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LEGAL NOTICE

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

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

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

As used in the above, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee or con-
tractor of the Commission, or emplioyee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with the Commission, or his employment with
such coniractor.
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BUDGETS AND COSTS

April operating costs totaled $2, 222, 000; fiscal year-to-date costs are
$21, 189, 000 or 80% of the $26, 522, 000 budget.

Hanford Laboratories research and development costs for April, compared with
last month and the control budget, are as follows:

Cost

{Dollars in Thousands) Current Last FY ' %

Month Month  To Date Budget  Spent
HLO Programs

02 Program $ 70 $ 96 $ 510 $ 661 7%

04 Program 917 841 7 988 9 812 81

05 Program 71 64 660 806 82

06 Program 180 198 1874 2 402 78

1 238 1199 11 032 13 681 81

IPD Sponsored 190 260 2 589 3170 82

CPD Sponsored 160 144 1 643 1 954 84
$1 588 $1 603 $15 264 $18 805 81%

Due to the discontinuance of the aircraft nuclear propulsion program, Air Force
purchase order ($55, 000) for experimental investigation at Edwards Air Force

Base and GE ANPD purchase order ($3, 600) for X-ray Diffraction Analyses were
cancelled.

Authorization was received from HOO-AEC to proceed with fabrication of 48

aluminum alloy clusters for Bettis. A total of $30, 000 will be authorized for this
work.

Costs for Project Chariot for the summer of 1961 were estimated at $32, 800
(incremental). Authorization is expected in the FY 1962 Financial Plan.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

Startup testing and correction of construction deficiencies of PRTR continued.
All of the Design Tests were completed excepting those to be performed in
conjunction with later Power Tests, and the remaining Critical Tests were
completed. The reactor was then shut down for discharge and cleanup of

UO2 fuel elements which had collected foreign matter from the primary
coolant flow during the course of design testing. Much maintenance work

was done, such as overhaul of two primary pumps, modification of the

helium system to simplify condensate collection and oil removal, modification
of shim rods, calibration of flow monitors, and check-out of safety and con-
tainment circuits and equipment.
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Construction continued on auxiliary facilities of the PRTR complex. The
Maintenance and Mockup Building is about 80% complete versus 91%
scheduled. PRTR site paving and landscaping are on schedule at about 40%
completion. The Critical Facility Building is about 93% complete versus
100% scheduled, but extension of the scheduled completion date to August 15,
1961 has been approved by the Commission. The Rupture Loop Annex is
about 97% complete versus 100% scheduled, and the Gas Loop is about 58%
complete versus 91% scheduled.

PuOg-UO32 fuel development continued with studies of (1) the homogenization
of UOg and PuOg2 powders mixed in a P-K blender, (2) methods to control the
distribution of plutonium oxide during loading of a tube with mechanically
mixed powders, (3) methods of achieving close length control of swaged UOg-
PuO, elements, (4) swagable end caps of various designs, (5) the determi-
nation of PuO2 concentration by gamma spectrometer scanning, (6) gas
evolution from UOg and PuOg2 powders, (7) melting points in the PuOg-UOg
system, and (8) stability of PuO2-UOg2 mixtures at high temperatures in
various atmospheres,

Bonded Zircaloy-clad, Al-Pu capsules fabricated by injection casting are
being irradiated in the MTR. A four-foot long, Zircaloy-clad, seven-rod
cluster fabricated by the injection casting technique is scheduled for irradi-
ation testing in the ETR in June 1961,

The melting point of beta plutonium disilicide has been determined to be
1750 C T 20.

Additions of 0.5 w/o or 0.1 w/o TiOy to micronized UO2 produce no density
advantage when high energy impact formed at 1100 C and 500, 000 psi. An
exploratory high energy impact compaction of UC at 1200 C and 500, 000 psi
produced a machinable, 97. 4% dense billet.

The electrical conductivity of irradiated sintered UOg (0. 005 a/o burnup) at
room temperature was found to be approximately 20% of that of non-irradi-
ated UOs.

A tubular, vibrationally compacted test element is operating satisfactorily
in KER~-1 loop. A three-foot long prototypic nested tubular fuel element
(PRTR Mark II-C dimensions) containing vibrationally compacted UOy was
charged into the ETR 6x9 loop during the cycle beginning April 17, 1961.

Post-irradiation examination of the four-rod cluster fuel element containing
recycled, partially decontaminated UO9 revealed extensive relocation,
dendrite growth, and formation of a large central cavity. This was expected
because of the low bulk density of the fuel specimen.

A successful high frequency resistance welding technique (Thermatool) was
caloy-2




’ vii HW-69408
cladding for the Mark II-C PRTR nested tubular fuel element.

The study of non-coaxial placement of I&E fuel elements within a process

tube continued with determination that the limiting heat flux in the annulus of
K reactor I&E fuel elements under fringe zone flow conditions is about

1, 810, 000 B/hr-sq ft when the fuel elements are positioned concentrically.
Initial results of an investigation of subcooled boiling under normal operating
conditions in Hanford fuel channels showed that the inception of local boiling
could be predicted fairly well with the Jens and Lottes correlation (ANL-4627)
at low flow conditions but not at the higher flow rates found in the central
zones of the reactors. The determination of maximum heat transfer cap-
abilities of the NPR tube-in-tube fuel elements continued.

Volume increases of four prototype NPR inner tubes (NIN-1) irradiated to
1000 MWD/ T under NPR conditions averaged only 0. 4 percent. Ten other
NPR inner fuel components, heat treated under varying conditions, were
discharged from KER Loop 1 on April 1 at an exposure of 1050 MWD/T.
Examination should yield valuable information on the optimum heat treatment
to be employed for NPR fuel elements.

Two KER size tube-tube elements were successfully irradiated to ca. 1000
MWD/T in the 6x9 facility in the ETR at the extreme conditions of a specific
power of 317 kw/ft and a maximum heat flux of 1, 100, 000 B/hr-sq ft.

Accelerated hydriding of Zircaloy-2 has been observed at 425 C after 50 to
100 days in a simulated NPR gas atmosphere. This result can be related to
the fact that the solubility limit for hydrogen was exceeded about this time.
A tentative hypothesis, which will be evaluated in future tests, is that pre-
cipitation of the hydride phase in the metal results in a volume expansion
which modifies the protective property of the zirconium oxide film.

The decontaminating procedures under development for the NPR and PRTR do
not significantly increase the hydride concentration in the Zircaloy. The
hydrogen content after eight complete cycles. alternated with high tempera-
ture operation, was less than 20 ppm.

Graphite samples for monitoring oxidation in KE Reactor were removed
after three months in the He-Ng atmosphere. The oxidation rate of all
samples was below the established limit of 2%/1000 operating days.

Initial in-reactor check-outs of the modified second generation in-reactor
creep capsule were favorable, showing lower gamma heating and more stable
performance of the thermocouples and electrical transducers than in earlier
models, ‘

The computer program for calculating neutron attenuation in shields is
complete. Results for a thick shield with a thermal neutron reduction factor
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of 1010 indicate that the calculations can reproduce the experimental data for
fluxes and dose rates within a factor of two.

In support of the CANDU design, a study of the heat transfer and fluid flow
characteristics of a horizontally located 19-rod bundle fuel element was
started. Using an electrically heated test section identical in size to the
PRTR Mark I fuel element, no high temperatures indicative of stratification
were observed at a heat generating rate of 208, 000 B/hr-sq ft with inlet
conditions of 478 F and 1100 psia and with flow reduced to make the outlet
coolant 20% steam by weight. The experiments will be repeated at higher
heat generation rates.

2. Chemical Research and Development

The fourth strontium-90 recovery by ion exchange yielded 12, 400 curies from
centrifuged Purex feed free of troublesome solids. Several new process
improvements were incorporated in the run; most noteworthy was the use of
ammonium nitrate for final product elution wherein almost all the product
was recovered in only six liters of eluant.

The Hot Semiworks was ready to proceed on large-scale recovery of strontium-9¢
at month's end. An extensive amount of backup technology and laboratory
scale tests indicate an optimum flowsheet with no serious problems.

Progress was made on a concept of fission product packaging by means of a
filter canister in which in situ chemical conversions would pro duce a final
stable product form. This idea, when successful, will greatly 51mp11fy
handling and shipment of highly radioactive products.

Less than 0. 75 percent of cesium loaded on a Decalso inorganic ion exchange
media was volatilized when the system was heated to 1500 C.

A series of glasses containing 30 to over 70 weight percent strontium were
successfully prepared. These glasses hold promise for use as high-integrity,
easily formed strontium-90 heat sources.

An intensive research program on Salt Cycle technology was continued on a
broad front. Careful electrochemical measurements, improved experimental
techniques, and investigation of alternate salt ''solvents’ are pointing to a
better understanding of the chemical species present and the kinetics of their
transformations, Electrochemical deposition of UOg, in particular, is well
characterized and large, dense crystals can be produced in a predictable
manner. The largest engineering scale deposition of UOg2 produced over

20 pounds in one deposit from a potassium chloride-lead chloride molien

salt solution.

Satisfactory core sampling of sediments from the floor of McNary Dam
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reservoir showed material in the strata of sediments can be dated by measur-
ing the Zn-65 to Co-60 ratios. Sediment cores varied from 8 to 14 inches in
depth.

A broad base of knowledge on site geology and hydrology was used in a recent'
study which concluded that NPR decontamination wastes will be disposed to

ground in a crib north of Gable Mountain some five miles from the NPR site.

Physics and Instrument Research and Development

An experiment to improve nueclear safety limits for one step in the 235
Building process was conducted in the plant. This was the first in-plant
experiment of its type conducted at HAPO. In such experiments, the assembly
of material is kept well below critical size with the conditions that would be
required to obtain actual criticality deduced by extrapolation of the data. The
work is a joint effort of CPD Research and Engineering Operation and Critical
Mass Physics Operation and will continue through a series of measurements
simulating normal and abnormal operating conditions.

Study of a simple approach to automatic control of existing reactors was
continued. Again, outlet tube temperatures actuated on-off rod motion. In
the two tests conducted this month, normal operator control had to be resumed
when simulation of the simplified control operation did not adequately restrain
shifting of the heat load in the reactor,

Substantial aid in overcoming inadequacies in the control system of CPD auto--
matic lathes resulted from application of a technique to measure their
dynamic characteristics which has been developed after considerable experi-
mental difficulty. Reproducible data for defining the system non-linearities
has been obtained for the first time.

Accumulation of backup knowledge on the behavior of neutrons in NPR type
reactors continued through performance of exponential experiments. Improve-
ments in the technique of analyzing such experiments are promised by recent
application of improved theoretical methods to the treatment of some sources
of variation in the results.

At the Critical Mass Laboratory the program of leak detection and repair
made progress and volume calibrations were run on various solution-contain-
ing vessels, Satisfactory progress was also made in the fabrication of the
assembly equipment to be used with simulated plutonium precipitates.
Development of computation methods for predicting criticality also continued
to make progress but emphasized the need for better information on the
effects of Pu-240 in criticality situations.

Development of improved fuel failure detection systems will be aided by an
experimental installation planned for the PRTR Rupture Loop. Instrumenta-
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tion is being designed and procured for the determination of gamma energy
spectra, delayed neutron activities, and gross activities from defected fuel
under various conditions.

Understanding of the physics of plutonium as a reactor fuel will be aided by a
newly demonstrated technique for measuring ''neutron temperature' variations
throughout a lattice cell using Lutetium '"neutron thermometers".

Detection of PuO2 concentrations in PuO2-UOg fuel rods may be done by gamma
ray energy differences according to initial studies which detected localized
concentrations of 2% of PuOs in rods where the average concentration was
0.5%. To date, detection sensitivity has been limited by variations in the

total oxide density.

In non-destructive testing research, study of the optimum waveform to .use in
eddy current testing was assisted by receipt of the first quarterly report on
our research contract at Johns Hopkins University. In other work, eddy
current test coil temperature compensation was developed, further improve-
ments were made in thermal bond test methods, and preliminary experimental
search for nondestructive ways to detect Zircaloy hydriding yielded negative
results.

Fallout of airborne contaminants due to rainfall is receiving increasing
attention as analysis of voluminous dispersal data nears completion. New
experimental techniques useful with both natural and artificial rains have
given encouraging results in preliminary trials.

Improved detection sensitivity, by a factor of 10, for air contamination by
fission products was obtained in a monitor installed in 327 Building. Increased
sensitivity over present plant equipment entailed some increase in cost and
loss of portability, factors which are not of importance for all applications.

At the whole body counter, information on the redistribution and elimination
of several isotopes was obtained. Information on P-32 was obtained through
the cooperative study with the University of Oregon Medical School and on
Sb~125, Co-80, Zr-Nb-95, and Ru-106 through observations on accidental
contamination cases.

4, Bio logz

In terminating the rabbit sampling program, the 1131 content of a large
series of thyroids and vegetation samgles from the same collecting site were
compared. The thyroid/vegetation Il 1 ratio was approximately 600. The
1131 contents in thyroids from full-term fetuses were 1. 02 t 0.5 times those
of their parents.
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DTPA treatment of rats 60 days after administration of plutonium appeared
to increase both biliary and non-biliary excretion of plutonium., Approxi-
mately one-fourth of the fecally excreted plutonium entered the intestinal
tract via the bile,

From 15 to 35 percent of Pu239

after eight months.

Clearance of Cel44 particles from the lungs of rats appeared to be slightly
increased by inhalation of ionized air.

intradermally injected into swine remained

Oxygen deficiency to barley seedlings depressed uptake and transpiration of
calcium.

Immature buds of yeast cells are radioresistant. Preliminary data obtained
by a staining technique indicated that such buds do not receive nuclear
material from the parent cell until half grown.

Programming

Development and improvement of computer codes employed for fuel cycle
analyses studies has continued during the month, with various codes being
both broadened in their capabilities and improved in accuracy, as well as
optimized for minimum usage of 7090 machine time.

The ''Salt Cycle' partial decontamination process may prove most attractive
economically in ''throwaway'' cases, where the uranium is sufficiently
depleted to be of essentially no value. Apart from its value as a separations
process, the salt cycle may also be an attractive method of preparing mixed
plutonium oxide-uranium oxide fuel with desired physical properties.

Analyses of typical uranium ore feeds to two different domestic mills confirm
earlier hopes that some of these ore streams are attractive sources of Th-230,
of interest for in-reactor formation of heat-producing U-232, and its

daughter Th-228.

TECHNICAL AND OTHER SERVICES

Throughput rates have been achieved which meet current completion schedules
for the non~destructive testing and accompanying treatment of NPR process tubes.
A new ultrasonic test for transverse discontinuities was placed in routine use,

and encouraging improvements were made in penetrant testing.

Two cases of plutonium deposition were confirmed during the month. The total
number of plutonium cases that have occurred at HAPO is 267, of which 194 are
currently employed.
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The Annual Summary Report for 1960 on the Radiological Conditions in the Hanford
Environs was completed. One hundred copies were transmitted to HOO-AEC for
distribution to government agencies and interested public officials.

There are 19 currently active projects having combined authorized funds in the
amount of $18, 904, 000. The total estimated cost of these projects is $25, 394, 000,
Total expenditures on them through March were $15, 080, 000, In addition,

project proposals have been submitted to the Commission requesting authorization
of $572, 000 total project funds on 4 new projects.

All formal R & D reports will be reviewed by the Patent Attorney to ascertain
whether patentable material and/or legal objections exist to prevent a document
being sent off-site.

Estimation of parameters in empirical models expressing fuel element distortion
as a function of reactor variables was completed and a satisfactory fit obtained.

It has been shown that the problem of determining the frequency of simultaneous

- reactor outages can be solved using available multi-channel queuing theory results.
This analysis has been applied to further work on the problem of the optimum size
for supplemental crews. h

The required calculations for demonstrating conformance to specifications of
parts shipped during the first quarter of 1961 were based for the first time on the
recently adopted part-by-part acceptance techniques.

In connection with pulse column control studies a preliminary analysis was com-
pleted of mid-column photometer calibration data.and the results used to guide a
machine calculation to determine the best mathematical method of correcting for
the temperature differential between calibration and experimental runs.

SUPPORTING FUNCTIONS

Financial has assigned a member to a task force to study ways for reducing costs
of 300 Area transportation. The study is being centered on a review of motor
pool and assigned vehicle practices which can be modified to reduce costs. FPD
and Transportation are also represented on the task force. '

A televised news feature on Operation Plowshare and Project Chariot was prepared.

Twenty presentations on changes in benefit plans have been completed. This
represents approximately half of the total job.

The revised Suggestion Plan procedure for awards of $50 or less was effected
April 17. ‘

et B S g
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Advanced Degree - Twelve Ph. D. candidates visited HAPO for professional
employment interviews. Eighteen offers were extended; three acceptances and
one rejection were received. Current open offers total 17.

BS/MS - Offer acceptances rose sharply during April as did rejections. Year-
to-date progress in campus recruiting has resulted in 152 offers, 48 acceptances
and 42 rejections. We currently have 62 offers open.

Technical Graduate Program - Six Technical Graduates were placed on permanent
assignment during the month. Three new members were added to program rolls.
Current program members total 48.

Recruiting visits were made to ANPD at Cincinnati and Idaho Falls. A total of
125 interviews were conducted. Offers have been extended to 9 ANP technical
exempt personnel and one acceptance has been received (Welding Engineer for
HLO). In addition, we learn that 3 offers were extended to ANP financial
personnel all of whom have accepted.

The guide portion of the Pressure Systems Task Force report will be revised
and issued as an HW document, thus making information on pressurized equip-
ment more widely available.

Current year-to-date incidence of security violations (18) are running at twice
the rate for 1960 (9). There were eight violations during April. Medical treat-

ment injuries totaled 42 for the month resulting in a frequency rate of 1. 98 for
April and year-to-date.

o G

for Manager
Hanford Laboratories

HM Parker:CAB:mlk
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SS‘M AND FUELS RESEARCH AND DEVELOPMENT OPERATION -

TECHNICAL ACTIVITIES

A. FISSIONAELE MATERIALS - 2000 PROGRAM

1.

METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zircaloy-2 in Simulated NPR Gas. A number of Zircaloy-2

samples have been exposed at three temperatures (325, 375, 425 C) since
October.1960 to a simulated NPR gas atmosphere. Tank helium was passed
through a solution of potassium acetate to give an inlet dewpoint of
approximately O C. This gas mixture was passed over graphite at 990 C,
producing an exit gas with a composition of about 98.7% He, 0.5% CO,

0.7% Ho and 0.05% HpO. Samples removed after 27 and 57 days of exposure
showed little or no hydrogen pickup at any of the test temperatures which
could be attributed to the hydrogen gas content. At 107 days of exposure,
the 325 C and 375 C samples still showed no hydriding, but the 425 C
sample had picked up 645 ppm hydrogen, which indicated hydrogen absorp-
tion beyond the normal corrosion product hydrogen pickup. Samples re-
cently removed after 160 days of exposure confirm the previous data with
the 325 and 375 C samples showing no gaseous hydrogen pickup. The 425 C
sample contained 3354 ppm hydrogen and was severely hydrided.

The 0.05% water present in the gas stream appears to be inhibiting
hydrogen pickup at 325 and 375 C by formation of a protective oxide.

At 425 C some inhibition still exists, but the hydriding rate is un-
acceptably high for reactor applications. The 'breakaway' hydriding
which began between 53 days and 107 days at 425 C can be related to

the fact that the solubility limit for hydrogen was exceeded at about
this time. The resulting precipitation of a hydride phase in the metal
results in a volume expansion which could modify the protective qualities
of the Zr0Op film. More work is planned to determine the merits of this
proposed mechanism.

Effect of Oxygen Concentration on Hydrogen Pickup in Zircaloy. To de-

termine the effect of oxygen concentration on the hydrogen pickup for
Zircaloy-2 and Zircaloy-4 during autoclaving in 400 C, 1500 psi steam,
tests are being conducted under the follcowing conditions: (1) refreshed
system containing 3 to 4 ppm O2; (2) refreshed deoxygenated system con-
taining less than 0.1 ppm O2; and (3) stdtic system containing less than
0.1 ppm 02 plus the corrosion product hydrogen normally generated during
the exposure.

The results to date show that the percentage of corrosion product hy-
drogen pickup for Zircaloy-2 is considerably lower in the refreshed
system containing 3 to U ppm oxygen than in the other two systems con-
taining virtually no oxygen. For Zircaloy-4, the effect is much smaller.
The amounts of hydrogen pickup for the Zircaloys in the oxygenated system
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are 10% for Zircaloy-2 and 14% for Zircaloy-4 versus 28% for Zircaloy-2
and 18% for Zircaloy-4 in the deoxygenated systems.

Erosion-Corrosion of Aluminum Alloys. Tests were run in the erosion-
corrosion test assembly to determine the qualitative effect of heat
transfer on the attack of 1245 and X-8001 aluminum alloys. Heated
samples were exposed to 300 Aree tap water at a velocity of 65 ft/sec
for 2k hours at inlet water temperatures of 15 and 95 C. Considerably
greater corrosion was observed at the higher water temperature, with
X-8001 experiencing greater attack than the 1245. Heat transfer in-
creased the corrosion rate up to seven-fold over samples exposed to the

- same inlet temperature water without heat transfer. Corrosion rates vere
comparable to those observed with 110 C inlet water temperature and no
heat transfer through the sample. The attacked areas were generally
smooth and uniform with occasionel pits near the intake. Back-pressure
(300 psi) applied to the system had a marked effect in reducing the attack.

Radiometallurgy Laboratory Studies

The first KER, single tube, Zr-2 clad element with Zr-Be brazed end caps
was sectioned. The end closure and cladding were found to be in excel-
lent condition and the uranium free of cracks (RM-577). Eight irradiated
capsules from a test designed to measure the in-reactor strength of Zr-2
Jacketing material have been burst at a temperature of 337 C. The time

to rupture at pressure was measured and found to vary with fabrication and
irradiation conditions (RM-554). The results and interpretations of these
examinations will be reported in more detail in connection with the de-
velopment programs served.

Basic thallurgy Studies

Radiation Effects in Structural Materials. Four X-basket assemblies have
been received by Radiometallurgy for measurement of irradiation damage to
zirconium and Zircaloy-2. The accumulated exposures (flux = 1 mev
exposure time) were 4.55 x 1017 nvt, 1.38 x 1018 nvt, 3.60 x 1018 nvt

and 7.56 x 1018 nvt. The first three exposures were obtained in the VH-4
position iﬁ the MIR where the maximum unperturbed thermal flux was

1.86 x 10}*. The highest exposure (7.56 x 1018 nvt) was obtained in the
A-28-NW position, where the maximum unperturbed thermal flux was 5 x 1013.
Two X-basket assemblles with goal exposures = 1019 nvt are still in the
reactor.

Electron and Optical Microscopy. High purity aluminum foils irradiated
in the Snout Facility to 2 x 1019 nvt (fast) are under study. X-ray
diffraction was employed to measure lattice parameters before and after
irradiation. Values of the lattice parameter ay were obtained by mea- |
suring the d-spacings for the four high angle lines, 331, 420, 422, and

333.
Annealed, pre-irrediation ag = 4.04860 A
irradiated 1018 nvt fast L .0ok900
irradiated 1019 nvt fast 4.04900
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Cold-worked, pre-irradiation ag = 4.0L882
" " irradiated 1019 nvt fast 4. 0kg02
All values are T 0.00005 A

Broadening of the x-ray lines was very slight. For the annealed samples,
differences in breadth between the irradiated samples and the unirradiated
samples were of the same order as those between individual unirradiated
samples. Inasmuch as the annealed foils contained a very small number of
crystallites suitably oriented to diffract, differences between individuals
were pronounced. The lines for the cold worked samples were broader than
those for the annealed samples and were not further broadened upon irradi-
ation.

A series of multilayered films of the type C-UO2-X, where X is Pt, Pd,

and Ge, were prepared in such a fashion that the thickness of metal X
varied in the ratio 1:2:4:8. After irradiation and electron microscope
study of the fission fragment tracks in these films, the series containing
Pd was recoated with additional Pd. The purpose of the additiomal Pd
coating was to make all films of the Pd series equal in respective layer
thicknesses. Re-examination conclusively showed that fission fragment
damage perceived by transmission electron microscopy is a function of the
distance between the fission fragment path and the free surface of the
film, and is not subject to contrast effects associated with different
thicknesses of metal X. Comparison of Pt and Pd films with equivalent
thickness ratios also indicates that fission fragment damage is a function
of the specific metal used. Different metals have different fission frag-
ment scattering powers.

A detailed examination of all films subjected to fission fragment damage
has revealed some common characteristics of track geometries and contrast.
It is believed that the present interpretation of damage is correct and
that the direction of travel of the fission fragments with respect to

the surfaces of the films can now be described.

Foils of aluminum prepared by electrolytic thinning to approximately

1000 A thicknesses were coated in a heterogeneous fashion with UOp and
then irradiated. Passage of a fission fragment through the aluminum is
accompanied by removal of the UOz from the top surface of the foils along
the projected path of the fission fragment. Passage of a fission fragment’
through the aluminum in regions which are devoid of UOp does reveal a
track due to decrease in effective electron scattering power of the
aluminum in the region through which the fission fragment has passed.
Aluminum foils containing large grains, therefore, behave differently
than fine grained, evaporated aluminum films supported on carbon sub-
strates described in previous reports. This difference may be associated
with the fact that a large grain of aluminum is diffracting electrons
quite uniformly, whereas with a fine grained film, only a small percentage
of the grains are in an equivalent diffracting position. Consequently,
slight changes in the electron scattering power of the aluminum in the
region of a fission fragment path will give rise to considerably different
contrast effects. If, for example, the aluminum foil is oriented to an
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extinction position, the fission fragment track can no longer be detected.
Motian of dislocations present in the aluminum foils coated with UOz can
be observed. Some of these dislocations pass near fission track regions
and in some cases appear to interact. This interaction is in the form of
a pinning interaction and provides further evidence for believing that
considerable damage in the aluminum lattice has occurred.

X-Ray Diffraction Studies. Orientation of extruded uranium tubes and rods
with various fabrication and heat treatment histories is being determined
by several x-ray methods. It has been shown that satisfactory pole figure
and growth index values can be obtained on fine grained alpha extruded or -
cold worked uranium. But growth index determinations on beta heat treated
uranium tubes are often unreliable due to the large grain size. This con-
clusion is based on results of experiments on KER and NPR tubes where GI
values were determined from a given surface (approximately 3/4" x 1" in
area) and then redetermined after removing about 10 mils from the original
surface. Typical GI values (Morris ten plane method) from one piece of
beta heat treated uranium are as follows:

Long. Trans. Rad.

Surface 1 -.1 0 -.15
~Surface 2 +.1 -.3 -.25
(10 mils removed from

surface 1)

Surface 3 ' +.15 -.2 0
(5 mils removed from

surface 2)

Using these same specimens, GI values were obtained using the Sturkin 31
plane method. There was a direct correlation between results, showing
that there is no added advantage in using the longer method. To obtain
more reliable results, more surface area must be used in the determina-
tions. Experiments are in progress to determine how much surface must
be examined in order to have a statistically representative sample.

Notch Sensitivity of Zircaloy-2. Recent failures of Zircaloy-2 clad test
elements have indicated that the cladding material fails locally with
little uniform straining in the remainder of the material. Sensitivity
of Zircaloy-2 to surface irregularities such as a notch or deep striation
introduced during forming might be the cause of this failure tendency.

In order to determine the degree of notch sensitivity of Zircaloy-2, a
series of tests at an elevated temperature of interest is being conducted
with notch depth and strain rate as parameters. A plot of notch depth
fraction (notch depth/thickness) versus uniform plastic strain at failure
should permit extrapolation of the curve to a critical notch depth at
Zzero plastic strain.

Flat specimens rolled to 0.020" and cut tranvserse to the rolling direc-
tion are notched parallel to the rolling direction and fully annealed

-
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prior to testing. Results at two strain rates indicate little notch
sensitivity below 0.006 inch notch depth. Near a notch depth fraction
of 0.3, there is extensive deformation at the notch, as well as the
gage section with failure cccurring unpredictably within the gage
section or at the notch. Specimen width may be a critical parameter

in controlling this behavior. Testing will continue with additional
strain rate variation and wider notch depth range. Tests will also be
initiated to determine the effect of increased specimen width and notch
orientation with respect to the rolling direction.

Zirconium Alloy Fabrication. Hot rolling of the 13 zirconium base alloys
(March 1961 monthly report) has been completed. Rolling was done from a
furnace set at 750 C. Reductions of 10% per pass were used with one

pass per reheat. Some edge cracking was noted on one alloy containing
4.0% Sn, 2% Mo.

Metallic Fuel Development

Fuel Irradiations. Radiometallurgical examination of KSE-3 fuel elements
discharged during January at 1200 MWD/T has continued, and no serious
fuel element design deficiencies have been observed. The average length
change of the four 18-inch long elements is -0.070 inch, and the average
D change is +0.004 inch. Post-irradiation single throw warp ranged from
0.004 inch to 0.0l15 inch, representing warp changes of -0.002 to +0.008
inch and an average change of less than +0.002 inch. Microscopic examin-
ation of the Zr - 5 w/o Be eutectic closures and of the uranium fuel in
the braze heat-affected zone has revealed no fuel cracking or distortion
and no indication of braze or clad bond failures.

Radiometallurgical examination of KSE-3 fuel elements discharged during
February at 2000 MAD/T has started. The average length change of the
four 18-inch elements is -0.034 inch and the average OD change is approx-
imately +0.010 to +0.012 inch. Post-irradiation single throw warp ranged
from 0.006 to 0.013 inch. Some distortion on the inner bore of the fuel
tube in the heat-affected zone was evident upon superficial examination,
but sectioning in one such area indicates that dimensional changes are
negligible. '

Four HIN-1 fuel tubes (NPR inner tubes) were discharged during April at
1000 MWD/T exposure because of a fuel element rupture indication. Exam-
ination in the basin did not reveal the cause of the indicated failure.
The average volume increase of the fuel, determined by weighing in the
basin, is O.4 percent. This is approximately one-third of that observed
with the KSE-3 elements at equivelent exposure. The decreased swelling
of the NIN-1l's as compared to the KSE-3's is attributed to somewhat lower
fuel temperatures and greater OD clad restraint. The NIN-1 elements have
0.040 inch outer clad thickness as compared to 0.025 inch for the larger
diameter KSE-3 elements.

Radiometallurgical examination of two KER tube/tube fuel elements
irradiated to an exposure of 3200 MWD/T was essentially completed. One
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element had a uranium core and one a uranium - 2 w/o zirconium core. The
inner tube of the urenium core element failed by clad splitting. Localized
recrystallization of the uranium core in a cross-section of the outer tube
was reported last month. Longitudinal sections showed that this recrysal-
lization occurred during cutting. Apparently, coolant flow during cutting
was inadequate and overheating of the fuel resulted. The end caps of these
fuel elements were recessed to allow for expansion of the uranium during
irradiation. A longitudinal section was made through the end cap of the
uranium outer tube after irradiation. Uranium, which has flowed plastically,
filled about 95 percent of the end cap recess.

An obsolete NPR inner tube (XSN-1) failed in a KER Loop after 1700 MWD/T.
The end caps on the element had been welded in place with no allowance for
uranium expansion. Radiometallurgy examination revealed a shear failure

in the clad of this element at the base of the end cap. Thermal contraction
of the uranium during reactor shutdown was the cause of the shearing force
which led to the falilure. The diameter measurements made on this element
showed a maximum increase of 0.024 inch for the outer diameter and 0.00L
inch decrease for the inner diameter. A volume increase based on diameter
measurements would be 3.8 percent.

The two NIN elements with brazed closures, GEH-4-57, 58, irradiated in the
MIR were discharged March 25, 1961, due to a rupture. Failure occurred on
startup of the fifth irradiation cycle. Failure appeared to occur through
a longitudinal crack across the rupture blister. Detailed examination of
the rupture and brazed end closures will be performed after the radio-
activity decays to a safe level. Exposure at time of failure was 1050
MID/T (0.12 a/o burnup or 6.0 x 1019 fissions/cm3). The specific power
was 75 kw/ft, with a uranium surface temperature of 180 C and a core
temperature of 350 C.

Two brazed KER tube-tube fuel element assemblies have completed one cycle

of irradiation in the 6x9 loop of the ETR. These elements ran at a

specific power of 317 kw/ ft with a maximum clad temperature of 380 C and

a maximum core temperature of 627 C. The outer tube accumulated an expos-

ure of 1200 MWD/T (0.14 a/o burnup or 6.8 x 1019 fissions/cm3) and the

inner elements accumulated 825 MWD/T (0.09 &/o burnup or 4.0 x 1019 fissions/
cm3). This experiment was an extremely severe test for the 12 Fe + 4 Be + '
84 Zircaloy braze because of the high temperatures and extremely high fluxes
involved. These elements will be examined and measured in the new EIR

Basin Measuring Facility prior to shipment to HAPO for detailed metallurg-
ical examination. ,

Ten 15-inch long elements of NPR inner tube stock, processed with variable
beta heat treatment, have been discharged after irradiation in KER Locp 1.
The charge average exposure was 1050 MWD/T. The average and maximum
element power was 48 and 5S4 kw/ft, respectively, and the weighted average
tube outlet temperature was 286 C. The elements operated without any un-
usual incidents and were subjected to a total of 24 shutdowns during
irradiation. Examination of all the elements will be made in Radio-
metallurgy.
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Two elements of the same group were irradiated in the ETR 3x3 Loop during
Cycle 36 (GEH-10-U4k4 and 45). These elements operated 17 - 25 effective
days at an average power of 102 kw, including the basket. The average
element specific power was then 4O kw/ft. Total exposure was 149 MWD/T.
These elements will be measured for dimensional changes and warp before
continuing irradiation.

A section of the Zircaloy-2 basket from the fifth ETR rupture test, cut
from directly over the defect in the ruptured fuel element, has been
analyzed for hydrogen. The analysis showed 95 ppm hydrogen in the basket
in the region analyzed as compared to the 22 ppm hydrogen in the Zircaloy
stock used for the basket. The hydrogen increase is attributed to in-
reactor operation with the ruptured fuel in contact with the Zircaloy-2
basket.

Fuel Component Development. Over a year ago, fifteen thin-walled
Zircaloy-2 tubes were burst tested in-reactor under stress rupture
conditions. The total fast neutron exposure during the test was approx-
imately 1019 nvt greater than one mev. According to plan, after seven

of the capsules burst in-reactor, the test was discharged. The eight
remaining unburst capsules were recently burst at 337 C in the Radio-
metallurgy facility. These capsules were burst at initial hoop stress
levels of 46 to 49 thousand psi and time to failure varied from 0.1 hour
to 30 hours. A parametric plot (involving rupture time, test temperature,
and stress) of the burst data shows the post-irradiation strength and
ductility of the burst capsules to be comparable with the pre-irradiation
strength and ductility. One specimen fractured at the predicted time,
temperature, and stress, but it failed as a pinhole without appreciable
strain. This specimen will be examined to determine if localized necking
or a defect in the Zircaloy-2 cause the pinhole failure.

Additional measurements of room temperature residual stress in the outer
clad of NFR fuel elements confirmed previous measurements. The average
compressive residual stress was about 40,000 psi. Residual stress alone
can cause warp if one or more of the fuel components is asymmetric with
respect to the other. One rather extreme case was examined analytically.
The outer jacket on an inner tube was assumed to be 40 mils thick on one
side and 50 mils thick diametrically opposite. The inner cladding and
uranium core were assumed to be symmetrical about the axis of the fuel.
Calculated warp from residual stress was equivalent to 15 mils double
throw in 24 inches.

Two high temperature (1050 C) swage sizing tests have been made on 406 SS
material. The first was the reduction of an AISI 406 SS 0.750 inch
diameter hot rolled rod to 0.593 inch in diameter. The second was the
reduction of a 2.250 inch diameter cast billet of AISI 406 SS to 1.50 inch
in diameter.

Both materiaels worked well at 1050 C and showed no signs of flaking or
cracking. The surface was very smooth and exhibited only a thin oxide
film. Further reduction of the cast billet by hot rolling at 800-900 C
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will be conducted soon. This billet will eventually be hot worked from
the original 2.25 inches in diameter to 0.593 inch in diameter.

Further attempts have been made to roll bond AISI 4LO6 SS to uranium. A
spotty bond was made by rolling sandwich at 650 C to approximately 20%

of its original thickness. It appears as though the rolling should have
been carried out to 10%. The areas that were bonded exhibited an ex-
tremely brittle bond. Rolling at a higher temperature would put the test
into the veta phase. The introduction of an intermediate layer of niobium
will be tried in an effort to reduce the brittleness of the bond.

Heat Treatment Studies. All x-ray data taken to date from samples of
uranium given a variety of beta heat treatments have shown that the heat
treatments have given an effective randomization of the grain orienta-
tions. The consistency of the data has made identification of any one of
the heat treatments as the '"best" heat treatment very difficult. Further
analysis of the data and discussions with x-ray personnel in the Physical
Metallurgy Operation has led to the conclusion that an insufficient
number of grains were scanned by the x-ray beam to give a true statistical
sample. An investigation is now under way to determine the surface area
required to give a true statistical sample.

Component Fabrication. Several Zircaloy-2 extrusions have been made using
a thin (0.0005 inch thick) copper immersion plate originally developed for
the hot heading process as a substitute for canning the billets in copper.
The copper can provides protection for the Zircaloy-2 during the billet pre-
heat and aids in lubrication during extrusion. The copper irmersion plate
has the advantages over the thicker copper can of providing a smoother
surface on the extrusion and is inexpensive and easy to apply to the
billets. A plate of this type could prove valuable to the coextrusion
process requiring only that the uranium be sealed within the Zircaloy-2
cladding sleeves before immersion plating the billet. The copper plate
appears to be adequate to prevent the formation of white Zircaloy oxide
when the billets are preheated to 750 C. This white oxide is very
abrasive to the extrusion tooling and increases the tendency for the ex-
trusion to gall heavily.

Six one-inch diameter billets were extruded into rods at a 10 to 1 re-
duction using the copper immersion plate without any indication of galling
during the extrusion. Two types of graphite lubricant were coated over
the billets; one consisting of a mixture of Fel Pro (a commercial compound
of suspended copper fines) and graphite, and the other consisting of a
mixture of water glass and graphite. Results indicate that the graphite
and Fel Pro tends to produce the smoother surface on the extrusion.

Prototypical 1008 steel-clad, Zircaloy-2 supports on the dummy element in
Elmo-7 ex-reactor loop have accumilated a total exposure of 2959 hours.
Water conditions during normal operation are 300 C, 2000 psi, at a pH of

10. No detrimental effects to the steel shoes have been observed. The

loop was emptied and decontaminated during this exposure. WNo crud buildup
was observed in the support clearances after startup as had been experienced
with crimped supports of an earlier design.
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Samples of prototypical N outer tube supports were exposed to decontam-
ination cycles to determine the extent of decontaminant attack. Two
dummy elements with 1008 steel and ingot iron clad supports were exposed
to high temperature water for 646 hours at 300 C. During this exposure
they were subJjected to two decontamination cycles. Each cycle was as
follows:

1. Two hours at 105 C with AP-18, 3.
2. Two hours at 60 C with Oxal-l (12 oz/gal).
3. One hour at 60 C with Phos-1 (5 v/o).

Minor surface pitting was observed on the steel surfaces. Weight loss
measurements on coupons of 1008 steel and ingot iron indicate about 6

to 10% weight loss on the 1008 steel and about 2% weight loss on the ingot
iron after one cycle. After two decontamination cycles the 1008 steel
weight loss is 7 to 10%, and the ingot iron shows 9% weight loss. This
weight loss figure should be conservative since the coupons had two large
areas exposed to moving fluid, whereas the support shoe "in place" exposes
half of its surface area to a dynamic fluid.

An ingot of 3% enriched uranium has been arc melted, heat treated, upset
from 3.5" diameter to L4.0" diameter, and is currently being machined for
a tube extrusion billet. The extruded tube will be used as an outer en-
riched component for coextruding with a zirconium clad and depleted core
piece to form a 0.600" diameter dual enriched rod. An electrode of de-
pleted material is being assembled for the core material.

Closure and Joining. Work has continued on the effect of beryllium and
uranium on the corrosion properties of Zircaloy. As reported last month,
the presence of beryllium causes a dulling of both the etched and auto-
claved surfaces, but not in proportion to the beryllium content. When as
little as 250 ppm of uranium was added to the alloys, the etched surfaces
darkened in proportion to the beryllium content. Also, during autoclaving,
vhite oxide appeared on the surfaces of the urenium contaminated 4.8% Be-
Zircaloy alloy. When the uranium content was increased to 2500 ppm, the
white oxide appeared at progressively lower beryllium concentrations. The
autoclave film did not change appearance appreciably from that at 20 hours
after 200 hours. Also, the weight gains did not show an appreciable rise
during the same time intervel. A new instrument, called the "Densichron",
has been used to measure reflected light from the coupon surface. This
instrument is very sensitive to changes in composition which result in
changes of the surface appearance not visibly evident. Light adsorption
on etched samples with 250 ppm uranium increases from 8% for 0% Be to 120%
for 4.8% Be. A group of uranium-zirconium samples was autoclaved to de-
termine the composition where the yellow oxide first appeared. No visible
change in the autoclaved surface was observed up to 2% of uranium. At 3%
of uranium a lighter surface was observed and at 4% of uranium a yellowish-
tan surface was first observed after 20 hours in 40O C steam. The corro-
sion rate increased rapidly up to 70% of uranium and at 80% of uranium the
coupons completely disintegrated. These results provide an indication of
how much uranium can be held in Zircaloy and not be detected by visual
examination.
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NPR fuel elements as presently conceived require a holding clip which
prevents the inner tube from sliding out of the outer tube. The clips

are attached to the inner clad of the outer tube by resistance welding.

‘A number were attached for testing. Shear strengths were found to

average 800 lbs. Micro sections were prepared, and it was determined
that the welds were of good quality and did not show excessive penetra-
tion. Six prototypical elements were welded for FPD. These are scheduled
for testing to determine the effectiveness of the clipping dev1ce under
similated discharge conditioms.

Fuel Deformation Studies. A report, BW-69175, describing a model for
metallic tubular fuel elements has been written. The model allowed for
cyclic straining of the cladding but neglected the resistance of the fuel
material to shear stresses. Test data from Hanford irradiations were
analyzed and compared with the model. These particular data did not cor-
relate with the model and would not have correlated with any model not
containing anisotropic or ratcheting terms which would allow slight
geometrical or irradiation variations to alter dimensional changes. The
testing apparatus needed to evaluate the effects of incremental straining
during strain cycling is being fabricated. All components have been pro-
cured, and the extensiometer is built and calibrated.

A test is under way which will simate swelling strains by forcing a
hardened tapered rod into the bore of e section of an inner-tube fuel
element. The fuel element section is thermally cycled to increase the
plasticity of the wranium and to cause the hardened taper, of lower
thermal expansion coefficient than the uranium, to thermally ratchet into
the bore and cause a gradual increase in outside diameter of the fuel.

(ne piece has cycled at a rate of one cycle per hour for 72 hours through
a temperature range of 100 C. Results indicate a larger temperature range
is necessary to get the desired strain rate.

Chemical analyses of Zircaloy-2 clad uranium rods irradiated in NaK cap-
sules indicate 25 to 50 percent higher burnup than is obtained by calcu-
lation from uranium temperatures and adjacent process tube powers. The
burnup obtained on two samples by the chemical analysis is 0.21 and 0.32

a/o as compared to 0.13 and 0.25 a/o obtained by calculation. Additiocnal
samples will be chemically analyzed to verify these figures. Additional
metallography was completed on one of the striated rods from these capsules
to obtain further data on the cladding thickness variations associated

with localized clad failures. To further study the effects of cladding
thickness variations on the susceptibility to failure, a series of NakK
capsule irradiations of Zircaloy-2 clad fuel rods is planned for the

Hanford reactors. Eight unalloyed rods have been coextruded and fuel rod
samples with no striations and with machined striations are being fabri-
cated for irradiation. Fifteen U - 2 w/o Zr rods to be used in this study
were autoradiographed before and after longitudinal striations were machined
in the cladding. These radiographs will be used in determining the cladding
thickness at the location of any failures that might occur in the striated
or unstriated rods.
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Temperature cycled constant load tests on uranium have continued. Separ-
ation of the straining occurring during the heating and cooling portions
of the temperature cycles was attempted, but the present equipment was
Jjudged to be inadequate. The testing capsule has been redesigned, and
the bellows necessary for the capsule's construction are on order.

REACTOR PROGRAM

Coolant Systems Development

roved Aluminum Alloys for Hanford Reactors. Of several aluminum alloys
tested the uniform corrosion rate in 120 C process water increased in the
order: C-64, C-810 and the cermet 171303 (ALCOA), and X-8001L. The uni-
form corrosion rates of all of the alloys decreased slowly throughout the
test.

After six months, the total corrosion in mils for the different alloys
was: C-64, 4.5; 171303, 5.2; C-810, 5.4; X-8001, 6.5. The resistance
of the cermet alloy to surface erosion was quite noticeable. The X-8001
aluminum samples showed considerable surface roughening toward the end of
the test. The C-64 and C-810 alloys also showed some non-uniform surface
attack, while the 171303 alloy remained almost completely smooth, even
under 20X magnification.

Further testing of these alloys is under way to better compare their
relative resistance to erosion corrosion. Various shapes of obstructions
in the flow stream will be employed to create turbulence. Other aluminum
elloys which are now being tested include wrought alloy X-8003 and the
cermets 199116 (ALCOA) and 288cC.

Atmospheric Corrosion Studies. Sections of capped carbon steel pipe con-

taining vapor-phase inhibitors for corrosion protection were opened after

a year's exposure to the climate at the K Reactors. Even though some

water had been inJjected into the pipes, the surface was well protected

as long as some inhibitor was present. Carbon steel strips (A212 Grade B)
have been coated with the Turco and Oskite protective oils and a vapor '
phase inhibitor and exposed at 2000 F to determine whether cleaning and
welding of the carbon steel piping will result in excessive carburization.
Tensile and hardness tests will be run on the specimens.

KER Crud Analysis. Radioactive crud specimens collected on hot crud probes

(carbon filters) and specimens obtained by manually filtering room tempera-
ture coolant samples through L-micron filter paper are being analyzed to
determine the gamma spectra of the crud activity. The purpose of these
tests 1s to identify which radioisotopes are selectively adsorbed and de-
termine their concentrations. It is hoped that the hot crud probes can
eventually be replaced by the samples collected on filter paper from room
temperature coolant.
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Sodium Nitrite Inhibitor Test. An inhibitor is required which can be
added to reactor discharge basins to prevent the severe rusting of carbon
steel which is normally found. A test to determine if NaNOp will effec-
tively inhibit corrosion of carbon steel and aluminum in nonflowing
service water is in progress. The results after one month indicate that
200 to 300 ppm NaNOp will effectively inhibit the uniform corrosion on
both metals. Carbon steel corrosion at one month was reduced from

0.3 mil to { 0.01 mil. The uniform corrosion of aluminum was essentially
unchanged by the inhibitor; however, a severe galvanic attack between
stainless steel and aluminum was eliminated by the inhibitor.

Laboratory Evaluation of Decontaminants. Laboratory screening tests of
decontaminants indicated that a mixture of citric and glycolic aeids
(2.5 mole percent of each) preceded by the AP-18-3, is a candidate for
carbon steel-stainless steel systems and should be further tested under
flowing conditions. Another formlation, Alkalume-22, has shown promise
in the laboratory tests as a decontaminant for both present and future
reactors using either single-pass or recirculation procedures. It is
possible that Alkalume-22 could be used as a single-step decontaminant
for future reactor systems. Tests with this single-step procedure will
be made in dynamic systems.

Present Reactor Decontamination. Laboratory testing shows that an in-
hibited sulfuric-oxalic acid mixture efficiently decontaminates aluminum
and stainless steel reactor components at  solution temperatures of either
70 or 45 C. The time required for efficient decontamination is longer at
45 C than at 70 C. Perforated aluminum dummy fuel pieces were cleaned in
30 minutes with decontamination factors (DF) of 30 to 115. Dummies
cleaned for 60 to 90 minutes show DF's of 75 to 185. Aluminum process
tubes in 7O C solution for 30 minutes showed a DF of 6 to 20; however,

at 45 C, the solution was ineffective. The DF's of aluminum tubes are
improved by longer exposure times. After 60 to 90 minutes, the DF's were
4t to 70-at 70 C and & to 85 at 45 C.

Stainless steel tubing comnectors (pigtails) show DF's of 47 to 619 in

30 minutes at 70 C, and DF's of only 1 to 4 in 30 minutes at 45 C. After
60 to 90 minutes, these stainless steel connectors were decontaminated by
factors of 11 to 131 at 70 C and by factors of 8 to 300 at 45 C.

The maximum corrosion of aluminum and carbon steel in these inhibited
sulfuric-oxalic acid tests was < 0.1 mil. Corrosion of stainless steel,
Inconel-X, and Zircaloy-2 was very low (0.002 to 0.02 mil).

