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BUDGETS AND CCSTS

Costs for January were $1, 820, 000, a decrease of $31, 000 from
December. Fiscal year-to-date costs are 56% of the amounts
currently authorized to Hanford Laboratories. Hanford Laboratories
programs at January 31 have the following cost-budget relationship:

(Dollars in Thousands) Cost Budget % Spent
2000 Program $ 305 $ 616 50%
4000 Program 3 877 7 052 55
5000 Program 282 541 52
6000 Program 1 238 2198 . 56

An increase of $223, 000 for research and development on IPD
sponsored programs was received during the month. Costs of HLO
research and development for Hanford Product Departments are in
line with amounts authorized.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

The PRTR Phase III contract is about 55% complete versus a
scheduled 76%. Faprication of the calandria and top and oottom
primary shields is completed. The PRTR Final Safeguards Analysis
has oeen discussed with AEC Hazards Evaluation Branch personnel.
and a final review oy the ACRS was held on January 28. Writing

of Critical Test outlines for PRTR startup is complete and review
¢y tnhe Startup Council has oegun. An analysis of PRTR primary
pump rundown times following simulated total loss of electrical
power indicates that present pump flywheel assemblies are adequate
to prevent ooiling in the hottest channel of the reactor.

Full operational control of the Plutonium Fabrication Pilot Plant
was estaclished during the month, and on January 22, the first
full-scale "hot" work with plutonium was started. Previous opera-
tions in the cuilding had oeen with fully jacketed plutonium-enriched
materials or dummy materials.

1249155
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Local overheating produced Ly draining the water was determined
to pe the cause of the pressure tube failure in the 6x9 loop at the
ETR.

A sufficient number of swaged UOg2 fuel rods has been fabricated
to fulfill the needs of the first PRTR fuel loading. End closures
on swaged rods made by welding have shown an acceptance rate of
99. 5 percent in the past three months.

The 46 PRTR Zircaloy process tubes with acid-stained surfaces
have been reprocessed, and between 85 and 90 tubes which meet
all specifications are expected to be ready for installation in the
reactor Oy mid-February.

Initial heat transfer experiments were performed to determine
circumferential temperature variations around Hanford fuel
elements and to investigate forced convection ooiling oy high speed
photography. Preliminary results indicate that temperature
gradients within the cooling water and local boiling effects can be
pronounced.

A study of thermal damage to irradiated masonite when heated in

air at temperatures up to 200 C has been completed at the request
of IPD. As a result of this study the temperature limit for exposure
of the masonite shields to an air atmosphere has been raised from
100 to 150 C.

Tensile properties of specimens cut from the discharged KER loop
show effects of thermal recovery and radiation hardening. Yield
strengths of the irradiated specimens varied from 50, 300 psi to
99, 000 psi as compared to the average yield strength of the
unirradiated material of 88, 300 psi. The irradiated Zircaloy-2
KER tuoce sections which were purst tested at room temperature
(reported last month) elongated 2. 7 and 3. 0%, somewhat less than
the 3. 3% elongation for the two unirradiated control samples.

The defected rod from the first ETR intentional rupture test has

oeen sectioned through the defect. Examination disclosed a small
packet of oxide 1/8" in diameter within the defect. The rod did

2491350




not measurably distort. Hydride concentrations varying from 280
ppm at the outer surface to 50 ppm at the inner surface were found
in the Zircaloy-2 cladding of the ruptured rod from the 7-rod
cluster element which failed in the KER Loop 2 in October 1959.

Pickling Zircaloy-2 surfaces prior to salt bath heat treatment of
NPR size coextruded tubes was found to be the source of 80 ppm of
hydrogen in the cladding. Vapor blasting between pickling and heat
treatment eliminated this pickup by removing the layer of zirconium
hydride.

Hot heading has been successfully employed to produce closures in
1.8" KER size Zircaloy-2 clad coextruded inner tubes.

Laboratory hydriding studies show that the NPR gas atmosphere must
be maintained free of hydrogen to avoid risk of hydriding the NPR
Zircaloy process tubes from the gas side. A pre-autoclaved film
on the Zircaloy tubes gives temporary but not absolute protection.

Twenty-one NPR prototype Zircaloy-2 process tubes were ready for
inspection at two vendors' plants at the end of January.

Graphite contractions ranging generally from 0. 03% to 1% were
measured from the second high temperature graphite experiment
removed from the GETR, after a maximum damaging dose equiva-
lent to about 10, 000 MWD/AT in a Hanford reactor. The needle~
coke graphites generally contracted less than CSF graphite, and
all samples showed higher contraction rates at higher temperature.

Analysis of the effect of the Fuel Element Rupture Test Facility
on PRP objectives has been completed and has shown the reactivity
effect to be small.

Preliminary heat transfer experiments with a PRTR 19-rod cluster
fuel element indicate moderately lower heat transfer coefficients
within the element from surfaces facing the larger flow areas, from
surfaces facing the process tuoe wall, and from those surfaces
behind a wire wrap.

Texture studies of Zircaloy-2 coextruded with uranium have revealed
an alignment of the prismatic planes normal to the extrusion direction.
The basal planes are predominately at angles of approximately 55°

to the tuoe radius. This structure is quite different from that in
extruded Zircaloy tubing.

1249157
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After irradiation, no visible changes were found in the UO2 adjacent
to an intentionally produced defect in the Zircaloy-2 cladding of a
swaged fuel rod. Although hydride was observed in the cladding
near the defect, the oxide fuel appeared to have operated in a
normal manner.

No measurable creep has been observed in a Zircaloy-2 creep
specimen under irradiation at a stress of 25, 600 psi up to 550 F
(288 C) for the last month of exposure.

The particle size of PuO2 produced by calcining the oxalate in air
at 300 C is 0.9 micron. On further heating particle size increases
with temperature up to 2. 3 microns at 1000 C, the highest tempera-
ture employed.

Ten Zircaloy clad aluminum dummy PRTR elements have been
thermally cycled at atmospheric pressure eighty times with no
observable change. Samples are being prepared for thermal
cycling tests at 1000 psi.

2. Chemical Research and Development

Equipment will be ready on time in the A cell of the High Level
Radiochemistry Facility to demonstrate promethium recovery
from the forthcoming plant-prepared rare earth concentrate.
Intensive laboratory research resulted in firming up important
flowsheet details for the strontium recovery process destined for
plant tests.

In the development of fission product isolation and prototype equip-
ment, manipulator, hydrolyzer and filter difficulties were encountered
and progress was made toward their solution. Cesium volatilization
appears not to be a problem at lower temperatures.

Fluid-bed calcinef studies in the prototype equipment and batch
calcination tests yielded significant findings for simulated ICPP
and other high-level wastes.

The use of Mistron (a surface active agent) in pilot plant studies
significantly decreased gross crud formation in a Purex-HA-type
column without producing obvious adverse effects on column per-
formance.

1249158
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Development of methods continued in the study of mechanical
handling, feed preparation, extraction and materials of construction
for non-production fuels reprocessing. Loss of plutonium on pre-
cipitated molybdic oxide formed in the dissolution of U-Mo fuels in
strong nitric acid may be a proolem. An alloy of Hastelloy F
composition but stanilized with titanium rather than niobium shows
petter corrosion resistance than the usual alloy and has good
promise for use in decladding and core dissolution equipment.

In research on the Salt Cycle process, plutonium dioxide dissolved
from the irradiated mixed oxide and co-deposited with the uranium
dioxide in the reduction step; noth vehaviors are opposite from those
found with unirradiated fuel. The anomalous behavior may ve of
value in the handling of blended fuels for recycle.

3. Physics and Instrument Research and Development

Reactor physics measurements were made with the PCTR on tube-
in-tube fuel elements in a graphite lattice similar to that for the

N reactor. The PCTR also was used to study the effect of graphite
temperature on neutron temperature using a core of solid graphite.
Experiments were completed over the temperature range from
-180°C to +450°C,

- Development tests were completed on the detectors and circuitry
for the prototype 105-N Building area radiation monitor. Further
development continued on the NPR Fuel Failure Monitor program
with completion of new circuits which improve the discrimination
between signals from adjacent fuel channels.

The power decay of the NPR for the first minute following a scram
has been studied with the analog computer. During this period the
temperature feedoack from the heat exchangers may be ignored

and the coolant flow rate and temperature assumed to remain
constant. Various NPR startup situations are currently oeing
studied with the analog computer and a simulation of the NPR

Heat Exchanger System is being prepared.

In the Nuclear Safety Program, criticality experiments were oegun
with Pu-Al alloy (5 w/o Pu) fuel element rods in light water. A
near serious contamination incident occurred in this work when a

s DECLASSIFE
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plutonium compound was squeezed out of one of the rods by
corrosive action. Similar criticality experiments also were con-
ducted with 0. 175~-inch diameter uranium rods of 3. 063 percent
enrichment. Nuclear safety studies associated with the dissolution
of spent power reactor fuels were studied and safe dimensions were
determined for a dissolver design.

Evaluation tests were completed on the detectors for the PRTR
Fuel Failure Monitor. Radiation damage tests are under way on
components for probes for measuring the temperature of irradiated
PRTR fuel elements.

In the Nondestructive Testing Research Program, the experimental
oroadband eddy current equipment has shown sufficient sensitivity
under ideal laboratory conditions to measure either clad thickness
or air gap thickness for unbonded Pu-Al alloy core, Zircaloy clad,
fuel rods. .Further refinements are needed to make this a practical
fabrication control tool. Infrared methods for determining the heat
transfer characteristics of fuel element core-cladding interfaces
are under investigation. A photoelectric system was devised for
detecting small cracks and flaws on the inside surfaces of tubes.
The defects are revealed uy the fluorescence of dye penetrant
material under ultraviolet illumination.

The Shielded Personnel Monitoring Station was closed for two weeks
for changes to the cell door to permit it to be opened from the inside
even in the event of power failure. A recalioration of the whole sody
counter for potassium increases previously reported results by 15%
and brings them into good agreement with the results of other labora-
tories. This also led to a change in the correction in the calculation
for Zinc-85 because of the presence of potassium. Average values
of Zinc-65 found in people are decreased 20 percent oy this change.

In the Atmospheric Physics Program, the determinations of filter
loadings of tracer materials collected during last summer's dis-
persion experiments were temporarily delayed. The filter assay
equipment failed to maintain adequate calibration over the wide
range of pigment loadings encountered. More adequate equipment
is peing requisitioned. Plans were completed for the reactivation
of the field sampling grid to 3, 200 meters distance from the source
and including all 20 sampling towers.

1286150
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Development continued on a numwoer of radiological instruments
in support of the Biology and Medicine program. Good test
results were obtained with a new high level alpha air monitor
and with a transistorized portaple beta-gamma dose-rate meter
which has either a linear or a logarithmic response.

4. Biology

Biological monitoring revealed no marked trends from the
pattern developed in previous years.

Acute lethal dose of inhaled plutonium oxide appears to be less
for beagle dogs than earlier estimated. Initial lung burdens for
dogs dying within two months after exposure were less than 50 uc.

Fecal excretion of intravenous administered PVP occurs when

rats are exposed to single doses of 1, 000 r, out does not occur
when the dose is given in 250 r increments over a period of two
weeks. Nitrogen mustard provoked a response similar to that

seen with radiation.

Swine exposed to 900 r total-oody x-irradiation were treated with
injections of 70-day-old fetal swine hematopoietic tissue. All
animals died, suggesting that such young fetal cells afford no
protection.

5. Programming

Commission approval was granted for the program to prepare
about 40 kg of high exposure plutonium for Plutonium Recycle
Program use by the irradiation of Pu-Al fuel elements in SRP
reactors.

Work was completed on improving and converting from IBM-650
to IBM-709 format the Meleager, PUCK, and GPR plutonium fuel

cycle analysis codes.

Current and potential programs for the AEC Division of Reactor
Development were reviewed with senior DRD personnel.

The Plutonium Recycle Program Annual Report for FY-1959 was
issued.

124G 161




xiii HW-63740

A review of all 6000 Program activities was presented to the
Advisory Committee to the AEC Division of Biology and Medicine.

TECHNICAL AND OTHER SERVICES

The programming of the GCL estimation procedure for systems of
structural equations has been completed and the program is now being
tested.

Assistance has been given in designing experimentation procedures to
obtain information concerning rupture rates at powers and exposures
beyond the range of present experience. In addition to supplying in-
formation essential in making long term expansion plans at HAPO, the
test as designed will also answer questions concerning certain aspects
of the fuel element manufacturing process.

Studies are oeing made of the behavior of the solutions to the three-
parameter differential equation of reactor kinetics. All the approxi-
mate solutions thus far ooptained have exhibited instability.

A statistical analysis of zirconium corrosion data was completed and the
results will oe used to calibrate future autoclave experimentation.

Statistical studies in connection with gamma spectroscopy include the
determination of the relative magnitude of instrument instaoility and an
empirical study of the possibility that a nominal set of monoenergetic
spectra can be used to generate all such spectra in the less than 3 mev.
range.

Work on 6 operations analysis programs continued during the month.
In addition, statistical and mathematical assistance on 25 problems
was given within HLLO and to other departments and operations.

Two minor plutonium deposition cases were confirmed during the
month. The total numoer of deposition cases that have occurred at
HAPO is 246 of which 178 are currently employed.

Findings in the environs were apbout as expected for this season of the
year. No unusual trends or incidents occurred. Preparation of the
annual HAPO environmental report was started.

12009152 , 4
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There were 22 authorized projects at month's end with total authorized
funds of $6, 735, 000. The total estimated cost of these projects is

$8, 720, 000. Two project proposals were suumitted to the Commission
and three projects are in preparation.

During the month 16 CPFF work orders and two supplemental orders
were issued to J. A Jones Company amounting to $211. 220. There
were 40 existing HL orders at the beginning of the month with a total
remaining unexpended balance of $238, 450. Total expenditures during
the month were $99, 800.

SUPPORTING FUNCTIONS

A report of results was issued for the physical inventory of movabnle
cataloged equipment in the custody of Biology Operation. Seven hundred
and sixty-nine items valued at $533, 000 were physically counted. Cne
item valued at $105 was not located during the inventory.

Expenditure forecast for miscellaneous capital work orders indicates
that authorized work will require $149. 000 compared with our ceiling
for FY 1960 of $150, 000. No further work in this category can be
authorized this fiscal year.

As of January 31, 1960, the staff of Hanford Laoporatories totalled 1300
employees, including 615 exempt and 685 nonexempt. There were 524
employees possessing technical degrees, including 312 B.S., 113 M. S.
and 89 Ph. D.

The medical treatment frequency for January was 1. 41 as compared
with 1,56 for December. There were 2 security violations during
Janmuary.

The HAPO study of Pressure Systems continued during January with
initial steps oeing taken toward development of recommendations for
uniform HAPO procedures. '

Recruitment of experienced BS/MS personnel slowed down during the
month with 9 offers veing extended and 2 acceptances received.

During the month 7 Ph.D. candidates visited Richland. Three offers
were extended and one was accepted cy a Ph.D. veterinary physiologist
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for assignment to the Biology Operation. HAPO participated in the
Company's coordinated Ph.D. recruiting at the American Physical
Society Meeting.

Nine Technical Graduates accepted permanent assignment, 7 Engineer-
ing and Science Program memoers transferred to other sites and 1
Technical Graduate terminated for other employment. At month end
there were 43 Technical Graduates and 7 Technician Trainees on the
Program rolls.

Seven nonexempt requisitions were filled during January. With the
receipt of 4 requisitions there were 5 openings at month end for which

4 candidates are in process and 1 transfer is pending.

Program VIII of the Information and Orientation Series, 'The PRTR
and the Plutonium Recycle Program'', concluded the presentation of

the series.

Manager
Hanford Laboratories

HM Parker:pmg

1258104
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zircaloy in Simulated NPR Gas Atmosphere. Three sets of
Zircaloy-2 and Zircaloy-h samples were exposed 1n a gas atmosphere made
by passing wet helium over graphite at 1100 C. In 21 days the etched
but unautoclaved samples of both alloys were severely hydrided and very
brittle. The autoclaved samples show some hydrogen pickup, but about
20- to 70-fold less than the etched samples, indicating partial prox
tection by the autoclave film. There were indications the hydriding
started around the punched holes in the samples. The large hydrogen
concentration gradienbss indicated for the unautoclaved samples were
confirmed by metallography. The other two sets of samples are still
under test.

Barrier Films on Zircaloy-2. When Zircaloy is oxidized in air or water,
it forms a duplex corrosion product film (similar to the filming be-
havior of aluminum) consisting of a thin barrier film adjacent to the
metal and an opter, thicker bulk film. The barrier layer is of the order
of 100 go 200 A thick, whereas the bulk f£ilm may be as much as 20,000 tc
30,000 A thick. The barrier film thickness is primarily a function of
the temperature of oxidation, and it attains a limiting thickness in
relatively short times.

Barrier layers were measured as a function of time on Zircaloy-2 at 500 C
and 630 C in air. At 500 C, the barrier film increased to about 260 2
in six hours. At 20 hours there was a sudden increase in barrier voltage
corresponding to a thickness of 900 R} This is believed to be a change
in the electrical properties of the film rather than a change in actual
thickness. After 42 hours, the barrier voltage was decreased to & very
low value corresponding to 16 % thickness. Since breakaway corrosion

of Zircaloy-2 is expected at about 36 hours at 500 C, it is tentatively
concluded that this decrease in barrier voltage is associated with the
initiation of breakaway corrosion. At 630 C, a similar decrease in
barrier voltage was noted associated with the appearance of white break-
away corrosion product at two hours.

Since it appears that barrier film voltage measurements may be employsd
to detect the initiation of breakswey corrosion on Zircaloy-2, the above
tests are being extended to determine whether such measurements will
distinguish between breakaway corrosion and "superficial effects," such
as acid staining. Barrier voltage measurements appear promising as a
non-destructive, positive means of evaluating the corrosion properties
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of autoclaved Zircaloy comporenws. Such a test might also be particwlarly
useful for complex shapes whick do nct permit adequate visual examination.

Autclaving Studies of Zircaloy-z Laboratory-scale autoclaving studies of
Zircaloy-2 coupons have besr conducted to elucidate the effects of oper-
ating variables (temperature, pressure, and time ) cn the rate of autoclave
film formation. Although this work is continuing, some preliminary con-
clusions to date are as follows:

1. At a giyen temperature, the weight gein is approximately
2 mg/dn® higker in 72 hours at 100 psi then 1t is at
1500 pegi. The iritial rate is higher at 100 psi, but
levels cff faster thar at 1500 psi. However, the random
variations of weight gein for & particular temperature
were approximately three times as large at 100 psi than
at 1500 psi.

The allowable temperavure variatior from the specified
value during autoclaving is somewhere in the range of
Plus-or-minus 10 to 20 C.

n

3. Formation of & visually acceptable tlack film is rarely
harmed by wwo pieces of Zircaloy-2 touching each other
during autoclaving. Tkis is of significance in auto-
clavirg hardware assemblies.

Copper and Iron Contamination of Zircaloy-2 and 4. A corrosion test was
initiated during the past month to determine the effect cf copper and iron
contaminatior. on the corrosior rates of Zircaloy-2 and Zircaloy-i%. Copper-
contaminated coupons wers prepared by electroplating copper on the surface
of Zircaloy plates and then vacuum annealing the plates at 750 C for one
hour. The iror-contamineted coupons were prepared in the same mamnner ex-
cept that the iror was deposiied on the pletes bty flame spraying. All the
coupons were then etched to varying depths and exposed to 4LOO C steam.
Preliminary results indicate that the above copper contamination approxi-
mately doubled the corrosior rate during the first 24 hours of exposure
for both Zirecaloy-2 and Zircaloy-4, tut this acceleration of the corrosion
did not contirue after the first 24 rours. Furthermore, coupons which
were surface-etched iwo mile or more (the copper penetrated orly ocne %o
two mils) did not exhihit accelerated corrosion ratez ever during the first
2& hours. The iron-contaminated samples, which were essentially iron-free
after removal of one mil of zirconium, did not exhibit accelerated corre-
sion after 72 hours -f exposure. ’

Radiometallurgy Laboratory Studies

Thirveen terzile spzcimens were cut from five sections of KER Loop 2
Zircaloy-2 process turing which had beern removed from the reactor after

27 months. These specimens were tested at room temperature. Examination
of the ruptured ceoextrusisn clad fuel rod of a Zircaloy-2, 7-rod cluster
chowed that the water Zal progressed along the bording layer for about one-
half the circumfererncs ¢f the elemernt and caused the cladding to fail in
tension. e : '

b
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Examination of the three-foot long tube-and-tube coextrusion clad fuel
element continued. The outer tube had very little warp but had the same
bumping effect as was observed on the immer tube.

A transverse sample was obtained 13 inches downstream from the blow-out
type ruptured inner tube of a three-foot long tube-and-tube fuel element.
Metallographic examination showed thet the inner Zircaloy-2 cladding con-
tained an estimated 300 to 500 ppm of hydrogen, compared with about 150 ppm
in the outer cladding. The hydrides at the 1l3-inch position were not as
uniformly dispersed as found 3/h-inch from the rupture but extended com-
pletely around the circumference of the sample.

- Hardness and metallographic examinations were completed on the sanple of
stainless steel process tube from the ETR 6x9 loop. Intergranular corro-
sion was observed at the exterior surfaces, and direct evidence of high
temperature operation was observed in the rupture area.

Two PT-3NA uranium tensile samples (representing 0.075 and 0.10 a/o burnup,
respectively) were annealed by cycling 10 times between 100 and 625 C at a
rate of 50 C per hour. Visual examination, after annealing, showed small
cracks on the 0.075 a/o burnup samples but no cracks on the 0.10 a/o burn-
up (108-4). The results and conclusions from these tests will be reported
in connection with the respective programs of Fuel Design and Physical
Metallurgy Operations.

Basic Metallurgy Studies

Radiation Effects in Structural Materials. A Zircaloy-2 tube which has
been exposed to neutron radiation over a 25-month period and a similar
unirradiated tube were removed from the KER facility. These tubes will

be mechanicaelly tested and examined metallographically to determine the
effects of high neutron exposure at elevated temperatures on Zircaloy-2
and to establish testing methods for monitoring NPR tubing. Strip-type
tensile specimens were cut from five irradiated and five unirradiated

tube sections and tested at room temperature during the month. The average
unirradiated properties were as follows: 0.2 percent yield strength -
88,300 psi, tensile strength - 96,000 psi, and total elongation - 7.0 per-
cent. The irradiated specimens showed both positive and negative deviations
in ylield stress from these values. Of the four specimens showing negative
deviations, two were known to have come from a partially recrystallized
tube section. These specimens had yield strengths averaging 50,300 psi and
tensile strengths averaging 82,000 psi. Therefore, the four specimens are
being investigated metallographically for signs of recovery. For the spec-
imens showing increases in yield stress, the deviation generally increased
with neutron exposure. Corresponding decreases in ductility indicate that
permanent irradiation damage was sustained at the normal tube operating
temperatures (about 230 C maximum). The specimens representing the most
highly exposed portion of the tube had the following average properties:
0.2 percent yield strength - 99,000 pei, tensile strength - 106,000 psi,
and total elongation - 3.6 percent.
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Mechanical and Physicael Properties of Materials. The creep properties of |
Zircaloy-2 are considerably improved by small amounts of residual cold
work. The extent to which increasing amounts of cold work influence creep
properties and the effects of recovery during testing are being determined
on specimens cold worked in the range of 15 to 45 percent. The test con-
ditions, as well as the amount of cold work in the specimens, were selected
as limits of conditions that would be encountered in service in reactor
process tubing or fuel element cladding.

The tests completed at 44O C show that residual cold work certainly does
improve creep strength of Zircaloy-2. A marked reduction in iritisl
deformation and first stage creep are produced by increasing amounts of
cold work. However, the higher cold worked specimens(45 percent) have
higher second stage creep rates than specimens witk 25 percent cold work.

Electron and Optical Microscopy. The study of the microstructure of clad-
ding and fuel material is a direct way of detecting radiation damage in
these materials. Thin films or foils offer advantages, since radioactivity
restrictions are reduced. The preparstion, irrediation, and subsequent
microscopic examination of films and foils are continuing.

Five of the seven capsules conteining thin evaporated and sputtered films
of UO2, ThOg2, ZrO2, Al containing particles of UO2, Zr02-UQ2 sandwich
films, amorphous carbon films and cold worked foils of Al have been irrad-
iated and received for examination. These samples were irradisted in an
evacuated capsule to confirm observations made on films which were irradi-
ated in an air environment. Preliminary observations of tke UO2 and ThO»
films have beenr made on the low exposure sample. After an exposure of
less than 1010 nvt fission trajectories were observed in the UQ2 thin films
but not in the ThOp film. The absence of trajectories in the ThOo pre-
sumably result from insufficient exposure to neutron irrasdiation to form
U-233 which will fission. Examination of the films exposed to higher
levels is in progress.

Development of techniques for preparing thin foils of Zircaloy-2 is contin-
uing. Experimentation has established that films of Zircaloy-2 thinned by
electrodissolution in 1:k4 perchloric acid-alcohol electrolyte results in &
residual ZrOp layer on the metel and, therefore, is umsatisfactory for
electron microscope examination. ,

X-Ray Diffraction Studies. Texture studies on Zircaloy-2 coextruded with
uranium at ratios 20:1, 25:1, and 35:1 have been completed. The (1120)
Planes are normal to the extrusion direction. The basal planes make angles
55°, 55°, and 51°, respectively, to the tube radius. Microhaerdness tests
are being conducted to determine the effect of crystallite orientation.

The effect of neutron irradiation on the crystal structure of irradiated
zirconium is being studied by x-ray diffraction. Preliminary studies of
four x-ray reflections on the high angle region from zirconium irradiasted
to approximately 1019 nvt have indicated an anisotropy of line broadering.
Evidence was found clearly indicating a stacking fault. The faulting may
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have been (1) present in the unirradiated state, (2) introduced during
irradiation, or (3) developed during storage, due to point defect re-
arrangement.

Solid State Reactions. The kinetics of recrystallization and reccvery in
zirconium, Zircaloy=2, and Zirceloy-3 are being determined to establish -
optimum conditions of heat treatment during fabrication operations. An
analysis of recovery of vacuum heat treated zirconium has been made. It
has been found that the fraction of the tctal work-hardening which re-
covers prior to recrystallization is strongly dependent upon the initisal
degree of cold reduction. In ten percent cold worked zirconium almost
90 percent recovery occurs prior to recrystallization while in 50 percent
cold worked zirconium less than 40 percent softening occurs prior to re-
crystallization. This fact together with the fact that the percentage
decrease in x-ray line width (measure of lattice strain) is relatively

" insensitive to prior cold work level indicates that the recovery process

is different for the different cold work levels. Evidence is that a sub-
structure capable of hardening the material is being formed upon annealing
of zirconium with 50 percent prior cold reduction. Conclusions are:

(1) the probability of sub-structure formation upon annealing cold worked
zirconium is increased with increasing degree of initial deformation, and
(2) the material with sub-structure is harder than that with negligible
sub-structure, although the residual lattice stresses may in both cases
be almost completely recovered.

In-Reactor Measurements.. The irradiation of thermocouples to determine
in-reactor stability in a variety of gaseous environments has been dis~
continued due to the failure of the heating element in the test capsule.
The capsule will be discharged this month after 7400 hours of irradiation.
Prior to charging of a new capsule, refinements will be made in the mech-
anism to provide intimate contact between the thermocouple thermal beads
and the bottom of the thermocouple wells. Spring loading was used in the
capsule to be discharged to maintain this contact. During the tests in
the reactor it was noted that the contact resistances between the thermal
beads of the thermocoupies and the thermocouple well had varied. This
high contact resistance may have been due to corrosion products at the
contact point, possibls relaxation of the spring supplying the contact
force, or differential expansion of the metals involved. This kigh confact
resistance has produced differences of readings of 12 C *o 23 C ir %ke
three thermocouples involved. Welding of the thermocouple thermal bzads
to the thermocouple well will be explored to allsviate the errcr iatrc-
duced by this high contact resistance. The modificaticn will alsc st emp*
tc eliminate the errors introduced in the thermocouple readirngs due to the
thermal gradient that existes in the. thermocouple well and the thermo-
couple conducting leeds.

Metallic Fuel Development

Cluster Fuel Elements. The status of the T-rod hot headed cluster irrad-
iation as of January 25 was: 885 MWD/T, 90 kw/ft, 270 C outlet tempera-
ture.
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The defected »od from the first ETR rupture test has been sectioned
through the defzct. A small pocket of oxide, perhaps 1/8-inch in
diameter at its largest dimensicn, had formed under the hole. No dis-
tortion of the fuel cccurred

The section thrcugh ~hs r:prured rod of the 7-rod cluster which failed
in KER Loop 2 in October 1959, ras tbeen polished and etched for hydrides.
At the outer surface of the cladding the hydride concentratiop was 200-
250 ppm end at “he irnrer surface it was 50-80 ppm.

Tubular Fuel Elements . Erriched tubular elements in KER size wkich can
reach NPR specific power at the KE Reactor have been fabricated. These
elements have passed the following non-destructive tests: ultrasonic
clad thickness, bord integrity, grain size, "Zyglo," and x-ray.

Four tube/tube elements of 18-inck length will have reached about 500 MWD/T
by February 1. They are gersrating 133 kw/ft, and have meximm uranium
temperature of 400 C. Trkree- 36-inch long elements of the same type were
completed but are not charged.

Zircaloy-2 clad, normal urarium, 20 inches long, tube and tube elements
are being prepared for an eight-elemsnt KER charge. The primary objective
of the irradiation is the testing of the hot headed and projection welded
end closure. The inner tubes will have this closure and the outer tubes
will have TIG welded end caps. Twerty of the inner tubes have been headed
and are currently being projection welded at Sciaky Brothers in Los
Angeles. The charge iz scheduled for completion by February 15.

Six 18-inch long tube and tubte fuel elements are being fabricated for
irradiation in & KER loop. Three of these are 1.6 percent enriched U -

2 w/o zirconium alloy and the other three are 1.L7 percent enriched un-
alioyed uranium. Ultrasonic tests showed that one of the alloy outer
Tubeg had urbonied areas on its bore. The tube was sectioned through one
cf thess urbonded areas and a fine, hairline crack wvas seen along the
bond layer. Twc of the unalloyed outer tubes had defective welds which
were detected durirng autcclaving. These welds have been cut off and the
fuel elements are beirg rewcorksd.

Evalustion of KER *ubular Zircaloy-£ clad material has continued this
month with the examiraticn of material received from FPD. A total of
fifteen~-tventy-inch lengths from five different inner extrusions have
beer. examined; eightesr-*wanty-inch lengthe from five different outer
extrusions have Tteer examired. Microscopic examination of the meterial
reveals good uranium gquslivy Ir several instances oxide particles were
roted at tre U.Zr inrerface ard ore extrusion was rejected for this de-
fect. Hisztorical information shows this billet tc have leaked during
billet azsembly. Eddy currert and ultrasonic testing shows all material
to be satisfacrory ir “ori integrity, clad integrity, uranium quality,
and clad thickness. However, visusl examination cgLows that the inner
surfaces of practically every tube ir both sizes contain numerous irregu-
iarities. These irregularivies aprear &s gelled areas resulting from a
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lubricaetion deficiency. After longitudinally splitting one tube of each
size, one could observe the following: (1) depressions resulting from
metal having been torn out or mefal or lubricant forced into the surface;
(2) small shallow tears; (3) humps usually associated with an adjacent de-
pression. Although complete measurements of the depth of these depressions
and tears are not complete, information to date indicates that they are ur
to 0.005-inch deep.

