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LEGAL NOTICE

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

A. Makes any warranty or representation, expressed or implied, with respectto the accuracy, com.
pisteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, mathad, or process disciosad in this repart may not infringa privately owned rights; or

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

As used in the above, “person ocling on behalf of the Commission” includes any employse or
contractor of the Commission, or smployee of such contractor, to the extent that such employse or con-
troctor of the Commission, or employee of such contractor prepares, disseminates, or provides access o,
any infermation pursuant fo his employmaent or contract with the Commission, or his employment with
such contractor.
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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 7988 g 812 81

05 Program 71 64 660 806 82

06 Program 180 198 1 874 2 402 78

1238 1199 11 032 13 681 81

IPD Sponsored 180 260 2 589 3170 82

CPD Sponsored 180 144 1643 1 954 84
$1 588  $1 603 $15 264 $18 805 81%

Due to the discontinuance of the airceraft 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 1862 Financial Plan.

RESEARCH AND DEVELOPMENT

i. 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

UO9 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.

1251225 ﬂfﬂmm
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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.

PuQg9-UO3 fuel development continued with studies of (1) the homogenization
of UOg and PuOg 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~
PuQO, elements, (4) swagable end caps of various designs, (5) the determi-
nation of PuQg concentration by gamma spectrometer scanning, (6) gas
evolution from UOg and PuOg powders, (7) melting points in the PuQOg-UOgy
system, and (8) stability of PuO2-UQOg 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 1981.

The melting point of beta plutonium d1511101de has been determined to be
1750 C T 20. -

Additions of 0.5 w/o or 0.1 w/o TiOs to micronized UOg 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, 87. 4% dense billet.

The electrical conductivity of irradiated sintered UQg (0,005 a/o burnup) at
room temperature was found to be approximately 20% of that of non-irradi-
ated UOs9,

A tubular, vibrationally compacted test eleme nt 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 UQOg 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 (Thermatoocl) was
developed for attaching ribs to 0.060-inch thick, 3. 07-1nch OD ercaloy -2
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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.
Tnitial 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 a2 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=-ouis 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 experlmental 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-20 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 prm 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-80 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 "sclvents’ are pointing to a
better understanding of the chemical species present and the kinetics of their
trangformations, Electrochemical deposition of U0Os3, in particular, is well
characterized and large, dense crystals can be produced in a predictable
manner. The largest engineering scale deposition of UOg produced over

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

salt solutiion.

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 nuclear safety limits for one step in the 235
Building process was conducted in the plant. This was the first in~plant
experiment of it8 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 ig 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 contrel 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 t0 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-

1251224
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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 PuQOg 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 PuQOy in rods where the average concentration was

0.5%. To date, detection sensgitivity 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 contaminanis 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-60, Zr-Nb-95, and Ru-~106 through observations on accidental
contamination cases,

Biolo gy

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 1831 ratio was approximately 600, The
1131 contents in thyroids from full-term fetuses were 1, 02 ¥ 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,

239

From 15 to 35 percent of Pu intradermally injected into swine remained

after eight months.

Clearance of Ce‘w‘4 particles from the lungs of rats appeared to be slightly
increased by inhalation of ionized air.

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

Immature buds of yeast cells are radioresistant, Preliminary data obtained
by a stmining technique indicated that such buds do not receive nuclear

material from the parent cell until half grown.

Programmigg_

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 7080 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 atiractive 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,

r~a
<
[ ]
Lot

DECLAS




Mssw ,ED . xii HW-69408

The Annual Summary Report for 1960 on the Radiological Conditions in the Hanford
Environs was completed. One hundred copies were transmitted to HOQO-AEC for
distribution to government agencies and interesied public officials.

There are 19 currently active projects having combined authorized funds in the
amount of $18, 8904, 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 ocutages 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. .

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-celumn 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. '
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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 o G
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Hanford Laboratories
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ss'm AND FUELS RESEARCH AND DEVELOPMENT OPERATTIQN

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS -~ 2000 PROGRAM

1.

METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zircalcy-2 in Simulated NPR Gas. A number of Zircaloy-2
samples have been exposed at three temperatures {325, 375, 423 C) since
October. 1960 to a simulated NPR gas atmosphere. Tank helium was passed
through a solution of potassium acetate to give an iniet dewpoint of
approximately O €. This gas mixture was passed over graphite at 99C C,
producing an exit ges 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 1little 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-
ticn 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 semples 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 Lb25 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 expension which could modify the protective qualities
of the Zr0Oz film. More work is planned to determine the merits of this
proposed mechenism.

Effect of Oxygen Concentration on Hydrogen Pickup in Zircaloy. To de-
termine the effect of oxygen conrcentration on the hydrogen pickup for
Zircaloy-2 and Zircaloy-4 during autoclaving in 400 C, 1500 psi steam,
tests are being conducted under the following conditions: (1) refreshed

system containing 3 to b4 ppm 0p; (2) refreshed decxygenated system con-

taining less than 0.1 ppm 02; and {3) stdtic system containing less than
0.1 ppm Q2 plus the corrosion product hydrogen normally generated during
the exposure.

The results to date show that the percentage of corrosicn product hy-
drogen pickup for Zircaloy-2 is considerably lower in the refreshed
system containing 3 to 4 ppm oxygen than in the other two systems con-
taining virtually no oxygen. For Zircaloy-%, the effect is much smaller.
The amounts of hydrogen piclup for the Zircaloys in the oxygenated system
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are 10% for Zircaloy-2 and 1h% for Zircaloy-4 versus 28% for Zircaloy-2
and 18% for Zircaloy-4 in the deoxygenated systems.

Erosion-Corresion of Aluminum Alloys. Tests were run in the erosion-
corrosicon 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 Area tap water at a velocity of €5 ft/sec
for 2k hours at inlet water temperatures of 15 snd 95 C. Considerably
greater corrosion was observed at the higher water temperature, with
X-8001 experiencing greater attack than the 1245. EHeat transfer in-
creased the corrosion rate up to seven-fold over samples exposed to the

- same inlet temperature water without heat transfer. Corrosicn retes vere
comparable %o those observed with 110 C inlet water temperature and no
heat transfer through the sample. The attacked areas were generally
smooth and uniform with occasional pits near the intake. Back-pressure
{300 psi) applied to the system had & 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 ursnium free of cracks (RM-577). Eight irradiated
capsules from a test designed to measure the in-reactor strength of Zr-2
Jecketing 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. )

Basgic thallurgx Studies

Radiation Effects in Structural Materials. Four X-basket assemblies have
been received by Radicmetallurgy for measurement of irradiation damege to
2irconium and Zircaloy-2. The accumilated exposures (flux 2 1 mev
exposure time) were %.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-k4
position iﬁ the MIR where the maximum unperturbed thermel flux was

'1.86 x 10 4. The highest exposure (7.56 x 1018 nvt) was obtained in the
A-28-NW position, where the meximum unperturbed thermal flux was 5 x 10+3.
Two X-basket assemblies with gosl exposures = 1019 nvt are still in the
reactor, ' :

Electron and Optical Microscopy. High purity eluminum 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. Velues of the lattice parameter a, were obtained by mee-
suring the d-spacings for the four high angle lines, 331, 420, 422, and

333.
Annealed, pre-irradiation ag = 4.04860 A
" irradiated 1018 nvt fast h.okgoo
irradiated 1019 nvt fast 4.0k300
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Cold-worked, pre-irradiation as = L.04882
N " irradieted 1049 nvt fast 4. 04kgo2
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. Inasmich as the annealed foils contained a very small numbey of
crystallites suitably oriented to diffract, differences between individusls
were proncunced. The lines for the cold worked samples were broader than
those for the annealed samples and were not further broadened upon irradi-
aticn.

A series of muitilayered films of the type C-UO2-X, where X is Pt, Fd,

and Ge, were prepared in such & fashion that the thickness of metal X
veried in the ratio 1:2:4:8. After irradiation and electron microscope
study of the fission fragment tracks in these films, the series containing
Pl was recoated with additional Pd. The purpose of the additicnel 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 metel used. Different metals have different fission frag-
ment scattering powers.

A detailed examination of all films subjected to fission fragment damage
has revesled some cormon 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 eluminum prepared by electrolytic thinning to approximately

1000 A thicknesses were coated in a heterogeneous fashion with UOp and
then irradiated. Passage of & fission fregment 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 UO2 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 folls containing large graing, therefore, behave differently

then 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 sluminum is diffracting electrons
quite uniformly, whereas with & 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.
Motion of dislocaticns present in the eluminum foils coated with UQz can
be cbgerved. Some of these dislocations pass near fission track regions
and in some cases sppear to interact. This interaction is in the form of
e 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
wiEﬁ various fabrication and heat treatment histories is bheing 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 arye often unreliable due to the large grain size. This con-
clusion is based on results of experiments on KER and NFPR tubes where GI
valuss 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:

5955; 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 ¢btained using the Sturkin 31
plane method. There was a direct correlation between results, showing
that there is nc added advantage in using the longer method. To obtain
more reliable results, more surface area must be used in the cdetermina-
tions. Experiments are in progress to determine how much surface must
be examined in order tc have a statistically representative sample.

Noteh Sensitivity of Zircmloy-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. BSensitivity
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, &
series of tests at an elevated temperature of interest is being conducted
with actch depth and strain rete as parsmeters. A plot of noteh depth
fracticn (notch depth/thickness) versus uniform plastic strain st failure
should permit extrapolation of the curve to a2 critical notch depth at
Zerc plastic strain.

Flat specimens rolled to C.020" and cut iranvserse to the rolling direc-
tion are notched parallel to the rolling directicn and fully annealed
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pricr to testing. Results at two strain rates indicate little notch
sensitivity below 0.006 inch notch depth. Near a nctch depth fraction

of 0.3, there is extensive deformation at the notch, as well as the

gage section with fzilure cccurring unpredictably within the gage

section or at the notch. Specimen width may be & 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 specimer 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. Relling was done from a
furnace set at 750 C. Reductions of 10% per pass were used with cne
pass per reheat. Some edge cracking was noted on one alloy containing
4.0% Sn, 2% Mo.

Metallic Fuel Development

Fuel Irradiaticns. Radiometellurgical exemination of KSE-3 fuel elements
discharged during January at 1200 MWD/T has continued, and no serious
fuel element design deficliencies have been observed. The average length
change of the four 18-inch long elements is -0.070 inch, and the average
0D change is +0.004 inch. Post-irradiation single throw warp ranged from
0.004 iach to 0.0l5 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 2r - 5 w/o Be eutectic closures and of the uranium fuel in
the braze heat-affected zone has revesled no fuel cracking cor distortion
and no indication of braze or clad bond failures.

Radiometallurgical examination of KSE-3 fuel elements discharged during
February at 2000 MID/T has started. The average length change of the
four 18-inch elements is -0.03% inch and the average CD change is approx-
imately +0.010 to +0.012 inch. Post-irradiastion 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
negligihle. ' '

Four WIM-1 fuel tubes (WFR inner tubes) were discharged during April at
1000 MWD/T exposure because of a fuel element rupture indication. Exanm-
ingtion 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 equivalent exposure. The decreased swelling
of the NIN-1's as compared to the KSE-3's 1s attributed to somewhat lower
fuel temperatures and greater OD clad restraint. The NIN-1 elements have
0.0k0 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

—  DECLASSIM®

M~
(g}
L
[



- -u“";qu _ |
- e O sw Wil 1 a-6 HW- 55 QRPN

-—-v'

element hed a uranium core and one a uranium - 2 w/o zirconium core. The
inner tube of the ursnium core element failed by clad splitting. Localized
recrystallization of the uranium core in & cross-section of the outer tube
was reported last month. ZLongitudinal sections showed that this recrysal-
lization occcurred during cutting., Apparently, coeclant flow during cutting
was inadequate and overheating of the fuel resulted. The end caps of these
fuel elements were recessed to allow for expansiom of the uranium during
irrediation. A longitudinal section was made through the end cap of the
urenium ocuter tube after irradiation. Uranium, which has flowed pla.st:.ca.lly,
filled about 95 percent of the end cap recess.

An obsolete §PR inner tube (XSN-1) failed im a KER Loop after 1700 MWD/T.
The end caps on the element had been welded in place with nc allowance for
uranium expansion. Radiometallurgy examinaticn revealed a shear failure

in the clad of this element at the base of the end cap. Thermal contraction
of the uranium during reactor shutdcown was the cause of the shearing force
which led to the failure. The dismeter measurements made on this element
showed a maximum increase of 0.024 inch for the outer diameter and ©.00k
inch decrease for the inner diameter. A volume increase based on diameter
meagurements would be 3.8 percent.

The +wo NIN elements with brazed closures, GEH-4-57, 58, irradiated in the
MIR were discharged March 25, 1961, due to a rupture. Failure occurred cn
startup of the fifth irrsdiation cycle. Fallure appeered 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 &t time of fallure was 1050
MD/T (0.12 a/o burnup or 6.0 x 1019 fissions/cm3)}. The specific power
vas 75 kw/ft, with & uranium surface temperature of 180 C and a core
temperature of 35C 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 meximwm core tempersture of 627 C. The outer tube accumulated an expos-

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

inner elements accumilated 825 MAD/T (0.0 &/oc buxmup or 4.0 x 1019 fissions/
c.m3) This experiment was an extremely severe test for the 12 Fe + 4 Be + '
8% Zirceloy braze because of the high temperatures and extremely high fluxes
involved. These elements will be examined and measured in the new EIR

Bagin Measuring Facility prior to shipment 4o 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 Loop 1.
The charge average exposure was 1050 MWD/T. The average and maximum
element power was 48 and Sh kxw/ft, respectively, and the weighted average
tube outlet tempersture was 286 ¢. 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-
metalliurgy.
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Two elements of the same group were irradiated in the ETR 3x3 Loop during
Cycle 36 (GEH-10-4k4 and 45). These elements operated 17 - 25 effective
days at an average power of 102 kw, including the basket. The aversge
element specific power was then 40 kw/ft. Total exposure was 149 MWD/T.
These elements will be measured for dimensional changes and warp before
continuing irrediation.

A section of the Zlrcaloy-2 basket from the fifth ETR rupture tesit, cut
from directly over the defect in the ruptured fuel element, has been
analyzed for hydrogen. The analysis showed 95 ppm hydregen 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 & year ago, fifteen thin-walled
Zircaloy-2 tubes were burst tested in-reector under stress rupture
conditions. The total fast neutron exposure during the test was approx-
imately 1042 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 compareble with the pre-irradiastion
strength and ductility. One specimen fractured at the predicted time,
temperature, and stress, but it failed as & pinhole without apprecieble
strain. This specimen will be examined to determine if localized necking
or a defect in the Zircaloy-2 cause the pinhole failure.

Additicnal measurements of room temperature residusl stress in the outer
cled of NER fuel elements confirmed previous measurements. The aversge
compressive residusl stress was about 40,000 psi. Residuasl 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 LO mils thick on one
side and 50 mils thick diametrically opposite. The inner cladding and
uranium cere were assumed to be symmetrical about the axis of the fuel.
Calculated warp from residual stress was equivalent to 15 mils double
throw in 2k inches.

Two high temperature (1050 C) swage sizing tests have been made on 406 SS
material. The first was the reduction of an AIST 406 8S 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 88 4o 1.50 inch
in diameter.

Both materials 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 LO6 SS to wranium. 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 vere bended exhibited an ex-
tremely brittle bond. Rolling at a higher temperature would put the test
into the beta 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 cof
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 cne of
the heat treatments as the "best” heat treatment very difficult. Further
analysis of the data and discussions with x-ray personnel in the FPhysical
Metallurgy Operaticn 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 lpvestigatlon 1s now under way toc determine the surface area
required to give a true statistical sample.

Component Fabrication. Several Zircaloy-2 extrusions have been made using
a thir (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 Zirecaloy-2 during the billet pre-
heat and sids in lubrication during extrusion. The copper immersion plate
hag 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 immersicn plating the billet. The copper plate
appears to be adequate to prevent the formation of white Zirealoy oxide
when the billets are preheated to 750 C. This vwhite oxide is very
abrasive to the extrusion tooling and increases the tendenecy for the ex-
trusion to gall heavily.

S8ix one-inch diameter billets were extruded into rods at a 10 to 1 re-
duction using the copper immersion plate without eny 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.

Prototyplcal 1008 steel-clad, Zircaloy-2 supports on the dummy element in
Elmo-T7 ex-reactor loop have sccumilated a total exposure of 2959 hours.
Water conditions during normal operation are 300 C, 2000 psi, at a pH of

10. HNo detrimental effects to the steel shoes have been observed. The

loop was emptied and decontaminated during this exposure. ©No 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 cuter tube supports were exposed to deccntam-
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 €. During this exposure
they were subjected 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 QGxal-1l (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
messurements on coupons of 1008 steel and ingot iron indicate about 6

to 10% weight loss on the 1008 steel and sbout 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" dismeter to 4.0" diameter, and is currently being machined for
a tube extrusion billet. The extruded tube will be used as an outer en-
riched compcnent for coextruding with a zirconium clad and depleted core
plece tc 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 Zirecaloy. As reported last month,
the presence of beryllium causes a dulling of both the etched and auto-
claved surfsces, but not in proportion to the beryllium content. When as
little as 250 ppm of uranium was added to the &lloys, the etched surfaces
darkened in proportion to the beryllium content. Also, during autcclaving,
white oxide appeared on the surfaces of the urenium contaminated 4.8% Be-
Zircaley alloy. When the uranium content was increased to 2500 ppm, the
vhite oxide eppeared at progressively lower beryllium concentrations. The
egutoclave film did not change appearance appreciably from that at 20 hours
after 200 hours. Also, the weight gains did not show an apprecisble rise
during the same time interval. A new instrument, called the "Densichron",
has been used %o 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 semples 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 sutoclaved surface was cbserved up to 2% of uranium. At 3%
of uranium a lighter surface was cobserved and at 4% of uranium a yellowish-
tan surface was first observed after 20 hours in 400 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 & 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 ftesting. Shear strengths were found to

average 800 1bs. Micro sections were prepared, and it was determined
that the welds were of good quality and 4id not show excessive penetra-
tien. Six prototypical elements were welded for FPD. These are scheduled
for testing to determine the effectiveness of the clipping dev1ce under
simlated discharge conditicms.

Fuel Deformation Studies. A report, EW-69175, describing a model for
metallic tubular fuel elements has been written. The model allowed for
eyelice straining of the cladding but neglected the resistance of the fuel
material to shear stresses. Test data from Hanford irradiations were
anzalyzed and compared with the mcdel. 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 intc the bore of 2 section of an inner-tube fuel
element. The fuel element section is thermally cycled to increase the
plasticity of the uranium and to cause the hardened taper, of lower
thermal expansion coefficient than the uranium, to thermally ratchet into
the bore and cause & gradusl increase in ocutside diameter of the fuel.

(pe piece has cycled at s 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 toc 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/oc obtained by calculation. Additional
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 cledding
thickness variations on the susceptibility to failure, & series of NakK
capsule irradiations of Zircaloy-2 clad fuel rods is planned for the

Hanford reactors. Bight unalloyed rods have been coextruded and fuel rod
samples with no striations and with machined striaticns 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 locaticn 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. BSepar-
ation of the straining occurring during the heating and cooling portions
of the temperature cycles was attempted, bui the preseni equipment was
Judged to be inadequate. The testing capsule has beegn 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: (-64, C-810 and the cermet 171303 (ALCOA}, and X-800L. The uni-
form correosion 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, %.5; 171303, 5.2; ¢-810, S5.4; X-800L, 6.5. The resistance

of the cermet alloy to surface erosion was quite noticeable. The X-8001
gluminum samples showed considerable surface roughening toward the end of
the test. The C-&k 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 toc ercsion corrosion. Variocus shapes of obstructions
in the flow stream will be employed to create turbulence. Other aluminum
alloys which are now being tested include wrought slloy X-8003 and the
cermets 199116 (ALCCA) and 288C.

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

teining vapor-phase inhibltors for corrosion protection were opened after

a year's exposure to the climate et the K Reactors. Ewen though some

water had been injected 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 Oakite 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 Anaslysis. Radioactive crud specimens collected on hot crud probes

(carbon filters) and specimens obtained by manually filtering room tempera-
ture coclant samples through 4-micron filter paper are being analyzed to
determine the gamma spectra of the crud activity. The purpcose of these
tests is to ldentify 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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Sodivm Nitrite Inhibitor Test. An inhibitor is required which can be
added to reactor diacharge basins to prevent the severe rusting of carben
steel which is normally found. A test to determine if NaNOp will effec-
tively inhibit corrgsion of carbon steel and aluminum in nonflowing
service water is in progress. The results after one month indicste that
200 to 300 ppm NallOo will effectively inhibit the uniform corresion 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
gtainless steel and aluminum was eliminated by the inhibiter.

Laboratory Evaluation of Decontaminants. Laboratery screening tests of
decontaminants indicated that z mixture of cilfric and glycolic acids
(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
flgowing conditions. Another formulation, Alkalume-22, has shown promise
in the laboratory tests as & deccontaminant for both present and future
reactors using either single-pass or recirculaticon procedures. It is
possible that Alkalume-22 could be used as a single-step deconteminant
for future reactor systems. Tests with this single«step procedure will
be made in dynamic systems.

Pregent Reactor Decontaminaticn. Laboratory testing shows that an in-
hibited sulfuric-oxalic acid mixture efficiently decontaminates aluminum
and stainless steel reactor ccmponents at solution temperatures of either
70 or 45 ¢. The time required for efficient decontaminestion is longer at
L5 C than at 70 C. Perforasted 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 TO C sclution for 30 minutes showed a DF of & to 20; however,

at 45 C, the solution was ineffective. The DF's of sluminum tubes are
improved by longer exposure times. After 60 to 90 minutes, the DF's were
W to 70 at 70 C and & to 85 at 45 C.

Stainless steel tubing connectors (pigtails) show DF's of U7 to 619 in

30 minutes at 70 C, and DF's of only 1 to 4 inm 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 Q.02 mil).

At 45 C the proprietary mixture, Wyandotte 506l in a concentration of

6 oz/gal is a less efficient decontaminant for aluminum and stainless
steel than the sulfuric-cxalic mixture. Aluminum process tube sections
were decontaminated by a factor of only 1.3 after 3C 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 trestments
and 2.0 to 15.4 for 60 to 90-minute treetments. The proprietary mixture,
Experimental Weedac 3609-2, is too corrosive to be considered for use at

- T5c
[2017t5



oy a-13 HW- S9LORRRE 8

Production Test - Decontamination of Hanford Reactors. The first in-
reactor decontamination using inhibited suwlfuric-oxallce acids, Sulfam-3
(Turco 4306-D) and Sulfam-) {Turco 4306-B), was performed in three fuel
channels at C Reactor by members of Research snd Engineering Operation,
IFD. 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 somewvhat less reduction with the Sulfem-1 were achiewved. Corrosion
monitoring samples were inserted and will remain in the reactor for one
operating period subsequent to this decontaminetion.

Structural Materials Development

NPR Process Tubes. The ultrascnic test for small transverse tears in NFR
process tubes has been successfully adepted to the mechanized equipment
at White Bluffs. 0Good discrimination between cone 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 translation. ALl NPR tubes will be
tested by this method.

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

Examination of KBR-1 Zircaloy-2 Tube. A nurber of tests have been con-
ducted and reported pericdically on the Zircaloy-2 process tube removed
in April 1960 from the KER-1 in—reactor loop. The following summerizes
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 celd
reduced 65% in area by a single pass on & 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 preparation
for instellation in the reactor, and the identity of the tube was lost.
This precludes any further investigation intec the process history of

this tube; however, histories of tubes made by the same fabrlcators at
approximately 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 ranging from 200 C to 270 C. In-reactor borescoping of

the tube revealed what appeared %o be defects in the tube wall and the
tube was removed. After removal, the general appearance of the tube was
good. The lower porbtiorn of the inner surface was covered with a reddish
film. Gouges and pits reported from in-reactor borescoping were essen-
tielly limited to damage of this film rather thar the base metal. Samples
were cut from five locaticns along the tube. Metallographic examinstion 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., BExamination of the microstructure of
companion tubes produced by the same fabricators revealed a similar cold
worked structure with large grains at the outer surface.
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Flattening tests performed on rings cut from several locations along the
tube revealed clrcumferential 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 rvom temperature. The
room tempersture burst strength of the tube averaged 16,750 psi for
samples taken at the cne-quarter and three-quarter points. The fractures
were gsemi-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 revesled 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 cperations. 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
wers semi-ductile.

In examining the cracks, an area covered by & heavy oxide film was located
cn the Immer 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 surfacs, diminishing to less than 50 ppm at the outer
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 viecinity, but it was a
minor split-type rupture. FPhotographs 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 fabrication or operation. Further investi-
gation revealed that the overheating was caused during sample preparation
(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 correcsicn rate.

Wet chemical analysis of the parent metal under the oxide revealed the
following concentraticns of alloying elements: nickel, 0.07%; irom, 0.30%;
end chromium, C.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 unirradlated end of the KER-1 tube and 30-mil Zircalocy strlp are
also included in the test.

T
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After 25 days of exposure, the irradiated sample is corroding at an accel-
erated rate with evidence of a2 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
t¢ C.10 mil for the unirresdiated KER secticon and €.05 mil for the 3C-mil
strip comparison pieces.

A qualitative gamms scan of the irradiated test piece has not revealed
the presence of radicactive fission products which would have been produced
by uranium contamination.

Nonmetallic Meierials Development

Graphite Burnout Monitoring at KB Reactor. The graphlite monitoring samples,
which were in Chennel 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 sarples which have been exposed to the He-Np atmosphere
authorized by Production Test IP-358-AC.

Van Stcne Seal Inserts. The rear Van Stone flanges contain 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 due 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 deformeation 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 & relatively light load of 500 to 1000 psi.

Graphite Compatibility with Helium Containing 0.1 mm of HpO Vapor. Gas
mixtures of helium with 3% CO, 3% Hp, and O.1 mm HpQ have been passed over
small cylinders of NPR core graphite at 850 C. In each case the sample
wag found to gain weight. Thils indicates that part of the CC-Hp mixture

is mdsorbing on the surface to the extent that the water-graphite resction
is inhibited. Previous tests with 3% CO and no Ho did not show such strong
inhibition. The possibility of using Ho alone is being exemined. However,
even if an effective inhibitor is found, .there 1s still the problem of
meintaining & suitable inhibitor-water mixture throughout the moderator
stack. It 1s 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
rapidiy even at 25 C. '
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NPR Graphite Irradiaticns. Post-irradiation measurements of the NPR re-
Flector graphite vhich was irradiated in the GEH-13-5 capsule are being
made. The samples were lrradiated at 700 C to & meximim 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 ercosion of the polished
edges used for length measurements. An investigation of the cause is
under way. Length measurements on these six samples will be hased on
measurepents between heles drilled in the samples which were provided as
a 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 NPR reflector
graphite and CSF graphite. The temperatures will be monitored during the
irradiation.

Thermsl Hydraulic Studies

Boiling Burmout Conditions for Eccentric Annuli. The program to investi-
gate the effects on heat transfer conditioms of the non-coaxial positioning
of fuel elements within a K Reactor process tube was continued. During
the past month emphasis was placed om ¢btaining boiling burnout data with
a concentric case for comparison with data previously obtained at 50, 75,
and 90% eccentricities. (Percent eccentricity is the fractiom of the
normal annulus thickness that the fuel element is &isplaced from a co-
axial positicn toward the wall of the process tube. )}

The test section used was a 24k-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 temperstures 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:

Bun No. Flow Rate Water Tempersture Heat Flux
(1b/br-sq £t) {°F below boiling pt) {B/ur-sq £t)

-7 2,970,000 6 1,890,000
78 3,000,000 23 1,810,000

In both of these runs beiling 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.
Discoloretion patterns on the heated surface indicated that one of the

Pins supperting 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 guite applic-
able to those Henford fuel elements which have "bumpers” or cther devices
for support within the process tubes.

h‘iﬁlﬁ"w?m
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Visual Boiling Studies. Experimental equipment was set up in the heat
transfer laboratory to define the degree of subcocled boiling which is
possible and probable under pormal cperating 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 & 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 ft with 220 F water (30 F below the boiling temperature); (2) with
fluid mass velocity similar to that in the central zome 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 tempersture). (A heat flux of 800,000 B/hr-
sq ft corresponds to & 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 %o 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 uneided eye under any of the conditions investigated.

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

Heat Transfer Experiments Pertalning 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 bolling 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 conditicns were
detected by noting the temperature excursions as measured by thermocouples
attached to the outside wall of the test section.

Five bveiling burnout peints were recorded at 1500 psig for different mass
flow rates between 2,000,000 and 7,000,000 1b/hr-sq £t. 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 previcusly with a
test section one-half as long indicates that for the same ocutlet enthalpy,
the burnout heat flux is slightly lower for the longer test section.
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Calculated Time Before Melting of Uncocled NFR Fuel Elements. A computer
program was written to aid in caleulating 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-67747, Rev. 1, which
reports times before melting of discharged Henford fuel elements which fail
to enter the water storage basin.

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

Shielding Studies

Attenuation Studies. The program for calculating neutron attenuation for
uge on design of shields i1s complete. The theory uses multigroup equaticns
which 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 ipmer
boundary conditions for the whole shield assembly will be applied at the
core-reflector interface. The program £irst 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 cenditions at the interface between the core and the re-
flector in the top shield of the 105 DR Reactor,; neutrom fluxes were cal-
culated through the fringe poison, graphite reflector, iron thermal shield,
and in this case, through as-cured ordinery 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 therma] fluxes within a factor of two through
220 cm and & 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 deose rate cbtained using foils agreed within a factor of
two with that obtained with the computer program.

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

WEAPCNS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
brograms of the University of Californis Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.
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€. REACTOR DEVELOPMENT - 4OCO PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

PRIR Project Manegement

PRIR Construction. Construction of the Maintenance and Mockup Facility

(including the PRIR Rupture Loop Amnex and Critical Facility Buildings )

is about 85% complete versus 93% scheduled. The M & M Building portion

is mbout 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

-1% foot basemenrt level. The inflatable seals for the PRTR exhaust stack
filters were installed and passed a goap bubble leak test. The gecond
frame was loaded with activated charcoal Zilters, installed, and suc-
cessfully tested. '

Site paving and lapdscaping is estimated to be 40% camplete. 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
Pacilitlies, 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 FFPP is installed.
Maintenance of the grounds under this centract will continue until

July 21, 1961.

The load~out treiler and cask unit were tested at the Radicmetellurgy
Building. Improvements ir the supporting equipment is required tc permit
unioading the cask and examination of elements.

The verdor of the Fuel Element Examination Facility menipulator 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 PRTIR system D20 has been investigated. Three available
tanks of adequate total capacity (~~T7A0 gal. each) were located. Cost
estimates for decontaminatirg, modifying, apd installing these tanks for
PRTR use are being prepared. It appsars that the most practical location
for these tanks is in tke gervice buildirg basement, adjacent to the
containment vessel. This erea is currently being used to store DoQ in
barreis.

Flutonium Recycle Critical Faciiity (CAH-842). A project proposal ravision
extending the scheduled completion date tc August 15, 1961, has been
approved by the Atomic Erergy Commission.

UNCLASSIFIED
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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 operating
mechanisms, which have been called to the lock vendor's attention for
correction. The lock instaliation involved comsidersble piping work not
previously apticipated. This resulted because the vendor hed not completed
the specified piping prior to shipment and had not provided dramwings which
adequately defined the remaining work. The necessary piping intertie
drawvings 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.

T™is 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. 1If a satisfactory estimate is received, the
CPFF contractor will be requested to install the equipment after the
present construction contracter is completed.

The moderstor storege tank end the reactor and thimble coolant pumps have
‘been received. The low bidder on the Instrument Package, General Electric,
San Jose, 1s having difficulty in cbtaining some of the specified compon-
ents in time to meet the scheduled delivery in June 196l. Crders have
been placed for the flux chambers for the reactor. The bhid price was
$5,270 versus an estimated $5,C00.

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

to existing drawings were performed during the menth. These included
modifications to "B" Cell piping to allow more complete and rapid drainage
of RLEX-1l, and changing critical contrel 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 end flssion product release from rupturing fuel elements. These
Tacilities 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 filltration plant and heldup tank was scheduled

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

reedy 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 i;
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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
(FLEX-2) is radiographing the high pressure nozzle-to-bonnet and bonnet-
to-tube sheet welds. As reported last month, the vendor believed thet
radiography of these welds was not feasible; discussions with qualified
HAPQ personnel indicated that such radiography should be routine.:

Design and Component Testing

PR-10 - Primary loop Mockup. The spare primary pump operated 75T hours
during the month for a total of 5947 hours. The seal leakage varied from

& 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, cme from 120 F to 165 F and the last from
120 F to 135 F. The seal temperature returned to normal following both
extursions and the leakage has increased to about 0.01 gph. 3Better balanc-
ing of the pump will be attempted following the present outage to install
the new insulaeted motor end bell. Present maximum vibration is C.9 mil.

