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LEGAL NOTICE

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

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

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

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

October operating costs totaled $2, 293, 000, a decrease of $129, 000 from

the previous month; fiscal year-to-date costs are $9, 087, 000 or 31% of the
$29, 184, 000 tentative control budget. A firm financial plan for the research
and development programs has not been released yet by Washington AEC.
Hanford Laboratories' research and development costs for October, compared
with last month and the tentative control budget, are shown below:

COST

(Dollars in Current Previous FY %

thousands) Month Month To Date Budget  Spent
HL Programs

02 Program $ 170 $ 178 $ 284 $ 1069 2%

03 Program 16 1 26 175 15

04 Program 1019 1 060 3 928 11 418 34

05 Program 87 94 366 1293 28

06 Program 244 270 987 3 154 31

1 436 1503 5591 17 109 33

FPD Sponsored 104 106 383 1370 28

IPD Sponsored 93 105 379 1325 29

CPD Sponsored 100 146 517 1 369 38
Total $1 733 $1 860 $6 870  $21 173 32%

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels

A high density (96% TD) UO, -tungsten cermet capsule was fabricated for
irradiation in the MTR. The vacuum-insulated, tungsten-clad capsule
will operate at a calculated cladding temperature of 2450 C. The cermet
was fabricated by high-rate densification in the Dynapak machine.

The first direct evidence of low temperature (as low as 300-400 C) in-
reactor sintering of UO, was obtained. Photomicrographs of swaged
UO, from irradiated PRTR fuel rods revealed sintering at stressed point
contacts between fuel particles. This sintering was presumably the
result of localized, transient high temperatures in the regions of
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individual fission events. Since much of the volume of the fuel element
core material operates at relatively low temperatures, this discovery
has important engineering implications.

Transverse excitation of cladding was investigated for application to
remote fabrication of irradiated or plutonium-bearing fuels by vibrational
compaction. Compaction efficiencies of 90-91% were achieved in com-
pacting fused UO, in eight- -foot-long, 0.505-inch-ID Zircaloy tubes.
These results are comparable to those obtained using vertical excitation.

On the basis of destructive examinations and other evidence, a tentative
explanation of the cause of failure of an MgO-PuO, element in the PRTR
last month is as follows: A high local temperature caused by plutonium
segregation during core fabrication and/or the presence of impurities,
e.g., fluoride, in an internal cladding defect, coupled with release of
water by the MgO core material at operating temperature, resulted in
locally accelerated corrosion and hydriding. The hydride precipitated as
a massive layer on the cooler outside surface of the cladding. Brittle
failure at this point resulted in a small crack and a "'leaker.' Later,
waterlogging and/or hydration of the MgO caused a ductile-type enlarge-
ment of the crack; core washout followed.

PuC samples aged 14 months show a continued lattice expansion attributed
to self-induced alpha damage. There seems to be an increase in the
growth rate with time.

The melting point of Pu25 was measured in vacuo (approxunately 10
microns) on a tungsten ribbon and found to be 1725t 5C. In argon,
PugsC3 was stable to the temperature limit of the furnace - 2300 C. The
material was stable in boiling demineralized water.

An experiment to investigate the irradiation characteristics of ThOg9-PuOq
solid solution fuel materials has been started. Plutonium acts as an
excellent sintering additive in these materiais.

Four ercaloy -clad MgO-PuOg capsules irradiaied to hlgh exposure (about
fissions/cc) are being examined.

A small diameter, fluted tubular fuel element of metallic uranium has
successfully completed one cycle of irradiation in the ETR P-7 loop.

12356155 Helrtai
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Another experimental element, a tubular dual enriched fuel element of
metallic uranium has completed four cycles of irradiation in the ETR

M-3 loop.

A total of 500 N-Reactor inner fuel tube supports with superior bend
ductility were made from Zircaloy-2 strip produced experimentally from
three types of source material. None were rejected because of cracking.

Pressure drop measurements of NPR fuel elements revealed that ''buggy
spring'' type supports between the inner and outer fuel pieces have a
lower drag coefficient than ''suitcase handle' supports. This lower drag
coefficient would cause a slightly higher flow rate in the middle annulus
of those fuel elements using the ''buggy spring' supports.

Visual studies performed with an electrically heated test section in a glass
tube revealed that vigorous boiling can take place in the vicinity of fuel
support devices if the fuel elements depart excessively from a concentric
position within the process tubes. Boiling was less severe with elliptically
shaped than with square-end type support devices.

Corrosion of Zircaloy-2 in gases such as CO9 has been found to be highly
dependent upon the amounts of trace impurities in the gas. Corrosion
rates of Zircaloy-2 at 550 C in COo, from which all traces of Og9 and HoO
were removed, were much lower than published data and confirm that
COq will not act as an inhibitor of accelerated hydriding of Zircaloy-2 in
a COg plus Ho atmosphere.

