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BUDGET AND COST SUMMARY

May operating costs totaled $2, 689, 000, an increase of $136, 000
over the previous month; fiscal year-to-date costs are $26, 388, 000, or
86% of the $30, 536, 000 control budget. Hanford Laboratories' research

" and development costs for May compared with last month and the control

budget are shown below:

COST
(Dollars in Current  Previous A
thousands) Month Month To Date  Budget. SEZnt
HL Programs
02 Program $ 112 3 87 $ 858 $ 1069 80
03 Program 22 27 - 140 175 80
04 Program 1 166 1 012 10 934 12 683 . 86
05 Program 112 128 1176 1 353 87
08 Program 267 254 2 833 3 154 90
08 Program 18 21 73 97 75
‘ $1 695 $1 529 $16 014 $18 531 86
NRD Sponsored 202 186 1103 1270 87
IPD Sponsored - 66 70 832 897 93
CPD Sponsored 107 96 1275 1421 g0
FPD Sponsored -- -- 493 493 100
Total $2 070 $1 881 $19 717  $22 612 87%

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

No detrimental effects from phosphorus impurity in uranium have
been observed in clad-to-core bonds or braze-to-core bonds in N fuel.
Phosphorus lowers the room-temperature ductility and ultimate strength of
uranium, but tests at temperatures of 100 C and higher show no differences
due to phosphorus. A study of the effect of sulfur impurity in uranium has
been started,

Outer components for N fuel continued to appear satisfactory in performance
and behavior as shown by the postirradiation examination of three N outer

fuel element components.
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The high temperature swelling performance of uranium fuel elements

has tended to verify that fuel swelling is ultimately limited by coolant pressure.

Fluted, single tube fuel elements (N-Reactor size) operating under
N-Reactor conditions continue to perform satisfactorily. A companion
element failed during irradiation in a cold water loop.

Clad thinning, with intentional internal striations, has been exper-
imentally produced during irradiation of experimental capsules.

Uranium samples containing dispersions of UAlz, U6Fe, uranium
carbide, and uranium phosphide are being studied as alternate core materials.

Only slight differences have been observed hetween Zircaloy-2 and
Zircaloy-2 containing up to 1 wt% uranium in corrosion tests in 360 C water
after 150 hours.

Damage through wear on N-Reactor process tubes caused by fuel
%g element supports after six simulated charging operations, with intervening
N autoclaving between each charging operation, has scratched the process
tube to a maximum depth of 2.2 mils. This rate of wear is five times that
of tests made on a tube without intermediate autoclaving.

A theoretical study has been completed on the_ effect of process tube
vibrations and their relation to fuel element support design.

Multiproduct fuel element development is proceeding through a study
of fabrication methods, recrystallization temperatures, diffusion of lithium
in aluminum, and out-of-reactor target element defect tests.

Metallographic examination of N-Reactor self-supports on a
- Zircaloy-2 clad heater rod exposed for 146 days at 315 C in lithiated water
at pH 10, and at a heat flux of 280, 000 Btu/ft2 hr, revealed accelerated
corrogion at each of the crevices (eight) between the self-supports and the
jacket. Maximum penetrations were about 6 mils.

DECLASSIFIED
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Significant fuel element self-support flattening was encountered in

N-Reactor charging machine tests when fuel columns were charged with
: 200 to 500 pounds back-pressure, but when the process tube was loaded
with fuel elements to provide prototypical back-pressure the self-support
. flattening was reduced from about 25 mils to about 5 mils.

Equations have been developed for application of laboratory boiling
burnout data to the N-Reactor,

Based on test operation of K-1 Loop for about 30 days with the pH
controlled with NH4OH, ammoniated systems control crud better than
lithiated systems at low temperatures, probably because of hydrazine
formation which getters oxygen in the system.

The K-1 and K-2 Loops were decontaminated sufficiently to allow -
maintenance operations during tube replacement in 105 KE. The K-2 Loop
(stainless steel) was treated with alkaline permanganate followed by

_ sulfamic acid; the K-1 Loop (carbon steel) was decontaminated using a
single-pass procedure with inhibited ammonium citrate solution.

An unautoclaved section of 30% cold worked N-Reactor pressure
tubing exhibits a primary creep rate about five to six times that of auto-
claved tubing, and a much higher secondary creep rate. This strengthening
effect of autoclave treatment was previously noted on annealed Zircaloy-2
strip material tested under uniaxial creep loading conditions.

Results of the N-Reactor atmosphere computer program have been
correlated by means of an empirical expression which relates maximum
graphite burnout rate, maximum graphite temperature, initial water vapor
partial pressure, and initial hydrogen partial pressure.

The water-gas shift reaction (CO + H,0 -CO, + H,} was observed
- to be significant above 500 C during experiments in which He, CO, HZO gas
mixtures were allowed to diffuse through hot graphite thimbles. In previous
experiments in which the gas mixtures flowed past a graphite bar little

1103410
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reaction occurred. It would appear that the water-gas shift reaction conld
produce significant amounts of hydrogen in the N-Reactor tube block, but

[ probably not in the gas channels,

The in-reactor creep rate for 20% cold worked Zircaloy-2 after
1700 hours at 20, 000 psi stress and 350 C was determined to be 1.8 x 10
in. /in. /hr. The rate during reactor outage was essentially the same. An
error in the out-of-reactor rate measurement has been corrected and a rate
of 0.5 x 10™% in. /in. /hr at 2000 hours has been determined.

-8

In-reactor creep capsules have been shown capable of operation at
900 C in a laboratory mockup. Capsules with this capability will be used to
test stainless steels.

Zircaloy-2 bend-test specimens with 23% cold work have a ductile-to-
brittle transition temperature of about -75 C (-167 F). Examinations of
fracture surfaces by electron microscopy reveal similar crystallographic

. features for both transverse and longitudinal specimens.

In-reactor weight gain data have been obtained for Zircaloy-2
samples after 125 days in 540 F (282 C) water and a fast flux of 7.6 x 1
nv. The average weight gain of 121 mg!dm2 compares with 9 mg/dm for

013

reference coupons exposed in the out-of-reactor loop at similar conditions.

A proposal was prepared for experimental evaluation of N-Reactor
shielding during plant startup using the- top shield plug facility of the N-Reactor,
The MAC shielding code has been modified slightly to eliminate an error in
the gamnia calculation, and the BARNS code has been debugged to calculate
unit weighted shield material cross sections.

- The gamma-induced oxidation of graphite by low concentrations of

water in flowing helium was found to be independent of flow rate. In studies
- of the inhibition of oxidation of graphite by halo-methanes, the rate of oxida-
tion could be related to surface areas as measured by the BET method.

DE CLASSIF IED

pig3utd



DECLASSIFIED

— ix : HW-77709

The flash thermal diffusivity technique was successfully used to
determine thermal conductivity of porous carbon having a value only about
1/30 of that of CSF graphite. The use of a lead sulfide detector to monitor
the rear surface ternperatﬁre rise has not been wholly successful.

In a half-reactor test the corrosion rates of reactor materials appear
to be about the same in low alum (7.5 ppm) as in high alum (15 ppm) water,
except for type 1100 aluminum (tube material). This aluminum corroded
slightly more in the higher alum concentration.

The General Electric Technological Hazards Council éccépted the
final response to the audit of PRTR operation, approved the discharge
method for the PRTR Fuel Element Rupture Test Facility, and approved
modification of the PRCF for light-water-moderated critical tests.

The AEC approved a proposed increased of limits on PRTR maximum
heat transfer flux and tube power. '

Revised PRTR aqueous effluent activity limits have been developed
which will become effective when the new water treatment plant at Richland
begins operation,

By means of a new recommended procedure, .recovery of the PRTR
primary coolant system from boiling convection cooling could be accomplished
without further loss or degradation of DZO and with minimal thermal shock
to the system.

Detailed design of the second-generation shim rod assembly for the
PRTR is 90% complete, and fabrication of the two identical prototype units is
55% complete.

1103412



The entire PRTR fuel lcading was examined in the basin, and ten
selected elements were examined in the Fuel Element Examination Facility.
In general, the fuel elements were in good cendition. Defects included:
scratches on exterior surfaces of many cof the elements, displacement of
some circumferential Eand-type bundle wraps, and loosening of rcd wire
wraps on some of the Al-Pu spikes. The clip-on wear pads on the UOZ-P'-.:LO2
elements are performing very satisfactorily.

Individual fuel rods from a vibrationally compacted UO,-PuO,, PRTR

Mark-I element that fziled in the PRTR were sxamined in detail., Leaks

were detected in the heat-affected zone of the top end-cap welds of three rods.
Likely causes of this localized corrosicn are either contamination of the
Zircalcy during welding or the presence of some impurity in the fuel material
which caused sevsre attack from the inside.

Four vibraticnally ccmpsacted capsules containing U02—2. 5 wt% Pu0,
fuel of the type under consideration for use in the EBWR were charged into
the ETR cn May 13.

Tke second UOZ--PuC)2 fuel cluster centzining recycled PRTR piutonium

was completed; the first cluster was charged intg the PRTR.

Gamma scan measurements of Pu conczantraticon correlated with
calibrated UOZ-PuO2 rcde in the range 0.1 to 10% Pu.

A uniformity of Pu distribution of @ 9.1 wt% was cbtained in “bottie
loaded"vibrationally compacted U0, — 0. 48% PuO, fuel rods for PRTR,

The rejuvenztion fuel element (GEH-4-81} is ready for return to the
- MTR. Rejuvenation was accomplished by adding enriched T.T02 to a fuel rod
from the fuel assembly which had been irradiated in January in the MTR.

DECLASSIFIED
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Equipment has been developed and fabricated for rapidly positioning

and tightening a cluster fuel element wire spacing member remotely, under
1 approximately 10 ft of water.

Four elevated-temperature burst tests of PRTR pressure tubes (at
temperatures from 200 F (83 C) to 400 F (204 C)) indicate that the burst
strength decreases linearly with temperature over this temperature range.

The ratio of thermal-plus-epithermal to fast neutrons was found
constant over 70% of the fuel length of the PRTR core, This ratio determined
by nickel and cobalt wire monitors was 12.3 £ 0. 2.

A Zircaloy-clad uranium honeycomb element has been successfully
fabricated by coextrusion. Three coextruded Zircaloy-clad thorium-uranium
fuel elements have been irradiated to 1100 Mwd/ton with no appreciable
swelling occurring. Irradiation will continue in the ETR loop.

_ Autoclave tests show that thorium contamination of Zircaloy-5 Be braze
- has a definite detrimental effect on the corrosion resistance of the braze.
Allowable levels of thorium contamination of brazing alloy are being established,

In preparation for fabricating EBWR fuel, uranium dioxide was prepared
and densified successfully by pneumatic impaction, and preparation of PuO2

-

from 60 kg of Pu metal was completed.

The pneumatic impaction technique was used to densify 1100 grams of
- PuO,, at one time. Density achieved was 10.89 g/cc (95.1% TD),

PuN pellets heated in flowing hydrogen for 12 hours at 1700 C slumped
and flowed together, possibly due to the formation of free molten plutonium.

- Several plutonium-bearing' borides were prepared by reacting Pqu,
carbon, and boron at 1600 C in vacuum.

. The density of pneumatically impacted PuN-50 vol% W was 16.9 g/cm®
{100% TD). However, the PuN was not evenly distributed in the tungsten.

Plutonium was selectively lost from molten UC~-20 wt% PuC.

11o3utd
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Thin wafers of Pu—-15 wt% Zr imbedded in uo, pellets oxidized but
did not diffuse into UO2 after heating for 12 hours at 1700 C,

X -ray diffraction data revealed no crystallographic changes in
MgO-13.5 wt% PuO2 after irradiation to 0.5 x 1(1‘20 fissions/ce at a maximum
temperature of 1700 C.

Analyses of the first two samples of pneumatically compacted Pu02
revealed densities of 89 and 95% TD with oxygen-to-plutonium ratios of 1. 84
and 1. 91.

A U02—50 wt% W cermet was examined by reflection electron micrdscopy
during controlled heating to 1900 C.

Six insulated cermet capsules (two Mo-—UOZ, two ‘Mo-UN, one W-UOZ,
and one W-UN) were charged into the ETR and are to be irradiated with fuel
surface temperatures in excess of 2000 C,

A tungsten-clad UO2 capsule designed to operate with a completely
molten core was charged into the ETR on May 13,

Chemical analysis of UOS powder prepared from a fused chloride
melt revealed an uranium content of 84.7 wt% (vs theoretical of 83. 2 wi%).

The absorption coefficient for single crystal T.JO2 was measured at
wavelengths between 0.6-15 microns., There is a large optical window in

the range 3-13 microns, with a minimum at 11 microns.

The relative transmission of a laser beam (wavelength 0. 69 y) was
significantly greater in single crystal UO2 than in polycrystalline UOZ'
Transmission at this wavelength decreased with increasing temperature to
1000 C.

At intermediate temperatures (e.g., 1200 C), single crystal UO2
exhibits enhanced heat transmission, relative to polycrystalline UOz, due to
radiant heat transmission.

DECLASSIFIED
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A gingle crystal of UO2 was irradiated for 310 days, to an estimated
exposure of 5 x 1020 figsions/cc.

Autoradiographs of fuel elements defected during irradiation revealed
significant relocation of fission products in the immediate area of the defect.

Laboratory data for air cooling of 19-rod fuel bundles in the Fuel
Element Examination Facility were correlated using the Colburn equation
for forced convection heat transfer with a modified velocity term.

Eighty-eight boiling burnout data points obtained with 19-rod bundle
test sections were correlated fairly well by a new empirical method appearing
in the May, 1963, issue of Nucleonics. Data obtained with long (76-inch) test
sections was not published.

Employing fog cooling {(steam-water mixtures) 42 experimental boiiing
points were determined with an electrically heated 19-rod bundle test section.
The burnout heat flux at low flow rates was quite sensitive to the hydraulic

stiffness (i.e., availability of excess inlet pressure) of the system.

X -ray examination of molybdenum foils annealed at 900 C for 2 hours -

after irradiation to 1019

nvt (E > 1 Mev) showed that lattice parameters and
line widths have returned to preirradiation values, The foils containing 100-
200 ppm carbon and 400 -500 ppm carbon have apparéntly recrystallized to
some extent, as ratios of peak intensities are different from the corresponding

ratios in the unirradiated foils.

Defect structures have been observed ih irradiated molybdenum foils
by transmission electron microscopy. Deformation of the irradiated foils
causes dislocations to move in straight line channels. The moving dislocations

y interact with the defect structures sweeping them from the channel.

To prepare foils for transmission electron microscopy, spark machining
and an electrolytic jet polisher have been successfully employed to cut wafers
from a single crystal of molybdenum.

SELELAR
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A molybdenum single crystal annealed at 2000 C for 1 hour was used
for testing the validity of lattice parameter measurements. Six measure-
ments at different points on the crystal face yielded an average value of
3.14707 A, with a mean deviation of 0. 00003 A, or one part in 10°. A low-
19 ot (E > 1 Mev) showed the

same point-to-point variation in lattice parameter as was observed on

carbon (10-20 ppm) crystal irradiated to 10

unirradiated crystals.

A capsule containing eight high-purity molybdenum electrical resistiv-
ivity specimens has been prepared for irradiation in the SNOUT f{acility.

It has been established that the creep rates of plutonium during the
alpha-to-beta and beta-to-alpha transformations under compressive loads of
1000 and 2000 psi are greater than would be predicted from the rates of
either of the phases individually,

Two thorium specimens irradiated to burnups of 0. 18 and 0. 92 at. %
at less than 300 C (572 F) and then annealed at 750 C (1382 F) for 100 hours
exhibited essentially no change in the as-irradiated optical microstructure.
A small decrease in density was observed with the 0. 92 at. % burnup sample.

Thorium-uranium tensile specimens irradiated from 0.5t0 1.5 at. %
burnup at less than 300 C (572 F) are being tensile tested at room temperature.
The first two specimens tested had limited ductility.

Optical and electron metallograi:ahy were completed on the irradiated
uranium specimens recovered from two previously opened swelling capsules
which operated at 575 C (1070 F) to 0. 15 at.% burnup. The enriched specimens
suffered less damage than did the natural ones. Grain boundaries were readily
observed in the enriched specimens. '

Impregnation was found to be the most important factor in a series of
radiation experiments with samples of graphite prepared from controlled
particle size filler material, with different binder materials, and using
different impregnation treatments. Multiple impregnations with nongraphitizing
binder resulied in an increased contraction rate.

DECLASSIFIED
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Document HW-77066 has been issued describing a preliminary
Plutonium Fuel Spacecraft Reactor concept.

Preliminary calculations are under way to set core parameters for
a 1000 Mw nuclear rocket reactor, fueled with plutonium. An unclad tungsten-
base cermet fuel of honeycomb configuration, if found to be structurally prac-
tical, would provide appreciable savings in the size and weight of the reactor.

2. Physics and Instruments

Preparation of a formal report on N-Reactor physics experiments is
nearing completion. All experiments have been normalized to a standard
corresponding to the PCTR mockup lattice.

Data were obtained on an overbored exponential pile mockup of
C-Reactor. Flux traverses were made with and without six safety rods.

The PCTR is being used to measure k., for the K-Reactor lattice
with zirconium process tubes. The worth of a poison spline is also being
measured. Data from these experiments are still being analyzed.

Cooperative tests are being performed with Instrument Development,
IPD, to evaluate possible N-Reactor startup instrumentation systems. Pulse
height distribution measurements have been made at various neutron counting
rates using BF3 proportional counters. Source range log count rate and
period instrumentation tests have also been performed at HTR. The results
suggest the need for continued instrument evaluation tests before N-Reactor
startup.

N-Reactor kinetics and primary coclant loop simulations (for the
power range) have determined the effects of variable reactivity ramps,
inlet temperature, instrument trip settings and time constants, initial power
level, power setback rates, and scram time functions on a number of system

variables,

1103418
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One thousand two hundred Zircaloy process tubes were tested,
sorted, and made available for KW -Reactor retubing in time to meet a
May 6 goal date. One thousand six hundred tubes were inspected to meet
this goal, 40 of which have been returned to the vendor as defective,

Nine possible methods of assuring the integrity of some 2000 N fuel
elements whose support clip welds are under suspicion have been communicated
to N-Reactor groups. On the basis of these suggestions, cooperative efforts
are being made to develop a practical method of inspecting the weld nuggets.

Critical mass experiments on plutonium nitrate solutions have
produced results which will permit upward revision of certain criticality
data. A concentrated solution (435 g Pu/liter) was found to have a critical
volume about 403$ larger than previously predicted from data extrapolations

and geometry conversions.

Critical Mass Laboratory experiments are being shifted from plutoniﬁrn
solutions to solid mixtures of Pqu in polystyrene. The switch in instrumenta-
tion to the second hood where the solid experiments will be performed was
completed. Preliminary subcritical neutron multiplication measurements
were started on May 24.

Against experimental data, GAMTEC, a computer code, has been
tested on a graphite-moderated reactor core. The code will be used to
predict nuclear safety parameters for heterogeneous systems of slightly
enriched uranium in water.

Improved numerical methods are being developed to predict the
analytic value for the buckling of a bare hemisphere of a solution of {ission-
able material. INTERSET, the code which calculates the multiplication of
a system of subcritical assemblies, has been completed, and a request for
it from an offsite user has already been received and filled.

Measurements of slow neutron inelastic scattering from H2_0 at 95 C
have been made for 11 different values of the neutron energy change in the
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range 0,0375 to 0. 25 ev. Computer codes have been obtained from AERE,

Harwell, for use in calculating the scattering law from the experimental
v data.

Development of a rotating-crystal neutron spectrometer continued
with tests on phase stability of two rotors operating at 12, 000 rpm, and
tests on the time jitter of neutron detectors.

Data obtained in April on the total cross sections for neutrons from
3 to 15 Mev for 14 samples were processed to obtain cross sections.

PCTR data on high exposure (20. 6% Pu240) PuAl clusters in 6-1/2,
8-3/8, and 10-1/2-inch graphite lattices are being compiled for reporting.

PRCF startup experiments continued with investigations of the worth
of the safety rods, the time response of the safety system, and the neutron
flux distribution in the core.

Approach-to-critical measurements on 0. 5-inch~-diameter PuAl rods
& (16. 46% Pu®%0) in 1ight water indicate that about 1300 rods would be required
for criticality when the rods are spaced on 0. 66-inch centers in a triangular
lattice., This is based on an extrapolation from a loading of 850 rods.

Interpretation of data obtained in ARMF measurements on PuAl
samples irradiated in the MTR continued, Values of the fission and absorp-
tion cross sections of the irradiated samples were estimated {rom the ARMF
data. It appears that further sensitivity measurements should be made on
the ARMF,

Work is under way to use several experiments performed in the PCTR
in studying the moderating properties of graphite., Computer program SPECTRE
. is being modified for use in this work. The study of the theoretical scattering

laws for water is continuing.

Some exploratory work is under way to determine the feasibility of
carrying out reactivity coefficient measurements of some Hx Pu samples in
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a fast spectrum critical facility, These experiments should help to resolve

the considerable uncertainties which exist in the high energy cross section
’ data of the higher Pu isotopes.

The survey of UOz, Pqu, and PuN as fuels for small, compact,
fast reactors has now been extended to include 30 vol% tungsien fuel elements
in addition to the 0 and 50 vol% concentrations previously considered.. .

An investigation of control rod effectiveness of various neutron
absorbers in a series of Pu environments was initiated during the month,
Preliminary results on a 1/v absorber (e, g., boron) indicates that effectiveness

240

generally decreases with increased Pu content.

The revised cross sections for Pu??l and pu®%? reported in HW-75716,
"Updated RBU Basic Library, " give considerable reactivity increase (~ 6%)
for one of the "Phoenix Study' reactors, This effect should assist in obtaining
a favorable (flat) reactivity response with burnup on Phoenix fuel reactors.

@ Experimental data are now being obtained on the Lx Pu-Al physics
test elements 5051, 5095, and 5092 which had received exposures in the
PRTR of 13.1, 40.2, and 71.1 Mwd, respectively. These are the first data
to be received on the physics elements. '

A major error in the construction of tables déscribing the distribution
of target velocity magnitudes in the Monte Carlo part of RBU has been detected
and corrected. This error was the major cause for the long delay in completing
the RBU code. Correction of the error resulted in Monte Carlo generated
neutron s‘pectra which are in excellent agreement with theory. Complete check-
out of the code can now proceed,

N Development work continues on the CALX burnup code, the Hanford
Revised GAM, HRG, and the ALTHAEA-MELEAGER codes. A substantial

- improvement has been made in the usefulness of the latter since the thermal
and epithermal reactions can now be conveniently ''zeroed" at the beginning
of the analysis to agree with codes that treat the energy spectrum in greater
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detail than Westcott methods allow. Two thermal neutron scattering codes,
LEAP and ADDELT, were imported from Harwell, England, and put in
operation. These will aid in our analysis of scattering data and in the

development of scattering kernels.,

The project proposal for design funds for the High Temperature
Lattice Test Reactor has been approved by the Richland Office of the AEC.
Design criteria are undergoing final review and approval steps.

Fabrication of some experimental extended-lifetime in-core neutron
flux monitors is nearly complete. Their plutonium isotopic compositions
are chosen to seek optimum regeneration behavior in the KE water-cooled
irradiation facility. The neutron spectral parameters for this facility were
recently determined experimentally.

Three Boron-11 beta-current neutron detectors, which were fabricated
offgite to HAPO specifications, have been received and are now being made

ready for reactor tests,

Four-parameter separation has been successfully achieved on the
prototype multiparameter eddy-current tester as applied to a three metal
layer test sample. Separation of the probe spacing parameter ranged from
about 3 to 12 mils; each of the metal thicknesses were separated in the
range of 2 to 6 mils. Instrument application is more complex for this case

than for the three-parameter case.

An experimental procedure for ineasuring ultrasonic transducer
frequency, band width, radiated beam pattern and damping (Q) has been
developed. Applied to transducers used in routine test applications of high
volume, these tests are expected to do much to assure uniform transducer
characteristics and thereby improve the uniformity of test results. Arrange-
ments have been made for transducer vendors to apply the tests before
shipping transducers to HAPO,
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Favorable customer evaluation of two improved prototype miniature
gamma dose meters has promoted the purchase of 25 more units (from out-~
side sources) for continued testing. The principal improvements of these
models were relocation of the sensor to one edge of the unit, and the use of
a molded Teflon central conducting rod. Tests revealed meter sensitivity
dropped only 20% as the gamma source was positioned in the least favorable
geometrical position with respect to the dose meter,

The energy sensitivity to neutrons and photons of our large tissue-
equivalent ionization chambers were measured.

A final report on the cosmic-ray neutron measurement was finished.

Results from the survey by urinalysis in Alaska continued to be
received. Fort Yukon is the only village sarmpled where body burdens appear
to be high compared to other Alaskan villages. '

32 counting shadow shield

Radiological physics work continued on: P
calibration, assistance to RPO in preparation of their truck shadow shield,

X -ray counting, and standardization of the precision long counter.

Appraisal of the environmental consequences of reactor accidents
will be improved by development of an atmospheric dispersion prediction
scheme which permits more realistic accounting for the period of release
of the contaminants. By superposition of incremental releases, Hanford
atmospheric diffusion data were extended to prediction of downwind exposure
levels to periods of several hours. The method was independently verified.
to a distance of 8 miles from a release near ground level.

3. Chemistgy

The coating of aluminum reactor components with special inks
continues to show promise for affecting reductions of radioisotopes in reactor
effluent water.

The release of polonium from irradiated, aluminum-clad bismuth
held at 1300 C for 2 hours was found to be 16 to 23%, whereas 50 to 60%
release was observed for unclad bismuth after 1/2 hour.

DECLASSIFIED
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Preliminary evaluation of several out-of-service cribs and trenches

revealed very little movement of radioisotopes due to soil column drainage

during the period from 1959 to the present.

The removal of radio-ruthenium from neutralized Purex process
condensate by selected activated charcoals and oxides is found to range
from 66 to 97% in 24-hour equilibration periods.

Continued observations of a sealed, strontium loaded, zeolite

cartridge indicate no evidence of radiolytic pressure buildup.

A precipitation process was devised and tested for the recovery of
strontium from acid-dissolved, Purex waste tank sludge. Ninety-five to
97% recoveries were achieved in the precipitation step.

The Pm146

of 3 lower than expected and casts doubt on presently accepted nuclear con-
146

content of well aged promethium was found to be a factor

stants and/or decay schemes associated with Pm production, burnup or

decay.

The Sr° isotopic concentration of strontium in the sludge of the
Purex 106-A waste tank was found to be 52%, as compared to 55% in the
current Purex IWW and only about 17% in tank 103-A, the only tank previously
analyzed.

The extraction of neptunium and plutonium from synthetic Purex 1WW
by trilauryl amine was found not to be impairedby the presence of 5 vol%
tributyl phosphate or uranium concentrations of 0.027M.

Laboratory tests show the CSREX solvent (D2ZEHPA-BAMBP-Soltrol)
can be protected from degrading in 1M H'NO3 solutions at 50 C by the presence
- of sulfamic acid, hydrazine, or urea.

Treatment of synthetic Purex waste tank sludge with a solution of
phosphoric and nitric acids maintained at a low pH was effective in reducing
- the hard sludge cake to a pumpable slurry.

RUBLYA
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Either clinoptilolite or Linde AW-400 (20 to 50 mesh) is satisfactory
for a plant test evaluating the extraction of cesium from Purex formaldehyde
treated waste. Duolite C-3 resin was the most suitable exchanger for
removal of cesium from Redox supernatant wastes,

Scaling and reduced heat transfer coefficients are observed for tita-
nium heat transfer surfaces during the concentration of Purex acid waste
solutions, Fouling of stainless steel heat transfer surfaces under similar
conditions does not occur.

Preliminary experiments, for testing the removal of chlorine from
Salt Cycle process off-gases (oxygen-chlorine mixtures) by low-temperature
liquifaction techniques, resulted in recoveries of 80 to 96%. Storage of the
liquified chlorine at 27 C in a sealed pressure cylinder was readily achieved.

Laboratory studies of the parameters governing the preparation of
UOz-PuO2 solid solutions by electro-codeposition have shown that a plutonium
enrichment factor of 40 and a promethium decontamination factor of & can be
achieved in the preparation of a deposit containing 23 wt% Pqu.

Mixed UOS and B*USZ,
melts, can be washed with dilute hydrochloric acid to yield a crystalline
UOS product uncontaminated with a-US2 or U02.

prepared by precipitation from chloride

The radiant heat spray calcination of a tartrate {(and sugar) bearing
alkaline Purex waste resulted in the formation of tars in the spray nozzle

and also caused formation of unreacted organics in the product calcine.

4. Biology

The effect of reactor effluent exposure' on the swimming performance
of young chinook salmon is being measured. Since larger fish swim better
than smaller ones, it is expected that fish exposed to 3% effluent will perform

better than those exposed to 6% effluent because of the greater growth inhibitory

effect of the latter.

- DECLASSIFIED
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Vertan 690 (active ingredient, EDTA) will be used to clean out
N-Reactor pipes. Since N-Reactor personnel are considering the disposal
of the waste material to the Columbia River, we ran some toxicity tests on
Vertan 680, From results, it was estimated that an upper limit avoiding
acute toxicity would be about 20 ppm. If the material is released to the
river toxicity may get uncomfortably near this figure. This information
was verbally passed on to personnel in N-Reactor.

In the course of temperature tests on sensitivity of columnaris, a
new colony form was isolated. This one is smooth, as opposed to the usual
rough form, and promises to offer extended possibilities for laboratory
work on the microorganism.

The reserve capacity of the hematoi)oietic system in swine is
apparently unaffected by feeding them 125 pe Srgolday. This was determined
by noting that no difference in blood constituents occurred between this group
and control animals.,

Five of 17 ewes given 3 mc 1131 5 years ago failed to conceive or
experienced early death of the embryo. All control ewes conceived at first
mating and had uncomplicated pregnancy.

After 45 days of feeding inert iodine (2'g/day)* to a cow also being fed
131

, thel
in the thyroid had diminished about 5% of its previous value.

1131
1131

in the milk had diminished to 50% of its previous value and

Observations of rats being fed Cu and Mo {in a radiation synergism
experiment) revealed that high concentrations of Mo in the diet causes
increase in liver-Cu concentrations.

23%,. The
highest concentration of Pu was found in the pulmonary lymph nodes—several

hundred times higher than in the rest of the lung. Another dog died 8 months
144

One dog died 1200 days after a siﬁgle inhalation of Pu

after 2 mc Ce O2 via inhalation had been deposited in it. Remaining at

death was about 1 mc distributed in the lungs, lymph nodes, and liver.
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Six beagle dogs were flown to the Nevada Test Site and exposed to
Pu released from a one-point detonation of a nuclear weapon and later
returned to this laboratory.

The distribution of inhaled Pqu in rats was determined 4 months
after exposure. Nuclear and cell debris contained about three-quarters of

the Pu. Most of the remaining was in the fibrous tissue.

Cholestyramine, a material which was assumed to be capable of
absorbing bile salts, was tested for its effectiveness in improving survival
of irradiated rats. The negative results obtained were shown to be due, in
part, to the only partial effectiveness of cholestyramine in removing the
bile salts from the intestinal lumen. Another approach was tried in which
the rats were surgically modified in such a manner that the bile drains into
the urinary bladder. This procedure is apparently effective in preventing
the diarrhea which normally follows irradiation.

Exposure of Tribolium castaneum to 980 rads of fast neutrons reduced

reproductive ability in both sexes. Females were less affected reproductively
than males.

_ Twenty mc of Rbsa were introduced into the upper end of Rattlesnake
Springs. Activity in the water later decreased with distance downstream.
No pulse in activity was found at the dam. Substrate samples are showing
that the isotope is being rapidly absorbed by surfaces,

5. Programming

The purity of Cm244

241

is increased by operating at high specific

power, since less Pu is allowed to decay. As the specific power is

- raised it becomes less important to keep the plutonium which is being burned

39 244

separate from new ]-F’u2 , insofar as purity of Cm is concerned. In fact,

- calculations made this month indicate that higher purity is obtained by mixing

238

plutonium with U and operating at a high power per gram of plutonium

present, than is obtained by mixing plutonium with thorium and operating

s DECLASSIFIED
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at a low power per gram of plutonium. The actual comparison was made
on the basis of the same power per ton of fertile material, but mu.a

238

smaller plutonium concentrations are needed to enrich U than to enrich

238

thorium, because of the lower U cross-section.

Calculations of the production of fission product ruthenium, rhodium,
palladium, krypton, xenon, and cesium as a function of fuel exposure were
made during May, augmenting the results on four other elements reported

during the previous month.

TECHNICAL AND OTHER SERVICES

Eleven plutonium incidents occurred during the month which required
special bioassay sampling of the personnel involved to determine if internal
deposition had occurred. In one of these cases excision was used to remove
plutonium from a wound. Pending bioassay results for the persons involved
in these incidents, the total number of plutonium deposition cases that have
occurred at Hanford is 317 of which 229 are currently employed.

Several GE employees were inadvertently exposed to a 27-curie Irlg2

source at N-Reactor on May 16, 1963, The source, licensed by the AEC for
use by the Pittsburg Testing Laboratory, remained in an unshielded and
unattended location in Cell 4 of the 109 Building for several hours. During
the time the source was unattended, at least 14 GE employees were in the
immediate vicinity. Evaluation of the film badge dosimeters worn by the
GE employees showed a maximum whole body dose of 0.2 rem of gamma
radiation. The exposures received by the construction personnel were
investigated by the AEC Compliance Division.

General increases were noted in all air filter sample results during
the week ending May 24, 1963. The average value at the offsite Pacific
Northwest locations was 13 pc g/ ma, one of fhe highest weekly averages
noted since the fall of 1961, This increase probably represents the expected
spring influx of older fallout materials from past tests. Two of the air filters
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containing the highest concentrations of beta emitters were scanned in an
attempt to estimate the age of the fission products collected. The results
indicated an age of approximately 1 year.

A false critical radiation alarm occurred at the 309 Building on
May 31, 1963, at 3:30 a. m. as the result of X-ray testing in the 11-foot
level of C cell. The reactor engineer had just announced an X-ray shot
over the loud speaker when the criticality false alarm sounded. Personnel
evacuated the containment vessel. They did not evacuate the 309 Building
since they assumed that the alarm was caused by the X-ray work. The
alarm was bypassed for the remainder of the X-ray work. The reactor was
not operating at the time of the alarm.

Continuing assistance is being given to the Fuels Production section
of IPD in determining those canning conditions which will lead to a given
quality of fuel element. In particular, the experiments have been designed
and the resulting data analyzed to increase understanding of the effects of
time, temperature, and pressure on important fuel element characteristics
and to increase knowledge of the quality of incoming materials and process
capabilities. Emphasis is placed on the correlation of these manufacturing
conditions with observed postirradiation effects.

Analyses on the mathematical theory, use, error propagation, and
EDPM program for both the optical and electronic process tube traverse
mechanisms have been completed and recommendations for their improve-
ment and use discussed with the customer.

The estimation of U235

content of U03 shipments will be made from
duplicate measurements on each car shipped.using the 234-5 laboratories
thermionic emission mass spectrograph. At the same time a UO3 standard
of known isotopic content will be analyzed to permit subsequent estimation

of absolute reliability.
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The EDPM program which simulates the N-Reactor stack gas compo-

sition was modified in such a manner so as to be applicable over a much wider
range of input parameters. This revision makes it possible to incorporate
immediately any new or revised reaction coefficients as fast as they are

. obtained from laboratory experiments.

A series of conferences has led to a firm plan to convert a Sheffield
rotary contour gage to numerical control. Appropriate mathematical
relationships have been derived and a preliminary EDPM program is being

written to prepare magnetic tape input for the system.

Routine calculations were performed to determine optimum particle
size and proportionate mix factors for several cylindrical Vipac fuel
elements. Considerable effort has also been devoted to the study of particle
gpiraling, a phenomenon suspected of playing a fundamental role in the
vibrational compaction of annular-shaped fuel elements.

@ In connection with the indexing of X-ray defraction powder patterns,
a new master program called INDEX was written, compiled, debugged, and
successfully used. INDEX makes a subroutine out of the cubic program.
Work is under way to add the hexagonal-tetragonal program to INDEX as a
subroutine, Eventually an orthorhombic subroutine will be added so that
INDEX will handle any of the four types of crystal.

a

SUPPORTING FUNCTIONS

PRTR output for May was 1010 Mwd, for an experimental time
efficiency of 58.2% and a plant efficiency of 50.3%. There were 13 operating
periods during the month, five of which were terminated manually, seven

. were terminated by scrams (two were manual) and one operating period
extended through month-end. The reactor operated at about 60 Mw until
May 17, when the heat transfer flux limit was increased, which permiited
raising the power level to 70 Mw.

o - DECLASSIFIED
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Fuel exposure history at May 31 was:

Maximum UO, exposure/element 3406 Mwd/tony,

Average UO, exposure/element 2412 deltonU

Maximum Pu-Al exposure/element 93.4 Mwd

Average Pu-Al exposure/element 73.2 Mwd

Maximum Moxtyl exposure/element 71.0 Mwd (~ 1420 Mwd/ton)
Average Moxtyl exposure/element 41,4 Mwd (~.828 de/tonU)

A total of 156 reactor outage hours were charged to repair work.,
Of this amount, 76 hours were used to complete the steam export line
containment bellows replacement, 24 hours for heavy water leak repairs
and 21 hours for moderator pump repairs and cleaning of the strainer on
the moderator pump discharge line.

The PRCF was operated routinely for the entire month, Safety rod
worth experiments and control rod calibration and gsafety system time
response consumed the majority of operating time. Report HW-77607,
"PRCF Light Water Dilution" was issued.

The installation of the Rupture Loop test section of the Fuel Element
Rupture Test Facility (Project CAH-867) in B Cell is approximately 90%
complete.

Gas-bearing blowers, Units 2 and 3, for the Gas Cooled Loop
Facility {(Project CAH-822) were shipped from England. Arrival here is
scheduled for mid-June,

Total productive time for the month in Technical Shops was 28, 170
hours. Distribution of time was as follows:

Man-Hours % of Total

N-Reactor Department 3 226 11, 46
Irradiation Processing Department 6 986 24,79
Chemical Processing Department 353 1.25
Hanford Laboratories 17 605 62.50

11034314
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Total productive time for Laboratory Maintenance was 21, 600 hours,
of 23, 000 hours potentially available. Of the total productive time, 88.6%
was expended in support of Hanford Laboratories components, with the
remaining 11, 4% used to provide service for other HAPO organizations.

Laboratory maintenance manpower utilization for May was as

follows:
Hours Hours

A. Shop Work 4100
B. Maintenance - 8300

1. Preventive Maintenance 1800

2. Emergency or Unscheduled Maintenance 2200

3. Normal Scheduled Maintenance 4200

4. Overtime (included in above figures) 1100
C. R&D Assistance 9200

21,600 Hours

The heavy water loss during May was 1882 pounds valued at $26, 120.
&  Of this total, 1871 pounds ($25, 971) resulted from PRTR operations and the
balance (11 pounds, $150) from PRCF activities. Scrap generated during
the month (2227 pounds) resulted in a charge of $3073 to operating cost.

At this time an underrun in 04 equipment expenditures is apparent;
therefore, $200, 000 will be transferred from the capital equipment budget.
to the research and development budget.

Activity in the area of visitor presentations included:

Number of Visitors

in May Since 6-13-62
. Visitors Center ' 2215 44,062
} Plant Tours 372

DECLASSIFIED
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HAPO professional recruiting activity this month:

Open Offers

Plant Offers Acceptances Rejections at
Visits Extended Received Received Month End
Ph. D. 7 15 4 8 12
BS/MS (Direct
Placement) - 12 10 - 8 9
BS/MS (Program) - 3 15 53 34

Seven technical graduates were placed on permanent assignment.
One addition to the program was made; its current strength is 34.

Construction of the Fuels Recycle Pilot Plant was started May 27 by
the Halverson Construction Company. The contract completion date is
June 15, 1965, and the amount of the contract is $4, 448, 000,

Authorized funds for ten active projects total $6, 435, 500. The total
estimated cost of these projects is $10, 680, 000 of which $584, 000 had been
spent through April 30, 1963. '

Manager, Hanford Laboratories

HM Parker:JEB:dph
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REACTOR AND FUELS LABORATORY MONTHLY REPORT

MAY 1963

TECENICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 02 PROGRAM

1. Metallic Fuel Development

Phosphorus Impurity in Uranium. Investigation was continued on the
effects of phosphorus impurity on uranium structure, fabricability,
properties, and fuel element quality.

Examination was completed of NIE fuel containing 135 and 170 ppm
phosphorus in the as-extruded, beta heat-treated, and braze heat-
affected conditions. Examination of NIE fuel with 300 ppm phos-
phorus is in process. No detrimental effects on clad-to-core bonds,
or braze-to-core bonds were gobserved. Initial property data obtained
from sections of this NIE fuel are shown in Table I. Phosphorus
lovers the room temperature ductility and ultimate stirength. At

temperatures of 100 C and higher no differences due to phosphorus are

noted. Examination was completed of NCOE fuel containing 22 and 80 ppm

phosphorus. No detrimental effects on clad-to-core bonds or braze-
to-core bonds were cbserved.

Preparation of small dingots (about 5 pounds) with intended phos-
phorus levels of 1000, 1300, and 2000 ppm was requested from MCW.

The average phosphorus conténts from top and boitom samples were

549, 555, and 558 ppm, respectively, indicating a limit of phosphorus
addition in the bomb reduction. This metal will be used for re-
meliing and alloying. Attempts to prepare higher phosphorus contents
by arc melting buttons of uranium with UP have resulted in structures
composed of uranium, uraniuvm-UP eutectic, and an additional compound
that is apparently a uranium-oxygen-phosphorus phase, This phase
evidently results from oxygen impurity in the UP and prevents forma-
tion of the complete eutectic.

- Sulfur ]E;:Er_}ty in Uranium. An alternate uranium scrap recovery
process at NLO will use uranyl ammonium sulfate (UAS) to replace the
uranyl ammonium phosphate (UAP) feed to the Winlo process. The

: effects of sulfur addition to uranium are being studied. An are
melt button was prepared using uranium and US to yield approximately
5000 ppm sulfur. Compound formation was observed that is presumed
to be US. The structural features of this system will require addi-
tional compositions and heat treatments to define.

i AV PR
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Alternate Core Materials. N-outer tube stock with the core material

containing 650 ppm Al and 400 ppm Fe was studied to determine the
effects of heat treatment on the size and dispersion of UAlp and Ugke
compounds. Particle density determined from electron micrographs of
cathodically etched specimens and utilizing the Zeiss particle size
analyzer to obtain particle size distributions in a computer program
similar to that employed fif analysis of fission gas porosity has
yielded values of 1.5 x 10~ and.8.2 x lollipartiples/cc specimens beta
treated and alpha aged -and gamma treated and alphe& aged, respectively.
The etching procedures used for preparaticn of specimens for electron
microscopy 1s continuing in attempts to arrive at a standard proce-
dure yielding true structures in these dispersed phase alloys.

Additicnal materials being studied as dispersed phase systems include:
(1) refinement of carbide size by control of freezing rate, (2) addi-
tion of phosphorus to & uranium - 2 w/o Zr composition, and (3) addi-
tion of aluminum to a uranium - 1 w/o Zr composition. These alloys
have been prepared as src melt buttons and have been glven gamma
phase soluticn treatments, quenched, and aged in the high alpha phase.
The carbides in a 700 Al, 40C ppm Fe, approximately 500 ppm C alloy
were reduced from 15-20 micron size to approximately 1-2 micron at a
spacing of 10-15 micrcn by the rapid chilling of the arc melt button.
A uniform dispersicn of a compound believed to be UAlp was observed
in the as-cast condition in & U + 1 w/o Zr + 200 ppm Fe - 350 ppm Al
alloy. The additicn of approximately 350 ppm phosphorus ina U -

1 wfo Zr alloy resulted in the formation of the U-UP eutectic at
original dendrite boundaries with the UP particle size being one
micron or less in the cast condition.

Closure and Joining. Corrosion tests have continued on Zircaloy-2 +

s

1 10343b

beryllium and Zirceloy-2 + uranium coupons. After 150 hours in 360 C
water, Zr-2 coupons containing up to 1 w/o uranium still appear glassy
black, with only a slightly higher light adsorption measurement than
Zircaloy-2 and a slightly higher weight gain. At this exposure the
coupens above 30 w/o uranium have cracked and/or completely corroded
into a sludge. Zircaloy + 5 Be coupons intentionally contaminated
with oxygen and nitrogen have essentially decomposed after 550 hours
in 360 C water. The variable beryllium content coupons shew a linear
veight gain and a slightly higher light adsorption than the previcus
readings at 300 hours of exposure.

A ceramic mold hes been developed together with a suitable wax pattern
for investment casting mechanical property specimens of brazing alloys.
As these brazing alloys are very brittle, an investment casting tech-
nique will be necessary to provide the required shaped tensile and
impact bars. The molds are made of equal parts of silica powder and
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pottery plaster, baked at 400 C for 12 hours prior to cesting. They

are quite fragile and bresk readily from the specimen hars. The wax

is made of equal portions of ceresin and paraffin, cast into a bress

pattern mold. The wax melts cleanly from the investment mold leaving
a clean surface for casting.

Fuel FElement Closure - Hot Head. Tooling for the 1200 KVA resistance
velder at the Rocky Mountain Arsensl has been scoped and designed.
Detailed drawings will be completed by June 1, and fabrication of the
tooling will be complete by July 1. '

Examination of N-Fuel Components. The post-irradiation examination

of three N-outer fuel element components irradiated at near proto-
typic conditions in KER has been completed. The metallographic
appeerance of the cap-core bond of cne closure did not appear typical
or normal. This observed difference is believed to have arisen during
fabricetion and not as a consequence of irradiation. An adjacent
control piece is being examined for comparison with the post-irradiation
sample. In other respects, the N-outer fuel components continue to
appear satisfactory in performances and behavior. Two inner components
from the same irradiation test are now at Radiometallurgy for post-
irradiation examinations. ' '

High Temperature Swelling Performance of Uranium Fuel Elements. A
charge of 0-12 inch long KSE-5 fuel elements, irradiated to &n average
exposure of 140 MWD/T at volume mean fuel temperatures up to 520 C,

has been weighed in the KE basin for the determination of fuel
swelling. The data extend our knowledge of swelling cbteined by the
previous irradiation testing of KSE-3 elements operated at volume mean
fuel temperatures in the range 420-470 C. The KSE-5's operated with

8 peak power of 190 kw/ft and a heat flux greater than 1,000,000 Btu/
hr-sq ft. Fuel swelling ranged from 0.78 v/o at the highest exposure,
highest temperature element. The measured swelling values are approxi-
mately the same as those predicted from empirical expressicns develoeped
from the KSE-3 irradiations and verify that fuel swelling is ultimately
limited by loocp pressure {1600 psi coolant). Selected elements will
be further evaluated at Radicmetallurgy.

Fluted Fuel Element Irradiations. Two fluted, single-tube N-Reactor
size fuel elements have completed three cycles of irradiation

(600 MWD/T) in the ETR M-3 facility. These elements are being tested
under conditions approximately equal to N-Reactor operating conditions.
No appreciable volume change could be measured at the end of the third
cycle. The elements are now undergoing their fourth cycle of ir-
radiation. :
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The cold-water irradistion of three N-inner size fluted elements in
the KE-Reactor was terminated at 2000 MWD/T exposure by the failure
of one of the elements. These elements were being irradiafed at a
specific power of 75 kw/ft with a corresponding meximum metal tem-
perature of 350 C and were to bve given their final irradiation in
the ETR-P-T high temperature water loop. The nature of the fallure
is not known at this time.

'MIR Irradistions of I&E Fuel Elements. JIrradiaticn of four Hanford

first nine capsules is continuing.

1103438

T&E fuel elements continued in the MIR GEH-4 loop facility to investi-

gate the possible occurrence of large volume increases (grain
boundary tearing) at intermediate irradiation temperatures. The cal-
culated time average maximum metal fuel temperature during the ir-
radiation is approximately 500 C, (not LOO C as previously reported).
An axial temperature gradient from 300 to 500 C exists longitudinally
along the fuel column which places portions of the fuel elements in
the range of interest. Average exposure on the elements 1s now

1270 MWD/T.

Cladding Deformation Studies. Thirty-six NaK capsules containing a

total of Q4 Zircaloy-2 clad uranium rods have been irradiated to
provide data on cladding strain capabilities as a function of cladding
thickness wniformity, temperature, and exposure. Nine of these cap-
sules vere discharged at 1100 MWD/T. Initisl examination of the
samples from two of these capsules showed cledding strains of 1.7 and
2.6%, respectively. BEach of the fuel rod samples with intenticnal
internal striations in the cladding showed evidence of localized clad
deformation associated with the initial defect. Based on the results
from these fuel samples, the remaining 27 capsules were discherged at
approximately 1800 MHD/T. Examination of the fuel samples from the

"

N-Reactor FPuel Support Development. The program to develop a2 menu-

facturing procedure for N-inner supports was completed this month.
In this project, a procedure for the fabrication of ductile
Zircaloy-2 strip and a hot forming procedure for making the parts
were develcoped. Using these processes, a total of 103,000 inner
supports were made in the laboratory and supplied to NRD for use on
N-fuels.

Fuel Element Support Fabrication. Metal Fabrication Development has

undertaken fabrication of further test lots of N-outer fuel element
supports to permlt the N-fuel production facility to continue to process’
N-outer fuel elements. Supports are being fabricated at the rate of
3000 per day for the first commitment of 30,000 parts. Eleven thou-
sand supports have been produced since Thursday, May 16.
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Fuel Component Development. Laboratory tests to study possible
damage to N-Reactor process tubes by charging N-fuel elenents are

"proceeding. A series of tests are being conducted to determine to

what extent the reactor process tube 1s damaged by the repesated
corrosion of the bare Zircaloy-2 that is exposed by scratching by
the fuel element supports. The test cycle consists of passing
steel support shoes L0 times over a single path on the process tube,
then autoclaving the tube in 400 C, 1500 psi steam for 1k days to

- give the corrosion product buildup on the bare Zr-2 equivalent to

that expected to form in-reactor between the charge and discharge of
the fuel elements.

After the fifth autoclave cycle, as in the third and fourth cycles,

a total of 50 passes with four different shoes were made with no
signs of scratching the autoclave film., Steel from the shoes was
depoeited on the re-autoclaved film. It was necessary to inten-
tionally initiate the scratching of the process tube in order to
continue with the original purpose of the cyclic scratching-autoclave
test. Six serles of LO passes, with autoclaving between each series,
have now been completed on the same region of the process tube
section. The scratch depth now varies from 0.0012 to 0.0022 inch
with .an average depth over the entire length of the test section

being 0.0016 inch. This rate of wear extrapolates to 0.015 inch in ey
2000 passes as coampared to & maximum of 0.003 inch wear in & test in -

which 2000 passes were made on a tube without intermediate auto-
claving. There may be two sources for the difference. The removal
of the autoclave film formed between each series of passes may re-
sult in deeper total scratch depth in the cyelic scratch autoclave
test, or the autoclaving cycle at 40O C may cause recovery of some
of the cold work thought to be induced in tihe surface of the tube
during the scratching test. In-reactor the cold-worked surface of
the tube would not be annealed as in the sutoclave, but there would
be & corrosicn film formed.