The prototype pump with the self-adjusting seel assembly operated 777 hours
during the month for a total of 7514 hours. The present seal leakage is
0.7 gph. The seal test stand operated an additionel 65 hours and 22 starts
during the month for a total of 875 hours and 117 starts with the two
prototype mechanicel 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 umion (SS tc Zr-2) has
completed 796 hours and 132 cycles cperaticon at 2000-2100 psig and 200-
600 F with no apparert leskage. Usage of the flexure loop and burst test
locp hes at times been delayed because of insufficient information as %o
the facilities constructior. Tc eliminate this problem in the future,
flow diagrams of the piping, instrumentation, and electrical systems for
both facilities have tezn made.

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

PRIR Special Tools. Use of *he 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) has proved o be unsstisfactory. Design of
a new spiash guard has beer completed, and fabrication is 20% complete.

Shroud Tube Replacemert. The detail design of the mockup section is
complete and fabricatior has beern started. Final design of the support
section is contingern*t upor whether this mockup is piaced 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 plece of shroud
tublng. The collars were heated to 200 C and then slipped over the tube.
The collars had C.0l0 interference fits. Qpe 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 dlssipating the heat so rapidly.
However, by either raising the temperature and/or cooling the tube withk
dry ice, 1t is felt that this can be eliminated.

Critical Facility Mockup. The weir fabricetion is now 90% complete. The
me jor component of the welr remaining to be completed is the synchro -
readout system. The motor for the welr 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 geal design 15 well within the design
limits. A leak of 0.1 gpm couwld 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 positicner 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. 7The 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. Upcn examination of
the joints, it wes observed that they were toco stiff to be used with
flexible tubing. After discussing thils 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
reliabllity 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 structural reinforcement of the
aluminum shell or housing tube to decreass the potentiel for rod deactiva-
tion due to physical damage from crane loeding and unloading activities.
Most of the parts for the control and safety rods have been ordered. The
moters 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 bid. This system will be evaluated for
possible use in the critical facility for measuring and recording moders-
tor temperatures during reactor experiments. The system will utilize
platinum resistance temperature detectors in a balanced wheatstcone bridge
circuit and an amplifier and recorder for readout. Zero suppression will
be provided so that accurate differential temperaturss may be measured.

UNCLASSIFIED
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Specifications submitied for components of Critical Facility instrumenta-
tion were reviewed. Prcoblem areas have developed in cbtaining 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 speciel audible cutput for the scaler, a
3-15 second range of adjustment of pericd 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 intermedilate flux channel problem will be
resclved 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 may result from the above alterations.

Bids were received for the Critical Facility control rod magnet power
supply. WNone couformed 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, & Grayloc Joint, will be delivered in early
May. Tests at the vendor's plant show that thermal stresses will be de-
creased for the material 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 threeds.

The corrosion test coupons from the tube assembly parts did rot 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 0D, 0.342 inch wall) tube sections. A two-step process was used
on the main tube after a cne-step drawing process proved unworkable. The
Zr-2 tube assenmbly 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. Detalled procedures for Power Tests are now being com-
pleted in addition tc 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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pover test document has been published as HW-61900 C, and transmitted to
the AEC as rmquested.

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

Refined effluent activity limits have been determined for the PRTR. For
both the aqueous and gasecus efflusnts, two limits on the concentraticn

of radicnuclides in the effluent stream are established. The upper limit
iz a concentration which could potentially result in undesirable contamina-
tion of the enviroms unless the reliease from the PRTR containment vessel
is stopped in a few minutes, and at this limit autcmatic reacltor scram

and conteinment will be executed. The lower limit is & concentration
which could result in water or alr comtamination approaching the MPC in
the envirens of the PRTR, and at this limit the resctor will be shut down,
following normal procedures.

The effluent activity concentrations for these trips are:

" Agueous Effluent Activity

Containment Trip 5 jac/ce
Alarm Trip 5% 1073 pc/ce

Exhaust Air Activity

Containment Trip 5 x 1072 uc/ec
Alarm Trip 5 x 1072 uc/ce

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

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

Preliminary testing of & 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 fto 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 celculational methods using perturbation theory require this new wversion
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 informaticn has been developed with regard to relative effects

at a given position. However, an inability to date to assess properly the

effect of neubtron streaming and perturbed rescnance absorption has delayed

an acceptance of the whole-reactor coolant loss solutions.

PRTR Qperations

Resctor Testing and Activation. The bulk of the testing work has been
completed on Design Tests, with the exception of the following which are
to Pe 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 DoO
DT 25  Fuel Element Loadout

DT 56 Process Cell Weste Collection System.

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

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

A shim-free critical moderator of 62.5" was obtained This is sbout cne
inch higher than previously cobtained for this loading; however, the
absolute calibration of the moderator level may be in error by nearly
this much et 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 UQz 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 materisl
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 thermoccuple 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 sesl
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- leakage flow ¢on Primary Pump No. 3 caused automatic closing of the bleed
valve, resulting in overpressurizing the secondary shaft sesl. During
the seal replacement, thrust springs were added, and an insuliated 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
removel as 8 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 posaible removal of some oil absorber units which
have created cperating problems because of leaching of the abscrber ore
by heavy water which iz 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. Air contamina-
tion has been the chief obstacle tc achieving satisfactory system perform-
ance. Considerable moisture hes 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 pneumstically and electrically calibrated during
the month. Two minor modifications were mede to the system during
calibraticn 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 O 2 percent and that data readout accuracy of t 2 percent
can be obtained. A high frequency preventative maintenance program is
being established to insure maintenence of the 2 percent accuracies noted.

Safety and containment circuits and equipment were thoroughly checked
out. Both systems are now in normal cperating condition. Seversl
pressure switches in the safety system were changed to either improve
the reset range or improve the reproducidbility 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
ageinst inadvertent mixing of light and heavy weter 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 cperation
of this system.

All secondary system instruments and controls have been calibrated and
tested. TFinal testing of the system will be performed when steam genera-
tion in the heat exchehger 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-PuOo have been tried. Low temperature calcined PuQp

has been heated at 1000 C and blended with UQ2. Analytical results from
a number of samples takern from the blender showed a deviatlon of more
than 10 percent from the mean. 7To check the operating characteristics

of the P-K blender, several 20 kg blends were made using only UQ2. The
gieve analysis from these runs was used as & 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 cleerly 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 end the bottom. This suggested that the particles
were not tumbling in the blender as they should but were sliding. Bxperi-
ence in pouring a mixture of particles has shown this same tendency. The
Plender was loaded more heavily in an attempt to inerease its tumbling
action. Unfortunately, the excessive weight of the load burned out the
metor 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 UQ2-PuOz. Cne
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 incrementelly loading the tube so that each small
increment contains the required amount of plutonium. Since both of the
methods were developed with UQp2 fines, determination of variations with
mixed UOp-PuQp fines was investigated.

Three elements were loaded with the addition of PuQz to the UQz fines;

two by the high percentage of fines method and the other by the incremental
loading method. One high fine element and the incrementally lcoaded 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 plutocium. No analytical results have
been received on these samples. : :

The UQz-Puls elements must be closed by welding prior to swaging for con-
tamination contrel, therefore controlling the finished length 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 eccurstely are
required. Three methods are being evaluated to achieve accurate length
control. One methed involves closely controlling the volume and weight

of both the tube and core material before swaging. The other two methods
involve finel finishing operations after swaging; one is precision draw-
sizing which reduces the diameter and correspondingly increases the length
of the tube (C.00L-inch change in diameter causes approximately 0.l4-inch
change in length). The other method involves swagable end sections, which
could be reduced in diameter for accurate finishing. The latter methods
invelve 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
vere made in order to eliminate the internal notch that was present after
welding and swaging. Welding conditions were found to be critical.
Camplete penetraticn is essential, but minimum heat input on the final
closure is also required in order to keep the entraspped 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 UOz-bearing
elements and cne full length UQO2-Pulp-bearing element with swagable end
caps have been swage compacted successfully.

Density measurements have been made, using a gamms absorbtometer, along
the length of seven swaged UQp-PuOp rods. The measurements were zmade 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 slong 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 sectioned t¢ provide irradia-
tion, density, chemical, and autoradiographic samples.

Several loading techniques are being tried for vibraticnally 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
ingide of the loading hood to any dusting. This design has the advantages
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 plutonrium-bearing extended surface fuel
elements continued using oxide fuel material. Ceramic grade UQ2 was used
as & stand-in for PuQs. Twe zirconium-UQp-zirconium sandwiches were
roll-clad. Bonding of the zirconium-zirconium picture frame arcund the
UQ2 core was cbtalined along with bonding of the zirconium through the
core. Rediographs showed the fuel to be distributed in & unifeorm
reticular structure similar to the structure previously observed on the
metallic plutoniume-zirconium sandwiches.

Capsules of UOz-Pu0p containing defect sections of variocus PuQz concen-
tretions have been tested on a gamma spectrometer by the Nucleonics
Instruments Operaticn. Bach capsule was loaded with a blend of UQz-Pulz
(0.446 w/c) with the exception of a section approximately O.2-inch in
length in each capsule, which contained a higher Pulo concentration. These
sections contained 1 w/o, 2 w/o, 3 w/o, and 10 w/o PuCs. Gamma spectrometer
scans detected all but the 1 w/c 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 distributicn in certain cepsules 3id not appear uniform across the
diamefer. 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 PuOg content on the order of magnitude currently desired
(nominal 0.5 w/o ¥ 5%) is not cbtainable at the present time. This is

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

UQz and PuQOg 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 anslyzed in the as-received, vacuum
cutgassed (48 hours, 900 C) and "stored" comnditions. The cutgassed samples
were brought up to & helium atmosphere 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 cutgassing. After storage the gas content increased to a
maximum of 0.02 ce/g. The ceramic grade went from 2.0 cc/g to 0.048 cc/z
an cutgassing. The outgassing treatment most probably reduced the surface
activity of this powder since it increased to only 0.1l cc/g after one week
in helium followed by two weeks in air. The experiments are currently
being repeated on PuGo powders.

Attempts fo 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
electraon beam process. The carned 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-
sicn 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 two capsules {(GEH-14-27, 28) with Al - 2.1 w/o Pu -

2 w/o Ni alloy cores fabricated »y injsction 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 550,000 Btu/hr-Sq f£t. Irn addition, a four-foot long Zircaloy-
clad sever-rod cluster has been fabricated by the inJection casting tech-
nigque for irradiation testing in the ETR. The element coptains an Al -

2.53 w/o Pu - 2.0 w/o Ni corrosion resistant alloy which will generate &
maximum of 15 kw/ft ir the 3x3 loop. The test proposal is being written,
and irradiation of the eiement is scheduled %o commence in June 19€1.
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Examinaticon is under way on a Zircaloy-clad Al-Pu three-rod cluster
fabricated by inserting Al-Pu cores into C.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
& 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 meeasurement 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 i3 being investigated with ex-reactor tests. Rods with
0.030 and 0.035-inch thick Zircaloy cladding are heing cycled at different
pressures. Results of preliminary cycling data &re given below. The
nunbers 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 ciadding 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
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and enriched UQs, operating under identical conditions. The tesi proposal
document , HW-69281, is currently being prepared for issuance.

The PuQg~U0z test element components for the reactivity measurements in

the SNQUT Facility mockup in the 305 Reactor are presently being fabri-
cated. The design had tc be modified. The inney aluminum cylindrical
gsection has been spiit longitudinelly to facilitate more accurate place-
ment of the full length copper apd nickel flux-monitoring wires. It is
plenned to use an Al-Co alloy, fulil-length, flux-monitoring wire in a 1/16-
inch (D stainless steel tube st the center of the fuel material. The order
for the highly enriched UQp required for this test has been pleced with the
vendor. The material is scheduled for shipment during the second week in
May 1961.

U0z Fuels Development

Tuel Irramdistions. Post-irradistion examinetior of irradiation test
element, GEH-4-59, a four-rod cluster element containing one fuel rod

of partially decontaminated, recycled U0z, was compieted. The "recycled"
rod revealed extensive relccation, colummar grairn growth and formation of

& large central cavity in the UQ0p. Dendrites of UQo were cbserved in the
outermost portions of this material. Lesser grain growth and central
cavity formation occurred in the two rods containing electrodeposited,
non-recycled UQO2. The sintered UQOz pellets in the fourth rod exhibited no
grain growth or UO2 relocaticn. The three particle containing rods gener-
ated a maximum surface heat flux of sbout 500,000 Btu/hr-fte, while the

rod conteining sintered pellets gererated only approximately 300,000 Btu/hr-
£+2. The results of this irrediation test are similar to other irradiations
involving low density UQ2 and the *test demonstrates the feasibility of
fabricating and re-irrajiating partially decontaminsted UQO2 such as can be
produced by electrodepositicn with the 38lt Cycle Process.

The second Henford U0z defect test elasment (HD-2) successfully completed
eight weeks of irradiation. During this pericd the eiemernt experienced
five power cyclies. Qniy very small amourts of fission products are being
released tc +the coolant. Irradistion is continuing. '

A +three-foot long protctypic nested tubular (PRTR Mark II-C) fuel element
containing vibraticrselly compachad high energy impact formed UQp was
charged intc the ETR 6x$ loop durirg the cycle beginning April 17, 1961.
Irradiation will hegir shout April 30. Heat generatzon rates will be
greater thar those which wili be experiznced ir the PRTR.

A hot swaged Tour-rod clustar tes:c element (GEH-4-60) iz beirg irradiaved
in the MTR to 4 maximum surface heat flux of 430,000 Btu/nr-f2. This test
will continue until May 15. The elemert will be discharged at <hat time
and will be returned wc HAPC for pcgm-irradietion examinavtions.
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Fabrication Development. Metallographic examination of an autoclaved
sample of hot swaged Zircaloy-k revemled that hydrogen dissclved in the
metal during sweging 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
bigh temperature strength. Tubes and end caps of these materials were
prepared for experimental hot swaging tests at temperatures to 1600 C.
These tubes will comtain -60 mesh fused UOp. 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 D without cracking or splitting
This is significant because vendors insisted only sbout one year ago that
Zircaloy tubing could not be free-sink swaged without failing. This
increased swagability mey be the result of the finer grein size cbserved
in these tubes.

Studies are being pursued jointly with Operations Research and Synthesis
Operaticn to establish optimum particle size distributions for vibratien-
ally compacted fuel elements. Results are being used to: (1) define
mixtures that can be compacted to the same high density in cladding
baving radically different gecmetries (e.g., the components of the nested
tubular fuel element), and (2) specify complementary size distributicns
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 distributicns which can be packed to densities
approaching the maximum for a three-size system of 8.3 T.D.

An effective activation treatment developed for a 2% enriched U0z powder
is: bhydrogen reduction of the U0z at 500 C, air oxidation of the UCp
Product to U3lg at 500 C, hydrogen reduction of the U308 at 500 C, and
ball milling the resulting UOz 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 st 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" QD 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 & 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" (D x 0.CLO" wall x 8" long, with (a) TIG-arc welded 406 SS end
caps and (b) magnetic force resistance welded 406 SS end ceps were
internally pressurized, primarily to test the quality of the welds. All
of the five specimeng with arc welded end caps that were pressure tested
failed in the tube section at an average of 3150 1bs, which equals about
the tensile strength of the veldrawn LO6 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 sectlons with magietic 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 &s those of the first test series.

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

Vibration Testing of 406 S8 Weldrawn Tubes. High frequency {vibration)
cycling of six weldrawn 406 SS tube sections with TIC welded Ferral or

LO6 88 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 materisls tested
by this method are available so far. Vibratory cycling tests of 304 and
406 35 thin-walled tubes of identical dimensions with TIG welded end caps
of the same materiasls, solution heat treated after welding, are in progress.

2. FLUTQNIUM CERAMICS RESEARCH

Plutonium Dinxide - 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 rung wers made, however, to provide additicnal Pulz
specimens, containing varying O/Pu ratios, for thermal expansion data.
PuQp pellets sintered in dry hydrogen, dry helium, vacuum, and oxygen
should provide additicnal data on the 600 C expension discontinuity and
on the speculation that a eutectcid reaction occurs at this temperature.

Additional melting point data are being obtained on Pulo rich compositions

in the UQp-PuQp system. The post melted structures will then be analyzed
to provide data on PuQp reduction versus UQo concentration.
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Dry pressed pellets of ceramic grade PuOp-UQ2 powder mixtures were arc-
fused in a static argon stmosphere. Spectrochemical ansalyses were
requested for samples from buttons which were fused with a tungsten
electrode. Tungsten contaminaticn, 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-
sumpticn rate over that of tungsten was far more than could be justified
based on the difference in cross-secticn of the two elements.

When the powder compacts start to melt, the furnace chamber immediately
becomes covered with a deposit which obscures the electrode and hearth.
This deposit was collected and weighed cn a Vycor tube for seversl runs,
and was found to be as high as four percent of the starting pellet weight.
The over-all welght lLosszes for these arc-meliing experiments, based on
pellet weight and fused butfon 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 plutcnium-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 constants found previcusly, the theoretical density of a
45 a/o C PuC alloy is 13.59 gm/cc, including an isctopic correction for
the Pu used in the experiments. As-arc-melted densities of PuC have been
determined by immersicn in tetre bromo-ethane. The mean density,

corrected for temperature, is 13.59 gm/cc, or 98.23 percent of theorstical.

Plutonium Silicides

A stoichiometric mixture of PuH3 and 51 was arc-melted in argon in an
attempt to produce PuSi. The products formed consisted of & fine black
powder and a silver colored metallic substance. Identity should be
provided subsequent 40 x-ray analysis. The metallic substance is pyro-
pooric. ‘

The material previcusly reported as having been formed by arc-melting
alpha plutonium and silicon has an immersion density of 9.76 g cm3 at
25 C. Its melting point has not been determined, but that of the beta
plutonium disilicide prepared by reacting plutenium dioxide with silicon
carbide has been, and its value is 1750 C % 20°.

Experiments are also under way to prepare Pu3Siz. Although not previously
prepared, it 1s 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 & new, less bulky type of insulation on the connectors. A vacuum
leak developed in cne of the Kovar-glass seals while ingtalling the
rewound balance heater.

Using all three heaters, the thermode temperature was raised to & maximumm
of 980 C, with & 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 belance heater burned out at this point, causing shutdown
and disassembly of the apparatus. TInspection of the heater showed that a
short had developed in the same manner as that which previcusly occurred
in the bottom balance heater. The insert was found to have & coating of
grease on its upper half, and after reassembly, & run at slightly elevated
temperatures proved that the vacuum grease seal was leaking.

A re-eveluation of the existing thermsl conductivity apparatus, consider-
ing observations made and difficulties enccountered 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 UQp

The first series of electrical conductivity measurements on irradiated UOp
(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 at room temperature.

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

3. A sharp rise in rate of increase of EC with temperature
of irradisted UQp occurred at 50-100 ¢ (a similar rate
inerease occurred in non-irradiated UOs at about 500 C).

k. BEC of non-irradiated UQp at room temperature decreases as
density is increased over the range 86-96% theoretical
density; but EC of the irradiated specimen (90% density)
wes less than 1/2 that of the non-irradiated 96% density UCp.

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

High Temperature Electron Microscopy

Examination of cleavage surfaces of fused UQs single crystals continued.
(bsexrvations 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" originelly
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 electiron beam impinged in the micro-
‘sccpe was comsiderably greater than that indicsted by the thermocouple at
the lower sample surface.

Work was begun cn 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 phencomena occurring at
elevated temperatures.

Lucalox supports and a tungsten hester are expected to be delivered during
May to permit assembly of & miniature resistance heated high temperature
stage {1800-1500) 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 internal
electron detector will be calibrated for use as a photometer. Preliminary
results indicate that the intermal electron detector will provide greater
selectivity and sensitivif{y than commercially available photometers.

Simi tanecus comparison of irradiated and npon-irradiated UOp 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
simltaneously on a resistance heated tungsten strip. The irradiated
material (0.20 a/c burnup) was selected from e specimen which had
previously been observed to melt at 2880 C, 90° above the melting point

of non-irrediated U0z. When the temperature was raised to 2790 C, the non-~ -
irradiated oxide melted at the point of contact with the filament and
vaporized rapidly. The irradieted material did not melt at that temperature
and veporized quite slowly. About 70% of the non-irradiated material
vaporized during 20 seconds at 2790 C, while the irradiated UCp did not

melt and was less than 30% vaporized. All of the non-irradiated and about
90% of the irradiated UO, vaporized during five minutes at 2880 C. A

smaell amount of solid meterial 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 U02," 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 UQCp as observed through an optical
microscope.

Fuel Claddigg_ﬁeactions

Studies of high temperature reactions between various cladding materials
and UOz and UC were continued. Fuel weight changes during 10-minute
contact with variocus 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 €

Cladding U0 UC Uog UC.
Tungsten -0.093 0.015 0.096 -0.037
Tantalum 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
304-1 S8 -0.131 5 .44 -0.121 -
Inconel -0.012 0.050 - --
Hastelloy F Q.110 Q.97 - -
Fansteel 80 0.9935 0.019 2.55 0.293
Fansteel 82 0.110 0.002 0.112 0.068

Metallograephic examination of each cladding meterial after heating in
cantact with UC revealed mixed carbides and fused base metal in all of
the higher temperature tests. Stainless steel was the only materisl to
react appreciably at 1000 C. A polished cross section showed 2 hemis-
pherical reaction zone extending 0.013 inch into the 0.015 inch thick
stainless sghteel.

High Energy Impact Forming of Nuclear Mgterials

Densities and O/U ratios were determined of UQs samples from a series of
experiments statistically designed to simultareously define the roles of
temperature, pressure and O/U ratic on the high energy impaction of UOz.
The data are being analyzed by Operations Research and Synthesis Operation.
Preliminary irdications are that: {1} there is very little temperature
effect in the range 1000-1200 ¢ 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
rsi. The last might be accomplished under certain conditions of temperature
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end O/U ratio in a conventional impact die using a carbide punch rather
than the more complicated modified BEridgman anvil apparatus.

Electrodeposited UOp crystals of approximately -28 +438 mesh were
compacted by high energy impact at 1100 € and 500,000 psi to produce

a bulk meterial having & particle density of 10.88 gfcc ($9.2% T.D.).
Photomicrographs and electron micrographs of the compacted UO2 revealed
extensive plastic deformation of the crystals.

Micronized UOp - 0.5 w/o Ti02 and micronized UOg - 0.1 w/o Ti0p were high
energy impected at 1100 C and 500,000 psi to densities of 97.3 and 97.8%
T.D., respectively. Photomicerographs of the compacted UQz revealed no
reaction {such as the formation of a liquid eutectic phase which lowers
sintering tempersture of these mixtures) between the TiOz and the U0z2. A
density of 10.85-10.90 g/cc (99% T.D.) is usually attained with micromized
UCp alcone under similar conditions of temperature and pressure.

Thoria, alumins, and & 50 ¥/o ThO2-Alp03 mixtures were compacted by high
ensrgy impect at 1200 C and 500,000 psi. Densities attained were

9.59 g/ec (95.9% T.D.), 3.37 g/cc (84.9% T.D.), and 6.33 g/cc (90.0% T.D.),
respectively. The thoris was cbtained by calcining thorium nitrate, and
the alumine was a Linde A metallographic polishing powder which had an
average particle diameter of 0.3 micron. The compacted thoria had a
glassy appesrance 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.

Ursnium monccarbide previocusly 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/ce (97.4% T.D.)}. The material will be
used for basic studies of refractory nuclear fuel materials.

4. BASIC SWELLING PROGRAM

Irrediation 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 approximstely LO% complete. At present,
it is planned that the new capsule will be charged into a reactor in tandem
with ancther capsule sc that two capsules can be tested in the same test
tube.

Annealing treatments have begun on three laboratory capsules contalning
specimens identical to those in the im-reactor capsules Nos. 4, S5, and 6.
The thermal histories of each laborastory specimen will duplicate the in-
reactor specimen. Upon completion of the tests, evaluation will be made
of the physical, geometrical, and microstructural differences that exist
between the irradiated and non-irradiated specimens. '
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Two capsules are now undergoing irradiation in the MIR. Eech contains a
single specimen: & section from an extrusion which has & core of depleted
uranium and & shell of enriched uraniwn. One surface of each specimen was
completely precharacterized. The purpose of these irradiations is to
provide specimens for studies of the moblility of fission products in
uranium, particularly inert gases.

Post-Irradiation Examination

Previously irradigted capsules, Nos. 4, 5, and 6, were opened in Radiometal-
lurgy and the recovered specimens have been examined visually and photo-.
graphed. (ne sample was destroyed by the cut-off wheel during opening and
another sample was badly split, presumably due to the high irradiaticn
temperature. The remeining spheres retained their shape and have exhibited
no gross mecroscopic damage. The specimens were irradiated at volume
average temperatures ranging from about 550 to 800 C and to calculated burm-
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 sbout

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

An unrestreined, precharacterized specimen of uranium irradiated at the MIR
at low temperatures, { 150 €, to a nominal burnup of 0.25 a/o0, has been
examined in Rediometallurgy. Prior to irradiation, the specipen was a
right cylinder, 0.50" in diameter and 0.198" thick. After irradiation the
surface of the beta heet 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 sheped. 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 maximm
and probably indicate very 1little 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

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

Specimens used for study of the swelling phencmenon were cbtained from

cled rod specimens irradiated to burnups of 0.29 and C.41 a/c, respectively.
Since swelling in the as-irradiasted 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

UNCLASSIFIED

1251272



UNCLASSTFIED Al HW-69408

furthezrmore, provide a convenient way to obtain a varliety 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-
tiongs. This phase of tbe experimental portion of this study, annealing,
metallography, density measurements, and measurements on micrographs, has
been completed. Statistical evalustion of the data and indicated changes
in the degree of swelling sustained by the test specimens are in progress.

Fission Product Mebility

A knowledge of the mobility of rare gas fission products in uranium is
important to the understanding of the basic mecheanisms underlying the
swelling phenomencon. Uranlum specimens sre 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 sppreciable amount of fissioning
occurring in one-half of the couple but none, or at least very little, in
the other half. Samples for the latter are currently being irradiated.

Krypton evolution studies are continuing on wuranium disks that have been
subjected to "glow" discharge and to cathodic vacuum etching under varicus
conditions. A disk was glowed at ambient tempersture 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
nalf, and one piece heated to above its melting point while monitoring

the evolved gas with the mess spectrometer. A small peak in the evolution
rate amounting to roughly 7.0 x 1011 atoms per second was cbserved at
about 500 € and a second peak was cbserved upcn melting. When the "glow"
system was heated and the evolved Kr monitored, two large pesks in the
evolution rate were ohserved, one at 300 C and another at about T0Q C
with peek heights being about 11 x 1043 and 4.4 x 103 atoms per seccnd,
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 encrmously larger than that of the specimen making 2
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 5 m) while the other was etched at
a mich higher pressure (approximately 50 p) so that redeposition occurred.
Bach sample was then heated to above the melting point and the Kr evolu-
ticn monitored. A small amount of Kr was evolved from both samples and
both exhibited pesks in the evolution rate in the 300-500 C temperature
range and upon melting, but the date have not yet been processed suffici-
ently to allow definitive comparisons 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 cepsules. Three
swelling capsules, GEH 14-94, 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 Sh0 ¢. Seven
capsules from this series of experiments have been discharged from the
MIR and are now awalting Radicmetallurgy examination.

5. IN-REACTOR MEASUREMENT OF MECHANICAL PROPERTIES

Pre-Irradiation Material Cheracteristies

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 betwean 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
aeppreciably from previcusly 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 investigaticn. The high
activation energy measured at 277 ¢ 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 Zircalcy-2 specimen. The prototype capsule was discharged, and
the new capsule installed in the vaceted tube. The modification work
performed on the capsule has resulted in lower gamma heating and more
stable performance of the thermocouples and electrical transducers. As
described in previous reports, the modification involved the removal of
heavy metal gamma heating slugs, replacement of the thermococuples, and
lubrication of the gear box and micrometer screw on the mechenical 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
temperasture limibs of 250 to 400 C. The capsule's new thermocouples and
medified electrical transducer mountings indicate a behavior of the sensors
identical to the performance 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 accumulate an exposure before veginning 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 compieted this month. During this
review at the vendor's plant, final approval of the design and prints was
given. No major chenges were required. Component fabrication will begin
in the coming month. '

6. GAS-CRAPHITE STUDIES

Grﬁphi‘he Reaction with Microwave-Activated Nitrogen Gas

Specific weight loss rates from 4 to 20 x 10~7 g/g-hr have been observed
for the reaction of graphite with microwave-activated nitrogen in a pressure
range from 140 to T4O 1 Hg. There appears to be a possibility that more
than one maximum exists in the rate versus pressure curve; this 1s being
investigated further. As in the earlier work, the product of reaction

appesrs to be largely paracyanogen, (CN)y.
Steam-CGraphite Reacticn

In case of beat 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 & graphite sample heated irn the range 600 to 1200 C. Reaction
rates will be measured by determining the rates of production of CQ-and
COp. 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 varted as had been observed earlier. Peak
heights were directly proportional to the concentrations of Op, Np, CO, -
and Hy in helium gas in the range from 0.0l to 4%. The gas chromatograph

~ and mess spectrometer vere moved to the PRTR for installation and addi-
tional calibrstion.

Gas Loop Project Mansgement and Desiagn (Project CAH-822)

Construction is estimated to be 58% complete versus 91% scheduled. All the
equipment packages have been instelled 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 ges locp 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 tc 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
NaX in the main loop heater t¢ an amount (150 pounds) compatible with

the maximm 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
and 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 pletes
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 electrical heater described in last
menth'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 tock place between the heater
end inner tube, melting a circumferential hole three inches long and one
inch wide in the imner 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. Futurs
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 31l Building gas loop mockup has been completed. The
Roots-Connersville blower has bheen 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 mederator in the calandris and COp 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. GRAPEITE IRRADIATION 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
upen irrediation to 2100 MWD/AT (1.7 x 102l 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
reveel that the 1% increase in bulk density inferred from length measure-
ments on as-deposited materials 1s not caused by crystallite expansion.

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

High Temperature Graphite Irradiations

The GEH-13-6 capsule containing four special graphites (see March menthly
report) has operated successfully for cme cycle in the ETR. The four
cantrolled 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
200C C can be attained by insulating the sample with porous graphite.
The sample temperature may be monitored by following the temperature-
sensitive c 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 Banford Qu:l.ck.iﬁ Facility, and the
isotopes Muo* (from the FeS4(n,p)MoS* reaction) and Sc*6 (from the Ti
(2,p)Sc*® reaction) were counted. Since no informeticn is available on
the cross section for these n,p processes as a function of incident
aeutron 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
ispotope 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 depressicns
in the Pbinder roughly circular in cutline. Occasicnal angular outlines
suggest rudimentary development of polyhedral structure.

8. ADVANCE EVALUATION STUDIES

Conceptual Design - Fuel Element Fabrication Plant

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

Supercritical Pressure Water Reactor Study

The econcmic eveluation of a 300 Mide 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 kvhr electric power) is about $250,000
per year in favor of the turbine. Hence, a turbine drive has heen 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 punp
is approximately $150,000. Both pumps have high NPSH requirements.
Booster pumps will probably be regquired to assure adequate suction head.

Estimated costs and size information for the feedwater heaters have been
cbtained. Each 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 inswlation will be used instead of conventional
pipe insulation. When access is required, the insulation will be vacuumed
from the aree to be serviced.

Reactor Core Design. Radial flux distributions through the supercritical
reactor core are being performed using the three-group Flux Weight Cede.
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 car 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
varisble lattice configurations with respect to flux distribution across
the core will be investigated.

A feasibility study of moderator poiscning with boric acid for long term
reactivity control contioued. Solubility of boric geid at propesed modera-
tor operating temperatures appears to be ne problem. Continuous moderator
cleanup for corrosion products without removal of borate 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 handiing 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 (1o 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 ias charged
in the reverse manner.

The inverted cluster fuel element configurafion is being anslyzed to deter-
mine allowable flux deviations within the reactor based on primary and
secondary stresses developed within the Eastelloy-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 outlet temperature distribution from a seven fuel element
cluster. :

Fuel Cycle Costs. Fuel cycle economics are being examined cn thé bases of
power density, fuel to moderator ratio, and type of fuel menagement (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 +he 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 MI/T and fuel to clad ratios ranging
from about six to cne to twenty to one are being evaluated with respect to
total fuel cycle costs.