At 45 C the proprietary mixture, Wyandotte 5061 in a concentration of

6 oz/gal is a less efficient decontaminant for aluminum and stainless
steel than the sulfuric-oxalic mixture. Aluminum process tube sections
were decontaminated by a factor of only 1.3 after 30 minutes and by a
factor of 3 after 90 minutes. The decontamination factors for stainless
steel connectors were in the range of 1.3 to 2.1 for 30-minute treatments
and 2.0 to 15.4 for 60 to 90-minute treatments. The proprietary mixture,
Experimental Weedac 3909-2, is too corrosive to be considered for use at
75 C.
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Production Test - Decontamination of Hanford Reactors. The first in-
reactor decontamination using inhibited sulfuric-oxalic acids, Sulfam-3
(Turco 4306-D) and Sulfam-l (Turco 4306-B), was performed in three fuel
channels at C Reactor by members of Research and Engineering Operation,
IPD. The solution temperatures were 35 C. Reductions in activity by a
factor of about four for the sulfuric-oxalic and the Sulfam-3 mixtures,
with somewhat less reduction with the Sulfam-1 were achieved. Corrosion
monitoring samples were inserted and will remein in the reactor for one
operating period subsequent to this decontamination.

Structural Materials Development

NPR Process Tubes. The ultrasonic test for small transverse tears in NPR
process tubes has been successfully adepted to the mechanized equipment
at White Bluffs. Good discrimination between one and three-mil notches
and between three and five-mil notches was obtained when the tube was
scanned at 44 rpm and 11% in/min trensletion. All NPR tubes will be
tested by this method.

Standards were prepared and are currently being evaluated on a production
basis at the Harvey Aluminum plant. It is anticipated that this test
will be used to scan the remaining tubes at the vendor’'s plant.

Examination of KER-1 Zircaloy-2 Tube. A number of tests have been con-
ducted and reported periodically on the Zircaloy-2 process tube removed
in April 1960 from the KER-1 ln-reactor loop. The following summarizes
the results to date.

The Zircaloy-2 pressure tube was fabricated during 1956-57 by Bridgeport
Brass Company and Tube Reducing Corp. The tube was hot extruded and cold
reduced 65% in area by a single pass on a tube reducer. The tube was
bright pickled and white-light borescoped prior to installation in the
reactor. The numbered end of the tube was cropped during preparatien
for installation in the reactor, and the identity of the tube was lost.
This precludes any further investigation intc the process history of

this tube; however, histories of tubes made by the same fabrlcators at
approx1mately the same time are available.

The tube was installed in the in-pile KER-1 loop and operated for 26
months. During this time the loop operated a total of 380 days at
temperatures rangirg from 200 C to 270 C. In-reactor borescoping of

the tube revealed what appeared *to be defects in the tube wall and the
tube was removed. After removel, the general appearance of the tube was
good. The lower portior of the inner surface was covered with a reddish
film. Gouges and pits reported from in-reactor borescoping were essen-
tially limited to damage of this film rather thar the base metal. Samples
were cut from five locations along the tube. Metallographic examination re-
vealed a gererally heavily cold worked structure with a ring of large
grains at the cuter surface. Partial recrystallization was evident
throughout the length of the tube. Examination of the microstructure of
companion tubes produced by the same fabricators revealed a similar cold
worked structure with large grains at the outer surface.

P BECLASSIFIED.
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Flattening tests performed on.rings cut from several locations along the
tube revealed circumferential ductility. The rings were flattened
approximately one inch at both room temperature and 300 C without failure.
This is in direct contrast to the rings from the Zircaloy-2 tube removed
from KER-2 which broke after a 0.2" deflection at room temperature. The
room temperature burst strength of the tube averaged 16,750 psi for
samples taken at the one-quarter and three-quarter points. The fractures
were semi-ductile. A sample from the center of the tube (high neutron
flux area) burst at 5000 psi. The fracture was brittle in appearance, and
detailed examination revealed that the most probable cause of this low
burst pressure was the presence of cracks on the inner surface of the tube
wall. These cracks were introduced during the cutting operations. Two
additional burst tests were run on samples of the tube from near this
location. The average burst pressure was 16,250 psi, and the fractures
were semi-ductile.

In examining the cracks, an area covered by a heavy oxide film was located
on the inper surface. The cracks propagated through this oxide film.
Under this oxide, the parent metal contained 1000 ppm or greater of hy-
drogen at the inner surface, diminishing to less than 50 ppm at the cuter
surface. Examination of the remainder of the tube revealed no hydrogen
Pickup. The operating history of the tube reveals no cause that would
account for the excessive corrosion and hydrogen pickup in this localized
area. A fuel element rupture did occur near this vicinity, but it was a
mincor split-type rupture. Photographs of the ruptured element showed no
high temperature indications. A metallurgical sample from near the heavy
oxide film had a beta transformed structure, and it was first thought that
the tube was overheated during fabricatian or operation. Further investi-
gation revealed that the overheating was caused during sample preperation
(cutting operation) and was not connected with reactor service or tube
fabrication.

Detailed examination of the grain structure under the oxide was not
possible because of the heavy hydride concentration. No evidence of
local contamination or any significant variation in chemical composition
has been found which would explain the high corrosion rate.

Wet chemical analysis of the parent metal under the oxide revealed the
following concentrations of alloying elements: nickel, 0.07%; irom, 0.30%;
end chromium, 0.17%. Spectrochemical analysis showed 1% tin. Copper was
determined by wet chemical methods and spectrochemically and gave concen-
trations of 10 ppm and 100 ppm, respectively. The spectrochemical analysis
of the oxide showed the presence of zinc at about 500 ppm concentration.

It has not been determined whether the zinc was present in the oxide or
whether the sample became contaminated during handling or during oxide
removal.

Corrosion tests are now being conducted on a sample cut from the high
corrosion region. The sample was cleaned of all oxide, etched, and
exposed to 300 C, pH 10 water. Comparative samples from sections cut
from the unirradiated end of the KER-1 tube and 30-mil Zircaloy strip are
also included in the test.
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After 25 days of exposure, the irradiated sample is corroding at an accel-
erated rate with evidence of a transition in the corrosion curve at
approximately 15 days. The time to transition for normal Zircaloy-2
exposed to 300 C, pH 10 water is at least two years. The irradiated
sample appears to be corroding at a rate of two mils per year as compared
to 0.10 mil for the unirradiated KER section and 0.05 mil for the 30-mil
strip comparison pieces.

A qualitativé gamme scan of the irradiated test piece has not revealed
the presence of radiocactive fission products which would have been produced
by uranium contamination.

Nonmetallic Materials Development

Graphite Burnout Monitoring at KE Reactor. The graphite monitoring samples,
which were in Channel 3066 at KE Reactor from December 1960 to March 1961,
showed burnout rates below the established limit of 2%/1000 operating days.
These are the first samples which have been exposed to the He-No atmosphere
authorized by Production Test IP-358-AC.

Van Stone Seal Inserts. The rear Van Stone flanges contein a silicone
rubber insert seal. Significant costs savings could be realized if the
seals were fabricated from nitrile rubber. However, recent experience
with nitrile inserts shows that they stick in the process tubes. A re-
cent investigation suggests that the compressive stress on the nitrile
inserts may be as high as 7000 psi, as compared with 500 psi for the sili-
cone inserts. This difference is dque to the lower compressibility of the
nitrile rubber. The high compressive load, coupled with a small amount of
swelling from water adsorption, probably caused the nitrile rubber to be
stressed beyond its elastic limit. Since the deformation was not completely
recovered, the nitrile inserts stuck in the process tubes.

The compressive load could be reduced by redesigning the insert. Studies
are continuing on the selection of a nitrile rubber insert which would
allow the material to seal under a relatively light load of 500 to 1000 psi.

Graphite Compatibility with Helium Containing 0.1 mm of H20 Vapor. Gas
mixtures of helium with 3% CO, 3% Hp, and O.L mm HpO have been passed over
small cylinders of NPR core graphite at 850 C. In each case the sample
was found to gain weight. This indicates that part of the CO-Hz mixture

is adsorbing on the surface to the extent that the water-graphite reaction
is inhibited. Previous tests with 3% CO and no Hp did not show such strong
inhibition. The possibility of using Ho alone is being examined. However,
even if an effective inhibitor is found, there is still the problem of
maintaining a suitable inhibitor-water mixture throughout the moderator
stack. It is possible that any CO or Hp added to the gas would adsorb on
the first graphite available leaving the water in the stream to react with
the graphite. In other tests CO adsorption has been shown to occur
rapidly even at 25 C.
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NPR Graphite Irradlations. Post-irradiation measurements of the NPR re-
Tlector graphite which was irradiated in the GEH-13-5 capsule are being
made. The samples were irradiated at TOO C to a maximum exposure of
approximately 1.4 x 102l nvt (E > 0.18 Mev). The six samples located in
the two high flux positions of the capsule showed erosion of the polished
edges used for length measurements. An investigation of the cause is
under way. Length measurements on these six samples will be based on
measurements between holes drilled in the samples which were provided as
a8 back-up in the event the edges were damaged.

The GEH-13-T7 capsule is being installed in the ETR during the current
shutdown. The capsule contains 24 quarter-round samples of NFR reflector
graphite and CSF graphite. The temperatures will be monitored during the
irradiation.

Thermal Hydraulic Studies

Boiling Burnout Conditions for Eccentric Annuli. The program to investi-
gate the effects on heat transfer conditiams of the non-coaxial positioning
of fuel elements within a K Reactor process tube was continued. During

the past month emphasis was placed on obtaining boiling burnout data with
a concentric case for comparison with data previously obtained at 50, 75,
and 90% eccentricities. (Percent eccentricity is the fraction of the
normal annulus thickness that the fuel element is displaced from a co-
axial position toward the wall of the process tube.)

The test section used was a 24-inch long electrically heated rod, 1.457
inches in diameter, placed within a 1.68l-inch ID tube. All of the heat
generated within the rod was transferred to water flowing through the
annulus. During two different attempts to obtain boiling burnout data
for various water temperatures at a flow of 23 gpm and a pressure of

53 psig, the test section failed by melting. The conditions at burnout
were as follows:

Run No. Flow Rate Water Temperature Heat Flux
{1o/hr-sq ft) T°F below boiling pt) T8/axr-sq £t)

77 2,970,000 6 1,890,000

78 3,000,000 23 1,810,000

In both of these runs boiling burnout took place at a location farther
upstream than expected and did not result in high readings of the thermo-
couples placed in the heater rod very near the downstream end. Since
reliance is placed on these thermocouples for the detection of burnout,
the test section melted before the heat generation could be reduced.
Discoloration patterns on the heated surface indicated that one of the
pins supporting the heater rod in the flow tube may have changed the flow
conditions sufficiently to influence the boiling burnout point. For that
reascn these boiling burnout heat fluxes may be lower than would be ob-
tained for an idealistic case of annular flow but are probably quite applic-
able to those Hanford fuel elements which have "bumpers'" or other devices
for support within the process tubes.
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Visual Boiling Studies. Experimental equipment was set up in the heat
transfer laboratory to define the degree of subcooled boiling which is
possible and probable under normal operating conditions in Hanford fuel
channels. The test section consisted of a Hastelloy tube (1.300-inch OD)
placed inside of a Pyrex glass pipe (1.500-inch ID). All of the heat
generated electrically in the Hastelloy tube was transferred to water
flowing in the 0.100-inch annulus. This approximates the conditions in
the annulus formed by I&E fuel elements in a K Reactor process tube.

Initial operation of the equipment covered the following range of con-
ditions: (1) with fluid mass velocity similar to that in the fringe tubes
at K Reactor, heat fluxes were increased up to 624,000 B/hr-sq £t with
100 F water (150 F below the boiling temperature) and to 460,000 B/hr-

sq £t with 220 F water (30 F below the boiling temperature); (2) with
fluid mass velocity similar to that in the central zone tubes at K Reactor,
heat fluxes were increased up to 805,000 B/hr-sq ft with 100 F water

(170 F below the boiling temperature) and to 720,000 B/hr-sq £t with 200 F
water (40 F below the boiling temperature). (A heat flux of 800,000 B/hr-
sq ft corresponds to a specific power of about 125 kw/ft in a K Reactor
tube.) These conditions fairly well represent the capability limits of
the present equipment without undue hazard to the personnel who must

stand quite close to the test section to see the boiling conditions.

The objectives of this study are to define the conditions under which
subcooled boiling is initiated and to determine the resulting void volume
in the water coolant. From the results to date, observations indicate
that the inception of local boiling can be predicted fairly well with the
Jens and Lottes correlation (ANL-4627) at the low flow rate conditions.
However, at the high flow rate condition, subcooled boiling was not de-
tected with the unaided eye under any of the conditions investigated.

High speed motion pictures were taken to further verify these observations.

Heat Transfer Experiments Pertaining to NPR. The studies to determine the
boiling burnout conditions for the NPR tube-in-tube fuel elements were
continued. Experimental data were obtained in the heat transfer labora- .
tory to determine if a boiling length effect exists for previously obtained
data applicable to the center hole of the fuel element. ' '

The test section installed for this investigation consisted of a 60-inch
long tube, 0.440 inch ID, with flow through the inside. The tube was
heated by electrical resistance heating and boiling burnout conditions were
detected by noting the temperature excursions as measured by thermocouples
attached to the outside wall of the test section.

Five boiling burnout points were recorded at 1500 psig for different mass
flow rates between 2,000,000 and 7,000,000 1b/hr-sq ft. The heat fluxes
for these points varied between 580,000 and 1,210,000 B/hr-sq ft. A pre-
liminary comparison of these data with data obtained previously with a
test section one-half as long indicates that for the same outlet enthalpy,
the burnout heat flux is slightly lower for the longer test sectionm.




a Ny P

Calculated Time Before Melting of Uncoocled NPR Fuel Elements. A computer
program was written to aid in calculating the temperatures of fuel elements
discharged from the NFR but cocled only by the natural circulation of air.
This program is an extension of the work reported in HW-6T747, Rev. 1, which
reports times before melting of discharged Hanford fuel elements which fail
to enter the water storage basin.

The results of these calculations are useful in evaluating hazards and
establishing procedures in handling such fuel elements.

Shielding Studies

Attenuation Studies. The program for calculating neutron attenuation for
use on design of shields is complete. The theory uses multigroup equations
vhich are solved for each spatial region in the shield, and in this program
the graphite reflector is treated as part of the shield so that the inner
boundary conditions for the whole shield assembly will be applied at the
core-reflector interface. The program first determines the source distribu-
tion of neutrons in the shield from the uncollided fast neutron flux origin-
ating in the core. This source provides the source term for the highest
intermediate energy group.

Using boundary conditions at the interface between the core and the re-
flector in the top shield of the 105 DR Reactor, neutron fluxes were cal-
culated through the fringe poison, graphite reflector, iron thermal shield,
and in this case, through as-cured ordinary concrete. The total thickness
of the shield was about 220 cm. The calculation gave the correct shape of
the thermal neutron fluxes in the ordinary concrete and, compared with the
experimentally determined thermal fluxes within a factor of two through
220 cm and a thermal neutron reduction of ten cycles of ten. The program
also computes the neutron dose rate at any point in the shield. An es-
timate was made, using gold and sulfur foil, of the dose rate at 220 cm
thickness. The dose rate obtained using foils agreed within a factor of
two with that obtained with the computer program.

The gamma program, which will be used with the neutron program, is in the
debugging stage.

WEAPONS - 3000 PROGRAM

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

1.

PLUTONIUM RECYCLE PROGRAM

PRTR Project Management

PRTR Construction. Comstruction of the Maintenance and Mockup Facility
(including the PRTR Rupture Loop Annex and Critical Facility Buildings)
is about 85% complete versus 93% scheduled. The M & M Building portion
is about 80% complete versus 91% scheduled. The vermiculite roof slab

on the M & M Building was poured. The structural steel work was completed
and installation of the exterior siding is about 10% complete. Piping,
electrical, and mechanical equipment installation is proceeding at the
-14 foot basemert level. The inflatable seals for the PRTR exhaust stack
filters were installed and passed a soap bubble leak test. The second
frame was loaded with activated charcoal filters, installed, and suc-
cessfully tested.

Site paving and landscaping is estimated to be 40% complete. The initial
phase, consisting of roads and paving, is scheduled for completion by
Mey 7. All roadways, except those adjacent to the Critical and M & M
Fecilities, have been primed, and paving is scheduled to start the first
week of Mey. Landscaping is scheduled to be completed by June 21.
Earthwork has started and piping for sprinklers at PFPP is installed.
Maintenance of the grounds under this contract will continue until

July 21, 1961.

The load-out trailer and cask unit were tested at the Radiometallurgy
Building. Improvements ir the supporting equipment is required tc permit
unloading the cask and examination of elements.

The vendor of the Fuel Element Examination Facility manipulator has re-
ceived delivery of the new 400 series spline shafts and has started
reassembly for final testing. Shipmen:t is scheduled for the week of
May 8, if final testing is successful.

Procurement and installation of stainless steel tankage to permit drainage
and storage of FRIR sys*em D20 has been investigated. Three available
tanks of adequate total capacity (A~ 750 gal. each) were located. Cost
estimates for decontaminatirg, modifying, anéd installing these tanks for
PRTR use are being prepared. It appsars that the most practical location
for these tanks is in the service building basement, adjacent to the
containmert vessel. Tkis area is currently being used to store D20 in
barrels.

Plutonium Recycle Critical Facility (CAH-842). A project proposal revision
exterding the scheduled completion date tc August 15, 1961, has been
approved by the Atomic Epnergy Commission.
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The construction contractor is about 93% completed versus 100% scheduled.
It is estimated that he will be finished about May 15. Remaining work
includes installing the building siding and the ventilation equipment.

The Fuel Transfer Lock has been installed, and preliminary tests have
been completed. These tests disclosed deficiencies in the cperating
mechanisms, which have been called to the lock vendor's attention for
correction. The lock installation involved comsidersble piping work not
previocusly anticipated. This resulted because the vendor had not completed
the specified piping prior to shipment and had not provided drawings which
adequately defined the remaining work. The necessary piping intertie
drawings therefore had to be prepared here in order to complete the work.
The lock vendor also had failed to complete the painting of the lock.

This work was completed during installation of the lock and will be at

the vendor's expense.

The equipment installation package has been sent to the CPFF contractor
to the AEC for an estimate. If a satisfactory estimate is received, the
CPFF contractor will be requested to install the equipment after the
present construction contractor is completed.

The moderator storege tank and the reactor and thimble coolant pumps have
‘been received. The low bidder on the Instrument Package, General Electric,
San Jose, is having difficulty in obtaining some of the specified compon-
ents in time to meet the scheduled delivery in June 1961. Orders have
been placed for the flux chambers for the reactor. The bid price was
$5,270 versus an estimated $5,000.

Fuel Element Rupture Test Facility (Project CAH-867). Minor revisions

to existing drawings were performed during the month. These included
modifications to "B" Cell piping to allow more complete and rapid drainage
of RLHX-1, and changing critical control valve air line materials from
plastic to copper. Assistance has been given to IPD personnel who are
scoping facilities for experimental work related to detection of fuel
rupture and fission product release from rupturing fuel elements. These
facilities would consist of various types of detection chambers and
associated electronic equipment and are to be located in the underground
annex building.

Construction of the underground annex is 97% complete versus 100% scheduled.
Construction of the water filtration plant and holdup tank was scheduled

to begin March 1, 1961. Design drawings and specifications have been

ready for bid release since January, but no action has been taken toward
releasing this material by the AEC for contractor bidding. No action has
been taken to initiate the "B" Cell and underground annex equipment
installation work pending resolution of this water plant-holdup tank

delay.

All bids were rejected on the electrical switchgear and motor control

center which were received early this month. Specifications were revised
to reflect revisions in the control circuitry required by changes m
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drive motor sizes and in the primary pump control circuits. Rebidding
these items will not delay project progress beyond that delay already
caused by the water plant. The vendor who is fabricating the cooler
(RLEX-2) is radiographing the high pressure nozzle-to-bonnet and bonnet-
to-tube sheet welds. As reported last month, the vendor believed that
radiography of these welds was not feasible; discussions with qualified
HAPO personnel indicated that such radiography should be routine.

Design and Component Testing

PR-10 - Primery Loop Mockup. The spare primary pump operated 757 hours
during the month for a total of 5947 hours. The seal leakage varied from

e high of five gph down to near zero at one time. Some seal damage

occurred at the low leakage period as shown by two short duration (5-10 min)
increases of seal temperature, one from 120 F to 165 F and the last from
120 F to 135 F. The seal temperature returned to normal following both
excursions and the leakage has increased to about 0.0l gph. Better balanc-
ing of the pump will be attempted following the present outage to install
the new insulated motor end bell. Present maximm vibration is 0.9 mil.

The prototype pump with the self-adjusting seal assembly operated T77 hours
during the month for a total of 7514 hours. The present seal leakage is
0.7 gph. The seal test stand operated an additionsl 65 hours and 22 starts
during the month for & total of 875 hours and 117 starts with the two
prototype mechanical seal assemblies.

The Aldrich injection pump has not operated for test purposes this month.
The Disogrin packing rings are on hand, the packing inserts have been
fabricated, and testing of this packing will proceed when craft labor and
engineering time car be coordinated for installation.

Flexure Loop. The three-clamp Grayloc transition union (SS to Zr-2) has
completed 796 hours and 132 cycles cperation at 2000-2100 psig and 200-
600 F with no apparent leakage. Usage of the flexure loop and burst test
loop has at times been delayed because of insufficient information as to
the facilities comstruction. Tc eliminate this problem in the future,
flow diagrams of the pipirg, instrumentation, and electrical 'systems for
both facilities have bezn made.

PRTR Calandria Access Plugs. A short testing procgram has been established
to determire which anodize coat will best prevent galling between the
access plug and calandria top piate.

PRTR Special Tools. Use of the Splash Guard (a stand pipe which screws
into the top of the nozzle %o prevent spillage of heavy water during
discharge of a fuel element) nas proved to be unsatisfactory. Design of
e new spiash guard has beer completed, and fabrication is 20% complete.

Shroud Tube Replacemert. The detail design of the meckup section is
complete and fabricatior. has beer. started. Final design of the support
section is continger* upor whether this mockup is placed in the west test
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pit of the 314 Building or the Maintenance and Mockup wing of the 309
Building. The latter site is more suitable for the mockup.

Two prototype bellows collars were shrunk fit onto a piece of shroud
tubing. The collars were heated to 200 C and then slipped over the tube.
The collars had 0.010 interference fits. One of the collars "grabbed"
before it was all the way on the tube. This was anticipated because of
the thin wall of the aluminum shroud tube dissipating the heat so rapidly.
However, by either raising the temperature and/or cooling the tube with
dry ice, it is felt that this can be eliminated.

Critical Facility Mockup. The weir fabrication is. now 90% complete. The
major component of the weir remaining to be completed is the synchro -
readout system. The motor for the weir has been sent back to the Exactel
Instrument Company to be assembled with the synchro as a package unit.

The weir seal was tested and this seal design is well within the design
limits. A leak of 0.1 gpm could be tolerated, while with the mockup the
leek rate was less than 0.1 of a gallon per hour.

All parts for the neutron source positioner have been received. It is
expected to be completed during the first week in May.

The support rails for the source positioner are being fabricated by Minor
Construction. The rails are being made of stainless steel Unistrut rather
than channel iron for ease of fabrication.

The swivel joints have been received for the thimble. Upon examination of
the joints, it was observed that they were too stiff to be used with
flexible tubing. After discussing this with the factory representative,
the joints were disassembled and the seals dressed down, resulting in
better action.

A review of control rod and safety rod design is under way to insure
reliability of materials and satisfactory operation of these components

at all times. Re-heat treating of the 17-4 PH drive screws and ball nuts
will be investigated as well as additional structursl reinforcement of the
aluminum shell or housing tube to decrease the potential for rod deactiva-
tion due to physical damege from crane loading and unloading activities.
Most of the parts for the control and safety rods have been ordered. The
motors for the control rods have been sent to the Exactel Instrument
Company for assembly with the synchro units.

Specifications for major components of a highly sensitive temperature
measuring system were issued for bvid. This system will be evaluated for
possible use in the critical facility for measuring and recording modera-
tor temperatures during reactor experiments. The system will utilize
platinum resistance temperature detectors in a balanced wheatstone bridge
circuit and an amplifier and recorder for readout. Zero suppression will
be provided so that accurate differential temperatures may be measured.

UNCLASSIFIED
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Specifications submitted for components of Critical Facility instrumenta-
tion were reviewed. Problem areas have developed in obtaining some
specified special modifications of the equipment being purchased. These
special features include the addition of level trip circuits for inter-
mediate flux level channels, a special sudible output for the scaler, a
3-15 second range of adjustment of period trip for intermediate chennels,
and special calibration of intermediate channel recorder and meters.
These problems were discussed with representatives of the manufacturer
furnishing the system. The intermediate flux channel problem will be
resolved by obtaining instruments which are essentially duplicates of those
used on the PRTR and adding solid state level trip circuits. The scaler
audible output was found to be available in a unit exactly equivalent to
the one originally specified but having a different model number. Some
delay in delivery mey result from the above alterations.

Bids were received for the Critical Facility control rod magnet power
supply. None conformed to the specified range of adjustment of output
voltage. This is the second time bids have been rejected for this reason.
Consideration will be given to designing and building this power supply
on site.

" Rupture Loop Mockup. Technical Shops has completed machine work on the
nozzle-to-process tube testing apparatus. This will be used for thermal
cycling and gasket leak tests.

The inlet butterfly shutoff valve is being tested at the vendor's plant
and should be delivered by May 8. Part of the delay has been due to poor
quality of stainless steel castings. The vendor has had to re-order cast-
ings twice.

The outlet connector fitting, a Grayloc Joint, will be delivered in early
May. Tests at the vendor's plant show that thermal stresses will be de-
creased for the meterial combination of 300 series stainless steel studs
and hubs, and 410 stainless steel clamps. For a slight increase in price,
Gray Tool Company is furnishing 316 SST studs that have rolled threads.

The corrosion test coupons from the tube assembly parts did not pass the
surface color requirements after autoclaving at Chase Brass. However,

the samples were retested locally and 18 of the 20 coupons were accept-
able. The tube drawing process is now completed on both inlet and main
(3.6 inch OD, 0.342 inch wall) tube sections. A two-step process was used
on the main tube after a one-step drawing process proved unworkable. The
Zr-2 tube assembly sections are now being welded together, and at least
four of the original three to five tubes ordered will be built.

Design Analysis

PRIR Power Tests. Detailed procedures for Power Tests are now being com-
pleted in addition to the final Operating Standards and Procedures neces-
sary before power operation begins. All test descriptions have been
completed and approved for the 24 power tests currently planned. The
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power test document has been published as HW-61900 C, and transmitted to
the AEC as requested. ‘

PRIR Safeguards Analysis. Supplement 3 to the PRIR Final Safeguards
Analysis was published and transmitted to the AEC for approval. This
supplement reports the results of a study of effluent activity limits
for the PRIR.

Refined effluent activity limits have been determined for the PRTR. For
both the aquecus and gaseous effluents, two limits on the concentration

of radionuclides in the effluent stream are established. The upper limit
is a concentration which could potentially result in undesirable contamina-
tion of the environs unless the release from the PRTR containment vessel
is stopped in a few minutes, and at this limit automatic reactor scram

and containment will be executed. The lower limit is a concentration
which could result in water or air contamination approaching the MPC in
the environs of the PRTR, and at this limit the reactor will be shut down,
following normal procedures.

The effluent activity concentrations for these trips are:

" Agueocus Effluent Activity

Containment Trip 5 jac/ce
Alarm Trip 5 x 10"3 jc/cc

Exhaust Air Activity

Containment Trip 5 x 10-2 uc/cc
Alarm Trip 5 x 1077 mc/cc

Recent studies have resulted in recommendations for increased back-up air
supply for the PRTR. An analysis of the instrument air system shows that
several components require a continuous air supply and that an adequate
back-up air supply is required. Air is required for Light Water Injection
System components to provide information that will assist in determining
the location of primary system leaks and to regulate valves for the most
effective use of the system. Air is required for primary, secondary, and
helium system valves and instruments to provide pressure and level informa-
tion and pressure control during natural convection cooling and steam
cooling. A back-up air supply should also be provided for the breathing
air stations.

Critical Facility. The comment issue of the Critical PFacility Final Safe-
guards Analysis document was completed. )

Preliminary testing of a prototype thermostat for the Critical Facility
Poison Injection System indicates that the response time of the thermostat
is slower than was expected. Thermal response data obtained to date is
not adequate to determine the exact time required for the thermostat to
trip.
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PRP Reactor Physics Calculations. A replacement version of the operational
FLUX-WEIGHT Code is being assembled and debugged. Increased specialization
of calculationel methods using perturbation theory require this new version
to be more aptly titled "SWAP" (Statistical Weight and Perturbation) Code.

Continuing effort is being made to establish the reactivity effects of loss
of HpO-degraded coolant with conditions of varying moderator quality. Con-
siderable information has been developed with regard to relative effects

at a given position. However, an inability to date to assess properly the
effect of neutron streaming and perturbed resonance absorption has delayed
an acceptance of the whole-reactor coolant loss solutions.

PRTR Operations

Reactor Testing and Activation. The bulk of the testing work has been
completed on Design Tests, with the exception of the following which are
to be performed in conjunction with Power Tests:

DT 23 D20 Recovery System

DT 58 Rupture Monitor System

DT 35 Unit Motion

DT 3-D Primary System, Hot and Pressurized DO
DT 25  Fuel Element Loadout

DT 56 Process Cell Waste Collection System.

The PRTR was loaded with 55 UOp and 30 Pu-Al fuel elements and the follow-
ing remaining Critical Tests were completed on April 26:

CT 17 Kinetics Measurement, Three-Zone Loading
CT 21 Cell Flux
CT 14C Final Shim Rod Calibrations.

A shim-free critical moderator of 62.5" was obtained This is about one
inch higher than previously obtained for this loading; however, the
absolute calibration of the moderator level may be in error by nearly
this much at the present. '

After completion of the above Critical Tests the reactor was shut down
for discharge of all fuel elements to permit the cleanup of the UOp fuel
elements which had collected foreign matter from the primary coolant flow.
Individual screens were then provided for the nozzles of each tube and
the primary coolant was circulated to clean out any additional material
which had collected.

Two primary pumps were overhauled during the month. On Pump No. 2, which
had excessive vibration and a loose seal thermocouple, modifications
included seal and thermocouple replacement, addition of thrust springs,
and installation of an insulated end bell on the motor. Pump vibration
at high pressure was reduced to less than one mil by these changes, and
balancing was unnecessary, although vibration is higher when the pump is
run with the primary system unpressurized. Indication of high seal
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- leakage flow on Primary Pump No. 3 caused automatic closing of the bleed
valve, resulting in overpressurizing the secondary shaft seal. During
the seal replacement, thrust springs were added, and an insulated motor
end bell was installed. Automatic actuation of the bleed valves has been
discconnected to prevent recurrence of this action.

The helium system was modified to simplify condensate collection and oil
removal as 2 result of operating experience. Automatic remote condensate
handling piping and valving was removed and a new condensate collection
system installed. Condensate is now collected manually in "C" Cell.

This change also made possible removal of some oil absorber units which
have created operating problems because of leaching of the absorber ore
by heavy water which is sometimes carried into the system. Considerable
effort has been required in cleaning valves throughout the helium system
in order to achieve satisfactory performance.

The reactor dry gas system has been placed in operation. Alr contamina-
tion has been the chief obstacle to achieving satisfactory system perform-
ance. Considerable moisture has been removed from the system, but moisture
content. is still higher than desired for sustained operation.

Modification of eighteen shim rods was completed and the rods installed.
Modification of the six spare assemblies continues.

All flow monitors were pneumatically and electrically calibrated during
the month. Two minor modifications were made to the system during
calibration efforts. The pointer spring and the pivot were changed to
reduce the play in the mechanical connections. It appears flow trips

can be set to ® 2 percent and that data readout accuracy of % 2 percent
can be obtained. A high frequency preventative maintenance program is
being established to insure maintenance of the 2 percent accuracies noted.

Safety and containment circuits and equipment were thoroughly checked
out. Both systems are now in normal operating condition. Several
pressure switches in the safety system were changed to either improve
the reset range or improve the reproducibility of trip settings.

The light water injection system instrumentation was connected and tested.
Blanks were installed in the water lines and the valves blocked to protect
against inadvertent mixing of light and heavy water during testing. The
system will remain partially bypassed until operation above 1 MW begins.

Debugging of the rupture monitor has begun. An equipment manufacturer's
representative will be on plant in May to assist in the initial operation
of this system.

All secondary system instruments and controls have been calibrated and
tested. Final testing of the system will be performed when steam genera-
tion in the heat exchahger begins.

Plans and Procedures. At month's end thirteen Operating Standards and ten
Operating Procedures remained to be approved by the PRTR Startup Council.
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Plutonium Fuels Development

PRTR Fuel Fabrication. A number of different approaches to the problem
of blending UOp-PuOs have been tried. Low temperature calcined PuQp

has been heated at 1000 C and blended with UQo. Analytical results from
a number of samples taken from the blender showed a deviation of more
than 10 percent from the mean. To check the operating characteristics

of the P-K blender, several 20 kg blends were made using only UQ2. The
sieve analysis from these runs was used as a measure of blending effici-
ency. When the percentage of the -200 mesh fraction was analyzed, it was
found to vary plus or minus 15 percent of its mean value. Although this
variation was not clearly systematic, the percentage of fines showed a
tendency to be higher in the samples taken from the middle of the blender
as compared to the top and the bottom. This suggested that the particles
were not tumbling in the blender as they should but were sliding. BExperi-
ence in pouring a mixture of particles has shown this same tendency. The
blender was loaded more heavily in an attempt to increase its tumbling
action. Unfortunately, the excessive weight of the load burned out the
motor which is now being replaced by a larger one.

Two methods were developed to control the distribution of plutonium oxide
along the length of a tube loaded with mechanically mixed UQO2-PuO2. One
method consisted of preparing and mixing "one-tube batches" of oxides with
a high percentage of fines (-325 mesh particles) in the batch. The other
method consisted of incrementally loading the tube so that each small
increment contains the required amount of plutonium. Since both of the
methods were developed with UO2 fines, determination of variations with
mixed UQp-PuOp fines was investigated.

Three elements were loaded with the addition of PuO2 to the UQO2 fines;

two by the high percentage of fines method and the other by the incremental
loading method. One high fine element and the incrementally loaded element
were destructively sampled, as loaded, for longitudinal Pu analysis. The
other high fine element was swage compacted and will be sampled for longi-
tudinal and radial distribution of plutorium. No analytical results have
been received on these samples. . .

The UQp-PuQs elements must be closed by welding prior to swaging for con-
tamination control, therefore controlling the finished léngth of the
element is a critical problem. Since experience to date has shown varia-
tions up to 1-3/8 inch, methods to control length more accurately are
required. Three methods are being evaluated to achieve accurate length
control. One method involves closely controlling the volume and weight

of both the tube and core material before swaging. The other two methods
involve final finishing operations after swaging; one is precision draw-
sizing which reduces the diameter and correspondingly increases the length
of the tube (0.00l-inch change in diameter causes approximately O.l4-inch
change in length). The other method involves swagable end sections, which
could be reduced in diameter for accurate finishing. The latter methods
involve swaging to a minimum length followed by a sizing operation to
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achieve desired length. The objective of these methods is to achieve
length control within 1/16-inch.

Further development of swagable end caps was continued. Design changes
were made in order to eliminate the internal notch that was present after
welding and swaging. Welding conditions were found to be critical.
Coamplete penetration is essential, but minimum heat input on the final
closure is also required in order to keep the entrapped gas from over-
heating and blowing out through the weld. Welding conditions to meet
these requirements have been established. Corrosion tests on sections

of swaged tubing and end caps are in progress. Five two-foot UQOz-bearing
elements and one full length UO2-PuOg-bearing element with swagable end
caps have been swage compacted successfully.

Density measurements have been made, using a gamma absorbtometer, along
the length of seven swaged UQp-PuO2 rods. The measurements were made at
one inch intervals, for six inches, at both ends of each rod and at six-
inch intervals along the remainder of the rod. Chart tracings, when
compared to three demsity standards, indicate densities of 87 percent to
90 percent along the length of the rod with the exception of the preswaged
end regions which are approximately 80 percent to 85 percent. Additional
- standards having a greater range of densities would be required for more
accurate determinations. The rods have been secticned to provide irradia-
tion, density, chemical, and autoradiographic samples.

Several loading techniques are being tried for vibrationally packed rods.
The most promising method to date is one in which the charge is loaded
into the tube, shaken, tamped, and shaken again without exposing the
inside of the loading hood to any dusting. This design has the adventages
of keeping the contamination of the tube end to a minimum while maintain-
ing the inside of the hood reascnably clean. With high exposure oxide
the latter consideration may be of overriding importance.

Development of Zircaloy-clad plutonium-bearing extended surface fuel
elements continued using oxide fuel material. Ceramic grade UQo was used
as & stand-in for PuOp. Two zirconium-UOo-zirconium sandwiches were
roll-clad. Bonding of the zirconium-zirconium picture frame around the
UQ2 core was obtained along with bonding of the zirconium through the
core. Radiographs showed the fuel tc be distributed in a uniform
reticular structure similar to the structure previously cbserved on the
metallic plutonium-zirconium sandwiches.

Capsules of UOgz-PuOp containing defect sections of various PuOz concen-
trations have been tested on a gamma spectrometer by the Nucleonics
Instruments Operation. Each capsule was loaded with a blend of UQz-PuQz
(0.446 w/o) with the exception of a section approximately O0.2-inch in
length in each capsule, which contained a higher PuOp concentration. These
sections contained 1 w/o, 2 w/o, 3 w/o, and 10 w/o PuOp. Gamma spectrometer
scans detected all but the 1 w/o defect. For certain capsules, however,
counting rates varied if the sample was rotated 180°. Gamma autoradio-
graphs of the capsules obtained by the Nucleonics group showed that the
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defect distribution in certain capsules did not appear uniform across the
diameter. In the autoradiographic technique that was used, the capsules
were placed on the flat film. Additional autoradiographs have been re-
quested, in which the film will be wrapped around each capsule.

The detection of PuO2 content on the order of magnitude currently desired
(nominal 0.5 w/o * 5%) is not obtainable at the present time. This is

due in part to the inherent "noise level"” of the equipment being used in
combination with statistical counting variations in the gamma spectrometer
examination. Refining the present techniques, or the possibility of a new
scanning technique to detect the dilute PuOo concentrations is being
investigated.

U0z and PuOp powders are being studied to evaluate the gas evolution which
might be expected from swaged or vibratory compacted fuel elements.

Ceramic grade and fused UOp have been analyzed in the as-received, vacuum
outgassed (48 hours, 900 C) and "stored" conditions. The outgassed samples
were brought up to & helium etmosphere and stored in helium and/or air for
various times. The total gas from the fused samples decreased from 0.035 cc/g
to 0.008 cc/g on outgassing. After storage the gas content increased to a
maximum of 0.02 cc/g. The ceramic grade went from 2.0 cc/g to 0.048 cc/g
on outgassing. The outgassing treatment most probably reduced the surface
activity of this powder since it increased to only 0.11 cc/g after one week
in helium followed by two weeks in air. The experiments are currently
being repeated on PuOp powders.

Attempts to extrude zirconium tubes directly from loose particles of scrap
have been only moderately successful. Niblets of Zircaloy-2 (about 1/4-
inch cubes) were poured into a copper can and the can was welded by the
electron beam process. The canned Zircaloy billet was preheated two hours
at 800 C and extruded over a 5/8-diameter mandrel in a container preheated
to 600 C. The exterior of the resulting extrusion was very good, but the
mandrel failed in tension in two places. The resultant tube was good for
only about 18 inches of a planned 60-inch length. A section of the good
part of the tube has been sent to the testing group for an autoclave corro-
sion test. Lubrication is the present problem, and a further attempt to
extrude a tube resulted in a breakdown of equipment. While the equipment
is being repaired, more irvestigation of lubricants will be carried out.

Fuel Evaluation. The *wo capsules (GEH-14-27, 28) with Al - 2.1 w/o Pu -

2 w/o Ni alloy cores fabricated by injection casting are presertly being
irradiated in the MIR (Cycle 155). The Zircaloy-clad samples will be in
the reactor for two cycles. The specific power is 25 kw/ft, and the surface
heat flux is 590,000 Btu/hr-sg ft. Ir addition, a four-foot long Zircaloy-
clad seven-rod cluster has been fabricated by the injection casting tech-
nique for irradiatior testing in the ETR. The element contains an Al -

2.53 w/o Pu - 2.0 w/o Ni corrosion resistant alloy which will generate a
maximum of 15 kw/ft ir thne 3x3 loop. The test proposal is being written,
and irradiation of the element is scheduled %o commence in June 1961.
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Examination is under way on a Zircaloy-clad Al-Pu three-rod cluster
fabricated by inserting Al-Pu cores into 0.030-inch thick Zircaloy
tubing. A four- to five-mil diametral gap existed between the core
and cladding. The element received 34 days of exposure in the MIR at
a heat flux of about 677,000 Btu/hr-£t2. Length measurements taken
on the ten-inch long cores indicate that two have shrunk 0.006 and
0.010 inch. A length measurement on the other core has not been ob-
tained due to decanning difficulties.

The effect of pressure on thermal cycling results for Zircaloy-clad
aluminum cores is being investigated with ex-reactor tests. Rods with
0.030 and 0.035-inch thick Zircaloy cladding are being cycled at different
pressures. Results of preliminary cycling data are given below. The
numbers indicate the number of rods affected due to the cycling treatment
for each set of conditions. The results show the effect of testing
pressure and cladding thickness on the cycling results. Tests are also
being made under PRTR conditions (1050 psi).

_30-Mil Cladding 35-Mil Cladding
1250 psi 1150 psi 1250 psi 1150 psi
Number of rods affected
at 25 cycles from a 3 1l 0 0
group of 8 -
50 cycles 3 1 1 1
100 cycles 6 3 2 2

Two of the six PuOo impregnated graphite capsules which were irradiated
in the MIR are presently being examined by x-ray diffraction. X-ray data
indicate that damage to the graphite and PuOp has occurred. This is
evidenced by an expanded C, spacing in the graphite. Systematic line
broadening and expanded lattice parameters on the two PuOp samples
increased 0.33 and 0.58 percent, which is considerable. The effect of
irradiation temperature on annealing neutron induced demage in the
graphite is not apparent. X-ray studies of the other samples are being
made .

The capsules for the first part of the Phoenix experiment have been
shipped to the MIR for irradiation. Calibration measurements in the ARMF
have commenced. A document titled "The Reactivity of High Exposure
Plutonium,” has been written.

After considerable delay, the Zircaloy-clad Al-Pu rupture experiment has
been approved by the MI'R/ETR Reactor Safeguards Committee. It is presently
scheduled to rupture the element during the last part of May 1961.

The test proposal has been completed for the in-reactor sintering studies
on UOp-PuOp and the direct comparison of the radiation behavior of UO2-PuO2
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and enriched UOp, operating under identical conditions. The test proposal
document, HW-69281, is currently being prepared for issuance.

The PuQp-~-UQ2 test element components for the reactivity measurements in

the SNOQUT Facility mockup in the 305 Reactor are presently being fabri-
cated. The design had tc be modified. The inner aluminum cylindrical
section has been spiit longitudinally to facilitate more accurate place-
ment of the full length copper and nickel flux-monitoring wires. It is
planned to use an Al-Co alloy, fuil-length, flux-monitoring wire in a 1/16-
inch OD stainless steel tube at the center of the fuel materiasl. The order
for the highly enriched UQOp required for this test has been placed with the
vendor. The material is scheduled for shipment during the second week in
Mey 1961.

UO2 Fuels Development

Fuel Irradiations. Post-irradiation examinatior of irradiation test
element, GEH-4-59, a four-rod cluster element containing one fuel rod

of partially decontaminated, recycled UQOp, was compieted. The "recycled"
rod revealed extensive relccation, colummer grairn growth and formation of

a large central cavity in the UO2. Dendrites of UQ2 were observed in the
outermost portions of this material. Lesser grair growth and central
cavity formation occurred in the two rods comtaining electrodeposited,
non-recycled UOp. The sintered UOg pellets in the fourth rod exhibited no
grain growth or UQ2 relocation. The three particle containing rods gener-
ated a maximum surface heat flux cf about 500,000 Btu/hr-fte, while the

rod containing sintered pellets generated only approximately 300,000 Btu/hr-
ft2. The results of this irradiatiorn test are similar +o other irradiations
1nvolving low density UO2 and the %test demonstrates the feasibility of
fabricating and re-irradiating partially decontaminated UOp such as can be
produced by electrodepositicr with the Salt Cycle Process.

The second Hanford UOp defect test element (HD-2) successfully completed
eight weeks of irradiation. During this period the eiemert experienced
five power cyciles. Qniy very small amounts of fission produc*s are being
released tc +the coolant. Irradiation is continuing.

A three-foot long protctypic nested tubular (PRTR Mark II-C) fuel element
containing vibraticrally compactsed high energy impact formed UO2 was
charged intc the ETR 6xS loop durirg the cycle beginning April 17, 1961.
Irradiavion will hegir shout April 30. Heat generatior rates will be

greater than those which willi be experisnced ir the PRIR.

A hot swaged four-rod cluster tesi element (GEH-L-60) is beirng irradiated
in the MIR to a maximum surface hea®t flux of 430,000 Bt ,/br-f+2 This test
will continue until May 15. The elemert will be discharged at +hat time
and will be returned wc HAPO for pcsm-irradiation examinations.
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Fabrication Development. Metallographic examination of an autoclaved
sample of hot swaged Zircaloy-L4 revealed that hydrogen dissolved in the
metal during swaging does not precipitate as embrittling hydride
platelets during subsequent autoclaving. The sample was autoclaved for
2k hours in 315 C, 1500 psi steam.

Fansteel 80 and Fansteel 82 are columbium alloys which have excellent
high temperature strength. Tubes and end caps of these materials were
prepared for experimental hot swaging tests at temperatures to 1600 C.
These tubes will contain -60 mesh fused UO2. Inconel X and Hastelloy F
tubes will also be included in the studies.

Recently procured Zircaloy-4 tubing exhibited excellent cold-working
properties, as determined by free-sink cold swaging. Random samples were
reduced from 0.750 inch to 0.325 inch OD without cracking or splitting
This is significant because vendors insisted only about one yeer ago that
Zircaloy tubing could not be free-sink swaged without failing. This
increased swagability may be the result of the finer grain size observed
in these tubes.

Studies are being pursued Jjointly with Operations Research and Synthesis
Operation to establish optimum particle size distributions for vibration-
ally compected fuel elements. Results are being used to: (1) define
mixtures that can be compacted to the same high density in cladding
baving radically different geometries (e.g., the components of the nested
tubular fuel element), and (2) specify complementary size distributions
for any one type of fuel element to permit greater utilization of as-
crushed fuel material. Calculations have revealed mixtures having quite
different particle size distributions which can be packed to densities
approaching the maximum for a three-size system of 98.3 T.D.

An effective activation treatment developed for a 2% enriched U03 powder
is: hydrogen reduction of the U03 at 500 C, air oxidation of the UOp
product to U308 at 500 C, hydrogen reduction of the U30g at 500 C, and
ball milling the resulting UO2 for four hours. The average particle size
after milling was ~ 0.7 u. The powder was sintered to 97.5% T.D. during
12 hours at 1750 C.

High Frequency Resistance Welding. Tooling was changed from spiral rib
welding to straight rib welding. Eight equally spaced ribs were success-
fully welded on a 3.063" @D x 0.060" wall tubing.

Preliminary tests were run on stainless steel to gain experience and to
establish welding parameters for large diameter, thick wall tubing
(3-1/16" @D by 0.060" wall). Straight ribs were also welded to Zircaloy-2
cladding with little apparent difficulty. Destructive tests have not yet
been completed.

Modifications which are expected to improve weld quality and process
dependability are: (1) addition of ferramic impeders to concentrate the
current path in the tube, and (2) installation of a new draw bench for
improved tube alignment. :
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Cladding Material Studies

Burst Testing of Weldrawn 406 SS Tubes. Weldrawn 406 SS tube sectipns,
0.563" OD x 0.0L0" wall x 8" long, with (a) TIG-arc welded 406 SS end
caps and (b) magnetic force resistance welded 406 SS end caps were
internally pressurized, primarily to test the quality of the welds. All
of the five specimens with arc welded end caps that were pressure tested
failed in the tube section at an average of 3150 lbs, which equals about
the tensile strength of the weldrawn 406 SS tubes in the "as received"
condition. There were no indications of leaks or failures in any of the
end cap welds. In the pressure tests of tube sections with magnetic force
resistance welded end caps, out of eight specimens four failed in the end
cap welds at lower pressures, and four fractured in the tube walls at
practically the same average pressure as those of the first test series.

These results prove that satisfactory end cap welds can be obtained by
either TIG-arc or resistance welding of 406 SS end caps to weldrawn 406
SS tubing.