The Zyglo-penetrex method of examining the internal wall surfaces cf
Zircaloy-2 clad tubes, using ultraviolet light pipes of sapphire or

quartz, appears feasible only for detecting certain types of surface de-
fect. Other approaches, which appear to be better tests, include: (a) a
surface facsimile technique consisting of painting the surface with a
thermosetting plastisol film, baking the latter, mechanically strippirng ana
examining; (b) autoradiographing of the jackets, both interna. and external,
to detect certain types of defect, as well as variations in the Zircaloy
wall thickness; (c) using the Vectorscope to measure the wall thickness and
at the same time determine the type and location of different types of
cladding defect. The Vectorscope appears to be capable of locating and
distinguishing between embedded particles of various sizes and composition;
metallic surface films on deposits; such as copper and iron; tears, folds,
cracks, and other discontinuities; variations in jacket composition, for
example, spots of segregated tin-rich Zircaloy-

Component Fabrication. Fuel element length sections of KER inner and
outer tubes have been heat treated prior to assembly as production test
elements. Twenty-two inmer tubes were salt bath treated after heading
with the copper and lubricant left on the surface. These were ftreated
vertically and held seven minutes at 730 C, quenched to 600 C, heid for
seven minutes and air cooled. The resulting dimensional changes and warp
were recorded. The maximum indicator ruzout varied from 0.008-inch <o
0.120-inck in a 20-inch length, with the majority having warp of 0.030-
0.050-inch. Ten outer tubes were salt bath treated af+ter copper removal
and vapor blasting. These were treated vertically and keld five minutss
at 730 C, quenched to 600 C, held for five minutes and air cooled. Repre-
sentative sections of both geometries are being examired for U-Zr-2 bernd
zone, wranium grain size, and observations of the Zircalcy-2 clad. No
blisters or other obvious changes resulting from heatr treatment were
observed.

An increase in hydrogen content of the Zircaloy-2 clad on NPR sizs cc-
extruded tubes to approximately 80 ppm was observed after beta heat
treating in a Houghtor 980 salt bath. Vacuum fusion analysiz for hydrcgen
in the as-received cladding indicated that +ke level was normal, 15-2C ppm.
Strips of cne-eighth inch thick Zircalcoy-2, one-half inch by *wo inches
were treated in NuSal, Houghton 980 and liquid heat 30C salts at tempera-
tures from 600 to 750 C for cne to 30 minutes. All the specimens were vacuuw
eannealed four hours at 750 C prior to salt bath treatment. The hydroger
content was analyzei as 20 ppm for this base conditicn. Vacuum fusiorn
analysis of the salt bath “reated stripe showed no hydrcgen pickup grast=r
than 10 ppm, and it was concludei that the hydrogen pickur in the fuel
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elemert cladding did not result from the bath. To produce an increase

of 60 ppm hyirogsr ir the Zircs_oy-2 ty transfer from the uranium core
was caliculated %o require remcval of 2 ppm for tke NPR inrer tube and

3 ppm for the NPR outer tute uranium. This would not appear reasonable
since the uranium cores were analyzed ard contained 1.0 and 1.9 ppm, res-
pectively, in *he as-received ccrdivtion. Tae elemerts showing hydrogen
pickup were heat treared ir the as-pickled corditior. followirng copper
removal. Sectiors of the coextruded stock were vapor blasted after copper
removel end then heated “en minutes at 730 C in Houghton 980 salt. The
resulting pickup of hydroger. it the clad was reduced to approximately

20 ppm. Micro examirnation of sections irn the as-pickled condition re-
vealed a hydride layer ir sgome areas. It appears that the kighk pickup
of hydrogen resulted from tnis layer being sbzorbed by the clal during
Leatirg in *rne bath with a slight amount being adied by the salt and

by trarnsfer from the uranium. All pickled surfaces should be vapor
Ylasted or etched with HF-HNO3 solution before any Lea® Trestmernt.

Twenty Zircaloy-2 clad urazium cosxruied KER inrer tubes, 20 irches long,
Lave beer kct headed for use ir a production %est. EHeading was success-
ful on 18 of <he tubes with *wo tubes being rejected because of cladding
injury caused from the %ubes slippirg in the heading grip dewice. This -
difficulty rezulted from the undersized OD of these twe tubes. A
swelling of approximately 0.008 4o 0.010 irch or tke tube OD occurred

at the junctior of the gripring device and *he heading container. The
swelling ie inheren* ir this method of hot heading; it was reduced to

approximately 0.001% irch by a subsequernt Arawing operatioL.

A facing cut 0.002 g 0.003 inck deep was recessary on the headed tube

erds durirg the memoval of the heading extrusion tc prepare itie surface
for the projectiorn weldel firal closure. Tre projection weld requires

that ihe surface or. trs hot headed tube erds he £lat witkir 0.001 inck.
Tke variaticr. ir tte as-headed tubes is approximately 0.003 inch. Trhis
is due %o ths graptite luwricar? applied to the tube ends for the Leai-
irg operaticrn.

Attempts have keer mads ¢ not b3sd short lerngths of KER outer tubes.
Due tc d4ifficulty ir lcadirg the tubes ir the ccntainer, these tubes
were zcooled below tne izzired heading temperature resulting in the tubes
not heading completelyv. Alsc, the press used may not have gufficient
capacity for this heading. However, the headed ends examired showed
coneideratle prcmise, and *he next attemp? will be with Tubes sized to
freely fit thke container wnickh alorng with a larger press should produce
satisfactory headed =ndsz.

Sizing +ests were made or KER size coextruded rods. The rods were re-
duced from 0.€17 irck Aiame~er <o 0-520 inck diameter ir. 0.C1C inch
steps. One rod was heat treated {730 C for *er minutes, 500 C for five
minutes, air cool! ard sized, the other was sized in the az-extruded
cordition. The srringtack after each rsductior increassi for four re-
ductione. The Fiftr ~eduction skowed & marked Jecrease in the amcurt
cf springweck ir totr rcds. Tre following reductisns agalr. showed ar
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increasing amount of springback in both rods. Further tests are planned
with strain-gaged dies to determine if the dies yield at the fifth re-
duction. Metallographic examination shows tensile cracking ir both pieces
- of material, but the heat treated sample begins cracking much soconer than
the as-extruded piece.

Closure and Joining. A 95 w/o zirconium-5 w/o beryllium eutectic alloy
appears to be a promising braze alloy for closure of Zircaloy-2 clad
uranium tubes. Westinghouse reports the corrosion resistance of this
alloy in 300 C water equal to that of Zirceloy-2. The melting tempera-
ture of this eutectic is approximately 950 C; however, most of the arc-
melted braze alloy buttons are slightly off eutectic composition. To
obtain eutectic composition, these buttons must be remelted in a Zircaloy-Z
crucible and the eutectic allowed to dribble into diffusiom pump oil.
This eutectic is extremely hard, somewhat brittle and extremely difficult
to fabricate. Nuclear Metals has extruded the alloy into wire; however,
most success at HAPO has been with finely ground powder. Particles less
then 60 mesh give the best braze, melting near 980 C in less than 45
seconds. Particles larger than 10 mesh require temperatures in excess
of 1030 C and times of two minutes or longer. At these higher tempera-
tures sporadic melting of the uranium occurs, resultlng in small voids
in the uranium.

Eutectic brazing has been performed on KER outer tubes which were chem-
ically milled to & depth of one-fourth inch. A Zircaloy-2 end cap is
placed into this cavity and the powdered braze alloy is poured over the

cap. Dies are being fabricated to fold the excess Zircaloy-2 jacket intc

& dome shape. A single pass Heli-arc weld will then form the firal clcsure.

Allied Fuel Studies. Reactor swelling experiments of Zircaloy clad
uranium fuel rods with selected uranium temperatures, cladding thick-
nesses, and exposures are being conducted. Three of the four swelling
capsules, presently being irradiated in the MIR to extend the ccverage

of temperature, exposure, and cladding restraint, have uranium center
temperatures ranging from 300 to 350 C. Temperatures ir the remairing
capsule vary from 600 to 750 C. Exposure or all the capsules is approx-
imately 1250 MWD/T. Goal exposure on the high temperature capsule is
3500 MWD/T. The lower temperature capsules will go to the following
exposures: 2100, 3500, 5000 MWD/T. Sever swelling capsules ir. D Reactor
were discharged at an expcsure of 2100 MWD/T Six more capsules remaining
in the reactor will be discharged early in February at this same expcsure.
The center uranium temperatures of the fuel rods in these capsules are in
the range 400-500 C.

An ex-reactor test simulating the chargirng of an NPR fuel element proto-
type in a Zircaloy-2 process tube showed a problem of severe prccess Tube
scratching. In addition to the loss of metal and eventusl thinning of
the process tube after a number of charge-discharge operations, these
scratches may lead %o localized corrosion or act as regions of s+tress
concentration. A series of tests have beer completed in which flaz
autoclaved Zircaloy-2 samples with contact areas from 0.7 to 3.4 in®
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were placed under & load of thirty pounds and pulled across another larger
autocleved Zircaloy-2 plate, simulating the process tube. Scratching of
the Zircaloy-2 plate occurred in less thean one foot with all the specimens
tested. These tests indicate that charging and discharging fuel elements
with sliding autoclaved Zircaloy-2 supports will break through the oxide
film and scratch the parent metal of the process tube. Another series of
tests were made to see if other surface materials could be used on the fuel
element supports. Soft materials such as copper, bronze, and graphite did
not damage the process tube, whereas, tantalum, aluminum, and tungsten
cerbide scratched within a distance of one foot.

A fuel tube support that provides large area of contact with the process
tube and small areas of contact with the fuel rod or tube was made. This
design which may decrease tube galling and scoring increases support
contect area. The support is & thin square or rectangular plate with
rounded corners. The plate is attached to the fuel tube along the plate
center line. Two of the free edges of the plate contact the process tube.
Tests are plamned to determine the pressure drop caused by this support.

Coextruded bonds which have been subjected to a uranium beta treatment
and tempered by lead bath quenching at temperatures in the range of
350-540 C behave no better during failure than other slowly cooled bonds.
For practical purposes there are two types of bond failure behavior --
bad and good. A bad failure behavior results from rapid cooling (oid
quench, lead quench, air quench) through this critical temperature range.
"Bad behavior" bonds can be made "good behavior" bonds by annealing or
aging below the critical 590-600 C temperature. Such an annealing or

aging may occur in-reactor during the early service life of the coextruded -

fuel material. The role of irradiation and burnup or the nature of the
bond with regerd to its failure behavior is currently being tested.

A T-rod uwranium-zirconium clad fuel element was intentionally ruptured
in the 3x3 loop at the ETR on December 12, 1959. The fuel was operating
at 128 kw/ft, 300 C cooling, 2000 pei, 60 gpm. After mechanically
plercing the cladding, the fuel operated for seven hours at full reactor
power. Multi-channel analyzers on the effluent stream indicated that a
small amount of fissionable products were released. The test was suc-
cessful from the standpoint of demonstreting the ability to rupture
elements by remote control. It also presented valuable information to
IFD on types of instruments that should be uséd to detect failures in
the NPR.

Under cyclic temperature operation, polycrystalline uranium develops
microstress distributiore due to the anisotropic thermal expansion of
the urenium crystals. These microstresses affect the macroscopic creep
rates. Creep tests are being run on uranium with large temperature
cycles (£, T»200 C) to simulate the temperature cycles observed in
reactor fuel elements. The first test was cycled between 150 C and

LES C at one cycle a day and at 2000 psi stress. Under a uniform temper-
ature of 465 C, this load gives negligible strain rates. After six

5
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temperature cycles, the total strain is 6.5 percent. The straining
occurred during the temperature changes. The strain per cycle was not
uniform and varied from three percent on the first cycle to 0.2l per-
cent on the fourth cycle.

Design Analyses and Computations. A rational basis for end clcsure
designs should be established. As a start, a note was circulated des-
cribing what operational requirements must be specifiied to design and
test end closures and what thermsl, hydraulic, and mechanical problems
needed either analytical or experimental methods of evaluation to see

if an end closure satisfies operational requirements. Solutions were
found for determining maximum surface temperatures in flat and toroidal
end caps. Numerical evaluation is started. A mechanical testing method
for unbonded end cap for duplicating the effects of expansion incompat-
ibilities between the fuel material and the end cap is under development.
The successful development of this technique depends upon forming a bond
between a Ni-Mn-Cu alloy and Zircaloy-2. Some bonding has been accomplished
by Dynapak coextrusion, but the extrusions were not suitable for end
closure testing.

Facilities and Equipment. On November 30, 1959, seventh day of 2Lth
‘ETR cycle, the B essure tube in the CG €x9 position of the ETR fractured
after: 5.35 x 10°Y nvt fast neutron exposure. Radiometallurgical exam-
ination of appropriate tube samples is completed, and report HW-63556
was issued. It was concluded that the tube failed because of local
overheating to a temperature between 1L00 to 1700 F. The replacement
tube should be installed in the ETR on or about Fetruary 2:=.

The Dynapak was used to form an end closure on onre inck OD by one-kalf
inch ID, coextruded Zircaloy-2 clad fuel elements. The object was tc
bring the inside jacket and outside jacket together so the %wo could te
joined with a single weld pass. Forming was done cold with a staped die
enclosed in & 1-1/2 inch diameter die cavity. Forming pressure was
applied by the Dynapak with rubber and waX as a pressure transmitting
medium. The outside jacket was turned in with excellert results, bun
the inside wall cracked because of multi-axial stress conditicrs. This
difficulty should be overcome witk further experimertation. Tensile
test specimens are large or both ends in order to confine high stress %o
the gage length. These large ends perturb the hea* distribution when the
specimen is generating heat as would be the case with uranium lurirg
irradiation. Iz order tc design a suitable uranium specimen for irraz-
iation testing, the excess uranium on tke ends of spscimens are rsplacad
with Dynapak coextrusion bonded Zircaloy-z2. A 1/8 irch wall thickness
sheath arourd a 1/4 inch diameter rod broke at the bcnd because of
thermal expansion ircompetibilities, dut a 0.075 inch skick Zircalcy-2
sheath was successfully Dynapak coextruded. The extrusion ratic was
10:1. :

An experimental ard theoretical analysis of the kinetics of the Dynapak
was undertaken so the Dynapak may be used more effectively with lass
tool breskage. Movies taken at 2000 frames/second appear tc stop the
punck actior. adequately for the study.
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REACTOR PROGRAM

Coolant Systems Development

Lov Temperature Alumirum Corrosion Testing. Out-of-reactor testing of
reactor grade nickel-plated fuel elements at 80, 120, and 165 C is con-
tinuing. Inspections at four- and six-week exvosures showed extremely
good corrosion resistance.

X-8001 dummy fuel elements with defected autoclave coatings exposed at

165 C in process water were inspected after five and seven weeks of ex-
posure. One piece was removed at each exposure to examine the accelerated
attack. An X-8001 dummy exposed for five weeks showed a groove type of
corrosion not particularly oriented with the direction of flow. The
grooves were fifty tc 100 mils wide and five to ten mils deep. The grooves
were not similar to those experienced in-resctor. At seven weeks of ex-
posure a C-64 dummy was removed with similar groove corrosion but to &
much lesser extent.

The test to determine the corrosion effects of a silicate film on X-8001
dummies in 120 C process water was completed after seven weeks of exposure.
The final results indicated almost no change or a slight reduction in
corrosion rates.

Decontamination of Preszent Reactors. Five tests were completed in the
single-pass flow facility during the past month. The test pieces were
contaminated D Reactor pigtails. A 10% solution of Wyandotte-1112
(inhitited tisulfate} at eight gpm and 50 C for 24 minutes gave & decon-
tamination factor of 43. Twe tests at four gpm and eight gpm with 2.5%
Wyandotte-1112 gave no appreciable decontamination. Another test of
2.5% Wyandotte-1112 with 2. 5% diatomaceous earth added showed an 1nc1g—
nificant increase in the decontamination factor.

A test of a three oz/gal solution of Turco 4306 B at eight gpm and S50 C
for 25 minutes reduced the activity to essentially background. However,
Zircaloy-2 coupons irn the mest section showed a corrosion penetration of
one mil.

Evaluation of Hydrazire for Remcval of Oxygen. A static fest was rur to
determire the effectivernessz of nylrazine as & corrosior inkibitor for ’
carbon eteel ir oxXyzen-saturated water at low tempersture. Polisched
carbon steel samples were exposed in water at room temperature and at 60 C.
Three different water quality systems were studied: (1) deionized and
deoxvgenated samprles as controlz, (2) deionized and oxygen saturated
semples to study the cxygen effect, and (3) filtered ani oxygen-saturated
samples to study the combined effect of oxyger end impurities. Duplicate
samples were alsc prepared at pH levels of seven and ten. The samples
were arranged in groups of threse with the following hydrazine concentra-
wions: (1) no kydrazine, (2} hydra21ne concentration equal to oxygern
concentration, and (3} hydrazine concentration equal to five times <he
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oxygen concentration. The following observations were made during a
five-day exposure period: :

1. Corrosion in the pH 10 samples was less than in the pH 7
samples under all conditions.

2. Corrosion increased at the higher temperature under all
conditions.

3. Corrosion was worse in the filtered water samples than
in the deionized and oxygen-saturated samples. No
appreciable corrosion was observed in the deionized and
deoxygenated samples, as expected.

L. Corrosion rate in deionized and oxygen-saturated water
was decreased by higher hydrazine concentrations. The
rate appeared to increase, however, in the filtered
vater under the same conditions.

A sample of 12-30 mesh activated carbon was received for some catalyst
studies of the hydrazine-dissolved oxygen systems.

Decontamination of Stainless and Carbon Steels with Ammonium Citrate. A

test has been made using the APACE process preceded with peroxide-
bicarbonate. Enthone-11 (0.2%) was added to the ammonium citrate to in-
hibit carbon steel corrosion. Total corrosion for carbon steel was ir

the range of 0.10 to 0.20 mil, while stainless steel coupons corroded
about 0.01-0.02 mil. The final carbon steel coupon activity was generslly
high, 50,000 to 70,000 c/m, and D.F.'s were low, 30 to 50. By comparison,
the stainless steel coupons cleaned up better, with D.F.'s of about 100
and final activities of about 20,000 c/m.

Effect of Cycling on Decontaminations Laboratory tests were made using a
technique of repeated skort interval exposure of coupons %o NaOH-KMnOL

and an acid step. Both two-minute and one-minute exposures were tried.
There was good defilming after three complete cycles; defilming was not

as good on other coupons exposed for the same length of time without
cycling. The acid rinses, in the order of the best defilming in the least
time with the cycling process, are: Turco-4512, Turco-4518, Wyandotte-1112,
and (NHL)p cdtrate. Corrosion losses by the carbon steel for all cf these
processes were about 0.03 mil, which is essentially the thickness of thke
magnetite film.

Effect of Irradiation on Corrosion in High-Temperature High-Burity Water.
Corrosion data from threse in-reactor corrosion tests irn. the KER loops
indicate there is very little effect of irradiation on corrosion of several
alloys of aluminum, 304 stainless steel, Zircaloy-2 and Zircaloy=3. Two
of the tests were in neutral pH deionized water and the other test was in
PE 4.5 (H3POL) deionized water. Although the temperatures varied consid-
ably with time, the nominal temperatures were about 200 C.
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Heat Exchanger Scaling Teets. The ELMO-1 heat exchangers were examined
after two monire of operation with raw cooling water followirg the de-
scaling runs. There was ro difference in scale tuild-up tetweer. the top
heat exchanger, wkich had beer descaled with inkibited H3POL, ard the
tottom heat exchanger, which had beer descaled with inkibited HpSO) -

Rust barnacles about 1/8" high were found in stagnant areas on the carbon
steel shell baffles. Additional desceling tests using cold inhibited Hp50L
and cold intibited HCl sre being planned.

Structural Materials Development

NPR Zircaloy Prccess Tubes. Chase Brass and Copper Company has completed
The fabricatior of 12 NPR proceste tubes. The final drawing operation
proceeded smoothly, end the tubes emerged with nc apparent scratches but
with varying amounts of bow. The bow was removed by &a press straightening
operatior.. Trree of the *ubes had been stripped of drawing lubricant, and
one had beer. irspected as of January 22. This one tube had two small
galled ares: inside, wrichk were successfully removed by localized grinding.
Clesn-up ar? inspection is proceeding on the remainder of the tTubes.

The firs* tube produced by Allegheny Ludlum Steel Corporation went through
the rocking procszs at Tube Reducing Corporation on January 19. This tube
passed througk the fube reducer unsevertfully, emerging with lese than the
usuel bow or cpiral and a betiter than normal outside surface. Seven more
tubes were preocessed during the next *wo days, and four more are nearly
ready for tubz reducing. Inspection is proceeding during the week of
Janzary 25.

Stress-Rupture Facilities. No information on the stress-rupture properties

of Zircaelcy tubing at anticipated reactor operating conditione is presently

availatle, sltlougr tests to determine the ultimste bursting sfrengik at

operating ccorditicns rave been made. Scoping is in progress for facilities

- wkich car be employed for makirg siress-rupture studies or. both unirradiated
arnd irradiated tubing.

Burst Tests on Irradiated KER Tube. Evaluaticr of the results of the room
teqperature burst tests OL The Zircaloy-2 irraediated KER tubes has beer
completed, ari a report is bteing written. The data indicate that irradi-
atior lower=i the duc+ility only slightly. A close examination of the
fracture surfaces 2f the Twe irradisted specimens revealed a failure ir
the radial plans. Af<er the crack propagated for an inch or two, the
fracture surfaces rotated ¢ form engles cf 45° or less witk the radial
tlane. Tris is irterprefed to mean that *he cracks were initiated as
tensile failures *ut reverted +o skear type failuves after propagating

for & short distance.

Nommetallic Material:z Development

GETR Graphite Irrsdistion Experiments. The B-1l experiment ir the GETR was
dischargsd Jariavy €, afrer a four-cycle exposure. In gernsrel, the ex-
perimert was found 76 e in “ewter conditiorn then the previcusly-discharged
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experiment, although the predicted flux level was higher ir H-1 thar in
H-2. All of the graphite samples measurel =2 date bad undargors small
emounts of contraction. Nickel-activartion foils indicawz significartly
lower fast flux values thar previous data available. If corfirmed, +his
means that +the H-1 graphite samples were axposed tc a maximum of abcit

4 x 1020 nvt fast fiux (E greater thar 1 mev;, or on the oxder of 1C.0CC
MWD/AT equivalent damaging exposure vhen converted tc a C Reachcr rox
test hole basis. If confirmed, wais subsiarntially lower exposurs Thar
previously believed improves the ccrrelation of the contracticn ismra witk
previous measuremernts and irdicatez no decrease ir. the rate of contracticn
to this exposure. Tke data elso indicate higher co traction rates ar *he
higher temperatures and generally confirm the lower corntracnicn rates for
needle-coke graphites thar for CSF.

A series of experiments desigmed “c explain some of the damage cbserved
in the H-2 capsule were perfcrmed in a latoratory irduction furrace at
1500 C. The loss of the molybdenum parts in the H-2 experiment row
appears to have been caused by the dissolving gctior of aluminum vapcr-
Aluminum and graphite systems when heated *¢ the vicirity of 1400 C
rapidly form AlyC3. The A1403 in or on graphite iz very detrimental to
the graphite oody if moist air is present. The carvide in -T2 presence
of water forms sluminum oxide and methare. ani some graphite saxples thus
treated have completely disintegrated in a few week: ir contect with rcom
temperature air ari moisture.

Flux Values for Y Test Hole at C Reactor. The Y Test Heiz at C ERsactor
has been The caief source of Harford data on high <emperature graprise
irradiations. Iritial nickel fcil activatizn fluy istermiraticns.
coupled witk a 32-grcup calculation by OR§L) fopr the fagt flux specrimm,
indicate that 1 MWD/AT (YTH-C} = 3.9 x 107 nve { > 1 L. as sr aversge
from 10 foils. A 10% variasticrn with vespect £> position ir The TssT acat
was indicated. Tre ir—adiation was performed 5°7" from <o csnu7er lins oI
the reactor toward <2e inner w»od room and betvesr I pasin

36, where tne pogiticr. factor was 0.987. Tze calculation of accuza®s
integrated fast fiux dose values from ~he Tube Tower KD

a slightly differszr+ corwversion congtar™ Doy eack ~e37 nols, ard pertars
each pesition ir trne ==zt hcls.

Graphite Burnout Mcri*oring. Sampl-eg¢ wer2 iisckarg2d from 1962-C &

22 months of exposure. Weiga® changes will s measire e

have beer. dessicatei. Oxidatior rates are expssted ~o o nigr T

the center grapri*e zample carvier crumblied =asily iz 13

operation. In crder <c¢ corrslats powar and TurmoutT ¥
,

sampiles wher The channel wag r2058Xgses

IP-22A-Intermedisaze Terpera~ure Ivradiartion of &
the controlled temperaturs irvadiatiorn asssmbly "Zan
1573-DR in Decembar 195G, rcave failsd. Failure of all Tour hearecrs o0-
curred ir. *he same marmer. viz., tzs civauit resisrarce graduslly 1ir-

creased over several days from abour 20 to 400 crms. ard the cause 1
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presen’ unknown. The assembly is to be discharged during the next shut-
down period.

Thermal Hydraulic Sfudies

Hydraulic Studies. Experimental isothermal bhydraulic demand characteristics
vere determined for full length charges of self-supported I & E fuel ele-
ments in a ribless zirconium tube of C Reactor geometry. The data show an
axmulus to hole flow split ratio of 1.97. The pressure drop is about 9%
greater than that of current C Reactor geometry with C-II I & E fuel ele-
ments. This increased pressure drop will result in a normel tube flow

rate about 4% less than that for C-II I & E fuel elements.

Glass Heat Trarsfer Test Section. A heat transfer test section usithg an
electrically heated rod in e glass tube with annular water flow was built.
The tube is 1.5-inch ID precision bore glass pipe, 30 inches long. The
test section is provided with a thermocouple plate at the water outlet end
of the tube tc measure lccel water temperastures around the annulus. The
glass 1s so supported that its position can be fixed either concentric or
with known eccentiricity witk respect to the heater rod.

The test section was designed primarily to investigate circumferential
temperature variations due to eccentricity. It will also be used, within
its pressure limitetions, to investigate forced convection boiling phenomenea.
Initial experiments were performed to determine its capabilities in in-
vestigating these problems. Experiments using a 24-inch long heated

section wizth a 100-mil annulus were performed to determine circumferential
temperature variations and to provide local boiling to be photographed with
a high speed motion picture camera.

The initial circumferential water temperature measurements gave erratic
results. This was determined to be the result of a rather severe radial
temperature gradiert across the annulus. A gradient of about 8 F was
measured in a case where the bulk inlet to outlet temperature increase

was about 35 F. This is interesting in itself; but also, since the
thermocouples of the thsrmccouple plate were not inserted equal distances
intc the water stream, the radial temperature variations masked circum-
ferential variations. Flans were made for further experimentation with an
improved tkermocourle installstion.

Motion pictures of lccal boiling were made at speeds up to 3600 frames

per second of local beiling undsr conditions cf 30 to 60 F subcoolirng.

While these first pictures were not entirely satisfactory as far as lighting,
camera focus, and operating procedures are concerned, they did provide
interesting qualitative information and gave promise of ottaining further
improved information.

The pictures showed that even under the degree of subcooling used, local
boiling was vigorous. Furthermore, the bubbles formed did not condense

upon leaving the heated surface but actually continued te grow or coalesce.
There was a slight but proncurced upward movement of the bubbles. Linear
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velocities of the bubbles were calculated to be as great as 60 feet per
second which may be compared with the single phase water velocity of
seven feet per second. The qualitative observations seem to indicate
that there exist temperature gradients within the water and that local
beoiling effects can be gquite pronounced.

Laboratory Equipment. The high pressure apparatus was shut down for
installation of the steady-state equipment of Project CH-83h. It is
anticipated that the shutdown will last for about two months. Instal-
lation progress to date has been on schedule.

Heat Transfer Characteristics of 7-Rod Cluster Fuel Elements. Further
experimental heat transfer data were obtained from an electrically heated
mockup of a T-rod cluster fuel element. The mockup consisted of seven
rods, 0.704 inch in diameter and 35 inches long, equally spaced in a
2.70 inch horizontal flow tube. The electrical resistance of the center
rod in the cluster was greater than that of the six outer rods so that
each of the outer rods had a 42% greater heat generation rate than had
the center rod. Thermocouples were installed to measure rod surface
temperatures and water temperatures in the various flow channels. %
were obtained at heat generation rates of 114,000 to 410,000 BTU/hr-ft
flow rates of 57 to 135 gpm, an outlet pressure of 535 psig and an 1nle+
temperature of 425 F, that is 20 F subcooling.

The data show that inter-channel mixing was negligible. The water tem-
peratures of the various flow channels were those which would be calcu-
lated assuming no inter-channel mixing. This is further substantiated
by the fact that the center rod surface temperatures were approximately
those of the outer rods despite the lower heat generation rate of the
center rod. This shows the effect of the higher water temperature in
the inner cheannels.

The data also show that phase separation was significan*t even though
bulk boiling did not occur. The phase separation was, as would be
expected, greater at low flow rates. This was evidenced by a 40 F dif-
ference in temperatures between top and bottom rods in one run at a flow
rate of 57.7 gpm and a 15 F difference in another >un at 135 gpm.

Shielding Studies

Neutron and Gamms Attenuation. The perforsted ferrophosphorus concrete
test slabs have been baked at 320 C and placed in the shield facility

for irradiation. The iron-serpentine concrete (265 1b/cu ft) test slabs,
previously baked at 100 C, were removed from the shield facility and placed
in an oven where they will be baked at 320 C. After the foils have bsern
counted and analyzed, this will complete the tegting at 100 C.

The second irradiation of as-cured iron-serpentine concrete (210 lb/ft3)
was made and the fcils from the first irradiation are being counted.
This concrete has been recommended for use in the front and rear hio-
logical shields of the NPR.

259181
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Foils from the seccond loading of the NPR boron steel thermal shield test
were courted agair because of discrepancies in the results from the first
counting. These data are nov being analyzed. Counting of sulfur foils
from the third loading was completed.

Trne delivery date for the parts of the Perlow Recoil Neutron Counter from
the Argonne Laboratories has been exterded for two weeks. Negotiations
are under way to complete the assembly there. Modifications on the sub-
traction unit for the 100-channel anelyzer are in progress. Initial in-
stallation showed that the unit would only subtract on the first 20% of
the spectrum.

