Summary of Results of EBWR Critical Experiments - L.C.
Schmid, J.H. Lauby, W. P. Stinson, and V.0. Uotinen.
po 55-650  A series of critical experiments have been

completed in the Plutonium Recycle Critical Facility
with fuel rods contaiing 1.50 Wt.% PU02-U02 and with
H20 moderator« The experiments consist of measurements
of the characteristics of PRCF loading, reactivity
coefficient measurements, spectrum studies, and kinetic
studies.

Migration Area and Moderator Reactivity Coefficients
&asured During the EBWR Critical Experiments - V.0.
Uotinen.  p. 66-760  Coefficients of reactivity for

moderator level thanges have been measured in the PRCF
for a loading of 1.5 wt.% Pu02-U02 fuel moderated by H20.
The moderator level coefficients of reactivity relate

changes in moderator height to changes in reactivity and
allow the migration area of the core to be determined.
The reactivity worth of the top reflector, which is
effectively infinitely thick, is 22.6 1 0.40.  The
migration area was found to be 22 * 2 cm2.

Critical Experiments with Pu02-Polystyrene Compacts -
J.D. White and C.R. Richey. p. 77-79. A-series of
of critical experiments with Pu02-Polystyrene compacts
at a hydrogen-to-plutonium atomic ratio of 15 has

recently been completed. The data from this series
of   experiments   were obt ained to evaluate the relative
effectiveness on criticality of various composite
reflectors and shielding materials at the surface
of a critical assembly core.  (auth«)

Subcritical Measurements for Nuclear Safety Guidance -
R. C.-Lloyd, E.D. Clayton, and S.R, Bierman.  p. 81-90,
Experiments were performed om storage containers for
plutonium nitrate solution, and Pu02 powder.

1054. Production of the Heaviest Elements by Multiple Neutron
Capture.
J. Milsted, P.R. Fields, and D.N. Metta (Argonne National
Lab., Argonne, Ill«)
Nuclear Applications, Volo 1, No. 2:136-44.  April 1965.

Calculations have been made showing the buildup of
higher nuclides in samples of various heavy-element
atarting materials at neutron fluxes ranging from
4 x 103 to 1 x 1016n/(cm2s),  Attempts have been

made to estimate yialds of the heavier fermium isotopes
and of 259Md by means of the nuclear properties predicted
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1054. (Cont'd) from systematics.  Starting materials used in the
present calculations are Pu239, Pu2429 Am241, Am2432

Cm2419 Cm2449 Cm2469 Cm248, and Cf252 

1055· Reactor Physics Considerations in the Design of a Power
Reactor Partially Loaded with Pu02-U02,
H.A. Risti, A.J. Impink (Westinghouse Chemical Co.,
Pittsburgh, Penn.)
American Nuclear Society Transactions, Vol. 8, No. 1:209-10.
1965.

Calculations were made to determine the enrichment of
plutonium oxide to be added to natural uranium oxide
for a chemical shim, partial-loaded core.  Two graphs
are included.

1056. Results of Comparisons of Thermal Calculational Models for
Heterogeneous Light-Water-Moderated Pu02-U02 Reactor Systems.

H.A. Risti, H.E. Krug (Westinghouse Electric Coe, Pittsburgh,
Penn.)
American Nuclear Society Transactions, Vol, 8, No. 1:199-200.

1965·

Comparisons of thermal calculati.ona] models for
heterogeneous light-water-moderated Pu02-U02 reactor
systems were performed.  The Wigner-Wilkins differential
equation used in the multigroup, spectrum-dependent,

nonspatial LEOPARD depletion code was compared with the
more refined heterogeneous thermal calculational model
used in the THERMOS code. Excellent agreements were
obtained in nf and integrated isotopic reaction rates
for the majority of the cases. 7 references.

1057· Symmetry of Neutron-Induced Pu-239 Fission in Resonance Region.
G.A. Cowan, B. P. Bayhurst, R.J. Prestwood, J.S. Gilmore, G.W.

Knobeloch (Los Alamos Scientific Lab., Los Alamos, N. Mex.)
LA-DC-6639.(CONF-650301-7).  13 po

Symmetry of fission produced in Pu-239 by time-of-flight

energy-resolved neutrons has been radiochemically
measured in the resonance region by a neutron time-of-
flight method. Data were obtained from 200 ev to 600 ev
in energy. intervals ranging from 10 ev to 25 ev in
width, containing three to twelve resonances per sample.
Both increases and decreases in 'symmetry of fission were
observed as compared with thermal neutron fission of Pu-239.
The average symmetry of fission over the energy range 196 ev
to 585 ev showed a decrease of 8% from the thermal value.
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1058. Thermal-Neutron Cross Sections of Fissile Isotopes.
John R. Stehn (Brookhaven National Lab., Upton, N.Y.)
American Nuclear Society Transactions, Vol. 8, No. 1:219-20.
1965.