Vibration Testing of 406 SS Weldrawn Tubes. High frequency (vibration)
cycling of six weldrawn 400 SS tube sections with TIG welded Ferral or

406 SS end plugs resulted in one premature, transverse tube fracture

about six inches above the fixed end, and in fractures starting in the
welds of the end plugs and proceeding through the tube walls in the other
five tubes tested at from 600,000 to over one million cycles. Although no
attempt was made to determine the stresses developed in this test, they
are believed to be much more severe than those resulting from vibratory
compaction of ceramic fuel. No comparative data of other materials tested
by this method are available so far. Vibratory cycling tests of 304 and
406 SS thin-walled tubes of identical dimensions with TIG welded end caps
of the same materials, solution heat treated after welding, are in progress.

2. PLUTONIUM CERAMICS RESEARCH

Plutonium Dioxide - Uranium Dioxide

Several leaks had been found in the hydrogen piping on the experimental
sintering furnace and much of the past month was spent on leak checking
and replacing the initial tubing, which has been in existence for about
three years. Several runs were made, however, to provide additional PuQ2
specimens, containing varying O/Pu ratios, for thermal expansion data.
PuOp pellets sintered in dry hydrogen, dry helium, vacuum, and oxygen
should provide additional data on the 600 C expansion discontinuity and
on the speculation that a eutectcid reaction occurs at this temperature.

Additional melting point data are being obtained cn PuO2 rich compositions
in the UOp-PuOp system. The post meited structures will then be analyzed
to provide data on PuOp reduction versus UOp concentration.
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Dry pressed pellets of ceramic grade PuOp-UO2 powder mixtures were arc-
fused in a static argon atmosphere. Spectrochemical analyses were
requested for samples from buttons which were fused with a tungsten
electrode. Tungsten contamination, as estimated from weighing the
electrode before and after melting a pellet, could be as high as 30 ppm.
A molybdenum electrode was tried but was abandoned because its con-
sumption rate over that of tungsten was far more than could be justified
based on the difference in cross-section of the two elements.

When the powder compacts start to melt, the furnace chamber immediately
becomes covered with a deposit which obscures the electrocde and hearth.
This deposit was collected and weighed on a Vycor tube for several rums,
and was found to be as high as four percent of the starting pellet weight.
The over-all weight losses for these arc-melting experiments, based on
pellet weight and fused button weight, ranged from seven to twenty percent.

Plutonium Carbides

The bulk of the past month was spent in working out capillary loading
techniques for x-ray examination of plutonium-bearing powders via the
Debye Scherrer method. A satisfactory technique has been found, and
several Pu-C alloys are presently being investigated in an effort to
derive some data on the defect zeta phase.

Based on lattice comstants found previously, the theoretical density of a
45 a/o C PuC alloy is 13.59 gm/cc, including an isotopic correction for
the Pu used in the experiments. As-arc-melted densities of PuC have been
determined by immersion in tetra bromo-ethane. The mean density,
corrected for temperature, is 13.59 gm/cc, or 98.23 percent of theoretical.

Pluﬁonium Silicides

A stoichiometric mixture of PuB3 and Si was arc-melted in argon in an
attempt to produce PuSi. The products formed consisted of a fine black
powder and a silver colored metallic substance. Identity should be
provided subsequent to x-ray analysis. The metallic substance is pyro-
phoric. ‘

The material previocusly reported as having been formed by arc-melting
alphe plutonium and silicon has an immersion density of 9.76 g cm-3 at
25 C. Its melting point has not been determined, but that of the beta
plutonium disilicide prepared by reacting plutonium dioxide with silicon
carbide has been, and its value is 1750 C ¥ 20°.

Experiments are also under way to prepare Pu3Sip. Although not previously
prepared, it is thought to exist. ’

Thermal Conductivity Studies

More minor alterations were made on the apparatus, primarily aimed at
‘making placement and seating of the insert less difficult. These
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included shortening the thermocouple lengths to the minimum possible and
using a new, less bulky type of insulation on the connectors: A vacuum
leak developed in one of the Kovar-glass seals while installing the
rewound balance heater.

Using all three heaters, the thermode temperature was raised to a maximum
of 980 C, with a range in the specimen area of 660 C to 800 C, the

highest range yet achieved and approaching the desired area of investiga-
tion. The top balance heater burned out at this point, causing shutdown
and disassembly of the apparstus. Inspection of the heater showed that a
short had developed in the same manner as that which previously occurred
in the bottom balance heater. The insert was found to have a coating of
grease on its upper half, and after reassembly, a run at slightly elevated
temperatures proved that the vacuum grease seal was leaking.

A re-evaluation of the existing thermal conductivity apparatus, consider-
ing observations made and difficulties encountered during the test runs
made to this point, showed the setup to be unworkable in its present
condition and arrangement. Preliminary sketches of a new insert were
made and sent to drafting.

3. UO2 FUELS RESEARCH

Electrical Conductivity of Irradiated UOp

The first series of electrical conductivity measurements on irradiated UQp
(0.005 a/o burnup) was completed. The specimen was an extruded, iso-
statically pressed and sintered piece similar to those on which thermal
conductivity measurements were previously made. First appraisal of the
data shows:

1. Electrical conductivity (EC) of the irradiated sample
was initially 1/5 that of the non-irradiated specimen
of similar density et room temperature.

2. After heating both irradiated and non-irradiated samples
to 800-900 C and cooling, the EC of the irradiated specimen
was about 1/3 that of the non-irradiated specimen.

3. A sharp rise in rate of increase of EC with temperature
of irradiated UOp occurred at 50-100 C (a similar rate
increase occurred in non-irradiated U0, at about 500 C).

L. EC of non-irradiated UOs at room tempersture decreases as
density is increased over the range 86-96% theoretical
density; but EC of the irradiated specimen (90% density)
wvas less than 1/2 that of the non-irradiated 96% density UOp.

5. All samples measured (irradiated and non-irradiated) have
about the same EC at temperatures above 600 C.
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The next irradiated specimen scheduled for electrical conductivity measure-
ments has acquired a 0.0645 a/o burnup. Thermel and electrical conductivity
measurements will be run concurrently.

High Tempersture Electron Microscopy

Examination of cleavage surfaces of fused UO2 single crystals continued.
(bservations of the surface by reflection electron microscopy while the
sample was heated between 1000 and 1150 C for one hour revealed minor
changes, primarily vaporization of some of the surface "debris" originally
present. Optical microscope examination showed evidence of fusion and
other heat effects along edges of the specimen, suggesting that the
temperature in the area on which the electron beam impinged in the micro-
‘scope was considerably greater than that indicated by the thermocouple at
the lower sample surface.

Work was begun on calibrating the electron diffraction attachments on the
electron microscope and developing techniques required for their use.
Concurrent recording of diffraction patterns and microscope images will
provide more information for interpretation of phenomena occurring at
elevated temperatures.

Lucalox supports and a tungsten heater are expected to be delivered during
May to permit assembly of a miniature resistance heated high temperature
stage (1800-1900) for the J.E.M. electron microscope. The probe shaft
assembly for the intermal electron detector was redesigned to provide contin-
uous insulation, improved shielding and ease of installation. The internmal
electron detector will be calibrated for use as a photometer. Preliminary
results indicate that the internal electron detector will provide greater
selectivity and sensitivity than commercially available photometers.

Similtaneous comparison of irradiated and non-irradiated UO2 at tempera-
tures near the melting point provided further evidence of an increase in
thermal stability as a result of irradiation. Irradiated and non-
irradiated specimens of approximately the same size and shape were heated
similtaneocusly on a resistance heated tungsten strip. The irradiated
material (0.20 a/o burnup) was selected from a specimen which had
previously been observed to melt at 2880 C, 90° above the melting point

of non-irradiated UOz. When the temperature was raised to 2790 C, the non-
irradiated oxide melted at the point of contact with the filament and
veporized rapidly. The irradiated material did not melt at that temperature
and vaporized quite slowly. About 70% of the non-irradiated material
vaporized dquring 20 seconds at 2790 C, while the irradiated UOz did not
melt and was less than 30% vaporized. All of the non-irradiated and about
90% of the irradiated UOs vaporized during five minutes at 2880 C. A
small amount of solid material remained at the point of contact between
the irradiated oxide and the tungsten until the filament melted at about
3400 C. A series of photomicrographs was taken to record the sequence of
events described above. ’
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A document, "High Temperature Microscopy of Irradiated UOp," by

J. A. Christensen and J. L. Bates, HW-69234, was prepared for presenta-
tion at the American Ceramic Society meeting in Toronto, April 23-27.
The paper describes the high temperature behavior (to 3000 C) of
irradiated and non-irradiated UQO2 as observed through an optical
microscope.

Fuel Cladding Reactions

Studies of high temperature reactions between various cladding materials
and UOp and UC were continued. Fuel weight changes during 10-minute
contact with various metals at 1000 C and 1500 C are recorded below.
These data have only qualitative significance since they include no exact
measurement of the contact area between the specimen and the metal.

Weight Change (%)

1000 C 1500 C

Cladding U02 uc UOp UC.
Tungsten -0.093 0.015 0.096 -0.037
Tentalum 0.005 0.110 0.011 0.388
Molybdenum -0.054 0.070 -0.065 0.060
Zircaloy-2 -0.063 0.205 -0.100 0.215
304-L S8 -0.131 5.4k -0.121 -
Inconel -0.012 0.050 - -
Hastelloy F 0.110 0.97 - --
Fensteel 80 0.995 0.019 2.55 0.293
Fansteel 82 0.110 0.002 0.112 0.068

Metallographic examination of each cladding material after heating in
contact with UC revealed mixed carbides and fused base metal in all of
the higher temperature tests. Stainless steel was the only material to
react appreciably at 1000 C. A polished cross section showed a hemis-
pherical reaction zone extending 0.013 inch into the 0.0l5 inch thick
stainless steel.

High Energy Impact Forming of Nuclear Materials

Densities and O/U ratios were determined of UO2 samples from a series of
experiments statistically designed to simultaneously define the roles of
temperature, pressure and O/U ratic on the high energy impaction of UOp.
The data are being analyzed by Operations Research and Synthesis Operation.
Preliminary indications are that: (1) there is very little temperature
effect in the range 1000-1200 C for pressures in the 500,000 psi range,
but as pressures are decreased and O/U ratios are increased, there is a
trend toward higher densities with increasing temperature, (2) a greater
uranium oxide density results when the O/U ratio of the starting material
is increased (in the O/U ratio range studied, 2.01-2.26), (3) the pressure
required to compact uranium oxide to 2 99% T.D. may be as low as 400,000
psi. The last might be accomplished under certain conditions of temperature
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and O/U ratio in a conventional impact die using a carbide punch rather
than the more complicated modified Bridgman anvil apparatus.

Electrodeposited UQp crystals of approximately -28 +48 mesh were
compacted by high energy impact at 1100 C and 500,000 psi to produce

a bulk material having a particle density of 10.88 g/cc (99.2% T.D.).
Photomicrographs and electron micrographs of the compacted UO2 revealed
extensive plastic deformation of the crystals.

Micronized UOp - 0.5 w/o TiO2 and micronized UOp - 0.1 w/o TiOp were high
energy impacted at 1100 C and 500,000 psi to densities of 97.3 and 97.8%
T.D., respectively. Photomicrographs of the compacted UOp revealed no
reaction (such as the formation of a liquid eutectic phase which lowers
sintering temperature of these mixtures) between the TiOp and the UO2. A
density of 10.85-10.90 g/cc (99% T.D.) is usually attained with micronized
UOp alcne under similar conditions of temperature and pressure.

Thoria, alumina, and a 50 W/o ThO2-Al203 mixtures were compacted by high
energy impect at 1200 C and 500,000 psi. Densities attained were

9.59 g/cc (95.9% T.D.), 3.37 &/cc (84.9% T.D.), and 6.33 g/cc (90.0% T.D.),
respectively. The thoria was obtained by calcining thorium nitrate, and
the alumina was a Linde A metallographic polishing powder which had an
average particle diameter of 0.3 micron. The compacted thoria had a
glassy appeerance and was recovered in fragments 1/8 to 1/4 inch diameter.
The thoria and thoria-alumina will be used for basic studies of nuclear
materials.

Uranium monocarbide previously fused and crushed to -6 mesh size was
compacted by high energy impact at 1200 C and 500,000 psi to a machinable
solid having a density of 13.28 g/cc (97.4% T.D.). The material will be
used for basic studies of refractory nuclear fuel materials.

L. BASIC SWELLING PROGRAM

Irradiation Program

Constant temperature capsules Nos. 7 and 8, each containing three hollow
split uranium cylinders are now being irradiated at control temperatures

of 525 C and 575 C, respectively. An additional capsule also containing
three split uranium cylinders is approximately 4O% complete. At present,
it is planned that the new capsule will be charged into a reactor in tandem
with another capsule so that two capsules can be tested in the same test
tube.

Annealing treatments have begun on three laboratory capsules containing
specimens identical to those in the in-reactor capsules Nos. 4, 5, and 6.
The thermal histories of each laboratory specimen will duplicate the in-
reactor specimen. Upon completion of the tests, evaluation will be mede
of the physical, geometrical, and microstructural differences that exist
between the irradiated and non-irradiated specimens.

UNCLASSIFIED



UNCLASSIFIED A-39 HW-69408

Two capsules are now undergoing irradiation in the MI'R. Each contains a
single specimen: a section from an extrusion which has a core of depleted
uranium and a shell of enriched uranium. One surface of each specimen was
completely precharacterized. The purpose of these irradiations is to
provide specimens for studies of the mobility of fission products in
uranium, particularly inert gases.

Post-Irradiation Examination

Previously irradisted capsules, Nos. 4, 5, and 6, were opened in Radiometal-
lurgy and the recovered specimens have been examined visually and photo-
grephed. One sample was destroyed by the cut-off wheel during opening and
another sample was badly split, presumably due to the high irradiation
temperature. The remaining spheres retained their shape and have exhibited
no gross macroscopic damage. The specimens were irradiated at volume
average temperatures ranging from about 550 to 800 C and to calculated burn-
ups ranging from 0.03 to 0.3. The split, hollow cylinders in capsule No. 6
appeared to have suffered some surface "bumping" and perhaps some warpage.
This was expected, of course, as the irradiation temperature was about

300 C where "growth" effects should still be quite pronounced. The
specimens from these capsules will have their density, bardness, and metal-
lography determined and selected ones will be subjected to vacuum annealing
treatment.

An unrestrained, precharacterized specimen of uranium irradiated at the MIR
at low temperatures, < 150 C, to a nominal burnup of 0.25 a/o, has been
examined in Radiometallurgy. Prior to irradiation, the specimen was a
right cylinder, 0.50" in diameter and 0.198" thick. After irradiation the
surface of the beta heat treated specimen was extremely rough, presumably
due to extensive growth (bumping) associated with its low irradiation
temperature and the large number (40) of full power irradiation cycles.

In addition, the specimen had become barrel shaped. Diameter measurements
varied from 0.577 to 0.606" and thickness measurements gave values from
0.207" to 0.233". Due to surface roughening, these values are maximum
and probebly indicate very little concerning the volume change experienced
by this sample. Replicas of this specimen in the as-irradiated state and
after repolishing and etching have been prepared. Microphotography and
density determinations are in progress.

Pore Size and Distribution

Optical and electron microscopy are being used as a direct means for deter-
mining the size and distribution of pores in irradiated uranium. Such
information is needed in order to understand how gas atoms migrate, coalesce,
and grow into large pores.

Specimens used for study of the swelling phencmenon were obtained from

clad rod specimens irradiated to burnups of 0.29 and 0.4l a/o, respectively.
Since swelling in the as-irradiated state was slight, it was felt that ex-
reactor studies of declad specimens under a variety of post-irradiation
annealirg histories should provide valuable swelling information. It would
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furthermore, provide a convenient way to obtain a variety of pore distri-
butions from a common abundant supply of specimens in order to develop
the appropriate statistical methods for analyzing the pore size distribu-
tions. This phase of the experimental portion of this study, annealing,
metallography, density measurements, and messwrements on micrographs, has
been completed. Statistical evaluation of the data and indicated changes
in the degree of swelling sustained by the test specimens are in progress.

Fission Product Mobility

A knowledge of the mobility of rare gas fission products in uranium is
important to the understanding of the basic mechanisms underlying the
swelling phenomencn. Uranium specimens are being examined that have had
inert gas introduced into the surface by "glow" discharge and U-U diffusion
couples are being studied that have had an appreciable amount of fissioning
occurring in ocne-half of the couple but ncne, or at least very little, in
the other half. Samples for the latter are currently being irradiated.

Krypton evolution studies are continuing on uranium disks that have been
subjected to "glow" discharge and to cathodic vacuum etching under various
conditians. A disk was glowed at ambient temperature for six hours at

a Kr pressure of two mm of Hg and a current and voltage of 4O ma and

0.8 Kv, respectively. There were positive indications that gas was being
consumed during the flow. The disk was removed from the system, cut in
half, and one piece heated to above its melting point while monitoring

the evolved gas with the mass spectrometer. A small peak in the evolution
rate amounting to roughly 7.0 x 1011 atoms per second was observed at
about 500 C and a second peak was observed upcon melting. When the "glow”
system was heated and the evolved Kr monitored, two large peaks in the
evolution rate were observed, cne at 300 C and ancther at about TOO C
with peak heights being about 11 x 1013 and 4.4 x 10}3 atoms per second,
respectively. These data are in close agreement with that previously
reported and corroborate the concept that most of the Kr consumed during
the "glow" is trapped on the walls of the system. Large quantities of
uranium are deposited on the walls during the flow, and it is probable
that the condensing metal acts to trap the gas. The surface area involved
here, of course, is enormously larger than that of the specimen making a
realistic comparison of the gas in the system and sample difficult.

Two other uranium disks were prepared in a cathodic vacuum etching chamber
which uses Kr gas as the etchant. One sample was etched in the normal
fashion at low pressure (approximately S‘FJ while the other was etched at
a mich higher pressure (approximately 50 m) so that redeposition occurred.
Each sample was then heated to above the melting point and the Kr evolu-
tion monitored. A small amount of Kr was evolved from both samples and
both exhibited peaks in the evolution rate in the 300-500 C temperature
range and upon melting, but the data have not yet been processed suffici-
ently to allow definitive compérisons to be made. There did not appear
to be gross differences.
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Restrained Irradiations

Swelling experiments of Zircaloy-2 clad uranium fuel rods with selected
uranium temperatures, cladding thicknesses, and exposures are being
conducted employing NaK-filled temperature monitored capsules. Three
swelling capsules, GEH 14-gk, 14-95, and 14-99, are presently being
irradiated in the MIR to various goal exposures. Exposures and average
center uranium temperatures for the fuel rods in these capsules are
respectively 0.24, 0.32, and 0.43 a/o and 575, 500, and 540 C. Seven
capsules from this series of experiments have been discharged from the
MIR and are now awaiting Radiometallurgy examination.

5. IN-REACTOR MEASUREMENT OF MECHANICAL PROPERTIES

Pre-Irradiation Material Characteristics

Activation energies for creep of Zircaloy-2 in the temperature range

50 C to 275 C are being determined. Both flat and round annealed creep
specimens are being used. The fabrication history of the flat specimens
differs appreciably from the round specimens which are identical to the
material to be used for in-reactor testing. The activation energies
determined fall between 15,000 and 30,000 cal/mole in the temperature
range 50-190 C and climb to 75,000 cal/mole at 277 C. These values differ
appreciably from previously reported values determined at different creep
rates. The activation energies determined in April are more accurate
than those previously reported. The 15,000 to 30,000 cal/mole thermal
activation process appears to be both stress and strain dependent. The
nature of this dependency is currently under investigation. The high
activation energy measured at 277 C is related to strain aging in
annealed Zircaloy-2.

In-Reactor Creep Measurements

A modified creep capsule was charged this month; the capsule contains an
annealed Zircaloy-2 specimen. The prototype capsule was discharged, and
the new capsule installed in the vacated tube. The modification work
rerformed on the capsule has resulted in lower gamma heating and more
stable performance of the thermocouples and electricel transducers. As
described in previous reports, the modification involved the removal of
heavy metal gamma heating slugs, replacement of the thermocouples, and
lubrication of the gear box and micrometer screw on the mechanical extenso-
meter. The operation of the capsule has shown that the removal of the
gamma heating slugs resulted in a decrease of 96 watts of heat generation.
With this decrease in heat generation, the operating temperature of the
capsule can be controlled at 300 C (572 F) which is within the design
temperature limits of 250 to 400 C. The capsule's new thermocouples and
modified electrical transducer mountings indicate a behavior of the sensors
identical to the performarnce tests conducted out of the reactor before the
capsule was charged. The stress has not been placed on the specimen as
yet; it is intended to accumilate an exposure before beginning the creep
test so the test will begin on an irradiated specimen while it is being
irradiated. .
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Capsule and Instrument Development

Another review of the drawings, materials, and techniques of construction
for six third-generation capsules was completed this month. During this

review at the vendor's plant, final approval of the design and prints was
given. No major changes were required. Compcnent fabrication will begin
in the coming month. '

GAS-GRAPHITE STUDIES

Gréphite Reaction with Microwave-Activated Nitrogen Ges

Specific weight loss rates from 4 to 20 x 10> g/g-hr have been observed
for the reaction of graphite with microwave-activated nitrogen in a pressure
range from 140 to T4O p Hg. There appears to be a possibility that more
than one maximum exists in the rate versus pressure curve; this is being
investigated further. As in the earlier work, the product of reaction
appears to be largely paracyanogen, (CN)y.

Steam-Graphite Reacticn

In case of heat exchanger leaks in gas-cooled reactors, there may be exten-
sive reaction between the steam and hot graphite moderator. An apparatus
for the investigation of this reaction has been designed and is in the
initial stages of construction. Steam near atmospheric pressure will be
passed over a graphite sample heated in the range 600 to 1200 C. Reaction
rates will be measured by determining the rates of production of CO-and
COo. The effects of steam flow rate and composition of the influent gas
will be determined.

Gas Analysis for the PRTR Gas Loop

The gas chromatograph was tested and calibrated following modification
and repairs by the manufacturer. The peak heights did not change when
the inlet sample pressure was varied as had been observed earlier. Peak
heights were directly proportiocnal to the concentrations of Oy, Np, CO,
and Hy in helium gas in the range from 0.0l to U%. The gas chromatograph
and mass spectrometer were moved to the PRIR for installation and addi-

" ticnal calibration.

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

Construction is estimated to be 58% complete versus 91% scheduled. All the
equipment packages have been installed in "B" Cell and welding of connect-
ing piping is in progress. Installation of the in-reactor section is being
postponed because of uncertainties of blower operation. Further testing
of the in-reactor sections will be performed in "B" Cell.

The single blower , for interim operation of the out-of-reactor portion of
the gas loop at reduced conditions, has passed proof tests and been shipped
by the vendor, Bristol-Siddeley. The blower arrived in New York on
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April 18, and is in transit to Richland. The vendor has been notified
that he will be advised of a firm installation date, when present
construction work permits, to preclude undue travel expense and better
utilization of his service representative. The blower electrical
circuitry requires modification to accommodate the recently established
high starting currents.

An order has been placed with Struthers-Wells to reduce the amount of
NaK in the main loop heater to an amount (150 pounds) compatible with

the maximum allowable containment pressure. This reduction is being
accomplished by displacing NaK with stainless steel castings contoured

to fit around the heater tubes. Completion of this work is scheduled for
May 12. The heater and one main loop valve, which leaked during testing
end was replaced by the vendor, will have to be installed before blower
operation is started.

An order has been placed for the sample handling casks which are scheduled
for delivery by the middle of June. The drawings of the shielding plates
for the loop have been received from Struthers-Wells, but drawings of the
supporting framework will not be completed until the first of May. A
requisition for the shielding plates has been processed.

Component Testing. The shortened electricel heater described in last
month's report was installed in the in-reactor test section. Two pre-
liminary runs were made where heater and inner tube temperatures reached
1400 F and 1080 F, respectively. On the third run, which was to bring
the test section to gas loop design conditions of 1500 F, phase-to-phase
arcing of the heater occurred. Arcing then took place between the heater
and inner tube, melting & circumferential hole three inches long and one
inch wide in the inner tube. The arc then progressed to the outer or
pressure tube and melted a one-fourth inch hole in that tube. The heater,
inner tube, and pressure tube temperatures at the time of the incident
were 1600 F, 1290 F, and 925 F, respectively. Since direct electrical
heating has not been satisfactory, the in-reactor test section will be
set up in "B" Cell and connected to the reactor gas loop system. Futur:
tests will be run with the test section heated by ges from the loop to
galn experience in operating the loop system while final testing of the
in-reactor section is completed. .

Dismantling of the 314 Building gas loop mockup has been completed. The
Roots~Connersville blower has been delivered to the reactor and repair of
the test section has been started. A design survey to determine the best
location in "B" Cell for the in-reactor test section and the additional
piping components required for this installation is 50% complete.

Although no firm conclusions can be drawn from the sparse test data,
extrapolations indicate that temperatures across the test section would
be as follows (with no moderator in the calandria and COs inlet gas
temperature at 1500 F): inner tube, 1400 F; pressure tube, 1000 F. The
temperature of that portion of the pressure tube which extends below the
bottom primary shield would be 800-900 F during normal operation.
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7. GRAPHITE IRRADIATICON DAMAGE STUDIES

Irradiation of Pyrolytic Graphite

Measurements have disclosed that the distance between carbon layer planes
(c: spacing) does not change appreciably in as-deposited pyrolytic material
upon irrediation to 2100 MWD/AT (1.7 x 1021 nvt, E > 1 Mev) while heated
to 500 to 600 C. In these materials the c spacing was 6.85 A before and
after irradiation. These results in conjunction with the length changes
reveal that the 1% increase in bulk density inferred from length measure-
ments on as-deposited materials is not caused by crystallite expansion.

The c spacing of graphitized pyrolytic carbon is 6.71 A. This is very
nearly equal to that for single crystals. After the exposure cited above,
the c spacing of graphitized material expanded about 0.3%. This result
is consistent with experience with single crystal material.

High Temperature Graphite Irradiations

The GEH-13-6 capsule containing four special graphites (see March monthly
report) has operated successfully for cne cycle in the ETR. The four
controlled temperature positions are operating at the design temperature
of 650 C. It is estimated that the three non-instrumented positions are
operating at 600 C.

A capsule is being designed for irradiation of graphite samples at very
high temperature in the ETR. It is expected that temperatures of about
2000 C can be attained by insulating the sample with porous graphite.
The sample temperature may be monitored by following the temperature-
sensitive ¢ spacing of baked carbon wafers enclosed with the samples.

Fast Flux Monitor Materials

Iron and titanium appear to be promising fast flux monitor materials.
Irradiations have been completed in the Hanford Quickie Facility, and the
isotopes Ma5* (from the FeSk(n,p)Mn5* reaction) and Sclté (from the Ti
(n,p)Sc reaction) were counted. Since no information is availdble on
the cross section for these n,p processes as a function of incident
neutron energy, an empirical relation between the nickel activation and
the activation of these materials will be necessary. Additional longer
term irradiations are in progress to determine if burnout of the activated
isotope is a problem. ,

Electron Microscopy of Graphite

The electron microscopy of replicas taken from polished and cathodically
etched surfaces of graphite has been extended to pitch-bonded graphite
prepared with a carbon black filler. Thermax carbon black particles in a
sample processed to a maximum temperature of 2570 C do not show well
developed polyhedral faces noted by other investigators in blacks graphi-
tized at 3000 C. The cathodic etch apparently attacks the carbon black
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particles more rapidly than the coal tar pitch binder, leaving depressions
in the bpinder roughly circular in outline. Occasional angular outlines
suggest rudimentary development of polyhedral structure.

8. ADVANCE EVALUATION STUDIES

Conceptual Design - Fuel Element Fabrication Plant

The final draft of the Intrcduction and Part I have been completed. Part II
has been issued for comment.

Supercritical Pressure Water Reactor Study

The economic evaluation of a 300 MWe Supercritical Pressure Power Reactor
continued with detailed consideration of the equipment in the power cycle,
reactor core design, fuel element hydraulics, fuel cycle costs, and plant
layout.

Power Cycle. Cost estimates have been received for the main boiler feed
pumps. The pumping unit proper will cost about $100,000. The drive unit
for the pump, if a turbine, will cost about $400,000, and if an electric
motor, about half that amount. The differential operating cost for the

two drives (assuming six mills per kwhr electric power) is about $250,000
per year in favor of the turbine. Hence, a turbine drive has been selected.
From an emergency back-up power point of view the turbine drive appears
more desirable also, since it can operate on steam generated following a
reactor scram at temperature. '

The vendors recommend a five- or six-stage pump operating at speeds of up
to 7650 rpm. Pump efficiency will be approximately 80%. A half capacity,
full head electric drive boiler feed pump unit for startup and/or backup
purposes will also be a multistage high speed unit. The cost of this pump
is approximetely $150,000. Both pumps have high NPSH requirements.
Booster pumps will probably be required to assure adequate suction head.

Estimated costs and size information for the feedwater heaters have been
obtained. Bach of the four stages of high pressure feedwater heating will
require from 7200 to 9000 square feet of surface area. Tube material will
be Monel. Performance is based on zero degrees terminal difference and

15 F approach. Total estimated cost of the four heaters is $400,000.

Jumper piping to and from the 85 fuel element clusters (each of which
contains seven fuel elements) will be 3" OD x 2" ID, 316 stainless steel
tubing. To simplify access to the jumper piping and reduce insulation
costs, a loose fill type insulation will be used instead of conventional
pipe insulation. When access is required, the insulation will be vacuumed
from the area to be serviced.

Reactor Core Design. Radial flux distributions through the supercritical
reactor core are being performed using the three-group Flux Weight Code.
Uncertainties in the cross-section input has led to an attempt to duplicate
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some experimental results from & wranium dioxide, light water moderated
lattice. After these experimental results can be duplicated, radial flux
distributions over the core can be carried out.

Several flux distributions over the core will be performed with the core
being uniformly enriched with 2.5%, 3.0%, and 3.5% U-235. The benefits
of zone type enrichment, moderator poison addition (boric acid), and
variable lattice configurations with respect to flux distribution across
the core will be investigated.

A feeslbility study of moderator poisoning with boric acid for long term
reactivity control continued. Solubility of boric acid at proposed modera-
tor operating temperatures appears to be no problem. Continuous moderator
cleanup for corrosion products without removal of borete ions is feasible
by utilizing & mixed bed demineralizer containing commercially available
strong base anion resin.

The concept of an unpressurized moderator appears to be lending itself well
to fuel handling requirements. Reactor piping and control mechanisms will
enter from the top face of the reactor and fuel charging and discharging
will be performed through the bottom of the reactor. Since the "reactor
vessel"” simply sits in a large pool of water, a trapdoor type arrangement

on the bottom of the vessel (to prevent gross mixing of the moderator and
shielding fluids) is moved aside, and fuel clusters are dropped into an
underwater cart and transported from under the reactor. New fuel is charged
in the reverse manner.

The inverted cluster fuel element configuration is being analyzed to deter-
mine allowable flux deviations within the reactor based on primary and
secondary stresses developed within the Hastelloy-X tubes. Flow versus
pressure drop curves are being calculated for various heat flux patterns
and for each coolant pass through the reactor. These individual fuel
element curves are then combined with an assumed reactor neutron flux shape
to obtain the ocutlet temperature distribution from a seven fuel element
cluster. :

Fuel Cycle Costs. Fuel cycle econcmics are being examined on thé bases of
pover density, fuel to moderator ratio, and type of fuel management (batch
discharge versus graded discharge). While it has been generally assumed
that high specific powers (approximately 20 MW/T average) are desirable,
there is some indication that with high cross-section materials in the core
(such as Hastelloy X) the ratio of the volume of fuel to the volume of
cladding is a significant factor. Hence, reference fuel designs with power
densities ranging from 20 MW/T to 5 MW/T and fuel to clad ratios ranging
from about six tc cne to twenty to one are being evaluated with respect to
total fuel cycle costs.

Fuel to moderator ratios (whick reflect in the amount of plutonium formed
and burned in situ) are being examined also. The fuel element cost (estim-
ated at about $10,000 each) suggests long exposures with considerable in
situ plutorium fission. This in turn suggests low moderator to fuel ratios
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end a hardened thermal neutron spectrum. However, if the lattice spacing
becomes too close, then construction and fabrication tolerances may become

impractical.

Preliminary fuel cycle costs are in the range of 2.5 to 3.0 mills per kwhr
for graded discharge and about 0.25 mills higher for batch discharge.
Additional reduction mey be obtained when the fuel design is optimized.

Plant Layout. Additional equipment layouts have been made within the
reactor building. Indications are that the building diameter may be reduced
from 220 feet to about 180 to 200 feet due to & reduction in the area re-
quired to be serviced by the main crane. It was originally intended to

use the crane to pull the generator rotor; however, as now conceived, the
rotor will be pulled with a separate crane or a cart-track mechanism
thereby reducing the length of travel required for the main crane.

Fuel Element Design. Preliminary design of the fuel element for the SPPR
has been completed to a point that vendor quotations can be obtained for
the various components. As presently conceived, the fuel element will be

of the "inverted cluster" type fabricated primarily by vibratory compaction
methods. It is anticipated that the pressure-bearing member of the fuel
assembly can be purchased in much the same fashion as small heat exchangers,
i.e., on & completely fabricated and tested basis. The mltiple U-tube
pressure member will be inserted in a Zircaloy, hexagonally-shaped, thin
wall container and UO2 placed by vibratory compaction. Zirconia insulation
will minimize heat loss to the unpressurized water moderator exterior to
the Zircaloy container. The fuel elements will be assembled in clusters

of seven and charged and discharged from the reactor in that fashion.
Present calculations indicated that 85 such clusters will produce sufficient
heat to generate 300 MWe net.

9. ALUMINUM CORROSION AND ALLOY DEVELOPMENT STUDIES

Oxygen Inhibition Test

A test to determine if high oxygen concentrations will inhibit the uniform '
corrosion of carbon steel, 304 stainless steel, X-8001 aluminum, and '
Zircaloy-2 has been started in neutral pH, 300 C deionized water. After
four weeks of exposure the corrosion rates are 0.39, 0.06, and 40 mils/year
for the carbon steel, stainless steel, and aluminum, respectively. The
Zr-2 is exhibiting normel weight gains. These rates are all comparable to

- rates obtained without the addition of oxygen. However, there are two
factors which may affect these results. The rates were obtained from the
first four weeks of exposure. Normally, corrosion rates in high temperature
vater decrease significantly after the first month of exposure, and it is
these lower rates which are normally reported. In addition, oxygen was
added by inserting known volumes of Op gas into the mekeup water and
resulted in concentrations of only one ppm. The oxygen is now added to
the makeup water in the form of hydrogen peroxide. Oxygen concentrations
of 20 to 30 ppm are now being maintained using this method. The carbon
steel and stainless steel samples all have a tight, shiny gray oxide film
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covered with a thin, loose, red oxide film. The aluminum samples have
started to form a tight gray oxide which is felt to be more protective
and may reduce the rates.

H-1 Loop

It is planned to use the H-1 Loop for corrosion testing of aluminum~clad
fuel elements. A projJect is being initiated to: install replacement

pumps; provide automatic dumping with a switch to single-pass cooling if
normal coolant is lost; improve the control of heat exchangers; and make
other improvements in loop operation or safety required for the new test

progranm.
10. COOPERATIVE USAEC-AECL PROGRAM

Heat Transfer Studies

As part of the Cooperative USAEC-AECL Program, a study was started to
determine the feasibility of steam generation with a 19-rod bundle fuel
element int a horizontal position. The concern in this problem is that
stratification of the steam-water mixture would take place for such a
horizontal fuel element and leave the uppermost rods in the bundle to be
cooled in a steam atmosphere. Excessive fuel temperatures could be

- expected for such a case.

An electrically heated test section identical in size to the PRTR Mark I
19-rod bundle fuel element was placed in a 3.25 ID horizontal process

. tube in the experimental heat transfer apparatus. Heat was generated in
the test section at a constant rate while the flow was reduced in steps
until boiling conditions were established. With the inlet temperature
and pressure held constant at 4L78 F and 1085 psig, flow was reduced from
150 gpm to 50 gpm for a tube power of 1250 kw and to 30 gpm for a tube
‘power of 750 kw. At the end of both of these runs the outlet quality was
approximately 20% by weight. In neither of these were high temperatures
detected in the rods at the top of the bundle. Apparently the wire wraps
vwhich are put on 12 of the 19 rods to maintain proper spacing and promote
flow mixing do mix the two-phase coolant sufficiently to prevent stratifi-
cation.

The highest heat flux encountered in these tests was 208,000 B/hr-sq ft
for the outer 12 rods of the bundle during the 1250 kw run. Attempts
were made to investigate conditions at a higher heat flux, but during a
1500 kw run the seal at the end of the test section failed to hold. The
test section was removed for modification.

D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiation damage in various metals, including aluminum, copper, iron, molyb-
denum, nickel, titanium, zirconium, and type 347 stainless steel, is being
studied by a number of techniques. Electrical resistance, x-ray diffraction,
and mechanical properties measurements are the primary methods being used.

UNCLASSIFIED
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The variation of properties with irradiation and the kinetics of property
recovery upon annealing are being analyzed to arrive at a damage model.

Recovery studies have been concentrated on irradiated iron and kinetics have
been determined for all recovery stages except that which is centered at

245 C. To recapitulate, covery occurs in three stages for iron with an
exposure of sbout 4 x 103 nvt: at 100-200 C, 225-260 C, and 275-375 C. At
an exposure of 1.5 x 1020 nvt, recovery occurs in a single stage over the
range 250-400 C; substages may be present but are not pronounced. At an
exposure of 1 x 1017 nvt, recovery again occurs in a single stage, from
200-300 C.

The 100-200 C recovery stage at 4 x 1018 nvt proceeds by & single process
having essentially first-order kinetics. The activation energy is 39,700 cal/
mole (1.7 ev). The 275-375 C stage at & x 1018 nvt also takes place by a
single process with first-order kinetics. The activation energy in this case
is 27,850 cal/mole (1.2 ev). Recovery of damege in & specimen with an exposure
of 1.5 x 1020 nvt occurs by two processes. The low temperature reaction
proceeds with activation energies which vary according to the measurement
technique. Resistivity measurements indicete an activaetion energy of

41,900 cal/mole (1.8 ev) and a reaction order of 1.25. The activation energy
as determined by microhardness recovery is 29,800 cal/mole- (1.3 ev); the
reaction order for microhardness recovery has not yet been determined. The
high temperature reaction occurs with an activation energy of 84,800 cal/mole
(3.7 ev) for both resistivity and microhardness recovery. Based on the above
results and tensile behavior reported previously, recovery of neutron damage
in iron is tentatively described as follows:

Exposure Temperature Range Process

1 x 1017 nvt 200-300 C Precipitation of interstitial
impurity element(s) (C,N,0)

4 x 1088 nvt 100-200 C Breakup of defect clusters

b x 1088 nvt 205-260 C Precipitation of interstitial
impurities ' '

b x 10%8 nvt 275-375 C Release of trapped inter-
stitials

1.5 x 1020 nvt 250-400 ¢ a) Release of trapped inter-
stitials

b) Self-diffusion

Factors which relate to the damage and damage recovery mechanisms in body
centered cubic metals such as molybdenum, tungsten, niobium, tantslum, and
iron, are being evaluated. Analysis of available information shows that some
of the radiation damage recovers during annealing in temperature ranges which
are very close to those in which intermal friction peaks due to dislocation-
impurity atom interactions are observed in non-irradiated metal. The
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pcssibility that some of the annealing of radiation damaged body-centered
cubic materials is due to these reactions is being studied.

Changes in x-ray extinction resulting from irradiation-induced defects are
teing investigated as a method for studying irradiation damage in single
crystals. Faces have been cut parallel to crystal planes on single crystals
of aluminum and molybdenum. The intensity of x-ray beams diffracted from
these faces are being used to determine the amount of and type of extinction
effects. In addition, by comparing the observed intensities with those
calculated for OPK, the temperature correction is determined and an estimate
of the Debye temperature can be made.

The cold worked layer resulting from the cutting of the faces has proven
troublesome for aluminum crystals. Alternate chemical etching and electro-
polishing is being employed to remove this layer. Both aluminum and molyb-
denum show considerable extinction, indicating a high degree of crystalline
perfection in the unirradiated state. Selected samples will be irradiated
to observe changes in extinction and in the x-ray temperature factor. Also,
x-ray meesurements will be conducted at temperatures other than room
temperature to determine the temperature correction more precisely.

CUSTOMER WORK

Radiometallurgy Service

Examination of three bumper fuel elements with high corrosion weight loss was
completed this month. Corrosion occurred over three-fourths of the surface
with the unaffected area being between the process tube ribs. About six mils
of cladding were removed from the spire surface. Uranium growth resulted in
an increase of both internal and external diameters of the fuel. Ellipticity
up to 30 mils was also observed (RM-418).

Examination of a longitudinally-split failure from 3781-H revealed that water
penetrated the element at the female (upstream) end. An oxide blister formed
distorting the cladding into the extermal coolant annulus. Evidence indicates
that the downstream surface temperature exceeded 350 C. Splitting was prob-
ably caused by rapid cooling of the very brittle uranium (RM-420).

A wire-wrapped Zr-2 bar was examined for fretting corrosion after exposure in
KER-3. The wire was loose and in those spots where the wire contacted the bar,
deep spiral grooves had formed. The greatest depth of penetration measured
was 14 mils (RM-3L42). :

Electron Microscopy Service

A positive replication technique has been successfully applied to a resin-
impregnated, resin-mounted graphite specimen. Polystyrene sheet, 0.125" thick,
was used as & primary replica. The polystyrene was presoftened in an oven at
142 C. The polished graphite surface was placed on the polystyrene and a one-
pound weight was placed on top of the specimen. When the oven temperature
again reached 142 C, the specimen and adhering polystyrene were removed and

iy
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allowed to cool. The graphite was separated from the polystyrene leaving a
primary or negative replica. A polyvinyl alcohol positive replica was made
from the negative. The primary replica serves as a permanent reference of
the specimen in a given condition. The specimen itself can then be given
any number of additional treatments and a comparison made to an identical
area in the base condition.

Metallography Service

The type 304, schedule 80 stainless steel piping of KER-2 which had been
repaired on January 8, 1961, failed again on March 22. The fallure consisted
‘of a longitudinal split three to four inches in length and, as in previous
failures of the stainless steel loops, it occurred immediately downstream
from the cold water inlet from the heat exchanger. Adjacent to the main
crack were networks of fine cracks as revealed by Zyglo fluorescent dye pene-
trant. Metallographic examination of these cracks showed that they originated
on the inner wall of the tubing and were identical to cracks examined from
other loop failures. A high resemblance to the cracking found in stress
corrosion failures was apparent in this latest examination.

A metallographic examination was made of the type 347 stainless steel tubing
from the KER-3 reactor front-face crossheader. Samples were cut from areas

in which indications of possible cracks were found by dye penetrant testing.
Extensive cracking was found in two of the suspected areas. All the cracks
originated on the outer wall of the tubing, and they were of the type associated
with chloride stress corrosion cracking. It is suspected that the chloride ions
may have been leached from the lagging with which the tubing was wrapped for
insulation.

Samples Processed During the Month:

Total Samples 577
Replicas 35
Photographs:
Micrographs ' 807
Macrographs 62
Electron Micrographs 229
11

NPR Cherging Machine

Fabrication and assembly of the NPR charging machine are estimated to be L7%
complete. Status of individual components is as follows: transfer arm sub-
assemblies are complete and their installation was started; installation of
modified mein frame components was completed; the main frame has been installed
on the cross travel drive assembly, aligned, and fastened in place; idler roll
assemblies are 80% complete; drive roll assemblies are 50% complete. The cross
travel drive and vertical 1ift assemblies have been operated. Hydraulic piping
is 25% complete. ‘
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Shielding for Fuel Recycle Pilot Plant

Shielding calculations in support of the design of the Fuel Recycle Pilot Plant
were continued at the request of Facilities Engineering Operation. For a PRTR
fuel element, cooled for 15 days, about 50 inches of heavy aggregate concrete
should be used. This is based on magnetite aggregate concrete with a density

of 3.5 grams per cubic centimeter and an assumed allowable dose rate of 0.2 mrem

per hour.
VA
D4, Llbany
Manager, Reactor and Fuels Research
and Development
FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

APRIL 1961

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS
Nuclear Safety in FPD

A meeting was held with Engineering Operation personnel (L. E. Kusler, J. E.
Ruffin, and W. R. Kirk) to discuss nuclear safety in the 306 and 333 Buildings.
The specifications for handling 0.95% U-235 enriched I and E and NFR fuel
elements were reviewed. Other topics discussed were: 1) interpretation and
application of geometry control, 2) handling and storage requirements for the
NFR billets; 3) the handling of scrap, 4) spacing requirements between arrays,
and 5) the probability of water flooding in each building.

The primary basis for muclear safety control in the handling and storage of fuel
elements will be the "safe mass per unit area" limit. Using this limit, spacing
between arrays of the same enrichment is not necessary, and array height is not
necessarily restricted.

The safety of all arrays is based on the assumption that flooding with water can
occur.

REACTOR

Exponential Measurements for NFR

The material buckling of the NPR condensed lattice was measured with natural
uranium fuel elements and water coolant. The final material buckling was
-135 x 10~ em=2. The extrapolation lengths were 1.0 inches perpendicular to
the process tubes and 1.2 inches parallel to the process tubes.

The density of approximately 10 percent of the graphite used in the NPR mockup
has been measured. The resulting batch density is 1.695 gm/cc.

NPR Fuel Temperature Coefficient

An internal report which is titled The Variation of k, with Fuel Temperature
for the NPR, HW-693L3, is being prepared. The measured change in ke with fuel
temperature, Ak, (T), and the uncertainty in that quantity due to spectral and
adjoint mismatches have been derived.

Exponential Measurements of Large Diameter Fuel Elements

Small source theory has been used to analyze horizontal traverses taken in the
exponential piles. The theory predicts an oscillation in the flux in addition
to the normal cell fine structure. The magnitude of the peaks of this oscilla-
tion varies from zero at the pile center to 13% near the pile edge. Camparison
of the experimental traverses to the calculated results shows good agreement
within the normal experimental errors of 1%.
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Lattice Parameters and Neutron Temperature for Large Diameter Fuels

Cadmium ratios for various foil materials have been measured (Table I). The
Poils were irradiated on the rotator in the core of the TI'R. Ten sodium foils
were irradiated to determine the normalization requirements necessary for the
interpretation of the measurement. The uncertainty in the specific activity
for the sodium foils was £ .T4%. The following table shows the degree to which
sodium may be used as a "1/v" detector:

i TABLE I -
Thickness Cadmium Equivalent "1/v"
Material Mils v Ratio Cadmium Ratio
Copper 5 15.10 2k .84
Manganese 2 15.09 26.19
Sodium 15 24.07

The analysis of data fram lutetium foils irradiated in a 10%" graphite lattice
containing 2-&-" solid fuel has been continued. Application of effective resonance
integrals for each foil position, using fluxes ca.lcula.?gd by HFN and resonance
integrals calculated by ACE, has produced values of g-!° (Table II) fram which
the spectral index may be obtained. The slowing-down flux at the cell edge has
been assumed to be ¢6/E except near the thermal cutoff where it is greater than
$o/E. The values: of 31% and spectral index obtained are given in Table II.

TABLE II
Foil gL 76 K gLT6 K
Position Wet Wet Dry Dry
Fuel Center 1.96 . 330 2.07 345
Fuel Edge 1.93 326 1.98 335
Midway Graphite 1.84 313 1.81 309
Cell Edge 1.78 304 1.7Th 298

Digital Camputer Programs for Reactor Analysis

Development of EFN, the multi-group neutron diffusion theory code, is continuing.
The option which allows suppression of portions of the output has been used suc-
cessfully. Changes presently being incorporated are:

1. Improved arrangement of output on the output sheets. (Coding 90
percent complete)

2. Extension of code to handle calculations in spherical one-dimensional
geametry. (Coding complete)

3. Improved formulas for calculation of direct and adjoint flux gradients,
for use in perturbation theory analyses of output. (Coding camplete)

L. Extension of criticality search feature so that any one diffusion
parameter, region radius or ocutside boundary condition may be varied in
an attempt to reproduce an input specified multiplication factor.

R (Coding complete)
251207
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5. Change errcr indications from & printed code number to an explanatory
message. {Coding 95 percent ccmplete)

In addition to the above -hanges, a start has been made on the project of chang-
ing the input format; which presently uses all 80 columns of the input cards.
This is being cut to T2 columns, in order to facilitate the future use of other
codes in preparing HFN input. This is desirable to avoid the special handling
procedures which must be used on FORTRAN monitor programs punching more than

T2 columns of a carda Coding of this change is about five percent complete.

FIT-1, the few group neutron diffusion thecry ccde for analysis of experimental
detector traverses has been readied for a final repcrt. A test case, to be used
in the report, has been run. The repcrt is now being polished.