Masonite Thermal Deamage. The study of thermal damage to irradiated masonite,
requecsted by IPD personnel, has been completed. Small samples were taken
from the shield step plug used originally in the shielding facility atop

the DR Reactior. The samples were heated in air at various temperatures

from 120 to 200 C, and the weight loss (due to loss of hydrogen and oxygen)
was measured as a function of temperature. The results are indicated in

the following table:

Temp., C  Heating Time, hrs.  Weight Loss, %

120 342 3.4
160 169 7.1
190 72 11.5
190 119 22.3
200 114 48.8

All of the samples darkened in color on heating, though no ignition was
observed. The results of this investigation have been transmitted to
IPD personnel and were used *o raise the temperature limit for exposure
of the masonite shields to an air atmosphere from 100 to 150 C.

WEAPONS - 3000 PROGRAM

Research and developmert ir *he field of plutonium metallurgy continued in
support of the Hanford 234~ Builiirg Operations and weapons development
programs of the University of Califorria Lawrence Radiastion Laboratory
(Proje’ct Wnitney}J Details of these activities are reported separately via
distritution lists aprropriate %o weapons development work.
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C. REACTOR DEVELOPMENT - LOOO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Basic Studies. Investigations have continued on the thermal expansiorn of
plutonium dioxide. A slight discontinuity has been observed between
approximately 600 and 700 C on plots of AAL/L versus temperature. The
same data were obtained from three different samples, each apprcximately
1/2" diameter x 1/2" long, which hed been run in a vacuum dilatometer at
a heating rate of 25 C/hr. Expansion curves determined for UOp, copper,
and eluminum were continuous through this region indicating the cause is
not due to the apparatus. A relatively high vacuum, 10~% mm Hg, was em-
ployed! however, in view of the low temperature of the discontinuity,
vaporization to a sub-oxide seems unlikely. When & sample was run in
helium, there was no evidence of a discontinuity which indicates the cause
is not due to an allotropic transformation. Investigations inte this
effect will continue using both dilatometric and high temperature x-ray
diffraction techniques.

The effect on particle size of heating 300 C oxalate calcined PuOz in
alr has been found. Average particle diameters, as determined ty a

Sub Sieve Analyzer, were found to vary from 0.9 micron for the as-
calcined material, to 2.30 microns after heating to temperatures near
1000 C. The effect of calcination temperature or the stability of PuCp
in hydrogen will be determined as soon as the various batches cf oxide
are available.

Studies on the formation of plutonium uranium carbidzs have been resumed.
The induction furnace was used tc make a heat of PuOp mixed with graphite
and UOo mixed witk graphite. In each case stcichiometric, less than
stoichiometric, and greater than stcichiometric amounts of graphite for
monocarbide formation was added along with a binder and pressed into
pellets. As indicated by *he bell jar pressure, a reaction took place

neer 1800 C. After holding for two hours at this temperature, the pellets
were cooled in vacuum and thern examined in the hood atmosphere, which was
nominally argor.. The pellets showed a considerable amount of shrinkage ard
porosity, due to gas evolution during reaction. The hard press in the

hood proved incapable of enough pressure to recompacw the porous pellets
and two of them were lost in this operatior. The otkher four were re-
sintered for four hours at 1900 C. Preliminary x-ray da*ta show clearly
the formation of UC. The lines of the Pu samples ars not very strong,

but look more like PupC3 than the monocarbide. The experiment 1s presently
being repeated with a higher capacity press in the hood; this should mean
that higher density, more homogeneous pellets will be produced.

UNCLASSIFIED
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Fuel Fabrication. Ultrasonic testing techriques are being developed for
inspecting the cladding quelity of the PRIR fuel rods. The equipment is

ir operation and the stendards are being eveluated. Preliminary inspection
of some of the tubing irdicates the presence of defects in excess of 10
mile,

The canning hood, hooded drawbench, and welding box are being activated
in the Pilot Plant. As soon as they become avallable, the entire fab-
rication, with the exception of extrusion, straightening, and cut-off,
will be performed in the 308 Bldg-.

The Zircaloy tubes are being swage sized on & stainless steel mandrel to
give as uniform an inside diameter as possible. This swaging operation
sometimes causes a slight bending of the tubes, and it is necessary to
straighten them after swaging. Also, the gauging head Ims caused small
scratches on the inside surface of the tubes creating burrs which make
loading of the cores difficult. The inside diameter of the tubes is
treated with emery to remove any burrs. Eight hundred and thirty tubes
are currently in the process. They have all been preliminary gauged and
406 have been completed and are ready to have the first end caps welded
in place.

Enough billets for 666 cores of the corrosion resistant alloy have been
cast, 180 during the past month. In order to reduce the reject rate for
blisters on extruded rods, the pouring rate was increased to fill the
mold as rapidly as possitle, thus reducing the possibility of entrapping
air in suddenly chilled metal. The reject rate has beer cut in helf, but
since the pouring operation is menually regulated, consistent control is
difficult. Tkere have been no corrosion test rejects since the solidifi-
cation rate was increased through the use of unheated molds. Four hundred
and four cores have been extruded and of these, 228 have been completely
finished and are ready for loading. A graphite lubricant in the form of
dag is being applied tc the outside surface of the cores to assist in
loading end to kelp the thermal cycling problem. Forty-three rods have
been completed and are ready for etching and sutoclaving.

Zircaloy end brackets of the Mark I-G design are being fabricated on an
accelerated basis to meet the April delivery date. At the present, plans
are under way to projection resistance weld the 3/8" diameter sleeves to
the 6-rod ring and 12-rod ring. These subassemblies will then be assembled
with the other parts and fusion welded in arn inert gas welding box. All
parts have beer. machined from the Zircaloy stock found on site. The
large and small rings were machined from screp tubing remaining from
other jobe. Other parts were made from 5/8" rod and 1/16" sheet, both
cf whick were available from stock. The 3/8" diameter tubing has been
purchased off-site and is to be shipped by the 8th of February. All
fixtures have beer completed including the necessary tool and die work
for formirg thke prcjecticns ir the rings. All projection resistance
welding is being done with the cooperation of Ceramic Fuels Development
Operation.

UNCLASSIFIED
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Fuel Eveluation. The 1ll-inch long Zircaloy cled 3.1 w/o Pu alloy 3-rod
cluster (GEH4-#6) has successfully completed its irradiation in the MIR.
This element was fabricated by swage sizing the Zircalcy tubes onto cores
which had been lubricated with graphite. It was irradiated 32.8 days for
a calculated maximum burn-up of 33 percent of the Pu atoms. The therme-
couples, however, indicated an average power generation of only 38 kw/ft
of element instead of the calculated value of 75 kw/ft. The reason for
this discrepancy is not apparent at the present time.

The fabrication of & three-foot long Zircaloy clad 7-rod cluster (GEH-11-3;
containing UOo~PuOo sintered pellets in as-received tubing has been com-
pleted. This element will be irradiated in the high-temperature high-
pressure loop in the ETR. Six-tenths w/o PuOp was mixed with depleted UO2
and then sintered to densities of the order of 95 percent of theoretical.
The pellets were ground to 0.502 + 0.001 inch diameter and loaded into Zr
tubes with a 0.506 inch inside diameter. These rodﬁ will generate a
maximm of 13 kw/ft in a thermal flux of 1.28 x 10%* nv.

The high density U0p-0.026 a/o PuOp (GEH-1L4-19) which had been irradiated
in the MIR to a 0.18 a/o burnout has been through radiometallurgical exam-
ination. The structure contained no central void but had extremely large
. central grains which transformed to radially oriented colummar grains.

Large isolated spherical voids were noted in the grain centers while the
voids along grain boundaries were tubular in shape. The fission gas re-
leased totaled 23.3 percent of that genersted. The gas sample contained
14.5% Xe and 2.8% Kr.

All ten high density UOp-PuOp capsules (GEH-14-82 thru 91) have been
irradiated in the MIR. The specimens cortair mechanical mixtures of
UOo-Pu02 with 0.0259 to 5.67 afo PuOp. Eight were recently discharged.
- Two are currently being examined in the Raiiometallurgy Laboratory. No
significant changes in external capsule dimersions were noted.

All ten low density UOp-PuOs capsules (GEH-14-65 thr: Th' have beer
irradiated. The specimens contain mechanical mixtures of UO2-PuCz with
0.187 to 7.45 a/o PuO2. Twe additional low density U'0:-0.0259 a/o PuOp
capsules have also been irradiated. The specimers contain nornesintersd,
mixed crystal oxide compacts. One sample is pregently beirg examined irn
the Radiometallurgy Leboratory. Tke capsule claddirg !9/16" Aiamster by
2.5" long) decreased 0.0015-0.002" in diame%er ani igcreased C.009" in
length.

The Al-Pu and Al-12 w/o Si-Pu alloy capsules (GEH-14-5 thru 12) with S,
10, 15, and 20 w/o Pu are now being evaluatei. All specimens were to
have beer subjected to about 0.1 a/o burrcout. Dimensioral change: in
the cladding (9/16" diameter by 2.5" lorg; weve as follows: diameters
decreages ranged from 1.2 to 3.5 mils wkersas the length increazes
ranged from zero to 33 mils.

UNCLASSIFIEﬁ
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Fabrication Development. Thermel cycling experiments on dummy Zircaloy
clad wire wrapped rods is continuing. Some previous cycling experiments
indicated that the testing pressure in the autoclave was affecting the
results to a greater extent than expected from thermal stress calculations.
Ten Zircaloy clad rods, 33 inches long were febricated with a minimum
diemetral gap of 0.004 inch with no graphite lubricant. They were helically
wrapped with & Zircaloy wire and thermally cycled between 100 and 350 C in
the normel manner with the exception that the vessel was operated at zero
pressure. After 80 cycles, no dimensional changes, distortion, or loosen-
ing of the wires was observed in any-of the ten rods. This demonstrates
that the testing pressure was definitely affecting the thermal cycling
results. Additional rods have been fabricaeted by various techniques and
will be cycled between 150 and 350 C at a pressure of 1000 psi. It appears
that a thicker wall on the Zircaloy cladding would help the thermal cycling
problem.

Two Pu-Al capsules which were injection cast for irradiation testing in the
MIR were found to be unbonded and not representative of pneumatic injection
castings so it was decided to refabricate the 2-1/2 inch long capsules
after determining & method for making bonded elements. A nine-inch long
split tube furnace was used to prevent the castings from freezing before

a reaction layer was obtained between the aluminum and Zr tubing. The tube
furnace was placed above & crucible furnace containing molten aluminum and
various combinations of heating cycles and melt temperatures were explored
by injection casting into Zr tubing. It was found that a wniformly bonded,
10-inch long Zr-clad aluminum casting could be made by forcing aluminum &t
730 C into Zr tubing with atmospheric pressure. The tube furnace was heated
to 800 to 900 C before the casting was made, and the evacuated Zr tube was
then lowered through this furnace until the end containing a tapered alumi-
num plug was immersed in the molten aluminum. When the aluminum end plug
melted, atmospheric pressure forced molten aluminum into the tube until it
contacted a vented aluminum freeze plug. The casting was left in the
furnace for 30 seconds and then removed and inverted during solidification.
Two 1.9 w/o Pu-Al castings were made by this method. Four capsules will
be made by this technique and shipped to the MIR for irradiation testing.

The heating pattern in the 308 Building autoclaves has been adjusted to a
maximum gradient of 15 C in the fuel element load zone. Currently, the
process is plagued by small steam leaks at various flanged seals a.nd/or»
valves. The leaks will be found by helium pressurizing of the vessel and
sniffing with & mobile mass spectrometer. A Zircaloy-2 clad, aluminum
cored, PRTR type dummy load was sutoclaved at 100 psig for 24 hours. The
low steam pressure resulted in an increased temperature gradient in the
fuel element load zone. The maximum temperature was 565 C with & 100 C
gradient., Visual examination of the elements after autoclaving revealed
;la.dding cracks on one element. The oxide coating appeared uniformly
lack.

UNCLASSIFIED
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UOp Fuel Development

PRTR Fuel Elements. Rods swaged this month will fulfill the require-
mente of the first load of the PRTR. These rods will be completed,
tested, and assembled into fuel elements by the goal date of April 1,
1960. The process yield for this month is about 85 percent. Density
of these rods was between 88.0 and 89.0 percent of theoretical.

The totel number of rods swaged during the campaign was 2180. Of this
number, 632 contain fused oxide and 1548 contain PWR grade or micronized
UOp which was sintered and crushed in the laboratory. Tubing used for
these rods came from two orders; 496 tubes were from the recently de-
livered (November and December 1959) 1100 tube order and the rest from
an order delivered before July 1959

A total of 63 PRTR fuel rods fabricated by vibrational compaction are

in process. Process improvements include facilities for filling and
vibrating seven 8-foot long tubes simultaneously. Fuel rods compacted
during tube loading have higher density and more uriform fuel distributicn
and can be fabricated more quickly than those compacted after a separate
tube-filling operation. Densities of single rods continuously compacted
during loading, with fused UQO2, approach 90 percent of the theoretical
UO2 density. Preliminary results skow that similar densities can be
achieved in compacting seven rods at a time, with a suitable feeding
mechanism to add fuel uniformly to all tubes.

Radiographs of 784 closure welds on PRTR fuel rods revealed two welds
with defects. These welds have been repaired by rewelding. Tke yield
for the welding operation during the las*t three months has beern in
excess of 99.5 percent.

Sixty-two sets of 19-rcd fuel element end fittings have been fabricated
to date from Zircaloy-2 material. Fifty-one sets are of hign quality
and will be used on Class I fuel elements for the first PRIR lcadirg.

The remainder is teing used on Class II and Class IIT fuel elemerts and
short length fuel element irradiation clus%ers. Parts and sub-assemblies
are in process for fabricating the next *werniy sets of end fiftings.

The tanks used tc etch PRTR fuel »rods before autoclavirg were found +o

be slightly contaminated. To determine whether amny of the PRIR fueli

rods may be cortaminated, several autoclaved rods selected a® rardom

will be exposed to rnuclsar track film to dstermine the amount of corn-
tamination present. Witk this film, it is possible ©tc detect uranium
concentrations as low as one microgram of uranium per emé of fuel rod
surface. An exposure time of about five days will be required. A =cir-
tillation counter is being desigred %c routinely check all finishel fuel
rods. Using a courting time of about ter minutes, this instrumernt will _
detect uranium contamination concerntratione as low as four micrograms/~m~ .

An analysis of the major cost arecas associated with the development and

fabricatior of PRTR swaged UOp fuel elements was completed. Cost %rends
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started tc decrease sharply in June and July of 1959, ard leveled out
during *he last calendar quarter of 1959.

Fabrication Development. Experimentation to determine the feasibility

of febricating rested tubular fuel elements by vibration compactior is
under way. Iritial results are very encouragirg. Fused U0z was vibra-
tionally compacted to 83 percent of theoreticel it a three-foot secticn
of the outer Zircaloy-2 fuel tube. In this preliminary test, the clad-
ding tubes were welded %o the erd cap, tre fuel space was filled with UO2
and the assembly was vibrated. Coupling to the vibrator was accomplished
by welding a threaded screw o the end cap. The coarse fraction of the
UO2 mixture was composed of relatively small particles which do not produce
the highest compacted densities. Correct particle size distribution
should produce higher vibrated dersities.

Free-sink swage tests were mede on Zirceloy-2 tubes, 0.730 inck OD x

0.025 inch wall, manufactured by Wolverine, Superior, and Heraeus of
Germany. The swaged tubes were split longitudinally and the inside
surfaces were examired visually arnd with fluorescent penetrant for
evidences of cracking or folding as a result of swaging. The Wolverine
and Superior tubes were visually rough and exhibited fluorescent penetrant
crack or fcld indications. The Beraeus tubing was visually smooth and un-
marked and did not exhibit flumrescernt penetrant defect indications.
Metellographic exemination of sections of +he three swaged tube types
showed the Heraeus tube to be extremely fine-grained in comparison %o

the Wolverine and Superior tubes. Deformation bands were readily
apparert ir the large grains of the Wolverine and Superior tubss but

were absert in the Heraeus tube. Spectroctemical analyses and DPE
hardress tests are being made or each of +tke tube types.

Projection welding performed under Cortract DDR-70 was unsatisfactory.
The projectior punckes and dies Lave been modified and the weld schedule
changed to provide the desired results. Projection welding of the Zire-
aloy sub-asegeablies on the 19-rod fuel elemert ernd fittings will result
in a substantisl lsbor savirgs over the previous method cf rlug welding .

Tocling has beer fabricated to perform tre weldirg of Zircalosy end
fitting sub-azsemblics for Plutorium Metellurgy Cperation. The welding
will be performed or. the Sciaky resistence seam wslder.

Investigations of rigk energy impact forming of Ulz at 1200 C, using
Dynapek facilities were cortinued. A pellet was prcduced from
microrized U0y pewisr sealed ir & stainless steel capsule. The deneity
of *he pellet ras not yst teer determined, bu®t 1t aprears +5 Lave tne
usual properties of siztered TOo.

An attempt was made to increase the semsitivity of the gamms ebsorptometer
by decreasing the strergth of the gamma source. Mathemstical analysis

irdicated that small cnange ir dswsity would show up as & large change ir
reading if *hs incidsrt flux was decreased. Experiments Lave shown.
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however, that the opposite actually occurs. The cobalt-60 source was
shielded with lead ranging in thickness from 1/2 to 2". As the lead
thickness increases, the sensitivity of the gamma absorptcmeter de-
creased. The reason for this may be that the sodium iodide crystal
used as a scintillation detector is insersitive to small changes in
flux when the incident flux is very low. The gamma beam is now being
used unshielded. ' ‘

Fuel Evaluation. The ﬁost-irradiation examiration of an irradiated,
purposely defected, swaged UOp fuel rod revealed:

a. No washout of the UO2 occurred adjacent to the defect hole.

b. No visible changes were observed in the U0z adjacent to the
hole.

¢c. An estimated 150-200 ppm hydrogen was observed metallo-
graphically in the Zircaloy-2 near the defect. The bydride
is uniformly distributed throughout the cladding at that
point. The source of the hydrogen has not been verified.

d. A central void was observed in the fuel. Its appearance
was identical to that observed in swaged, non-defected UOz
rods irradiated to exposures in excess of several hundred
MID/T at the same heat generation rate.

Examination of the element will continue.

No fretting corrosiorn of wire wrapped, Zircalcy-2 clad, swaged UOp fuel
elements was detected in Radiometallurgy, after their irradiatiorn in KER
loops to an estimated exposure of 800 MWD/T.

Swaged UOo capsules attained estimated exposures in excess of 13,000 MWD/T
in MIR-ETR. No failures of swaged UOg have cccurred.

Basic Studies. Thermal conductivity measuremernts of 100 percent dense,
arc-fused UO2 Were temporarily suspended bhecause of erratic equipment
performance. Measurements will be resumed after vhe specimens have been
buffed and cleaned in a vapor degreassr and new, calibrated tkermccoupies
have been installed.

Various UOs specimens, including arc-fused single crystals, sintered
pellets, and sintered pellets containing a variety of additives know:
to increase sintered dersity, were fractured and ars currently being
examined microsccpically. An attempt will be made to correlate The
nature of the fracture surface with physical prcperties. Additicnal
sintered specimens containing TiOp, NtpOc or CaFz and UQz pellsts havin
a variety of densities were fabricated for fractographic studies.

An attempt was made to remove mechanical surface lefzcts from Zircaloy-2
tubing by induction annealing. A glass shroud housing a six-inchk copper
induction coil was used to position a 9/16" OD x 0.030" wall <tube in =
helium atmosphere. Temperatures above 1400 C were attained ir the tube,
The heat zone, however, was so wide that considerable sagging of tae
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tubing occurred. After five minutes at temperature, an oxide film
approximately 0.001" thick was observed on the tubing. Visual exam-
ination showed no change in size or shape of defects.

Stainless steel clad, sintered UOp pellets were fabricated for dis-
solution studies by Chemical Development Operation. Three hundred
feet of 1/2 inch OD elements containing sintered, unground UOo pellets
were delivered during January.

Corrosion Studies

Zircaloy-4 Corrosion Test. Initial corrosion rates of Zircaeloy-i re-
ceived from KAPL have been determined in 360 C deionized water, 300 C

PH 10 water, and 4OO C steam. Two 60-mil strips were received. One
strip was vacuum annealed at 750 C, furnace cooled and then rolled to
30-mil thickness. Coupons were then prepared from both 30-mil end
60-mil strips and exposed to the different test conditions along with
reference Zircaloy-2 coupons. The Zircaloy-4 showed corrosion rates
vary similar to the Zircaloy-2 reference coupons in both 400 C steam for
187 hours and 300 C, pH-10 water for 242 hours. In 360 C deionized weater,
the Zircaloy-l4 weight gain was approximately 2 mg/dm* greater than the
Zircaloy-2, after 240 hours. In all the test conditions, the Zircaloy-k4
coupons prepared from the strip which had been heat-treated and rolled:
exhibited lower weight gains than the Zircaloy-4# coupons prepared from
the 60-mil strip.

Aluminum Corrosion. Higk purity base aluminum alloys have exhibited
larger corrosion penetrations in 290 C than 360 C water. Perhaps re-
lated to this fact, x-ray analyses of 360 C and 290 C stripped aluminum
corrosion-product films indicate a difference in film composition: the
360° films appear to be basically alpha Al203 while the 290 C films are
alpha A1203 *HoO.

Ter.-day exposures in 320 C water show penetrations comparsble to those

for 290 C. Since, according to Ervin and Osborn J. Geol. 59 381-94 (1951),
there is a transition ir the steble oxide phase from alpha to beta-
aluminum oxide monchydrate as the pressure is increased past about

2000 psi, the 320 C %tests were run at two different pressures, above and
below 2000 psi, to determine whether the corrosion rate was pressure
sensitive. However, the ten-day results showed no pressure dependence.

One month results of pretreated high purity base alloys in 340 C, 32 fps
water have been analyzed. The samples were pretreated for twc weeks ir
300 C water. The total penetration of the high purity alloys is only
slightly less than for X-8001, but if the calculated penetrations during
Pretreatment are subtracted from the totel penetrations, most of the high
purity base alloys appear betier by a factor of about two.

Corrosiorn. of Alumirum in High Temperature Water. The test studyirg the
use of HNO3 as a corresion inhibitor for X-8001 aluminum at high tem-
Peratures has been evaluated. At 300 C and 64 fps, a rate of 0.50 mil/
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month was obtained in pH 4.5 HNO3 after 1500 hours. Tke corrosion rates

for 32, 26, and 21 fps were 0.35, 0.27, arnd 0.24 mil/montk under the same
conditions, : These ﬁaﬁawcontrast,withithe“rate&bfanQGfmil/month obtained
from pH 4.5 H3POL testing at velocities from 20 to 35 fps. On the other
hand, in high purity reutral pH water at these conditions, the corrosion
rate of X-8001 may be as high as 10 mils/month. In the HNO3 test a higker
corrosion penetration was noted on replacement coupons, indicating a
greater effect (than in the H3POL system)} of a lower ratio of fresh aluminum
surface to loop volume.

The test in KER Loop 4 of the radiatiorn stability of nitric acid was com-
pleted. Average concentrations encountered ir the loop water during
operation at pH 4.5 wexre: 1.7 ppm NO3— , 0.04 ppm Op, O.3 ppm BpOp, 1.0 ppm
CroQp~, «ud O.1 ppm POy=. The loop temperature was 170 to 190 C. The locp

- was charged with dummies during the test. Water clean-up was one gpm
through IR-120 catior exchange resin. Only occasional addition of acid
bombs was required tc maintain the acid concentration.

Aluminum coupons exposed in the mock-up tube appeared still bright on
visual examination, indicating very littls attack. Interference with
the oxygen analyses developed from the unforeseen formation of dichromate
but this was successfully overcome by passing the sample through ar. ion
exchenge resin.

A new test has been started in ELMC-6 using CO2 as an additive tc reduce
the loop pH to 4.5. During the conditiorning run large amounts of iron and
calcium were found in the loop water samples. The most likely source for
this material is crud deposited on the internal pipe surfaces over the last
few years. This probebly would react witk any HpCO3 tc form carberates and
bicarbonates which would be soluble in the lcop water. During this same
period, loop water samples would precipitate FenCz on aging. It might s
expected that FeCOa would air-cxidize to Fe»O» ard COz on standing. After
one to two weeks of condltlonlng, however, nc water quality problems existed
and corrosion testing of X-8001 and 304 stainless steel was starts4 ar

300 C and pH L.5.

Structural Materials Development

PRTR Process Tube Monitoring. Ssveral rondestructive test ejuipmernt manu-
facturers were contacted during the worth regarding equipmert and testing
methods for in-reactor inspection of PRTR pressure tubes. To date norns cf
the test instrumenis considered have obeen zuibj=cred tc gamma dose rates of
more than about 10° R, whereas gamma dose rates expected in the PRIR are
about 5 x 107 R/hr. Therefore, special congidersatior of possible ieterior-
atior of the ortical lenses, electronics circuitxv, and posszibly peizo-
electric materials, will be required. Efforts ars being made =o determire
whether substar*ial amcunts of Ho pickup can = jetected by ulnrasorics.

PRTR Jacket Tubing. Wclverine Tube Company iz zbcut %o start fabrication
on a new large crder ¢f PRTR Zircalcy-:4 jacket tubing. The first ingst,
16 inches ir. diameter and welghing 19CC pounds, is enroute Trom ~<hs
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melter to the forger The first extrusions should be produced early in
February, witk Aelivery of the first iubes about the erd of February.

PRTR Zircaloy Process Tubes. Ir the reprocessing of the 46 tubes wkick
tad unsatisfactory autcclave films, ell vaper blasting, pickling, auto-
claving, ard vestirg is scheduled tc be completed by the end of January.
Based upcr results tc date, it is expected that between 85 ard 90 tubes
will mee* all reguiremerie for structural integrity, autoclave film, and
the C.146 irchk mirimum wall thickness. Witk final straightening scheduled
for early February, 85 “ubes will be ready for irnstallation in the PRTR
by mid-February.

Rediometallurgy Leboratory Studies

Tre visual ard mecro examirnatior of & potertially ruptured UO2 fuel eis.
mert from GEH-4-40 showed ro visible defects or suspect areas. Metallo-
graptic examinatiorn of the Zircaloy-2 cladding around the defected UQp
fuel rod near the defect showed a uniform concertration of Lydridirg
arour.d the entire circumfererce.

Lengtlk ard diameter measuremerts were obtained on eight capsules of five
to 20 w/o Pu, Al-Pu ard Al-Si-Pu elloys, and alsc on one of the low
derzity UOp-Pulo capsules. The results and corclusions from these tests
will be reported ir correctior with the respective programes of Ceramic
Fuaels ard Poysical Metallurgy Operations.

Thermal Hydraulic Studies

Local Heat Trarsfer Coefficienve ir. 19-Rod Cluster. A test section was
vuilt whick car be used mo measure point heat transfer coefficierts or
the surfaces of the rods of & 1G-rod cluster. Experimentation with this
“es% sectior. i in progress. Preliminery conclusions from the date ob-
taired £o far indicare Thst & moderste varistion ir heat transfer co-
efficients will cccur. Tre experimental hea* treansfer coefficients
rarged fromw avour 900 5 1400 B/hw-£t2-OF, Ir general, the lower hes:
trarsfer ccefficients ars aszocimned with Those surfaces facing the large
flow areaz, witn vhose sw-faces facing the procesz “ube wall, and with
those surfaces herind & wire wrap.

PRTR Prcjisct Maragerer: axd Desigr.

Prase II1 PRTR Cortract. The Prase II1 ccontract portion of the PRIR is
TEG compieted wersus & scheduled 76%. Over-all PRIR project is estimated
¢ be €7% complete wversus & scheiuled 80%. Leak testing of the biological
shield lire~ awi cocling coils iF essertimlly complete, and heavy aggrs-
gass concrete placirg is eupscmed %o start the first week in February.

Leak testing of *he biologicel shield inner liner khas been completed
exceps for whe tlowout membranes ir the moaT cpenings ard the tuting
fitting seals 2

rot ds=lsy placs

r. wha rupture detection sample lines. These items will
mert cf <he biclogical skielid. Repairs to the B Cell
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liner cooling lines have been completed, and the coils are undergoing the
hydrostatic test. Hydrostatic testing of other penetrations in the B
Cell is in progress. Spot radiography of the few inner welds indicated
that these welds did not completely meet our specificaticns. No action
has been taken other than to make the welds leak tight.

The revised drawings for the electrical connections and piping ccnnections
on the helium compressors have been given to the Phase III contractor to
prepare a bid price prior to issuing ‘these changes as a contract change.
Should the contractor's price be excessive, the work will probably be ds-
leted from the Phase III contract.

The design of the mechanical portion of the rupture monitor system was
completed and submitted for approvel. A number of items on this system
are to be procured by General Electric and furnishked to the fabricator
to alleviate expected delivery problems. These include the sample flow
regulating valves, shutoff valves, and rctameters.

PRTR Stack Addition. - Contract work on the PRIR stack is estimated to be
§7§ complete. The contractor was given a stop order to withhold work
pending better weather conditions. This stop order was essentially agreed
to with no additional cost to the project. Essentially, all contract work
has been completed except installation of obstruction lights and back
filling.

Procurement. The fuel trarnsfer system has teen fabricated. Some tolerarce
discrepancies exist; however, operability of the sys%em will be determined
during installation ir the building because of the recessity for trimming
to fit the as-built building dimensions.

The Mosler Safe Company is completing *he final cleanup orn wall tlocks 1,
2, and 4 for the Fuel Element Examination Facility. Blocks 1 and 2 are
scheduled to be shipped by the end of January. Skipment of wall block 4
will await the completion of wall block 3, which is being clad. Blocks 3
end 4 are scheduled for shipment the first week ir February.

Fabrication of the twe sections of the FEEF contrcl console beizg maje Ty
Panellit has been completed. The sections are enroute.

Delivery of tke lers required for the FEEF wide angle viewer kLas ncw teen
scheduled for February 15, 1960. Receip® of the lens will permit *he
assembly and testirng of the viewer.

The ligkting fixtures for the Fuiel Elemer™ Examiratior Facili%ty have bDeer
received from *he verdoxr.

The supports for the shield portion of the FEEF were ircorrectly lccated
wher. the keavy aggregate shieldirg wall was poured. The contractor haz
submitted a proposed method, now under review, for relocatirg the suppor:

The calandria arnd top ani tottom primary shields ars complerted. Delivery

to the Phase III contractor is awaitirng the contractor's regquest for *hase

items. ’ '
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Fabrication of the standpipe modification to the pressurizer was completed
during the month and delivered to the Phase III contractor. This device
permits the attachment of liquid level control end alarm systems at a lower
level than would be possible by use of existirng nozzles on the pressurizer
vessel.

All the parts for the outlet nozzles have been received from Cherry-Burrell.
Fabrication and inspection Jjigs have been completed. Six nozzles have

been completed by J. A. Jones. These nozzles have beern inspected and
contain only minor deviations from the drawings. Some tolerance relaxation
will be required because of the condition of the nozzle parts as received.

Fuel Element Rupture Test Facility (Project CAHE-867). To date, rough draft
design criteria have been prepared on approximately 60% of the systems com-
prising the "rupture loop" including the test section, the main coolant
system, cleanup system, makeup system, and miscellaneous systems. Layout
of equipment in B Cell and ir the underground annex is being developed.

