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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. ‘Makes any warranty or representation, expressed or implied, with respectto the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
ony information, apparatus, method, or process disciosed in this report.

As used in the above, “person acting on behalf of the Commission® includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or smployee of such contractor prepares, disseminates, or provides access to,
any information pursuant fo his employment or contract with the Commission, or his employment with
such contractor,
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BUDGET AND COST SUMMARY

November operating costs totaled $2, 799, 000, a decrease of $252, 000
from the previous month. Fiscal year-to-date costs aggregate $13, 844, 000
or 38% of the current control budget for FY 1965.

Hanford Laboratories' research and development costs for November

compared with the previous month and the current control budget are shown

below:
COST
(Dollars in Current Previous %o
thousands) Month Month To Date Budget Spent
HL Programs -
02 3 33 3 52 3 258 3 542 48
04 1 1985 1 416 6 030 16 078 38
05 120 152 605 1 694 36
06 260 312 1 458 3 570 41
07 7
08 33 47 199 500 40
1 641 1979 8 557 22 382 38
Sponsored By
NRD 103 123 647 1 594 41
IPD 16 21 91 425 21
CPD 151 200 896 2 207 4_1
1911 2323 §i0191 36608 38

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

Metallographic examination of several irradiated (~ 2460 Mwd/ton)
N-Reactor fuel pieces verified the presence of ultrasonically detected
longitudinal cracks in the fuel material near the end region. The cracks
could not be clearly ascribed to handling damagé.

- Extensive clad-core reaction was found when Zircaloy-clad
aluminum-lithium alloy was heated to 1100 C for 5 min.
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Target elements containing LiA102 and I_,iZSiO3 have been irradiated
for 58 days in the KER loop to obtain data on gas composition and tritium

release from ceramic core targets.

Ball Channel No. 60 at N-Reactor has been charged with 19 large
graphite bars to monitor graphite changes due to irradiation.

Laboratory seriments were completed that permit the tempera-
iures of N-Reactor fuel elements to be predicted for 10 to 15 sec following
the gross rupture of an inlet riser supply line; differences between the
laboratory test section and the reactor fuel column prevent prediction past

that time.

Laboratory experiments were started with a second electrically
heated test section representing the downstream half of an N-Reactor fuel
column to determine the effects of the interjunction flow on hydraulic stability
and heat transfer characteristics of the three flow channels, especially when

one channel is receiving a greater than normal amount of heat.

In-reactor tests simulating off-standard primary coolant conditions
in N-Reactor show that neutral pH, O2 addition, or reduced purification rate
will increase crud levels and corrosion rates. Short-term tests indicate
that minor variations in pH or 02 concentration will not increase crud levels

or corrosion rates significantly.

Examination of carbon steel jumpers and tubing in N-Reactor graphite
cooling system revealed a thick crud film with many pits in the underlying
carbon steel. Most of the pits were 1 to 2 mils deep although a few deep pits
(10 to 15 mils) were faund at a tubing flare.

Nickel-plated aluminum coupons exposed 20'days in 330 C water,
pH-10 NH4OH at 25 ft/sec_ flow rate showed no sign of the plate loss such
as occurred during similar tests in pH-10 lithiated water.

Based on the burst test of a deliberately defected section of N-process
tubing, it appears possible to predict the rupture pressure (without bursting
the specimen) from an analysis of the sound produced by the growing defect.

1234583 Biiiouitit



i

o
DR
_ A HW -84529

e;&‘:s
r'-m

The first vibrationally compacted U02—2 wt% PuO2 high power
density fuel element was successfully irradiated in the PRTR to a burnup
of 680 de/tonU.
The first batch of impacted, UOZ-PuO2 using U308 to control the

O:U ratio was successfully processed.

The PRTR swage-compacted UO2 element defected with a 3-in.
longitudinal slit in one of the rods has successfully completed about 19 days

of operation in the rupture loop.

A prototypic recycle element (2 wi% PuOZ) using salt cycle material,
specially designed hot cell fabrication equipment, and segmented Zircaloy-2
tubes, is being fabricated.

A fuel element designed to demonstrate the feasibility of rejuvenating
fuel elements with plutonium alloy wire was shipped to MTR for irradiation.

A fuel element designed to investigate the effect of heterogeneous
enrichment and the homogenizing effect of irradiation on the heterogeneous
portions of the fuel was fabricated and shipped to the MTR for irradiation.

The document outlining transition plans for converting the PRTR to
the High Power Density Core is being revised in the final draft.

A second out-of-reactor fretting test of a PRTR High Power Density
fuel element revealed no significant fretting after 500 hr at 1050 psig, 530 F,
and 165 gpm, the expected tube flow in the proposed short core.

Continued tests on irradiated PRTR fuel elements have confirmed
previous results showing that the core materials (physical mixtures of UO2
and Pqu) are very resistant to washout by 300 C water. Tests up to 3-1/2
weeks in duration have resulted in undetectable loss of material.

The effectiveness of pressure in inhibiting the swelling of high purity
uranium (as well as alloy specimens) was observed in specimens from a
controlled pressure-temperature capsule which operated at 450 C and 1000 psi

12345814
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to 0.13 at.% burnup. Comparable data from previous general swelling
capsules revealed swelling in high purity uranium of 70%; whereas, samples

in the pressurized capsule showed swelling of about 1%.

Physically mixed and impacted Pqu-UO2 powders were shown to
possess the small particle sizes and uniformity of plutonium distribution

necessary for fast reactor fuel.

Arc melted plutonium-boron compositions between 10 and 90% boron,
quenched from 1500 C, or annealed at 900 C and slow cooled, showed PuB,
PuB4, and PuB6 to be high temperature stable phases. Incongruent melting
points observed for these compounds were 1750, 1990, and 2190 C, respec-
tively‘. '

Stainless steel clad, stainless steel-UO2 fueled cermet fuel pins were

successfully extruded with minimum fuel particle stringering by using

impacted extrusion billets.

The first stress-to-rupture tests on irradiated nickel base alloys

show that the time-to-rupture is reduced markedly by irradiation to 1.8 x 1020
nvt. Underaged Inconel X-750 specimens irradiated and tested in an attempt
to explain the reduction of time to rupture failed, contrary to expectations,

upon application of initial load.

A prototype instrument to continuously detect total gas impurities in
the ATR gas loop helium coolant was successfully tested at a lower detection

limit of 1 ppm.

A scope design has been prepared for the ATR gas loop analytical
instrumentation, sampling system, calibration system, and panel layouts.

Comparison of Hanford and United Kingdom graphite irradiations shows
good agreement for the 450 C irradiations, but poor agreement at 650 C, with
the United Kingdom graphites apparently contracting at a much lower rate at

650 C. The discrepancy is probably due to differences in test conditions or

DEC RS wis it

12345895 had T



— DECIRASSHHED
| B HW -84529

problems in converting to a common exposure basis rather than differences

in materials.

The integrated exposure of three thorium-uranium fuel elements in
the ETR has reached 10, 000 Mwd/ton (3.3 x 1020 fissions/cm?).

The first irradiated tensile specimens were successfully tested in
vacuum at temperatures up to 650 C in the new equipment in H Cell of the
Radiometallurgy Laboratory.

U02 single crystals were characterized and shipped to ORNL,

University of Michigan, and Northwestern University for research studies.

Ultrasonic examination has resulted in rejection of 486 of the 1350
EBWR rods shipped to ANL because of cracks near the weld zone of the end

closures.
Fabrication of fuel for the Saxton Reactor plutonium loading is under
way.

Coolant channel hydraulic demand data for ATR shutdown and emer-
gency cooling conditions were obtained from an electrically heated test
section. High power experiments were suspended when failure of elec-

trical insulation rendered the test section unusable.

2. Physics and Instruments

N-Reactor Phase IIlI fuel cycle studies are being extended to include
Pqu-UO2 fuel. Previous studies were on UOZ’ ThOz, and uranium metal

fuels.

Boron enriched in B10 is being considered as a replacement for
natural boron in the N-Reactor control rods to increase their worth. The
worth of samples of both types will be measured in the PCTR. The PCTR
is-also being used to measure physics parameters of a coproduct fuel

element.

[23458b
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Several reactor physics computer codes (ZODIAC, HRG, COMBO,
and TEMPEST) were modified to improve their efficiency and versatility.

Preliminary analyses of foil activation measurements taken on the
graphite lattice (8-3/8 in. pitch) fueled with PuO,-UO, are complete. The
results are being used to calculate the average absorption rates in the cell
components. Plans are being made for the second experiment, which will
have a lattice pitch of 6-1/2 in.

Amplifier and other circuit modules were completed for use in the
N-Reactor subcritical neutron flux monitor, and specifications were com-
pleted for instrumentation to be used in the prototype irradiated reactor

fuel cooling age measuring system.

The N-Reactor three surge tank analog model programming was
completed. Input data for the system were obtained from results of the
N-Reactor plant simulation. A method for control of the three tank system

was proposed.

Initial experiments were performed to eliminate the effects of
Am**! in the Pu?3
a separations plant. In addition, detector and circuitry development pro-

241 monitor that will measure distribution of Amz‘l1 in a

241 9 liquid sample counting system now in test operation at

gressed on the Am

process column.

A prototype ultrasonic test to measure the degree of bondedness
between the jacket and core of lithium-aluminum target elements is being
operated to ingpect preproduction samples of these fuel elements for N-Reactor
fuels.