To determine how much of the damage is caused by removel of the cor-
rosion film, two new serles of tests are being started. In the first
test; 50 passes are made on a process tube section which is then
annealed at 400 C for 14 days in a vacuum. The cycle will be re-
peated at least six times and compared with the cyclic scratching-
autoclave test. In the second test, 500 passes are made on a
process tube section which is also annealed at 400 C for 14 days in
vacuum. This test will be repeated four times until a total of 2000
passes are made on the one tube section. Results from the latter
test can also be compared with the previous 2000-pass test to see
the effect of LOO C recovery of the cold work on the tube surface.
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Analysis of Fuel Element End Caps. The difference in therma)] ex-
pansion hetween fuel and end cep materlals in metallic fuel elements
is a potentisl cause of fuel element failures. Thickening the clad-~-
ding near the end cap or shaping the end cap are possible methods of
making a transition which will reduce the discontinuity stresses en-
countered in the end cap region. Studies previously reported have
been extended to include a specific design for an N-outer fuel
element. The transition zone has & linear thickening of the clad-
ding 300 mils long which makes a 17.5° angle with the outer cledding
and 21.0° angle with the inner cladding. The bending and shear
stresses within the transition have been reduced by over a factor of
four. The report describing this analysis and analysis of various
shaped transitions has been written and 1s being reviewed for publi-
cation. The method of analysis was also extended to apply to the
particular gecmetries encountered in the hot-headed c¢losure tech-
niques. Case studies run on geometries representative of those ob-
tained by this fabrication method showed bending stresses and shear
stresses within the transition region were two to three times less
than those encountered in closures without transitions.

Vibrational Studles. A theoretical study has been completed on the

effect of process tube vibrations and their relation to fuel element
support design. Two progrems were developed: one is & two-component
model for the vibration of & fuel assembly, and the second calculated
the spring constants of various shaped supports. The spring constant
program only applies to non-sized supports. The vibrational program
can be used with either calculated or measured values for the spring
support constants. For measured values for spring constants and

" demping obtained on N-fuel elements, the lowest resonant frequencies

ranged from 46 to 62 cycles per second. A document describing these
programs (HW-77515) has been published. )

Fuel Element Data System. An IBM data file for fuel test irradiation
data has been developed and the program which controls the fuel data
file has.been completely debugged. The file now contains data for
147 N-inners, 135 N-outers, 41 capsules, and 12 KSE-3 elements. Ad-
ditional programs to analyze the fuel performance data in terms of
fabrication and test variables are being developed,

Fabrication of Crud Probe Stock. A long life, constant power heat
source will be fabricated from 2 Th - 1% w/o U (fully enriched) -

1.0 w/o Zr allocy for the purpose of studying the varistion in heat
transfer with film buildup on a Zircaloy-2 surface during irradia-
tion. Double vacuum arc melting of the 50-1b pilot ingot of thorium -
124 w/o natural U - 1 w/o Zr has been completed. Extrusion of the
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primary Ingot into an electrode for remelting has proved to be a
satisfactory procedure for this material.

Coextrusion of 28 - Aluminum Clad Li-Al. To date, three coextru-

sions have been made in an attempt to provide material for diffu-

sion couples to study the rate of Li diffusion into a 25 aluminum

cladding end to examine the feasibllity of fabricating target fuel
by coextruding a clad Li-Al target material.

The first billet contained a l%% Li - Al core which was in the as-

cast condition, while the following two billets contained 144 Li -
Al cores vwhich were cast and pre-extruded at 350 C at a reduction
of 3.2h/l. All coextrusion billets were extruded at a reduction

of 15.4/1 at 350 C. The interface with the as-cast core was very
rough and irregular. The interfaces found with pre-extruded cores
were smoother but somewhat out of round. In all three coextrusions
the cast structure was still in the core material after coextrusion.
An additionsl billet is being prepared in which a 1% Li - Al core
will be pre-extruded cold at a reduction of 3.62/1 and recrystallized
before coextrusion in an effort to further improve the interface of
the coextrusion.

To obtain a bond between core and clad, it waes necessary to ﬁ§§
thoroughly mechanically clean both the clad surface and the core G -
surface Jjust prior to assembly and electron beam welding.

Target Element Development. Several intensive heat treatment tests
on aluminum-lithium alloys have been carried ocut to determine mini-
mum recrystalllzation times and temperatures. Two worked conditions
were investigated at two different times and five different tempera-
tures. Herdness measurements showed a break after annealing at

400 C for one hour and 450 C for 30 minutes, Metallographic results
are not avallable at this time. :

Lithium-Aluminum Target Elements. Sixteen Zircaloy-4 clad experi-
mental 1ithium-aluminum terget assemblies have been fabricated for
irradiaticn testing in KER Loops 1 and 2. Each test charge will
consist of eight target elements and each will contain both 1 and
2 w/o lithium alloys canned in both anodized and nonanodized
aluminum cans.

A defect target element assembly is currently under test in an ex-
reactor water loop under simulated N-Reactor flow conditions. The
corrosion of Al is being followed by periodically analyzing loop -
water samples for aluminum. This test is intended to give an es-
timate of the effectiveness of monitoring the irradiastion test loop
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wvater for aluminum activity for detecting a target element
rupture.

The transport of lithium in the elpha phase region of the aluminum-
lithium system under isothermal conditions is being investigated.
Diffusion couples have been prepared by cold-pressure welding

1.3 w/o Li-Al alloy to eluminum. Tests at 600 C indicate that suf-
ficient Li is vaporized to grossly attack the quartz capsules in

. which testing is conducted. Tests at 300 C have shown no evidence

of Li vaporization after 14 days at temperature. The Li gradient
in the couples will be determined after annealing the test specimen
at 300 C for 200 days.

Fueled-Web Honeycomb Element. A honeycomb structure in which the web
is made of Zircaloy-2 clad ursnium has been successfully fabricated
by coextrusion. The cross section of the structure consists of a
hexagonal array of 6l cells enclosed by Zircaloy-2 one inch in out-
side diameter. The approximately 1/16-inch diameter holes are sur-
rounded by the 0.038-inch total thickness web., The web is made up
of 0.007" Zr-2, 0.010" U, 0.004" Zr-2, 0.0l0" U, and 0.007" Zr-2.

The web on both ends of a sample section 1.25 inches long has been
successfully closed by induction brazing with Zr - 5 w/o Be alloy.

The composite coextrusion billet was made up of 61 coextruded hexa-
gonal rods sealed in vacuum in Zircaloy-?2 and cenned in copper.

The rods consisted of outer Zr.2 cladding, a layer of urenium, a
ring of Zr-2, and a uranium core. The final coextrusion completely
bonded all parts of the billet together. The inner of each cell was
removed by first stopping off the uranium in the web, then etching
in hot HCl.

Vanadium Wire Drawing. Reductions in the diameter of vanadium rod,
containing 0.5% Co, were accomplished using the asphalt lubricant.
This rod is eventually to be reduced to 10-mil wire. However,

after a few reductions were made, serious defects in the vanadium
rod began to appear. These defects consisted of deep gouges, most
likely produced by some gripping mechanism used in the original rod
forming operation. 1In some subsequent rod sizing operation the very
ductile vanadium was ceused to flow over these gouges and hide them.
The wire drawving of vanadium plus 0.5% Co will continue when defect-
free rod is cbtained.

Rhenium Wire Drawing. An attempt was meade to drsw some 0.020-inch
rhenium wire down to 0.010 inch. The wire broke on the first pass,
& reduction of 0.001 inch. Macroscopic examination of the wire
showed that its surface was extremely rough and contained many
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cracks. Further inguiry into the history of this wire determined
that it was highly work hardened and that the maximum allowable
amount of cold work (10% had undoubtedly been exceeded. An attempt
is being made to improve the surface of the wire and anneal it at
1700 to 1800 C.

PRTR Rupture Loop. The thermal hydraulic characteristics of an in-
reactor assembly which included basket, NPR fuel element, and cutter
device were determined experimentally. A test of the cutter device
in an out.of-reactor high temperature-high pressure loop revealed
that the operation of the device is affected by extended exposure to
high temperature water. The design will be changed to give irproved
high temperature behavior of the hydraulic cylinders.

GEH-10-64%, 65, 66 - Thorium Alloy. Three Zircaloy-2 clad thorium -
2.35 wfo U-235 - 1.0 w/o Zr fuel elements complete their first cycle
of irradiation in the ETR-P7 Loop. The fuel achleved a calculated
maximum speeific power of 214 kw/ft, a maximum heat flux of 1.07 x
106 Btu/hr-ft2, and operated with & maximum core temperature of

603 C. Fuel element weight measurements made at the end of the cycle
indicated that no appreciable swelling had occurred. Exposure on the
test elements at the end of the first cyele of irradiation is

1100 MWD/T. .

Corrosion and Water Quality Studies

Water Contents of Oxide Films on Autoclaved and Anodized C-64 Aluminum.
C-64 aluminum alloy tube sections were ancdized or autoclaved. The
oxlde films were isolated by dissolution of the metal substrate in
CH30H-I2 solution. The isolated oxides were then dehydrated at

1300 ¢ (2372 F) for one hour.

Water content for oxides removed from samples autoclaved in 170 C
(338 F) water for 66 hours, autoclaved in 250 C (482 F) water for
51 hours and as anodized in chromic acid were 23.5, 18.4 and 4.0%,
respectively. ‘
Theoretical water contents for mono- and trihydrates are 15 and 349,
respectively. Thus, it appears that the 170 C (338 F) autoclaved
film is a mixture of mono- and trihydrate; the 250 ¢ (482 F) auto-
claved film is largely monchydrate, while the anodized film is
largely anhydrous.

- Corrosion Rates in High Alum (18 ppm) end Low Alum (7.5 ppm) Water.

Preliminary results have been obtained from the half-plant alum test
at F-Reactor (PT-549) with alum feeds of 7.5 ppm {average) versus
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.18 ppm. Visusel examinations of fuel element surfaces from initial
. discharges show the same frequency of ledge and groove corrosion

for both sides of the reactor. Coupon samples corroded in each
type of water for five weeks at exactly conparable temperatures
show equal penetrations of X-8001 aluminum and A212 carbon steel.
Samples of 1100 alloy, however, showed corrosion penetrations 1.6
times as great in 18 ppm alum-treated process water as in the 7.5
Tpm treated water. Corrosicn penetretion of 6061 aluminum slloy
was 1.3 times as greet in 18 ppm alum water as in 7.5 ppm water.
Film weights for all meterials approximately follow corrosion pene-
trations in both types of water.

Corrosion of Monel Resistance Temperature Detectors. Pitting attack
of the RID'S at 105-KE and 105-Kw have caused some concern - the
attack is localized near the crevice and may be due to galvanic
attack in acid solution, resulting from incomplete rinsing after
decontamination. A testing program has been started to evaluate

the effects of residual decontaminant (sulfamic acid) on the RID
Money and Inconel sheaths under conditions ecmparable to those ex-
pected during reactor cperation.

. Samples of Mcnel-sheathed resistance temperature detectors showed

no evidence of pitting attack after 27 hours at 70 to 80 C in

6 ounce/gallon sclutions of either Turco 4306-C or Wyandotte-5061.
Assembled samples (with galvanic contact to stainless steel) did
show slight local etching in areas exposed to saturated vapors from
the Turco 4306-C solution.

The pH of rinse water "leaked" from KW RTID wells after reactor de-
contamination was measured with litmus paper. The measured pH
values after 10 minutes of flushing were 2.0, indicating that
flushing had not completely removed the decontaminent chemical.
Additional rinsing with conventional reactor cooling for 30 minutes
did remove the decontaminant, as shown by pH values of 6.6.

Decontamination of K-1 end K-2. The X-1 and K-2 loops were decon-

teminated to reduce activity levels and facilitate tube replacement
cperations in 105-KE. The K-2 Loop (stainless steel) was decon-
taminated using a two-step recirculation procedure: alksline per-
manganate soluticn at 105 € for GO minutes followed by sulfamic
acld solution at 70 C for 90 minutes. Both solutions used were
proprietary compounds.

The K-1 Loop was decontaminated using a single-pass procedure with
a 5% solution of inhibited armonium citrate at 75 C (rear face
temperature). The solution was used for approximately one hour at
a2 flow rate of 5-10 gpm.
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The deccntaminations reduced the activities at front and rear face
for both tubes to acceptably low levels. The activity level on

the rear face was slightly higher because of external contemination.
Prior to shutdown a rupture had occurred in a tube at a higher
elevation (3565). Leakage from this tube contaminated the external
surfaces of & number of the other tubes including X-1 (2160) and
K-2 (286k).

Corrosion'Under Heat Transfer Conditions in Lithiated Water pH 10.

A test was completed to determine corrosion behavior associated with
N-Reactor fuel self-supports in lithiated water at pH 10 under con-
ditions similar to those expected in N-Resctor. A Zr-2 clad heater
rod with four self-supports welded to it simulated the N-Reactor fuel
element. After 146 days in water at 315 C and a heat flux of
280,000 Btu/ft2-hr; the element was examined. Accelerated corrosion
had occurred cn both the support and the jacket at each of the eight
crevices between the self-support and the jacket; the mwaximum pene-
tration was 6 mils with an average depth of 1-2 mils. The corrosion
seemed general rather than pitting type of attack and covered about
half of the area under the supports. The crevices were filled with
oxide over most of the region of attack. From the observaticns, -1t
appeared that the formation of oxide tended to force the support and

cladding apart. &

Massive hydriding, such as might have been expected from such ex-
tensive corrosion, was not found. Hydride concentrations were no
greater than 100 ppm and were no greater near the corrosion than
elsevhere.

Evaluation of Secondary System Descaling Procedures. Some evalua-
tion tests were completed on & new proprietary compound for cleaning
N-Reactor secondary system prior to startup. This compound removed
the mill-scale but was not satisfactory for removing the lacquer.

Fretting Tests on N-Reactor Fuel Elements. Additional fretting tests
were completed on the N-Reactor fuel element with the high support
spring constants. No fretting was noted after 23 days of exposure
in TF-T at 530 F, pH 10 lithiated water with external wvibration.
During the next operating period the vibration will be changed to a
lower freguency (from 54 to 4O cycles/sec) and a greater deflection
(from 1.8 to 3.5 mils).

Testing of Defected Target Slugs. During the past month one pre-
defected target silug (Zr-2 cled, lithiwm-aluminum alloy core) vas
charged into TF-T to determine rate of leaching or dissclution and
to evaluate ease of detection of rupture.
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Evaluation of NHJOH to Control pH in N-Reactor Primary Coolent.
The injection of NH,O0H into KER-1 Loop vas initiated last month
in the first of a series of In-reactor tests to determine the
feasibility of using NHLOH rather than LiOH to adjust the pH of
the N-Reactor primary coolant. The cperation continued at high
temperature (260-280 C) during the month of April, except for one
reactor shutdown. The water quality and crud deposition were

-about the same as with lithiated systems. On April 30, as & result

of leaks, the loop temperature was reduced (60-90 C); the loop
operated on feed and bleed without venting until May 8, at vwhich
time dissolved gas concentration increased to a point where it was
considered desirable to vent the loop. This additicnal gas was
caused primarily by leakage of air into the mekeup solution tank.
In addition, the cconcentration of ammonia in the makeup tank was
not controlled. When the solution was prepared originally, it was
not agitated and therefore was not homogeneous. As the tenk was
emptied, the feed sclution became more and more concentrated in

N}, 0H.

During operation at low temperature the water quality and ecrud
release rates appeared to be better in the ammoniated system than
in lithiated systems, primarily because of the formation of suf-
Ticient hydrazine to prevent accumilation of oxygen in the system.
In lithiated systems, unless hydrezine is added, the oxygen formed
from radiolytic decomposition of the water, oxidizes the protective
magnetite to a less protective form (Fe203) vhich is released as
crud into the system.

One of the main difficulties in using NHyO0H in a reactor primary
system may be the radiolytic and/or thermal decomposition. Re-
sults from the last test indicate about 50% of the inJjected
ammonia was decomposed and/or adsorbed on the piping walls.
Samples of gas were taken to determine the concentration of the
decomposition products, but a2nalyses are not complete.

Gas-Atmosphere Studies

Grephite Burnout Monitoring. Sma2ll graphite burnout monitors were

discharged from channel 3478 at D-Reactor. The test covered the
period from January 3, 1963 to May 1, 1963. The profile showed
two peaks at the usual positions of 80 and 168 inches into the
graphite stack. The height of the first peak was 23% per 1000
operating days (%/KOD), and the second was about 1.5%/KCD.

Monitors were also discharged from channel 2577 at H-Reactor. The

: test was from August 2,1962 to May 3, 1963. The results revealed
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high rates from 50 to 92 inches into the graphite stack. The rates

. in this area ranged between 1k and 25%/KOD; however, the monitor

farthest upstream at 46 inches measured 66%4/KOD. There were no
visible indications, such ass deep pits or abrasions, to suggest un-
usual handling of this sample. Furthermore, all the monitors were

: constructed from CSF graphite, which is a high-purity, reactor-

grade materisl, and they were used in a previous test in channel

. 2577 where no large differences in rates appeared. .The only dis-

tinctive appearance of the sample was a definite taper. In the
laboratory this geometry results when a highly reactive gas impinges
on one end of a pilece of graphite. It seems likely, then, that this
monitor gave a relimble weight loss and that a significant quantity
of air entered the reactor atmosphere. Gas analyses and reactor-gas
losses are being checked for this possibility.

Graphite-Zirconium Compativility in N-Reactor. The results of the
N-Reactor atmosphere computer program (cf. HW-77397 A) have been

" correlated by means of an empirical expression which reletes maximum

graphite burnout rate, R{%/K0D), maximum graphite temperature, Tpgy,
initial water vapor partial pressure, pp, o(mm), and initial hydrogen
partisl pressure, PH, (zm). 2

- R= (Tmax - TQ) S pHQO

log (PHQ) + 19.5

vhere: T, = - {0.076 < < 7.6
© 0.0286 ( Sy, = T6)
log (p, ) + 6.2 .
S = - i (0.076 < py_ < 0.76)
208 _ -T2 =
and S = 0.030 (0.76 prZ < 1.6)

The equation applies in the T,., range from 750 to 820 ¢ and for
volume flows to the reactor in the range 400 to 1000 ¢fm. As em-
phasized in last month's report the numerical values obtained from
the program cen only be considered as order of magnitude estimates
until additionel experimental results are obtained to more accurately
fix the values of the various parameters that go into the computation.

Kinetics of the Water Gas Shift Reaction. It was reported in March

gx%‘h N o res

~at v P

1963 that there vas 1ittle reacticn observed between Hy and CO as a
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He-CO-Hp mixture passed over an eight-inch graphite bar, 1-7/8 inch
in diameter, in a two-inch ID quartz tube (Hp + CO — H20 + C).

The water gas shift reaction (H20 + CO ;—2 CO2 + H2) was investi-
gated in the same apparatus by observing how much water is lost when
CO is added to an Ho0-He mixture, and again little reaction was ob-
served. The apparatus has been subsequently changed so that the gas
instead of passing over the graphite flowed through a graphite
thimble 13/16-inch in thickness. This procedure increases the
graphite surface area in contact with the gas. Six runs have been
completed to date, and significant reactions vetween CO and HpQ were
observed. The reaction was slow at 40O C (752 F) but increased
rapidly above 500 C (932 F). This sequence of experiments indicates
the homogenous gas phase reaction is much slower than the surface
catalyzed reaction which would imply the shift reaction would be an
important source of water loss in graphite reactor tube block, but
may not be as significant in the reactor gas channels, unless
radiation accelerates the homogenous reaction. Additional runs are
planned on the reverse water gas reaction,.

Process Tube Development

Stress Rupture Testing of Reactor Pressure Tubes. A section of 30%

cold worked N-Reactor pressure tubing has been subjected to stress
rupture test without benefit of previous autoclave treatment. Its
performaence was greatly inferior to similar tubing tested after
having been autoclaved. A similar tendency had been noted earlier
in the performance of 30% cold worked KER tubing tested in the un-
autoclaved condition. For example, in 30% cold worked tubing at a
hocp stress of 57,000 psi and a temperature of 300 C (575 F) the
primary creep (%), minimum creep rate (%/hr) and rupture time (hrs),
respectively, were 0.25, 0.0002 and 4926 for Autocalved N-Reactor
tubing; 1.2, 0.005 and 209 for unautoclaved N-Reactor tubing; and
0.8, 0.001% and 1174 for unautoclaved KER tubing. Although no d4if-
ferences in microstructure have been noted, it appears that some sort
of aging phenomenon accompanies the autoclave treatment. Additional
specimens in both the autoclaved and unautoclaved condition will be
tested to confirm these tentative results.

Thermal Hydraulic Studies

Present Reactor Studies. Response times were determined for two
thermocouple assemblies under study for use as outlet water tem-
perature monitors et H-Reactor. Each assembly consisted of a copper-
constantan thermocouple inserted in a well, %-inch long x 7/32-inch 0D
x 5/32-inch ID. The response time of each thermocouple assembly was
determined with the assembly ilmmersed suddenly into boiling water
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and also when the assembly was installed in a flow system where the
temperature of the flowing water was changed suddenly. In each case
temperature indications were recorded on high speed recorders.

A time of four seconds to respond to 63% of & sudden change in tem-
perature has been deemed desirable in order for the thermocouple to
give adequate information following a reactor power surge or a flow
decrease. The following results, reported as time to reach 63% of
the difference between the initial and final temperatures as deter-
mined from a bare wire reference thermocouple, were obtained.

Time, sec Time, sec
T/C #1 (For boiling water case) (For flowing water case)

1 6.9 ' 5.14
2 S.Gk4 L.32

In the case of T/C #1, it was found that the thermocouple wires were
twisted together sbove the intended Junction and were forming a
junction which would be somewhat insulated from the wall of the well
in comparison to the case for the intended junction.

-N-Reector Studies. Efforts were made to try to predict the prob-
ability and intensity of boiling under the devices used to support
the fuel pieces within the process tube in N-Reactor. The interest

in this lies in the fact that water quality studies have indicated
that if LiOH (the pH control media for N-Reactor primery coolant)
concentrates under a self-support, as might occur with boillng, severe
corrosion of the Zirealoy Jacket can occur. -

One method of calculation has been to modify correlations existing in
the literature, which predict boiling on an unobstructed surface, to
the case of N-fuel supports by using laboratory data of boiling under
supports. This method has some uncertainties since the laboratory
data were obtained for the present reactors and the limited data for
unobstructed surfaces do not check the correlations. Another calcu-
lation being tried is to calculate the water temperature under the
supports assuming a decreased flow rate at that point and adjusting
the results to fit results obtained with visual studies performed
for present reactor supports. An uncertainty in this case, however,
is the effect of the different support shape used on N-Reactor fuel
pieces as compared to those used in the present reactors. Until ex-
perimental data are obtained for the N-Reactor supports, it appears

that the accuracy of the calculations will be limited.
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In other studies for the N-Reactor, equations were derived to fit
*- the boiling burnout data cbtained for the outer and center flow
annuli. These equations are: :

For the cuter flow annulus:

A)BO _ G_\1.73 Gy, OH
.(Q%g_ = 0.6%5 + 0.0123 (ﬁg? - 3:26 (z) (1555

and for the center flow annulus:

Q/ABO _ 1 a0 o.0u 0.5 | 00 (8_y*05 _ s o] (A
L%{- 1040 096( % 7.0 (55%) 5-01 (500

burnout heat flux, B/hr-sg ft
coolant mass velocity, 1b/hr-sq ft
Joeal enthalpy minus saturation enthalpy, B/lb

where (Q/A)BO
G

AH

Nearly all of the experimental data at 1500 psig fall within 3 25% of
the lines defined by these equations. The data for the equations
o= range from 20 F subccoled to 30% outlet quality for a flow rate of
o 500,000 1b/hr-sq ft, and from 40 F subcooled to 5% outlet quality
for a flow rate of J,OO0,000 lb/hr-sq ft. These equations are not
meant to be general correlations but are mainly for use in the
y application of these data to the N-Reactor.

6. Shielding Studies

MAC Code Development. MAC code has been run several times during the
month for two purpcses: (a) checkout of several changes to the gemma
subroutines, and (b) for an analysis of water shielding for the FSPPR
concept.

Seversl changes have been adopted in the MAC gamma subroutine. The
code now produces consistent gamma ray calculations and eliminates
the problem pointed out by U. Canali, EURATOM, Italy.

Progress is being made with BARNS Code. The'unit weight deck has
been checked ocut. This code is being modified to supply cross sections
ready for MAC input.

Fast Neutron Spectrometer. A fast neutron spectrometer being procured
for core measurements may be useful for experimental shielding studies.
A He3 spectromater has been ordered by Nucleonic Instrumentaticn
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Operation, and informestion 1s being sought concerning a neutron

sensitive plastic scintallation pulse height (proton recoil) :
device. These spectrometer tubes will be coupled to an available
miltichannel analyzer to complete the system.

N-Reactor Shield Evaluation Proposal. A proposal was prepared
for NFD - Research and Engineering suggesting an experimental
evaluation of the N-Reactor shilelds. The proposed experiments
consist of a series of neutron and gamma ray flux and energy mea-
surements to be taken during the initial physics and startup tests
of the N-Reactor.

The measurements are proposed to be taken in a shield plug facility
which penetrates the N-Reactor top primary shield. The data taken
from the shield plug (supplemented by analytical determinations)
will allow:

(a) Evaluation of various N-Reactor shield surfaces (by
application of the analytical methods developed to fit
the experimental shield plug data},

(b) Evaluation of the maximum power level at which the reactor,
.from a shielding standpoint, can cperate,

(¢) Prediction of shield deterioration (loss of water and/or
rediation damage, and -

(d4) Assessment of possible needs and methods for shield pro-
tection mechanisms and procedures.

-

; Reactor Techﬁology

Large Fast Reactor Study - Thorium Case. Exploratory core design
calculations were completed for a 3000 Mw, 5000 liter PuQp-ThOp
fueled reactor. A l6-energy group diffusion theory model was used
with a spherical geometry representation for core and blanket. An
investigation of sodium reactivity ecefficients was alzo carried
out as a function of coclant volume fraction. The results of these
initial celculations are given in the following table:
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Core Blanket Pulp
Composition Composition Enrichment* k k (void)

23 v/o Fe 15 v/o Fe 1k.254  1.002  1.021
47 vfo Fuel 70 v/o ThOp 13.5% 0.965 0.984
30 v/o Na 15 v/o Na

23 v/o Fe Same 16.5% 1.052 1.075
37 v/o Fuel 16.0% 1.031  1.054
40 v/o Na '
23 v/o Fe Same , 19.0% 1.086 1.107
27 v/o Fuel 18.0% 1.048  1.069
50 v/o Na
*Pu Isctopic composition: Pu-239 57%
: Pu-2k0 29

Pu-241 10

Pu-242 L

As anticipated for this core size, a positive sodium density co-
efficient is obtained. 1In all cases an increase in reactivity of
clese to 2% Ak/k is observed upon complete loss of sodium from the
core. It thus appears that for L/D ratios near unity the sodium
coefficilent is relatively insensitive to the sodium volume fracticn.
Therefore, L/D ratios much different from unity or some other al-
ternate method for reducing the sodium coefficient must be devised
for this reactor design.

A potentially higher U-232 equilibrium concentration than is the

case for thermal breeders %s indicated in a study carried out by

NDA on fast Th-233 systems{l), This caleulation is derived from
effective cross section ratios which are estimates based upon limited
data, Because of the difference in fuel and the importance of U-232
to fuel handling, an independent estimate of this problem is being
made,

Initial surveys of possible power recovery cycles and correspondence
with the Large Steam Turbine Department indicate that it will be
most expedlent to make minor revisions in the steam cycle proposed
by APED for the Scdium Modular Reactor to adapt it to the conditions
for power recovery cases to be inciuded in this study. The SMR
steam cycle has a peak temperature of G00 F vs a peak of 950 F cur-
rently envisicned for this reactor with power recovery.

(1} A.J. Goldman, et ai., "A Feasibility Study of Fast U-233 -
Breeder Reactors,™ NDA 2134-3, October 1960.
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8. Graphite Studies

N-Reactor Graphite Irradiations. Irradiations of N-Reactor graphite
continue to proceed satisfactorily in the GETR. The H-6-2 and H-4-3
capsules successfully completed another cycle of irradiation on

My 5.

B. WEAPONS - 03 PROGRAM

Research snd development in the field of plutonium metallurgy continued
in support of the Hanford 234.5 Building Qperations and weapons develop-
ment programs of the University of California Lawrence Radiation

Labvoratory (Project Whitney). Details of these activities are reported

separately via distribution lists appropriate to weapons development
work.
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1.

Flutonium Recycle Program

Fuels Development

PRTR Fuel Element Inspection. The entire PRTR fuel loading wes
examined in the basin and selected elements were examined in the
Fuel Element Examinatlion Facility (FEEF). The basin examination
consisted of & complete visual inspection of the elements and

ring gaging the diameter over the gussets. As & result of the
basin examination, two elements were rejected for broken rod wire
wraps and six elements were examined more thoroughly in the FEEF.
Cne of these six was tentatively rejected because of a questionable
mark on the outer surface of one rod. A totel of 10 fuel examina-
tions were performed in the FEEF. In general, the condition of the
fuel elements appears good; however, the follcwing significant ob-
servations were made:

(1) Many elements have accumilated scratches on their external
surfaces. The number of scratches is not necessarily re-
lated to the age of the element.

(2) Circumferential band type bundle wraps have been snagyged
" and displaced on many elements.

(3) Rod wire wraps have loosened on some of the Al-Pu spikes
as a result of rod shortening, thus indicating that core- -
clad interaction has occurred. No fretting or wear caused
by loose wires has been observed. Apparently the wires
are tight during operatioen. .

(4) Corrosion of spacing wire spot fusion welds has occurred
on some plutonium-containing elements.

(5) The surfaces of scme fuel rods are discolored. The degree
of dilscoloration seems to increase with exposure. This
discoloration is prcbably caused by the surface staining
which results from inadequate rinsing after the etching
treatment.

(6) The clip-on wear pads on the UQOp-PuOp elements are per-
forming satisfactorily.

(7) Several elements had bent hanger pins which required re-
placing.
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Post-Irradiation Examination of PRTR Fuel Elements. The individual
fuel rods from & vibrationally compacted UOQ:quQ, PRTR Mark-I -
elepent that failed in the PRIR were examined in detall. Three of '
the rods in the element had failed. All three failures cccurred in
the heat affected zone of the top end cap weld (this area does nct
have UQ»-PuQs fuel adjecent to the cladding) and appear to have

heen caused by severe localized corrosion. Undeteciable amounts of
particulates were released to the primary coolant following the
failure of this element in the PRTR. The defect mechanlsm preceeded
rapidly since the element exposure was only 106 MHD/T and the three
fuel rcods spparently failed at approximately the same time. A post-
irradiation examination is being conducted to determine the cause of
failure. The two most likely possibllities appear to be contamina-
tion of the Zircaley during welding or the presence of scme impurity
in the fuel material which caused severe corrosion from the inside.
(A1l rods were loaded from the same batch of UOz-PuQo.) Analyses

of the fuel material and corrcsicn products as well as metallographic
examination of the defect area are in progress.

Irradiation Testing of Prototypic EBWR Fuel Rods. Four vibrationally
compacted cepsules (GEH-14-421, -422, -423, and -L24) containing U0z
{(depleted) - 2.5 w/o PuOp fuel were inserted in the ETR for irrsdia-

tion in Cycle 55 which sterted May 13, 1963. These short simulated =
EEWR fuel rods are being tested tec determine the irradiation behavior ‘&'
(in particuler, the release of fission gas) of UOz-PuOp fuels of the

types now under consideration for ESWR fuel elements. The riutonium-
vearing EBWR fuel elements are to be fabricated by the Vipae (vibra-
tionel compaction) process., The exact composition has not been es-
tablished, but the most recent informetion indicates +hat the fuel
composition mey be lowered from UOs {depleted) - 2.5 w/c Pulp to

U0z (depleted) - 1.5 w/o PuQp.

Recycled PRIR Fuel. The secend UQOp-PuQ2 fuel cluster containing

recycled PRIR plutonium was completed; the first cluster was

charged into the PRTR. Five clusters with Zr-Co wire wraps for

flux monitoring were completed; each ¢f the clusters contalned

three rods with sintered U02-PuQz pellets and the remeining rods were
swage or vibratory compacted.

Nondestructive Test for Plutcnium Segregation. Gamms scan measure-

ments of Pu concentration correlated with calibrated UQp-PuOz rods

in the range 0.1 to 10% Pu. A program was initisted to gamma scan
all FRTR fuel rods before cluster assembly. Further tests are
planned to éetermine gamma scan sensitivity to radial Pu distributicen.
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Powder Loading Studies. A uniformity of Pu distribution of % 0.1 w/o
was obtained in "bottle loaded," vibrationally compacted, UOs -

0.48 PuOp fuel rods of PRTR size. The bottled powder was blended
for one hour before loading. Three PRTR fuel clusters will be made
by these techniques to determine statistically the reliability of

bottle loading.

Fuel Element Design Studies. A UQz, PRTR Mark-I fuel element with
ring-type, continuous contact surfaces on each end bracket has been
exposed for 77 days in the TF-7 facility at PRTR coolant conditions.
Only superficial wear has occurred on the ring contact surface of the
bottom end bracket.

Fuel Element Rupture Studies. A program letter was issued proposing
the use of tine PRTR Rupture Loop for evaluating both operating and
rupture behavior of PRTR and exploratory PRP fuel elements.

Hazards Analysis. The Facility Hazards Analysis for the Plutonium
Febrication Pilot Plant (308 Building)}, HW-T4007-RD, PartI, was
issued.

Irradiation of Uranium-Plutonium Oxide. Analytical samples from
selected areas of irradiated (U,Pu)0p fuel capsules (GEE-14-86) were
obtained by using an wltrasonic microsampling unit in conjunction
with high resclution film plate autoradiographs. Specimens have
been removed from 10 irradiated UOo~PuOp capsules and from one ir-
radiated Al-Pu-N1 =lloy capsule.

Fast Reactor-Thermal Reactor Exchange Element. The designs of both
the Fermi-PRTR proposed exchange element and the special PRIR process
tube in which it will be irradlated were submitted for nuclear
safety review. Both components were approved for present reactor
operating levels.

Pneumatic Impaction of Plutonium-Containing Materials. Pneumatic
impaction eguipment and techniques being developed for febrication
of EBWR fuel material were used to compact a sample of metallic
plutonium powder for Plutonium Metallurgy Development. The mechani-
cal properties of the impacted specimen will be compared with those
of similar specimens fabricated by conventional pressing and sin-
tering techniques. A

The pneumatic impaction technique was used to denisfy 1100 grams of
PuOp at one time. Density achieved was 10.89 g/ce (95.1% TD).
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Remote Fuel Element Closure. The welding turntable in the remcte
fabrication facility was installed; it opersted satisfactorily.

Fuel Refurbishing. Equipment for quickly and reliably positioning,
tightening, and securing a cluster fuel element wire spacing member
remotely, uwnder aspproximately 10 feet of water, was developed and
fabricated.

Fuel Element Rejuvenation. The rejuvenation fuel element (GEH-4-81)
is ready for return to the MI'R. Rejuvenaticn was accomplished by
adding enriched UOp to a fuel rod from the fuel assembly which had
been irradiated in Januaery in the MTR. The UQ, was packed into a
ZrQs tube in the center of the fuel rod. A new cap was then welded
to the rod and the rod welded into a cruciform containing three
other previously assembied fuel reods. The radiation lewvel, measured
approximately two inches from the rod end, was 500 R. The surface
heat flux of the element during the second cycle will be approxi-
mately twice that of the original.

Megnetic Force Resistance Welding Studies. The welding chamber was

decontaminated after welding beryllium. A second chamber was crdered.
It is approximately three times as large and will provide ilmproved

access, to the working parts and greater freedom of movement within g%;
the chamber. w7

Corrosion end Water Quality Studles

Corrosion of Various Stainless Steel and Nickel Base Alloys. Descaled
corrosion rates have been obtained on various stainless steel and
nickel base alloys exposed 100 days in 550 C (1022 F), 3000 psi de-
oxygenated water. Semples of the various alloys were descaled elec-
trolytically with a molten caustic bath and weighed. The corrosion
weight losses for each alloy were converted into mils penetration.
The alloys mey be grouped into three general orders of increasing
corrosion. The most corrosion resistant group (< 0.1 mil) includes
Inccloy, Inconel "X", AISI 446 stainless steel, Hastelloy "X",
Nichrome VI, PDRL-102, and R-27. The next group (0.1 to 0.2 mil cor-
rosion) includes two experimental Fe, Cr, Al alloys, and 17-% pE
stainless steel. The least resistant group of alloys (> 0.2 mil) in
the teat includes two heats of AISI 406 stainless steel, AISI 430
stainless steel, AISI 316L stainless steel, and AISI 304L stainless
steel.

A compariscn with corrosion results ottained previocusly in oxygenated
steam at 550 ¢ (1022 F), 3000 psi has shown very little difference
between oxygenated (3-4 ppm) and deoxygzenated (< 50 ppb) steam.

UNCLASSIFIED



Pl UNCLASSIFIED | A-25 BW-T7770¢

1103458

Except for ocne heat of AISI 406 stainless steel, the three general
order of groups have remained the same. The one heat of AISI 406
stainless steel has shown an increased corrosion and has shifted
from group two to group three.

A metallographic examination of the as-corroded alloys has revealed
a relatively uniform corrosion attack. There was no significant
sign of intergranular or internal oxidation.

Fretting Corrosion of PRTR Element. Additional exposure was obtained
on a modified PRIR fuel element having a full 360° support to mini-
mize fretting. After LO days in TF-T at 530 F with external vibra-
tions (30 cps, 7-8 mils deflection), no fretting vas detected on the
supports or on the tube in the area of the supports. Approximately
five mils metal wes removed from e single-rod wire wrep at three
locations where it contacted the pressure tube wall.

Measurement of Zirconium in PRTR Primery Coolant. Zirconium concen-
trations in the PRIR primary coolant are being measured routinely
using emission spectrographic techniques. During the past month the
concentrations have generally been in the normsl range of 0O-1 ppb
vith no indication of accelerated (fretting) corrosion. A review of
previous data in terms of PRIR operation indicates that high zir-
conium concentrations were encountered on four separate occasions
following pressure tube-nozzle regasketing operaticns.

- Decay of Activity After Shutdown in PRTR. In the past routine

radiation surveys of the activity at different locations of the PRTR
rrimary system have been faken 8-12 hours after shutdown. To provide
a basis for comparison with readings taken during decontamination,
for example, when short-lived activities have decayed, surveys of the
primary system were made §, 32, and 104 hours after shutdown. The
first data were obtained during the past month. The greatest rate
of decay occcurred between 8 and 32 hours after shutdown; factors
varied from 2 to 20. After 32 hours, the decay was minor; in most
cases, the readings after 104 hours were about the same as after 32
hours.

Reactor Components Development

Pressure Tube Monitoring. Work continued on the assembly of the
Mark IIT monitoring equipment. A new borescope objective lens
section has been delivered. Installation and checkout of the new
objective lens section is pending completion of ID gaging of the PRIR
process tube to be installed in the EDEL-I loop. Electrical wiring
for instrumentation and operating controls is now approximstely 50%
conplete.
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PRIR Pressure Tubes. Four of five planned elevated temperature

burst tests have been performed. These tests were done at tem-
peratures of 200 F (93 C), 300 F (149 C), and 400 F (204 C).
The purpose was to obtain data to show how burst test strength
and elongation of irradiated PRTR tubes is influenced by tenm-
perature.

The burst test data obtained previous to these four tests indicate
that a burst test temperature change of 100 F (37 C) would cause
10% or greater change in ultimate tensile strength. The results
obtained from these four tests confirm the 10% per 100 F dependency
for annealed materisl. Only one specimen of cold worked material
wvas included in this group, and it indicated that cold worked .
material mey not have a 10% per 100 F dependence.

Tube number 5683 was discharged from the PRTR on April 5, 1963.
8ix burst test specimens were cut from this tube by using remote
cutting tools for underwater work at the PRTR basin. Two of these
specimens will be used to examine areas on this tube adjacent to
fuel element supports, two will be used to examine defects on the
of this tube and two will be used to examine the effect of the
PRIR environment on the burst and cther metallurgical properties
of the annealed and cold worked porticne of the tube.

Second Generation Mechanical Shim Rod for PRTR. Detailed design

of the entire shim rcd assembly is estimated to be 90% complete.
All drawings are new in check print status. PFabrication of com-
ponents for both assemblies is now proceeding concurrently and is
considered to be 55% complete. An order has been pleced for three
ball screw assemblies in which.the screws will be febricated of
Zircaloy-2. Delivery of these rods is scheduled for August 1.

Shim Rod Environmental Test Facility. Operation of the facility
with a new first-generation PRIR shim rod installed in it has
continned during the month. The shim rod assembly has been .
operated briefly every two days. The tendency for the single rod
drive to coast down is still present although to & lesser degree
than when the rod was initially installed. Consideration is being
glven to devices to prevent this uncontrolled movement.

A control console has been assembled for use with the second genera.-.

ticn shim rods. The selsyn position readout equipment was installed
in the console. COperation cf the selsyn position readout equipment
hes been accomplished successfully.
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Consglderable difficulty has been experienced with the plastic test
section fogging on the inside. The hot water is apparently causing
a change in the composition of the plastic which renders it trans-
lucent rather than transparent. The plastic test section will be
replaced with one made of glass.

Fretting Corrosion Investigation. Four smplifiers for use with the
oscillographic recorder have been received; three remain to be de-
livered. Design of the piping to be used in the test pit is complete.
Procurement cf material is estimated to be 90% complete. Remaining
equipment is scheduled for delivery by June 15. Installation of the
test pit piping has been started. Fabricaticn of an instrumented
fuel element for use in the test pit mockup wes started and is es-
timated 10% complete.

PRIR Rupture Loop Components. The three stainless steel Grayloc
connectors, replacements furnished by Gray Tool Company because of

a design error on the original comnectors, were received. Testing
is presently in progress on cne of these to determine the leak rate
during temperature cycling. About 29 cycles out of 50 have been
completed. Leakage rates have fluctuated sporadically and the re-
sults have not been anaglyzed suificiently to determine trends. A
total of 93 hours of steady state conditions of 600 F and 2100 psig
have been logged. The steady state leak rates have varied between
0.0147 1b and 0.0252 1lb/day. The average over-all leak rate for
cycles 1 through 10 was 0.0135 1lb/day, although for cycles 3 through
8 the sampling line was clogged. The over-all leak rate for cycles 11
through 20 was 0.0177 1b/day. ILeak rates during heatup varied be-
tween a minimum of 0 and a maximum of 0.529 1b/day.

PRTR Pressure Tube Seals. The design of a 3-station pressure tube
seal test assembly for use in conjunction with EDEL-I is complete.
Febrication was started and is estimated 10% complete. All com-
ponents are on hand except for a few stainless steel fittings which
are scheduled for delivery June 1k, 19863.

Shroud Tube Replacement Mockup. Construetion of the shroud tube
mockup pit Is estimated to be 90% complete. Procurement of meterials
for and fabrication of the mockup crates which will be installed in
the pit was started by Minor Constructicn. Design of tools for use
in shroud tube removal and replacement was started.

Plutonium Recycle Program Hazards Analysis

General. The final response to the audit of PRTR operation and the
discharge method for the PRTR Fuel Element Rupture Test Facility
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vere reviewed by the General Electric Technologlcal Hszards Council
at the eleventh meeting. The finsl response to the audit was
accepted and the discharge method for the rupture loop was accepted
as assuring adequate safety provided & check valve is added to the
pressure tube inlet hose fitting.

Notification was received of AEC approval of the proposed increase
of limits on PRTR maximum heat transfer flux and tube power to
650,000 Btu/(hr)(ft2) and 1800 kv, respectively.

A study has been conpleted to determine the appropriate revision of
‘the PRTR aqueous effluent activity limits when the new water treat-
ment plant at Richland begins operation. Since this new plant 1s
only four miles downstream of PRTR instead of the present 16 miles
to the nearest sanitary water inteke, a change in the FRIR aqueous
effluent activity limits will be necessary. It is planned to install
new, more sensitive aqueous activity monitors at PRIR before the new
Richland plant begins operation. The agueous effluent activity
alarm point will be reduced by a factor of 10, but the automatic
aqueous containment trip point will remain unchanged.

Recovery From Convecticn Cooling. A study has been undertaken to
determine how recovery of the PRTR primary coolant system from é%%
boiling convection cooling can be accomplished without (further) )
degradation of the Do0. The followlng procedure would permit re-
covery without further loss or degradation of D20, without the
necessity for sending personnel into the containment vessel, and
with minimal thermal shock to the system. When normal electric
power is restored, reduction of the steam generator pressure should
be discontinued and a DoO injection pump should be operated until
the primary coclant system pressure starts rising rapidly, because
of covering a substantial part of the condensing surface in the
steam generator tubes, exposed at the onset of boiling convection

by the expulsion of DpO through the pressurlzer relief valves. In-
Jection should be stopped at & primary coclant system pressure of
about 500 peig and boiling convection allowed to continue about an
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under aqueocus containment has been completed. The study will be

published as document EW-T7677.

Case studies presented show that with a fuel element rupture re-

- leasing the entire contents of a single fuel rod to the primary

coolant, and a pre-existent leak of DpO into the steam generatgr
shell of 10 1b/hr, the aguecus effluent alarm limit of 5 x 10°% uc/ml
would be quickly reached, but the automatic containment trip level

of 5 pc/ml would not be reached, even &t the normal boiler blowdown
rate. Under present cperating instructions, less than 60 curies of
mixed fission products would pass to the river over an 8-hour pericd.
More than half of this would escepe via assumed leakage of 50 lb/hr
of boiler water through a shutdown cooling valve, a 6-inch gate

valve subject to full boiler pressure of L10 psig.

If the incident were handled more promptly than assumed in the study,
the initiel peak emission during the first half hour would not be
greatly affected, but the rate of escape of contamination to the
river thereafter could be reduced from 1-2 curies/nr to about 0.5
curie/hr.

An incident causing & containment trip in 0.1.hr after the rupture
was also analyzed. Both the Do0 leak end the rupture were 7.65

_times as severe as in the cases above, In this case, several

hundred curies of mixed fission products would escape to the river;
90% would escape through liquid leakage and only 10% through steam

leakaege.

Removal of the shutdown cooling velve (no longer used) and provisicn
of a steam generator depressurization valve discharging inside the
containment vessel are recommended. "

Plutonium Recycle Critical Fecility

Plans for modification of the PRCF for light-water moderation and

. the conduct of critical tests using PuQp-UQCp fuel rods fabricated

for the EBWR were reviewed by the General Electrie Technological
Hazards Council at the eleventh meeting. The Council approved the
modification for light water critical tests but requested further
information cn the uniformity of distribution of PuQz in the EBWR
mixed oxide fuel elements.

Thermal Hydraullc Studies

Air Cooling of FRTR Fuel Elements. Experimentally determined heat
transfer coefficients for a 19-rod bundle cooled by transverse air
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flow were compared with values caelculated from an equation develcped

by Colturn(l) for cooling of staggered banks of tubes. The experi- -
mental data had been obtained with an electrically heated model in

tests investigating performance of the PRTR Fuel Examination Facility
cooling system. With air as the coolant, the Colburn equation re-

duces to the following:

0.6
2 03 D Cm
(T4
where: = average heat transfer coefficient of rod

.-D = rod diameter

G = mass velocity based on minimum free area

U = coolant viscosity at film temperature

Ke = coolant thermal conductivity at fi1lm temperature.

The 19-rod bundle, with & central rod surrcunded by rings of 6 and

12 rods, lacks the symmetry of staggered tube banks with equal

numbers of tubes in each bank. Barller studies had shown that use

of the Colburn equation, with Gp,, &s defined above, produced good
agreement with the data only for rods located in the regiem of

minimum flow area. For rods in locations of greater free area and, -,
thus, lower air velocity, agreement was poor. %%3

In the latest comparison, the average velocity at each rod location
was used to determine G. Calculaticns based on this mass velocity
showed good agreement between the equation and the experimental data;
generally within 10%, with & maximum disegreement of 25%. The com-
parisons were made for the center rod and for rods at various loca-
tions in the two rings. Air velocities ranged from about 15 to

90 ft/sec.

2. Plutonium Ceramic Fuels Research

Plutonium Nitride. Pelletized Pull was heated in flowing hydrogen
for 12 hours &t 1700 C in a molybdenum boat. The PuN pellets
slumped severely and flowed together during heating. This action
may have been caused by formation of free molten Pu at high tem-
peratures. »

Plutonium Borides. Several plutonium borides have been prepared by
reacting mixtures of PuOp, carbem, and boron at 1600 C in vacuum,

(1) Colburn, A.P., "Trans. Am. Inst. Chem. Engrs.," 29, rp. 174-210,
1933. '
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Plutonium Cermets. The density of a pneuma}ically impacted, Pull -
50 v/o W specimen was found to be 16.9 g/cm® (100% TD). However,
metallographic examination showed a nonuniform distribution of the
PuN in the tungsten matrix., Modification of the powder blending
procedure should correct this.

Instability of Molten (U,Pu) C. Buttons of (U,Pu) C, held molten
for increasing lengths of {ime, showed a preferential loss of Pu.
Two 20-gram buttons were prepared by arc-melting 20 w/o PuC and

80 w/o UC. 1In one sample the UC was stoichiometric (4.8 w/o C)

and in the other it was hyperstoichiometric (5.2 w/o C). The start-
ing buttons were remelted six times for homogenization and then
sampled. They vwere subseguently held molten for additional time
periods (1, 2, 4, and 8 minutes) and sampled at the end of each
period. Both samples showed a regular decrease in Pu/U~ra.tio to
0.1 after eight minutes.

Plutonium Alloy-UQp Compatibility Studies. UQp pellets with a thin

wafer of Pu-15 w/o Zr imbedded in each pellet were heated in {lowing
helium for 12 hours at 1700 C. Chemicel, metallographic, and x-ray

diffraction analyses showed no diffusion of the alloy inte the UGs.

The alloy oxldized to form PuOs and an unidentified compound.

Irradiation Performance of MgO-PuOo. X-ray diffraction data show no
crystallographic changes in & Mg0O-13.52 w/o PuOp specimen irradiated
to an exposure of 0.5 x 1020 fissions/cc. The calculated maximum
core temperature was 1700 C.

Characterization of Pneumatically Impacted PuO2. Plutonium dioxide
povder is being densified into compacts by pneumetic impaction. The
first compact of plutonium dioxide powder wis 89% TD, with an O/Pu_
ratio of 1.94. The second compact was 95.1% TD, with an O/Pu ratio
of 1.91. X-ray diffraction analyses are in progress.

Ceramic (Uranium) Fuel Research

Electron Microscopy of UQp-W Cermet. Thermal reactions of a UOz-

50 w/o W cermet at temperatures to 1900 C were recorded by cine'
micrography during reflection electron microscopy. Extensive thermal
etching and recrystallization of the tungsten occurred above 1200 C.
The UQ2 retreated below the tungsten surface with increasing tem-
perature. The specimen was heated with an asuxiliary electron gun.
The 1900 C temperature was achieved with an input of less than 20
vatis.
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Prneumatic Impaction of Cermet Shapes. A technigue has been de-
veloped for fabricating complex cermet shapes by pneumatically
irpacting the powder into the cavities of a mild steel block.

The steel block contalning the cermet powder was inserted in a
can, heated, and impacted. The steel was removed mechanically
and chemically, leaving a compacted solid oi the desired shape.
The structural guality of thin-wall cermets fabricated by this

technique has been poor thus far.

Preparation and Properties of UOS. Chemical analysis of UQS
prepared by precipitation from a fused chleoride melt at 550 C
revealed 84.7 £ 1.5 w/o uranium (ve 83.2 w/o theoretical).
Analyses for oxygen and sulfur are in progress.

Preparation and Properties of UP. Uranium phosphide, produced by

the sclid-solid reaction of uranium shot and red phosphorous, con-
tained only 2.8 w/o phosphorous (vs theoretical 11.5 w/o). In
reporting tae melting point of UP last month, it was assumed that
the ovserved melting points were those having two-piaase mixture of
UP and UQp. This conclusion now seems questionable because of the
low paosphorcus content.

Because of the low product yield, a solid-ges reaction of wranium
shot and phosphine is now planned. A similar reaction with plu-
toniuvm is also planned to produce PuP.