Fuel to moderator ratios (which reflect in the amount of plutonium formed
and burned in situ) are being examined alsc. The fuel element cost (estim-
ated at about $10,000 each) suggests long exposures with considerable in
situ plutonium fission. This in furn suggests low moderator to fuel ratics
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and & herdened thermal neutron spectrum. However, if the lattice spacing
tecomes 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 may be obtained when the fuel design is optimized.

Plant Layout. Additional equipment layouts have been made within the
reactor building. Indicetions 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. Preliminery design of the fuel element for the SFPR
has been completed to a point that vendor quotations can be cobtained for
the various components. As presently conceived, the fuel element will be
of the "inverted cluster" type fabricated primarily by vibratory compaction
methods. It 1s 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 a completely fabricated and tested basis. The muitiple U-tube
pressure member will be inserted in a Zircalcy, hexagonally-shaped, thin
wall container and UQ2 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 calculstions indicated that 85 such clusters will produce sufficient
heat to generate 300 MWe net.

9. ALUMINUM CORROSION AND ALLOY DEVELOPMENT STUDIES

(Qcygen Inhibition Test

A test to determine if high oxygen concentrations will inhibit the uniform
corrosion of carbon steel, 304k 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 mlls/year
for the carbon steel, stainless steel, and aluminum, respectively. The
2r-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 wes
added by inserting known volumes of Qo 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 methed. 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 mey reduce the rates.

H-1 Loop

It 13 planned to use the H-1 Loop for corrosion testing of alumiaum-clad
fusl elemeanta. A project is being initisted to: install replacement

pumps; provide automatic dumping with a switch to single-pass cooling if
normal coclant is lost; improwve the control of heat exchangers; and make

‘other improvements in loop operation or safety required for the new test

pProgram.
COOPERATIVE USAEC-AECL FROGHAM

Heat Transfer Studies

As part of the Cooperative USAEC-AECL Program, a study was started to
determine the feasibility of steam generaticn with a 19-rod bundle fuel
element irnt 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
coaled 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-rcd bundle fuel element was placed in a 3.25 ID horizontal process

- tube in the experimental heat transfer apparatus. Heat was generasted in

the test gection at a comstant rate while the flow was reduced in steps
until boiling comditions were established. With the inlet temperature
and pressure held constant at 478 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 gutlet 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
which are put on 12 of the 19 rods to maintain proper spacing and promote
flow mixing do mix the two-phase coclant sufficiently to prevent stratifi-
cation.

The highest heat flux encountered in these tests was 208,000 B/hr-sq £t
for the ocuter 12 rods of the bundle during the 1250 kw run. Attempts
were made fto investigate conditions at a higher heat flux, but during a
150C kw run the seal at the end of the test section failed to hold. The
test section was removed for modification.

RADTATION EFFECTS ON METALS - 5000 PROGRAM

Radiation damage in various metals, including aluminum, copper, iron, molyb-
denum, nickel, titanium, zircomnium, 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.
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The variation of properties with irradiation and the kinetics of property
recovery upcon annesaling are being analyzed to arrive at a damsge model.

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

2k5 €. To recapitulate, recovery occurs in three stages for iron with an
exposure of sbout % x 1018 nvt: at 100-200 ¢, 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 e single stage, from
200-300 €.

The 100-200 C recovery stage at 4 x 1018 nvt proceeds by & single process
heving essentially first-order kinetics. The activation energy is 39,700 cal/
mole (1.7 ev). The 275-375 C stage at & x 1010 nvt also takes place by a
single process with firsf{.order kinetics. The activation energy in this case
is 27,850 cal/mole (1.2 ev). Recovery of damage in a specimen with an exposure
of 1.5 x 1020 nvt occurs by two processes. The low temperature reaction
proceeds with actiwation energies which vary according to the measurenent
technique. Resistivity measurements indicate an asctivation energy of

41,300 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 1087 nvt 200-300 C Precipitation of interstitial
impurity element{s} (C,N,0)

b x 1088 put 100-200 C Breskup of defect clusters

b x 1018 nvt 225-260 C Precipitation of interstitial
impurities ' '

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

1.5 x 1029 nvt 250-%00 ¢ 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, tantalum, and
iron, are being evaluated. Analysis of available information shows that scme
of the radiation damage recovers during annesling in temperature ranges which
are very clese fo those in which internal friction pesks 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 damsge in single
crystals. Faces have been cut parsllel to crystal planes on single crystals
of aluminum and molybdenum. The intensity of Xx-ray beams diffracted from
these faces are being used to determine the amcunt of and type of extinection
effects. In addition, by comparing the observed intensities with those
calculated for OFK, the temperature correction is determined, and an estimate
of the Debye temperature can be msde. .

The cold worked layer resulting from the cutfing of the faces has proven
troublesome for aluminum c¢rystals. Alternate chemical etching and electro-
polishing 1s being employed to remove this layer. Both aluminum and molyb-
denum show considerable extinction, indicating a high degree of crystalline
perfection in the unirrsdiated state. Selected samples will be irradiated
to observe changes in extinction and in the x-ray temperature factor. Also,
x-ray measurements will be conducted at temperatures other than room
temperature to determine the temperature correction more precisely.

E. CUSTOMER WORK

Radiometallurgy Service

Examination of three bumper fuel elements with high corrosion weight loss wvas
completed this month. Corrosion cccurred 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 cbserved (RM-418).

Examinaticn of a longitudinally-split failure from 3781-E revealed that water
penetrated the element at the female (upstream) end. An oxide blister formed
distorting the cladding intc the extermal coclant annuius. Evidence indicates
that the downstream surface temperature exceeded 350 C. Splitting was prob-
ably caused by rapid cooling of the very brittle uranium (RM-L420).

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-342). -

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 temperafure
again reached 142 C, the specimen and adhering polystyrene were removed and
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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 primery replica serves as a permanent reference of
the specimen in = given condition. The specimen itself can then be given
any number of additicnal treatments and a comparison made to an identical
area in the base condlition.

Metallography Sexrvice

The type 304, schedule 8C stainless steel piping of KER-2 which had been
repaired on January 8, 1961, failed agein on March 22. The failure 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 tc the maln

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 legging with which the tubing was wrepped for
insulation.

Semples Processed During the Month:

Total Semples 577
Replicas 35
Photographs:
Micrographs ' 807
Macrographs - 62
Electrcn Micrographs Egg
11

NPR Charging Machine

Febrication and assembly of the NPR charging machire are estimated to be b9
complete. Status of individual compcnents is as follows: transfer arm sub-
assemblies are complete and their installation was started; installation of
modified main 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 S0% complete. The cross
travel drive and vertical 1ift assenmblies 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 Engipeering Qperaticn. For a FRTR
fuel elamsnt, cooled for 15 days, about 50 inches of heavy aggregate concrete
should De used. This is based on magnefite aggregate concrete with a density

of 3.5 grams per cubic centimeter and an assumed allowable dose rate of Q.2 mrem

per hour.
) W/
Mansger, Reactor and Fuels Research
and Development
MW Albaugh:kb
DECLASSIFIED
”™ E ]

1251285



LN B-1 mi-Bouos: ¥

PHEYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

APRIL 1961

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS
Nuclear Safety in FPD

A meeting wes held with Engineering Operation personnel (L. E, Kusier, J. E,
Ruffin, and W. R. Kirk) to discuss nuclear safety in the 306 and 333 Buildings.
The specifications for handling ©.95% U-235 enriched I and E and NPR fuel
elements were reviewed. Other topies discussed were: 1) interpretation and
application of geometry control, 2) handling and storage requirements for the
NFR billets; %) the handling of scrap, 4) spacing requirements between arrays,
and 5) the probability of water flooding in each building.

The primary basis for puclear 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
necessarlly restricted. :

The safety of all arrays is based on the assumption that flooding with water can
Occurﬂ ’

REACTQR

Exponential Measurements for NPR

The material buckling of the NFR 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 NFR mockup
has been measured. The resulting batch density is 1.695 gm/ce.

NFPR Fuel Temperature Coefficient

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

Exponential Measurements of lLarge Diameter Fuel Elements

Small scurce theory has been used to analyze horizontal traverses taken in the
expenentiel piles. The theory predicts an oseillstion in the flux in addition
to the normal cell filne structure. The magnitude of the peaks of this oscilla-
tion varies from zero st the pile center to 13% near the pile edge. C(amparison
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 Temgerature for Large Diameter Fuels

Cadmium ratios for various foil materials have been measured {Table I). The
foils were irradiated op the rotator in the core of the TIMR. Ten sodium foils
vere irradiated to determine the normalization requirements necessary for the
interpretation of the measursment. The uncertainty in the specific activity
for the sodium foils was £ ,7h%. The following table shows the degree to which
sodium may be used as a "1/v" detector:

) TABLE I ‘
Thickness Cadmium Equivalent. "1/v"
Material Mils Ratlo Cadmium Ratioc
Copper | 5 15.10 24 .84
Manganese 2 15.09 26.19
Sodiumn 15 | 24.07

The analysis of data from lutetium foils irradiated in a 104" graphite lattice
containing 2-&" solid fuel has been continued. Application of effective resonance
integrals for each foll position, using fluxes calcula.;%gd by EFN and rescnance
integrals calculated by ACE, has produced values of g-'° (Table II) from which
the spectral index may be obtained. The slowing-down flux at the cell edge has
been assumed to be g /E, except near the thermal cutoff where it is greater than
¢'@/E. The values of 51?5 and spectral index obtained are given in Table II.

TARLE II

Foil gt e | K gtT6 K
Position Wet Wet Dry Dry
Fuel Center 1.96 . 330 2.07 345
Fuel Edge 1.93 326 1.98 325
Midway Graphite 1.84 313 1.81 309
Cell Bdge 1.78 300 1.74 298

%ita.l Computer Programs for Reactor Analysis

Development of HFN, the multi-group neutron diffusion theory code, is continuing.
The option which allows suppression of portions of the output has been used suc-
cessfully. Ch.e.ng_e.-s 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
geometry. (Coding complete)

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

k. BExtension of criticality search feature so that any cne diffusion
parsmeter, region radius or cutside boundary condition may be varied in
an attempt to reproduce an input specified multiplication factor.

o e adam (COGing complete)
251207
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5. Change errcr indications from a printed code number to an explanatory
message. {Coding 95 percent ccmplete)

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

72 columns of a card. Coding of this change is about five percent complete.

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

Neutron Thermalization Studles

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 anmular cylindrical gecmetry and uses the
"effective temperature'™ gpproximstion 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. .

Ccmputational Programming Services

An BW document on the expenential dats 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 WIEX/RTEX
are being revised tc handle both arrays and single items <f data.

Instrumentation

One of the two ccmbined quasi-logarithmic and multi-range linear prototype
experimental scintillaticn beta-gamma area meonitors has undergone continusus
gtatility tests with good results for better than twe weeks. The second unit
was slightly modified tc produce hetter logarithmic scaling. The linear ranges,
C-10 mr/hr decaded ¢ ©-10 r/hr (& decades), gave reading accuracles tc¢ within
* 10 percent of the true dose rate. The criginal "breadboard" circuit and
chopper perforred nearly four contimucus months with no accumilated drift errors
and with day-to~day readings varying by less than £ 10 percent., Final tests on
the improved logarithmic cirsult pcrtion will be accelerated.

The design drawings, drswn by CERUQ personnel, for the transistorized NFR Beta-
Gamma Scintillatiom Air Monitor werse reviewed and corrected. The anit continues
to perform satisfactorily in the Tield.

- Comments ané corrections wers made concerning the CE&UQ specificetions for the
slow-scan porticn of the NFR Fuel Failure Moniter,

Bxperimental circuitry development is nearing ccmpletion for the experimental
Fast and 3low Scanning Type Fuel Failure Monitor. The rctating portion and the


http://px?ri.cn

’ B-4 . e

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
leveld

Planning is under way for experimental studiles of fuel failure detection
problems in conJunction with cperation of the FRTR Rupture Loop. These will
be aimed at determining optimum adjustments for initial operaticn of the NPR
monitor, at obtaining basic information regarding detection of failures in
NFR type fuel, and at developing and applying lnstrumentation for studying
the mechanisms of fuel failure by analyses of the radicactivities released
to the coolaent. Specifications were prepared for a gemma spectrometer multi-
channel analyzer to be purchased by IFD for this work. Specifications for a
delayed neutron detector and a gross gamme detector are currently bheing pre-
pared.

:A prototype experimental high temperature ceramic tube pulse amplifier, using
General Flectric Company type Thé2 ceramic triocdes, 1s being fabricated for
testing in reactor and other high temperatures envircrments.

The X-Y Gamma Scanning system for reactor shield studies, originally designed
to scan 121 points in an 11 x 1l 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 chember specification HWS-8127 was revised and
lssued jointly with members of Imstrument Develcpment, IFD.

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

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

Systems Studies

Progress is being made on the NPR Plant Simulator. The primary loop pressuri-
zer equations have been simplified to where only three amplifiers rather than
$ifty are required to simulate it. The requirements placed on this model
(aimilation) require that new techniques be used in simmlating the reactor. An
attempt is being made to transform the reactor and heat transfer eguations to a
form that will allow the reactor to be simleted fram 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 successfil, this could be of major bene-
fit to future reactor studies. New equations have bheen 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 gecondary loop will first
be studied in detail before Ilncorperating it in the plant simulator.

Progress on the reactor control experiment at 100-D resactor has heen retarded
due to occurrence of several reactor shutdowns just pricr to planned tests.
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However, two short term tests were made using six temperature control zones,
one in the top-center and the other In the botftom-center of the front face
plane. A constant sampling pericd (48 secends) and constant rod trevel per
sample (4-inch) were used for both tests.

It was found that the locaticn of the temperature meesuring points with res-
pect to the contrcl rod tips was more critical than whern only four points
were used. Two lnteresting situations develcped during these tests. During
the first test, the four "corner" pcints were left 1n the positions set by
the chief operstor and the two new points were added approximately midway
between the corner points. After a time; it was fcund that the effect of one
rod on its assigned temperature zone was abcut the same as its effect cn the
adjacent temperature zone and vice versa. During the following see-saw bettle
between these twe rods, the heat started to shift to one side and the test was
discontinued to allow correction of thisg situation. 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 peints.

During the second test; a disturbance occurred which could not be adequately
ccmpensated with the prescribed control rilee {#-inch rod movement per 48
seconds period, maximum). This possibility had been predicted by the analog
camputer studies made praviously.

Sane difficulty has been experienced in obtaining a stakle temperature recorder
for the additional two points. A control deadband of cone-half degree Centi-
grade or less 1s desirable and this requires a measurement deadband of no greater
than 0.1 degree Centigrade for coamparatively accurate resulis. For copper
constantan thermocouplies, a 0.1 degree Centigrade temperature change ceuses a
voltage change of approxirately four microvolts. which is less than the thres-
hold sensitivity of most aveilshle reccrders. Reliable reszistance thermometers
would probably be more satisfactory fcr this application.

A new reactcr speed of control sim:laticon has been initiated wo afford a more
detailed examination <f reactor behavior following loss of primery ccolant.
Reactor speed of contrsl studies have been made in the past, and will contimue

to be made; to determine whether the production reactors are being operated '
within limits as set by the spred of ccntrol criteria. As presently interpreted,
these criteria stipulate that the reactors are to re cperated in such a manner
that nc credible sccidernt will result in fuel meliing during & nueclear excursion.
I% 1s assumed that the maximum creiible accident is total lcss of primary coolant
vater. Prsviocus speed of contrel studie: have assumed an entirely homcgeneous
pile; with a single; over-all rod functicn to simulate inserticn of vertical
safety rods upon loss of coolant. In the new simulation, the reactor iz divided
inte 19 side-to-gide regions, with a different red function for each region.

This preovides representaticn of the effects dyve tc malfuncticon of safety rods

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

SEFARATIONE

Plutonium Critical Mass Facilisy BEQ&%SS&HE

Solution Systems

-olzz.ticn transfer zvetem was leak tested Ty pressurilzing 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
gtainless 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 brder
to test the uniformity of the walls and provide an average thickness. The
volumes of the reactor vesselsg bave been measured and curves prepared giving
volume of fluid versus fluld height.

Solild Systems

The framework of the split-table machine has been assembled at Technical Shops.
Asgembly of the motor drive apd comtrol rods has begun. FPreliminary contacts
with CE&UO have been made to obtain electrical design help.

In Situ Neutron leti.plica.tion Meagurements With Plutonium Metal

During April, the first in situ critical approach experiment witk Pu metal was
conducted at Hanford. The measurements were made in the 234~.5 Bullding, 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 CFD made the arrangements for the experiments, and performed the measurements
with instrumentation borrowed from Critical Mass -Physices. R. L. Stevenson of
CPD pianned the experiments. BE. D. Claytorn served as technical director during
the conduct of the experiment.

In the first experiment, a cylindricel arrsy of Pu was built from Pu metal disks
2.75-1inches in diameter. A total of 6.19 Kg of a-phase Pu was used in the
assembly. The estimated criticel mass obtained from extrapolation of the muiti-
" plication curves was about 10.5 Kg Pu. The system was unreflected except for
the adjacent hood walls anpd steel floor of the hood on which the ‘assembly rested.
Pram shape factor conversions, the estimated critical mass for a coampletely un-
reflected Pu cylinder with the above dlameter is expected £o be about 15 Kg Pu.
The preliminary results indicate an apprecisble reduction fn the c¢ritical mass
as the result of partial reflection by the hood walls and adjacent material,
etc.

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
equivelent of adding 4 Kg of Pu to the assembly.

Megsurements were alsc mede 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 mess for the assembly was
about 10.5 Kg Pu.
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Further experiments are planned in the series of in-plant multiplication meas-
urements.

The purpose of these experiments 1s 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 or Criticality Calculetions

Critical Mass Calculations

The computation of the critical mass versus plutonium concentration for

PuQ,~Hy0 homogeneous systems, with 5 and 10 percent Pu-240 have been campleted
for spherical geametry. Table I is a compilation of the data for these

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

The same kind of calculation has been carried out for Pu-Hp0 homogeneous bare
systems. The purpose was tc check against previcus celculiations performed at

Los Alamos Scientific [aboratory. The agreements with other results is generally
good except for the Pu-240 effect. Efforts to explain end correct cur 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-2739
concentration.

The results are summarized in Tables IT and III. In Table II are given the
pertinent composition data, and Teble IIT summerizes the critical masses, criti-
cal radii and E/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 homogeneous systems) has been improved by a factor
of approximately twenty; a 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 1n the code that should be easily corrected. Additlonal 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 contimed. In 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 gecmetry, the effect of
separation on criticality was determined for two and three component systems of
fixed concentraticn and several sizes. A check of the approximaticn method against
diffusion theory results was devised for cylindrical gometry, by comparing, {a)

the approximation methed results for 51 cylinders in contact in a ring with, (b)
diffusion theory results for an annular fuel region chosen t¢ preserve volumes.
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Critical Messes for Bare and Reflected Spheres of PuQp-H>0Q Mixtures
with G, 5, apd 10 Percent Pu-240

_ Bare gﬁgeres Reflected Spherss
0%-2%0 7 AN 10%-240 04-250
E/Pu Re(em) *Mc(Kg) Re{cm) Me(Kg) Re(em) Me(Kg) Re(em) Me(Xgs)
0 7.79  20.0 8.ce 20.75 8.20 21.01 6.7  12.74
.38 8.54 23 8.75 2%.50 8.9  23.75 7.2 13.67

1.25 9.52 25.5 9.7  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

3.3 10.8 2k.5 ©  11.30 25.32 11.64 26.22 8.8 12.58
L.85 11.7 2%.5 1.99 k.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 11.2 15.90  14.10 16.79  15.73 1.2 5.23
57.1 15.2 6.5 17.4 9.2k  18.4 10.36 12.2 3.1
n7y 16.0 3.77 17.2 L.k 18.1 4.8 12.3 1.7
295 16.9 1.78 17.85 2.00 18.6 2.13 13.5 C.897
395 17.3 1.4k 18.2 1.60 18.9 1.69 13.8" .72
504 18.6 1.13  19.4 121 bk .55
660 18.2 1.00 19.1 1.09 19.8 1.17 14.8 .54
T4 19.2 1.02  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 214 1.03 22.4 112 17.0 .540
1289 21.9 965  23.0 1.07 242 1.18 18.5 .582
W8T 24.3 1.06  25.8 1.20 2T.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,

T 251293 | A=
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TABLE II

R oy

Compositions of Pu-Bp0 Systems for Criticality Calculations *

Pu-Concentration

B/Pu Ratio (Totel Pu,gm/cc)
0 19.6
.86 12.0
1.3 0.0
2.0 8.0
3.1 6.0
5.3 4.0
11.9 2.0
.25.2 1.0
31.8 0.8
k2.9 0.6
65.0 ol
131 0.2
26k 0.1
529 0.05
872 0.03
1325 0.02
2652 6.01
3536 0.0075

{(Per cc x 102“)

Atoms Pu

Molecules ﬁzo
(Per cc x 1024)

-04939
0302k
.02520

,02016

L1512

.01008

n

R -3

1.

L0402 (-3)
.5201
.0161
.5120
.0080 {-3)
oho2 (-4)
.5201 1
3600 (k)
.5622 (-5)
0402

.5201

8903 (-5)

0

.01296

- ,01638

01979
.02320
02661
.03002
03173
.03207
.03241
03275
03309
.03326
-03335
-05333
.03340
03342
,03342

* Pu density 1s taken as 19.6 gn/ec (0.04939 x 1024 atoms/cc) and
. HpO density was taken as 1.000 gm/cc {.0%343 x 1024 molecules/cc).

i
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TABLE III

Critical Masses for Bare Spheres of Pu-HoO Mixtures = .-
Witk 0, 5 and 1L0% Pu-240 '

| . ofah0 - 5240 . 104-240
E/r R Mkg) - R(em]_ Mxe) Rlem) = Mkg)
0 .90 9.66 1.99 9.69 5.09 9. T4
86 6.8 16.37 7.02 16.52 7.20 16.89
1.3 1.5 18.32 T.Th 18.45 7.93 18.80
1.96 8.41 9.9 8.62 20.%9 8.82 20.69
3.07 9.k0 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 .79 15.46 14.70 16.33 1642
3.8 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 17.8 8.07 18.11 8.96
131 16.05 3.46 17.25 k.05 18.04 | 443
264 16.61 1.92 17.78 e.eu' 18.53 2.40
529 117.65 1.152 18.88 1.339 19.60 .42
812 19.70 961 20.61 1.045 21,55 1.132
1325 22.97 1.015 2l.23 1.132 25.59 1.263
2651 40.68 2.82 46.5 4.00 55.5 6.k
3536 111.3 43.3 - - - -
ke, = .989
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Agreement to within about 1.25 percent was obtained. This compares favorably
with the agreements obtained in slab geametry and strengthens conflidence in the
order of accurscy obtainable In the approximation method,

Criticallty Hazards Specifications

Nuclear Safety 1in HLO

1) A meeting was held with Fuel Fabricatlom Development Operation personnel
(R. G. Nelson and R. S. Kemper, Jr.) to discuss the miclear safety aspects
of fabricating Th-232 - 2.5 w/o U-235 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 intc fuel rods. Ruclear safety specifica-
tions will cover the handling and storage of both the 93% U-235 enriched
uranium and the Th-232 2.5 w/c U-R3S alloy. For the thorium alloy, nuclear
safety will be based on the critical parameters for 2.5% U235 enriched
uranium, until more exact data are available. The 2.5% U-235 data will dbe
conservative because X, for the thorium-U-235 fuel rod system is lower than
for the U-2%B-U-235 system. Not only is the density of thorium 11.2 gfcc
compered to 18.9 g/ec for wraniium, but o %8 is 7.9 barns for the Th-232
compared to 2.7 barns for U-238. The etas thus compare &s follows:

th
- - .48

nu

The fast fission factor for the thorium alloy is also lower because the high
energy fisslon cross section for thorium is €.1-0.2 barns compared to 0.4-0.5
barns for J-238. Thermal utilization may be slightly higher for the thorium
alloy and resonance escaepe probability ig 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 Pillot 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 oeccurrence {for estimating shielding require-
ments) and the variables that will affect the nuclear safety of the FRPP.

3) Evaluation for Nuclear Materials Operation

The nuclesr 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 & eritical mass. Under optimum conditions of moderation and geometry, the
fuel elements would have represented 1.5 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 s;:ectrmetry

Studies were made to determine the cause of a bias in the U235/0258 abundance
ratio for natural uranium as measured on the heavy element ma.ss spectrcmeter.
The primary cause of the bias waz lsolated to a nonlineari electron
miltiplier part of the ion current measuring system. .The /02 ratio

was obgerved for several sample loadings of natural uranium at various ion
beam intensities and curre: gg gain settings of the electron multiplier. In all
cases the observed UF/5/U23° ratioc was below the accepted value for natural
uranium and appears to be most strongly correlated with the magnitude of the
output curre:rl: of the multiplier for the major isotope. The departure of the
observed U2 /[:laz"a ratic from tg,e accepted value varied fram about 1.3 percent
at an ou'bput cu.rrexrt of 5 x 10°° amperes to about 4.2 percemt at 1.4 x 10-7
ampersas. la:;%gg of these measurements to zero multiplier cutput
current yield.s a ratio about 0.5 percent below the accepted value.
At present the mechanism of the nonlinearity of the electron multiplier with
output current 1s upexplained. '

" Instrumentation and Comtrol

Investigatians contimued on the tracer lathe comtrol system for CPD. 8Six of
these lathes were delivered by the mamufacturer and found unable to meet the
degired tolerance, Stability studies are aimed at symthesizing the proper
campensating networks to provide stable operation with the desired tolerance.
A measuring technique was established which allows a suitable determination of
the linear and non-linear trapsfer 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 arige because of nonlinearities in the system. As first
trials, mostly by guess, same simple corrective petworks appeared to help. An
analysis from accurate test data will be needed to eliminate the guesses.

The addition of dither at 300 cps, &8s recomended by the General Engineering
lab, 4id not seem to help. However, this frequency is beyond the capabilities -
of the Brush recorder, and it is not certain if rellance can be placed. on this
conclusion.

Ae apn interim measure, to get the lathes in operation in June, CFD is adjust-
ing them, increasing the size of the hydraulic piping, adding accumlators, and
shielding as many electrical leads as possiblie. 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 "ot". It is planned to keep one lathe "cold" for
the dévelopment work to continue.,

NEUTRON CROSS SECTION PROGRAM

S8low Nentron Cross Sections

Tests were made on_the newly prepared fission chamber to be used in the remeas-
urenent of the Pu=’? figsion 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
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1/8 inch dismeter neutror beam ig scannel across tiae fission feils was elimina-
ted by increasing the chamber gas pressure from 5 pounds to 15 pounds absolute.
The fission counting rate 1z observed to be about a factor of 100 below what is
anticipated even after realigning the aluminum crystal of the spectrometer.

The evaluation of the low energy npeutron cress sections of the fissile mmclides
for sn invited paper at the Neutrcm Physics Symposium at Remsselaer Polytechnic
Tnstitute, May 5-6, 1961, was completed. Provisiopal velues for the 2200 m/sec
parameters for U233 and 152 were reported last month. Provisional values for
Pue? have now been derived on the assumption that the values cbtained for eta
for Pu>? are the most . probable source of the four percent dlscrepancy which
exists in the derived parameters. The provisionally recommended values for
PuR39 at 2200 m/sec are; 0, = 1018 £ 5, oy = 10 & 3, 0, = 1008 & 6,

ang =254 £ 13, ope = T4 ing, o= C.337 £ 0.017, v = 2.85 = 0.05, and n = 2.16
t 0.05.

Fast Neutron Cross Secticns

Investigation of melfunctions in tke chronotren system cccupled a major share

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

in the 256-channel anslyzer. In & thorough overhawl of the analyzer, more than
20 badly-soldered jolnts bave been discovered and repaired, but correct cpera-
tion in conjunction with the chroxctror has not yet been re-establighed. The
recording of events by the chronotrom in the sbsence of an "accept" pulse in the
side channel was traced to a chance-coinciidence phencmenon and cured by revising
the times required for varisus circuit cperations.

A transit was chtained from Fleld Survey Operaticn on indefinite loan., It will
be used in Ven de Graaff allgmment. Scintiilating materials capable of pulse-

shape discriminstion in addition te fast time resolution were received from the
vendor. Orders were placed for a special 5-inch sbhotcomnltiplier for the time-

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

the analyzing magnet on the Van de Graaff.

Slow Neutrom Scattering Cregs SBestions

A set of meszurements to &ztermine the relative sensitivity of the analyzing
spectrometer at 0.25, 0.1, 0.15, G.2, 0.25, and 0.3 ev final en~rgy has beern
campleted. The results obtained are not completely corslstent, Lowever, and
further work is bheing done to 1dentify the cause of what appears to be a large
systematic discrepancy between upscattering and downscattering. .

The series cf acattering messursnents at §.2 ev incident neutron energy has
continzed. Energy analysis runs have Yeen made for the 13 mll water sample at
10° scattering angle, the % imel veraiiun samrle at 1C° and 50°, and for an
empty water sample holder at 10° and 30°.

Work is gtill under way o= the sormztractisr and “esting <of a cryonstat <o te
uged In resolution funciicn measurements employing varadium at liquil nitrogen
temperatiures.,
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Instrumentation

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

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

analyzer.

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

REACTOR DEVELOPMERT - 4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

The Critical Facility of the PRP

. An appropriaticn 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 tramsistorized 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 Uclt. These scalers will be used to obtaip data from fission chambers and
BFx counters. Specifications for the purchase of some of these items have been
written.

The description of the MIR-ARMF experiment has been distributed as HW-69169. The
distribution was limited becsuse it is written for the benefit of the persomnel
who will be making the reactivity measurements in the ARMF. Eventually a formal
document (HW-69160 Rev.) will be issued with a larger distributiom.

Tt is planned to replace the samples whick are to measure the seasitivity of tke
ARMF to absorbers. As originally planned horon tape was to be fastened on to
samples vhich comtain the same ccuposition of plutonium. Zowever, it may be
possible to mix the required boreon witk the fuel. If this can be done a more
acsurate calibration of the ARMF could e nmade.

FRTR Startup

Summaries of the results of the PRTR Critical Tests for Series I and II have been
distributed to irterested persomnel. The results are not ccmplete or final. As
other results beccme available, they also will ba distributed. Apalysis of void
coefficients has presented scme conceptual problems. A revision of the cell
homogenization technique used in the SWAP code was reccmmended, waick may help iz
the resolation of these problems.

Participation in Series III experiments was begun April 21, 1961. The reactor
was loaded to criticel witk a three zome lcading which will probably be the load-
ing for the power tests. A traverse of the flux in a plutonium lattice cell apd
a U0 lattice cell were made with lutetium folls. Ir additicn, da%a to determine
B/L by the noise analysils technique and the firal calibratior of the shims were
obtained. The reactor was shut down on April 26 in order to prepare the elements

R e
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for the power tests.

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

Low Exposure Plutonium JLattices

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 Pfirst two days of experi-
ments were cbserved by Plerre Bacher of Saclay, France. Collection of data is
proceeding on & two-shift basis and will continne into the second week in May.

The neutron spectrum Jln this lattice 1s quite under-moderated, with a cadmium
ratio at the cell -boundary of about 1.7, using .006" an folls with 040" cadmium
covers. gadmium ratio measurements are being made with detectors of Cu, An,
PuRY?, P55 and lutetium in an effort to define the shape of the neutron spectrum
throughout the lattice cell.

Plutonium Fuel Temperature Coefficient and Pu-24L0 Effective Resonsnce Integral

A cost estimste has been received from Plutonilum Fuels Development QOperation 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 fisslon and absorption cross secticns which Westcott
used for his caleulations (CRRP-960) does not agree with the shape of the curves
(TRCC{US)-58) which best fit all of the measured data. Since the proper shapes
or these cross sections is important for neutron spectrum studies and calcula-
tions whickh involve plutonium, the program ACE iz being used %c find the function
which wlll generate the proper cross sections. Westcott obtains his cross sec-
ticns by fitting a function which is the sur of singie~level Rreit-Wigner equa-
tions to the experimental data. The parsmeters which he obtained fram fits are
being modified until a f£it is obtained to tpe data in TRCC(US)-58. The fit to
the Pu-239 fission data is completed and the modifications to the absorpticn data
have begun.

Neutron Rethermalizaticn

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

L g o M T v A e
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in a NPRO Quarterly Report for January, February, March, 1961.

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

Baropium oaxide has been received for fabrication of Buropium-~resin detectors
which ara also to be used in these experimenta.

Effective Radii of Weutron Detector Pins

The question of the resalution of an irradiated pin traverse, or the effective
radius of neutron detection of a c¢cylindrical detector in a cylindrical rod, hes
been of concern for scme time. This problem hasg been formulated and sclved.
exactly under the assumption that the unpe:rburbed. neutron flux in the rod is the
I, Bessel's functiom..