The X-ray fluorescence tester, which was designed to detect uranium
contamination in the end cap braze closure, has been returned to the labora-
tory for further development before this tester is evaluated at the step-cut

stage.
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A prototypeultrasonictest has been developed to measure braze
wire melting for the TIG braze end closure process.

Fabrication of the mechanical portions of the irradiated N-Reactor
fuel tester is about 80% complete. Electronic upgrading of this equipment
has been completed. Metallographic confirmation of two small cracks
that had been previously detected by the instrument was obtained.

Laboratory attempts to measure enrichment of N-Reactor fuel have
been favorable. Possible use of the test will be made to confirm fuel con-

firm fuel enrichment immediately before reactor charging.

Exponential and neutron multiplication experiments have provided
further data on the criticality of enriched N-Reactor fuels in light water.
During the month, measurements were performed with two different fuel
assemblies in a third lattice.

240 will have a maximum effect on criti-

Calculations show that Pu
cality in an intermediate neutron spectrum; a new series of critical experi-
ments was begun with plutonium containing 8 wt% Pu240 in Pqu-plastic
mixtures to provide data for evaluating this effect. Criticality was achieved
in an unreflected cubic assembly about 40% larger than a similar critical

assembly that contained plutonium of 2.2 wt% Pu240.

Neutron multiplication experiments performed with 64 PR cans
positioned in a planar array (containing 113 kg Pu) showed the critical
number of these to be less than for the SN cans measured previously, but
still > 280. As a result of these experiments, a considerable relaxation
can be expected in future handling procedures as the current nuclear safety

limit is only 15 cans per storage array.

Encouraging results have been obtained with multigroup diffusion
theory for computing criticality of plutonium nitrate solutions in spherical
geometry. The criticality factor was calculated to within 10 mk for 12
different cases of measured criticality with plutonium solutions in the con-

centration range from 33 to 268 g Pu/1.

1234588
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The Class I HL -designed shipping container for fissile materials that
successfully passed drop tests last month has satisfactorily passed the standard
1 hr fire test conducted by Underwriters Laboratories.

Performance testing of the slow-neutron time-of-flight spectrometer
was continued and included measurements of the scattering of 0. 15 ev neutrons
from vanadium. Multiple-scattering and absorption corrections for these

measurements were successfully calculated using Program S.

The results of the 3- to 15-Mev total cross section measurements in
the last two series both yielded incorrect values in the region of 8- to 10-Mev.
Extensive investigation has failed to reveal as yet the cause of these anomalous

results.

Experiments continued on the PuAl-HzO core in the PRCF. Reactivity
measurements by substitution were made on Pqu-UO2 (EBWR) fuel rods,
various poison rods, and samples of materials used in constructing critical
assemblies. Other measurements were made on void and moderator level.

coefficients and flux and spectrum measurements.

Preparation for the first Phoenix fuel experiment in the PCTR is
essentially complete. The experiment has been rescheduled to begin before

the middle of December.

A 1000-hr, 1100 C test of samples of a matrix of UO2 in graphite has
been successfully completed. This material is to be used in the horizontal
control rods of the HTLTR. The temperature of the HTLTR mockup con-
tinues to be increased. The heater elements were at 700 C, and the stack
at 300 C at the end of month. Graphite corrosion up to this point appears to

be very small.

Plutonium values have been calculated under the private owﬁership
situation to guide AEC in setting the plutonium buy-back price until 1971.
Values were determined using recent 1000 Mwe designs for PWR, BWR,
DZO’ and SGR reactors. Results of this study are consistent with the $10/g
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buy-back price now in use. Values were also calculated for a proposed
future price of $6/1b for U308 instead of the present $8/1b U308 price.
This resulted in lower plutonium values which were proportional to the

change in the fully enriched uranium price.

Uranium requirements have been calculated for the hypothesized
power economy as projected in the ''Report to the President, 1962,"
Initial runs with the VESTA code assume that unimproved light water
reactors will initially supply the nuclear portion of the electrical genera-
tion requirement and that breeder reactors will be introduced after 1975
or 1980 as rapidly as there is plutonium to feed them. By 2060, cumulative
uranium requirements for this projection will be 22 million tons if no
breeders are developed; about 6 million tons if a long doubler (20 yr) is
used; and about 2. 5 million tons if a short doubler (7 yr) is used. The
date of introduction seems much less critical from a conservation viewpoint
than does the doubling time. These results support the view that the USA
should have a concurrent fast reactor development program aimed at
(1) development of public acceptance with prudently safe fast reactors as
may appear financially justified in the near future, and (2) development of
truly advanced fast breeders with very short doubling times on a long term

basis.

The underwater fuel element garrirna scanner at PRTR was improved
through changes in the pulse height analysis instrumentation circuitry and

design was started on a new slit collimator assembly.

Satisfactory in-core performance at KW -Reactor is being achieved
with the two regenerating neutron flux detectors, which use coatings of 90%
U234 and 10% U235,
data are recorded without preamplifiers.

Signals in the milliampere range are being obtained;

The prototype B11 neutron flux detector and five cables (all in an
assembly) were irradiated in a facility at KW -Reactor with the test covering

[2345q¢
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both a reactor shutdown and startup. Valuable information was obtained
regarding noise generation by various types and sizes of cables, and promising
short time performance was achieved for the B11 detector.

Analog computer runs were completed in an investigation of possible
hazards at increased power PRTR levels. Transients were observed under

the conditions of shim failure, control rod malfunction, and experiment failure.

Ability of the multiparameter eddy current test to separate signals due
to flaws opening onto each side of a metal test sheet was demonstrated. The
relative location of these fabricated flaws was successfully displayed on the
cathode ray tube.

Ultrasonic shear-wave attenuation measurements on stainless steel
are complete. Sampling techniques are being used to measure broad-frequency
band pulse shape changes suitable for experimentally testing the validity of

theoretical wave models.

A stainless steel sample has been fatigued in steps of 200, 000 cycles
to a total of 1, 200, 000 cycles. Eddy current tests after each step have been
encouraging, but the ultrasonic results are not conclusive. The fatiguing of

the sample will be continued until failure occurs.

The recently developed ultrasonic imaging unit has been used to study
the transmission of ultrasound through a plate. Several luminescent phos -
phors and liquid crystals and two new techniques using chemiluminescent
compounds of piezo-optic properties of piezoelectric materials also were

investigated for potential use in ultrasonic imaging.

The electrostatic ultrasonic transducer has been successfully used to
generate and detect ultrasound with a single transducer. Mica and ceramic
materials are being evaluated for the dielectric.

Ultrasonic test equipment (400 kc) has been developed to test isotope
core materials for cracking. Initial tests indicate ultrasound penetration is

sufficient for inspection purposes.

DECLASSIFIED
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Testing was initiated on the blood pressure measuring transducer
and design was initiated on the signal conditioning circuits to be used in the
animal physiological function and radionuclide uptake telemetry system.
Other channels for telemetering temperature, pulse rate, and radionuclide

uptake have now been laboratory tested.

The Biology dog counter was further improved through the installa-
tion of a new detector support for the two lateral detectors. The change
permitted more accurate positioning adjustment, and thereby improved

scanning accuracy.

The solid state peak pulse readirig instrument, used to provide
readout of small ionization chambers used in radiation dosimetry studies,

was completed.

The analog computer program for the radioisotope distribution in
132 and I132

results of computer runs for ingestion were compared with experimental

bodies was further developed for Te in "standard man.'" The
data to determine the constants which define the biological processes. Good
agreement was obtained in some cases; however, more investigative work

is required.

Sonic energy released from propagating defects in stressed pressure
vessels is being monitored by three pickup transducers whose outputs are

recorded on magnetic tape. Early warning of vessel failure is thus provided.

An 11-in. -long liquid level probe, which measures the transit time
of an electrical puise, reflected at the liquid surface, was developed and
used successfully to measure the level of liquid glass at 1000 C. A 7.5-ft-
long probe is now being designed for another similar application in waste

solidification work.

A new controlled switching device has been developed for the
capacitor discharge machine in Plutonium Metallurgy. The new switch,
which explodes a copper wire imbedded in the insulation between two plates,

1234592
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reduces the inductive effect from previous switches and achieves control to

within plus or minus 1 uysec.

In a joint effort, Atmospheric Physics and Radiological Chemistry
measured the washout of gaseous radioactive iodine by natural rain on
November 3. The quantity of scavenged iodine in the collected rainwater
was a hundred times the detection limit, and was of the magnitude predicted
theoretically. This is the only known atmospheric iodine washout experiment
to be conducted. The simplicity of the design and the sensitivity of the
detection methods show promise of providing high quality washout data in

future experiments.

An Eskimo from Anaktuvuk Pass, Alaska, who has a Csl37 body
burden of 1300 nCi, spent 2 weeks at the laboratory. His cooperation
enabled completion of several significant whole body counting experiments:
int;;comparison of the three Hanford whole body counters, improvement of
Na

whole body counting method to be used in Alaska to measure whole body
137

and Fe55 counting techniques, and improved calibration of the simplified

burdens of Cs

3. Chemistry

Additional understanding was achieved of the unexpected exothermic
chemical combination of metals contained in N-Reactor ''target' elements
when cycled through temperature conditions which might prevail in a reactor
overheating incident. The observations were compatible with the assumption
that a barrier to diffusion exists initially but is breached under certain con-

ditions.

No significant changes were observed in the, gross beta activity levels
in the ground water beneath 200 Area disposal sites during this month.