The prototype device for burst testing irradiated pressure tubes has been
operated successfully. Burst tests at 550 F on sections of Zircaloy-2
pressure tubes that had been exposed to 530 F, 1050 psi water, and

3 x 1020 nwt (E> 1 Mev) indicated that the increase in ultimate strength
caused by neutron irradiation is twice as great when measured at 550 F
as when measured at room temperature.

The effect of spring loaded fuel supports on the corrosion of Zircaloy-2 at
points of contact with the pressure tube was tested at 300 C in flowing
water. Lightly loaded supports penetrated the tube wall at an accelerated
rate; however, heavily loaded supports did not penetrate. Apparently, the
heavier load eliminated any relative motion between the supports and the
tube wall.

D
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The Inconel and stainless steel pressure tubes are being removed from
the DR-1 gas loop for tests to measure the effects of neutiron irradiation
and gas environment on the properties of the metals. In pulling the two
tubes from the reactor, the Inconel tube broke at a point about two feet
into the flux region leaving the balance of the tube in the reactor. Under-
water examination revealed a transverse break that appeared to be smooth
and brittle. Tests will be performed to determine whether the apparent
embrittlement of the Inconel was the result of neutron irradiation, the
exposure to CO, at 1000 F, or comHination of the two.

A shift from failure by yielding to failure by fracture for cold-worked
Zircaloy-2 was observed after irradiation at 540 F to 6 x 101 nvt. A
notched tensile specimen comtaining 40% cold work failed in a brittle manner
with relatively little plastic strain.

During the month, 47 bend test specimens were tested at room temperature
after having been irradiated in the G-7 ETR f.goop. The Z2 caloy-2
specimens were irradiated between 3.5 x 10°" and 1 x 10”" nvt (fast).
Weight gain and hardness measurements were made on each specimen
before {esting.

- A creep acivation energy of 58, 000 cal/gm mole was measured for 20%
C.W. Zr-2 in-reactor at 350 C during a reactor outage. A value of
85, 000 cal/gm mole had been observed at this same temperature during
reactor operation. This difference is apparently related to radiation-
induced defects which anneal rapidly after cessatibn of neutron irradiation
at 350 C. This explanation-is consistent with observed increases in creep
rate shortly after reactor shutdown.

Density measurements on uranium metal specimens irradiated to 0. 16 a/o
B. U. indicate about a 50% volume change on specimens irradiated at

400 C and a 10-20% volume change on specimens irradiated at 625 C.
Irradiation growth leading to severe surface roughening (and possible
erroneous density values) and internal tearing are believed responsible
for the anomalous temperature dependence of the density changes.

X-ray diffraction observations on irradiated molybdenum foils revealed
that both line breadth and lattice parameter have increased after an irradi-
ation dose of 1018 nvt (fast}. The increases are proportional to carbon
content, suggesting that irradiation results in a non-equilibrium solution
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of carbon in molybdenum. Post-irradiation annealing decreases line
width and lattice parameter, again in proportion to carbon content.

Molybdenum foils 0. 003-inch thick containing various levels of carbon as
intentional interstitial impurity were annealed at 1850 C for one-half hour
and then irradiated to 10°" nvt (fast) at 50 C. After thinning for trans-
mission electron microscopy, all foils show defects in the form of loops
and black spots. These defects are very similar in appearance to those
which form in irradiated cold worked high purity molybdenum after post-
irradiation annealing at 600 C.

Iron foils have been successfully thinned and examined by electron trans-
mission microscopy. Dislocations and a few foreign particles were
observed in a foil previously annealed at 600 C.

Three square feet of four-inch A212B, four square feet of six-inch A302B,
and 20 square feet of HY 80 pressure vessel plate have been received from
the United States Steel Corporation. This material is a part of standardized
documented heats of material furnished by USS in 1959 for the purpose of
testing in nuclear environments. The material at Hanford Liaboratories

will be used in the Irradiation Effects on Reactor Metals Program to cor-
relate with data obtained from new heats of these alloys.

A ductile-to-brittle failure transition temperature has been determined with
controlled temperature load-deflection tests on precracked samples from
NPR carbon steel pipe. Cracks, introduced in the samples by fatigue, prop-
agated in a ductile manner above the temperature range zero to twenty
degrees Fahrenheit and in a brittle manner below this temperature range.
Depending upon the manufacturing methods, the transition temperature for
this steel may range from -50 F to +80 F.

Relatively low exposures at 500 to 700 C of graphites containing additives

of FeyO4 and Cry03 were completed. In most cases the additives decreased
the contraction rate and in a few instances caused the samples to grow
instead of contract.