High Pressure Loop (Project CAH-841). Work on this project has beern
temporarily suspended pending approval of the project proposal.

PRP Criticel Facility (Project CAH-842). Total funds requested for
Project CAH-842 have besn revised from $310,000 to $360,000 in order to
incorporate additionel safety rods and possibly a moderator storage vessel.
These changes may require deepening the reactor cell from 26 to 32 feet
below grade plus provision of reactor support durnnege in addition to the
vessel and rods.

Analysis of the proposed light water assembly has shown that the design
case requires a large quantity of enrichment to drive it to critical.
Reactor Lattice Physics Operation will re-define the light water require-
merts so that a new assembly may be scoped for inclusion in the design
ceriteria.

Detailed design drawings of the critical facility building and services
Lkave been *transmitted from CEXU to HLO for commen*. The package lncludes
e detailed desigr. for the fuel transfer lock.

Design arnd Component Testing

PR-1 - Discharge Operation Mockup. Instellation of the fueling vehicle in
the 314 Building is complete and development work and testing started.

Both the bridge and carriage position indicating system failed during
iritial testing and are beirg revised.

Pressure drcp in the lower cask sectior was reduced from 11.25" Hg tc
&.25" Hg by the addition of the second air exhaust pipe.
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PR-10 - Primary Loop Mockup. The spare PRIR pump operated continuously
throughout the month for a total of 1250 hcurs. The high pressure seal
leak rate remained constant at £ 0.0l gph until after approximately 105C
hours of operation, when the rate increased to a maximum of 2.6 gph anda
the graphite seal temperature increased from a normal temperature >f 100 F
to 200 F. & waximum seal temperature of 320 F during a short pericd kas
been recorded. The Minimum £iywheel dowr time reccrded was 55 seconds a”
which time the seal temperature was 2u0 F.

The contribution of helium evolution to the rapid high pressure seal wear
during the former 2000-hcur seal test is not substantiated by recent ex-
perience. Helium was not present at the PRTR spare pump seal face during
the present test. The high pressure seal of the prototype pump, which
has had helium in the seal leaskage water for most of the 2200 hours of
operation, continues to operate with leakage generally less than 0.0l gph,
and no outward evidence of serious seal wear.

Pump vibration readings in the seal area are approximately 0.4 mil on the
prototype pump and 1.2 mils on the PRIR spare pump.

A lower balanced seal of 65 percent will be tested ir. the spare puamp upon
arrivel from the manufacturer. This seal will allow a higher leak rate,
as noted during a former 750-hour test, tut shculd not be as susceptible
to damage from vibration or shaft deflection as tke 70 percent balarced
seal.

The secondary seal operation has improved following the boring cut of tke
seal chamber vent and circulation port. The lesakege rate has teen ~trse
ml per day without any evidence of graphLite wear.

PR-13 - Injection Pump Test. R/M #1204, Ves-Flex packing of mclded rings

has been ordered for future testing. Universal Style #5835 packing, the style
presently recommended for PRIR service, bag been *ested av 1300 psig for

350 hours with the present leakasge of 5 ml/mir.. PR-13 will te reported
under PR-10, Primary Lcop Mockup on future reports.

PR-40 - Shim Control Mcckup. Operation of the mcekap i: complete, arnd a
final report is teing prepared.

PR-22 - Process Tube Thermal Cyclirg ard Pressure Testing. The operaticn
of the prccess ture has been curtailed during Tre -ssting of the fueling
vehicle.

Stainless s*teel shims kave beer oridsred for use in preverting possible
seizure of the Zircaloy process tuke and the stairnlsss steel outlet
nozzle. Skims are beirg ins“alled in the Single Tube Prctotype. ard a
test assembly is being fabricated for furtker seizure studies. PR-52
will be repcrued undsr PR-10, Primary Loop Mockup. on future reports.
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PR-64 - Gas Sampling Technigue. Tests with the prototype sampling system
have shown that a small excess temperature is required for the gas rota-
meter in order to prevent condensate plugging of the float. Condensate
formed when the rotameter temperature was kept the same as the sample water
temperature. The gases at 120 F are 12 percent water vapor hw -—->-——-

Test gas sample flows wexe compare2 with d8ta Dy Wiebe and Gaddy end are
in agreement within 10 percent at PRTR conditions of helium saturation.

PR-70 - Helium Compressor Test. The Vickers' pump has not operated suc-
cessfully at the Hofer compressor conditions. An original Hofer oil pump
with hardened steel sleeve and chromed piston rings has operated satis-
factorily for 300 hours.

PR-80 - Air Cooling Duct Test. Fabrication of the second duct is now 60
percent complete. Plans for installation and testing of this duct are
now complete. .

Speciel Tools. Drawings of the final reactor jumper wrenches are being
prepared for modified prototype models.

The outlet nozzle core sew is complete and will be tested on the fueling
vehicle following the present development tests.

Silicone Foam Testing. The initial prototype structural opening filled
with silicone foam leaked excessively following an extended test at 18 psi.
An interim report was issued with typical wire lesk rates included. A new
pour with silicone foam is scheduled.

Temperature Probe for Fuel Exam Facility. An arsenic trisulfide window has
been installed in the 100-K thermistor probe to replace the radiation re-
sistant glass window. A modification in the thermistor holder has been
made to improve the thermal resistance between the thermistor and the probe
body. An investigation of the transmission efficiency of the arsenic tri-
sulfide windows after gamms irradiations of 10°, 107, and 109 R is under
way.

Moderator Level Measurements. Preliminary study indicates that moderator
levels in the PRTR calandria (assuming a quiescent liquid surface) may be
measured to the nearest 0.0l inch and read out in the control room during
the physics startup tests. Availability and cost of commercial liquid
level indicators for this type of service are currently being investigated.

PRTR Primary Pump Flywheel Anelysis. In the event of failure of both BPA
and emergency generator electrical power, the flywheels and the moving
components of the pump-motor sets must sustein adequate flow until natural
convective flow becomes adequate. Arbitrarily, adequate flow is defined

as the primary coolant flow rate which is necessary to prevent bulk boiling
in the hottest channel of the reactor. Based on the reactor power decay
curve of Urntermyer and Weills, free convection becomes adequate about

2k seconds following & scram.
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Test runs simulating total electrical power loss were perfcrmed on a PRIR
primary pump in the 314 Building Laboratery. These tests stowed *that ths
duration of adequate flow as sustained by the presen: flywheel varied
with the total Liwe of pump operation. Over a 2000-kour operating perici
the time duration of adequate flow varied from about 115 tc SC seconis.
The corresponding decay times, i.e., the time from loss of elscirical
power to the time wken the flywheel comes tc rest, were atout three
minutes and ore minute, respectively.

A visual examination of the primary seal after 2000 hcurs of operstion re-
vealed wear on the graphite and stellite porticns of the seal. The stellite
member had numerous radial cracks over its sealing surface. Thes cracks are
believed to be due to thermal stresses induced by high frictvicrnal ener
release. An anelytical expression which includes mechanical friction has
been derived and found to fit the experimental d4ata to about 10 percent.

The calculations indicate that a 7.5-fold irnerease irn friction is irnvolved
in reducing decay time from three minutes ftc one minute. A thermocouple
placed in the graphite member of the zeal appears ~o provide arn irdication
of seal wear {@and reduced decay times) in the form of increased zeal tempera-
ture.

Assuming the validity of the Urtermyer-Weills power decay curve, the pressnt
flywheel assembly appears adequate. A greater margin of safety could be
obtained, however, if the moment of inertia of tke pre:ent flywheel was
substantially increased. The feasibility of doubling *he present flywheel
moment is currently teing investigated.

Design Analysis

PRTR Physics Anaelysis. Calculations of heat gereratior ir a self-shislded
PuO2 fuel rod capsule were completed. Tke neurtror flux was assumel %o
decrease exponentially into the rod. Althougr the validity cf this
assumption has been borrne out by previous P-3 ~alhula*10'= for solid Pu
rods, a more accurate transport analysis cf thiz problem Wl¢l ke carriel
out. Further efforxts are being made to Filize tos SNG code Foir problzme

of this type.

Prelimirary descriptions of critical reacwor 2xperiments for the Jrif
Test phase of PRIR startup are esseniially complets. Trege are teing
prepared for presertation to the Startup Council.

An evaluatior of the Fuiszl Element Ruptiure Test Facilisvy with regard to
FPlutonium Recycle Prograz ckjectives h g heen complstel. Results of To=
study indicate —hat the reactivity =ifect asscciated with whis loop will
range from 0.5 Tz +C.5 milli-k urde= nemmal cozditicns. Irmzertior cf a
kigh temperature al;"“'ll“-- for certair special Tesw: is egtimatsi
result in a reactivity loss of about 3.7 mlli-k. The results of this
study ave presentsd ir BW-63328, "Effsct of tke PRTR Rupturs Tes® Fa
on PRP Ohjectiwves "
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PRP Critical Facility Calculations. Physics analysis of several proposed
dispositions of fuel in the core of the Plutonium Recycle Criticsel Facility
has been completed. These calculations are concerned with the critical
fueling, in experimentally desirable arrays, of both the Dp0 and HoO moder-
ated cores. A generael loading pattern for either moderator consists of a
certral test region, an annular buffer region which serves to insure the
desired neutron spectrum in the test region, and an outer ring of enriched
fuel which drives the whole core critical because of its neutron-supplying
properties.

It has been found that the desired conditions may be met in the DpO moder-
ated core with minimal enrichment needs in the driver ring, using an eight-
inch lattice spacing throughout the core as planned for initial operation.
However, the HoO moderated assembly (four-inch lattice spacing) was found
to require a very large amount of enrichment to achieve criticality. A
positive result is the discovery that the driver ring must consist of fuel
of smaller redius and cells with a smaller H/U-235 ratio.

Preliminary calculations for the shielding covers to be placed over the
Critical Facility indicate that a four-foot thickness of iron aggregate
concrete (specific gravity greater than 5.0) should be used to obtain
acceptable dose rates during tests with irradiated PRTR fuel elements.

PRTR Safeguards Aralysis. A discussion of the PRIR Final Safeguards
Anelysis was held with Hazards Evaluastion Branch personnel in Washington
on January 5, 1960. As a result of this meeting, the final review of the
PRTR by the ACRS has been scheduled for January 28.

Process Specifications. The preparation of the PRTR Process Specifications
is continuing. About ten percent of the specifications has been issued in
rough draft form for review by the Startup Council.

PRTR Process Piping. Electric Boat Division of General Dynamics Corporation
wes requested to investigete expansion stresses in inlet and outlet Jjumpers
as & complemert to the current study of stresses in piping external to the
ring headers. '

Plutonium Febrication Pilot Plant

Full operational control of the 308 Building was established during the
month, and on Jaruary 29, the first full-scale "hot" work with plutonium-
enriched fuels was started. The canning and welding operations were
activated. Previous operations in the building had been with fully
Jacketed plutonium-enriched materiasls or dummy materials.

Work continued or installation of the sintering furnaces and completion

of the oxide fuel finishing line until Jenusry 22, when work was tempor-
arily suspended for a review of the expenditure of funds on this work.

The suspensior of work at this time will have little effect on the over-sll
schedule, since the cross-push mechanisms and atmosphere control panel
have still not been received from Salem Fabrication and Machine Company.
Plastering of the concrete block panels ig in progress.
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Installation of the Group 5 equipment was started Jarusry 18. Installaticz
of the hood exhaust line for the seccond floor is teing completed sz rapiily
as possible before contamination of the hood =xkaust system urnier fUll
process opersation of the building. Electrical ~hanﬂes preraratory tc

,..: -

erection of the plaster partitions are in progress. TInstallatisn i She
zirconium etching facility is in progress.

Salem Fabricating and Machire Company plant remaired on strike throughcut
the month. They shipped several items of electrical componernts for thp
sintering furnaces during the month, but no progreses was made crn the cro:
push mechanisms and the atmosphere contrcl panel. On January 2%, fte, wars
requested to immediately ship all components of the furnaces.unless they
could promise shipment not later than February 10 in a completed conditicn.

[ =had

The Atomic Energy Commission discussed a setilement of the Phase III coriimac™
with George A. Grant, and reached preliminary agreement on most iftems. They
have rejected his claim for $4000 for 13 spare hocd cortrcl panels orn the
ground that these were required under the specifications. The contractor
will appeal this item.

The Phase II contractor, Hoffman Constructior Company, reduced his claim
for extra work in finishing the interior ceilirgs, walls and flcors from
$125,000 to $35,000 in presenting hie appeal. Ths appeal is e%ill under
consideration by the Contracting Officer.

PRTR Operations

Forty-five of tke 53 design tests have beer submitted for final 2eszigr ans
operational review prior to presentatior for approval by the Startup Council
Procurement of special equipment needed for the “ests continued. Nine

critical teste and the introduction tc eight othar critical tests ware pre-
pared for review of the Startup Council. Addi+ional teet descriprions will
be presented to the Council each week un%til all 35 tests are reviswel.

As part of the second phase of their training., 12 Enginsering AssizTarts
are performing egqulpment inspection, procedure reviews and system "race-
outs on & two-shift basis. Six Engineering Assistarts are assignsd uo
Mechanical Equipment Development for training in +he 31s Building. The
remaining twc Engineering Assistants were assigned to Radicgraphic Testirg
Operation at White Bluffs to assist in tesfting PRIR process tubtes.

1

.
Ty

The Plutonium Recycle Critical Facility zcops drawings ard design
were reviewed and apprcved. The detail design of the PRCF transfer
was reviewed and comments issued. BRough drafts of four secmions of
Rupture Locp Design Criteria were reviewed-
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2. BASIC SWELLING STUDIES

Irradiatior. Program

Two types of capsules for irradiating uranium at & constant temperature

are currently under construction: a metallographic specimen capsule for
insertion into either the MIR or the ETR, and a swelling capsule for in-
sertion irto a HAPO reactor. The first attempt to assemble & metallo-
graphic specimern swelling capsule is now in progress. Assenbly of the
fourth genersl swelling capsule (containing four natural uranium spheres )
is in the final stages. Capsules one and three failed during bench
testing, while capsule number two was ruined by a faulty weld in the final
stages of assembly. Capsule number three operated satisfactorily for
approximately 50 temperature cycles between room temperature and 500-600 C.
Ar internal tempersture of 70O C was obtained with a 4500 watt heater input
before the last of the four thermocouples shorted out at the Swagelok
fittings used to seal the thermocouples on the inner NaK and uranium
specimen chamber.

The Swagelok fittings were eliminated in the fourtL capsule and the end
cap redesigred to permit welding to the sheaths of the four 1/16" aD
thermocouples. Repeated attempts to weld to the sheaths of one available
lot of AlpO3 insulated thermocouples were unsuccessful, but five out of
six MgO insulated thermocouples were welded successfully. X-ray diffrac-
tion and qualitative analysis of the insulation were used to positively
establish the type of insulation used in any particular thermocouple. The
Alp03 was in the anhydrous, hexagonal, stable alpha form, and the MgO was
pure in four of the six lots. The MgO insulated thermocouple that did not
weld was one of those that contained impure MgO. The reasons for the
differerce in weldability with the heliarc process of the two types of
thermocouples are not understood, but a comparison of the physicel prop-
erties of MgO and Al203 reveals that the former has & melting point of
800 C, while the Alp03 melts at 2000 C, and that A1p03 tends to become
conductive at approximstely 550 C, whereas the MgO remains a good insulator
to very high temperatures. Weldability tests on additional samples of
both A1203 and MgO insulated thermocouples will be conducted when samples
are available from verious vendcrs. Equipment for the in-reactor tests

of the capsule is being assembled, and upon completion of the bench tests
or: the modified versicr of *“he capsule incorporating the welded thermo-
couple seals, this capsule will be shipped for charging into a HAPO reactor.

Uranium tensile specimens irradiated tc high burnups and tested under
PT-3NA (a HAPO program to study irradistior effects on uranium properties)
were selected for density measurements. Specimens irradiated to 0.1 a/o
burrup decreased significantly in demsity from 18.92 to 18.T74 gms/cc after
+en-hour, single pulse anneals at 700 C and 800 C. However, these treat-
ments did not sigrificantly lower the density of specimens irradiated to
burnups of 0.065 a/c and lower. The effect of thermal cycling on density
was studied for specimens given three cycles through pkese transformation
temperatures. The resulting densities for different burnups and terminal
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cycling temperatures are as follews: 18.92 zm~/c"} C.02¢ a/o bﬁr:xp}
Loo-700 C; 18.78 gm~/cc, 0.065 afc burrup, L00-700 C; 18 .60 gms/cc
0.065 a/o burnup, 400-800 C; 18.38 gms/cc, 0.11 a/o burnup. 100-70' .
These specimens had extensive microcrack retworks at the surface, Thasr
fore microsections are being replicated o observe if n:*1c=atl~ zwelling
has alsc occurr=d.

Fissior Product Mobility

Diffusion of rare gases in urarium is being studied tc aid in the develcp-
ment of an understanding of pcre formation. Rare gases are inmroduced
into the uranium surface by electrical glow alscha*ge {sputtering) and by
ion bombardmert. The amount deposited under various experimental ceorditicus,
as well as the mcde of depositicn and tke iep*n of peretrs~iorn is prezently
being determined.

There are some additicnal indications +thet tThe xXenor analyses reportsd for
various segments of the disk sputtered for four days at €20 C may de re-
flectirg porosity a.i;o* stringer inclusion tha® were presert ir ths

origiral material. In the process of prﬂpamlng ~he surface zf a disk foxr
glcw discharge ir ths new system, several large Hxilde irclusicns were oh-
served that appearsd To be stringers rurming perpendicular to “he poclished
surface. This disk will te subjected “c glow 115c:arge at 620 C ir twc mx
cf xeron and = compariscr. of xenon corters will bs made between segmen«:
having stringer inclusicns =nd +those rov having them.

Pore Size arnd Diztribution

tical ard electror microscopy are teirg isel a
min*ng the size and distributior of porss ic i
in two types of specimers, crne wivh a burnup ¢
burnup of 0.29 a/o. irrsdia-ed at *empe”a*urc
studied as 2 funchion of post-irraiisticr anx

ID I Q)

Replicas of tks specimern witz C &1 ajc turrgp
880 C rave :115“:5 fi ex“:en'lv— ragding or =

purity irclusiorns e dizapyrsared, and verv lawc ;:?ei Witk e
large irterpore ~1='ancps arn observsd. Tte :umts?
cernible 1z muck smaller tharn the pumber stssxves
.afwer ammealirg 100 hours at 700 C. Ir arder =
Tirme at “empsrature on The *1=app=avar"a s oircliag

numbex 2f szmell pores presert, «p cimer witw O

anr=saled for ~rly ors howr av 88@ o

Shadowed regarive re g

spharical porss wivh reoin

4-_*;. clcf\ﬂ'v,ﬂ-‘: mcmrﬂ,c q»pg P.—w:"_
~at

of 400 pores have Tl
beirg aralyz aTgmizvic

s

degree and *ype <1 Flz=mcrnicn
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Solid Surface Tension Measurements

Investigation of the formation of fission gas pores in irradiasted uranium
has brought about & need for solid surface tension values of uranium in
the presence of inert gas at swelling temperatures. The solid surface
tension data are to te ottained experimentally by balancing the forces
pulling down on a series of five wires of uranium with the forces of
surface tension pulling upward. High purity three percent enriched uran-
ium was drawr. to 0.00105 inck diameter wire. Short lengths of the wire
(approximately one inch) were suspended, with weights attached, in a
furnace at 600 C in a purified krypton atmosphere. The weights were sel-
ected to bracket the point at which there will be no extension or contrac-
tion of the wires. The initial experiment was terminated after approxi-
mately 160 hours. The uranium reacted with residual oxygen in the sus-
pension system forming uranium dioxide. The oxide is quite brittle, and
the wires shattered between readings. No extension or contraction was
observed prior to failure of the wires. The system is being revised to
permit direct cbservation of the sample (formerly observed through a
prism), and to permit continuous gettering of the krypton atmosphere with
either hot calcium chips or hot uranium chips.

 Mechanisms and Theory

Mechanisms of inert gas pore nucleation in uranium are being eveluated.
Since most investigators consider this problem in terms of inert gas dif-
fusion, calculations are being made to evaluate the role of diffusion in
the nucleation of gas pores. It was previously poirted out (EW-63070)
that the nucleation of Xe and Kr pores in uranium by parent atom (e.g., Te
and I) diffus ion, precipitation and decay is & realistic possibility.

An alternate scheme for inert gas pore nucleation is presented below where
it is shown that nucleation may occur with no diffusion of either Xe and
Kr or Te and I. This is based on the popular belief that the critical
size rucleus of inert gas pores is quite small (< 5 atoms) due to the
limited solubility of inert gases in uranium.

It is knowrn that when dburnup, B, increases the concentration of fission
products increases, and the mear linear distance between fission gas
atcms will decrease.

The spacing decreases repidly in the initiel stages of burnup, but after
about 0.1 percent, a fairly constant condition begins to prevail. When
gas atoms are at average separations of 10 tc 15 atomic distances, normal
statistical fluctuations could conceivebly bring sufficient gas atoms
together t5 form a stable pore nucleus. Thus, volume diffusion would not
be required for nucleation. The above figures predict a temperature in-
dependent nucleation mechanism. To date, insufficient data exist for a
precise evaluation of this postulate, but it is noteworthy that e bresk
in the AV (change ir vclume versus B (percent burnup) curves obtained
by the British occurs between 0.15 and 0.25 percent burnup.
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It should be emphasiz=d tkat these conceprts apply only to the rucleazion
of pores and not to the agglcmeration cf large numbers cf gas atoms into
microscopically ctservable pores. These postulates concerning mechaniszi
are being used as guides for determirirg the corditions for future 1rrad-
iation.

IN-REACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

This program has teern initiated to establish the nature of changes caused
in the properties of structural materials bty reactor enviromment. Cur-
rently, the study of the in-reactor creer properties of Zircalcy-2 is in
progress. The problem of Zircaloy-Z creep is of importance due to the
ever increasing severity of conditions within operating and future reactors
where it is to be used for pressure cortainment tubing for the reactcr
coolant and as fuel element cladding. IT is not &t all certain thacs
mechanical property changes messured after irradiation will be indicative
of the changes induced during the period of irradiation. The retained
defects associated with residual damage way have entirely different =ffects
on the creep properties than will the instantaneous effect of a high
neutron flux. The cnly appropriate method of testing to determine the
property cf interest, those of the structural material while under irrai-
iation, is to make the measurements in tks reactor.

The irradiation of an in-reactcr creep capsule is in progress to determine
the effects of reutron flux or the creep rates of an annealed Zircaloy-2
specimen. A duplicate specimen is beirg festei in the laboratory Tc praviie
a direct comparison witk The in-reactor test. No creep was measured <t
either specimen at stress levels of 22,000 psi and ar 25,600 psi at tem-
peratures up o 525 F (274 C}.

During +ke month a firs: stage creer ware 37 1 x 1071 in/in/hr wa: ot-
served for the ex-reachor specimern; Lowever, tlhare was nc measurable

reep on the in-reactor specimen rnor second stage creep on the ex-reactor
specimen at 550 F (288 C) and 25,600 psi stress. The tast conditions
were altered fic 30,000 psi s*ress and SO0 ¥ {260 C'. Extenszion ir boto
samples is now a}parent but insufficient Time kas eiapsed t: estaklisn
creep “a*g The in-reactocr specimer. has novw accumdlated appreximately
1.2 x 101° pvt {fast), and all fearures of the capsul=s ani aszsccia~=d
instrumentatior are operating satisfactorily.

A second creep capsuls has been ordered with cervain changes maide in
specifications *o eliminate the shcertcomings of the prototype capaile
and increase the precisicn of the creep measurements. Tws additional
extensometers have bteen called for in tre seccnd crest capsule. Thsre
is an additional elsctrical variable reluctance sxtenzometar with higher
sensitivity Tu* shorver range ~c au mert tThe variable reluctancs ex-
tensometer of longer range and low sensitivity A direct readirg, mech-
anical extensometer that has beoth range and senzitivicy will alsc de s
in the capsule. A protctype model of the mecharical extensometer =uiza
for evaluatior tests has teen designed ard is bteing buil- n-:lte.

UNCLASSTFIES

12458203



UNCLASSIFIED ' A-kO HW-63740

One of the problems in the first generation creep capsule has been the
upsetting of the thermal balance as the helium pressure was increased

to provide the strain on the specimen. A literature search on heat
transport by helium revealed that the thermal conductivity of helium
increases siowly with temperature and is independent of pressure (one atm
to 45 atm), wkile transpert by convection is a function of temperature
and the square of the pressure. A test model of the creep capsule has
been designed and is being constructed to more accurately measure the
thermal transport properties of the helium gas. The model has been de-
signed to provide a flexible arrangement of geometries so the most effec-
tive means of baffling can be achieved to reduce the transport by con-
vection.

L. GAS COOLED POWER REACTOR PROGRAM

Gas Loop Project Menagement and Design (Project CAH-822)

The Struthers-Wells Corporation has submitted a request for extension of
the April 15 completion date of the "Phase A" package. A revised com-
pletion date is currently being negotiated. The newly established date
will be set to assure completion before the end of the present fiscal
year.

- A purchase alteration weas prepared to officiaelly accomplish Addendum No. 3
to the "Phase A" package. Approximate cost is $5000. Main provisions of
this addendum are tc prcvide emergency water to the blower jackets, to
provide a transformer in place of the emergency motor generator set, and
to provide rupture discs downstream of relief valves.

Has7elloy-X, on the basis of preliminary data, appears to be superior
for the gas loop service to any of the high temperature alloys currently
under test. It is now planned to provide a pressure tube and shroud tube
of Hastellcy-X in additicn to the Irconel pressure tube and Inconel 702
shroud tube previously planned.

Approximately 30% of the in-reactor section materiel has been received.

Design and Componert Testing

The nozzle closure assembly incorporating the dome seal was tested at
425 to 500 peig and temperatures ranging from 930 to 1050 F. Tempera-
tures were held this low because the assembly is made of stainless steel.
Leakage rates were from 0.06 to 0.10 standard cubic feet per day. The
gas used irn these tests was nitrogen.

Two flexible connectors were received from Perte Engineerirng. A mech-
anical device to flex tihe flexible comnectors while they are under
pressure and temperasture conditions has been designed and is 50 percent
complete. A device to snychronize the temperature and mechanical flexure
eycles during testing of comporents has been designed and is 30 percent
complete.
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Twe flexible hoses wers received from Avica. These were furnisheld at no
charge to replace previcus cnes that failed under high temperature testz.
Testing has started on cne of these connsctors.

Irradiation Effects on Nickel-Base Alloys for Gas Looped Facility

Nickel-base alloys are being considered for use as in-reactor structural
materials for the gas-cooled loop. Samples of the candidsie matesrials

will be irradiated in a side test hole at the C Reactor. Comparisorn o
mechanical properties cf the irradiated specimens with those ci unirrad-
iated control pieces will yield wvaluable data on the behavicr of these
alloys under anticipated loop operating conditicns. A graphite capsule
containing thin wazher samples of candidate alloys was sent to the reactor
for insertion during the next shutdown. This capsule will be irradiated
approximately ocne morth, exposed to the reactor gasecus atmosphere to da-
termine the chemical stability of the alloys irn this envirorment. Tensile
specimens for evaluating irradiation ard environmental effects on mecharical
properties of Incorel, Inconel 702, Hastellsy-X, and Hastelloy R-Z3E5 were
fabricated. Grephite capsules for these specimens were alsc fabricated, and
final assembly awaits *ke preparation of thermocouples for moritoring
specimen irradiaticr temperatures. The production test request authori-
zing the irraediation of these capsules was approved 1ur1ng the month.

Gas-Graphite Studies

Graphite Oxidaticr. Studies. Grephites of lcwer purity than F-purified
grades might be considered for possible use in the cooler, low-flux
regions of some moderator structures. Consequernrtly, the effects of im-
purities c¢n the graphize oxidation rate are currsntly o=1rg irvesrigated
in thermal oxidatiorn studies. using flOWl“g CCz av 7°C C

Thermal oxidation of neeile-coke CO g*aphife (n> P purification! continuei
to show rates about four +imes greater <har tihcse of CSF graphite at 7°C O
The average specific weight-loss rafe chiervel waz 5.38 x lC‘“ gm/gm/ %z .

Samples were preparsd from grapkite mais wi*h fire grairn cimrigsntal acke
(nc F purification) This graphitve is ar all-flour versicn of CC. Thears
appears to bz little differernce in the cxiis~ion raves of the pitch-
impregnated samplez. Lower density samples wivth n: impreg*atlcz {RX=1 i
are being ~xidized for compariscn. Samples of BX-= wivn g iifferens
denzity are alsc beirg ~ur. Tre all-ficur coks srp=ass To ~xidize ukéu»
twe tc thrse timse as fast as CSF. v effec N ! i 1+is
can be inferred from troe oxidation ra-ez for thes

Ancther needle-coks graptits with ne F rurificartion is being oxidized
This is pitern-impregnansi. 50 flour SP-22 graprite. The weign® los:
rate observed ir ficwing CCp at 75¢ C waz 1 30 x 107" gm/gw/hr. T iz
material has a dsnsirty of 1.67 ard = 4ih purityv of +0. %G. F-purified
samples of this marverial will be oxidiied Tor comparisor
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Hot Capsule Experiments. Eleven capsule experiments have been prepared
to evaluate dimensional stability of graphite similar to that planned

for the EGCR. Samples were taken across a 16" x 16" bar in both parallel
and transverse directions to give a stability profile. CSF graphite will
be used as a reference. Sample Temperatures will range from 450 to 600 C,
depending upon position within the reactor. The hot capsule experiments
will be charged into the MIR on January 25.

Air Oxidation Studies. Experiments are in progress to evaluate the effect
of variables of manufacture on the oxidation rate of the graphite. The
rate of oxidation of various types of graphite could be very important in
determining the life of a reactor. One variable which appears to have
great influence on the rate of oxidation is the amount of graphite im-
purities. An index of graphite purity is the dih value. BSeven samples
varying in density, dih purity, particle size and type of coke were oxi-
dized at 600 C with an air flow of 2.0 cfh.

The dependence of oxidation rate upon dih purity is best illustrated by
comparing SP-7 and SP-10 grephites. Both graphites have the same coke
source, particle size and density. Both were processed identically except
that a trace FepO3 was added to SP-10. This caused the dih purity to drop
from 1.1 to C.671 and the oxidation rate to rise by & factor of 3.k,

Oxidation Studies in Co-60 Irradiation Facility. The influence of cobalt-60
gammea radiation on the reaction rate of COp and graphite was observed at

700 C in a glass gas loop. A graphite sample was suspended in the lO6 R/hr
gamma flux and the weight loss was continuously recorded. The oxidation
rate was 1.0 x 10" g/g hr with a COo gas flow rate of 280 cc/min. When

the flow rate was reduced to 140 cc/min, the oxidation rate increased by

a factor ¢f 7.6. In the sbsence of radiation, oxidation rates were ob-
served to be independent of gas flow rate from 150 to 1500 cc/min. Addi-
tional oxidation experiments at higher flow rates are planned.

RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiation demage recovery is being studied for a number of metals; namely,
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stairnless
steel. Tensile properties, microhardness, electrical resistance, and x-ray
diffrection spectra are teing studied to determine the characteristics of
recovery mechanisms.

One hour isochronal arnealing treatments at 25 C increments were extended
from 300 to 350 C for irradiated and unirredieted specimens of molybdenum,
zirconium, and nickel. These anneals were conducted in vacuum, as contrasted
to the silicore-oil bath used for temperatures of 300 C and lower. The hard-
ness and electrical resistance changes followed the trends described in the
last report. Repeated yielding tests were performed on two unirradiated
molybdenum tensile specimens to seek an explanation for the abrupt hardening
observed betweern 250 and 275 C. These tests revealed a yield point et room
temperature whick did not reoccur upon immediate reloading. Subsequent
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annealing of the specimens for one hour at 250, 275, and 300 C did nct cause
strain aging. The molybderum stock used in this program has & higk carbon
content, approximately 0.06 weight percent. To determine if the observei
behavior was due to age hardening, specimens were solution trested at 900 C
and aged at 500 C for periods up to eight hours. Neo significant increass in
hardness or subsequent decrease due to overaging was cbzerved. Thesze *we
‘tests suggest that the hardening and decrease in resistance akove 250 C iz
due to an ordering process involving carbonr, such as occurs irn othker sllcy
systems prior to precipitation. If suck a process occurs, it is liksly that
neutron irradiation depresses the process tempe*a+'”e by about 100 C degrees
based upon the tempering curves for the irradiated specimens

E. CUSTOMER WORK

Radiometallurgical Examinations

Self-Supported Fuel Elements. Two additional self-supported I & E elements,
which hed been irradiated under the mos*t severe conditions, were examined.
No evidence was found of corrosicn damage +o the car wall under the suppert
tabs.

Micrchardness Tester. Installatiorn of the microhardnescs tester in D Cell is
proceeding smoothly, and cold shakedown runs are expected to start in Fsbruary.

Tensile Sample Cutter E-101. Fabrication, installation, and shakeiowr nper-
ation of the sample cuffer have been completei, and routine use of ths gachine
is in progress.

Lamprey Gas Sampler. An operating model of the Lamprey drilling umit, full-
size except for lergth, has been successfully tested employing an urirradisted
U0o fuel rod, l/a 1nch i diameter and eight irckes in length. A sta=ic vacuum
of lesz than 8 x 10°° atm was obtained both tefore and after 4rilling. This

is considerably tetter performance than has beer. sbtained previoualy with
older equipment, and it was accomplished oo the firest attempt. Decigr of a
full-length Lamprey drilling unit iz complete ard fabricaticn will negin soor

Metallography Laboratcries

Requests have beern received fcr electron micryographs ~f the tond interface of
coextruded samples of uranium clad with Zircalcy-2. Tke specimens vari=i
from 0.5 to ore inck in diameter, and some expsrimencatiss VAS LECESSary 712
estaklisn operating conditions for the cathsdic vacwun =<char +: j
ertire bord-irterfsce ares satisfactorily. Paxfilm replicas chrad
.cathod TACULL shcened specimens are shadow cast with Ulp arni »
gvaporatel carton. Upnr acetone ddssoluticn of the Faxfilm, the ca
tenlderncy o trear apart at the interface of the U-Zr bocd inrtsrface.
laboratcry techriques are being at<emptel to obtain usable replicas o
regicn
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equipment for annealing specimens. Some samples have been treated at
temperatures of 550, 478, and 423 C for various lengths of time end will
be analyzed in the near future tco determine the effect of heat treatment
cr. the size, shape and distribution of the silicon grains in the eutectic
alloy.

Samples'processed during the mentkh:

Total samples 436
Carbon replicas 25

Photograghs

Micrographs 224
Macrographs 69
Electron Micrcgraphs _20

: 313

Special Fabrications

Trans-Plutonium Fuel Element Fabrication. One hundred and forty-four co-
extruded fuel elements, containing a total of 12 Kg of Pu, are being
fabricated for the Savannah River Laboratory. The fuel elements are to be
in the form of rods, 0.95" in diameter by five feet long, and will contain
83.3 + 4.2 grams of plutonium. The fuel material is Al-7.35 w/o Pu alloy
and the cladding is Al (X-8001 alloy). Cladding thickness is to be 0.0LO-
0.120" and fuel core length is 55-5T7".

Ninety-four coextrusion billets have been cast to date. As ir the previous
fabrication, the billets were cast to size with one end configuration in
order to eliminate as muck machining as possible. Further development is
in progress in order to eliminate machining completely, concurrently elim-
inating most cf the scrap. The principal difficulty is feeding the solidi-
fication shrinkage through a restricted opening; however, this has been
overccme by pourirg and feeding through a refractory cup. Since removing
the hnot-top with a cut-off saw leaves a flat spot on the billet, some modi-
fication of the end configuration is necessary. The lead-end configuration
has been satisfactorily cast. Since the refractory cup greatly reduces the
solidification rate, this effect on plutonium segregation must be evaluated.

Closures are being made or the canned billets by the inert gas consumable
electrode process, at the rate of 12 seconds per weld. This method produces
e vacuum tigkt closure. The rotating mechanism is sequence timed to operate
ir. conjuncticn with the welding wire to deposit the same amount of weld metal
cr. each billet, :

Current status is as fcllows: 33 cast fuel cores, 16 machined fuel cores,
16 assembled coextrusior billets, and 29 coextruded rods.

UNCLASSIFIED
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Plutonium-Aluminum Alloy Pins for SROO. Savannsh River Plant has requested
6ixty Pu pins canned in eluminum. Several Al-15.8 w/o Pu pins were cast for
fabrication of the 0.032-inch cores to 30-mil wire. The pins were cast to
5/16", 3/32", and 1/16" diameters and will be extruded or drawn to final size.
Aluminum cens, 0.015" wall thickness, 0.065" diameter by 0.500" long, have
been fabricated, and welding procedures for the closures have been developed.

Fo r, Reactor and Fuels Research
and Development

JJ Cadwell :kb

UNCLASSIFIED
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

JANUARY 1960

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety

The nuclear safety evaluation of the Fuel Fabrication Facility (333 Building)
was continued this month. The study has now considered & fuel enrichment
range of from 0.95% to 1.10%. As an example of the magnitude of this range
of enrichment on nuclear safety, the minimum critical mass for rods of the
1.1% enrichment is about 60% of the value for 0.95% enrichment. The fuel
element design and the layout for the fuel cladding faclility are essentially
the same as in the past study.

A preliminary review of the fuel cladding facility indicates that the pro-
posed storage and processing areas will be adequate. Some spacing adjustments
may be indicated after the detailed 1.1% calculations are completed; however,
these adjustments will not require increasing the building size for the produc-
tion capacity now planned. In the autoclave area, the study shows that the pre-
posed 16 vessels, of 12-inch diameter spaced on 6-foot centers, are critically
"safe by geometry" for any loading combination of 1.1% fuel elements. The
designer indicates that the 12-inch dlameter may be increased to 18 or 20 inches
for reasons of economy. If so, the nuclear safety of the autoclave array will
be again evaluated. In any event, the over-all study will be continued as the
three and five region calculations, for 1.1% enrichment, are completed.

STUDIES RELATED TO PRESENT PRODUCTION REACTCRS

Neutron Temperature Studies

Comparison of the experimental data on lutetium with calculations using recent
cross section measurements from Brookhaven are being made. A full report on
lutetium is being written. ’

Work leading to meesurements of neutron tempersture in a lattice cell in the
heated TTR thermal columm is at a standstill, pending derivation of a detailed
program.

In the neutron temperature coefficient program, a new nuclear dats tape contain-
ing microscopic cross sections for 20 elements has been generated using a portion
of the nuclear data tape code. The complete code, which also provides for up-
dating the nuclear data tape, has been converted to the Monitor System. The
first two debug runs of this program have failed, apparently because of defects .
in the program loader routine of Monitor. The Data Processing Operation is com-
mnicating with IBM for explanation and possible correction.

1269210 DECLASSIALD
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Thermal Neutron Spectrum Near a Temperature Discontinuity

A psper on this subject by D. A. Kottwitz has been accepted for publication in
"Nuclear Science and Engineering.” There has been no active work on this problem
this past month because of temporary assignment cf personnel to other programs.

Multimaxwellian Group Analysis

Werk on FIT-1 has been temporarily suspended. This was done because of the back-
ing of foil data to be processed for the neutron rethermelization experiment;

it wvae felt that a less flexible, more immediately available, program was needed.
The latter program has been written and is belng debugged. In the process of
debugging the simpler program, an errcr was found irn the data being used as a test
case for both programs. It is possible that this error has been causing the trouble
with FIT-1. The run to check this possibility had not been completed at month's
end.

Neutron Rethermalization in Graphite Experiment

The experimental study of neutron rethermalization in graphite in cylindrical
gecmetry has continued through this month. The scheduled series of five irradia-
tions, each for a different set cf temperature conditions, was completed. All foils
which were activated in these experiments have been counted. Approximately 90% of
these data have been normalized and corrected for radioactive decay. The correc-
tion of the data for epithermal neutron absorption has just been started.

Theze experiments were designed to yield traverses of the activity of a "1/v" neutron
detector (copper) and of a near-thermal resonance detector (lutetium) across a
temperature discontinuity. The anslysis of these traverses should yield the magni-
tude and temperature dependence of the rethermelization cross section of graphite
ani the effective temperature of thermal neutrons near a temperature discontinuity.

The major portion of the traverses were made in a two-region system in the core of
the reactor, although the modified F, program will treat the entire reactor. The
two regions were a sclid cylinder of graphite 15 inches in diameter and an annulus
cf sclid graphite with an inside diameter of 16.5 inches and an outside diameter of
approximately 39 inches. The latter is uncertain only from an analytical point

¥ view. This is s0 since in the analysis of these data the fuel region of the
reactor will be homogenized and the "best" radii for definirg the homogenized fuel
region have not been decided. The two regions were separated by an annulus of lamp-
blazk irsulation which was contained between two 1/16-inch-thick eluminum cylindri-
26 shells. The insulation was 5/8-inch-thick. In all experiments the cylinder
wae either heated or cooled while the annulus was held near room temperature. The
ends cf the cylinder were insulated with 3/4-inch-thick disks of Foamsil.

Tre cylinder was cooled with liquid nitrogen. One end of the aluminum containment
for the lampblack insulation was sealed to form a cen around the graphite cylinder.
This prcvided a convenient method of ccoling the cylinder. The graphite cylinder
was placed in the insulation can and set upright outside the core. ILiquid nitrogen
waz then poured into the can. Voids in the graphite cylinder 5/8-inch-square and
running its full length were provided as temporary reservoirs for the liquid nitro-
gen as a means cf accelerating the cooling. The voids were filled with precooled
graphite after the cylinder had reached liquid nitroger temperature. Approximately

l26q211 - oy
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150 liters of liquid nitrogen were required to reduce the cylinder temperature to
that of liquid nitrogen (-196°C). Immediately after the cylinder had reached
-196°C the cylinder was placed in the core and irradiation preparation was started.
The detectors which were to be activated were in place during the cooling period.

The cylinder was heated with calrods in plaece in the core of the reactor. Twenty
calrods were placed in the voids (previously mentioned) in the cylinder. Upon
reaching the desired temperature the calrods were removed. The voids were refilled
with preheated graphite rods and irradiation preparations were started. All detec-
tors which were to be irradiated were in place during the heating period.

In all experiments the temperatures of the two regions were monitored with iron-
constant thermocouples and recorded. The approximate temperature conditions for
the five experiments at the time of the irradiations were 120°K - 270°K, 300°K -
300°K, 3100K - L70CK, 315°K - 670°K, and 325°K - T909K in the cylinder and the
annulus, respectively.

All detectors, both bare and cadmium covered, were irradiated simultaneously in
each experiment. Copper pins were used to obtain radial and axial traverses in
the cylinder and radial traverses in the annulus and reflector region of the PCTR.
Lutetium foils were used to obtain traverses in the cylinder and annulus. Gold
and lutetium folls were used to obtain radial traverses of cadmium ratios in the
cylinder and annulus. These cadmium ratios will be used for making epithermal
corrections to the bare traverses of lutetium. The neutron temperatures are cal-
culated directly from ratios of these corrected bare activities. .

The rethermalization cross sections are inferred by fitting the traverses of the
"1/v" thermal activity with a group diffusion model. The fitting of these data
will be done with F SUPER, & modified version of Fx written with neutron upscat-
tering in every region. This program is designed ;or two thermal neutron groups,
one for each experimental region, and a single fast group for all regions. The
program is to be used on the room temperature experiment (300°K-300°K) to estab-
lish the parameters for the fuel region. Values obtained in this analysis will
be used in subsequent anelysis of the four remaining experiments.

A peper "Neutron Thermslization Cross Section Measurements in Graphite" by R. A.
Bennett ard R. E. Heineman has been submitted for publication in Nuclear Science

and Engineering.
Instrumentétion and Systems Studies

Further work was done this month on reacter speed of control studies dealing with
the 0l4 reactors. The nature of these calculations was to evaluate the conser-
vatism of the assumptions used in work done several months ago. The document

to be issued covering all the speed of ccntrol work done in the last 6 months,
which is being co-authored with IPD - Reactor Physics personnel, is being held
up until the evaluation of the results is completed.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Exponential Measurements of lLarge Diameter Fuel Elements

Final material buckling values are available for one lattice using a tube-in-
tube and a 2.5 x 1.6 I and E fuel element. The final buckling values and one
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preliminary vaiue are listed in Table I along with other pertinent information.

TABLE I
Fuel Lattice B2 A Volume Ratios
Eliement Spacing (in) (10‘6cm'2) {inches) /U 8,0/ C/U
2.5 x 2.0 with 8 3/8 ary -50 1.50 0.493  -- 21.12
1.66 x 1.1
2.5 x 1.5 IoR & 3/8 dry -65 1.50 0.373 -- 21.47
2.5 x 1.6 with 8 3/8 dry -118 ¥ 0.305 -- 15.62
1.17 :

¥# Preliminary value using an assumed )\ of 1.66 inches.

Tre value of A listed is the measured side-to-side extrapolation distance. The
front~to-rear extrapolaticon distsnce was assumed to be 1.03 inches.

The final buckling measurement of the tube-in-tube dry fuel element at a lattice
spacing of 8 3/8 inches completes the series of measurements on that fuel element.
The crossover point is at a lattice spacing of about 8.25 inches with a carbon

to uranium ratic of 20.42. The crossover point is that lattice spacing at which
there is no change in buckling upor loss of coolant.

Herizental traverses heve been analyzed separately for a bare counter and a cadmium
covered counter. The results are listed in Table II. The shutter method was not
used ¢ only the difference in A is significant, not the absolute value.

TABLE II
Fusl Lattice A(side)
Element Spacing : in.) Counter
2.5 x 1.6 8 3/8 wet 1.37 ¢ .1 Bare
with 1.7 :
2.5 x 1.6 8 3/8 wet 1.38 £ .05 Cadmium
with 1.7 covered

Arcther horizcrtal traverse has been taken down the center of the tube-in-tube
fuel element in the front-to-rear direction. These results are shown in Table
ITT. The shutter method was used in this traverse.

TABLE III
Fuel Lattice A
Elemernt Spacing (in.) Position
2.5 x 2.0 8 3/& ary 1.4 Front half of pile
with 1.66 x 1.1 v
0.50 Rear half of pile
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The above traverse was taken to aid in checking the previous conclusion that the
front-to-rear extrapolation distance is constant at 1.03".

PCTR Measurements of Large Diameter Fuel Elements

The 2.5 x 2.0, -1.66 x 1.1 tube-in-tube experiment is almost complete in the PCTR.
In addition to the foils used r-the k,, f, p and ¢ measurements, lutetium foiisz
were used in a first attempt to use this technique in a lattice to determine the
neutron temperature at the cell edge, midway in the graphite, the outer edge of
the-fuel, and the inner edge of the fuel. Measurements are being made for both
the wet and dry cases. The wet case has a negative koy and a spectrum so soft
that it could not be matched even with lucite in the drivers and 36 DoO tubes in
the "flux-adjusting" positions.

The total radiation dose received by personnel while disassembling the fuel con-
taining the foils for the p and ¢ measurements has been reduced to a negligible
amount by removing the central cell through the front face and designing the fuel
assemblies to be quickly disassembled.

The response of the 2" x 5" crystal to the 60 Kev radiation from AR was flat-
tened with 1.5 mils of copper. This source is used to simulate the 100 Kev X-
rays from Pu39 counted in connection with the p measurement.

A Program for Analyzing PCTR Data

APDAC-I, the program for analyzing PCTR foil data, was put into limited producticn
use, under the control of the programmer. Several bugs were located and were re-
moved by changing the FORTRAN deck and recompiling. Shortly after one of these
program changes, the program refused to process a batch of foil data. As the
trouble is occurring in a section of the program which kas not been changed ir

€ weeks, the cause is not apparent. An examination of the data cards did not
reveal any errors. To check further, some test data, previously analyzed ccr-
rectly, was put in for processing. The results of this run are not yet avail-
able.

Exponential Pile and PCTR Experiments for the NFR

The final lot price for the graphite to be used in the exponential mock-up of
N-reactor has been received. The order is expected to be authorized after a
classification of chippage specifications is received from the vendor. Delivery
has been promised 12-14 weeks after receipt of the order.

For the PCTR experiments, one graphite vendor has specified a T-month delivery-
date and other bids are being sought. The orders for beoth enriched and natural
fuel have been placed. The goal for completion of these experiments will thus
be delayed a few months.

Instrumentation and Systems Studies

Analog computer results have been obtained for NPR power decay following a scram,
assuming (1) constant flow rate, and (2) constant average water temperature. The
study neglects the temperature feedback from the heat exchangers so the results
should be reasonably valid for at least the first 28 to 60 seconds following a

lzueziy DECLASSIHED
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scram. Results are currently being obtained from the computer for investigating
varicus startup techniques for NPR. It essentislly involves the calculation of
the varicus reactivity transients, i.e., Xenon, temperature; etc., for prescribed
povwer mansuvers. Plans are currently being made to program the NPR Heat Exchanger
System on the ccmputer.

All necessary development tests were completed on the detectors and circuitry for
the protetype NPR scintillation area monitor. The high-level probe unilt was
expcsed to gamma fields exceeding 500 r/hr with no damege resulting and with the
meter staying solidly off scale (upper end). A satisfactory nonlatching relay and
iight-flashing circuit was devised for the low-level unit. This flasher will be
activated when the low-level probe is exposed to gamma fields exceeding its set-
poirt fer alarm and will automatically quit flashing when the field diminishes
below set-point. The upper level alarm is the latching type and must be manually
reset. The low-level porticn covers the range from 0-500 mr/hr and the high-level
portion extends frem about 100 mr/hr to 10 r/hr.

Fabrication was ccmpleted on the prototype; logerithmic, three-decade scintillation,
bets-gamms 105-N area monitor and tests have commenced on the unit. Calibration
tests have tc be done, and the unit will alsc be tested for neutron response--both
thermal and fast.

Development work continued on the prctotype NPR Fuel Element Rupture Monitor.
A circuit was designed using filters tc improve, by 20 to 30 percent, the ratio
<f reading channel sigral to adjacent channel signal.

gtudy is being made of the spplication cf systems and methods for the simula-~
ticn ¢f reactors to the prediction of actual reactor cperation.

A preliminary study of the various methods of transfer function discovery now

in use Las been started. In particular, those methods which are adaptable to
machire computation with either amslog or digital computers are being studied to
dsvermirne when machine computation can be used to advantage in the determination
of system transfer functions. In addition tc the more familiar methods which make
use cf impulse, ster and siruscidal process disturbances, the statisticael methods,
whizh utilize the concepts cof power density spectra and the variocus correlation
functicns, are being studied. It is expected that these techniques will be useful

ir. tne development cf reactcr control systems, both manual and automatic.

Tne study of reactor kinetic equations continued. An error in the parameters
used ir the Litton DDA solutions was discovered and corrected. The new solutions
are of the same nature as before, but do not check the approximate theory as well.
Sime time was spent in attempting tc get better approximations, with some slight
succesg. It 1le now thought that round-off errors in the computer may be building
up toT high. This will be checked by getting sclutions on the GEDA soon.

Mecharism cf Graphite Damage

A sweep sysTerm is being designed that will move the electron Van de Graaff beam
8¢ ag 1o give a uniform dose patterr. on large samples.

Additional safety features for the electron Van de Graaff were planned and were

installed.
1269215 - . BMHED
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STUDIES RELATED TO SEPARATIONS PLANTS

Criticality Hazards Specifications

Nuclear safety studies concerning the design of a dissolver for non-preduction
fuel elements were continued this month. The safe parameters for a dissolver
capable of handling 5% enriched uranium metal or 5% enriched uranium oxide were
determined and submitted to the Process Design and Development Operation. This
particular dissolver vessel would consist of a long, square barrel which would
contain a square canister or basket insert. The insert would contain whole or
chopped fuel rods. The conditions under which this dissolver design would be
critically “"safe by gecmetry" are given below. These conditions apply to a single,
fully reflected vessel isclated from other vessels containing uranium and/or plu-
tonium by at least 12" of concrete or equivalent.

a) The dimensions of the canister or basket insert for unlimited height, should
not exceed 6.2 in. x 6.2 in.

b) The barrel size should be such that when the canister is centered inside cf
the barrel, the annular space between the barrel and canister will not exceed
one-half inch; it is not necessary that the canister be centered in the barrel
during actual operation.

c) The canister should be constructed of material containing neutron absorber
equivalent to .020 in. of cadmium.

This latter condition is being considered in order to obtain a suitable safety
factor for the case of metal rods. While further study may show that safety can
be assured without the absorber, the absorber will be specified until additioral
deta are obtained to indicate otherwise. For the case of UOs rods or sclution,
the absorber is not needed.

Plutonium Critical Mass Laboratory

At the end of the month, Project Engineering listed the facility constructiocn as

67 percent complete compared to the scheduled 61 percent. The corresponding figures
for that portion ccvered by the fixed price contractor are 67 and 81 percent.

For G-E englneered and purchased equipment (control and instrumentation, prccess
system and equipment, etc.) the figures are 51 percent complete against a sche-
duled 65 percent. There has been no further definite word on delivery of the con-
trcl panels and instrumentation system which were due the middle of January. The
reactor room hoocds have been received and await preparation of the reactor room

for installation. :

Actual construction cf the building is essentially ccmplete, with most of the work
during the month concerned with the installation of services and fixtures. The
heating system is operating and the main electrical service has been cut into the
new line tc the buildirg. The reactor room was completed with the last concrete
poured in placing the frame for the large door. Application of the fiberglass re-
inferced lining of the reactor room interior has started.

Work has started on the design criteria for two control components necessary to
extend the startup configuratiors to clean, water reflected systems. These com-
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pcrernts are:
a) A drive system for a control rod to be operated in the reflector, and

©) A system providing a remotely controlled, water-filled piston to provide
a top reflector for cylinders.

The specifications for a split-half critical assembly machine have been drawn.

The design will be carried out by Facilities Engineering Operation. This machine
will be used to perform critical experiments with the solid fuels presently belng
developed to explore critical phenomena in the H/Pu ratio range of 5 to 30. The
-machine will consist of a fixed table and & movable table. Fuel will be stacked
upon each table and the two halves brought together by remote control. The machine
will share the power and monitor channels of the solution critical apparatus.

In the development of data analysis systems, a series of problems, representing
sciuticns used in the P-1l experiments, has been run using both C-3 and P-3 codes.
The calculated values of the multiplication factor (k) has been too high in each
case. The effect of assumed reflector saving will be explored as well as the

¢f the varying concentration upon the spectrum sensitive cross sections. To im-
plement the latter effect, the nuclear data tapes for program C-3 and program F-3
are being revised. The new data tape will contain a matrix of cross sections for
the thermsl group so that by interpolation of both temperature and concentretion
a mrcre realistic thermal group average cross section can be obtained. Negotia-
ticns are underway to obtain from Atomics International a group of more flexible
nuciear codes for the IBM-709 computer. These will include kinetics codes;
mitigroup diffusion codes, and multigroup transport theory codes.

Experiments with Heterogeneous Systems

ritical apprcach and exponential experiments were ccmpleted for the 0.175-inch
dismeter rods of 3.063 percent enriched uranium. The rods were 23.5 inches long.
Tney were encased in 0.025-inch wall lucite tubing. Measurements made this month
were with a hexagonal lattice spacing of 0.375 inches. This spacing has a
Ho0/U volume ratio of 4.06. A value for the extrapolation length, A, of 6.91 em
was calculated by equating the bucklings from the critical approacg and the expon-
erntial measurements. This equated buckling value was 14,121 x 10~ em-2, The
critical mass for spherical geometry was 257 lb.

An extrapciation length of 7.5 cm for the 0.300-inch lattice spacing was esti-
mated from the extrapolation of the plot of A vs H20/U volume ratio. A buckling
value of 11,477 x lO‘6 cm-2 was calculated from the exponential measurement mede
last month using this value of A.  The critical mass for cylindrical geometry is
zaslzulated tc be 560 1b.

From curves of the buckling vs HpO/U volume ratio the mm buckling for the
0.175 inch diameter rods was estimated to be 14,400 x 10~ cm-2 and occurs at a
Hy0/U velume ratio of about 5.3.

Experiments with Homogenecus Systems

The measurement of k, for homcgeneous U0z systems (3% enriched) had been prev-
icusly performed at nominal H/U atomic ratios of 40, 4L, and 48. The values of k
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from these experiments d4id not agree with previous data and it was suspected that
the mixtures in these samples were not uniform. Chemical analysis verified this
agsumption. Because these values of k, were not valid at these H/U ratios, the
experiments were re-run and gave the following results:

B/U Atomic Retio K,
43.85 0.996
47.98 0.955

These experiménts have verified the previously extrapolated value of the "cross-
over point" (point at which k, = 1) which had been extrapolated to an H/U atomic

ratio of L.

Critical Mass Theory Development

The program to calculate the solutions to the reactor kinetic equations has been
run using input numbers close to a set giving a simple analytical solution.
Exactly equivalent numbers could not be used because of certain characteristics
of the program. The comparison was quite encouraging. At present the program
is being run with more realistic data corresponding to an analytical solution by
Triplett in EW-32346.

The program to calculate the fast and thermal leakage from bare subcritical plu-
tonium solutions has been tested successfully on one representative case. At
present more consistent data for input to the program are being compiled.

Mass Spectrometry

The instrumentation of this spectrometer was continued in use for development
work on the ion pulse counting system. No customer service for isotopic analysis
with this mass spectrometer was requested. The original sapphire insulators in
the ion source of the spectrometer were replaced with quartz insulators in an
attempt to reduce the electrical leakage encountered in the source.

NEUTRON CROSS SECTION PROGRAM

Absolute Fission Croas Sections

Measurements which have been made at Hanford in the past on the fission cross
section of Pu24l have been re-evaluated. In this review the most recent informa-
tion published on the U‘35 fission cross section was used as a standard since iz
the Banford measurements the calibration of the ngutron flux was originally made
in terms of either this cross section or the Auld capture cross secticn. In the
course of the review it was discovered that the weight reported by Analytical
Leboratories for the sample of 96.6 percent Pulkl was in error, and & new value
was calculated from the original alpha count data. The standard U230 fission
cross section was taken tc be (590.8 % 5.4) barns at 2200 m/sec. The 2200 m/sec
fission cross sections of Pu24l measured at Hanford were evaluated tc be (956

+ 43) barns from recent measurements with the 96.6 percent Pudl sample and

(941 £ 46) barns from an older measurement with a 19 percent Pulltl sample.

1209718 | | “imm
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N> fiszsizoo f:lls were reczeived from off-site for interccmpaeriscn fission counting

Sicw Neutron Fission Cross Section

A zmeil BF: chamber was carefully remounted on the 105-DR crystal spectrometer
for use as’a peutron flux menitcr for fission cross section measurements in the
realnancze energy regicn. The chamber efficiency was determined relative to the

gtandard boron chamber from comparison measurements made at 0.8, 0.4, and 0.3
ev. Tne weighted efficiency was (lLk.2 = 1.1) times the boron chamber efficiency

Tre beam shutter for the 105-DR crystal spectrometer has failed to operate several
times recertly. A determinaticn of the trouble with this shutter will be very
difficiit and can only be attempted during a reactor outage. A new drive moter for
the shutter has beer ordered for stand-by in the event of ccomplete failure of the
shutter.

Sudbthreshold Fission

Twe foilz of e sample of enriched U¢3h have been prepared for fission measurements
by Arsiytical Laberatories. The weight assay of these foi%g by al counting has
nct been completed. The deposition of fission foils of Ue is also in
Frogress. Attempts to electrodepcsit a semple of Pad3l (by Chemical Instrumenta-
tion) kave not beer successful. It is anticipated that a useful foil can be pre-
pareé by painting. '

Slow Neutror Scattering Cross Sections

Tre "soft mold" technique of growing aluminum single crystels for the study of
neutrorn. morothromstors for the crystal spectrometer was used to produce an alumi-
vum ingot with several large grains. The study of the neutron diffracting proper-
*1e= of LWD of these graines revealed that crystals grown in this manner have & much

Ligher degree of perfection than the crystals previously grown using & large tem-
pcrat re gradient and sclid crucible. The measured peak reflectivities of these
crystal grains were about 25 percent with engular widths of 0.03 to 0.1 degrees.
Tris is the type of crystal whick is necessary to increase the intensity avail-
acie in the neutron scattering experiments.

Ore of the reutron beam shutters for the 105-KE spectrometer which has been un-
reiistle in the past has now jammed in the open position. No attempt can he mede
t¢ repair the shutter until the spectrometer shielding is removed during a reacteor
cutage. .

Fast Neutron Spectra

A new cranbsr fcr the snelyzing magnet on the Van de Graaff has been designed

ard iz peing fabricated. The chanmber is designed to circumvent some of the prob-
lems erncountered in the continuing realignment of the beam optical system by
prceviding uniquely-determined rigid positicning of the beam-locating electrodes.
Trne new chamber will also provide for obtaining energy stabilization of the
azcelerator using the molecular icn beam. The energy stabilization slits will

te lccated behind the shieldirg wall. This will eliminate the necessity of catch-
ing cz the target side ¢f the shielding wall a large fraction of the chopped atomic
icr. bear for energy stabilization and will, hopefully, improve the backgrounds en-
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countered in time-of-flight work. The instrument panel fcr the beam-locating sys-
tem has alsc been designed and fabricated. The 60-cycle sweep chassis for pre-
senting an cscilloscope display of the slowly swept beam on the target has also
been prepared for use.

Irradiation Cross Sections

The work on this program has been confined to developing the ilon counting system
of the mass spectrometers to the desired performance level.

Activation Cross Sections

The lutetium fcils which were prepared for activation and total cross section
mea.surements were not satisfactory so no further activation measurements have been

made.

Measurements were made of the transmission of neutrons through a thick single
crystal of beryllium to study the possible use of this crystal as a filter to
remove higher order neutrons in a monoenergetic, low neutron energy, activation
irradiation. The second order component in a 0.05 ev neutron beam could be re-
duced to about 2 percent which would be satisfactory for some measurements. The
crystal was not of sufficient thickness, however, to be used at 2200 m/sec.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Lattice Parameters for Lcw Exposure Plutonium

PCTR experiments on the 1.8 w/o Pu-Al 19-rod clusters in an 8-3/8-inch square
graphite lattice with air coolant were completed in late December. Analysis
of these data is pearly complete.