Recent analytical results of samples from piezometer tubes installed
in wells southeast of 200 East Area confirm previous analyses which showed

the presence of low-level contaminants in the lowermost aquifer (of six) near

12345493
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The carrying of polonium by BiONOs-HZO precipitates tends to

follow the logarithmic distribution law.

233 on unfired

Full-level, B-cell experiments on the absorption of Pa
Vycor have continued to give poorer loadings than reported by ORNL.

Presence of an ''unabsorbable' protactinium species is suspected.

Sufficient spray-calcined thoria has been prepared for fabrication

of three cold-pressed 8-in. target elements.

Increased thoria dissolution rates were achieved in a series of
experiments incorporating several process and equipment improvements.
The major beneficial factors were the adoption of an acid codissolution
process for the aluminum jacket and thoria target material, and the use of
small air lift circulators in the dissolver to promote solids-liquid contact.

Several factors appear to be involved in high Strontium Semiworks
losses of promethium in the "A" contact: substitution of DTPA for the
HEDTA which was used in earlier successful plant runs; use of a pulse
column contactor in place of batch extraction; and the presence of solids
in the feed.

Examination of samples of IRA-401 resin from the two plant 'l—kg
Tc recovery campaigns revealed no evidence of degradation or loss of

capacity.

Development and testing of a new slag and crucible dissolver were
completed for the unit to be insfalled in the Plutonium Reclamation Facility.
Several improvements in process conditions, equipment configurations, and
operational procedures were made as a result of extensive round-the-clock

testing of the dissolver system.

A computing system was devised to provide the accurate measure-
ment of pulse column static pressure required for automatic column control.

The system corrects the observed pressure signals for errors contributed

1234594
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by variations in new flow and pulse velocity. Performance testing of the
system was completed successfully.

Three blocks of shielding glass of a type used for FRPP shielding
windows were irradiated to about 1 x 108 r, at a rate of 7 x 104 r per hour.
One of the blocks, a 6-in. cube, discharged after removal from the source.
The other two blocks, with dimensions corresponding to FRPP cell side
window thicknesses, did not discharge. These results provide added con-
firmation of the decision to install thin glass sections in FRPP high level

cell windows.

Uranium and plutonium losses during the mechanical decladding of
PRTR mixed oxide fuel elements were quantitatively determined. Results
of these studies indicate higher waste losses (about 0. 5%) with irradiated

fuel than with unirradiated elements (less than 0. 1%).

Rare earth earth and uranium decontamination factors as high as
110 and 700, respectively, have been obtained with quantitative two-stage
precipitation of Pqu from salt cycle melts.

Equipment has been developed and work is well along in developing
techniques for the analysis of O:U ratios in mixed oxides and U02~containing

cermets.

Two waste solidification runs were completed with prototype pot
calcination equipment. Simulated Purex waste was processed at an average
rate of 26 liters per hr; calcination time for a standard pot (8-in. diam,
8-ft long) was 35 hr.

A platinum melter was coupled to the 14-in. spray calciner to
achieve an allowable operating temperature in the range 1000 to 1200 C;
initial operation using an external overflow weir was successful. In related
laboratory studies melting points and leach rates in distilled water were
determined for several compositions of glasses or polycrystalline solids in
Purex 1WW, phosphate, plumbate, and borate systems.
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Two additional continuous glass experiments were attempted in the
High Level Radiochemistry Facility. The first was plagued with repeated
plugging; the second ran smoothly and produced a true glass. '

A scheme for extensive treatment of intermediate level laboratory-
type wastes (including removal of ruthenium) is being developed, employing
scavenging, ion exchange, and adsorption. The treatment is sufficient to
reduce all radio-nuclide concentrations in the 300 Area cribbed laboratory
waste to below MPC.

Experimental evidence was obtained this month indicating that sedi-
ment scouring occurs from the McNary Reservoir during high water flow

periods.

Design and procurement activities for the Containment Systems
Experiment were continued actively. Erection of the containment vessel
was begun on November 16. Aerosol development studies included runs
comparing the behavior of molecular iodine released in the presence of and
in the absence of molten stainless steel-UOz. These tests were possible
because a suitable technique was found to contain the melt, that of mounting

the specimen on UO2 powder inside a water-cooled quartz tube.

An initial calculation of predicted flow paths, travel times, and soil
transmissibility (permeability) distribution in the ground-water regime was
made using several recently developed computer programs and limited field
data. Reasonably good agreement was obtained in comparing the computed
results with those deduced from ground-water contamination observations.

Concentrations of radionuclides on Alaskan lichens and on euphausids
(krill) taken from the Pacific Ocean were found to be readily measurable by

low level multidimensional spectrometry.

Use of low level multidimensional analysis techniques in activation

analysis of sea water allows the measurement without chemical separation
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of Na, Sr, Rb, Fe, Zn, U, Th, Co, Cs, Sb, Ag, and Sc. Many of these
elements are present in sea water at less than ppb oncentrations.

Air and rain samples collected after the Chinese bomb test on
October 16, 1964, were analyzed using the multidimensional gamma ray

140-La140, Te132-1132, MOQQ 239

spectrometer. Ba , and Np were readily

measurable.

A joint program with the Atmospheric Physics Operation was begun
to determine the washout coefficient of airborne gasses and particulate
materials by rain. The first measurements of I2 washout agreed well with
theoretical calculations.

146

) of the four samples of high burnup

- Chemical analysis (for Pm
146 147
/Pm

Yankee pressurized water reactor fuel was completed. The Pm
‘ratio was essentially constant and independent of fuel burnup.

The computer program for predicting the reentry characteristics
of cylindrical isotopic fuel capsules has been debugged.

Measurements of the thermal diffusivity of high-ene»rgy-rate impacted
Smy0, (stand-in for szos) have permitted calculations showing that the
central temperature, and temperature drop from center to surface, will not

be excessive, even with very large Pm203 sources.

Compatibility studies have shown the advisability of using nickel-free

alloys or materials for containment of Pm203 heat sources.

A new high energy impaction machine (Dynapak) has been received and
is now being set up for cold mock-up and process studies before installation
in a Fuels Recycle Pilot Plant high level cell. The 200, 000 ft-1b machine,
largest now on site at Hanford, will be used for ehcapsulation studies of

isotopic process sources.

DECLASSIHED ooy
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4. Biology

On November 3, a roof fire at the Aquatic Biology Laboratory
resulted in an estimated $250, 000 building and equipment damage, in addi-
tion to loss of experimental fish. More than 90% of the valuable research
records were saved. No radiation was involved and no personnel injuries
resulted. As a result of the fire, studies on Zn65, X-ray and temperature
effects in fish are temporarily suspended. Emphasis on the columnaris
problem has been shifted from laboratory to field studies. Radioecology
fallout samples are being processed, temporarily, in 700 Area laboratories
while more permanent facilities are being constructed in the undeveloped
portion of the third floor of the 108-F Building.

Glutathione, in conjunction with chelating agents (DFAB and DTPA),

106

was shown to be effective in accelerating the excretion of Ru from rats.

Pulmonary clearance of inhaled Crg1

O3 particles was not altered

in dogs following 11 months of smoking up to 20 cigarrettes per day, 5 days
per week. This experiment was one of several preliminary tests to determine
whether cigarrete smoking alters the capability of the respiratory tract to

remove inhaled particles.

Indolepyruvic acid was isolated from Neurospora culture medium
filtrates and positively identified. This adds significantly to our under-
standing of the tryptophan cycle and will provide a new basis for studies of
feedback mechanisms.

A total of 1443 salmon nests was observed in aerial surveys of the
Columbia River between Richland and Priest Rapids Dam. This is the
second highest number observed during the pasgt 18 years. Manipulation of
river levels by the upstream dams resulted in the exposure of some salmon

nests.
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Whole-body counts were made on practically the entire population
of Anaktuvuk Pass on November 15-17. Equipment trouble required opera-
tion at reduced voltage, which will delay results pending calibration studies.

TECHNICAL AND OTHER SERVICES

Surveillance of the Purex cooling swamps that had become highly
contaminated in June continued. The soil sterilization program that was
undertaken by CPD personnel is complete. Most of the wild grains (millet)
near the swamp have been burned or covered. Wild fowl that were sampled
near the end of November showed no detectable external contamination. At
present all radiation problems associated with the incident are well controlled.

Closed form solutions were obtained for a mathematical model which
was developed to explain and quantify the apparent exchange of materials
between two supposedly closed systems.

A study was carried out to operate several alternate single stage
attribute sampling plans equivalent to two-stage plans now being used.

Both transient and steady-state solutions were obtained to mathe-
matical models describing the application electromagnetic wave guide theory
to thermal neutron detection.

A study of air propagation relative to the mass spectrometric analysis
of a four-component gas is being extended to a 12-component gas.

A program was completed for the calculation of critical points of a
test designed to distinguish the presence of a decaying radionuclide from
power background’in the analysis of a program where the power function is
now being coded.

SUPPORTING FUNCTIONS

Plutonium Recycle Test Reactor output for November was 1477 Mwd
for an experimental time efficiency of 83% and a plant efficiency of 70%.