Optical Absorption in UQp Single Crystals. The absorption co-
efficient (@) for a single crystal UQ2 &t room temperature has
been measured at wavelengths from 0.6 to 15 microns. Values of
@ vary from 100 cm~l at 2 microns to 1} cm™ at 11 microns. In
the infrared region between 3 and 13 microns there is a large
cptical window with a minimum absorption at 11 microns. These
observations support predictions that intermal radiation con-
tributes significantly to heat transfer in single crystal UQz.
Transmission of Laser Beam Through UQp. The relative transmission
of a laser beam (wavelength .09u) was significantly greater in
single crystal UQz than in polycrystalline UOo. Transmission at
this wavelength in the single crystal significantly decreased as
the specimen temperature was increased from room temperature to
1000 C.

Thermal Conductivity of UQs. The thermal conductivity of single

crystal UOp relative to polycrystalline UOz» was measured to 1800 C
using a radial heat flow technique. The presence of a radiation
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contribution, sugzested by earlier studies, was confirmed in this
experiment througin tae use of tungsten coatings on hellow, cylin-
drical specimens. The purpose of the opeque surface layer of
tungsten is to intercept all radiation impinging upon it. This
permits precise computation of the total flux through the specimen
from a measurement of the specimen surface temperature. Earlier
experiments ylelded anomalous results because radiation passed
directly through the specimens without being detected.

Conductivity values obtained to date coincide at intermedlate
temperatures (800 to 1100 C) with the measurements made by BMI.

At 1200 C, however, a maximum of 0.065 wetts em~1Cc-l occurs,
followed by an exponentiel decrease to 0.020 watts cmlc-l at

1800 C. This lewer.value is 10-15% greater than the conductivity
of pressed and sintered UOz at 1800 €. The enhanced conductivity
of single crystals at intermediate temperatures results from in-
termal transmission of inTrared radiation. The drop-off at higher
terperatures is probably related to an increase in absorption co-
efficient.

Irradiation of Single Crystal UQ2. A single crystal of arc-melted
UO2 has been irradiated ror 310 days in the ETR to an estimated
exposure_of 5 x 1020 rissions/cc. Post-irradiation property mea-
surements were initiated. Data will be compared to thaocse for an
identical single crystal previously examined after irradiation to
1.4% x 1020 fissions/cc.

Fission Product Distribution. Autoradiographs of fuel elements
defected during irradiation show significant relocation of fission
products in the immediate area of the Eefect1 The depletion band,
generally associated with the high density portion of the colurmar
grains, is enlarged near tne deiect.

Materials and Informetion Exchange. A request was received Irom
ORIiL to provide 11 U0z pellets (l-inch length by 0.430-inch
diameter) and single crystals for possible use as garme absorptio-
metric standards in fuel rabrication studies. An irradiated U0
specimen irradiated in the Argonne TREAT reactor by APED was re-
ceived for ceramographic examination.

Irradistion of Molten UOp. A tungsten-clad UOp capsule (GEH-1L-L420)
designed to operate with a completely molten core was charged into .
the ETR on May 13, 1963. Tae tungsten capsule is centered in an
evacuated stainless steel capsule identical in design to the capsules
previously used for irradiation testing of cermets.
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A 0.015-inch diametral gap was left between the fuel pellets and
the tungsten to allow for the 25% volume increase experienced oy
the U0z during the transition from room temperature to 2800 C
(molten).

Examination of Electrical Resistivity Element. Preliminary post-
irradiation examination of the electrical resistivity element
(GEE-4-82) indicates that electrical contact was lost in the area
of the mechanical joint between the tungsten center coil and the
nickel lead. This Jjoint was mede witain a porous alumina spacer
which apparently retained scme oxygen during outgassing. The ob-
served recrystallization of the alumina at the joint aree probably
allowed entrapped oxygen tc escape and core in contect with the hot
tungsten coil. The oxidation of the tungsten and the subsequent
volatilization of WOy apparently severed the connection, thus allow-
ing the central coil to drop to the bottom of the molien zone of the
U02. Nonporous alumina spacers will be used to eliminate this type
of failure.

Irradiation of Cermets. Six vacuum insulated cermet capsules were
charged into the ETR. Taese capsules are to operate with cladding
temperatures of approximately 2000 C. The ultra-high operating
temperature is attained by suspending the reiractory metal clad
cermet within a stainless steel outer capsuls and evacusting the
intervening spece before welding the final closures. Radiant heat
transfer is the primary cooling mechanism for the inner fuel capsule.

This group of irradiation tests (GEH-1k-41L through 419) include two
Mo-UO2 and two Mo-UN cermets clad in Mo, one W-UQOo and one W-UN
cermet clad in tungsten. One Mo-UOp and one Mo-UN cermet will be
irradiated for two ETR cycles. The other capsules will be irradiated
for one ETR cycle.

Basic Swelling Program

Irradiation Program. Six controlled-temperature general swelling
capsules were constructed and two were charged into a reactor.

The otaer four will be charged as soon as space 1s available. The
two capsules that were charged each contain eight uranium specimens
with different compositions and heat treatments. These capsules
vere modilied slightly to include four peirs of specimens instead
of three, and five thermocouples instead of four. The internal
space housing the specimens was also redesigned to accommodate dif-
ferent shapes and numbers of specimens.
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Post-Irradiation Examination. Optical and electron metallography

T was completed on the irradiated uranium specimens recovered from
two previously opened capsules which operated at 575 C {1067 F)
to 0.15 afo B.U. of the specimens. One capsule contained natural
wranium (0.72 afo U-235) specimens (two as-extruded and cne beta
quenched ), whereas the Second conteined uranium enriched to 1.kk &/o
U-235. The metallography agreed qualitatively with the density
values in that the natural uranium specimens suifered more damage
than did the enriched ones. Severe tearing, psuedo second phase,
and porosity were observed in the normal specimens similar to the
poorer of the as-extruded enriched samples. The beta-quenched
specimen (large grained) was in extremely poor condition. As there
was an inconsistency between the densities and metallography of one
of the enriched as-extruded specimens, both types of evaluation were
repeated on different halves of the split tubular specimens; namely,
the halves that had been used for density were processed for metal-
lography and vice versa. The inconsistencles were resoclved and
arose from the fect that one of the half specimens on which metal-
lography was originally performed had suffered more damage than the
other half. The observations on the specimens of these two capsules
verify that the original grain size has not changed, some tearing
is present, and considerable porosity is present, especially at

%§§ grain boundaries. The uranium lattice appears to be virtually free

& of cold work of the type thet can be detected metallographically.

Two additional, irradiated, controlled-temperature, general swelling
capsules were opened in Radiometallurgy and the specimens (two as-
extruded and one beta-quenched in each capsule) recovered. One
capsule had been irradiated at 625 C (1157 F) to 0.1 8/o B.U.; the
second had been irradiated at 525 C to 0.03 af/o B.U. Optical metal-
lography was completed on the 625 C (1157 F) specimens and replicas
are currently being processed for electron metallogrephy. Density
neasurements are also in progress.

The optical metallography of the specimepns from the 625 C capsule
correlates well with observaticns made on other specimens irradiated
at 625 C but to higher burnups, 0.15 and 0.27 afo. The as-extruded
specimen irradiated at 625 C in the present capsule indicates the
following: (1) grain boundaries are readily seen, (2) the grain size
. is identical with the preirradiation grain size, (3) large pores have
segregated to the grain boundaries, (4) no lattice distortiom,
tearing, or psuedo-second-phase is ovserved. The seccnd as-extruded
: specimen which operated at about 580 C (1076 F) was similar to the
625 C specimen except that crystallographicelly aligned pores, tears,
or psuedo-second-phase were also present. The large grained specimen,
beta-quenched prior to irradiation, which operated at ebout 585 C
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(1085 F) exhibited considerable warpage, porosity, tearing, and
psuedo-seccend-phase. Both of the as-extruded specimens showed
macro longitudinal striaticns on the surface which were parallel
to the extrusion direction. It would appear that "growth" is
st111 a factor to be ccnsidered even at 625 C. One of the more
remarkable observations is the fact that the grain size did not
change during the irradiation. Non-irradiated control specimens
exhibit exaggerated grain growth after vacuum annealing at 640 C
(1184 F) for only two hours. This indicstea that irradiation
immobilizes grain boundaries in this msterial. Additional
annealing studies will be conducted in simulated capsules.

Restrained Irradistions. The influernce of restraint on the
swelling of uranium 18 beirg investigated. Zircaloy-2 clad rods
of unalloyed uranium and uranium - 2 w/o zirconium are being ir-
radiated in NaK-filled capsuleg. Thirty-six capsules containing

a total of 94 fuel rod samples have recently been irradiated. Nine
of these capsules were irradiated to an exposure of 1100 MWD/tom,
and the remsinder to 1800 MWD/ton. Initial examination of low ex-
posure unalloyed samples from capsule 3031 revealed diameter in-
creases of 1.6% at volume mean fuel temperatures of 560 C (1040 F).
Diameter increases of 2.7% were cbserved oo U - 2 w/o Zr samples

‘from the 3A2L4 capsule at volume mean fuel temperatures of 40O C

(752 F) and 1100 MWD/tcn. Measurements of density and burnup from
the 27 samples in the low expcosure capsules is planned for the next
month. :

Thorium. Two thorium specimers (B-2 and S-3) irradiated to 0.18

and 0.92 a/o burnup, respectively, and enrneasled at 750 C (1382 F)
for 100 hours have been processed for hardness, density, and optical
metallography. Replicas wvere prepared and thelr examination is
currently in progress. The annealirg did not significantly alter
the optical microstructure. The densitiesafter annealing of the

0.18 (B-2) and 0.92 afo (8-3) burnup specimens are, respectively,
11.65 and 11.45 g/ce which compares with 11.67 g/cc for non-
irradiated thorium. Thus, B-2 has not lrzcreased in volume at all,
eand 8-3 has increased but about 2%. It should be emphasized that
8-3 showed a volume increase of abcut 13% in the as-irrsdiated con-
dition, and this was attributed primarily to the existence of cracks
in the specimen. Arnealing at 750 C (1382 F)}, therefore, has not
caused much swelling. Appreciable recovery in hardness, however, has
occurred. Specimen B-2 (0.18 a/o B.U.) decreased in hardness from
Rp 78 to Ry 50 and specimen 8-3 (0.92 afo B.U.) decreased from Rpg 69
to Rg 48. When the electron metallography is completed, the specimens
will be rearnealed at a higher tempersture.
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Thorium-Uranium, The four thorium-uranium tensile specimens
(1.0, 4.0 and 5.4 w/o U) recovered from noninstrumented NaK-
filled capsules have been tensile tested at room temperature.

The first sample was tested at & crosshead speed of 0.02-inch per
minute and was observed to fail outside the gage length in an ex-
tremely brittle fashion at about 0.02% offset. The other three
samples were tested at a crosshead speed of 0.005-inch per minute
and while the fractures were all brittle in nature, the specimens
exhibited reductions in area of 5 to 12%. The 0.1% offset yield
strengths vere 75 to 79 Xsi, and the ultimate tensile strengths
wvere 81 to 85 Ksi. Hardness tests made on the butionhead of the
specimens prior to tensile testing ranged from 74 to 92 Rp. The
hardness will be measured again on & polished cross section of
the broken ends of the tensile specimens after these ends have
been prepared for metallography. Annealing studies will be con-
ducted in order to evaluate the swelling characteristics of these
alloys with post-irradiation annealing.

5. Irradiation Damage to Reactor Metals

Alloy Selection. Procurement of materials to be used as test
specimens for the Irradiation Effects on Reactor Structural
Materials Program is continuing. Delivery dates for A-286, AISI 30k,
AISI 348, AM 355, and Zircaloy-2 aré all prior to the third. week
of June 1963 The heat analysis for AISI 348 indicated that the
tantalum content was above specifications. The heat was rejected
on this basis, thus causing a two-week delay in delivery. Ingots
of AISI 304 have been bloomed and will be hot-rolled into bar and
sheet in the near future. Extrusion of Zircaloy-2 bar stock has
8150 been completed. Rolling of Zircaloy-2 plate will be done at
the Westinghouse Blairsville plant from an ifdgot sent to that site
during the week of May 10, 1963. Quantities of Inconel 600 and
Inconel X-T750 bar, sheet, snd plate have been hot-rolled during the
past month by the Huntirgton Alloy Products Corporation. This :
material will be shipped after final inspecticn has been completed.

Tensile specimens of several nickel base alloys have been fabricated.
These alloys include R-27, R-235, Inconel T18, Hastelloy K, Inconel
625, Hastelloy X-280, and TD Nickel., Specimens from each alloy will
be irradiated in 280 ¢ (536 F) water, 80 C (176 F) water, and 525 C

(977 F) gas.

In-Reactor Measurements of Mechanical Properties. The test in
progress is the rirst of & series to determine the stress dependency
of Zirecaloy-2 creep during irradiation. The present test is being
conducted on 20% cold worked Zircaloy-2 at a temperature of 350 C
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(662 F) and a stress of 20,000 pei. The test has been in progress
for 2800 hours. The creep rate at 1700 hours was determined to be
1.8 x 10-°/hr. This rate has remained unchanged during reactor
operation for the lergth of the test. After correcting for a
thermocouple error; the ex-reactor test exhibited & rate of

5 x 10~T/hr at 2000 krs. Creep rates during all reactor outages
have been equal to or slightly lower than reactor operating creep
rates. Oppcsite observetions have been made for all previously re-
ported tests at 250 ¢ (482 Fj, 310 C (590 F), and 350 C {662 F)
vwhere the applied stress was 30,000 psi. In these tests, reactor
outage creep rates excesded reactor operating creep rates. It
should be pointed out that the scatter ip creep data is usually
large. Additicnal testing will be required to determine if the
data from the present test is truly reprecentative of the material
at 350 C (662 F) and 20,000 psi strezs.

Two additicral crsep capsules were charged iIn the latter part of
May 1963. The creep tests scheluled for these capsules are
35,000 psi stress at 310 C (590 F) ard 25,000 psi stress at 350 C
(662 F). These two tests will allow a mcre complete evaluation
of the stress dependency of in.reactor rates to be made.

In additicn; a heater wire life-time test capsule was charged.

The heater life-time test capsule houses eight heaters, two each
of Karma, Kanthal, Tophet A, ard 406 stsinless steel heater wires.
The heaters are wournd non-irductively, identical to these incor-
porated in the present creep capsules. Qre heater of eech type of
material will be run at pover while the sacond heater will be
checked for resistance ard cortirulty to determine its "cold life.”
The powered heaters will be run &t consiant-and eguivalent power
densities (watts per unit surface area of wire). Thermocouples
will monitor the temperature and flux measurements will be made.

Tensile testing of unirradiated Karma, Kanthal, Tophet A, and 406
stainless steel wires has been completed. -These will be compared
with their irradiated counterparts tc detsrmine the effect ir-
rediation may contribute to heater failures during reactor opera-
tion. Irradiated sarmples have yst to be tested.

Present in-reactor creep capsules were ghown, in the laboratory,
to be capable cf 9CO0 C (1652 F) opematicn with minor modification.
The modification consisted cnly of the adldition of two concentric
heat shields, sccenting the design versatility and adaptability of
in-reactor creep capsules to psrticular environmental conditions.
Creep capsules modified to include hest baffles will be used to
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test stainless steels and other intermediaste temperature struc-
tural materials in a neutron environment.

Tests have been started on tungsten wire configurations for use
as heaters in a proposed high temperature in-reactor test capsule.
Positioning of a tantalum heat shield is also being investigated.
With the present design, a one-eighth-inch molybdenum rod has
been heated to 1100 C (2012 F) under a vacuum of one micron for
short periods of time. Long term tests are being started to de-
termine the heater lifetime under the present testing conditions.

Irradiation Effects in Structural Materials. The purpose of this
program is to investigate the combined effects of irradiation and
reactor environment on the mechanical properties of structural
materials. Special attention will be given to the determination
of mechanical property changes produced in metals by irradiation
at elevated temperatures.

A total of 88 specimens were tested during the month including bend
tests on Zircaloy-2 and AISI 348 stainless steel; notch tensile
tests on AISI 348 stainless steel; and tensile tests on Zircaloy-2
and AIST 304, 348, and AM350 stainless steels. These tests were
performed on control specimens with the exception of six irradiated
AM-350 Specimens.

Approximately 300 Zircaloy-2 tensile specimens were fabricated from
three typical process tubes. These tubes represent different manu-
facturers and different fabrication processes, and contain from 18
to 35% cold work. Since fabrication history, or more specifically
preferred orientation, has been shown to have marked effects on
mechanical properties, each fube is being chAracterized by x-ray
pole figure diagrams, tensile tests, and metallography prior te
irradietion. The tensile properties of specimens cut in the longi-
tudinal direction compare favorably to longitudinal specimens cut
from rolled plate having comparable cold work. Yield strength varies
from 57,000 to 71,500 psi and ultimate strength varies from 79,500
to 92,000 psi among the three tubes. Two hundred sixty-five speci-
mens were measured; stamped, and weighed and are being autoclaved
for subsequent exposure in the G-7 and ex-reactor loops.

Tensile specimens of Zr-2 tested at -75 € (-100Q F) and -196 C (-320 F)
were examined metallographically to determine the combined effects of
low testing temperature and preferred orientation on deformation
twinning. At all temperatures twinning is pronounced in transverse
specimens and present in minor ampunts in longitudinal specimens. At
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room temperature and -75 C (-100 F) deformation twinning is by
the {1012} mode; whereas at -196 C (-320 F) both {1;%1 and
{1072} twinning are important modes. Studies are continuing
to determine vhere between -75 and -196 C (-320 F) {1121} twin-

. ning occurs in significant amounts. -

The use of refractory alloys in varicus high temperature reactor
applications necessitates determining the effects of irradiation
and environment on their mechanical and physical properties.
Tensile specimens of -TZM molybdenum &lloy and Cb - 1 Zr and Cb 752
alloys are being fabricated. These specimens will be irradiated
in the ETR G-6 position to evaluate their property changes due to
irradiation. Characterization of these materials has also begun
with the preparation of specimens for recrystallization and grain
size studies. Hardness, yield strength, tensile strength, and
ductility measurements will alsc be made.

Refractory alloys will aleo be used in space applications utilizing
liquid metal ccolants such as potassium, lithium, and sodium.

Since in-reactor liquid metal locp facilitles do not exist, liquid
metal environmental capsule irradiations will be mede. All liguid
metals to be used are reactive in eir and must, therefore, be
handled in an inert gas. An inert gas glove box has been designed
which will contain facilities to purify both the inert gas and the
liguid metal.

Various heating concepts such as electron beam, resistance, indue-
tion, and infrared radiation are being explored to provide elevated
temperature (rdcm temperature to 3000 C/5430 F) mechenical testing
cepability. Infrared radiation as a heat source is of interest for
temperatures in the range room temperature to 1500 C (2730 F). By
means of this energy source complicated shapes can be heated quickly
in a variety of gasecus environments. A heating arrangement for
use in tensile testing has bsen assembled and is being evaluated.

. Initial heating trials with this equipment have shown system feasi-

bility, and refinements are being made to incorporate close tem-
perature control and specimen testing fixtures.

Further examiration of the fracture surfaces of notched beams of
cold-rolled Zircaloy-2 broken at various temperatures from 22 to -
-196 C (72 to -320 F) have been made. The general appearance of
fracture surfaces occurring parallel ard transverse to the rolling
direction are similar, except that the fracture surface parallel
to the rolling direction exhibits & greater incidence of crystel-
line features. These features are attributed to twin-twin or twin-
slip interactions with the fracture surface. At 22 C (72 F) these
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features are occasionally observed in fracture surfaces parallel
to the rolling direction but are absent in surfaces transverse
to the rolliing direction. The degree to vhich this structural
feature contributes to the ductile-brittle transition at about
-75 ¢ (~100 F) is being investigated.

Experiments are now under way to determine the change in compli-
ance of notched beams in four-point bending as a function of notch
depth. Compliance in this case is defined as the reciprocal slope
of the moment versus angular deflection curve. This information
is used to determine the elastic energy release rate as a function
of notch depth. This relationship is essential for determining
fracture toughness values of materials.

Damage Mechanisms. The objective of this program is to establish

the nature of the interaction between defects present prior to
irradiation and those produced during irradiation, with emphasis
on the role played by interstitisl impurities. The investigation
is presently concerned with high purity iron and its low carbon
and nitrogen alloys.

During this period, two iron samples with small amounts of Ti added
have been rolled to foll for examination by electron transmission
microscopy. In addition, 4O temsile specimens of Battelle zone
refined iron and Ferrovac "E" were machined. No testing has been
rerformed on either of these projects.

An electropolish with & perchloric acid-glacial acetic acid bath
has been found to give a better surface finish than chemical etching
for the puwrpose of cleaning the surface of iron tensile specimens.

A deslgn vas partially developed of a cryostat for tensile testing
sub-size polycrystalline and single crystal samples. It is to in-
corporate continuous temperature control over the range 4.2 X -
273 K (-452 F to 32 F) and & maximum tensile load of 10,000 lb on
the specimen.

In addition, design of a vacuum chamber and sample holder for in-
ternal friction measurements in the kilocycle frequency range vas
initiated.

Environmental Effects. In-reactor weight gain results for 24
coupons of Zircaloy-2 material irradiated in quadrants 87 and 83
during ETR cycles 43 through 49 were obtained during the report
period. Both guadrants were exposed to a fast neutron flux of
7.6 x 1013 nv for 125 days at 540 F (282 C) for an integrated flux
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of 8.2 x 1020 nvt., The average weight gain for these coupons

 was 121.3 mg/dm? compared with 8.8 mg/dm? for equivalent materisl

exposed to the same conditions in the CMO out-of-reactor loop.
As with results previously reported for other quadrants there
was no significant variation of weight gain with level of cold
work. The coupcns appear smooth, dark and glossy to the naked
eye and show no signs of gross blistering, spalling or dis-
coloration.

Irradiation Damage to Inconel. Metallography of the Inconel
pressure tube from the DR-1 Gas Loop has shown that the swlfur
contamination of the tube was located over a small area near the
transverse break. The remainder of the tube has a three- to five-
mil corrosion layer on beth the inner and outer surface, Analysis
of the reactor gas stream which was in contact with the outer
portion of the pressure tube revealed a sulfur concentration of
less than one ppm. Therefore, any sulfur contamination must have
been introduced by some other method, possibly during heat treat-
ment prior to installation in the reactor.-

Oxidation of Superalloys. Oxidation testing of Hastelloy C, a
nickel base superalloy, continues. As-received and surface-
abraded. specimens have been oxidized at 1000 C (1832 F) in pure
oxygen and laboratory air. .

Oxidant pressure has little effect on oxidation of abraded specimerns;
parabolic kinetics hold, indicating that diffusion through the oxide
scale 1s rate-controlling. .

Pressure has a profound effect on the oxidation of as-received
specimens. At 3 mm Op the specimen rapidly gains weight, levels
off, loses weight for a period of time, and finally resumes
gaining weight to the conclusion of the test (24 hr). To a lesser
extent the same sequence occurs at 25 mm Op2. For any given time,
veight gain is higher at 25 mm than at 3 mm Op pressure. JIn one

atmosphere air, weight gain is very high initially, but the scale

formed is quite protective, and oxidation is slow thereafter.
Further conclusions await completion of testing on electropolished
specimens.

Microscopic inspecticn reveals that internal or sub-surface oxi-
dation occurs extensively in air-oxidized samples of Haymes 25.

No internal oxidation can be observed in air-oxidized Hastelloy X.
Internal oxidation in Haynes 25 is epparently independent of surface
preparation. In both Haynes 25 and Hastelloy X the metal oxide
interface is considerably smoother and more uniform for
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electropolished specimens than for either abraded or as-received
specimens.

Irradiation of Titanium. Two samples of titanium to be used in
corrosicn capsule construction were irradiated at KE-Reactor for
TO hours to compare activity and decay rates of pure titanium and
a titanium alloy containing 6% aluminum and 4% venadium. Each
sample weighed 0.9k gram, and the decay rates were nearly the same
over & pericd of eight days. Readings on & C.P. after eight days
of decay were 15 mr/hr at six inches in open air.

Gas Loop Development. The regenerative heat exchanger in the model
high temperature gas loop will use welded end subsequently cold re-
duced Haynes alloy 25 tubing. The quality of a five-foot tube
section produced by the same basic process that will be used for
the heat exchanger tubing was evaluated.

The tube had a clean polished cuter surface and & smooth clean
inner surface with no visible blemishes or defects. The tube was
clear of defects as shown by fluorescent penetrant and radiogrephic
techniques except for cne small line indication observed in pene-
trant testing. This was shown by metallographic examination to be-
a crack approximately two mils deep by one-kalf-inch long in the
weld heat affected zone. The tube dimensions were consistent, with
the outer diameter varying from 0.5042 t6 0.5055 inch and the wall
thickness varying from 0.0817 to 0.0200 inch. Tensile and burst
tests showed the base and weld metals to have ultimate strengths
comparable to strip. The weld metal appeared to deform the same as
the btese metal. BExpansion in the burst test and elongation in the
tensile tests of better than 20% demonstrated the ductility. Car-
bide precipitation irn the matrix and at the grain boundaries,
present in both the base and weld metals, was more prevalent in the
weld metal. The grain size of the weld metal was smaller than that
of the base metal. Forty thermal cycles of a tube section con-
sisting of heating to 2000 F (1093 C) and water quenching caused no
apparent deleterious effects.

This type of seamed Haynes alloy 25 tubing appears to be of adequate
quality for use in the regenerative heat exchanger. The shallow
crock vas apparently associated with grain boundary carbide pre-
cipitation in the weld heat affected zone. Close control of welding
parameters and heat treatments are needed to avoid this type of
defect. The metal exhibited considerable ductility but less than
half that normal for solution annealed strip.
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Gross effects of air, vacuum, and hellum atmospheres on insula-
ting material efficiencies were evaluated by tests at temperatures
to 1900 F (1038 C). Results substantiated theoretical results.
The major effect of the insulators appeared to be diminution of
the amount of heat transfered by radiation. No insulation was
indicated as markedly superior to another, on an insulating effi-
ciency basis, although widely varying basic materials were tested.
{graphite fiber, silica fiber, and mixed alumina-silica fibver).

Neutron Dcsimetry. Measurements were mede of the fast (E > 1 Mev)
and thermel-plus-eplthermal flux in the ccre of FRIR in order to .
estimate the rate at vhich damage would accummlate in structural
materials tested in the resctor. The test was conducted between
February 13 and 23, 1963,

A tube approximstely eight feet in length, contailning flux-monitor
wires, was suspended from the tcp shield of the reactor and ex-
tended down through monitor hole 1550 which is adjacent to the
central channel in the reactor. Flux measurements were made from
the top shield to within 1) inches of the bottom of the fuel.
Rickel was used as the fast-flux monitor and cobalt was used to
monitor the thermal flux. Cadmium shields were not used during
"the test because of the possibility of melting; therefore, the
"eobalt flux" values cited include thermal and epithermal activa-
tion by the Co-59 (n, y) reacticn.

Data are presented in the table below., Calculations of thermal
flux have not been made at this time because of uncertainties in
the cadmium ratio and in effective cross sections which would be
appropriate for the Do0-HpO system. It is noteworthy that the
ratio, ¢oo/ ¢ (B > 1 Mev) for all monitor positions except the
top and bottom averaged 12.3 & 0.2, indicating & uniform thermal
to fast neutron ratio over about TO% of the fuel length.

Distance from $co

Top Shield(in.)* @(E>L Mev)x10°12 gog x 1071° GBI Mev)
17 : 1.k 29 21 ’
25 %.3 52 12.1
33 6.2 s 11.9
h 7.3 89 12.2
kg 7.9 S8 12.4
5T 8.2 103 12.6
65 8.0 98 12.2
73 7.2 --
81 6.0 5 12.5
89 b7 58 12.3
o7 2.0 38 19

ot

#The fuel extends from 20

o 108" from the top shield. UNCLASSIFIED
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The flux, both fast and thermal, is skewed upward from the center-
line of the fuel. This is reascnable since there is a large hole
in the bottom reflector causing neutron leakage and shims are pre-
dominantly in the lower part of the reactor causing increasing
neutron absorption. Both tend to depress the flux in the lower
portion of the reactor.

Gas-Cooled Reacter Studles

EGCR Grephite Irradiation. The sixth capsule, H-3-6, in the series
of EGCR graphite irradiations has operated successfully for one
reactor cycle. The number 5 thermocouple became erratic at about
mid-cycle and is now apparently open. The other eight thermocouples
are coperating satisfacterily.

Thermal Conductivity. The thermal diffusivity of & porous carbon,
density 0.73 g/cmd, was measured by the flash method. The thermal
diffusivity was 0.011 cm®/sec at 25 C. The thermal conductivity
calculated from the thermal diffusivity was 0.0l4k cal/em-sec-°C

(a factor of about 30 less than & value typical of CSF graphite).
This compared favorably with 0.015 cal/cm-sec-°C obtained by another
method and indicates that the flash thermal-diffusivity technique is
valid for porous carbon materials heving & low thermal conductivity.

Work was continued on the use of a lead sulfide detector to measure
the rear-surface temperature rise. The change in resistance cf the
detector was 315 ohm/OC in the temperature range 650-850 C. Al-
though indications of temperature rise have been observed using this
system, no quantitative results have been obtained so far because of
& high noise to signal ratio and low detector sensitivity.

Graphite-Water Vapor Reaction Under Gamma Irradiation. Measurements
of the rate of oxidation of 15X graphite by low concentrations of
water in flowing helium in a Co-60 gamma flux have continued. In
experiments conducted at 650-680 C with helium containing sbout

200 ppmﬁbf water, np significant variation in oxidation rate (about.
1 x 10~* to 2 x 10~% percent per hour) with gas flow was observed.
That there is little dependence on gas flow is perhaps not surprising
in the light of previous work showing only a slight dependence, if
any, on water concentration at this level but an apparent linear de-
pendence on dose rate. These observations are in keeping with the
hypothesis that the kinetic limitation is the rate at which active
entities formed by radiation in the gas phase of the pores reach the
surface of the graphite.
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Inhibition of Graphite Qxidation. Graphite oxidizes in air at a

-rate which varies with the amount of prior oxidation. The rate
.of oxidation increasses as surface srea increases and tends to

approach a constant rate which is taken as a characteristic rate.

The effect of smAll amounts of CF2Clz on the air oxidation of

graphite is complicated by the decomposition products of CF2Cl32,
and rates of oxidation considerably higher then those achieved
at steady state are sometimes cbserved initielly. These high
oxidation rates can be eliminated by purging with CF2(Clz prior
to heating in air.

After purging for at least three hours at room temperature, the
initial rates &t 600 C are low and increase slowly with time.

At this temperature ani 2% burpoff the weight-loss rate in air-
0.5% CFoCly i8s 0.4 to 0.7 times the rate in air alone. This ratio
approaches. 0.4 st approximately 10% burnoff.

A more exact method of determining the imhibition effects of CF2Cl2
has recently been tried in which tests were made on the same sarple,
thus eliminating effects due to sample variatlon. The oxidation
rate was first established in air-0.5% CFzClp, and then changed
promptly to air alone. At 600 C the ratio of rates wes found to
be 0.2k 8t 2% burnoff and 0.11 et 10% durnoff. @

In a third experiment surface area measurements were made on one

sample after 10% burnoff in air and on a second sample after 10%

burnoff in air-0.5% CFpClp to attempt to determine the effects of
prior oxidatiocn. ‘

The surface areas wvere measured with nitrogen using the BET method.
When the rates were expressed as fractional weight loss per unit
surface area, the ratio of the rate in air-0.5% CF2Cl2 to the rate

ip air alone was 0.15. This ratio is in reasonable agreement with
the value of 0.1l as determined cn a single sample by the method
described above. Specific rates were 0.0085 g/me/hr at 10% burnoff
in air at 600 ¢, and 0.0013 g/m®/hr at 10% burnoff in air-0.5% CFoClp.

The effects of iron snd vanadium impurities, temperature, and gas

. composition are being investigated now that & reliable experimental

method appears to be established. Interfering contaminants from
corrosion in the halogen-bearing atmosphere are presumably avolded
by using alumina and platinum in the hot zone.
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7. Graphite Radiation Damage Studies

Effect of Impregnation on Radiation-Induced Contraction. Results
have been cbtained for a series of samples irradiated at approxi-
mately €50 C to en exposure of 1715 MAD/ATy. The samples are in-
tended to test the effect of impregnation and size of the filler
-particles on the extent of radiation-induced contraction. Three
particle sizes, 0.0l5-in¢h, 0.030-inch, and 0.060-inch, were used
and samples of each were given the following treatments: (1) a
single impregnation with a well graphitizing pitch, (2) a single
impregnation with a nongraphitizing binder, and (3) a double im-
pregnation with nongraphitizing binder. Thus, nine test graphites
resulted.

Post-irradiastion measurement disclosed contraction in almost all
samples; the largest effect being a function of impregnation treat-
ment rather than particle size. The average percent parallel con-
traction for 12 semples of each type was: Q.011 £ 0.003 for samples
with one pitech impregnation; 0.002 + 0.003 for one impregnation with
nongraphitizing material; and 0.023 £ 0,005 for two impregnations
with nongraphitizing materiel., Thus, it appears that multiple im-
pregnation leads to considerably higher contraction. It is sur-
prising that the nongraphitizing impregnant led to lower contractiocn
than pitch for a single impregnation. However, longer irradiations
are necessary before definite conclusions can be drawm.

8. Aluminum Corrosicn and Alloy Develcpment

Corrosion of Aluminum in a Nonisothermal . Testa are being
conducted in & nonisothermal loop at 330 C EE26 F) to investigste
effects of dissolved corrosion product on thé corrosion of aluminum.
As reported previously, increasing the loop temperature drop from

8 Cto55C (46 F to 131 F) approximately doubled the corrosion rate.
However, in a subsequent run to confirm this observation, the rate
dropped..to a value observed in previous runs at low LT. However,
during the second run at high AT, there was a concomitant decrease
in pH (6.1 to 5.4), due spparently to regeneration of the deionizer
resin.

In the third, ten-day run at large AT, both the pH (of the deionized
feed water) and the rate increased, at least partislly confirming
the suspiclon that pH was responsible for the unexpected decrease in
rate during the second test at high AT.

»

Modification of C-1 Loop. Work cn the C-1 Loop is about 90% completed.
- The shop work remaining consists of (1) completing the electrical
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hook-ups to the various pieces of equipment, (2) repairing three

rejected welds, (3) installing the back-up accumulator and gas -
system to the accumlator, (4) completing the electrical panel, '
(5) painting the loop, (6) lagging the piping, and (7) calibra-

ting the instruments.

A sBuccessful pressure test of the locp was completed. The test
section in-reactor pipe was cut from the remainder of the test
section so it could be tested inside with black light. A standard
having the same dimensions as the in-reactor pipe was prepared for
ultrasonic testing. All of the tubing connections on the loop
were disconnected so they could be inspected.

The back-up accumlator was shipped May 8. As soon as it 1s re-
ceived, it will be installed and the loop moved to 105-C.

9. Metallic Fuel Developrent

Effect of Thorium on Corrosion Resistance of Brazing Alloy. Auto-
claving tests have been performed on brazed end caps which have
been removed from thorium fuel elements. The cap was sectioned
to expose the full length of Zircaloy - 5 Be braze to the high
temperature water. Autoclaving conditions were 10 hours and 50

- hours in 360 C water at 3000 psi. The braze pnearest the thorium e .
fuel showed white oxide corrosion gradually changing to the uni-
form black oxide coating on braze the furthest from the thorium.
This shows that thorium contamination of the braze has a definite
detrimental effect on the corrosion resistance of braze. A series
of braze alloys containing varying amounts of thorium contaminaticn
are being made to establish what levels of contamination are sllow-
able in the brazing alloy.

Tvo thorium - 23 w/o U (normal) - 1 w/o Zr alloy billets were co-
extruded to 0.525" dlameter Zircaloy-2 cled rod. Extrusion con-
ditions were 2-hour preheat at 760 C with & 16.8 to 1 reduction
ratio. The extruded surface before copper stripping appears satis-
factory. The two TO-inch long rods will be fabricated into samples
for visual autoclave defect testing.

10. USAEC-AECL Cocperative Program on Development of Heavy Weter
Moderated Power Reactors

19-Rod Bundle Burnout Dats Comparison. Eighty-eight burncut date
points obtained with 10-rod bundle test sections have been compared
with a new empirical correlation of DNB (Departure from Nucleate
Boiling) which was reported in the May 1963 Nucleonics. The

UNCLASSIFIED

F103481



o

[ig3u82

3 UNCLASSIFIED A-b9 . EW-T7709

AN

correlation was developed especially for flow parallel to rod
bundles. It resulted from & parametric study of about 3000
published DNB data points although the majority of these points
were for circular or rectangular channels. The energy balance
across 8 typical DNB test section was combined with the equation
of motion and the continuity equation of two-phase flow, and the

..enthalpy rise at INB conditions was obtained &s a function of the

nondimensional groups obtained by the combination of these equa-
tions. It was postulated that the DNB mechanism is hydro-dynamic
in nature and that different mechanisms of DNB occcur with 4if-
ferent flow regimes, that is, subcooled or quality. By investi-
gating each of the nondimensional groups systematically, an
equation for describing the DNB condition in the subcooled region
was obtained and another equation for conditions in the quality
region. These equations were said to correlate the majority of
the data within £ 254.

These equations were applied to rod bundle burnout data by evalua-
ting the enthalpy rise of a hot channel, i.e., for a flow sub-
channel in the rod bundle which has the smallest coolant flow area
and the largest heat transfer perimeter. No mixing between coolant
subchannels was assumed. The comparison between the equations and
the avellavle Hanford rod bundle burnout data shows that experi-
mental values of burnout heat flux range from about 0.75 to 2.15
times the value predicted by the equations. The majority of the
data points showed experimental heat fluxes higher than those pre-
dicted by the equations. The largest deviations from the predicted
values were obtained with the 76-inch long test section which had
0.050-inch gap between rods of the bundle. Although this length
of test secticn fell within the range of parameters used in de-
veloping the correlation, it is evident that-the assumptions used
do not apply for this long rod bundle test section. Hence, the
application of these equations to fuel bundles on even longer

lengths typical of power reactor applications would be questionable.

19-Rod Fog Cooled Studies. Forty-two experimental boiling burnout

" determinaticns were made with an electrically heated 19-rod bundle

teat section cooled with steam-water mixtures. The test secticn
was made up of 19 Inconel tubes, each 0.587 inch in diameter and
19% inches long. A spacing between rods of 0.074 inch vas main-
tained with two sets of warts or spacers, a set about 6f inches
from each end. The varts vere made of Al203 sbout 3/8 inch long,
0.10 inch wide, and 0.07h inch thick. The test section had an un-

. heated length of 25 inches preceding the heated section. A flow
‘diverter was located in the unheated portion about 14.5 inches up-

stream of the heated section. The flow diverter consisted of &
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ring of Al203 segments around the bundle which blocked the space
between the bundle and pressure tube wall and therefore diverted
all the coolant flow to the inner part of the bundle at this
location. Each of the heater rods had a thermocouple installed
at its downstream end to measure the aversge inside wall tem-
perature. The test section was installed in a vertical 3.25-inch
ID pressure tube.

One of the two DC power sources of the Thermal Hydraulics Laboratory
furnished power to the test section while the other power scurce

was connected to an electrically heated steam generator which de-
livered steam-water mixtures to the test section.

Thirty-four of the experiments were made with steam-water mixtures
at the test section inlet. The system pressure was either 1000 or
1200 psia. A summary of the approximate renge of variables is
glven below.

Mass Flow Rate Inlet Qutlet Boiling Burnout
lb/hr-fga Quality Quality Heat Fjux . No. of
x 10” % % Btu/hr-ft<x10~° Experiments

0-30 27-48 0.28-0.58 15

0.5

1.0 0-27 21-35 0.25-0.80 13
1.5 0-12 14-23 0.48-0.77 5
2.0 0 2 0.79 1

In addition to the above experiments, eight were made with sub-
cooled inlet coolant.

Analysis of the data has not been completed; however, several’
general observations were made during the course of the experiments
which are worth noting.

‘The first seven experiments, which were at flow rates of 500,000
and 1,000,000 1b/hr-ft2, had boiling burnout heat fluxes different
from those predicted from other experiments with simllar test sec-
tion but with subcooled inlet conditions. In particular, the
burnout heat fluxes at a flow rate of 500,000 1b/hrit< were lower
than vere expected in the heat flux range of 300,000 to 400,000
Btu/hr-r£t2, Furthermore, the occurrence of boiling burmout was
sudden, occurred on most if not all the rods and the temperature
excursions reached 300 to 400 F before the power to the test section
could be reduced. Two experiments were then made at the flow rate
of 500,000 lb/hr-ft2 but with subcooled inlet coolant conditions.
These gave boiling burnout heat fluxes of nearly 700,000 Btu/hr-ftz,

UNCLASSIFIED

t1063483



o UNCLASSIFIED A-51 AW-TT709

103484

actually higher than were predicted from the other experiments,
and much higher than those of these experiments with quality at
the inlet. In fact, an experiment with about 10 F subcooling
had a boiling burnout heat flux of about 660,000 Btu/hr-ft2 at
an outlet quality of about 35% which mey be compared with an

- experiment with a nominal zerc inlet quality (actually a fraction

of a percent), which had a boiling burnout heat flux of only
340,000 Btu/hr-fta, and an outlet quality of 19%. In other words,

‘increasing the inlet enthalpy by only a little more than 10 Btu/lb

caused a reduction in the boiling burnout heat flux of nearly one-
half, and, as a result of the lower power to the test section
associated with the lower flux, the exit quality was reduced by
nearly one-half. This gives a large discontinuity in the burnout
flux-exit enthalpy relation at the zero quality inlet coolant

© point.

It is protable that this behavior lles in the fact that the steam
generator and the piping from the steam generator have a large’
volume and when this volume contains some steam, which is com-
pressible, it permitied flow surges in the test section which
initiated boiling burnout. To evaluate this possibility, a valve
was placed in the coolant line just upstream of the test section
and across which a 150 to 200 psid pressure drop was established.
Operation with such a pressure drop definitely increased the boiling
burnout heat fluxes. At the flow rate of 1,000,000 1b/hr-ftZ, the
burnout heat flux increased 5% at zero inlet quality and nearly 50%
at 12% inlet quality. At the flow rate of 500,000 1b/hr-ft2, the
discontinuity was not eliminated but was apparently shifted to a

- higher inlet enthalpy point. The boiling burnout heat fluxes at

inlet gualities beyond the discontinuity were increased slightly,
about 5%, wheh the valve was used. Use of the pressure drop &cross
the valve, however, did reduce the severity of the temperature ex-
cursion upon the onset of boiling burnout and operation of the test
section was continued in boiling burnout.

The significance of the behavior just described is the fact that
the coolant supply characteristics to a test section or a nuclear
reactor fuel element have a strong bearing on their boiling burnout
characteristics. This polnt must be considered in applying

- laboratory data to a reactor.

Subsequent experiments were all done using a 100 psid pressure drop
across the valve. BEighteen of the experiments were done at 1000
psia system pressure; the other 2L were at 1200 psia system pressure.
The data show an inverse flow effect, i.e., bolling burnout in-
creased with decreasirg flow. This effect was less pronounced at
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. low outlet qualities, and a cross-over is indicated, although
- not conclusively shown, at about 5 to 10% outlet quality. The

data show gquite a pronounced outlet enthalpy effect, the

- boiling burnout heat fiux decreasing quite strongly with in-

creasing outlet quality over the range covered. The boiling

_ .-burnout heat fluxes at 1200 psia were lower, about 10%, then
:those at 1000 psia.

Dome Seal Pype Closure. Results of the first few "slow heat"

cycles performed on the dome seal were reported last month but
are repeated here for clarity of presentation.

Strong evidence points to the surge of high temperature water
(570 F) as the major contributor to dome deflection. However,
& minor cause of deformation remains, as indicated by the fol-
lowing data:

(a) "Slow heat" cycles 1, 2, 3, 6, 8, 9, 10, 12, and 13 bad
no detectable deformation under 10X magnification.

(v) Following cycles 5, 7, and 11, an increase of 0.007,
0.006, and 0,008 inch, respectively, were measured.

There was no measurement after cycle 4. Following the 13th cycle, NEF
the test series was interrupted to check a modified hold-down
mechanism. It is believed that the intermittent deflection re-
ported above 1s related to the method of retaining the dome and
dome stem. This theory will be tested by modifying the present
holding mechanism to incorporate a comnstant force, Belleville
spring. As previously mentioned, the hold-down mechanism has not
been considered as an item of evaluation since basic performance
of the seal was desired and a horizontal, oriented seal would re-

quire a different holding concept than is used on this design.

The sealing properties continue to be outstanding. There is still
zexo leakage in the collection system. In other tests the leakage
collection system has measured 0.05 ml of leakage over a T8-hour

period, and it is believed that it could detect smaller leak rates.

The cause of increasing disassembly torques, mentioned in the last
report, has been determined to be & result of lubricant breakdown
and was easily controlled by application of new lubricant.

Testing on the modified hold-down mechanism is continuing.
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11.

Advanced Reactor Concept Studies

Fast Supercritical Pressure Fover Reactor. Further 18-group dif-
fusion theory calculations show that control and safety rods posi-
tioned in the moderator region will have sufficlent strength. A

control strength of 50 mk was obtained with & density of 0.007 gm

- natural boron/c¢ce in the moderator region. Six control rods, 2 cm

110348

in diameter, positioned in the moderator region and constructed of
stainless steel with 0.5 w/o netural boren, have a strength of about
13 mk which should be sufficient for shim control. It thus aeppears
that there will be no difficulty in obtaining a desired control or
safety rod strength.

Calculations still indicate that a partisl loss of hydrogen in the
moderator region causes a reactivity loss. A 6 mk loss in reactivity
was calculated for & 50% hydrogen loss. This permits use of up %o

~ 50 v/o HoO in this region for cooling without da.nger of positive
density coefficlents.

In making up the fuel elements for the second and third pass cores,
the basic dimensions from the physics caleulations were changed to
obtain & proper power split. ' It will also be necessary to increase
the enrichment slightly in the second core zone to flatten the power
distribution in that regiocn,

For the second and third pass cores, fuel elements are as follows:

Second Core Third Core

Total number of tubes 3576 7578
I.D. 0.2426" . 0.2000"
0.D. 0.2875" 0.2500"
Mass flow rate lbs/hr-rt2 3.4 x 10° 2.25 x 10
Max. heat flux B/hr-ft2 550,000 405,000
Avg. heat flux Bfhr-ft2 366,000 240,000
Percenit pover in dept. an(%) 0 2k}
Dimensicns:

Base end 14 4" 10.95"

Truncated end ) 1.73"

Currently the physical characteristics for the first core and blanket
fuel elements are being determired.

ﬁnch of the conceptual design effort during the month was related to

control and safety considerations and the postulation of accidents to
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determine the effect of these on the reactor core and plant, and
on containment provisions.

Each of the two moderator regicns is composed of six slabe-like
tanks arranged to form a hexagon. Each tank is 3 cm thick and
slightly longer than the core and extends the full width of the
region in which it is located. Yttrium hydride bars, extending
full core length, occupy approximately half the tank volume.
Besides minimizing excursions which might arise from loss of liquid
moderator, these solld moderator bars also serve as structural
bracing and flow guides. The moderator regions are cooled by water
which also provides half the neutron moderation.

A safety control rod and an operating control rod ere located on
opposite ends of each tank in the inner moderator region. The
safety rods are located in the moderator water inlet tubes and the
operating control rods are in the outlet tubes.

A1l the 0.5% boron stainless steel control-rods are 3/L-inch (D and
have active lengths equal to the height of the core. Three of the
safety rods are of similar design except that they are loaded to
(about) 1 w/o B-10. The other three safety rods are composed of
small boron-conteining ceramic balls in thin-wall metal tubes. The
bottom closures of these tubes and, possibly, the tubes themselves,

- will be designed to "disintegrate" with very small streins, thus
permitting {at least) some of the poisan to be inserted in the core
even 1f the safety rod channels collapse, and prevent rod insertion.
A poison injection system for the moderator coclant is also being
considered as a back-up safety device.

-

A rigid, two-foot thick, grid plate above the core serves to locate
and support the core and blanket elements, the moderator tanks, and
the pipe jumpers. A two-inch thick plate at the top of the fuel
elexents 1s bottomed against the support plate and then fastened
by bolting from above.

The two reactor tanks (one "spare") are located in an oval-shaped
pit. The pit contains borated or natural water which acts &s
ghield and thermal reservoir for the vepor-suppression containment.
Use of borated water is being considered to avoid the possibility
of echieving thermal neutron criticality following a reactor acci-
dent in vhich the core might be dispersed into the water-filled
volumes,

Plutonium-Fueled Rocket Reactor. Preliminary calculations are under
vay to set core parameters for a plutonium-fueled nuclear rocket
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reactor of about 1000 Mw power. An unclad tungsten-base cermet
fuel 18 being considered; use of an unclad cermet would provide
appreciable savings in reactor size and weight if it should
prove to be a practical structural material.

To obtain the high power density required for reactors of this

type (cross sectional area of the core will be on the order of

one spuare foot), provisiocn must be made for a very large number

of small coolsnt chennels. A hexagonal honeycomb fuel arrangement
is being considered. It appears that such a fuel piece could
feasibly be made by Dynapak techniques. To provide the requisite
heat transfer characteristics, the hexagonal coolant channels would
have to be on the order of 0.020™ to 0.0LO" on a side; the cermet-
fuel web between channels would he about the same thickness.

Flutonium Fuel Spacecraft Reactor. Document HW-T7066, describing
vork done on the preliminary concept of the PFSR, was issued as an
informal document.

The PFSR as described in HW-T77066 is a compact reactor (2 cylinder
20 cm in radius and 40 cm long) for use in space with a 20,000-hr
core life. The control requirements to maintain criticality aver -
the core life is 0.25 to 0.35 pAk. A spectral shift control region
is being studied as cne way to achieve the gross reactivity control
necessary without using mechanical devices, The control region is
& cylindrical shell, consisting of yttrium hydride with Bhl C
coating each surface of the shell, which separates the reactor core
into two parts. The yttrium hydride slows down the neutrons so that
they may easily be absorbed by the boronl®. As the reactor fuel
burns up, the hydrogen is released from the control region at a
controlled rate reducing the amount of neutron moderation and, herce,
- reducing the neutron capture by boronl©.

HFN diffusion theory calculations, using 16 energy groups in cne
dimensional cylindrical geometry, have shown thet the necessary
control strength may be achieved. In these calculations the core
or fuel volume remained equal to the original PFSR. The control

- strength was defined as the difference in k for calculations with
and without hydrogen in the control region. Control strengths up
to 0.35 8k were cbtained with control regions < Lk cm thick. The
core is described as follows: -
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Radius
Reg 11 Core ~ 10 em
Reg 2 Bhloc
Reg 3 Yitrium hydride ~13.5 cm
Reg 4 | Bj‘_loc
Reg 5 Core ~22.0 cm
Reg 6 Beryllium Reflector 32.0 em

These calculations require verification with transport theory
calculation. Burnup calculations are also necessary to determine
the rate at which hydrogen should be relessed from the moderator.

D. DIVISION OF RESEARCH - 05 PROGRAM

l. Radiatlon Effects on Metals

This program is aimed at establishing the combined effeet of im-
purities and neutron irradistion on the properties and structure
of specific metals and deducing from thermally ectivated recovery
processes how the damage state can be altered.

: Single Crystal Molybdenum. Irradisted molybdenum single crystal
tensile specimens were aged for 16 hours at 250 € (k82 F) and
tested at room temperature. A number of significant observations
vere made concerning these tests: (1) a pronounced yield point was
developed oply in the crystals containing 20 ppm carbon, and the
magnitude of the load drop upon yielding increased with greater ex-
‘posure, 'bei.ﬁ > 30% of the load at the upper yield point at an ex-
posure of 1049 nvt (B> 1 Mev); (2) the critical resolved shear
stress of the intermediate- (150 ppm carbon) and high-carban
(450 ppm carbon) crystals was increased 25-50% as & result of aging,
the increase being greater at the higher exposure; (3) the duc-
tility of the intermediaste-~ and high-carbon crystals was substan-
tially decreased after aging, in concurrence with results obtalned
with irradiated and aged polycrystalline molybdenum; (&) gross slip
traces were observed in the sged low-carbon crystals ilmmediately
after ylelding; in one case of a crystal with an exposure of
1019 nvt, the deformatiom was so localized as to result in a dis-
placement of one-half of the crystal of about 0.5 mm. These re-
sults are belleved to be yet ancther manifestation of the
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interaction between interstitial impurity atoms and point defects
produced by reactor irradistion. The manner in which the number
of operative slip systems is reduced by irradiation and by post-
irradiation agirg treatmerts kas nct yet been resolved. Inter-
pretation of reszults is coctinuing.