A review is made of the experimental bases of the values
for the 2200 m/sec neutron cross occtiono of U-233,
U-235, Pu-239, and Pu-241.  Tables of basic and
supplementary parameters are included. Five references.
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1059. Argosy Results for the·'Long-Term Irradiation Changes  in the '
Calder Hall Reactor.
C.F. Griggs (Reactor Development Lab.9 Windscale, U.K.)
R. Richmond (Atomic Energy Establishment, Winfrith, U.K.)
TRG Report 917 (w),  1965.  8 p.

The measured values of the heavy isotope contents,
including Pu-2399  Pu-2409 and Pu-241, of irradiated
Calder fuel elements are compared with ARGOSY calculated
values.  Agreement.is satisfactory within experimental
errors which are of the order of 1-1 1/2%. 11 references.

1060. Beryllium Oxide 9 Proceedings of the First International
Conference„

Journal of Nuclear Materials, Vol„ 14, 19640

The Australian High Temperature Gas-Cooled Reactor
Feasibility Study.  W. H. Roberts (AAEC Research
Establishment, Lucas Heights, Australia).  p. 29-40.
Commercial plutonium and thorium are used as the fissile
and fertile components of the dispersion fuel in these
initial studies.  Topics discussed are the design
characteristics of the system, the fuel element, and reactor
design.

1061. Beryllium Oxide, Proceedings of the First International
Conferenceo

Journal of Nuclear Materials, Vol. 149 1964.

The Use of BeO in Advanced Reactor Concepts.  A. J.
Goodjohn and H. B. Stewart (General Atomic, Hopkins
Laboratory, San Diego, Calif.).  p. 19-28.  The use of

a mixture of plutonium isotopes, obtained from low-
enrichment uranium reactors, was considered as fuel for
a BeO-moderated reactor. It was concluded that plutonium
fuel with Pu240 concentrations typical of single-cycled
fuel from low-enrichment reactors is well suited to
homogeneous reactor concepts, and both long burnup
lifetimes and prompt-negative temperature coefficients
can be attained.  Detailed fuel-cycle cost studies have
not yet been made,
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1062. Economic Evaluation of Close-Coupled Fuel Processing with

Plutonium Recycle.
R.W. McKee (Pacific Northwest Lab.,. Richland, Wash. )
BNWL-28.  January 1965.  ·84 p.

This report investigates the relative fuel cycle costs
(and elements thereof) of two alternative reactor fuel
cycles employing light water moderated reactors and
either central plant reprocessing refabrication or
close-coupled reprocessing refabrication«  Three reactor
types, a typical-water reactor (TWR) with zirconium
clad fuel, a typical water reactor with stainless
steel (SS) clad· fue19 and an advanced pressurized water
reactor with SS clad fuel were examined, Two fuel

management concepts were considered:  one with several
reactors at a single site with staggered fuel discharges
averaging  1  to 3 'months between discharges,  and  the
others a single reactor discharging fuel at 12 month
intervals. (auth.)

1063. Fission-Rate Measurements in the Advanced Epithermal Thorium
Reactor (AETR) Critical Experiments.
Donald Strominger, Gordon Schlesinger (Atomics International,
Canoga   Park,   Calif.  )
Nuclear Science and Engineering, Vol, 21, No. 4:441-50.
April 1965.

Solid-state p-n junction counters have been fabricated
to measure fission rates of materials with different
fission thresholds. The fission reactions are caused
by neutrons varying in ·ener*r from thermal energies
for U235 to 1.5 MeV for Th2j2.  The data gathered from
these solid-state fission counters have been used to
compare experimental with calculated fission rates in
the AETR cores.

The fission counter is assembled by placing an electro-

plated foil of a fissionable material near a p-n
junction detector:  An aluminum cap is placed over each
detector and foil to form a neat, dompact assembly.  The

resulting counter is small enough to fit inside a reactor
with minimum distortion to the neutron spectrum.
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1063. (Cont'd) Fission counters employing Th2329 U233  U234  U235
U236, U238, Np237, and Pu239 as the principal fissionable
material have been successfully fabricated. These
solid-state fission counters have proved reliable
instruments to measure neutron fluxes in high gamma-ray
fields.  True fission events are easily separated from
other induced reactions in the counter. (autho)

1064.             Fuel Properties and Nuclear Performance of Fast Reactors
Fueled with Molten Chlorides.
P.A. Nelsons D.K. Butler, M. G. Chasanov, D. Meneghetti

(Argonne National Lab., Argonne, Ill.)
American Nuclear Society Transactions, Vol. 8, No. 1:153-4.
1965,

This report includes a table of chloride-fueled-1000 MWe
(2500 MWt) reactor characteristics, for homogeneous
and heterogeneous reactors Vith fuels composed of various

amounts of (Puxul-x)(13•

1065. Future Energy Needs and Nuclear Fuel Use.
E.E. Smith, J.H. Wright (Westinghouse Electric Corp.)
Atomics, Vol. 18, No. 3:22-26.  May-June 1965.