An approach-to-critical was made with the unpoisoned core loading, as in the
case of the 10-1/2-inch lattice. The reactor was made critical with 10 standard
drivers located symmetrically at about a 50 cm radius, and all leveling rings

at 3 inches. Upon moving all leveling rings in to O inches, the reactor was
made critical with 8 drivers.

Some difficulty was encountered in hardening the spectrum at the ends of the
core to provide adequate longitudinal flux leveling for this lattice. This
problem is expected to be more severe when the 6-1/2-inch lattice experiments

begin.

Three irradiations have been performed using the TTR internal thermel column
with rotetor to ncrmalize the plutonium and uranium fission foils used in the
10-1/2 and 8-3/8-inch experiments.

Mass spectrometer analysis of the plutonium contained in the 1.8 w/o Pu-Al fuel
rods has yielded the fcllowing isotopic percentages:

1266220
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Pu-239 9L.256
240 5.345 £ 0.055
2ul 0.399 = 0.009
242 0.025 (estimated)

lattice Parameters for High Exposure Plutonium

N: definite word has been received ccncerning the procurement of the 20% Pu-240
meterisl. A possibility exists that the scrap from the Division of Military
Arrlicaticrs work will be made available.

Irradiatior. of the MPR-type Pu-Al elements is continuing in the ETR toward the
u% Pu-zLO goal exposure.

Iattice Parameters for Self-Shielded Fuel Elements

The goal of specifying the fuel elements to be measured in the PCTR has not been
met.. Tnerefore, the goal of completiorn in September 1960 will not be met. Fuel
element specifications will not be forthcoming until calculations of the neutron
prcperties point out the general features of such fuels.

PRTR Startup Experimerts

Tre firsl drafts of a1l the approach-to-critical experiments, except the one
with & high spike enrichment, are written and have been distributed to the members
<f the Startur Council for approval.

A rough draft of the approach-to-critical experiment for the loading which con-
tains UG U0, elements surrounded by 36 Pu-Al elements has been prepared. This
lcading is expected to be critical with all the shim rods out cf the reactor and
the moderatcr at full height before all of the 36 Pu-Al elements are loaded.
Therefors, it will be necessary to insert the shim rods during the fuel loading
prozess in order to control the excess reactivity of a fully loaded reactor and
a high mcierstor level.

Tne lcading for this experiment will be such that the inner radius of the Pu-Al
arrilus will remain constant (i.e., always 49 UOo elements in the center). The
raher of Pu-Al elements in the annulus will vary from 18 to 36 elements and data
wiil be taken to determine the critical levels for the lcadings in which the
anrulus comprises 18, 24, 30, and 36 Pu-Al elements. The Pu-Al annulus will be

v2 thkz annuius.

Irfermation obtained from this experiment will be used to define an initial full
pewer loading which will allow criticality to be reached with a meximum number
2 Pu-Al elements and the mcderatcr level near full height.

The Critical Facility cf the PRP

The second draft of the Design Criteris was reviewed and recommendations to
include withdraweble control rod and moderator dump features were incorporated
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in the projecf proposal.

The differences in the general appearance of an Hp0 or D0 moderated reactor
limit the complete flexibility that has been strived for in the design of the
Critical Facility. As a result the purpose and scope of the experimental pro-
gram was reviewed and decisions made concerning which types of experiments
should have first priority. These decisions were made to determine which direc-
tion the design should progress in order to accomplish specific experiments.
Reactivity measurements of irradiated and unirradiated PRTR fuel elements in a
D0 lattice and experiments to provide information for planning fuel loadings
for plutonium recycling reactors using DpO or HoC moderator were considered most

important.

Design changes which allow these experiments to be more easily accomplished and
other experiments with lower priority to be conducted with modifications which
would be made later were worked out in cooperation with the designers. Control
rods of the "shutter" type will be available for reactivity measurements and rcds
of the "gravity-drop" type will be available as safety rods and for control of
experiments in which a clean, unpoisoned lattice is required. Modifications or
additions may be required later for specific experiments. Fuel element templates,
fuel element hangars required for a special loading, or special fuel and contrcl
elements are typical of the modifications or additions which might be required
after the facility is built.

Critical Mass Studies on Plutonium Systems - Suberitical Experiments with Plu-
tonium

In support of the Plutonium Recycle Program, critical mass data are needed for
Pu-Al alloy fuel elements. These data will be of use in the preparation of
nuclear safety specifications for the handling and processing of this kind of
fissile material. The critical mass data will also provide desirable check points
for correlating critical mass calculations with experiments for heterogeneous Pu
systems.

Approach to critical experiments are presently being conducted with 5 wt. percent
Pu in Pu-Al alloy rods. These experiments are being conducted in the TTR reactcr
rcom using the vessels and safety systems originally set up for the 3% heterc-
genecus uranium experiments.

The Pu-Al alloy core has a .506" diameter and is 24" long, with a cladding of
Zircaloy-2 having a wall thickness of .030". One end cap is .020 inches; the
other is .125 inches. The over-all dimensions are, therefore, .566 inches in
diameter and 24.255 inches in length. The average rod contains 11.0l gms. cof
Pu; and has an Al/Pu atomic ratio of 168.2 and a Zr-2/Pu atomic ratio of 134.05.
The isotopic analysis of the Pu is:

Pu-239 94.09 .
2140 5.33
211 0.55
242 0.03
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Ir an effort to determine the minimum critical mass for these systems three
lattice plates were made for preliminary experiments. Other lattice plates will
be made when these preliminary experiments are completed. The following table
lists the data from &ll experiments to date (critical approach and exponential
experiments).

H/Pi  Volume of Hp0 pattice No. of Rods Pu Mass  Min-Pu 5
Atq@¢c Volume Spacing for in Crit. Mass B
Ratio  py-A1 core Inches Aecm Crit. Cyl. Cyl. Kem. Kgm em=2x10-6
582.6 - 3.06 1.0 7.86 170.1%+.3 1.873+.003 1.531+.003 10748+50
755.1 3.96 1.1 7.34 166.5+.1 1.833+.003 1.530£.003 10107+20

The value of A, the extrapolation distance, is obtained by equating buckling expres-
sions for extrapolated critical size, from the critical approach measurements and
the exponential measurements on these systems. An effort will be made to measure
the extrapclation distance in the axial direction; however, the radial extrapola-
ticn distance cannot be measured as easily as the axial extrapolation distance
because of the small radius of these systems. The "built-in" source of spontaneous
fiszion and (q,n) reaction in the Pu-Al fuel allows easy measurement of the axial
flux and the size is large encugh to give reasonsbly small errors.

Additional measurements have been made in these systems using U-235 and Pu fission
chambers for possible future temperature effect measurements.

Piutonium Contamination Incident - January 20, 1960

During the loading of the l.l-inch lattice in the criticality studies, the escape
cf scme Pu from the canned fuel elements was detected. The monitoring procedures
provided rapid detection (within 4 minutes) and prevented the inadvertent spread of
contamination tc other nearby areas. The contamination was contained wholly in

the TTR reactor room. The apparent events leading to the contamination are:

a) The rod end-cap was machined too thin.
t) The rod was numbered on the wrong end (thin end) with a vibrating tool.

The rcds were etched with a solution of hydfofluoric and nitric acids prior
t¢ shipping.

€
e g

4} The etching solution apparently leaked into the element through holes opened
during the machining and/or nunbering causing corrosion which then escaped.

e) The rod was placed in a plastic bag which accidentally, but fortunately,
sealed itself, and the bag remained sealed for the approximately 2 months
¢f storage prior to the rod'suse in the experiments.

f) The physicist conducting the experiment removed cne glove to tear the plastic

at the point where it had sesled itself and his bare hand became contaminated;
also his clothing and other material and equipment handled subsequently.
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The contamiration was detected in a routine hand check when that loeding cpera-
tion was completed.

g)
k) The seccnd thysicist present received minor contaminaticn from equipment hardled
after the first physicist.

Personnel decontamiration was readily achieved; however, z days were required to
decontaminate the TTR reactor room and equipment. The rods are now being mcrnitored
individually as they are remcved.

Instrumentsticn and Systems Studies

A measurement of tke PRTR prcmpt neutron lifetimé is desired during the PRTR start-
up tests. Tke prompt neutron lifetime affects the frequency response of the reacter
in 2 known manner. Tkerefore, the method of measurement involves obtairinz the
response of the reactor in tkhe frequency range which is modified by the prcmpt neut-
ron lifetime. The range of interest has been calculated to be centered about 1.5
2ycles per second. The proposed method of frequency respcnse measurement utilizes
the statistical variaticns cf the reactor neutron flux during steady state opera-
tion. Two methcds of cbtaining reactor frequency response from the statistical
flux variations have beer reported. The reactor frequency response is propartiznal
tc the square rcot of the power dersity spectrum cf the statistical data. The
power density spectrum may be obtained directly by using suitable narrow-band
filters and ccmputing circultry, or, indirectly by computation 2f the autccorrela-
ticn functicr of the statistical 3data and subsequent Fourier transformaticn +3
yield the pcwer dersity spectrium. The accuracies of the methods depend cz saveral
factors which must be investigated further. Greater ccnfiderce in the resudits of
these tests would be obtained if an independent methcd of measurement wers used as
a ckeck. Impulse, step and siruscidal disturbance methods are difficult to make

cn PRIR at the frequencies of interest. However, the possitility of makirng scme
form of disturbance test will be investigated.

A cimputer program khas been started for study of the gas 1sop. The szize =F +he
Frocblem requires that the computer study be delayed urtil the rew ccmputer is in
cperaticn.

Acceptance and evaluation tests were completed cn 150 phototubes and &7 Nal crystals
tc be used in the Fuel Elemert Rupture Detectiorn System. OFf the 150 photzvtubes,

94 were completely ac:eptstls and 1€ were deemed useful for “emp:srary repla::zment.
Teirty seven <f the eightiy-sever Nal crystals were defective and will have t2 e
replaced.

Graphite bearings for the Wide Angle Viewer have beer desigrei tc replace the
grainiess steel ball bearings whizh we have been ursble tc cbiain. The six non-
darkening relay lerses will “e shipped by February 25 from Simpsor Optizal Compary
irc Chicagc. The company kad tesn on strike since QOctober; fabrication =f thesze
ienses in the Optical Shep weuld hsve been necesszary had the strike not ernded.

Tw> samples of As.S, glass ars teing irradiated tc 106 R, 167 B, 10% R, and 209

R and the spectral fransmissisn frez L7 to 12 micrers 1is teing measured for esczh
expcsure. The t2sts are beirg made +c determire wkether this infrared Sransmit-
tirg material darkers fror garms rediation. Lenses arni windows of ASgS3 ars being

used on probes whizh will measure the temperature cf PRTR fuel elements?
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NCNDESTRJICTIVE TESTING RESEARCH

In the broadvard eddy current tests, the existence of the difference predicted

Ly Thecry between signsl changes due to unbonded fuel element Jacket thickness
variaticrs and those due t¢ jacket-to-core gap variations in the broadbhsud test
bteirg developed have been rezcnfirmed. The difference ie very Small, and al-
though It can be observed when viewed with an oscilioscope, its use in the dis-
crimirs*ticr. between the two thickness variables has not been obtained at the out-
put ¢f the equipment as desired. The sensitivity of the equipment is sufficient
1o measure either jacket thickness or gap thickness alone, but is not sufficient
tc permit the independent determination of each while they both vary. An expander
type arplifier is now being sdded tc the system in order to better utilize the ob-
gerved d:ifference ir sigrals to discriminate between the two variables. A new proto-
type msnusl prcbe using rc sliding parts and having test coils supported on a
cartilever beanr spring is performing satisfactorily.

ectional condustivity eddy current probe developed earlier under this program
ig beirg applied tc measurement <¢f anisotropic conditions in NPR graphite by the
FPD-Te2ving Methods Operation. Consultation was provided in consideraticn of the
stability and design requirements for this applicaticn.

Tre pr-gram for the development and evaluation of thermal bondtesting methcds
for asszembled fuel elements iz now under way. Modern high sensitivity infrared
and ediy current irductive thermometry technigues are being evaluated.

In tre infrared irvestigaticr, calculaticons indicate that recently developed
irdZ.m artimenide infrared detectors will easily sense 0.25-inch diameter 50.1°¢
kot egpet on a 5OOO°C aluminum surface. Non-refrigerated indium antimonide photo-
eiecirimagnetic type (PEM) detectors have a higher ncise equivalent power (the
arsurt ¢f ircident infrared power required to give an output signel Jjust equal
%2 rzise) thar the refrigerated type, but are much less expensive and dc not re-
suire & Ziquid nitroger suprly or cryostat. The ncise equivalent power of a
PENM dstector, calculated for a 50°K blackbody from spectral detectivity data; is
low eriugk tnat it should be capatle of sensing the hot spot defined above. A
PEM dstecsor has beer crierad, and an optical head and chopper assenmbly suitable
for use witk differert types c¢f infrared detectors is nearing completior. The
head has ar f:2 srseniz trizulfide lens fcr high efficiency in the low infrared
regico.

Lead suifide protodetectors have a lower over-all detectivity for a 50°C black-
tady thar the PEM detectc HBowever, locally svallable lead sulfide detectors

sre gicd encugh to evaliuate methods cf neating test specimens for the heat trans-
fer test: wnile awaiting delivery cf the PEM detectcr. These detectors will also

-
Py

A comrercially made irnfrared sernsing head and amplifier that would probably
detect the previously menticned hot spot can be either purchased or rented.
Reqjuczts for olarifics+tion of scme of the specifications have been sent ¢ the
marufastirer., Rertal cr & by-the-month basis is very expensive and therefore
re metrzod of heating test specimens should be reasorably well developed pricr
s rerting to permit economizal evslustion of the instrument. In addition; the
purchase price ¢f the commercial instrument is very high. Therefore, the per-
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formance of the relatively inexpensive thermel testing instrument now being fab-
ricated will be evaluated, and it will be used to develop the method of heating
test samples pricr to the final decision on whether to test the ccmmerciel instru-
mert.

The evaluation cf eddy current inductive thermometry techniques for use in the
thermal bondtesting program will include investigation of both a single frequercy
system and the broadband system. A General Radio Impedance Comparator will be

used in the single frequency system. This instrument has been received and re-
quires some suxiliary circuitry to be built, ineluding (1) a stabilizing crystal
oscillator, (2) a phase shifting circuit to permit adjustment of the phase detector
reference signal for probe mction discrimination, (3) a preamplifier to increase
sensitivity, and (L) an input bridge circuit.

Measurements were made using existing broadband equipment to determine design cri-
teria for the broadband inductive thermometry equipment. Using metals of dif-
ferent electrical conductivity to represent the effect of temperature change, it
was determined that the equipment must be stable to within +3 parts in 10,000

to read the metal temperature within +1°C at room temperature. The data obtained
included measurements of the effect of changes in probe tc metal spacing from O
to 18 mils. An improved automatic gain controlled amplifier is being designed
based upon these requirements. This amplifier can also be incorporated in other
broadband equipment, ahd will replace a less stable one now being used in the
Jjacket thickness measuring equipment.

GAS COOLED REACTOR PROGRAM

lLattice Parameter Measurements

Work has been completed or the analysis of the control rod experiment. The
results giver last month have been refined slightly. The new values for the
contrel rod worth are listed below:

ACR(21.875")
2xER(29.000")
NER(21 . E75™)
AER(25.000")

0.152 # 0.012 fer a 4 x L4 array

0.158 for a 4 x 4 array

0.271 for a 3 x 3 array

0.278 for a 3 x 3 array

The measurement of the angular and radial flux dependence within an EGCR fuel
tube, and the measurement of the flux perturbation caused by stainless steel

gpacers have beer evaluated srd reported. The work is described in HW-635E5,
and will alsc appear irn "Nucliear Physice Research Quarterly Report - Octcter,
November, December, 1959."

A repcrt on the messurement of ko, £, P, and ¢ for the EGCR lattice has alsc
been prepared for the same quarterly repert. .

Most of the preparations for the next EGCR lattice experiment have been comp-
leted. The reactivity effect of a stainless steel "through tube" (loop) will
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te measured, both empty, erd filled with a fuel column of 2.6 percent enrichment.

The anaiysis cf the date for the fuel temperature coefficient of a T-rod, enriched
urarium cxide cluster in the Allis Chalmers-Kaiser Engineers, 8-inch, graphite
lattice has been completed. A report for the custcmer has been written and is
beirg rrepared for distribution. Final values of

§-§% = (1.00 £ 0.10) /T-3.61 £ 0.10) x 1077 + (2.69 + 0.51) x 10~ -8 o7
ané
%.%% = jfk_.gg = (2.00 £ 0.11) /T1.87 + 0.05) x 10™% - (1.74 £ 0.25)

x 1077 T 4 (4.58 £ 0.68) x 10T 27

were obtained for the temperature range 50 to 500°C. The second order tempera-

ture term in 1 d¥ arises from the temperature dependent expression for {np. This
£ ar

*erm contributes about 10 percent of the total value of 1 4F at 500°C and, thus,

T aT

has been retained. The uncertainty on the unit multiplier includes the error

due to> flux and sdjcint mismatches. It is considered to be a maximm value since

the gigns of the spectral mismatches have been assumed tc add, and their values

heve been maximized.

Tre measured reactivity loss with ircreasing fuel temperature was fit with a
parabu*ic expression. One would rot expect an extrapolaticn of this expression
o yield satisfactery results much beycnd the 500°C 1imit of the experimental
data. For extrapclation beyond this temperature range, it is more realistic to

use the expression

= 2.49 x 1074 ¢-1.02 X 1073 T(°K)

By
=5

Perhapz an even more acceptable expression, which has some theoretical justifica-
tion, is

*
= 2.90 x 1077 T(OK)-o°u80.

A6

1
5

¥ TNcte: These extrapclstion formulae use the Kelvin temperature whereas the
fits given above use centigrade.

Variation of the D0ppler Coefficient with S/M Ratio

The 1.92-inch diameter mock-up has finally been completely assembled. The quartz
tube was troken once but was successfully repaired. A new design for the induc-
ticr hesater ccil ard flexible leads have been tested and proved satisfactory.

The full-sized fuel element for the experiments is being completed. No delay is
aztizipated in meeting the PCTR schedule.

12692271
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Rod Replacement Analysis

The calculaticns of control rod worth in the GCR lattice by means cf the two-group,
small source theory formulation have been completed. A revision of the experi-
mental value of resonance escape probability for the uniform array necessitated
re-evaluation of the input parameters in the formulation. In addition, an improved
method of calculating the epithermal blackness of the contrcl rod was employed
which utilizes the self-shielding factors tabulated in ANL-5800. The calculated
values of k, for the 16:1 and 9:1 fuel to control rod ratios are in good agreement
with the experimental results, the error being 0.6% and 1.7% respectively for

the two cases. In both cases the calculated value is less than the experimental
quantity.

RESEARCH - 5000 PROGRAM

Isotopic Analysis

The mass spectrometer for this program operated at 100 percent efficiency during
January. About 75 percent of the time was spent on furnishing isotopic analyses
of program samples. In addition, isotopic analyses of a uranium sample and a
Plutonium sample were furnished for Reactor Lattice Physics Operation.

The influence of ion source focusing corditions on measured isotopic abundance
ratios was also studied. Small but significant variations in isotopic ratios
were observed. A study has been planned to determine how to eliminate or correct
the possible errors introduced by the observed mass discrimination effect.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Plans were made for complete reactivation of the sampling grid to 3200 meters
distance from the source, including all 20 sampling towers, in preparations for
resumption of field experiments. Some modification of the field sampling equip-
ment was made to facilitate startup operations during the ccld weather. The
portable mast was made ready. :

Intersive efforts on the part of Analytical Chemistry group to perfect the phcs-
phorescent technigue for assaying ZnS loading on the membrane filters exposed
during the summer continued. Some delay was experienced about midmonth wher the
amplifier-scaler system failed tc maintain suitable calibration cover the wide
range of pigment loadings encountered. Procurement of equipment believed to be
adequate was in process at montk end.

Preparation cf individual chapters for the Geophysical Research papers on the
past summer's dispersion and transport experiments continued according tc plans
made with the Air Force. The chapter on wind prediction and forecasting was
essentially completed. Construction of the 15-foot streamlines and trajeztcries
not included in the earlier study of tracer arrival times and transport speeds
was completed arnd analysis started. Stability ratio ccmputations were tegun for
specified time periods and height intervals from the portable mast data for later
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cerreraticn with the dispersicn data. Control and edit reports for the portable -
mast ds%a received from Dsta Processing were checked, corrected, and returned

for cocmpilstier in a format suitable for direct reproduction in the final re-
TIrts.

DOSIMETRY

' The Shieided Personnel Monitoring Station was closed January 11 to permit change
cf the cell door tc screw drive so it can be opened from inside the cell if the
eilectric power should fail.

A recaiibration of the whole body counter for potassium was completed. Our re-
suwits for pctassium will be 15% higher than those previocusly reported. This
brings them intc good agreement with the results of other laboratories. An
unexpected resurt of this recelibration was a change in the correction to the
cailcuistior for Zinc-65 that must be made because of the presence of the potassium.
Tue average velue of Zinz-65 found in peoplg is decreased 20% by this change. A
crezk 3f the Cesium-137 calibration was begur. Apparently it must be changed
alsz. The increase will be abcut the same as for potassium.

Analyticel Chemistry Operaticn measured the elimination of Zinc-65 in urine

a~d feces for several subjects whose body burdens had been measured at the SPMS.
0.06% cf the measured burden iz eliminated, per day, in the urine. 1.5% is
eliminated in the feces.

T-e poeitive ion Van de Graaff was not operated during the menth. The re-arrange-
mert <f the latcratcry was conpleted. A positioning device to help line up the
axselerstor was iInstalled. The wiring made necessary by these changes has not
beer Zompleted.

rk on the precisicn long counter has resulted in a change in the counter in
the interest cf improved reproducibility. The series of eight holes arcund the
certral counter in the classical arrangement has been replaced by an annulus.
A sicw neutron shield of boron dispersed in pclyethylene was found to be equiva-
Zert tz the Tp0z shield now used. It may be used later since there have been
differences ir fhe Bz0s shields.

Otrher Acztivities in Neutron Dosimetry: USNRDL sent us a corrected spectrum for
cur plutonium fluoride reutror source, but the average energy still does not
agree Witk cur double mcderatcr measurement. An antimony-beryllium source for
use ir the Long scunter work was activated in a reactor but was found to be ccn-
tanizaved and unusable. Work begen cn the preparation of & helium ion source
for the Van de Graaff., A large tissue equivalent icn chamber was received on
lzern from Columbis University. A plutonium-beryllium source was borrowed from
“he University <f Washingtor z: we could measure the relative number of fission
reawrcrns preduced in a source ¢f different size from any that we have. In the
zzurse of cur study their source will be calibrated relative to our standards.

The calzrimeter used with the electrcn Van de Graaff was connected directly to
the vacuum system of the accelerator in order to eliminaste absorption in the
exit wirndcow. The vacuum system worked properly but there is a heat loss from
the -zalcrimeter up the drift tube which has not been eliminated.
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A single measurement with the gamma ray calorimeter takes three or four days
because of its very long time zonstant. With calibration and zero level runs
this means that an individual source can be measured in about 2 weeks. To
cut down these long times a positive power feedback system was designed.
Parts of this system were assembled and tested with satisfactory results.

INSTRUMENTATION

Fabrication of experimental transistorized circuitry continues for the alpha air.
monitor using coincidence ccunting techniques to eliminate radonthoron background
effects. A majority of the circuitry is complete and portions have been tested
satisfactorily. Only a transistorized difference amplifier remains to be fabri-
cated to have the experimental system completed. The alpha air alarm will be
better than 10 MPC in 20 minutes.

The prototype transistorized high-level alpha alr monitor has operated satisfac-
torily for one month. This high-level unit will alarm on 8,000 d/m of Pu-239 in
about one minute. It will not alarm on radon-thoron background excursicns of
megnitudes noted at HAPO in the past two years. One interesting check was ob-
tained during the month when the apparent background (radon-thoron) reached
5,000 4/m. Radiation Monitoring Unit personnel obtained an in-building air
sample and checked their filter. The correlation between the high-level alpha
alr monitor and the RMU sample was exact. Complete schematic diagrams and an
instrument adjustment-calibration procedure report has been prepared. The unit
can be fabricated by anyone wishing i1t for plant use.

A temperature probe of a small insertion type was designed for use with rats and
other small animals that are used in bioclogy experiments. The probe conslsts of
a subminiature bead thermistor encased in plastic tubing. Temperatures are meas-
ured and recorded continually during Pu-239 exposure, and temperature changes of
less than 0.1°F can be detected.

Preliminary design calculations were performed concerning an electron beam de-
flection and contrel system for the electron Van de Graaff. The system is being
designed as a co-operative effort with the Radiological Physics Operation. The
system will employ electrostatic deflection of the one tc two mev bedm to prc-
duce uniform irradiaticn cn a 1.5-inch sguare area.

The norlinearity of the deflection voltages was calculated to be a maximum of
1.25 percent for 3.0 kv peak viltages necessary for the one-mev beam at the fuil
1.5-inch width. Some of the necessary components have been crdered.

Slight modifications are being incorporated into a transistorized prototype
alpha monitor for use with either air-proportional or scintillation prcbes.
Field tests of the origiral configuration indicated a need for mcre speaker
loudness and a better high-voltage adjustment method for the very critical air-
proportional probes. A gated 1.0 kc/s oscillator will be used to produce the
loudspeaker indication.

One experimental pcrtable prototype transistcrized, scintillation, beta-gamma,
dcse-rate meter was successfully fabricated and is now undergoing tests. The
linear ranges are O-5 mr/hr, 0-50 mr/hr, 0-500 mr/hr and 0-5 r/hr. These can
be changed, if desired, to O-1 mr/hr, 0-10 mr/hr, etc. Performance tests tc
date have been quite satisfactory.
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Experimerial work continues or the four decade (109 to 106) transistorized
logarithmic count-rate meter with circuits being develcped to drive a meter
and a standard 10-miliivolt chart recorder. The circultry will be cn plug-
ir printed circuit boards.

S:me investigations were carried cut concerning a circuit for obtaining the
ratic of twe voltages.. The cirzuit employed a transistor in the feedback loop
of an cperational amplifier. Since the output would be E; = OF Eipns it was

in
boped that by using a transister, Ry could be made equal to KjEz. The K value
varies with collectosr vcltage, however, and the resulting curves of Eo ==§£
E
2
are somewhat nonlinear. Over the range of El/E2 equal to O.4 to 0.9, the
errzrs are about + 20 percent with greater errors above 0.9 and below O.h.

Investigations of gamme spectrum analyses from 17 kev to 2.0 mev were made with
the two-trarsistor emitter fcllower circuit used with a Nal and phototube de-
teztir. The system requires ornly one shielded cable up to 1,000 feet long

fror the mair instrument tc the probe. The single cable is used for high
voltage to the phototube, power tc the emitter follower, and signal transfer
from the probe back to the main instrument. Test results were completely satis-
faciery from 17 kev tc 2.0 mev and were as good as could be obtained using the
standard method of & vazuum-tube cathode follower plus three separate cables

for nighk vcltage, power to cathode follower, and signal.

rvestigations were conzliuded cn a three-foot long section of flexible, fiber
tundie commercial light piper. Terphenyl-in-polyvinyltoluene, anthracene,
ard Nal detecters were used with the light piper for the tests. Light losses
ir. the piper were extvensive, and the resulting detecting efficiencies varied
from nearly zerc %c a maximum of 2.5 parcent. This particular type of light
Fiper is not suitable fcr such use.

TEST REACTOR CPERATIONS

Operaticn <f the PCTR continued rcutinely on a one- and twc-shift basis.
There were four unecheduled shutdowns with two due to electronic failure and
tws due to faulty by-passing techaique.

The reutron rethermaiiza%icn in graphite experiment and the 3% enriched
U03~H20ﬁ Ke = 1 experiment were ccmpleted. The tube and tube fuel, k.,

f, p, and €, wet and dry experiment was started during the month.
Critical Mass Physizs used the TTR facilities during the entire month. Plu-
T

5
tirium iontaminatior caused by & defective fuel element was successfully cleaned
up, and the critical mass approach experiments were continued.-
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CUSTCMER WORK

Weather Forecasting and Meteorclogy Service

Type of Forecast Number Made % Reliability
8-Hour Production - 93 77.0
24-Hour General : 62 80.1
Special 121 95.0

Average temperature, average wind speed, aﬁd total precipitation were all ccn-
siderably below normal during January. Total snowfall, however, was near
normal. There was at least a trace of snow on the ground during the entire
month.

Instrumentation

The bids for the fabrication of the Automatic Data Recording System for PCTR
were reviewed and rejected as being too high. The specifications are being
revigsed in crder to lessen the cost of the system.

Fabrication was completed on the detector head for a Mask Monitor for the Laundry
Operation. For typical fission products, the counting efficiency was found to
vary from 1.0 to 1.5 percent over the surface of the probe which fits closely
into a mask. Five masks from the Laundry Operation, which were rejected by

hand monitoring with a mica-window G-M tube, indicated well above rejecticn
levels using the Mask Monitor.

The mechanical conveyor portion of the autcmatic laundry monitor for the Laundry
Operaticn is ordered and delivery is expected in February. Several mechani-
cal features were incorpcrated to reduce cperator fatigue.

Oce of five High-Level Alpha Air Monitors for Redcx was obtained from the 328
Electronics Fabrication Shop and is undergoing "debugging" tests.

Three G-M tube detector, transistorized circuitry, beta-gamma air monitocrs
for use at Redox were received from the shop and were "debugged," tested, and
calibrated and then delivered.

Twelve scintillation Gemma Nuclear Incident Alarming Monitors, to be used in
various 300-Area lcocations, were received from the shep, tested, calibrated,
and are ready for delivery.

Fabrication continues in the 328 Electronics Shop on *ter three-decade logarith-
miz response scintillation ares monitors for the HLO Radiation Protection Opera-
tion and on three similar, but higher level, units for IFD. The IFD units will
be used as reactor elevator monitors and will be alarming units with both low
and high-level alarms.

Acceptance tests were completed on the detector phototubes and crystsls for

the PRTR fuel element rupture detection system, on fifty 0-200 mr self reading
pocket dosimeters, on nine CP-TP portable ionization chamber instruments, ard
on two portable transistorized BF3 tube detector neutron instruments. Field
tests were performed on the line operated transistorized alpha monitor, and the
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calibration procedure was written for the transistorized count-rate meters.

Anslog Computer

The completion of the PRTR contrcller evaluation using the analog computer

tc simulate the reactor marked a first at Hanford for this type of computer
application. Other problems on the computer included studies on the speed

of reactor control and on NPR transient effects.

The unscheduled- down time for the GEDA computer amounted to 22.6 percent of
the total possible operating time (total possible operating time minus sche-
duled down time). The equipment failures encountered during the month were
random. No definite trend was apparent.