TR RORIEITS
. ‘l'!. ’},'11 o
BebiAcSiFE
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There were five operating periods during the month; two of which were
terminated manually; two that were terminated by scrams; and one that
continued through month-end. A summary of the fuel irradiation program

as of November 30, 1964, follows:

_ Program
Al-Pu uo, Pu02-U02 Other Totals
No. Mwd No. Mwd No. Mwd No. Mwd No. Mwd
In-Core 0 7 1953.1 77 14680.5 84 16633.6
Maximum 364.3 397.2
Average 279.0 190.6
In-Basin 7 572.5 26 2769.0 51 6671.6 84 10013.1
Buried 1 7.3 1 7.3
Chemical
Processing 68 5465.8 35 1965.8 _ 103 7431.6
Program
Totals 75 6038.3 68 6687.9 128 21352.1 1 7.3 272 34085.6
(Note: Mwd/Element x 20 ~de/tonU for UO2 and Pqu-UOZ)

Heavy water loss and indicated helium loss for the month were
815 1b and 114, 290 scf, respectively.

Installation of the prototype Second Generation Shim Control Rod was
completed during the month. Features of this assembly include: packaged
drive assembly (using gearing) located above the top shield and detachable
from the lower assembly, zirconium lead screws, swivel calandria gas
seal, accurate synchro readout, and rotary limit switches. Some sticking
has been experienced that is attributed to the nonprototype 1/16 in. lead

screw balls.

The irradiation in the Fuel Element Rupture Testing Facility of
swage compacted UO2 fuel element 1039 with the 3 in. longitudinal slit was
completed on November 15, 1964. The test element had endured 447.25 hr
of operation, including three startup-shutdown cycles in which full power
was achieved, and accumulated 7.87 Mwd or 129 Mwd/ton exposure for a

1234000
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total exposure of 133 Mwd. The test element was inspected and photographed
in the storage basin. No evidence of defect propagation or of fuel release

was apparent.

Arrangements were made with Redox Operation of CPD to conduct a
chemical processing campaign in March of 1965. Approximately 14 UOZ’
4 Al-Pu, and 20 UOZ-O. 5 wt%h PuO2 PRTR fuel elements will be processed
along with 208 I&E depleted uranium fuel slugs from Production Test 231-A
to produce 7 kg of plutonium containing 20% Pu240 igotope.

Total productive time in Technical Shops Operation for the period
was 21,558 hr. Distribution of time was:

Manhours % of Total
N-Reactor Department 2 495 11.6
Irradiation Processing Department 2 951 13.7
Chemical Processing Department 377 1.7
Hanford Laboratories 15 735 73.0

Total productive time in Laboratory Maintenance Operation was
14, 600 hr of 16, 000 potentially available. Of the total productive time, 95%
was expended in support of Hanford Laboratories components, with the
remaining 5% directed toward providing service for other HAPO organiza-

ticns. Manpower utilization (in hours) for November was:

A. Shop Work 1900
B. Maintenance 4700
1. Preventive Maintenance 1300
2. Emergency or Unscheduled Maintenance 1000
3. Normal Scheduled Maintenance 2400
C. R&D Assistance 3000

The heavy water inventory for the PRTR at the end of November 1964
showed a loss of 815 1b valued at $11,263. Heavy water scrap generated
during the month amounted to 449 lb, resulting in a $435 charge to operating
costs. Total scrap on hand at November 30, 1964 amounted to 15, 847 1b
valued at $196, 064.

DECLESSED  —
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Cumulative data of Hanford visitations:

Number of Visgitors

In November Since 6-13-62
Visgitors Center 1259 82, 366
Plant Tours 130 ---

HAPO professional recruiting activity for November:

Plant Offers Offers Offers Offers
Visits Extended Accepted Rejected Open

Ph.D. 2 4 1 4 2
BS/MS (Direct Placement) 0 1 0 0 1
BS/MS (Program) 0 1 0 0 1

Six Technical Graduates were placed on permanent assignment.
Ten members transferred to the plant General Electric Technical Graduate
Program. The current Laboratories' Technical Graduate Program numbers
19.

Hanford Laboratories hosted a meeting of the Weapon Contractors
Classification Conference on November 18 and 19. Representatives of 16

weapon sites attended. |

Authorized funds for 13 active projects total $10, 729, 000. Total
estimated cost of these projects is $11, 899, 000. Expenditures through
October 31, 1964 were $5, 301, 000.

Manager, Hanford Laboratories

HM Parker:JEB:dh
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CHEMICAL LABORATORY

RESEARCH AND ENGINEERING

EISSIONARLE MAIERIALS - Q2 ERQCRAM

IRRADIATION PROCESSES

Overheated N-Reactor Fuel Study

Seven unirradiated prototype N-Reactor "target" elements were heated
individuallr throughout the length of the element to 1100 C and cooled
in helium at differing rates. One element was similarly heated in &
steam atmosphere and cooled. The purpose of these tests was to estab-
lish the behavior of the elements under the severe temperature conditions
which might prevail in a reactor overheating incident. The current
unirradiated-element tests were preliminary to similar tests to

follow using fully irradiated target elements, Observed behavior was
not as anticipated, yet could be explained with reasonable assumptions.
The observations of particular interest are the following:

1. The end areas swelled to about 1-1/2 times the original diameter
and the element as a whole distorted and swelled.,

2. Some elements failed with oozing and flowing of the aluminum alloy.
If the element survived the first minute or so of the goal tempera-
ture of 1100 C, rupture with flow of metal did not occur in
subsequent heating.

3. An exothermic chemical combination of the metals present can occur
under conditions not yet completely defined. In the first element
tested, the temperature rise from this energy resulted in not only
failure of the element but local melting through the wall of the
steel tube in which the element was supported. The reaction occurs
after heating to 1100 C, holding for a short period, then cooling
to around 870 C. When held at temperature for as long as 30
minutes, the element did not undergo this reaction on cooling.

The reaction results in the formation on cooling of lustrous black
crystals wvhose composition corresponds to’ZrAl3.

The observations are compatible with the assumption that a barrier to

diffusion exists initially which could well be the continuous anocdized
layer on the inside surfaces of the Zircaloy tube. Slow diffusion of

aluminum through this film occurs and a second barrier, ZrAl,, forms.

If the ZrAl3 layer retains continuity during the expansion ol the

=y -y
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unalloyed Zircaloy upon cooling through the 8 to a transformation, the
exothermic reaction between the molten core and Zircaloy will not occur.
If a break develops, the exothermic reaction between zirconium and
aluminum occurs., Similarly, if a break appears in the anodized film
soon after heating, allowing direct contact between the aluminum alloy
and the Zircaloy, probability of rapid diffusion is high and jacket
feilure may follow.

Although these suppositions seem tenable, the results indicate the
need for a detailed metallurgical study of the metals involved at these
temperatures.

SEPARATIONS PROCESSES

Disposal to Ground

No significant changes were observed in the gross beta activity levels
in the ground water beneath 200 Area disposal sites during this month.

There are six confined or partly confined aquifers beneath the project
which can potentially become contaminated with wastes discharged to
ground in the 200 East Area. Three wells southeast of 200 East Area,
699-15-15, 20-E12 and 10-E12 intercept and monitor the uppermost five
aquifers. Recent analytical results of samples from piezometer tubes
installed in these wells confirm previous analyses which showed the
presence of low=level contaminants in the lowermost aquifer near the
river. This is indicative that wastes entering the aquifer move at a
faster rate or are diluted to a lesser degree than the bulk of the
radiocontaminants which are contained in the uppermost free ground-water
zone. Four additionel wells are planned to be installed soon southeast
of 200 East Area to provide monitoring access to all six aquifers.

Polonium Chemistry

As mentioned previously polonium is effectively coprecipitated when
Bi(III) is precipitated as BiONO,°H,O0. Effort this month has been
directed toward determination of "the limiting distribution law for the
incorporation of polonium into bismuthyl nitrate. -

Precipitation of the desired amount of BiOll0,°H,0 was accomplished by
the addition of a suitable volume of water to a lg_Bi(III) - 1M HNO
solution. The amount of bismuth precipitated and the fraction of
polonium coprecipitated were determined.

When rapid precipitations are carried out, as was the case in these
experiments, the logarithmic distribution law is usually obeyed:

.52 )
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REACTOR AND FUELS LABORATORY MONTHLY REPORT

NOVEMBER 1964

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 02 PROGRAM

1. Metallic Fuel Development

Correlation of Postirradiation Nondestructive Test Indications on
"N" Fuels. Defect indications have been obtained on some irradiated
N-fuel components using uitrasonic techniques. Selected components
have been examined in Radiometallurgy to correlate the ultrasonic
test indications with the condition of the pieces. In one instance,
in which a defective cap or closure was indicated, a damaged closure
vas revealed by metallographic examination. The damage was, there-
fore, attributed to postirradiation handling. In several other
instances in which large longitudinal cracks in the fuel in the end
closure region were indicated, cracks were disclosed by the
metallographic examinations. Although these cracks may be the
result of postirradiation handling, attempts to produce such cracks
by intentional rough handling of fuel components were not successful.

Thermal Expansion of "N" Fuels. Measurements of the diametric

thermal expansion of NOE's and N-Driver tube elements are being ma-Ze

to provide data needed in the design of support hardware. In the
temperature range 20-300 C, the diametric thermal expansion

coefficient for both the NOE and N-Driver fuel is 15.5 % 0.5 in./in./°C.
This compares with a longitudinal thermal expansion coefficient for

NOE and NIE components of about 13.0, thus indicating that the
Zircaloy-2 cladding is less effective in restraining the radial ex-
pansion of the fuel than it is in restraining the axial expansion.