Lattice parameter messurements on irradiated molybdenum crystals
have been continued using the modified single crystal diffrac-.
tometer described previously. Variaticns in lattice parameter
values from point to peint on the crystal surfeace shew that the
starting material was not physicaily homogeneous. Diffraction
maxima from many regions of the crystal consisting of two or more
overlapping peaks separated by several minutes of angle indicate
large subgrairs. In an attempt to ‘elimirate this substructure,
an unirradiated crystal was anrealed at 2000 C (3632 F) for one
hour, cooled guickiy te 1500 C {2732 F) to prevent carbon precipi-
tation; then cooled slovly to room temperature. The crystal face
was then electropoliszhed and used for lattice parameter measure-
ments. Six measurements at differert points yielded an avermsge
value of 3.14707 A, witk a mean deviation of 0.00003 A. Since this
is within the predicted limit of precision of one part in 105 , 1t
is reasonably certain that the variations observed in the as-grown
crystals are real variations and rcot experimental errors.

Measurements cn lov zarben {15 ppm C) and medium carbon (150 ppm C)
erystals after an exposure cf 11.0-£9 nvi (E > 1 Mev) show little if
any change from the preirradistion values. For high carbon (450
ppm C) crystals irradiasted to the same exposure the diffraction
peaks are much brecadered and diffused, ttice parameter measure.
ments on these crystals are nct yet complete.

Polycrystalline Molybdenum. A preliminary investigation of the
effect of reactor irradiation ¢n the electrical resistivity end
annealing kinetics of high purity (99.99%) molybdenum is in progress.
Eight resistlvity especimens; consisting of 30 c¢m lengths of 0.25 mm
diameter wire, were arrealed fcr one hour at 1300 C (2372 F) and
epcapsulated in a helium-filied aluminum capsule and submitted for
irradiation to & geal exposure of 1018 pvt (B > 1 Mev). This in-
vestigation iz intended to yleld information on the nature of the
complex recovery stages observed in irradiated impure molybdenum,
with & primary purpcse ¢f establishing the mobilities of single
vacancies and interstlitials at the temperature of irradiation,
i.e., 40 ¢ (104 F).

Additicnal one-eighth inch dismeter pclycrystalline tensile specimens
are being prerared for irradiaticn; as part ¢of an experiment designed
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to establish the effect of irradiation on the yiglding process.
Planned exposures range from 1017 nvt to 5 x 101° nvt,

Polycrystalline molybdenum, in the form of one-half inch diameter
rod, has been successfully upset to 0.75-inch diameter in four
stages at 500 C (932 F) and swaged to one-half-inch diameter at
600 C (1112 F) to produce light stored energy specimens. The
high swaging temperature was necessary to avoid cracking. The
possibility of preparing stored energy specimens from cold-rolled
sheet is being considered. '

Molybdenum foils having three controlled carbon levels, approxi-
mately 10 ppm, 150 ppm, and 450 ppm, were annealed two hours at
900 € (1652 F) after irradiation to 1019 nvt (E > 1 Mev). X-ray
examination showed the lattice parameter and line breadths to be
essentially ldentical to the corresponding values for unirradiated
materjal. There were, however, proncunced changes in the relative
intensities of the diffraction peaks in the samples containing 150
and 450 ppm carbon. A duplicate set of foil samples was annealed
in the same manner, and the intensity changes were also observed
in these samples. Electron microscope examination of the thinned
foils showed 2 very small number of dislocation loops, in contrast
to the.large number observed to be present after a 750 C (1382 F)
anneal. The marked decrease in observeble defects and the change
in diffraction peak intensities is presumed to result from a
partial recrystallization. The irradiated folls containing 10 ppm
carbon did not display the change in diffraction pesk intensities
and apparently did not recrystallize.

Defect structures have been observed in irradiated molybdenum
folls by transmission electron microscopy. Deformation of the
irradiated folls causes dislocations to move in straight channels.
The moving dislocations interact with the defect structures and
sweep them from the channels. Examination of the electron dif-
fraction patterns has established that the channeling does occur
in the close-packed direction, i.e., the [111] direction. A
letter to the editor, entitled "Dislocation Channeling in Neutron
Irradiated Molybdenum,” has been prepared for submission to the
Journal of Applied Physies.

Nickel. Nickel foils, 0.002 inch thick, of purities corresponding

to 99.%, 99.6, and 99.97% have been prepared for quenching and ir-

redietion studies. Specimens which have been annealed at 700 C
(1292 F) for cne hour as well as unannealed specimens with 30%
cold work will be encapsulated for reactor irradiation. Techniques
for electro-thinning these fcils are being investigated.
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Electrical resistivity studies on quenched-in defects in nickel
vires have been delayed for repeir and recalibration of instru-
ments. The quenching chamber has been modified in the interim
to permit operation at much higher helium pressures, i.e., 500
psig as opposed ta 15 psig with the previous arrangement. This
modification will perﬁit attainment of mich higher guenching
rates of the order 10" degrees C per second (2 x 107 degrees F
per second).

Additional nickel wire specimens are being prepared. Wires of
0.125 mm diameter and 1.0 nm diameter are being drawn for use as
electrical resistivity and intermal friction specimens, respec-
tively.

Rhenium. Attempts to draw 0.125 mm diameter rhenium wires from

as-received 0.5 mm rhenium wire have been unsuccessful. The cause

for this was found to be die abrasion due to the presence of mani-
fold transverse cracks in the surface of the wire. This cracked
layer was removed by electrolytic polishing in an electrolyte con-
sisting of 70 ml ethanol, 35 ml perchloric acid, and 10 ml n-butoxy
ethanol (butyl cellosolve). The cracks were found to extend about
0.1 mm into the wire.

Experimental Techniques and Apparatus. An electrolytical mechining

device has been fabricated for the purpose of strain-free machining
of reduced sections on single crystal tensile specimens. The
device consists of a 12-inch diameter stainless steel wheel which
rotates while partially immersed in an electrolytic solution. A
potential 1s applied between the wheel and the crystal which rotates
in opposition to the wheel and in very close proximity to it. The
electrolyte is carried on the wheel and contacts the specimen, re-
sulting in a polishing action. Two wheels are presently available,
one a three-inch wide flat wheel for initial polishing of the

. erystal to an sxially symmetric, uniform diameter. Final machining

is performed with a contoured wheel having a one-inch flat section
and one-fourth inch radiif. This wheel produces the reduced section
in the crystal. Evaluation of this device is continuing, and modi-
fications of the crystal holder are being made.

An electrolytic jet polisher has been utilized for cutting wafers
from a single crystal of molybdenum, & necessary initiasl step in
the preparation of foils for transmission electron microscopy.
Surfaces cut in this manner are free of cold work but are highly
irregular. The smooth parallel surfaces necessary for final thin-
ning could not be cbtained by conventional electrolytiec polishing.
Sectioning of crystals by spark machining has therefore been
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investigated. This method will produce a smooth but worked
surface on the specimen. The vworked surface layer can then

" be removed by an electrolytic polishing wheel utilizing 10%

ENO3 with a current demsity of 16 amp/in®. Sections of single
crystals of molybdenum 0.020 inch thick have been produced in

- this fashion. The next stage of specimen preparation conslsts
of "dimpling" the section with an electrolytic jet.

Plutonium Physical Metallurgz

The objeéctive of this program is to determine some of the basic
physical metallurgical properties of high purity plutonium and
to establish the effect of certain specific alloying additions
on these properties. Two areas are under study: mechanisms of
phase transformations and mechanisms of deformatjon and recovery.

FPhase Transformatlon, Grain Growth, and Deformation and Fracture
Studies., The eifects of various variables on the alpha plutonium
grain size are being investigated. Stress, both tensile and com-

- pressive, applied during the g y @ transformation may affect

grain size. An initial experiment in line with this will be to
apply a bending moment to a plutonium rod while the g 5 «
transformation occurs. The influence of both tensile and com-

- pressive stress should be readily apparent from examination of

the longitudinal microstructure. Another technique which may
result in grain coarsening involves progressive heating of a plu-
tonium rod thru the § —) « transformation (Bridgeman technique)}.
A gradient furnace for this purpose is being constructed.

Tensile testing of 0.54 w/o Al stabilized plutonium is in progress.

- Results thus far show no evidence of the Portevin-Le Chatelier
‘effect at 400 € (752 F). The specimen dimensions are cne-half-
~inch diameter by 3§-inch gage length. Specimens were given a two-

kour 450 C (842 F) homogenization treatment prior to testing.

Testing was performed with a 0.015 in/min crosshead speed.

It has been established that the creep rates of plutonium during
the @ —3 f and B —y @ transformations under compressive loeds
of 1000 and 2000 psi are much greater than the rates of either the

- alpha or the bets phase. ‘The creep rates of the alpha and beta

phases were 5 x 10~{ in/in/min, end 8 x 10~ in/in/min, respec-
tively, during a 1000-minute period, at 100 C (212 F) and under a

con:pressive load of 2000 psi.
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A 9% volume increase 1& associated with the ¢ __, B transforma-
tion and a similar decrease is associated with the B oy o
transformation. Therefore, the o —jp P transition is inhibited
by & compressive load whereas the B .5 « transition is accelera-
ted. The rates of both transformations rapidly decrease &g the
equilibrium transition temperature is approached. Thus, more

creep might be expected during the o .5 B transformation than
the 8 — ¢ transition, at temperatures closer to the transfor-
mation temperature, and under a greater compressive load. As
expected, the creep during the o ——p P transition was significantly
greater than the creep during the transformation under compressive
loads of 1000 and 2000 psi. Indications are that this is also true
for 100 psi. Results to date are insufficient for evaluating the
effect of transformation temperature cn the creep. The creep is
mich greater for larger compressive loads during both ¢ —y P and
B —_— transitions.

Studies have been underteken to determine the effect of grailn size
upon the compressive creep rates of both the alpha and beta phases
of plutonium as well as those active during the phase transformation.

The completely indexed diffraction pattern of alpha plutonium has
been made available by Zachariasen and Ellinger in a paper, the pub-
lication of which is currently in process. This has afforded the
opportunity for a preliminary qualitative evaluation of the effects
of severe deformation by rolling upon the crystallographic charac-
teristics of this material. Data which have been derived from some
of the stronger lines of the various patterns obtained to date are
presented in the following table. The Zachariasen and Ellinger
pattern was made from en as-cast button. A comparison of the ob-
served and calculated line intensities indicetes that very little,
if any, texturing was present. The two patterns obtained from an
etched cast plate and the etched surface of a similar casting after
90% reduction by rolling at about 25 € (77 F) are compared with the,
Zachariasen and Ellinger results.
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Comparative Diffraction Data
of Alpha Plutonium in Three Different Conditions

hkl  _Zacharimsen & Ellinger  As-Cast (HL)  Rolled (HL)
20  Icaic Iobs /I, 20 I/I ] I

I
013 31.08 56.3 56 20 31.02 8 31.08 12
113 32.20 128.7 122 &3 32.18 16
20 32.28 64.9 6k 22.5 32.30 100
004 33.36 98.4 105 37 33.30 9 33.35 30
203  3%.66 142.,1 152 s5h k.60 8 . 3L.65 25
020 37.28 270.6 246 87 37.25 100
211 37.42 -301.4 284 100 37.38 56
o1h 38.36 105.6 121 43 38.37 13 38.40 20
nk 38.60 1T2.6 86 30
24  50.85 60.2 70 25 50.85 1 50.88 8
223 51.80 91.2 95 33 51.78 12 51.80 5

The incensistencies noted in the low angle region of the pattern
persist throughout. In addition, the back reflecticn region
gives indications of significant changes in lattice parameter
values resulting from severe deformation. A quantitative evalua-
tion of this phenomencn must necessarily await the application of
more precise techniques. _ . - -

X

There is as yet no evidence of significant line broadening which
would indicate the existence of residual stresses a.nd/or extensive
grain fragmentation in the deformed material.

A series of castings is in process which will afford material for
the complete evaluation of the effects of varying amounts of re-
duction at three temperatures in the alpha range. Two different
material starting conditions are planned. One of thesze will be a
quench to the alpha from the epsilon region immediately after
solidification and the other is to be an iscthermal itransformation
in each phase after cooling from the melt. These extremes should
result in a maximum difference in alpha grain size.

An initial attempt has been made to determine the effects of
annealing cold worked alpha at temperatures sbove the normal sta-
bility maximm. A sample weas hydrostatically pressed at 180,000
psi and then heated to 180 C (356 F) for seven hours. It was
cooled under pressure to below 100 C (212 F). This treatment
should not have resulted in any transformation to the beta phase.
Metallographic evaluation is not yet complete.
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Ten kilograms of as-reduced plutonium were ingotted and cast

into appropriate shapes fcr deformation and phase transformation
studies. The analytical data are not yet available. The
quality of the metal was quite high as indicated by metallography
and density measurements. The as-cast density was 19.59 -

19.65 g/cm3. The metal contained few visible inclusions at 250X
and appeared to be nearly free of the Pu-PugFe eutectic and Pu3Cp
(zeta phase) which are commonly observed in plutonium. On the
other hand, the metal contained an estimated ome-half to one v/o
of microcracks.

Four kilcgrams of the metal were used %o prepare specimens for
studying the mechanisms of phase transformations. A series of
these specimens is to be used in establishing grain morphology
and growth rates at different g —5 4 transformation temperatures.
A second series is to be utilized in determining the effect of
beta plastic deformation on the g o transformation and in
studying the mode of transformation tGnder applied stresses of 1000
to 12,000 psi. These studies will provide information on the
mechanism of the B .—y o treansformation. Five hundred grams of
semples will be used for investigating crack formaticn and propa-
gation during transformation.

Two kilograms of plutonium have been alloyed with 10 &a/c aluminum
for investigatirg the Portevin-Le Chatelier effect in stabllized
delta plutonium. The remainder of the metal was prepared for alpha
rolling, extended defcrmaticn during phase transformetion, fracto-
grarhy, electrcn microscopy, and grain growth studies.

A standard stereogrephic projJection of the crystal structure of alphe-
plutonium was desired to aid proposed studies on this metal. A [0LO]
projection was constructed from known unit cell data by calculating
the length and direction of the apprcpriate vectors in reciprocal
space. A total of 38 poles is represented by points on a stereographic
projection, and a like number may be obtained by the symmetry rela-
tions. A table giving the angular relationships was also compiled.

A computer program for calculating reference powder x-ray patterns

directly from single-crystal data has been obtained and will be
utilized in the same proposed study.
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Radiometallurﬁz Laboratory

Examinations and Measurements

Samples were removed from NeK capsules 17 and 18 and were visually
examined.

An N-Reactor outer tube element was measured for residual stress
after post-irradiation examination disclosed the presence of a
gecond phase in the urenium.

Metallography was doneé on the in-reactor part of the failed
Inconel 105 DR Gas Loop. Metallography was also completed on
eight nickel base allcy control samples.

Rockwell hardness tests were reported on three Zircaloy-2 samples
from process tube 1643,

Metallography was used to determine extent of hydriding in fretting
corrosion,

Three photomosaics and four diameter composites of cross sections
of ceramic fuel elements were photographed at 75X (RM's B~-603
and 678).

PRTR element #1501 (nested, tubular, U02) wvas exemined for extent
of sintering and degree of hydriding.

-

‘Mieredrill samples were obtained from cross sections of samples

frem GEH-1k-20, 22, 27, 66, 68, 69, 83, 85, 87, 88, and 91.
Macrophotographs of each specimen were made after drilling (RM C-620).

Thirty-four samples were removed from 10 rods from Pu-Al PRTH element
#5108, Samples will be processed to determine burnup and fission
product distribution (RM C=T57).

Burst test specimens were removed from sections of PRTR Zr-2 process
tubes 0720, 5540, and 5702. Diameter and tube wall thicknesses of
each specimen were recorded (RM C-853).

Forty irradiated metal or ceramic fuel samples were dissolved for
burnup analysis, nitrogen analysis, or cladding recovery. Thirteen
uranium samples were chemically declad. Densities of four samples
vere determined. : : -
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) _ The ceuse of failure of the electrical resistivity leads in
- Capsule GEH-k-82 was determined (RM C-90b).

Thickness of corrosion coupons from quadrants GEH-20-48, 64, and
82 was measured (RM C-113).

Metallography of two irradiated thorium semples B-2 and 5-3 was
completed after a 100-hour anneal at 700 C. Replicas were obtained
for electron microscope studies (RM C=501).

Samples Were removed from NaK capsules 3A24 and 3U31 and measured.
Seven other capsules were stored for "cool down" because of high
radiation readings encountered {RM. C«55L),

Twenty quadrants of structural materials were received, identified, and
pre~test measured, Six stainless steel samples were tested, Tests
vere terminated because of inadequacy of the grips at loads exceeding
4000 1b, New grips have been received and are being modified for
remote operation (RM's C-500 and 801).

The results and significance of these measurements will be found in
the reports of the appropriate Research and Development organizations,

Eguipgent

High Temperature Tensile Grips. Fabrication of the Inconel-X tensile
grips was completed in Technical Shops. Following a dimensional
inspection, the grips will be tested in the Physical Mechanical
Properties Testing Cell. '

NaK Capsule Qgening Equipment, Design drawings were completed for a
revision of the milling machine in "F" Cell to maeke it suitable for
certain NaK capsule opening operations., Equipment cost estimates were
requested,

Orbital Grinder and Folisher E-GE The grinder has been completed

- and is now under test to determine optimum operating conditions,
.. and limitations and capabilities. Preliminary tests are very
. promising.

Stereo Zoom Microscope. The sterec zoom, hot cell microscope
drawings were received for Hanford approval.

Light Duty Master-Slave Manipulators., Fabrication of two light duty,
master-slave manipulators continued in the vendor's plant. Delivery
of the two manipuletors is expected in June,
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Irradiated Structural Materials Testing Facility. Preliminary
scoping of the Irradiated Structural Materials Testing Facility,
B-50k-H, was initiated.

X-Ray Diffraction Cell. The lead brick shielding arcund the double
erystal x-ray diffraction unit was completed this month. The unit
has been operated with irradiated samples to establish operating
procedures after the extensive modifications.

Vacuum Fusion Furpace. Demonstration of the remote inducticn

furnace st the vendor's plant was witnessed May 1 and 2. Heating
characterisitcs of the furnace were very satisfactory. An 0.5 in.
diameter by 2 in. long uranium sample was heated to liquid state in
21 seconds. Equipment and controls responded quickly and there was
no heating of the mounting plug or supporting equipment. Shipment

of the equipment is expected during May following certification of the
integrity of the vacuum system by an independent testing laboratory.

Building gEerations

Cask #26 has completed two round trips between Hanford and NRTS in
Idaho, Casks 16 and 22 were shipped to NRTS.

Local cask shipments were as follows: five to PRTR, fifteen to

325 Building, three to 105C, three to 105 KE, two to 105KW, and one
to 105F. Forty-three 'milk pall" and three “Gatling Gun" (30 cans)
waste cask runs vere made.

One storage rack was removed from the basin and stored in the burial
ground to make room for construction of the Burst Test Facility

"canal. Also, in preparetion for this work, a coffer dam wes instelled

in the basin,
Both overhead cranes were inspected by an off-site certified inspector.
Miscellanecus

A paper titled "Criteria for Safe Handling of Irradiated Plutonium in
Beta~Gamma Cells" was co-authored by C. L. Boyd, J. G. Bradley, and
L. G. Faust, and submitted to the 11th Hot Laboratory and Equipment
Conference Program Committee, .

Metallograghx Laboratories

Metallographic assistance to NRD for the welding of supports to
N-Reasctor fuel elements has continued. Since process veriables have
been reasonably well defined, further work may be confined to quality
control.
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Two heli-arc welds, one of stainless steel to niobium and one of
Zircaloy=-2 to niobium, were examined for weld characteristics and
micro-structure. The stainless steel to niobium resulted in
brittle compounds in the weld which caused it to fracture as the
plece cooled. This weld was uneven and of general, poor gquality.
The Zircaloy-2 to niobium weld appeared strong and uniform. The
weld region consisted of a non-uniform mixture of inter-metallic
compounds,

A gas-pressure bonded test sample of a simulated Zr-2 clad uranium
fuel element with a niobium cap insert was examined for bond
integrity. All bonds appeared good. A few unbonded areas were
limited to the actual size and locetion of unwanted inclusicns in
the bond lines. The nicbium to Zircalcy diffusion zone proved
particularly difficult to etch for proper outline, The etch
finally used was one containing 80 cc HCl, 20 cc HNO_,, and 5 drops
of HF, The sample was swabbed for sbout 10 seconds With this acid
mixture after receiving s mechanical polish, This same etching
solution can be used electrolytically with 12 velts D.C. to electiro-
polish Zircaloy. The resultant surface shows all grain boundaries
and also the concentration gradient of alloying constituents within
the Zircaloy.

During vacuum cathodic etching the temperature of the specimen

being etched rises, although an attempt is made to cool the specimen
by cooling the cathode upon which it rests, During the month, an
effort was made to determine the temperature that a sample might reach
during the etching process, ©Samples of uranium shot were cast in

a "Wood's Metal” alloy having a melting point of about 65 C., The 3/8
in. dismeter by 1/2 in. thick specimen was then polished. During
cathodic etching the voltage was advanced in 0.5 kv steps with five
minute intervals between steps to allow the sample to reach thermal
equilibrium. At 2,5 kv and 1.7 ma, n¢ melting of the sample surface
vas detected. At 3.0 kv and 2.0 ma., however, the polished surface
was observed to become slightly fluid. Examinetion of this specimen
after removal from the etcher disclosed that no apparent melting took
place on the surface resting on the cooled cathode. This informaticn
vhen coupled with the thermal conductivity and sample geometry may
enable & rough estimate of the sample temperature during the etching
process,

An examination of Edison-type Monel-R resistance temperature

detectors (RTD's) was made in an attempt to determine the cause of the
corrosion noted on them upon removal from K and DR Reactors, Genersal
pitting corrosion was located on the barrel although some pitting was
located on the stems. A slight intergranular corrosion tendency was

noted in scme of the pits. Whether the corrosion is due to normal reactor

envircnment or caused by a resctor decontamination process has not been
determined.
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Other work during the month will be reported in connection with
the respective research and development programs served.

N-Reactor Design Testing

N-Reactor Charging Machine. One drive roller, which had the rubber
stripped from it during use, was replaced. Apparently the production
drive rollers were not of the same quality as the shop fabricated
prototype on which the testing was performed. The problem will be
investigated further,

The end thrust stabilizer system has again been tested in its
modified form to determine if it is adeguate to resist s 20,000
pound end load on the machine. The movement of the main frame with
respect to the lowver frame was measured at 0.085 inch when the main
frame wes fully loaded. This amount is now considered acceptable in
light of the modifications that have been made to the vertical

lift worm gear transmissions.

A major portion of the testing performed during the month dealt with
Design Test 22-B, which eveluates the effect of the charging machine
on fuel elements.

When typical fuel elements were charged into the Test 22-B mockup

with & back-pressure of approximately 500 pounds (75 psig) and a
velocity of 60 fpm, flattening of the self-supports occurred up to

a maximum of ebout 0.025 inch. Flattening of reduced severity also
occurred when fuel elements were charged at (1) reduced velocity

(15 fpm), (2) reduced back-pressure (30 psig), .end {3) reduced
velocity (15 fpm) end pressure (30 psig). The Test 22-B mockup vas
modified to a more prototypical condition by replacing the receiving
magazine with an KPR process tube., Ten charges have been made into
this modified mockup with no more than 0.005 inch flattening of the
self-supports, the majority of which is attributed to measurement
error, It should be noted that half of these charges were made into
an empty process tube (no extra column load) and the other half into
the process tube which contained the previously charged column {column
load of a fuel column only). In both cases, the back pressure was
much less than that used when the feet were damaged. Further investi-
gations are under way to determine the cause of the flattening.

Special Plutonium Fabrications

Al-Pu Fuel for Corrosion Tests. Thirty-eight fuel elements were made
to complete this work; a thermocouple well for in-reactor temperature
measurements was placed in the center of six of the elements,

—
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Corrosion which occurred during autoclaving of some of the X8001
cladding alloys was apparently & surface phenomenon since it did

not recur when the alloys were re-autoclaved after removing 0.010 in.
of the surface. In review, this work consisted of co-extrusion clsd-
ding an Al-8 w/o Pu alloy with three different Al-Ni-Fe cladding
alloys, The cladding was metallurgicelly bonded to the core. The

- significant development in this work was cutting the long extruded
rod into short lengths, counterboring the core material, followed

by successful decontamination of the fuel prior to welding the end
caps in place.

UQ.~Pu0s Fuel for the PCTR. This fuel consists of 0.90 w/o PuO2
in“depleted U0, in the form of 1/2-inch diameter pellets. The
pellets will be clad in Zirecaloy; 4000 pellets were sintered and
2000 pellets were ground to final diameter,

High Exposure Al-Pu Fuel for Physics Tests. Work was completed on
the 1000 rods required for this test, The alloy was 2 w/o Pu which

contained 16.5 w/o Pu-240. Each three-foot rod contained 6-1/2 grams
of plutonium and was c¢lad in zirconium,

5. EBWR Fuel Elements

.-.;;é

'ég: Preparation-of PuC, from 60 kg of Pu metal was completed. This
vork involved burngng Pu to oxide, ball milling, and screening to
=325 mesh.

The first Zircaloy tubes for test standards were received., ©OStandard
notches will be machined in them, and they will be returned to the
vendor for use during accpetance testing of the remaining tubing.

A pit was dug and coﬁcrete walls were poured to house egquipment for
the experimental fabrication of EBWR fuel rods.

EBWR Plutonium Fuel Elements, Urenium dioxide, prepared by burning
depleted uranium (0,2% U-235) to U Og, and hydrogen reducing to U0,
was densified by pneumatic impaction., One-third more impact energy
vas required for impaction than with other previcusly tested types cof
v UO,. Because of the high impact force required and the limited capacity
- of the 308 Building impaction machine, it will be necessary to treat
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the material by pneumatic impaction in the large machine in the
325 Building prior to blending it with P1.102 and again impacting
it. This method of achieving high density material bas been
demonstrated for several types of UO,, and is relatively insensi-
‘tive to the properties of the startifig materisal,

Reactor and Fuels Laboratory
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REACTCR

Analysis of N~Reactor Experimental Data

The draft of the formal document on N-reactor physics work (HW-T2096) is
ccmplete except for & few graphs and pictures. The neutron temperature
problem discussed last month has been resolved. Since a relatively small
errcr in the measured 1/v flux in the graphite has a large effect on the
resultirg temperature but a negligible effect on “£", there are no problems
in rormalizing betvween experiments with different graphite densities. All
experiments have now been normelized to a standard condition which corres-
ponds to the PCTR mockup lattice.

Optimization of Re-tubed Lattices

Vertical traverses have been completed in the "C" exponentisl pile contain-
ing dry CVIN {cverbore) fuel. The measurements were performed both with-
ozt safety rods and with six rods. The data on the overbore experiments

. are beirg analyzed.

K Lattice PCTR Experiments

-

Messurements are being made in the PCTR to obtain absolute k, values for
KVNS fuel pieces and zirconium process tubing in the K lattice. The experi-
mental work has been completed for the wet caese using a three by three cell
array. The correct mass of copper has been determined to polson the central
cell to & kg of vnity. Foil irradiastions were made for determinstion of
fine structure of the flux in both polsoned and unpoisoned cases in which
the cadmium ratios of 5 mil gold were matched in all cells. Copper foils
were used throughout the center cell and on the thermal column, and in
addition gold foils vwere used in the fuel and cooclent channels. Detailed
flux variations have been measured in the copper poison and near the end-
caps of the fuel pieces. All foil data for the above work have been pro-
cessed through the computer program APDAC and checked, and are now being
analyzed, '




i e e TR LI

Reactivity measurements have been made in the PCTR to determine (1) the
negative &k due to either a normal or grey spline being inserted into the
center cell process tube in the wet K lattice, (2) the Ak for a normal
epline as & function of total exposure in the production pile, and (3) the
Ak for a normal spline as & function of corrosion. Measurements were made
using several irradiated and non-irrediated spline samples. One non-
irradisted sample was etched uniformly in e strong causti¢ solution to
spproximately 75%, 50% and 25% of the original mass. Reactivity measure-
mernts were made on this spline at each step in the etching process to
ottain Ak as a function of corrosion. The data from these measurements are
now being analyzed.

Computational Programming Services

Test cases have been successfully run on both LEAP and ADDELT, the thermal
neutron scattering codes imported from Harwell, England, last month.
Tnestructions for their use are being prepared for distribution to those
interested.

Additional revisions to TRIPOOS this month are probably the last before
ke program is frgzen to conform with the descriptive document, which will
te published rext month.

A specialized version of the reactor kinetics code, called TRIPL0S, was
Trepared to compute the reactivity by a sine function.
&

The Fortranslations Index was extensively revised and updated this month.

Limited core space in a portion of the CAIX chain forced preparation of &
more campact version of LILLEY, the routine which positions the Composite
Lilley Tape. The new version, called LILLY2, functions in the same manmer
as LILLFY except that one of the output options of LILLEY is ocmitted.
LIIIYZ2 is in debug.

Scattering law for Graphite

Several experiments performed in the PCTR studying the moderating proper-
ties of graphite show promise for checking the various currently available
scattering law models for graphite. To distinguish moderating from trans-
rert effects, it is desirable to analyze the experiments with camputer
pregram S. Since a large number of transfer cross sections must be calcule-
ted as input for program S, SPECTRE is being modified to give a punched
card output that is suitable as input to program S. This mechanization -
will also reduce the possibility of error so essential to avoid in such

& carparison study. :
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Instrumentation

Circult modificetions were carried out by GE-APED on the gamma energy
spectrometers planned for use in the N Fuel Rupture Monitoring System.
The changes involved the count rate meter circuit and the DC amplifier
circuit. A trip to GE-APED to witness final tests on a production model
instrmment was made the last week in May.

Cooperative testing was carried cut with Instrument and Electrical Develop-
ment, IFD, on several possible N Reactor startup instrumentation systems.
Tests included pulse height distribution measurements at various neutron
counting rates for three BF3 proportional counters. COther tests were
carried out at the 305 pile with the spare source range log count rate

and period instruments with substitute fission counters and preamplifiers.
Pest results suggested a need for further instrument evaluation studies
prior to N Reactor startup. Drawings of the ion chambers for the N Reactor
intermediate and power range equipment were reviewed.

An oscilloscope camera and two integral assembly scintillation detectors
were received for use in the N Fuel Testing loop being installed at FRIR.
An order was placed for the X-Y recorder, and requisitions were prepared
for the rack cabinets and cooling blowers. Revised flow equipment bids
which require control valves capable of taking full loop pressure are
‘being reviewed. Special valves were specified in order to prevent inadver-
tent flow stoppage which would place full loop pressure on the sample
cells and flow transmitters. Specifications were started for the two
delayed neutron monitors and for the scintillation spectrometers. The
'solid state maltichannel analyzer was returned to the menufacturer for
repairs. Scheduling problems were discussed with IFD personnel.

-

System Studies

The N Reactor kinetics and primary loop simulation for the power range

was used to determine the effects of varying the reactivity ramps, inlet
temperature, instrument trip settings and time constants, initial power
level, power setback rates, and scram reactivity time functions on & number
of system variables. The simulation was described and demonstrated to
interested NRD and HL personnel. :

A three-pump model of the injection system was set up on the computer to
study the effects on system stability of varying primary loop operating
pressures and different controller types. Optimum controller settings were
found by minimizing the integral of the squared error resulting from &
systems disturbance function. Primary loop pump suction pressures were
varied over the range of 100 to 1250 psia. Both proportiocmal-plus-integral
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andi pure integral control modes were used.

An enalog simulation has been prepared for studying N Reactor kinetics

over several decades of pover, including startup. This simulation requires
the use of analog memory techniques which do not ordinarily allow system
variahles to be initisted. A circuit has been devised which automatically
selects either initiel conditions or range scaling, depending on how far
the problem solution has progressed in time.

The two-dimensional D Reector simulation which has been under investigation
for the past few momths has been found to be basically in erxor; hence,
earlier tests using the automatic D Reactor prototype controller are
invalid. The simulation was being used to determine the best methods for
gathering data from a production reactor. A digital computing program hes
heen established which allows a simple measurement on the D Reactor to

be used for measuring system parameters. :

A D Reactor production test made to determine the effects of control rod
perturtations cn reactor performence may prove to be of only limited value.
During early test runs involving small changes in control rod position,
reactor power did not reach equilibrium in one Instance following a one-inch
rol movement. Although subsequent tests did not duplicate this unusual
reactor response, for safety reasons continuing experiments were restricted
to smaller changes in rod position. Preliminary evaluation of the data
suggests that the measurement uncertainty resulting from the restricted rod
movements may meke the data of limited value.

Three consultations were held this month with AEC legal and Purchasing
people to write the terms and conditions of the process- control computer
contract. The bid package is now in its final dreft, and will be sent
to the prospective sellers upon its completion and our approval.

SEPARATICNS

Experirents with Plutonium Solutioms

Criticality experiments with plutonium solutions were temporarily suspended
in order to facilitate the final checkout of the split table machine, which
is located in the second hood of the critical assembly room. The same
neutron detection system is currently being used for both solution experi-
ments and those with PuOp-plastic mixtures. Safety requirements and equip-
ment limit operations to one critical assembly and hood at a time.

Measurements were completed with two Pu(NOs)y solutions during the monmth.
From these and previous data, the critical concentration for a homogenecus
Pu-water mixture {zero nitrate) is estimated to be ~ 63 g Pu/f, for a
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eriticel mass of 816 g Pu.

Scme comparisons have been made among the current experimental eritical
data and previous values obtained from theory and other methods, such

as buckling conversions. At 12.95 liters, for the case of zero nitrate,
the measured volume is 12-1%% larger than previously assumed. For Pu
nitrste solution at & concentration of ~ 435 g Pu/f (0.8 molar solution)
the messured volume is ~ 40% larger. As a result one may anticipate
revisions in the critical data, whereby critical volumes and masses will
be increased by ~20-%0% at higher comcentrations depending on the nitrate
concentration.

Experiments with Flutonium OacideuPJ.astiE Mixtures

The final checkout of the split table machine was completed, apd this
device vas mede ready for the experiments with PuOz-polystyrene compacts.
The initial experiments are being restricted to suberitical neutron multi-

- plication measurements and are designed to obtain preliminary critical
mass data and provide operating experience with the split table machine
preparatory to 1ts use in critical experiments.

The first suberitical neutron multipiication experiments utilizing the
remcte split table machine began cn May 2k. The fissile material is in
the form of Pulp-polystyrene compacts (small cubes up to twe inches on a
side). The concentration of Pu in the mixture is 1.14 g/cc, and the H/Pu
atomiec ratio is 15. An wnreflected rectapngular parallelepiped of cross
sectiopal dirensions 12 inches by 12 inches was found to be well sub-
critical when four inches in height, and containing about 10.5 Kg of Pu;
in further experiments the height of the stack will be increased up to

e maximum of 85% of criticality. Preliminary estimates of the control
and safety rod worths will be determired. Critical messes and volumes
will be estimated from the suberitical multiplicstion measurements for
various ¢onfigurations cf the fuel (principally rectangular parallelepipeds)
under different conpditions of neutron reflectiom.

Critical experiments will not be undertaken until finel approval of the
hazards summary report has been received.

GAMIEC - A Neutron Slowing Down and Thermalizetion Code for lattices

The GAMTEC Code, which gives multigroup constents for heterogeneous systems
for use in multigroup diffusion celculations, has been completed and de-
bugged. The code has heen modified to provide multigroup constants for
homegenecus systems as well., GAMTEC also camputes the individual lattice
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physics paremeters, i.e., n:. €, £, p, T, La, ke, and B‘%

The lattice parameters for & natural uranium, water cooled, tube-in-tube
fuel assembly have been computed with the code. The quantities €, £, p,
and k, vwere determined experimentally by D. E. Wood, et al., (HW-6709%)
for this fuel assembly in a 10%-inch graphite lattice. The calculated
results obtained this month are in .good agreement with experiment.

It is plapmed to use this code in certain nucleer safety applications
involving heterogeneous systems of slightly enriched uranium in water.
Input data instructions are being prepared for distribution.

The experimental value of the minimum enrichment for criticality of a
UOz-vater mixture has been determined by experiment to be 1.034% (EW-T0310);
this enrichment occurs at an H-to-total U ratio of sbout 4.8. Several
cases have been run on the GAMTEC Code with the 1.031L$ enrichment at 4if-
ferent H/U ratios. The k,'s of the homogeneous GAMTEC cases do not peak
at the correct H/U ratio., The results seem to indicate that some adjust-
ment is needed in the uranium cross sections.

_fBuck.'Ling of Partially Filled Spheres

‘In an effort to predict the analytic value for the buckling of a bare
hemisphere more accurately (.6% last reported) by difference methods,
the lattice of two-dimensional mesh points is being varied. Thus far,
isome small trends have been spparent as changes in either the r or @
'spacing have been made. Furthermore, change from an equal spacing in 8
to an equal spacing in cos € have given nmumerical values on either side
¢of the analytic value. The lattice with best value for P® has not yet
been determined, however.

If the accuracy of the present approximation is insufficient (error in B2

of sbout *.01) a double Legrange interpolation function will be tried.
The flux is written as

for each of the i points in the mesh. L, and L, represent the Lagrange
functions for r and @ coordinates, respectively. That is:

T (x—xd)
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In anticipation of this possibility, some of the basic programming has
already been accamplished. One subroutine calculates the matrix of coeffi-
cients of the lagrange function for each degree at each lattice point.
This enables a term by term integral evaluation of the polynomlal fit. Sub-
routines have also been written for the analytic value of

fem sin 6 46 a.nd.f sin® @ 38 for arbitrary m.

Suberitical Interactions

INTERSET code reached & usable level; hence, an informal document was
issued (EW-TT279) for local distribution. A document and program request
from Douglas Aircraft Corp. was filled.

A set of ecriticality data from Oak Ridge has been used to increase the
number of problem types which can presently be handled. These experiments
consisted of arrays of cylindrical vessels in three-dimensional geametry.
The critical separation between the vessel faces was measured for cubic
arrays of 2, 3, 4, and 5 on a side with no reflector. Similar measurements
were taken with various externsl reflectors. Data for the bare systems
have now been reasonably predicted theoretically. Two new methods for
calculating the necessary constants were obtained. Interactlon of vessels
in the vertical plane {i.e., circular face to circular face) was accounted
for by iterating kerp of this system, from which an axial buckling was
obtained. The average radial interaction between sets of these "equivalent
cylinders" was found from new integrationp limits in SOLAN. Approximations

_ were made for the effectiveness of the plexigles cylinder walls and modi-
fied ome-group theory was used for kKarp {reasonable in this H/U range )«
Results of the calculations are as follows:

-

Units/Side F-F Separation 3121 Eigenvalue Albedo  Pred. Kers
2 1.43 cm .006103 247 1.04kL
3 . 6.48 cm 010696 L4860 1.012
I 10.67T em . 01291 .5581 1.028
5 14.40 em LOLU2HT .5278 .985

Constant flux in the void espproximations for ocutside reflectors appearsto
te too conservative. A new method vwhich solves the reflector equations
in terms of the cylinder fluxes, then solves the eigenvalue matrix, will
be sttempted on the reflected criticality data.
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Instrumentation

Circuit changes have been made to improve the neutron pulser at the Criti-
" cal Mass laboratory. The pulser has been used to pulse an array of neutron
film badges, a stainless steel sphere coptaining different levels of

water, and an arrsy of plutonium impregnated plastic blocks.

The speed limiting device on the split-half assembly was fabricated and
tested. It cperated satisfactorily.

The chernel oné instrumentation at the Critical Mass Laboretory was lmproved
to provide an extended range and a more reliable signal. The chammel one
fission counter system wes replaced by a Beckman electrometer with an
unccmpensated ion chamber as a detector.

Meeting of Industrial Nuclear Safety Group

A meeting of the Industrial Nuclear Safety Group vas held in Washington,
D. C., May T-9, with the AEC as sponsor. Messrs. Brown and Clayton
attended from HL, snd Kiel and Stevenson from CFPD.

Material for discussion included nuclear safety practices and methods

of criticality control, together with reviews of recent experiments and

theoretical work performed at the various sites. The recent criticality
incident which occurred in the Lawrence Radiation Laboratory on March 26
elso was described.

NEUTRON CROSS SECTION PROGRAM

Scattering-Law Measurements for Light-Water at Elevated Temperatures

The measurement of the slow-neutron inelastic scattering from Hp0 at
959C was terminated by the beginning of an extended reactor cutege. This
reasurement series is now complete except for such further measurements
2s will be ipdiceted from the analysis of the present results. Measure-
ments have been made for eleven different values of the neutron energy-
change on scatiering which range from 0.0375 to 0.25 ev.

The computer progrems LEAP and ADDELT which were obtained from AERE,
Harwell, have been adapted, debugged, and tested. These programs calculate
the scattering law for a Gaussian space-time correlation function for the
motion of the atoms which is derived from the observed experimental data.

UNCLASSIFIED

1103511



UNCLASSIFIED o B-9 Hi-TT709

Rotating-Crystal Spectrometer

Development of apparatus to measure slow-neutron inelastic scattering

by time-of-flight was continued. The phase stability of two test rotors

operated at 12000 rpm was studied during the month. Measurements were

elso made of the time jitter of several neutron detectors using a delayed-

coincidence technique with a Pu-Be source. The de-excitation y-rays from
which result from the neutron-producing reaction are used as the

zero-time marker for the origin of the neutron-induced pulse.

‘Construction continued on the 6144-channel time-of-flight analyzer. The

digital functions of the system were debugged and further tested. Inmput
and output electronics for the memory drum were developed and tested.
Complete system checkouts are now in progress.

Fast-Neutron Cross Sections

The data which were obteined in April on the total cross sections for
neutrons from 3 to 15 MeV for 14 samples were processed by the date-reduc-
tion program. Work continued on methods of removing systematic errors

in the data-reduction program, and several methods of unfolding and smocth-
ing results were studied. Work also continued toward the procurement of
samples of the remaining natural elements.

REACTOR DEVELOPMENT - O4 PROGRAM

PLUTONIUM RECYCLE FROGRAM

High Exposure Pull Lattice Studies (2.2 w/o % Pu Containing 20.6 Atom %

P

Pu-240) R

The foil activation and mass of copper poison data from the measurements
in the PCTR, on the three cell by three cell array of 19 rod clusters

on 6-1/2, 8-3/8 and 10-1/2 inch pitch in graphite, is being compiled for
inclusion in the Physics Research Quarterly Report. The copper and gold
foil data for all three lattices has been processed using computer program
AFDAC. The plutonium and uranium foils used in the experiment have been
internormalized using irradistions in the TTR. Thus, the Pu and U-235
foll data may now be processed by AFDAC.

Flutonium Recycle Critical Facility

Startup measurements have continued during the month. Experiments to
calibrate the safety rods by the rod drop method have been completed.
Interaction between the rods and dependence of detector position on the
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measured worth of the rods was found. An absolute value for the worth of
the rods will have to be determined by further analysis of the data taken.
The values obtained by preliminery anslysis indicate the worth of each of
the three safety rods to be 25.6 mk, on the averege, and the value of all
three inserted at one time to be 105 mk, with an accuracy of 20%.

The time respconse of the safety system has been measured. All of the
safety rods and control rods were found to be campletely inserted in the
reactor in less than 500 milliseconds after a high level scram or a short
period scram.

Comparisons of the observed spatial distributions of the reaction rates

of a 1/v detector and Au-197 in the FRCF with those calculated with the
IBM TOQO0 code SWAP are in poor asgreement. The calculated Au-19T reaction
rate 1s 5% lcw at the reactor axis and the 1/v comparison is low, also, by
approximately 20%. These calculations are based on an assumed spectrum
consisting of a Msxwellian thermal component {neutron temperature equal
to physical temperature) and 1/F epithermel spectrum.

.The PRCF has been exposed to highly irradiated PuAl fuel elements placed :

An the loadout basin near the transfer lock. The neutren flux increases
‘in the PRCF were observed as a function of fuel element position. These -
‘experiments are being analyzed and hardware for the first irradiated fuel

experiments is being designed.

“‘The initial experimert in the program will be a study of the (¥, n) reac-
tion in PRCF due to single irradiasted fuel rods that are to be placed on
the exis of the PRCF. These results are to be extrapolated to experiments
with compiete clusters. Normalizations due to difference in exposure
between the single rod experiments and complete clusters ere to be based
upon experiments recently completed in FRTR loadout basin.

Camputations with the SWAP code have been made to estimate the reactivity

changes to be expected in measurements in the FRCF of PuAl samples which

heve been irradiated in the MIR. Three different experimental situations

have been considered in the calculations: in the first one the central

cell of the resctor contains a PuAl 19-rod cluster in an aluminum thimble; .
in the second cne the fuel is replaced by UOz; in the third one the thimble :
contains onty Dp0. In each case, the irradiated samples are positioned

onty in the region which would normally be occupied by the center rod of

the 19-rod cluster. The rest of the reactor similates the present two

zone loading of the PRCF.
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“. Reactor Kineties Experiments

. A camparison has been made of the results of the hand method of fitting
flux decay data and the machine method (Glex Subroutine) in order to
determine the relative accuracies of the two methods, both of which use
two groups of delayed neutrons. The comparison was made using the standard
deviation of results from six sets of independent readings of a given flux
decasy curve. The standard deviation was of the seme order of magnitude for
both the hand and machine method. The advantage of the machine method over
the hand method is in its time savipg feature. :

The Glex Subroutine which will be used in analyses of kinetics experiments
has been modified to accept data as it is read from a digital voltmeter.
Wken the Glex Subroutine is used to fit flux decay dsta froem the TIR,
paremeters of three out of six groups of delayed neutrons were not discern-
ible. A program is now being develcped which applies a linear least squares
fitting method successively to the data. It is expected that this method
of analysis will allow more groups to be determined. Also, the analysis
can be done with one set of input date whereas Glex requires a series of
runs with a set of data for each run.

. Approach-to-Critical Measurements Using High Exposure PuAl

Approach to eritical experiments in HoO similar to the ones performed with
1.8 w/o PuAl fuel rods are plamned for 2.0 w/o PuAl with 16% Pu-240 content.
The remainder of the 1000 fuel rods which were ordered were delivered at
the end of the month. Critical approaches with lattice specings of 0.66,
-0.7%, 0,80, 0.85, 0.90, and 0.95 inches center to center are to be mede.
The template with a 0.66 inch spacing has been loaded with 850 fuel rods.
An extrapolation from this point indicates approximately 1300 fuel rods
would be required to go critical at this high fuel-to-moderator ratio.

s

Thecretical Scattering lLaws for Water

The current program using modified Gaussiens to treat the resonant structure
of water in calculating thermal scattering cross sections treats only one ‘
rescnance at & time exactly. In the regions between resonances, a detailed
camparison of results cbtained by treating the lower neighboring resonance
exactly with results obtained by treating the higher neighboring resonance
exactly shows large discrepancies. Consequently, it appears useful to

treat st least two resonances exactly. The analysis of such a treatment

is complete and coding of the analysis for the T030 hes started.
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Proposed Fast Spectrum By Pu Experiments

Scme exploratory woerk is under way to determine the feasibility of carry-
ing out reactivity coefficient measurements of some By Pu samples in a
suitable fast spectrum critical facility. These experiments should help
to resolve the considersble uncertainties which exist in the high energy
eross section data of the higher Pu isotopes. The required amounts of Pu
needed for these experiments are being estimated via a series of perturba-
tion calculations.

Plutonium Utilization Studies

The survey of U0y, Pulp, and Pull as fuels for small, compact, fast reactors
has now been extended to include30 v/o tungsten fuel elements in addition
to the 0 and 50 v/ o concentrations previously considered. The reector
configurations and methods of calculations are the same as reported during
the previous reporting period. Additional check calculations are now
undervay to determine the accuracy of the methods and cross sections used
in this study.

_Phoen:bc Fuel Studies

(1) ARMF-MIR Experiments with Flutonium Fuel

Values of the sensitivity of the ARMF to fission and absorption
cross sections have been used to calculate values of the fission
and absorption cross sections for the PuAl samples irradiated in
the MTR. Tke range of cross sections which were calculated was
compered to the ranges used in the sensitivity measurements. As a
result of the comparison it is concluded that the final set of
sensitivity measurements should include a measurement with 26 mg of
boron. Also, changes in the sensitivities affect the results suffi-
ciently so that measurements of the sensitivities should be made
for changes more nearly like those encountered in the measurements
of the irradiated samples. The measurements of the ARMF spectrum
are canpleted except for foil irradiations in a thermal column.

(2) Control Effectiveness of 1l/v Absorbers

"Blackness Theory" is being used in the investigation of control rod
effectiveness of varicus neutron absorbers in a series of Pu environ-
ments. The investigations to date have concentrated on 1/v absorbers
of various strengths. The Pu enviromment is cheracteristic of the so-
called Mark I geametry {Zr-2/H,0 ratio= 1, TO kg Pu loeding in 500
1it. core). Pu: compositions have been varied from 5 afo Pu-240 up
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to ~ 30 afo Pu-240. Rod effectiveness generally decreases with in-
creased Pu-240 content.

Group-dependent rod transmission coefficients have been obtained from
numerical averages over various spectra. The thermal transmissicn
proebabilities were averaged over Wilkins spectra. The epithermal T
velues were obtained for 1/E spectra or from spectra derived by means
of the GAM slowing down code. Even though departure from 1/E spectra
ig quite pronounced, the difference in rod effectiveness is not too
great for these two cross section averaging schemes.

Caleulations for Ef cbntrol rods are presently under way.

(3) Comparison of Pu Group Constants

The GAM and TEMPEST cross section updating reported last month has
resulted in a considerable reactivity increase for one of the "Phoenix
Study" reactors. The comparison was made on a light water, zirconium,
M/W = 1.0, TO kg Pu losd consisting of 50.02 w/o Pu-239, 31.18 w/o
Pu-240, 16.59 w/o Pu-24l, and 2.21 w/o Pu-242. The rise in k, vas
from 1.1573 to 1.2164 or 0.0591 &k. The only c¢ross sections changed
vere for Pu-24l and Pu-242; however, the spectrum change resulting
from the substitution of the new data produced different group cross
sections for the other isotopes as well, A teble of one group burnup
cross sections for the two cases follows: '

Og, Op
0d ~  New 01d ~ New
Pu-239 60.76 63,84 3790 . 39 .73
Pu-240 54,67 52.49 0.56 0.56
Pu-2L1 58.06 51.02 38.49 4L0.33
Pu-242 29.13 29.40 0.55 0.51

FRTR Burnup Experiments

Data from the analyses of physics trial test element 5042 have been re-
ceived. Burnup analyses of this data sare currently being done. Data are
also presently being received fram the analysis of physics test elements
5051, 5095, and 5092. Elements 5051, 5095, 5092 have exposures of 13.1
MWD, 40.2 MWD, and T71l.l MWD, respectively.

g
A thermal g factor correlation study, where g = ¢::; 1, is being done for

the FRTR configuration using various codes. The purpose of the study is
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to esteblish correct flux depression factor, g, to be used in burmp cal-
culations. Also included in the study is the calculation of epithermal
monoenergetic resonance flux depression factors using either narrow or
wide resonance recipes., The latter are being compared with THERMOS cal-
culations.