An apparent tendency toward saturation of radiation induced contraction of

graphite was obseerfi. A lampblack-based graphite sample exposed at 500
to 700 Ct0 0.9x 10 nvt (E > 0.18 Mev) contracted 2, 24%. An additional
exposure of 0,7 x 1021 nvt caused only 0. 8% additional contraction. '

L
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The oxalic acid solutions that successfully decontaminated PRTR compon-
ents in the laboratory were found to become unstable in the PRTR primary
system because of the long times required for filling, heating, and drain-
ing. A highly contaminated oxalate film formed on the inner surfaces of
the piping, but this was successfully removed by an alkaline permanganate-
ammonium citrate solution.

Investigations of PRTR cooling during a total power outage were continued
with emphasis on cooling by boiling convection {where water would boil in
the reactor and be condensed in the steam generator tubes). Calculations
indicate that cooling by this method would be satisfactory, provided that
leakage from the primary system is not allowed to reduce the liquid level
below the top of the fuel.

Reactor kinetics studies of five accidents revealed that the peak power
levels reached before the excursion is terminated by a reactor scram are
not significantly different.for PRTR spike enriched cores and uniformly
enriched cores (cores consisting entirely of UOg-PuO5 fuel elements).

In a conceptual design study of a Fast Supercritical Pressure Power
Reactor, the reference core was found to have a very large negative flood-
ing coefficient, but the void effect was positive and large ( ~ 18% A k/k), as
expected. Methods for reducing the void effect are being reviewed for
selection of the most promising approaches to reducing the effect to less
than $1 ( ~ 3 mk). ’

A report on studies of fuel re-use (regimes involving direct interchange of
fuel between fast and thermal reactors) is about to be published.

Based on critical mass calculations for the ORNL and NMPO spacecraft
reactors, preliminary estimates were made for the potential size and
weight reductions with the use of plutonium fuel. In both cases, significant
reductions (about 25%) can be made in the weight of the shielded reactor.

Thirty-five experimental heat transfer runs were made with a full scale,
electrically heated model of a 19-rod CANDU Reactor fuel bundle. Coolant
mixing, the possibility of steam stratification in the horizontal position,
and boiling burnout limits were of interest.

12361519
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A hydraulic test of the new nozzle assemblies designed for use on zirconium
tubes in Hanford's K-Reactor showed that these nozzles will not cause
higher pressure drop losses than those encountered in the nozzles now

being used.

Experiments to determine flow rates through reactor process tubes fol-
lowing failure of a Panellit pressure tap connection showed that the
decreased flow would not be a problem at any reactor except C-Reactor.
At C-Reactor the flow decrease could be as much as 50% in a fringe tube,
requiring an immediate shutdown to prevent fuel damage.

Physics and Instruments

Studies on plutonium uses have shown that for compact fast reactors a

core size reduction of approximately 50% is achieved when plutonium is
used in place of highly enriched uranium. These reactor types are of
interest for auxiliary power sources in space applications. The study
continues. Phoenix-~-fueled reactor studies are being performed using more
sophisticated methods {TEMPEST-GAM-HFN) than previous calculations
(MELEAGER).

In preparation for the startup of the Plutonium Recycle Critical Facility,
the writing of detailed procedures for the physics tests has been com-
pleted, and they have been distributed for review and comment. Also,
an improved preamplifier was developed to increase the signal-to-noise
ratio of fission chambers for use in the Facility.

PuC-UC fuels will have physics properties so nearly like those of PuOg-
UO, fuels that experimental data obtained with one type may be readily
applied to the other type according to results of recently completed
theoretical studies.

In the development of calculational methods, a computer code is now avail-
able which treats the problem of the rate of power level changes in breeder
reactors which have several fissile isotopes present, each with its own
fraction of delayed neutrons and these varying strongly with location.
Improvements were also made in updating data libraries for several codes
and in methods of interpreting measurements directed toward determining
the neutron energy spectrum in fuel elements,

D
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Control rod strengths in the NPR under varying conditions have been
studied experimentally using an exponential pile with the following
results: (1) The rod strength is decreased by 6% when the control rod
coolant is lost; (2) the rod strength is increased by 7 to 11% when the pile
is flooded to varying degrees; and (3) the strength of the samarium ball
channels is less than the strength of the control rod by about 14%.

Continued technical assistance was provided the NPR project section in
evaluation of NPR instrumemnts. Studies continued on the simplification of
the NPR plant simulation.

At the Critical Mass Laboratory, additional measurements were made to
compare the effectiveness of thick-concrete and light-water reflectors on
the criticality of a 14" spherical vessel filled with plutonium nitrate solu-
tion. Acid molarities of about 4 and 6 were used. It was found that the
required plutonium concentration is about 8% less for the concrete reflector
than for the light water reflector.