The result i1s that the affactlve radius of detection 13 the physical radius,
independent of the size of the detector pin. The detector 1s assumed to have the
same diffusion properties as the rod. The effects of spectral hardening have been
neglected.

A corraction has been calculated for the case of an unperturbed neutron flux with
a quadretic radial dependence. The correction is radius dependent and 1s a func-
tion of pin size. :

Apalysis of Uranjum Oxide Temperature Coefficient

Additicnal work has been done on the fit of the fuel tempersture cocefficient data
to a better extrapelation lormula. The errors that are attached to the mmerical
velues reflect all uncertainties except those due to flux and adjoint mismatch.
These are being determined. For the 42-minute heating cycle, fram 322 to T6T'K,
the fitied squation and the required expressions thus far obtained from this equa-
tion are _

1op(T,) - 2op(T) = -(23.5 £ 0.6) x 1077 + (1.32 £ 0.03) x 104V 1(°K),

m -a—-—dp(T) ém T_dxm(T) x - (6.6 4 0.2) X lo-l" T-%(QK),

end
2 (T) = (27.0 £ O.7) x 10 - (1.51 + 0.0k) x 10 V(°K)

The results for the A5-mimute heating cycle, from 323 to TE9°K, are the same with-
in the errors of the measurements.

Effect of Neutron Rethermalization on the Fuel Temperature Coefficient of
Reactlvity

The method described last month for determining the rethermalization ¢ross sec-
tion of slumimmm as a function of tempersture did not take into account spectral
bardening. In order to include this effect, the spectral model beccmes both
cumberscme and arbitrsxy. In order to circumvent this complication, a new approach
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is heing considered wﬁereby the spectiral effects due to heating the sluwminum are
lumped into the thermal blackness of the rod.

Slowing Down Models

A study of various slowing down models has been underteken to determine the appro-
priate models for calculating spectrs to use in determining group constants. Paer-
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 lncident neutrons are
scattered isotropically in the center of mass system from a stationary scattering
nucleus, have been campared. The COVEYOU-MACAULEY slowing down model is obtained
from a second order Taylor series expansion in the diffusion equation. The
Selengut slowing down model is obteined by a similer expansion in the slowing
down density. In both schemes, the resulting equation for the flux correspend
to second order differential equations. The two schemes may be campared by cal-
culating the neglected third order term. The COVEYOQU-MACAULEY model has the
smaller third order term for all materlals except hydrogen, in which case the
Selengut model has the smaller third crder term.

Plutonium Mael Value Study

Analysils of the Advanced Pressurized Water Reactor i1s now in the final stage,
with production runs currently scheduled for the computer. Several boron ¢on-
centrations were studied earlier; the effect of boron poisonling is, as expected,
almost entirely in the saving of required reactor control capacity. The effect
on attainable exposure ard plutonium composition 1s very small.

Crogs Sections

New values of the Westcott g apd s factors have been fitted with polynomials by
the least squares methods, and are now being used in the MELBAGER code. The RBU
- Bagic Library edit routine i1s 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 binsry tape from the cards. The
Library 1tself is now appsrently free of formal errors.

Supercritical Water Reactor Study

Apalysis 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 internsl Dancoff correction factors was developed.

Code Development

Fuel Cycle Codes

C. H. Westcott's analysis of the relationship of cross secticns to the neutron
gpectrum in modified one-grovp approximetions has been criticized as inconsistent
with neutron comservation in the epithermal region. A modification of the
MELEAGER code was formulated to further explore this guestion.
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A new code, Wegsex IT, has been formulated to eva.lua.te the closed-form solutions
of the linearized burmip equations. It is now being written by personnel of the
Electronic Data Processing Operation. .

The thermalizstion 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 Banford version of the spectrum code C- 6 continues. In a few
test cages which can be solved anaslytically, the C-6 results agree with the analy-
tical solutioms. Debugging other portions of C-6 introduces additional diffi-
culties because of the lack of C-6 test cases. One sclution currently being
tried is to use test cases for (-5, a predecessor code possessing most of the -6
features. At present, some disagreement remains between these results under
conditions in which apparently identicel operations are belng performed. An
additional modification to C-& has been made which permits the break point between
the slowing down calculation apd the thermal group to be an arbitrary input para-
meter., This festure is needed to adapt C-6 to a thermsl spectrum code. Several
cutput subroutines have also been recoded to provide a more complete apd easily
read presentation of the output.

Instrumentetion and Systems Studles

The PRPCF "last ditch" safety fuse system was reviewed. It was concluded that
1t will be adequate for all reactor periods of 100 mlllisegonds or greater for
an assumed flux of 10% nv. For "normal" flux levels of 10° nv, the fuse will be
satisfactory for periods gregter than 200 milllseconds.

Experiments wers temporarily suspended, and an interim report issued concerning
gamma scanning methods for investigation of PuQp concentration variatioms in
fuel rods containing both Pul, and UOp. Tests, to date, showed that two percexnt
by weight of Pul, discontimuities, in comparison to normal C.5 percent by welght
Pulp, can be located and measured using gamme scanning methods measuring the

0.364 Mev Pu gammas. Autorsdiograph tests of all supplied test rods proved the
approach method accuracy; however, the tests algo proved that the packing uni-
formity (demsity 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 instrumentatiop for the FRTR critical tests was reactivated for the
final set of tests. The cell traversing mechanism wae used with success. This
device wes used to place a set of folls in a horizontal position between process
tubes inside the calandria. At the terminstion of the critical testas, all detec-
tors were removed from the reactor and all special instrumentation was removed
fram the FRTR control rodm.

Considerable attemtion has been applied to the FRTR Fuel Failure Monitor., Several
faulty conditions have been corrected in experimental form and the appropriate
eircuit modifications are being Incorporated in all chemnels. A1l 85 scintilla-
tion probes were tested to determine proper galn settings. A muber of checks
remain to be made to determine if the total system can be adjusted or modified
for proper performance,
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BEngineering support was furnished@ PRTR Operations to assist in certain phases
of the instrumentation design testing during the first two weeks in April.
Specisl assigmments completed during this period include:

1. Process tube flow menitoring system. The performence of five 0-10 psig flow
monltor 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
recamiendations forwarded to PRTR Operations.

2. A design change, tc convert the existing Do0 storage tank level measuring
system to a bubbler type liguid level measuri.ng system, was genersted, sub-
mitted, and approved.

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

4. A design change which 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 moritor safety circult to
a8 coinecldent type safety circuit.

™o methods of recording neutron flux were used to obtain kinetics date on the
PRTR. The first used an ionization chember 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 1s being tried here for the first time. These data have just recently been
recorded and the analysls necessary to obtain neutron lifetime is yet to be com-
pleted.

Fabricetion of the probte assembly for messuring the wall thickmess of PRTR process
tubes is approximately S0 percent complete, but further work on this project has
been temporarily discontimmed. Four wltrasonic transducers having active surface
areas of 1.0 x 0.5 izch have been recelved.. Preliminsry tests indicate that these
iarge ares transducers exhibit greatly improved acoustic coupling characteristics
over the small ares units used heretofore,

Assembly and calibration were completed on the Mark IT (radiation resistant)
probe for measuring the inside diameters of PRTR process tubes. Final leak
tegting awaits the delivery of special "O'" ring seals for the linear variable
differential trensformer shafts.

The PRTR gas balance system simylation 1s in progress. Under certain copersting
conditions, the enclosed gas system may became oscillatory. The gas pressure
oscillation will, in turn, cause an oscillation 1n the moderator level and conse-
quently, a power level oscillation. This study bas been ilnitiated in an attempt
tC determine the necessary system changes to eliminate the possibility of oscilla-
tion. The preliminary work has beern campleted and the problem is ready to go on
the camputer.
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RONDESTRUCTIVE TESTING RESEARCH
mecbrmagnetic Testing

The first quarterly report wvas received on a study of signal analysis.applied to
nondestructive testing being mede under a research contract by The Johns Hopkins
University., The first report is titled "Nondestructive Teating Signal Analysis:
On the Identification of Multiparameter Systems” by W. H. Huggins and I. G.
Wolsey. The problem congsidered is that of specifying an optimized driving or
probing wveveform and the instrumentation for the simultaneous and independent
determination of deviatiocps of test specimen system parameters from their nominal
values. The use of a get of growlng exponentials as an optimum probing signal is
discussed., It Is shown thet the test system may be decamposed into a mumber of
parallel camponent systems, each associated with various cambirations of +the
system parsmeters, Requirements concerning selectlon of optimum probing signals
and the independent meesurement of parameters are explored, and suggested meens
to apply the theory developed to lumped cirenit models are given.

Means for stabllizing the temperature of eddy current test colls are being eval-
uated. Bidy current coils experience & temperature rise due to current flowing
in thé windings, and when brought neer a test specimen, can be subjected to addi-
ticnal heating or cocling affecting the impedance of the test coils. Such changes
can cause undesirable drifts in instrument readings which are most objectionable
in the case of ingtruments with direct current readout such as those used for
comductivity, ipductive thermometry, thicimess and other dimensional measurements.

An autamatic prodbe coll tempersture control circuit has been tested which utili-
zes the eddy current coil for both temperature sensing and heating functions.
Coll temperature changes were reduced to one-tenth of that experienced without
the control. Closer control is anticipated by optimizing control circuit sdjust-
ment.

A report titled “Bidy Curremt Device for Detecting Anisotropic Conditions",
HW-69269, by H, L, Livby wes prepared, issued, an? submitted as an invention
disclosure.

ﬁeat Trangfer Testing
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The plasma arc Jet has an important advantage over induction heating in that it
1s not =0 semsitive to spacing between the heat transducer apd the test piece.
Therefore, small chenges in spacing due to eccentrieity, ellipticity, and other
Irregularities of the test piece surface do not cause detrimental varilations in
surface temperature. This 1s very important in testing of coextruded Zircaloy-
clad uranium fuel elements, self supports, and other test pleces having projec-
tions or surface pon-uniformities.

A Zirecaloy-cled coextruded uranium fuel element was tested using & plasma arc

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

been deslgned, and are now being fabricated. These heat trensfer standards should
gllow better interpretation of data from Zircaloy-clad wranium fuel elements.

An attempt to test self-support bonds on ¥-8001 aluminum alloy clad uranium fuel
elements showed that emissivity variations between different self supports in
the bright "as welded" condition were toc great. These fuel elements have been
autoclaved 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
bave been written.

Variation ir surface emissivity of test pileces 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 rediometer.

A lathe has been obtained for application in a heat transfer tester for immediate
application and further svaluation of existing technigques. A plant forces work
review has been completed, and this heat transfer testing equipment is being
installed.

Zireconium Bydride Detection

Fast reutron scattering measurements were conducted using the Van de Graaff
generator. Fourteen-Mev neutrors from the T(3,n)met regcticn and five-Mev
neutrons fram the D(d,n)He’ reaction were used. The Li®T scintillaticn detec-
tor was shielded by surrounding it with two inches of lead and six inches of
lithium-loaded peraffin.

Preliminary measurements indicated the neutron apd gamma background presents a
serious problem in detecting neutrons scattered from the sample. The sghielding
was fourd to be inadequate to resclve the signsl produced by neutrons scattered
from even a sample of paraffin above the background signal. Direct neutrons
fran the target end scattered neutrons fram 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 investigators 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
separsted from the neutron pulses through use of the pulse shape characteristics
of the stilbene crystal, The pulse shape is different for peutron pulses than
Tor gammsa and beta pulses. When the circuit 1s camplete, 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 comstruc-
ted for Hell voltage measurements. The noise level has been reduced to 0.0Ck
microvolts, referred to the input, through the use of a special purpose low noise
input transformer driving & tricde cireuit. The bandwildth wes reduced to approxi-
mately one to two ¢pe through the use of two parallel tee filter networks in
fe?d.'ba.ck locps in following stages. Gain at the cenmter frequency is approximately
10

The Hall Effect sample halders have been canmpleted, apd present efforts are
toward eliminating stray pickup due to magnetlc and electrostatic coupling.
Consideration is being given to the miclear msgnetic rescmance method of detect-

- ipg hydrogen in zircomium, and as an initial step a simple autcdyne circuit is
being fabricated.

NEUTRON FLUX MORITORS

- Consideration is being givenm to several possible experimental techniques for
testing the response of prototypical Pu lactope extended lifetime peutron detec-
tors. It 1s desired to develop experiments which will test the validity of the
computational models which have been used in the analyses to date. Possible
canposite foll sensitivity meesursments using the Thermal Test Reactor are cur-
rently being evalusted. The TTR flix 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 mepping applications, it msy be advantageous to have a detector
with a 1/v cross-section. This gives an output independant of the thermal spec-
trug and proportiomal to the neutron demsity. Since the Pau isotope detectors

do not have a 1/v response, they may have to be surrcunded by a shield or filter
for certaip flux mapping applications. It has been determined that the Meleager
camputer code cannot be used to examipe the feasibility of shielding the Pu
isotope units to obtain 1/v respomse. The shielding problem will require a multi-
group approach apd a "least squares" f£it 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 resctor application it may be
possible to alleviate such effects by Judiciocus placement of the detectors;

in the center of coclant channels, for example.

PHEYSICAL RESEARCH - 5000 FROGRAM

Mechanism of Gra_i_phite Damag

Samples of graphite were irradiated with 0.018 coulombs of 2 Mev electrons at
dry ice tempersture. No change in reslstance was observed. Equipment is being
prepared to permit irradiation at liquid nitrogen temperature.
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BIOLOGY AND MEDICINE - 60C0 FROGRAM

ENVIRCMMENTAL SCIENCES

Atmospheric Physics

Results of studles of deposition of zinc sulfide tracer material utilizing the
1959 diffusicon data were summerized with publication of HW-69292. The report
includes estimates of depcositicn from mass contimuity determinations, comparison
of exchange perameters with tbose found by other investigators, and discussion of
& gaussian diffusior model that accounts for loss of material from the air due

to deposition. TWo fim conclusions were presented because of the limited data -
available for the analysis. Instesad, the significance of the deposition phencmena
was pointed cut and methods of experimentation that willl uvltimately lead to
clarificetion of the camplex interactions between the important physicel vearia-
bles were discussed.

Calibration of the rain-droplet zampler for uge in studles of precipitation
scavenging processes was completed for the droplet size range 0.25 to 4.6 mm,
equivalent diasmeter. Quantitative messurement of the efficiency with which
raindrops scavenge zine salfide tracer particles from the air as a function of
drop- size, and determingtion of raindrop-size spectra to smeller sizes than have
been previously reported in the literatiure will result fram this develomment.
Mizroscopiz exemination of 681 droplets ccllected during a diffusion experiment
in netural raiz provided preliminary estimates of scavenging efflciency for pur-
poses of experimestal design. The values found were greater than 20% and 12%
for the size ranges 0.22-0.65 mm apd G.635-1.2 mm, respectively, coafirming that
the estimates used in ocur feasiblility study were reasonable,

Three additional diffusion experimerts were attempted during the month, with
two suzcesses, bringirg the totals for the year to nine successges in thirteen
trials, Qmne successfil experiment was confacted using en elevated source
located at 200 feet helght on the metecrclogicsl btower with dosage measurements
at 1.5 meters height to a distance of 1600 meters on & horizombal gzrid. A
similar experimert falled when ths wird sbkifted shorily after starbtup, carrylng
the tracer material off the sampliang grid. The se:ond successful experiment
Silized a gource neasr grousd level with dosage measurements on dboth the hori-
zoztal arnd vertlcal sempling grids te a distance of 3200 meters.

Activities in Air Forcae supported programs iroreased Iuring the month in pre-
paration for comiucting diffasion experiments at Cape Canaveral, Florida, during
Mey and June. Schefunled startup date 1s May 15 with coampletion of the first
series by June 30. A s=cond series of sxperimernts 1s scheduled for November.
Startvup at Vanienberg Air Forece Bage, Califcraia, is scheduled for June 5 with
corpletion of thls series in eight weeks. Extensive climatological sumearies
were prepared for bhoth sites for us2 in scheduling field operstions. Instrue-
tional material was prepared. for orisnting and trainirg field crews. Fleld
enginaering end technicel assistance wes pravided to Alr Force comtractors res-
ponsible for preparing the fleld sampling grids. Shipment of all speclal
materials {fiuorescent pigment, calibrated arifices, sampler assertblies and
acressories) supplied by Atmespheric Physies Opersticn for the first Canaveral
series was compistel.
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DOSIMETRY

The P-32 subject obtained last month was studied again. A slow redistribution
of the P-32 is teking 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 cozmt.ing rates are obtained 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.

Radia.ticn Protection Cperatlcon was assisted in the identification of an
urmsual isctope found in a subject during their routine coupting program. The
isctope was ideptified as Sb-125. Identification was made through measurement
of gamma ray emergies. Detection of a 2T kev conversion X-ray with the pluton-
ium X-ray counter confirmed the ldentification.

Studiss were begun of the slimipation of §b-125 from the above subject. Studles
were continued of the eliminetion of Co~-60 frum a subject in a case reported
previously. Studles are being mede of the elimination of Zr-Nb-95 and Ru-106
from a subject whose contamination status wag discovered during the routine
counting program this month. _

The positive ion Van de Grazeff was out of coperation half of the mopth. Part

of this time was due to fallure of supporting instrumentation. The rest was
required to repair a water leak in a mercury diffusion pump. The accelerator
cperated satisfactorily during the rest of the month. The grating floor of the
laboratory was covered with thin sheets to give a smooth working surface.
Bettar storage faclilities 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.

Scme careful studies were made with the double moderator of thin targets of
deuterium adsorbed in titanium or zirconium and bambarded with deuterons.

These studies showed that the neutrons produced from these targets were not as
monocenergetic as we had supposed. A gas flow target now being fabricated should
eliminate thls problem. The use of a potassium icdide 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 Radioclogical Development
Operation. They have campleted fabrication of the mcderator. It will be placed
around the Van de Grazaff target and be used in neutron activation studies and
source strength measurements.

INSTRUMENTATICON

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

atiilh
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Experimental fabricatlon continues on the miniature slarming personnel dosimeter
which uses a modified "percil" ionization chamber, a quertz fiber illuminator,

g CdS cell, and transistorized circuitry. The breadboarded model worked satig-
factorily in tests throughout the month.

Two new approaches are belng investigated, using quartz fiber lonization
chambers, for personnel alarming dosimeters. One method uses an automstic
recharging technique with one pulse out for esch L.5 mr of dose received. The
second method employs a contactor-type, squedag costed fiber apd alarm circuit.
The coated fiber unit worked satisfactorily in tests and carried 10 microsmps
of current, for later amplifying apnd elarming, without difficulty. For all
miniature personnel alarming dosimeter work, stress is being placed on the use
of ionization chember 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-
igtics for use in measurement of dose-rates and dose,

Varlations 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 a prototype unit is being fabricated. Operation of & F to
+ 150°F 1s satisfactory by simple adjustment. At any one adjustment, ambient
temperature variations of * 10°F do not affect calibration.

Final development was campleted on 2 miniature "palm-size" alpha survey monitor
using a silicon surface-barrier diode detector and transistorized amplifying and
gated oscillator anmunciator circuit. Two prototype units will be fabricated.
Same progress was made concerning the use of the surface-harrier diodes for
alphe energy analysis work with cgmpletion of a small vacuum chamber, Efforts
contime 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 delectors over each tube with a cover over one detector
1o eliminate tritium betas. The detectors will have a light tight housing with
& miniature blower. The method used will integrate the difference between the
two tubes with periodic (chopper) discharge to produce a variable decay time
pulge. 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 obtain suitable meter ipdication at 0.1 MPC or less
of airborne tritium, and the technique being investigated appears to bhe 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 analysis portable instrument with both scaler and count-
rate-meter readout. One prototype unit is being fabricated for eventual use by
Biclogy Operation personnel. The instrument, by probe selection, is expected
Laclpmy extremely versatile for meny low-level monitoring problems throughout the
plant.
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continmued developmental progress was made on the Autamatic Fllm Badge Densi-
toameter system. The programmer unit was fabricated apd is now being tested.
Slight revisions of power supply circuits proved necessary to improve regula-
tion. The system circultry design-development effort is now 90 percent coap-
lete. Sevaral offsite purchases still have not arrived.

Technical progress contimues on the circultry for the personally carried por-
tions of the Integrated Radiological System with methods of readcut and trans-
misslcn under investigation.

Investigations with & 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:

Radiomc Contimuous Time to Alr
1ide Concentration Alarm Efficiency Flow

1. 31-90-!90 3x10710 pefec 61 minutes 284 15 C™M

2., Mixed Fission Products lx10'9 pc/cc 25 minutes 204 15 CAM

ThHe results were chtalned with the alarm level set at two times the meximm
radon-thoron levels. This level equates to the same meter deflection as fram
a 10 mr/br gamma field in which the lead shielded detector head is placed.
Thus, similar alarm times would be obtained for cperation in a 10 mr/hr gamms
fleld. The coamplete system was installed for use in the 327 Building. This
instrument 1s 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,

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

The new-design lucite light pipes were nearly completed for use in the experi-
mental combined alpha-beta-gamme transistorized hand and shoe counter.

The material for building a apectrum data storage device for the whole-body
counting facility was purchased. The proposed system will be capable of storing
up to four 40O-channel pulse-height spectra on & magnetic drum and transmitting
the data back to the analyzer memoxries 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 FROGRAM

Isotopic Analysis

The mass spectrometer for this program provided isotopic analyses of the program
samples received this month. The progrem 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 reglon and limits the detection of minor isctopes
in & sample. Evidence was obtained indicating that this background is com-
posed mainly of Ret lons which are reflected by the walls of the analyzer tube
into the ion detecting system. Re' ions are evaporated fram the hot rhenium
ionizing filament of the source and, depending on sample size, are from 10 to
1000 times more shundant then 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 cleamup of the plutonium spill was completed and the PCTR was loaded to
eritical 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 Tap0z pins

to determine the amount of LuEOg 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 deta 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 C.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.

NECLASSIEH
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CUSTOMER WORK

Weather Forecasting and Meteorclogical Service

The second in a series of three scheduled reports on prospective 1961 crests of
the Columbia River flow at Hanford was issued om April 20, As of April 1, 1961,
snow water in the Columbias River watershed above Hanford, although substantially
above thst on the same date of 1960, was still slightly below the 1943-5T aver-
age. The peak flow rate iz expected to be about 100,000 CFS greater this year
than last,; resulting in crest elevetions at least one foot above those of last
year, as shown in the tabie below.

1961 1960
Forecast Qbserved
Peak flow (units of 10° CrFS) 370450 311.4
Peak stage (feet MSL) at: 100~-B 405.0-408.0 4034
_ 100-K 400.0-403.0 397.7
100-D 30L4.0-396.5 302.2
100-H 386.0-380,0 384.0
100-¥ 381.0-383.5 378.8
Richland 349.0-352.5 2h5.5

Meteorologlcal servicea, viz., westher forecasts » Observations and climatologi-
cal services were provided to plant operations and mansgement persomnel on a
routine basis.

_ﬁg& of Forecast Number Made % Reliability
8-Hour Production 90 83.9
2h-Hour Genersl 60 87.4
Special 178 _ 83.7

Temperatu.res 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 thupderstorm on the 29th.

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

Instrumentation and Systems Studles

Design has been completed for the installation of the hydrogen detecting system
in the 333 Building autoclaves. Autoclave Engineers, the present ccmstruction
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 circuit was developed to generate a precisely shaped pulse to activate a trap
in the IBM-T090 computer. 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 econcmically to determine
the time required for the T090 to perform involved sub-routines.
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Flectronic circuitry fabrication is 80 percent complete on a combination alpha-
beta~-gamma Stack Air Monitor for use by Chemical Research (Operation, 325-4
Bailding. The mechanical pertion is scheduled for fabrication completion within
two weeks.

Discussions were held with Radiation Protection Operation mopitoring personnel
conecerning recommendations for an sirbormne alpha filter monitor for the Fuael
Recyecle Pilot Plant. Our developed and tested colncident-count alphs sir 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 completed on a special sensitive scintilla-
tion Beta-Gemma Portable Field Monitor for use by Biology Operation personnel.
The unit will be fabricated in the 328 Building Flectronics Shop.

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

for IFD has been started. Tt is plapmned to use cammercially-availlable, plug-in,
computer components once s satisfactory circuit is developed. All the major
equipment, except the coamputer components, is on order and shouid be delivered

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

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

Difficulties with a High Level Alpha Alr Monitor at 231-Z and with a Scintilla-
tion Criticality Alarm Instrument in the 325 Building were traced to inadequate
maintenance attention. Both incidents geve emphasis to the need for proper
instruction of maintenance personnel and a well-planned routine maintenance prog-
ram for developed instruments placed in fleld 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-10C system is 63 percent complete. Runs com-
pleted during April include drift tests on the O.h-inch scale at 100°c, 200°C,
300°C, and LOO°C; calibration runs on the 0.0k-inch scale at 20°C, 100°C, 200°C,
300°C, and %00°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 contimuing deterioration of operating characteristics.

Non-Metallic Materials Development, HLQO, 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 Qak Ridge gas-cooled reactor
program. Adspting 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 completed. This study
wag initiated in an effort to determine the dynamice charscterigtics of an extrac-
tion column for various frequencles and types of driving pulses. The informa-
tion desired consisted of the displacement ¢f the column interface as a function
of frequency and amplitude of the air pulser. It was alsc desired to determine
the patural frequency of the system. This information was obtained satisfactorily.

Phyaica.‘l. 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 NPFR
reactor process tubes and fuel element sheath tubing. Test work included:
autoclaving; dimensional measurementsz (mechanicel gaging); eddy current; magnetic
particle; penetrant (fluorescent OD and ID); radiography (gemma-ray and x-ra,y),
stress analysis; surface treatment {alkaline cleaning, pickling for autoclaving
apd conditioning, steam detergent cleaning, and vapor degreasing); and ultrasonic
(flaw detection and thickness measurements). Work was done for 31 orgaalzational
camponents representing most of the operating department and service organiza-
tions at HAPQ. Advice was glven on 49 different occasions on general testing
theory and applications.

Full production and treatment of the KPR process tubes has been achieved and is
proceeding routinely. Improvements in the penetrant testing are encouraging.
The additional ultrasonic flaw detection test for disconmtimuities transverse to
the longitudipal axis is now being usad on a routine basis. Successful operation
of the two autoclaves bas resulted in the reallzation of substantial throughputs.
. By utilizing two shifts for pilckling, 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 sdditional persomnel for the
duration of NFR tube work,

Field testing work proceeded routinely with contimued effort on the reactor
nozzle modification program for the bumper fuel element, followup of the 1TC6-KER
loop pipe failures, and the strain measurement programs at the H apd DR reactors.
Assistance was rendered to the 100-N area in comnnection with NFR construction,
and special agsistance was given in connection with the BUICO pipe sthp at Big
Pasco.

A radiographic investigation was ccmpleted. Tormulating an optimum technigue
suitable for accurate, economical, and rapid inspection of the ipner and cuter
welds of production IAE fuel elements. In addition to the contimming work on
Zircaloy sheath tubing, an increased smount of work was dome on various sizes

of stainless steel fuel element tubes. To allcw accurate evaluation of fuel
gheath tubing, electro-machiped standards are being prepared for hoth ultrasconic
and eddy current testing. The standards will contain longitudinsl, transverse,
and 45-degree notches in both the cuter and imner surfaces. The notches will be
fram 1 to 10 mils deep and from 1/16 ineh to 3/8 inch long and will have widths
as small as possible, Defect-free tubing as evaluated by current testing methods
was gselected for the mamifacture of the standards. The exact depth of the notches
iz being measured by replication techmniques.

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 emually apparent to both machines. Work will be concentrated

=8 251315 | L



nEﬁmsgiﬁEB W]

m— =51 69408

on the instrument capable of detecting gradual changes as well as abrupt changes.

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

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

The first functional tests of the Z-Mev Van de Graaff unit were made., The tank
was successiully pressurized after all leaks were sealed. However, upon applying
8 voltage no tube current coculd be cbtained. To ascertain the trouble, the tank
was copened ani the tube cbeserved. It wes apparent fram the discharge in the tube
that a sizsble leak existed in the sealed X-ray tube. For the next tests an
evacuated tube will be used utilizing the recently acquired ion pump.

Qptiecs

A traversing mechanism is being developed for determining the contour of the
centeriine of process tubes and reactor channels in three dimensions. The present
methods for obtaining the information are only partially satisfactory. The mer-
cury manometer gives accurate information about the contour in a vertical plane.
Surveying methods, using a transit and a moving target, give the comtour in all
Planes but are cumbersome to =pply end fail when the process tube or channel is
distorted more than sbout one-half inch from straight.

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

The first development unit, made for 2" x %" chapnels, has been fabricated and
tested. Fabrication and assembly revealed the need for some change in design.
These chenges are currently being made. A fleld lens has been added t¢ incresse
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 conmtour of

the channel has been studied and is discussed in Physical Measurements Memo

61-14k. 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 secticns of the channel and not angular
displacements. They can alsc be built to be sensitive to anguler displacement

only.

Wooden test channels are béing fabricated to further test the unit in the Optical
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 440 menhours' shop work was performed during the four-week period
(April 2 to April 30) included in this report. The work included:

1. Fabricetion of parts for an ultrasonic wall thickness probe for Physi-

¢al Measurements, HLQ.

Fabrication of a traversing mechanism and modifications to it.

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

Fabrication of two copdenser lenses for the 105-C Fuel Examinstion

Facilitiea.

Repair of two borescopes for IPD.

Fabrication of components for a radiation ratio pyrometer.

Polishing one lead glass window for CPD. _

. Repalr of two crane periscope heads for Purex.

9. Tabrication of five filters for Physical Testing Operation.

10. Evaporation of stainless steel on 20 boreacope lamps for Fabrication
Shop, NFR.

1l. Servicing of two Rod Room periscopes for 105-B. _

12, Polishing of eight Cal spectrometer windows for Chemical Research.

15. Resurfacing of 12 pump seals for PRTR.

Computer Facility gnera.tion
The major anslog computer problems considered during April include:

0w FU

l. NRPFR Plant Simudator.

2. Reactor Speed of Control.

3. PRTR Gas Balance System.

k. Pulsed Extraction Column Dynamics Simulation.

The computer program for the speed of control of the old reactors is presently
being reorganized to more efficiemtly use camputer time. The camputer circuits
are belng redrawn to conform to the present cireuit belng used. The installa-

‘tion of new equipment will allow the entire problem to be run on the EASE computer;

l.e., it w1 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 computer. These improvements will reduce the computer time involved
and the cost to the customer. :

The camputer operation was as follows:

GEDA 14 hours up EASE 66 hours up
69 hours scheduled downtime _ 63 hours scheduled downtime
69 hours unscheduled downtime 23 hours unscheduled downtime
16 hours idle 0 hours idle
T58 hours total 188 nours total

Instrument Evaluation

Bvaluation tests were started concerning rechargeable small batteries for possible
portable instrument applicaticn. To date, eilght 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 IFD Instrument Development
Qperation 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 internmsl oscillator to drive
an electro-mechanical register at a particular rate to indicate accumlsted dose
at the specified dose-rate. Four of the units are in use at PRTR but apparently
none 1s funetioning due either to lack of charging facilities for the incorporated
rechargeable battery or due to circuitry malfunctioning.

B-33  EW-6h0d

Evaluation tests were continued on two developed portable Scintillation Dose Rate
Meters using a chopper input and transistorized cilreuitry. To improve beta res-
ponse, the organic detector thickness was reduced by a factor of five while retaline
ing full-scale first range sensitivity of 5 mr/hr or less.

Evaluation tests were continued on the experimental Scintillation Beta-Gamma
(Line 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 originel 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 camplete 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 -C.3% per degree F, and a battery voltage change of 1% produced a
reaeding error of 0.75%. Full scale first range is 3 mr/hr.

Tests were made of random samples of cammercial double-aluminum-coated Mylar

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

Cne prototype, of 30 total units ordered, of a Model II Scintran instrument
designed by HLO, 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-alumimm-coated
Mylar and aluwmipum 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 manufacturer.

Acceptance ftests were nearly completed on 75, 90-r and 75, 10-r pencil dosimeters
of the self-reading type. Rejection retes of the two models were T% and 21%,

| | &=
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regpectively. PMurther testing contimies on 100 dosimeters of

the 200 mr type
and 20% of these have already been rejected for poor performance.
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERJALS - 02 PROGRAM

IRRADIATION PROCESSES

Uranium Oxidation and Fission Product Volatilization Studies

Evidently scme form of vaporization is the principal meode 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 collectlon at that oxidation
temperature depends relatively less upon alr velocity. For example, the rate varied
a8 the square root of velceity at 1200 C, directly as velocity at 1000 C, and as
almoat the square of velocity at 800 C. Pinally, rate of collection was constant
during oxidation and, incidentally, remained constant at the same value even after
oxldation had become complete.