Code Development

RBU

A major error in the construction of tables describing the distribution
of target velocity magnitudes has been detected. Correction of the error

resulted in Monte Carlo generated neutron spectira which are in excellent -

agreement with theory. Studies of non-absorbing hydrogen ges and non-
absorbing graphite, both infinite media, produced neutron spectra having
no detectable departure from the Maxwell Boltzmann distribution. In
addition, the results of two spherical uranyl-nitrate solution experi-
ments indicate that the thermalizaticn calculation in the Monte Carlo

is generating the gas scattering law properly. Using the latest wranium
ruclear data in the RBU Basic Cross Section Library, the system predicted
.an elgenvalue of 0.9999 for the first experiment 0.9867 for the second,
‘“which contained a small amount of boron poison. The eigenvalue discrep-
ancy in the latter calculation is thought to be due to inaccurate data.

FPlans have been made to begin the theory-experiment correlation work with
;RBU once the modified geas model, which is to account for chemical binding
effects during thermalization, is rechecked.

A program for updating the Basic Library is now complete and following
adequate documentation, the library is to be published camplete with
support updating and editing programs.

CALX

Changes have been made in the SIGMA-3H code which allows a simpler input.
This deck 1s currently operational. All endpoint searches for CALX seem
to be working satisfactorily. A new code, KONTROL, has been written and
90 percent debugged. It provides over-all comtrol for the CALX system

by generating a new data tape at specified times during a burmup so that
the CALX system can redo the spectrun calculation. Programs TEMPEST and
GAM, using this new data tape with current concentrations, then provides
nevw averege microscople cross sections after which the burmip resumes in
program CALX. '
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FRG

Revisiors in the GAM slowing down code have been in process for same time,
Some of these revisions extend and modify the resonance integral calcule-
tions to permit more isotopes than U-238 and Th-232 to be included., Other
revisions redefine the P-1 scattering cross sections in standard form.
These revisions have now been inccrporated but have not yet been evaluated.
Because these changes give results differing from the unrevised GAM code,
which is being used by several groups at BAPO, and because the cross section
data for the revised code are being obtained from the RBU Basic Library
and will be incampatible in form with the data for the unrevised code, it
seems advisable to reduce confusion by renaming the revised version. The
prorposed name is HRG, for Hanford Revised GAM.

The last major change in BARNS-H, the code to prepare the 68-group cross
section data for HRG from the RBU Basic ILibrary, hes now been coded. This
change provides the base cross sections for the resonance region for those
isotopes which will have resonance integral calculations done in HRG. This
change has not been debugged and an elusive bug in the BARNS-H calculations
in the resonance region has not been found.

ALTEAEA-MELEAGER

A substantial improvement has been made in the usefulness of the ALTHAEA-
MFLEAGER one-dimensional (diffusion) burnup code, in that the thermal reac-
ticns and the epithermsl reactions can now be conveniently "zeroed" at

the beginning of the analysis to agree with codes treating the energy
spectrum in greater detail than Westcott methods allow. GAM-I and SPECTRE
have been chained or linked together to provide the reference for the epi-
thermal reactions and the thermal group mey be compared with P-% or 8
codes,

RBU Crcss Section Updating

A document, entitled, "Updated RBU Basic Library," EW-T5716, has been
prepayed and will be distributed upon completion of printing.

The document, "Westcott Parameters Derived froam the RBU Basic Library for
a A4 Cutoff," HW-77389, has been completed and distributed.

Mass Spectrometry

Isotopic analyses in support of Flutonium Recycle Program studies were
continued. Analyses were provided for 13 macrodrill samples from fuel
element No. 5051, 4 macrodrill samples from fuel element No. 50595, and
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6 burnup samples and 3 mecrodrill samples from fuel element No. 50592.
Informal reports were issued which contained the summary of results of
isotopic analyses thet are complete for individual FRIR fuel elements,
No. 5042 (HW-TT7652), No. 5075 (EW-T7653), and No. 5095 - Burnup Samples
(EW-TT651).

Instrumentation and Systems Studies

A number of multiplier phototubes were ordered fram variocus mammfacturers
for testing in the PRTR Fuel Element Rupture Monitor system. These will
be tested for stability characteristics in an effort to replace the
presently used phototubes.

The mechanical design of the collimator of the FRIR Underwater Gamma
Scanner for fuel rod measurements was completed and is being reviewed for
‘approval. Scintillation detector bids were reviewed and requisitions were

ccmpleted for system line filters and isolation transformers.

The modified prototype for the PRTR Ligquid Effluent Monitor for gemma
emitters was completed and is essentielly ready for calibration. A work
order was placed for fabrication of three final model instruments which {;:
ere to be direct copies of the modified prototype. The three units will ‘@
be used at FRTR and the prototype will be used as a reference spare.

Bid reviews were carried out regarding instrumentation for use in FRFP.
Assistance wes given to FRIR personnel on the instrument requirements for
a testing device which will be used to cycle test a salt-bridge resistance
temperature detector in the 100-K reactor.

HIGH TEMPERATURE REACTOR LATTICE PHYSICS PROGRAM

The preliminary proposal for the HTLTR project (HW-T6408), which includes
the preliminary design criteria, has been approved by the AEC Richland
Office. The design criteria (HW-T6928) have been reexamined, and re-
written wherever necessary. The criteria are at present under approvel
examination. Although there were many changes made, the main features of
the reactor and facility, as outlined in the April Monthly Report, have
not been altered.

The nature of the reactor requires that some developmental work be done .
during the design period. This work includes tests of the electricel heat-
ing elements, the control and safety rods, and thermocouples for use up -
to 1500°C. The construction of a mockup of a portion of the HILTR graphite,
18" x 18" x 120", surrounded by thermal insulation end e gas tight contain-
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ment sheath is proposed. Into this structure prototype heaters, control
and sefety rods and thermocouples can be inserted. The mockup would serve
two main purposes; (a) to provide high temperature test and cperational
jinformation about components of the ETLTR, and (b) to provide similar
informstion about experimental equipment which is to be put into the reactor
at any time during the period of its use. The proposed mockup structure is
thus inteaded for use over a long pericd of time. The limitations to be
placed on the size of the structure and the extent of the work are under
discussion.

A descriptive formal report on the HTLTR is in preparation. It is intended
for the use of the AEC in acquainting potential users of the HILIR with the
characteristics of the reactor and the experimental equipment associated
with it, )

NEUTRON FLUX MONITCRS

" The neutron spectral parameters r and T have been experimentally evaluated
in the water-ccoled KE test facility which is to be used for irradiating

the regenerating detectors. The value of r was determined from the rela-

" tive radicactivity of bare and cadmium-covered cobalt samples. To eliminate
background effects and possible errors due to instrument non-linearity, the
© gobalt plated eluminum folls were dissolved and diluted to a similar specific

activity. The spread in the five data points was greater than anticipated

- and limited the accuracy of the determination of r; however, the results
“were acceptable. The integrated nevtron exposure was determined by measur-
" ing the isotopic composition of @ uranium sample. The neutron temperature
“'was based on the change in isotopic composition of a plutonium sample and

was measured to an estimated 5°C, which is well within the requirements of
the regenerating experiment. The results of this experiment will be reported
through classified chammels. "

Based on the experimental veéues of spectral parameters r and T, & computa-
tion wes made to determine the cptimum initial composition of regenerating
plutonium detectors for irradiation in the water-cooled test facility.
Chemical Analysis, HL, was furnished with the necessary materiels for mix-
irg and encapsulating experimental detectors to these specifications. In
addition, uranium samples will be encapsulated for integrated flux monitors.
All of the materisl for the planned irradistion of the regenerating detectors
has been febricated. When encapsulated, the samples will be sealed in alumi-
num containers and made ready for reactor charging.

Components were recelved for the on-sité fabrication of experimental in-

core neutron detectors using Boron-1l as the sensing element. Off-site
fabrication of three similar prototype units is meeting with difficulty
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because of the mamufacturer®s inability to achieve proper packing density
with amorphous borem. Although this difficulty would be expected to reduce
sensitivity, such chambers should be adequate for demonstrating the tech-
nique.

Work proceeded on the microwave method of measuring in-core neutron flux.
Additional equipment was crdered. Four gas tubes for ion plasma tests vere
fabricated and several experiments ccnducted. In addition, several experi-
ments were made using different interferometer configurations, and two low
noise preamplifiers were designed and fabricated for detecting the small
signals from the crystels. For gas tubes, 0.8 db attemiation of micro-
vave energy has been measured at ion densities of 1017 ions/cm -5, which
corresponis to a tube current of 12 milliamperes.

NONDESTRUCTIVE TESTING RESEARCH

Electromagnetic Testing

The ability of the multiparameter eddy current nondestructive testing
device to separate four test specimen parameters was demonstrated. The
performance of an gddy current tubing tester was improved by making
modifications in the test coil a-c bridge circuit. The design of & polar
type graphical mulling unit has been finalized and working drawings for
its fabrication have been prepared.

Evaluation tests showed that the multiparameter eddy current tester was
able to separate four parameters., The test involved a three-layered sample
camposed of stainless steel on brass with steel below the brass. The four
Parameters involved were probe spacing, stainless thickness, brass thick-
ness, and steel thickness. Separation of parameters was good over the
Tollowing ranges:

Probe spacing 0.0035 to 0.0115 inch
Stainless thickness 0.001 to 0.006 inch
Brass thickness 0.004 to 0.006 inch
Steel thickness 0.002 to 0.006 inch

In general, tke work and time involved in setting up a four parameter
system is nearly an order of magnitude greater than that inveolved in set-
ting up a three parameter system.

The possibility of obtaining three parameter separsation with a single
test frequency is being evaluated. For this purpose two additional 22 ke
Plug-in amplifiers were constructed end tested. With these units in the
tester a simple test was run with only the three 22 kc channels in use.
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Prelirinary tests indicate there is a possibility of separating three
perameters. However, since this contredicts some of the basic theory,
mcre evaluation is required. It i1s known that under some copditions many
parameters, occurring one at 2 time, can be identified using a single
frequency system. However, this type of test is limited in its ability
to separate parameters occurring simultaneously. There are some subtle
relationships in this area involving moduletion and information theory
which are being studied.

During the evaluation of a single frequency eddy current test for inspec-
tion of Zircaloy tubing, it was observed that electrical "noise" signals
oceurred with certain samples which could not be discriminated against
using the common phase discrimination technique. This difficulty was
traced to & differential sensing coil unbalance, even though the a-c
tridge in vhich the coils were connected was adjusted to give an over-all
bridge balance. It was found that by rearranging the bridge circult and
including an additional bridge balance adjustment performance of the tester

 was lmproved. With these changes a No. 80 drill hole through the .035

inch wall of & 0.565 diameter Zircaloy-2 tube gives a signal well above the
noise level,

A design of a polar type graphical nulling device for use in eddy current

testers has been established end working drawings were prepared for cons-

truction of the device. It is planned to use devices of this kind for a-c
halance adjustments in e multiparameter eddy current tester where several

belancing circuits are required.

Heat Transfer Testing

Constant, unifcrm heat input to the sample is desirable during heat trans-
fer tests. Tests made to determine ceuses of variations in hest input
from the experimental plasma arc heat source show that changes in the heat
input to the sample are accompanied by variations in current supplied to
the plasma generating hLead, while the gas flow, gas pressure, and voltage
remain constant. ’

Connection of telephone lines between the 314 Building heat transfer test-
ing instrument and the 3T0T-C Building analog computer facility 1s complete.
These lines will allow the tape delay unit in the computer to be used dur-
ing contimious computation required for emissivity compensation. Tests,
made to determine noise pickup and attemuation in the lines, indicated that
2 ko signals could te transmitted through them at a level of ¢ne volt with
a signal-to-noise ratio of at least 100. No appreciable attemuation occur-
red.

UNCLASSIFIED

1103522

14 ¥



UNCLASSIFIED B-20 HW-T7709

Zircaloy-2 Hydride Detection

Eddy current measurements on butt-welded N Reactor process tube samples
showed that electrical resistivity decreased in the weld zone by about
the same amount that 2000 ppm hydride would increase the resistivity.
N Reactor process tubes are composed of 10 to 20 foot long sections but
welded together. ’

A temperature compensated eddy current probe is being developed. Several
possible concepts ‘are being explored. Silver plated Nilvar wire, which
bes a low thermal coefficient of expansion, is presently being evaluated
for this application. Probe coils made frem this wire are expected to
undergo a smaller change in inductance than copper coils during equivalent
temperature changes. .

Two frequencies are being considered for the eddy current hydride test.
455 ke has been applied to date, and has been found satisfactory for de-
tecting defective surface areas. However, tests have shown that fre-
quencies as low as 4O kc can be used on 0.25 inch thick Zircaloy to
obtain deeper eddy current penetration, without the test belng excessively
sensitive to changes in tube wall thickness.

Scanning requirements of in-reactor inspection of process tubes may require
a slip-ring comnection between the probe coil and lesd-in wires. Measure-~
ments in the laboratory indicate that a slip ring, contributing .00l ohm
variations to the series resistance of a 100 micro-henry, 19 cohm probe
coil, couid be used at 450 ke without seriously degrading the signal.

-

Incipient Failure Detection

Microcracks in metals can propagate slowly under conditions of creep or
reversing loads. When they reach a critical size, however, they beccme
unstable and propagste rapidly to cause failure of a metal component et
a much lower stress than would be required to produce failure by plastic
deformation alone.

Formation of microcracks can initiate at sites of massive dlslocation
pile.ups. Dislocation arriving at such & pile-up reglon are tenaclously
held there by interasction with other dislocations until a fissure 1s formed.

- Microcracks can also be initiated due to impurities and fabrication flaws

which act as stress risers.
Techniques capable of providing en indication of impending failure during

the initial stages of dislocation pile-up or microcrack formation would be
of value in preventing in-service failure. A research program oriented
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toward this objective has been organized. Initial plans have been made
to monitor with eddy current and ultrasonic sensors carbon steel samples
as they are mechanically stressed to fatigue.

Fundemental Ultrasonic Studies

Experimental measurements on the kerosene-gylcerineboundary are partially
complete. Wave amplitude distributions in and normal to the propagation
directions were measured. In addition, reflectlon coefficlents and phase
velocities were messured over a range of incident angles. All experi-

" mental data were in close agreement with the predicted values and boundary

waves were observed at incident angles exceeding the critical angle. Bound-
ary wave phase velccitles were shown as predicted to decreese as the inei-
Zent angle was increased from the critical angle t¢ ninety degrees. An
energy exchange phencmernon, nct explained by the originel analysis, was
cbhserved during measurements of boundary wave phase velocitles.

The experiments were conducted at an ultrasound frequency of 10 Me using
the bear fram a one inch diameter lithium sulphate transducer incident on -
a kercvsene-glycerine houndary, kerosene being the incident liquid. The
apalyvtic model assumed that the incident waves would be plane and infinite .
ir. both time and space. To experimentally approximate infinite time, narrow
frequency-bani pulses of about seven microseconds duration were used. The
near fieli of the one inch diameter transducer was used to appraximate plane
wvaves infinite in space. The degree with which these approximations were
velii was indicated by good agreement between predicted and measured results.
Tue exponential amplitude distributions in, and normal to, the propagaticn
Girections of refracted waves were measured at several refraction angles
vioilch demonstrated that inhcmogeneous waves were generated as a result of
attenuation. .

The boundary vaves formed at the kerosene-glycerine interface were detected
gt several angles above the critical angle and their measured phase veloci-
ties were in excellent agreement with predicted values. The phase velocl-
ty change from a velue equal to the compressional velocity in glycerine,

to a 7alue equal to the velocity in kerosene for incident angles exceeding
the critical angle,was clearly demonstrated. An interesting behavior was
ncted during boundary wave phase velocity measurements. As the wave samp-
ling probe was traversed parallel to the interface the amplitude of the
boundary vave wes observed to pass through periodic maxima and minima. This
effect was not predicted in the original analysis and 1s believed to be
assoclated with the exchange of energy across the interface. The exchange
mechanism is being studled.
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Theoretical work continued on Lamb waves in a hollow cyclinder, with a view
to finding a satisfactery calcuwlation procedure for the frequency equation.
As mentioned last month, the Bessel functicns involved are of higher order
than those for which puplisked tables exist. Several methods of epproxi-
mation were tried, and one was found that gives an ansvwer that is apparently
usable, although only mumerical calculations will show how accurate it

is. To cbtain this it was necessary to expand the product of two Bessel
functions in a power series in the reciprocal of the order and evaluate
three terms (when substituted in the frequency equation, the first two
terms cancelled). Tc determine the accuracy, at least one more term must
be found.

UJSAEC-AFECL COQFERATIVE FROGRAM

Nondestructive Testing of Sheath Tubing

Special emphagis is being glven the develcpment of optimum transducer
arrangements for purposes of inspecting thin-walled tubing. Most favor-
able results have been obtained to date with spherically focused lithium
sulphate transducers measuring 3/16 inch in dismeter. Flans have been made
to evaluate these transducers more fully in a complete prototype test sta-
tion now under fabrication.

It is now clearly estanlished that test data sultable for comparison
between separate test statioas cannot be obtained unless tranducers of
similar operating charscteristics are employed. A means of assuring
uniform transducer performance is therefore essential. A method under
development which appears to provide this assurance measures the radiated
beam field strength by monitoring the ultrasonic pulse amplitude reflected
from a 30 mil dismeter hall as the ball is moved through the center of the
field in two perpendicular directions. A third measurement determines the
center frequency, band-width and dsmping factor (Q) of the crystal. The
experimental arrangement employed establishes these parameters on an
oscilloscope tracing which may be photographed to provide a permanent
record of the transducer characteristics. These procedures have been
communicated t0 a prominent transducer vendor who has agreed to apply
these tests prior to shipping transducers to HAFC.

Although the 3/16 inch diameter crystal detects 1/20 inch wall thickness
defects very well, it presents other problems in that signals fram the
tube surface comparable in amplitude to bonaefide defect signals are alsc
present intermittently. Since the tube wall is thin, the defect and sur-
face signals appear very close together in time. If the elecironic defect
gate is positioned with respect to the transmit pulse, small changes in
crystal to tube specing would occassicnally place the gate over these sur-
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Te face signals and would, consequently, be interpreted as defect signals.
If & constant amplitude surface signal vere avallable, however, one gate
could be vsed to position a second gate precisely behind the surface signal,
thus ortaining a gate which would follow the tube surface and accurately
select out only the defect signals. This comstant surface signal could be
.- obtaired in twe ways: (1) by high gain amplifiers to bring the varying
surface echo Up to & usable minimum level, or (2) by redirecting a portion
of +he ultrasonic beam to strike the tube surface; thereby gaining a high
amplitude constant surface signal., ’

The high gain amplifier would require more complex circultry in the tester,
while redirecting the beam would offer no additional circult complication.
Consequently, a novel method of redirecting the ultrasonic beam has been
Seveloped. An cuter lens vwas machined into a 1/ inch dismeter focused
crystal leaving the 3/16 inch dismeter inner portion focused and the outer
lens fiat. This produced & bull's-eye type of ultrasonic beam with an
inrer fooused inspection beam and an ocuter ring shaped surface echo beanm,
The surface echo remains constant in amplitude and precedes the inspection
beam infcrmation. The inspection beam is focused to § mils dlameter at
its focal peint. Notch defects down to 1/20 inch of the wall thickness
are still easily detected as with the 3/16 inch diasmeter crystal.

A prctotype tester which will utilize the constant surface signal from
the Wull's-eye beam is being designed. The basic timing and pulser cir-
euits have beer fabricated and all additional circuit components have been
received on site. This instrument will be versatile with both red light
and analog recorder outputs. A prototype mechanical tube scanning system
is alsc being set up. Both good and reject tubing will then he tested.
The test information will be recorded in anslog form for easy reference

in evaluating equipment performance. o

-

BIOLOGY AND MEDICINE - 06 PROGRAM

Atmospheric Fhysics

Anslysis of atmospheric dispersion data collected over the past three

years contimed. Combining the earlier results,vwhich permitted prediction

of the lateral growth of the plume, using the product of the standard

deviation cf the wind azim:th variations and the mean wind speed, with

tke Richardacn Number, peak exposures were caelculated as a function of

distance from the source. As a check ¢n the accuracy of predictions, ten

s Benford experiments which were not adequately contained within the sampling
grid for use in develcepment of the prediction model, were used &s an
independent sample to test the model. Using a "miss-factor"” defined by
the greater of predicted or observed exposure divided by the lesser (a
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number always greater than 1.0), a range of values of 1.0 to 4,0 was found
with an average less than 2.0 over the distance range of 200 meters to
%200 meters. A similar calculation for the plume width yields a miss-
factor rarely exceeding 1.25.

Development of an atmospheric dispersion prediction scheme whith permits
more realistic accounting for the period of release of contaminants by
superposition of incremental releases will permit improved appraisals of
the consequences of reacter accidents. Relationships between Hanford
ground source diffusion data have been evolved, making it possible to
estimate cloud growth and exposure solely from wind and temperature data
during the release period. By further considering the duration of release
to be a series of incremental releases, the Gaussian crosswind distribu-
tion assumption can be employed to yield a resultent distribution that
comperes well with those observed in experiments. Independent verifica-
tion of the method has been obtained for 10 experiments where the release
time was as long as 3-1/b hours and the resultant distributions were multi-
modal.

Five field tests were ccnducted during the month. Two of these were run
during unstable méteorological conditions with the source height at 61
meters to simulate a stack discharge. Three tests were conducted using
e 6.7-meter stack height during stable conditions with sampling on both
the horizontal and vertical grids to a distance of 3200 meters.

In our precipitation scavenging work, comparison of the sizes of zinc
sulfide particles found in raindrop autographs to the sizes found on air
filters for three experiments showed consistently that large particles
are scavenged most efficiently. Corrections for anisckinetic errors in
sampling must still be applied, however.:

Dos imetry

Semples have been received from all three of the Public Health Service
hospitals in Alaska that are cooperating in our survey-by-urinalysis
program. Date are on hend for 19 subjects from Fort Yukon, 28 from
Tenana, and 37 from Bethel. The average body burden indicated for Fort
Yukon is about 120 nc of Cs~13T7. At Tanana and Bethel the bulk of the
peocple fall in a range with an average of 25 to 50 ne. At Bethel, how-
ever, five subjects were up in the 200-300 nc range. Two of these were
from Nunivak Island and 1list reindeer and fish as thelr principal foods.
In general, those from Fort Yukon list moocse as their principal food;
those from Tanana and Bethel list moose or fish or both.
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Preparation contimued for this summer's whole body counting study in
Alasksa.

A measurement of the sensitivity of the shedow shield whole body counter
for Cs~137 was made with our new plastic phantom. Contrary to the results
for pctassium vhere good agreement was found, the result for Cs-13T7 was
20% different from that found in our other work. We feel that this is

the fault of the phantom in not giving a good simlation of the human body.

Study of the detecticn of beta rays emitted from the surface of the body

contimued. A new counter was calibrated on our cooperating P-32 patient

following his most recent injection. Work to lower the background of the
counter continues.

Assistance was given RPO in preparation of their truck-mounted shadow shield

whole body counter. The background and the counting efficlency of the

11-1/2 x 4 inch scintillator in the shadow shield turned out to be about

as expected, namely the sensitivity for whole body counting is about the

. seme as that of a 9-3/8 x 4 inch crystal in the iron room. Resolution of

- the large crystal was found to be poor at first operation. This was traced
to an incperative photcmiltiplier tube. When this was repaired the resolu-
tion was found to be as good as that of the smaller crystals. RPO cali-
brated their counter for potassium and & partial check was made of our
shaiow shield; it agreed with our previous results. We calibrated RPO's
shedicw shield and a new two-crystal assembly for the regular whole body
counter and ocur shadow shield for cesium; for our counter the results were
within a few percent of the value that we have been using.

More supplies were received for assembly of & large scintillation counter
for X-rays. .

The positive ion Van de Graaff operated satisfactorily during the month
except that it was necessary to limit beam energies to 1.8 Mev or less to
prevent treakdown.

The possibility that a temperature effect had caused the shift in calibra-
tion of the precision long counter that is being used for inter-lahoratory
calibration was investigsted. In a temperature range of ten degrees a
very slight temperature coefficient was observed. It was not enough to
explain the shift. ’

Messurements were completed of the energy semsitivity to neutrons and to
photons of ocur large tissue-equivalent ionization chambers.
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Instrumentation

Each of the three individuasl sensors which together comprise a composite
test probe for the detection of neutrons with energles ranging from thermal
to fast have been used -to measure flux levels in lsboratory experiments.

_ Same difficulties were encountered in obtaining a uniform, adherent coating
on one detector. Difficulties in coating U-238 in place of Am-241 on the
fission detector led to the use of Np-23T plated as a sulfide. Flans were
made to test this detector with the positive ion Ven de Graaff.

Two experimental rechargeable pocket gamma dose meters were fabricated with
the sensor located in a plastic half cylinder which was positioned on one
face of the dose meter box. Anewly printed circuit board layout was also
prepared. Proper molding of a 0,125 inch diameter conducting Teflon x

for use in the sensors was achieved. The molded rod provided 1.2 x 1
recycle operations before sticking occurred beiween the recharging fiber
and the rod. Tests were carried out by Radiation Protection, HL, on one
of the two new prototypes. Most tests seemed to be acceptable with the
worst case angulsar dependence being about a twenty percent drop in sensi-
tivity, whkich is considered to be well within acceptable limits. For
.reasons not yet understocd; however, the unit proved to be sensitive to
mechanical, shock. This problem was not apparent in earlier model instru-
ments. It is suspected that center rod flexure is causing the difficulty.

Circuit development work was carried cut on the HAPO Radiotelemetry System
with emphasis on providing a new line-operated data station. The new
"regulated power supply was ccampleted. In addition, a voltage controlled
oscillator, which incorporates a novel count rate circuit, was developed
and tested. For an input voltage of 0-5 VIC, the output fregquency extends
from 300 cps to 3.3 kes. e input current required is 0.2 microamperes.
The differential linearity [A f£| is low by 1% at 300 cps and is * 2.5%
Av
fram -259F to +14Q°F as referenced to 75°F. The discriminator characteris-
tics of the commercial receiver incorporated in the data station were
investigated and found t¢ be unacceptable. New audio amplifiers were
then designed to drive the handset and Vibresponders with the Vibrasponder
amplifiers having frequency response roll-off &bove 300 cps to reduce
false call-ins due to noise. A new squelch amplifier was designed, and
a new time delay circuit was designed to eliminate the high current re-
quired for the originel thermal time delay unit. Considerable chassis
rewiring was also completed. '

All test work was completed on the 100 r high level emergency type pocket
irdicating and signaling dose meters. A rough draft formal report was
prepared. ’
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An improved method of obtalning eccurate and reliable differential alarm
trip signals from two solid state count rate meters was developed and
tested. The circult modifications were installed in the experimental
beta-gamma hard and shoe counter which employs gemma background compensa-
tion. Tests proved to be satisfactory.

Test chassis fabrication was nearly campleted for an experimental logarith-
mic response area radiation monitor which uses a scintillation detector,
vibrating capacitor, and solid state circuitry.

The new light trap design for the Atmospheric Physics experimental, in-
field, real-time phosphorescent particle detection instruments was tested

in comparison with the original type. Tests with varying airborne concentra-
tions of zinc sulfide showed the advantasge, in increased sensitivity, of

the new design with a 15 CFM air flow versus the 4 CFM of the original.

The original prototype was used in a novel experiment to demonstrate how
radicactive particles can be dispersed during a fire. Zinc sulfide was
Tleced on zirconium turnings enclosed in a room and the zirconium was ig-

. nited. The zine sulfide carried aloft was detected. Fire extinguishing

foam was then applied to stop the fire, which also prevented further re-
lease of zinc sulfide. The fire 4id not appear to affect the phosphores-
cence properties of the zinc sulfide.

Reliability and general performance tests were carried out on the experi-

‘mental radicactive liquid sample changer for use with large scintillation

well crystals. A number of mechanical modifications were made.

T Wind speed and direction are being recorded from eight levels on the 400

foot Meteorclogy Tower in the 200-W Area. From these data, one hour aver-
eges are estimated for maintaining c¢limatological recqrds. These hourly
estimates are punched on IEM cards for later programing on the IBM TOS0.
It is desired that these data be more accurately processed in a form which
can be programmed on the IBM 7090. A secondary requirement is to obtaln
data for celculating the diffusive capacity of the atmosphere., In this
case the data required are five to ten second rms deviations of the recti-
linear ccmponents of wind velocity from a five to twenty minute mean
velocity vector.

The results of an analog solution for atmospheric diffusion have shown that
the accuracy with the snalog method is not within acceptable limits. The
inaccuracy results from the method for determining the deviations of the
mean, which incorporates an exponentially weighted time averaging device.
To obtain the correct results a delay of one-half the long period averaging
time (five to twenty minutes) would have to be incorporated in the system.
Two delay units per power level would be required. Due to the number of
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delays, and cost per delay unit for the long delays, the analog system dces
not appear feasible.

The required data can be acquired by using a digital computer but the cost
of a complete digital system with sufficient memory makes this system
unfavoraeble. The use of a data phone with phone lines directly to the

IBM 7090 was considered. Due to the memory required for a fast sampling
rate, this method proved to be inadequate. The use of analog averaging
circuits with a digital readout was also considered. This method seems to
be the meost practical way for cbtaining the required data. Wind speed and
direction from the eight levels of the tower could be punched out on paper
tape. A peper tape punch with a punching rate of 150 punches per second
will result in a sampling rate of about 0.75 samples per second ipput for
the 16 inputs. The averaging circuits would consist of a simple RC filter
with a time constant of 15 minutes. This time constant would result in’
approximately the same statistics as a 30 minute average sample period
would. The combined analcg-digital system then would give the required
data for the climatological records. In addition, the system could be
used to record instantanecus velues of wind speed snd direction; then, at
a later time, these data could be programmed on the IBM T090 to calculate
the diffusive capacity of the atmosphere.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis Program

Isotopic analyses were provided on program semples as received during the
month. The mass spectrometer for this program was out of service for
four days due to Instrument component faillure.

Considerable progress was made on the design of a vacuum-lock sample
changer intended to fncrease the sample load capacity of the mass spec-
trometer. It is planned to comstruct the sample changer with a sliding
shaft which introduces the sample into the spectrometer through a manifold
with three stages of differential vecuum pumping. Both the shaft and mani-
fold are to be made of high-strength alumina. Final design drawings are
being prepared. '

Construction continued on a scintillation-type prototype ion-detector for
the mass spectrometer. . ‘

TEST REACTOR OPERATION - -

Operation of the PCIR continued routinely during the month except for a
scheduled three-day maintenance cutage. There was one unscheduled shut-
down caused by faulty bypassing technique. The k lattice experiments - K,
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XVNS fuel wet and dry, spline worth measurements were partially completed.
The gas door seal was replaced during the maintenance outage. The reactor

"room will be pressure tested to determine if a satisfactory seal has been

obtained.

Operation cf the TTR was on an intermittent basis during the month.
Several series of irradiations for foil normalizations were made. The
reactor was operated for the University of Washington Graduate Center one
day during the month. The gas door seal was replaced.

The last 150 Pu-Al 16% 240 rods for the critical approach experiments
have been received, and the approach tank equipment is being reactivated.

CUSTOMER WORK

Weather Forecasting snd Meteorological Services

Further consultation service was rendered on meteorological and clima-
tological aspects of 1) axides of nitrogen release in 300 Area to IEO,
2) exhsust fume release from the Biocassay Building to CET, and 3) stack
requirements for the Low Level Radiochemistry laboratory to CR&D. Off-
site requests included 1) selected monthly and annual climatologicel
Sumnaries for the U. S. Weather Bureau and 2) psychrometric data for

E. Bellay Associates, Inc., Santa Barbara, California.

The mid-Masy forécs.st of the Columbia River at Hanford during the remainder
of the water year, 1963, was prepared and distributed.

Metecrological Services, viz., weather forecasts observations and c¢lima-
tological services were provided to plant cperations and management per-
sonnel on & routine basis, .

Weather Summary
Type of Forecast Number Made % Rellability
8-Hour Production 93 : 8.9
24-Hour Genersal . 62 ) 91.0
Special 162 . _ 95.7

The wet spell, which brought a record amount of precipitation during
April, ended abruptly after the first week of May. Temperatures were
below normel during the first half of May, but generally above thereafter.
The over-all monmthly average was slightly below normal.
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Instrumentation and Systems Studies

The Boonshaft and Fuch's transfer function analyzer was used to cbtain

frequency response deta on & uranium swelling capsule in an effort to

determine the transfer function of the closed loop temperature control

system. Preliminary dats indicates the capsule transfer function is of
the form: .

Temp  _ X
Power =~ (1+Tys)} (1+Tos)

where T, = 120 sec.; T as yet undetermined, but near 2-5 sec.; and K =
gain; non-linear. Although the capsule transfer function itself is
straightforvard, control prcblems are encountered because of the many
variable parameters affecting totel power input such as gamms heating,
inlet water temperatures, ané water flow. In addition, although the

static control signal-to-heater voltage signel is linear, the voltage-to-
pover relationship is a second degree function and thus non-linear. These
effects will all be determined along with the basic capsule transfer
function and the system will be simulated on an analog ccmputer complete
with three-mode controllers,

. Similar tests were performed on a creep capsule apnd preliminary data
indicates a transfer function of the same form as for the swelling capsule.
However, in addition to the same parameters affecting control as for the

s swelling capsule, the creep capsule transfer function is very dépendent

on the helium pressure within the capsule. Also, the creep capsule hes
three heaters, separately ccntrolled, and thus temperature interacticms.
The primary time constant in the creep capsule transfer function is about
360 seconds, but varies with helium pressure. The high frequency break-
point has not heen determined. The creep capsule temperature control
system will also be simmiated.

Advice was rendered Physical Metallurgy concerning a temperature control
system for an in-reactor test capsule now under development. The capsule
will contain five metal specimens each to be simuitaneocusly irradiated at
a different temperature.

Reactor Metals Research was provided advice concerning a system to measure
the dynamic stress-straln charescteristics of various reactor metals. The
requirements of the system are to display and record the stress and strain
of a specimen as a function of time as the specimen is tested to destruc-
tion. The experiment is of a one-shot nature and takes place within a
few milliseconds.
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Advice was repdered Physical Metallurgy concerning a cryogenic temperature
control system. Control temperatures would be in the range 20°K to 2009K.
Methods and hardware were recommended.

A method of controlling an in-reactor specimen at a constant strain rate
and reading out stress was proposed to Reactor Metals Research. The strain
rate was 10 be easily changed and have good stabllity and linearity.

A temperature control system designed to comtrol a high vacuum-high tempera-
ture (3000°C) oven was recommended to Reactor Metals Research.

Information on the performance of a specific differential amplifier was
given Chemical Research. The asmplifier was one which has been evaluated
for possible use in the creep program. Information on the same amplifier
was rendered Chemical Development, HL. The eamplifier 4id not meet the
requirements of the specific application, so another amplifier was recom-
mended and subsequently purchased. _ '

Specifications for a precision solid-state control a.nﬁ. data acquisition
system were written for a new test to be performed by Reactor Metals
Research in the ETR.

Specifications for a precision solid-state over temperature protection
system were written for Physical Metallurgy. The system will be instelled
at the 100-KW In-reactor test facility.

- A paper tape reading and programming system was suggested to Reactor Mefca.ls

Research for use on the creep program data logging system.

Construction of the creep program 96 point data logger is contimuing.
Debugging is also in progress. Target date for completion of the system
is mid-August.

The remote demand-log system designed and built for use with the swelllng
program data logger was installed at 100-KW.

Work on the 333 Building autoclave temperature control problem has stopped
pending the solution to certain mechanical problems on the sutoclaves.
Work will be resumed when the autoclaves are working properly.

© A firm understanding ¢f the theory and derivetion of the C-column mathe-

matics model was obtained. The purpose of the assoclated analog simulation
will be to optimize the interphasial mass transfer constant and the back
diffusion coefficients with organic and water phases in the column. Two
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models will be used for describing the C-column. One will describe the
stripping action below the feedplate, and the other ¢me will d.escri‘ne the
extracting action over the remainder of the column.

Basic design was established for a spec:l.a.l soil moisture content measuring
probe for Advanced Technical Planning, CFD, and Chemical Effluents Tech-
noleogy, HL. A neutron prcpcrtional counter and a solid state preamplifier
will be used to work directly with avallable commercial instrumentation.
The necessary Pu-Be neutron source was ordered.

Fabrication was completed on the conversion of an alpha-beta-gamma air
filter sample counter to the coincidence count method. The instrument is
in use at the 231 Building and the work was done for Radiation Protection
Operation, HL.

The coincidence counter for air filter samples was completed and tested for
use in the %27 Bullding and is ready for installation.- The counter was
assembled for Radiation Protection Operation, HL.

Necessary instrumentation for an alr sample filter coincidence counter
for use at the Fuels Recycle Pilot Flant has arrived and the required
interconnecting cdincidence circuitry is being fabricated. The detector
heads have been ordered.

A design cost estimste was prepared for the acquisition of an air sample
filter coincidence counter for use by CFD personnel at the 234-5 Building
and a similar estimate was made for CFD for an instrument to be used at
Purex. -

Specifications were prepared for detectors and instruments for use in a
plutonium waste container measurement system for Flutonium Process Engineer-
ing, CFD.

Work has continuved on the Eidy Current Motion Analyzer (ECMA-I) which is
being developed for use in studying the fuel assembly vibrations that

have been encountered in the FRTR. Fabrication of six channels of amplify-
ing and detecting circuitry has been completed and these chassis are
presently being checked ocut and installed in the equipment cabinet. Fabri-
cation of the transfer panel has begun and is expected to be ready for
instellation and final checkout early in June. Prototypical portions of
the specizlly designed fuel element assembly are being fabricated and tested
to insure component eompatibility and reliebility. Assembly of the sensor
equipped fuel elemerit cluster 1s expected to begin in June.
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Optics

The resdout system of the optical process tube traverse mechanism has

been replaced with a Linear Variable Differential Transducer (IVDT) read-
out tc reduce the total inspection time and provide readout data in a form
suitable for digital or analog recording. Evaluation tests were conducted
on a trarsistorized excitation and demodulstion system during the month.
Results of these, and other tests, indicate that a system of maximum utility
and sccuracy can be obtained by utilizing these excitation demodulation
modvles in conjunction with a self ranging digital voltmeter with a built-
in binary coded decimal {BCD) output for automatic recording on a paper
punch tape. The information thus obtained would be available for immediate
processing through the IBM 7090 system. A memo proposing such a system

is being prepared.

The April monthly report discussed the least squares analysis of eight
calibratiorn runs of the Electrical Readcut Traverse Mechanism in a full
length reactor precess tube at 189-B Building., These fits were good to
less than 0.080 inch and the over-all accuracy of the device using aver-
aged values for the calibration constants use & 3/8 inch. Six tests run
later with tube bendings of about five inches ylelded least squares fits
good to about 0.080 inch. In all, 18 test runs were made. A modified
computing program was effective in reducing error in calculated displace-
ments. An average sbsolute error of 1/h inch was obtained for these 18
uns,

All the 18 runs were made using an electromicrometer as a readout device.
Shop tests were also conducted using & d-c translator and millivoltmeter
vhich cffers the advantage of no electrical deadband and more rapid res-
ponse. The chief diseivantages are that more electrical equipment is
required and the response is not as linear as with the electromicrometer.
Mcre test runs are planned for the next few weeks.

Teste using C3S photoconductors in combination with & projection comparator
t0 real out fuel element rail heights irndicated that positioning esccuracies
of 0.0001 inch are feasible. A servo positioner 1s being assembled to
maintain the reference location while a second photocell is used to read
out rail height on a Honeywell recorder. The object of this project is

to demonstrate the feasibility of production line gsuging of rail heights
at the rate of one fuel element per six seconds with an accuracy of £ 0.0002
inch.

Two laser rods, one a calcium tungstate rod doped with neodymium

(CaWOy;Na7t) and the other a calcium fluoride rod doped with uranium
{CaFp;UP*) have been received. Attempts will be made to induce lasing in
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these rods using gamma scintillation as a light pumping source, Before
this is attempted, however, a control series of tests will be conducted
with a conventional Xenon flash tube as the light source. .

While the equipment for these tests is being fabricated, some pilot experi-
ments are under way using photo flash lamps. Calculetion of the Boltzmann
factor for N3t at room temperature leads to a terminal state population of
0000698 relative to the ground state, so it is expected that four-level
action can be accomplished at & low threshold.

Investigations are also under way to find the best availeble seintillator
and/or phosphor with appreciable spectral output in the respective pump
bands. Since phosphors are usually opaque to their own emissicn, their
effectiveness as pump scurces is questionsble. Equipment is being fabri-
cated for testing materials in & 1P r/hr gamma field for spectral emission
characteristics and for relative conversion efficiency.

During the five-week period (April 1k-May 19) included in this report, a
total of 600 manhours shop work was performed. The work included:

1. Repair of one crane periscope head each for Redox and Purex.
2. Change-out” of all lenses in two army M-2 borescopes for
Irradiation Testing, IFD.

Febrication of one set of eight glass bearings for CFD.
Repair of three camera shutters and modificstion of four
shutter release cords.

» Fabrication of a borescope camera adapter to permit use of
motion picture camera in photography of reector graphite channels.
Assembly and adjustment of one metallograph.

Silvering of ruby laser rod and reflector.

Silvering BaTiCx crystals for Radiologicel Physics.
Aluminizing 10 mirrors for optical comparators.

Vo1 0v N

*. 5 e

Physical Testing

Testing service increased at an accelerated pace during the month, necessi-
tating an additional shift crew at the tubular testing facility to meet

a deadline requirement. The number of tests performed during the month
increased to nearly 30,000; one-hslf that number being on separate items,
an increase of nearly 25 percent over the previous month. Thirty-nine
different organizationel components purchased testing services, seven

more than before.

A deadline of May 6 and a goal of 1200 inspected and tested tubes for
retubing the K Area reactors were met by the tube testing operation. To
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meet this goal over 1600 tubes were inspected and tested and an additicnal
150 tubes were msde available for the reactor retubing in excess of the

. required 1200. Approximately 40 tubes of the remaining 400 were returned
to the vendor for replacement, and the rest are either being held for the
results of corrcsion tests or for different locations in the reactor. A

B dry bhoning process develcped by Physical Testing was utilized by IFD to
virtually eliminste the Vanstcne cracking problem. This extra processing
step in the inspecticn process created the necessity of adding an addi-
tional shift and extra persomnel to meet the scheduled delivery of tubes
to the reactors.

Appraximately seventy Zirceloy-2 sheath tiubes, 0.442 inch in diameter
with a twenty mil wall, were tested during the development of ultrasonic
inspection equipment for in-plant testing of similar tubing. Fifteen of
the tubes tested indicated defects greater than the limits specified of
1/20 the wall thickness. In each instance the tubes were either visually
cr metallographically examined and all but one of the indicetions were
verified as defects ranging frem 0.001 to 0.008 inches in depth. The
saxme type of commercial equipment will now be modified at Harvey Aluminum
Company in California for the ultrasonic inspection of over 2000 tubes
Peing purchased for fuel element manufacture. Training will be offered
to all available offsite General Electric inspectors for ultrascnic test-
ing to Hanford standards while these tests are in progress at Harvey.

A list of nine possible methods was presented to the Fuels Section of N

- Reactsr Department to nondestructively test the welds on some 2000 sus-
pected N Reactor fuel elements. The specific welds in question were
produced from a spot welder that may have been out of control and pro-
duced such a large weld nugget that uranium was alloyed with the Zircaloy
in the weld nugget. Of the methods suggested, at legst three will be
evalusted on purposely defected specimens.

Other tests were performed on the high pressure C-1 loop to insure its
integrity as well as measurements for the bond quality of the plutonium-
aluminum fuel elements scheduled for the locop. A series of tests are in
progress to determine the cause of failure of the Hansen brass fittings
installed on the front face of F Reactor. A routine survey of pressure
veagel thicknesses was conducted for F Area as well as ultrasonic thick-
ness measurements on 190-F Building process piping. A series of accel-
eration and vibration messurements have been made at selected points on
the PRIR during various phases of startup and reactor operations. Radio-
graphic inspections of welds for code ccmpliance and pressure vessel certi-
Fication were conducted on enough footege to represent nearly ften miles
of weld, with the results in each case reported before the next shift.
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ANALOG COMPUTER FACILITY OPERATICN

The anslog computer problems considered during the month include:

1l. D Reactor Control Problem.
2. NFR Kinetics.

3. NFR Pressurizer.

4. NFR Injection Pump System.

The computer utilization was as follows:

EASE GEDA
(Days & Swing) (Days Only)
300 14y Hours Up
22 22 Hours Scheduled Downtime
30 10 Hours Unscheduled Downtime
0 O Hours Idle
352 176 Total

Considereble difficulty with the EASE computer is presently being exper-
ienced. These difficulties include relay contact failures, trouble with
the readout units (DVM, panel meter, printer) and intermittent troubles
with the servo-set pot system. Some of these troubles msy be due to a
relexation in the routine maintenance program. This relexation occurred
as & result of a lack of trained maintenance personnel-due to temporary
transfers end vacations.

Purchase of the new analog computer is being delayed pending completion
of negotiations by Company and Commission purchasing groups. At the
Commission's suggestion, discussions were held with two bidders. A pur-
chase contract is expected to be placed during June.

Preliminary arrangements vere made for setting up an analog camputer
applications course. The course is tentatively set up to accomodate 15
members and will constitute ten two-hour sessions. One-half of the .
time will be spent on basic analog theory and the remainder of the time
will be spent discussing and working simple applications problems.

INSTRUMENT EVALUATION

Temperature tests on the experimental solid state portable rechargeable
survey meter showed calibration errors of about 10% from -10°F to +125°F,
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All evaluation tests have now been completed and only the instrument
drawings remain to be done.

Calibration testing and minor circuit modification were carried out on
the experimental beta-gamma hand and shoe counter which uses gamma back-
ground compensation circuitry. Most testing is now complete and a final
background probe is being fabricated for installation. Following minor
retesting, the instrument will be moved to the reesctor arees for field
tests.

Acceptance testing was started on 30 scintillation solid state portable
alpha "poppies" which were fabricated offsite.

KSG

Mznager
PHYSICS AND INSTRUMENTS LABORATORY

RS Peaul:nmcs
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CHEMICAL LABORATORY {{(\

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 02 PROGRAM
]

IRRADIATION PROCESSES

Reactor Effluent Radioisotope Studies

During a week of this report period the water treatment pilot plant
produced water with a turbidity of 0.001 by close control of the
alum addition, pH, and zeta potential. During this week reductions
in many of the radionuclides in reactor effluent water by as mich as
a factor of two were noticed. This test confirms the importance of
zeta potential control. Only 10-12 ppm alum were reguired when
water was being produced at a pH of 6,6.

During the present reactor outage a pump will be installed in the
raw water line to provide positive control of the feed water and to
allow capecity operation during reactor outages. The alum supply
system will be altered to provide a means of more sccurately measuring
feed rates. At reactor startup water furnished by this plant will

be at a pH of T, using aluminum nitrate as the flocculating agent and
nitric acid to control the pH. This test is designed to determine
the reducticn in P=32 cbtainable when the sulfur parent material is
limited to the extent prectically feasible.

Deionized Water Studies

For a period of three days prior to a shutdown, process water was
used to cool two reactor tubes whose previous coclant had been
deionized water. Both tubes had fuel charges clad with zircomium
but one tube was zirconium and one aluminum. Although three days
is not sufficient time for a steady state to be attained, soume
information of interest was obtained. The Ka-2h, P-32 and Cu-6L
concentrations in the effluent increased sharply while the Mn-56
and As~T6 concentrations increased much more slowly. The Ni-65

and Ga-T2 concentrations remained essentially constant. These
latter twvo radionuclides are related to the corrosion rates of the
tubes and jackets. Since the change in their concentrations
observed when process water was added was very slight, this indi-
cates that the contributions from parent materials in process water
are small, Ni-65 and Ga-T72 are thus true indicators of corrosion
not complicated by interferences from water salt activation products.
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Film Adsorption Studies

Aluminum coupons coated with various agents which had previously -
shown promise in laboratory tests were placed in reactor tubes

dowvnstream from the flux zone. After 30 days' exposure the amounts

of adsorbved radionuclides were measured. Preliminary data show

that a Flo-Master Black Ink coating reduced adsorption of P=-32

and As-T6 by factors of 2-4, If similar reduction can be obtained

with parent materials on fuel element surfaces in the flux zone, then

a reduction of these radioisotopes in reactor effluent water would be

expected,

Effluent Monitor

Seversal pipetter breakdovns and a high voltage chassis failure
resulted in a poor record of operation by the iodine monitor during
the month. The pipetter was replaced by a Mini-pump and reliable
operation should result.

A sampling system was installed which causes a sample of the effluent
+0 be retained on signal from a high reading on the iodine monitor.

Release Studies

Tests to determine the release of polonium from irrsdiated bismuth
were completed. Alumipnum clad specimens held at 1300 C for two

hours showed releases of 16 and 23 percent, not significantly different
than the previously reported release of 17 percent in one hour. The
formation of a sintered oxide skull completely covering the liquid
metal retarded the oxidation rate and, consequently, the polonium
release rate. R
Polonium releases of 50 and 60 percent were obtained with bare speci-
mens of irradieted bismuth held at 1300 C for one-half hour in

helium end eir atmospheres; however, the amount of bismuth volatilized
was three times greater in a helium atmosphere than in air. Conse-
quently, the release of polonium and bismuth are unrelated and volume
diffusion predominated, although distorted by eddy currents.

SEPARATIONS PROCESSES

Disposal to Ground

The concentration of gross beta emitters in the ground water beneath
the Purex process condensate crib, 216-A-10, dropped from T x 103
puc/ee in April to 3 x 10=3 pe/ec in May. Isotopic analyses of the
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ground water beneath the crib _previously showed the presence of Sr-90
at a concentration of 3 x 10-a uc/ecc; analysis of the g&y 5 sample
showed the Sr-90 to be less than detectable, < 2 x 107° pe/ec. Soil
column studies were started at the Redox Laboratory to evaluate the
decontamination benefits and prolonged crib life which might result
by edding caustic to the crib influent. A Sr-85 spike is being
employed to facilitate obtaining rapid analyticel results.

Seintillation probe logging of all 200 Area wells is in progress to
monitor the vertical and areal spread of ground and ground-water
contamination from waste disposal sites. Data comparison will be
made with previous surveys conducted in 1956 and 1959 to determine
radionuclide migration rates. Preliminary evaluation of several
out-of-service eribs and trenches revealed very little movement {on
the order of several feet) of radioisotopes due to soil column
drainage during the period from 1959 to the present.

A two component drive-point was designed and is being fabricated
for use with a drive casing to obtain thermal conductivity and soil
moisture measurements in tank farm subsoils. This work is a joint
venture with the Chemical Development Subsection to provide the
Chemical Processing Department with soils information pertinent to
in-tank solidification heat dissipation problems. The neutron-
neutron probe will be used to measure soil moisture content, and a
sensor will be used to evaluate thermal conductivity. If good
correlation exists between these two parameters, it may be possible
to use soil moisture, an easier parameter to measure, as an index
to soll thermal conductivity.

Ruthenium Removal Studies

Sorption methods of removing ruthenium from Purex process acid
recovery condensate were scouted. Sorption of the untreated (pH 2)
condensate on eleven types of activated charcoal (using one gram of
sorbent per 100 ml of solution) gave removals of 18-66, 18-77,
27-89 and 51-93 percent in 24, 48, 1kk and 312 hours, respectively.
Neutralizing the acid waste to pH 7 increased ruthenium removal
from 66 to 96 percent in a 2h-hour equilibration period with the
most efficient charcoal.