Neutron Thermalization Studies

An appraximate method has been formulated for determining the effective neutron
temperature incident on a fuel element for the case of a temperature discontinuity
in the surrounding moderator. This method is based on an extension of the tempera-
ture discontinuity work of Kottwitz to annular cylindrical geometry and uses the
"effective temperature"™ approximation to this work. At the request of Non-
metallic Materials Development, the method has been utilized in a kinetics cal-
culation of the effect of a temperature transient propagated radially outward
through the graphite.

Camputational Prog;ggming Services

An HW document on the expcnential data processing code VIOCL is in final form,
and will be issued within the next few days. HW documents on COFIT 2 and
INELASCAT are in preparation. The binary input-output subroutines WTEX/RTEX
are being revised to handle both arrays and single items cof data.

Instrumentation

One of the two ccmbined quasi-logarithmic andg multi-range linear prototype
experimental scintillaticn veta-gamma area mcnitors has undergone continuous
statility tests with good results for better than twe weeks. The second unit
was slightly modified tc produce better logarithmic scaling. The linear ranges,
C-10 mr/hr decaded +c 0-10 r/hr (4 decades), gave reading accuracies tc within

+ 10 percent of the true duse rate. The criginal "breadboard" circuit and
chopper performed nearly four continucus months with no accumulated drift errors
and with day-ts-day readings verying by less than £ 10 percent. Final tests on
the improved logarithmic circuit pocrtion will be accelerated.

The design drawings, drawn by CE&UO personnel, for the transistorized NPR Beta-
Gamme. Scintillation Air Meonitor were reviewed and corrected. The unit continues
to perform satisfactorily in the field.

- Ccmments ané corrections were made concerning the CE&UQ specifications for the
slow-scan porticn of the NFR Fuel Failure Monitcr.

Experimental circultry development is nearing completion for the experimental
Fast and Slow Scanning Type fuel Failure Moaitor. The rctating portion .and the
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slip-ring assembly, in constant rotation now for two months, continue to per-
form correctly with nc change in the original 50 microvolt slip-ring noise
level.

Planning is under way for experimental studies of fuel failure detection
problems in conjunction with operation of the FRTR Rupture Loop. These will
be aimed at determining optimum adjustments for initial operation of the NPR
monitor, at obtaining basic information regarding detection of failures in
NFR type fuel, and at developing and applying instrumentation for studying
the mechanisms of fuel failure by analyses of the radicactivities released
to the coolant. Specifications were prepared for a gamma spectrometer multi-
channel analyzer to be purchased by IPD for this work. Specifications for a
delayed neutron detector and a gross. gamma detector are currently being pre-
pared.

k.prototype experimental high temperature ceramic tube pulse amplifier, using
General Flectric Company type T4b2 ceramic triodes, is being fabricated for
testing in reactor ‘and other high temperatures enviromments.

The X-Y Gamma Scanning system for reactor shield studies, originally designed
to scan 121 points in an 11 x 11 matrix, was modified tc permit either 11 x 11
or 6 x 6 scanning as desired by the operator. The unit continues to perform
satisfactorily.

The special IFD ionization chamber specification EWS-8127 was revised and
issued Jjointly with members of Instrument Develcpment, IFD.

A detailed proposal was made to improve the shielding effectiveness of the
octant monitor experimental facility at 105-DR in conjunction with the proposed
nev ionization chambers. '

The optical and mechanical ccmponents of the radiation ratio pyrcmeter for
reactor moderator temperature measurements were assembled. Since the electronic
unit had been campleted earlier, the pyr-meter is now complete (except for dis-
tance focusing optics) and ready for shop testing.

Systems Studies

Progress is being made on the NFR Plant Simulator. The primary loop pressuri-
zer equations have been simplified to where only three amplifiers rather than
Lifty are required to simmlate it. The requirements placed on this model
(simulation) require that new techniques be used in simulating the reactor. An
attempt is being made to transform the reactor and heat transfer equations to a
form that will allow the reactor to be simulated from source level to ten times
normal operating power. This will allow the operator to bring the reactor all
the way up with no discontinuities. If successful, this could be cf major bene-
fit to future reactor studies. New equations have been cbtained for the second-
ary loop. These equations will consider the effects of producing electrical
power on the over-all operation of the reactor. The secondary loop will first
be studied in detail before incorpocrating it in the plant simulator.

Progress on the reactor control experiment at 100-D reactor has been retarded
due to occurrence of several reactor shutdowns just pricr to planned tests.
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However, two shcrt term tests were made using six temperature control zones,
one in the top-center and the other in the bottam-center cof the front face
plene. A constant sampling pericd (48 seconds) and constant rod travel per
sample (3-inch) were used for both tests.

It was found that the locaticn of the temperature measuring points with res-
pect to the contrcl rod tips was more critical than when only four points
were used. 7Two interesting situations develcped during these tests. During
the first test, the four "cornmer" pcints were left in the positioms set by
the chief operator and the two new points were added approximately midway
between the corner points. After a time; it was found that the effect of one
rod on its assigned temperature zone was abcut the same as 1ts effect on the
adjacent temperature zone and vice versa. During the following see-saw battle
between these twc rods, the heat started to shift to one side and the test was
discontinued to allow correction of this situetion. This situation was improved
for the second test by moving the "far" corner pcints back four tube rows to
increase the separation between zone measuring points.

During the second test; a disturbance occurred which could nct be adequately
compenssted with the prescribed control riles (%—inch rod movement per 48
seconds period, maximum). This possibility had heen predicted by the analog
computer studies made previously.

Some difficulty has been experienced in obtaining a stable temperature recorder
for the additional twc points. A control deadband of one-half degree Centil-
grade or less 1ls desirable and this requires a measurement deadband of no greater
than 0.1 degree Centigrade for comparatively accurate results. For copper
constantan thermocouples, & 0.1 degree Centigrade temperature change causes a
voltage change of approximately four microvolts., which is less than the thres-
hold sensitivity of most availahle reccrders. Reliable rezistance thermometers
would probably be more satisfactory fcr this application.

A new reactcr speed of .control simulaticn has been initiated w0 afford a more
detailed examination c¢f resctor behavior following loss of primary ccolant.
Reactor speed of control studies have been made in the past, and will continue
to be made. t> determine whether the produstion reactors are being operated ‘
within limits as set by the speed of control criteria. As presently interpreted,
these criteria stipulate that the reactors are o me cperated in such a manner
that nc credible accidernt will result in fuel melting during & nuclear excursion.
It 1s assumed that the maximum credible accident iz total icss of primary coolant
water. Previcus speed of control studles have assumed an entirely homogeneous
pile, with a single, over-all rod function to simulate inserticn ¢f vertical
safety rods upon loss of coolant. In the new simulation, the reactor is divided
into 19 side-tc-side regions, with a different rcd function for each region.

This prcvides representaticn of the effects dre tc malfuncticn of safety rods

in one or mcre regicns at a time, where the over-all pile may be operating within
limits, but fuel melting may occur Juring an excursicon in a single region due to
improper functioning of safety rods.

SEFARATTONS

Plutonium Criticzal Mass Facility : ﬂEgmssgﬁEﬁ

Solution Sys+tems

-oluticn transfer system was leak tested %y pressurizing with freon. A number
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of leaks were found, and with one exception, these leaks were repaired by
tightening fittings, backwelding or replacing faulty parts. A leak in the
flexible line of the dump system requires the welding on of a new piece of
stainless steel tubing and ordering a new piece of flexible tubing to fit
properly at both ends. The piping to the second hood and the direct sampling
lines have been disconnected and capped. Calibration curves, volume versus
liquid level meter readings are being taken. .

The thickness of the vessel walls has been measured at several points in order
to test the uniformity of the walls and provide an average thickness. The
volumes of the reactor vessels have been measured and curves prepared giving
volume of fluid versus fluid height.

Solid Systems

The framework of the split-table machine has been assembled at Technical Shops.
Assembly of the motor drive and control rods has begun. Preliminary contacts
with CE&UO have been made to obtain electrical design help.

In Situ Neutron Multiplication Measurements With Plutonium Metal

During April, the first in situ critical approach experiment with Pu metal was
conducted at Hanford. The measurements were made in the 234~-5 Building, utiliz-
ing Hood HC-21A. The measurements were conducted on two successive week-ends

at times when regular shift personnel were absent from the building. Personnel
of CPD made the arrangements for the experiments, and performed the measurements
with instrumentation borrowed from Critical Mass .Physics. R. L. Stevenson of
CPD planned the experiments. E. D. Clayton served as technical director during
the conduct of the experiment.

In the first experiment, a cylindrical array of Pu was built from Pu metal disks
2.75-inches in diameter. A total of 6.19 Kg of a-phase Pu was used in the
assembly. The estimated critical mass obtained fram extrapolation of the multi-
" plication curves was about 10.5 Kg Pu. The system was unreflected except for
the adjacent hood walls and steel floor of the hood on which the’assembly rested.
Fraom shape factor conversions, the estimated critical mass for a completely un-
reflected Pu cylinder with the above diameter 1s expected to be about 15 Kg Pu.
The prelimipnary results indicate an appreciable reduction in the critical mass
as the result of partial reflection by the hood walls and adjacent material,
etec.

A critical approach was also made with a pair of simulated, plastic hands around
the assembly. The results indicated the plastic hands to be approximately the
equivalent of adding % Kg of Pu to the assembly.

Measurements were also made with a second cylindrical assembly with the 2.75-
inch Pu metal disks positioned in a 3/32-inch thick tantalum crucible, which
was partially reflected by a graphite holder. A total of 7 Kg of Pu was used
in the array. The lower portion of the cylindrical assembly (which contained
4.1 Kg of Pu) was reflected by a 1.78-inch thick layer of graphite. From the
multiplication measurements, the estimated critical mass for the assembly was
about 10.5 Xg Pu.
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Further experiments are planned in the series of in~plant multiplication meas-
urements.

The purpose of these experiments is to obtain critical mass estimates for the
Pu under various conditions of partial neutron reflection as encountered during
operations with the Pu metal.

Data Correlation - Development of Nuclear Codes for Criticality Calculations

Critical Mass Calculations

The computation of the critical mass versus plutonium concentration for

PuOy-HyO homogeneous systems, with 5 and 10 percent Pu-24Q have been completed
for spherical geametry. Table I is a compilation of the data for these

systems, including data given last month. PuO; density is taken as the theoreti-
cal density, 11.46 gm/cc, and the HpO density as 0.99 gm/cc.

The same kind of calculation has been carried out for Pu-HpO homogenecus bare
systems. The purpose was to check against previous calculations performed at

Los Alamos Scientific Laboratory. The agreements with other results is generally
good except for the Pu-240 effect. Efforts to explain and correct our difference
continue. The two principal difficulties with the Pu-240 effect are that we

find the effect to be smaller, and the maximum effect to occur at a lower Pu-2%9
concentration.

The results are summarized in Tables II and III. In Table II are given the
pertinent composition data, and Table III summarizes the critical masses, criti-
cel radii and H/Pu ratio.

Monte Carlo Code - HISMC

The time requirement for running the HISMC code (a Monte Carlo code to study

the behavior of neutrons in homogenecus systems) has been improved by a factor
of approximately twenty; & recent run of 1000 histories, in a solution of hydro-
gen-plutonium with an H/Pu ratio of 300, was completed in three minutes and ten
seconds. The value of the age for fission neutrons to indium resonance (1.44

ev) computed from the 1000 history sample was 27.1 cm?, very much in line with
recent measurements of the age in water. There still appear to be a few clerical
errors in the code that should be easily corrected. Additional debugging is con-
tinuing to thoroughly check the code for other errors.

Interaction of Subcritical Systems

The study of the interaction of moderated subcritical systems by an approximation
method was continued. 1In slab geometry, earlier work was extended to include the
examination of the dependence of criticality on fuel concentration and on size

of the individual systems. In cylindrical and spherical geometry, the effect of
separation on criticelity was determined for two and three component systems of
fixed concentration and several sizes. A check of the approximaticn method against
diffusion theory results was devised for cylindrical gometry, by comparing, {(a)

the approximation method results for 51 cylinders in contact in a ring with, (b)
diffusion theory results for an annular fuel region chosen tc preserve volumes.
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Critical Masses for Bare and Reflected Spheres of PuOg H>0 Mixtures
with O, 5, and 10 Percent Pu-2L0

Bare Spheres Reflected Spheres
0%-250 5%-2140 10%-25%0 0%-250
E/Pu Re(cem) *Mc(kg) Rc(cm) Mc(Kg) Re(em) Mc(Kg) Re(em) Mc(Kg)
0 7.9  20.0 8.0 20.75  8.20 21.0L 6.7 12.74
.38 8.54 23 8.75  23.50 8.9k  23.75 7.2 13.67

1.25 9.5 25.5 9.74  25.96 - -

1.66 10.0 25.9 10.24 26.37 10.48 26.77

2.37 10.5 25.6 10.72  25.99 11.01  26.67

3.36 10.8 2.5 © 11.30 25.32 11.6k  26.22 8.8 12.58
4L.85 11.7 2%.5 11.99 24 .20 12.37 25.17 9.1 11.06
7.33 12.2 20.0 12.83 22.24  13.30  23.47 9.5 9.56

12.3 13.1 16.5 14.03  19.39 14.69 21.08 10.2 7.80
27.2  14.5 1.2 15.90  14.10 16.79 15.73 1.2 5.23
57.1  15.2 6.5 17.4 9.2  18.4 10.36 12.2 3.1
17 16.0 3.77 17.2 b.h7  18.1 4.89 12.3 1.70
295 16.9 1.7  17.85 2.00 18.6 2.13 13.4 0.897
395 17.3 1.44  18.2 1.60 18.9 1.69 13.8" .2
594 18.6 1.3  19.4 121 Wb .55
660 18.2 1.00 19.1 1.09 19.8 1.17 14.8 o
T4 19.2 1.2 19.8 1.08  20.4 1.13 15.3 531
849 19.5 951 20.4 1.06  21.3 1.12 16.0 .533
991 20.4 S45  21.4 1.03  22.4 112 17.0 .540
1189 21.9 965  23.0 1.07 24.2 1.18 18.5 .582
1487 2h.3 1.06 25.8 1.20 27.4 1.35 20.9 .676
2977 | 62.8 8.67 88.8  23.3 52 5.16

* All critical masses are given in Kg-Pu-239,
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TABLE II

Ccmgositions»of Pu-Ho0 Systems for Criticality Calculations *

Pu-Concentration

H/Pu Ratio (Total Pu,gm/cc)
0 19.6
.86 12.0
1.3 10.0
2.0 8.0
3.1 6.0
5.3 4.0
11.9 2.0
.25.2 1.0
31.8 0.8
42.9 0.6
'65.0 0.4
131 0.2
264 0.1
529 0.05
872 0.03
1325 0.02
2652 0.01
3536 0.0075

(Per cc x 102“)

Atoms Pu

Molecules ﬁzo
(Per cc x 102%)

.0k939
.03024

.02520

.02016

.01512

.01008

n

(ST C R

1.

L0402 (-3)
.5201
.0161
.5120
.0080 (-3)
0402 (-4)
.5201 I
.2600 (-4)
5622 (-5)
0402

. 5201

8903 (-5)

0

.01296
.01638
.01979
.02320
.02661
.03002
.03173
.03207
.03241
.03275
.03309
.03326
.03335
-0533§
.03340
03342
03342

* Pu density is taken as 19.6 gm/cc (0.04939 x 102k atoms/cc) and
- HpO density was taken as 1.000 gm/cc (.03343 x 1024 molecules/cc).

PR
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TABLE IIT

Critical Masses for Bare Spheres of Pu-H>Q Mixtures = -
With O, 5 and 10% Pu-240 ’

‘ 0%-240 - 54240 - . 10%-240

ym - Ra KRl 0 e We) K@) W)
0 590 9.66 4.99 9.69 5.09 9.7k
86 6.8 16.37 7.02 16.52 7.20  16.89
1.3 7.59 18.32 T.7h 18.45 7.93 18.80
1.96 8.1 9.9 8.62 20.39 8.82 20.69
3.07 9.40 20.87 - 9.60 21.12 9.96 22.35
5.28  10.65 20.2h 11.10 21.77 11.47 22.76
11.92 12.50 16.36 13.40 19.15 14.03 20.82
25.2 14.12 n.79 15.46 14.70 16.53  16.k2
1.8 14.60 10.43 16.03 13.11 16.95 14.69
42.9 15.18 8.79 16.67 11.06 17.60 12.33
65 15.43 6.16 | 17.18 8.07 18.11 8.96
131 16.05 3.46 17.25 4.09 18.04 | 4.3
264 16.61 1.92 | 17.78 a.zu' 18.53 2.40
529 17.65 1.152 18.88 1.339 19.60 1.ué

872 19.70 961 20.61 1.045 21.55 1.152

1325 22.97 1.015 2k.23 1.132 25.59 1.263
2651 40.68 2.82 46.5 4.00 55.5 6.4k

3536 111.3 43.3 - - - -
k, = .989

SR
251265



—— | B11

Agreement to within about 1.25 percent was obtained. This compares favorably
with the agreements obtained in slab geaometry and strengthens confidence in the
order of accuracy obtainable in the approximation method.

Criticality Hazards Specifications

Nuclear Safety in HLO

1) A meeting was held with Fuel Fabrication Development Operation personnel
(R. G. Nelson and R. S. Kemper, Jr.) to discuss the nuclear safety aspects
of fabricating Th-232 - 2.5 w/o U-255 fuel elements, which is to begin within
the next few months. The process will require the casting of 93% U-235 en-
riched uranium metal with thorium metal, after which the alloy castings will
be machined, clad, extruded, and cut into fuel rods. Nuclear safety specifica-
tions will cover the handling and storage of both the 93% U-235 enriched
uranium and the Th-232 2.5 w/o U-235 alloy. For the thorium alloy, nuclear
safety will be based on the critical parameters for 2.5% U-235 enriched
uranium, until more exact data are available. The 2.5% U(-235 data will be
conservative because kX, for the thorium-U-235 fuel rod system is lower than
for the U-238-U-235 system. Not only is the density of thorium 11.2 g/cc
compared to 18.9 g/cc for uranium, but o %h is 7.9 barns for the Th-23%2
campared to 2.7 barns for U-238. The etas thus compare as follows:

th
A= . .48
nu.

The fast fission factor for the thorium alloy is also lower because the high
energy fission cross section for thorium is 0.1-0.2 barns compared to 0.4-0.5
barns for U-238. Thermal utilization may be slightly higher for the thorium
alloy and resonance escape probability is about the same.

2) A meeting was held with Programming Operation persomnel (L. D. Turner, K. E.
Schneider, J. G. Bradley and R, W. Dascenzo) to discuss the nuclear safety
aspects of the Fuels Recycle Pilot Plant (FRPP). The main topics discussed
were the sizes of the bursts that have occurred in past non-reactor accidents,
and the probability of accident occurrence (for estimating shielding require-
ments) and the variables that will affect the nuclear safety of the FRPP.

3) Evaluation for Nuclear Materials Operation

The nmuclear safety of 1989 Kg of 1.25% U-235 enyiched uranium fuel elements
was reviewed and approved for shipment to ORNL. 1 For the packaging, hand-
ling, and shipping limits specified, this shipment represented less than 25%
of a critical mass. Under optimum conditions of moderstion and geometry, the
fuel elements would have represented 1.6 minimum critical masses.

(1) Letter, P. F. Gast to F. J. Zelley, Nuclear Safety of 1.25% U-235 Enriched
Uranium Shipment, April 4, 1961.
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Mass ipectranetry

Studies were made to determine the cause of a bias in the I.!235/0238 abundance
ratio for natural uranium as measured on the heavy element mass spectrameter.
The primary cause of the bias was i1solated to a nonlinearity in t%g electron
miltiplier part of the ion current measuring system. The U=J5/U°® ratio

was obgerved for several sample loadings of natural uranium at various ion
beam intensities and currenf galn settings of the electron multiplier. In all
cases the observed US55/U23° ratio was below the accepted value for natural
uranium and appears to be most strongly correlated with the magnitude of the
output current of the multiplier for the major isotope. The departure of the
observed U2 /0258 ratio fram tge accepted value varied from about 1.3 percent
at an output current of 3 x 10-° amperes to about 4.2 percent at 1.4 x 10-7
amperes. la.t of these measurements to zero multiplier output
current yield.s a UBo ra.tio about 0.5 percent below the accepted value.
At present the mechanism of the nonlinearity of the electron multiplier with
output current is unexplained. '

" Instrumentation and Control

Investigations contimied on the tracer lathe control system for CPD. Six of
these lathes were delivered by the mamufacturer and found unable to meet the
desired tolerance. Stability studlies are aimed at synthesizing the proper
campensating networks to provide stable operation with the desired tolerance.
A measuring technique was established which allows a suiltable determination of
the linear and non-linear transfer functions of the system.

Several resonances have been found which have not all been identified. One may
be due to a vibration of part of the lathe structure itself. Others seem to
be sub-harmonics which arise because of nonlinearities in the system. As first
trials, mostly by guess, same simple corrective networks appeared to help. An
analysis from accurate test data will be needed to eliminate the guesses.

The addition of dither at 300 cps, as recammended by the General Engineering
Lab, did not seem to help. However, this frequency is beyond the capabilities -
of the Brush recorder, and it is not certain if reliance can be pla.ced on this
conclusion.

As an interim measure, to get the lathes in operation in June, CPD is adjust-
ing them, increasing the size of the hydraulic piping, adding accumulators, and
shielding as many electrical leads as possible. Dither at 60 cps does help
some, and will probably be used. The results of this work will be that the
lathes can be used, but at reduced accuracy and at reduced cutting speeds.
Modifications to the electronic portions to obtain a more acceptable system can
be made after the lathes go "hot"™. It is planned to keep one lathe "cold" for
the deévelopment work to continue.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Cross Sections

Tests were made on_the newly prepared fission chamber to be used in the remeas-
wrement of the Pue’® fission cross section in the vicinity of the 0.3 ev resonance.
An "edge effect" or the falling off of detected fission activity observed as a

D 75297 o




" B-13 . BV- IRy

1/8 inch diameter neutror beam is scanned across the flssion fcils was elimina-
ted by increasing the chamber gas pressure from 5 pounds to 15 pounds absolute.
The fission counting rate is cbserved to be about a factor of 100 below what is
anticipated even after realigning the aiumimum crystal of the spectrameter.

The evaluation of the low energy neutron crcss sections of the fissile mclides
for an invited paper at the Neutrcn Physics Symposium at Rensselaer Polytechnic
Tnstitute, May 5-6, 1961, was completed. Provisioral values for the 2200 m/sec
parameters for U233 and 0”35 were reported last month. Provisional values for
Pusl® Bave now been derived on the assumption that the values obtalned for eta
for Pue> are the most .probeble source of the four percent discrepancy which
exists in the derived parameters. The provisionally reccmmended values for
Pue39 at 2200 m/sec are: o, = 1018 & 5, opy = 10 & 3, g, = 1008 £ 6,

ong =254 £ 11, opp = 75k £9, @ = C.337 £ 0,017, v = 2.89 = 0.05, and 1 = 2.16
+ 0.05.

Fast Neutron Cross Sections

Investigation of malfunctions in tke chronotron system cccupied a major share

of the month. Two interrelated difficulties in the unifcormity of channel width
were studied. One was cured, and the other tentatively attributed to trouble

in the 256-channel analyzer. In a tihorough overhaul of the analyzer, more than
20 badly-soldered joints bave been discovered and repaired, % correct opera-
tion in conjunction with the chroxzctror has not yet been re-established. The
recording cf events by the chronotrom in the absence of an "accept" pulse in the
side channel was traced to a chance-ccincidence phencmenon and cured by revising
the times required for various cirecuit cperations.

A transit was cbtained from Fiell Survey Operaticn on indefinite loan. It will
be used in Van de Graaff aligmment. Scintiilating materials capable of pulse-

shape discrimination in addition tc fast time resolution were received from the
vendor. Orders were placed for a special 5-inch photcmeltiplier for the time-

of-flight program and for a Hall-effect gaussmeter to be used in demagnetizing

the analyzing magnet on the Van de Graaff.

Slow Neutron Scattering Crcss Sections

A set of measurements to determire the relative sensitivity of the analyzing
spectrometer at 0.205, 0.1, 0.15, 0.2, 0.25, and 0.3 ev final en<rgy has been
campleted. The results obtained are not completely corsistent, bowever, and
further work is being done o identify the cause of what appears to be a large
systematic discrepancy Setween upscattering and downscattering. :

The series cf scattering measurements at 0.2 ev incident neutron energy has
continued. Energy analysis runs have been made for the 13 mil water sample at
10° scattering angle, the i ineh veralium sample at 1C° and 50°, and for an
empty water sample holder at 10° andi 3C°.

Work is gtill urder way o= the corstraction and tasting ¢f a cryostat So be
used ir resoclution funciion measurements employing varadium at liguid nitrogen
temperatures.

»
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Instrumentation

Considerable time was spent trouble shocting the fast neutron time-of-flight

vernier chronotron and the 256-channel memory. The troubles witk the vernier
chronotron may have been cured, but this will not be certain until the instru-
ment technician finishes clearing up all the many trcubles in the 256-channel

analyzer.

A more conveniently adjustable circuit is being developed for pulse shape dis-
crimination against gamma rays. The present scheme requires access to the photo-
multiplier unit for adjustment. This is not considered convenlent, especially
while the accelerator is running.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUCM RECYCLE PROGRAM

The Critical Facility of the PRP

- An appropriation request has been approved for experimental equipment to be
used with the PRP-CF. Two scalers, a tuning fork oscillator, and the necessary
components for two additional transistorized scalers will be purchased. The
oscillator and two scalers will be used as an electronic timér for measuring
periods. The transistorized scalers will be assembled by the Physical Measure-
ments Unit. These scalers will be used to obtain data from fission chambers and
BFz counters. Specifications for the purchase of scme of these items have been
written.

The description of the MIR-ARMF experiment has been distributed as EW-69169. The
‘distribution was limited because it is written for the benefit of the personnel
who will be making the reactivity measurements in the ARMF. Eventually a formal
document (EW-69169 Rev.) will be issued with a larger distribution.

Tt is planned to replace the samples whick are to measure the sensitivity of tke
ARMF to absorbers. As originally planned boron tape was to be fastened on to
samples which comtain the same camposition of plutonium. Zowever, it may be
pcssible to mix the required boron witk the fuel. If this can be done a more
accurate calibraticn of the ARMF could “e made.

PRTR Startup

Summaries of the results of the PRTR Critical Tests for Series I and II have been
distributed to interested persomnel. The results are not ccmplete or fimai. As
other results become available, tkey also will be distributed. Analysis of veoid
coefficients has presented some conceptual problems. A revision of the cell
hamogenization technique used in the SWAP code was recommended, whick may help iz
the resolution of these problems.

Participatior in Series III experiments was begun April 21, 1961. Tke reactor
was loaded to critical with a three zone lcading which will probably be the load-
ing fcr the power tests. A traverse of the flix in a plutonium lattice cell ard
a UOp lattice cell were made with lutetium foils. Ir addition, data to determine
B/L by the noise analysis technique and the fizal celibration of the shims were
obtained. The reactor was shut down on April 26 in order to prepare the elements
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for the power tests.

Analysis of the data from lutetium folls which were irradiated during Series II
has begun. The analysis is being made with a modified version of LULU. Activi-
ties of the folls at the end of the irradiation have been obtained for both
In-176m and Iu-1T77. Before a spectral index can be obtained from the data the
activities must be corrected to saturated activities. The analysis is compli-
cated by the fact that the foils were irradiated during three period measure-
ments rather than at a constant power level.

Low @osure Plutonium Lattices

The measurements of k, and £ for 19-rod clusters of 1.8 w/o Pu-Al fuel in a 6%
inch graphite lattice were begun on April 20, 1961. The first two days of experi-
ments were observed by Plerre Bacher of Saclay, France. Collection of data is
proceeding on a two-shift basis and will continue into the second week in May.

The neutrcn spectrum in this lattice is quite under-moderated, with a cadmium
ratio at the cell -boundary of about 1.7, using .006" an foils with .0O40" cadmium
covers. ga.dmiam ratio measurements are being made with detectors of Cu, Au,
Pu?39, 1255 apnd lutetium in an effort to define the shape of the neutron spectrum
throughout the lattice cell.

Plutonium Fuel Temperature Coefficient and Pu-240 Effective Resonance Integral

A cost estimste has been received from Plutonium Fuels Development Operation for
fabrication of high (16% Pu-240) and low exposure Pu-Al 19-rod clusters for the
fuel temperature coefficient experiment, and for the fabrication of the rods for
the Pu-240 effective resonance integral experiment. Some modifications of the
specifications have been made that will reduce the cost without reducing the value
of the experiments. A work crder has been written to start work on both jobs.

Neutron Spectrum Studies .

The shape of the Pu-239 fission and absorption cross secticns which Westcott

used for his calculations (CRRP-360) does not agree with the shape of the curves’
(TNcC(Us)-58) which best fit all of the measured data. Since the proper shapes
for these cross sectiocns is important for neutron spectrum studies and calcula-
tions which involve plutonium, the program ACE iz being used tc find the function
which will generate the proper cross sections. Westcott obtains his cross sec-
tions by fitting a function which is the sur of single-level Breit-Wigner equa-
tions to the experimental data. The parameters which he obtained from fits are
being modified until a f£it is obtained to tihe data in TNCC(US)-58. The fit to
the Pu-239 fission data is completed and the modifications to the absorpticn data
have begun.

Neutron Rethermalizaticn

The multithermal group diffusion model introduces the concept of rethermalization
in a description of the space-energy distribution of thermal neutrons. If the
rethermalization cross sections are set equal to zero or infinity this model
reduces to previously used Ziffusion models. Ccmparisons have heen made between
these reduced models and the multithermal group model. The results illustrate
the superiority of the multithermal group model. The results have been included

g
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in a NPRO Quarterly Report for Japuary, February, March, 1961.

The experimental apparatus for experiments with a 5-5/16-inch diameter copper
rod hag been fabricated and i1s ready for use. Campletion of the apparatus for
the 1-1/2-inch diameter rod experiment is expected by May 5, 1961.

Buropium oxide has been received for fabrication of Eurcpium~-resin detectors
which are also to be used in these experiments.

Effective Radii of Neutron Detector Pins

The question of the resclution of an irradiated pin traverse, or the effective
radius of neutron detection of a cylindrical detector in a cylindrical rod, has
been of concern for scme time. This problem has been formulated and solved.
exactly under the assumption that the unperturbed neutron flux in the rod is the
I, Bessel's function.

The result is that the effective radius of detection 1s the physical radius,
independent of the size of the detector pin. The detector is assumed to have the
same diffusion properties as the rod. The effects of spectral hardening have been
neglected.

A correction has been calculated for the case of an unperturbed neutron flux with
a quadratic radial dependence. The correction is radius dependent and is a func-
tion of pin size. :

Anelysis of Uranium Oxide Temperature Coefficient

Additional work has been done on the fit of the fuel temperature coefficient data
to a better extrapelation formula. The errors that are attached to the mmerical
values reflect all uncertainties except those due to flux apd adjoint mismatch.
These are being determined. For the L2-minute heating cycle, fram 322 to T6T°K,
the fitted equation and the required expressions thus far obtained from this equa-
tion are

1op(T,) - op(T) = -(23.5 £ 0.6) x 10-3 +(1.32 £ 0.03) x 1013V 1(°k),

5(11_)_ dp(T7) _ 1 - d‘_k";&_;_T_) = - (6.6 ¢0.2) x 107% T-%("K),

and
A5 (T) = (27.0 % 0.7) x 107 - (1.51 £ 0.04) x 1020 VT(°K) .

The results for the 65-minute heating cycle, from 323 to T89°K, are the same with-
in the errors of the measurements.

Effect of Neutron Rethermalization on the Fuel Temperature Coefficient of
Reactivity

The method described last month for determining the rethermalization cross sec-
tion of aluminmum as a function of temperature did not take into account spectral
bardening. In order to include this effect, the spectral model becomes both
cumbersame and arbitrary. In order to circumvent this complication, a new approach
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is being considered wliereby the gpectral effects due to heating the aluminmum are
lumped into the thermal blackness of the rod.

Slowin;g( Down Models

A study of verious slowing down models has been undertaken to determine the appro-
priate models for calculating spectra to use in determining group constants. Par-
ticular emphasis is being placed on the range of validity in terms of energy and
types of material.

The simpler slowing down models, cbtained by assuming the incident neutrons are
scattered isotropically in the center of mass system from a stationary scattering
nucleus, have been compared. The COVEYOU-MACAULEY slowing down model is obtained
from a second order Taylor series expansion in the diffusion equetion. The
Selengut slowing down model is obtained by a similar expansion in the slowing
down density. In both schemes, the resulting equation for the flux correspond
to second order differential equations. The two schemes may be campared by cal-
culating the neglected third order term. The COVEYOU-MACAULEY model has the
smeller third order term for all materials except hydrogen, in which case the
Selengut model has the smaller third order term.

Plutonium Muel Value Study

Anelysis of the Advanced Pressurized Water Reactor is now in the final stage,
with production runs currently scheduled for the computer. Several boron con-
centrations were studied earlier; the effect of boron poisoning is, as expected,
almost entirely in the saving of required reactor control capacity. The effect
on attainable exposure and plutonium composition is very small.

Cross Sections

New values of the Westcott g and s factors have been fitted with polynomials by
the least squares methods, and are now being used in the MELEAGER code. The RBU
- Basic Library edit routine is now finally complete, and a rcutine was written to
allow the Library to exist in column binary card form. This routine will punch
cards from the binary tape, and also write a binary tape from the cards. The
Library itself is now apparently free of formal errors. .

Supercritical Water Reactor Study

Aralysis of resonance capture in this lattice by the IDIOT code appears unsatis-
factory. A set of curves sultable for use in manual calculations of the external
and internal Dancoff correction factors was developed.

Code Develognent

Fuel Cycle Codes

C. H. Westcott's analysis of the relationship of cross sections to. the neutron
spectrum in modified one-group approximations has been criticized as inconsistent
with neutron conservation in the epithermal region. A modification of the
MELEAGER code was formulated to further explore this guestion.

. . :; ?—J-, 1. 5
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A new code, Wessex II, has been formulated to eva.luate the cloged-form solutions
of the linearized burmup equations. It is now being written by personnel of the
Electronic Data Processing Cperation. .

The thermalization routine used in RBU proved to be inadequate and was campletely
reformilated. The revised routine was being debugged at the end of the month.

c-6

Debugging of the Hanford version of the spectrum code C- 6 continues. In a few
test cases vhich can be solved amalytically, the C-6 results agree with the analy-
tical solutions. Debugging other portions of C-6 introduces additional diffi-
culties because of the lack of C-6 test cases. One solution currently being
tried 18 to use test cases for C-5, a predecessor code possessing most of the C-6
features. At present, some disagreement remains between these results under
conditions in which apparently identical operations are being performed. An
additional modification to C-6 has been made which permits the break point between
the slowing down calculation and the thermal group to be an arbitrary input para-
meter. This feature is needed to adapt C-6 to a thermal spectrum code. Several
cutput subroutines have also been recoded to provide a more coamplete and easily
read presentation of the output.

Instrumentation and Systems Studies

The PRPCF "last ditch" safety fuse system was reviewed. It was concluded that
it will be adequate for all reactor periods of 100 millisegonds or greater for
an assumed flux of 10% nv. For "normal" flux levels of 10° nv, the fuse will be
satisfactory for periods greater than 200 milliseconds.

Experiments were temporarily suspended, and an interim report issued concerning
gamma scanning methods for investigation of PuQp concentration variations in
fuel rods containing both PuO, and UO;. Tests, to date, showed that two percent
by weight of PuQ, discontimities, in camparison to normal 0.5 percent by weight
Pu0p, can be located and measured using gamme scanning methods measuring the

0.384 Mev Pu gammas. Antoradiograph tests of all supplied test rods proved the
approach method accuracy; however, the tests also proved that the packing uni-
formity (density variations) and the dispersion uniformity were both. quite poor.
The experiments will start again when more uniform sample rods can be prepared
by Fuels Fabrication personnel.

The special instrumentation for the PRTR critical tests was reactivated for the
final set of tests. The cell traversing mechanism was used with success. This
device was used to place a set of foils in a horizontal position between process
tubes inside the calandria. At the termination of the critical tests, all detec-
tors were removed from the reactor and all speclal instrumentation was removed
fran the PRTR control roam.

Considerable attention has been applied to the PRTR Fuel Failure Monitor. Several
faulty conditions have been corrected in experimental form and the appropriate
circuit modifications are being incorporated in all channels. All 85 scintilla-
tion probes were tested to determine proper gein settings. A mumber of checks
remain to be made to determine if the total system can be adjusted or modified
for proper performance.

STz 1251303 Sou i
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Engineering support was furnished PRTR Operations to assist in certain phases
of the instrumentation design testing during the first two weeks in April.
Special assigmments completed during thils period include:

1. Process tube flow monltoring system. The performance cf five 0-10 psig flow
monitor units was examined in the laboratory, and the results were reported
in Physical Measurements Memo 61-10. The data obtained during the initial
flow monitor system tests (Design Test 2, Section 4b) were reviewed, and the
conclusions (trip settings were not properly adjusted prior to the test) and
recamendations forwarded to PRTR Operations.

2. A design change, to convert the existing DyO storage tank level measuring
system to a bubbler type liquid level measuring system, was genersted, sub-
mitted, and approved.

3. A method of increasing the time constant in the trip circuit of the building
exhaust air activity monitor system was designed, submitted, and approved.

L. A design change whichk will add a third channel to the existing exhsust air
activity monitor was generated and submitted for approval. This design
change will include converting the present air monitor safety circuit to
a colncildent type safety circuit.

Two methods of recording neutron flux were used to obtain kinetics data on the
PRTR. The first used an ionization chamber to measure the statistical variations
of flux level, identical to the method used on the TTR. The second method used
a proportional counter, a high speed (one megacycle) scaler and a count rate
meter to obtain the signal. This method has not been reported as far as known
and is being tried here for the first time. These data have just recently been
recorded and the analysis necessary to obtain neutron lifetim.e is yet to be com-
pleted.

Fabrication of the probte assembly for measuring the wall thickness of PRTR process
tubes is apprcximately 50 percent complete, but further work on this project has
been temporarily discontimied. Four wultrasonic transducers having active surface
areas of 1.0 x 0.5 irch have been received. Preliminary tests indicate that these
large area transducers exhibit greatly improved acoustic coupling characteristics
over the small aree units used heretofore.

Assembly and calibration were completed on the Mark II (radiastion resistant)
probe for measuring the inside diameters of PRTR process tubes. Final leak
testing awaits the delivery of special "O" ring seals for the lineer variable
differential transformer shafts.

Tkhe PRTR gas balance system simulation is in progress. Under certain operating
conditions, the enclosed gas system may became oscillatory. The gas pressure
oscillation will, in turn, cause an oscillation in the mcderator level and conse-
quently, a power level oscillation. This study has been initiated in an attempt
to determine the necessary system changes to eliminate the possibility of oscilla-
tion. The preliminary work has beer completed and the problem is ready to g0 on

the camputer.
1}’?3‘)" ‘gﬁf‘fg :
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RONDESTRUCTIVE TESTING RESEARCH

Eﬂ.ectrmagetic Testing

The first quarterly report was received on a study of signal analysis applied to
nondestructive testing being made under a research contract by The Johns Hopkins
University. The first report is titled "Nondestructive Testing Signal Analysis:
On the Identification of Multiparameter Systems” by W. H. Huggins and L. G.
Wolsey. The problem considered is that of specifying an optimized driving or
probing waveform and the instrumentation for the simultaneous and independent
determination of deviatioms of test specimen system parameters fram their nominal
values. The use of a set of growing exponentials as an optimum probing signal is
discussed. It Is shown that the test system may be decamposed into a mumber of
parallel component systems, each assoclated with variocus cambinations of the
system parameters. Requirements concerning selection of optimum probing signals
and the independent messurement of parameters are explored, and suggested means
to apply the theory developed to lumped circuilt models are given.

Means for stabilizing the temperature of eddy current test coils are being eval-
uated. BEidy current coils experience a temperature rise due to currenmt flowing
in the windings, and when brought near a test specimen, can be subjected to addi-
tional heating or cooling affecting the impedance of the test coils. Such changes
can canse undesirable drifts in instrument readings which are most objectionable
in the case of instrmments with direct current readout such as those used for
conductivity, inductive thermometry, thickness and other dimensional measurements.

An sutametic probe coil temperature control circult has been tested which utili-
zes the eddy current coil for both temperature sensing and heating functionms.
Coll temperature changes were reduced to one-tenth of that experienced without
the control. Closer control is anticipated by optimizing conmtrol circuit adjust-
ment.

A report titled "Bidy Current Device for Detecting Anisotropic Conditions",
HW-59269, by H. L, Libby was prepared, issued, and submitted as an invention
disclosure.

Heat Transfer Testin}_

Evaluation of plasma arc Jet heating for application to heat transfer testing
has indicated that it is in scme ways superior to induction heating. Purchase
specifications for a plasma arc have been writter. Zircaloy-clad uranium heat
transfer standards have been designed. Tests have shown that emissivity varia-
tion of as-welded alumimum self-supports is toc great to allow heat transfer
testing. Autoclaving to produce more uniform emissivity has been campleted.

Initlal evaluation of the plasms arc Jet as a heat source for heat transfer
testing has been campleted. The main difficulty found in the present series

of tests 1s occasional fallure of the arc to start, and the requirement of
approximately two seconds for the arc to reach full equilibrium power after it
is started. However, these difficulties should be overcame by using a water-
cooled copper shutter tc interrupt the arc, rather than switching the electrical
power on and off. Power transferred to the test piece fram the arc is stable
encugh that no variation im surface temperature due to arc flicker has been
found ebove the noise level of eitker the infrared radicmeter or the eddy cur-
rent thermcmeter.

12513805
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The plasma arc Jet has an important advantage over induction heating in that it
is not g0 semsitive to spacing between the heat transducer and the test piece.
Therefore, small changes in spacing due tc eccentricity, ellipticity, and other
irregularities of the test piece surface do not cause detrimental variations in
surface temperature. This 1s very lmportant in testing of coextruded Zircaloy-
cled uranium fuel elements, self supports, and other test pileces having projec-
tions or surface non-uniformities.

A Zircaloy-clad coextruded uranium fuel element was tested using a plasma arc

Jet heat source, and infrared surface temperature radiometer. Surface tempera-
tures on one side of the test piece were consistently higher during testing than
at other points. Several Zircaloy-clad uranium heat transfer standards have

been designed, and are now being fabricated. These heat transfer standards should
allow better interpretation of data from Zircaloy-clad uranium fuel elements.

An attempt to test self-support bonds on X-8001 aluminum alloy clad uranium fuel
elements showed that emissivity variations between different self supports in
the bright "as welded" condition were too great. These fuel elements have been
autocliaved to provide a more nearly uniform emissivity.

The plasma arc Jet in the present series of tests has been on loan from Ceramic
Fuels Cperation and must be returned in the near future. Purchase specifica-
tions for a plasma arc for application in heat transfer testing development
kave been written.

Variation ir surface emissivity of test pieces is the limiting factor in sensi-
tivity of hest transfer tests when using infrared detectors as the surface tem-
perature monitors. An attempt is being made to develop a new type of high speed
emissivity independent radicmeter.

A lathe has been obtained for application in a heat transfer tester for immediate
application and further evaluation of existing techniques. A plant forces work
review has been completed, and thig heat transfer testing equipment is being
ingtalled.

Zirconium Hydride Detection

Fast rneutron scattering measurements were conducted u51ng the Van de Graaff
generator. Fourteen-Mev neutrons from the T(d,n)He regction and five-Mev
neutrons fram the D(d,n)He’ reaction were used. The Li®I scintillaticn detec-
tor was shielded by surrounding it with two inches of lead and six inches of
lithium-loaded paraffin.

Preliminary measurements indicated the neutron and gamms background presents a
serious problem in detecting neutrons scattered from the sample. The shielding
was found to be inadequate to resclve the signal produced by neutrons scattered
frem even a sample of paraffin above the background signal. Direct neutrons
from the target and scattered neutrons from nearby objects completely masked
the signal due to elastically-scattered neutrons from the sample. It is be-
lieved secondary effects within the scintillation crystal itself in addition to
its gemma ray sensitivity are contributing to the background signal.

'Presently a circuit to be used with a stilbene scintillation crystal is being
designed and checked. Previous investigatcrs have successfully used this crystal
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as an efficient fast neutron (1 to 10 Mev) detector while providing a rejection
of 99.9 percent of gamma and beta rays. The gamma and beta ray pulses are
separated from the neutron pulses through use of the pulse shape characteristics
of the stilbene crystal. The pulse shape is different for neutron pulses than
for gamms and beta pulses. When the circuit 1s complete, neutron scattering
measurements will again be scheduled ‘at the Van de Graaff generatar.

A low noise, narrow bandwidth, high gain amplifier has been designed and construc-
ted for Hall voltage measurements. The noise level has been reduced to 0.004
microvalts, referred to the input, through the use of a special purpose low noise
input transformer driving a tricde circuit. The bandwidth was reduced to approxi-
mately one to two cps through the use of two parallel tee filter networks in
fe$dback loops in following stages. Gain at the center frequency is appraximately
10

The Hall Effect sample holders have been campleted, and present efforts are
toward eliminating stray piciup due to magnetic and electrostatic coupling.
Consideration is being givén to the maclear megnetic resonance method of detect-

- ing hydrogen in zirconium, and as an initial step a simple autodyne circuit is
being fabricated.

NEUTRON FLUX MONITORS

Consideration is being given to several possible experimental techniques for
testing the response of prototypical Pu isctope extended lifetime neutron detec-
tors. It 1s desired to develop experiments which will test the validity of the
camputational models which have been used in the analyses to date. Possible
canmposite foil sensitivity measurements using the Thermal Test Reactor are cur-
rently being evaluated. The TTR flux spectrum can be shaped similar to that in
the Hanford production reactors, although, of course, the flux level is much
lower. :

For in-core flux mapping applications, it may be advantageous to have a detector
with a 1/v cross-section. This gives an output independent of the thermal spec-
trun and proportional to the neutron demsity. Since the Pu isotope detectors

do not have a 1/v response, they may have to be surrounded by a shield or filter
for certain flux mapping applications. It has been determined that the Meleager
canmputer code cannot be used to examine the feasibility of shielding the Pu
isotope units to obtain l/v regsponse. The shielding problem will require a multi-
group approach and a "least squares" fit to find an appropriate shield.

The effeots of varying neutron temperatures upon the responses of the Pu detec-
tors are being further examined. In a given reactor application it may be
possible to alleviate such effects by Judicious placement of the detectors;

in the center of coolant channels, for example.

PHYSICAL RESEARCH - 5000 PROGRAM

Mechanism of Graphite Damage

Samples of graphite were irradiated with 0.018 coulambs of 2 Mev electrons at
dry ice temperature. No change in resistance was observed. Equipment is being
prepared to permit irradiastion at liquid nitrogen temperature.

b M (250307 | -
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BIOLOGY AND MEDICINE - 60CO FROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

Results of studies of deposition of zinc sulfide tracer material utilizing the
1959 diffusion data were sumuarized with publication of HW-69292. The report
includes estimates of deposition from mass contimuity determinations, comparison
of exchange parameters with those found by other Investigators, and discuseion of
a gaussian diffusion model that accounts for loss of material from the air due

to deposition. Fo firm conclusions were presented because of the limited data
available for the analysis. Instead, the significance of the deposition phenomensa
was pointed ocut and methods of experimentation that will ultimetely leed to
clarification of the coamplex interactions between the important physical varia-
bles were discussed.

Calibration of the rain-droplet sampler for use in studies of precipitation
scavenging processes was campleted for the drcplet size range 0.25 to 4.6 mm.
equivalent diameter. Quantitative measurement of the efficiency with which
raindrops scavenge zinc sulfide tracer particles from the air as a function of
drop- size, and determiration of raindrop-size spectra to smaller sizes than have
been previously reported in the literature will result fram this development.
Microscopiz examination of 681 droplets collected during a diffusion experiment
in nstural rain provided preliminary estimates of scavenging efficiency for pur-
poses of experimental design. The values found were greater than 20% and 12%
for the size ranges 0.22-0.65 mm ard 0.65-1.2 mm, respectively, confirming that
the estimates used Iin our feasibility study were reasonable.

Three additional diffusion experiments were attempted d.u.ri:ag the moath, with
two successes, bringirg the totals for the year to nine successes in thirteen
trials. Oze successful experiment was confacted usirg an elevated source
located at 200 feet helght on the metecrclogical ftower with dossge measurements
at 1.5 meters height to a distazce of 1600 meters on a horizomtal grid. A
gimilar experimert falled when the wind shifted shorily after startup, carrying
the tracer material off the sampliang grid. The secsond successful experiment
silized a csource near growsd level with dcsage measurements on both the hori-
zortal ard vertical sempling grids tc a distance of 3200 meters.