New Production Reactor Effluent

The region of any phosphate discharge to the Columbia River will be more than five
miles downsiream from the reactors, should phosphate decontamination wastes be dis-
charged to ground just morth 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 gemerally north of the Mountain to help complete geologic
and hydrologic Mnowladge of the area.

Reactor Effluent Treatmsnt

Suspended algae growths in the 107-B reactor effluent basin were confirmed to be an-
important source of pressure drap increase in the pilot scale aluminum bed decontamina-
tion facility. A 1k x 18 meskh screen placed ir the inlet was coated in 50 hours to a
depth of about 1/4 irch, wiizh required reducticrn of flow to about 2 feet per minute
to avoid tank overflow. If suck growths prove to bYe insignificant in the effluent
Pipe lipe or in the aluminum bed itself, the algae should not pose a problem.

Promising designs were reviewed for ac As~T76 moni%or for reactor effluent. The
moniter Is to be used to help control reactor ccolent influent treatment with alum
for reducing As-T76 (and P-32) formation.

Certinuing laboratory study of mineral beds for removing P-32 showed that fluorite,
galena, gostbite, microclire and apatite removed a 20nstant 30 to B0 percent of the
radioisotope frem 1900 bed volumes of 0.01 ue P- 32/ml, 80 C tap water having a 2.9
minute residecce. Approachk of saturaticz was nct svident. Calcite, scapolite,
doicmite and horrblende, crn the other hand, exhidited a finite adsorption capacity;
the fracticnali removal of P-32 was rsduced nearly to zero after passage of 500 to
2200 ped volumes.
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X-Ray Technigues for Meesurement of Zircaloy Cladding Thickness

Caleulations have indicated X-ray fluorescence methods to be probably workable for
mnitoring cladding thickness on extruded NPR fuel rods. Exeltatlion of uranium
Kﬁlpha fluorescence will be necessary and will reguire at least a 140 KV source.
The method is obvicusly less applicable to Zircaloy than to aluminum cladding but
it has been estimated that Zirealoy 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 : 3 percent ovar the entire range.

SEPARATION PROCESSES

Pureax Studles

Evaluation of Diluents - Three dilueat materials, Shell E-2342, Soltrol 17C and
dodecane, were made 30 percent in TBP, wazhed with spdium carbonate, equilibrated
with 3.0 M ENO3 - 0.05 M Nall0p, and irradiated to 1 in the 100 KE Co-60 source.
The irradiated solvents were washed (equal-volume contacts) successively with 0.025
M KMnO), - 3 percent Na,COq at 60C, 1.0M HNO3, 3 percent NaCO3, and 1.0 M HNO,.
They were then subjected To "use tests" (batch contacts simulating Purex extracgion,
scrub and strip operations). The solvent contalning Shell E-2342 extracted about
four times as much activity as those containing 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”
with Soltrol 17C used in previcusly reported studies. The older Soltrol has been

on the plant several years. A new diluent, Soltrel 130, was also tested in this
series. The new Soltrcl 170 appeared slightly inferior to the old in the "use tests.”
Improvement of solvents with aging has heen 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 associlated with higher-boiling fractions of diluents.
All three fractions, and particularly the two low-boiling fractions, were superior to
non-fractionated Sheil Code 82000.

Evaluation of Purex Water - A series of runs was completed in the C-Column Facility
t0o compare cclumn 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 uranium distribution throughout the column and of the
organic holdup throughout the column at comparable conditioms of flow rates, stream
temperatures, feed compositions, pulse amplitude ard three values of pulse frequency
(40 cyecles per minute, 60 cyeles per minute, and the instability frequency). Columm
instabllity 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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requencies 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 iz studying process column performance and
apparent water quality. '

Observation Wells

Changes 1o 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
ldentifying those streams by ground water analysis. Fission product tritium was
reported in Savannah River Plant wastes.

Analysis of High Purity Plutonium

The formal repcrt, "Spectrochemical Analysis of High Purity Plutonium for Metal
Impurities Using Anion Exchange,” HW-69199 was issued April 11, 196L.

WASTE TREATMENT

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

Bateh Caleination

Studiss of the batch calcination of simulated Purex high-level wastes were continued
on & bench scale,

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

The welghts of <the calcines cbtained in the majority of the studies made to date in
which the sulfate content was ic excess of the stoichiometric sodium equivalent
indicats that a portion of the excess sulfate is retained in the calcine. Two rums
were made in 3~inch diameter pots to study this further. A mixture of sodium sulfate
acd aluminum suifate erystals were used in both runs. The dry mixture was heated

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

of dilute nitriz acid and recrystallized prior to hesting. Both pots were main-
tained at 95C C uniil the evolutilon of sulfur cxides was no longer evident. Weight
differentiais indicate that the siuminum sulfate decomposed tc alumina or equivalent
iz the first rurn. The calcination of the sodium sulfate-sodium aiuminum alum
mixture, however, did roi result in the same products. A welght lcss equivalent to
about orce-quarter a mol of sulfur tricxide and six-tenths of a mol of oxygen per
origiral mol of charge was =2xperienced. lLong-“erm stability of the excess sulfate
in the ecalcineg was nct studied.

s 12543272




¢
c-k BW- 69408

-'l'herma.l. Emm!ﬂed Radioactive Wastes

The temperature perturbaticn caused by a partial lack of bond between waste and
contalner wall wvas estimatad. The maximum temperature within the waste is only

nine percent higher thac 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
tranafer coefficient on the unbonded strip is zero and that on the remaining surface
18 10.7 Btu/hr-1/£4-2/(*F)~l, and the solidified waste has a thermal conductivity
of 0.6 Btu/hr-1/r4-2/(°p/24)-1l. Proporticnally smaller temperature excesses are
noted for smaller and/or partially ccnductive unbonded stripsa.

A general solution to the Polsson's squation for inmfinite slab geometry has been
derived to facilitate the estimation of thermal parameters in annuli having radii
much larger than the aanular (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 aand overall
surface heat transfer coefficienta, 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
wvas developed. The device includes a "Line Heat Source" conductivity system which :
can be installed in a waste tank prior to f{illirg. Thermal conductivity can be
measurad as the sludge acsumilates apd ages by measuring the transient rate of heat
dissipation from an electrically heated wire.

Waste Transfar Program

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

TRANSURANIC ELEMENT AND FISSION PRODUCT HECGVERY

- Stroutium Recovery Program

326-A Stroctium Purification - Strontium purification run No. 4 was begun on April
10, and completed on April 20. The chemical flcwsheet was similar to that previocusly
employed; however, the feed was 2larified at Purex {by centrifugation) and was

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

8,000 suries of prcduct on the previous run. Run No. 5 is scheduled %o hegin May 1,
and like run Fo. %, will use Purex cenirifuged feed. .

Cperation was generally very 3mcoth and unevertful, and the use of clarified feed
and 20-40 mesk resin allcwed high pumping rates to be maintained throughout the
loading cysle. The oniy difflculties 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 abscrbed cerium and rare earths were successfully
removed with an HEDTA wash. A premature strontium breakthrough was next experienced
due tc 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 hed shown
to be scmewhat superior nitric acid) rather than with HEDTA, since the Decalso
cask was not avallable for filling and HEDTA solutiocns undergo radiclysis 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 Qak 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 15 in the higher flow rates used during the loading, washing, and elution
ateps. A total strontium value can be determined within onme hour after receiving the

sample.

This method 15 limited to sawmples which contain Zr-Nb-95 activities 1n the same
order of magnitude as stroontium. This condition is met in the feed belng used in
strontium recovery runs in 325-A apnd in Hot Semiworks.

High Strontium Glasses - Sintered strontium titanate pellets are used as the fuel
in the current generation of strontium-powered SHNAP 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 bhe easier to prepare, would have satisfactorily
low solubility, and would have the added advantage of being castable. Five glasses
containing 34 to TO weight percent strontium oxide were successfully prepared.
These had melting points ranging from 1000 to 1400 C and densities to 3.6 g/ce,
corresponding to a strontium content of 1.8 g/cc. Measurement of solubility and
melting peint and efforts to prepare glasses with even higher strontium content are
continuing. The thermal conductivity of glasses in general is about cne-half that
megsured for strontium titanate; however, this should be quite adequate. The
strontium glasses are visualized as a product form which could be readily produced
and cast directly into the customer's heat source for off-site shipment, thus
chviating the shipment of soluitions or powders.

Strontium Puriflcation Development - Laboratory experiments, with tracer-level
synthetle 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 BEDTA, vice EDTA, in the chromatographic ion-exchange puri-
fication e¢ycle was explored and has certain advantages, particularly for one-column
Semiworks use. GSeparation of stroatium from barium and calcium was almest 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 rejectlion. At pH 3, strontium loadings
were still identical, but all of the cerium alsoc lcaded from the citrate solutions,
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
some cases.

Radiation decompositiocn of strontium-containing EDIA or HEDTA solutions produces a
precipitate which was ldentified as strontium carbonate. This reaction, depending
on the kinetics and degree of completion, might be useful in preparing strontium
for filter cask shipment since 1t would permit elution from the Semiworks ion-
exchange column with BEEDTA 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
d1i-2-ethylhexyl phosphonic acid) and found relatively unpromising. The extraction
coerficisnt (Ef) of strontium from a synthetic feed incressed from 0.06 to 0.0k
molar extractant (in Amsco-125) to 0.95 at 0.47 molar and was very nearly coustant
over the pH range 1 to 10.

Solvent Extraction Flowsheet Studles - Further miniature mixer settler and ministure
pulse colum 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
preoduct decontamination was obtained for the twe 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 serub is 0.6 M
citric acid. Extractant is 0.4 M DZEHPA - 0.2 M TBP - Shell E-2342. Flows are
1.84/0.1/0.50 for feed/scrub/organic. Good strontium recovery (P 95 percent) was
obtalned in both tracer and high level runs using this flowsbeet. Cerium, ruthenium
and zirconium-niobium decontamination factors of about 20-75, 1000 and 1500,
respectively, were obtained.

In the second columm (1B), 1.0 M citric acid is used to strip strontium from the
IAP, Aquecus to orgamic flow ratio is about 0.25. Strontium recovery in a high
level run was poor {ca. 60 percent) probably due tc some difficulty in meintaining
proper flows. Tracer gtudies indicate strontium recovery of 95 percent or better
should be obtained. Cerium decontamination factors of about 50 were obtained.

Solvent Washing - Preliminary solvent washing studles were made using a portion of
15W remeining from an earlier high-level run. One equal-volume wash with three
molar nitrie acid removed 99.75, 93.3 and 7.7 percent of the stromtium, cerium, and
zirconium-nicbium, respectively, remaining in the solvent. Ruthenium was below
detection after the first wash. Two equal-volume acid washes and one water wash
produced & solvent containing O.74% curies Sr-89-90, 0.006 curies Ce-llh, 0.010
curies Ce-141 per gallon. Zirconium-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, demsity, 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 conceﬁtration factors up to 4.7. Solids, which appeared to be
sodium nitrate, formed at the bolling point at a concenitration factor above 4.7.
Iron hydroxide formation did not ocecur 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 obtalned 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 alsc 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 strontlium distribution coefficients
were obtained with sodium nitrate than with nitric acid indicating greater elution
effectiveness for sodium nitrate. Mixtures of scdium nitrate and nitric acid appear
to be slightly betier elutants than sodium nitrate alone 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 ion exchanger before dis-
carding it to underground waste tanks was desired because of posasible lowering of the
PH of the waste (with consequent increased corrosion of the tank) during radio- o
lytic decompeosition of the resin. Dissclution of the resin in HN03—Mn(II) end
potassium permanganate 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 HNO3 - O.4 M Ma(NO3), held at boiling will dissolve about 180 mi
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

cn the container walls. The reaction is moderately exothermic. Nitric acid con-
sumption i1s 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 s0lid remains which chars and evolves gas on further heating. Short
term tests indicate & corrosion rate for 304-L of about 4.5 mils/mo in the 13 M HNO3 -
0.4 M Mn(NO3)p solution. : -

Strontium Carbcnate Filter Cask - Comnstruction of the strontium carbonate filter
cask simulator was completed and initial hydraulic studles 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 strontium 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 msde by comparing measured lon currents with
laboratory analysis of grabd samples taken duripg hot runs.
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The shielding and collimators for the gamma scintiliation prohes have been further
modified to mateh the expected radiatlon lavels. These monltors will read out on
the "A" system reccrders and will also be calibrated during hot runs. Fluorothene -
calls are now installed in the sampling systems for these scintlliation monitors.
Stainless steel cells alsc have been fabricated in case the plastic cells deteriorate
prematurely in the high radiation flelds.

Hot Semiworks Operation - The preparation of the Hot Semlworks for strontium-90
procesasing 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. I

the first run (pE 4.75), limited analytical results indicated that the strontium

loss was less than four percent and the calcium separation factor was about 14.

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 existas due to the limited analytical accuracy at such low cerium concentrations.
.Other analytical results from the second run are not yet avallable. Both the pKE
control and pE indiecation 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 automaetic shut-off of filtration. Stroantium
peroxide is precipitated at rocm temperature by addition of hydrogen peroxide and

slow neutralization to pH 11. Following a hrief 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, indieating that inert

Zas blanketing will probably be required t¢ prevent reaction with atmospheric earbon
dioxide. '

Radiation decomposition studies by Chemical Research indicate strontium-G0 peroxide
will decompose at a rate on the order of 5 percent per hour under its own radiation
field.

Qther Fission Product Recovery

Cesium Decalso Loading - Design is currently under way (CPD-FEO) on a replacement
for the Decalso fijiled, Oak Ridge STT's. If the zapacity of Decalso for cesium (from
Purex tank supernates) could be increased, the size of the cask couid be proporticn-
ately reduced. Decalso loading experiments were accordingly run to determine the
effect of dilution and pH adjustment on total cesium lcading 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 ineffaciive.

Technetium Anion Exchange - The recovery of technetium from Purex tank supernate by
passage through a Dowex-l column was reported earlier (HW-66738). Altbough excellent
recovery and purificaticn was obtained, experimerts have been performed to determine
whether feed dilution would increase total loading and wkether any other anion
exchange resin would be superior to Dowex-1. Of 13 resins tested {including both
strong- and weak+tase exchangers), cone were significantly better than Dowex-1l. The
three best were Dowex-l, Duoclite A-10i, and IRA-4C0 with distribution coefficient
values {(Kd; of 340, 370, and 410, respectively. Diluticn {up to four-fold) had no
significant erfect oa distribution coefficient.
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Cask Closure Development - Studies of closures for HAPO I and II shipping casks con-
tinued. 1n general, 'Snap Tite" primary closures 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. BSilver 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 & Shipping Cask Accident - Laboratory examinatione were per-,
formed iﬁ_aupport of an evaluatlon of the hazards invelved in shipping casks of Cs-137
adsorbed on a synthetic zeolite. Laboratory beds were loaded to 12 me Cs-137/g
zeolite. Cesium source was 103-A tank supernatant solution. The loaded zeoclite was
washed with tap water and used in experiments simulating shipping accidents.

To estimate the leaching rate of the Missourl River in the event of a Cs5-137 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 volatilizatlion studies were made to simulate a high temperature incident.
Two bhours in separate atmosphberes of air and helium at 1350 C resulted in release of
0.35 and 0.71 percent of the ceslum lcaded on the zeolite. Cesium release stopped
after 100 minutes’' heating in either atmwosphere. A programmed temperaturs incresse

to a maximum of 1500 C within two hours was employed in hoth helium and air. Respect-
ive releases were 0.31 percent and 0.25 percent. Cesium was not relessed below
1200-1300.C, near the fusion temperature of the zeclite.

Clinoptilclite, a natural zeolite, would reduce the risk of accidental spills enroute
if used as a carrler for radilocesium. Clinoptilolite's capacity was found to be
more than 2.5 times that of a synthetic zeolite for adsorption of cesium from syn-
Lhetic Purex waste tank supernatant sclution. A leaching comparison was even more
favorable with synthetic river wvater removing cnly one-tenth zs much cesium from
¢linoptilolites per volume of leach water passed through.

Clarification of Underground Stored Wasie Supernates - A concept involving the use
of a submerged canned motor pump discharging te a hydroclone was developed as &
means of providing a source of clarified Purex tank farm supernatant liquid for
recovery of cegium~137 and technetium-$9. Fabrization of a pump and test hydro-
zlone is iz progress.

ANALYTICAL AND INSTRUMENTAL CHEMISTR.

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 & starting
material ir producing uranium-232 for compact power sources. Thne accompanying
patural thorium, shorium-232, is undesirable. Another set of uranium ore samples
and scms materials expected to be somewhat enriched in thorium-230 (ionium) were
analyzed for bo%tk isotopes, Th-222 and Th-230. Previcus dilssolution methods
{HW-66220) were useé. Thorium was separated by fthe common lanthanum fluoride co-
precipitation and 2-thenoyltriflucroazetone extrastion methods. Two measurement
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technigues 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 spectromatric 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 Th-233 8 ;% Pa-233) was measured by gemms scintillation-energy analyzer
technique. TDuplicate thorium standards were irradiated with each group of samples

- to obviate flux and cromsg-section measurements. Duplicates differed by ©.72 percent.
Pile irradiations were made directly on ore and on separated thorium fractioms, with
comparable results. Protactinlum-233 was separsted from irradiated and dissolved
ore samples by co-precipitation with lanthanum fluoride and extraction into a 2:1
mixture of 2,6 dimethy)-L-heptanol in benzene. The detection limit for Th-232 is
estimated to be 1.2 x 10°™ mierogram 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 direet coulometric analysis of unirradiated U-Pu alley for plutonium
wag determined. Sampling was performed carefully. Four samples were taken from

sach of two alloy bars, differing in plutonium content, by making bevel cuts. Each
sample was treated with nitric acid to remove asurface oxide, washed, dried and
welighed to t 0.0005 gram. The samples were dissolved by an initial treatment with
dilute (1:4) hydrochloric acid followed by a aitric acid boil-down to clarify the
disgolver solutions. The fipal 50 milliliter solutions were U-8 molar in aitric acid
and C.3 meolar in uranium. Four aliquots from each 50 milliliters were titrated
according to a direct, controlled-potential, coulometric metbod (EW-58491). The 32
titrations were performed over a flve-day period by two analysts. The order of
sampling was random and varioue sample gizes were used; that is, 100 to 200 micro-
grams of plutonium. The average results and standard deviations obtained were:

Average % Standard

Plutonium Deviation
Bar 1 C.1510 0.0024
Bar 2 0.0885 0.0009

EQUIPMENT AND MATERIALS

Mechanical Delacketing of Prodhction Fuel Elements

Initial tests were performed with encoursging results on a concept for mechanical
stripping of production element jackets. Tests with both aluminum and Zircaloy
clad slugs were performed with a device inveolving 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 ailr pulse generator.
Analog computer solutions tc the equations have been obtained and are being correlated.
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It appears that the system will be stable to process upsets. Analog simulation of
bydraulic systems of this type is a highly flexible tool.

Continuous Centrifuge

Batch preparation of cercus 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 BAPO experlence of 35
percent free moisture.

Corresion Studies

Galvanic Corrosion Test on 1020 Steel in Purex Waste - Samples of 1020 steel, ome
of which is coupled to a 3J04-L stainless steel sample of about equal surface area,
are being exposed to synthetic Purex underground waste (pE 12). The test is being :
made to evaluate gelvanic 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 Joint and was due to
severe end grain attack. This type of jolnt is not sultable for use under the
exposure conditions. .

Nitric Acid-Oxalic Acld Systems - Samples of A-55 titanium have been exposed to
oxalic acld-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 HNO; concentrations of 0.5 M and above were in the one to two
mils/mo range. Vapor phase samples all corroded at rates of 0.0l mil/mo or less.
Vigible decomposition of oxalic acid occurs at nitric acid concentrations of cme
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 consldered that unusually
significant facts have been noted: (1) Corrosion of 304-I, stainless steel in
HNO3-HF-A1(NO5)3 solutions, (2) corrosion of 304-L stainless steel, Hastelloy-C
and Zircaloy 3 in nitric acid-oxalic acid solutions, and (3) corrosion of various
alloys in calecined waste with phosphate additives.

Non-Metalllic Materials

After 45 days at room temperature in a 75 percent carbon tetrachloride - 25 percent
TBP solutionm, a glass reinforced polyester sample was undamaged. A similar sample
showed some edge attack ina L M HF - 1 M HNO3 solution but no finished surface
damage. Transparent and opague polyvinylchloride samples both softened somewhat

in the organic solution but showed no other effect. Both PVC samples were undamaged
in the mixed acids.

*
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A sample of "Fluton,” a woven organic fiber material produced by Minnesota Mining
and Manufacturing Company for high temperature use was irradisted 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
atrength 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
cbserved 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 capacltance 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 diameter ports are underway on the experi-
mental C-column 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 ICF 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 1CP
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 cutput voltages and has been submitted to "Operations Research" for
processing. These data will provide the standard calibration of the 1CP flow
accounting for uranium concentration.

The redundancies in the measuring circuitry of the Data Scanniﬁg Programmer which
were incorporated last month failed to operate satisfactorily under the 321 operating
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gallery conditions. All measuring circuit switching has now been converted to
mercury wetted relays. A substantial increase in relilability of the measured
voltages is expected. The debugging of the necessary wiring changes 1s now pro-
ceeding.

The circuitry used in transmitting the sampled port number from the canyon to the
Programmer has been converted to & VAC from 110 VAC line curreat to achleve 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 deascribed last month would give
errors. The time interval has thus been lengthened to 2.4 seconds to allow the
micromicro ammeter to settle within 0.01 percent of 1ts 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 aspecles in molten NaCl-KC1 systems.

Prior electrochemical studies had revealed the existence of a "cut-off" point
beyond which cathodic potentials in excess of those required to deposit alkail
metals out of the NaCl-KC1l melt would be required to further deplete the uranium
content of the melt. The locatlion of this cut-off in terms of residual melt
uranium concentration could he varied by altering the gaseous atmoaphere 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 lo 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” Pu0, 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 UDy 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 UoLl, to UCLy,,

U0LL, + C + Cly —ememy Ly - COp

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.
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Iz these experiments the "water-inscluble" uranium in the frozen melt samples is
defined as that which did not dissolve in the time required (five to tepn minutes at
room temperature)} to effect complete dissclution of the NaCi~KCl. The "water-
insoluble” uranium(VI) solids were readily scluble in acids and are presumed to be
of the nature of oxides or oxychlorides.

Direct dissolution of U with chlorine resulted in melts conftaining 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 ma. Either sparging this melt with chlorine plus hydrogen chloride Wi‘bh
graphite electrodes in place) or conducting an electrolysis in the absence of air
resulted in increased absorption at 425 mu 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 apectrum of synthetic compounds containing
UOLL,™ 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 s 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 gca. 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 UOp cathode deposits via chemical adsorption phenomena
cr electrophoresis. Such a feature is likewise not inconsistent with prior obser-
vations regarding the relative efficiency of inclusion of plutonium in UO, deposits
made under different atmospheres, apparent U02 depositicn current efficiencies in
excess of 100 percent under moist air, etc.

Electrcchemical Studies - The potential - current relationship has been studied for
the electrolysis of a NaCl-KU1 solution prepared by dissolving non-stoichiometric
U5 (O/U = 2.1) with EC1. Three distinet reductions are seen in this system (which
presuma.'bly contains both uranium(VI) and L..aniu:n(IV) initially). The three waves
have been tentatively assigned to the UQ, */uo o(s), the U(IV)/U(III), and the
U(ITI)/U(s) couples. The deposition potentials (against a Ag/AgCl (one mola.l),
NaCl-KC1 reference electrode) were + 0.36 and -1.35 volts for the UO,*™ (s) and
U(III)/U(s) reductions, respectively. The half-wave potential for the U(I@)/U(III)
reduction was -Q.42 volts. The £irst and third reduction weves correspond to the
theoretical shape for a reduction producing a solid (l.e., constant activity)
product whiie tke second wave has the correct theoretical shape for soluble oxidized
and reduced aspeclss.

With the aim of completing tke picture on effect of salt type on the deposition and
properties of UUZ, studies have been initiated on the NaCl-MgClo salt system. This
system, 1t is hoped, will exemplify lower-melting salts of high availlable chloride
ac‘bivity and wlll thus f£ili the present gap beiween the high-melting, high chioride

tivity NaCl-KCl system and the low melting, low chloride activity KC1l-PoClp systems.
One rotential advanitage of such a system is the possibility of stabilizing plutonium( Il
via formation of PuC16 at a temperature belcw iis decomposition temperature.
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The first electrodepcsition of UQp 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 obtained in the KaCl-KCi and KC1-PbCl, systems.

It comprised a "mace" of needle-like crystals {of maximum length ca. 7 mm) inter-
mediate in shape and appearance between the "spear points" and "Christimas trees”
produced in the NaCl-KC1 system and the needie deposits obtalned in KC1-PbCl, at

low uranium concentrations.

Exploratory studies have verifled that the technlique of chronopotentiometry wlll be
a highly useful tool in elucldating 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) and recording the
potential-time behavior of the electrode agalnst & reference electrode immersed in
the bulk solution. If the cathodic voltage pulse covers a short time interval
relative to the time required for diffusion tc replenish the concentration of
reducible specles in the double layer then a serles of waves is seen corresponding
t0o species reducing at progressively larger cathodic potentials. The "transition
time" required to complete the coulomestric titration of each specles can be related
to the concertration and the dAiffusivity of the speclies in guestlon.

The crude read-cut arrangement used to date has prohlbited the acquisition of
quantitative data. However, some noieworthy quaiitative cbservations have been made.
Titration of a NaCl-KCl sclution prepared by injecticn of 0520016 (and therefore
presumably containing only uranium(IV)) showed two reduction waves at about -0.4

and -0.56 volts. Only the first reducticn proved to be reversible. This would seem
tc imply the exisiesnce of two reducible species of substantially different nature

in a supposediy simple system.

The expected effects were evident to a gratifying extent in "titrations" of solutions
rrepared by dissolution of U30 into NaCl-KCl with chlorine. An overvoltage was

seen for deposition of UQp on clean platinum (as compared with deposition of UOp

on UOQ). On a clean platinum eiectrode s+ low current density only & single reduction
wave is seen (corresponding o the UO,**/U0 {s) reduction). Increasing the ¢cyrrent
density discloses a break in the curve at agout -0,05 volts. The product T 1/2 i,
((transition time)l/2 x curren® density) was constant for the UO,*H/U0,(s) reduction,
as expected by theory. After trestment of the melt with drisd ailr the deposition
rotentlial was more positive by abouk 0.05 velts and it was necessary to inecrease the
current demsity by a factor of 9 to achieve the second break in the curve. The
reeidual current was also increased. The T 1/2 1, product was sgain constant but at
a lower value than Yefore air treatment. Traatment of the melt with moist air
resulted Iin a high residusl current but no discernible reduction wave. These obser-
vations canc be icterpreted as representing a-grcgressive decline in the concentration
of reversibly reducibvle species (for which ¥ /2 i, is constant) as the melt is
treated with dried air and thern with meist air. WViewed in the context of other
experience on UO; deposition and plutonium behavior as a funcition of atmosphere these
vbservations suggest that the accumilation of uranium oxides on a cathode can pro- :
ceed similtarecusly Dy two independent rouites, cre being a reversible electrolytic
reduction; the other bzing possidly an elecirically non-reversible chemical pre-
cipitation or eleztrophoresls process. Ability to differsntiate between such siml-
taneous processes couid arswer a number of pertinent questions {e.g.; relating to

the mechanism of incorporaticn of Pulp ir "electrodeposited UOZ") and motivates a
strong interest ir continuaticr of chronopoten<iometric measuremenis in more refined
apparatus.
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Growth of U0o Crystals in NaCl-KC1l System - Recent efforts in this area have been’
concentrated on EEEIuAtIEE the effect of various parameters on the manner of growth
of U0z2. Conditions have been found which vary the rate of growth and the physical

agpect of UOp deposits in a predictable fashion. The "spectrum” of UQp deposits
which have been grown may be deseribed 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 pscked randomly oriented cubes -

(e) Smooth-surfaced, very tightly packed compacts of radially oriented colummar

grains,

This order is consistent with the rate of growth alsc. The "Christmas tree"” dendrites
grow 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 qualitatively consistent and reproducible effects 1in alter-
ing the growth rate and charscter of the UOg deposit include the following:

(a) Ineressed agitation of the melt reduces the growth rate and favors more
compact deposits. '

(b) Increased BTl content in the sparge gas reduces the net growth rate and
favors more compact deposits. :

(c) Increased dry oxygen content in the sparge gas ipcreases the net growth rate
and favors the producticn of more loosely packed randomly oriented deposits.

(@) Increased chlorine content in the sparge gas decresses 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.

(f) Increased melt uranium content increases the net growth rate apnd favors
more random growth.

Experience indicates that smooth (or abrupt) transitions can be made from one manner
of growth to another. Thus, alithough these observations testify to a complex
deposition process, possibly iavolving several inter-dependent parallel routes for
slmltaneous deposition and redissolution of UOp, they also suggest an ability to
vary the properties of "electrodeposited” UOs over a rather wide range "at wili."
Such versatility may prove quite beneficial in preparing fuel-grade UO; powders

"to specification” or in introducing impurities (e.g., PuQs) in controlled zones of
close-packed ceramic pileces, etc.

Growth of UQp Crystals in KC1-PYCls Systems - The KC1-PbClp systems continue to show
promise as mediz in which to "electrodeposit" zocarse-grained UOp powders, the
individual grains of which are geperally smooth-surfaced, have apparently little
closed porosity, and are therefore of interest as feeds for vibratory compsction’
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techniques. The effect of variation in KDl/PbCl2 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. Ko gross differences were noted although the
particles tended to be more smooth-surfaced and crystalline in outward appearance

2t 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 Retained

+ 10 5 - 58
10 - 20 2k -3
20 - 35 8 -13
35 - 60 5 -7
60 - 100 1.8 - 2.5

- 100 1.3 -~ 2.7

Properties of the largest single graln yet produced {which was formed in the 3K1-
PbCl, system) were as follows:

0/U Ratio: 2.005; ppm Pb:200; ppm K:100
Density : 10.7 g/ce by CCl), displacement, 10.88 g/cc by Hg displacement
Total Weight: O0.64 gran

" The individual grains prepared in the 2.5 KC1-FbCl, and 3KC1—Pb012 systems exhibited
smooth, lustrous surfaces in which the 100 and 11l 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-PtCl, 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 ¢ with an HCl sparge resulted in a
plutonium decontamination factor of only 12. Ralsing the temperature to 700 C in
several experiments gave decontamination factors averaging about 25.

Likewise, 1t 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-KU1 system.

Despite the fact that partition ¢f uranium from plutonium is less readily accom-
plished in KC1-FPtCl, systeme than in NaCl-KCi systems, attempted "co-deposition” of
PuOp with U0, is likewise less efficient, ylelding "enrichment factors™ of the
order of Q.5 vice factors greater than unity in the NaCl-KCl system.

These differences are belleved to sitem from lesser complexation of sclutes in the
KCl-Pb012 systems (vice NaCl-KC1 systems) and prompt interest in lower-melting
alkall 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
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Rare Barth Behavior in FaCl-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 solutiom containing both UOECle and_LaCl3 was percolated
through & column packed with 100-200 mesh (UOQ)QPQOT mixed with twice its weight of
60 mesh alundum. BExchange quite evidently occurred since the lanthanum content of
the salt was reduced from an initial value of 0.7 mg lLa/g salt to a final value of
0.073 mg La/g salt in its two-minute passage through this bed.

Engineering Development on Salt Cycle - A 20.2 1b. U0 deposit was obtained during a
single pilot plant electrolysis in a molten salt system, Pb012-2.5 KCl. After '
addi{tion of UO,, the bath was chlorinated for 12 hours at 675 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 chm~cm at the end of the run. The material balance for the run was as follows:

: g mol %
Input t¢ Electrolysis:

Dissolved U 32.0 76.8
Undissolved U T 23.2
1.7 100.0

Qutput from Electrolysis:
Depoait (UOsz) 3.0 81.5
Dissolved U 5.3 12.7
Undissolved U 2.4 5.8
El.T 100.0

The UQO2 was deposlited as a polycrystalline sheet about T mm thick, consisting of
very fine crystals near the electrode inner surface but with the outer €0 percent
of the thickness occupied by large, dense columnar crystals. A current efficiency
of 87 percent was indicated.