Ruthenium sorption on activated oxides produced by heating geothite,
gibbsite and brucite gave removals from neutralized waste of 63, T8
and 85 percent, respectively, in one hour. Removals increased to
75, 96 and 97 percent after 26 hours. Removals on geothite and
gibbsite at pH 2 were only 8 and 22 percent after two hours.
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Four anion exchange resins (Dowex-1, WCR, A30B and IRAL10) vere
tested for ruthenium removal from the raw waste. Ten percent break-
through was reached after 160, 80, SO and 30 column volumes,
respectively., Due to the complexity of the system (electrophoregrams
indicate at least three anionic species) appreciable loading occurs
after 10 percent breakthrough. As an example, Dowex-l maintained
about one percent ruthenium breakthrough up to 30 column volumes
where it rapidly increased to 10 percent breakthrough, continued at
this level for the next 130 column volumes, then gradually increased
to 25 percent breakthrough in the next 70 column volumes., Elution
with 6 N NalH was not too successful. For the most favorable case
10 column volumes of eluant removed only about 20 percent of the
ruthenium loaded in 200 ceolumn volumes,

Plutonium Electrowinning -

Continued experimental investigaticn of plutonium electrowinning,
using the small cell described in the April report, has revealed

some general trends, In successive runs at various temperatures,

it was cbserved that an increase in temperature above 800 C resulted
in 2 loss in current efficiency (from 45 percent at 800 C to 2k per-
cent at 900 C and zero percent at 1000 C). An increase in the anode-
cathode distance (from 1.0 to 3.5 cm) resulted in a small increase

in current efficiency (from 35 to 45 percent).

Solid State Electrolysis

An electrolysis run of 77 hours' duration at 600 C was made on
cerium metal containing & Zr-Nb-95 tracer and molybdenum as impurity.
A current 05 TO amperes at 0.90 volt yields a current density of

350 amps/em® in this specimen. .

Radiochemical assay on the 256 chanmel analyzer shows Sb-125 and

Co=60 in addition to 2r-95. The counting data show only Co-60 migrates.
The samples were analyzed spectrographically for non-radicactive
impurities. If one considers that a change in concentration from

end to end by a factor of four is certain evidence for migration,

then iron and possibly nickel are the only elements which migrate.

On this basis no migration was cbserved for silicon, manganese,
magnesium, copper and molyhdenum.

Electrolysis runs on Fe-59 and Co-60 traced cerium at 650, 600, 550
and 495 C are now complete and samples from these runs have been
counted on the 256 channel snalyzer. All runs were of 23 hours'
duration.

v
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The results can be conveniently expressed in terms of a transport
number, T, defined as follows:

(c, - C.) 102
Taot” 0

C, (time)

where Cy is the concentration of transported solute to the anode side
of center at time ¢t and Co ig the initial concentration to the anode
side of center.

If the logarithm of the transport number, T, is plotted against
current density for the Fe-59 data at 600 C, & good straight line
results and this is also the case if potential drop is the variable
instead of current density. The data at 495, 550 and 650 yield
points off this straight line, Parallel lines drawn through these
points and parallel to the curve at 600 C result in a family of
straight lines, '

The transport number at constant current density or at constant
voltage drop can now be estimated from these curves. If the numbers
50 obtained are plotted on semi-log paper as a function of reciprocal
temperature (an Arrhenius plot) a nearly straight line results, but
the slope is negative.

A negative activation energy is not possible, and the explanation

for this result sppears to lle in the nature of the temperature
dependence of two competing processes which occur. As electrolysis
proceeds, the initially uniform distribution of the solute beccmes
non-uniform under the driving force of the potential field and .
electron flux, and this results in an opposing chemical gradient for
back diffusion. If, as it appears, the back diffusion process
accelerates more rapidly with increasing temperature than the electro-
lysis does, the net effect will be a decrease in electromigration
with temperature. This is, in fact, observed.

WASTE MANAGEMENT AND FISSION PRCDUCT EXTRACTION

Storage of Cesium and Strontium on Zeolites

Observation in B-Cell of the strontium loaded zeolite cartridge con-
tinued through the month, without evidence of radiolytic pressure
buildup, The sudden appearance of pressure bulldup last month

o when the temperature was increased above 550 C, and minor excursions
observed this month, are believed to have been due to residual
moisture in the sealed system exceeding the capacity of the zeolite
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for moisture retention. Both the number of moles of water avallable
to form steam pressure in the system and the pressure per mole of
steam increase with temperature, with the former effect being much -
more important in the region of interest., The proposed plant-size
storage cartridges will be adeguately stressed to contain the observed
steam pressures. In eddition, the pressurization phenomena should

be less proncunced in the large cartridges since the zeolite near

the outside of the container will be at a rather low temperature and
will, therefore, have a high capacity for moisture retention. Failure
to observe a time-dependent radiolytic pressure buildup may be due

to recombination of radiolysis products, absorption of radiolysis
products on the zeolite, or possibly to an undetected leak in the
equipment.

Isotepic Ana}xsis of Strontium from Purex 106A Tank Sludge

A sample of suspended sludge from the 106A tank was obtained.

Besides determining promethium content, chemical composition, and
defining a dissolution procedure, an isotopic analysis of its contained
strontium was carried out. The Sr-%0 content was found to be 52 per~
cent, which compares favorably with abeout 5% percent for current
Purex production and only 17 percent for the 103A tank, the only
tank previously anslyzed. The 106A strontium, which has cooled ,
approximately two years and whose Sr-89 content is therefore neglig-
ible, is thus of high quality and attractive for recovery. A sample
of sludge from the 104A tank, which also contains a soft and easily
slurried sludge, is being similarly analyzed.

Strontium Extrection from Dissolved Sludge

Present CPD Waste Management plans are to mine the s}udges from the
Purex (and Redox) waste tanks, dissolve these in dilute acid, and to
process the resultant solution in the future B-Plant complex to remove
the heat-generating strontium followed by in-tank evaporation of the
waste to a stable salt cake, Major drawbacks to this scheme are (1)
very high chemical costs due particularly to the large quantities

of complexant required to keep dissolved iron and aluminum in
solution, and (2) the very large volumes involved, vhich require
oversizing the B-Plant equipment. Schemes for processing the sludge
vhich would avoid or minimize these problems are accoerdingly being
sought.

One approach is to separate the strontium and iron ("iron extraction")
prior to B-Plant solvent extraction. A precipitation flowsheet for
doing this, based in part on earlier strontium recovery work, is being
studied and appears quite promising. Acid-dissolved sludge is adjusted
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to pH 1 to 2 with sodium carbonate, the sulfate concentration
) butted to 0.7 to 1.0 M, heated very briefly to ebout 80 C, and
- lead nitrate equivalent to 0.02 moles per liter added. Ninety-
five to 97 percent of the strontium is precipitated in less than
one minute. The precipitate is washed with sodium sulfate solutionm,
metathesized with sodium carbonate, and dissolved in a small
volume of dilute acid for solvent extraction. Cake washes and
metathesis wastes are recycled to reduce losses. Advanteges of the
process are elimination of organic complexing agents, short time
cycles, and process simplicity. Because of the very short mixing
and digestion times, a continuous or semi-continuous method is
being considered, with the bulk of the precipitate to be removed
by decantation through a tank equipped with a dipstick filter.

Promethium Isotogic Content

The discovery of Pm~lUf in fission-produced promethium and a
Pm-146/Pm-14T ratio for both Brookhaven and Purex 103A promethium
were reported several months sgo., Significance of Pm-1L6 is that
its 0.45 and 0.75 Mev gammas would cause a slight, but significant,
radiation dosage from massive sources of well-aged Pm~147, requiring
somewhat greater shielding than would otherwise be needed for
Pm-14T bremsstrahlung alone. The Pm-148 content of the promethium
purified in January (and recovered about two yeers ago from current
Purex 1WW) has now decayed sufficiently to permit measurement of
its Pm-146 content. The ratio was found, unexpectedly, to be at
least a factor of three lower than in the earlier material., The
reascn for a discrepancy of this magnitude is difficult to explain
and suggests that some of the fundamental physical constants of
Pm-1L46 may be seriously in error.

Extraction of Neptunium and Plutonium from Purex 1WW

Analytical data are now complete for -experiments on the extraction
of neptunium end plutonium from Purex Plant 1WW solution. As
reported last month, following reduction of neptunium with hydra-
zine, 87-89 percent of the neptunium and 98-99 percent of the
plutonium were extracted in an equsl volume contact (10 minutes

at 25 C} of the 1WW with 0.3 M trilauryl amine (TLA)-Soltrol.,
Further experiments indicate the extraction of neptunium can be
increased to greater than 98 percent by increasing contact time to
30-60 minutes. Decontamination fectors for the extraction contact
were 300-1600, 16-20 and 40-160 for zirconium-niobium, ruthenium
and cerium, respectively., When the organic phase was contacted
vith one-half volume of 0.1 M oxalic acid, about 80 percent of
both neptunium and plutonium stripped. Overall decontamination

|
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factors (extraction and strip contact) were about 700, 600 and 100
for zirconium, ruthenium and cerium, respectively.

Observations from further experiments with synthetic 1WW were:

l. Extraction of neptunium and plutonium were not impaired when
the extractant contained up to five volume percent tributyl
phosphate or when the uranium concentration in the 1WW was
increased from 0.0003% to 0.027 M.

2. Third phese formation occurred when 0.1 to 0.6 M Adogen 368 -
Soltrol solutions were contacted with synthetic 1WW. Adogen
368 (L0 percent Cpn, 25 percent C o» 30 percent 012) is a new
tertiary amine from Archer-Daniels-Midland Co.

3. Extracted cerium can be scrubbed effectively from the organic
phase with 0.5 to 4 E'HHO3 at 60 C without significant strip-
ping of plutonium,

L, Contact of the Np-Pu~bearing organic at 60 C with an equal
volume of 1.0 M HNO_ - 0.1 M Fe(SO_NH_}_ stripped about 95
percent of the pluténium but only @hrgezpercent of the neptunium,
Cerium was also stripped.

5 Ruthenium 1a&ft in the solvent after oxalic acid stripping was
removed effectively with an alkaline permanganate wash.

CSREX Process = Leboratory Studies

Laboratory tests in which CSREX solvent (D2EHPA-BAMBP-Soltrol)

was shaken with an equal volume of aqueous phase showed that
sulfamic acid, hydrazine or urea in the aqueous phase prevented
degradation of BAMBP when in contact with 1 M ENO_ at 50 C for at
least one day. This temperature and acidity exceéd expected
operating conditions in the 1B and 1C columns. Addition of sulfamic
acid to the CSREX process feed solution has been shown to be satis-
factory for preventing nitrite degradation to BAMBP under extraction
column (14) conditions. These results indicate means are available
to prevent short-term damage to BAMBP by nitrite or nitric acid in
the CSREX process. However, observations made during laboratory
_studies indicate that, once some degradation of BAMBP has occurred
in the solvent, further BAMBP degradation occurs during long-term
standing of the solvent out of contact with any aqueous phase,
Long-term protection against BAMBP degradation may depend on devising
a solvent wash procedure which will remove completely any BAMBP
degradation products.

sas | i ]
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CSREX Process - Engineerigg Studies <§§Z>

Pilot plant studies were devoted to further investigation of the
tartrate-complexed feed flowsheet described last month and to
determination of the purity of the strontium-cesium product.
Highlights of the results are as follows:

. 1. Strontium losses in the 1A column were generally two percent
or greater, apparently reflecting a decrease in the strontium
distribution ratio due to using tartrate instead of citrate to

' complex the feed and/or to iron and aluminum loading in. the

' solvent, The latter reached 0.t and 0.2 g/%, respectively,
after several passes. Cesium losses of less than one percent
were schieved. ' '

2. Cerium losses increased from three percent to 18 percent vwhen
the 1A column interface was lowered from the top to the bottom,
resulting in decreased aquecus holdup time,

3. The concentrations of feed impurities reaching the 1BP
(strontium~cesium product) were determined for a number of
runs. The values varied, apparently randomly, over the
indicated range:

Fe  0,0003 to 0.01 g/t (107> to 0,002 M)
Al 0.004% to 0.0k g/2 (0.0001 to 0.001 M)
Cr  0.0002 to 0.005 g/% (< 10™° to 10™% M)
Ni 0.01 to 0.06 g/& (0.0002 to 0.001 M)

Except for nickel, the 1BX contained significant quantities of
these impurities and therefore was a major contributor to the 1BP
contamination. The nickel was carried over by extraction in the
1A column at a distribution ratio on the order of 0.1 to 0.2. For
comparison, the strontium content of the product was nominally
0.0003 M.

Treatment of Purex Stored Waste Sludge

Development of procedures for removal of sludge from Purex waste
storage tanks and removal of strontium from it were continued.
Procedures involving an initial water leach followed by leaching

with 1-2 M HNO_ remove T5-80 percent of the strontium and 20 per-
¢ent of the irén in the acid leach. Use of complexing agents

such a&s citric acid and EDTA instead of the nitrie acid d4id not
improve strontium removal but did result in less iron being dissolved.
Addition of oxalic acid to the nitric acid leach improved strontium
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removal (85 - 90 percent) but also resulted in greater iron dissolu-
tion. A procedure was tested in which the carboenate in the sludge
was first destroyed with nitric acid; the slurry was then made
alkaline (pH 13.5) and digested for 25 minutes at 80 C; supernmatant
ligquid was removed and the solid was digested with nitric acid.

Iron dissolution {33 percent) was significantly increased over that
attained without prior caustic treatment. This approach will be
studied further to see if a more rigorous alkaline pretreatment will
so condition the sludge that all of the iron and the strontium
associated with it can be dissolved in a subsequent aitric dcid leach.

An experiment was performed in labvoratory scale equipment to see if
sludge disintegration could be hastened by use of a low pH leach
liguor. Simulated sludge in a container representing an underground
tank was covered with about five volumes of water. This solution
was then circulated through a smaller container where acid was added
to maintain the pH at about 5.5. Phosphoric acid was added first
(as an acid carrier) until the solution was about 0.1 M in phosphate.
Then nitric acid was added. Acid addition was controlled such that
the solution flowing from the acid addition tank to the sludge tank
was not more acidic than pH 5.5. Slurry in the sludge tank wvas not
agitated; it was maintained at 80 C. About ten days were required
to completely neutralize the carbonate in the sludge. During this
period the simulated sludge, initially hard walnut-sized lumps very
slowly attacked by hot water, disintegrated completely to a pump-
able slurry. The pH of the slurry ranged from greater than nine at
the start of the run to about seven at the end.

In-Tank Solidification

A new pilot scale model of an in-tank solidification.system for inter-
mediate level wastes has been designed and installation is proceeding.
Initial tests are designed to confirm calculated heat transfer rates
and scaling effects. The process as presently planned consists of
passing heated air downward through an annulus and into the solution;
as the air rises it transfers its remaining heat to the solution

and also effects circulation of the tank contents. In the model
design 100 cfm of air at 1200 F is used, with the annulus formed by
concentric 1-1/2 and 3-inch pipes.

An alternstive approach is being explored on a lsboratory scale: that
of direct immersion of heaters inserted in the air lift to avoid
heating of excessive quantities of air. Using cold ccating waste, a
2,5-to-1 volume reduction has been attained without sceling of the
heater. The test is being continued to the point of solidification
or heater failure.

- | s
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Thermal Conductivity of Soil éi{)

Determinations of the thermal conductivity of tank farm backfill
soils are being made in support of the Waste Management Progran.

- The results of the tests will be used in estimating the heat loss

1103551

rates from underground tanks of solidified waste.

Four in situ measuremesnts have been made at a depth of four feet
over Tank-10l in the 2L1-SX Tank Farm. Conductivities (Btu/hr/ft/ °r)
end corresponding temperatures were 0.33 (62 F), 0.43 (91 F}, 1.2
(100 F), and 0.36 (73 F). The unexpectedly high conductivity of

1.2 is attributed to the presence of & buried object, such as a
stone, of high thermal conductivity in contect with the probe. A
deep scratch found on the probe after the test supports this theory.

Cesium Removael from Wastes

Column experiments with clinoptilolite and Linde AW-L0O (20 to 50
mesh) were run with & synthetic Purex formeldehyde-treated waste
simulating the current waste composition (1.5 M HNO_, 0.6 M Na*,

and 0.4 M Fet3), The objectives for the exper1ment§ were to

observe v1sually the exchanger and to determine the pressure drops
ascross the columns in preparation for tests to be made soon with
actual wastes, A significant pressure drop was not detected in the
20 cm long columns, at a flow rate of 3.3 ml/min/cm2, One hundred
column volumes of waste were passed through each exchanger, and the
exchangers were then allowed to be in centact with the acid waste for
30 days. At the end of this time, no significant pressure drop was
measured, and no visual degradation of either exchanger was cobserved.
Either exchanger appears to be suitable for the plant tests.

Duclite C-3 resin is the most sultable exchanger' for removal of
cesium from Redox supernatant wastes. Fourteen load-elute cycles
of a flowsheet were completed in en automatic column apparatus.

The major difficulty encountered was precipitation of aluminum
hydroxide in the lines and exchanger. To avoid this precipitation,
vashes of either 0.01 M NaOH or 2 M NaOH were used after loading
to wash aluminate ions out of the bed and after elution to wash
the ammonium carbonate (pH 9.L4) out of the bed. Precipitation was
avoided by a 0.01 M NaCH wash following loading and a 2 M NaCH
wash after elution, prior to reloading.

The cesium concentration of Redox supernatant wastes is so low that
it is beneficial to recycle the eluate from the ion exchange column
for cesium removal to the column feed to increase the cesium con-

centration, Thus, the eluate from five column runs with Duolite C-3
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and synthetic Redox SX farm waste was boiled to remove ammonium
carbonate, and to concentrate the cesium. The concentrate was then
added to the influent of & sixth column run. The throughput
capacity and kinetics of this sixth run were decreased by about one-
third, and the sodium to cesium ratio in the eluate from the column
was reduced to a satisfactory level,

Fission Product Packaging

Laboratory experiments were conducted to determine possible causes
for the poor strontium loading on the Linde LA zeolite used in the
full-level Sr-90 packaging demonstration. The results of tracer
experiments with a duplicate cartridge indicate that poor strontium
loading may result vhen pumping the feed {0.2 M Na*, 0.035 M sr* +
and 0.010 E_Ca ) upflow through an initially dry bed of LA, It

is quite probable that channeling occurred along with a considerable
evolution of gas from the bed of Linde 4A. Although much care was
“taken to fill the cartridge, there i3 no assurance that the bed is
packed tightly enough to prevent channeling. The passage of gas
bubbles upflow through a bed of zeolite, which is not held firmly
in place, is almost certain to cause channeling.

Three experiments were run using the duplicate cartridge and the

+ same lot of 14,x 30 mesh Linde UA zeolite that was used in the full-

* level demonstration run. The feed was pumped upflow through dry LA
in the first experiment. The kA had been previously dried in the
cartridge at 600 C for 16 hours and allowed to cool., Considerable
gas evolution occurred as the feed passed through the Linde LA and
strontium breakthrough exceeded 20 percent within two column volumes.
The amount of strontium loaded through 30 liters was l.l meq/g.
A second run was made under the same conditions except that the
Linde %A had been sosked in water for more than 5 days and loaded
into the bed wet with no subsequent drying., Some gas evolution
also occurred in this run which was probably caused by insufficient
demeration of the feed, Strontium breskthrough exceeded 5 percent
within two column volumes. The strontium loaded through 30 column
volumes was 2,0 meq/g. On the third run feed was pumped downflow
through wet Linde LA et a somevwhat slower flow rate (10 cv/hr instead
of 12 cv/hr). Breakthrough did not exceed 5 percent until 15
column volumee. Strontium loading was 2.2 meq/g through 30 column
volumes, The temperature in all cases was 80 C. The prior heat
treatment of the UA in the Cold Semiworks did not appear to have a
significant effect on the LA used in these experiments.
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EQUIPMENT AND MATERIALS

. Scaling of Titanium in Concentrator Service
. Titanium ﬁube heat exchangers exhibit low heat transfer coefficients

after use for concentrating Purex acid waste solution. ILaboratory
tests are underway to determine if titanium is more susceptible
then stainless steel to scaling in these solutions. Heat transfer
equipment (heat transferred to a solution in a reflux flask through
a metal wafer clamped to flask bottom) is used. Simulated current
Purex 1WW was refluxed in flasks having titanium or stainless steel
wafers as the hest transfer medium with no apparent loss of heat
transfer capability with time. When refluxing 1WW concentrated 20
and 30 percent, the solutions failed to boil through titanium wafers
in 24 and 12 hours, respectiveély. No loss of heat transfer was noted
for stainless steel wafers in either solution. A six-mil-thick
scale of what appears to be ferrie sulfate formed in four days on
the titanium wafer boiling 30 percent concentrated 1WW. A similar
scale on the wafer boiling 20 percent concentrated 1WW was less
than one mil thick. Analyses to determine the scale composition
are in progress. Other experiments in which titanium wafers are
boiling simulated 1WW pericdically butted with additional ferric
sulfate are in progress,

b

-ég; Loss of heat. transfer capability has been noted in titanium heat
transfer tube bundles in the Purex waste back-cycle concentrator
(B~-4). Siliea is the suspected scaling agent in this case.
Soclutions six. and 10 molar in nitric acid and butted periocdically
with sodium silicete or preformed colloidal silica are being boiled
through titanium or stazinless steel wafers (bulk metal temperature
145 C). Heat transfer capability has been maintained in all cases
to date (30 days exposure) except one. In this case, 10 M HNO
butted with preformed silica was boiled through a titanium wafer.
A similar experiment utilizing a titanium bayonet to provide =2
vertical instead of horizontal surface is in progress.

Stress Corrosion Cracking of Mild Steel

Stressed (bend beam) and notched specimens of mild steel ASTM A-283
. Grade C were exposed to 50 w/o NaRO3 at 90 C with and without cathodie
. protection. Both specimens exposed without cathodic protection
wvere cracked after 30 days' exposure. Specimens cathodically
protected (30 uamp/sq cm) have not cracked to date (55 days exposure).
A potentiostat which will permit cathodic protection experiments ‘
on large (3 feet by 3 feet) weldments has been ordered.
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lon=Metallic Materials

Chemical compatibility tests (in nine typicel plant solutions) were
completed on eight silicone rubbers and one each adduct, styrene,
hypalon and natural rubbers.

A glove port ring attached to a 3/8-inch sheet of polymethylmethacrylate
with sheet metal screws in untapped holes was examined in polarized
light for strain patterns, The ring showed significent strain pattern
but this was not affected by the screws. It appears this would be

an acceptable method of attaching glove port rings to hood panels.

PROCESS CONTROL DEVELOPMENT

Chemical Compatibility of Scintillating Glass

A sample of Nash and Thompson Type GS1 scintillating glass was tested
in a 20 percent TBP - 80 percent CCl, solution which had been equili-
brated with 60 percent HWO, and 98 pércent-HESO . After 528 hours
at 50 C and 192 hours at rgcm temperature there was no visible change
in the appearance of the glass, This same glass devitrified in 0.25 M
HNO

3 *

Purex Canyon Instrumentation

A new type of jumper containing itwo electirical connectors and two
specially designed coaxial connectors was successfully installed in
Purex E-Cell. The jumper was developed to alleviate problems caused
by the lack of spare electrical connectors and the need for remotable
coaxial instrument connectors to permit installation of electronic
gear on the cold side of the canyon. In conjunctiop with the jumper
installation a BF, tube and pre-amplifier were installed to monitor
plutonium concent;ation in the E-6 tank, which contains feed for the
first cycle solvent extraction battery.

Air Pulser Amplitude Control

Development work on control instrumentation for the air pulser in the
new Plutonium Reclamation Facility wes concentrated on the development
of techniques. and instruments for controlling pulse amplitude. Follow-
ing up earlier work to evaluate several methods of bi-directional

flow measurement, studies have been made of the accuracies attainable
with the various instrumentation systems. Circuit design and testing
have demonstrated that the average value of an irregular pressure

valve can be determined to an accuracy of about one percent. Using a
strain gege flow meter the pulse amplitude-frequency product can be
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controlled within two percent. With fregquency compensation, pulse
smplitude can be controlled to # 15 percent. Some improvement cen

be expected with careful circuit design; however, control of ampli-
tude is inherently less accurate than that of the amplitude-frequency
product, due to the change in wave shape with both amplitude and
frequency.

Testing of a diaphragm-type differential pressure cell under comn~
ditions expected to yield a signal relating to the amplitude-
frequency product actually gave results more nearly correlated with
the square of product. Analysis indicates that this effect is due
to mass acceleration in the measuring system. Close coupling of
the D/P cell to the orifice is expected to reduce or eliminate this
effect.

Remote Weight Indicator and Alerm

Instrumentation for monitoring the accumulation of plutonium oxalate
in the button line hood during the filtration step has been developed
and tested. Circuitry was designed to read cut the weight of oxalate
collected on a tray supported by a cantilever beam. Deflection of
the beam is measured with a linear variable differential transformer.
The trensformer output is fed to a magnetic amplifier whose output
drives a contact meter relay. The meter indicates the weight of
accgmulated oxalate and has sn adjustable alarm level., The full
scele span of the device can be selected in the range of 0.5 to 5 kg.
The completed system is not ready for plant installation.

Advanced Process Control Develogment

The program directed toward development of a mathematical model of
the C-Column progressed to the point where all scheduled runs of
the experimental column have been completed. Detailed analyses and
correlations are underway to check the adequacy of the data and to
determine the values of the model parameters. Adaption of the
column and associated instrumentation for demonstration of on-line
computer control have been initiated, Based on present schedules,
this phase of the work should be completed well ahead of the
estimated delivery date of the process control computer.

A detailed investigation was made of an apparent discrepancy
between product stream (ICU) uranium analyses made by the mid-column
photometer and by the gamma absorptiometer, The photcmeter analysis
is made &t a point in the column between the feed plate and the ICU
exit; the absorptiometer sample is taken external to the column.

The difference in uranium concentration is real and can be readily
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explained by a revision in the model which allows for mass transfer
between phases in the region below the feedplate. The practical
significance of this effect is being explored, in terms of optimum
feed points and effluent stream take-off locations at both the top
and bottom of the column, A computer progrem has been written to
investigate this phenomenon, and to compare the results with those
obtained by ancther investigatorI under similar feed conditions,

1. Miyauchi, Ind. Eng. Chem. Fund, 2 #2 (May 1963) p. 113.
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Salt Cycle Process

Chlorine Liguefaction Studies - Projected reprocessing of 15-day-
cooled PRTR type fuel elements by the Salt Cycle Process ylelds

an off-gas stream laden with chlorine and icdine-131, The present
off-gas treatment method includes a caustic scrubber which gener-
ates a large volume of caustic waste solution. Study has commenced
on an alternative, lov-temperature liguefaction (-100 C) method
which offers the possibility of efficient iodine-131 removal,
allows reuse of the chlorine, and hopefully will result in
negligible waste volume,

Two experiments have been completed on the liquefaction of chlorine
from a chlorine-air mixture. In the first run chlorine at 300 ml/
min and air at 100 ml/min were passed through a small cold~-finger
trap immersed in a dry ice-acetone bath (-78 C). The amount of
chlorine liquefied was 96 percent of the total passed through the
trap and 99.5 percent of the total possible at the temperature
employed as determined by vapor pressure considerations.

In the secerd run a 50 percent chlorine - 50 percent air stream was
passed at four liters per minute through a modified 15 1lb. chleorine
cylinder immersed in a dry lce-trichloromoncfluoromethane batch
{-78 C). The theoretical recovery of chlorine at the above tempera-
ture and flow rate is 92.5 percent., The actual recovery vas at
least 80 percent but not more than 88 percent based on a material
balance using an analysis of a caustic scrub solution in the exit
line. The liquefied chlorine was retained in the cylinder for

four days without leakage before discharge, reaching & pressure of
125 psig at 27 C (chlorine vapor pressure at 27 C is 100 psig)
possibly indicating the presence of dissolved air.

Crushing and Sizing of Electrolytic UCp - A commercial paint con-

ditioner was modified and tested in the dual role of sieve shaker
and pulverizer. The shaker was tested with -3 +200 mesh UQ, feed
and a stack of three 8-inch-diameter sieves. Proper coperation in
15 minutes was achieved only at 200 shakes per minute with no
part of the sieves on the centerline of the rotary shaking motion.
At 100 shakes per minute many small particles remained on the top
sieve and at 400 shakes per minute there was degradation of the
largest particles. A 30-minute pulverizer run was made at 1610
shakes per minute in a pint container loaded with steel balls




and a feed of one pound -3/4 inch +1/2 inch U0, particles. The
product consisted of 51 percent =200 mesh material with no particles
larger than 28 mesh.

Fuel Processing Economic Study - A comparison of the relative

economics of close~coupled Salt Cycle fuel reprocessing with
central plant reprocessing was reported last month for the case
of a graded fuel cycle reactor operating with a 14,500 MWD/T fuel
exposure, Efforts have since been devoted to extending this com-
parison to higher fuel exposures (up to 40,000 MWD/T)} to evaluate
the effect of the fuel exposure parameter on the relative fuel
cycle costs for the two reprocessing concepts and to enable a
comparison at optimum exposure in each case.

These computations have been completed for the central plant cases
and indicate optimum fuel exposures around 35,000 MWD/T for the
leased uranium cases and around 30,000 MWD/T for the purchased
uranium cases., The fuel cycle cost was decreased anyvwhere from
0.15 to 0.5 mills/kwh at optimum fuel exposure, These optimums
were calculated assuming constant fuel fabrication costs. A
correction was estimated for increased fabrication charges with
increased exposure and this resulted in reducing optimum exposures
about 5000 MWD/T and increasing the minimum fuel cycle cost at
optimum exposure from 0.1 to 0.2 mills/kwh. : ﬂ?§

feRr

o

The computations for the close-coupled, Salt Cycle cases were
halted to modify the computer program to handle a wider range of
make=-up uranium enrichments. This modificetion is nearly completed
and the program should be ready for use again early next month.,

Salt Cycle Flowsheet Studies - Laboratory studies of the parameters

governing the preparation of UQ_,-Pu0, sclid soluticns by electro-
codeposition from chloride melté havg continued. A plutonium
enrichment factor of 40, with a promethium decontemination factor
of 6 {plutonium basis), has now been achieved, with the preparation
of a deposit conteining 23 weight percent PuO,. In this run, a
platinum cathode was used at a current density of 0.05 emp/cn®;

the melt was LiCl-KCl at 575 C; and a 50 percent 0, = 50 percent
Cl, sparge was used. Even though some of the deposit fell from
the platinum, over 50 percent of the plutonium was removed from
the melt. :

From the observations to date, it appears increasingly certain that
. the reaction proceeds via the formation of plutonyl(V-VI) species
as a result of reaction with the oxygen-chlorine sparge gas. These
penta- and hexa-valent plutonium species may then be cathodically
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reduced, along with uranyl{VI), to form the codeposit. Obviously,
control of the Pu0,. enrichment in the deposit requires regulation
of the relative ra%es of Pu02 and UO. deposition on the cathode,
One such means of regulation is thro%gh the current density, since
changes in current density have a much greater effect upon the
rate of deposition of UO, than of Pu0,. Accordingly, the highest
enrichments have Dbeen acgieved at the lowest current densities.
The Pu0, deposition rate is closely linked with those variables
which influence the rate and extent of oxidaticn ef plutonium to
the plutonyl(V-VI) states. These variables (chloride activity of
the melt, temperature, oxygen/chlorine ratio in the sparge, cell
geometry, etc.) interact with each other, and have limits imposed
upon them by other considerations, to the point that it is diffi-
cult to generalize about their effect. For example, the Pud
deposition reaction is promoted by increasing the oxygen cou%ent of
the sparge gas, at least to the point at which Pu0, precipitates
by chemical action. The critical oxygen/chlorine gatio depends
upon the melt composition, being lower in KC1l-2.5 LiCl than in
KCl-LiCl, for example, Plutonium enrichment in the deposit increases
with temperature, apparently up to the temperature at which inter-
ference from chemical reaction involving the graphite anode
becomes excessive (625 C for the LiCl-KCl system). Plutonium
enrichment has been found to be greater on the side of the cathode
nearest the ancde, and is strongly affected by the quality of

the graphite anode, deposits obtained in runs in which the anode
disintegrated having Pu0_ contents about half those of normal
deposits. - Thus it is evident that, although the way appears open

+ for the productiocn of a wide range of PuQ, -~ U0, solid solution

compositions by electro-codeposition, ratger careful choice and
control of the conditions will be required.

In the course of this study, the following samples of PuO2 - U0,
were prepared for use in in-rzactor fuel tests:

1. 580 grams, ranging from 0.34 to 0.95 w/o Pul
0.53 w/o. The target was 0.5 w/o.

> and averaging

2, 110 grams, ranging from 1,72 to 3.40 w/o PuQ, and averaging
about 2.7 w/o. The target was 5 w/o, but Pua precipitated,
resulting in poor efficiency and a poor deposgt.

3. U475 grams, not yet assayed. The target was 2.5 w/o.
Chloride Contamination in Eleetrolytic UQ_ ~ During the month,

increased attention has been given to the problems of measuring
and reducing the extent to which electrolytic U0, is contaminated




with chloride. The chloride determinaticn problem has been attacked
via the coulometric titration of chloride ion with silver ion,

using an amperometric indication of the end~point. Preliminary
results indicate that the method should give reasonably good results
for as little as 8 ppm chloride in solid UO_ and at somewhat higher
concentrations should be capable of an accu?acy of + 5 percent.

Cne test has been made of a pyrohydrolysis technique for the removal
of chloride from UQ,. Using unwashed, =150 +200 mesh electrolytic
U0,5, a three-hour treatment with a % percent H,0, 5 percent H2,

91 percent K, gas mixture at 950 C reduced the chloride content

from a level of 1000 to 125 ppm.

Electrochemistry of Uranium in Molten Chloride Salt Solutions - Recent
receipt of analytical data has made it possible to calculate additicnal
thermedynamic values for the reaction ‘

UO2 + 012 = UQZCIE.

The values of the free energy change for various salt systems con-
taining 0.1 molal UC_{VI) are tabulated below, in a form which
reflects the effect 6f the melt composition:

Melt Composition 86570 C (xca1) 6570 € (ical)
0.42 KC1 - 0.58 Lic1 -24.8 -
0.50 KC1 - 0,50 LiCl -25,8 -2L.2
0.26 NaCl - 0.7k LicCl -18.9 -18,2
0.50 NaCl - 0,50 KC1 - ~26.3

It was recently realized that incorrect values of 45 and AH had

been reported for this reaction in previous monthly reports {April,
August, and December, 1962). In order to correct this situation

and to previde an up-to-date summary of the thermodynamic data
accumulated thus far, as calculated for 1.0 molal U02012, the follow-
ing table is provided:

ﬁelt Composition T°C  AG (kcal) 4S8 (e.u.) AH {kecal)
0.42 KC1 - 0.58 LiCcl 550 = -25.1 -14,2 ~36.8
0.50 KC1 - 0,50 LiCl 550 -26.2 =15,3 -38.8
0.26 NaCl - 0.7k LiC1 670 -17.9 -10.1 -2T.4
0.50 NaCl - 0.50 KC1 T20 -25.9 -15.8 41,6

It is apparent from the revised values that previously-drawn con-
clusions that uranyl{VI) complexation decreases with increasing
uranyl(VI) concentration are no longer valid.
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Chronopotentiometric studies of the electroreduction of UO (v1}

have been made in various melts to determine whether or not the
reduction mechanism and the diffusion properties of U0, (VI) change
with melt composition. The diffusion coefficient for £he UD (vI)
species in NaCl-LiCl at 704 C was found to be about two-thirds what
it is in NaCl-KCl at 713 C; at 650 C in NaCl-LiCl, it is about
three-fourths what it is in XC1-LiCl (eutectic) &t the same tempera-
ture. The reaction appears to be reversible and diffusion controlled
at temperaturgs above about 550 C and at UO (VI) concentrations above
about 6 x 107~ molal.

PreEaration of UOS - Three samples of mixed UCS and B-US, were
prepared by precipitation from a chloride melt. These sgmples

have since been weshed with dilute HC1l solution in an effort to
remove the 8-US X-ray diffraction patterns of the washed samples
indicate that tﬁe treatment was successful in producing crystalline
UOS uncontaminated with either B-US2 or UO,.

RADIOACTIVE RESIDUE PROCESSING

Eighteen—lnch Radiant-Heat Spray Calciner

During -the month six runs were made in the Cold Semiworks reactor

" to {a) produce powder product for anticipated corrosion testing

studies, and (b) continue evaluation of column capacity and filter
hlow-back arrangement.

Two short runs of about 120 liters each were run with (a) simulated
neutralized waste with 150 g/%¢ sugar added, and (b) acidic waste
adjusted with phosphoric acid, calcium ion and additional sodium
ion to produce a phosphate melt. Powders from these runs will

be used in studies on materisls of construction.

In the run with neutralized waste the sugar addition was sufficiently
low that oxidizing conditions were maintained in the reactor in

order to avoid the suspected conditions for rapid corrosions due

to sulfidation. Very few wall deposits were noted although the
deposition of powder on the filter elements was not removed by the
pulse blow-back conditions used. It is anticipated that a higher
blow-back pressure would have been satisfactory as the powder

was completely removed by blow-back on cooling.

In the other short run, phosphate, calcium and scdium were added
to simulated acidic FIW such as to satisfy the following ratios
Ca/s0y, = 0.8; Na/(Fe + Al) [normality] = 1.0; PO, /(Na + Fe + Al)
[normelity] = 1.3. The resultant feed was a slurry which wes
atomized without incident after initial difficulty with partial




calcination in the nozzle due to excessive preheating of the feed.
The powder product melted to a free flowing liquid below 950 C.
Weight loss on melting (probably resulting from driving off sulfate)
was less than two percent. Sulfate in condensate was less than 0.02
percent. Solubility and structure (glass vs. microcrystalline) have
not been evaluated.

A run at 25 gph was made with an external-mix nozzle and runs at 20
and 25 gph were mede with an internal-mix nozzle. These represent
the highest rate obtained as yet in the reactor. Operation with
both types of nozzle was satisfactory although the buildup of powder
on the wall wes less with the internal-mix nozzle as indicated by
the stability of the various internal temperatures. OSteam consumption
was also merkedly less [steam to feed weight ratic = 0.25 (internsal-
nix) and 0.43 (external-mix))and consequently the filter pressure
drop was less {12 vs, 18 in, water]. With the present arrangement
of thermocouples it is not possible to detect precisely the peint at
which the column becomes overloaded. However, ocutlet temperatures
of gas were at about 225 C and it seems unlikely that capacity
could be increased very much above the 25 gph rate.

One run at about 12 gph was continued for 2% hours, the limit of
present feed tank capacity. Principal purpose was to observe
behavior of the filter blowback system. Pressure drop initially
plateaued at 10 in, water but then started climbing after 12 hours

and reached a value of 17. In. water for the last three hours. Super-
heated steam at 40 psig was used for blow-back. The use of 60 psig
steam at the end of the run reduced the pressure drop to 15 in.

water., The venturis on the blow=back assembly are being altered to .
conform with the configuration of the more favorable venturi design
of two of the existing srrays. One notable observation during the

run was the very small amount of wall deposits (agglomerates) noted

in the powder product. Operating temperatures and conditions remained
essentially constant throughout the runs with very little attention
being required to maintain stable operation.

Waste Calcination Instrumentation

- It was previously reported that spaced thermocouples can indicate

pot povder levels by means of the temperature drop which results

when cooler powder covers a thermocouple. It has been found that
this technigue is not adaptable for melt level measurement. The
difficulty seems to be that an insufficient difference in temperature
exists between the melt itself and powder which floats on the mell
and is about to fuse.
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Electrical conductivity was investigated as a melt level detection
method because previous fused salt work and handbook data had
indicated that fused salt resistivities are on the order of 0.1
ohm - em. This value would yield adequate sensitivity for melt
level detection. The simulated calciner product powder obtained
from the radiant spray calciner had a resistivity of about 1 ohm -
cm which, although 10 times the predicted fused salt value, will
provide adequate sensitivity for use as & melt level indication,
Development work to date indicates that each level detection method
is specific in that thermocouples will indicate only powder level
and conductivity probes will indicate only melt level.

Full-Level Pilot Plant Calcination Studies

Analytical work was completed on two pot runs reported last month
(#14 and #15) and verified earlier conclusions, i.e., that. there

was a large cesium carry-over in the high-sodium-nitrate run and

that calcium was at least as effective as magnesium in preventing
sulfate volatilization. A pot run, #16, wes made duplicating

.run #1l4 in an attempt to determine whether cesium actually vola-

tilized or whether it reached the condensate via a boilover

. associated with plugging of the off-gas line. No plugging or

apparent boilover cccurred in run #16, but cesium was observed in
the condensate and off-gas particulate sampler during the high
temperature heating phase of the run. FNo cerium was detected in
the above samples which shows that no gross bollover occurred. The
fact that cesium was picked up on the filter samplers and the
absolute filters suggests that it came over in a particulate form,
elthough volatility is not ruled out. This particulate could have
resulted in the final drying or calcining of the aquecus liquid

or the melt which was enriched in cesium because of the higher
solubility of cesium salts relative to the other fission products.
The total amount of cesium evolved from the pot in run #16 was
small and essentially none penetrated the absolute filters in the
off-gas train. Run #16 has shown that a small amount of cesium
carryover results during high sodium nitrate waste calcination
end that the large carryover in run #l4 was caused almost entirely
by boilover.

The non-radicactive 8-inch diameter by 1l0-foot tall spray calciner
has been repaired and returned to service for piloting of runs
proposed for the hot-cell unit. Several runs were made with
sugar~containing acidic and alkaline Purex waste to study corrosion.
Although metallographic examination of corrosion coupons is not

. complete, no catastrophic corrosion was observed and it is now

1103563

thought that the leak in the in-cell calciner was probably due to




a brittle weld. Efforts to calcine a tartrate complexed, alkaline
Purex waste (plus sugar) were less successful than with sugar alone.
Apparently the tartrate complex resists pyrolysis and tends to
result in "tars" in the nozzle and unreacted organics in the
product., Pumping and atomizing a slurry, which has given no diffi-
culty either in the small hot-cell calciner or in the large 321
Building unit, would appear preferable to use of tartrate.

Exchanger Properties

Work continued on the zeolite binary equilibrium systems, Mass
action quotients of univalent-divalent, univalent-trivalent, and
divalent-divalent systems have been corrected for sclution activities
and are in the process of being corrected with zeolite-cation
activity coefficients. The results will enable the determination

of severa) thermodynamic exchange constants.

A quantity of K,CoFe(CN}. was synthesized. X-ray diffraction
patterns of this materiaé were ldentical to a sample of K CoFe(CN)
obtained from the Savannah River Laboratory. Ion exchange capacitges
of the two materials were identical at about 2.0 meq/g. The
equilibria in a potassium-cesium system was determined. At K CoFe(CN)6
cesium losdings of greater than 10 percent, cesium selectivities

oy were no better than several of the zeolites. Below 10 percent
cesium loading, however, K CoFe(Cﬂ) vas rore cesium-selective,
especially in acid solutlons. The & oCoFe(CN) . tended to be un-
stable in basic solutions. The above behavior suggests that
KpCoFe(CN) g would be of little value for a radioisotope packaging
media, but could be of interest for cesium extraction from scme
waste solutions,

Condensate Treatment *

Installation of the engineering scale steem stripper and associated
equipment was completed except for trim in the feed flow control
valve. The equipment was satisfactorily operated {manuzlly con=
trolling the flow rate) using distilled water as feed. The 5000
gallon tank trailer was received. Minor modifications will be

made to the outlet piping to improve operability before placing

it in service,

Elactrostatic Bubble Scrubber
- Studies continued of the parameters controlling electrostatic charging

and deposition of 0.3 u particles con dry collectors and onto bubbles
formed from air containing the charged merosol. Experiments were

DECLASSIE 2,
1035064



.

1103565

carried out which demonstrated that the fraction of particles col-
lected in the particle charging section increased with charging
current. Particles not retained in the charging section were
readily deposited in a simple collector held at the potential of
the charger, supporting the conclusion that all or very nearly all
particles were charged with the system used. When this charging
section was used in connection with the bubble scrubber, a large
fraction of these particles failed to be collected on the bubble
wall. Some 98 to 99+ percent of the particles, after passing
through the scrubber, were found to retain some charge. This was
shown by their efficient deposition in an electric field after
having passed through the scrubber.

Tests of’scrubbing efficiency were mede with conducting and non-
conducting orifice plates used for forming the bubbles. A brass
sieve plate with 0.016-inch holes yielded higher efficiencies than
a similar acrylic plastic plate, The brass plate with 0.016-inch
holes gave higher scrubber efficiencies than a brass plate with
0.032-inch holes. At the higher charging currents, however, the
advantage of the smaller orifices was not apparent.

Making the solution conducting with sodium hydroxide did not change -
the scrubbing efficiency.

Tests of a single orifice scrubber with a needle corona charger
oriented centrally with and near to the orifice were made for
several 1liquid depths. The scrubber was 98 to 99.9 percent effic-
ient. The efficiency did not depend on liguid depth. The fraction
of particles deposited on the back surface of the orifice used was
not measured in these tests. Electrostatic deposition directly
from the corona region onto the forming bubble surface does give
high removal efficiencies in the ensuing passage of the bubble
through the liquid. :

Columbia River Sediment Studies

A river sediment core sampler was designed, fabricated and tested
which will facilitate obtaining sediment samples from the Columbia
River. The sampler is € inches in diameter and can take cores up
to about three feet in length. It incorporates a liquid-filled
plastic ball which cperates as a ball check valve, allowing the
sample to enter without restriction and then sealing. To maintain
the seal during withdrawel of the sampler from the river bed, a
vacuum is drawn in the space between the sample and the ball,

This effectively prevents any washing of the sample during the
trip to the river surface. The larger diameter cores provide
larger samples suitable for more sensitive analyses.

.-r.-l-u-t:."
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BIOLOGY AND MEDICINE - 06 PROGRAM

TERRESTRIAL ECOLOGY - EARTH SCIENCES

derologx and Geology

The electrical anzlog grid spacing formuletion mede last month was
modified, and the programming needed for functional evaluation is in
progress. This study will yield information on the error introduced
by going to unequal grid spacings (warping) on the three-dimensional
resistance network.

Rather significant progress was made in obteining an integral expres-
sion for the permeability along a streamline as a function of
ground-water potential, ¢. The resulting mathematical expression
involves integration along a streamline commencing at a point of
known permeability, K,, (associated with ¢,) and ending at ¢ to
obtain the permesbility, K, at that point. The equation provides

the relationship needed to deduce the permeability distribution from
the measured potential distribution and the boundary conditioen in
permesbility.

Improvements were made in the Am=24l soil column moisture detecting
- electronic system to lower the background count and achieve better
stability. In a 2-inch I.D. Lucite cylinder with a wall thickness
of 1/b-inch, the degree of soil saturation can be measured to = 1
percent expressed on a pore-volume basis., This method of measuring
moisture content ({gamma ray attenuation) will permit the measurement
of permeability, capillary pressure, and moisture content to be
determined in the laboratory from a single-step operation rather than
a two-step operation. .
A medified method for installing piezometer tubes in wells is being
evaluated thecretically. The methed involves using only sand to
£11) the casing between tubes rather than cementing-off a narrow
zone between the sand fill. This would simplify and speed up piezo-
meter tube installation considerably. If the evaluation results
show that sand is effective in dissipating the head differences
between zones, a field test will be run employing sand only in a
well immediately adjacent to a well in vwhich plezometers are already
cemented.,

Geological studies in Cold Creek Valley disclosed that the valley
form is only locally and incidentelly the result of erosion by

surface streams, for no single stream course follovws the valley

floor. Movement of contaminants, as potentially from the Radicecology
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Site at Rattlesnake Springs, will be minimal by surface runeoff and
their potential movement to the Yakima River by such mechanisms is
practically non-existent.

Surface runoff is appreciable only in the uppermost part of Cold
Creek Valley, west of the Yakima Barricade, where the structural
(synclinal) form of the valley concentrates runoff. The valley
west and southwest of 200-West Area is the result of deposition of
fine materials by runoff as the water infiltrated into the ground.
From Rattlesnake Springs to the Yakima River the valley is dominantly
the result of wind erosion of fine-grained sediments initially
deposited as a belt along the flanks of the Rattlesnake Hills.
Surface stream courses exist only where local concentration of
runoff occurs. Runoff from Rattlesnake Springs to the Yakima River
evidently has not occurred within historic times, if even within
more than S000 years.

RADIOLOGICAL AND HEALTH CHEMISTRY

‘ Iodine Studies

Reports that silver and copper mesh are good adsorbers for 12

have been confirmed in the laboratory. At 2 flow rate of 25 c¢fm
through beinch diameter, 2-inch thick beds of silver or copper
(preceded by an AM=-1l filter to remove particulate material and
folloved by a charcoal bed to remove the remaining iodine) 96 percent
and 50 percent, respectively, of the I, was removed. In a second
test HI-131 was generated and found to be removed by these materials
with an efficiency of 99 percent and 90 percent, respectively.

This c¢ollection apparatus was used on the gas from the Redox Flant
at a time when there had beerr no operation for two weeks and the
I-131 emission was very low with little accompanying NO,. Only

7.4 percent and 2 percent of the non-particulate I-131 W¥as removed
from the gas stream by silver:and copper mesh, respectively, It
thus appears that the I-131 from this gas stream is in chemical
forms other than 12 or HI, Further studies of these forms are
planned.

Radiation Chemistry

Radish seeds which had been scsked overnight in either 1 percent
erioglaucine solution or in plein water were prepared with water
contents of 1.4 percent ("ary" seeds) or 20.1 percent ("wet" seeds).
These seeds were irradiated in groups of 10 with Co~-60 y-radiation
and then allowed to germinate immediately on paper pads soaked with
10‘3‘2 potassium gibberellate., No protective effect of the dye was




observed. The data indicate an interesting difference between
radiation sensitivity of wet and dry seeds. The wet seeds show an
abrupt loss in germination ability at 1.0 x 10" rads whereas dry -
seeds lose this ability more gradually over the dose range of

0.5 to 1.5 x 10° rads, The presence of large amounts of water appears
to make their radistion response more uniform., Due to the procedure
used to incorporate erioglaucine into the seed most of the dye is
concentrated near the seed surface. The more uniform rediation
sensitivity of "wet" seeds may mean that seed constituents through-
out the seed are equally important in the germination process and
that the entire seed must be protected. A microscopic examination

of the distribution of dye within the treated seeds is in progress

to determine whether other modes of treatment might provide more
uniform dye distribution.

Cxygen has been observed to sccelerate the rate of disappearance of
the free radical signal observed in the ESR spectrometer when a
solution of p-nitroaniline is studied following irradiation with
cobalt-60 gamma radistion. This observation has led to improvement
in the ligquid handling system so that air is more rigidly excluded.
The resulting measured lifetime of the free radical produced by
irradiation of p-nitrocaniline solution at room temperature was
found to be 35 seconds, about double the previously measured 1k
seconds, ’

ATMOSPHERIC RADIOACTIVITY AND FALLOUT

Aerosol Samgling Study

The two~-foot square wind tunnel was used in initial experiments
desigred to measure sampling errors when sampling rates are much
smaller than isokinetic. This work is being done in support of
Atmospheric Physics research. These initial experiments were to
evaluate uniformity of particle concentration in the test section
and to establish proper techniques in sample collection and sample
evaluation., These experiments indicated that particles may be
stratifying or streaming in preferred areas in the cross section,
even after several circuits in the wind tunnel leoop. Further study
of this condition will be needed.

_ ISOTOPE DEVELOPMENT - 08 PROGRAM

Pyrochemical Cerium - Trivalent Rare Earth Segaration

Preliminary scouting studies, based on work by Johnson and Olsonl

l. Johnsor, RiW. and E.d. Olson, Separation of Cerium from Other ‘

'~ Rare Earths by Ignition of the Nitrates, 1SC-1069, September 1958.
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were initiated on a pyrochemical process for the separation of
cerium from the trivalent rare earths contained in the CSREX
process 1CP stream., Pyrochemical processing may permit more com-
pact equipment and eliminate radiolysis problems expected to be
severe in the agueous batch solvent extraction process currently
considered for the Hanford Isotope Plant. A conceptual process
would employ evaporative concentration of the CSREX 1CP stream
with added Mg(NO,)~26H.C as a fluxing agent to a boiling peint
of 200 to 275 C.3 %her al decomposition of cerous nitrate to

Ce0, occcurs in this temperature range and the resulting slurry
would be diluted with water for filtration of the precipitated .
CeOE. Hopefully, 99 percent of the cerium could be recovered at
about 95 percent purity. :

Initial studies have been aimed at determining fluxing agent con-
centrations necessary for maintaining a fluid, non-mastic system
throughout the evaporation and at the reaction temperature. For
the expected rare earth composition in the CSREX 1CP, the addition
of 50 w/o Mg(ND3) *6H.0 {based on the hydrated rare esrth nitrates)
results in a flii meft throughout the operating temperature range.
Addition of 25 w/o fluxing salt was insufficient to meintain molten
conditions. Oxidation of the cerium was found to occur below 200 C
with rapid reaction in the 260 to 275 C range. ™

The cerium oxide formed by thermel decomposition of cerous nitrate
in the nitrate fusion can be separated {after water dilution of
the reaction mixture) by filtration either on 10 micron sintered
metal filters or on No, 1 filter paper. Use of the latter might
result in equipment simplification by permitting ashing of the filter
element during subseguent drying and firing of the Ce02 product.