Comparative Swelling of Uranium Alloy Fuels. Two KSE-5 fuel
elements which were irradiated in KER loop 1 to approximately

2700 MWD/T have been examined in Radiometallurgy. Fuel swelling in
the element containing N-fuel (140 ppm Fe and 120 ppm Si) was

2.2 vol.% while fuel swelling in the element containing 400 ppm Fe
and 800 ppm Al wvas 1.2 vol.%. Optical metallography and fuel
density measurements made in Radiometallurgy confirm the swelling
data. A small amount of grain-boundary tearing is evident in the
cooler regions of both fuels. In the hotter regions of the "N" fuel
the microstructure is heavily twinned and contains clusteres
porosity while the Fe-Al bearing fuel appears to be free of this
latter type of porosity. Postirradiation annealing studies will be
conducted on samples of each fuel element to determine the influence

__muoy additions on the formation and growth of gas porosity.
231603 DECLASSIFIED W
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Alternate Uranium Composition. Studies are in progress to determine
the effects of altered fuel compositions upon fuel element fabri-
cation, fuel material properties, and irradiation swelling resistance.

Material coextruded to NOE stock and containing 179 ppm Fe - 250 ppm
Si (Billet No. 2036385-extrusion X-92) and 159 ppm Fe - 418 ppm Si
(Billet No. 2036389-extrusion X-93) was obtained for study of the
structural effects of heat treatment and determination of
recrystallization behavior. Sections of the material as extruded,
beta heat treated, and gamma heat treated were cold worked to 21. h$
area reduction and heated at temperatures from 400 to 625 C for 20
hours. Hardness measurements were made and the microstructure was
examined for extent of recrystallization and observation of the
intermetallic compound distribution. The temperatures at which 50%
recrystallization was observed in the structure and 50% decrease

in hardness measured are shown in Table I.

It is seen that increases in recovery and recrystallization tempera-
ture are produced by increasing silicon content and by heat treatment.

TABLIE I

Recrystallization Temperature* of Uranium Containing
Iron and Silicon Additions

179 Fe - 250 81 159 Fe -.11»8 Si

Prior Treatment Ext BHT +HAT Ext BHT «HT
Recrystallization Temp. °C 475 LSO 500 L75 510 535
50% Hardness Decrease 430 465 U455 435 455 500

* 21.4% cold work, 20 hour anneal, 50% recrystallization estimated
from microstructure.

Metallographic examination of samples after the annealing treatments
shoved that for both materials, the gamma heat treatment was more
effective in obtaining complete solution of Fe and Si compounds
than the beta heat treatment, and that for both treatments and
materials, progressive precipitation and growth of intermetallic
compounds occurred at annealing temperatures above 425 C.

Tension and tension stress cycling tests weré made at 400 C on
samples prepared from beta heat treated U - 150 Fe - 100 Si and U -
LOO Fe - 800 Al material used in KSE5 fuel element tests. The
purpose of the tests are to study the structural effects of cyclic
deformation and to determine differences in mechanical behavior of
the two materials. Standard tensile properties of the materials at

4LOO C are shown in Table II.
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TABLE II

Tensile Properties of U-150 Fe - 100 Si and
U - 400 Fe - 800 Al at 400 C

0.2% Yield ° Ultimate Elongation

Strength Strength % in 1l-inch
1000 psi 1000 psi
Material
U - 150 Fe - 100 Si 33.3 ko.2 19.8
U - 400 Fe - 800 Al k2.3 51.0 ik.2

Cyclic tests vere run at 25,000 * 5000 psi, 27,500 ¥ 5000 psi, and
30,000 I 5000 psi at 400 C at & cyclic rate of 6-7 cpm to a maximum
of 300 cycles. The 150 Fe - 100 Si material at 30,000 ¥ 5000 psi
was strained high enough into the plastic range that after 14 cycles
it was continuing to yield just below 35,000 psi and the test was
terminated. Total deformation as a result of cycling is indicated

below.
No. of Nominal Stress Total Strain
Cycles 1000 psi % in l-inch
U + 150 Fe - 100 S& 300 35.0 0.5
" 300 27.5 0.8
" 14 30.0 6.7
U + 400 Fe - 800 Al 300 25.0 0.2
" 300 27.5 0.2
" 300 30.0 0.2

* Test Terminated.
The density and structure of the material in the gage section is
being determined, specifically looking for evidence of void
formation.

Target Element Development. As part of the continuing program of
support for the N-Reactor multi-product target element, several
studies are being conducted on the target materials and target
element components.

To obtain data on the gas composition and tritium release during
irradiation of ceramic core targets, two elements of LiAl0p and

tvo of Li,8107 were irradiated for a period of approximately 58

days in the KER loop. During fabrication, careful control was
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exerted to assure that the target cores were free of moisture. These
elements have been discharged and will be shipped to Radiometallurgy
for examination.

A series of experiments was conducted to explore the behavior of
target element components under various conditions:

a. A short length of Al-clad A1-0.8% Li was filed bright and en-
closed by electron-beam welding in a bright-etched Zircaloy
jacket. It was then induction heated slowly to about 1100 C,
held 5 minutes, and coocled slowly. It was found to be swollen
and ruptured with a bulged area near the end; a large cavity
occupied most of the internal volume. Microscopic examination
of the longitudinal section showed the presence of a considerable
number of aluminum-zirconium alloy platelets dispersed through-
out the Al-Li matrix. Except at the ruptured zone, the Jacket
showed only light attack by the Al-Li.

b. A short length of C-64 aluminum rod was similarly brightened
and enclosed in a bright-etched Zircaloy jacket. It was heated
similarly to the previous sample but was cooled rapidly. It
was found to be bulged uniformly throughout its length except
at the end-cap zones. Longitudinal sectioning revealed a
small internal cavity emcrusted on the inner surface with the
lustrous platelets of zirconium-aluminum compound (presumably
Zr-Al3), and metallographic examination showed a heavy dis-
persion of such platelets throughout the Al-Li matrix.

c. Another short length of Al-clad A1-08% Li rod was encased in a
Zircaloy Jjacket similarly to the first experiment, except that
the core was burnished with graphite before inserting in the
Jacket. It had been intended to apply the same heating-
cooling cycle as for "a", but when the specimen reached about
900 C, large bulges appeared near the ends and the power was
shut off. Sectioning revealed a large internal cavity, highly
encrusted with the ZrAl, crystals, and the Al-Li matrix was
heavily charged with smiller block-like crystals assumed to be
ZrC formed by reaction of graphite with the jacket. The Jjacket
had been thinned to 0.008" thickness from an original 0.030",
by reaction with the graphite.

From these observations the following tentative conclusions are
drawn:

a. Inductioh heating causes a hotter zone near the ends of the
specimens.

e ——
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b. The tendency to bulge or rupture is aggravated by erosion and
dissolution of the jacket wall in the core material.

c. Reaction of the core metal with the jacket is speeded by clean;
unoxidized contact surfaces. Reaction is delayed by the
presence of oxidized interfacial surfaces.

d.  Graphite reacts rapidly and uniformly with Zr-2 at tempera-
tures below 900 C.

Corrosion and Water Quality Studies

Crevice Corrosion at Heated Surfaces. Internally heated Zircaloy
clad rods with suitcase handle supports forming crevices are being
exposed in the TF-3 Loop as part of & program to evaluate effects
of concentration of LiOH at the heated crevices. In comparative
tests, deposition and corrosion were much more severe in lithiated
water (pE 10) than in ammoniated water (pH 10). In one test .n
lithiated water at 200,000 Btu/(hr)(ft%) after 135 days, the oxide
films varied from 0.0005 to 0.002 inches and covered about one-half
of the length of one of the crevices. No vhite oxide was found at
any location away from the heated crevice. In ammoniated water no -
thick films were formed.

One test in lithiated water at 550,000 Btu/(hr)(ft?) continued for
45 days until the heater element failed. Oxide formation was
slight except for one crevice where a oxide film, ~ 0.0005-inch
was formed on the heating element surface at a crevice. One test
is continuing. an element with suitcase handle supports at 300,000
Btu/ (hr) (£t2).

Effects of Off-Standard Conditions. The testing program in the
K-1 Loop to evaluate off-standard water conditions in N-Reactor
primary cooclant was completed this month. During various stages
of the test, the pH had been controlled at values between neutral
and 10; the water quality had been controlled by feed and bleed at
the normal rate of 1.0 gpm or at a reduced rate of 0.5 gpm; the
feed wvater had been either deoxygenated or air saturated. The
conditions during different portions of the test are shown belov:




UNCLASSIFIED 6
pH Feed Rate Feed Water Dates
1. 10 1l gpm deoxygenated 9/8 - 9/2k
2. FNeutral 1 gpm deoxygenated 9/24 - 9/30
3. 10 1 gpm deoxygenated 9/30 - 10/1
L. 10 1 gpm air-saturated  10/1 - 10/6
5. 10 1 gpm deoxygenated 10/7 - 10/13
6. Keutral 1 gpm air-saturated 10/2% - 10/25
7. Neutral 0.5 gpm air-saturated 10/25 - 11/3
8. Neutral 1 gpm deoxygenated 11/3 - 11/10
9. 10 1 gpm deoxygenated 11/10 - 11/15

Previous results (Parts 1-5) had shown that crud and activity
problems increase as pH is reduced from 10 to 7 and/or oxygen
content of the feedwater is increased. A trend toward increased
in-reactor pressure drop and fuel element temperature was ob-
served during the testi-g with neutral pH and deoxygenated water
(9/2h - 9/30 ; however, both crud levels and activity levels
returned to normal when pH was increased to 10 and deoxygenated
water was used as feed (period (9/30 - 10/1).