An experiment to throw light on the effect of nearby reflecting materials on
the nuclear safety of plant equipment was performed by introducing an air
gap between the criticality vessel and a surrounding concrete reflector.
Introduction of a four-inch gap increased, by 80%, the mass required to
achieve criticality. It is concluded that small vessels with nearby
reflectors may be conservatively assigned to the category of '""'nominally
reflected" for determining critical mass limits.

In performing critical mass experiments, many situations occur in which
criticality is achieved with the sphere partially filled. In other cases, the
sphere will be subcritical when completely full. Usefulness of these data
could be increased if it were possible to interpret them in terms of equiva-
lent full spheres. A method for doing this is now under development.

Development of new and improved instruments for the Critical Mass Lab
will be aided by the use of a recently developed method for simulating, on
the analog computer, the behavior of critical assemblies during experi-
mental runs.

The ability to nondestructively detect, with good accuracy, small discon-
tinuities in the inner and outer surfaces of 3/16-inch OD<instrument tubing
was verified on the NPR instrument line tubing. Only one 40-foot section

123b1b1 e AREITTN
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out of 8, 300 feet was found to be free of discontinuities.

Trial application of the recently developed Laundry Monitor over several
eight-hour shifts has indicated that one person using the system can obtain
the same results as six persons using previous methods.
Radioactivity of Alaskan Eskimos continued under study with further fnalysis
of data obtained during the past summer. Detectable burdens of csl! 4 were
found in those having high cs137 burdens, paralleling the situation pre-
viously noted in Laplanders by other investigators. This observation is of
some interest since the production of significant quantities of Cs134 was
unexpected in weapons testing.

Atmospheric diffusion experiments have been cobnducted here for several
years using sources at ground level. During the month, five successful
experiments were performed using for the first time the same technique
with the source at a height of 185 feet on the weather tower. Meanwhile
good progress was made on the circuitry for the new experimental port-
able mast instrumentation system.

In other instrument work, development was completed on a river monitor
for use by the Radiation Protection Operation.

Initial investigation indicates that a suitable method of telemetering radio-
logical and other information from animals to central receiving and
measuring instrumentation in the Biology Laboratory is feasible.

3. Chemistrz

Preliminary results obtained from analysis of the effluent of two experi-
mental reactor tubes which were being fed with deionized water show that
the concentrations of the Na24 and Ga'?2 radioisotopes may be a useful
measure of the aluminum tube corrosion rate.

Progress has been made toward quantitative measurement of parameters
for nickel electroplates which would yield satisfactory diffusion-bonded
slugs. Capacitance of a uranium electrode electrical cell correlates
systematically with prior uranium surface treatment, with minimum capaci-
tance being observed for a treatment which is concluded optimum from

empirical considerations.
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Tests have shown that the thickness of nickel plating on uranium metal can
be determined to a fraction of a micron by measurement of the fluorescent
x-ray intensities of four uranium lines after their attenuation by the nickel
plating. Preliminary studies show that these techniques may also be used
to measure the degree to which plated nickel has diffused into the base
uranium metal as a result of heat treatment.

Preliminary to work with plutonium, initial solid state electrorefining
experiments with cerium metal traced with Fe“* have shown that the iron
content of 25% of the rod can be reduced by a factor of 30 and 50% of the
rod by a factor of 10,

Analyses of water samples from well 699-17-5 shows the presence of beta-
gamma emitters slightly above the detection limit of 8 x 10'8 pc/ce. The
inclusion of this well within the contamination pattern extending from the
200 East area places the detectable limit of beta-gamma contamination to
within three miles of the Columbia River.

During cold engineering scale investigations to resolve foaming problems
resulting from the formaldehyde denitration of Purex 1WW, tributyl
phosphate was found to be an effective antifoam agent.

Linde AW-400 synthetic zeolite in the 14-30 mesh size range has been
found to be fully satisfactory for the extraction of Cs137 from Purex
alkaline supernate waste.

C8137 product solutions resulting from the cesium nickel ferrocyanide
recovery process is contaminated with silver ion. Laboratory studies
show that the presence of silver ion adversely affects the storage capacity
of Linde AW-400 for Cs137,

Removal of the interstitial gas in Linde 4A zeolite ion exchange material
(30-35 mesh range) is found to have little beneficial effect on strontium
loading kinetics.

A compound, 4-tert-butyl-2-oc methyl benzylphenol (ter BAMBP), was
synthesized and compared with 4-sec-butyl-2-o methyl benzylphenol
(BAMBP) for its ability to extract cs137 from Purex wastes. The former
compound was found to have cesium extraction characteristics identical to
BAMBP and should be only about one-fourth as expensive to manufacture.