The utllity of the recirculating gas lift apparatus was demonstrated with the NaCl.
KC1 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 undepletad second bath by gas lift recirculation. Air was
used in the 1lift from the first bath to destroy uranium(IV). Cklorine was used as
the gas in the return 1lift. The electrolysis was then continued successfully until
the bath was again depleted. A second run demonstrated the mechanical feasibility
of reclirculating continucusly during the electrolysis.

The application of FiberfrmgD coating cement (an aqueous slurry of Alz05-510, with
& thermosetting inorganic binder) to the electrode surface at the salt-alr interface
has eliminated corrosion of graphite electrodes in the NaCl-KCl system.

® Carborundum 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 € for
100 bhours. At the end of the test salt had percolated through the cruclble wall
end bottom; 0.04 g of aluminum was lost. There was no detectable damage to the

crucible.

A second erucible 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 barlum-potassium-
sodium chloride at 800 C with chlorine bubbling through the melt. One sample
digintegrated 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, EW-69062 C) has been built and is now undergoing preliminary
tests. The apparatus 1s in the form of a loop made mainly from 4-ineh glass pipe
and some Y-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
columns so that all of the process streams car te 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 1 824
515 1-3/8 1133
773 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 iz magnitude.

The ball check wvalves 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 reain btesd, the
smaller resin would preduct substantial mass transfer benefits. Experiments with
overhead pneumatic pulsing in & 3-inch glass loop mores or less confirm the hydraulic
pumping tests reportad above; that is, friction between the particles in the resin
bed and glass column walls is practically the same for both ranges cf resin particle
size. Furthermore, tbe poneumatic teating showed that in a practically cpen loop
that 50-100 mesh resin could be pushed even more readily than the cearser material.
This may be explalned by the greater pressure drop of liquid iln 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
cbservations In a countercurrent system.

RADIQACTIVE RESIDUE FIXATION

Spray Calclnation

Further tests of the Piberfrax (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 flbers. Fcllowing washing, effectiveneas increases with time, as a
firm cake builds up, although there 13 no noticeable increasge in pressure drop

(A& p less than l-inch Hg at 2 £t/min gas velocity). During these tests, blowback
wvas found to be more effective from concave or flat surfaces, which have enough
slack to "give," than from comvex filter surfaces.

Evaluation tests were run on several scrubbers, including a novel new design, to
determine their relative effectiveness for removing the samsll (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
btubbled through a scrubber where the charged particles are attracted from the
ingide 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. Ceartain 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 previcusly
employed (which would be susceptible to radiation damage) and shows promise of
succesaful operation in A Cell.

Mineral Reactions

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
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temperature effect, & maximum at 400 C, 1s 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 ammonis solution depressed both cesium and strontium
distribution coefficients for adsorption on sulfonated polystyrene resin and, more
recently, on a synthetic zeolite and clinoptileclite. At pH 3, with 1ts relatively
abundant smmonium, all coefficlients were lower than at pH 10. Cesium adsorption
was highest and less pH 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
amponia 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 specles.,

The effectiveness of an actual plant adsorption process for decontaminating Purex
condensate waste witk regard to radiostrontium is best demonstrated by column
experiments. Strortium decontaminaticn factors of about 100 were maintained 1in 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 iou exchange
adsorption especially witk respect to radiocesium. While organic was successfully
removed by adsorption on activated carbon; the treatment was complicated. Removal
of both organic and ammonila by a steam stripping process appeared feasible. In
fact, & small steam stripper was tested with a feged having organic and ammonia con-
tents similar to those of Purex %tank farm cordensate. Feed contalned about 180 ppm
tri-n-butyl phosphate; 30 ppm hydrocarbons, and 50 ppm ammonia. Feed rate was
atout 100 ml/min ard distillate rate about 5 ml/min. The effluent bottom stiream
from the reboiler contained 4 ppm tri-n-butyl phosphate, 2 ppm hydrocarbons and

5 ppm ammcnia. The steam stripper is teing modified to prepare actual condensate
waste for the Micro Pilot Plant,

BIOLOGY AND MEDICINE - O6 PROGRAM

Geology and Hycrolcgy

The stratigraphy of the:basalt serles in the upper a%out 1500 feet of the Standard
0il Company of California Ratilesnake No. 1 test well was correlated to the
sequence in the Bernscn 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 Harnford Works. Large, continuous supplies
cf well water probably will have to come from depths of 1000 feet or more, however.
Some lcocal, highly permeable zones atove that depth may produce large volumes for
short periods. The shallcwer agquifers iabove about 500 feet depth) appear %o be
recharged locally. One recharge arza lies above Snively Ranch at the head of a
large landslide.
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The correlation also shows that the fangiomerate lying on basalt beneath the Separa-
tious areas is in turn overlaln by at least one basalt flow to the southwest and
west and perhaps similarly is overlain %o 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
gseries. In the Columbia Basin Irrigation Project 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 Banford Works. Either
the head in the confined aquifers wlll increase there, or discharge into the _
unconfined waters may take place; in either situation at least potentially signifi-
cantly altering the hydrology of the Banford Works area and emphasizing the inter-
relationship of the Hanford Works and adjacent areas.

Drilling exploration contipued at Columbia River mile 348 for dam site studies.
Nichols and Thompson Core Drilling Company, contractor to the Corps of Engineers,
complated one hole to basalt at a depth of 183.5 feet. A few thin beds of silts

and clay vere encountered to 156 feet, where pebbly clays were encountered exteading
to basalt. GSands 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 "Multli-Dimensional Steady
State Flow in Soil." It permits solution of a wide variety of ground water problenms
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 heterogeneity. Up to 8000 points including fifteen different
solls may be calculated under the program. Its first problem will be to predict the
effect of a wagte disposal crib on a8 near-by tile field to be comstructed at 100-§
Area,

Much of the geologic and hydrologic information obtailned 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

- raepdom pointa. Various interpolation methods were investigated, including Newton's

- "Divided Difference” method, an application of the Lagrange formula, and the use of
Tchebysheff polynomlnals. Testing of the latter method is not complete but it
appears %o hold promise of being superior to the other methods.

Soil Chemiatry and Gecchemistry

Preliminary investigation of matural zeolites for selective adsorption of stromtium
from solution was initlated. Initial experiments were conducted with clinoptilolite
and -a commercial zeolite previcusly shown to be strontium-selective. An experi-
mental design amenable to statiatical analysis for evaluating the influence of
system variables was devised and tested with the above zeolites. Within the range
of experimental conditione studied only sodium jon concentration and column
residence time of the variables examined were statistically significant. The
results of current column experiments were ir good agreement with earlier strontium
equilibrium adsorption measurements utilizing those zeolites.

Research was continued for clarifying mireral reaction mechanisms whereby a mineral
such as pyrite (FeS,) or chalcopyrite {CuFeS;) iz contact with zinc solution is
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partially replaced by sphalerite (ZnS). Evidently, replacement is not the primary
mechanism since & smaller fraction of zime 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.

Fleld Apparatus Development

The recently developed orifice-diasphragm 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 otbhers. The
sensitivity remained constant during tests in 13 wells, and only small zero drifts
needed compensation. The abllity to measure very low vertical currents will refine
ground water pressure patterns snd will qualify each project well's usefulness

for monitoring radicactivity.

Techniques and equipment were investigated for installing small diameter wells for
chtaining geologic &nd hydrologic informsation. Jet-washing of small tubes into the
soil proved successful only to depths of about ten feet. Well points were drilven

to a depth of 40 feet irn one 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 specirometric measurements of these
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found to have 95 percent confidence intervals extending t 5 percent on elther side
of the mean. With this precision, & significant increase in the apparent bleaching
rate was detectable at the 95 percent level only after the full 167 hours, end then
only for the two most dilute solutions. It can thus be concluded that even a
veek's delay in measurement will not affect the radlation dose indicated by the
absorbances of these sclutions by more than + 5 percent. This should be quite
satisfactory for many dosimeter applications.

LY

Manager
Chemical Research and Development
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A. ORGANIZATION AND PERSONMEL
No significant changes occurred during April.
8., TECHNICAL ACTI‘E;ITIES
FISSIONABLE MATERTALS - 2000 PRCI}RAM
BIOLOGICAL MONITQRING

Effect of Reactor Effluent on Aquatic QOrganisms

Effluent monitoring was contimied 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 alumirum-
bed treated, L per cent effluent showed a slight increase in mortality but
no deleterious effects to growth rate.

1131 45 Rabbits

Thyroids from twenty-five rabbits and fifty vegetation samples colleﬂ,fd 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 I13l ratio
Wwas 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 snd 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 forece 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 fiwve
times a week, After ten weeks no mortalities were observed,

The effect of oxygenization on the uptake of calcium and water transpiration
by bzrley seedlings was studied. Anoxia depressed calcium uptake and
transpiration. Dinitrophencl further depressed both processes but this
depressiorn was less in the case of the anocxic plants.

The effect of anoxia on content of caleium in roots was variable., Mild anoxia
caused a reduction and severe anoxia, produced by bubbling with nitrogen,
increased calcium concentration. Dinitrophenol changed the magnitude but not
the ¢irecticn of the effect,

UNCLASSIFIED
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Preliminary data on the transfer of S0 from the diet of swine to their milk

was obtained from three female swine fed 125 pc/day. The Sr90/8a 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 0 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 daily milk production appears to be about
one liter.

Six offspring from two swine fed 125 pe of Sr9 o/day were weaned. They appeared
normal in every respect. (it the present time 116 females and 1L males are
receiving Sr%C daily, A1l of the females are to be retained for lifatime
feeding or sacrificed after one year of age.)

Todine

Eight lambs were administered I3l in two successive oral dosig (at birth and
at one week of age) to determine if the thyroidal uptake of I L in veri' Ioung
lambs was urusual and to detect possible changes in the metabolism of I3
during this period. The amounts of I131 in both the lambs and their thyroids
wvere 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 maximmm thyroid uptake was comparable to that for adult ewes (2L to 48 hours
following administration). The maximum thyroid uptake of 1131, corrected

for radicactive decay, was sdbout 30 per cent for newborn lambs and LO per cent
for week-cld lambs as compared to 20 to 35 per cent for adult ewes.

0f particular interest were the observations that for both age groups the 113l
content of most of the lambs' thyroids approached a constant fraction of the
1131 4% their bodies (60 to TS per cent) by three to five days after
administration and that the endogenous excretion of 1131 was very low
(estimated between 1 and I per cent/day). This implies that the rate of
turnover of IL3l in the thyroids of young lambs is very rapid, and that the ,
controlling factor for the rate of loss of 131 from the thyroid is the rate of
endogenous excretion, ’ '

The whole-bod{ monitor proved very umeful for cbtaining the bedy and thyroid
burden of I131 and should prove useful alsc in contemplated studies on I 1
metabolisnm.

Comparative Toxicity of Stromtium, Plutonium and Radium

‘Radiographs taken of amimals approximately 18 months after plutonium injection
revealed only minimal change, except in the s imals 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
gspongicsa 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 Pu23? (at & 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 contimed. The indications reported last month
were confirmed; namely, that this agent 1s 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 DIPA 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 injecticn, DTPA was effective in reducing the
retention to 75 per cent of control while the new agent effected a reduction
to only 20 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. Plutconium 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 ductecannulated rats. Plutonium was
administered to these rats 60 days prior to the canmlation and DTPA trestment.

The results indicate that spproximately 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 canmulation and DTPA itreatment tending te cloud the interpretation,
There was an md:.cat.lon, however, that both the billary and non-—billary

excretion of plutonium is increased by UTPA treatment

Eight months following the inmtradermal injection of Pu3? in swine, the fraction
of the original dose that still remained varied from 15 to 35 per cent. BEschars
were noted at all sites previously injected with 0.04 to 5 me of Pu?3? nitrate,
the size of the eschar related to the dosage given.

To check the effect 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 alsc the one in the

internal dosimetry group for a correlative ecount. 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 plutenium appeared

in the blood. HResults from this study should be available next month.
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' Radioactive Particles

Tests were contimued to develop a therapy procedure for inhaled radicactive
particles, When rats inhal oniz ed air, negative ions appeared to slightly
increase the clearance of (e 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 1a) for further studies of

the retention, translocation, and excretlon of plutonium. Previous

. experiments showed that particles with a Mass Median Diameter of 1.7 a

were cleared from the lungs more rapidly than 3.0 and Lh.3 & particles. Other
dogs will be exposed to aerosols of plutonium dioxide particles wilth

Mass Median Diameters greater than 4.3 u.

One of the major problems associated with the use of dogs in research is the
accumlation 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 infeetion. 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 materiasl 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 daughter bud until the bud is about
half grown. This correlates with previocus cbservations 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. Effacts of deuterium on respiration, glucose uptake, and potassium
transport were noted. The data suggest that these effects may be due toc a
decrease in permeability of the c¢ell membrme. '

Effacts of Radicactivity upon Pomulations

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 196C. :
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Project Chariot

Sorting of samples for ecological analyses of terrestrial invertebrate communities
of the Cape Thompson, Alaska region was completed. Species determinatlions of

the Mollusca, Orthoptera, Copepoda and Cladocera were obtained from taxonomic
specialists.

ting Manager
IOLOGY LABCRATORY

JJ Davis/es
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C. Lectures
a. Papers Presented at bleatings

Schiffmsn, R. H., "Strontium Uptake and Excretion by Rainbow Trout,"
Midwest Benthologlcal Meeting, Whitewater, Wisconsin, Anrll 9, 1%61.

b. Seminars (0ff-Site ad Local)

George, L. A., MMechanisms of chemical protection from radiation,"
Ineservice Institute in Radiation Biology, University of Washington,
Seattle, Washington, April 5, 1661.

Hungate, F. P., "Genetic Effects of Radiation," In-service Institute in
Radiation Biology, Univ. of Washington, 3eattle, Wash., April 13, 1961,

Kormerg, H. A., "Use of Radioactive Isotopes in Biological Research,"
Seminar Institute of Forest Productas, University of Washington,
Seattle, Washington, April 21, 1961.

Thompsen, R. €., "Sromtium-calcium interrelationships in the rat,"
Washington State University, Pullmsn, Washingten, April 27, 1961.

¢. Seminars (Biology)
Case, A. C., "Biology's large animal counter facilities,® April 19, 1961.

Olsen, P. A., "Effect of variable river flow on reactor effluent toxicity,"
4pril 19, 1961.

Dr. Noe Higinfntha.m, Department of Botany, Washington State University,
Y"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., "Hadiobinlogy at Hanford," Brotherhood of Southside Protestant
Church, Richland, April L4, 1$61.

Hanson, W, C., "Project Chariot," Central United Protestant Church Brotherhood
Richland, April 3, 196l.

Hanson, W. C., "Project Chariot," HLO Finance Group - 300 Area, April 6, 1%6l.

George, L. A., "Biology Activities at Hanford," Project mgineers - 100-B Area,
- April 13, 1%61.

Sweany, H. A., "Project Chariot," Benton City PTA, April 18, 1961. .

George, L. 4., "Biology A4ctivities at Hanford," Biology Class, Kennewick High
School, Kennewick, Wash., April 19, 1961.

Davis, J. J., "Project Chariot," Kiwanis Club, Kennewick, #4pril 25, 1961.
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¢. Miscellaneous Lectures (contimued)

Bustad, L. K., "Radiation and Aging," Golden Age Club, Richland Gomﬁuni‘oy
House, April 25, 1961.

Bustad, L. K., "Radiobiclogy at Hanford," Northwest Computing Association
Banquet, Richlapd, Washington, April 29, 1%61.

D. Publications

a, HW Documents
sone
b. Open Literature

Gecrge, L. &., S. Marks, and L. K. Bustad, "Fibrosarcoma in a Rabbit
Following B-Irradiation of the Skin," Nature 189, 770-71 {1961).

Doclum, N. L., "Autoradiography of tissue," in Encyclopedia of Microscopy,
p. 1-13, Reinhold Publishing Corporation (1961).

George, L. 4., S. Marks and L. K. Bustad, "Electron microscopy and
antoradiography," Science 133, 1423-2 (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.

CPERATIONS 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 iz design and construction
of new facilities. :

Cbjectives, 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 veriables was completed. By compering the
variation between fuel elements within cells of comparable power, temperature,
and residence time with the residusl variance camputed about the regressiocn
line, i1t was concluded that there is little room for improvement as far as
goodness of £it ie concermed. This is especially true for warp. Based on
these models, calculations were performed giving the combinations of reactor
variables which will result in a given average -amount of distortion, thus
enabling one tc easlly construct contour lines of the response surface.

Qbserved averages of fuel element distortion were plotted as a function of
canning date, and of Fernald shipping date which leads by about 25 days.
Values predicted by the empirical models were alsc 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 In observed warp accompanied by trends in diameter growth. These are
of sufficient magnitude tc be of prectical importance.

The relationship between warp and hot spots previously found for the initisl
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 glven amount of werp, but the
reactors do not differ significantly in the amgunt of warp experienced by the
frel elements ckarged.

Assistance was given in determining "pontrol limits” for pre-irradiation data.
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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 oum-
ber of bare core measurements must be mede. This program is being undertaken
to determine if post-irradiation measurements performed on the canned fuel
element are truly indicative of bare wranium distortion.

An evalustion was made of dingot uranium fuel elements based or the ten tubes
of dingots thus far messured under the Quality Cartificaticn program.

Same 60 tubes of data will be analyzed by using orthogonsl pelynamials to
describe the fuel element profiles in addition tc the present method.
Programming tc accomplish this 1s under way. It is felt that this technique
will give a truer picture of the types of distorticn experienced in the reactors.

Optimization of Reactor gggrations

Further work was done on the problem concerned with determining fuel clip

requirements for use in charging the reactors. Nomographs wers prepared which
enable optimm solutidns to be located for a wide variety of conditionms.

Cptimum sizes for supplemental crews are being determined for the pericd when
bumper fuel elements will have been charged in all old reactors. Formulas
develcped last summer are being used with minor modificaticns. In this con-
nection, it was shown that the problem of determining the probablility of simul-
taneous reactor ocutages can be spproached using available miltli-channel gueuing
theory results. An unscheduled outage can be regarded as the "customer” who
avalts service at one of the reactors, or "channels." The probability of
simultanecus ocutages is then the probability that several "channels" are busy
at any time. Very good agreement wes found between results predicted by this
model and cobserved data.

Process Tube Leak Detecticon and Replacement

An attempt is being mede to describe intermal corrosicn along a process tube
ty polyncmial expressions. Initially, an investigation is under wey tc deter-
mine if minimum thickness and loecaticn 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 Infcrmation 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 unigue
portions, it was therefore necessary to segregate two unique and self-sufficient
program routines to use the second portlion of memory. This presented a difficult
problem because the cover-all computer program is comprised of many interdependent
funetional subroutines designed to cptimize memory usage. Two basle routines, '
the camputer diagnostic and the daily receipt and disbursements report sectiocn,
were redesigned to inelude other functionsl routines sufficient tc make them
self-sustaining. These modifications were coded and put into the over-all
structure.

- AR T -
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STATISTICAL AND MATHWMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparaticn Department

Data hed beer collected to test the hypothesis that at least G0% of the fuel
elements which would fail in a 50 hour autoeclave cycle will have failed by
the end of a 20 hour cycle. Assistance was given in the interpretstion of the

data.

Scme further work was done in evaluating factors associated with pre-irradiation
warp in NPR fuel elements.

Irradiation Processing Department

Seversl more curves were develcped expressing fission product decay in s
reactor.

A study 1s being made of thermoccuple variation in monitoring tube outlet
water temperatures. Results will be useful in determining limits of cperation
based on safety considerations.

Glven different ranges for permissible goal exposures, plus a2 knowledge of
front-to~rear flux patierns, a determination was made ‘of the veriation in
average exposures for a group of fuel elements selected randomly from those
discharged. PFurther results were found assuming the tubes involved are
selected at random, but that each tube is sampled completely.

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 detalled description of the calculations was included in the
report. (Calculations reguired to msintain control over the parameters of
importance are being performed by CPD personnel. '

Avallable date were analyzed to evaluate the potential scurces of variation

affecting the radii of fabricated parts. Conclusions reached on the basis
of these data were used to design future experimentation.
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An experiment was designed to evaluate the effects on product purity and density
of the iodlne booster used in the reduction of plutonium fluoride. Data from
this experiment were analiyzed, and the results reported. Further experimenta-
tion concerned with optimizipg the preduction of buttons is being planned, and

current data are being anelyzed tc ald in designing these experiments.

Scme results were found in comnection with evaluating potential smoothness of
fabricated parts subject to limitations in the radius of the cutiing tool and
the feed rate. _ : ,

Further comments were given in connection with the potential hazards involved
in shipping. stroptium and cesium to Cak Ridge.

Contract and Accounting

Mathematical agssistance was provided in cbtaining a series expansion for a
dafinite 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 MATHEMATTCAL ACTIVITIES WITHIN HIO
2000 Program

Lhemical Development

A preliminary analysis was campleted of mid-column photometer calibration data

and the results used to gunide a machine calculation to determine the best mathe-
matical method of correcting for the temperature differential between calibration
and experimental runs. OQutput from 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 messure the flow rate of the pulse columm feed streams, are
surrently being anmalyzed. Data from five individual test runs covering a range
of uranium concentrations have been analyzed 10 determine the form of the mathe-
metical relationship between flow rate and bob translatiorn 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 absorpticmeter uses a standard
cell contalning 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 characteristies of
the two cell sizes as & function of uranium concentration and also the differences
between peirs of cells. In addition, any systematic time trends cccurring during
the experimentation period can he estimated and subtracted cut.

Mgterialas Develcrment

Further calculations were performed on the graphite physical properﬁies test data.
The camponents of variance analyses on tensile strength measures, load and
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deflection, electricel resistivity, thermal conductivity and coefficient of
thermal expansion were used to corstruet tolerance statements describing
the population of graphite bars currently under consideration for use as
NFR mcderator.

Corrosion Studies

Further analysis was performed on M-L0OO and X-8001 alloy corrosion data from
an experiment to investigate corrosion rate of aluminum alloys as & function
of certain heat treating variables. A new method is being used to estimate
corrosion penetration during the break away stage of the corrosion pattern
vwhich is independent of any assumption on the pre-induction time corrosion
mechanism.

4000 Program

Swelling Studies

Several dlscussions were held with perscnnel of Physical Metsllurgy Operation
{0 consider the utilization of the IBM TO90 to enalyze fission gas pore size
dlstributions freom the irradiated uranium samples. All micrographs in the
current study have been read on the Zeiss perticle size analyzer and z total
in excess of 50 pore size distributions are ready for analysis. These dis-
tributions are now being transcribed cnto IRM cards. Void fraction and void
density estimates as well as the fundemental distributional characterlstics
propertlies can be machine calculated and correlated with irrsdiation and
annealing varlables.

Plutonium Recycle

Data from the experiment designed to investigate high energy uwranium oxide
lmpacting as a function of the independent varisbles, oxygen uranium ratio,
Dynapak pistcn pressure, and oxide temperature are currently being analyzed.
Response function techniques are being used to meximize oxide density as &
function of these variables. An IBM program is being written whieh will cal-
culate quadratic response functions for nonorthogonal factor levels of the
independent variables, estimate the staticnary point of the fitted surface,
and celculate.a confidence region for the position of the "true” stationary
point.

Camparison of results obtained from actual particle packings using pre-
calculated particle sizes and size:ratios with those determined by pure
geametrical theory are not yet camplete. In the meantime, an empirical
approach tc 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 thyrold 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 analyticsl sclution, and sclutions ware
found for ten different sets of boundary conditions. A member of the Biology
Operation has obtained sclutions by means of an empirical formmia found in the
literature, and a cursory compariscn of results indicates reasonable agreement.
Further ccampariscns will be made.

Work coptinues on the milticompartment model in an attempt to show the useful-
ness of the model in predicting experimental results.

Work continmued on the problem of expressing the multicompartment model in terms
of a multivariate diffusion equation.

General

Instrumentaticn

Statistical analysis was coptimued of data from a reference system callbration
study being conducted by the Instrument Research and Development Cperation. The
refarence system will be used to calibrate linear variable differential trans-
ducers in connection with in-reactor creep testing of zircaloy.

Division of Research Programs

Work contimued Jolntly with Chemiecal 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 datz 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 perscns, and a
report ig in preparaticn which deseribes the relationship between certzin sta-
tistics that can be calculated from a sequence of mass ratios and guantities
vhich describe the functicning of the mass spectrometer.

Work is continuing on the problem of determining whether reactor conditions can
be determined by a knowledge of the percentages of the variocus Pu isctopes in
the irradiated product.

MISCELLANEQUS

Methodology

A discussion was held with perscnnel of Dmélea.r Physics Research Cperation con-
cerning the use of propagation of error formilse to approximate the error in
products of random factors.

DECUASSIFIEY el

Qperations Research & Synthesis
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PROGRAMMING OPERATTION
APRIL 1961

A. REACTOR DEVELOPMENT - LOOO PROGRAM

1. PLUTONIUM RECYCLE FROGRAM

Computer Code Development. The FROTEUS 1 code was completely debugged and

is resdy for operation. PROTEUS 1 greatly extends the information available
from the MELEAGER physics code by providing extrs end points as well as non-
interacted graded data; but it is wnable to generalize the specific power;

and it 15 also restricted to one type of input format. PROTEUS 2 was written
(and is presently being debugged) to contain these features. In addition, the
code iz being made 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 wes 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 resulis bound into a book and be avallable to make
additional coples, as was done for the Russian Reactor and the Price Schedule

studies,

PUCK II Economics was completely debugged and results now agree with those
previocusly obtained with PUCK I. Further work on PUCK II continues: formats
sre being standardized throughout all subroutines, shipping cost equations
are being added 10 economics, and a new subroutine SCHEME, is being written
to produce & table of plutonium values as a function of delte fabrication
costs for nonoptimized zonel operation. The mair program for testing the
plutonium composition equations is now working and results have been plotted.
Thiz routine will be used tc 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 snother study to demonstrate
the impact of plutonium fuels on the interchange of cladding materials in
nuclear reactors.

A study of burn-up caleulations as a function of flux-volume weighting has
also been started.

PRP Planning and Analyses Activitles. 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 belng directed primarily at situations involving near-future
(5-t0 10-year)} reactor applications. An attractive application may also
exist in the use of this process as & step in plutonium oxide-uranium oxide
fuel preparation rather than as e separation process. In reactor cycles
discharging plutonium as well as valuable enriched uranium, 1t is probable
that salt cycle in combination with a more conventiomal process for uranium
recovery will be needed. TFor 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 t¢o assess the economic
results.

UNCLASSTIFIED
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During the month, cne member of Programming participated in visits to
several NRTS hot laboratory sites (ANP-Arco, EER-II, CPP, and MMR) 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 prinf—mrb "book" of enriched uranium costs
wag 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 calculstion procedure and the contents.

Supercritical Reactor. A number of fuel element cases have been evaluated
for the supercritical reactor using avallable machine codes to obtaln total
fuel costs, which have been in the range of 3 mills per kvh. One difficulty
that hes been encountered is that lower fuel costs are assoclated with
uwndermoderated 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. Thersfore work is in process to
bracket the credibility of the results attained to date.

The codes being utillized in these studies are: IDIOT for latiice parameters,
MELEAGER for reactivity apd isotopic compositjons as a funetion of exposure,
and FROTEUS to generalize and interpret the exposure and isptopic composition
data and prepare input cards for the economics codes. These cards are
utilized by QUICK to obtain the fuel costs for bateh discharge operation and
by QUICK G to obtain the costs for fully graded operation. '

The Graded Economiecs Code, QUICK G, has been extensively modified and
expanded. The isctopic concentretion and exposures are printed out at the
beginning and end of each recycle step or at each enrichment for uranium
cases., The PCK code utilizes a minimizing routine to yield minimum fuel
cogt for any reactor being studied. This subroutine wes modified end added
to the QUICK G code so that MELEAGER or PRCTEUS output may be minimized.
This minimizer will calculate minimm fuel cost for each set of econcmic
parameters used in the normel 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 equillibrium graded
operation and shutting down the reactor with only slightly burned up elements
as part cf 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 calenlations have to be made using a
special set of AEC eccnomic rules. QUICK G hes been altered to allow these
calculations to bhe mede.
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Advanced Pressurized Water Reactor. A portion of the final physics
caleulstions for the revised study of the APWR have been completed using
the MELEAGER code. Changes in the resultant physics calculetions from
those previously reported result from improved methods of calculating ‘the
effactive resonance integral and from small 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 reactlvity lifetime and associated fuel
cost if reactor control system costs are ignored. Four sets of reactor

ceses were studied. 7In the flrst set, no boron was added; in the second,
enough boron was added to lower the initiasl value of k., to 1.15; in the _
third, to 1.10; and in the fourth, to 1.047. TIn all four sets, the initial
conditions were for a three percent U-235 enriched fuel system, followed by
nine recycle ceses which used three percent U-235 plus ninety-seven percent

of the plutonium from the previous case as enrichment. In all four sets of
data, the reactivity limited exposure for the first case was about 13,500
mnd/t; for the second case, about 17,500; and for the third through the

tenth cases, about 19,000. Galns are mede, however, when uslng 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 Ak
(difference between initial and final values of ko, for a given rum) amounts
to 153 milli-k; in set No. 2, to 113 mk; in No. 3, to 88 mk; and in Yo. 4,

to TO mk.

B. (QTHER ACTIVITIES

The potential hazards involved in shipment of thousands of curies of long-lived
radionuclides, particularly cesilum and strontlum, were studled extensively
during the month. Primery attentiorn was devoted to shipment of cesium as the
adacrbed 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 materiale in commection with the postulated accident.
On the basis of new cesium velatility datae and the above study the potemtial
hazard is less sericus than previously belleved., A report on this sublect will
be 1ssued in the near future. ’ |

Plemning wes also completed on the type of studies needed for .estimeting the
hazards of shipping Ce-1lil sulfate, Sr90r0;, end strontium adsorbed on Decalso.
Details of the above type of estimates were reviewed with Company specialists
in radiologicel hazards analyses.

Analytical work was completed on a series of uranium ore samples comprising

the total feed to a typical domestle uranium mill. The results showed a
thorium-232 content ranging from 3.3 to 60 ppm. The low Th-232 specilmens
correspondingly showed high Th-230 ratics {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 thsn 2% Th-230 in over 4O% of the total cre
suppliei. Concurrently with these results, additional analyses were cbtained

in streams from a large milil in Colorado not investigated earlier. These streams
also shecwed thorium compositicns in the range of 2.1 to 2.4% Th-230 in the

total thorium content. Thezz results confirm earlier indications and firmiy

UNCLASSIFIED
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establish substantial sources of thorium of relatively high Th-230 content
from exiating mills.

Dr. Gerald W. Jolmson, Associate Director of the Lawrence Radiation Laboratory
of the University of California, wes the speaker at the Hanford Science
Collogquiuwm on April 18, His topic was "Project Plowshare - Status and Problems".

Assigtance was provided in arranging for visits and tours by 292 visitors
during the momth. This musber included 35 visitors om 21 official visits, 251 )
bigh 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 Cansda Iimited, Chalk River.

Acting Menager,
Programuing

- PW VWoodfield:rd
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BADIATION PROTECTION OFERATION
REPORT FOR THE MONTH OF APRIL, 1961

A, ORGANIZATION AND RERSONNEL

R. F. Ballard was reactivated on April 12, 1961, and W. H. Blschoff was deactivated
on April 13, 196l due toc extended illness.

B. ACTIVITIES

Two cases of plutonium deposltion were confirmed during the month. Each employee
was involved in a known incident, & conteminated 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, plutoniuwm contamination which
did not warrant medical action.

Antimony-125 wes identified in a reguilar 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 maximm permissidle burden of LO
Subgequent examinations of all other Radiometallurgy personnel were negative.

Prompt action by & 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 area of the 105-KE Remactor, the
monlitor observed the employee grasp the contaminated end of a rupture tool.
TImnediate removal of the protective clothing limited the dose tc the hand to an
insignificant amount. A dose rate of 200 reds/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 containing equipment jumpers from Purex.
Particulate contaminstion from 15,000 ¢/m to 500 mrads/hour was detected northwest
of the trench, but surveys revealed negligible contamination outside the fenced ares.
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 Aresa. The cars had been used to accomplish & tunnel burial at
Purex, and were moved before being surveyed. GCeneral contamination to 80,000 ¢/m
was confined. to the track and immediate area. The rails were decontaminated and

the grownd contamination fixed to prevent contamination of other railroasd equipment.
No significent personnel exposure occurred irp either incident.

A strontium spill resuvltied 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
eriticality meter in the 325 Building were traced to a faulty photomultiplier tube.
Procedures were improved to assure adequate, periodic inspection and maintenance of
all criticality alarms in the 300 Area. '
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Investigation of film dosimeter usage during three badge exchange periods revesled
that for the first quarter of 1961, an average of 3.2 film badges were issued per
employee. More than 100 individuals werce issuved 6 or more film dosimeters for this
reriod; twice the required number. ip-rouriate action through management was
planned to reduce the number of film dosimeters issued.