The results during this month are in agreement with previous
results. With oxygen-saturated feedwater, solution activity and
iron concentrations in the water were higher than normal indi-
cating higher corrosion rates and/or higher crud release rates;
however, there was no indication of increased pressure drop or
fuel temperature during any time that this type of feed was used.
There was no accumulation of Oo in the water even vhen air-
saturated feed was used.

Some crud release occurred during thermal cycling (primarily
during loop shutdown and startup operations), but this release

had no significant permanent effect on pressure drop or fuel
element surface temperdture. There was no significant effect on
coolant quality or system activity when the coolant purification
rate vas decreased from 1.0 gpm to 0.5 gpm. This is an encouraging
indication that N-Beactor may be able to operate with reduced feed
and bleed rates. However, some pilot plant tests in N-Reactor are
required before this can be recommended.

In summary, the results indicate that short term (1-2 weeks)
deviations from water quality at N-Reactor may cause minor
increases in crud and activity levels, but if the water quality is
brought back to normal conditions, these crud and activity levels
will decrease to normal values. However, the results are not
sufficient to indicate the effects of long periods of continued
operation at lower pH (~ 7) or higher oxygen levels.

T
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Pitting Corrosion in N-Reactor Graphite Cooling System. An ocutlet
N-Reactor graphite cooling system jumper (tube 0999) was inspected
to determine if the high oxygen level caused by radiolytic break-
down of the cooling water is causing excessive corrosion. The
carbon steel tubing and tee were covered with thick, light-
chocolate colored film. After descaling, hundreds of pits 1 to 2
mils in diameter were found on the internal su: aices at the non-
crevice areas. A few larger pits 10 to 15 mils in diameter by
approximately 5 mils deep were found at the crevice formed at the
tubing flare. The tubing is approximately 40 mils thick.

Stress Cracking of N-Reactor Valve Stems. Several large 17-4 pH
stainless steel valve stems in the N-Reactor primary system have
failed due to stress-corrosion cracking. The valve stems were
ordered to a H 1025 condition but hardness measurements correspond
to a somewhat lower temperature aging heat treatment. Numerous
components in N-Reactor contain 17-4 pH stainless steel; therefore
a program is being initiated to test this material at secondary
and graphite cooling system conditions. Of particular concern is
the high oxygen content of the graphite cooling system, which may
accelerate the stress-cracking corrosion.

Nickel-Plated Aluminum. Nickel-plated aluminum coupons have been
exposed for 20 days in 330 C water, pH-10 NH,O0H, at 25 ft/sec flow
rate. Weight changes after 20 days were + 10 to -12 mg/dm. By
comparison, weight éosses in water at 25 ft/sec, 330C, pH 6 to 7
were 15 to 75 mg/dm“, depending on heat treatment of the nickel
Plate. Coupons in the NH,OH test with prior exposure only in
NH,OH retained bright interference colors formed in heat treatment
and showed no evidence of pitting or plate loss. In similar tests
in Li0OH, considerable plate loss occurred after 17 days.

Nickel-plated fuel elements exposed 30 days in the C-1 loop are
undergoing postirradiation examination in Radiometallurgy
laboratory.

Gas-Atmosphere Studies

Graphite-Zirconium Compatibility loop Experiment. One objective of
this experiment is to determine the rate of oxidation of a large
graphite bar exposed to the loop gases. Test No. 9 has now been
completed, which essentially duplicated Test No. 8 conditions of
LOOO ppm of water vapor at 820°C. Similar results were found.
Modifications made to the computer program nov permit a calcu-
lation of oxidation rate as a function of depth from the surface

of the bar. The calculations show that the relative increase in

UNCLASSIFIED
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oxidation rate of the interior of the bar found in the last two
tests must be due to an increase in the effective diffusion
coefficient for water vapor in the graphite bar. "Oxidation has
probably opened up more surface in the porous graphite making the
interior more accessible to gases than it was prior to oxidation.

Process Tube Development

Fracture Studies. Previous attempts to record growth of internal
flaws in a metallic specimen using microphones to hear noises
generated by energy release were hampered by low frequency back-
ground noises. At the suggestion of Aerojet-General Corporation
personnel, accelerometers were substituted for microphones.
According to A.G.N., as stress is increased in a specimen under
test, acoustic transducers affixed to the surface detect and record
sonic and ultrasonic signals originating from flaws or other areas
of incipient failure. Sporadic signals from the earliest
developing microcracks have been detected at stresses as low as
20 percent of ultimate, and occur with increasing frequency as
stress is increased. As experience is gained with a given
material, the imminence of failure can be deduced from the
frequency with which the signals occur and the test stopped just
short of destruction of the specimen.

If the method can be successfully applied to a flawed section of
Zircaloy pressure tubing, it should be possible to "grow" the flaw
by low cycle fatigue and stop the test just short of critical
crack length. In this way a point on the curve for stress vs
critical crack length can be determined without destroying the
test pilece. Repeating the test at successively lower cyclic
pressures should allow construction of the entire curve with a
single specimen. This is an inviting prospect when considering
work on very scarce irradiated material.

The method has tentatively been applied to a section of N-Reactor
pressure tubing deliverately flawed and then pressurized to
failure. Although the tape recorded signals have not yet been
fully analyzed, it appears that strong acoustic burst at 10 MC
emanated fram the growing defect. The frequency of occurrence

of these signals increased as the stress in the tube approached
ultimate.

Thermal Hydraulic Studies

Heat Transfer Experiments for N-Reactor. Conclusions were made
from laboratory experiments conducted to determine the thermal

UNCLASSIFIED

1234b12



—— o oAl

and hydraulic conditions in & column of N-Reactor fuel elements
following a gross rupture of an inlet riser supply line. These
experiments were performed with a full-scale, electrically
heated model of the downstream half of a fuel column with proto-
typic hydraulic connectors and fittings. Following a detailed
analysis of the results, it was concluded that

(1) The heat removal rate following the rupture would be
adequate to prevent any temperature rise in the fuel for
at least 1.5 seconds.

(2) At the end of this period, the heat removal rate would
decrease very rapidly and essentially all of the heat
generated in the fuel would remaein in the fuei. This
condition would cause the fuel temperature to increase
and would last for perhaps 5 to 10 seconds.

(3) It is not practical to apply the laboratory results to
the reactor following this period. The test section was
vented to drain during the experiment and had no source
of backup cooling. On the other hand, the reactor would
have water trapped in various piping components that
could be available to the fuel for further cooling in
many cases.

The results of these experiments will be used in the analytical
study of the whole problem of reactor cooling and containment
following the possible rupture of an inlet riser.

In other programs for N-Reactor, laboratory studies were started
to refine the knowledge of thermal hydraulic characteristics of
the tube-in-tube fuel elements. A second electrically heated test
section representing the downstream half of an N-Reactor fuel
column is being used in these studies. This test section differs
from the one used previously in that provision was made to allow
interchannel mixing as could occur at each junction of the fuel
elements in the reactor. One of the main purposes of the present
tests is to determine the effects of interjunction flow on hydraulic
stability and heat transfer characteristics of the three flow
channels, especially for cases of flow or heat imbalance between
the three channels.

Eeat Transfer Experiments for Co-Producer

Fuel Elements in N-Reactor. Plans were made for the laboratory
experiments necessary to define the heat transfer limits of a co-
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producer fuel-element. This element will consist of a hollow
uranium cylinder containing a solid rod of some target material.
The element will contain two flow paths -- one between the
uranium cylinder and the pressure tube and the other between the
uranium cylinder and the target rod.

Experiments with three electrically heated test sections were
planned to provide information on the boiling burnout charac-
teristics of the heated surface facing the target rod. Two of
these test sections will be short (about two feet long) and will
provide information on burnout at high heat fluxes in the sub-
cooled region for two different annulus thicknesses. The third
test section will be about eight feet long to determine any length
effect and to investigate burnout conditions when the outlet coolant
is a steam-water mixture.

Hydraulic Tests for the Present Production Reactors. Tests were
conducted in the hydraulics laboratory to determine the effects of
using the top inlet port of the extruded K ridbbed nozzle instead of
the bottom inlet port as is used now. The use of the top inlet port
would be an advantage on spline tubes because of less interference
between the coolant stream and the spline. It was found that use

of the top port would reduce the pressure drop between the front
header and the beginning of the fuel column by 25 to 30 psi and
increase the flow rate by 4-1/2 to 5 percent.

6. Shielding Studies

NPR Shield Analysis. Analysis of the NPR shield experimentation
has been completed. Agreement for neutron fluxes and gamma dose
rates are generally within a factor of 2 throughout the reflector
and shield, on the basis of absolute measurements and on calculated
core varameters and power level. Some of the important items ob-
served vere: (1) input neutron spectrum for MAC should be taken
as the spectrum calculateg (a unit cell calculation) at a fuel-
moderator interface; (2) E Welghted cross section produce better
agreement for thermal neutrons in strong slowing down regions such
as the reflector; (3) shield homogenization should emphasize those
sections of the shield which shows up at a dose point, and (4) MAC
and MAC-RAD calculate essentially identical numbers (based on
limited experience).