R BECECeT
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Difficulty has been encountered in engineering-scale, solvent extraction
experiments seeking the selective and sequential stripping of first
strontium then the cerium-rich rare earths from a strontium-rare earth
laden D2EHPA-TBP-Soltrol organic solvent. Laboratory findings suggest
that this difficulty stems from insufficient residence time of the stripping
agent in the solvent extraction contactor.

The partition of strontium from cerium in the peroxide-tartrate strontium
recovery process is significantly improved in the presence of ethylene
glycol, a free radical scavenger.

The Dynapak (a high-energy impact press) was successfully used to produce
strontium titanate of high density, i.e., 4.79 g/cc.

Engineering studies show that the use of packed columns with air sparge
agitation is acceptable for the dipicrylamine extraction of cesium from
Purex wastes.

Partial analytical results of a hot cell Salt Cycle run, which used segments
of three -m’gnth cooled PRTR element as feed, showed that 98% of the plu-
tonium in the melt was precipitated by a Cly-O, sparge, and the decontami-
nation factors measured for the electrolytically prepared UOg product
were: Pu, 75; Zr-Nb, 1; Ce~Pr, 85; Ru-Rh, 20; Pm, > 250; and total rare
earths, 60.

A second radiant heat spray calcination run was successfully carried out
using full level Purex 1WW as feed. The calcines from the two runs were
combined. Nearly 5 kilograms of solids, equivalent to the waste obtained
from processing 1/3 ton of uranium, were obtained in a volume of 1.7
liters. Fission product heat maintained the centerline temperature of the
pot at about 240 F.

Fallout studies show that of the radioisotopes investigated, all are in the
particulate form except I131 which appears to be largely gaseous immedi-
ately following a nuclear test but increasingly particulate in the following
period.

A radioiodine monitor, operating on pile effluent and capable of detecting
slug ruptures, was operated successfully over a ten-day period. During

the operating period a slug rupture was detected.
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4. Biology

Since quachrome glucosate, a promising corrosion inhibitor, may become
a constituent of reactor influent water, young chinook salmon will be
exposed to various dilutions of this material for five or six months.

The annual salmon nesting survey indicates a normal number of nests for
this period of the spawning season.

An interesting incidental finding in our Srgo toxicity test is that dental
tartar removed from the teeth of pigs contains as high a concentration of
sr90 as the pig's bone. (This high concentration may be due entirely to
local adsorption of the material into the tartar during the daily feeding of
the Sr90, If this is true in humans, we may have a simple bioassay pro-
cedure for people continuously exposed to Sr”".)

About 5 to 10% of radioiodine applied to skin is absorbed and translocated
to the thyroid. When the radioiodine is administered subcutaneously,
orally, or intravenously, 30 to 50% of the administered dose goes to the
thyroid. This work was done in sheep.

Old sheep excreted administered Cs137 about one-half as fast as young
sheep. This may be another example of the difference age has on permis-
sible limit parameters.

Since elevated glucose in humans treated with DTPA was reported, it has
been noticed that blood glucose levels in rats administered DTPA also
rises one or two hours after the administration. Twenty-four hours post
treatment, the blood glucose levels returned to normal. Insulin was
effective in preventing the rise.

After the subcutaneous injection of plutonium nitrate into the legs of pigs,
the effectiveness of DTPA was tested. Locally applied solutions of DTPA
did not appear to affect movement of plutonium from the site. However,
animals that were 1. V. injected showed less plutonium in the bone and liver
than those whose wounds were treated with DTPA.

Eight dogs are now smoking three to five cigarettes daily in preparation

for a study of the effect of cigarette smoking on clearance of radioactive
particles.

| ol
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The dog breeding program was discontinued because of congested quarters.
This will seriously affect the availability of dogs for experiments we are
committed to perform beginning one year from now. Early completion of
the new runs will permit comtinuation of our breeding program.

Some success is being achieved in modifying the fatal immune-reaction
(secondary disease) which results when irradiated animals are protected

by administration of bone marrow from a different species. Thus LAF

mice are protected from lethal radiation by injection of rat bone marrow,
but most of these animals die within six weeks from the "secondary disease."
By pretreating the donor rats at birth with LAF mouse cells, the six-week
survival of ""protected" mice was increased. There was evidence that in
mice treated with the ""pre-sensitized" rat bone marrow, the survivors

show predominantly rat-type red blood cells; whereas, when treated with
ordinary rat bone marrow, there is a reversion to mouse-type cells.

Deuterium oxide produces some degree of toxicity in all living forms
tested. The physiological basis for toxicity has not been established.
Effects of a D3O environment are being examined with yeast to find the
biochemical basis for differences between D50 and H3O.