Stack sample results at the Hot Semiworis indicated that 15 xc/day of strontium
was discharged to the atmosphere during tiue processing of tle first spike rum.

Alr samples collected inside the facility also provided evidence that control of
alrborne contamination is not yet satisfactory. No significant personnel exXpasure
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 désign
work is planned to obtain a sample flow proporticnal to the stack flow at the
higher flow rates encountered.

The solid state amplifiers for the Artomatic 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 Columbia River temperstures at the

300 Ares and Pasco.

Field tests of the charcosl adsorber cartridges for I-l3l'monitoring neared com-
pletion. The data show that the diameter of the cartridge must be increased to
galn & constant air flow at the ideal linear veloecity.

Efforts were continued to place the extended program for bovine thyroid nonitoring
into operation. Drafts of instruction sheets for the veterinarians and special
agreements between the General Flectric Company and the veterinarians vere prepared
and submitted to the concerned parties for comment. -

The Annual Summaery Report for 1960 on the Radiological Conditions in the Henford
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 gquantities
wag completed. The results of the study were issued for comment with J. J. Fuguay,
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 meonitoring
equipment, including cost estimates, were initiated.

UNCLASSIFIED

F23i5tv2



UNCLASSIFIED G-3 HW-6G408

Preliminary studies indicate that density measurements with existing equipment
permit evaluation of duPont 1290 film to & 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-ray
spectrometer method. The 1290 film has recently replaced the 510 film asg

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 Tilter
system have demonstrated the capabllity of estimating beta dose in the
presence of plutonium low energy X-ray and gamms ray exposures,

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 prepered for components of the double moderator
eriticality dosimeter. Equations for the evaluation of the neutron energy
spectrun were derived from foil activation measurements. System performance
details indicate that the double moderator criticality dosimeter offers
performance equal te the present thresheld detector system for estimating totel
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 radicactive foils of the present detectors are accomplished
with the double moderator system.

The characteristic parameters of sillicon diodes fabricated to Hanford specifi-
cations are being investigated. Measurements of the forward current, forward
resistance and pulse lifetime heve been masde. Studies are in progress to
determine the reprcducibility of these measurements before any neutron
exposures are made.

The 400 channel pulse height analyzer was received and installed in the bicassay
laboratory. The eguipmeht extends the capability of the leboratory by permitting
rapid measurement and identification of gamma emlitters that may be encountered
in biclogical samples.

A continuous air monitor for measuring beta emitters was installed at the
Radiometallurgy Building, and field performance tests were initiated. Plans
cell for installation of several units, Because of frequent false alarms, the
continuous slpha air monitors in the 231-Z Building were temporarily removed
from service. Continued use of the instrumentation is dependent upon improved
reliability. '
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The prototype Scintran instrument was returned fo the supplier with instructions
for corrective action to meet acceptance tests. A purchase order to provide

a2 plastic probe housing for the gamms insensitlive, scintillation poppy probes
was cancelled when the vendor failed to deiiver satisfactory items.

Personnel from RPQ components participated in the National Civil Defense Exer~
cise, OPAL 61. The exercise for Hanford was conducted at the Mobile Emergency
Relocation Center. RBased on fragmentary information received intermittently
through normal commmicaticns chapmnels, fallout patterms and dose rates were
calculated and plotted for simulated nuclesr 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 comsultation was provided on April 18 through April 20 for
Dr. J. A. Norcross, Dr. T. 8. 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 Eesadquarters, Washingten D. C.

Dr. M. Bisenbud and Mr. E. R. Thomas from the Consolidated Edison Company dis-
cussed sampling of the Columbia River and biota on April 24 and 25.

Mr. J. W. Healy from General Electric at Schenectady and Mr. J. M. Smith from
AFED comaulted on the assessment of hazards from fission product release.

On April 3, 48 students from Chief Joseph Junior High School visited the
Callbrations Building.

D. EMPLOYEE RELATIORS

Seven suggestions were submitted by personnel of the Radiation Protection Operation
during the month bringing the year-to-date total to fifteen. No suggestions were

adopted 2nd none relected. Ten suggestions submitted by RPC personnel are pending
evaluation. _

There was one medical treatment injury during the month for a frequeﬁcy of O.4T.
No gecurlty viclations occurred during April.

Radiation Protection training irncluded: a seminer on Intermal Dosimetry was
presented on three cccasions to IPD processing exempt employees and IFD radiation
protection personnel; radiological 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 ‘"Anelysis of Rediological Data For The Month Of March, 1961"
by R. F. Foster

EW-6946L  "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 publicstion
in the "Journsl of Scilentific Instruments".
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ENVIRCHMENTAL MONTTORING - RESULTS - (Mid-March 1961 - Mid April 1961)

Sample Type and location

Drinking Water

LO0-F Area
Separations Areas
Pasco

Kennewlck
Richland

Coelumbia River Yatar

Above 100-B Ares
100-F Area

Eanford

Pasco

McNary Dam

Vancouver, Washington

Afmoaphere

1131 Separations Areas
1131 Separations Stacks

Active Particles - Project
Active Particles - Enviroas

Activity

B

Isotopic
Gross Beta
Isotopic
Izotopic
Gross Beta

Gross Beta
Isctopic
Isoctopic
Isotopic
Gross Beta
Isctopic

131
e

Monthiy
Axerage

Vegetation (Control limit for vegetation is 1077 ue 1131/3)

Separations Areas

Residential _

Eastern washington and
Oregon :

* The %
exposure

131
il

7131

contained in NBS Handbock 69.

3.9 x 10“2
< 1.5 x 107

No Samples

Units

% MEC_-GI*
uc/cc

%. MPC, -GI#*
% MPC, -GI**

ue/ce

ue/ce

% MPC,-GI*
% MPC, -GI*
% MPC-GI#*

% MPC,~GI**

ue/ce

Combined curies;
ptle/100 m3
ptle/100 m3

o

is the percent of the maximum perﬁisaible limit for occupaticnal
the gastrolntestinal tract calculated from drinking water limits

** The % MPC,_-GI 1s the percent of the maximum permissible concentrations for
Persons in the neighborhood of controlied aress for continucus exposure o
the gastrointestinal tract calculated from drinking water limits contained

in NBS Handbook 69.

¥ 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-60408

o Whole Body Localized

April 0 0

1961 to Date . 1 3

Gamms, Penclls ,
Pencils Paired Readings Paired Readlngs Lost
Processged 100-280 mr Over 280 mr Readings

April L ;046 35 0 0

1961 to Date 18,768 2u8 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 1k2 29 22 10.12  2bk.30
1961 to
Date 40,434 3,695 408 107 100 5.29 2.3k
Neutron Film Badges -
Fiim Reedings Readings Readings Lost
Procesgsed 50-100 mrem  100-300 mrem Over 300 mrem Readings
Slow Neutron . '
Aprii 1,351 ¢ 0 0 2
1961 to Date 6,583 o 0 0 27
Fast Neutron
April 163 Le 5 0 2
1561 to~Dete 1,758 26k 58 0 27
Whele Body Counter
Male Femgle April 1961 to Date
GE Employees i
Routine (s 2 80 228
Special b - 0 L 31
Terminel 0 o} 0 1
Non-employees 2 0 2 1l
Pre-employment 0 0 o 0
Total 8L 2 86 271
Bloassay
April 1961 to Date
Confirmed Plutonium Deposition Cases 2 RS -
Plutonium: Samples Assayed 465 2,398
Results above 2.2 x 10-8 pc Pu/semple 10 & 063
Fission Product: Samples Assayed . 568 2,630
Results above 3.1 x 10”7 pc FP/ 0 2
1
Uranium: Semples Assayed SEIPE 081 1,143

*The totel number cf plutonium depesition cases which have cccurred at Hanford
has increased to 267, of which 194 are currently employed on plant.’ UNCLASS TFTED
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Uranium Analyses

Following Exposure Following Period of No Expos. .

Units of 10-9 pe U/ec Units of 10-9 ue U/cc

fumber Humbeyr

Sample Description Maximum Average Samples Maximyn Average Samples
Fuels Preparation b1.5 5.3 61 28.7 3.5 62
Fuels Preparation¥ 3.1 3.1 1 0 0 0
Hanford Laborstories .8 k.2 26 23.3 2.7 29
Hanford Laboratoriesg® 0 Q 0 0 0 o
Chemical Processing 602.3 21.7 38 21.9 L.6 38
Chemical Proceasing®* ' 5.8 5.2 1 8] Q 0
Special Incidents 678.7 62.7 19 o) 0 0
Rendom 1.3 0.9 6 Q 0 o)

¥Sammles taken prior to and after a specific job during work week.

Thyrold Checks April 1961 to Date
Checks Taken 0 3]
Checks Above Detectlion Limit 0 0
Hand Checks
Checks Taken - Alpha 34,377 121,716
~ Beta-gamme L8, 159 188,157
Skin Contamination
Plutonium : 22 8s
Fission Products . Bl 190
Uranium 1 25
CALIBRATIONS Number of Units Calibrated
April 1231 to Date
Portable Instrumentsa :
CP Meter 916 - 3,626
Juno 230 933
M 475 2,257
Qther : _ 19k 691
Agdite ' : 102 Y41k
Totel 1,917 7,921
Personnel Meters . .
Badge Film 1,536 5,799
Pencils : - ‘ -
Other Ee l,geh
Miscellaneous Special Services 1,363 3,505
Total Number of Calibrations 5,1k2 18,749
sger
Radiation Protection
UNCLASSIFIED
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LABORATORY AUXTLIARIES OPERATTON
YONEELY FEPORT - APRIL, 1961

GENERAL

Phere were no security violations charged to the Operation.

There were no mejor injuries; the minor injury frequency rate was
5.52 for the month and 3.1% for the year to date.

TECENTCAL SHOPS OPERATION

Potal productive time for the period was 20,153 hours. This includes
14,087 bours performed in the Technical Shops, 3,661 hours essigned to
Minor Construction, 67 hours essigned to other project shops and 2,338
hours agsigped to off-site vendors. Total shop backlog 1s 19,301 hours,
of which 60% 1s required in the current month with the remainder dis-
tributed over a three-month pericd. Overtime hours worked during the
month was 5.2% (933.9 hours) of the total avallable hours.

Distribution of time was az follows:

Man -hours % of Potal
Fuels Preparation Department 5,195 25.8%
Irradiation Processing Department 857 L. 2
Chemical Processing Department 665 3.3%
Hanford Laboratories Operation 13,415 66.6%
Construction Engineering & Utilities 21 0.1%

Requests for emergency service decreased sharply, recquiring 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. Candldates for these positions have been processed
and final call-in issued. One Machinist and one Instrument Technician
were added to the roll during the reporting period.

Securlty performence was considered satisfactory with no violations.

There were 15 medical tremtment injurles, which is considered higher
than normal for this type of operation.

CONSTRUCTION CPERATION

There were 70 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $7L4,616. One hundred and four
new ordersg, 3 supplements and adjustments for underruns amounted to
$¢8,90L. HEipenditures during the month on HLO work were $72,016. Total
J. A, J:mes vacklog at month's end was $T71,504.

UNCLASSIFIED
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Surmary
HL CE&UWO
Unexpended Unexpendeq
No. Balancge No. Balance
Orders outstanding beginning of month 69 $ 73,162 1 . $ 1,u54
Issued during the mo. (Inc.Sup.&%Ad3.) 107 68,778 126
J.A. Jones Expenditures during month
(Ine. C.0. Costs) 72,016

Balance at month's end 50 69,924 1 1,580
Orders closed during month 135 89,051 0 0

FACTLITIES ENGINEERING OPERATION

Projects

The following 18 a brief summary of project work in Facilities 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 $3,734,000.
Phe expenditures on these projects through March 31, 1961, were $1,286,000.

The follewing summarizes the status of FEO project activity:
Number of authorized proJjects at month's end 15

Number of new projects suthorized during the month: 3
CGH=-902 Uranium Scrap Burning Pacility
" CGH-919 314 Building Air Conditioning
CGE-924 200 KW Induction Heating System - 306 Bldg.

Projects completed during the month: C
New project proposels submitted to AEC during month: 0 -

New projects awalting AEC approval:
CAH-917 Pleld Service Center
CGE-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 Weste Treatment
Demonstration Facility

Note - Proposals complete or nearing completion are as follows:
Coolant Systems Development Laboratory

Laboratery Waste Retention Facilities Expansion
Safety end Operating Improvements - 231-Z Building

UNCLASS IFIED
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Engineering Services

H-3 BW-£9L08

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 Systenms
Engineering & Inspection Service

"Split-half"” Machine For Critical

Mass Studies

Control snd Safety Rods for Tamper
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) Coaeting Process Improvements

¢) Chuck Handling Procedure

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) Breskaway Corrcsion Loop; and,
4) Equipment Projects.

Mechanical design of machine is essentially
complete. Electrical design work remains.
Components have been purchased and are
being assembled. The special drive for
remote contrel with instrumentation re-
mains to be designed and applied.

Development work is performed prior to
completion of design.

Field work is delayed pending availsbility
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.

Recommendgtlions of maintensnce of main
alr supply units in 108-F Buillding

vere made.
\'\.
Electrical Load Improvements - Ioad studies are complete. Engineering
329 Building design complete. Installation work
will be performed by Plant Forces.
Motorized Door Cpening Device - Installation work complete except for
327 Building ad juatments.

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 machineg -
3760 Building.

Source Positioner - 37L5 Bullding Design complete. Material on hand.
: ' Installation bas started.

Zone Mpdifications - 325 Bldg. Cost estimmtes are being prepared based
Alr 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.

Mejor design and drafting work in progress includes the following:

1. Structural Materials Irradiation Test Facility - desiga - 43 drawings
completed.

2. Thermal Precipitator - 5 drawings required - 40% complete.
3. Critical Facility - spprox. 20 drawings required - work complete.
k. 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.

UNCLASSIFIED
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7. Spectroseopy Laboratory - 6 drawings required - Z5% complete.

8. Shroud Replacement Tools - 20 drawings estimateld - work started.
9. Waste Sludge Slulce System - work started.

10. PFlux Measuring Device - work started.

11. Arc Melt Hood - 6 drawings required - T0% complete.

1z. Conductivity Insert Model II - work started.

Plant Maintenance and Opefation

March costs were $156,819 which is 98.9% of forecast to date.

Anglyais of Costs

The cumulative expenditure has risen to 98.9% of the forecast which
was made last December when the budget was reduced. This increase
in activity arises from accelerated improvement maintenance. Qur
efforts to obtain our share of the maintenance manpower has also
produced favorable results.

Improvement Maintenapce

Item :

Relocstion and alteration $ 6,136
Repainting 5,077
Reroofing 58
Electrical Modifications 410
Piping Modifications 7,813
H&Vent Modifications 2,815

Crane 2,665
| 25010

Plant Engineering andﬂiscallaneous

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
epparel.

Painting is being continued in 325 Buillding.
Painting of certain rooms in £31-Z Building continued.

UNCLASSIFIED
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The rerouting of the crib waste line in 327 Building was completed
by J. A. Jones Congtruction forces.

Electrical Load Studies are being made in 325 and 3760 Buildings.
New lighting panels are being installed in 325 Building.

The crane in 31k Building hes been repeired and is in service.

" Improvements to fail-aafe featurea of 325-A Bullding ventilation system
are being installed.

The crane in 321 Bullding was inspected during the month.
Crane ralls in 327 Bulilding are being leveled,

Criticality alarm systems installed in the Hot Semi-Works and Critical
Mass Laboratory are being interconnected.

Minor electrical modifications are being made in 3702 Buildirng .

TECHNICAL INFORMATION OPERATION

Preparations for the interviewers from Saul Herner and Company, who are
surveying Commission sites to test the effectiveness of AEC's technical
information progrem, are proceeding smootily. The survey was anncumced
in Management Newsletters o all Depertments. A listing of all
sclentific and techmical personnel at HAPO 1s being run from the
Perscnnel Source Flle in Data Processing and the ordered sample will

be selected from 1t.

Two classificetion memns were distribueted to the field., They are;

EW-69021 "Classification: Plutonium”
BW-65218 "Excerpts from Minutes of the Sixth AEC Classification
Officers Meeting, Germantown"

All formal R & D reports will be revieved by the Patent Attorney to
ascertain whether patentable material and/or legel objections exist o
prevent a document being sent off-site. A corollary problem involving
the relemse t0 the AEC and its contractors of non-formal reports with
patentable material has been rescolved with the use of a new stickar.
The sticker serves to explajn the Official Use Only category under
which such reports are released.

The annual listings of non-classified and Confidential-Undocumented
documents charged out from Files were mailed to the field in conjuaction
with the periodic inventory of classified documents. The listing has
resulted in an increase in the mumber of documents returned to Files.

UNCLASSIFIED
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Representatives of IEM mef with personnel from Pechnical 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 cperator has been selected.  Keypunching of off-site
addresses bhas begun. Stores has been asked to obtain a supply of a
small one-drawer flle box which plant secretaries can use to keep
their copies of the new IEM route forms to be used in the new systen.
Installation is expected about June 1.

Work Volume Statistics

- March April
Document Distribution and Files
‘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 15,114 18,889
Document Accountabillty
Holders of classified documents whose
files were inventorled 411 638
Documents inventoried in Piles (copies) _ -- -
Documents destroyed or retired (copies) 13,475 16,601
Documents revised (copies) 1,181 1,701
Documents pulled and documents filed
(copies) 18,351 22,654
Documents reclassified . 602 781
Documents microfilmed 4,220 3,772
Accountable copies of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site 204,941 199,886
Referesnce and Publication
Books cataloged (new titles) 88 152
Books added +o the collection (volumes) 302 374
Ready reference questions snswered by
professionel staff 223 145
Literature searches by professional staff Tl 90
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
UNCLASSTIFIED
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_ March April
Livrary Acguisitions and Circulation.

Books ordered (volumes) : 377 . 318
Periadicals ordered 208 174
Books circulated (volumes) 2,519 1,647
Periodicals circulated (issues) _ b, lbd © 3,412
Inter-Library loans 81 58
Films borrowed or rented ' 10 - 18
Industrial f£ilm showings 23 106
Bound periodicals sdded to the collection 172 5
Bound periodicals discarded ' i ¢

Library Collection:
Main Librery W-10 Library 108-F Library Ind. Med. MTotal

No. of books 31,338 - 8,619 - 1,769 2,051 43,777

Ro. of bvound

perlodicals  1h,L22 14 1,802 6 16,299
45,760 8,633 3,661 2,057 60,076

Classification and Declassification
Documents, including drawings and photogrephs
revieved for downgrading or declassification . 351 ks
Documents and pepers (intended for oral

' presentation or publication) reviewed

for appropriate classification 26 29 -

Documents submitted to Declassification

Breanch, Oak Ridge - 64 3
%mjger,; <

LABORATORY AUXILTARIES

JL Boyd:Jw

UNCLASSIFIED
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PROJECT STATUS REPORT |

[ HW—

SEM| -MONTHLY L 30l
GEMERAL ELECTRIC co. — Hanford Laboratories I CATE  L/30/61
PRGLNG, TITLE _ - FUNDING
CAH-B22 Pressurized Gas Cooled Facility Jhlhl-Operating
AUTHORIZED 'U""’_{oumu s 40,000 lame § CosT gcomm o ) 1441 s 819,486
s 995,000 corat. $ 595,000 l sx $ 995,000 ESTIMATED TOTAL COST 5 1,120,000 _
STARTING pESign 5=10-59 DATE AUTHORIZED Ear D [oeman 4-20- PERCENT COMBLETE |
DATES | oust. 10-17-60 o comr, oate  H5-30-61 oaves | consr. 9~30-61 WT'D: | SEHED. [ACTUAL
ENGINLER DESI S 100 100 100
REDO -~ DP Schievely [rime o
MANPOWER AYERAGE JACCWM uaunguﬂfb“’-" 100 100 100
FIXED PRICE Al=TIT Y|
COST PLUS MIXED FEE I
PLANT PORCES I const. 100 92 73|
ARCHITECT=-ENGINEEZR rr
DESIGN ENGINEERING OPERATION i 17 88 70
GE FIELD ENGINERRING e 7 95 90
76 9l Tl

3COPE, PURMOIE, STATUS & PROGAESS

Struther-Wells has completed steel shielding design. Plans are being formulated
to mock-up in-reactor test section in "B" cell.

FROJ. NO-. TTLE Modifications & Additions to High Pressure Heat FuNDING
CGH-834 Trensfer Apparatus - 180-D Building 0290 .
AUTHORIZED FUNDE [ oo™y 66,000 AEC § cost acomm.To L16-61 s 697,658
s 700,000 consT.$ 634,000 {g s 700,000 ESTIMATED TOTAL COST s 745,000
STARTING [praran H=20-50 DATE AITHORIZED |_8-5Q EATD. [ousian 2-15-61 PERGCENT COMBLETE
DATES L:ON". 4-22-59 IR, COMP. DATE L=]1-B1 DATES |comnt. 7T=1-61 WT'D- | BCHED, [ACTUAL
CHHNEER ) RESION 100 100 100
FEO - H. Redow bl '
MANPOWER Avenaae [accum wanpavsieeTIT. (1] 100 [8]8) 100
FIXED PRICE E-TY. 14
COST PLUS FIXED FER 10 3700
PLANT PGRCES : CONST. 100 00 o95%
ARCHITESCYT - ENGINEER Lad '
DESIGN ENGINEERING OPERATIGON o} 960 i 100 [#,0) Q5%
GE FIfiD ENGINEERING : Fr

SCOPE, PURPCSE, STATUS b PROGRESS

research and development studles.

The remaining signatures are being obtained for revised project moposal requesting
additional funds and extension of the completion date.

stopped pending authorization of this revision.

% Based on the revised estimate cost of $745,000.

1201377

This proJject provides necessary modifications to existing equipment to simulate
more severe in-reactor operating conditions in cut~of-reactor facilities for

Construction has been

Ak4 TIAR--ALDTE A1

RS AN atrus amA wed s
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SEMI—MONTHLY PROJECT STATUS REPORT MW= 6ol08 T
GENERAL ELECTRIC CO, — wom mmr&tori@s Dfﬁ'l'ﬁ 1#[30[@_

"ROJ,NO. TITLE _ ) FUNDING

CAH-842 Critical Reactivity Measur Facility 58-e-15
AUTHORIZED FUNDS [gesian 3 145,000 accs 148,000 cost acoMm T L_18.F] $ 115,421
s 3@‘&00 CONST. § 315,000 | su 3 Elgzooo ESTIMATED TOTAL COST 5 4@,000
sTamTing [pgman L1-1T7-59 {DoaTe auThomizzo gg“&.lou:eu 2-1-61 I BEACKNT COMPLETE

o4 TS consr. 10-3-60 DIN. COMP, DATE EB_O-Gl DATES ¢°N""°8“'15_-6ﬂ WT'Dr | SCHED. [ACTUAL
ENGINEER — DES1 64 190 100 | 100

REDO - WS Kelly T
r—-f MANPOWER . AVERAGE [ACCUM MANDA vs [{ SE-TIT 11

FIXED PM)CE ) AT TIT 1Y

CORT BLUS MXED FEK

FLANT FORCES EUORETT NS 37
ARCMITECT= ENGINEEN PF :

DRBIGN ENGINERMING OFERMATION cRrF 0]
GE MELD ENGINEERING ' re ) 100 FEy

3COPE, AURPOIE. STATUS & PROGRESS

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 contxﬁctor, is estimated to De
complete May 15 rather than May 1, previously scheduled.

* Does not reflect the progress made on G. E. procured items until such ltems are
. installed.

PROJ. NO, TITLE . FUNBING
| CGH-857 | %ﬁiaﬂl & Mechanical Properties Testi]gg Cell-327 Bldg. [ 0290
AUTHORIZES PUNGS [ pqiam s 75,000 aLC S cosT & COMM. 10 h"‘]ﬁ"é] s 74,941
s 75,000 \ conar.s lex s 75,000 €3TiMA TED ToTAL cosT 5 430,000
ETARTING E!!I“ 12-2-59 DATE AUTHORIZES 1(=]1-50 :so:"g-l__zu.“ ~1=61 FERCENT COMPLETE
CATES canNsT. DIk, COM®, OATE DATES |zONAT. WY D ACHED. |ASTUAL
CHIINKER GESEN . | 00 | 100 100
- k TITLE |
MANPOWER AVERAGE |ACCUM MANDAYSIBE-TIT.II | 100 | 100 100
nXED EPRICK TRIAT
COST PLUS PIXED FER ;
PLANT FORCES CONST, 100 |
ARCHITECT = ENGINEER oF
OXSIAN ENGINEERING OPERA TION 1 51'-0 CPFF
SE FIELD EHGINEERING e

SCOPE, PURBOSE, 3TATUE & FROGAESS
! This project will provide facilities for determining physlcal and mechanical
) properties of irradiated materials, and involves the installation of a cell in

the 327 Building.

. A project proposal revision requesting the total comstruction funds is in
preparation.

| I B U S

lL\J‘I..)Iu

B - 7I00—GA2( =817 ARE-0F AICHUARD. mASH.



H-11

SEMI~MONTHLY PROJECT STATUS REPORT _mw- 69408
GEMERAL ELECTRIC ¢, — Hanford laboratories I_DATE k/30/61
PADJ.NG. TITLE FUNDING
! CGH-858 High Level Utility Cell - 327 Building 0290
AUTHERIZED FUNDE [orsian s 70,000 faecs cosTgcommTa Bo16/6]1 5 70,000
s 70,000 lconaT. $ laz s 70,000 ESTIMATED TOTAL cosT s 100,000
STARTING pesian 1ll=2-5C oate autHorizee 10~-1-5Q JE4r’D: {oeman 3=-1~-61 ﬂ PENCENT COMPLETE
paTES L:anrr. 8-6-61 BIR. CoMp. DATE 2-0-62 oATES | conar. 2=H-62% wr'o: [scnED. [acTual
ENGINEER DESIGH 1490 100 100
FEQO - KA Clark TITLE |
MANPOWER AVERAGE |ACCLM MaANDAvs [{ BE-TITq ) | OF 100 100
FIXED ARICE HITR2AT _
COST PLUS MIXED FEE @dor 5 100 100
FLANT FORGCES COMAT, 100 -
ARCHITECT=ENGIMNEER 35 i
DESIGN ENGINEERING OPERATION 1 62k CPFF
GE MELD ENGINEERING Fr

BCOPE, PURPOSE, STATUS & PROGRESS

is due for opening on 5-8-61.

This project will provide facilities to prepare specimens from irradiated materials
for uee in determining their physical and mechenical properties and involves the
installation of a cell in 327 Bulliing.

Procurement 1s progresaing satisfactorily. The Bid on the cell procurement order

PRGI. NO. TITLE FunBiNG
|__CAH-866 Shielded Anslytical Laboratory - 325-B Building £l-a-1
[AUTHORIZES FUNSE [0y ian 5 BO,000 aecs 45,000 COST 3 COMM. 0 h-16 61 s_ 15,000(GE)
s 60,000 Y const.s {c: s 15,000 ESTIMATED TOTAL COST s 700,000
STARTING Fbt’lcNE—ﬁ—ig DATE AUTHORIZED 53] -60 T aL. pesigndl-14-60 FERCENT COMPLETE
DATES consT4-20=61 DI, COMP. DATE H=30-62 DATES |cONST. 3..1-62 WT'D: | SCHED: [ACTUAL
EN.GINEER DESIGN 100 100 100
| FEO - RW Dagcenzo TITLE |
MANPOWER AVERAGE |ACCUM MANDAVYS|GETIT. ) 10 100 100
FIXED PRICE AL-TIT L] GO 100 100
COST PLUS FMIXED FEE )
BLANT FORCES CONST. 100 NS
ARCHITECT — ENGINEER PF
DESIQMN ENGINEERING OFERATION CPFIF
GE FIELD ENGIMEERING FP

SCOPE, PURPQIE, STATWS d RROGRESS

325 Building.

he bqi

U

issued on April 27, witF

This project will allowgreater capacity for amalytical work involving today's more
highly radicactive solutions and consists of adding a shielded laboratory to the

HOO-AEC Directive HW-L95, dated April 20, 1961, approved the project and
authorized the incurrence of costs in the amount of $700,000.
completion date is June 30, 1962.

The directive

The advance construction notice has been issued and the bid package will be
oaenlng on June 1, 1961.
|

—Alr LES - F mrmuE G NE uearw
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SEMI-MONTHLY PROJECT STATUS REPORT | "%~ 69408
GENERAL ELECTMIC cO, — Hanford Laboratories cate  }4/30/61
mRGJ.NG. TITLE FUNGING
CAH-867 Fuel Element Rupture Test Loop 58-e-15
AU THORIZED FUNDS J“,,“ s =3U,U00 asc s 770,000 CosT s CoMM Te |14 {‘61 $ 385,828
s 1,500,000 [comnsr.s 1 70,000 st § 730,000 ESTIMATED TOTAL cOAT $3.500.000
ITARTING pEsten B=1l-O0¥ ~ | GATE AUTHORIZED : Elo‘;'gl-_”oumn 2.15=-61 [ PERCENT COMPLETE
PATES | owst.]1e2-60. IR, COMP. DATE ’]__(1_31_61 CATES | comst. 10=31~6 WT'O. | SCHED. [ACTUAL
ENGINEER DESI G 100 100 100
 REDO - PC Walkup ' ' !
MANFOWER AVERAGE [ACCUM MaNCAaYs || SE-TITdI| Q] 100 100
FIXED PRICE AeTiRIl 9 100 100
TOST PLUS MXED FEK
PLANT FONCES Cou3T. 100 186 O, S
ARCHITECT- ENGINEEA re 2 . L
ORSIGN ENGINEXZRING OPERATION CPFF ol
K MELD ENGINEXRING (1) 10 97 >
(2] 3
ICOBE, SURPOSK, STATUS A FROGALSS (3) 31

(1) G.A. Grant Compsny.
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-HOO early in February.
These have not been relemged for bidding as yet. The project is approximately
3 months behind schedule ag a result.

PROJS, MO, TITLE FUNDING

CAH~870  [Facility for Recovery of Redicactive Materials-325 Bldg. 60-a-1
AUTHERIZED FUNGE | oo aioy s 5,000 agcs 445,000 tosT g comm. 7o 3-16-B1 s 4O, LOTY GE)
L] )'"86-‘000 | conat.s mpocﬁ {o: $ 40,000 ESTIMATED TOTAL COST s. 486,000
Pp— {MGN 11-20-50 Toarr avTnemrzen 3-283-50 w70, oasigng=1=-00 PERCENT COMPLETE
OATES const. 5=5=00 GIR, COMP, DATE Ge=i~OQL DATES |cowsT, O-1-B1 WT'D: | SCHED. [ACTUAL

ENGINEER . OEIGN 100 100 100

FEO - RW Dascenzo TITLE (

MANFOWER AVERAGE |accul Manoavsee-TiT 0| 10 [ 100 | 100

FIXKED PRICK : : 1k 2938 faenr.il 90 1100 [ 100

COIAT PLUsS mIXED FER . i

PLANT FORCES CousT. 100 99 59

ARCHITECT = ENGINEEN 33 1 100 100

OKSIGH ENCSINEERING ODFERATION CPFF

GE FMELD ENGINEERING e _1._00 100 9

ICOPE, PURPOSE, STATUS & PROGRENS

This project will provide a facility for recovery of specific radloisotopes from
westes, snd involves an addition to the 325 Building.