Current calculations for the full power reactor will be completed
by month end.

Iy iy
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Graphite Studies

N-Reactor Graphite Test. Ball channel No. 60 and rod channel

No. T4 at N-Reactor were recently converted into graphite testing
facilities. The ball channel has been charged with samples, and
samples for the rod channel are in preparation. The samples for
the ball channel are large blocks with dimensions of 4 x 5-3/8 x
18 in. long. The long axis of the blocks lie in the vertical
plane of the reactor. Nineteen of these blocks were charged.
Initial dimensions were measured at three locations on the sides
and at each corner on the ends. Some of the blocks contain holes
for small samples (0.43-in. diam x 4-in. long). Comparison of the
results with the long-term tests on small samples in the GETR will
give insight into the sample-size effect and will also provide a
check on the extrapolations of GETR data to N-Reactor conditions.

Some of the large blocks contain 7/8-in. diameter holes that ex-
tend to 1-3/8 in. from the bottom of the block. In the holes are
graphite rods that extend above the top of the block and support
the weight of the other blocks in the ball channel. This arrange-
ment permits the sample blocks to be irradiated in an unloaded
condition.

In addition to the long sample blocke, the ball channel was also
charged with nine short sample blocks (4 x 5-3/8 x 6 in.). These
blocks contain no center support rods and no holes for small
specimens. They are arranged in the ball channel so that the
vertical axis (6 in.) is perpendicular to the extrusion axis of the
graphite bar from which the blocks were fabricated.

The nineteen long sample blocks and the nine short sample blocks
were annealed at 950°C for 2 to 3 hours and then weighed and
measured. Purity measurements were also obtained in the Hanford
305 Test Reactor so that the extent of impurity burnout can be
determined at some future time.

N-Reactor Graphite Irradiations. The series of long-term irradi-
ations of N-Reactor graphite continues to progress satisfactorily.

WEAPONS - 03 PROGRAM

Research and development in the field of plutonium metallurgy continued
in support of the Hanford 234-5 Building operations and weapons develop-
ment programs of the University of California Lawrence Radiation
Laboratory (Project Whitney). Details of these activities are reported
separately via distribution lists appropriate to weapons development
work.
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C. REACTOR DEVELOPMENT - O4 PROGRAM

1.

Plutonium Recycle Program
Fuels Development

A summary report on Ceramic Research and Development Operation
achievements in plutonium utilization for the period 1956-1964
was approved for publication. This report briefly ocutlines
accomplishments in fuel materials research, development of fuel
element fabrication techniques, and irradiation testing in the
PRTR and other test reactors.

PRTR High Power Density Core Fuel Element. The first vibrationally
compacted UOo-2 Wt PuOp high power density (short core) PRTR fuel
element was successfully irradiated in the PRTR to a burnup of

690 Mwd/ton;;. Estimated maximum fuel temperatures during irradia-
tion were 2450 C at the maximum tube power of 1000 kw, Interim
examination of the element in the PFRTR basin revealed that its
general appearance is excellent. The element was moved to a higher
flux position where the maximum estimated operating temperature will
exceed melting during further irradiation.

PRTR Fuel Fabrication. A second high power density, 2% PuOp enriched,
S5=foot long FRTR fuel element having a cobalt~Zircaloy flux wire
adjacent to the center rod was fabricated and charged to reactor on
November 19, 1964,

Four 1%, 8-foot PRTR elements were delivered to the PRTR, Two were
charged to reactor.

Sufficient swaged and Vipac rods were in process to assemble two
Vipac and one swaged, 2% Pu0, enriched, 5-foot long elements; and
three swaged, 1% Pu0, enriched, Y-foot long elements.

A change from horizontal to vertical excitation of the horizontal
beam to which the tube is top-coupled during vibrational compaction
resulted in a decrease in tube breakage rate., No cladding failure
has occurred with this method, compared to a 2% failure rate
previously experienced with 8-foot rods and 30% rate with 5-foot rods.,

The enrichment of uranium dioxide fuel elements containing sintered
UO, pellets enriched with plutonium-zirconium alloy wires is being
developed. The extrusion of delta plutonium-zirconium alloy wire
was successfully accomplished this month. The pressure required
was six to seven tons at 520 } 20 C acting on a 0.260-inch diameter
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billet. A reduction ratio of twenty to one was used. The required
process conditions are very close to the yield strength of the
tooling., The limited quantities of wire fabricated are of good
quality and are being used to fabricate test rods for the MIR (one
rod) and PRTR (one rod).

PRTR fuel (2.0 Pu02-UO ) vas successfully processed using arc-fused
UO» blended with U308 Eo control the O/U ratio. The high temperature
(1150 C) achieved during Nupac preheat diffuses the excess oxygen
throughout the powder. More uniform and consistent results were ob-
tained in density and gas conteni control.

Hydriding of PRTR Fuel Element Components. Six Zircaloy-2 test

capsules were hydrided in an ultra-pure hydrogen atmosphere at
temperatures between 300-410 C. The hydrogen had a reported moisture
content of 9 ppm water.

Conventional vipac end closure capsules and modified capsules were
included in the test., All of the capsules which were hydrided
between 335 C and 300 C failed in the crevice region near or in

the weld zone, One capsule hydrided at 360 C failed just ocutside
the crevice, while a capsule hydrided at 410 C failed midway between
the twvo end caps. Capsule modifications appeared to have little
effect on changing the point of failure.

Slit-Defect Fuel Element Performance. The PRTR swage-compacted U0,
element deliberately defected with a 3-inch longitudinal slit in one
of the rods successfully completed 18.7 days of operation in the
rupture loop. Steady state activity release rates were approximately
the same as for the earlier 5/8-inch long slit on the same rod. No
significant activity release bursts occurred during power level in-
creases with the slit defects. The activity release rates showed a
strong power dependence that reflects fuel temperature. This type

of release (diffusion controlled) is characteristic of defects that
are large enough to provide good communication between the fuel and
coolant. Post-irradiation examination in the PRTR basin showed no
indications of swelling or fuel washout and no evidence of water-
logging. Ancther swage compacted UOo element (FE-1030) was de-
fected with a 6-inch long slit for irradiation testing in the rupture
loop,

PRTR Recycle Element. Fabrication of a prototypic recycle element
12 wtz PuOgs is under way utilizing salt cycle material, specially
designed hot cell fabrication equipment, and segmented Zircaloy-2
tubes.
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A high pover density PRTR fuel element (2% PuO2) is being fabri-
cated with six of the ocuter fuel rods to contain recycled plu-
tonium fuel made by salt cycle electrodeposition from solutions
of mixed oxide from fuel elements irradiated to approximately
5000 Mwd/ton in the PRTR., Six hundred grams of additional Pu0
vere provided as enrichment for the spent 1/2 wt% Pu02-U02 fuef
rods being recycled, Approximately 16 pounds of electrodeposited
0.68 wt% PuO2~UO, were produced; hovever, the first attempt to
make 2% Pu0,-UO, material failed. Control of the Pu/U ratio vas
lost by the reducing action of graphite which f1gked off from the
salt bath vessel liner and dissolved in the melt, A second run is
under way in a quartz lined vessel,

Special fabrication equipment for remote, low head-room, hot cell
use is being developed. A pneumatic vibrator unit for vibrational
compaction and two remote welding chambers were designed and
fabricated.

Specifications for Salt Cycle, Compactible UO2-PuQp Powder,
§5;cifications were written for internal quality control of
chemical and physical properties required of high demnsity UOp
particles enriched with PuOs; by the salt cycle pracess. This
compactible grade powder is to be used in studies of packed
particle fuel elements made by contact or remote vibrational
compaction methods.

Fuel Element Rejuvenation. A fuel element designed to demonstrate
the feasibility of rejuvenating fuel elements with Pu alloy wire
wvas shipped to MIR for irradiation. Folloving one irradiation
cycle in the GEH-4 facility, the l-rod cluster will be returned
to Hanford. Rejuvenation will be accomplished remotely by
placing a 9-inch long, 0.040-inch diameter Pu-15 wt% Zr wire into
the 0,063-inch diameter hole in the center of the cored, natural
U0z pellets.

Heterogeneous Enrichment. Three methods of enriching ceramic fuels
with plutonium are being compared in a fuel element shipped to the
MIR for irradiation in December. The one-foot long, 4-rod cluster
consists of one rod of Nupac UOp-1 wt% PuOy, one rod of Pu-Zr alloy
wire enriched pellets, and two rods of pellets peripherally enriched
with UO,=-PuOs. The mixed oxide enrichment is a sized blend of UOo
containfng calcined PuOp as the fine fraction. The principal ad-
vantages of the "hot-wire" and "hot-wall" Heterogeneous enrichment
methods are simplicity--small amounts of enrichment material can be
bandled separately until the final steps in the fabrication process--
and potentially increased thermal efficiency.
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Corrosion and Water ggalitx Studies

PRTR Pressure Tube Monitoring. Ten pressure tubes were vigually
examined this month. These examinations disclosed no new fret-
ting of any significance even though one of the process channels
had operated with a UOp fuel element which was found to have a
broken wire wrap.

Since PRTR startup, ID measurements have shown that there has been
little or no creep of the pressure tubes under PRTR operating
conditions. Since, from these data, creep is not a significant factor,
ID measurements will no longer be obtained. Therefore, the ID gage
has been removed from the inspection probe and stored for future use
if the need arises.