Tables and graphs are included showing pr6jected values
for plutonium availability and use 9 stockpile and average

value of plutoriium produced until the year 2000.  Ten
referenceso

1066. Irradiation Testing of U02-Pu02 Fuels.  Quarterly Progress
Report, October 1 - December 319 19640

(Nuclear Materials and Equipment Corp., Apollo, Pa.)
NUMEC-3432-6.  (n.do)  6 po

This program covers the irradiation of instrumented                 
capsules containing UO2-Pu02 having compositions of
interest for fast breeder reactors and for plutonium
recycle in thermal reactors.  (auth.)

1067. Quarterly Progress Report, Research & Development Programs
Executed for the Division of Reactor Development, October,
November, December, 1964„
J.K. Green, ed. (Hanford Atomic Products Operation, Richland, Wash.)
Hw-84609.  December 1964.  84 po

The following sections of this report include information

(Cont'd)
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1067. (Cont'd) on plutonium:  Plutonium value determined under private
ownership for 1000 MWe reactor designs.  A comparison
of bred fuel in a pressurized water reactor with
optimized lattices.  Nitride fuel cycle study.  Phoenix
fuel experiment. Pu02 precipitation in the salt cycle
process.  Spectrophotometry of plutonium in chloride melts.
Radioactive residue process development.  Plutonium

Recycle Test Reactor operation.  Design analysis and
testing.  Plutonium Recycle Test Reactor support
activities.  Design=analysis studies. Thermal hydraulic
studies. Boron shim studies. Fuel reuse. Safety of
mixed Pu02-U02 fuels.: Rupture loop vibration. Fretting
corrosion studies.  Second generation mechanical shim
for PRTR.  Dissolution of mixed oxides (UO PUO2 '2'
Decontamination of PRTR jumpers. Ceramic washout tests.
Stre*s .cracking of PRTR gaskets. PRTR Boiling H20 test«
Critical flow of steam-water mixtures« AEC/AECL
cooperative program for the development of heavy
water-moderated power reactors.

1068. Quarterly Report FERTF Program Progress and Plans, January-
March, 1965«
J.A. Stoddard (Pacific Northwest Lab., Richland, Wash.)
BNWL-60„  April 1965,  4 po

The Fuel Element  Rupture Testing Facility (FERTF)
permits on-plant testing of PRTR size defective and
high risk fuel elements operating at power reactor
conditions.  A summary of FERTF progress for the first
quarter  of 1965 and future operating plans is presented.,
(auth.)

1069. Quarterly Status Report on Plutonium Reactor Fuel Developmeht
for Pariod Ending November 20-, 19640
(Los Alamob Scientific Lab., Los Alamos, N. Mex.)
LA-3208:MS.  December 23, 19640  20 po

This progress report includes studies on the following

subjects:  plutonium-iron alloys; plutonium-cobalt-
cerium alloys; fabricatipn development (of Pu fuel
containers); design and construction of facility (fuel. will
be  a molten alloy of Pu) ; self-diffusion in plutonium;
plutonium-americium alloys; and plutonium-scandium alloys.
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1070. The Settled-Bed Fast-Reactor Concept - 1000-MWe Reactor Design«
L.   Green,  M.M.  Levine,  A.  Aronson,  W.   Bent,· D.A. Goellner,
J.J. McNicholass G. Nugent 9 Go. Pancer, H. Susskind, J. Chernick,
Do Gurinsky, L.P. Hatch (Brookhaven National Lab. 9 Upton,
New York)
Nuclear Applicationsi Vol. 1, No. 2:107-130.  April, 1965.

An analysis of a conceptual design for a 1000-MWe
Settled-Bed Fast Reactor fueled with UC and PuC
spheres and cooled by liquid sodium has been made to
determine its technical and economic feasibility.
The study includes a reactor physics analysis, an
engineering design and analysis of the thermal and hy-
draulic characteristics,  and a study  of· the system
economics«  The study shows that there are no inherent

technical problems for a settled-bed fast reactor of
this size.  Total power-generating costs were shown to
be as low as 3.84 mills/kWh for fuel leased from the
AEC and 4.14.,mills/kWh for fuel that is privately
owned.  (auth.)

10710 Transuranium-Element Production in Epithermal Reactors.
L. G. Epel, J. Chernicks B. Manowitz, W.E. Winsche (Brookhaven
National Lab., Upton, New York)
American Nuclear Society Transactions, Volo 8, Noo 1:570  19650

The production of·Pu-238 from the irradiation of U-235
and the production of Cm-244 from the irradiation of
Pu-239 can be achieved more economically in an epithermal
neutron flux than ·in a purely thermal spectrum. Calculations
indicate that in ·an epithermal flux the buildup of these

products is mote-rapid, that their equilibrium concentrations
are higher, and that in the case of Pu-238 the time
needed to attain equilibrium is much shorter than in
a thermal flux for essentially the same power levels.

(autho)