The Labor Service Contractor 1s scaling the vault cover slabs and cleaning out the
vault exhaust ducts. One of the govermment furnished agitator motors is being
replaced with an explosion-procf motor to make it compatible with the rest of the
vault. : _ :

o

nr
v U

L

LY
i

BM -7300 -042( Z—6Ll] aKC.4Z MEWLAND, Wisn.
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SEM! — MONTHLY PROJECT STATUS REPORT ,mw- Aaked
GENERAL ELECTRIC CO. — Hanford. Ia'boratories DATE h/go/sl
PROJ.NC. i TITLE FUNDING
' |cAR-888 JBiology laboratory Improvements 60-h-1

AUTHORIZED FunDs [pesion s 4l , 000

aze s 400,000

COST & COMM T0 |y 10 _¢1 s _
oK
, 0

511-20,000 Icous-r. s 3-?6;000 e s 20,000 ESTIMATED TOTAL COST
STARTING DEsian O=0=60 DATE AUTHORIZED 9-2-60 gz‘;’g’i”ossum_?,-‘-]l_él PERCENT COMPLETE
oaves | o v, 6-15-61 DIR. COMP, DATE DATES | consT-3-31-62 WT'D: |SCHED. [ACTUAL
ENGINEER DEXIGN 100 'ng o0
- JT Lloyd TTLE |

MANPOWER AVERAGE |[ACCLM MANDAYS [ SE-TIT(1 |77 T NS 100
FIXED PRICE AE-TIT (1183 NS 100
COST PLUS FIXED FEE
PLANT FORCES ' CousT, 100
ARCHITECT=-EMGINEER PF
DESIGN ENGINEERING ORFERATION CPRFF
B MELD ENGINEERING FP

SCOPE, PURPOIE, STATUS & PROGRESS

This project provides additionsl space for blological research supporting services,

and involves an addition to the 108-F Building.

scellanecus additions and changes were made by G.E. Co. to the tracings and specs.
which were made at the reguest of B.D. Bohne and concurrence of AEC. The tracings and
specs. were presented to the AEC on 4/18/61. Two sets of drawings and & rough draft

of the special conditions were handed to the AEC on 4/7/61. Bid package preparation by
AEC was held up pending receipt of their work authority dated 4/18/61, which was being
processed. G.E. advised the ARC it considered the radilation 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 an estimate of the handling
a ieg,
PROJ. NO. TITLE FUNDING
CAH-896 Stress Rupture Test Fgellity £0-1
AUTHORIZED FUNDS [D““__N 7,500 aec s 78,500 COST & COMM. TO !I-]é-é] s_g,27] (@]
< 90,000 Y const, 82,500 {Gg s 11,500 ESTIMATED TOTAL COST __'§
STARTING {Dg,m“ 7-29-60 DATE AUTHORIZED 3.§£.6]) T BL.joEstan -]= PERCENT COMALETE
oATES consT. 3-20-61 OIR. COMP. ATE]Q.15.6] OATES jconsT, 10-15- WT'D- | 3CHED.[ACTUAL
ENGINEER ' OESIGN | 400 1000 100
FEQ - H. Redow LALLY
MANPOWER - averace |accum mancavslse-niitl 100 | 100 100
FIXED PRICE 5 70 A€~ TIT. § ¥
COSYT PLLIS FIXED FEE
PLANT FORGCES CONST, 100 1 |12
ARCHITECT = ENGINEKER PF
DESIGN ENGINEERING OPERATION CRFF
GE FIELD ENGINEERING FP
[

SCOPE, PURPOQSE, STATUS & RROGRESS

This project involves a facility for deliberately rupturing tubing to establish
gervice conditicns.

‘The fourndations have been poured and piping is being placed pricr to pouring the
walls and floor slab. The door to the 314 Building bas been cut and framed. Sub-
[Vender procurement is progressing favorably.

| _

51301

r~J
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- 69408 -
GENERAL FLICTR'C o, — Benford Iaboratories OATE h/_30/6]_.
PROJ.ND, TITLE . FUNDING
CAE-901 Structural Material Irradiation Test E t - ETR 0290
AUTHGRIZED FUNDS [oggian 5 12,000 Y cosT & comm T0 41661 s 58,308
s 125,000 {consr. 8 113,000 sx § 125,000 SSTMATED TOTAL CoaT $ 125,000
sTaRTING [oEman F=15=-60 DATE AUTHORIZEDG=2~00) EsT D Jomman - 3=31- PERCENT COMPLETE
DATES  |iongt, B=1-81 o, comp, pare 10-15-61 DATES | canst. 10=15-6] WT'O: | SCHED. [ACTUAL
ENGINEER DESI 6N 100 100 100
FEO -~ KA Clark TITCZ ) . B
MANPOWE R AVERAGE [accum mancays([SE-TITqr | 100 | 100 lgo
MIXED PRICE AE=TIT1)
COAT PLLUS MXED FEX
RLANT FORCES |eweT: 100 §S NS
ARCHITECT— ENAINEER il
DESIGN ENGINEERING OPERATION 1 165 carr
GE MELD ENGINERRING e

ICOPE, PURPUSE, STATUS § FROGRESS

In-reactor conditions ecan be Jetermined.

furnish information concerning the project

The FOO~AEC has been requested to confirm the schedule change and

status.

This project provides for the installation of equipment at the ETR for which
changes in the physical properties of reactor structural materials subjected to

- Plapned installation start date of 4/17/61 has been postponed for at lesst six
weeks becaugse of higher priority work by the Phillips Petroleunm Co.

PRAJ, NO. TITLE - FUNGING
CGE=902 | Uranium Scrap Burning Fecility 61-]
AUTHORIZED FUNDS oEWIGN § 5’000 AREC S 27, 500 COsT & COMM. TO $
s 36,000 _ [ consr.s 31,000 {c: s T,3500 K3TIMATED TOTAL cONT s _LG,OOO
sTARTING (DEsign D =d=Ol DATE auTHORIZED 121 0-60% . oL. oEmiN 7-1-61 PERCENT COMBLETE
DATES &ﬁl.ﬁl DIR. COMP. DATE  10-15-b1. || DATRS ‘cm‘_‘ﬂ_._o'-ls-é_;_ WT'D: | SCHED. |[ACTUAL
ENGINEER DEsIeH 100 o 0
FEO - RK Waldman LN
C MANPOWER AVERAGE [AcCu MAMDA YS|GT-TIT. 04
FIXED PRICE E-TiT. 11
CONT PLUS FIXED FEE ]
PLANT FORCES ConsT, 100
ARCHITECT = ENGINEER PF
DEMAN ENGINEERING ORENATION CPFF
3% FIELD ENGINEERING s

[

[N

oy

£

SCORE, PURSOSE, ITATUS & PROGAKSS

Work.
accepting the work suthority.
were accepted as stated.

Design will start May 1, 1961.
* Accepted by the General Electric Compeny

h/17/61.

This project provides a means of meking urapnium scrap material safer for storage
and off-plant shipment by converting this scrap to a stable uranium oxide.
facility will be adjacent to the 333 Building.

The

Directive and work authority have been received changing the Methods of Performing
An extension of completion date may be required becsuse of the delay in
The Work Authority and Directive Completion Date

BM -7300-0420 £—8&1) atecxr icnrann waen
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SEMI—MONTHLY PRGQJECT STATUS REPCRT ; MW Golog
GENERAL ELECTRIC CO, — Hanford Iaborstories i DATE 4/’30/6]_
FROJ.NO, TITLE FUNDING
CAR-G14 Rattlesnske Springs Radicecology Facility 61-]j
AUTHORIZED FUNDS ‘nggian § 3, HOO¥ agcs 53,700 cosTacoMMTe L. 16.61 5 6,079
s 72,000 Iconu. s 0d,000 1 e § 19,300 ESTIMATED TOTAL COST 5 70,000
STARTING |DESIGN 3-1-61 OATE AUTHORIZED] D= 22= 60 g’o:;'?l'"{oﬂlsu 6-1-61 FERCEMNT COMFLETS
DA TES lccm“_ 7.15-61 oiR, Comp, oATE 10-3)-61 oaveEs | comsT-12-1-61 wT'D. 15::45:3. ACTUAL
ENGINEER . DESIGN 100 s 8
FEC - OM Lyso TITLE |
MANPOWER AVERAGE (accum MmanDava ]l SE-TITqs ! J00 |NS O
FIXED PRICE AE=TIT. |}
COST PLUS FIAED FEE T
BLANT PORCES CONST. 100
ARCHITECT=ENGINEER ad
DESIGN EMNGINEERING OPERATION LPFF
GE MELD ENQINEERING Fp

ICOPE, PURPOSE, STATUS & PROGRESS

mental conditions.

The field survey work is complete.
recelved to date. After comments,

Scope design by the A. E. has not been
detall design will be completed by Bovay.

This project will allow performance of radloecological studies under local environ-
It consists of constructing field facilities for this purpose.

Requisitions have been 1ssued for equipment being purchesed by G. E. Bids on the
first items are being reviewed at present.
¥ Bovay Englneers.
BROJ, MO, TITLE FUNDING ms
CAH-916 Fuels Recycle Pilot Flant Aveil. to Comm.
AUTHORIZED FUNBE [ o 0 aEC S cosT acomm.to 4-16-61 s 43,000
s 50,000 | const.s {GE s ' EsTiMaTED TOTAL cosT  § 5,000,000
STARTING [ppgign 3=1-61 DATE AUTHORIZED D.Quf] Esr'D loEsion 3-1-62 PERCENT COMPLETE
DATES Lcc:N:'rS-l—ﬁ_a DIR. COMP. DATE DATES [consT.1]1-1-632 WT'D. |SCHED. ACTUAL
ENJINEER DESIGN 100 NS < Ll
FEO - RW Dascenzo nTLE) NS < 1
MANPOWER AVENAGE {ACCUM MANDA YS[[GE=TIT. 1}
FIXED PRICE AE=TIT. Il
COAT PLUS FIXED FEE ]l
FPLANT FORCES CONST, 190 i
ARCHITECT -~ ENGINEER PP |
CESIGN ENGINEERING OFERATION CPFF i
GE FIELD ENGINEERING b

5C0PE, AURPOSE, STATUS & PROGRESS

1251353

' A Design Council Meeting was held on April 21, 1961.
was decided 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 esgtimate.

As a design besis, it

This project is to provide a facility to perform a full scope of engineering tests
and pilot plent studies associated with fuel reprocessing concepts.

Bm STI0N ~NAZ0 Z=R11 Arcar stcurann wiea
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SEMI ~MONTHLY PROJECT STATUS REPORT HW- o gohoB o
GENERAL ELECTRIC CO, - Hapford La.boratdries DATE )4_/30/61
LLT-YBT-¢ TITLE ) FUNDING
CAH-917 Field Service Center - Atmospheric FPhysics 61-3
AUTHORIZED FUNDS Jumm s AmC § COST & COMM. TO s
$ {courr. s G $ ESTIMATED TOTAL COST H 1511-, 000
STANTING [DESIGN ﬁ-liﬁl* OATE AUTHORIZED g:‘a_ DESIGN |§J-]-§]ﬂl PERCENT COMPLETE
o4 TES consT. 11=15=51% | Din. cOMP. GATE catTEs | conaT-3-]-E52%. WT'D: SCHED. [ACTUAL
INGINEER _ {oesian 100
m - E Hglfﬂ . TINE 4
MANROWER AVERAGE |AGCUM MANDAYS || SE=TIT
FIXED PAICK ) AE TIT. 1|
CONT PLUS FIXED PR
BLANT FORCES MsT. 100
ARCHITEST= ENGINEER P¥
ORIION ENGINEERING GPERATION il
GE MELD ENGINERERING Fr

SCOPE, FURFOSR, 3TATUS ¢ PROJNESS
This project will provide facilities necessary %o conduct atmospheric physics
research and development programs.

The revised plot plan and sheet 7, of the proposal was transmitted to the AEC
cn 4/14. The proposal has not been reviewed by the Commission for local

approval.

* Based on AEC authorization by 5/15/61.

»ROJ. NO. TITLE FUNDING
CGH-018 | Second Whole Body Counter-Cell Addition - 7 Building | 61-3
AJTHORIZIED FUNDSE {QIIIBH s AXKC § . | COST g COMM, TO $
$ j_cau.rr.s {ct s ENTIMA TED TOTAL CO8T $ Iéo, Q00
STARTING an Oml-B1o% CATZ AUTHORIZED esTD. pxsian L1=1=61# PERCENT COMPLETE
DATES const. 3=1=-O2F BIN. COMP. DATE DATES gou.f,ll:]___.seﬂ WT'O: | SCHED. | ACTUAL
ENGINKEER Joxzien 100
FEO - H. Radov TITLE
MANPOWER AVERAGE |ACCUM MAMDAYS[|GETIT, 11
FIXED PRICE AL= TIT, 11
COST PLUN FIXRD PEK
FLANT FORNCES CONST. 100
ARCHITECT = ENGINRER PF
DESIAN ENGINEERING QREMA TION crrr
GE FIZLD ENGINEXRMING e

ICOPFE, PURNSOLE, ITATUS & FROGAESS

Tois project will provide a second whole body monitoring cell iz the 747-4 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 bas been sent
to Washington for review by the Division of Biology & Medicine. There has
been no further action aince the last report.

* Asguming AEC authorization by T7-1-61.

BRa TIAM _naFT m e
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SEMI —MONTHLY PRCJECT STATUS REPORT 1 W

L A0h0R
GEMERAL ELECTRIC CD, — Hanford Laborstories 1 DATE ii-/30/6l
FROJNG. TITLE FUNDING
CAH-919 Alr Conditioning - 31k Building 61-3
AUTHGRIZED FUNDS [oegign § . {aEcs €OST 3 COMM TD s
% Icourr. 1 ar 5 EATIMATED TOTAL COST 35,000
s'ra.n'rmaguzsmrﬁ-e-él DATE AUTHORIZED E%L'EI'_. DEIIGNT—S-61 PERCENT COMBLETE
PATES | oy sr6He15-61 otR. comp, oate 9-15-61 DATES | cons1.9=15-61 WT'D. Ji:HED. AcTuaL
ENGINEER DESIGN 180 :
FEO - OM Lyso TITLE | |
MANPOWER AVERAGE |ACCUM MANDAYS[| SE-TIT, | i
FIXED BRICE ' BIELA AT
COST PLUS MXED FEE
PLANT FORCES CONST. 100
ARCHITECT=ENGINEER PF
DESION ENGINZERING OPERATION CPFF
GE MELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & FHOGRESS

This project will supplement existing cooling units, thus providing ccoling alr
supply commensurate with heat load and outdoor temperatures.

Directive AEC-188 dated March 8, 1961, authorized the project and aﬁaigned
menagement to the Atomic Energy Commisaion.
4/18/61, to the G. E. Company. Design will start immediately.

VWork Authority was issued

PROJ, NO, TITLE FUNDING
CAH-921 Geological & Rydrological Wells - FY-61 61-3
AUTHORIZED FUNDS DEYIGH § 1,000 AEC & 69,500 COST & COMM, TG ]
s 79,000 conat.s 52,000 GE § 9,500 ZITIMATED TOTAL COST $ 79,000
STARTING {ﬁ,_.qﬂ-]j-ﬁl DATE AUTHORIZED 3_2]_-61 :;L‘g-l._ Durauﬁ-lﬁ-el T PERCENT COMBLETE
DATES consT, 5=2=61 Bik. COMP. CATE] 2.3 6] oATES |consT.]12-3]1-6, WT'D. |SCHED, [acTuaL
ENGINEER DESIGN 100 '
- ) TITLEL "] 100 |0 QO
"MANPOWER AVERAGE |ACCUM MANDAYRIGE-TIT. |
FIXED PRICE E=-TIT I
CQST PLUS FIXED FEE
PLANT FORCES CONST. 100 JI
ARCHITECT -~ ENGINEER pr . D
DES1AN ENGINEERING OPERATION CPFF ' 2 0 0
GE FIELD ENGINEERING i 97 10 0

SCOPE, PURPOSE, STATUS & PROGRESS

monitoring wells.

A. M. Jannsen Drilling Co.

12513585

This project involves the continued drilling of special research, test and

Cn April 19, a contract corientation meeting wae held by the AEC for the
No work will be started on our porticn of this
contract until May 2, or when second drilling rig arrives on site,

BM -7300-042( 2—61Y arcof MICHLAND, WAEH
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SEMI~MONTHLY PROJECT STATUS REPORT Hw=- 6olo8
AENERAL ELECTRIC cO. — Hanford laborstories DATE h/30/61
PRGI.NG. TiTLe FUNDING
CGH-922 | Burat Test Facility for Zirconium Tubes 61~}
AUTHONIZED PUNDS [Gegian g ARG § COST & COMM TO 5
s ‘I“m..r_ s ok 3§ | esmmaTeD ToTAL GoET  $T 228,000
ITARTING |DESIGN OATE AUTHORIZED TS |ossian T PERCENT COMSLETE
DA THI CONST. DIN, COMP, DATE DATES COMNST: ) Jj wT'D. [:cHl:D. ACTUAL
ENGINRER “_uuuu 100
FEo - H. Radow oz
MANPOWER AVERAGR [ACCUM MANDA vy [[ 8E=TIT.y )
PEERST)

FIXED PRICE

COET PLLUY FIXED FEE
XTTIA 130

BLANT FQRCORS

ARCHITECT= ENQINEER rF
DEStaN lHGINIiRINﬂ QPERATION CPFF
r

GE MELD ENSINKERING

ICOPY, PURSOEE, FTATUS & PROGRESS

This project will provide facilities to permit deliberate destructive testing of
irradiated zirconium tubing. This will provide operating and tube life data not
now available because of the limited opersting history of Zircaloy-2 pressure
tubipg in reactors.

The project proposal, which was returned by the Commission without action, has
been revised to include supplemental data requested by the Commission and is
being routed for G. B. Company approval.

PROU. NG, TITLE FUNDING
CGH-G23 Spectroscoyy Laboratory ) 0290
AUTHORIZED FUNGE oo 1,500 awc s COST 4 COMM. 10 - 16-6 s &, 300
s 95,000 CONET, S 500 {Gl s O 18] ESTIMATED TOTAL COST s 95,000

ITARTING . =2]=81 DATE AUTHORIZED  3mQwO] :3:::.- oEsian©=1=61 |  sEmcEnT comeLxTE
parEs ‘eoun.g-l-ﬁ Ok, coMp. OATE 11-15-G1 || OATRS |const.11l-15-6 WT'D. | SCHED. [ACTUAL
DESIGN o¢ | NS 30

ENZINEER
FEO - RC Ingerscll TITLE |
MANROWEM AVERAGE | ACCUM MANDA y8i6E=TIT. 01 0
E-TITu1 |

FIXED PRICE
SOST PLUS FXED FEE

PLANT FORCES coNsT, 100
ARCHITRET = ENGINEER pr

CESIIN ENGINEERING OFERATION cPFF

GE FIgLD ENGINEERING Ll

SCOPE, PURFPOEE, STATUE & PROGRESS

This project will provide a facility for specialized spectroscopy work.

Purchase specification for procurement of the NMR Spectrcmeter has been prepered.
Field Work Relemse #67 has been issued to J. A. Jones for procurement of air
conditioning equipment.

Bid opening on'the NMR Spectrometer equipment is scheduled for 4-27-61.
Bid opening on the air conditioner is scheduled for 4-28-61.

{20130 0
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- GOLOE -
GENERAL ELECTRIC CO. — Hanford Iaboratories . DATE LL/30/61
FROJ.NO. TIFLE FUNDING
CGH-~524 200 XW Induction Heating System - 306 Buillding 0290
AUTHORIZED FUND3 Tpemian s 3, 200 agcs 24,650 COST 3 COMM TO s
¢ 31,000 {“’N’T_ s 27.800 e 5 §.350 ESTIMATED TOTAL COST 5 2
STARTING jpEsign  D=Ll=01 DATE AUTHORIZED 3~27 =01 Eg’{;;’l‘_.{nzsmu T-1=-61 PERCENT COMPLETE
DATES  loowst, H-1-61 DIR, CoMP. DATE  2=20=02 |oaTEs [consy.G=1-61 WT'D: | STHED. [ACTUAL
ENGIN EER DESIGH 180 0 o
FEO - RC Ingersoll TITLE |
MANPOWER AVERAGE |[ACCUM MANDAYS [{ SE=TIT.1|
FIXED PRICE AE=TIT, |}
COST PLUS MXED FEE
BLANT FORCES CoNST. w0 |0 0
AMCHITECT=ENGINEER RF
OESIGN ENGINEERING OPERATION CPFF
FP

GE FIELD ENGINEERING

SCOQPE, PUAPOIE, STATUS & PROGRESS
This project will provide a source of power for induction hemting for R & D work
in the 306 Building.

The directive and AEC Work Authority has been received.

A work relesse authorization dated April 26, 1961, has been issued By G. E. Co.

TT-E  Additions to the 271-CR Bullding Waste Treatment FUNDING

FROJ, NO.
CGH-927 Demonstration Facility | Bl-3
AUTHORIZED FUNDE [ o '¢ fage 5 COST & COMM. TD s
3 CONST. S {GE ] ESTIMATED TOTAL COST 5
STARTING [pgsign [ ~i=OL% DATE AUTHORIZED €270 | egign Ll-1=H1 FERCENT COMPLETE
DATES {;‘"' 10-1-61% |oir. Comp. oaTE Pyt cONST. b= 1 -62% | WT'D. | SCHED. [ACTUAL
ENGINEER  [[oesten 100 .
RO - KA Clazk TITLE |
MANPOWER AVERAGE |ACCUM MANDAYS|GE=TIT.II
FIXED PRICE AE=TIT. 1]
COST PLLUS FIXED PEE
PLANT FORCES . CONST, 100
AMCHITECT - ENGINEER L
DESIGN ENGINEE®RING CPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS b AROGRESS

This project provides fecilitles for pilot plant development of decontemination
processes for intermediate level chemical proceseing plant waste for safe
discharge to the plant emnvirons.

The project proposal was sutmitted to HOQ-AEC on 3-23-61, and was approved
by ﬁhe Project Review Board on 4-13-61. No directive has been issued to date.

* Based on authorization by &-1-61.

P25 301
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PROFESSIONAL PLACEMENT AND
REIATIONS PRACTICES OPFERATION

MONTHLY REPCRT

COMMUNTCATTONS

Prepared script and directed fillming of televised news feature on Operatiocn
Plowshare and Project 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, Aguino's
fellowship, (3} E. A. Evans' trip to Brussels. 1In addition, participsted with
Relations Operation in the preperation of releases on: (1) magnetic force
resistance welding (2) E. D. Clayton's trip to Germany.

EMPLOYMENT (Professicnal)

Advanced Degree - Twelve Ph.D. candidates visited HAPO for professional employ-
ment interviews. Eighteen offers were extended; three scceptances (all HL) and
cne rejection were received. Current open offers total 17. Recrulting trips

to three universities occurred. :

BS/M8 -~ 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.

Technicsl Graduate Program - 3Six Technlcal Graduates were placed on permanent
assigoment during the month. Three new members ware added to program rolls.

. Current program members total 48.

EMPLOYMENT (Non-professional)

Ten requisitions were filled during the month with a total of 25 active requisi-
tions remaining to be filled.

* L

0. E. Boston, Manager S

Professional Placement
and Relations Practlces

QEB: imh
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UNCLASSIFIED

TABLE III. PROFESSIONAL PERSONNEL PLACEMENT

A. Technicel Recruiting Activity - HAPQ - September 1, 1960 to date

Vieits to Richland

Cases
Considered Invited

Vislted Visit

PhD 515 150
Exp. BS/MS 363 66
Prog. BS/M8 345 -

B. Technical Recruiting Activity - HL - September 1, 1960 to date

Visits to Richlend

Cases
Considered Invited

Visited Visit

PhD 515 150
Exp. BS/MS 190 32

1304

Offers
. On the
Qffered Accepted Open Roll
4o 9 17 3
61 ko 1 26
152 48 62 8
Qffers
On the
Offered Accepted Open Roll
33 (] 6 2
18 11 1 -k

In addition to the above activity, 8 exempt
employees have trenaferred into HL from other
HAPO departments and 10 technical graduates

" have mccepted off-program placement in HI,

to date,

UNCLASSTFIED



UNCLASSIFIED I-3

C - Technical Graduate Program
Month ending April 30, 1961

|

£

Number Personnel on Assighment
(HAPO Tech Grad Program ......
(Engineering & Science Program ........

Distribution of Assignments by Departments

1FD
HL
FPD
CFD
C&AO
CE&UO

Distribution of Assighments by Function

Research & Development or Engineering
Other ;

-
(o

Lad

48

16

[~
[wXVIRN RN, RN0]

30
18

W-69408
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FINANCTAL OPERATION MONTHLY REPORT
APRTL 1961

Personnel

There were no personnel changes during the month of April.
Activities

GENERAL ACCOUNTING OFERATION

A report which has bheen issued by General Accounting for some time was discon-
timued following receipt of information that Information contained was not of
great value to Hanford Laboratories. This report was entitled "Visitors to
HLO and Travel Flanned by HLO Persomnmel”.

Following is & schedule of approval letters In the hands of the Commission or
which have been sulmitted 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-10k Fission Products Dispersal Handbook Submitted to AEC in March.

Not yet approved.

AT-105 Symposium on the Bilolegy of the Submitted 4o AEC in February.
Transuranic Elements Not yet approved.

AT-1h40 National Academy of Sclences - Approved April 13, 1961.

National Regesrch 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-dgte level at the end of April was essentislly the same as for the first
ten months of FY 1960.

Project unitization reports were issued during the month on the following projects:
CAH-864 Shielded Animel) ‘Monitoring Station, 100-F Area $h5, 24y
CGE-8T7 Pyrochemical Test Fecility, 321A Building 68,584
CAH-878 Additional Fecilitles for Isotope Study on
Animals - 141C Building

During the month preliminary unitization work was performed on the following
projects and equipment tagged:

UNCLASSIFIED
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ABC-167 Plutonium Recycle Test Reector

CGHE-785 In-Reactor Studies Equipment - 105 KW

CGE-805 [High Temperature Tensile Testing Cell - 326 Building
CAH-822 Pressurized Gas Cooled lLoop Facllity - FRTR Site
CAHE-842 Criticel Fecility - PRTR Site

The physical inventory of movable cataloged equipment in the custody of Reactor
and Fuels R&D Operation which began Merch 13, 1961, is still in progress. The
field count is proceeding on schedule. _

Reconciliation of physical inventory of fixed property in conmection with the
Cold Semi-Works - 321 Facility by C&AO is still in progress.

The quarterly iaventory of Special Materials in the custody of 93 HLO bolders
was conducted as of March 31, 1961. The new verification type inventory imtro-
duced thiz quarter was well accepted by holders of speciel materials and
expedited the inventory reconciliation. The new HIO verification iype
invento:yaprzcedwe hag been put into effect plant wide and incovporated in
HAPO OPG 8.l14.

Heavy Water expenditures through Apeil were $74,655. Heavy Water accumulated
for return to SROO 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 Pund and $309,779 Non-Fund.

Thirty-nine new items valued at 322,565 were received at the laboratory Equipment
Peol during the moath. 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 velued at $15,519 available for loan
or transfer and 4l items valued at $1,800 which are being held for the convenience
of others. ,

Reactor a.nd. Other Specia]l Materials on hand at month end consisted of the following:

Beryllium : 1,21 gr. $ . 696
Gold 2,258 gr. 3,027
Pelladium 2,219 gr. 2,530
Platimm 5 896 gr. 17,158
Silver 2 k33 gr. a7

Zirconium
Inventory Stock 3,075 1b. 67,450
R&D Stock 607 9,11k
Scrap 9,643 -0-
$100‘JJ.2

Acticn as indicsted occurred 611 the fcllewing projects during the month:

New Funds Authorized HLO '
CAH-866  Shielded Analytical Laboratory $138, 500

CAH-888 Biclogy laboratory Improvements 10,000
CAH-902 Uranium Scrap Burning Facllity 7,500
CAH-919  Air Conditioning - 314 Building 6,350
CAH-92k 200 KW Inducticn Hesting, 306 Building 6,350

UNCLASSIFIED
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Construction Completicn and Cost Closing Statements
CAR-S64 Shielded Animsl Monitoring Staticn - 100-F
CAH-878 Additional Facilities for Isotope Study on Animals
141-C Building
(4-C reports for ABEM Services on these projlects were
issued several months ago)

Concurrent with the authorization of Project CAA-924, 200 KW Induction Heating
306 Building, the AEC will retain menagement of equipment projects when work is
to be performed under lump sum contract. General Flectric will record and report
all costs (GE snd AEC) in Equipment Work in Progress and apply these costs
against 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 wvas prepared for Cost Accounting.

COBT ACCOUNTING CPERATION

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 Memagers, the HLO control budget was
adjusted to reflect a more appropriate balance between anticipated fiscal year
cogts and progrsm authorizetions. Adjustments were as follow:

- : New
Program {Amounts in Thousands) Change Authorization
Program
Swelling Studies $ - 21 $ 169
In-Reactor Measurementa of Mechanical Properties - 30 395
U0, Fuels Research + 51 . 761

Plutonium Recycle Frogram -
Plutonium Fuels Development + 25 1 425

Uranium Fuels Development - 83 602
Fuels Reprocessing Development + 25 875
Physics end Instrumentation - 10 - 565
Design Development - 30 128 -
Reactor Engineering Development -- : 612
Materisls Development - k50
Test Reactor Operation +325 1 625
Cycle Analysils - 200
Procurement of HX Plutonium - 4 6
Tetal Plutonium Recycle Program +228 & 538
Project Gas Loop ' _ - 35 385
Equipment -193 789
Total O4 Progrsam -- 10 601
05 Program
Radiochemical Analysis + 10 250
Equipment - 10 h3

In additicn to the adjustments listed above, the April control budget reflesets
the following authorizatisn changes.

UNCLASSIFIED
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Decrease of $10,000 in CPD Spomsored Process Technology.
Increase of $20,000 in service for CPD to provide a budget for a work
order asscciated with thelr Wempons Research and Development program.

The Budget for FY 1963 and Revision of Budget for FY 1962 is complete. The
Research and Development Proposals have been distributed to all interested person-
nel. Work will now begin on a book for presentation of the budget to HLO

management; .
Special request activity during the month was 28 follows:

1 - Costs for Project Chariot for the sumer of 1961 were estimatad at
$32,800 (incremental ). Authorization of $30,000 iz expected in the
FY 1962 Financial Flan. -

2 - 8. H. Bugh participation in the AFED review of practices with respect
to reactor and power plant structural materials. Authorization was
for salary, IME and travel.

3 - A tranemittal letter was received from HOO-AEC to mroceed with fabri-
cation of 48 alumimm alloy clusters for Bettis - Westinghouse. A
total of $30,000 will be authorized for this work.

L .. Cencellation has been received on the Alr Force purchase order
PR J572. This authorization was in the amount of $55,000 and was
for experimerntsal investigation at Edwerds Air Force Base, Californis.
This is the result of the discontimuance of the cverall aircraft nuclear

propulsion program.

.Ca.‘n.cella.t:}.on'has been received on a $3,600 purchase order from GE ANPD
for X-ray Diffraction Analyses. The reason i1z the same ss ebove.

A pew data processing report has heen prepared for submission to the cost center
menagers. It will detaill the charges for Bulldings and Utilities by building,
percent of space occupled 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
35,000 or more for each item of material and off-site contract procured for
research and development programs during the balance of FY 1961 was prepared
and trensmitted to Contract Accounting.

The quarterly report on Hanford Laberatories’ Training Progrem costs was .sub-
mitted to Fipancial Consolidations.

Unit Cost Reports for Rediation Protection, as rrepared for the old orgsniza-
tlons, were temporarily discontimed; two meetings have been held with the new
Subsection Menagers to discuss the contimvation of these reports. As a result,
A. J. Scott, Specialist - Measurements and Procedures, was requested to investi-
gate the situation and provide recommendsticzns in accordance with thelr current
requirements.

UNCLASSIFIED

3
oA
st
M)



UNCLASSIFIED

Mmber cf HLO Employees
Changes During Month

Employees on Payrcll at Beglnming of Month

Additions and Transfers In
Removals and Transfers Out

Enmployees on Payroll at End of Month

Overtime Payments During Month
Exempt
Nen-Exempt
Total

Gross Payrell Pald During Menth
Exempt
Non-Exempt
Tetal

Participation in Employee Benefits

Flans At Month End
Pepsion Plan
Insurance Flen
Personal Coverage
Dependent Coverage
U.5. Savings Bonds
Stock Boms Flan
Savingz Plan
Savings and Security Plan

Insurance Claims

Employee Benefits
Life Insurence :
Weekly Sickuness and Accldent
Comprehensive Medleal

Dependent Benefits
Comprehensive Medical

Total

Goud Nelghbor Fund
" Tumber Participating
Percent Participating

W. Sale:bk
May 12, 1961

J-5 HW—69_1I-08_
Peyroll Statigtics
Non-
Total Bx Exempt
1 361 &ml 720
1k 4 10
1k & _8
1 361 839 T22
April March
§ & 58 3
18 6 22 ook
$22 1 $26 626
$572 243 $ 576 812
2 Lé6
$ 2 $1_043 609
April ____March
Mmber Percent Muber Percent
1213 99.3 1215 - 99.3
371 99.9 371 99.9
981 o982
6l 32.2 65 32.7
83 6.1 84 6.2
1 ohé 90.0 1 oko 90.3
April Merch
Turber Amount Tmber Amount
1 $21 514 0 $ 0
16 935 7 581
62 6 071 95 7 087
12 185 2ho 1k 910
ﬁ 20 709 F2 25T
April March
930 929
68.3 68.3
UNCIASSIFIED
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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
Anisotiropic 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 SI'O2

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 Radicactive
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. ¥, Jarosch Rubber Hose Air Chuck

UNCLASSIFIED
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