Ceramic Washout Tests., Mixed oxide core elements irradiated in FRTR
have been very resistant to washout (release of core material) by
high temperature water in ex-reactor tests. A Vipac-physical mix-
ture element clad in Zr-2 with a core of U02-1/2 wt% Pu0p and a
slitted defect 1-1/2" long by 1/16" wide released no activity to
the water after 3-1/2 weeks of testing in 300 C, 13 fps water in
the IRP. The size of the defect was increased to 6" long by 1/16"
wide and in the present test no activity has been released after
1-1/2 weeks of testing. This element had been irradiated to

5000 Mwd/ton in the PRIR prior to testing.

A second element which had been irradiated to 4100 Mwd/ton and which
was defected with a slit 6" long by 1/16" wide released no activity
to the water after 3-1/2 veeks. The element was a swaged physical
mixture with a UOp=1/2 wt% PuO, core and Zr-2 cladding.

Dissolution of PuO2 by Bromide and Iodide Jolutions. Tests were con-
ducted to determine whether HBr and/or HI could be used to dissolve
and remove sintered PuO, from reactor systems. The only reagent
wvhich appears effective is 9 M HBr at high temperatures. In four
hours at 100 C, 9 M HBr dissolved about 1.2% of the PuOp. This is
more effective than the OPG solutions but is slow for effective re-
moval of sintered PuOp; from a reactor system.

Decontamination of PRTR Jumpers. Some PRTR Jumpers are being decon-
taminated to evaluate different procedures for removing long-term
£ilms as may be present in the PRTR. Both the APACE and APBIS pro-
cedures are effective if cycling and longer exposure times are used.
For example, utilizing Jumpers which had been in PRTR for 22 months,
tvo cycles of the AP-Bisulfate procedure (alkaline permanganate at

105 C for 3 hours and bisulfate at 70 C for 3 hours) gave a DF of 75;
substituting ammonium citrate for the bisulfate resulted in a DF of 30.
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Chloride in PRTR Gaskets. Spiral wound SS-asbestos gaskets have
been removed from PRTR tubes as leaks develop or as part of a
periodic replacement program. Many of these gaskets have been
cracked, presumably by stress corrosion cracking., The gaskets

were analyzed and found to contain an average 400 ppm Cl”., Some
gaskets which had shown extensive cracking also had a concentration
gradient for Cl= from the inner to the outer ring (280 to 1430 ppm).
Two additional gaskets which did not show extensive cracking had
200-300 ppm C1l™ with no definite concentration gradient. Addi-
tional samples were being analyzed to determine if the concentration
or gradient can be correlated with the cracking or leaking.

One new nozzle was leached with water at 300 C. After two hours,
LOO ppm C1™ had leached out; additional exposure did not leach out
any additional Cl-, '

Automated Continuous Analysis of Borate. Boric acid has been pro-
posed as a shim control for the PRTR during the high power density
core test. It will be necessary during all in-reactor tests and
operation to have some procedure for analyzing and controlling the
concentration of boron in the water. Work was continued to develop
a suitable procedure to use with the Technicon Autoanalyzer to
measure the small amounts (<200 ppm) of boron continmuously. Most
procedures tested to date employ concentrated acid reagents and are
either unsatisfactory from the standpoint of sensitivity or reprc-
ducibility, or introduce potential problems of safety to personnel
and/or damage to the analysis equipment. However, an original
procedure based on decolorization of a buffered solution (pH ~10) of
carminic acid by H3BO3 has been developed and appears to be well
suited for the FPRTR application. This procedure is currently being
checked to determine the effect of possible interfering agents.

Examination of PRTR Crud Films. A crud film, observed on the inside
of some PRTR pressure tubes during routine borescopic examination,
was sufficiently thick and nonreflective to hamper the fretting
examination. Selected portions of a tube were decrudded with 6 M
HC1l, After the decrudding was completed, the inside of the tube

was a dull black rather than shiny appearance of ZrOz normally
observed on coupon specimens, The decrudding solution was analyzed
for cations and radionuclides. The major cations were Al, Fe, 7r,
Cr, Cu and Mg; the major radionuclides were Cr-51, Ba-La-140,
Zr-Cb-95, Ce=-1lu4k4, Ru-103, and Co-60.

Reactor Engineering Studies

Second Generation Mechanical Shim Rod for PRTR. The modification of
the lower agsembly of the second generation mechanical shim rod to
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accept the newiy developed gasket was completed. Installation of
the complete assembly in the PRTR is currently in progress,

High Power Density Core Chemical Shim. The environmental shim

rod test facility used for corrosion and operational tests of the
second generation mechanical shim rods is undergoing modifications
for use in the chemical shim studies. The facility will contain

an actual mechanical shim rod assembly with the moderator system
materials (stainless steel, aluminum, Inconel, Haynes 25) and
calandria aluminum shim well. The entire unit will be contained

in an aluminum housing of perhaps a prototype shroud tube. Most of
the major equipment to be used in reactor performance testing,
except for the boron removal ion exchanger, will be employed for
operation of this 314 Building facility. Since laboratory tests
will have been made to determine the ion removal capacities, proto-
type testing of this exchanger is not considered necessary. However,
a coolant quality control ion exchanger to be operated in parallel
with boron removing exchanger will be tested. This testing program
will provide corrosion information in environment and conditions
similar to actual PRTR conditions except for the nuclear flux, and
performance evaluation of individual pieces of equipment.

Fretting Corrosion Investigation. A high pover density (HPD) fuel
element has been tested for fretting characteristics for 500 hours

at 530 F, 1050 psig, and 165 gpm flov in an ex-reactor facility
(EDEL=-I). Subsequent tube inspection showed three marks caused by
support pads and one mark caused by a rod wrap. Two of the support
pad marks correspond to the lower fuel element bracket; one corres-
ponds to the upper bracket, and was the first upper bracket mark
produced by the HFD fuel element. The three pad marks are of un-
measurably slight depth and appear as lightly burnished areas. The
rod wrap mark was less than 0.25 mil deep., The only area of notice-
able vear on the fuel element was located on the rod wrap approxi-
mately one-third the length of the fuel element from the upper
bracket. The bundle bands welds were intact.

The HPD fuel element has been recharged and loop flow conditions
established at 530 F, 1050 psig, and 185 gpm flow., These conditions
will be maintained for 500 hours to determine if a flow-dependent
threshold for fretting exists in the range of expected flow rates.

Previous tests to evaluate the effect of pad width on fretting
tendencies showed anomalous results vhen wide pads resulted in
greater fretting than sharpened pads. It was suspected that fuel
pad orientation was a prime variable. Additional tests were run
with the fuel element installed so that unsharpened (1/16-inch
vide) end bracket pads contacted the south "side" of the tube liner,
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Contact

Location

South
South
NW
NW
NE

NE

i.e., the plane of vibration. Results of the recent test are
compared to those results where the fuel element was installed
so that sharpened end bracket pads contacted the south "side"
of the liner.

Location-&ge of Centering Pads(a) Liner Penetration Sinchz

Sharpened Pads Unsharpened Pads Sharpened Pads Unsharpened Pads

at South at South at South at South
Orientation Orientation Qrientation Orientation
T=-2S8 T - NS 0.002 <0,001
B -5 B - Ns(b) 0.001 - 0.002 0
T - NS T«-S 0 0
B - ns(b) B - NS 0.001 - 0.002 0
T -5 T=-35 0 Shiny arees
B - NS B-S <0.001 0

(a) T denotes top (end bracket), B-bottom, S-sharpened (centering
pad), NS-unsharpened.

(b) This centering pad is less than 1/16-inch wide but is not
sharpened to a knife edge.

The results indicate that (a) the end bracket pads do not always
contact the tube-liner wall over their entire area, and (b) sharpened
centering feet result in deeper penetration. Temperature (530 F),
flow rate (123 gpm), and amplitude and frequency of tube vibration
(4e5 mils at 27 cps) were the same in both the initial (27-day) test
and the second (23-day) test. These data and previous tests support
the conclusion that orientation effects can "override" effects of
fretting caused by varying pad area.

The stiffness of the PRTR Mark I (HPD) fuel element has been stati-
cally measured. This value, the product of the moment ot inertia
and Youngs Modulus, was calculated to be 546.8(103) 1b-in2, compared
to 461(103) 1b-in2 for the present fuel element. The vibrational
characteristics of the two fuel elements may then be expected to
differ by a small amount.

PRTR-HFD Core. Comments were received on the rough draft issue of
9, 'Transition Schedules - PRTR High Power Density Core," and
revisions are being made for the final issue of this document.
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Because the greater neutron flux depression recently calculated
for the 2% enriched 19-rod cluster PRTR fuel will cause greater
local power peaking in the fuel. a detailed analysis of fuel
temperature has been made. The =2sults show that, for the local
peaking factors assumed and a nominal peak tube power of 1570 kw,
the pins in the 12-rod ring will operate with about 30-40% of
their cross section molten., Fuel temperatures should slightly
exceed the melting point at the average tube power of 1270 kw in
the HPD core., These analyses are based on adequately conservative
local peaking factors but do not include allowance for pover mea-
surement error or operating margins, It appears, therefore, that a
greater percentage of fuel rods in the HFD core will operate with
molten cores than was originally intended, and that it may be de-
sirable to reduce the power density in the core to compensate for
the higher local peaking factors.

The status of chemical shim tests and nuclear analyses for the HFD
core was revieved, and some of the completed work is being docu-
mented for more convenient reference.