Activities in Air Fores supported programs iZrareased Iuaring the montk in pre-
paration for condncting diffusion experirents at Cape Canaveral, Florida, during
Mey and June. Schefnlield startup date is May 15 with completion of the first
series by June 30. A second series of experimerts 1s scheduled for November.
Star<up at Vandexberg Air Force Base, Califcraia, is scheduled for June 5 with
corpletvion of this series in eight vweeks. Extensive climatological summeries
were prepared for both sites for us2 in scheduling field operations. Instruc-
tiornal material was prepared for orisnting and treinirng field crews. Fleld
engineering end technical assisbance was provided to Air Force contractors res-
porsible for preparing the field sampling grids. Shipment of all special
materials (fiuorescent pigment, calilrated orifices, sampler assemblies and
accessories) supplied by Atmcspheric Physics Operatior for the first Canaveral
series was completel.
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DOSIMETRY

The P-32 subject obtained last month was studied again. A slow redistribution
of the P-32 is taking place from the center of the body to the extremities.
During the first month the higher counting rates were obtained over the lower
chest area. Now the higher counting rates are obtalned over the upper chest
and the pelvis. :

Another P-32 subject was studied. He is a plant employee who received P-32
for diagnostic purposes. The distribution of the P-32 has been similar to
that of the first subject.

Radiation Protection Operation was assisted in the identification of an
umusual isotope found in a subject during their routine counting program. The
isotope was identified as Sb-125. Identification was made through measurement
of gamma ray energies. Detection of a 27 kev conversion X-ray with the pluton-
ium X-ray counter confirmed the identification.

Studies were begun of the elimination of Sb-125 from the above subject. Studies
were contimied of the elimination of Co-60 from a subject in a case reported
previously. Studies are being made of the elimination of Zr-Nb-95 and Ru-106
from a subject whose contamination status was discovered during the routine
counting program this month. ' ‘

The positive ion Van de Graaff was out of operation half of the month. Part

of this time was due to failure of supporting instrumentation. The rest was
required to repair a water leak in a mercury diffusion pump. The accelerator
operated satisfactorily during the rest of the month. The grating floor of the
laboratory was covered with thin sheets to give a smooth working surface.
Better storage facilities were provided in the laboratory.

The work to date on the precision long counter was summarized in a report
presented to the American Physical Society.

Saome careful studies were made with the double moderator of thin targets of
deuterium adsorbed in titanium or zirconium and bombarded with deuteroms.

These studies showed that the neutrons prcduced from these targets were not as
monoenergetic as we had supposed. A gas flow target now being fabricated should
eliminate this problem. The use of a potassium iodide scintillation counter
for energy measurements of the sort required for this problem was investigated.

The gamma ray calorimeter was placed in operation again. It is intended to
measure the half-life of the Sb-124 neutron sources.

A large moderator was designed in cooperation with Radiological Development
Operation. They have campleted fabrication of the mcderator. It will be placed
around the Van de Graaff target and be used in neutron activation studies and
source strength measurements.

INSTRUMENTATION

Final prototype fabrication continues on the experimental scintillation airborne
plutonium monitor which uses coincident counting techniques to eliminate inter-
fg:qepce from radon-thoron buildup. Circuitry fabrication is 75 percent completed.

. . R
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Experimental fabrication continues on the miniature alarming personnel dosimeter
which uses a modified "pencil" ionization chamber, a quertz fiber illuminator,

a C4dS cell, and transistorized circuitry. The breadboarded model worked satis-
factorily in tests throughout the month.

Two new approaches are being investigated, using quartz fiber ionization
chambers, for personnel alarming dosimeters. One method uses an automatic
recharging technique with one pulse out for each 4.5 mr of dose received. The
second method employs a contactor-type, aquadag coasted fiber and alarm circuit.
The coated fiber unit worked satisfactorily in tests and carried 10 microamps
of current, for later amplifying and alarming, without difficulty. For all
miniature personnel alarming dosimeter work, stress is being placed on the use
of lonization chamber detectors in order to obtain a reasonably proper measure
of accumulated dose and dose-rates. The miniature G.M. tube detector unit,
although successful in prototype operation, has poor energy response character-
istics for use in measurement of dose-rates and dose.

Variations in gamma background levels in the 200-West Medical Building were
investigated in conjunction with the imbedded-plutonium Wound Monitor in use at
that building. Variations of twice normal, or average, levels were obtained on
a number of occasions during the month. Such level changes adversely affect the
Wound Monitor effective sensitivity.

Development of a new pulse height selector circuit, using silicon transistors,
was completed and & prototype unit is being fabricated. Operation of & F to
+ 150°F is satisfactory by simple adjustment. At any one adjustment, ambient
temperature variations of + 10°F do not affect calibration.

Final development was campleted on a miniature "palm-size" alpha survey monitor
using a silicon surface-barrier diode detector and transistorized amplifying and
gated oscillator annmunciator circuit. Two prototype units will be fabricated.
Some progress was made concerning the use of the surface-barrier diodes for
alpha energy analysis work with cgm pletion of a small vacuum chamber. Efforts
continue concerning the use of Li“F with the detector diodes for use as neutron
detectors.

Investigative work was started concerning tritium monitoring detector techniques
for both portable and line-operated instrument applications. The initial work
concerns the use of two matched phototubes with 0.002 inch thick terphenyl-in-
polyvinyltoluene sheet detectors over each tube with a cover over one detector
to eliminate tritium betas. The detectors will have a light tight housing with
a miniature blower. The method used will integrate the difference between the
two tubes with periodic (chopper) discharge to produce a variable decay time
pulse. The decay time of the pulse will be used, with transistor circuitry,

to drive a meter. The present sampling period is 0.5 seconds at present. This
is a challenging problem to cobtain suitable meter indication at 0.1 MPC or less
of airborne tritium, and the technique being investigated appears to be new.

All necessary circuit development was completed on the low-power consumption
decade (binary-quinary) transistor scaler and other required circuits for a
prototype gamma energy anslysis portable instrument with both scaler and count-
rate-meter readout. One prototype unit is being fabricated for eventual use by
Blology Operation personnel. The instrument, by probe selection, is expected

Loilmy extremely versatile for many low-level monitoring problems throughout the

plant.
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Continued developmental progress was made on the Autamatic Film Badge Densi-
tameter system. The programmer unit was fabricated and is now being tested.
Slight revisions of power supply circuits proved necessary to improve regula-
tion. The system circuitry design-development effort is now 90 percent comp-
lete. Several offsite purchases still have not arrived.

Technical progress continues on the circuitry for the personally carried por-
tions of the Integrated Radliological System with methods of readout and trans-
mission under investigation.

Investigations with a moving tape air filter head and our transistorized cir-
cuitry for use as a beta-gamma (mixed fission products) air monitor produced
the following results: :

Radi Continuous Time to Alr
omiclide Concentration Alarm Efficiency Flow
1. 31-90-190 3x10™10 ue/cc 61 minutes 284 15 C™
2. Mixed Fission Products 1x10~ pc/cc 25 minutes  20% 15 CPM

The results were obtained with the alarm level set at two times the maximum
radon~-thoron levels. This level equates to the same meter deflection as fram
2 10 mr/hr gamma field in which the lead shielded detector head is placed.
Thus, similar alarm times would be obtained for operation in a 10 mr/hr gamma
field. The camplete system was installed for use in the 327 Building. This
instrument is about ten times more sensitive than the portable, fixed filter
units in use on plant primarily because of the heavier shielding. It is also
more expensive.

Accelerated experiments contimue on the thermoluminescent dosimeter (CaFp:Mn)
problem in an effort to improve the low-gamma energy response and the angular
response. By using a 1/8-inch-thick lead "Button", lined with 3-mil bronze,
as the finely ground CaFy:Mn holder, the detector was determined to be gamma-
energy independent to * 10 percent from 17 Kev to 1 Mev except for a region
centered near TO Kev. Both glass container thickness and bronze lining thick-
ness will be varied in an effort to flatten the energy response curve.

The new-design lucite light pipes were nearly campleted for use in the experi-
mental ccmbined alpha-beta-gamma transistorized hand and shoe counter.

The material for building a spectrum data storage device for the whole-body
counting facility was purchased. The proposed system will be capable of storing
up to four 400-channel pulse-height spectra on a magnetic drum and transmitting
the data back to the analyzer memories in either binary or binary-coded-decimal
form. 1In this way, spectra may be sent from any of four analyzers to the same
decoder, printer and tape punch, making possible considerable saving in the cost
of readout equipment.
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WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis

The mass spectrometer for this program provided isotopic analyses of the program
samples received this month. The program sample load processed was aggin about
200 percent of the goal.

A study was made of the nature of the low ion current background which exists
throughout the uranium mass region and limits the detection of minor isotopes
in a sample. Evidence was obtained indicating that this background is com-
posed mainly of Re' ions which are reflected by the walls of the analyzer tube
into the ion detecting system. Re' ions are evaporated from the hot rhenium
ionizing filament of the source and, depending on sample size, are from 10 to
1000 times more abundant than uranium sample ions.

To reduce the reflection of Re' ions and minimize this background a set of
baffles was designed and installed between the magnet and ion detection system
of the mass spectrometer.

TEST REACTOR OPERATIONS

The cleanup of the plutonium spill was completed and the PCTR was loaded to
critical April 19, 1961. Final adjustment of the moving face rails still re-
mains to be done. There was one unscheduled shutdown due to faulty bypassing
technique.

The plutonium-aluminum fuel in a 6-1/2-inch lattice experiment was started dur-
ing the month.

Two groups of foils were irradiated in the TTR during the month. One group was
for Cd ratio comparisons of various materials and the other was Lup03 pins

to determine the amount of Lup0O3 that would give a 1 percent self-shielding
factor in 0.050 inch diameter pins.

Reactivity measurements of 8 samples (consisting of 4 sets of 2 each) of stain-
less steel fuel element jackets were made for Reactor and Fuels Research and
Development Operation. These measurements were made to calibrate the samples
for a future experiment and to determine if any contamination with elements of
high neutron cross sections were present.

The data for the neutron lifetime experiment in the TTR have been analyzed.

The experiment was performed three times, twice using air to insert the poisoned
Piston into the core and once using helium. The resulting lifetimes were 0.263
and 0.271 milliseconds using air and 0.287 milliseconds using helium.

The results indicate that the effect of using air to insert the poison is not

significant and the prompt neutron lifetime in the TTR is 0.27h milliseconds if
the value of the delayed fraction is 0.00755.
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CUSTOMER WORK

Weather Foreca.stig_g and Metecrological Service

The secopd in a series of three scheduled reports on prospective 1961 crests of
the Columbia River flow at Hanford was issued on April 20. A4s of April 1, 1961,
snow water in the Columbia River watershed above Hanford, although substantially
sbove that on the same date of 1960, was still slightly below the 1943-57 aver-
age. The peak flow rate is expected to be about 100,000 CFS greater this year
than last, resulting in crest elevations at least one foot above those of last
year, as shown in the table below.

1961 1960
FPorecast Observed
Peak flow (units of 10° CFs) 3T0-450 311.4
Peak stage (feet MSL) at: 100-B 405.0-408.0 403.4
. 100-K 400.0-403.0 397.7
100-D %04 .0-396.5 392.2
100-E 386.0-389,0 384 .0
100-F 381.0-383.5 378.8
Richland 349.0-352.5 346.5

Metecrologlcal services, viz., weather forecasts, observations and climatologi-
cal services were provided to plant operations and management personnel on a
routine basis.

Type of Forecast Number Made 4 Reliability
8-Hour Production 90 8%.9
2k-Hour General . 60 87.4
Special 178 83.7

Temperatures were a little below normal and precipitation a little above. How-
ever, 0.21 inch of the 0.48-inch precipitation total occurred in only twenty
mimites during a thunderstorm on the 29th.

There were mmerocus windy days, although the average speed for the month was
only a little above normal.

Instrumentation and Systems Studies

Design has been campleted for the installation of the hydrogen detecting system
in the 333 Bullding autoclaves. Autoclave Engineers, the present construction
contractor, has estimated $7,000 installation costs for the detection system as
against a $2,500 estimate by General Electric. For this reason the project
engineer has asked J. A. Jones for an estimate.

A circuilt was developed to generate a precisely shaped pulse to activate a trap
in the IBM-7090 camputer. The pulse generator, which has a repetition rate of
one to one-hundred cycles per second, will allow the timing of selected sections
of a 7090 program. At present there is no other way econamically to determine
the time required for the TO90 to perform involved sub-routines.

b
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Electronic circuitry fabrication is 80 percent complete on a combination alpha-
beta-gamma Stack Air Monitor for use by Chemical Research Operation, 325-A
Building. The mechanical portion is scheduled for febrication campletion within
two weeks. ‘

Discussions were held with Radiation Protection Operation monitoring personnel
concerning recommendations for an airborne alpha filter monitor for the Fuel
Recycle Pilot Plant. Our developed and tested coincident-count alpha air monitor
was strongly recommended.

Advice was rendered to 308 Bullding personnel concerning fabrication of two alpha
shoe monitors (vertical wall mount) with transistorized circuitry.

All development and design work was campleted on a special sensitive scintilla-
tion Beta-Gamme Portable Field Monitor for use by Biology Operation personnel.
The unit will be fabricated in the 328 Building Electronics shop.

Development of the logic circuitry for the Panellit-Heise gage readout device

for IPD has been started. It is planned to use commercially-available, plug-in,
ccmputer components once a satisfactory cirecuit is developed. All the major
equipment, except the computer components; is on order and should be delivered

in time to complete the project by the June 30 deadline. Delivery of the camputer
camponents by that time may be difficult.

An existing edge-control amplidyne control unit was modified for testing as a
possible speed control device for a swage machine feed-rate drive. ILaboratory
testing of & mocked-up speed control system indicated that the drive speed could
be controlled to well within one percent of the desired speed with this device
and the proper compensating circuits. As a result of these tests, Ceramic Fuels
Development Operation decided to purchase the necessary conversion equipment and
use the amplidyne control units on two of their swage machines. A memorandum
(SR-61-10) was issued on this work.

Difficulties with a High Level Alpha Air Monitor at 231-Z and with a Scintilla-
tion Criticality Alarm Instrument in the 325 Building were traced to inadequate
maintenance attention. Both incidents gave emphasis to the need for proper
instruction of maintenance personnel and a well-planned routine maintenance prog-
ram for developed instruments placed in field use.

Calibration of micro-displacement readout systems to be used by Physical Metal-
lurgy for in-reactor creep measurements has continued during April. To date,
calibration of the Schaevitz DRS-1C0 system is 63 percent complete. Runs com-
pleted during April include drift tests on the O.4-inch scale at 100°C, 200°C,
300°C, and 400°C; calibration runs on the 0.Ok-inch scale at 20°C, 100°C, 200°C,
300°C, and 400°C; and calibration runs on the 0.004-inch scale at 20°C, 100°C,
200°C, and 300°C. The DRS-100 has continued to exhibit inconsistent non-linear-
ities with a continuing deterioration of operating characteristics.

Non-Metallic Materials Development, HLO, has indicated an interest in utilizing
the high temperature calibration facilities for the calibration of similar trans-
ducers presently on order. The transducers are to be used for an in-reactor
creep measurement of graphite in support of the 0Osk Ridge gas-cooled reactor
program. Adapting the present reference system to accommodate these transducers
will be necessary but should involve only minor changes.
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The Pulsed Extraction Column Dynamics Simulation has been caompleted. This study
was initiated in an effort to determine the dynamic characteristics of an extrac-
tion column for various frequencies and types of driving pulses. The informa-
tion desired consisted of the displacement of the column interface as a function
of frequency and amplitude of the air pulser. It was also desired to determine
the natural frequency of the system. This information was obtained satisfactorily.

?hysical Testing

A total of 7,816 tests were made on 5,945 items representing 125,412 feet of

. material. Of the footage given, by far the largest was accounted for by NPR
reactor process tubes and fuel element sheath tubing. Test work included:
autoclaving; dimensional measurements (mechanical gaging); eddy current; megnetic
particle; penetrant (fluorescent OD and ID); radiography (gamma-ray and X-ray);
stress analysis; surface treatment (alkaline cleaning, pickling for autoclaving
and conditioning, steam detergent cleaning, and vapor degreasing); and wltrasonic
(flaw detection and thickness measurements). Work was done for 31 organizational
camponents representing most of the operating department and service organiza-
tions at HAPQ. Advice was given on 49 different occasions on general testing
theory and applications.

Full production and treatment of the NPR process tubes has been achieved and 1s
proceeding routinely. Improvements in the penetrant testing are encouraging.
The additional ultrasonic flaw detection test for discontimuities transverse to
the longitudinal axis is now being used on a routine basis. Successful operation
of the two autoclaves has resulted in the realization of substantial throughputs.
- By utilizing two shifts for pickling, it has proved out that the tubes can be
pickled faster than they can be autoclaved. To be able to accommodate the full
production cutput, it has been necessary to add additional personnel for the
duration of NPR tube work.

Fleld testing work proceeded routinely with continued effort on the reactor
nozzle modification program for the bumper fuel element, followup of the 1T06-KER
loop pipe failures, and the strain measurement programs at the H and DR reactors.
Assistance was rendered to the 100-N area in connection with NFR construction,
and special assistance was given in connection with the HUICO pipe shop at Big
Pasco.

A radiographic investigation was canpleted formulating an optimum technique
suitable for accurate, econamical, and rapid inspection of the inner and outer
welds of production I&E fuel elements. In addition to the continmuing work on
Zircaloy sheath tubing, an increased amount of work was done on various sizes

of stainless steel fuel element tubes. To allow accurate evaluation of fuel
sheath tubing, electro-machined standards are being prepared for both ultrascnic
and eddy current testing. The standards will contain longitudinal, transverse,
and 45-degree notches in both the ocuter and inner surfaces. The notches will be
from 1 to 10 mils deep and from 1/16 inch to 3/8 inch long and will have widths
as small as possible. Defect-free tubing as evaluated by current testing methods
was selected for the manufacture of the standards. The exact depth of the notches
is being measured by replication techniques.

The preliminary evaluations made on the two eddy current instruments available
indicate they vary in ability to detect wall thinning. Abrupt changes due to
holes dr notches are equally apparent to both machines. Work will be concentrated
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on the instrument capable of detecting gradual changes as well as abrupt changes.

Several new Parker fittings were received fram IPD on the nondestructive test
program to detect fittings with suspected cracks. The fittings were defected
by electramachining, and these simulated defects were reliably detected by an
ultrasonic technique. A longitudinal wave was made to traverse Jjust under the
threads to pick up the similated defects; one in the thread relief and one in

a thread root. It should be possible to apply the technique by contact methods.
A memo giving results and recommendations for further work is being prepared.

The first functional tests of the 2-Mev Van de Graaff unit were made. The tank

was successfully pressurized after all leaks were sealed. However, upon applying
a voltage no tube current could be obtained. To ascertein the trouble, the tank
vas opened and the tube cbserved. It was apparent from the discharge in the tube
that a sizable leak existed in the sealed X-ray tube. For the next tests an
evacuated tube will be used utilizing the recently acquired ion pump.

Optics

A traversing mechanism is being developed for determining the contour of the
centerline of process tubes and reasctor channels in three dimensions. The present
methods for obtalning the information are only partially satisfactory. The mer-
cury mancmeter gives accurate information about the contour in a vertical plane.
Surveying methods, using a transit and a moving target, give the contour in all
planes but are cumbersome to apply and fail when the process tube or channel is
distorted more than about one-half inch from straight. .

The traversing mechanism will be read out with a borescope and will give complete
contour information within its limits of accuracy.

The first development unit, made for 2" x 3" channels, has been fabricated and
tested. Fabrication and assembly revealed the need for some change in design.
These changes are currently being made. A field lens has been added to increase
the field of view. Tests have shown the centering action of the springs is very
good. The sensitivity is at least £ 0.005 inch per eight inches of channel
length, as expected.

The method of treating the data given by the mechanism to obtain the contour of
the channel has been studied and is discussed in Physical Measurements Memo
61-14. This memo also suggests other optical systems having characteristics
differing from those of the development unit. Mechanisms can be built which are
sensitive only to parallel displacements of sections of the channel and not angular
displacements. They can also be built to be sensitive to angular displacement
only.

Wooden test channels are being fabricated to further test the unit in the QOptical
Shop before field tests are performed.

The design of a unit suitable for use in process tubes has been completed. A
work order has been requested to cover the fabrication and testing of such a unit.
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A total of 44O manhours' shop work was performed during the four-week period
(April 2 to April 30) included in this report. The work included:

1. TFebrication of parts for an ultrasonic wall thickness probe for Physi-
- cal Measurements, HLO.

2. Fabrication of a traversing mechanism and modifications to it.

3. Repair of one borescope cross arm for Irradiation Testing, IFD.

. Fabrication of two condenser lenses far the 105-C Fuel Examination
Facilities.

5. Repalr of two borescopes for IFD.

6. Fabrication of camponents for a radiation ratio Pyrameter.

T. Polishing one lead glass window for CPD. :

8. Repair of two crane periscope heads for Purex.

9. TFabrication of five filters for Physical Testing Operationm.

10. Bvaporation of stainless steel on 20 borescope lamps for Fabrication
Shop, NER.

1ll. Servicing of two Rod Rooam periscopes for 10S5-B. .

12. Polishing of eight CaF spectrameter windows for Chemical Research.

13. Resurfacing of 12 pump seals for PRTR.

Analog Camputer Facility Operation

The major analog camputer problems considered during April include:

l. NPR Plant Simulator.

2. Reactor Speed of Control.

3. PRTR Gas Balance System.

L. Pulsed Extraction Column Dynamics Simulation.

The computer program for the speed of control of the o0ld reactors is presently

 being reorganized to more efficiently use camputer time. The camputer circuits

are being redrawn to conform to the present circuit being used. The installa-
tion of new equipment will allow the entire problem to be run on the EASE computer;
i.e., 1t will no longer be necessary to use both computers to solve the problem.
All arbitrary functions used in the problem are being tabulated and filed for
ready access to the camputer. Test cases will be run to cut down the checkout
time on the camputer. These improvements will reduce the computer time involved
and the cost to the customer.

The computer operation was as follows:

GEDA 1% hours up EASE 66 hours up
69 hours scheduled downtime , 63 hours scheduled downtime
69 hours unscheduled downtime 39 hours unscheduled downtime
16 hours idle 0 hours idle
1568 hours total 158 hours total

Instrument Evaluation

Evaluation tests were started concerning rechargeable small batteries for possible
portable instrument application. To date, eight complete charge-discharge cycles,
with care taken to prevent complete discharge which could damage the batteries,
have been run without difficulty.
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Purchase specifications were reviewed concerning the IPD Instrument Development
Operation designed Transistorized Dose Totalizer wherein the measured dose-

rate, as measured by a suitable portable or other instrument, is set, by dial
adjustment, on the Totalizer. The dial controls an intermal oscillator to drive
an electro-mechanical register at a particular rate to indicate accumilated dose
at the specified dose-rate. Pour of the units are in use at PRTR but apparently
none is functioning due either to lack of charging facilities for the incorporated
rechargeable battery or due to circuitry malfunctioning.
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Evaluation tests were continued on two developed portable Scintillation Dose Rate
Meters using a chopper input and transistorized circuitry. To improve beta res-
ponse, the organic detector thickness was reduced by a factor of five while retain-
ing full-scale first range sensitivity of 5 mr/hr or less.

Evaluation tests were continued on the experimental Scintillation Beta-Gamma
(1ine operated) transistorized Log and Linear Area Monitors. Accuracies on the
linear ranges to within £ 10 percent of the true dose-rates were obtained.

Advice was given concerning the twelve portable Sentinel Alarming Instruments
for use on reactor elevators. Field personnel now want a full-scale first range
of 200 mr/hr, and this necessitates using RCA 6655-A phototubes and 2" x 3"
terphenyl-in-polyvinyltoluene detectors in place of the smaller phototube and
detector used to meet the originael requirements.

Brief evaluation tests were made on a Victoreen Portable (Vibrating Reed)

Dose Rate Meter Model 440. The unit was temporarily borrowed but had to be re-
turned. One production unit was ordered for complete tests. Initial tests on
the loaned unit seemed reasonably good with accuracies to within £ 15 percent
of true dose-rates over all ranges. Maximum reading error with temperature
approached -0.3% per degree F, and a battery voltage change of 1% produced a
reading error of 0.75%. Full scale first range is 3 mr/hr.

Tests vwere made of random samples of commercial double-aluminum-coated Mylar

in use at the plant. The quoted weight is 0.9 mg/cmz; whereas the tests showed
consistent weights of 1.5 mg/cm?. Such added weight reduces the possible
geametry when the material is used for alpha monitoring light shields. A letter
was dispatched to the mamufacturer to inquire of the condition. ' -

One prototype, of 30 total units ordered, of a Model II Scintran instrument
designed by HILO, was received from GE-APED, the off-site fabricator. Except

for minor wiring errors and layout difficulties the unit was most satisfactory.
An addenda (prototype) cast-plastic head alpha probe, also of our design, was
received and tested. The light-shield, consisting of double-aluminum-coated
Mylar and aluminum dutch leaf had been glued together resulting in low gecmetry.
Proper application of light-shielding material corrected the problem. Comments
on both the Model II Scintran and the alpha probe were dispatched through Radia-
tion Protection Operation and Purchasing to the mamufacturer.

Acceptance tests were nearly completed on 75, 50-r and 75, 10-r pencil dosimeters
of the self-reading type. Rejection rates of the two models were 7% and 21%,
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respectively. Murther testing continues on 100 dosimeters of

the 200 mr type
and 20% of these have already been rejected for poor perfo

rmance.
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 02 PROGRAM

IRRADIATION PROCESSES

Uranium Oxidation and Fission Product Volatilization Studies

Evidently some form of vaporization is the principal mode of particulate generation
from uranium oxidized at 1200 C. First of all, the (weight) majority of collected
particles actually consisted of agglomerated submicron particles, some of which
probably seeded the formations. Secondly, rate of collection at that oxidation
temperature depends relatively less upon air velocity. For example, the rate varied
as the square root of velccity at 1200 C, directly as velocity at 1000 C, and as
almost the square of velocity at 800 C. Finally, rate of collection was constant
during oxidation and, incidentaily, remained constant at the same value even after
oxidatiorn had become complete.

New Production Reactor Effluent

The region of any phosphate discharge to the Columbia River will be more than five
miles downstream frcm the reactors, should phosphate decontamination wastes be dis-
charged to ground just north of Gable Mountain. Such southeasterly ground water
movement was reaffirmed with the installation of appropriate well points. The move-
ment is significantly affected by the irregular surface of a several hundred feet
thick, relatively impermeable Ringold clay deposit resting on the basalt bedrock.

ive wells are being drilled generally north of the Mountain to help complete geologic
and hydrologic knowledge of the area.

Reactor Effluent Treatment

Suspended algae growths in the 107-D reactor effiuent basin were confirmed to be an
important source of pressure drcp increase in the pilot scale aluminum  bed decontamina-
tion facility. A 1l x 18 mesh screen placed in the inlet was coated in 50 hours to a
depth of about l/k ipeh, walch required reduciion of flow to about 2 feet per minute
to avoid tank coverflow. If suck growths prove toc be insignificant in the effluent
pipe line or in the aluminum bed itself, +he algae should not pose a problem.

Promising designs were reviewed for an As-76 monitor for reactor effluent. The
meniter is to be used to help conirol reactor ccolent influent treatment with alum
for reducing As-76 (and P-32) formation.

Centiruing laboratery study of mineral %eds for removing P-32 showed that fluorite,
galena, gostbite, microclire and apatite removed a z2onstant 30 to %0 percent of the
radioisoctope frcm 1900 bed vclumes of 0.01 uc P-32/ml, 80 C tap water having a 2.9
rinube residezce. Approach of saturation was nct evident. Calcite, scapolite,
doiomite and hornblende; cn the cther hand; exhidited a finite adsorption capacity;
the fracticnal removal of P-32 was rzduced nearly to zero after passage of 500 to
2200 beéd volumes.
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X-Ray Techniques for Meaesurement of Zircaloy Cladding Thickness

Calculations have indicated X-ray fluorescence methods to be probably workable for
monitoring cladding thickness on extruded RPR fuel rods. Excltation of uranium

pha fluorescence will be necessary and will require at least a 140 KV source.
The method is obviously less applicable to Zircaloy than to aluminum cladding but
it has been estimated that Zircaloy clad thickness could be measured to a precision
(two sigma) of about * 0.75 mil at a total thickness of 20 mils, + 0.9 mil at 30
mils, and * 1.2 mils at 40 mils, or about t+ 3 percent over the entire range.

SEPARATION PROCESSES

Purex Studies

Evaluation of Diluents - Three diluent materials, Shell E-2342, Soltrol 170 and
dodecane, were made 30 percent in TBP, washed with sgdium carbonate, equilibrated
with 3.0 M HNO3 - 0.05 M NaNOp, and irradiated to 10°R in the 100 KE Co-60 source.
The irradiated solvents were washed (equal-volume contacts) successively with 0.025
M KMnO), - 3 percent NaCO3 at 60C, 1.0M HNO3, 3 percent NaxC03, and 1.0 M ENOj3.
They were then subjected "use tests" (batch contacts simulating Purex extrac%ion,
scrub and strip operations). The solvent containing Shell E-2342 extracted about
four times as much activity as those contalning Soltrol 170 and dodecane. However,
extracted activity stripped more readily from the latter solvents. In consequence,
the overall decontamination factor from feed to final aqueous was less with these
solvents than with Shell E-2342 as the diluent. Extraction of activity was relatively
high for all three solvents indicating the severity of the radiation exposure given.

Soltrol 170 recently obtained from the vendor was nitrated and compared in "use tests”
th Soltrol 170 used in previously reported studies. The older Soltrol has been

on the plant several years. A new diluent, Soltrol 130, was also tested in this

serles. The new Soltrol 170 appeared slightly inferior to the old in the "use tests.”

Improvement of solvents with aging has been noted before. The Soltrol 130 appeared

superior to old Soltrol 170 but it has a low flash point (Tag-closed-cup value 127 F

vs. 186 F for Soltrol 170).

Fractions obtained by distillation (E. Martin, Chemical Research Operation) of Shell .
Code 82,000 were combined to give three fractions containing principally (1) undecane,
(2) dodecane, and (3) tridecane. These three fractions were degraded by nitration
and subjected to the "use test." Successively poorer performance with increasing
bolling point of the fraction was observed. This is consistent with observations by
other workers that "do-bads" are associated with higher-boiling fractions of diluents.
All three fractions, and particularly the two low-boiling fractioms, were superior to
non-fractionated Sheil Code 82000.

Evaluation of Purex Water - A series of runs was completed in the C-Colummn Facility
t0 compare column performance when the 1CX water source was shifted from 321 Building
condensate water to Purex sanitary water and to Purex demineralized water. Com-
parisons were made of the uraanium distribution throughout the column and of the
organic holdup throughout the column at comparable conditions of flow rates, stream
temperatures, feed compositions, pulse amplitude and three values of pulse frequency
(40 cyecles per minute, 60 cycles per minute, and the instability frequency). Colum
instabillity was indicated by a fluctuation of the column density instrument and a
fluctuation of the interface position indicating instrument. Column instability
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frequencies were approached by increasing the frequency at a rate of 5 cycles per
minute per hour. These comparisons will be continued on a monthly basis to assist
the Purex Process Technology personnel in studying process column performance and
apparent water quality.

Qbservation Wells

Changes 1n ground water contamination patterns in the vicinity of the 200 Areas were
insignificant; although the past year saw a 20-fold concentration of gross beta
emitters as monitored in well 699-50-53, 0.6 mile north of the abandoned 216-BY
scavenged waste cribs.

Tritium in Redox Tank Condensate Waste

Apparently from fission, a significant amount of tritium was found in a Redox tank
condensate. The several mc/l concentrations anticipated in some wastes may permit
identifying those streams by ground water analysis. Fission product tritium was
reported in Savannah River Plant wastes.

Analysis of High Purity Plutonium

The formal report, "Spectrochemical Analysis of High Purity Plutonium for Metal
Impurities Using Anlon Exchange," HW-69199 was issued April 11, 1961.

WASTE TREATMENT

General
A report, HW-68752, "Comparison of Waste Calciners," was completed and issued.

Bateh Calcination

Studies of the batch calcination of simulated Purex high-level wastes were continued
on a bench scale.

Foaming was studied in two sizes of annular pcts. The smaller was fabricated from
6-inch and 3-inch siandard pipe, and the larger was fabricated from 8-inch and 4-inch
standard pipe. Tke problem of foaming during the boil-down step was less severe in.
the larger pot. A waste solution that foamed badly in the 6-inck diameter pot
rresented only a mild problem in the 8-inch pot. The use of silicone anti-foam
agents proved to be helpful in reducing foam.

The weights of the calcines obtained in the majority of the studies made to date in
which the sulfate content was ir excess of the stoichiometric sodium equivalent
indicate that a portion of the excess sulfate is retained in the calcine. Two runs
were made in 3-inch diameter pots to study this further. A mixture of sodium sulfate
and aluminum sulfate crystals were used in both runs. The dry mixture was heated

in the first run. 1In the seconé rurn, the salts were dissolved in a small amount

of dilute nitriz acid and recrystallized prior ito heating. Both pots were main-
tained at 950 C uniil the evolution of sulfur cxides was no longer evident. Weight
differentials indicate that the aluminum sulfate decomposed to alumina or equivalent
iz the first rur. The calcination of the sodium sulfate-sodium aluminum alum
mixture, however, did rot result in the same products. A welght loss equivalent to
about ore-quarter a mci of sulfur tricxlde and six-tenths of a mol of oxygen per
origiral mol of charge was experienced. Long-ierm stability of the excess sulfate
ip the calcineg was nct siudied.
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Thermal Em > ....!Ff‘ied Radiocactive Wastes

The temperature perturbaticn caused by a partial lack of bond between waste and
container wall was estimated. The maxirmm temperature within the waste is only
nine percent higher thar that within a completely bonded cylinder in a system where
an unbonded longitudinal strip has an angular width of ninety degrees upon the sur-
face of a one-foot diameter cylindrical storage vessel, the overall surface heat
transfer coefficient on the unbonded strip is zero and that on the remaining surface
18 10.7 Btu/hr-1/£+-2/(*F)-1, and the solidified waste has a thermal conductivity
of 0.6 Btu/hr-1/£¢-2/(°r/£4)-1. Proportionally smaller temperature excesses are
noted for smaller and/or partially ccnductive unbonded strips.

A general solutior to the Poisson's equaticn for infinite slab geometry has been
derived to facillitate the estimation of thermal parameters in annull having radii
much larger than the annular (slab) thicknesses. The solution is simpler than the
rigorous one for annuli; thus, permitting more rapid estimation of the relationships
between heat generation rates, inner and outer coolant temperatures and overall
surface heat transfer coefficients, thermal conductivities, annular thicknesses, and
the temperature distributions within the self-heating core.

Thermal Conductivity of Underground Stored Waste Sludges

An apparatus for determination of underground stored waste sludge thermal conductivity
was developed. The device includes a "Line Heat Source" conductivity system which
can bYe Installed in a waste tank prior to filling. Thermal conductivity can be
measurad as the sludge aczumulates and ages by measuring the transient rate of heat
dissipation from an electrically heated wire.

Waste Transfar Prggram

A test program aimed at studying removal of underground stored waste sludges has
been developed. The program includes supernate removal, soaking of the sludge for
removal of socluble salts, followed by an in-tank submerged sluicing test. The
problem of thermal shock to the tack linsr and concrete structure is currently being
studied.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium Recovery Program

QES-A Strorctium Purification - Strontium purification run No. 4 was begun on April
10, and completed on April 20. The chemical fliowsheet was similar to that previously
employed; however, the feed was clarified at Purex (by centrifugation) and was

free of troublesome solids. Some 3,50C zuries of re-work strontium-90 (from the
previous runs azd Decaiso effluert) as wel: as 12,000 curies of fresh feed was
processed. Twelve thousand four hundred (12,400) curies were recovered as purified
product plus 1,400 curles of semi-refined strontium for.re-work, compared with

8,000 zuries of prcduct orn the previous run. Run No. 5 is scheduled to begin May 1,
and like run No. 4, will use Purex cenirifuged feed. .

Cperation was generally very smcoth and unever<ful, and the use of clarified feed
and 20-40 mesk resia allcwed high pumping rates to be maintained throughout the
loading cysle. The onily difficulties were caused by aluminum contamiration in the
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re-work and by the high sodium and ammonium contents of the new feed. The aluminum
(presumably leached from Decalso or left from run No. 3 resin removal) absorbed
preferentially and served as a barrier to cerium and rare earths when fresh feed was
introduced. The aluminum and absorbed cerium and rare earths were successfully
removed with an HEDTA wash. A premature strontium breakthrough was next experienced
due to the high ammonium and sodium content of the feed. However, a two-fold dilution
overcame this effect and allowed all of the remaining feed to be loaded.

Product elution was with 5 M ammonium nitrate (which laboratory experiments had shown
to be somewhat superior to nitric acid) rather than with HEDTA, since the Decalso
cask was not available for filling and HEDTA solutions undergo radiolysis on storage.
Almost all of the strontium (160 grams) was eluted with only six liters of ammonium
nitrate. HEDTA elution will be used on run No. 5, if the Decalsc cask has returned
from Oak Ridge by then, since this technique maximizes the amount of strontium which -
can be loaded on a limited volume of Decalso.

Rapid Strontium Analytical Method - A streamlined strontium method applicable to
samples of effluent during column loadings was developed. This method is similar to
the cation exchange-alpha hydroxyisobutyrate method reported earlier. The significant
difference is in the higher flow rates used during the loading, washing, and elution
steps. A total strontium value can be determined within one hour after receiving the

sample.

This method is limited to samples which contain Zr-Nb-95 activities in the same
order of magnitude as strontium. This condition is met in the feed being used in
strontium recovery runs in 325-A and in Hot Semiworks.

High Strontium Glasses - Sintered strontium titanate pellets are used as the fuel
in the current generation of strontium-powered SNAP devices. Although strontium
titanate is very dense and quite insoluble, it is difficult to prepare and requires
the use of ceramic fabrication techniques which are troublesome to perform remotely
with radioactive material. The formation of strontium glasses is being investigated
in the expectation that these would be easier to prepare, would have satisfactorily
low solubility, and would have the added advantage of being castable. Five glasses
containing 34 to 70O weight percent strontium oxide were successfully prepared.
These had melting points ranging from 1000 to 1400 C and densities to 3.6 g/cec,
corresponding to a strontium content of 1.8 g/cc. Measurement of solubility and
melting point and efforts to prepare glasses with even higher strontium content are
continuing. The thermal conductivity of glasses in general is about one-half that
measured for strontium titanate; however, this should be quite adequate. The
strontium glasses are visualized as & product form which could be readily produced
and cast directly into the customer's heat source for off-site shipment, thus
obviating the shipment of solutions or powders.

Strontium Purification Development - Laboratory experiments, with tracer-level
synthetic solutions, aimed at improving the 325-A, Hot Semiworks, and future B Plant
processes have continued. The use of ammonium nitrate as an elutriant has already
been mentioned. Use of HEDTA, vice EDTA, in the chromatographic ion-exchange puri-
fication cycle was explored and has certain advantages, particularly for one-column
Semiworks use. Separation of strontium from barium and calcium was almost complete
at pH 7, but less so at pH 8 or 9. Radiation stability studies, in the cobalt-60
source, of EDTA, HEDTA, and citrate solutions have shown the latter to be much the
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more stable. Column experiments, simulating the 325-A loading cycle, showed that
citrate and HEDTA complexed feeds were identical at pH 4 with respect to amount of
strontium loaded and completeness of cerium rejection. At pH 3, strontium loadings
were still identical, but all of the cerium also loaded from the citrate solutionms,
versus 30 percent from HEDTA. Thus, the allowable pH range is narrower with
citrate, but the greater radiation stability could be an important advantage in
3ome cases.

Radiation decomposition of strontium-containing EDTA or HEDTA solutions produces a
precipitate which was identified as strontium carbonate. This reaction, depending
on the kinetics and degree of completion, might be useful in preparing strontium
for filter cask shipment since it would permit elution from the Semiworks ion-
exchange column with HEDTA rather than sodium nitrate.

In other experiments, the liquid "ion exchanger" dinonyl naphthalene sulfonic acid
was briefly evaluated as a strontium extractant (as a possible replacement for
di-2-ethylhexyl phosphonic acid) and found relatively unpromising. The extraction
coefficient (Ef) of strontium from a synthetic feed increassed from 0.06 to 0.0k
molar extractant (in Amsco-125) to 0.95 at 0.47 molar and was very nearly constant
over the pH range 1 to 10.

Solvent Extraction Flowsheet Studies - Further miniature mixer settler and miniature
pulse column studies were made to define the optimum flowsheet for the startup of
the Hot Semiworks. Traced synthetic feeds were used in some runs and Purex plant
"erude cut" solution for others. Good agreement on strontium recovery and fission
product decontamination was cbtained for the two types of feeds. The flowsheet cur-
rently considered optimum specifies a first column feed at pH 4.7 and containing
sodium acetate and EDTA for buffering and for complexing. The scrub is 0.6 M
citric acid. Extractant is 0.4 M D2EHPA - 0.2 M TBP - Shell E-2342. Flows are
1.84/0.1/0.50 for feed/scrub/organic. Good strontium recovery (9 95 percent) wa
obtained in both tracer and high level runs using this flowsheet. Cerium, ruthenium
and zirconium-niobium decontamination factors of about 20-75, 1000 and 1500,
respectively, were obtained.

In the second colum (1B), 1.0 M citric acid is used to strip strontium from the
JAP. Aqueous to organic flow ratio is about 0.25. Strontium recovery in a high
level run was poor (ca. 60 percent) probably due to some difficulty in maintaining
proper flows. Tracer studies indicate strontium recovery of 95 percent or better
should be obtained. Cerium decontamination factors of about 50 were obtained.

Solvent Washing - Preliminary solvent washing studies were made using a portion of
1BW remaining from an earlier high-level run. One equal-volume wash with three
molar nitric acid removed 99.75, 93.3 and 7.7 percent of the strontium, cerium, and
zirconium-niobium, respectively, remaining in the solvent. Ruthenium was below
detection after the first wash. Two equal-volume acid washes and one water wash
produced a solvent containing 0.74 curies Sr-89-90, 0.006 curies Ce-1llk, 0.010
curies Ce-141 per gallon. 2Zirconium-niobium was below detection. Detection of
ruthenium was doubtful. These washing studies were made 12 days after the solvent
was used in the high-level run.

Waste Concentration - A sample of synthetic 1AW waste was concentrated by a factor
of seven; boiling point, density, pH and solids formation were observed as a function
of concentration factor. The waste was free of solids at the boiling point and at
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room temperature at conceotration factors up to 4.7. Solids, which appeared to be
sodium nitrate, formed at the boiling point at a concentration factor above 4.7.
Iron hydroxide formation did not occur showing strong complexing by the EDTA in the
waste.

Ion Exchange Isolation - Batch equilibration studies pertinent to the loading of
strontium and cerium onto Dowex 50-X 12 resin from 1BP solution indicate higher

loading of the resin with strontium can be obtained by diluting the 1BP to reduce
the sodium concentration. However, cerium adsorption increased more rapidly than
strontium adsorption with dilution and cerium decontamination would be decreased

by dilution.

Batch equilibration studies were also made to compare sodium nitrate, nitric acid
and mixtures of these reagents as elutants for removing strontium from Dowex 50
resin. At comparable concentrations, smaller strontium distribution coefficients
were obtained with sodium nitrate than with nitric acid indicating greater elution
effectiveness for sodium nitrate. Mixtures of sodium nitrate and nitric acid appear
to be slightly better elutants than sodium nitrate alonme at equal total nitrate
concentrations.

Destruction of Ion Exchange Resin - Chemical means of dissolving Dowex 50-X 12 ion
exchange resin were studied. A means of destroying the lon exchanger before dis-
carding it to underground waste tanks was desired because of possible lowering of the
pPH of the waste (with consequent increased corrosion of the tank) during radio- o
lytic decomposition of the resin. Dissolution of the resin in HNO3-Mn(II) and
potassium permaenganate solutions was studied. Both solutions will solubilize the
resin. The reaction with HNO3-Mn(II) is somewhat easier to comtrol.

One liter of 13 M HNOz - O.4 M Mn(NO ), held at boiling will dissolve about 180 ml
of dry resin (Dowex 53-x 12, 20-60 mésh) in ca. 4.5 hours. Adding acid at this

point permits additional resin dissolution but results in the formation of a cake

on the container walls. The reaction is moderately exothermic. Nitric acid con-
sumption is about 0.9 mole per 100 grams resin. Destruction to carbon dioxide and
sulfate is not complete. When a solution containing dissolved resin is evaporated

to dryness, a solid remains which chars and evolves gas on further heating. Short
term tests indicate a corrosion rate for 304-L of about 4.5 mils/mo in the 13 M HNO3 -
O.4 M Mn(NO3)p soluticn. : .

Strontium Carbonate Filter Cask - Comstruction of the strontium carbonate filter
cask simulator was completed and initial hydraulic studies undertaken at Hot Semi-
works. Bulk density of carbonate deposited on a flat mock-up filter was 0.55 gram
strontium carbonate per cubic centimeter of cake. Precipitation was performed with
potassium bicarbonate.

In other studies, exhaustive washing of stroatium carbonate precipitates lowered
the sodium contamination to 0.5 weight percent of strontium carbonate. Precipi-
tations were made from solutions simulating Hot Semiworks product.

Instrumentation in Support of Hot Semiworks - Ion chambers designed for high intensity
measurements were installed on the HAP, HCP, and HCW lines in "B" cell. The ion
currents from these chambers will be read on the "B" system micro-micro ammeter.
Final calibration of the units will be made by comparing measured ion currents with
laboratory analysis of grab samples taken during hot rums.
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The shielding and collimators for the gamma scintillation probes have been further
modified to match the expected radiation levels. These monitors will read out on
the "A" system recorders and will also be calibrated during hot runs. Fluorothene
cells are novw installed in the sampling systems for these scintillation monitors.
Stainless steel cells alsoc have been fabricated in case the plastic cells deteriorate
prematurely in the high radiation filelds.

Hot Semiworks Operation - The preparation of the Hot Semiworks for strontium-90
processing continued with the completion of two "cold" runs, with feed pH's of 4.75
and 5.25. The equipment performed satisfactorily with a few minor exceptions. 1In

the first run (pH 4.75), limited analytical results indicated that the strontium

loss was less than four percent and the calcium separation factor was about 1l4.

The cerium decontamination factor for solvent extraction in both runs was apparently
greater than 2,000 and possibly greater than 4,000 in the second run. Some uncer-
tainty exists due to the limited analytical accuracy at such low cerium concentrations.
.Other analytical results from the second run are not yet available. Both the pH
control and pH indication by line monitors were very satisfactory in both runs.

Bulk Fission Product Packaging - Studies of the filter canister shipping container
continued with demonstration of built-in automatic shut-off of filtration. Strontium
peroxide is precipitated at room temperature by addition of hydrogen peroxide and

slow neutralization to pH 11. Following a brief room temperature digestion for

crystal growth, filtration to a cake density of 0.20 to 0.25 grams strontium per

cubic centimeter is accomplished in less than 30 minutes. Conversion of the peroxide -
to the oxide was largely accomplished by heating the cake to 400 C for two hours.
Considerable strontium carbonate was found in this product, indicating that inert

€a8 blanketing will probably be required to prevent reaction with atmospheric carbon
dioxide. ‘

Radiation decomposition studies by Chemical Research indicate strontium-50 peroxide
will decompose at a rate on the order of 5 percent per hour under its own radiation
field.

Other Fission Prcduct Recovery

Cesium Decalso Loading - Design is currently under way (CPD-FEO). on a replacement
for the Decaiso filled, Oak Ridge STT's. If the capacity of Decalso for cesium (from
Purex tank supernates) could be increased, the size of the cask could be proportion-
ately reduced. Decalso loading experiments were accordingly run to determine the
effect of dilution and pH adjustment on total cesium loading from synthetic 103-A
supernate. Neither dilution nor pH adjustment resulted in any increase in capacity.
A two-step process "absorption on Decalso, displacement with a divalent ion, and
re-absorption on a second bed) was also ineffactive.

Technetium AnionA§55hange - The recovery of technetium from Purex tank supernate by
passage through a Dowex-l column was reported earlier (EW-66738). Although excellent
recovery and purificaticn was obtained, experimerts have been performed to determine
whether feed dilution would increase total loading and whether any other anion
exchange resin would be superior to Dowex-l. Of 13 resins tested (including both
strong- and wesksTase exchangers), none were significantly better than Dowex-1l. The
three best were Dowex-l, Duolite A-10i, and IRA-&00 with distribution coefficient
values (Kd) of 340, 370, and 410, respectively. Diluticn {up to four-fold) had no
significant erfec*t ca distribution coefficient.
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Cask Closure Development - Studies of closures for HAPO I and II shipping casks con-
tinued. In general, 'Snap Tite" primary clesures leak "vigorously” under vacuum or
slight pressure but can be made to hold vacuum by installing elastomer O-rings in
place of the V-groove packing provided.