Attempts to form a cesium borosilicate glass by the Dynapak com-
pection techniques which were so successful with strontium titanate
and rare earth oxides have been unsuccessful. In all cases, plug-
ging of the off-gas line followed by distortion or rupture of the
can occurred when it was heated in the furnace prior to compaction.
Removal®of residual nitrate (using cesium nitrate as a starting
material) was particularly difficult and required temperatures in
excess of 800 C. It is concluded that high energy compaction is
not an attractive or practical process for forming cesium glass
{although it may be applicable to salts such as cesium sulfate).

L. 4.

Manager
Chemical Laboratory
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A. ORGANIZATION AND PERSONNEL
No significant changes occurred during the month.
B. TECHNICAL ACTIVITIES

FISSIONABLE MATERIALS - 02 PROGRAM
Effect of Resactor Effluent ¢n Aquatic Organisms

Yeung chincck salmon, after being reared for 17 weeks in reactor effluent, are
currently under swimming tests t¢o determine the effect of effluent concentration
and type of corrosion inhibitor on swirming performance. In these tests the
fish are stratified by size and distributed into treatment groups which are
scored for performance at three differant water velocities. Within a particular
size group, the early results show no apparent dirference due to treatments;
howaver, it is clear for the zero-age chinooks (bedy length about 56 mm) that

a difference as small as S mm in body length affects swimming ability.. The
size of the fish is one of the most important factors on swimning ability; i.e.,
the larger fish swim better than the smaller fish. Therefore, ths average fish
reared in 3% effluent would be expected to swim better than the fish reared in
6% effluent begause the effect of being reared in higher effluent concentration
was a significant growth depressicn.

- prd

- Vertan 690

To help evaluate the biological significance of river dispcsal of Vertan
690 on fish life, ycung trout and chinook salmon are under test. The purpose

., of the bicagsay is to determine the acute toxicity of this proprietory
material which is to be used to clean and condition the NPR secondary system.
Initial tests show total mortality at 3000 ppm (defining Vertan 690 as received
as 100%) and LOOO ppm for young trout and chinock salmon, respectively.
First estimates of LDgg will probably lie between 2000 ppm and 3000 ppm. If
an arbitrary safety factor of 1% of L o concentration is applied, an upper
limit to aveid acute toxicity c¢f about™ 20 ppm is computed.

:d

Columnaria

Tests for heat killing of columnaris showed that 50 C for one hour was the
minimum required for 100% mortality. With increasing temperature, shorter
times were required. ' .

In the course of the temperature tests a high frequency of a new cclony form

of the organism was observed, a smooth as opposed to the usual rough form.
- Some features of this smooth form make it ideal for lahoratory work,

UNCLASSIFIED
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" Chinoock fingerlings, survivalsfrcm previcus exposures to columnaris,

were re-exposed to the organism and their survival ccmpared with a group

of fingerlings having no previdus exposure history. There appeared to .
be a slightly lower mortality in the previcusly exposed group, but no

c¢lear cut resistance had been produced.

BIOLOGY AND MEDICIN® - 06 PROGRAM
METABOLISM, TOXICITY AND TRANSFER OF RADICACTIVE MATERIALS

Zine

Results of trout killed 184 days after & single oral dose of L6 mc showed
that among the tissues sampled the gill filaments still have the highest
concentration and about 1.8% of the given dese is estimated in the gills.
Autcradiographs of gill filaments are being prepared for further study.
- The body burden declines little from about 25% of dose at 30 days to
about 20% at 164 days. The amount found in the gastrointestinal tract
is surprisingly stable. About 8% of dose is found in the gastro-intestinal
tract at 30, 6L, 9L, and 1%L days. The distribution at 164 days within

. the gastro-intestinal tract, cn the average for ten fish, was 1.6, 1.6,

; 0,5, and 0.5 pe for stomach, pyleric caeca, mid-gut and hind-gut,
respectively.

For further study, a group of 100 trout were administered a single cral _
dose of 200 pc each. These fish are to be utilized for mere detailed
studies on the deposition of Zn 5, in particular in the gastro-intestinal
tract and gill filaments.

Strontium

" The weekly massive bleeding of five miniature swlne on the study to determine
the reserve capacity of the hematopcietic system was discontinued. During
this first phase of the study, the animals were bled eight times at weekly
intervals with a total volume of blcod enual to 8% of the animal's weight
remcved. Preliminary analysis of the results indicates that of the
parameters studied no marked differences were observed between the contrel
animals and those fed 125 pe Sr?9/day. (This level of Sr’0 feeding results
in an average radiation dose rate to the bone marrow of ~15 rads/day,) As
expected, a marked increase in the rate of erythrocyte production was
observed as gsasured by rate of plasma clearance of Fe-” and erythrocyte
uptake of Fe The red cell count and hemoglcbin content of bloed
decreased slightly in all animals during the study. Due to an increase
in red cell volume, the packed cell volume of the animals was only slightly

depressed. Marked increases in the reticulocyte counts were observed in
all animals.

(In a continuation of this study after blood values have returned to normal,
the animals will be subjected to several massive bleedings at short intervals
and their response to this acute blood loss determined as centrasted to the
chronic blood less in the first phase.)

UNCLASSIFIZED
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.while the depcsition of Pu

-Todine

Five of 17 ewes given 3 mc 113) five years ago railed to conceive or experienced
early death of the embryo., 411 the control ewes conceived at the first mating
and had an uncomplicated pre-nancy. The gestation pericd in the experimental
group was 146 + L.L days, while that in the control group was 143 + 2.7 days.
There was nc difference in the birth weight of the lambs; however, in the animals
sacrificed at birth the lamb thyroids of the experimental group were larger than
the controls, suggesting a compensatory hyperplasia. There was a suggestion of
an increased thyroid uptake cof a tracer dose of I131 44 the lambs born in the
experimental group,

After U5 days of feeding 2 g of stable iodine to a cow on a regimen of 5 pc of

I131/day, the I3} concentration in the milk was reduced over 50% and the I3l
uptake in the cow!s thyroid was reduced about 954, (The calculated stable
iodine requirement for a cow is 5 mg/day.)

Plutenium

Data on plutonium tissue cogcentra ions have been cbtained over a 17-day pericd
following injection of Pu230 cr Pu?3”7, This study will ultimately extend to
8l days pest-injection and will include hematological and histepatholcgical
studies, As indicated in earlier preliminary studies, Pu?39 deposition in
diver, spleen, and adrensl gland is 2 to 3 times greater than Pu238 deposition,
2§B in bone is greater than that of Pu239, Addasgon
of a large citrate excess did not app-ar to affect the distribution of Pu .

Copper, Radiation and Molybdenum Inter-relationships

‘Further results from the paired feeding study comparing the effects of high

copper and molybdenum intakes on irradiated and nen-irradiated rats support

the earlier indications that the decrease in urinary ccpper excretion following
850 r total-body irradiatien is due to a decreased foocd intake subsequent to
irradiation. Liver ccpper concentrations are increased on a high copper diet
in both irradiated and non-irradisted rats. Of perhaps greater interest is
the observation of increased liver copper concentraticns in animals on a

high molybdenum diet,

Inhalaticn Studies

One dog died 1200 days after a single inhalation exposure to Pu23902. Body
burden at time of death was 2.1 uc, distributed as follows: lungs; L9%;
bronchial and mediastinal lymph nodes, 23%; muscle, 3%; liver, $%; bone, 18%;
pancreas, 0.8%; heart, 0.4%; and spleen, 0.3%. The bronchial lymph nodes

had the highest concentration of plutenium, 2.L pe/g compared with

0.005 pe/g in lung, and 0.0005 mc/g in bone. However, the S500~fold difference

in concentration of Pu23% in bronehial lymph nodes ccmpared with lung was

attributed in part to a 3-fold increase in lung weight due to patheolegy,

and at least a 2-fold decrease in lymph node weight due to atrophy.

UNCLASSIFIED
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One dog died eight mcnths after depositing about 2 me Celhhoz. Tetal
radicactivity in the dog at death was about 1 mc divided between the lungs,
bronchial lymph nodes, and liver. Radiochemical analyses of the tissues are
net complete.

Six beagle dogs were flown to the Nevada Test Site and exposed to plutonium
released from a one-point detonation of a nuclear weapon., The dogs will be
studied for comparison of the excreticn, tissue distribution, and biological
effects of plutonium with results obtained in laboratory studies.

The distribution of inhaled PuOs in the sub-cellular fractions of lung tissue
was determined in rats four months after exposure, Table 1.

TABL™ 1
Percent
1. Saline washings of lungs 2
2., Fibrous tissue 24
3. Sub-cellular fracticns

Nuclear and cell debris fracticn 72 -
Mitechondrical ~1l.b
Micrcscmal N.5
Supernatant Q.L

It is thcught that most of the Pu?39 fcund in ths nuclear and cell debris
fracticn was associated with the cell debris. Hewever, this will be examined

in further experiments. Xnowledge cf the cellular and sub-cellular distribution
of Pu239 in the lung is expected to centribute towards developing methods

for the removal of inhaled pilutenium.

. Two experiments weres ccmpleted festing agents for removal cf irhaled Pu23%90

- in rats., In one experiment, DTFA and Pluronics by aerosol, NaHS() + XI oragly
and intraperitonealiy, and T.R. aercsol {a wetting agent prcduced by American
Cyanamid) were ineffective. In another experiment, CO,, Alevaire, Isuprel,
and NH;,Cl were tested alcne and in combinationg. Only in Isuprel-treated rats
was the lung burden significantly less ("Student t" test at 95% confidence
limits) than the controls. Further tests are in progress.

Plasma levels of lT7-hydrcxyecorticostercids in several dogs exposed three years
ago to Puls did not differ significantly from the contrels. It was expected
that the lymphopenia occurring in animals after inhalation cf plutonium dioxide
might be asscclated with increased levels of the l7-hydroxycerticcstercids,
thus possibly linking the adrenal gland to this apparently abscopal effect

of radiation. These results suggest that a fresh approach to the prchlem is

in order.

Milk Studies

Single tracer doses cf th, Rbaé, Cs137 and BalliO were given intravencusly
to three lactating Suffolk ewes in order to determine the ccmparative
metabolic behavior of these elements with regard to plasma clearance and
milk transfer. Blccd and milk samples were collected at frequent intervals

UNCLASSIFIED
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for several weeks. Complete analytical results are not available at this
time for all four isotcpes, Preliminary results indicate the peak milk
ccncentrations of both Rb80 and Cs137 occurred at about 7 hrs after
administraticon of the nuclides. The milk-to-plasma ratio for both rbB6
and Csl37 at steady state was 10 to 15.

Gastro-intestinal Radiation Injury

Further studies on the protection of the irradiated GI tract by infusicn of
the bile salt sequestrant, cholestyramine, have not resulted in appreciably
improved survival, even wtth supolementary antibiotic and fluid suppertive
therapy. Studies with Cli-labeled bile salts indicate that cholestyramine

is only partially effective in removing bile salts from the intestinal lumen.
In another approach to this problem, rats have been surgically modified in
such a manner that the bile drains into the urinary bladder. This preocedure
is apparently effective in preventing the diarrhea which normally follows
irradition. Insufficient data are available to evaluate its possitle effect
on survival,

Preliminary studies of histclogical preparations from rats pretreated with
cysteine and exposed to cumulative intestinal radiation deses as high as
20,000 r seem to indicate that the intestine is able to undergo very
extensive damage and subs-quent r>pair of the mucosa without permanently
impairing functional activity. '

Seccndary Disease Studies

Rat anti-mouse and mcuse anti-rat antibodies from radiation chimeras have
been separated bv agar gel electrophoresis techniques. The mecuse anti-rat
antibody was associated with the albumin fraction, while the rat anti-mcuse
antibody moves more slcwly with the gamma globulin fraction. BEoth antibodies
were also detectable in the fraction which did neot move from the origin.
Mixtures of separated antibody fractions were re-separated electropheretically
without difficulty. There is some loss of antibedy activity upon storage

at freezer temperatures, the rat anti-mcuse antibody appearing to be mcre
sensitive to destruction during storage. These results support the thesis
that the two antibody species are different and not simply a non-specific
antibody capable of agglutinating both rat and mouse erythrocytes.

Studies with radiation chimeras derived from two different mouse strains
(C31 and IAF) unlike the rat-mouse chimeras, have not shown serum
hemagglutinins against either host or denor. There has alsc been ne
consistent improvement in survival of the radiation chimeras when the
donor tissues are taken from animals pre-treated with host tissues.

A start has been made cn a histochemical and cytochemical study of the
develcpment of secondary diseases in rat-mcuse chimeras.

Microbiology

The phospholipid content of irradiated cells is higher, relative to the
phosphorus cocntent of the cell, than in unirradiated controls., The data
are suggestive that leakage of phosphate as a consequence of irradiaticn
is linked with phospholipids in the cell menbrane.

1103513
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Potassium uptake by strictly oxidative yeast was demonstrated to occur at
about 1/20th the rate in oxidative-fermentative strains. The uptake is
pH dependent with the maximum occurring between pH 7 and 8, Whether the
low potassium uptake is related to reduced HY availability or to reduced
permeability of the membrane to H* of X" is not yet clear.

Radiation Effects cn Insects

Statistical analyses became available from a neutron radiation experiment
performed last winter. Three-week-old virgin flour beetles, Tribolium
castaneum, were given 980 rads of fast neutrons (average energy L.b Vev)
from the H2(d,n)He3 reaction. The radiated beetles were mated in various
combinations, such that the effects on the male or female reproductive
zbility could be distinguished. The number of adult Fy progeny was the
measure of the parentzl reproductive zbility. The neutron exposure reduced
the reproductive ability in all cases, the greatest being when both sexes
were radiated. TFemales were more fit reproductively than males when only
one sex was radiated. No differential radiation response of germ cells
was cbserved. Cytological examination of female reproductive organs
reflected the reduced reproductive ability due to the neutron exposure.

A more elabecrate neutron effects study on T. castaneum was established

at three temperatures with hy-cld adults. The same neutron exposure
conditions were used to give approximately 850 rads. To determine the
conset of reproduction a series of crosses usinz combinations of ycung and
o0ld males and females was conducted at one temperature. This initial
test will be extended to other temperatures. The data are being analyzed.

Plant Nutrition

Bacterial infection of roots in nutrient culture prevented the carrying
out of successful experiments cn the mechanism of ian uptake. The source
of the infection is not known.

The efficiency of iodide uptake from nutrient solution was increased about
threefold by increasing the concentration of iodide in the substrate

from carrier-free levels of I13l up to 1 pg I/ml of nutrient solution,
Although distinct toxicity was noted at the 1.0 ug/ml level, no such
toxicity was observed at the 0.1 or 0.0l ug/ml levels and all showed
enhanced uptake.,’

Plant Ecologx

Cheat grass shoots harvested in a greasewood community in late April and
assayed for caleium, magnesium, sodium, and potassium showed the cheatgrass
growing beneath the canopy of greasewood to contain twice as much sodium
as those plants harvested on the adjacent areas between shrubs. The
increased sodium content of cheatgrass growing beneath greasewood appears
te result from the decay of greasewood leaves which are high in sodium

and a subseguent uptake by the grass.

UNCLASSIFIED
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Rattlesnake Springs Limnology

Twenty mc of Rb86 were introduced as a slug into the upper end of Rattlesnake
Springs. Water samples wzre collected at 2-minute intervals at six stationms
between the point of introduction and the upper dam., Preliminary results show
that the activity peak decreased and flattened out at successive downstream
stations. No pulse was found at the dam. Cursory examination of the counts
from bottom deposit samples showed that the substrate adsorbed the isotope,
although the magnitude of this is still being analyzed.

Fallout

Samples of water and particulate matter from the Tucannon River and Blue Lake
were collected and are being analyzed for fallout isotopes. Preliminary
reports show the presence of significant amounts of zirconium and niocbium

in the particulate matter.

Sampling and Analysis of Natural Populations

Study of "distance" sampling methods was continued, with a small-scale field
test on herbaceous plants in the understory of sagebrush and greasewcod plots
at Rattlesnake Springs.

Two mule deer weres collected cn the Wooten Game Range for radioanalysis,
and a series of sampling points established.

A study of the statistical problems associated with sampling for radionuclides

wag continued, with some analysis of Alaska data initiated, and study of
¢omputational methods.

BIOLOGY LABORATOR |
HA Kornberg:es
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TECHNICAL INTERCHANGE DATA
BIOLOGY LABORATOR

I. Speeches Presented o

a, Papers Presented at Society Meetings and Symposiums

Hanson, W. C. Radiocecological studies of northern Alaska. Third
" Symposium on Radicactivity in Scandinavia, University of Lund,
lund, Sweden. May 21, 1963.

Hanson, W, C. Dietary sources of Csl137 in Alaskan Eskimos. Third .
' Symposium on Radicactivity in Scandinavia, University of Lund,
Lund,” Sweden. May 21, 1963.

Park, J. F. Chronic toxicity of inhaled plutonium in dogs. American
Industrial Hygiene Association and Society of Texicology, Cincinnati,
Ohio. Vay 6-10, 1963.

Ballou, J. E. Comparative toxicity of Pu23? and Pu238. Radiation
Research Scciety, Milwaukee, Wisconsin. May 27-29, 1963.

McClellan, R. O. Changes in c2lcium-strontium metabolism with age in
: ycung miniature swine. Radiation Research Society Meeting, Milwaukee,
. Wisconsin. May 27-29, 1963.

McClellan, R, 0. TIcdine-131 in the feed, thyroid and milk of dairy cows.
Radiation Research Scciety Meeting, Milwaukee, Wisconsin. May 27-29,
1963. '

Fhyneer, G. S. The effects of inhaled Pu23902 in adrenalectomized rats.
(Cc-authers: H. W, Casey and W. J. Bair.). 1lth Annual Radiation
Research Society, Milwaukee, Wisconsin. May 27-29, 1953.

b. Seminars (Off.Site and Loecal)

Uyeki, E. M. Graft-host response in radiaticn chimeras. University.
of Washingtoen, Seattle, Washingten. May 2, 1963.

c. Seminars (Biclcgy)
Watsen, E. C., Radiation Protection Operation, Hanford Laboratories.
Remarks on the Resctor Siting Criteria Sympsoium held in Bombay,
India. May 2, 1963.
McClanahan, B. J. The use of element pairs in ion transport. May 7, 1963,

Weed, D. 1131 studies in cattle. May 7, 1963.
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Kimeldorf, D. J., Head, Physioclogy-Physcology Branch, USNRDL, San Francisco,
California. Some prompt reactions to radiation exposure. May 17, 1963,

Ragan, H. A. Clinicsl studies in irradiated animals. May 21, 1963.
Hackett, P. L. Radiation and copper toxicities. May 21, 1963.

Entenman, C., Director, Institute for Lipid Research, Berkeley, California.
. Some studies on lipid metabolism in the X-irradiated animals. May 24, 1963.

d. Miscellaneocus

Uyeki, E. M. Modificaﬁion of radiation injury in mammals. Radiobiclogy Course,
University of Washington Graduate Center, Richland, Washington. May 8, 1963.

Bair, W. J. Inhalation preblems. University of Washington, Richland, Washingten,

II. Articles Published

a. HW Documents - Nene
b. Open Literature
Bair, W. J. and D, H. Willard, 1953. Plutcnium inhalation studies. TIII.

Effect of particle size and total dose on deposition, retention, and
translocation. Health Physics 9: 253-266.

y Hanson, W. C., F. W. Whicker, and A, H, Dahl, 1963. Iodine-13l1 in the
thyroids of North American deer and caribou: comparison after nuclear
tests. Science 1L0: B801-2. '

Rickard, W. H., and L. M. Shields. 1963. An early stage in the plant
recolonization of a nuclear target area. Radiation Botany 3: Ll-Ll.
(Work performed elsewhere.)

Tombropoulos, E. G., W. J. Bair, and J. F. Park, 1963, Tffect of
diethylenetriamine-pentaacetic acid and Bolypropylenoglycolethylene
oxide Eolymer on excrstion of inhaled 237Pu0s in dogs. Nature 198:
703-704.

. III, Visits and Visitors

a., Visits to Hanford

5/7-8/63 John Neff and Fred Beem, Acme Refrigeration Co. Check grwoth
chamber (contacted J.F. Cline). -

5/7 Dr. H. C. Monrce and 3. C. Loud, Davison Chemical Ccmpany,
Irwin, Tennessee. Visit facilities and discuss research
with V. G. Horstman. :

5/10 Dr. Charles Sachs, French ATC, Fontenay-aux-Roses. Discuss internal
deccntamination and Pu poisoning with Biology staff.

-
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b.

5/5-10 R. . T. O'Brien attended the American Microblological Soéiety

5/10/63 Northwest Association of Occupational Medicine. Tour Bioi&gy.‘

5/13/63 Governor Rcsellini, R. E. Rose, etc., Clympia, WAShington."Tour. .
5/13/63 Columbia Basin College Zoology Students, Pasco. Tour.

5/1?/63 Dr. D. Kimeldorf, USNRDL, San Francisco. Tour and present seminar.

5/20/63 Dr. R, Daubenmire, Washington State University, Pullman. Check
field pleots with W. Rickard.

5/24,/63 Dr. Entenman, Institute of Lipid Research, San Franeisco, Calif.
. " "Tour and present seminar.

5/2L/63 Chemistry students from Zillah High.School, Zillah, Wash.
Visits Off-Site

5/5-8/63 V. H, Smith attended the Irternational Symposium on Physical
Processes in Minneapolis, i{innesota.

5/5-8 and C. E. Breckinridge escorted experimental dogs to ardfrom the
£/16-17 Nevada Test Site for Project Roller Coaster.

in Cleveland, Chie.

5/6-10 J. F. Park presented a paper at the American Industrial Hygiene
. Conference and Society of Texicolegy in Cincinnati, Chio, and
discussed cardiology studies at the College of Veterinary
Hedicine in Columbus, Chic.
5/14-16 L. Haverfield visited Washingtcn State University in Pullman
to consult for taxonomic purposes with Dr. M. T. James.

5/14~15 P, A, Olsen and C. O'Malley picked up silver salmen at the
Fagle Creek Federal Fish Hatchery, Estacada, Oregon.

6/15-16 L., L, Eberhardt, Y. H. Rickard, and C. E. Cushing ccllected
specimens at the Wecoten Game Range, Dayton, Washington.

5/17/63 D. D. Mahlum consulted on research with Drs. Wiese and LeTourneau
at the University of Idaho, Moscow, Idaho.

5/17-6/8 W. C. Hanson presented twe invited papers at the Third Symposium
on Radicactivity in Scandinavia, University of Lund, Lund,
Sweden cn May 20-21; visited facilities in Stockholm, Oslo,
Copenhagen, and Windscale Works in Seascale, England.
" Attended a special meeting in Washington, D.C. on June 7.
5/2L4/63 L. K. Bustad werked on the ionizing radiation study at the _
University of Washington with Professor Ruch. L
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b. Visits Off-Site (Continued)

5/21/63 M. E. Kerr visited Pendleton Grain Growers in Pendleton, Oregen
” to inspect 3" pellets,

. 6/26-31 R. O. MeClellan presented a paper at the Radiation Research Society
Meeting in Milwaukee, Wisocnsin and discussed research with J. L.
Felts at the University of Minnescta.

5/26-30 Glenda S. Vogt attended the Radiation Research Society Meeting
in Milwaunkee, Wisconsin.

5/26-29 R. F. Palmer and A. C. Case visited Lovelace Foundation in Albuquerque,
New Mexico and lLos Alamos Scientific Laberatery in Les Alames,
N.M. to confer on radiation measuring methods and facilities with
Drs. R. G. Thomas and C. R. Richmond, respectively.

§/27-29 B, O. Stuart attended the Radiation Research Society Heeting in
Milwaukee.

5/27-29 J. E. Ballou presented a paper at the Radiation Research Soclety
. Meeting in Milwaukee.

IV. Achievements

‘€§§ _ No degrees were earned, ncr did any professiocnal licensing or ceriificaticn occur.

V. Honors and Recognitions

Dr. M. F. Sullivan was elected a Fellow in the American Association for the
Advancement of Science.

VI. Prcfessional Group or Organization Assignments

None

11035179



- S

s
APFLIED MATHEMATICS OPERATION ‘i:>

- MONTHLY REPORT - MAY, 1263

ORGANIZATION AND PERSCONNEL

Linda 8. Dean transferred into ﬁhe group from Technical Information,
effective May 20, 1963.

»

OPERATIONS RESEARCH ACTIVITIES

Reactor Simulation Studies are continuing with work to develop data
recording on a consistent and nonredundant besis., Recording forms have
been revised to eliminate such probleis.

The HAPO = Tri-City Model is being pushed for completion, in erude form,

. by the end of June. Considerable data difficulties cause delays. Ways

are being sought to overcome data gaps by developing assumptions that can
be, at least, tested for logical consistency and for consistency with the
highly aggregated deta which is available.

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

. N=Reactor Degartment

Parameter estimaticn techniques in connection with the weld crack problem
associated with NPR primary piping have been successfully progremmed.
Estimation of all paremeters is virtually complete, and & revised document
setting forth the parzmeter estimates in tabular form is soon to be issued,

Irradiaticn Processinﬁ Degartmgnt

A large number of metallographic variables from the second end-bonding
experiment have been analyzed. The objective is to determine those canning
conditions which will give the btest fuel elements by understanding the
effects that time, temperature, and pressure have on the important fuel
element characteristics. A discussion was alsc held on a proposed system
for controlling the guality of fuel elements manufactured by this process
by controlling the quality of incoming material and the manufacturing
process itself, Emphasis was leid on the need to correlate preirradiation
manufacturing conditions and fuel element characteristics with postirradia-
tion results,
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Assistance vas given in determining a plan to identify ingots of uranium as

being normal or enriched on the basis of counting rates based on y emission,
A counting time and number were determined such that the two ingot types can
be identified with specified and very high levels of assurance.

‘A discussion was held on the interpretation of the results of a test to com-

.pare Alcoa and Cliff canning somponents based on UT-4 measurements,

A discussion was held on the sample size necessary to determine if there are
adverse side effects from a corrosion inhibitor applied to fuel elements,

Analyses were made on the deta from a salary study to see whether there sre
different relative salary trends for the different salary levels,

A functional relationship was fitted to counting data in which one of the
parameters should estimate the half life of thorium, However, the resulting
estimates were poor, no doudbt due to the restricted range of time wherein
the counts were mede.

Continued essistance is being given to determine the best conditions for re-
processing substandard rails for self-supported KVE and KVN fuel elements. In
support of this objective, data were analyzed to determine the precisions and
reletive bigses of several messuring instruments, Related work is being done
here on determining how ellipticity of fuel elements affects. the minimum
annuli.

Jelationships between the cutlet water temperatures arcund the circumference

of a tube and the thermocouple locations have been obtained for several tubes,
This is & continuing program and is concerned with the gdeterminaticn of the
temperature imbalance in the cutlet water.

An estimate was cobtained of the proportion of alpha particles emitted near the
surface of s fuel element which reach the surface.

Analyses on the mafhematical theory, use, error propagation, and EDPM program
for both the optical and electronic process tube traverse mechanlsms have been
completed and recommendations for their improvement and use discussed with the
customer, B

Chemical Processing Department

The centinued high plutenium content and relatively low process and measure=-
ment variation permitted demonstration of compliance with minimum purity
specification for the first quarter of CY-1963, Due to the wide margin
between demonstrated complience and specification, the number of random samples
selected per week for Pu assay was decreased from 40 to 10, The measurements
of the minor component cbserved to data indicate a part by part (100 percent

i1 hgs required. .
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The estimation of U-235 content of UQ3 shipments will be made from
duplicate measurements, using the 23L4-5 laboratories thermionic emis-
sion mass spectrograph, on each car shipped, At the same time, a UO
standard of known isctopic content will be analyzed to permit subseqnent
estimation of mbsolute reliability.

A limited examination of silicon content of feed material and number of
casting rejects indicated a statistically significant relsationship.

A comparisicn of the cbserved variation at five counting levels indicated
the revised ASP counting instruments could be used to replace standard
ASP instruments at all counting levels, :

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HANFORD LABORATORIES

2000 Program

The EDPM program which simulates the NPR stack gas composition was modified
in such a manner sco as to be applicable over a much wider range of input
parameters. This revision mekes it possible to incorporate immediately

any new or revised reasction coefficients as fest as they are obtained from
laboratory experiments. Moreover, in its new form, the program is now
applicable to other reactors,

Analysis continues on the organic volume fraction profiles being developed
from pulse column data. Data relating isotopic activity to location in the
tube have been analyzed to estimate the total activity in the tube., The data
are also being fitted with e harmonic-type function to see what general
characteristics as regards their cosine, skewness, and peakedness effects

exist, .
;000 Program

A gseries of conferences has led to a firm plan to convert a Sheffield
rotary contour gauge to numerical control., Appropriate mathematical
relationships have been derived and a preliminary EDPM program is being
written to prepare magnetic tape input for the system,

Work on the design of shear~spinning blanks continued following the initial
successes at moderate shears, In particular, designs have been completed
which will allow experimentation in the range of greatly-increased shear
coefficients,

1103582
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Routine caleculations were performed to determine coptimum particle size and
proportionate mix factors for several cylindrical Vipac fuel elements. Con-
siderable effort has also been devoted to the study of particle spiraling, a
phenomencn suspected of playing a fundamental role in the vibrational com-
pactification of annular-shaped fuel elements. Although the knowledge in
this area is somevhat fragmented, & documentation of the state of the art is
currently being compiled.

Limited progress has been made on the theoretical study of sonic transmission
in elastic media, In particular, a method of interpreting the phenomenon of
viscous damping (energy absorption) in the so called Voigt solid has been
discovered.

A method of calculating with modified Bessel functions of large index was
developed which has the advantage of exhibiting numerical stability on
glectronic computers, The problem arcse in a study concerned with heat
transfer from hot spots on fuel elements,

Modification of the machine langusge program which celculates void fractions
and densities in uranium was accomplished, and routine analyses were processed.
57

5000 Program

During the month an improved methed of using background spectra was incor-
porated in the calculational part of the IRA system., This modification gives
significantly better results. '

Further changes are being made to the IRA system to reduce computer times,
and to handle modifications made in the storage and reporting of data.

Final arrangements were made to document the program for indexing X-ray dif-
fraction powder patterns in the hexagonal case, A report will be issued early
in June. A new counting routine for the orthorhombic program has been written
and compiled but several errors remain, Work is continuing on this program.

A nev "master" progrem called INDEX was written, compiled, debugged, and
successfully used, INDEX makes a subroutine out of the cubic program. Work
is under way to add the hexagonal-tetragonal program to INDEX as a subroutine.
Eventually en orthorhombic subroutine will be added so that INDEX will handle
any of the four types of crystal,

6000 Program

Statistical analysis of data on adult progeny from neutron exposed Tribolium
cestaneum was completed, and a letter containing the results was prepared.
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Special support was given in the design of extensive theory - experiment
correlation program. _

Design criteria included the ability to estimate simultaneously the theory -
theory agreement between calculational methods employed in the program as
well as the theory - experiment limitations of the methods,

Service is being provided to ROHC for its semimonthly employee survey, and
to CPD for a special employee survey of its own.

In discussion with radiation protection personnel a basis was given for
choosing at what film density value true radiation exposure is indicated.

Other
On Monday, May 27T, the Chemical Research Seminar was given by J., B. Goebel,

‘Applied Mathematics., The seminar was entitled "Indexing X-ray Diffraction
Powder Patterns, Case II, Hexagonal-tetragonal Case",

Manager
Applied: Mathematics

CA Bennett:dgl
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REACTOR DEVELOPMENT - O4 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Comparison of Cm-244 Production Rates Using Th-232 end U-230 as Fertile Fuels

Two appealing methods of producing Cm-244 in power reactors are plutonium
enrichment of elther thorium or depleted uranium. Both systems exhibit

low fuel cost even without a large Cm-24l credit. Fuel elements containing
these materials should be less difficult to fabricate than complex composites
which isclate plutonium of different ages. '

Curium-244 production rates using plutonium (76% Pu-239, 18% Pu-2L0, 5% Pu-241,

1% Pu-242) enrichment of thorium were discussed in the April 1963 Monthly
Report. Now data are available to make a comparison of the production using
the same plutonium composition enriching both U-238 and Th-232.

The major result appears to be that at a fuel specific power of 20 MW/T
fertile, plutonium in U-238 will have a higher Cm-2k4 production rate and,
also, a higher Cm-24k4 purity (Cm-242 is formed along with Cm-244 which
detracts from the value of Cm-244) 1s obtained when U-238 is used as the
fertile material. This advantage decreases as the neutron spectrum beccmes
harder. At different specific powers the relative sdvantages mey change.
This will be analyzed.

The better purity obtained using U-238 as a fertile fuel in the 20 MW/T
example can be amplified further by physically separating the initial

-plutonium and U-238 in the fuel element to prevent new Pu-241 from forming

more Cm-242 in the initial plutonium. The total production of Cm-244 would
be unaffected, but the purlty of that formed in the part of the fuel contain=-
ing U-238 would be much lower.

Figure 1 is & plot of Cm~-2hkl4 production versus fuel eiposure for various
spectral indexes and temperatures with plutonium enrichment of depleted
uranium. The production, as shown in this plot, increases with both
inereased moderator temperature and spectral index, r. Higher values of

r indicate harder neutron spectra. The purity of Cm-24lL (Cm-2Lk/Cm-2hk4 +
Cm-242) also increases withfuel exposure and spectral index. The production
rate in thorium is designated@ by dashed lines for 120 C neutron temperature
for comparison,
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FIGURE 1
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A comperison of these production rates in U-238 with those in thorium for
the same plutonium compositien {76, 18, 5, 1) shows the production rate of
Cm-24h to be much higher in U-238, by about a factor of 2 at low r's. This
is due to the U-238 in the fuel which supplies new plutonium atoms for
eventual formation of more Cm-24%. Tt is also noted that the purity has
increased in the U-238 fuel. This is due to a higher flux in the U-238
fuel for enrichments which yield the same exposure. The absorption cross
section for thorium is higher than for U-238 -- especially at low r's.
Thus, the U-238 fuel needs less enrichment to attain the seme exposure and,
hence, a higher flux to achieve the same specific power. It is for this
reason that the relative advantage of U-238 system may change with the
specific power. The U-238 fast effect also helps to reduce the necessary
fissile content. The higher flux meens that the Pu-24l will have less time
to decey (pu.ahj‘é, An-241 + n —p Cm-242) relative to the rate of Cm-24k4
production (Pu-242 + n —» Am-243 + n —» Cm-244). .

General Fuel Cycle Analysis

~Calculations of additional fission products from water moderated reactors

using slightly enriched uranium are tabulated in Tables I and II. These
calculations were made at 10 MW/T average fuel specific power.

It should te noted that Ru-103 production is less at higher exposures due
to the saturation effect (i.e., the rate of decay is equal to the rate of
production). This same effect reduces the production of Ru-106 at exposures
above 10,000 MWD/T, but for lower exposures, the increase is due to the
bigher fission yield from plutonium than from uranium. The higher yields
from plutonium also cause increases in stable ruthenium and palladium
production. Rhodium production is low at very low exposures due to the
accumulation of the Ru-103 parent inventory as well as the lower yield
from wranium fission. At high exposures, rhodium tends to saturate due to
its rather high cross section. Krypton production decreases at high
exposure due to lower fission yield of plutonium as well as the saturation
tendency of Kr-85.

Production of xenon and cesium has also been computed and typical data are

_ summarized in Table IIT (trace quantities of Xe-129 and fractional percent-

ages of Xe-130 have been neglected).

Effective Values of the Neutron Reproduction Factor

Values of 7] , the effective neutron reproduction factor, for Pu-239 have
been cited in the literature that compare unfavorebly with those of U-235
and U-233, A consistent set of velues for these three isotopes as a

function of their concentretion in a water moderator was calculsted therefore.

The computations were made by combining the SPECTRUM code {for energies up
to 2.38 ev) erd the GAM code (for energies above 2.38 ev). The results for
a homogeneous mixture of fuel and room temperature water are shown in
Table IV,
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TABIE T
 ISOTOPES - GRAMS/M, YEAR AT DISCHARGE
Exposure Stable hoda 1,0 yr Stable Stsble Stable 10.4 yr
MWD/T Ru . Ru-103 Ru-106 Rh-103 P4 Kr Kr-85
1,926 20,0 . 1.70 1.20 4.0 3.8 4.7 0.40
3,926 . 20.6 0.93 1.33 L.T 5.1 4,5 0.37
. 5,926 21.1 | 0.65 1.4 5.1 6.4 4.3 0.35
9,926  21.9 042  1.43 5.2 - 8.6 4.0 0.31
19,926 23.7 0.2% 1.31 4.7 13.6 3.3 0.23
39,778 26.3 0.1% 0.95 3.3 21.0 2.4 0.13
TABLE TI
ISOTOPES - WATTS/MWy YEAR 150 DAYS AFTER DISCHARGE
1,926 8.2 28.0 * 0.28
3,926 L.5 31.0 0.26
5,726 3.1 33.0 0.25
9,926 2.0 | 33.0 0.22
19,926 1.2 30.0 - 0.16
39,778 0.7 " 23.0 0.09
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TABLE IV

VALUES OF 7] FOR U-233, U-235, AND Pu-239
IN A WATER MODERATOR AT 293°K

Fssile Atcms Per 77, Neutrons Produced Fer Neutron Absorbed

dton Bydrogen U233 UZB Tl
0.0 2.29 2.06 2.08
0.005 2.26 1.99 1.93
0,010 2.24 1.93 1.89
0.20 2.21 1.8% 1.85

The method used to ¢btain the data of Table IV is somewhat unsatisfactory
in that the effect of geometric self-ghielding could not be evaluated
directly. These results, therefore, are applicable only to & homogeneous
mixture of the fuel, moderator, and cladding. Also, a somewhat arbitrary
welghting between the GAM and SPECTRUM results must be introduced in the
computaticn, and thlis factor mey have a considerable bearing on the results
of the study.

A compari 015: between the GAM-SPECTRUM results for 500°K moderator and scme
publishedll) MUFT-SOFOCATE results sre shown in Table V.

: ~ TABLE ¥

A COMPARTSON OF 7 FOR Pu-239 IN A WATER MODERATOR
AT 500°K CALCULATED BY TWO DIFFERENT COMPUTATIONAL METEODS

T s Neutrons Produced per

‘ Fisailé Atoms per Neutron Abscorbed (1)
Atom Hydrogen CAM=SPECTRUM MUFT=SOFOCATE
0.00 2.05 : 1.88
0.005 1.89 1.77
0.010 1.87 1.75

(1) These 7 values are based upon the slpha values presented by
Fein and Noderer, CEND-146.
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Comparison of 7] between systems involving U-238 and thorium are misleading
unless € , the fertile fast effect, is included (i.e., 'T—LC ). This is
extremely significant because the € value for thorium is essentially 1,
while for U-238 systems it can be 1.1 (1.2 theoretical limit for uranium
metal) and is 1.06 for same H,0 moderated U0, fueled machines. With an £
value of 1.06, the € 7 products for U-235 and Pu-239 corresponding to

. the 'Qc velues in Teble IV range from 2.18 to_l.95 and 2.21 to 1.96,
respectively. For U-233 in thorium, 7] end M€ are essentially the same.

- Fuel Conservation Calculations

An index of reactor performance that often appears in a discussion of the
conservation of fisslle material is the heat produced per gram of U.235
made unavailable., An atom of U-235 1s considered to be "unavailable" when
it either absorbs a neutron during the burnup or is diluted by U-238 in
the discharged fuel elements or in the tailings of the diffusion cascade.
A formula for this index can be written in terms of reactor and diffusio
cascade parameters as : '

V-= (—%) (1)
where °

w = megq.wa.tt-day per gram U=235 made unavailahlg

E = reactor exposure, MWD/T

X = initiel enriciment of the reactor, gram U-235/gram uranium
X, = cascade tails composition, grem U-235/grdm uranium

cascade feed composition, gram U-235/gram uranium

e
2
"

1.102 x 106 ton/grem {constant)

o
]

The bracketed quentity in Equation (1) represents the grams of U-235 in

the enriched product of the diffusion cascade per gram of U-235 in the

feed (e.g., natural uranium}. (Eguation (1) is derived from mess balances.)
Note that no account is taken of the plutonium bred during the burnup in
this formulation.

It 1= interesting to compare the fuel conservation index, y/ » with the
total fuel cost for the burnup. Teble VI shows the reactor performance
data obtained with the MELEAGER and QUICK codes for a water-moderated

zirconium-clad graded-irradiation reactor simulation. The graded cycle
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" used is theoreticel with no control rod losses. (Burnable poison batch
cycles are also being investigated.) Standard economic charges are assumed. -
Also showz 1s the net fuel conservation index, 7Y/ net = Y/(1-c), where ¢
is a production conversion ratio, grams fissile plutonium discharged per
grem U-235 in natural uranium.*

The most important conclusion that can be drawn from the data of Table VI

is that, vhile Y increases continually with enrichment*¥, there is an
intermediate enrichment for which the total fuel cost and the net fuel
conservation index are extremes. Thus, the minimum fuel cost approach to
fuel eycle calculations terds to meximize the heat produced per gram of the
natural resource; i.e., the U-235 contained in natural uranium. This may

not bve true for plutonium prices other than the fuel value used here. Note
that for comparison with the values shown in Tables VI and VII, approximately
one megawati-day of heat is produced by the fissioning of one gram of U-235.

The fact that tke minimum fuel cost tends to give the maximum utilization

of fissile material means that this approach may be synonymous with conserva-
tion of the naturel resource. That is, if the present prieing scheme remains
in effect, increassed demand for supply of natural uranium will lead to an
increase in the price of tke feed to the diffusion cascade, which lowers

the tails composition from the cascade¥®**, This will, in turn, both decrease
the initizsl enrichment for a given reactor and, therefore, increase the
conservation irdex. This effect is shown in Table VII.

The data of Wable VII show that, up to & point, increasing the price of
natural uranitm, increases the utilization of natural uranium. Depending

i on the fixed charges (i.e., FEFJ, separations, etc.), the conservation
irdex will reach a maximm and will decrease with further Increases in the
cost of natural uranium. Fowever, provided the interest charges on the
fuel inventory are small, the fuel cost of a breeder’reactor will be
indeperndert of the price of ratural uranium. Thus, there 1s some point as
the price of natural uranium 1s increased at which breeder reactors, however
Inefficient, will be cheaper than converter reactors. It is conjectured
thet this point will be st a uranium price much less than that fer which the
fuel utilization is a maximum. The meximization of ]?'net occurs at high
exposures. Thus, maximm Y/ and minimum cost operating points tend to
diverge as the Jacketing costs are reduced. Table VIII shows this for the
economic fastors of Table VI, except that the Jacketing cost is varied.

* This quality-of natural uranium is that necessary as cascade feed to
surply the initial enrichment leveél of the reactor.

The increased exposure allows greater consumption of plutonium in situ.

%

% The separative duty 1s increased with increased feed costs, which means
that more electricity is invested. The conservation calculations will
witimately rnote thls factor guantitatively.
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TABLE VI

FUEL COSTS AND CONSERVATION INDICES FOR A WATER MODERATED
REACTOR SIMULATION FOR VARIQUS FISSILE ENRICEHMENTS

July 1, 1962, Uranium Price Schedule

4.,75% Use Charge = $40 FEFJ
Plutonium Credit = $8 per gram plutoni
Greded Irradiation .

Initial Grams U-235 in Total Conservation
Enrichment Exposure, Natural Uranium Per Fuel Cost, Indices

MWD/T  Gram U-235 in Fuel mills/kwh, T W net

1.18 13,700 1.287 1.58 0.804 1.109
1.81 20,900 1.335 1.29 0.963 1.179
1.98 24,100 1.353 1.24 1.00k 1.209
2.4t 32,600 1.393 1.20 1.055 1.222
2.72 36,800 1.408 1.20 1.072 1.223
2.96 40,400 1.h19 1.21 1.074 1.211

®»
TARLE VII

FUEL COSTS AND CONSERVATION INDICES FOR THE OPTIMUM OPERATION OF A
WATER MODERATED REACTOR SIMULATION FOR VARIOUS NATURAL URANIUM PRICES

4.75% Use Charge = $40 FEFJ .

Plutonium Credit = 2/3 of the price of the U:235
in 90% enriched uranium(1)

Graded Irradiation

Cost of
Natural __For Minimum Fuel Cost Conservation
Urenium as  Optimum,) Initiel Exposure, Miils/ Indices
: UFg, $/kg  Teils,% Enrichment  MWD/T kwhg % Y net
10.00 0.348 2.74 37,100 0.92 0.88% 0.983
- 23.50 0.253 2.51 33,300 1.19  1.060  1.225
30.00 0.227 2.48 32,800 1.31  1.106 1.288
50.00 0.175 2.31 29,900 1.6s 1,177  1.409
100.00 0.116 2.05 25,400 2,34 1.226 1,528
500.00 0.034 1.78 20, 300 7.10 1.234 1.620
1,000.00 0.019 1.70 18,700 12.68 1.205 1.606

(1) Corresponds to $8 per gram plutonium for a feed cost of $23.50/kg uranium.
(2) Based on separative duty cost of $30/kg uranium. :
) UNCLASSIFIED
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TABLE VIII

MINIMUM FUEL COSTS AND CORRESPONDING ENRICHMENT OPERATING POINT
FOR VARIOUS FUEL JACKETING COSTS

(For a water moderated simulation graded cycle.)

FEFJ Minimmm Fuel Cost Enrichment *
$/1b U - (mills/kwhg) wt % U-235 in U-238 Y net
ko 1.194 2.51 1.30
20 . 0.978 2.12 1.30
10 0.855 1.95 1.29
5 0.788 1.86 1.27

* JTInterpolated from Table VI.

Although other reactor types will give results of a different magnitude, the
same general conclusions will likely prevail. Calculations for & DoO-
moderated zirconium-clad reactor have just been completed. It is planned
to investigate a water-moderated stainless steel-clad type and a thermal
breeder type. The magnitude of Y should approach 1.6 for a successful

- natural uranium-throw-away system.

Analytical Representation of the Westcott Non-1/v Factors

The cross section system used in the MELEAGER code 1s that developed by
Westcott which has the form '

A - ’
&= o E(w)+rstw)] (2)
where
6\' = the effective cross section for the reasction
Qo = the cross section for a reaction with neutrons having e
velocity of 2200 m/sec
T = neutron temperature

r = spectral index (2 measure of the proportion of neutrons
heving epithermal energies)

‘non-l/v' factor for thermal energles

1]
il

= 'non-l/v' factor for epithermal- energies.
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In this formulation, g and s represent the degree of difference between the
integral of §{v)g (v) for the actual reaction cross section and the integral
for a cross section that varies as 1/v. The neutron flux, §, in this
integration is assumed to be a Maxwellian in the thermal portion and to be
inversely proportioral to the energy in the epithermal portion. The boundary
between these portions is proportionel to the most probable neutron tempera-
ture (taken as the peak of the Maxwellian) so that both the g and s factor
will depend strongly on the neutron temperature, T.

Because the neutron temperature changes throughout a burnup computation, the
non-1/v factors must be available in MELEAGER as continucus funetions of
temperature. Therefore, a conclse analytical expression must be obtained

to represent these factors. Two functions have been investigated for this
purpose =- a polynomial serles and a half-range cosine series. 1TIn addition,
since the non-l/v factors are related to the resonance integrel, a functional
representation of this parameter has alsc been investigated.

Experimental fits of the urenium and plutonium isotopie wvalues have been
made with beth t he polynomial and cosine series. (In most cases the
temperature range was from 20 C to 1300 €.) The main conclusions are as
follows:

1. With the exception of the s factor and the resonance integral
for Pu-239 and Pu-241, an adequate representation can be cbtained
with a fourth order series (i.e., five arbitrary coefficients) of
either function. The reascn for these exceptions is that both
isotopes have a large low energy resonance which is in the
epithermal region for low neutron temperatures (moderator
temperatures of 100 C to 200 C) and in the thermal region for
high neutron temperatures (moderator temperature of 500 C to 800 C).

2. The cosine series (on the basis of the minimization of the sum of
the squared errors) is usually better than the polynomial when
the series 1s limited to the third order. However, when & greater
number of terms are allowed, the polynomial usually provides a
better fit.

3. A given order polynomial fit invariably gives a better representa-
tion of the rescnance integral than 1t does of the s factor.

Table IX shows the order of the series that is required to give a specified
accuracy for the parameters of Pu-239 and Pu-241. An accuracy of 0.5% was

. obtained with a fourth order serles for all other parameters investigated.

’ The allowable error that can be used for s is much larger then for g, as
the r values used to multiply s in expression (2) for the effective cross
section are usuelly less than 0.2 and are seriously gquestioned 1f above 0.3.

. ‘ URCLASSIFIED
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TABLE IX

ORDER OF TEE SERIES REQUIRED FOR A GIVEN
ACCURACY FOR Pu-239 AND Pu-2hl

__Polynomial Cosine
Allow&ble EI'I'OI‘ LA BB A B L I ZO% l'% 0-53 505_; 106; 0'5;
Date

Pu-239
g factor - absorption 1 3 L 1 3 3
g factor - absorption 5 9 11 3 T 10
resonance integral - absorption 3 T 9 3 5 9
g factor - fission 1 3 4 1 3 3
s factor - fission 5 9 11 3 T 10
resonance integral - fission 3 T 9 2 6 9

Pu-241
g factor - sbsorption 1 3 3 l 2 3
s factor - absorption 3 7 8 3 6 8
resonance integral - absorption 2 6 8 2 T >0
g fector - fission 1 3 3 1 2 3
s factor - fission 3 T 8 3 6 3
resonance integral ~ fission 2 6 8 2 7 »10

Code Development

1. JASON

Work on the JASON-PLOTTER chain code progressed to the point where the
code works satisfactorily through all codes up to and including the
QUICK economiecs code for several modes of code operation. The modes
tested during debugging have been those most usually used in economics
or isotope production surveys. Some work remains to be done in coupling
PLOTTER to the chain. Completion of the JASON-FLOTTER chain will provide
a survey tocol that permits ready evaluation of various fuel gecmetries
with a reasonsble degree of sophistication, The code accepts the fuel
lattice as geometry and various isotope concentrations, converts to an
axially symmetricel model, computes thermal utilization and resonance
escape probabilities for each enrichment level (including plutonium),
feeds these and other data to MELEAGER Burnup; and after burnup, the
data are fed to fuel cost codes, which calculate the fuel cost; these
data then go to MINIMIZER, the minimum cost operating polnts are
determired; and 211 the pertinent data from the beginning to the end

are then plotted.
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3.

It should be noted that for identlcel parameter cases, k (reactivity)
calculated by MELEAGER does not have the same value as k calculated by
JASON., However, the reactivity can be made to agree by increasing the
value of the MELEAGER parameter SDFV, the volume weighted slowing dowa
power, Increasing SDPV softens the spectrum and, in general, increases

mn and p.