The new Berkeley "EASE" computer was shipped from the factory on February 1.

Optics

Photo Iab S1it Camera - Modifications were made on the photo lab slit camera
t0 permit the photogrephy of fuel elements of greater length.

Television Scanning Mechanism - An electrically controlled scanning system
mounted on & standard Auto-Zoom television camera lens was completed and demon-
strated to a group from Redox operation. The unit permits the scanning of more
than & complete hemisphere ahead of the lens. It is especially suitable for
use where lack of space does not permit the ususl pan and tilt scanning.

Zyglo Detector - A photoelectric detection system has been devised to inspect
the irnside surface of tubes for cracks and flaws. Appropriate filters applied
tc a light source and to a borescope permit detection of patches of Zyglo
flucrescert material in the flaws only 0.0005 squere inches in area. Defects
are indicated by a lamp which lights up when the photomultiplier current in-
creases tc a preselected trip level.

K S &

Acting Manager
PHYSICS AND INSTRUMENT RESEARCH

AND DEVELOPMENT
HANFORD LABORATORIES OPERATION

RS Paul:mes
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Chemical Research & Development

RESEARCE AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATIONS PROCESSES

Decontamination of Reactor Components

Thirteen different solution compositions were compared with Turco L306B as candi-
date decontaminating agents for rear-face piping in existing HAPO reactors,
Sections of process tubes and pigtails, that had radiocactive oxide films obtained
in normal reactor service, were used in beaker-scale evaluation of the solutions,
Two proprietary formulations, Turco 4512 and Turco 4518, based on phosphoric and
oxalic acids, respectively, were about equivalent tc Turco 4306B in removing radic-
active contamination. Both formuletions are much less corrosive to aluminum and
Zircaloy-2 than Turco 4306B.

In recent NPR decontamination studies, carbon steel coupons contaminated with
activated corrosion products during exposure in the KER-3 loop mock-up tube have
been used., PFor some, as yet unexplained, reason these coupons do not decontaminate
as vell during identical treatment as previously used coupons. They had been
exposed, as usual, in pH 10 weater at 300 C.

Urarnium Oxidation and Fission Product Volatilization Studies

The first fission product release experiment using the high exposure meltdown
facility was completed. Some manipuletion difficulties were encountered and are
being remedied. Preliminary results of the test indicate considerable loss cof
evolved material during off-gas train decontamination and procedures are being
revised accordingly.

EW-61851, "A Review of Uranium Oxidation," by A. J. Scott was issued.

Single Isotope Mcnitors

A preamplifier and pulse height analyzer were designed to provide optimum charac-
teristics for Np 9 gamme monitoring. EBasy replacement of circuit elements,
stability, and reliability are emphasized. Readout using a fast printer is being
incorporated.

Effluent Decontaminaticon

Laboratory experiments were ccntinued to study the scavenging of radionuclides
from reactor decontamination sclutions for possible application to the problem of
disposal of NPR decontamination wastes. One of the cleaning solutions proposeil
for the multi-step decontamination process contains permanganate ion. When this
is mixed with other cleanirg solutions the reduction of permanganate gives a pre-
cipitate that scavenges some radionuclides from solution. The amcunt cf radic-
active iron remaining in the supernatant liquid four days after two cleaning
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sciutions were mixed was less than 0.01 per cent of the initiai concentrationm.
Previous tests had shown reduction of ccbalt and barium to 0.1 per cent of original
levels. Iodine and calcium were scavenged tc less than 1 per cent of their initial
concentrations in similar experiments. No significent scaevenging was detected in
the case of silver, phosphorus; chromium, or antimony. Additional work is planned
withk radioisotopes of other elements,

SEPARATIONS PROCESSES

Recovery of Neptunium in Purex

A possible scurce of the decontaminaticn difficulties encountered in the Purex

Plant it the fact that the present fiowsheet for recovering neptunium from the 3WB
inventory entails processing 3WB in the final plutonium cycle equipment, In particu-
lar, if the 3WB contains activity-bearing sclids, the present procedure would allow
these to deposit in equipment in both the finel plutonium and finel uranium cycles.
Subsequent normal processing could then result in recontamination of both product
streams. Azcordingly, consideration has been given to flowsheets which would employ
the HA column to process 3WB. A flowsheet was desired which would extract uranium,
plutenium, and neptunium in the EA column, employ the HS columm as & pipe, accomplish
separation of neptunium and plutonium from uranium Zn the 1BX column, use the 1BS
column as a pipe, and accomplish separation of neptunium from plutonium and the
nezessary concentration of neptunium via a spin flowsheet in the 2A-2B columns. An
additional advantage of such a flowsheet lies in the fact that the desired products
are essentially quantitatively recovered from the 3WB sc that this stream could be
discarded tc waste whenever this appeared propiticus.

In & miniature mixer-settler test of such an HA column flowsheet {at 40O C) losses
were less than 0.0l per cent for botlr plutonium end neptunium. Decontarination
fastors were about 20 for zirconium-niobium and in the case of ruthenium were limited
by ruthenium activity "bound" in the (plant) sclvent. An attempt was made to test

& 1BX column flowsheet in cconjunction with this run. However, poor control of 1BX
flow rate invalidated the resulits. Lcsses ¢f neptunium to the 1BU ran as high as

ten per cent under the wcrst conditions,

In further stuidies of the spin flowsheet, an attempt was made to estimate the con-
surpticr of nitrcus acid by Purex plant scivent. A sample of Purex I00 obtained on
December 30, 1959 was employed for these studiez. The date are sufficiently scattered
that an accurate evaluation ¢f the ritrcus acid "titer" is not possible. It is
estimated tc be ebout 3 x 10™% moles per liter. The "quality" of the solvent is
definitely a feactor which must be consider=d in asttempting to establish the necessary
satalytic amount of "extractable" nitrous azid., For example, a sample of Purex I00
wkich nad been aliowed to stand for two months after spiking tc 0.05 M HNC3 and

5 x 078 M HNCZ and then process=d through a laboratory simulation of the plant
zcivent washing prosedure reacteZ rapidly t¢ consume greater than 3.6 x 10-3 moles
nitrcus azid per liter of sclvent wher it was recontacted with 7 M ENO3 containing
nitrous acid.

Preccessing Nickei-Coated Aluminum Clai Puels

A suggestaed methced for processing nickel-coasted aluminum ciad fuels in the Redox
plant involves total dissolution in HNO3ng{NO3)2, In laboratory studies, 1t was
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found that relatively small concentrations of nickel reduce markedly the rate of
dissolution of aluminum in such solutions. In 7 M HENO3-0.002 M Hg(NO3)2, instan-
taneous dissolution rates of 1100 aluminum decreased from about 2300 to about

40 mg/(hr)(sq cm) as nickel concentration increased from O to 0.096 M. The
effect of nickel 1s less in more dilute acid. In 2 M HNO;-0.002 M Eg(NO3)>
dissolution rates decreased from about 1400 to 600 mg/(hr?(sq cm) for the same
nickel concentration range. The aluminum used for comparison in these studies
had been previously coated with nickel., Tests are in progress with aluminum

not previously nickel coated to determine i1f there is any difference in behavior.

Purex HA Scrub Column Studies

Tests in the Demonstration Unit pilot plant indicate that gross "crud" entrain-
ment in a Purex HA-type column can be significantly decreased by addition of
Mistron to the HAS stream. The Mistron destroys the organic-in-aqueous emulsions
that characterize the "zebra" cartridge and permits true organic continuous
operation throughout the scrub cartridge. Elimination of these zebra emulsions
permits the crud held up on each zebra interface to be flushed out of the scrub
section by the HAS flow., The Mistron alsc permits an increase in the scrub
flooding frequency. Although visual observation indicates that the addition of
Mistron decreases the scrubbing effectiveness slightly, the loss can be regained
by increasing the frequency or the HAS flow. The Mistron has no obvious adverse
effects on uranium extraction, interface control, or column performance in
general,

The crud simulator in these studies was MnO, which was fcrmed by reacticn of the
solvent with KMnO),. This precipitate when produced just below the scrub section
forms a finely divided dispersive in the organic stream and apparently behaves
like a typical organic-wet crud in the Plant columns.

Purex 1C Column Studies

The high capacity sandwich cartridge (described last month in HW-63303 C tut
modified by lining up the holes in the polyethylene sandwizh) operated at a maxi-
mum flow rate of 1500 gal/hr-sq ft with a 1CX and 1CF temperature of 50 C and

50 C respectively. In further tests, the sieve plates (23 per cent free area,
1/8-inch holes) between.the sandwiches were replaced with 33 per cent free area
sieve plates (3/16-inch hcles]. This permitted the columm to be operated at 2000
gal/hr-sq £t with 60 C 1CX and 50 C 1CF and between 1575 and 1775 gal/hr-sq £t
with 50 C 1CX and 50 C 1CF. With 60 C 1CX, 50 C 1CF, the flooding frequencies
vere 90, 80, 75, and 52 cycles/minute at flow rates of 850, 1260, 1575, and

1775 gal/hr-sq ft. All runs were made with a 1.0-inch amplitude and an aqueous
to organic raetio of 1,1. Color line observaticns indiczate that the efficiensy
of this cartridge is fair,

Purex Organic Treatment

Equipment is currently being assembled and modified to permit plant scale studies
of methods of improving the contacting efficiency in the G-1 organic treatment
tank of the Purex plant. In the initial studies, organic to be treated will be
routed directly into the suction of a deepwell turbine pump where it will be
mixed with aqueous solution. The combined mixed phases will be discharged tc the
Raschig ring zone of the tank which will act as a settling zone.
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Y9* in Purex Tenk Farm Condensate

Yttrium-91 was identified in samples of Purex tank farm condensate. Half-life
measurements on a rare earth minus cerium fraction plus a comparison of rare earth
plus yttrium semple concentration with the predicted concentration as determined
from RulY3/Rul00 and 5r89/5r90 ratios served to characterize the isotope.

WASTE TREATMENT

Semiworks Waste Calciner Prototype

One additional run using simulated ICPP waste and seven runs utilizing simulated
formaldehyde-killed, threefold concentrated Purex waste as feed were completed during
the month in the fluid bed calciner. Operation of the fluid bed calciner with simu-
lated ICPP waste has been generally characterized by:

a) Geod particle size control with negligible particle agglomeration.

b3 Product bulk densities of 0.6 to 0.7 g/cc.

¢} Residuel oxides of nitrogen of 0.3 to 3.5 weight per cent.

d} Feasible operation with either steam or air as fluidizing gas.

e} Over all heat transfer coeffizients of 50 to 75 Btu/(hr)(sq ft)(°F) calculeted
fror measured sheath temperatures which are probably somewhat lower then
actual.

f) Sclids entrainment in off-gases averaging 10 to 15 per cent of product rate.
Of tnis amount about cne third was separated by the scalping cyclone and re-
mainder by the surface condenser and wet scrubber.

Characteristics observed on the studies to date on Purex-type waste include:

a) Final tapped volume approximstely 3 gal solids/ton U.

b} A markedly lower amount of fines carry-over into the off-gases than that
ohserved with ICPP waste. Cyclone tailings have aversged only one to two
per cent of product rate; the amount passing the cyclone 1s also visually
lower thar with ICPP waste.

¢) Atomizing gas/feed ratios as low es 425 result in relatively fine particles.

d) Over-all heat transfer coefficients of T75-90 Btu/(hr)(sq ft)(°F) by calcula-
tions from sheath temperatures.

e) A problem of particle agglomeration presumesbly originating at the feed mnozzle.
These agglomerates zonatitute one to two per cent of the product rate under
the best conditions tested thus far. External air-cooling of the feed nozzle
resulted in negligible effect in preventing agglomerates.

Batcn Waste Calcination Studies

Four lsberatory-scele runs were made on the calcination of simuleted high-level wastes
in a heated, unagitated, three-inck diameter pot. The waste was added at a rate
sufficient t¢ maintain some scliution in the pot and was subsequently fired to a final
internal temperature of 800 to 900 C.

The feed sulfate to salt nitrate ratio for the four runs was 1.5, but the relative
iron, aluminum and sodium concentrations were varied. The behavior of a run with
sodium and aluminum only was very similar to a run with sodium and iron only. Melts
with bulk densities of 2.3 to 3 grams/cc were obtained between 800 and 900 C when the
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sodium content was at least 1.5 times the iron plus aluminum content. When the
sodium content was equal to the total iron and aluminum content, *he fired solids
were porous but sintered with a bulk density of 1.2 grams/cc. In a run with only
aluminum sulfates and nitrate, porous pieces with a 0,2 gram/zc bulk density
resulted.

The observed behavior agrees with the relative thermal stability of sodium,
aluminum, and iron sulfates. Only sodium sulfate is stable at the terminal tem-
peratures. The iron and aluminum sulfates deccmpose to the oxides. As a con-
sequence, solutions with the greater sodium content are more apt tc form meits
(sodium sulfate melts at 88k C). Nome of the nitrates are stable at 800 C.

Observation Wells

A resurvey of the elevation of the casings of Hanford wells 599-30-31 ani 699-
24-33 showed that the elevations originally reported were in error by approxi-
mately seven feet. The error was introduced through a temporary Bench Mark that
~had been used as a reference point in leveling. The wells are located scutheast
of 200 East Aree where an anomalous extension of the 200 East mound on ground
wvater contour maps resulted from the faulty elevations., Correcting the casing
elevations changed the measured ground water elevation in the two wells and eli-
minated the apparent extension of the ground-water mound into this regicn.

The water table elevaticn was measured ir a represertative pattern of wells cver
the Hanford plant area during December. The data were plotted on a map cf the
plant environs and water tatle contours were drawn from them. No significant
changes were observed in the general contour pattern other than thcse resuiting
from seasonal changes in stream fiow and those reflecting the above changes in
basic well casing elevations,

There were no significant. changes in contaminated ground-water patterns under the
200 Areas. Continued increases in beta-emitter concentraticns irn wells south of
the 216 BY scavenged waste cribsite confirmed earlier Zndications of the scuth-
ward movement of wastes from this site. Bcth the scuthward and previcusly noted
northward movement of wastes from the 216-BY site are in agreement with ground-
water contour data, The B-swanp ground-water mound has increased the slevatisn

of the regional water table in the immedilate vicinity of tne zribsite mors than

it hes increased elevations at lccations directly tc the nortk and soutk ¢f tke
facility. The movement rate in bothk directions, which is relatively slow, may be
reduced even more by rising grcund-water elevations farther tc the north ani soutkh,

A gamma probing of the 299-W-15-1 well was requested wken well sample analytical
results showed increases in activity which were unexplainable cn the basis of
existing ground-water zontours. The probing revealed the presenze of radioisc-
topes in the surrcunding £0il from a depth of 100 feet 3dcwn to ground water,

It was concluded that the prcobable source of the contamination was the 215-TX-5
specific retention trench Zocated abcut 300 feet north of the well. A relativeliy
impermeable, southward-dipping calizhe bed at a depth of about 100 feet prchakiy
diverted some of the waste tcward the well., Tke trench, cn the basiz of labcratory
experiments, had received about C.2 of the scil column voliume of first-cycle

-~
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botioms in 195+, This is addivmaoral =vildence of the apprecieble lateral movement
of waste:z in the vadcse zone anier mucn ¢f 200 West Area and is an example of con-
tinuei drainage ¢f a waste after “he fa:ility is abandoned.

Dispcsa’l to Grzund

Standard soil cclumn tests tc evaluats the 216-A-6 crib utilized three columms
operating at ficws of 17.5 gal/i13q fti{kr). It was established that Sr’° is the
izctope in the waste that limits the capacity cf the crib. The three tests indi-
catel a liriting breakthrough c¢f ctrontium after 47, 48, and 64 cclumn volumes
tircughput ‘averaging 53 column volumes). The crib has received about 25 column
volumes t¢ date.,

TRANSURANIC EIEMENT AND FISSICN PRCDUCT RECOVERY

Fizsicn Prclust Purificetion and Isolation

ALl equipment and ccomponents for tre Zn-cell fuli-level demonstration of the pro-

methium ion exchange purification process have been rezeived, and installation in
-Ce.l cf the High levei Radicchemistry Faczility is atout T5 per cent complete.

Ccld shake-3own runs in the equirment are scheduled to begin about February 15, and

the firet run with full-level Purex plant concentrate for about the first of March
fassuming the fortrcoming Purex plant test is successful in providing cerium-free

rare earthk concentrate: .

Design of B-Tell equipment for experimental fissicn product purification end packag-

ing :tudies is essentially complete, ani fabrizaticn and installation is about 50

per -ent complete,

Strontium, Cerium, ani Promethium Reccverv

Intensive latoratory work centinued on bothk the higk-sulfate and the lead carrier
processes for acid-side strontiun rezovery. These experiments were aimed both at
better understariing cf the chem:stry involved arnd at firming up the details of the
flowsheets to be used in sarly Purex plant tests. Most zignificant findings were
as fcilows:

1. BSeventy-eig-t per ern rezcvery of strontium can be obtaired from IWW
sentaining as Low ar 0.5 molar sulfate through the use of 0,02 molar lead
carrier., Tnus, if guantitative recovery is not required, additicnsl sul-
fate need nct be sdied.
Decreasing the strontium from f£lowsheet concentration (1.8 x 1077 M) to
trace concentration (:a. 107° M; increases the fraction carried on the
godium-rare earth acuble sulfate precipitate from about 30 per cent to a
va.uz Of about 95 psr zent both in the absence of lead or other added
tarrier;, imp.ying & zpecific adsorption-type mechenism (as opposed to a
solubility produst effect). '

3. There was stme expectation that cesium might be scavenged by the lead-
strontium-rare eartn aulfate precipitate through an alum-type reaction.
Tris waeg “cund net to be the case. Under conditions which gave > 90 per
ent pretipitaticn of tnz strontium and 99 per cent of the cerium, less
than one per cent of *he zesium precipitated.

_
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L, The optimum nitric acid concentration for dissclution of the double sul-
fate cake from a Purex-type centrifuge was found to be three to four
molar,

5. Optimum conditicns were established for the oxalate separation of stron-
tium from cerium and the trivalent rare earths. Near quantitative pre-
cipitation of the rare earths was obtained in the broad pH range 0.5
to 3.0. Precipitation of strontium is negligible to pH 5.

6. The in-centrifuge caustic metathesis of the rare earth oxalate cake
and the lead-bearing rare earth double sulfate cakes have been explored.
The oxalate cake is readily metathesized in 30 minutes at 85 C with 20
to 50 per cent KOH (but not with NaOH) to a mixture of acid-soluble,
oxalate-free hydroxides. Removel of lead from the sulfate precipitate
with volumes of reagent (NeOH or KOH) which can be accommodated in the
centrifuge is incomplete, and alternate schemes are being explored.

7. A sample of strontium oxalate has been irradiated for ten days in the
cobalt source without evidence of decomposition, suggesting that the
oxalate may be as suitable as the carbonate for off-site shipment.

Fission Product Isolation and Packaging Prototype

The General Mills manipulator has been installed in the 321-A Building. This
installation will serve to develop a remote repair and masintenance technclogy.
Operationally the unit is satisfactcry except for breakage of the chuck jaws.
These jaws, which provide the closure of the hand or hook, broke under normal
usage. The vendor is investigating the cause so as to supply new jaws corrected
for the deficiency.

Studies continued in the use of the hydrolyzer as a dryer for water soluble salt
solutions. The problem lies in the tramsition from a saturated liguor to iry
solids. Frequently the mass of wet crystals immobilizes and sticks to the heated
surfaces. Means to mobilize these wet crystals are being investigated. Various
scraper designs are being tested.

Filtration studies have shown that the present filter system is inadequate for
processing the cesium leach slurry from the hydroiyzer is very fine, about 30
hours are required tc process one batch with the existing equipment. However,
this time can be reduced to about 20 minutes if filter aid is used and the super-
nate is decanted from the sludge which has settled overnight.

Volatilization ¢f Cesium

In support of fission product packaging prototype development work, studies vere
made to determine if cesium 1s volatilized during drying and calcining cperations.
No evidence of zesium volatilization was found during Arying of zesium zin: ferro-
cyenide at 100 C, heating the dried powder to 400 C and passing steam cr air cver
the calcined powder at 400 C, The experiment will be repeated at 60C C.
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ANATYTICAL AND INSTRUMENTAL CHEMISTRY

Thermal Ionization Mass Spectrometer Filaments

Mass spectirometer filaments of tantalum often break at low current before thermal
ionization of thorium samples is accompiished. Microscopic examination of the
broken filaments reveals breaks in the area of thorium salt deposit. The filaments
alsc swell tc twice ncrmal size and the grain size increases about five-fold. The
Primary cause of filament failure appears to be chemical attack by the thorium
vapcrs. Rhenium filaments were substituted and have survived the first few tests,

Density of UG,

The surface area apparatus has been modified to permit density measurements of U0,
powders by & helium gas dispiacement method. Precision for each of sixty samples
averaged + 0.5 per cent of the density value. Error was less than one per cent.

The former method involving liquid displacement gave & + 3.0 per cent precision.

Air wveciaz in the material during liquid displacement seemed to cause the poorer pre-
isZon ¢f that method, Cost per analysis by either method is approximately the same.

Identificaticns by X-ray Diffracticn

Films of A1,0; from sluminum corrosion studies were analyzed by x-ray diffraction.
~Al553, o~ Aly03<HpC, and et Al;03-H50 were the various forms of Al;03 identified.
Otker unidentified meterials were present. Also, x-ray diffraction was used to
identofy BaT1G3 and SrTiO3 ir two separate samples.

14

L . - -
Ce Separation from Soil Cclumms

A rep:zi metnod for separating end ccncentrating cerium from high salt content soil
cclumn samplies was put irn use this month. Cerium was precipitated as the hydroxide

and washed with esmmonia. The precipitate was dissolved in nitric acid then transferred
tc a cne iram vial for gamma counting in the well of a 3-inch by 3-inch Nal crystal.
Average yield was 86-96 per cent.

Tecnnetiur~-99 Analysis

Tetraphenyi arsonium chleride extracted Tc99.from 3BW with a consistent 78 per cent
1eld and a beta particle purity cf approximately 98 per cent. Iron appeared to reduce
the yieli below that expected.

Analysis ¢f Zir-onium in the Prezence of Much Plutonium

Contreollied potential coulcmetry was used to adjust plutonium to Pu*u prior to loading
i* upsn Dowex-i resin from 8 M nitric acid. Zirconium was measured colorimetrically
i the effluent using p-dimethylaminophkenylazo benzene arsonic acid.

EQUIPMENT AND MATERIALS

Pump Develcpment

A summary report ccvering the pump development activities for 1959, EW-63358, "Summary
Report - Pump and Agitatcer Develqpment, 1959," was issued.
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Purex 1WW Interim Acid Waste Storage

Exposure of samples to 50 per cent concentrated, chromium(VI)-free, syntheti-

Purex 1WW are completed. Ccrrosion rates observed were one-half to one-third
those observed with chromium(VI) present. However, even at zero molar nitri: asid,
corrosion rates for 304-L stainless steel were about 0.3 mils/mo. There was little
or no intergranular attack in the chromium(VI)-free solutions.

Materials of Construction for Calcined Waste Storage

Studies on corrosion of candidate construction materials in contact with calcined
wastes at high temperature have been started. Mild steel (1020); 30k-1, 309-L,
316-1 and 347 stainless steels; Hastelloy B and C; Ni-o-nel and nickel have been
exposed at 800 C to acidic Purex wastes after (a) fluid bed calcination {ANL) and
(b) batch calcination with sulfate additions (HAPO). Generally speaking, fluid
bed calcined wastes were less corrosive, by a factor of two, than batch cal:zined
vastes possibly due to added sulfate in the latter. EHowever, of these materials,
only Ni-o-nel and 309-L corroded at less than 10 mils/mo in contact with fluiil
bed calcined wastes. Future studies are to investigate lower temperatures and
other materials.

Non-Metallic Materials

Tests continued in screening rubbers for potential use in phosgene at 500 F,

After 29 days in a room temperature phcsgene atmosphere, three out of eight szamples
showed promise. The three elastomers (1) duPont's Hypalon, (2) Minnesota Mining'’s
1F4 and (3) Dow Corning's Silastic 7-1T70 showed negligible dimensional zhanges

and only slight softening.

Samples of polyethylene cut from a Purex $A column perforated plate were tested
fer flex life after irradiation to 5 x 10! R with a Co®0 source in the presence
of Purex HAX make up solution. No appreciable losses in flex life were noted.
Similar samples have been irradiated to 107 R in the presence cf simulated, ccld
HAW with no reduction noted in fiex life.

PROCESS CONTROL DEVELOPMENT

C Column Instrumentation and Programming Studies

Additional modifications were made to the data reduction FORTRAN ccde to mcre
fully use the features of the MONITOR system. A general purpose subroutine was
written to plot two variables against cne another (with about three per cent
accuracy) by using the output printer. This subroutine will have immediate use
in the data reducticn code to plot uranium concentration versus column positicrn.

A satisfactory correction factor involving the mean sample temperature (average
of the inlet and the outlet temperatures) has been established to maintain the
calibration stability of the traveling photometer to within one per zent for
inlet sample temperatures of up to 80 C,
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Plant Calziner Automation

Je

The final draft of the coperation and maintenance manual for the programmer to auto-
mate the UO; plant calciners was completel this month. This document will be issued
early next month as EW-635C1 and contains a zomplete verbal description of the pro-
grammer operaticn and circuitry. Three pictorial views of each chassis comprising
tre programmer, and & compliete miniature set of construction and schematic drawings
are included in the manual.

UCy Plant C-1 Veszel Calibraticn

As & result of the vessel calibration experiments conducted recently, the UO, Plant
incoming uranium inventoery vessel C-1 {4000 gallons) is to be recalibrated. “The pro-
cedures and equipment reccmmended as & result of the development study will be uti-
1i1zed feor this caliibration. This vessel calibration mey not alter the existing
telibration table significantly: however, it is expected thet the reliability of
measurement will be improved. To aid in this and other calibraticns, a jointly
authcred document ty C. G. Hough and C. L. Pleasance, HW-5T7866 REV 1, "Calibretion
ot Prczess Vessels,'" was issued.

Corrcsion ¢f Antimony and Tungsten in Purex 1WW

The corrosion cf antimony and tungsten in Purex 1IWW was determined in connection

with the pcsgitle use of these materials in pH indiceting electrodes. Antimony corrodes
at abcut three inch&a/m@ in hoiling synthetic Purex 1WW. Tungsten corrodes at ebout 100
gfls/me in ke boiling soluticn, nine mils/mc et 75 C and five mils/mo at 65 C.

NON-PRCDUCTION FUELS REPRCCESSING

‘Mechanical Prccessing

Life Tezt. Stellite Shear Elade., A 30L stainiess steel shear blade faced with Stellite
#6 waz remcved from Life test after 1800 cuts {about 2500 sq in. cut area) on sand-
filied steinless steel tubing. No cutting force change occurred during the test, despite
tiade bending which increased blade :learance from 0.010 inch to 0.090 inch. The per-
forman-e cf the Stellite blade ;s =1ight iy better than the best toolsteel previocusly
tested, and irdicetss the desiraebility of further testing of Stellite.

Ccrreozicn of Stear Biade Materiais in Nitric Acid, Samples of alloys A-2 and D-2 (ASM
designations) tool stesls and Haynes-Stellite 6-B were exposed to six molar nitric acid
at tciling pcint and at room temperature. Both A-2 and D-2 corroded at more than 100
in./mc at the boiiing point: room temperature rates were greater than 100 mils/mo The
steliite 6-B corrcded at sbout five mils/mo at boiling peoint and less than 0.05 mils/mo
at rcom memperature.

Bend Cutting, Yankee Atomic Fuel Element. Scouting studies of Yenkee fuel disassembly
showel that e manipulstor [or crane} cperated slitting knife can be used to cut the

srembly bands. Future tests will measure the effect of knife shape and thicknmess,
the Two mist important verisbles on cutting effectiveness.
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Bandsaw for Hardware Cutoff. A bandsaw was used to cut bundies <f unsupperted rod
in order to study its feasibility for hardware cutoff., At low saw speeds {100 ft/
min) neither blade breakage ncr rod bending occurred. These preiiminary studies
indicate that the bandsaw may be capabie of performing unsupported rcd cuts with-
out the shimming and/or "potting" steps found necessary with the cold saw ani the
hacksaw,

Shear Basin Studies. A cluster of 15 Zircaloy-clad swaged UC, rods was sheared

to study the dispersion of U02 fines in basin fluid. After 120 cuts at a cutting
rate of 1-1/2 cuts per minute (13C pounds of U processed), the susperded U con-
centration four inches below the shear blade was three g/l. Tests with a minia-
ture mockup of the shear and shear basin showed that about 97 per cent cf tke fines
suspended by the shearing operaticn in quiescent basin fluid can be directed intc
the catch basket by baffles and funnels., Further, an estimated 99.5 per cent of
the total UQ, processed in such a baffled area is deposited in the zatch bazket
without the use of auxiliary clean-up systems.

Yeed Preparaticn

Dissclution of Uranium-Molybdenum Alloys., Further investigaticn ¢f the dissclution
of U-3 w7o Meo-0.2 w7o Si allcys in concentrated nitric acid confirmed that the
solid present (molybdic oxide) carries appreciable amounts of plutcnium even after
exhaustive washing. In laboratory tests, the solid zontained 2.5 per zent of the
plutonium present. Different washing techniques aimed at reducing the rzvtenticn
of plutonium are under astudy. Dissclver soliutions at iffering nitric acid ard
uranium concentrations were stcred at 25 C and at 50 C for ctzervaticns of furtiker
solids formation. Traces ¢f sclids appeared in all of thcose at 50 C during 25
days storage. No solids appeared in thcse stored at 25 C duripg the same <r
longer periods. Oxidation of plutonium by diczhromate (current Redex zcniitions )
was normal in the dissoliver sclutions following formaldehyde destrustion of the
excess nitric acid.

The presence of 0.3 M H3NO; had no observatle effect on the soiubility of uranyx
molybdate during dissclutifn of U-3 w/c Mo alloy in HNC.~Fe{NCz;3 solutizas,

Removal of Ammonia from Zirflex Dissclver Soluticns., A modified Cthmer still was
used to determine vapor-liquid equiiibrium concentraticrns <f ammonia during boil-
ing of Zirfiex decladding process solutions., Fres ammcnia distilis from the
Zirflex solutions at the same vapor-liquid concentrations as it does whsn dissclved
in water only. The molie fracticn ¢f ammonia in the overhead ir:rease: from about
l/lO to eabout 1/2 as the concentration of free ammonia in *ne bcttome inrreases
frem 0.1 to 3 moliar. Consequsntly, it will be necessary %t remove greater tian

one mole of water (asz steam) per mcle of ammonia produced in orier %o maintain
practical Zircaloy-2 disscluticn rates in tke Zirflex de:ladding process,

As an alternate tc remcving ammonia from the sclution, a procedure wherein tte
ammonia s neutralized with hydrofluoric acid as it is priduced is uniler :zon-
sideration. In this process, the fmitial dizsclver soluticn wou:d be I M NE 7-
0.5 M NH,NO,., Dissciution rates for oxide-free Zircaloy-2 in this s<iution
decreased from 22 +o 0.35 mils/hr as the pH was increased from 5.8 to 8.9 by aid-
ing ammonia. Further ztudy of dissocliution rates versus zolution 2cmpesition and
pPH is in progress.
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Zirfiex Bat<n Studies. :rzaley-2 tubing (55 mil) was dissclved in Zirflex dissol-
7ert with initiai concentraticns cf 4.8 M NHF-C.45 M NHYNO3 and an F/Zr mole charge
ratic of 7, A beil-off rate of 0,132 lb-mei/{hr)(sq ft) of water was maintained
teroug-cut the reaction for the remcval of ammonia. A maximum dissolution rate of 23
mils/hr was attained. By compariscn, a maximum dissolution rate of 70 mils/hr has
been demonstrated in the _aboratcry for the same initiel conditions of the dissolvent.
The discrepanzy may be attributed tc the ammenia effect.