Tests of 2-3/4 inch diameter metal O-rings showed that none are completely satis-
factory at temperatures over 300 F, although suitable for 1000 psig hydrostatic
service at room temperature. Silver coated stainless steel rings appear to offer
some slight advantage over simple stainless steel. Similarly, O-ring sealing
between clamped rather than screwed surfaces are preferred.

Cesium-137 Loss From a Shipping Cask Accident - Laboratory examinations were per-,
formed iﬁfsupport of an evaluation of the hazards involved in shipping casks of Cs-137
adsorbed on a synthetic zeolite. Laboratory beds were loaded to 12 me Cs-l37/3
zeolite. Ceslium source was 103-A tank supernatant solution. The loaded zeolite was
washed with tap water and used in experiments simuwlating shipping accidents.

To estimate the leaching rate of the Missourl River in the event of a Cs-137 cask
immersion, leaching with 20 bed volumes of synthetic river water (about 8.6 meq
cation/l) was performed. Some 0.63 percent of the cesium was removed from the loaded
zeolite.

Various cesium volatilization studies were made to simulate a high temperature incident.
Two hours in separate atmospheres of air and helium at 1350 C resulted in release of =
0.35 and 0.71 percent of the cesium lcaded on the zeolite. Cesium release stopped
after 100 minutes' heating in either atmosphere. A programmed temperature increase

to & maximum of 15C0 C within two hours was employed in both helium and air. Respect-
ive releases were 0.31 percent and 0.25 percent. Cesium was not released below
1200-1300 C, near the fusion temperature of the zeolite.

Clinoptilolite, a natural zeolite, would reduce the risk of accidental spills enroute
if used as a carrier for radiocesium. Clinoptilolite's capacity was found to be
more than 2.5 times that of a synthetic zeolite for adsorption of cesium from syn-
thetizs Purex waste tank supernatant soluticn. A leaching comparison was even more
favorable with synthetic river water removing crly one-tenth &s much cesium from
clinoptilolits per volume of lsach water passed through.

Clarification of Uznderground Stored Waste Supernates - A concept involving the use
of a submerged canned motor pump dischargizng tc a hydroclone was developed as a
means of providing a source of clarified Purex tank farm supernatant liquid for
recovery of cegium~-137 and technetium-G9. Fabrication of a pump and test hydro-
zlone is in progress.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Determinaticn of Thorium-232 and Thorium-230 in Uranium Ore and Mill Tailings

The thorium-230 found in uranium ore is of potential importance as a starting
material in producing uranium-232 for compact power sources. The accompanying
patural therium, <korium-232, is undesira®le. Another set of uranium ore samples
and scme materials expected to be somewhat enriched in thorium-230 (ionium) were
analyzed for botk isotopes, Th-Z222 and Th-230. Previcus dissolution methods
{HW-66220) were useé. Thorium was separated by the common lanthanum fluoride co-
precipitation’and 2-thenoyltrifluorcazetone extractior methods. Two measurement
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techniques were used for each isotope to increase the confidence in reliability of
results. Thorium-230 was measured by alpha scintillation counting and by mass
spectrometric (thermal ionization) analysis. Alpha counting results averaged 97.5
percent of thﬁ spectrometric results. The detection limit for Th-230 is estimated
to be 4 x 10-* microgram by alpha counting and 10-50 micrograms by spectrometer.
Thorium-232 was determined by emission spectrographic (HW-66220) and neutron acti-
vation methods. The 0.31 Mev gamma activity of the protactinium~233 produced
(Th-232 B2 3 Th-233 £_2% Pa-233) was measured by gamma scintillation-energy analyzer
technique. Duplicate thorium standards were irradiated with each group of samples

- to obviate flux and cross-section measurements. Duplicates differed by 0.72 percent.
Pile irradiations were made directly on ore and on separated thorium fractions, with
comparable results. Protactinium-233 was separated from irradiated and dissolved
ore samples by co-precipitation with lanthanum fluoride and extraction into a 2:1
mixture of 2,6 dimethyl-4-heptanol in benzene. The detection limit for Th-232 is
estimated to be 1.2 x 10™™ microgram by activation and one microgram by emission
spectrograph. Some of the selected material contained as much as 5 percent Th-230.

Precision of Coulometric Analysis of Uranium-Plutonium Alloy

The precision of direct coulometric analysis of unirradiated U-Pu alloy for plutonium
wag determined. Sampling was performed carefully. Four samples were taken from
each of two alloy bars, differing in plutonium content, by making bevel cuts. Each
sample was treated with nitric acid to remove surface oxide, washed, dried and
weighed to + 0.0005 gram. The samples were dissolved by an initial treatment with
dilute (1:4) hydrochloric acid followed by a nitric acid boil-down to clarify the
dissolver solutions. The final 50 milliliter solutions were 4-8 molar in nitric acid
and 0.3 molar in uranium. Four aliquots from each 50 milliliters were titrated
according to a direct, controlled-potential, coulometric method (EW-584G1). The 32
titrations were performed over a five-day period by two analysts. The order of
sampling was random and variocus sample sizes were used; that i1s, 100 to 200 micro-
grams of plutonium. The average results and standard deviations obtained were:

Average % Standard
Plutoniun Deviation

Bar 1 0.1510 0.0024
Bar 2 0.0886 0.0009

EQUIPMENT AND MATERIALS

Mechanical Dejacketing of Production Fuel Elements

Initial tests were performed with encouraging results on a concept for mechanical
stripping of production element Jjackets. Tests with both aluminum and Zircaloy
clad slugs were performed with a device involving rolling axial jacket cutters
followed by peeling. The system readily removed greater than 99 percent of the
aluminum jacket, penetrating at the AlSi bond layer. Essentially no uranium was
removed with the Jacket. In a test with a coextruded Zircaloy clad element, the
oversize core fractured the peeling die.

Air Driven Pulse Generator Study

Hydrodynamic equations were derived for the Recuplex prototype air pulse generator.
Analog computer solutions to the equations have been obtained and are being correlated.

L IR e
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It appears that the system will be stable to process upsets. Analog simulation of
hydreulic systems of this type is a highly flexible tool.

Continuous Centrifuge

Batch preparation of cerous oxalate slurry followed by processing in the 6-inch
continuous centrifuge was used to compare performance of the machine with the vendor's
laboratory tests. Using a centrifuge and test conditions which were presumably
identical to those employed in the BAPO machine, the vendor's machine produced a solid
product containing 15 percent free moisture as compared to HAPO experience of 35
percent free moisture.

Corrosion Studies

Galvanic Corrosion Test on 1020 Steel in Purex Waste - Samples of 1020 steel, omne
of which is coupled to a 304-L stainless steel sample of about equal surface area,
are being exposed to synthetic Purex underground waste (pH 12). The test is being :
made to evaluate galvanic corrosion effects which may occur if stainless steel
valves are used in 1020 steel lines handling this waste. No galvanic effects have
been noted. The test will be continued.

Griscom-Russel I.D. Welded Joints - One of several Griscom-Russel I.D. welded tube-
to-tube sheet joints (stainless steel tube to stainless steel tube sheet) exposed
to boiling synthetic Purex 1WW waste (6 M in nitric acid) failed after only 54 days
exposure. The failure occurred in the tube sheet area of the Jjoint and was due to
severe end grain attack. This type of joint is not suitable for use under the
exposure conditions.

Nitric Acid-Oxalic Acid Systems - Samples of A-55 titanium have been exposed to
oxalic acid-nitric acid solutions initially 0.5 M in oxalic acid and ranging from
zero to five molar in nitric acid. After one four-hour period, liquid-phase
corrosion rates decreased from 190 to 80 mils/mo as nitric acid increased from O
to 0.25 M. Rates at HNO3 concentrations of 0.5 M and above were in the one to two
mils/mo Tange. Vapor phase samples all corroded at rates of 0.0l mil/mo or less.
Visible decomposition of oxalic acid occurs at nitric acid concentrations of one
molar or greater.

Studies in Progress - The following corrosion testing programs are in progress.
Because month by month progress on these studies is slow, results will be reported
only at the conclusion of the study or when it is considered that unusually
significant facts have been noted: (1) Corrosion of 304-L stainless steel in

HNO -HF-Al(NO )3 solutions, (2) corrosion of 304-L stainless steel, Hastelloy-C
and Zircaloy-g in nitric acid-oxalic acid solutions, and (3) corrosion of various
alloys in calcined waste with phosphate additives.

Non-Metallic Materials

After 45 days at room temperature in a 75 percent carbon tetrachloride - 25 percent
TIBP solution, a glass reinforced polyester sample was undamaged. A similar sample
showed some edge attack ina 1 MHF - 1 M HN03 solution but no finished surface
damage. Transparent and opaque polyvinylchloride samples both softened somewhat

in the organic solution but showed no other effect. Both PVC samples were undamaged
in the mixed acids.

0%
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A sample of "Pluton,” a woven organic fiber material produced by Minnesota Mining
and Manufacturing Company for high temperature use was irradiated to 109 r total
integrated dose. There was no obvious physical damage.

A second Minnesota Mining product, “Crystal M," a synthetic mica bonded in sheet
form with a silica or silaceous material was also undamaged by exposure to 109 r
total dose.. The chemical compatibility of these last two materials is still being
determined.

PROCESS CONTROL DEVELOPMENT

Time Response of Continuous Density Monitor

The design of an automatic density control system such as may be required for salting
strength control in Recuplex requires that the time response of the measuring element
be determined. )

The transient response of a "Densitrol"” continuous density monitor to a step change
in density was measured with a high speed Brown Recorder. Although the lag time
observed corresponded with theoretical calculations the response with respect to
changes in flow rate did not. This is possibly due to resistive forces in moving
the chain or limited recorder response.

The observed time response to a step change in density at the Densitrol input is
of the order of one minute at flow rates greater than 700 milliliters per minute.

Measurement of Aqueous to Organic Ratio Within a Column

The use of electrical capacitance to measure organic to aqueous ratios and/or as an
empirical index to predict flooding conditions is being investigated. Tests with
probes for insertion through 3/8-inch diasmeter ports are underway on the experi-
mental C-colum in the 321 Building. A zirconium probe with a burned on oxide
coating has produced the most favorable results to date. Tests are continuing to

- determine the usefulness of the observed readings, the effect of changing solute
concentrations, temperature dependence and stability of the oxide coating.

C-Column Runs and Instruméntation

A series of four runs were completed establishing the upper limit for the pulse
frequency for the forthcoming studies. .

The 1CF flow transmitter was repaired and recalibrated. The repair of the trans-
mitter improved the sensitivity of the flow measurement to the point where the
pulsating flow due to the pulsating pressure at the 1CF distributor was being seen
and interfering with the flow control. A small surge pot, installed on the 1CF
line satisfactorily absorbed the pulse and smoothed the flow at the rotometer and
the operation of the flow controller. The calibration data obtained from the 1CF
flowmeter and pressure to voltage transducer has been reduced to flows and inte-
grated average output voltages and has been submitted to "Operations Research" for
processing. These data will provide the standard calibration of the 1CF flow
accounting for uranium concentration.

The redundancies in the measuring circuitry of the Data Scanning Programmer which
were incorporated last month failed to operate satisfactorily under the 321 operating

§1r~~";j;g!.' o L
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gallery conditions. All measuring circuit switching has now been converted to
mercury wetted relays. A substantial increase in reliability of the measured
voltages is expected. The debugging of the necessary wiring changes is now pro-
ceeding.

The circuitry used in transmitting the sampled port number from the canyon to the
Programmer has been converted to 6 VAC from 110 VAC line current to achieve safer

operation.

The measured frequency response obtained for the micromicro ammeter used with the
mid-column photometer has indicated that alternately measuring the "Read" and
"Standardize™ voltages at 0.75 second intervals as described last month would give
errors. The time interval has thus been lengthened to 2.4 seconds to allow the
micromicro ammeter to settle within 0.0l percent of its ultimate reading.

REACTOR DEVELOPMENT - O4 PROGRAM.

PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Uranium Chemistry in NaCl-KCl Systems - Further studies have been made of the
effect of atmosphere on uranium species in molten NaCl-KCl systems.

Prior electrochemical studies had revealed the existence of a "cut-off" point
beyond which cathodic potentials in excess of those required to deposit alkali
metals out of the NaCl-KC1l melt would be required to further deplete the uranium
content of the melt. The location of this cut-off in terms of residual melt
uranium concentration could be varied by altering the gaseous atmosphere over the
melt during the electrolysis. )

These effects have been subjected to further study and additional experimental
techniques utilized in an attempt to elucidate the effect of such manipulations on
the number and nature of uranium species existing in the melt.

Starting with NaCl-KC1 melts containing 3.5 weight percent uranium (as uranium(VI)
species) electrodeposition under an air sweep (the condition normally .utilized to
"co~-deposit” PuO, with UOp) allowed the total uranium concentration in the melt to
te reduced to ca. 0.5 w/o before the total cell resistance doubled. By contrast,
operation under an anode-generated chlorine blanket (conditions normally utilized to
selectively deposit UO, away from plutonium) allowed the melt uranium content to

be reduced only to 1.9 w/o before the cell resistance had doubled. In this case the
uranium(IV) content of the terminal melt was only 0.03 w/o. The implication is
therefore strong that reactions other than the "chlorination" of UOLCl, to UCl,,

U0Ll, + C + Clp =———3 UCl, - CO
2 2 b 2

are responsible for altering the concentrations of easily reduced uranium species
in the melt.

Some parallel effects are seen in the water solubility and the infrared and visible
absorption spectra of the uranium species in the melts.

l :l: . Hols ¥l
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Iz these experiments the "water-insoluble" uranium in the frozen melt samples is
defined as that which did not dissolve in the time required (five to ten minutes at
room temperature) to effect complete dissolution of the NaCl-KCl. The "water-
insoluble"” uranium(VI) solids were readily soluble in acids and are presumed to be
of the nature of oxides or oxychlorides.

Direct dissolution of U with chlorine resulted in melts containing no water-
insoluble uranium(VI). absorption spectrum of a mull of the solidified melt

in petrolatum showed an absorption peak at ca. 435 mu with shoulders at ca. 425 and
450 mu. Either sparging this melt with chlorine plus hydrogen chloride (with
graphite electrodes in place) or conducting an electrolysis in the absence of air
resulted in increased absorption at 425 m: and decreased absorption at 450 mu
(relative to the principal absorption peak at 435 mu). These changes are in the
direction of closer conformity with the spectrum of synthetic compounds containing
U0C1),™ as have been prepared and studied by J.L. Ryaa.

Sparging such a melt with either dry or moist air resulted in a visible absorption
spectrum consisting of a single peak at 460 mu but of greater apparent molar
extinction coefficient. With air saturated with water vapor (at O C) the water
insoluble uranium(VI) was equivalent to 8 and 20 percent of the total uranium after
1.5 and 2.8 hour sparges, respectively. The total amount of uranium present was
0.5 moles and the air sparge rate was such that ca. 0.3 moles oxygen per hour were
introduced into the melt.

These preliminary data are obviously not capable of conclusive interpretation.
However, it may be noted that they are consistent with an hypothesis involving the
formation of polymeric (possibly colloidal or actually precipitated) uranium species
capable of inclusion in solid U0, cathode deposits via chemical adsorption phenomena
or electrophoresis. Such a feature is likewise not inconsistent with prior obser-
vations regarding the relative efficiency of inclusion of plutonium in U02 deposits
made under different atmospheres, apparent U02 depogition current efficiencies in
excess of 100 percent under moist air, etec.

Electrcchemical Studies - The potential - current relationship has been studied for
the electrolysis of a NaCl-KCl solution prepared by dissolving non-stoichiometric
U005 (0/U = 2.1) with HC1l. Three distinct reductions are seen in this system (which
presumably contains both uranium(VI) and uranium(IV) initially). The three waves
have been tentatively assigned to the UO, */uo o(s), the U(IV)/U(III), and the
U(III)/U(s) couples. The deposition potentials (against a Ag/AgCl (one molal),
NaCl-KCl reference electrode) were + 0.36 and -1.35 volts for the UO,**/U0,(s) and
U(III)/U(s) rechtions, respectively. The half-wave potential for the U(I6)/U(III)
reduction was -0.42 volts. The first and third reduction waves correspond to the
theoretical shape for a reduction producing a solid (i.e., constant activity)
product while the second wave has the correct theoretical shape for soluble oxidized
and reduced species.

With the aim of completing the picture on effect of salt type on the deposition and
properties of UUg, studies have been initiated on the NaCl-MgClp salt system. This
system, it is hoped, will exemplify lower-melting salts of high available chloride
activity and wilil thus fill the present gap beiweern the high-melting, high chloride

tivity NaCl-KCl system and the low melting, low chloride activity KC1-PbClp systems.
One rotential advantage of such a system is the pcssibility of stabilizing plutonium(IV
via formation of Puc16 at a temperature belcw its decomposition temperature.

Ry -

1251333

s

LN
[



S - c-15 mi-60408 -

The first electrodeposition of U0, out of a relatively dilute (ca. 8 w/o U)
uranium(VI)-bearing melt yielded a deposit the gross appearance of which was
intermediate between products obtaivced in the NaCl-KCl and KC1l-PbCl, systems.

It comprised a "mace" of needle-like crystals (of maximum length ca. T mm) inter-
mediate in shape and appearance between the "spear points" and "Christmas trees"
produced in the NaCl-KCl system and the needie deposits obtained in KC1-PbCl, at
low uranium concentrations.

Exploratory studies have verified that the technique of chronopotentiometry will be
a highly useful tool in elucidating electrode processes in molten salt systems.

The basis for the method lies in applying a short-duration (millisecond to second)
voltage pulse to an electrode (at constant current density) ard recording the
potential-time behavior of the electrode against a reference electrode immersed in
the bulk solution. If the cathodic voltage pulse covers a short time interval
relative to the time required for diffusion to replenish the concentration of
reducible species in the double layer then a series of waves is seen corresponding
to species reducing at progressively larger cathodic potentials. The "transition
time" required to complete the coulometric titration of each species can be related
to the concertration and the diffusivity of the species in question.

The crude read-out arrangement used to date has prohibited the acquisition of
quantitative data. However, some noteworthy qualitative observations have been made.
Titration of a NaCl-KCl sclution prepared by injecticn of CseUCls (and therefore
presumably containing only uranium(IV)) showed two reduction waves at about -0.L

and -0.56 volts. Only the first reduction proved to be reversible. This would seem
tc imply the exisitence of two reducihle species of substantially different nature

in a supposedly simple system.

The expected effects were evident to a gratifying extent in "titrations" of solutions
prepared by dissolution of U30 into NaCl-KCl with chlorine. An overvoltage was

seen for deposition of UOp on ¢lean platinum (as compared with deposition of U0p

on U02). On a clean platinum electrode at low current density only a single reduction
wave is seen (corresponding +o the UOQ++/U02(S) reduction). Increasing the c?rrent
density discloses a break in the curve at avtout -C.05 volts. The product 7 1/2 i,
((transition time)l/2 x curren* density) was constant for the U02+*/U02(s) reduction,
as expected by theory. ter treatment of the melt with dried air the deposition
potential was more positive by about 0.05 vclts and it was necessary to increase the
current dernsity by a factor of 9 tc achieve the second break in the curve. The
residual current was also increased. The T 1/2 1, prcduct was again constant but at
a lower value than befcre air treatment. Traatment of the melt with moist air
resulted in a high residual current tut no discernible reduction wave. These obser-
vations can be interpreted as representing a Yrogressive decline in the concentration
of reversibly reducibie species (for which ¥ /2 i, is constant) as the melt is
vreated with dried air and ther with moist air. Viewed in the context of other
experience on U0y deposition and plutornium bebavior as a function of atmosphere these
cbservations suggest that the accumulation of urarium oxides on a cathode can pro- :
ceed simltarecusly dy two independent routes, cre being a reversible electrolytic
reduction; the other bszing possibly an eleciricaily non-reversible chemical pre-
cipitation or electrophcresis process. Ability to differentiate between such simul-
taneous processes could arnswer a rnumber of pertinent questions {(e.g., relating to

the mechanism of incorporaticn of PuQp irn "electrodeposited UO2") and motivates a
strong interes*t ir contizuaticn of chronopotentiometric measurements in more refined
apparatus.
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Growth of UOp Crystals in NaCl-KCl System - Recent efforts in this area have been
concentrated on evaluating the effect of various parameters on the manner of growth
of U02. Conditions have been found which vary the rate of growth and the physical
aspect of UOp deposits in a predictable fashion. The "spectrum” of UOs deposits
which have been grown msy be described as follows:

(a) Loosely packed "Christmas tree" dendrites

(b) Loosely packed "fluted spear point" dendrites

(¢) Solid masses with randomly oriented laminar crystal faces

(d) "Maces" of closely packed randomly oriented cubes ;

(e) Smooth-surfaced, very tightly packed compacts of radially oriented columnar

grains,

This order is consistent with the rate of growth also. The "Christmas tree” dendrites
grov very rapidly and the growth rate declines progressively as the packing of the
crystallites becomes tighter and their orientation more systematic.

Variables which have shown gqualitatively consistent and reproducible effects in alter-
ing the growth rate and character of the U0, deposit include the following:

(a) Increased agitation of the melt reduces the growth rate and favors more
compact deposits. ‘

(b) Increased EC1l content in the sparge gas reduces the net growth rate and
favors more compact deposits. -

(c¢) Increased dry oxygen content in the sparge gas increases the net growth rate
and favors the production of more loosely packed randomly oriented deposits.

(d) Increased chlorine content in the sparge gas decreases the net growth rate
and favors smoother-surface, tightly packed deposits.

(e) Momentary reversal of current gives the expected decrease in net growth rate
and favors smoojher-surfaced, tightly packed deposits.

(£) Increased melt uranium content increases the net growth rate and favors
more random growth.

Experience indicates that smooth (or abrupt) transitions can be made from one manner
of growth to another. Thus, although these observations testify to a complex
deposition process, possibly involving several inter-dependent parallel routes for
simu] tanecus deposition and redissoluticn of UOp, they also suggest an ability to
vary the propertles of "electrodeposited” U0, over a rather wide range "at will."
Such versatility may prove quite beneficial in preparing fuel-grade UOo powders

"to specification" or in introducing impurities (e.g., Pu0p) in controlled zones of
close-packed ceramic pieces, etc.

Growth of UOp Crystals in KC1-PtClo Systems - The KC1-PbClo systems continue to show
promise as media in which to "electrodeposit" zocarse-grained UOp powders, the
individual grains of which are gererally smooth-surfaced, have apparently little
closed porosity, and are therefore of interest as feeds for vibratory compaction '

_
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techniques. The effect of variation in KCl/P'bCl2 ratio in the melt was investigated
in experiments employing ratios of 2.0, 2.5, and 3.0 and electrodeposition at 520 C
out of a 25 w/o uranium solution. No gross differences were noted although the
particles tended to be more smooth-surfaced and erystalline in outward appearance

at the higher K/Pb ratios. The range of the sieve analyses of the gross products

in these three systems was as follows:

Mesh Size Percent Retalned
+ 10 5 - 58

10 - 20 b -3

20 - 35 8 -13

35 - €0 5 -7

60 - 100 1.8 - 2.5
- 100 1.3 - 2.7

Properties of the largest single grain yet produced (which was formed in the 3KC1-
PbCl, system) were as follows:

0/U Ratio: 2.005; ppm Pb:200; ppm K:100
Density : 10.7 g/cc by CCl) displacement, 10.88 g/cc by Hg displacement
Total Weight: 0.64 gram

" The individual grains prepared in the 2.5 KC1-PbCl, and 3KC1-Pb012 systems exhibited
smooth, lustrous surfaces in which the 100 and 111 planes predominated, although
small 110 planes showed on some particles. Imperfections when visible appeared to
be concentrated on the 100 surfaces and appeared to develop only after the exposed
111l surfaces had become quite small. X-ray data indicate the better-formed grains
to be single crystals or at most fused aggregates of a few large crystals.

Plutonium Behavior in KC1-PbCl, Systems - No great success has yet been had in con-
trolling plutonium behavior in electrolyses conducted in KC1-PbCl, systems. Electro-
lyses under "partition" conditions are much less successful in effecting separation
of uranium from plutonium in this system than in the NaCl-KCl system. For example,
conduct of a UCp electrodeposition at 600 C with an HCl sparge resulted in a
plutonium decontamination factor of only 12. Raising the temperature to 700 C in
several experiments gave decontamination factors averaging about 25.

Likewise, it was found that uranium(IV) formed in such melts was less readily oxi-
dized to uranium(VI) with air than was the case in the NaCl-KC1l system.

Despite the fact that partition of uranium from plutonium is less readily accom-
plished in KC1-PtCl, systems than in NaCl-KC1 systems, attempted "co-deposition” of
PuCp with U0, is likewise less efficient, yielding "enrichment factors" of the
order of 0.5 vice factors greater than unity in the NaCl-KCl system.

These differences are believed to stem from lesser complexation of solutes in the
KC1-PbCl, systems (vice NaCl-KCl systems) and prompt interest in lower-melting
alkali or alkaline earth melts as the most effective means of duplicating the
attractive features of plutorium behavior in the NaCl-KCl system at a lower

temperature.
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Rare Earth Behavior in NaCl-KCl Systems - Continued search for means of selectively
precipitating rare earth elements away from uranium in molten NaCl-KCl disclosed
pyrophosphate to be the most promising of several precipitants tested, Lah(P207)3
being considerably less soluble than (002)2P207.

Possibility of effecting such separations by cation exchange was shown in an experi-
ment in which a NaCl-KCl solution containing both anple ani,LaCl3 was percolated
through a column packed with 100-200 mesh (U02)2P207 mixed with tWwice its weight of
€0 mesh alundum. Exchange quite evidently occurred since the lanthanum conteat of
the salt was reduced from an initial value of 0.7 mg La/g salt to a finmal value of
0.073 mg La/g salt in its two-minute passage through this bed.

Engineering Development on Salt Cycle - A 20.2 1lb. UOp deposit was obtained during a
single pilot plant electrolysis in a molten salt system, PbCle-E.S KCl. After ‘
addition of UO,, the bath was chlorinated for 12 hours at €75 C and a chlorine flow

rate of 2.5 li%ers/min. The salt was then electrolyzed for 27.6 hours at 550-585 C,
an average cell voltage drop of 1.0-1.3 volts, and an average current density of

6.5 amp/dm?. The average cell resistivity was initially 3.5 ohm-cm but increased to
5.5 ohm-cm at the end of the run. The material balance for the run was as follows:

g mol %
Input to Electrolysis:
Dissolved U 32.0 76.8
Undissolved U 9.7 23.2
1.7 100.0
Output from Electrolysis:
Deposit (UOz) 3%.0 81.5
Dissolved U 5.3 12.7
Undissolved U 2.4 5.8
El.? 100.0

The UOp was deposited as a polycrystalline sheet about 7 mm thick, consisting of
very fine crystals near the electrode inner surface but with the outer 60 percent
of the thickness occupied by large, dense colummar crystals. A current efficiency
of 87 percent was indicated.

The utility of the recirculating gas 1lift apparatus was demonstrated with the RaCl.
KC1l salt system in two 20-liter salt baths. An electrolysis was carried out in

one bath until depletion of the uranium and buildup of uranium(IV) increased the
cell resistance prohibitively. Then the contents of the first bath was mixed for
20 minutes with the undepleted second bath by gas lift recirculation. Air was
used in the 1lift from the first bath to destroy uranium(IV). Chlorine was used as
the gas in the return 1ift. The electrolysis was then continued successfully until
the bath was again depleted. A second run demonstrated the mechanical feasibility
of recirculating continucusly during the electrolysis.

The application of Fiberfraﬂﬁ) coating cement (an aqueous slurry of Alx0 -S:LO2 with
a thermosetting inorganic binder) to the electrode surface at the salt-alr interface
has eliminated corrosion of graphite electrodes in the NaCl-KCl system.

® cCarborundum Company
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Materials of Construction - A locally fabricated 90 percent magnesia, 10 percent
titania crucible which was not oxidize-fired was tested with a barium-potassium-
sodium chloride melt mixture with the addition of metallic aluminum at 800 C for
100 hours. At the end of the test salt had percolated through the crucible wall
and bottom; 0.04 g of aluminum was lost. There was no detectable damage to the
crucible.

A second crucible similar to the above was tested with the same salt mixture but
without metallic aluminum. Chlorine was percolated through the salt for ten of
the eleven-day test. Salt had percolated through the crucible after eleven days.
Inspection at the end of seven days revealed no penetration.

Two samples of titanium diboride were tested in a molten bath of barium-potassium-
sodium chloride at 800 C with chlorine bubbling through the melt. One sample
disintegrated completely while the second lost only 2 percent weight. A difference
in chlorine concentration is thought to account for the difference.

Continuous Jon Exchange Contactor Development - Jiggler Contactor

A modification of the pulsed bed contactor incorporating the new resin pump (see
March 1961 report, HW-69062 C) has been built and is now undergoing preliminary
tests. The apparatus is in the form of a loop made mainly from 4-inch glass pipe
and some U-inch stainless steel pipe. The 4-inch channel is completely open except
for the screened liquid introduction fingers for feed, scrub, wash and elution
streams. This design minimizes resin friction as well as shape changes in the
resin plug. The resin pump is located in the upper end of one of the two parallel
colums so that all of the process streams can be introduced under the pump. The
"A" column is located directly under the pump with the "C" column occupying a
section of the remaining parallel column.

Initial measurements on resin circulation with no countercurrent flow of liquids
indicate correlation between the pulser displacement rate and the quantity of
resin moved. Typical rates for 20-40 mesh resin at a pulser frequency of 4 CPM are:

Pulse
Resin Moved Amplitude Displacement
ml/min Inches ml/min
180 1 82k
515 1-3/8 1133
T73 1-11/12 1586

Maximum pressure drop per foot of resin bed was 0.6 psi. The finer 50-100 mesh
resin yielded data similar in magnitude.

The ball check valves in the pump are practically leak-proof when pumping liquid
alone. Resin slurry and/or water, however, as may be deduced from the data above,
apparently leaks back through the valves. The quantity of leakage depends on the
hydrodynamic conditions in the pulser chamber arising from the nature of the pulse
wave and the pressure drop across the pump as well as the nature of the slurry.

Resin transport studies (again in the absence of countercurrent liquid flow) give
indication that resin finer than the stardard 20-40 or 20-50 mesh may be usable.
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Particularly in anion exchange in a plutonium-nitric acid system, where particulate
diffusion varies inversely with the square of the diameter of the resin bead, the
smaller resin would product substantial mass transfer benefits. Experiments with
overhead pneumatic pulsing in a 3-inch glass loop more or less confirm the hydraulic
pumping tests reported above; that is, friction between the particles in the resin
bed and glass column walls is practically the same for both ranges of resin particle
size. Furthermore, the pneumatic testing showed that in a practically open loop
that 50-100 mesh resin could be pushed even more readily than the coarser material.
This may be explained by the greater pressure drop of liquid in moving through the
fine resin tending to move it as a plug rather than permitting passage of "slip"
water before solid phase movement begins.

Studies are underway to establish the engineering practicality of applying these
observations in a countercurrent system.

RADIOACTIVE RESIDUE FIXATION

Sgraz Calclnation

Further tests of the Fiberfrax (ceramic cloth) filters have shown a decrease in
efficiency, from decontamination factors of about 1000 to a few hundred, with con-
tinued operation and with water flushing, although the filters remained soft and
pliable. It is probable that the increased penetration is caused by progressive
saturation of the cloth with powder or by gradual loss of the fiber mat as a result
of wetting the fibers. Following washing, effectiveness increases with time, as a
firm cake builds up, although there is no noticeable increase in pressure drop

(A p less than l-inch Hg at 2 ft/min gas velocity). During these tests, blowback
was found to he more effective from concave or flat surfaces, which have enough
slack to "give," than from convex filter surfaces.

Evaluation tests were run on several scrubbers, including a novel new design, to
determine their relative effectiveness for removing the small (sub-micron) particles
which pass through the filter and condenser. A single plate Peabody scrubber and
a 2-foot Raschig ring packed scrubber gave equivalent performance (decontamination
factors of about 1.5). The new cataphoretic bubble scrubber gave factors ranging
from 2 to 18. The latter scrubber is still in an early state of development and
may be capable eventually of even better performance. In this unit, the gas
stream is passed through a corona discharge (to charge the particles) and then
tubbled through a scrubber where the charged particles are attracted from the
inside of the bubble to the bubble wall there they contact the liquid of opposite
charge and are removed. Quite graphic results are obtained with cigarette smoke
and with nitrogen pentoxide fumes. Certain deficiencies in the initial unit are
being corrected and further tests are planned.

The Eco gear pump with Hastelloy-C gears has been used quite successfully during
ten runs. It is being used in place of the Eco pump with teflon gears previously
employed (which would be susceptible to radiation damage) and shows promise of
successful operation in A Cell.

Mineral Reactiors

Clinoptilolite's adsorption capacity for cesium in molar sodium nitrate solution
was permanently doubled by four hours' preheating at 400 C. The reason for the

@' D) . PRy
12513349

st



m - c-21 . HW-69408

temperature effect, a maximum at 40O C, is not evident. The mineral changed color
at moderate temperatures and finaily fused to a white glass at 1200 C.

Condensate Wastes

Ammonium (ion) from 0.0L M ammonia solution depressed both cesium and strontium
distribution coefficients for adsorption on sulfonated polystyrenme resin and, more
recently, on a synthetic zeolite and clinoptilolite. At pH 3, with its relatively
abundant ammonium, all coefficients were lower than at pH 10. Cesium adsorption
was highest and less pHE dependent for clinoptilolite, known to have unique cesium
adsorption capacity. Conversely, the synthetic zeolite and particularly the resin
showed high strontium affinity even at pH 3.

Moreover, with Purex condensate waste of similar ammonia concentration, strontium
adsorption by the resin was even higher at the lower pH, 87 percent adsorption at
PH 3 and 20 percent at pH 10. Corresponding results for the 0.0l M laboratory
ammonia exceeded 99.9 percent strontium adsorption at either pH. Lower and more
pH dependent strontium adsorption from plant waste may be due to the accompanying
organic material's forming a non-adsorbable strontium species.

The effectiveress of an actual plant adsorption process for decontaminating Purex
condensate waste with regard to radiostrontium is best demonstrated by column
experiments. Strortium decortaminaticn factors of about 100 were maintained in the
laboratory for more than 20,000 columm volumes of that waste adjusted to pH 3 and
rassed through a resin column.

The Micro Pilot Plant's effectiveness for mineral bed adsorption of cesium and
strontium was hampered by organic material and ammonia in Purex tank farm conden-
sate. The organic fouled the beds and ammonia dissociation inhibited ion exchange
adsorption especially with respect to radiocesium. While organic was successfully
removed by adsorption on activated carbon, the treatment was complicated. Removal
of both organic and ammonia by a steam stripping process appeared feasible. 1In
fact, a small steam strippsr was tested with a feed having organic and ammonia con-
tents similar to those of Purex tank farm cordensate. Feed contained about 180 ppm
tri-n-butyl phosphate; 30 ppm hydrocarbons; and 50 ppm ammonia. Feed rate was
about 100 ml/min ard distillate rate about 5 ml/min. The effluent bottom stream
from the reboiler contained 4 ppm tri-n-butyl phosphate, 2 ppm hydrocarbons and

5 ppm ammcnia. The steam stripper is reipg medified to prepare actual condensate
waste for the Micro Pilot Plart

BIOLOGY AND MEDICINE - 06 PROGRAM

Geology and Hyérology

The stratigraphy of the:basalt series in the upper about 1500 feet of the Standard
0il Company of California Rattlesnake No. 1 test well was correlated to the
sequence in the Benson Ranch - Yakima Ridge area and to that beneath 200 East Area.
Based upon this correlation, confined or artesian aquifers exist in the basalt
series beneath the central part of the Hacnford Works. Large, continuous supplies
cf well water probably will have to come from depths of 1000 feet or more, however.
Scme lccal, highly permeable zones above that depth may produce large volumes for
short periods. The shallcwer aquifers {above about 500 feet depth) appear to be
recharged locally. Ore recharge arz=a lies above Snively Ranch at the head of a
large landslide.
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The correlation also shows that the fanglomerate lying on basalt beneath the Separa-
tions areas is in turn overlain by at least onme basalt flow to the southwest and
west and perhaps similarly is overlain to the southeast and east. A low head out-
side the Hanford Works area and a high head inside the area (caused by high ground
water mounds) may force waters carrying wastes into the upper part of the basalt
series. In the Columbia Basin Irrigation ProjJect area, however, water table levels
in the basalt have risen more than 200 feet in places. This is recharging aquifers
in the basalt that in turn may be reflected in changes in the Hanford Works. Either
the head in the confined aquifers will increase there, or discharge into the _
unconfined waters may take place; in either situation at least potentially signifi-
cantly altering the hydrology of the Hanford Works area and emphasizing the inter-
relationship of the Hanford Works and adjacent areas.

Drilling exploration continued at Columbia River mile 348 for dam site studies.
Nichols and Thompson Core Drilling Company, contractor to the Corps of Engineers,
completed one hole to basalt at a depth of 183.5 feet. A few thin beds of silts

and clay were encountered to 156 feet, where pebbly clays were encountered extending
to basalt. Sands and gravels of varying degrees of cementation were the only other
materials penetrated. The sequence was as predicted. Basalt was encountered 30
feet deeper than predicted.

Development was completed on a computer program entitled "Multi-Dimensional Steady
State Flow in Soil." It permits solution of a wide variety of ground water problems
that involve equilibrium systems (in contrast to the non-equilibrium case developed
for such problems as that posed by a leaking waste storage tank). The development
also permits solving problems in equilibrium flow systems under different conditions
of saturation and beterogeneity. Up to 8000 points including fifteen different
soils may be calculated under the program. Its first problem will be to predict the
effect of a waste disposal crib on a near-by tile field to be constructed at 100-N
Aresn,

Much of the geologic and hydrologic iaformation obtained from the field is collected
at random points over the study area. Some applications require estimating corres-
ponding data at the intercepts of a rectangular grid by interpolating between the
- rapdom points. Various interpolation methods were investigated, including Newton's
. "Divided Difference"” method, an application of the Lagrange formula, and the use of
Tchebysheff polynominals. Testing of the latter method is not complete but it
appears to hold promise of being superior to the other methods.

Soil Chemistry and Geochemistry

Preliminary investigation of natural zeolites for selective adsorption of strontium
from solution was initiated. Initial experiments were conducted with clinoptilolite
and ‘a commercial zeolite previously shown to be strontium-selective. An experi-
mental design amenable to statistical analysis for evaluating the influence of
system variables was devised and tested with the above zeolites. Within the range
of experimental conditions studied only sodium ion concentration and column
residence time of the variables examined were statistically significant. The
results of current column experiments were in good agreement with earlier strontium
equilibrium adsorption measurenents utilizing those zeolites.

Research was continued for clarifying mineral reaction mechanisms whereby a mineral
such as pyrite (FeSy) or chalcopyrite (CuFeSy) in contact with zinc solution is
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partially replaced by sphalerite (ZnS). Evidently, replacement is not the primary
mechanism since a smaller fraction of zinc at 107< M concentration was incorporated
into the mineral than at 10" M and 10-3 M levels examined earlier. Oxygen con-

tinues to be an unimportant factor.

Field Apparatus Development

The recently developed orifice-diaphragm flowmeter was calibrated in an artesian
well and used to measure very low vertical flows in several project wells. Vertical
flows were definitely detected in eight wells and possibly in two others. The
sensitivity remained constant during tests in 13 wells, and only small zero drifts
needed compensation. The ability to measure very low vertical currents will refine
ground water pressure patterns and will qualify each project well's usefulness

for monitoring radiocactivity.

Techniques and equipment were investigated for installing small diameter wells for
obtaining geologic and hydrologic information. Jet-washing of small tubes into the
soll proved successful only to depths of about ten feet. Well points were driven

to a depth of 40 feet in ome location, but in most areas a penetration of only about
10 feet was attained. A portable, inexpensive rotary drill was demonstrated by

the manufacturer and holds much promise for quickly drilling small-bore wells to
depths of 60-100 feet.

Radioisotopes in Columbia River Sediments

Satisfactory core sampling of sediments from the floor of the MaNary Dam reservoir
has been performed. Quantitative gamma-ray spectrometric measurements of these
sediments show relatively large amounts of Zn-65 (245 days), Co-60 (5 years), Sc-U46
(85 days), and Cr-51 (27 days) at the surface while only Zn-65 and Co-60 were

* observed one to two inches below the surface. Measurements of a few core samples
to date indicate sediment depths of 8 to 14 inches and that the material at various
depths can be precisely dated from the Zn-65 to Co-60 ratios.

Radloisotopes in Bio*ta Near the Mouth of the Columbia River

Samples of diatoms ard seaweed from the ocean near the mouth of the Columbia River -
were found to contain Sc-46, Cr-51, and Zn-65 in quantities about the same as or
larger than the oysters previously measured as containing the largest concentration
of Zn-65. Diatoms zontained about the same concentration of Zn-65 as oysters but
much more Cr-51 (by about iwo orders of magnitude). The seaweed contained over
twice as much Zn-65 as the oysters or diatoms. The largest concentrations yet
found of Sc-46 were in diatcms (15.9 d/m/g). These interesting findings will be
further investigated.

Chemical Dosimetry

In previous work no evidence was observed for post-irradiation effects on Erio-
glaucine 1n agueous solutions; however, it was felt that a more critical examination
should be made. Pive solutions covering the -zoncentration range from 1 x 10-° to

6 x 10‘6 M were irradiated with gamma-radiation at 25 C ard 37 C, and theilr absorb-
ances were measured periodically from 1 kour before to 167 hours after irradiation.
The solutions absorbed from 650 to 2600 rads, and the apparent bleaching rate con-
stants were calsulated from data at various time intervals. These constants were
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found to have 95 percent confidence intervals extending t 5 percent on either side
of the mean. With this precision, a significant increase in the apparent bleaching
rate vas detectable at the 95 percent level only after the full 167 bours, and then
only for the two most dilute solutions. It can thus be concluded that even a
week's delay in measurement will not affect the radiation dose indicated by the
absorbances of these solutions by more than + 5 percent. This should be quite
satisfactory for many dosimeter applications.

[N
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A. ORGANIZATION AND PERSONNEL
No significant changes occurred during April.
B. TECHNICAL ACTIViTIES
FISSIONABLE MATERIALS - 2000 PRCGRAM
BIOLOGICAL MONITQRING

Effect of Reactor Effluent on Aquatic Qrganisms

Effluent monitoring was contimued at the 1706-KE laboratory with the exposure
of young salmon to untreated effluent and to like concentrations of effluent
passed through a bed of aluminum turnings. Fish exposed to the aluminum-
bed treated, 4 per cent effluent showed a slight increase in mortality but
no deleterious effects to growth rate.

131 i5 Rabbits

Thyroids from twenty-five rabbits and fifty vegetation samples colleﬂfd from
the White Bluffs region on March 28 were analyzed and compared for I content.
All thyroids contained measurable amounts, with a mean of 700 + 320 Ec/g
wet weight in glands from adult rabbits. The thyroid/vegetation 1131 ratio
was approximately 600. Thyroids of fifteen full-term fetuses contained
concentrations of 1.02 + 0.5 times those of their parents.

BIOLOGY AND MEDICINE -~ 6000 PROGRAM
METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS

Strontium and Calcium

During the 5p70-y90 chronic feeding experiment, four out of twenty control fish -
died during the 21 weeks of test. It was assumed that none of the mortalities
was due to the method of force feeding. Since the sample size was relatively
small, however, and because the feeding method will likely be utilized in future
tests, the technique was further tested by sham feeding one hundred fish five
times a week, After ten weeks no mortalities were observed.

The effect of oxygenization on the uptake of calcium and water transpiration
by berley seedlings was studied. Anoxia depressed calcium uptake and
transpiration. Dinitrophenol further depressed both processes but this
depression was less in the case of the anoxic plants.

The effect of anoxia on content of calcium in roots was variable. Mild anoxia
.caused a reduction and severe anoxia, produced by bubbling with nitrogen,
increased calcium concentraton. DUinitrophenol changed the magnitude but not
the cirecticn of the effect.

UNCLASSIFIED
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Preliminary data on the transfer of sr°0 from the diet of swine to their milk

was obtained from three female swine fed 125 pc/day. The sr?0/Ca ratio of the
blood was cne=-fifth and of the milk one-tenth that of the swine's diet. The

same magnitude of discrimination from diet to milk is described for man. The
chemical analysis of the milk of swine showed that the calcium concentration

was about 200 mg/100 ml compared with about 30 to 4O in human milk and 125 in
cow's milk. Measurements are made once each week for a 2i-hour period. Based
on the first eight measurements, the dally milk production appears to be about

one liter.

Six offspring from two swine fed 125 pc of Sr9 o/day were weaned. They appeared
normal in every respect. (it the mresent time 116 females and 1L males are
receiving Srf0 daily. All of the females are to be retained for lifetime
feeding or sacrificed after one year of age.)

Jodine

Eight lambs were administered 1131 in two successive oral dosii (at birth and
at one week of age) to determine if the thyroidal uptake of I 1 4n ver{ Xoung
lambs was urusual and to detect possible changes in the metabolism of I13
during this period. The amounts of I131 in both the lambs and their thyroids
were followed using the whole-body monitor. Only small differences were noted
between the two ages, both the gastrointestinal absorption and thyroidal
uptake being slightly greater for the week-old lambs. At both ages the time
of maximum thyroid uptake was comparable to that for adult ewes (24 to L8 hours
following administration). The maximum thyroid uptake of I131, corrected

for radiocactive decay, was @out 30 per cent for newborn lambs and 4O per cent
for week-old lambs as compared to 20 to 35 per cent for adult ewes.

Of particular interest were the observations that for both age groups the 13l
content of most of the lambs' thyroids approached a constant fraction of the
I131 in their bodies (60 to 75 per cent) by three to five days after
administration and that the endogenous excretion of I3l was very low
(estimated between 1 and L per cent/day). This implies that the rate of
turnover of I13l in the thyroids of young lambs is very rapid, and that the _
controlling factor for the rate of loss of I131 from the thyroid is the rate of
endogenous excretion, ’ -

The whole-bod{ monitor proved very useful for obtaining the body and thyroid
burden of Il3l and should prove useful also in contemplated studies on 113
metabolism.

Comparative Toxicity of Strontium, Plutonium and Radium

.Radiographs taken of animals approximately 18 months after plutonium injection
revealed only minimal change, except in the mimals injected at six weeks of age.
A progression of those changes noted at 1l months post-injection was seen.

These included thickening of the cortical bone, increased trabeculation of the
spongiosa and loss of definitive medullary canal.
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Five animals were sacrificed 18 months after being placed on the experiment.
These included two injected with Pu239 (at 6 weeks and 6 months of age), one
injected with sr?0 (at 6 weeks) and one injected with Ra226 (at six weeks).
No significant gross lesions were detected. Tissues from these animals will
be studied for detection of possible early damage.

Plutonium

Tests of the new chelating agent 2-(B-Aminoethoxy) cyclohexylamine-N,

N,N!' ,N'~tetraacetic acid were contimued. The indications reported last month
were canfirmed; namely, that this agent is slightly less effective than DTPA.
When administered one hour following intravenous injection of plutonium
citrate, retention of plutonium in the total animal, after four days, was

8 per cent of the injected dose in DTPA treated animals and 12 per cent of
the injected dose in animals treated with the new agent. Control animals
retained 77 per cent of the injected dose. When treatment was delayed until
18 days after plutonium injection, DTPA was effective in reducing the
retention to 75 per cent of control while the new agent effected a reduction
to only 90 per cent.

In a single preliminary study, employing intestinal perfusion techniques,

it was indicated that plutonium appears in the intestine at sharply increased
levels within 20 mimutes following intravenous DTPA administration., The

rat upon which this study was made had received its plutonium injection six
months prior to the experiment. Plutonium excretion into the intestine was
maintained at about the same level for two hours following DTPA administration.
This level averaged about 20 times the pre-DTPA level.

The nature of plutonium excretion into the intestine and the effect of

DTPA on this excretion was studied in bile duct~cannulated rats. Plutonium was
administered to these rats 60 days prior to the canmlation and DTPA treatment.

The results indicate that approximately one-fourth of fecally excreted

plutonium arrives in the intestinal tract via the bile. The effect of DTPA

was not clearly shown in these experiments; the combined insults of plutonium
burden, surgical cannulation and DTPA treatment tending to cloud the interpretation.
There was an indication, however, that both the biliary and non-biliary

excretion of plutonium is increased by DTPA treatment .

Eight months following the intradermal injection of Pu39 in swine, the fraction
of the original dose that still remained varied from 15 to 35 per cent. Eschars
were noted at all sites previously injected with 0.0L to 5 pc of Pu23% nitrate,
the size of the eschar related to the dosage given.

To check the effeect of the depth of an intradermal injection on the external

count from a scintillation probe, a white miniature boar was injected at

27 sites, to a depth of from 2 to 12 mm. The injection sites were removed and
monitored utilizing our own scintillation detector and also the one in the

internal dosimetry group for a correlative count. Following this, radiochemical
analysis was performed on each site, A few injections were made prior to sacrificin
the animal in order to determine if detectable amounts of plutonium appeared

in the blood. Results from this study should be available next month.
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Radiocactive Particles

Tests were contimued to develop a therapy procedure for inhaled radicactive
particles, When rats inhal onized air, negative ions appeared to slightly
inerease the clearance of Ce from the lung. No effect was obtained with
inhal ation of carbon particles.