By design, the MELEAGER definitions of 7] and p are not the seame as the
JASON definitions. Neither is the method of calculating k. JASON uses
the classical four factor formula. The factors are calculated separately
and multiplied to obtain k. In caleulating the four factors, JASON takes
into account the geometry of the fuel element and the neutron flux
distribution ‘that results from the particular geometry and cell composi-
tion,

By contrast, MELEAGER calculates Mpf (the neutron yield/neutrons sbsorbed)
in a combined calculation which facllitates assessing the effects of
burnup. ZEpsilon (€ ), the fast fission factor, is entered as an
externally calculeted parameter and is multiplied by the internally
calculated 1) pf to obtain k. MELEAGER was specifically developed for
plutonium burnup which invelves rescnance fisslen. As & consequence,

the classical formulation of the discrete values of 7, p, f are no
longer applicable. Any effects of geometry in MELEAGER are included

in the calculation of k by supplying appropriate values of SCA (the
resonance shielding index) and SDPFV (the volume averaged slowing down
term). Both SCA and SDEV are used to modify the Westcott effective

eross sections to give MELEAGER effective cross sections. These
"gecmetry corrected" cross sections are then used in the 7 pf calculation.
With proper celibration, MELEAGER can be a very effective code.

MELEAGER

The subroutines, as altered by EDPO persommel, have been incorpofated
into the MELEAGER code and added to.the Chaln system. Survey type

zone spectrum or "spectral shift" studies and “"shielded burnable poison"
studies can now be undertaken on the Chaln system.

The fourth or dummy arrsy has been modified so that the ten possible
isotopes can he treated as belonging to a single interacting parent
descendent group or &s up to four separate parent descendent groups.

LEMON

The IEMON computer code which formerly computed a "least squares”
polynomial to a set of empirical data points, now contains a2 Fourler
series fitting routine, There is no restrictlon to the spacing of

the data points =« 2 restriction of the existing codes. The LEMON code
is now completely debugged with the polynomial - Fourler series option.
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A set of instructions for preparing input to the Fuel Cycle Analysis Chained
Program was campleted. Coples of the instructions were dlstributed to
frequent users of the chained programs. This brings together for the first
time in a "do it yourself” form the pertinent information needed to operate

JASON, MELEAGER, PROTEUS, QUICK, OPTIMIZER, FLOTTERS, and related CASE
GENERATORS.

G H Hrore Yy

Manager,
Programming

VK Woods: Jm
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF MAY 1963

A, ORGANIZATION AND PERSCNNEL

Charles N, Anderson resigned from the Company., Loulse E, Nunn completed
her temporary assignment, Mary S. Hostkoetter retired from the Company.
Dennis C. Carl Joined the Internal Dosimetry Operation. Myrtle S. Ghent and
Lena R. Smith were reactivated from medical leaves of absence into External
Dosimetry and Radiological Development end Calibrations, respectively,

B. ACTIVITIES

Occupational Exgosure Exgerience

There was one new plutonium deposition confirmed during the month, The
total number of deposition cases that have occurred at Heanford is 317 of
vhich 229 are currently employed.

Eleven plutonium incidents required special bioassay sampling of per-
sonnel involved to determine if internal depcsition occurred. Bloassay
results are now pending.

A CPD operator tore a hood and surgeon's glove at the 23425 Building on
April 23, 1963, wvhile cleaning surfaces in a plutonium machining hood,
Although the surgeon’s glove was contaminated, no contamination could be
found on the employee's hand at the time of the incident, On May 2, 1963,
the employee noticed a slight indication of contamination when he checked
his hands on a four=fold counter. A survey using a poppy revealed 500 d/m

. contamination on the pad of the left index finger, Examination at the

vhole body counter on May 2, 1963, showed 5.7 x 10~* uc plutonium. No DTPA
treatment or excision was performed by Occupational Medical Operation,

Four CPD employees received plutonium nassl contemination ranging from
2,400 to 24,000 4/m at the 234-5 Building on May 23, 1963, The employees
were working in a green house located in the duct level replacing filters
in the 9-B hood exhaust system, They removed their respiratory protection
upen completion of the work after a survey failed to show any contamination,
Within a few minutes a poppy response indicated a rapid increase in the
level of the plutonium contamination and the ares was evacuated,

A CPD operator received a plutonium contaminated injury at the 2345
Building on May 3, 1963, while working with plutonium nitrate solution in
a hood, The employee was inserting a glass tube into a tygen hose when
the tube broke causing & puncture on his right index finger., The initial
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survey of the wound showed greater than 40,000 d4/m plutonium contamination
on the skin and in the blood smears, Examination at the plutonium wound
counter indicated the presence of 0,044 pc plutonium in the wound. After
excision at Kadlec Hospital, no detectable contamination was left.

A CPD operator received fission product contamination up to 6,000 e¢/m on
his face on May 1k, 1963, while removing paper covering from the floor of a
flat car. The flat car wvas used to move new equipment into the Redox
tunnel, A survey upon ccmpletion of the work showed contamination only on
the employee's face. Nasal smears counted approximately 200 ¢/m. Exemina-
tion at the whole body counter on May 15, 1963, showed the presence of
approximately 1% of the MPBB (20 uc - total body) of zirconium-nicbium-95.

Six HL employees were exposed to sirborne noble gases and tritium con-
temination at the PRTR on May 17, 1963, when a high pressure helium valve,
located in the hot shop, broke, As & result of the loss of helium to the
atmosphere, air contamination in the reactor containment vessel increased
to a level > 1 x 10~% uc/cc. Contamination on the six employees ranged from
500 to 30,000 ¢/m, Examination at the vhole body counter showed the presence
of xenon=-135 ranging from a positive count to 0.b ye, Anelysis of urine for
tritium showed an integrated dose for the next 28 days of 10 to 55 mrads,

Two IPD maintenance employees received nasal contamination ranging from
500 ¢/m to 2,000 ¢/m while repairing diversion valves at the 105-KE reten-
tion basin on May 28, 1963, Upon completion of the work, contamination
ranging from 1,000 ¢/m to 8,000 ¢/m was found on the faces of the two:
employees. Examination at the whole body counter showed the presence of
ruthenium-103, chromium-51, zine-65, zirconium-niobium-95, and scandium-46
in the employees. The quantity of each isotope was less than 1% of the MPBEB
for each isotope.

Several GE employees were inadvertently exposed to a 27-curie iridiume
192 source at N reactor on May 16, 1963, The source, licensed by the AEC
for use by the Pittsburg Testing Laboratory, remained in sn unshielded and
unattended location in Cell 4 of the 109 Building for several hours. During
the time the source was unattended, at least 14 GE employees were in the
immed{ate vicinity. Evaluation of the film badge dosimeters worn by the GE
erployees showed a maximum whole body dose of 0.2 rem of gamma radiation.
The exposures received by the construction personnel were investigated by
the AEC Compliance Division.

A T'alse eritical radistion alarm occcurred at the 309 Building on Mey 31,
1963, at 3:30 a.m, as the result of X-ray testing in the -ll-foot level of
C cell, The reactor engineer hed just announced an X-ray shot over the
loud speaker when the criticality false alarm sounded. Personnel evacuated
the containment vessel, They did not evacuate the 300 Building since they
assumed that the alarm was caused by the X-ray work. The alarm was bypassed
for the remainder of the X-ray work, The reactor was not operating at the
time of the alarm.
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During the reporting period, there wvere two IPD incidents involving three
employees with a potential for a significant overexposure,

An IPD pipefitter received a whole body dose of 0,7 r gemma radiation on
May 1L, 1963, while attempting to dislodge some irradiated balls that were
hung up in the vacuum hose at the 105-KW reactor. The dose rate in the
inner rod room to perform this work was measured at 1 r/hour., Upon comple-
tion of the task, offe-scale readings were recorded for the employee's gamma
pocket dosimeters, A survey of the work area after the incident revealed
dose rates to 500 rads/hour six inches from the spot of the hose where the
balls were dislodged.

Two IPD employees could have been exposed to high dose rates at the
100 C buriel ground when a dump truck fell into a process tube dburisl pit
on May 21, 1963, The bridge over the pit collapsed when the truck, losded
with sand, was backed onto it. A survey of the pit after the incident
occurred showed a dose rate of 2 r/hour at the location of the employees,
Evaluation of the film badge dosimeters worn by the two employees showed a
doge of < 0,05 rem of gamma radiastion.

Environmental Exgerience

General increases wvere noted in all sir filter sample results during
the week ending May 24, 1963, The average value at the off-site Pecific
Northwest locations was 13 pe B/m3, one of the highest weekly averages
noted since the fall of 1961, This increase probably represents the
expected spring influx of older fallout materials from past tests. Two of
the air filters containing the highest concentrations of beta emitters
wvere scanned in an attempt to estimate the ege of the fission products
collected, The results indicated an age of approximately one year,

A fuel element failure at 105-KE on May 12, 1963, relessed a small
emount of fission products to the river. The incremental increase in
activity was measured by the continuocus river monitor et the 300 Area.
Based on the results of routine river water anslyses and the activity
pulse indicated by the continucus river monitor, it was inferred that an
infant with a 2-gram thyroid could have received a thyroid dose of 2 or 3
nrems from the radioiodine in the water, Other critical orgen dose esti-
mates were even smaller, :

The follewing 252 biclogicael, produce, and food samples were cbtained
for radiochemical analysis:

Milk 79 samples 217 gallons

Pasture grass 61 samples

Beef thyroids 16 sets

Oysters 3 samples 6 pounds
Ground round 7 samples 1k pounds
Fresh vegetables 6 sanmples 12 pounds
Fish 80 samples
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Studjes and Improvements

The air flow rates of the stack exhsust sampling systems at Purex and
Redox were calibrated this month., All air flows vere within 10% of the
figures previously used, Air sampling equipment in Yekima and Klemath Falls -
was recalibrated for correct air flow and checked for proper operation.

Data from dye tests between PRTR and Pasco, reported in FW-T3672, were
anaelyzed for an estimate of eddy diffusion coefficients in this part of the
river, Although the experiment was not designed to provide this information,
the calculated velue for longitudinal diffusion of about & x 107 rt2/dsy is
comparable with values reported in the literature,

Plans were made to0 begin sampling the Richland water at more frequent
intervals since the new water plant is scheduled to begin operation in June,
The layout of the distribution system and the plans of operation indicate
that it will be several months before the Columbia River water will be dis-
tributed throughout the city. During low water usage months, only Columbia
River water will be supplied to the system.

Analysis of data from volunteers on an experiment involving a single
intake of milk from cows fed I}3! is complete for all but the last Intake.
The results indicste that fractional thyroid uptakes range from 0.1 to 0.3.
The I!3! is eliminated with an effective half-life of from 6.5 to 7.2 days.
The last intake began May 22, 1963. The test milk is from a cow on & diet
vhich includes 2 g/day of stable iodine.

. Further studies were performed to provide precisely timed, short dura-
tion gemma or beta irradiations with the electron Van de Greaff sccelerator,
Relocation of the electron beam catching assembly was necessary to reduce
scattered radiation dose when the beam is in the "off" position, A poten-
tisl of about 3500 volts is now necessary to sveep the beam from the "off"
position to the "on" position, The prototype equipment was tested at this
potential and found to operate satisfactorily. With the present shielding
arrangements, a background of about 5% of the "burst" dose will be present
during short-duration, high intensity irradiations.

Attempts to provide neutron monitoring instrumentation with higher dose
rate response by changing the gas composition and pressure within the
currently used BF; detector tubes were not successful, The use of cadmjum
shielding about the BFa tubes has shown promise in reducing the sensitivity
of these tubes., Cadmium shields from 0,0015" to 0,020" were.studied, Fac-
tors of 10 end 100 in thermal neutron sensitivity reduction were attained
using 0.0045" and 0,016" cedmjum shields, respectively. Some further tests
are necessary to determine if the performance of the BFQ double moderator
instrument with cadmium-shielded BF; tubes is suiteble for dose rate moni-
toring epplications.
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Neutron exposures using the positive ion accelerator continued with
emphasis on studies of the neutron response of several types of silicon
diodes. A total of four days was available on the accelerator during May.
The energy response measured to date was constant within + 20% although the
entire neutron spectrum from 0.2 to 16 Mev was not yet studied.

The fast neutron spectrum was measured using the Li-6 neutron spectro-
meter at a point on top of a plutonium storage hood in the 23k-5 Building.
This preliminary measurement was a week end run and did not accumulate good
statistics above sbout 1.0 Mev., The spectrum has a pronounced peak at
approximately 0.8 Mev., Before the energy scale can be determined precisely,
the spectrometer will be calibrated with the positive ion accelerator.
Present plans are to accumulate data for 10 days and then calibrate the
spectrometer system the next time the accelerator is aveilable.

In en earlier experiment, it wes found that the spectrometer could not
measure the neutron spectrum from a PuBe neutron source., This is apparently
due to silicon mctivation caused by neutrons with energies greater than 5.0
Mev, Approximately half of the PuBe spectrum is above 5.0 Mev.

A1l of the data taken so far were cbtained with the spectrometer operat-
ing in the non-coincidence mode, A dual beam coscillescope received this.

. month was used to determine what the coincidence timing problems are and

the necessary modifications ere being made to the electronics system. The
use of the coincidence counting will eliminate the background counting
problems.

The particle generation equipment was modified for use in calibdrating
the Royco Particle Counter, Several attempts were made to calibrate the
counter but they were not successful. A work order was issued for a com=-
plete maintenance and servicing by an instrument techniecian, The instrument
seemed to be extremely noisy with spurious counts in the lower chennels.

The Goetz serosol spectrometer was operated together with an aerosecl gener-
ator built by Particulste and Gas Waste Research personnel in an attempt to
determine the particle size distribution of a methylene blue and fluorescein
mixture, Several runs were made and the filtersz are being anslyzed by
Chemical Research,

The mechanized system for resding ilconization chamber dosimeters and
recording the output as a typed report and on electronic data processing
cards is being assenbled. The unit is mechanized to the extent that
insertion of the pencil dosimeter in the reader socket starts the appropri-
ete timers and provides complete resdout. The equipment is designed to
provide one pencil reading each l2-second period. Modifications to provide
readings at the rate of one each six seconds can be made when the appropri=-
ate programmer is obtained.

The two erystal array in the whole body counter was calibrated for

cs!37, 2n%5 and potassium. The calibration of the mobile whole body was
completed
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C. RELATIONS

Six suggestions were submitted by personnel of the Radiation Protection
Operation during the month. One suggestion was rejected, Six suggesticns
are pending evaluaticn,

Safety meetings were held throughout the Section during the month., Topics
included water safety, vacation safety, and a film entitled "Radistion in
Perspective".

Radiation protection orientation lectures were presented to three Chemical
Effluents Technology personnel, personnel at the Experimental Animal Farm, and
forty Transportation and Masintenance Operstion personnel. Two talks on the
operation of alpha detection instruments were presented to Metallurgy Develop-
ment employees,

A three-hour practice session and critique was conducted for members of
the Emergency Radiological Staff. The exercise involved a simulated loss of
water and subsequent melt-down of 105-KE reactor with the ensuing cloud of
radicactive material passing directly over 100 N Aree while construction
personnel were still et work., The sassion was attended by 1k members of the
Staff.,

Three L-hour sessions on Disaster Monitoring were presented in the 202-A
Building Conference Room. These sessions wers attended by forty Radiation
Monitors and first-line supervision frem CPD, IPD, and HL.

D. SIGNIFICANT REPORTS

EW-T6525-4 - "Radiological Status of the Hanford Environs for April 1963" by
R. F. Foster.

HW=-77690 - - "Methods Usad to Establish Permissible Concentrations of Radio-
isotopes in Fresh and Sea Water" by R, F. Foster,

4

HW-TTTTS = = "Monthly Report for May 1963 - Radiation Monitoring Operation"
by A. J. Stevens. :
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS

External Exposure Above Permissible Limits

Whole Body Penetreting
Whole Body Skin
Extremity

Hanford Pocket Dosimeters

Dosimeters Processed

Hanford Beéta-Gamma Film Badge Dosimeters

Film Processed
Results =« 100=300 mrads - B
= 300500 nreds - 8
= Over 500 mrads - 8
Lost Results
Average Dose per Film Packet - mrad {ow)
- mr (g)

Hanfbrd Neutron Film Badge Dosimeter

Slow Neutron
Film Prccessed
Results = 50=100 mrem
= 100=300 mrem
~ Over 300 mrem
Lost Results

Fast Neutron

¥ilm Read

Results = 50=100 mrem
= 100=-300 mrem
= Over 300 mrem

Lost Results

Hand Checks

Checks Taken = Alpha
« Beta-Gamma

Skin Contamination

Plutonium
Fission Products
Uranium

Tritium

1103005

HW=-TTT709 G

5
0]
OO0
rs
o
0O0OK [Jw

6,312 32,612

9,733 47,233

202 8l
20 91
1 17
20 113
9.2 6.6
26.4 35.2

1,872 8,547

3 T
0 2
0 0
15 66
511 2,159
33 199
14 377
0 4
13 L5

34,547 184,511
59,936 302,234

29 125
52 203
1 1
0 0
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" ‘Whole Body Counter Number of Examinations
- TO-AWBC 1963  Mobile WBC 1963
Subject )
GE Employees
Regular 117 332 30 30
Incident Cases 32 93
Terminations 6 29
New Hires LT 88
Special Studies 99 239
Non-Employeés
Children k 5
Visitors . 2 11
Environmental Studies 5 9
312 806 30 30
Bioassay Results Above
Current Reporting Limit Samples Assayed
Analysis Reporting Limit May 1233 May 1253
Plutonium 2.2x108 yc/sample 63 472 606 3,b22
Fission Products 3,1x10"5 uec/sample 6 38 505 3,218
Strontium 3,1x10"5 uc/sample 0 0 0 .0
Tritium 5.0 ue/l 195 782 280 1,305
Uranium 0.1% ugm/l 0 0 118 731
Special Studies 0 o 1T 255
Calibrations Number of Units Celibrated
. May 1963
Portable Instruments
CP Meter 1,115, 5.330
Junoc 277 1,360
cM 590 2,851
Cther 160 259
Audits 103 52l
2,245 11,024
Personnel Meters :
Badge Film 648 3,788
Pencils 105 660
Other 288 1,Lsh
1,041 5,902
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Miscellanecus Special Services
Total Number of Calibrations

AR Keene:CMU:ljw

1103601
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Number of Units Calibrated

Mey 1963

654 9,262

3,940 26,188
for the
Mansger

RADIATION PROTECTION
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FINANCE AND ADMINISTRATION

ACCOUNTING

Cost Accounting

Sixty-five 200-word summaries for the FY 1964 Science Information Exchange
publication were prepared by Hanford laboratories and submitted to RLOO-AEC
at the request of the Division of Biology and Medliclne.

The Hanford Laboratories' Control Budget was adjusted during-the month to
permit optimum utilization of program funds for FY 1963. A summary of
the adjustments by research and development program follows:

Adjustment

Previous Incresase New
(Dollars in thousands) Control (Reduction) Control
Ob4 Program
Plutonium Recycle Program $7 015 $(90) $6 925
Irradistion Damage to Reactor Metals . 1 315 100 1 ks
Gas Cooled Reactor - Loop Project 11% (3) 111
Experimental Gas Cooled Reactor 85 (10) 15
Gas Cooled Reactor - Other 351 (22) 329
High Temperature Lattice Physics Studies 70 (5) 65
Neutron Filux Monitors 70 (5) 65
Waste Calcination Demonstration - Design 200 20 220
Low & Intermediate Waste Studies 190 (20) 170
05 Progrsm :
Rediation Effects on Metals 126 16 142
Plutonium Physical Metallurgy Research 60 . 19 7%
Statistical Eval. % Development ‘ 85 (12) 73
Isotopic Analyses 208 (1) : 201
Radicchemical Analyses : 589 (16} 573 .
06 Program .
Terrestrial and Fresh Water Ecology 772 {15) 757
Atmospheric Radiation 274 15 289

To reconcile Hanford Laboratories' control budgets with AEC financial plenning,
$200,000 was transferred from the O% Program capital equipment budget to the
research and development budget. The AEC Financial Plan, dated February 26,
1963, withdrew $235,000 from the Gas Cooled Reactor Program. Later, RLOO-AEC
indicated intention to restore these funds. An underrun in equipment ex-
penditures, now apparent, eliminates the need for such action.
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Activities for which special accounting codes were established are des-
cribed below: '

.6X University of Washington - Summer Institute for 1963.
Authorized funds are $300 to cover off-site travel and
miscellanecus on-site expenses.

Orgaenizational code 7210, Nuclear Health & Safety, was established on June 1,
1963 to sccumulate the costs of this function, which is being consolidated
in the Prograrming Operation. Concurrently, four employees engaged in this
work were trensferred from Reactor and Fuels Laboratory to Programming
Operation.

General Accounting

Two letters seeking AEC comcurrence in proposed actions were in process at
month ernd:

AT-2903 Payment of Page Costs for Papers Published in
Scientific and Technical Journals
(to AEC 5-22.63)

AT-295 Professional Regearch end Teaching Leave -
K. R. Merckx

The following revised OPGs were issued during Mey:

0PG No. : Title .
22.3.1 (pp. 3 & 4) Approval Authorizations
2.3.7 Contract and Accounting COperation Manager
Position Guide
1.13 Participation in Hazardous Business
UNCLASSIFIED
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During the month, $2,353,499 were transferred to Plant and Equipment accounts )
from Work In Progress eccounts. Included are three projects transferred

X from the AEC:
CAH-866 GShielded Analytical lab. - 325 Eldg. $ 631 552
CAH-867 TFuel Element Rupture Test Facility (FRTR) 1 498 020

CAH-963 Geological and Hydrological Wells - FY 1962 71 524

ia 201 26

Hanford Laboratories materisl investment at May 1, 1963 toteled $26.1
miliion as detalled below:

(In Thousands)

58 Material $ 26711

Reactor and Other Special Materials 1040
Srare Parts. 324 -1)
$ 26 075

{Z- Inciudes a reserve of $78,513.

The value cf nuclear materlal consumed in research by Hanford Laboratories
this fiscel year to May 1, 1963 is $3.5 million comprised as follows:

2000 Prcgram ' $ 1 007

2000 Program : , A
. 4000 Prcgram 1 456
$ 3 k51

Hanford laboratories Property Accounting discontinued the use of Parts 1
(tickler card) and 2(receipt card) of the Property Record Unit Control
Card effective with May business. This should result in a saving of
arpreximately 32 man-hours s month to CRAQ Property Accounting and 10 to
Banford Laboratories. Property custodians will continue to receive Parts
3 and 4 of the Record Unit Card and will be responsible for verifying
accuracy of the information thereon.

. *  Nuclear Materials Operation announced the forthecoming Survey 20, Part L,
. which will consist of a verification of HAPO inventories of plutonium
(ircluding WINE) and deuterium as of the end of June 1963.

- Results repcrted on the physical inventories of movable catalogued equip-

ment in the custody of Biology laboratory and Test Reactor and Auxiliaries
Operation personnel show: .

UNCLASSIFIED
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Biology Laboratory Test Reactor & Aux.

Quantity Value  Quentity Velue
Balance Prior to Inventory 892 $728 597 1 436 $2 4oo 790 .
Reconciled Adjustment 13 20 (3 0 960)
Adjusted Book Balance 505 THG 545 T %33 2 369 830
Physical Inventory Ol Lo 46 14 2 369 830
Hising Souigment D o = =

Blology laboratory persomnel are continuing to search for the one missing
item - a2 pump.

Test Reasctor and Auxiliaries Operation results reflect close control by cus-
todial personnel. The addition of 32 items of unrecorded property valued at
$9,898 to the record as a result of the inventory is unusuelly high but not
unexpected, since this is the first physical inventory following (1) reassign-
ment of FPD persornel end equipment to Hanford Laboratories, and (2) FRTR
project unitization.

The following projects were unitized during the month and costs transferred
to classified plant and equipment accounts:

CGH-858 High Level Utlility Cell - 327 Rldg. : $ 383 686

CAB-866 Shielded Analytical Iaboratory - 325 Bldg. 631 603

CAH-888 Biology Laboratory Improvements - 108-F Bldg. L17 578
- CAH-G01 Structural Materials Irradistion Test Equip. 123 313
CAH-963 Geological and Eydrological Wells - FY 1962 TL 524

$1 627 704

Savannah River Operations' calculations on a return shipment of heavy water
mede in April indicated receipt of 16,612 pounds which was nearly 56 pounds
higher tban the HAPO computed weight. This resulted in a credit to operat-
ing cost of $102. The estimated PRTR heavy water inventory at the end of
May sheved a lose of 1,871 pounds amounting to $25,971, while the PRCF loss
amounted to 11 pounds valued at $150. Estimated heavy water scrap gene-
rated during the month amounted to 2,227 pounds resuliing in a $3,073
charge to operating cost.

Hanford Laboratories Special Reactor Materiamls - Non-Fund Account (Account
No. 0567) was reviewed and adjusted downward $219,228 to reflect the latest
SROO heavy water mon-fund price of $6.23 per pound. The offsetting charge
was to Costs -~ Non-Froduct Depreciation from Off-Site which is closed to the
AEC at fiscel year end. The non-fund price has steadily declined, which
accounts for the large adjustment at this date. Responsibility for account
0567 was transferred to Hanford Laboratories from CRAQ in April 1963 s and
this is the first time en adjustment has been mede since the Leboratories
began using heavy water.
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At the request of Contract and Accounting, an effort was made to verify the
existence of all returnable conteiners (3%9) assigned to Hanford Leboratories
components ag of February 1, 1963. Results submitted to Accounts Payable
showed 126 had been returned to Central Stores and 12 are missing, most
likely as a result of unrecorded destruction for safety reasons or return

to Central Stores. Containers not located through a search at Central

Stores will be purchased from the vendor(s).

Lahoratory Storage Pool activity is summarized below:

Current Month FY to Date
Quantity Value Quantity Value
Beginning Balance 1277 $751 901 1 081 $ 562 200
Items Received 287 7L 019 1 497 735 877
Items Reclaimed by Custodians (27 (34 085; (172) (227 212)
Equipment Transfers (26 {10 601 {220) (84 131)
Items Disposed of by PIR (59) (3 530) (181) {20 380)
Items Excessed (88) (33 147) (6l41) (193 532)
Adjustment -- -- -- (41 265)

1364 $7h1 557 136k $ b1 557 -1)
{1- Includes 122 items valued at $;01,8h3 on loan at May 31.

During tke month, 36 items valued at $20,764 were loaned and/or transferred
in lieu of purchases. A total of 343 items valued at $184,312 has been
redirected to useful purposes this fiscal year. Operating cost for the
same period was $14,263 indicating z net saving of $170,049 this fiscal

Yyear.

Tctal investment of equipment and materials in custody of the Laboratory
Storage Pool at May 31, 1963 was $1.3 million including Reactor and Other
Special Materials velued at $323,431 and other materials valued at $242,615.
Acticn occurred during the month as follows. on projects indicated:

New Morey Authorized to Hanford Laboratories

CAH-100 High Temperature Lattice Test Reactor $ 4 000
CGH-999 Flutonium Recycle Critical Faeility Conversion
to Light Water : 145 000

Construction Completion and Cost Closing Statement Issued

CAH-867 Fuel Element Rupture Test Facility

UNCIASSIFIED
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During the month the following contracts were processed:
CA-394 E. C. Lingafelter
SA-281 Background Music Systems
SA-282 State of Washington Department of Geme

Personnel Accounting

Mary S. Hostkoetter will start normal retirement on June 1, 1963.

A. XK. Postma received patent award No. HWIR 1190 covering the Separation of
Sub-Sieve Particles Into Narrow Size Range Fractions.

Personal Share and Beneficiary of Record Statements were distributed to
employees during the month. This action stimileted many employees to
designate changes of beneficiary.

Personnel statlstics follow:

Nuwber of Hanford Laboratories Employees

Chenges During Month Totel [Exempt  Nonexempt
Employees on payroll at beginning of month 1 652 701 951
Additions and trensfers in : 27 L 23
Removals apd transfers out 1 é_z-g_ 10
Employees on payroll at end of month 1 %2 E
Overtime Payments During Month May April

Exempt $ 7161 $ 6143

Nonexempt 00 26 38
Total 170 2 532

Gross Payrell Paid During Month

Exempt _ $ 684 802 $ 692 299
Nonexempt Iy 27 610
. Totel L 2 il 21§ 202
Participation in Employee Benefit May April
Plans at Month End Number Percent - Number Percent
Pension 1484 99.4 1 477 99.4
Insurance Plan - Personal 399 396
- Dependent 1 256 99.9 1 247 99.8
U. S. Savings Bonds
Steck Borus Plan 156 2.3 158 43.0
Savings Plan 65 3.9 67 k.1
Savings and Security Plan 1144 88.2 1 136 88.2
Gocd Neighbor Fund ' 1 19k 71.6 1183 71.5
UNCLASSIFIED
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Insurance Claims May April
Employee Benefits umber Amount  Number Amount
Life Insurance 3 -0- 0 0=
Weekly Sickmess and Accident 713 14 798
Comprehensive Medical 3 872 81 4 376

Dependent Benefits
Comprehensive Medical

9 611 136 11 763
$1h 196 231 16 937

0

11

9

us

Total ﬂ

TECHNICAL ADMINISTRATION

Employee Relations

Twenty-four nonexempt employment requisitions were filled during the month;
34 remain to be filled. '

Suggestion plan activity included 48 submissions, 32 edoptlons and 28 rejec-
tions. The number of suggestions (135) in process at month end was reduced
from the previocus month for the second month in a row.

Information and Presentations

News releases on the recycle of the first plutonium fuel element were com-
pleted and distributed:

Flant tour activity:

Number Total People

General Public Relations Tours 15 364

Special Tours 4 8
Visitors Center activity is summarized below:

May attendance 2 215

Average attendance per day open g2

Cumilative attendance since 6-13-62 Ly o062

Conducted groups 13 (totaling 341 people)
Beginning June 10, Visitors Center hours will be:

Monday through Friday: 1 to 9 p.m.

Saturday: 12 noon to 9 p.m.

Sunday: 1 to 6 p.m.
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Document information flow during the month was comprised of 1,218 titles
(10,948 copies) received at Hanford and 79 titles (8 ,0T4 copies) sent
off-site.

A marked increase in costs of printing erticles (page costs) in magazines
and professional journals prompted a request to the AEC to increase the
FY 1963 allocation for this purpose from $1,500 to $3,000.

Prcfessional Placement

Advanced Degree - Seven Ph.D. applicants visited HAPO for employment inter-
views. Fmfteen offers were extended; four acceptances and eight rejections
were received. Twelve offers are currently cpen. :

BS/MS (Direct Placement) - Twelve offers were extended. Ten acceptances
and eight rejections were received. Nine offers are currently ¢pen.

BS/MS (Program) - Three offers were extended. Fifteen acceptences and
53 rejections were received. Current open offers total 3k, :

Technical Graduate Program - Seven Technical Graduates were placed on
permanent assignment. One new member was added to the roll. Current
Program members totel 3k.

FACILITIES ENGINEERING

Projects

At month's end Facilities Engineering Operation was responsible for 10
active projects having total authorized funds in the amount of $6,435,500.
Tne total estimated cost of these projects is $10,680,000. Expenditures
through April 30, 1963 were $594,000. .

The foliowing summarizes project activity in May:
Number of authorized projects at month end ------c-ococnccaa- 10
Number of new projects euthorized ----em-me=m=--ccocecee-cco- 2

CAE-100 - High Temperature Lattice Test Reactor
CGH~999 - Pu Recycle Critical Facility Conversion to

Light Water
Number of projects completed -----c-w-e-me-mmccccomecccaceanan 0
New projects submitted to the AEC -----errrreccccccomcomencus 1
CGHE-999 - Pu Recycle Critical Facility Conversion to
Light Water ‘
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Projects awaiting AEC approval ~em-ec--cecmcemcccccccacccneen 2
CAH-985 - Addition to the 222-U Building
CAH-986 - 300 Area Retention Waste System Expeansion

Project proposals complete or nearing completion --=-eeeceer-- 2
FRTR Storage Basin & Experimental Facilities Modifications
Heat Transfer Apparatus for Model Studies

The current status of projects authorized or awaiting approval is:

CAH-916 - Fuels Recycle Pilot Plant - Additional funds were made available
in reserve up to a total project cost of $5,900,000. The construction con-
tractor was given a Notice of Award and a Notice to Proceed on May 15,
1963. Soil bearing tests have been completed and do not indicate a need to
redesign the building foundations. The construction contractor commenced
work on May 27, 1963.

CAH-922 - Burst Test Facility for Irradisted Zirconium Tubes - A sub-contract
vas awarded by J. A. Jones Construction Company for construction of the
building shell. Two unsuccessful attempts were made to install the coffer
dam in the existing 327 building basin. The dam was then removed, repaired
and reinstalled. Total estimated value of equipment to be purchased by GE
is $66,000. Orders toteling $51,000 have been placed.

CAH-958 - Plutonium Fuels Testing and Evaluation laboratories, 308 Building -
The Commission has not established a schedule for this project. Relocation
of electrical cable trays was completed. Relocation of light fixtures to
the crawl space above the new laboratory ceilings is progressing. Plaster-
ing of the walls and ceiling is expected to start about the end of the month.

CAH-962 - Iow Level Radiochemistry Building - The Architect-Engineer sub-
mitted his preliminary design package to the Commission for review on May T,
1963. The design was approved and review comments discussed with the
Architect-Engineer on May 23.

CAH-977 - Facilities for Radicmctive Inhalation Studies - Company and Com-
missicn representatives visited the Architect-Engineer's offices on May 15,
1963 to discuss design problems. Preliminary design drawings were reviewed
by the Company and comments transmitted to the Commission on May 17, 1963.

CAH-982 - Addition to the Radionuclide Facilities - 141-C Building - The
design criteris and scope drawings were transmitted to the Commission on
April 24, 1963. No word of Commission action has been received.

CAH-985 - Addition to the 222-U Building - The project propcsal was sub-
mitted to the AEC October 9, 1962 and no action has been taken.
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CAH-986 - 300 Area Retention Waste System Expansion - AEC has taken no fur-
tker action on this project. A meeting called by AEC was atftended by A. R.
Keene, E. R. Irish, J. L. Boyd, et al. to again review the need for the pro-
posed work.

CGH-992 ~ Additional Fuel Loading Equipment - 308 Building - Construction is
progreesing satisfactorily.

CGH-995 - 309 Building Air Conditioning Modifications - Design was completed
on May 24, 1963. Installation of duct work 1s continuing. J. A. Jones
Company 1s preparing a Cost-to-Complete Egtimate. It currently appears the
water chiller may not be shipped by the July 15, 1963 scheduled delivery
date. -

CGE-999 - Pu Recycle Critical Facility Conversion to Light Water - The pro-
ject proposal was transmitted to the Commission May 2, 1963; AEC Directive
No. EW-550, dated May 29, 1963, suthorizing total project funds hes been
received. The design criteria document was also transmitted to the Com-
missicn early this month for review and comment.

CAH-100 - High Temperature lattice Test Reactor - A Directive authorizing
$30,000 for Title I design services has been received, also a Work Authority
auttorizing $4,000 to the Generel Electric Company for technical guidence of
reactor design work.

Tre design criteris document has been reviewed and approved by both the &
Commission and the Company. Commission approval was obtained May 28, 1963.
The text and drawings are now being reproduced.

_Engineering Services

Egineering service work and consultatlion provided to research and develop-
ment perscnnel included trouble-shooting and direction of repairs to the
108-F source handiing equipment, engineering assistance on installation of
FRTR emergency alarm system, and engineering of instrumentation for 31k
building.

Pressure Systenms

Engineering reviews and survelllance of pressure systems contimied during
the month. Major items receiving attention included: (1) Low Level
Laboratory - instructions to A-E, (2) waste calcination vessel fabrication,
(3) 31k building high pressure autoclave, (4) review of autoclave design
with viewing window, and (5) C-1 loop. The Third Party Inspector inspected
the C-1 loop, witnessed the pressure test and approved the loop for opera-
ticn. He also reviewed the PRTR gas loop heater and sdditional] investige-
tion is being made of the design and fabrication.
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Plant Engineering

Consulting service was provided to operating and maintenance forces. Active
jobs during the month included: (1) leboratory buildinge waste line radia-
tion monitoring equipment, (2) 325 and 326 transformer changes, (3) 325
normal pover and ventilation scheduled outage, (%) 31%, 305-B and 3717-B
normal power scheduled outage, (5) 300 area power reliebility study, (6)
300 area retention waste sempling, (7) 308 condensate pipe replacement,

{(8) 326 - 20 ton refrigeration unit, (9) 306 process sewer, (10) 340 off-
gas filter and filter box replacement, (11) 325 basement mezzanine - air
surply, (12) 325 decontamination facility and concreting operaticn, (13)
sub-micron particulate material filter study, and (14) 325 space utiliza-
tion review. '

Major items of trouble-shooting involved 308 building backdraft demper
adjustment and criticality elarm system operation.

Fecilities Operation

Landlord costs for April were $208,63%, which is 130 percent of the fore-
cast for the month. The total cost to date for the first 10 months is .
$1,700,735, which is 99 percent of predicted. During this month improve-
ment maintensnce cost $51,466 as compared to the $15,000 forecast. Steen
cost $31,570 against a prediction of $23,000. Engineering at $26,74l con-
@;} tinued to exceed the forecast of $12,000. However, over-all expenditures

" are expected to stay within the landlord budget.

During this month the interim test procedure for criticality alarms was
put into effect, and all of the systems in 300 Area Laboratories buildings
were tested. Some horns did not actuate, and repairs were made.

The following tabulation summarizes waste disposal opgrations:

March April

Concrete barrels disposed 12 i
loadiuggers - dry waste 28 29
Crib waste, gallons 220 000 235 000

No basins exceeded radistion control limits, but two on different days
were in the warning range. On May 11, 1963, Basin #2 activity level was
6.4 x 10°© pe-p/ml, and on May 15, 1963, Basin #3 activity level wes

6.7 x 10-6 pc-a/mi.

The new 450 gpm pump for transferring contaminated retention basin waste
to the crib system was installed end tested.
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The ventilating system in 325 was shut down on May 3, 4 and 5. The exhsust
plenum, fans, stack base and adjacent ducts Were decontaminated. They had
been coated with a film of conteminated oll from the oil-seal vacuum pumps
which were recently replasced by water-sesl pumps. During this outage, the
electrical switchgear, sheetmetal work and pneumatic control lines were
inspected, adjusted, and modified. The system was run under different test
conditions to determine its capabilities and flexibility.

Drafting

The equivalent of 130 drawings were completed during the month for an
average of 24 man-hours per drawing.

Major jobs in progress are: (1) PRTR shim rod control, (2) FRIR cladding
cutter assembly, (3) 108-F inhalation studies hood, (4#) equipment for
salt-cycle process - 325-4, (5) as-built drawings - PRP Critical Facility,
(6) scope work - fast supercritical pressure power reactor coancept, (7)
scope work - PRTR Do0 decontamination system, and (8) high temperature gas
loop.

Work performed by CE&UO and by Bovay Engineers during the month amounted to
16 maz-hours and 189 men-hours respectively; work assigned was 80 man-hours
and 193 man-hours.

Construction Supervision

Activity during the month on construction work (J. A. Jones Company) being
performed for Hanford Laboratories components is given below:

Waste
Unexpended Calcination
Balance (Job 7005}

Orders outstanding beginning of month $293 645 $223 7ho
Issued during the month (inc. suppl.

and adj.) 197 053
J. A. Jones expenditures during month

(imel. C.0. costs) : 178 623 58 529
Balance at month's end 312 075 165 211

Orders closed during month ) 105 159

In addition, work on six maintenance work orders having a total face value
of $7,852, issued to plant forces, was supervised.

Major active nonproject jobs in progress are: (1) 108-F plant growth room,
(2) 108-F rooms 402 and 403, (3) 108-F room 405, (4) 14%1-C, install X-ray
equipment, (5) 146-FR modifications, (6) 231-Z, fabricate and install glove
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box, (7) repair dams at Rattlesnake Springs, (8) 306, modify cenning line
ligkting, (9) 306, 3705 and 3746, replace and repair roofs, (10) 306 suto-
matic filter, (113 308, replace steam and condensate lines, (12) 309, install
gas loop heater, {13) 309, install shielding, (14) 309 concrete slab equip-
ment, (15) 309 - piping snd electrical work, {16) 309, electrical cable to
Pole #16, (17) 309, back-up emergency pump controller, (18) 309, inlet and
cutlet face mock-up, (19) 309, construct rupture loop amnex, (20) 31k,

mock-up equipment, (21) 314, repair and modifications to building, (22)

314, gas bottle facility, (23) 321, hatchwsy in canyon roof, (24) 321, con-
trol room, (25) 321 computer room, (26) 325, repair exhaust duct and filter
boxes, (27) 325, exterior stairway to reof, (28) 325 rooms LOT and LOT-A,

(29) 325, electrical service to 325-A, {30) 326, replace Trane air conditioner,
(31) 326, additional ductwork, (32) 327, install deminerslizer, (33) 328 third
floor offices, (34%) 329 leboratory 11-B, (35) 340, install filter, (36) 300
area material storage yard, and (37) waste calcination prototype.

Eight purchase requisitions totaling $2,000 were issued during the month.

Total velue of equipment being processed is $108,000. New or revised M & E
lists were issued for Projects CAH-922 and CGH-995.

Maééé%fzzL

Finance and Administration

W Sale:whm
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Ol PROGRAM - REACTOR DEVELOPMENT

PLUTONIUM RECYCLE FROGCRAM

Plutonium Recycle Test Reactor

- Operation

Reactor output for May was 1010 MWD, for en experimental time efficiency
of 58.2% aend a plant efficlency of 50.3%. There were 13 operating
pericds during the month, five of which were terminated manuvally, seven
were terminated by scrams (two of the scrams were manuel scrams )and cne
operating pericd extended through month-end.

The core loading on May 1 consisted of 19 UO, elements, 14 Pu-Al elements
and 52 mixed-oxide elements. At the end of the month, the core consisted
of 15 U0» elements, 14 Pu-Al elements and 56 mixed-oxide elements.

Fuel exposure history at month-end was:

Maximum UQp exposure/elemént 3,406 MWD/TU
. Average UC, exposure/element 2,412 MWD/TU
Maximum Pu-Al exposure/element 93.4 MWD
Average Pu-Al exposuie/eléﬁent T8.2 MWD
Meximum Moxtyl exposure/element 71.0 MWD (~ 1L20 MWD/TU)
Average Moxtyl exposure/element k1.4 MWD (~ 828 MWD/TU)

The status of the various test elements on May 31, 1963, is shown below.
Those test elements which had reached their assigned goal expcsure or had
been permanently discharged for other reasons prior to May 1, 1963, have
. been deleted from this table.
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Date Approximate
Test Chamnel FE Initial Date Acoumalated
No. Iocation Number Description Charge Discharged MWD
10  Basin 1067 U0,-Vipac 11/3/61  3/26/63  88.3
1+ 1956 5097 Moxtyl-Swaged Lj2/62 - 37.5 Repad
14+ 1356 5098 Moxtyl-Vipac 5/8/62 - 71.0 Reped
14 1758 5099 Moxtyl-Vipac .5/8/€2 -- 61.1 Reped
37 1449 1096 UOx-Physics 5/12/62 - 73.5
37 1649 1097 UOo-Physics - 5/12/62 -- 1.5
37 1552 1098 UO,-Physics . 5/12/62 -- 69.0
37 1548 1099 UOp-Physics 5/12/62 -- 70.T
37 1651 1100 UO,-Pnysics 5/12/62 -- 60.6
48 1243 5150 Moxtyl (4"xi" pads) 8/1/62 -- 48.4
5k 1948 5116 Moxtyl {Clip-on Pads 35/8/62 -- 0. 5?‘-5 .0 w/elip)
sy 1855 5118 Moxtyl (Clip-on Pads)5/8/62 -- 67.0(52.0 w/clip)
61  Basin 5176 Moxtyl-Fhysics b/5/63 5/4/63 5.6
6L 1150 5179 Moxtyl-Fhysics 5/28/63 - <1
6L 1443 5185 Moxtyl-Physics 5/28/63 -- 1
61 1756 5186 Moxtyl-Physics 5/28/63 = -- 1
61 1847 5187 Moxtyl-Physics 5/28/63 -~ 1

The reactor opérated at about 60 MW until May 17 when the heat transfer flux
limit was inereased which permitted raising the power level to TO MW.

Four new instrumented mixed-oxide elements for physics studies (PRTR Test 61)
were charged on May 28.

D20 and indicated helium losses for May were 1,871 pounds and 111, 304 scf,
respectively. During the month 1,438 pounds of reegent-contaminated DpO
were cleaned up through use of lon-exchange and filtraticn met_hods.

Equi nt rience

A total of 156 reactor outage hours were charged to repair work. Of this
amount, 76 hours were used to complete steam export line containment bellows
replacement early in the month, 24 hours were for heavy water lesk repairs,
21 hours were for moderator pump repeirs and cleaning of the strainer on
moderator pump discharge line, ard 9 hours for boller level instrumentation
repairs and calibration.

Iog N #3 fission charber was replaced. The gulde rods were bent, restrict-
ing movement.

Preventive maintenance required 239 hours or %4.8% of the total maintenance
.effort. :
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~ Seven process tubes were examined during the month with no signifi-
cant damage being reported.

Improverment Work Status {Significant Items)

Work Completed

Replace Rupture Disc Assembly on Emergency Depressurization Valve H-OT7

Shim Rod Rotameter Modification
Fusing Shim Rod Readout Power Supply
Thermal Barrier Positioning Device

Work Partially Corpleted

Inline Gas Sarmpling

Process Tubes level Indicator

Primary Loop Drain and Flush Valve Modifications

Installation of Moderator Heater

Independent Criticality Alarm System of the PRTR Control Room
Recorder Ammeter Installation for Primary Pumps

Deionized Water System '

Inlet Gas Seal Replacement -

Backup Emergency Pump Low Speed Controllers

Effluent Activity Monitor Replacement

. Design Work Completed

125 Volt Battery Disconnect Contactor
Control Wiring for 13.8 XV Motor Operated Switches

Design Work Partially Completed *

Additional Fuel Storage and Examineticn
Vibration Snubbers for Barthquake Protection
PRCF Light Water Conversion
Control Room and Instrument Calibration Shop Air Conditioning
Decontamination Bullding and D20 Cleanup
Instrument Power Transfer Sysiem ‘
Revision of PRTR Exhaust Fan to Emergency Power
Flow Monitor Tubing Smubber Installaticn
Provide Separate Erergency Backup Water for FEEF
- Autoclave Installation for ZR-2 Fretting Corrosion Studies

Process Engineering and Reactor Physies

A study was made to determine the enrichment needed to better simulate
- ' a2 power reactor fuel and to provide the reactivity needed for extended
operating pericds. The results of this study are as follow:
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(1} The power equivalent of & uranium system enriched to 2% U-235
would be produced by a PuOy-UOs system of approximately 1 w/o
Pul, in U02 , assuming the plutonium to be about 8% Pu-240.

(2) Fuel Elements of this composition can be charged into any loca-
tion in the outer three or four rings of tubes without creating
a power limiting situation.

(3) Extended operating periods of at least one month would be possible.

The Perkins and King fission product data was used in a computer progream
to develop &an extensive set of heat decay curves. Also a short-cut
method of calculating the shutdown heat generation rate from easily
obtained fuel element data was developed.

A program change in the PRP was initiated this month to irradiste selec-
ted 19-rod clusters of LX Al-Pu fuel elements to higher than goal
exposures in order to obtain increased Pu-240 content.

The final hydrostatic test of the primary system was conducted under
PRIR Test No. 55 during May. The test was negative.

Procedures

New Cperating Procedures issued 1
Revised Operating Procedures issued 3
Revised Operating Standards issued 8
Temporary Deviations to Operating Standards issued 2
Revised Process Specifications accepted for use 2
Maintenance Menuals and Procedures issued 3
Equipment Standards issued 1

Drawing As-Built Status April Total

Approved for As-Built 7 961

In DPrafting 93

Voided 79

1133

Scheduled for review 82:[

1 460

Personnel Training: Manhours

Qualificetion subjlects Lé1

Specifications, Standards, Procedures 5T

Emergency Procedures 17

Maintenance Procedures _60

- 595
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Status of Qualified Personmnel at Month-end:

Qualified Reactor Engineers 9
Qualified Lead Technicians 6
Qualified Technicians 17
Provisionally Qualified Technicians 1

Plutonium Recycle Critical Facility

Control rod calibrations and direct measurements of sefety system
time response were ccmpleted. The safety system was found to be
completely effective within 0.5 sec. following elther a period or
a high level trip. .

Minimum rod worth was achieved by relocating the rods to higher
flux regions. Byproduct information of experimentel importance was
developed on measurement methods and on the magnitude of anti-
shadowing. ’

Preparations for irradiated fuel experiments included (1) rotation of
the core loading to move safety rods cut-of-the-way for the thimble
hoses; (2) first series of successful dry runs of the fuel handling
operation using the cell crare;: and (3) critical experiments (with
cold fuel) to develop reactivity measuring techniques for use in a
climate of massive photoneutron flux.

The document, HW-T7607, "PRCF Light Water Dilution" was issued. This
report analyzed the reactivity status of the PRCF if H20 were sdded to
the Do0 core when it was critical at low moderator levels,

One Revised Process Specification {A-3, Safety and Control Rods) was
eccepted.

One Special Condition (No. 6) was accepted regarding integrity of
confinement. )

Muel Element Rupture Test Fecility

Work Status
Thé following major elements of work are 90% complete:

Installation of the test section in B Cell
Rupture Loop Sempling System
B Cell Leakage Collection Systen

gperatioﬁ

Sixty-four hours were devoted to training.

One additional technician completed the orientation and training
period and passed the Rupture Loop qualification test.
IICLASSIFIED




UNCLASSIFIED 1-6 - HW-T7709 5

GAS COOLED POWER REACTOR FROGRAM -

Pregsurized Gas-Cooled Loop Fadility (Project CAH-822)

Project Status

Blower units two and three have been shipped from the vendor's plant
and are scheduled for delivery in mid-June.

TECHNICAL SHOFS OFPERATICN

Total productive time for the period was 28,170 hours. This includes 19,309
hours performed in Technical Shops, 6,286 hours assigned to J. A, Jones
Company, 2,520 hours assigned to off-site vendors, and 55 hours to other
project shops. Total shop backlég is 33,421 hours, of which 90% is required
in the current month with the remainder distributed over a three-month period.
Overtime worked during the month totaled 1,775 hours or T7.8% of the total
avallable hours.

Distribution of time was as follows:

Manhours % of Total

N-Reactor Department 3 226 11.46
Irradiation Processing Department 6 986 24.79
Chemical Processing Department 353 1.25 ‘
Hanford Laboratories 17 605 62.50

Requests for emergency service increased requiring an overtime ratio of 7.8%
versus 7.2% for the previous month.

LABORATORY MAINTENANCE OFERATION

Total productive time was 21,600 hours of 23,000 hours potentially available.
Of the total productive time, 88.6% was expended in support of Hanford
Isboratories components, with the remaining 11.4% used in providing service
for other HAPO organizations. Overtime worked during the month was 5.1% of
total available hours. : .

Manpower utilization for May was as follows: ‘
) 00 hours

A. Shop Work L
B. Maintenance 8 300 hours
1. Preventive Maintensnce 1 900 hours
2. Emergency or Unscheduled Mzintenance 2 200 hours
3. Normal Scheduled Maintenance 4 200 hours
L. Overtime (included in above figures) - 1 100 hours L.
C. R&D Assistance 9 200 hours C L
- 21 600 hours
. ]
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" Three new items of standards equipment were received and placed in service
during May: (1) Silver Freeze Point, (2) Copper Freeze Point and (3) a
new standard potentiometer accurate to Q. OOl% of cobserved reading.

%éwe._—-—-/

'I'est Rea.ctor and Auxiliaries
WD Richmond
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

D. J. Foley, R. J. Hennig "Fast Reactor Nuclear Safety and Control

D. E. Rasmussen, D. H. White Devices"

M. F. Zeutschel HW-77778, Multi-Beam Ultrasonic
Crystal

R. F. Maness Inhibition of 304-L Stainless Steel

Corrosion in Zirflex Solutions
" by Anodic Passivation

C. A. Rohrmann '""Electrical Power Production from
¥ Boiling Fluids Outside of the Earth's
Gravitational Field" (5-10-63)

!

Manager, Hanford Laboratories
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