Deuterated glucose produces a reduced permeability of the cell. Utiliza-
tion of this deuterated glucose was significantly less in cells grown on Hy0
than on cells grown on DyO when anaerobic conditions were maintained.
The opposite effect was noted under aerobic conditions.

5. Programming

In a study of plutonium values in terms of generalized nuclear parameters,
the total neutron absorption cross section of the fissionable plutonium
isotopes was held constant while the ratio of the fission cross section to
the capture cross section was varied. In the case of the Advanced Pres-
surized Water Reactor concept, which is the only case studied thus far,
the most striking result was the observation that there is an optimum
value of this ratio. This result indicates that if Pu239 had no capture
cross section, the reactor would be denied the benefits of the fertility of
Pu24 » With an associated decrease in the computed plutonium value.
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TECHNICAL AND OTHER SERVICES

Eleven new cases of plutonium deposition were confirmed by bicassay analyses
during October. Internal deposition of plutonium, estimated to be less than
one percent of the permissible body burden for each of ten CPD employees,
occurred during the transfer in late August and early September of recycle
material from a 234-5 Building hood to PR cans. Exposure to air-borne
plutonium contamination without respiratory protection caused the intake. The
other new deposition case, also estimated to be less than one percent of the
MPBB, resulted from a plutonium contaminated minor injury. The total
number of plutonium deposition cases that have occurred at Hanford is 310, of
which 227 are currently employed.

Three IPD employees were exposed to high dose rates on the rear face of the
105-DR reactor during charging operations. A large number of tubes had been
flush discharged for maintenance and tube inspection. A mechanical procedure
used to verify that the tubes were empty had been conducted on all except 12 of
these tubes. One of these tubes was not corrvletely discharged. When a new
charge of metal was introduced at the front :ace, irradiated metal was forced
into the capped rear nozzle. Activation of the high dose rate alarm system

on the rear face of this reactor resulted in immediate evacuation by the three
employees from the rear face. As determined by the HM Chamber, the dose
rate at 20 feet from the nozzle was about 30 r/hour. Prompt response to the
alarm minimized the dose received by the employees to about 0.2 r,

The average concentrations of fallout materials in air at the ten Pacific North-
west locations was 5 uuc Beta/m3 during the four-week period of September 22
to October 19, 1962, The average for the week ending October 26, 1962 was
15 uuc/m3, the highest weekly average obtained since October 1958, The
maximum weekly result was 23 puc Beta/ m3 noted at both Walla Walla, Wash-
ington, and Lewiston, Idaho. A milk sample representing the Pomeroy area
and collected on QOctober 25, 1962, was found to contain 190 upc Il 1/liter. A
sample collected southwest of Walla Walla on the same date contained 45 puc
1131/1iter of milk.

Analyses of pilot plant test results from the hot die sizing process have pro-
vided much useful information to the engineers responsible for developing the
process. The pilot plant experiment was designed to evaluate the effects of four
process variables on fuel quality, and involved running 54 combinations of a

3”7 experiment in six groups of nine experiments each - the group correspond-
ing to one day's production,
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Work was started to update and complete the draft report of a HAPO produc-
tion model.

l:“\ﬂ".aﬂ

: r'..--n

" A program has been written to solve for probabilities of weld cracks in primary
piping. From these probabilities, distributions of crack length and frequency
will be estimated. A separate program is being written to enable analysis of
individual sections.

The General Managers' report on the 1962 HAPO Attitude Survey was prepared
and a cover letter was drafted explaining the IBM listings of section reports.

Trial runs are in progress for shear-spinning theoretically designed metal
blanks on a Floturn machine into certain preselected shapes having near
uniform shear characteristics. Preliminary investigations show that the
metal appears to be deforming as planned, but more specific results will be
known when dimensional and radiographic tests have been completed.

A number of Monte Carlo test cases were run on the GEM Program to deter-
mine the precision with which a particular nuclide can be estimated as a
function of its half life and the number and half lives of other interfering
nuclides. The zero degrees of freedom case is also being programmed into
GEM as a degenerate option.

Authorized funds for 11 active projects total $2, 191, 100. The total estimated

cost of these projects is $8, 595, 000 of which $1, 352, 000 had been spent
through September 30, 1962.

SUPPORTING FUNCTIONS

The Plutonium Recycle Test Reactor remained shut down the entire month for
primary system decontamination. Work included system preparation for
chemical cleaning, the chemical decontamination process, system inspection
and return to normal activities. Chemical flushes with appropriate inter-
mediate demineralized water rinse flushes were conducted in the following
sequence:

10% oxalic acid

Caustic permanganate

1% oxalic acid

Proprietary oxalic acid compound

.o oW

1236108



— XX HW.-75376

. Caustic permanganate

1% oxalic acid

Proprietary oxalic acid compound
Caustic permanganate
Ammonium citrate

=g S

Over -all decontamination factor was about 4 as measured by field and external
system readings. Internal surfaces were cleaned very efficiently, contact
maintenance readings were actually less than those experienced prior to the
rupture.