Three beagle dogs were exposed to plutonium nitrate aerosols and three were
exposed to plutonium dioxide particles (MMD 1lu) for further studies of

the retention, translocation, and excretion of plutonium. Previous
experiments showed that particles with a Mass Median Diameter of 1.7 p

were cleared from the lungs more rapidly than 3.0 and 4.3 @ particles. Other
dogs will be exposed to aerosols of plutonium dioxide particles with

Mass Median Diameters greater than L.3 m.

One of the major problems associated with the use of dogs in research is the
accumulation of heavy deposits of tartar on the teeth. Periodically it is
necessary to scrape off the tartar with the dog under anesthesia to prevent
inflammation and infection. Tartar is now being removed by semi-weekly
feeding of oxtails to the dogs. The dogs seem to enjoy the "therapy" and
appreciable savings in labor will be realized. :

Microbiological Studies

Positive identificat ion of nuclear material in yeast was obtained by staining
with toluldine blue stain, Preliminary data suggest that the muclear material
from the parent cell does not pass into the damghter bud until the bud is about
half grown. This correlates with previous observations using tritiated
thymidine autoradiography. This observation of the time of passage of muclear
material to the bud is of interest because of the high radioresistance of the
immature buds.

Preliminary studies on the biological effects of deuterium on yeast were
started. Effects of deuterium on respiration, glucose uptake, and potassium
transport were noted. The data suggest that these effects may be due to a
decrease in permeability of the cell membrane. ’

Effects of Radiocactivity upon Populations

Stock cultures of two species of flour beetles (Tribolium) were obtained and
developed to study effects of radiation upon populations.

Waterfowl Ecology

The amual nesting survey of Canada geese showed 7-1/2 per cent fewer pairs

of geese on the nesting islands, and total nests observed were 6 per cent less
than last year. A greater percentage of the nests appear to be successful
however, which will probably result in gosling production nearly equal to

that of 1960. :
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Project Chariot

Sorting of samples far ecological analyses of terrestrial invertebrate communities
of the Cape Thompson, Alaska region was completed. Species determinations of

the Mollusca, Orthoptera, Copepoda and Cladocera were obtained from taxonomic
specialists.

ting Manager
IOLOGY LABORATORY

JJ Davis/es
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C. Lectures
a. Papers Presented at Meetings

Schiffman, R. H., "Strontium Uptake and Excretion by Rainbow Trout,"
Midwest Benthological Meeting, Whitewater, Wisconsin, Anr:.l 9, 161,

b. Seminars (Off-Site and Local)

George, L. A., "Mechanisms of chemical protection from radiation,”
In-service Institute in Radiation Biology, University of Wasl'n.ngton,
Seattle, Washington, April 5, 1561.

Hungate, F. P., "Genetic Effects of Radiation," In-service Institute in
Radiation Biology, Univ. of Washington, Seattle, Wash., April 13, 1961.

Kormberg, H. A., "Use of Radioactive Isotopes in Biological Research,"
Seminar Institute of Forest Products, University of Washington,
Seattle, Washington, April 21, 1961.

Thompson, R. C., "Strontium-calcium interrelationships in the rat,"
Washington State University, Pul lman, Washington, April 27, 1961.

c. Seminars (Biology)
Case, A. C., "Biology's large animal counter facilities,” April 19, 1961.

Olson, P. A., "Effect of variable river flow on reactor effluent toxicity,"
April 19, 1961.

Dr. Noe Higinﬁotham, Department of Botany, Washington State University,
"Recent advances in ion uptake by excised higher plant tissue with
particular reference to electropotential, calcium, and auxin,"
April 26, 1961.
d. Miscellaneous Lectures

Bustad, L. K., "Radiobiology at Hanford," Brotherhood of Scuthside Protestant
Church, Richland, April L, 1561.

Hanson, W. C., "Project Chariot," Central United Protestant Church Brotherhood,
Richland, April 3, 1961l.

Hanson, W. C., "Project Chariot,™ HLO Finance Group - 300 Area, April 6, 1961.

George, L. A., "Biology Activities at Hanford," Project lngineers - 100-B Area,
~ April 13, 1961.

Sweany, H. A., "Project Chariot," Benton City PTA, April 18, 1961. .

George, L. A., "Biology Activities at Hanford," Biology Class, Kennewick High
School, Kennewick, Wash., April 19, 196l.

Davis, J. J., "Project Chariot,” Kiwanis Club, Kennewick, April 25, 1%61.

12513479
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c. Miscellaneous Lectures (continued)

Bustad, L. K., "Radiation and Aging," Golden Age Club, Richland Comunity
House, April 25, 196l.

Bustad, L. K., "Radiobiology at Hanford," Northwest Computing Association
Banquet, Richland, Washington, April 29, 1%61.

D. Publications

a. HW Documents
wone

b. Open Literature

George, L. A., S. Marks, and L. K. Bustad, "Fibrosarcoma in a Rabbit
Following B-Irradiation of the Skin," Nature 189, 770-71 (1961).

Dockum, N. L., "Autoradiography of tissue," in Encyclopedia of Microscopy,
p. 1-13, Reinhold Publishing Corporation (1961).

1

George, L. A., S. Marks and L. K. Bustad, "Electron microscopy and
autoradiography," Science 133, 1L423-24 (1961).
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTELY REPORT - APRIL, 1961

ORGANIZATION AND PERSONNEL

There were no changes in personnel during the month of April.

OPERATIONS RESEARCH ACTIVITIES

Input-Output Model

Work continued on a highly aggregated HAPO model in an effort to segregate the
learning pattern in the production process from that in design and construction
of new facilities. :

Objectives, Goals, and Measurements

A review has been made of the major criteria used for planning and evaluation
of progress at HAPO and the first draft of a report was prepared.

OPERATIONS ANALYSIS STUDIES

Fuel Element Performance

Estimation of the parameters in the empirical models expressing fuel element
distortion as functions of reactor variables was campleted. By comparing the
variation between fuel elements within cells of comparable power, temperature,
and residence time with the residual variance camputed about the regression
line; it was concluded that there is little room for improvement as far as
goodness of fit is concerned. This is especially true for warp. Based on
these models, calculations were performed giving the combinations of reactor
varlables which will result in a given average -amount of distortion, thus
enabling one to easily construct contour lines of the response surface.

Observed averages of fuel element distortion were plotted as a function of
canning date, and of Fernald shipping date which leads by sbout 25 days.
Values predicted by the empirical models were also calculated and plotted.
These showed that the distortion enviromment in the reactors has been essen-
tially constant over the past two years, but that there have been definite
cycles Ir observed warp accompanied by trends in diameter growth. These are
of sufficient magnitude to be of practical importance.

The relationship between warp and hot spots previously found for the initial
2000 Quality Certification fuel elements has been confirmed. This is now
hased on some TOOO fuel elements. A difference between reactors was found
in the tendency to exhibit hot spots for a given amount of warp, but the
reactors do not differ significantly in the amount of warp experienced by the
fruel elements charged.

Assistance was given in determininé "control limits" for pre-irradiation data.

asis DECLASSIAED™
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Initial meesurements performed on the bare cores of irradiated fuel elements
stripped in C-basin prior to measuring have indicated that an increased num-
ber of bare core measurements must be made. This program is being undertaken
to determine if post-irradiation measurements performed on the canned fuel
element are truly indicative of bare uranium distortion.

An evaluation was made of dingot uranium fuel elements based on the ten tubes
of dingots thus far measured under the Quality Certification program.

Same 60 tubes of data will be analyzed by using orthogonal polynomials to
describe the fuel element profiles in addition to the present method.
Programming to accomplish this is under way. It is felt that this technique
will give a truer picture of the types of distortion experienced in the reactors.

gggimization of Reactor gggrations

Further work was done on the problem concerned with determining fuel clip

requirements for use in charging the reactors. Noamographs were prepared which
enable optimum soluticdns to be located for a wide variety of conditionms.

Optimum sizes for supplemental crews are being determined for the period when
bumper fuel elements will have been charged in all old reactors. Formulas
developed last summer are being used with minor modificatiomns. In this con-
nection, it was shown that the problem of determining the probability of simul-
taneous reactor outages can be approached using available multi-channel queuing
theory results. An unscheduled outage can be regarded as the "custamer" who
awaits service at one of the reactors, or "channels." The probability of
simultanecus outages is then the probability that several "channels" are busy
at any time. Very good agreement was found between results predicted by this
model and observed data.

Process Tube leak Detection and Replacement

An attempt is being made to describe internal corrosion along a process tube
by polynomial expressions. Initially, an investigation is under way to deter-
mine if minimum thickness and location of same will result in roughly the same
pattern of corrosion along the tube. This should be helpful in future studies
of fuel element behavior.

Z-Plant Information Systems Studies

The new specifications for the General Electric 312 computer memory were received
from Phoenix during the month. Because the new memory is divided into two unique
portions, it was therefore necessary to segregate two unique and self-sufficient
program routines to use the second portion of memory. This presented a difficult
problem because the over-all computer program is comprised of many interdependent
functional subroutines designed to optimize memory usage. Two basic routines, '
the computer diagnostic and the daily receipt and disbursements report section,
were redesigned to include other functional routines sufficient to make them
self-sustaining. These modifications were coded and put into the over-all
structure.
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STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Data had been collected to test the hypothesis that at least 90% of the fuel
elements which would fail in a 50 hour autoclave cycle will have failed by
the end of a 20 hour cycle. Assistance was given in the interpretation of the

data.

Scme further work was done in eveluating factors associated with pre-irradiation
warp in NPR fuel elements.

Irradiation Processing Department

Several more curves were developed expressing fission product decey in a
reactor.

A study is being made of thermocouple variation in monitoring tube outlet
water temperatures. Results will be useful in determining limits of operation
based on safety considerations.

Given different ranges for permissible goal exposures, plus a knowledge of
front-to-rear flux patterns, a determination was made of the variation in
average exposures for a group of fuel elements selected randomly from those
discharged. Further results were found assuming the tubes involved are
selected at random, but that each tube is sampled campletely.

Work was begun on (1) the problem of providing an optimum (in the sense of
minimum cost) sampling scheme for in-pile detection of neutron sinks; (2) the
problem of providing statistical analysis of data on acceptance testing of
new tube fittings for NPR; and (3) the design of a testing program to deter--
mine reliability parameters of panellit gauge switches.

Chemical Processing Department

The required calculations were made for demonstrating conformance to speci-
fications of parts shipped during the first quarter of 1961. Since this
represented the first application of the recently adopted part by part
technique, a detailed description of the calculations was included in the
report. Calculations required to maintain control over the parameters of
importance are being performed by CPD personnel.

Available data were analyzed to evaluate the potential sources of variation

affecting the radii of fabricated parts. Conclusions reached on the basis
of these data were used to design future experimentation.

‘1251353 DEBESS




An experiment wes designed to evaluate the effects on product purity and density
of the iodine booster used in the reduction of plutonium fluoride. Data from
this experiment were analyzed, and the results reported. Further experimenta-
tion concerned with optimizing the production of buttons i1s being planned, and
current data are being analyzed to aid in designing these experiments.

Same results were found in connection with evaluating potential smoothness of
fabricated parts subject to limitations in the radius of the cutting tool and
the feed rate. : .

.

Further comments were given in connection with the potential hazards involved
in shipping. strontium and cesium to Oak Ridge.

Contract and Accounting

Mathematical assistance was provided in obtaining a series expansion for a
definite integral.

A sampling scheme was provided showing the proper sampling of various line item
categories in order to cover 7-8% of line items in this year's inventory. The
limits of error were predicted for such an inventory using past years' results.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Progrem

Chemical Develorment

A preliminary analysis was completed of mid-column photometer calibration data
and the results used to guide a machine calculation to determine the best mathe-
matical method of correcting for the temperature differential between calibration
and experimental runs. Output fram the machine analysis of the test data is cur-
rently being evaluated. Data from the calibration experiment for the rotometer,
which will be used to measure the flow rate of the pulse column feed streams, are
surrently being analyzed. Data from five individual test runs covering a range
of uranium concentrations have been analyzed to determine the form of the mathe-
matical relationship between flow rate and bob translation and the influence of
solution density. An experimental program was designed to calibrate the gamma
absorpticmeter, which will be used to measure *the uranium concentration of the
organic phase within the pulse column proper. The absorptimmeter uses a standard
cell containing pure water, two five-centimeter long cells for low uranium concen-
trations, and two one-centimeter long cells for high uranium concentrations. The
experimental schedule allows for the estimation of the average characteristics of
the two cell sizes as a function of uranium concentration and also the differences
between pairs of cells. In addition, any systematic time trends occurring during
the experimentation periocd can be estimated and subtracted out.

Materials Development

Further calculations were performed on the graphite physical properties test data.
The components of variance analyses on tensile strength measures, load and

FZaisiy
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deflection, electrical resistivity, thermal conductivity and coefficient of
thermal expansion were used to construct tolerance statements describing
the population of graphite bars currently under consideration for use as
NPR moderator.

Corrosion Studies

Further analysis was performed on M-400 and X-8001 alloy corrosion data from
an experiment to investigate corrosion rate of aluminum alloys as a function
of certaln heat treating variables. A new method is being used to estimate
corrosion penetration during the break away stage of the corrosion pattern
which is independent of any assumption on the pre-induction time corrosion
mechanism.

4000 Program

Swelling Studies

Several discussions were held with personnel of Physical Metallurgy Operation
to consider the utilization of the IBM 7090 to analyze fission gas pore size
distributions from the irradiasted uranium samples. All micrographs in the
current study have been read on the Zeiss particle size analyzer and a total
in excess of 50 pore size distfibutions are ready for analysis. These dis-
tributions are now being transcribed onto IEM cards. Void fraction and void
density estimates as well as the fundamental distributional characteristics
properties can be machine calculated and correlated with irradiation and
annealing variables.

Plutonium Reeycle

Data from the experiment designed to investigate high energy uranium oxide
impacting as a function of the independent variables, oxygen uranium ratio,
Dynapak piston pressure, and oxide temperature are currently being analyzed.
Response function techniques are being used to maximize oxide density as a
function of these varisbles. An IBM program is being written which will cal-
culate quadratic response functions for nonorthogonal factor levels of the
independent varlables, estimate the stationary point of the fitted surface,
and calculate.a confidence region for the position of the "true" stationary
point.

Ccmparison of results obtalned from actual particle packings using pre-
calculated particle sizes and size./ratios with those determined by pure
geometrical theory are not yet complete. In the meantime, an empirical
approach to the problem is under discussion which may more realistically take
cognizance of the facts that fuel fabrication mixtures are not truly composed
of spherical particles nor are the sizes or size ratios actually determined
to fine degrees of accuracy.

6000 Program

Biology

A four compartment, three parameter model was applied to the problem of
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predicting thyroid uptake in man. Data weresupplied by the Biology Operation
and the rate parameters were estimated by means of the analog computer. These
parameters were then applied to an analytical solution, and sclutions were
found for ten different sets of boundary conditions. A member of the Biology
Operation has obtained sclutions by means of an empirical formumla found in the
literature, and a cursory ccmpariscn of results indicates reasonable agreement.
Further comparisons will be made.

Work continues on the multicompartment model in an attempt to show the useful-
ness of the model in predicting experimental results.

Work continued on the problem of expressing the multicompartment model in terms
of & multivariate diffusion equation.

General

Instrumentation

Statistical analysis was continued of data from a reference system calibration
study being conducted by the Instrument Research and Develomment Cperation. The
reference system will be used to callbrate linear variable differential trans-
ducers in connection with in-reactor creep testing of zircaloy.

Division of Research Programs

Work continued Jointly with Chemical Instrumentation and Data Processing in the
setting up of a magnetic tape master file of program sample data. Several least
squares procedures for estimating total count at time zero and half-life from
correlated counting data were devised and flow charted for IBM coding. The
analysis of mass spectrometer uranium standard data was completed, the best
estimate for each of the standards was reported to interested persomns, and a
report is in preparation which describes the relationship between certain sta-
tistics that can be calculated fram a sequence of mass ratios and quantities
which describe the functioning of the mass spectrcmeter.

Work is continuing on the problem of determining whether reactor conditions can
be determined by a knowledge of the percentages of the various Pu isotopes in
the irradiated product.

MTSCELLANEQUS

Methodology

A discussion was held with personnel of Nuclear Physics Research Operation con-
cerning the use of propagation of error formulse to approximate the error in
products of random factors.

DECLASSIFEY il
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PROGRAMMING OPERATICN
APRIL 1961

A. REACTOR DEVELOPMENT - LOOO PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Computer Code Development. The PROTEUS 1 code was completely debugged and

is ready for operation. PROTEUS 1 greatly extends the information availeble
from the MELEAGER physics code by providing extra end points as well as non-
interacted graded data; but it 1s unable to generalize the specific power;

and it is also restricted to one type of input formet. PROTEUS 2 was written
(and is presently being debugged) to contain these features. In addition, the
code is being msde more efficient to reduce the computing time required per
case. When it is finished, PROTEUS 2 will replace PROTEUS 1.

The QUICK fuel cost code was modified to increase its utility. The PUVE

" plutonium value code was made into a subroutine and the printout arranged
so that all of the output will be on a separate cutput tape. This will make
it convenient to have the results bound into & book and be available to make
additional copies, as was done for the Russian Reactor and the Price Schedule
studies. o

PUCK II Economics was completely debugged and results now agree with those
previously obtained with PUCK I. Further work on PUCK II continues: formats
are being standardized throughout all subroutines, shipping cost equations
are being added to economics, and a new subroutine SCHEME, is being written
to produce a table of plutonium values as & function of delta fabrication '
costs for nonoptimized zoned operation. The main program for testing the
plutonium composition equations is now working and results have been plotted.
This routine will be used to determine near equilibrium plutonium batch
compositions for study in PUCK. Work on the first cladding study report
continues. It is planned to extend this work in another study to demonstrate
the impact of plutonium fuels on the interchange of cladding materials in
nuclear reactors. ‘

A study of burn-up calculations as a functiocn of flux-volume weighting has
also been started. :

PRP Planning and Analyses Activities. The study of the fuel cycle conditions
which show the most favorable economics by which the "Salt Cycle" partial-
decontamination type processes may be applied was continued during the month.
Efforts are being directed primarily at situations involving near-future
(5-to 10-year) reactor applications. An attractive application may also
exist in the use of this process as a step in plutonium oxide-uranium oxide
fuel preparation rather than as a separation process. In reactor cycles
discharging plutonium as well as valuable enriched uranium, it is probable
that salt cycle in combination with a more conventional process for uranium
recovery will be needed. For cases where the uranium is sufficiently depleted
to be essentially of no value a salt cycle process should be most attractive.
Work is continuing to establish these conditions, and to assess the economic
results.

UNCLASSIFIED
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During the month, one member of Programming participated in visits to
several NRTS hot laboratory sites (ANP-Arco, EBR-II, CPP, and MIR) for
discussions of hot laboratory technology which might be desirable for
inclusion in the Fuels Recycle Pllot Plant. ‘

SPECIFIC CYCIE ANALYSES

Special Studies. A computer print-out "book" of enriched uranium costs

was prepared for the Division of Reactor Development of the AEC at their
request. This "book" contains all combinations of 16 different separative

" duty costs and 16 different natural uranium costs; 256 schedules in all.

The cost of separative duty and the natural uranium costs were varied from
50 through 125 percent of the present values in five percent increments.
The computer print-outs were bound into two volumes; each including a brief
computer print-out describing the calculation procedure and the contents.

Supercritical Reactor. A number of fuel element cases have been evaluated
for the supercritical reactor using available machine codes to obtain total
fuel costs, which have been in the range of 3 mills per kwh. One difficulty
that has been encountered is that lower fuel costs are assoclated with
undermoderated lattices in this system. The physics models available for
survey work are being operated in a region for which they were not originally
designed when used with these lattices. Therefore work is in process to
bracket the credibility of the results attained to date.

The codes being utilized in these studies are: IDIOT for lattice parameters,
MELEAGER for reactivity and isotopic compositions as a function of exposure,
and PROTEUS to generalize and interpret the exposure and isotopic composition
data and prepare input cards for the economies codes. These cards are
utilized by QUICK to obtain the fuel costs for batch discharge operation and
by QUICK G to obtain the costs for fully graded operation.

The Graded Economics Code, QUICK G, has been extensively modified and
expanded. The isotopic concentration and exposures are printed out at the
beginning and end of each recycle step or at each enrichment for uranium
cases, The PUCK code utilizes a minimizing rocutine to yield minimum fuel
cost for any reactor being studied. This subroutine was modified and added
to the QUICK G code so that MELEAGER or PROTEUS output mey be minimized.
This minimizer will calculate minimmm fuel cost for each set of economic
parameters used in the normal QUICK calculations.

Graded calculations were made for the supercritical reactor, but without
startup and shutdown charges. These charges are added to the graded fuel
cycle cost to account for the extra cost of achieving equilibrium graded
operation and shutting down the reactor with only slightly burned up elements
as part of the fuel charge. The addition of these charges to the super-
critical reactor fuel costs amounted to less then 0.1 mill/kwh.

The supercritical reactor eccnomic calculations have to be made using a
special set of AEC economic rules. QUICK G has been altered to allow these
calculations to be made.

UNCLASSIFIED
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B.

Advanced Pressurized Water Reactor. A portion of the final physics
calculations for the revised study of the APWR have been completed using
the MELEAGER code. Changes in the resultant physics calculations from
those previously reported result from improved methods of calculating ‘the
effective resonance integral and from smell changes in cross sections.

A study to determine the effect of adding a boron poison to the fuel in

the APWR showed almost no effect on reactivity lifetime and associated fuel
cost if reactor control system costs are ignored. Four sets of reactor

cases were studied. In the first set, no boron was added; in the second,
enough boron was added to lower the initial value of k., to 1.15; in the 4
third, to 1.10; and in the fourth, to 1.047. 1In all four sets, the initial
conditions were for a three percent U-235 enriched fuel system, follcwed by
nine recycle cases which used three percent U-235 plus ninety-seven percent

of the plutonium from the previous case as enriclment. In all four sets of
data, the reactivity limited exposure for the first case was about 13,500
mwd/t; for the second case, about 17,500; and for the third through the

tenth cases, about 19,000. Gains are made, however, when usling boron poisoned
fuel in terms of a decreased requirement for control rods which would lower
the capital costs of the reactor. In set No. 1 (no boron added), the &k
(difference between initial and final values of ko for a given run) amounts
to 153 milli-k; in set No. 2, to 113 mk; in No. 3, to 88 mk; and in No. 4,

to 70 mk.

OTHER ACTIVITIES

The potential hazards involved in shipment of thousands of curies of long-lived
radionuclides, particularly cesium and strontium, were studied extensively
during the month. Primary attention was devoted to shipment of cesium as the
adsorbed catim on Decalso inorganic ion-exchange medium. The primary hazard
here-is clearly the release of cesium to the atmosphere either by volatilization
or by an explosion of other materials in comnection with the postulated accident.
On the basis of new cesium veciatility data and the above study the potential
hazard is less seriocus than previously bellieved. A report on this subject will
be issued in the near future. ’ |

Planning was also completed on the type of studies needed for estimating the
hazards of shipping Ce-144 sulfate, Sr9070,, and strontium adsorbed on Decalso.
Details of the above type of estimates were reviewed with Company specialists
in radiological hazards analyses.

Analytical work was completed on a series of uranium ore samples comprising

the total feed to a typlcal domestic uranium mill. The results showed a
thorium-232 content ranging from 3.3 to 60 ppm. The low Th-232 specimens
correspondingly showed high Th-230 ratios (up to 3.7% Th-230 in the total thorium
content). In general, a mixture of selected feeds to this mill could assure
Th-232 compositions containing more than 2% Th-230 in cover 40% of the total cre
supplied. Concurrently with these results, additional analyses were cbtained

in streams from a large miil in Colorado not investigated earlier. These streams
also shcwed thorium compositicms in the range of 2.1 to 2.4% Th-230 in the

total thorium content. Theze results confirm earlier indications and firmly
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establish substantial sources of thorium of relatively high Th-230 content
from existing mills.

Dr. Gerald W. Johnson, Associate Director of the Lawrence Radiation Laboratory
of the University of California, was the spesker at the Hanford Science
Colloquium on April 18. His topic was "Project Plowshare - Status and Problems".

Assistance was provided in arranging for visits and tours by 292 visitors
during the month. This mmber included 35 visitors om 21 official visits, 251 )
high school and college students and teachers on 7 separate tours, and 6 members
of the Press on two separate visits. It also included a one-day visit and tour
by Dr. W. B. Lewis, Vice President Research and Development, Atomic Energy

of Canada Limited, Chalk River.

Acting Manager,
Programming

FW Woodfield:rd
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF APRIL, 1961

A. ORGANIZATION AND PERSONNEL

R. F. Ballard was reactivated on April 12, 1961, and W. H. Bischoff was deactivated
on April 13, 1961 due to extended illness.

B. ACTIVITIES

Two cases of plutonium deposition were confirmed during the month. Each employee
was involved in a known incident, & contaminated minor injury and the spread of
plutonium contamination in the 305-B Building. Initial bicassay measurements
indicate a body deposition of less than 5% and less than 0.5%, respectively. The
total number of plutonium deposition cases that have occurred at Hanford is 267,
of which 194 are currently employed.

Two minor injuries were examined for plutonium contamination in the Whole Body
Counter. Each case showed detectable, but minor, plutcnium contamination which
did not warrant medical action.

Antimony-125 was identified in a regular examination of a Radiometallurgy employee
at the Whole Body Counter during the month. The body burden was estimated as

0.02 pc, an insignificant fraction of the maximum permissible burden of 4O
Subsequent examinations of all other Radiometallurgy personnel were negative.

Prompt action by a Radiation Monitor prevented significant exposure to an IFD
employee " from highly contaminated gauntlet gloves and other protective clothing.
While working at a rupture tube in the discharge ares of the 105-KE Reactor, the
monitor observed the employee grasp the contaminated end of a rupture tool.
Immediate removal of the protective clothing limited the dose to the hand to an
insignificant amount. A dose rate of 200 rads/hour was measured on the gauntlet
gloves. :

Contamination was largely confined to the fenced burial ground area in 200 East

Area following the rupture of a burial box conteining equipment jumpers from Purex.
Particulate contamination from 15,000 c¢/m to 500 mrads/hour was detected northwest
of the trench, but surveys revealed negligible contamination outside the fenced area.
The contamination was fixed to prevent further spread. Movement of several railroad
cars from Purex to the burial ground caused extensive contamination to the track

way in the 200 East Area. The cars had been used to accomplish a tunnel burial at
Purex, and were moved before being surveyed. General contamination to 80,000 c/m
was confined. to the track and immediate area. The rails were decontaminated and

the ground contamination fixed to prevent contamination of other railroad equipment.
No significant personnel exposure occurred in either incident.

A strontium spill resulted in floor contamination up to 300 rads/hour at the rear
face of the multi-curie cell in the 325-A Building. Decontamination was accomplished
with nominal personnel dose rates, but residual low level contamination required
temporary use of shoe covers for entry into the area. The recent false alarms of a
criticality meter in the 325 Building were traced to a faulty photomultiplier tube.
Procedures were improved to assure adequate, periodic inspection and maintenance of
ell criticality alarms in the 300 Area. ‘

£ UNCLASSIFIED
[231t35¢ -




UNCLASSIFIED G-2 IW-65408

Investigation of film dosimeter usage during three badge exchange periods revesaled
that for the first quarter of 1961, an average of 3.2 film badges were issued per
employee. More than 100 individuvals were issuved 6 or more film dosimeters for this
period; twice the required number. Apsrouriate action through management was
planned to reduce the number of film dosimeters issued.

Stack sample results at the Hot Semiworks indicated that 1Y auc/day of strontium
was discharged to the atmosphere during tue processing of the first spike runm.

Alr samples collected inside the facility also provided evidence that control of
airborne contamination is not yet satisfactory. No significant personnel exposure

oceurred.

Background surveys of the plant and surrounding environs were continued with the
aerial monitoring equipment for a total of 20 manhours of flying time.

Difficulties were experienced with the Redox stack 50' level sampling equipment
when cell block removal caused variable stack flows. Additicnal equipment design
work is planned to obtain a sample flow. proportional to the stack flow at the
higher flow rates encountered.

The solid state amplifiers for the Automatic River Monitoring Station were received
and installed:. Performance of the new amplifiers has been entirely satisfactory.
Specifications-and purchase orders were prepared to obtain sensitive, self-contained
temperature recording instruments to monitor Columbis River temperatures at the

300 Area and Pasco.

Field tests of the charcoal adsorber cartridges for I-l3l'monitoring neared com-
pletion. The data show that the diameter of the cartridge must be increased to
gein & constant air flow at the ideal linear velocity.

Efforts were continued to place the extended program for bovine thyroid monitoring
into operation. Drafts of instruction sheets for the veterinarians and special
agreements between the General Electric Company and the veterinarians were prepared
and submitted to the concerned parties for comment. :

The Annual Summary Report for 1960 on the Radiologicel Conditions in the Hanford
Environs was completed. One hundred copies were transmitted to HOO-AEC for distri-
bution to government agencies and interested public officials. :

A comprehensive hazards analysis for shipment of Cs-137 in 10° curie quantities
was completed. The results of the study were issued for comment with J. J. Fuquay,
R. L. Junkins, and E. C. Watson as co-authors.

Radiological Design Criteria for the Fuel Recycle Pilot Plant (FRPP) were discussed
with design engineers and operational personnel. Release limits for effluents

were reviewed and new stack limits derived, based on an average wind velocity vector.
Studies to determine the requirements for radiation monitoring and stack monitoring
equipment, including cost estimates, were initiated.

UNCLASSIFIED
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Preliminary studies indicate that density measurements with existing equipment
rermit evaluation of duPont 1290 film to a dose of 2000 r. This is similar

to the capability of spectrographic measurements for this film. It is also
comparable to the upper limit of duPont 510 film, achieved only by the X-rey
spectrometer method. The 1290 film has recently replaced the 510 film as

the insensitive emulsion in the Hanford film dosimeter.

The use of tungsten as a filter in prototype personnel film dosimeters has
resulted in a nearly linear film density response for gamma energies between
0.05 and 1 Mev. Studies are being conducted to reduce a slight density pesk
at 0.062 Mev. Additional experiments with the proposed dosimeter filter
system have demonstrated the capability of estimating beta dose in the
presence of plutonium low energy X-ray and gamms ray €Xposures.

About 100 ionization chamber finger rings of Hanford design were received

from Landsverk Electrometer Company. Performance tests were initiated. The
manufacturer requested information regarding authorization to produce the rings
for other customers. The request was referred to Purchasing and the HLO
Patent Attorney.

Engineering drawings were prepared for components of the double moderator
criticality dosimeter. Equations for the evaluation of the neutron energy
spectrum were derived from foil activation measurements. System performance
details indicate that the double moderator criticality dosimeter offers -
performance equal to the present threshold detector system for estimating total
neutron dose and only a slight compromise in neutron energy spectrum analysis.
Significant savings from lower fabrication costs plus elimination of the
plutonium and other radiocactive foils of the present detectors are accomplished
with the double moderator system.

The characteristic parameters of silicon diodes fabricated to Hanford specifi-
cations are being investigated. Measurements of the forward current, forward
resistance and pulse lifetime have been made. Studies are in progress to
determine the reproducibility of these measurements before any neutron
exposures are made.

The 400 channel pulse height analyzer was received and installed in the bioassay
laboratory. The equipmenht extends the capability of the laboratory by permitting
rapid measurement and identification of gamma emitters that may be encountered
in biological samples.

A continuous air monitor for measuring bete emitters was installed at the
Radiometallurgy Building, and field performance tests were initiated. Plans
call for installation of several units. Because of frequent false alarms, the
continuous glpha air monitors in the 231-Z Building were temporarily removed
from service. Continued use of the instrumentation is dependent upon improved
reliability. '

UNCLASSIFIED
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The prototype Scintran instrument was returned to the supplier with instructions
for corrective action to meet acceptance tests. A purchase order to provide

a plastic probe housing for the gamma insensitive, scintillation poppy probes
was cancelled when the vendor falled to deliver satisfactory items.

Personnel from RPO components participated in the National Civil Defense Exer-
cise, OPAL 61. The exercise for Hanford was conducted at the Mobile Emergency
Relocation Center. 3Based on fragmentary information received intermittently
through normal communications channels, fallout patterns and dose rates were
calculated and plotted for simulated nuclear weapon bursts throughout the
Nerthwest. From these predictions, radiclogical recommendations were made to
the Hanford Civil Defense staff and other participating localities.

C. TRIPS AND VISITORS

Radiation protection consultation was provided on April 18 through April 20 for
Dr. J. A. Norcross, Dr. T. S. Ely, Dr. J. V. Nehemias, and Mr. J. P. H. Kelly
who were at Hanford on a periodic visit for the Office of Health and Safety,
AEC Headquarters, Weashington D. C.

Dr. M. BEisenbud and Mr. E. R. Thomas from the Consolidated Edison Company dis-
cussed sampling of the Columbia River and biota on April 2L and 25.

Mr. J. W. Healy from General Electric at Schenectady and Mr. J. M. Smith from
APED consulted on the assessment of hazards from fission product release.

On April 3, 48 students from Chief Joseph Junior High School visited the
Calibrations Building.

D. EMPLOYEE RELATIONS

Seven suggestions were submitted by personnel of the Radiation Protection Operation
duripg the month bringing the year-to-date total to fifteen. No suggestions were
adopted and none rejected. Ten suggestions submitted by RPO personnel are pending
evaluation.

There was one medical treatment injury during the month for a frequeﬁcy of 0.47.
No security violations occurred during April.

Radiation Protection training included: a seminar on Internal Dosimetry was
presented on three occasions to IPD processing exempt employees and IPD radiation
protection personnel; radioclogical orientation talks were presented to .four groups
of new employees; and three 2-hour discussions on radiation protection were
presented to Hanford patrolmen.

UNCLASSIFIED
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E. SIGNIFICANT REPORTS

HW-69278 "Analysis of Radiological Data For The Month Of March, 1961"
by R. F. Foster

HW-69464 "Monthly Report - April, 1961, Radiation Monitoring Operation”
by A. J. Stevens

"Precision Instrumentation for an Electron Accelerator" co-authored by
H. V. Larson and I. T. Myers was accepted for publication in "Nuclear
Instruments and Methods".

"A Method of Linearizing Thermistor Thermometer Data in Calorimetry"

co-authored by H. V. Larson and I. T. Myers was submitted for publication
in the "Journal of Scientific Instruments".

UNCLASSIFIED
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-March 1961 - Mid April 1961)

Activity Monthly
Sample Type and location Type Average Units
Drinking Water
100-F Area Isotopic 0.6 % MPC_ -GI*
Separations Areas Gross Beta 1.7 x 10°7 pe/ce
Pasco Isotopic 6.3 %. MPC,, -GI#*
Xennewdick Isotopic <1l.2 % MPC, -GI¥**
Richland Gross Beta < 3.0 x 108 ue/ce
Columbia River wWater
Above 100-B Area Gross Beta 1.7 x 108eee  c/ce
100-F Area Isotopic 2.8 % MPC, -GI*
Hanford Isotopic 2.6 % MPC,,-GI*
Pasco Isotopic 16 % MPCy -GI**
McNary Dam Gross Beta No Sample
Vancouver, Washington Isotopic 0.8 % MPC,,~GI**
Atmosphere
11'31 Separations Areas 1331 k.1 x 10713 uc/ce
1131 geparations Stacks 3 0.6 Combined curies,
Active Particles - Project -- 1.1 ptle/100 m3
Active Particles - Environs -- 0.04 ptle/100 m3

Vegetation (Control limit for vegetation is 1075 ue 133l/g)

Separations Areas 1131 3.9 x 1078 uc/g
Residential T <1.5 x 1076 uc/e
Eastern Washington and '

Qregon ‘ 1131 No Samples

* The % MEC., is the percent of the maximum perﬁissible limit for occupational
exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

** The % MPC,-GI is the percent of the maximum permissible concentrations for
persons in the neighborhood of controlled areas for continuous exposure to
the gastrointestinal tract calculated from drinking water limits contained
in NBS Handbook 69.

¥4¢ This location is now sampled quarterly. The most recent result is tabled.
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents above Permissible Limits

HW-69408

' Whole Body localized
April 0 0
1961 to Dete 1 3

Gamms Penecils

Pencils Paired Readings Paired Readings Lost
Processed 100-280 mr Over 280 mr Readings
April 4,046 35 0 0
1961 to Date 18,788 248 13 0
Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose

Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet

mrad(ow) mr(s)

April 9,931 1,055 k2 29 22 10.12 24.30
1961 to
Date  LO,43h4 3,695 408 107 100 9.29 21.3k4
Neutron Film Badges -
Film Readings Readings Readings Lost
Processed 50-100 mrem  100-300 mrem Over 300 mrem Reeadings
Slow Neutron .
April 1,351 0 0 0] 2
1961 to Date 6,583 o) 0 0 27
Fast Neutron
April 163 L6 5 0 2
1961 to-Date 1,759 264 58 0 27
Whole Body Counter
Male Female April 1961 to Date
GE Employees it
Routine 8 2 80 228
Special b 0 4 31
Terminal 0 0 0 1
Non-employees 2 0 2 11
Pre-employment 0 O 0 9
Total 8k 2 86 271
Bloassay
April 1961 to Date
Confirmed Plutonium Deposition Cases 2 A Lk
Plutonium: Samples Assayed 465 2,398
Results above 2.2 x 10-0 pc Pu/semple .10 463
Fission Prcduct: Scmples Assayed 568 2,630
Results above 3.1 x 1077 uc FP/ 0 2
Uranium: Semples Assayed samplezal 1,143

*The totel number cf plutonlum deposition cases which have occurred at Hanford

has increased to 267, of which 194 are currently employed on plant.

o |

1251207
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Ura.niu.m' Analyses

Following Exposure Following Period of No Expos. .

Units of 10-9 pc U/cc Units of 10-9 uc U/cc

Humber Number

Semple Description Maximum Average Samples Meximim Average Samples
Fuels Preparstion k1.5 5.3 61 28.7 3.5 62
Fuels Preparation¥* 3.1 3.1 1 0 0 0
Hanford Laboratories \ 1%.8 4.2 26 23.3 2.7 29
Hanford Laboratories#* o} 0 0 0 0 o
Chemical Processing 602.3 21.7 38 21.9 L.6 38
Chemical Processing* ' 5.2 5.2 1 o] o] 0
Special Incidents 678.7 62.7 19 0 0 0
Random 1.3 0.9 6 0 0 0

¥Samples taken prior to and after a specific job during work week.

Thyrold Checks April 1961 to Date
Checks Taken o] Q
Checks Above Detection Limit 0 0
Hand Checks
Checks Taken - Alpha - 34,377 121,716
- Beta-gamme 48,159 188,157
Skin Contamination
Plutonium 22 85
Fission Products - 61 190
Uranium 1 - 25
CALIBRATIONS Number of Units Calibrated
April 1961 to Date
Portable Instruments :
CP Meter 916 3,626
Juno 230 933
GM 475 2,257
Other : 194 691
Audits 102 L1k
Total 1l ,917 7,921
Personnel Meters -
Badge Film 1,536 5,799
Pencils ' - p -
Other 2 1,52k
Total 1,532 7,323
Miscellanecus Special Services 1,363 3,505
Total Number of Calibrations 5,1hk2 18,749
ager

Radiation Protection
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - APRIL, 1961

GENERAL

There were no security violations charged to the Operation.

There were no major injuries; the minor injury frequency rate was
5.52 for the month and 3.19 for the year to date.

TECHNICAL SHOPS OPERATION

Potal productive time for the period was 20,153 hours. This includes
14,087 hours performed in the Technical Shops, 3,661 hours assigned to
Minor Construction, 67 hours assigned to other project shops and 2,338
hours assigned to off-site vendors. Total shop backlog is 19,301 hours,
of which 60% is required in the current month with the remainder dis-
tributed over a three-month periocd. Overtime hours worked during the
month was 5.2% (933.9 hours) of the total avallable hours.

Distribution of time was as follows:

Man-hours % of Potal

Fuels Preparation Department 5,195 25.8%
Irradiation Processing Department 857 L.2¢
Chemical Processing Department 665 3.3%
Henford Laboratories Operation 13,415 66.6%
Construction Engineering & Utilities 21 0.1%

Requests for emergency service decreased sharply, requiring an overtime
rate of 5.2%, compared to 8.3% the previous period.

At the close of the reporting period, there were two open requisitions
for Machinists. Candidates for these positlons have been processed
and final call-in issued. One Machinist and one Instrument Technician
were added to the roll during the reporting period.

Security performance was considered satisfactory with no violations.

There were 15 medical treatment injurles, which is considered higher
than normal for this type of operation.

CONSTRUCTION OPERATION

There were 70 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $T74,616. One hundred and four
new orders, 3 supplements and adjustments for underruns amounted to
$£8,904. Bupenditures during the month on HLO work were $72,016. Total
J. A. Jomes backlog at month's end was $71,50L.

UNCLASS IFIED
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Summary
HL CE&WO
Unexpended Unexpended
No. Balance No. Balance
Orders outstanding beginning of month 69 $ 73,162 1 - $ 1,454
Issued during the mo. (Inc.Sup.%AdJ.) 107 68,778 126
J.A. Jones Expenditures during month
(Ine. C.0. Costs) , 72,016

Balance at month's end 50 69,92k 1 1,580
Orders closed during month 135 89,051 0 0

FACILITIES ENGINEERING OFERATION

Projects

The following is a brief summary of project work in Pacilities Engineering
Operation: ' .

There were 15 authorized projects at month's end with total authorized
funds of $2,424,000. The total estimated cost of these projects is $8,734,000.
The expenditures on these projects through March 31, 1961, were $1,286,000.

The following summarizes the status of FEO project activity:
Number of authorized projects at month's end 15

Number of new projects authorized during the month: 3
CGH-902 Uranium Scrap Burning Facility
" CGH-919 314 Building Air Conditioning
CGE-924k 200 KW Induction Heating System - 306 Bldg.

Pro jects completed during the month: 0]
New project proposals submitted to AEC during month: 0o -

New projects awaiting AEC epproval:
CAH-917 Field Service Center
CGH-918 Second Whole Body  Counter Cell Addition - T47 Bldg.
CGH-922 Burst Test Facility for Irradiated Zr Tubes
CGH-927 Additions to 271-CR Building Waste Treatment
Demonstration Facility

Note - Proposals complete or nearing completion are as follows:
Cooclant Systems Development Laboratory

Laboratory Waste Retention Facilities Expansion
Safety and Operating Improvements - 231-Z Building

UNCLASSIFIED

1251370



UNCLASSIFIED

Engineering Services

H-3 HW-49408

Engineering work performed during the month included the following
listed major items as well as scope engineering for project proposals.

Title

Pressure Vessel and Piping Systems
Engineering & Inspection Service

"Split-half" Machine For Critical
Mass Studies

Control and Safety Rods for Temper
Pank (Critical Mass)

Electrical Modifications - 3702
Building

Special Filter Changer - CWS

Material Handling System and
Other Shop Improvements - 328
Building

a) Material Handling System

b) Coating Process Improvements

¢) Chuck Handling Procedure

1251271

Status

This is a continuing work program on

HIO vessels, pressure systems and re-
lated safety devices. The work includes
not only periodic inspection and engineer-
ing eveluations of plant pressure systems
but engineering service during design,
fabrication, installation, and operation
to R&D components having process devices
subjected to high pressures and tempera-
tures. Code compliance engineering
service work is being performed on 1)
PRTR Systems: 2) Irradiation Studies
Loop; 3) Breakaway Corrosion Loop; and,
4) Equipment Projects.

Mechanical design of machine is essentially
complete. Electrical design work remains.
Components have been purchased and are
being assembled. TPhe special drive for
remote control with instrumentation re-
mains to be designed and applied.

Development work is performed prior to
completion of design.

Field work is delayed pending availability
of craftsmen.

Material 1s on order for testing a pro-
posed design using plastic bags and
shielded cart.

Engineering work is in progress. Material

1s being ordered for installation.
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Title Status
Engineering Studies - 100-F A survey tour was made during March.

Recommendations of maintenance of main
air supply units in 108-F Building

were made.
Electrical Load Improvements - Load studies are complete. Engineering
329 Building design complete. Installation work
will be performed by Plant Forces.
Motorized Door Opening Device - Installation work complete except for
327 Building adjustments.

Modifications to H-1 Loop - 105-H Scope design work is in progress. This
Building, for Corrosion Studies will be used in preparation of a project

proposal.
Arrange space ‘and install utili- Design work in progress.
ties for business machines -
3760 Building.

Source Positionmer - 3745 Building Design complete. Material on hand.
: i Installation has started.

Zone Modifications - 325 Bldg. Cost estimates are being prepared based’
Air Conditioning System on completed detail design.

Drafting and Design Services

Work load in 3706 Building drafting room is constant with some overtime work
required. Branch offices in 306 and 308 Buildings have work loads without
backlog. The 308 Building drafting room was reduced by one man to better
equalize work load. The equivalent of 150 design drawings were completed
this month.

Major design and drafting work in progress includes the following:

1. Structural Materials Irradiation Test Facility - design - 43 drawings
completed.

2. Thermal Precipitator - 5 drswings required - 40% complete.
3. Critical Facility - spprox. 20 drmwings required - work complete.
4. Process Calciner - 25 drawings estimated - complete.

5. Rupture Loop Mock-up Facility - 15 drawings required - work temporarily
stopped.

6. Process Tube Monitor Mark III - 6 drawings required - 50% complete.

UNCLASS IFTED
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7. Spectroscopy Laboratory - 6 drawings required - £5% completc.

8. Shroud Replacement Tools - 20 drawings estimatéd - work started.
9. Waste Sludge Sluilce System - work started.
10. Flux Measuring Device - work started.

11. Arc Melt Hood - 6 drawings required - 70% complete.

12. Conductivity Insert Model II - work started.

Plant Maintenance and Operation

March costs were $156,819 which is 98.9% of forecast to date.

Analysis of Costs

The cumulative expenditure has risen to 98.9% of the forecast which
was made last December when the budget was reduced. This incresase
in activity arises from accelerated improvement maintenance. Our
efforts to obtain our share of the maintenance manpower has also
produced favorable results.

Improvement Maintenance

Item v

Relocation and alteration $ 6,136
Repainting 5,077
Reroofing g8
Electrical Modifications 410
Piping Modifications 7,813
H&Vent Modifications 2,815

Crane 2,665
§ 25,010

Plant Engineering and.Miscellaneous

Approximately 28,000 square feet of prints were reproduced during the
month.,

The total estimated value of the 10 requisitions issued during the
month was $260,000. The majority of this procurement activity is for
approved HLO projects. New signs are being procured using standard
terminology for use in areas requiring special radiological protective
apparel.

Painting is being continued in 325 Building.
Painting of certain rooms in 231-Z Building continued.

UNCLASSIFIED
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The rerouting of the crib waste line in 327 Building was completed
by J. A. Jones Construction forces.

Blectrical Load Studies are being made in 325 and 3760 Buildings.
New lighting panels are being installed in 325 Building.

The crane in 314 Building has been repaired and is in service.

" Improvements to fail-safe features of 325-A Building ventilation system
are being installed. :

The crane in 321 Building was inspected during the month.
Crane rails in 327 Building are being leveled.

Criticality alarm systems installed in the Hot Semi-Works and Critical
Mass Laboratory sre being interconnected.

Minor electrical modifications are being made in 3702 Buildirg.

TECHNICAL INFORMATION OPERATION

Preparations for the interviewers from Saul Herner and Company, who are
surveying Commission sites to teat the effectiveness of AEC's technical
information program, are proceeding smoothly. The survey was annoumced
in Management Newsletters to all Departments. A listing of all
scientific and technical personnel at HAPO is being run from the
Personnel Source File in Data Processing and the ordered sample will

be selected from it.

Two classification memos were distributed to the field. They are:

HW-69021 "Classification: Plutonium”
HW-69218 "“Excerpts from Minutes of the Sixth AEC Classification
Officers Meeting, Germantown"

All formal R & D reports will be reviewed by the Patent Attormey to
ascertain whether patentable material and/or legal objections exist to
Prevent a document being sent off-site. A corollary problem involving
the release to the AEC and its contractors of non-formal reports with
patentable material has been resolved with the use of a new sticker.
The sticker serves to explain +the Official Use Only category under
which such reports are released.

The annuel listings of non-classified and Confidential-Undocumented
documents charged out from Files were mailed to the field in conjunction
with the periodic inventory of classified documents. The listing has
resulted in an increase in the number of documents returned to Files.
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Representatives of IBM met with personnel from Technical Information
and C & A's Office Procedures Operation to review the detailed pro-
gramming of the Files' Card-a-type installation. Necessary forms
have been ordered, necessary furniture has been ordered, and the
Card-a-type operator has been selected.  Keypunching of off-site
addresses has begun. Stores has been asked to obtain a supply of a
small one-drawer file box which plant secretaries can use to keep
their copies of the new IEBM route forms to be used in the new system.
Installation is expected about June 1.