Re:zirzulating Dissclver Studies, Modifications to the recirculiating dissolver system
were ccrpleted tc allow the air 1ift rezirculator to be operated with up to 10C per
cent submergence. A steam preheater was alsc installed to permit the use of super-
heated steam as a motive fcrce for the gas 1ift recirculator. Tie-ins with an exist-
ing centrifuge will permit the compiete head end processing of fuel elements; the
2ycie tc iInclude both zliadding dissclution and core dissoluticen.

Zircalcy-2 tubing (55 mil) was dissclved in Zirflex dissolvent with initial con-
centrations cf 5.5 M NHyF-C.S5 M NHuNO3 and -ar F/Zr mole charge ratio of 7. An
average recirculation rete of 16 gpm and a boil-cff rate of C,267 lb-mole/(hr)(sq £t)
¢f water were maintained throughout the reection. A maximum dissolution rate of

3% mil:‘hr was attained compared tc a laboratery rate of 80 mils/hr. This difference
in rates is also attributed tc ammonia buildup in the pilot plant dissolvent.
rcerding te M. L. Swanson’'s data, the ammonia in the dissolvent mey decrease the
igaguticn retes by as much as a factor of four.

Ficcded Tray Dissclver, Ten runs were made to Jdetermine the effect of recirculation
rate on the dissoluticn rate of aluminum in mercuric nitrate catalyzed nitric acid.
In &.l experiments, & C.005 M Hg{NO372 concentration was used.

Ir a-ii conzentrations of less than 5.5 M HNO3, penetraticn retes increased from 10
to 9% per -znt of batch penetration rates as recirculation rate increased from 0.12

to L.2 gallons/(min){sq £t charge.

In &zid concentrations greater tnan 5.5 M HNC,, penetraticn rates were higher than
zcrrsspending batch penetration rates and tenlled to decrease as the recirculaticn
rate increased.

Su-fex Process. Two bench szale Suifex dissclution runs were made using the tech-
rigue cf starting the dissclution in ¢ M H550), after which the decladding solution

was Ziluted to 2 M stOLa Average penetraticn rates for the runs were 3-6 mils per
hour - about Jour-feid Zower than these obtained in 4 M H,SC).

Tetal Doissciution of Zircaloy-2 Cliai Uranium Dioxide Fuels. In proposed procedure
for titan dizsclution of Zircalcoy-2 ciad uranium dioxide fusls, the Zircaloy-2 is
ren~vel bty the Zirflex procezs., Uranium 3ioxide ccres are then dissclved by adding
nitri a"ii and aluminum anitrate tc the decladiing solution. In development studies
cn thiz protedure, dissclution rates for uranium dioxide were determined in diluted
terminal Zirflex desiadding sciutioms /0.6 M (NHY),ZrFg/ butted to nitric acid con-
tzntraticn: from Q.75 to 1.5 moler and to aluminum/free fiuoride mole ratios from
erc to 1,25, Disscluticn rates were relatively low and ranged from about €0 down
¢ abcut 6 ng/ hr'f{szq om . As expectex, the rates decreased es nitric acid concen-
raticn decreased and as aluminum to free flucride mcle ratic increased.

| 2Wa2ka]
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Solvent Extraction

Recovery of Pu and Nr from High Acid Feeds. Batch contact and mini-mixer settler
studies are in progress to determine if plutonium and neptunium can be reccvered
by Redox solvent extracticn of acidic feeds without complete oxidation of plu-
tonium. If the heating of dissolver solutions containing iron(III) nitrate and
molybdenum can be avcided, a lower iron to uranium ratioc could be used without
danger of solids formation, Dissolver solution prepared by Fe(NO ) ~HNG
dissolution of U-3 w/o Mo alloy was adjusted to +0.25 M free acid and sp%ked
with Pu(IV) and Np(V). The solution was made 0.1 M in dichromate and, without
heating, used as feed for mini runs, simulating Redox first cycle extraction,
With neutral scrub and C.2 M HNO» in the hexone, uranium, plutcnium, and nep-
tunium losses were 0.011, 0. 20, and 0.19 per cent respectively. Reduced feed
acidity, neutral extractant and acid deficient scrub resulted in generally
higher losses of all three.

Materials of Construction

Testing of Experimental Alloys from Battelle Memorial Institute, Further coer-
rosion tests were conducted on the first twelve experimental alloys produced at
Battelle Memorial Institute. As a candidate materiai for use in the HAPO ncn-
production fuels dissolver, the best of these twelve has the basic Hastellcy

F composition but stabilized with titanium rather than niocbium. Its ccrresion
resistance is better than Hastelloy F in all decladding and ccre dissoluticn
solutions contemplated at present for use in the dissciver. "As weided" weld-
ments show iittle or no preferential weld metal attack even in azid flucride
solutions. '"As welded" weldments made with Hastelloy F base metal and the
experimental alloy as filler are preferentially attacked at the fusicn line in
acid fluoride solutions.

Corrosion by Zirflex Wastes. Corrosion rates observed for 1020 mild steel
coupcns after twc months expcsure to teiling simulated, neutralized Zirflex
decladding waste (pH 9.3) were 0.048, 0.006, and 0.0025 mils/mo in the liquii,
vapor, and interface recspectively.

Redox Boron Monitor

The boron monitor on the A-2 chemical additicn line to the "2&" dissclver at

Redox was placed into cperation this month. Thus far, no boron ccntaining
solutions have been added to the process. However, the unit has respcnded as
expectted tc additions of water, nitric acii, scdium nitrate, and scdium hyircxide.

REACTOR DEVELCPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

Salt Cycle Prczess

Hpme M

Complete analytizal data rave now been obtained for the previcusly repcrted o
experiment in which a ten gram wafer of U02 irradiated to 1.238 a/c tirnup =f
U-235 was subjected to a sirulated oxilative -lad remcval step, a chlorine

l2tazs o BEWH
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dirscluticn, and a cathodic reducticon in moiten NaCl-KCi eutectic whereby the UOs
was rezcvered as a deposit on a graphite saethode. In contradistinction to the be-
havicr of plutonium in earlier experiments employing unirradisted cxide mixtures,
incialing the UCo-PuOp mixed crystal oxide, the plutonium present in the irradiated
oxlie diszzlved to the extent cf ca. 80 per cent. Further, essentially all the
plutoniur which dizsclved alsc co-3epcsited with the U0, in the cathodic reduction
step.

A se2cnd experiment in which fresh UOZC;Z and PuCl, were dissolived in the activity-
bearing zalt thase rezulting from the fcregcing experiment and the cathodic deposi-
ticn sztep repeated; substantiated the resuits cf the first experiment. 1In this
instance, <a. 83 per cent of the piutonium initially present in the salt phase co-
depozited With the UO,. ' |

Fizsicn preduct decentanmination fasters varied considerably between the twe experi-
ments. Removal of fissicn produczt:z ranged from 71 per cent (for zirconium-niobium}
tc 99.9 per -ent {for strontiur) in the first experiment and 54 per cent (for cerium-
prasecdymiun’ tc 99.5 per cent (fcr cesium-barium) in the second experiment.

Tre peseibility that zso-depcsition of plutornium and uranium can be controlled anéd
utilized %o generate a single "blesnded" prcduct for recycle ie an obviousliy in-
triguing cne and he:z: prompted further studies of plutonium behavior in the salt
cyc.s syztem. Exploratory experiments completed tc date indicate that:

L) Thke salt CszPuC‘Clh‘is not appreciably soluble in NeCl-KC1l eutectic at
800 C. Since the salt Ce UOCILy is resdily soluble under the same con-
diticns, the specnlation I that pyrolysis converted the plutonium salt
t¢ an inzcluble speciez before it could disscive.
Expozire of & sciution prepared by dissolving Pucl3 in NaCi-KCl eutectic
te :hicrine for twe hours at 8CO C does mot .result in any appreciable
cxildatlion of pivtonium, at least when the chlorination is followed by an
argorn :parge to exclude air and expel residual chlorine from the system.

.(\:'.

The tatncdi: deposition of unirradiated uranium is under study in larger-zcale
apparstuz, The chservation of perhaps greatest zignificence resulting to date from
these studies Is a tendency to prcoduses much less manageable UOo deposits. Whereas
earliier werk rrodused cooperative deniritic deposits which could be easily removed
from the catrcle and waizh comprised & dense, crystalline powder apparently amenable
T ompartion by swaging, the recert work has produced very aiherent deposits which
are 1ifficultly remcved from the grarhite cathnde and then only as hard flekes the

cceptabllity of woich as feed for any remctatle compaction technique is by no
msans assured. Variabies pcszfbly rezpoenzible for this (and surrently under inves-
tigaticn) inzlude the fact tkhat the NaCl-KCi salt system was reused through several
dizzcluticn: ani rathedic depositicns (witkh pozsible addition or depletion of im-
puritiez) and tuat uranium oxides from several sources were used as feed materials
in the:s stulilss,

Additicnal zon:ideration has alsc been given tc meane of removing carbor from U0,
fermei by depcsiticn or graprite eleztrcdes. Carbon contente as higk as 100C to

1%0C parts per rillion have teen reperted for UC. deposits formed in earlier work.

Ir experiments aimed at remcval of sxcess cxygen from "UCo", it was found that reduc-
tion witn hydrcgen at 170C C likewise reduced the carbon content of a receant sample
frem 2600 ppm te 7C tpm. However. vedustion with hydrogen at 600 C hed no effect.

(
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Problems stemming from instability cof various instrument compcnents have now
apparently been sclved, and concrete progress has been made in adapting ccr-
trolled potential coulometry for determination of the oxygen/uranium ratic in
"UO.". The proposed procedure (as yet not thoroughly tested) entails dissclu-
tiog of the sample in hot concentrated phosphoric acid, {under an inert gas
blanket to avoid air oxidation cf U(IV) te U(VI)). An aliquot of this soluticn
is then added to 1 M H,SOy, and a coulometric titration made to determine the
amount of U(VI) in the sample (whence the 0/U ratio can be calculatedj. Chemical
oxidation is then employed to effect quantitative conversion of U(IV) to U(VI),

A second titration then determines the total uranium content of the sample. OF
geveral chemical oxidants tested, Ce(IV) was found to be the most satisfactory.
The second titration of the excess Ce(IV) and then of the U(VI) can be made abou®
six minutes after addition of the Ce(IV). )

It is believed this method will offer significent adventages in semnsitivity ani
precision over the ignitiom to U,0q as a means of determining the‘O/U ratio in
U05. In particular, it should ndt be subject to uncertainties arising from
volatile or combustible impurities (e.g., carbon) in UO,, and it affords a means
of determining not only the 0/U retio but likewise the total uranium zcntent on
a single sample.

Aluminum Chloride - Alkali Chloride System

Continued study of the effect of bromide on the distribution of uranium in tke
system AlCl3-KCl-Al has resulted in distribution coefficients

(g ﬁézal / ggsglt ) as high as 14 if an initisl Br:U ratio greater than four

is maintained. This value is equivalent to an extraction of 99.3 per rent of the
uranium into the metal phase in a single contacting. Since the distribution is
almost completely reversed at a very low AlCl,; content, the possibility exists of
cycling uranium as aluminum alloy through a salt phase back tc anr ailcy <f in-
creased concentration. Such a process would find application to enriched U-235-
Al, or U-233-Al fuel allicys.

Dissolution of Al-Pu-Si-Ni Alloy

An investigation of the effect of small percentages of silicon and znicke: In Al-
Pu PRTR splke elements on proposed dissolution and Redox processing is in progress,
A survey of dissolution rates of 1.8 w/o Pu - 1.1 w/o 8i-1.35 w/o N1 - C.35 win

Fe - 95.4 w/o Al alloy in HNO3 - Hg(NO3), was made. Io thirty-cnme tests in wkhizh
nitric acid concentration was varied from 2-8 molar and mercuric nitrete from
0.002-0.05 molar, only four samples dissolved at rapid rates (ca. 30 mg/{min:

(sq cm)). The remainder dissolved slowly (ca. 0.5 mg/(min){sq cm)'., There was

no ccrrelaticn of fast and slow dissclving samples with either nitric acii or
mercuric nitrate concentration. ‘

Discussions with Plutonium Metallurgy personnel disclosed that tke history of <he
samples used was nct known precisely. Chemical composition was reasonably zartain
but location of the samples on an extruded rod (erd or center) was nct kncwn,

In further studies, only center-section samples from corrosicn-paszei (high tem-

Py wrn

perature water) rods were used, To date, five such samples representing [ive
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jiffsrent billet: have been tested. All dissolve rapidly (40-60 mg/(min)(sq cm))
ir 2 M ENC3-0,002 M Hg{N03}2 but sicwiy (ca. one mg/(min)(sq cm)) when the nitric
ccncextration is eight moiar. Intermediate acidities have not yet been tested.
Allcye of Al-Pu, Al-Pu-Si, and AI-Pu-Ni as well as X-8001 aluminum also show this
same hign diszsclution rate in Icw acid concentration and low rate at higher acid
soncentrations,

Foilowing complete dissolution of Al-Pu-Si-Ni-Fe alloys (at both high and low dis-
gciution rates;, solids representing from one to two per cent (dry weight basis)

cf <he alloy weignt were present. Silicon rresent in the dissolver solution was
iow (&£ 0.002 M), Dissolver solution prcduced by slow dissolution was butted to
expected Redox feed ccmposition. Dispersion and disengeging time studies with this
feed solution and Redox extractant indicated no unusual emulsion forming tendency.
Dissclver solution prcduced by fast dissolution of the alloy will also be tested.

“Cortinuous lon Bxchange Contactor Development

s .ggler Cortactor. Several runs using therium tracer feeds were made during the
ncnty.. The most successful, cperationally, was & cumlative run of eleven houre
duraticon. Wet settled resin to slip water retic was about one. Some difficulty
iz being experienced in translating the feed and product analysis to efficiency
facters, primarily because of the unknown kinetic effects.

A me-hanical jewatering device iz being designed to isolate the slip water and
the priduct streams.

Muitistage Agitated-Bed Contactcr. Febrication of the k-inch diameter by 36-inck
length two-stage agitated-bed contactor was complieted and operational feasibility
wa: dercnstrated, The stages ere isclated by a resin impervious screen and - inter-
ztage resin mcvement ig prciuced by a screw pump., While preliminary observaticns
‘riizated the resin flow rate tc be difficult to conmtrol, improvements were mede
whizn alleviated the prohlem considerabtly. A resin pump of slightly different
design, but utilizing thne same basic prinziple of screw transfer is being fabri-
cated,

Weiss Unit., Efficiency runs using thorium have been initiated, but results are
r.ct available at report time. Operation at aqueous flow rate of 200 gal/(hr)
{sq ft) was quite smooth and sta%le.

RADIGAZTIVE RESIDUE PRCCESSING DEVELOPMENT

Raiiant Heat Spray Celcination

Tre altarations tc the spray calliner were completed during the month and the
unit retirned %o servisce. These mciifizations have resulted in a considerabis
imprcvement in the operation and an increase in the capability of the unit.

Due tc the incremsed power; time required for startup has been reduced from
trree hiurs to less than one hcur. A series of shake-down runs have been made
with gsnerally satisfactory resul%s. A new water-ccoled nozzle insert was used
iur-ng the last run of *he mont:r and proved effective in reducing the buildup of
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material around the nczzle, replacing the "dcctor biade" previocusly used *c remcve
this buildup. Only the performance of the ceramic filters has proven diszappeint-
ing. These filters crack easily and appear to pass a ccnsiderablie amount of soiis
material.

A series of runs have been initiated aimed at determining the limiting capacity =f
the sprey calciner. The flow rate of feed (gimulated Purex formaldskyile-traated
1WW) has been increased to 1.5 gal/hr (4 gal/(hr){sq ft)) without difficulty and
without any evidence of deterioraticn in product quality.

One run was made to determine the behavior of ruthenium when prccessing acidic
Purex waste (as contracted with the run witkh neutralized waste reported last
month). Non-radiocactive ruthenium was spiked into a high-suifate, formeliehyde-
treated, synthetic 1IWW. The upper section cf the column was heated to 555 C ard
the mid-secticn to 820 C. Fiow rate was 0.95 gal/hr. Over 98 per cernt of tre
ruthenium was found in the calcined product witn less than 0.1 per cent (DF >—LO3)
in the condensate and scrub solution. Retention of ruthenium in the sclidz was
apparently at least as gocd as in the run with néutralized waste. Cesium analiyses
have not been scompieted, but those on the previcus run indi-ated near quantitative
retention in the calzcined so0lids with a DF of > 6C0 +c the off-gases. These
results suggest that ruthenium and cesium eveluticn may be much iess <f a problsm
in the spray calciner than with other types of calcinaticn eguipment.

Radicactive Residue Fixation

Mineral Reacticns. Tke effect of accompanying icn on the adsorption of cezium Ty
clincptilolite was studied witkin the cesium zcncentration range of 2C7° 40 0,2 M.
Cesium concentrations in most wastes will be less than 10°2 M and in low-lavel
wastes will usually be present as a "traze" such as in Cclumbia River water (:cn-
centration about » x 10~9 M Cs). Experimsrct: were condu-ted with -iincptiiclite
columns receiving soclutions containirg 1.0 M Na+ arni various cesium ccncentraticos,
The number cf cclumn voliumes of effluent required %o askieve a 50 per —ent break-
through was used as a measure of mineral capacity in each case. Tas unumter oF
column volumes required increased with decreasing ccncentration aown to 1073 M
cesium, Below thiz, the rumber of :zolumr volumes required to reackh 50 psr zent
breakthrcugh remained :cnstant, impiying a constant iiztributicn ~ceffizient in
that ccrcertraticn rangs.

»

ixaticn cf Radicactive Waztes. The firzt cold run in tke pi.ot plant equipmsrn=
was completed using derinsr=lized water and a ted cf ciincptii-lite. Purprze °f
the run wasz to jstermine system reiiability and to dsvelep satisfaztcry operating
techniques and practizes. Mcoiificaeticns ars being mads te correct dsficiencis
where iffizulties mign~ bs sxpected under SWP -cnditions. Medifi:atizsns are
2 272=CR Builiiing air cond:iticning svatexr G insires [roier

alsc being made to ti=
air fiow in the =izl

Plutcnium Recycl=s Tecst Reacttor. Cerami:s Fuel Develcpment was azsizted in es
mating urenium :cntamiraticn on several suspezt fuel roiz:. Nusliear films wer
empicyed fer spot checks. A zcintillaticn alpha particie ~curter for testing
large areaz was Zesigned ani parts cordered Fabri-ated,
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Excretion Rate of Zn

Gemma rey spectrcmetric measurements of the Zn65 in bioassay samples from ten indi-
viduals with measured Znb> body burdens up to 2.3 x 107 d/m were made. Positive
values were obtained on only two urine samples from which the excretion rates were
0.0 and 0.14 per cent body burden per day. The six feces excretion rates varied
from 0.4 to 2.7 per cent body burden per day. It should be possible to detect 0.1
per cent of the maximum permissible body burden by urine bioassay and 0.01 per cent
by feces biomssay using 500 mi samples and the large scintillation well counter.

Phosphaete Addition to Reactor Coolant Water

Small quentities of phosphate were added to the coolant water for two in-reactor
tubes for several days. The p32 analyses of the effluent water which were made
throughout the period and for many days thereafter showed some striking differences
from the previous arsenate addition tests. Immediately upon starting the additiom,
the P32 concentration in reactor effluent water increased a factor of three to four,
fell rapidly during the next eight hours, and then increased in a manner similar to
the arsenate case. Immedistely upon discontinuing the addition, the P32 value
dropped to 60 per cent the original value, then rose during the next few hours to a
valiue somewhat higher than the originael value and then showed a decrease similer to
the arsenate. Further studlies will be needed to explain this unusual behavior.

Strontium-90 Procedure

The influence of calcium on the precipitation of strontium nitrate from concentrated
nitri:z acid was investigated. The data showed that the strontium nitrate solubility
was increased whern large amounts of celcium were present and this increase in solu-
bility cculd account for the loss in chemical yield of strontium observed under these
conditions.
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Geology and Hydrology

The drive barrel method of drilling, in place of the rock bit and bailer methocd,
again proved valuable., In tkis method an open tube, slightly smaller than the
well casing, is driven into the sediments in the well bottom and withdrawn with
the contalined sediments. No bit 1s used and no water is added thus the sampies
are less disturbed than by drilling with bit, intermingling of sediments from
different depths 1s minimized by the dry drilling, and determination of natural
moisture content 1s possible. The drillers, although initially inexperiencedl
in its use, have been able to use it about 30 per cent of the time, and in ideal
materials, drill appreciably faster than with bit and bailer. Samples obtained
by this method are being ccmpared to those from the same geologic horizons in
adjacent wells drilled by earlier methods to afford a cross-check and to determine
the -full-desirabiltity of further use of the methcd.

In deriving and testing & mathematical mocdel for unsaturated flow of water
through a porous medium it was found necessary to introduce a term which may be
considered to represent the part cf the moisture content of the medium which

does not effectively contribute to the flow rate. In this sense, the term is
introduced in the formula as an empirical correction on the measured total mcis-
ture content. Other experimenters refer to this empirical term as the "tortucsity"
of the system when it is introduced in a slightly different way. The Hanford
unsaturated flow formule ccntains two empirical "ineffective moisture content"”
terms, one under the conditions being considered 01) and the other represénting
saturated conditions (ug). These twc unknown terms require that an iteratiom
process be used in solving the equation. It is possible to evaluate p direstly
if a flow range can be found within which moisture zcntent (M) varies tut u
remains essentially constant. Experimental unsaturated flow data for seven
different soils were examined to test the extent of such a regicn. In all -ases
it was possible to select narrow ranges of fliow across which Z&,H/Zx M arproached
zerc. From this, a method can be proposed for direct approximation cf u by
relatively simple means without rescrting to exhaustive iteration procedurss.

The application of the principle of specific retention of wastes by soils kas
been used at Hanford in past years. The concept of a constant moizture retenmtion
property of scil is generally used in defining thiz dispcsal method. Thiz concept
is recognized as being inadequate since the phoenomencn it attempts to dezcrihe
really involves transient unsaturated flow. A study was initiated t¢ stuiy zuch
a flow system. It will be possible to apply the previously derivei unsa*turated
flow formula tc this study in the case of certain scils but for otizers iirect
solution of the problem i3 nct possible. Accordingliy, finite difference formuia-
tion is underway for numerical soluticn in those cases,

Soil Chemistry and Geochemistry

Study was completed on the relative effect of other caticns on the capacity cf
clinoptileclite for Cs adscrptisn. In 1.C N solutions, the effest of varicus

ions was in the decreasing crder Rb+, K+, 3r+2, Na+, Ca+d, Mg+2, Li+,
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Tre capactity of clincpiilclite for strontium remcval was studied in greater detail
tc exanmine possitle metheds of Improvement. At the present time the two materials
that seem most suitable as adsorbers for strontium are ciinoptilolite and Linde-4a
zeclite, The pelletized form of the syntrnetic zeolite has a limited capacity for
strontium remcval and nas pocr ecid resistanze. Metncds of improving the useful-
rezs of both materials for adsorbing strentium are being sought.

It was found that both thne strontium cepacity and strontium adsorption rate of
2lincptilclite can be increased by raising the temperature of the system. Longer
residence time in the columns {slower fliow rates or lcnger columms) alisc improved
strontium removal, These results suggest thet the removal c¢f strontium from soclu-
ticn by clinoptilolite is zeontreiled by a diffusion mechenism. It may be that the
seleztivity of the mineral for cesium is caused in part by differential diffusion
rates for various cetions in the pores or alcng the surfaces containing the adsorp-
ticn sites. Experiments were ceniucted tc measure the influence of strontium
soncertration on the caparity of clincptilolite for adsorbing strontium from
zolution, Cclumne fiowing at 100 gal/(sq ft){hr) at 25 C were used in these ex-
periments., The loading capacity of the mineral was calculated from the throughput
volume required tc cbtain a 50O per cent breaskthrough, assuming a symmetrical
breaktnrougk curve. These experiments revealed a capaclity of 30 meq/lOO g at a
strontium -oncentration of 1 x 10°3 M and 57 meq/100 g at a strontium concentration
of 0.05 M.

Laboratory work was continued to characterize the reaction of soils with zirconium
isctopes in wazte solutions., In the csse of 3.2 x 102 M sclutions, the zirconium
is epparently greater than 99 per cert precipitated cver the entire pH range
stuiﬁed frem pH I tc_pH 13. In the lcwer concentration, zirconium systems studied
(107", 1077, and 1C™( M); the zirconium was always asscciated with the solid

phase ir systems witk a solution pH under 8. In similar systems having a solution
pE higher than 8, asz much as 20 per cent of the zirconium cculd not be centrifuged
fron tlhe supernatant soluticn. It iz possible that precipitated zirconium was
peptized to a colicidal form in this PH range, or the zirconium may be associated
with peptized so0il collcids. The presence of as little as 0.05 M NaCl appeared

tc rrevent the formation of this peptized cclicid. Abcve pH 12.8 nc eviderce of
peptization was found.

Groeund Waste Investigations

Laboratcry research data evaluating the effect of competing icns on the soll ad-
sorption of Sr were obtained; using both flowing cclumns and equiiibrium experiments.
The adsorption of strontium from a Q.1 ppm solution was exemined in systems contain-
ing various concentraticns of one of the three accompanying ions studied. The

three Ions examined were Net, Ca+2ﬁ and Mg+2’in concentrations ranging from 10 ppm
*c mare tnan 100,000 ppm. The 0.5 C/C, breakthrough point was used as a measure

cf s2il "zapasity" in the zame cf column experiments. This was found too highly
sorresative with the distribution coefficiernt determined from egquilibrium experi-
ments, The zcrrelation indicates the appilicability of these simple batch experi-
ment: to the evaluaticn of soil adsorption cclumns having flow rates comparable to
tnese exparimental cnes (4,3 ml/?mthr), The data were used in comparative evalua-
ticn ¢f *he influence of the concentration of accompsnying ion on stronmtium adsorption
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and indicated thet at low accompanying ion concentraticns magnesium competes with
strontium more strongly than does calcium. At concentrations near the high end
of the range studied, the opposite order was found with calcium competing more

strongly than magnesium.

The field experiment with a model crib continued with a total of 3,527 gallons

of strontium-spiked calcium nitrate solution having been added to date. The
smell (6-inch by 6-inch) crib will accept the solution only at the very low rate
of about !t gal/day, It was found that this small rate of addition resulted in
such slow concentrauiea ekangas in the ground water that samples from surrounddéng
wells need be obtained but once a week. The gradual increase in nitrate and
radiostrontium concentrations in the ground water in wells adjacent to the crib
continued no significant deviation fwrom -previously established trends being ob-

served, :

-
-

Field Apparatus Development

Work continued in the development of apparatus for the laboratory determination
of moisture in soils. Measurement of the electrical resistance of hydrophobic

materials (Teflon shavings and Dri-filmed Ottawa sand) in contact with the wet

soil showed some promise as a method. High initial sensitivity is obtained but
the calibration changes on cycling from dry to wet soil.

A well-water multi-depth sampler was designed and a single unit ordered fabri-
cated. The sampler will permit samples from several depths to be taken simul-
taneously.

Micromeritics

The minor influence of surface roughness on deposition rate by turbulent impaction
of two and four micron particles wes demonstrated. The deposition constant was
measured in 3/4-inch pipe whose internal surface roughness ranged from polished
to as-manufactured finish. For equal Reynolds numbers (3,000 to 17,000), the
deposition constant for the various surfaces was not appreciably different.

Equations were developed which empirically related important variables affecting
particle deposition. The pipe diameter enters into the relationship as part of
two dimensionless parameters yet the data indicate that & third parameter in-
cluding the diameter term is required to explicitly define particle depesition

rate, '

Manager, %ia
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3ICLOGY OPERATION
A. ORGANIZATION AND PERSO:NEL |
No significant changes in organization took place during the month.
B. TEGINICAL ACTIVITIES .

FISSIONABLE MATERIALS - 2000 FROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I3t in the thyroid glands of jack rabbits were the same as
those observed one year ago. Values follow:

mc/g Wet Wt. Trend
Location Average Maximum Factor
Prosser Barricade 2 x 103 3 x lO"3 -
Wahluke Slope 1 x 10-3 2 x 1073 -2
L, Miles SwW Redox 1 x 10™3 2 x 10-3 -3

Columbia River Contamination

Concentrations of gross beta emitters in whitefish flesh were about the same as
observed one year ago. Values tollow:

/uc/j Wet Wt. Trend
Location Average Maximm Factor
Priest Rapids 7x 10'6 7 x 1070 - 11
F-1 2 x 1074 2 x 1074 o3

River ducks found in a weakened condition on private farmland in the Pasco area
were the subject of newspaper publicity which insinuated their disability was from
f"radicactivity". Tissues of two specimens contained background amounts of alpha
emitters and concentrations of gross beta emitters one-half the amounts observed
in ducks trom the river during November and one year ago. Average amount of beta
emitters in flesh was 5 x 1072 uc/g wet weight.

Fallout Contamination

Fission products occurred in rabbits from Hanford Reservation in the tollowing
amounts:

UNCLASSIFIED
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uc/g Wet Materials Trend
Sample lype Average - Factor
Feces 2 x lO"5 -
Bone 1lx 10'5 -2
Muscle L x 10°° )
Liver ‘ L x 10™° -

Erfect of Reactor Etfluent on Aquatic Organisms

Routine monitoring of the effluent trom the 100-KE reactor was continued with
juvenile chinook salmon which began feeding about the middle of the month. The
conditions under test are:
1. Reactor effluent at concentrations now occurring in the Columbia River,
2. Concentrations ot effluent predicted for about five years hence.

3. Control.

Survival has been exceptionally good in all lots and no indication of adverse
effects have been noted. '

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Phosghorus

Exposure of cichlids to water comtaining radiophosphorus was continued. The single
mortality which has occurred to date was in the controls and there has been no
evidence of radiation damage in any of the experimental lots. The hoped-for
spawning ot these fish has not yet occurred.

Gonad Dose (Zinc)

Ten to twenty per cent of an ingested dose of Zn65 was absorbed from the gastro-
intestinal tract of a ram. Tissues measured showed a high uptake of Zn®> as

compared with blood plasma. Most tissues had a rapid turnover of radiozinc (but
not as rapid as has been observed for smaller animals such as the mouse and rat).

Five days following intra