Fuel element decontamination using ultrasonic vibration continued. By the
end of the month, a total of 32 elements had been cleaned.

A planned wiring improvement program in the control room has been com-
pleted. The program involved installing a better quality wire marker on
about 1500 wires, removing unused wires, and rerouting others for easier and
quicker trouble-shooting.

Maintenance effort following chemical decontamination principally involved
activities directed at reactivation of isolated components and systems, re-
gasketing of the primary system, overhaul of injection pumps, replacement
of primary pump seals, and miscellaneous valve repairs.

Final preparation of process specifications for the Plutonium Recycle Critical
Facility is underway. Detailed descriptions of startup physics tests have
been completed. Startup work included installation of cover blocks, partial
completion of safety rod thimble modification, and preparation for the cell
pressure test. Seventy manhours were devoted to training, and the training
of personnel from PIRDO to supplement operating personnel in the future has
been initiated.

Activities in the Fuel Element Rupture Test Facility were directed at project
close-out in conformance with the directive completion date of 10-31-62.
Accrual items include the following:

B Cell shielding

Installation of AP scram and automatic cooldown instrumentation
. Emergency depressurizing valve installation

Flow limiting orifice installation

In-reactor test section installation

Fueling vehicle modifications

[ 52 B S O B VI
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During PRTR decontamination activities, the rupture loop makeup ion exchange
system was used to supply demineralized water. Capacity was found to be
140, 000 gallons compared to a design rating of 115, 000 gallons.

Construction of the Gas Cooled Loop for the Gas Cooled Power Reactor Pro-
gram is 93% complete. The replacement heater was installed, and several
punch list items were completed. Bristol-Siddeley has advised that they are
changing the journal bearing facings to Teflon impregnated bronze which has
been used successfully in other designs. In-loop testing by the vendor is
scheduled to begin 10-30-62,

Total productive time in the Technical Shops Operation for the period was
22,885 hours. This includes 14, 879 hours performed in the Technical Shops,

3, 037 hours assigned to Minor Construction, 4, 858 hours assigned to off-

site vendors, and 111 hours to other project shops. Total shop backlog is

20, 776 hours, of which 70% is required in the current month with the remainder
distributed over a three-month period. Overtime hours worked during the
month were 4. 3% (846) of the total available hours.

Total productive time of the Laboratory Maintenance Operation was 16, 800
hours of a possible 18, 720 hours theoretically available. Of the total produc-
tive time realized, 89% was expended for HLO components with the remaining
11% of effort directed toward providing service for other HAPO organizations.
Overtime worked during the month was 2. 8% of total available hours.

There were no Ph.D. applicant visits to HAPO during October, however, four
offers were extended. No acceptance or rejection activity occurred. Five
offers are currently open.

Five program offers and five direct placement offers were extended. Offers
accepted: one program and three direct placement. Offers rejected: three

program and two direct placement. Current open offers: five program and

two direct placement.

Two Technical Graduates were placed on permanent assignment. Three new
members were added to the rolls; there were no terminations, Current pro-

gram members total 60.

Responsibility for taking Hanford Laboratories' plant and equipment inven-
tories was transferred to Contract and Accounting Operation effective
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October 15, 1962. The clerk assigned to this work was transferred to
Contract and Accounting Operation on the same date.

Eighty pages of the Hanford Classification Guide {HW-37965) were revised to
reflect changes which have been authorized by the AEC.

2

Manager
Hanford Laboratories

HM Parker:JEB:mlk
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATICN

TECHNICAL ACTIVITIES

A. TFISSIGNABLE MATERIALS -~ 02 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Effect of Heat Treatment on the Corrosion and Hydriding of Zircaloy-2.
The effect of various heat treatments on the corrosion and hydriding

of Zircaloy-2 is presently being investigated. Samples cut from
Zircaloy-2 sheet stock were heat treated at temperatures ranging from
700 C to 1010 C and times from 10 minutes to 4 hours. Following heat
treatment, the samples were either slow cooled ( < 30 C/min) or fast
cooled ( > 300 C/min) through the alpha plus beta region (900 C-1000 C).
All samples were then exposed to LOO C steam at 1500 psi. Periodically,
duplicate samples representing each heat treatment condition are re-
moved from the test for corrosion and hydriding measurements.