Work Volume Statistics

A March April
Document Distribution and Flles
‘Documents routed and discharged (copies) 19,763 29,057
Documents issued (copies) 11,466 14,206
Documents sent off-site (copies) 5,700 6,630
Document reserves filled (copies) 671 698
Documents picked up and delivered 19,114 18,889
Document Accountability
Holders of classified documents whose
files were inventoried L11 638
Documents inventoried in Files (copies) - -
Documents destroyed or retired (copies) 13,475 16,601
Documents revised (copies) 1,181 1,701
Documents pulled and documents filed
(copies) 18,391 22,654
Documents reclassified , 602 781
Documents microfilmed L, 220 3,772
Accountable copies of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site . 204, 941 199,886
Reference and Publication
Books cataloged (new titles) 88 152
Books added to the collection (volumes) 302 37k
Ready reference questions answered by
professional staff 223 1hs
Literature searches by professional staff 71 30
Reports abstracted (titles) 287 296
Formal reports prepared (titles) 9 12
Off-site requests for HAPO reports (copies) 181 306
Reports released to CAP (titles) 17 2k
UNCLASS IFIED
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March April
Library Acguisitions and Circulation.

Books ordered (volumes) : 377 . 318
Periadicals ordered 208 17k
Books circulated (volumes) . 2,519 1,647
Periodicals circulated (issues) _ 4,144 © 3,812
Inter-Library loans 81 58
Films borrowed or rented 10 - 18
Industrial film showings 33 . 106
Bound periodicals added to the collection 172 5
Bound periodicals discarded ‘ D 0

Library Collection:

Main Library W-10 Library 108-F Library Ind. Med. Total

No. of books 31,338 8,619 1,769 2,051 43,777

No. of bound

periodicals 14,422 14 1,892 6 16,299
k5,760 8,633 3,661 2,057 60,076

Classification and Declassification

Documents, including drawings and photogrsphs
reviewed for downgrading or declassification 351 ks
Documents and papers (intended for oral
' presentation or publication) reviewed
for appropriate classification 26 29 -

Documents submitted to Declassification
Branch, Oak Ridge 64 3

ager, "(\\

LABORATORY AUXILIARIES
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SEMI-MONTHLY PROIJECT STATUS REPORT | Hw- £akcé
GENERAL ELECTRIC co. — Hanford lLaboratories pATE ) /30/61

PROJ.NO. TITLE . FUNDING
CAH-822 Pressurized Gas Cooled Facility 4141 -Operating
AUTHORIZED PUNDS‘(Dt,,QN s hQLOOO AEC $ cosT acomMmTo L _J4-61 s 819’466
s 995,000 consT.$ 995,000 sx s 995,000 ESTIMATED TOTAL COST ¥ 1,120,000 ;
STARTING jpEsion D=-19-59 DATE AUTHORIZED EST'O. pESIGN L-20-B0 | PERcENT comPLETE '
DATES  comst. 10-17-60 |}oin. comp. oate 6-30-61 oaTEs | const. 9-30-61 WT'D. [3CHED. |ACTUAL
ENGINEER DESI 6N 100 100 100
REDO ~ DP Schievely TITLE |

MANPOWER AVERAGE [ACCUM ManDavs || E-TiIT41 | 100 100 100

A-TiIT )

FIXED PRICE
COST PLUS MXED FEE

CONST, 100 92 73
»F
CPFF 17 88 70
e 7 95 20
76 °) ] Tl

PLANT FORCES
ARCHITECT=-ENGINEER

DESIGN ENGINEERING OPERATION

GE FELD ENGINEERING

SCOPE, PURPOSE, STATUS & PROGRESS

Struther-Wells has completed steel shlielding design. Plans are being formulated
to mock-up in-reactor test section in "B" cell. .

PROJ. NO- TITLE  Modifications & Additions to High Pressure Heat Funoine
CGH-834 Transfer Apparatus - 189-D Building 0290 .
AUTHORIZED FUNGS | oo oi™e 66,000 AEC § cost scomm.To 4_16-61 s 697,658
s 700,000 const.s 634,000 {c: s 700,000 EITIMATED TOTAL COST s 745,000
STARTING [pesign H=20-59 oaTE aUTHoniZED L_8.59 ESTD [besian 2-15-61 PERCENT COMPLETE
DATES const. 4-22-59 DIN. comp, DATE L.].5]1 DATES lconst. T-1-61 WT'D: | SCHED. [ACTUAL
ENGINEER OESIGN 100 100 100
FEC - H. Redow TITLE |
MANPOWER AVERAGE [ACCUM MANDAYSHGE-TIT.11 | 100 100 100
FIXED PRICE AE- TIT. 11
COST PLUS FIXED FEEK 10 3700
PLANT FORCES ) ‘ CONST. 100 100 g95%
ARCHITECT ~ ENGINEER . PF
DESIGN ENGINEERING CPERATION 0 960 CPFF 100 100 95%
GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides necessary modifications to existing equipment to simulate
more severe in-reactor operating conditions in out-of-reactor facilities for

research and development studies.

The remaining signatures are being obtained for revised project mroposal requesting
additional funds and extension of the completion date. Construction has been
stopped pending authorization of this revision.

¥ Based on the revised estimate cost of $7h5;000.

1251377
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SEMI~MONTHLY PROJECT STATUS REPORT "W- 69408 -

GENERAL ELECTRIC CO, — laﬂ-‘ford Eboratories D.ATE 14'/30/61
PROJ.NO. TITLE ) . FUNDING
r_c_A,rL-alha Critical Reactivity Measuring Facilit 58-e-15
AUTHORIZED NNDT“NN s hjlooo axcs 148,000 cosT acomMm 10 L_16-61 s 115, 421
s 360, 000 CONST. $ 15,000 eg § 212le ESTIMATED TOTAL COST L 360 000
sTarTING [oesign 11-1T=-59 [oare autHomizeo EsT'0. oEsion 2-1-61 BERCENT COMPLETE
BAYES | .onst. 10=3-60 DI, comp, DATE 4-30-61 DATES ‘comf,aﬂ_j-6l " WT'D. | SCHED. [ACTUAL
ENGINEER — [T oEsi o 100 100 100
REDO - WS Kelly frioe ~
MANPOWER . AVERAGE [ACCUM MANDAYS [{ SE-TIT.||
FIXED PAICE ' AC TIT 11
COST BLUS MIXED FEE
PLANT FORCES [ CONST. 100 NS 37
ARCHMITECT= ENGINEER PF
DRSIGN ENGINEERING OPERATION cprr 60 0
GE FELD ENGINEERING ' i 50 1100 | 93¢
SCOPE, PURPOSE, STATUS & PROGRIKSS
The lock installation has been completed. Preliminary testing revealed certain
deficiencies in the operating mechanism. The vendor has been informed and is
providing the parts necessary to correct the deficiencies.
George Grant Co., the fixed price building contractor, is estimated to be
complete May 15 rather than May 1, previously scheduled.
* Does not reflect the progress made on G. E. procured items until such items are
. installed.
|
PROJ. NO. 7 TTLE . FUNDING
|_CGH-857 Physical & Mechanical Pro ies Test Cell- 1dg. 0290
AUTHORIZED FUNGS | euian s 75,000 agc $ cosT acomm.To bo16-6] s Th,94]1
s 75,000 CONST. S sz 8 75,000 ESTIMATED TOTAL COST s 430,000
STARTING [pesiam L1=2<59 DATE AUTHORIZED 10=1-50Q E3T0 Toeman 3-1-61 PERCENT COMPLETE
DATES ‘:cus?. DIR. COMP. DATE DATES [CONST. WT'De | SCHED. |[ACTUAL
CNGINKER DESIGN . 100 100 100
rm;mlﬂ: TITLE |
MANPOWER AVERAQGE |ACCUM MANDAYSIIGE-TIT. 11| 100 100 100
FIXED PRICE AE= TIT. 1§
COST PLUS FIXED FEE
BLANT FORCES CONST, 100
ARCHITECT - ENGINEER i
CESIGN :Ncm::mr@ OPERATION 1 SllO CPFF
GE FIELD ENGINEERING Fp
SCOPE, PURSPQOSE, STATUS & PRAOGRESS
This project will provide facilities for determining physical and mechanical
properties of irradiated materials, and involves the installation of a cell in
the 327 Building. X
A project proposal revision requesting the total comstruction funds is in
preparation.
231370

BM-7300-042( 2=61) aKc-ag NICHLAND, waSH.
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SEMI—-MONTHLY PROJECT STATUS REPORT , nw- 65408
GENERAL ELEcTRIC co. — Hanford Laboratories oaTe U4/30/61

PROJ.NO. TITLE FUNDING
CGH-858 High Level Utility Cell - 327 Bullding 0290
AUTHORIZED FUNDS {DESIGN s 70,000 agcs cosTacommTo L.16/6) s 70,000
s 70,000 consT. S ee s 70,000 ESTIMATED TOTAL COST $~1,00, 000
STARTING DEsign 11l=2=59 oate authorizen 10-1-59  [E3T'D. foesin 3-1-61 [ PERCENT COMPLETE
DATES tconsr. 8-6-61 DIR. COMP. DATE 2-6-62 DATES | consT. 2-6-62% wT'D. !scugp. ACTUAL
ENGINEER DESIGN w0 | 100 100
FEQO - KA Clark TITLE

MANPOWE R AVERAGE [ACCUM MANDAYS [|SE-TIT.1 | O5 100 100
FIXED PRICE AE-TIT{}
COST PLUS FIXED FEE endor 5 100 100
PLANT FORCES CONST. 100
ARCHITECT~ ENGINEER 35 PF
DESIGN ENGINEERING OPERATION 1 62’4. CPFF
GE F{ELD ENGINEERING ) FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide facilities to prepare specimens from irradiated materials
for use in determining their physical and mechanical properties and involves the
installation of a cell in 327 Building.

Procurement is progressing satisfactorily. The Bid on the cell procurement order
is due for opening on 5-8-61.

PROJ. NO. TITLE . ' FUNOING
CAH-866  Shielded Anslytical Laboratory - 325-B Building 61l-a-1
RUTHORIZED FUNOS | ooian s 60,000 {AEC s 45,000 cosT acomm.To_ 4.16-61 s_ 15,000(GE)
s 60,000 | consT.s : ce s 15,000 ESTIMATED TOTAL COST s 700,000
STARTING {DESIGNE-i-Eg DATE AUTHORIZED 5-31-60 - pesiankl-14-60 PERCENT COMPLETE
DATES const#=20=61 oin, comp. 0ATE 5-30-62 DATES |coOnsT. 3_1_62 WT'D: | SCHED. [ACTUAL
ENGINEER DESIGN 100 100 | 100
| FEO - RW Dascenzo MALLE -
MANPOWER . AVERAGE [AccUM MANDAYS||GE-TIT. I} 10 100 100
FIXED PRICE AE-TIT.HL | Q0 100 100
COST PLUS FIXED FEE i
PLANT FORCES CONST. 100 NS
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will allowgreater capacity for analytical work involving today's more
highly radioactive solutions and consists of adding a shielded laboratory to the
325 Building.

HOO-AEC Directive HW-L95, dated April 20, 1961, approved the project and
authorized the incurrence of costs in the amount of $700,000. The directive
completion date is Jume 30, 1962.

The advance construction notice has been issued and the bid package will be
issued on April 27, witF 2:1;‘15 bi,d.,oaening on June 1, 1961.
JiJi

BM TI00 -N427 T--R1) aer v siruiaw
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SEMI-MONTHLY PROJECT STATUS REPORT | *w- 69408 -
GENERAL ELECTRIC co. — Hanford lLaboratories oaTe L;./30/61
PROJ.NC. TITLE ) FUNDING
CAH-867 Fuel Element Rupture Test Loop ’ 58-e-15
AUTHORIZED FUNDS (D“.g" s 130,000 agc s 770,000 COST & COMM To ll»-léz 61 s 385,828
s1,500,000 consT.s 1,370,000 et 5 730,000 ESTIMATED TOTAL COST $7.500.000
STARTING [DESIGN §-;].-§§E " [ ATE AuTHORIZED g’or";"'__‘ oesian 2=15-61 I[ PERCENT COMPLETE
DATES L°N3T.ll-2-60» DIR, COMP. DATE 10_31_61 CATES chlT-lO-3l-6 WT'D. |SCHED. [ACTUAL
ENGINEER DESIGN 100 100 100
REDO - PC Walkup TITLE ¢
MANPOWER AVERAGE (ACCUM MANDAYS [|GE-TIT. 1 | Q] 100 100
Fixgo Pmice i ARTIRHI| 9 1100 | 100
COST PLUS MXED FEE
PLANT FORCES consT. 100 18%¢ 9, 8%
ARCHITEC T~ ENGINEER i 2 .. L
OESIGN ENGINEERING OPERATION CPFF ol
GE MELD ENGINEERING (1) 10 Q7 Q8
: _(2) | 33
SCOPE, PURPOSE, STATUS & PROGRESS (3) 31

(1) G.A. Grant Compeny.
All design drawings and construction specifications have been approved.

# Detail Design. Scope design started 11/2/59 and completed 3/15/60.
#* Water plant construction was scheduled for starting 3/1/61. Design drawings and
" specs for water plant and holdup tank forwarded to AEC-HOC early in February.
These have not been released for bidding as yet. The project is approximately
3 months behind schedule as a result.

PROJ. NO. TITLE FUNOING
CAH-870 1lity for Recovery of Radioactive Materials-325 Bldg. 60-a-1
AUTHORIZED FUNDS | oo "o 55,000 acc s B46,000 COST 4 COMM.T0 L=10-01 s 40,40T7(GE)
s 486,000 consr.s 440,000 {c: [ 40,000 ESTIMATED TOTAL COST s. 486,000
STARTING [pggign J1=20=50 | oaTE AuTHORIZED 3-22-60 ::‘:‘.2;..'0(’|¢3‘1'60 PERCENT COMPLETE
caTes LON“. 5-6-60 DIR, COMP, DATE B=Ll~01 DATES [consT. O-1-61 WT'D: |SCHED. ACTUAL
ENGINEER - oesien | 100 | 100 | 100
FEO - RW Dascenzo TITLE |
MANPOWER AVERAGE [AcCuUM MANDAavYsfee-TiIT.10 | 10 100 100
FIXED PRiCE - 14 2938 kemr.i] 90 [ 100 | 100
COST PLUS FIXED FEX _
PLANT FORCES CONST. 100 99 99
ARCHITECT - ENGINEER pF 1l | 100 | 100
DESIGN ENGINEERING OPERATION cprFF
GE FIELD ENGINEEZRING P 100 | 100 99

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide a facility for recovery of specific radioisotopes from
westes, and involves an addition to the 325 Building.

The Labor Service Contractor is scaling the vault cover slabs and cleaning out the
vault exhaust ducts. One of the government furnished agitator motors is being
replaced with an explosion-proof motor to make it compatible with the rest of the
vault. . :

]

cn
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SEMI~MONTHLY PROJECT STATUS REPORT . Aw- 53L0G
GENERAL ELECTRIC CO, — Hanford laboratories DATE h/%O/éL
PROJ.NO. TITLE FUNDIN G
" |CAB-888 Biology laboratory Improvements 60-h-1
AUTHORIZED FUNDS [pgsign s MI-,OOO AEC S )-I-O0,000 COST & COMM T0 !l-]6-6] [ ]
shQ0,00Q . 1cous1'. s 3'?6000 ce s 20,000 ESTIMATED TOTAL COST 5[3865’%0
STARTING DEsIGNn O=0=60 DATE AUTHORIZED  G=2-60 EEL'F?"_” pesieN 3-31-61 PERCENT COMPLETE
DATES lconsT. 6__15_61 DIR, COMP. DATE DATES | consT-3=-31-62 WT'D. |SCHED. ACTUAL
ENGINEER DESIGN 100 NS 00
- JT Lloyd TITLE
MANPOWER AVERAGE |ACCUM MANDAYS || SE-TIT(1 |17 T NS 100
FIXED PRICE AE-TIT. 1 % Ns lOQ
COST PLUS FIXED FEE
PLANT FORCES CousT, 100
ARCHITECT=-ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
| GE M ELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides additional space for biological research supporting services,
eand involves an addition to the 108-F Building.

Miscellaneous additions and changes were made by G.E. Co. to the tracings and specs.
which were made at the request of B.D. Bohna and concurrence of AEC. The tracings and
specs. were presented to the AEC on 4/18/61. Two sets of drawings and a rough draft
of the special conditions were handed to the AEC on h/7/6l. Bid package preperation by
AEC was held up pending receipt of their work authority dated 4/18/61, which was being
processed. G.E. advised the AEC it considered the radiation handling facilities was
insufficiently detailed (Title I only) to be included as part of the lump sum general
contract. The special conditions were prepared by G. E. accordingly and presented

to AEC on 4/19/61. The HIO Technical Shops is preparing en estimate of the handling

facilities.
PROJ. NO. TITLE FUNDING
CAH-896 Stress Rupture Test Facility 60-1
AUTHORIZED FUNBS | g 0y ﬂ,SO(;ﬁ—xe_irEES 78,500 cosT acoMm.TO 41667 s_9,271(GE)
< 90,000 j;cous'r. 82,500 se $ 11,500 ESTIMATED TOTAL COST 'S 90,000
STARTING [pesign T~29-60 DATE AUTHORIZED 3_6-6]1 EsT D . oEstan 12-1-60 PERCENT COMPLETE
DATES const. 3-20-61 DIR. COMP. DATE](.)F-61 DATES |consT. 10-15- WT'D. | SCHED. |ACTUAL
ENGINEER ' DESIGN | 400 100 100
FEO - H. Radow TITLE §
—; MANPOWER AVERAGE |Accum Manoavsilse-TIT 11 100 | 100 (100
FIXED PRICE 5 70 AE- TIT, 1t
COST PLUS FIXED FEE
PLANT FORCES . CONST, 100 14 12
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fe

SCOPE, PURPOSE, STATUS & PROGRESS

This project involves a facility for deliberately rupturing tubing to establish
service conditions.

‘The fourdations have been poured and piping is being placed prior to pouring the

walls and floor slab. The door to the 314 Building has been cut and framed. Sub-
AN [Vender procurement is progressing favorably.

{
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SEMI-MONTHLY PROJECT STATUS REPORT
GENERAL ELECTRIC CO, — Hﬂ-nford Iaboratoms

HW ~

69408 -

DATE h/3o fsl

GE FELD ENGINEKERING

PROJ.NG, TITLR FUNDING
CAH-901 Structural Materiel Irradiation Test Erg_gent - ETR 0290
AUTHORIZED FUNDS [oamian 5 12,000 aEc S cosT & COMM T0 [_18.6]1 s 58,308
s 125,000 Icousr.s 113,000 ex s 125,000 ESTIMATED TOTAL COST $7125,000
STARTING [oESian 9=1D=00 DATE AuTHORIZEDD=2=00 EsT'0- fomsian - 3-31-6 FPERCENT COMBLETE
DATES | onst, O=1=~6] oir. comp, oate 10-15-61 oaTes | const.10=15-61 WT'D: |SCHED. [ACTUAL
ENGINEER DES! 6N 100 100 1100
FEO - KA Clark TITLE |
MANPOWER AVERAGE [AccuM MANCAYs |[SE-TIT41 | 100 (100 100
»IXEZD PRICEK AE-TIT0 |
COST PLUS FIXED FEX
PLANT FORCES oA 100 NS_ NS |
ARCHITECT=- ENGINEER »r
OESIGN ENGINEERING OPERATION 1 165 cprr
»

SCOPE, PURPOSE, STATUS ¢ PROGRESS

in-reactor conditions can be determined.

furnish information concerning the project status.

The HOO-AEC has been requested to confirm the schedule change and

This projJect provides for the installation of equipment at the ETR for which
changes in the physical properties of reactor structural materials subjected to

Planned installation start date of 4/17/61 has been postponed for at least six
weeks because of higher priority work by the Phillips Petroleum Co.

PRGJ. NO. TITLE , FUNDING
CGH-902 | Uranium Scrap Burning Facility 61-4
AUTHORIZED FUNDS oESIGN § 5’000 ARC S 27,500 COST & COMM. TO S
s 36,000 const.s 31,000 {ll s 7,500 xsTiMaTED TOTAL cosT s 36,000
STARTING [pesian D=l-OL DATE AUTHORIZED  ]12-]1L4~-60% E37'D: |oesiaw T-1-61 PERCENT COMSLETK
DATES consr7=1=61 OIR. COMP. DATE  10~15-61. | DaTRS :o-:,$0'.15-6)1 WT'D: | SCHED. [ACTUAL
ENGINEER DESIGN 100 0 0
FEO - RK Waldman nTed
MANPOWER AVERAGE |ACCUM MANDCA YS{|GE- TIT. (1
FIXED PRICE AE-TIT. 01
COST BLUS FIXED FRE
PLANT FORCES ConsT. 100
ARCHITECT = ENGINEER PF
OESIGN ENGINERRING OPERATION crrF
GE FIELD ENGINEERING [4.]

<.y

LE |
[oRy |
[

SCOPE, PURPOSE, STATUS & PROGRESS

facility will be adjacent to the 333 Bullding.

were accepted as stated.

Design will start May 1, 1961.
* Accepted by the General Electric Compeny L4/17/61.

This project provides a means of making uranium scrap material safer for storage
and off-plant shipment by converting this scrap to a stable uranium oxide.

The

Directive and work authority have been received changing the Methods of Performing
Work. An extemsion of completion date may be required because of the delay in
accepting the work authority. The Work Authority and Directive Completion Date

BM -7300-042( 2—-61) azc-ct micuLanod wasw



H-3i53

SEMI—-MONTHLY PRCJECT STATUS REPORT L MW= £oLko8
GENERAL ELECTRIC co. —  Hanford Laboratories | oate  L/30/61
FROJ.NOC. TITLE FUNDING
CAH-914 Rattlesnake Springs Radiocecology Facility 61-
AUTHORIZED FUNDS [pesign 5 3, HO0% faecs 53,700 cosTgcoMmTo  J_16-61 $ 6,075
s 72,000 Iconar. s 68,600 Iee 518,300 EsmimaTED TOTAL CoST S 73 000
STARTING pEsign _ 3=1-61 DATE AUTHORIZED] 2-22-60 ESOLELl pesieN H=-1-61 PERCENT COMPLETE
PATE  fcousr. 715-61  |om.comr. oate 10-31-61  |ox7es | conar12-1-61 WT'D: |SCHED. [ACTUAL
ENGINEER . DESIGN 100 NS 8
FEO - OM ILyso TITLE |
MANPOWER AVERAGE [Accum MANDAYs|ISE-TITay 1 100 |NS 0
FIXED PRICE AETIT I}
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT= ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

mental conditions.

The field survey work is complete.
receilved to date. After comments,

Scope design by the A. E. has not been
detail design will be completed by Bovay.

This project will allow performsnce of radiocecological studies under local environ-
It consists of constructing field faecilities for this purpose.

Requisitions have been issued for equipment being purchased by G. E. Bids on the
first items are being reviewed at present.
* Bovay Engineers.
PROJ. NO. TITLE FUNDING F\unds
CAH-916 Fuels Recycle Pilot Plant Avail. to Corm.
AUTHORIZED FUNDS o oo asc S cosT acomm.To 4-16-61 s 43,000
s 50,000 CONST. S LGE s ESTIMATED TOTAL COST s 5,000,000
STARTING [pesign 3=1-61 DATE AUTHORIZED 2-9..6]_ 5::“2;_. pesian 3=1-62 PERCENT COMPLETE
DATES ICQN,Ts_l_é& DIR. COMP, DATE DATES C°N"-ll-l-6%‘ WT'D. SCHED. |[ACcTUAL
ENGINEER DESIGN 100 NS < L1
FEO - RW Dascenzo TE NS < 1
MANPOWER AVERAGE |[ACCUM MANDAYS|IGE-TIT. 11
FIXED PRICE AE- TIT. LI
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT = ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

12513563

| A Design Council Meeting was held on April 21, 1961.
was declded to locate this facility east of the 308 Building; to use 4-foot thick
high density concrete walls in routinely occupied areas; to limit stack height

to 50 meters and to establish a control estimate.

As a design basis, it

This project is to provide a facility to perform a full scope of engineering tests
and pilot plant studies assoclated with fuel reprocessing concepts.

B C73060 0427 T=6D
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SEMI—-MONTHLY PROJECT STATUS REPORT HW- o golo8 o
GENERAL ELECTRIC CO. — mansong I.a.boratdr:!.es | oaTe 4/30/61
PROJ.NO. "TITLE . FUNDING
CAH-917 Field Service Center - Atmospheric Physics 61-3
AUTHORIZED FUNDS [pgsign ¢ axc S COST & COMM TO s
s CONST. $ et S ESTIMATED TOTAL COST s 151,_,000
STARTING [pESigN D=15-81% DATE AUTHORIZED :‘:’OL.E;..JDB'GN 10-]_-61# PERCENT COMPLETE
oA TES {conu'; 11-15=-61% | on. comp. oatE DATES | consT-3-1-62%. WT'D: |SCHED. ACTUAL
ENGINKER  J{oesian 100
m - E I;o}@ . TITLE
MANPOWER AVERAGE |ACCUM MANDAYS (| SE=TIT(
FIXED PRICK ] AETIT. |
COST PLUS MIXED FRE
BLANT FORCES const, 100
ARCHITEC T~ ENGINEER PF
DESIGN ENGINEERING OPERATION ' CPFF
GE MELD ENGINEEARING Fe

SCOPE, PURPOSE, STATUS ¢ PROGRESS

This project will provide facilities necessary <to conduct atmospheric physics
regsearch and development programs.

The revised plot plan and sheet 7, of the proposal was transmitted to the AEC
on 4/14. The proposal has not been reviewed by the Commission for local
approval.

# Based on AEC authorization by 5/15/61.

PROJ. NO. TITLR FUNDING
CGH-918 Second Whole Body Counter-Cell Addition - 747 Building 61-]
AUTHORIZED FUNDS ORSIGN § AEC S COST & COMM, TO s
s CONST. S {Gl s EsTiMATED ToTaL cosT s 110,000
STARTING [oegign O=1-D1% DATE AUTHORIZED e DL, DESIaN 11-1-614 BERCENT COMPLETE
DATES f_cjouTr. 3-1-62% DIR. COMP. DATE DATES |consT.1]~1-620 WT'O. |SCHED.|ACTUAL
ENGINEER DESICN 100
FEO - H. Radow TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS(GE-TIT. 11
FIXED PRICE AE- TIT, 11
COST PLUS FIXED FER
PLANT FORCES CONST. 100
ARCHITECT ~ ENGINEER . PF
OESIGN ENGINEERING OPERATION [4.14 4
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide a second whole body monitoring cell in the T47-A Building
to increase the capacity of the Whole Body Counter Facility to meet projected needs.

The project proposal was submitted to the Commission on 12/9/60, and has been sent
to Washington for review by the Division of Biology & Medicine. There has
been no further action since the last report.

* Assuming AEC authorization by 7-1-61.
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SEMI-MONTHLY PROJECT STATUS

REPORT LW ZghoR
GENERAL ELECTRIC co. —  Hanford Laboratories l' oaTe  L4/30/61
PROJ.NO. TITLE FUNDING
CAH-919 Alr Conditioning - 314 Building 61-]
AUTHORIZED FUNDS |ogsign g T Tagcs COST & COMM TO s
s TonaT.s eE S ESTIMATED TOTAL COST $735,000
sTARTING DESIGD=2-61 DATE AUTHORIZED AN oesiGNT-5=-61 PERCENT GCOMPLETE
paTES {Lcousr6-15-6l iR, comP. 0ATE 9-15-61 oaTEs | consr9-15-61 WT'D. Lscmzo. ACTUAL
ENGINEER DESIGN 100
FEO - OM Lyso Hmme
MANPOWE R AVERAGE |ACCLM MANDAYS || SE=TIT.|
FIXED PRICE ' AE=TIT 1|
COST PLUS FIXED FERE
PLANT FORCES CONST. 100
ARCHITECT= ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FELD ENGINEERING FP
SCOPE, PURPOSE, STATUS & PROGRESS
This project will supplement existing cooling units, thus providing cooling alr
supply commensurate with heat load and outdoor temperatures.
Directive AEC-188 dated March 8, 1961, authorized the project and assigned
menagement to the Atomic Energy Commission. Work Authority was issued
4/18/61, to the G. E. Company. Design will start immediately.
PROJ. NO. TITLE FUNDING
CAH-921 Geological & Hydrological Wells - FY-61 61-3
AUTHORIZED FUNDS [ o e 1,000 aecs 69,500 COST & COMM. TO s
s 79,000 const.s 652,000 {e: s 9,500 ESTIMATED TOTAL COST s 79,000
STARTING [pesign =15-61 DATE AUTHORIZED 2-21-61 o, uulan5-]_.5-61 il PERCENT COMPLETE
DATES consT. 5=2-61 DIR. COMP. DATE1D.3] .61 DATES CON!T-12-31-6J[ WT'D. | SCHED.|ACTUAL
ENGINEER ‘ DESIGN 100 ‘
FEQ - HE Ralph : TTLEY () 100 10 o]
"MANPOWER AVERAGE [ACCUM MANDAYS|lGE TIT. 1t
FIXED PRICE AE- TIT. 11
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT ~ ENGINEER oF 0
DESIGN ENGINEERING OPERATION CPFF ' R 0 Q
GE FIELDC ENGINEERING id 97 10 0

SCOPE, PURPOSE, STATUS & PROGRESS

monitoring wells.

A. M. Jannsen Drilling Co.

—~

gl

1201353835

This project involves the continued drilling of special research, test and

On April 19, a contract orientation meeting was held by the AEC for the
No work will be started on our portion of this
contract until May 2, or when second drilling rig arrives on site.

BM -7300-042( 2—61) aec.cz RICHLAND. WASH
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COST PLUS MIXED FREK

_—
PLANT FORCES CONST, 100
ARCHITECT= ENGINEER %3
DESIGN ENGINEERING OPERATION corr

o

GE MELD ENGINKERING

SEMI—-~MONTHLY PROJECT STATUS REPORT HW-  60L08
GENERAL ELECTRIC cO. — Hanford ILaboratories DATE ll»/30/61
PRGJ.NO. TITLE FUNDING
CGH~922 Burst Test Facility for Zirconium Tubes 61-3
AUTHORNIZED FUNDS [oggian § ARC $ COST & COMM TO s
s ‘[cous'r. s P | #snmaveo ToTALCosT  $TZ28,000
STARTING [DESIGN DATE AUTHORIZED EZL.E.'_ lDBIGN PERCENT COMPLETE
DATES  lconsT. DIN. COMP, DATE DATES | consTe WT'D. | SCHED.|ACTUAL
ENGINEER oESIaN 100
FEo - H. Radow _ TITLE |
MANPOWER AVERAGE ACCUM MANDAYS |{ S2-TIT, |
FIXED PRICE A= TIT §)

1COPE, PURPQSE, STATUS 8 PROGRIESS

This project will provide facilities to permit deliberate destructive testing of

irradiated zirconium tubing. This will provide operating and tube life data not
now availlable because of the limited operating history of Zircaloy-2 pressure
tubing in reactors.

The project proposal, which was returned by the Conmission without action, has
been revised to include supplemental data requested by the Commission and is
being routed for G. E. Company approval.

PROJ, NO, TITLE FUNOING
CGH-923 Spectroscopy Laboratory ‘ 0290
[AUTHORIZED FUNGE | oqigng o5 900 agc S cosT acomm. 10 [h-]16-61 s 6,300
s 95,000 CONST.$ . 500 {cl: s  08.000 KESTIMATED TOTAL COST $ 95,000
STARTING 1an 3=21-61 DATE AUTHOMIZED  3=0w=HL ::‘L 'D"_ pgsianb=1=61 || PERCENT COMBLETE
DATES Lo,‘"‘g-l_&L OIR, COMP, OATE 11-15-01 DATES |consT. 1]_-15-6 WT'De | SCHED. [ACTUAL
ENGINEER DE3IGN 100 INS (30
FEO - RC Ingersoll MALLEL .
MANPOWER AVERAGE |ACCUM MANDAYS{8E-TIT. || 0
FIXED PRICE AE~ TIT. 1
COST PLUS FIXED PR
PLANT FORCES ConsT. 100
ARCHITECT = ENGINEER Lad
DESIGN ENGINEERING OPERATION crrFF
GE FELD ENGINEERING i

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide a facility for specialized spectroscopy work.

Purchase specification for procurement of the NMR Spectrometer has been prepered.

Field Work Release #67 has been issued to J. A. Jones for procurement of air
conditioning equipment.

Bid opening on'the NMR Spectrometer equipment is scheduled for L4-27-61.
Bid opening on the air conditioner is scheduled for 4-28-61.

12013300
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SEMI—MONTHLY PROJECT STATUS REPORT
GENERAL ELECTRIC CO. — Hanford laboratories 4 DATE ll»/30/6l
PROJ.NO, TITLE FUNDING
CGH-G24 200 KW Induction Heating System - 306 Building 0290
AUTHORIZED FUNDS [pesian s 3, 200 {'A“ s 24,650 COST & COMM TO s
s 31,000 cONST. § 27:800 st 5 6,350 ss‘nu:rtu TOTAL COST s
STARTING pEsign D=l1-01 Toate authorizen 3-27-01 EsTO. |oesian T-1-61 PERCENT COMPLETE
DATES kousr. 6-1-61 IR, comp. pate  2=28-62 DATES |consT.-9-1-61 WT'D: | SCHED. |ACTUAL
ENGINEER DESIGN 100 0 0
FEO - RC Ingersoll TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS || GE=TIT.1)
FIXED PRICE AE=TIT ()
COST PLUS FMIXED FEE
PLANT FORCES CONST. 00 | O 0
ARCHITECT~ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS
This project will provide a source of power for induction heating for R & D work
in the 306 Building.

The directive and AEC Work Authority has been received.

A work release authorization dated April 26, 1961, has been issued By G. E. Co.

PROJ. No. TT-€  Additions to the 271-CR Bullding Waste Treatment FuNBING
CGH-927 Demonstration Faecility 61-]
AUTHORIZED FUNDS TD!SIGN s AEC § COST & COMM. TO s
S hONST.S {GE S ESTIMATED TOTAL COST S
STARTING [pesign [ =d~DLl¥ DATE AUTHORIZED ::L'EL_ pesian L1=1-61 PERCENT COMPLETE
DATES {consv. ]_0-1-6]_* DIR. COMP. DATE DATES ‘cous?.h-l-gz*q WT'D. SCHED. |ACTUAL
ENGINEER _ [JoesiGn 100
FEO - KA Clark TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS{GE-TIT. |
FIXED PRICE AE-TIT. 1)
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT ~ ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project provides facilities for pilot plant development of decontamination
processes for intermediate level chemical processing plant waste for safe
discharge to the plant environs.

12515301

* Based on authorization by 6-1-61.

The project proposal was submitted to HOO~-AEC on 3-23-61, and was approved
by the Project Review Board on 4-13-61. No directive has been issued to date.

BM-7300-042( 2—61) aec-4¥ RICHLARD, WASH,
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PROFESSIONAL PLACEMENT AND
REIATIONS PRACTICES OPERATION

MONTHLY REPORT

COMMUNICATIONS

Prepared script and directed fillming of televised news feature on Operation
Plowshare and Projeet Chariot. Presentation date for the film has been set

for May 14 at 4:00 P.M..

Prepared press releases on: (1) E. J. Seppi's fellowship, (2) V. G, Aquino's
fellowship, (3) E. A. Evans' trip to Brussels. In addition, participated with
Relations Operation in the preparation of releases on: (1) magnetic force
resistance welding (2) E. D. Clayton's trip to Germany.

EMPLOYMENT (Professional)

Advanced Degree - Twelve Ph.D. candidates visited HAPO for professional employ-
ment interviews. Eighteen offers were extended; three acceptances (all HL) and
one rejection were received. Current open offers total 17. Recruiting trips

to three universities occurred. A

BS/MS - Offer acceptances rose sharply during April as did rejections. Year-
to-date progress in campus recruiting has resulted in 152 offers, 48 acceptances
and 42 rejections. We currently bhave 62 offers open.

Technical Graduate Program - Six Technical Graduates were placed on permanent

assignment during the month. Three new members were added to program rolls.
. Current program members total 43.

EMPLOYMENT (Non-professional)

Ten requisitions were filled during the month with a total of 25 active requisi-
tions remaining ‘o be filled.

” 4

0. E. Boston, Manager 5

Professional Placement
and Relations Practices

OCEB:1lmh
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TABLE III. PROFESSIONAL PERSONNEL PLACEMENT

A. Technical Recruiting Activity - HAPQ - September 1, 1960 to date

Visits to Richland Offers
Cases To . On the
Congidered Invited Visited Visit Offered Accepted Open Roll
PhD 515 150 59 31 Lo 9 17 3
Exp. BS/M3 363 66 53 2 61 40 1 26
Prog. BS/MS 345 - - - 152 48 62 8
B. Technical Recruiting Activity - HL - September 1, 1960 to date
. Vigits to x.._.oEbbm. : Of fers
Cases To On the
Considered Invited Visited Visit Offered Accepted Open Roll
PhD 515 150 59 31 33 T 16 2
Exp. BS/MS 190 32 22 1 18 11 1 b

In addition to the above activity, 8 exempt
employees have transferred into HL from other
HAPO departments and 10 technical graduates

" have accepted off-program placement in HL

to date.

1251389
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C - Technical Graduate Program
Month ending April 30, 1961

Nunber Personnel on Assignment

(HAPO Tech Grad Program ...............
(Engineering & Science Program ........

Distribution of Assignments by Departments

IPD
HL
FPD
CFD
C&AQ
CE&UO

Distribution of Assignments by Function

Research & Development or Engineering
Other )

L8

16

'—J
O w0

30
18

HW-69L08
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FINANCIAL OPERATION MONTHLY REPORT
APRIL 1961

Personnel
There were no personnel changes during the month of April.
Activities

GENERAL ACCOUNTING OPERATION

A report which has been issued by General Accounting for some time was discon-
timied following receipt of information that information contained was not of
great value to Hanford Leboratories. This report was entitled "Visitors to
HLO and Travel Planned by HLO Persomnel”.

Following is a schedule of approval letters in the hands of the Commission or
which have been submitted to them and the current status of each letter.

Number Title Status

AT- 97 Cooperative Program for Evaluation Submitted to AEC in April.
of Decontamination Agents. Not yet approved.

AT-104 Fission Products Dispersal Handbook Submitted to AEC in March.

Not yet approved.

AT-105 Symposium on the Bilology of the Submitted to AEC in February.
Transuranic Elements Not yet approved.

AT-140 National Academy of Sciences - Approved April 13, 1961.

National Research Council - Advisory
Committee on Civil Defense

AT-149 Recruiting Practices Submitted to AEC in early
M. . .

. Travel activity in April was considerably below the year earlier level. The total
year-to-date level at the end of April was essentially the same as for the first
ten months of FY 1960.

Project unitization reports were issued quring the month on the following projects:

CAH-864 Shielded Animel Monitoring Station, 100-F Area $h45,240
CGH-8TT Pyrochemical Test Facility, 321A Building 68,584
CAH-878 Additional Facilities for Isotope Study on

Animals - 141C Building

During the month preliminary unitization work was performed on the followlng
projects and equipment tagged:

125130 | UNCLASSIFIED
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AEC-167 Plutonium Recycle Test Reactor

CGH-T85 In-Reactor Studies Equipment - 105 KW

CGH-805 High Temperature Tensile Testing Cell - 325 Building
CAH-822 Pressurized Gas Cooled Loop Facility - PRTR Site
CAH-842 Critical Fecility - PRTR Site

The physical inventory of movable cataloged equipment in the custody of f&eactor
and Fuels R&D Operation which began March 13, 1961, is still in progress. The
field count is proceeding on schedule. .

Reconciliation of physical inventory of fixed property in commection with the
Cold Semi-Works - 321 Facility by C%AO is still in progress.

‘The quarterly inventory of Special Materials in the custody of 93 HLO holders
was conducted as of March 31, 1961. The new verification type inventory intro-
duced this quarter was well accepted by holders of special materials and
expedited the inventory reconciliation. The new HIO verification type
inventoryaprzcedwe has been put into effect plant wide and incorporated in
HAPO OPG 8.l14.

Heavy Water expenditures through April were $74,659. Heavy Water accumulated
for return to SRO0 for rework at April 30, 1961, amounted to 4,223.540 kgs.
During April, 14,485.850 kgs. DoO were received from SROO valued at

$446,465 Fund and $309,TT79 Non-Fund.

Thirty-nine new items valued at $22,565 were received at the Laboratory Equipment
Pool during the month. Four items valued at $900 were withdrawn by custodians and
19 items valued at $5,008 were disbursed in lieu of placement of requisitions. One
item valued at $101 was retired from record on a Property Disposal Request. There
are currently 657 items valued at $243,135 located in the Equipment Pool. Included
in this total are 100 uncataloged type items valued at $15,519 available for loan
or transfer and M items valued at $1,800 which are being held for the convenience
of others. :

Reactor and Other Special Materials on hand at month end consisted of the following:

Beryllium 1,211 gr. $ . 696
Geld 2,258 gr. 3,027
Palladium 2,219 gr. 2,530
Platimm 5 896 gr. 17,158
Silver 2 433 gr. 97

Zirconium
Inventory Stock 3,075 1b. 67,490
R&D Stock 607 9,11k
Scrap 9,643 -0-
$100,112

Acticn as indicated occurred on the fcllcwing projeéts during the month:

New Funds Authorized HLO '
CAE-866 Shielded Analytical Laboratory $138, 500

CAH-888 Biclogy Laboratory Improvements 10,000

CAH-902 Uranium Scrap Burning Facility 7,500

CAE-019 Air Conditioning - 314 Building 6,350

CAH-924 200 KW Inducticn Heating, 306 Building 6,350
UNCLASSIFIED
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Construction Completion and Cost Closing Statements
CAH-864 Shielded Animal Monitoring Station - 100-F
CAH-8T78 Additional Facilities for Isotope Study on Animals
141-C Building
(4-C reports for AEM Services on these projects were
issued several months ago)

Concurrent with the authorization of Project CAH-924, 200 KW Induction Heating
306 Building, the AEC will retain mensgement of equipment projects when work is
to be performed under lump sum contract. General Electric will record and report
all costs (GE and AEC) in Equipment Work in Progress and apply these costs
ageinst GE equipment fund allocations.

A complete analysis of equipment fund expenditures fiscal year to date and fore-
casted expenditures for balance of this fiscal year was prepared for Cost Accounting.

COST ACCOUNTING OPERATION

As a result of a meeting held on April 27, 1961 between Cost Accounting personnel
and the Specialists - Technical Administration to discuss the budget status of
Hanford laboratories and subsequent discussions between the Specialists -
Technical Administration and the Section Managers, the HLO control budget was
adjusted to reflect a more appropriate balance between anticipated fiscal year
costs and program authorizations. Adjustments were as follow:

» New
Program (Amounts in Thousands) Change Authorization
Program
Swelling Studies $ -21 $ 169
In-Reactor Measurements of Mechanical Properties - 30 395
UO, Fuels Research + 51 : T61
Plutonium Recycle Program
Plutonium Fuels Development + 25 1 ko5
Uranium Fuels Development - 63 602
Fuels Reprocessing Development + 25 875
Physics and Instrumentation - 10 -~ 565
Design Development - 30 128 -
Reactor Engineering Development -- ' 612
Materials Development -- 450
Test Reactor Operation +325 1 625
Cycle Analysis -- 200
Procurement of HX Plutonium - by 6
Tetal Plutonium Recycle Program +228 6 538
Project Gas Loop ' _ - 35 385
Equipment -193 789
Total O4 Program - 10 601
05 Program
Radicochemical Analysis + 10 250
Equipment - 10 43

In additicn to the adjustments listed above, the April control budget reflects
the following authorization changes.

UNCLASSIFIED
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Decrease of $10,000 in CPD Spamsored Process Technology.
Increase of $20,000 in service for CPD to provide a budget for a work
order associated with their Weapons Research and Development progran.

The Rudget for FY 1963 and Revision of Budget for FY 1962 is complete. The
Research and Develomment Proposals have been distributed to all interested person-
nel. Work will now begin on a book for presemtation of the budget to HLO

management .
Special request activity during the month was as follows:

1 - Costs for Project Chariot for the summer of 1961 were estimated at
$32,800 (incremental). Authorization of $30,000 is expected in the
FY 1962 Financial Plan.

2 - 8. H. Bush participation in the APED review of practices with respect
to reactor and power plant structural materials. ' Authorization was
for salary, IME and travel.

3-A trensmittal letter was received from HOO-AEC to proceed with fabri-
cation of 48 alumimm alloy clusters for Bettis - Westinghouse. A
total of $30,000 will be suthorized for this work.

k.. Cancellation has been received on the Air Force purchase order
PR J572. This authorization was in the amount of $55,000 and was
for experimental investigation at Edwards Air Force Base, California.
This is the result of the discontimiance of the overall aircraft muclear

propulsion program.

'Ca.ncellat;!.on'ha.s been received on a $3 ,600 purchase order from GE ANPD
for X-ray Diffraction Analyses. The reason is the same as above.

A new date processing report has been prepared for submission to the cost center
managers. It will detall the charges for Bulldings and Utilities by building,
percent of space occupied and monthly charge by building. This report is a by-
product of information already on the machine.

The quarterly report listing Hanford Laboratories pla.nned expenditures of
$5,000 or more for each item of material and off-site contract procured for
research and development programs during the balance of FY 1961 was prepa.red
and transmitted to Contract Accounting.

The quarterly report on Hanford Laboratories' Training Program costs was .sub-
mitted to Financial Consolidations.

Unit Cost Reports for Radiation Protection, as prepared for the old organiza-
tions, were temporarily discontinued; two meetings have been held with the new
Subsection Managers to discuss the contimuaticn of these reports. As a result,
A. J. Scott, Specialist - Measurements and Procedures, was requested to investi-
gate the situation and provide recommendatiozns in accordance with their current
requirements.
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Peyroll Statistics

Ew-69_408

Number of HLO Employees Non-
Changes During Month Total Bx Exempt
Employees on Payrcll at Beginning of Month 1 361 641 720
Additions and Transfers In 14 4 10
Removals and Transfers Out 14 6 _8
Employees on Payroll at End of Month 1 361 639 722
Overtime Payments During Month April March
Exempt $ 102 $ L 631;2
Nen-Exempt 22 0
Total $25 661 6% $26 626
Gross Payrecll Paid During Mcnth
Exempt $572 243 576 812

$ﬁ o b h66 221

Non-Exempt
Total
Participation in Employee Beneflts April
Plans At Month End Thmber Percent
Pension Plan 1213 99.3
Insurance Plan
Personal Coverage 371 99.9
Dependent Coverage 981
U.S. Savings Bonds
Stock Bonus Plan 64 32.2
Savings Plan 83 6.1
Savings and Security Plan 1 ok6 90.0
April
Insurance Claims TNumber Amount
Employee Benefits
Life Insurance 1 $21 514
Weekly Sickness and Accident 16 939
Comprehensive Medical 62 6 071
Dependent Benefits
Comprehensive Medical l_gg_ 12 18
Total 200 $50 12
Good Neighbor Fund April
Tunmber Participating 930
Percent Participating .3

W. Sale:bk
May 1Z, 1961

!
e
wn

=3
c.n

March
Thuber Percent
1215 - 99.3
371 99.9

982
65 32.7
8L 6.2
1 049 90.3
March
Number Amount
0 $ 0
7 581
95 7 087
2ho 1k 910
March
929
68.3
UNCLASSIFIED
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

H, L. Libby An Eddy Current Device for Detecting
Anisotropic Conditions _

R. T. Allemann Cataphoretic Bubble Scrubber for Radio-

R. L. Moore : active Off~Gas Decontamination

G. B. Barton High Strontium Glasses for Heat Source

W. H, Swift ‘ Application

H, L. Brandt A Device for Transporting Solid Partic-

ulate Resin in a Liquid Medium

R. F. Maness Preparation of Strontium Titanate
R. F. Maness Preparation of SrO via SrO2
P. W. Smith The High Temperature, Chemical

Reprocessing of Power Reactor Fuels
Clad with Oxide Coated Zircaloy-2

D. W, Pearce The Use of Ultramarines, Natural or
Synthetic, in the Removal of Radioactive
Ions from Radioactive Wastes; In Partic-
ular the Use of Ultramarines or Modified
Ultramarines in the Removal of Sulfate,
Phosphate, Arsenate, Arsenite, and
Ruthenate from Solution

D. W. Pearce The Use of Ferro-Magnesian Minerals in
the Treatment of Radioactive Wastes with
Particular Respect to the Use of Olivine-
Containing Rocks for the Removal of Radio-
ruthenium from such Wastes

J. F., Jarosch Rubber Hose Air Chuck
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