After 56 days of exposure, some effect from heat treating on corrosion
can be seen. A general increase in corrosion with increasing heat
treatment temperature up to 950 C 1s evident. This is followed by &a
slight decrease in corrosion rate with higher heat-treatment tempera-
tures up to 1010 C. The corrosion weight gain for the 950 C samples
vas 66 mg/dm® compared to 60 mg/dm? and 43 mg/dm? for samples heat-
treated at 1010 C and 700 C, respectively. To date, there has been
no effect from cooling rates or extended time at temperature.

Heat treatments result in significant difference in corrosion produce
hydrogen pickup following 56 days of exposure in 40O C steam at

1500 psi. The percent hydrogen pickup of Zircaloy-2 samples heat
treated in the range of 700 C to 800 C characteristically increases
from 15 to over 30 percent following the corrosion transition. The
Zircaloy-2 samples heat treated at 850 C (high alpha region) and
higher have not shown any increase in hydrogen absorption after transi-
tion.

Corrosion of Aluminum in Reactor Process Water. Corrosion rates of
X~-8001 aluminum in pH 6.7 reactor process water have been measured
at 100 C and 125 C. Aluminum samples (2" x 1/2" x 0.062", center
mounted ) are rotated at 1250 rpm to give flow rates of 10 fps at the
sample tip. At 100 C a linear corrosion rate was estahl ished after
24 hours; the rate was 31 mils/yr. At 125 C a linear rate of 37
mils/yr was established after about 50 hours. The rates were deter-
mined at a refreshment rate of 1.5 l/cmz/hr.

w— ——
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Runs have also beern made at 150 C. However, the shape of the corrosion
curve suggests possible interference from scale formation. This will
be checked by analysis of the corrosion films. If scale formation is
indicated, the test temperature will be lowered to 14O C.

Water contents of films formed at 100, 125, and 150 C were determined
by dehydration at 1300 C. Average water contents are as follows:

100 €, 31.5%; 125 C, 29.2%; 150 C, 27.0%. Theoretical water contents
for mono- and trihydrates are 15 and 34%, respectively. While there
is a gradual decrease in degree of hydration with temperature, there
appears to be no abrupt change of phase of the corrosion film between

100 and 150 C.

Basic Metallurgy Studies

Notch Semsitivity of Zircaloy-2. Zircaloy-2 cladding has on occasion
shown unpredicted localized failure under stress. Metallographic
examination through the failed section reveals little uniform strain-
ing in the remainder of the clad. Irregularities in the cladding such
as a notch or thinning during formation might logically contribute to
such localized failure.

Flat Zircaloy-2 tensile specimens cut transverse to the rolling
direction with lateral face notches were irradiated in a fast flux
region (1.6 x 1014 nv) of the ETR. Total exposure was 3.2 x 1020 nvt
(>1 Mev). Specimen holders were designed to permit low (127 F)
specimen irradiation temperatures. Tensile data were obtained for

the irradiated material at 280 C with three strain rates employed. -
The nominal strength at the base of the notch increased as a function
cf notch depth with all three strain rates. Curves of strength versus
notch fraction were similar to those of unirradiated material with
irradiated strength values being higher. As in the unirradiasted con-
dition a definite strain rate effect was observed for the irradiated
samples. The exposure of 3.2 x 1020 nvt (fast) elimineted any de-
penderce of uniform strain on notch depth. Uniform strains were less
than one percent although fracture patterns in all but the deepest
notches were ductile. The critical notch fraction (0.3) below which
failure occurred ocutside of the notch for the unirradiated material
did not change significantly with irradiation. Sharp defects (0.3
fraction, 0.005-inch root radius) used on these samples greatly exceed
stria introduced during the coextrusion process.

Metallic Fuel Development

Fuel Irradiations. The first charge of NPR fuel elements (NAE's) to
be successfully irradiated at near prototypic N-Reactor conditions

[ R
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has been discharged from KER Loop 4 after attaining an average ex-
posure of 1250 MWD/T. The elements were irradiated and discharged
without incident. Post-irradiation examination in the K-Reactor
basin revealed that the first few upstream elements had a very
slight film deposit and that the Zr-Be eutectic brazed closures
were discolored (grey to.white). The extent of discoloration in-
creased in the downstream direction. Outer fuel tube supports were
in reasonably good condition, but various degress of damage had
occurred to the inner tube supports (buggy spring type). Part of the
inner tube support damage is believed to have occurred during post-
irradiation basin handling. All clad surfaces were free of bumps,
ripples, or striations with no visible evidence of warp. Swelling
determinations were made by fuel element displacement measurements.
The maximum swelling measured on the inner tubes was about 0.8 v/o,
which compares to 1.2 v/o predicted using the empirically developed
swelling model derived from KSE-3 data. The maximum swelling mea-
sured on the outer tubes was about 1.1 v/o which compares to 0.7 v/o
predicted using the swelling model. It is believed that the outer
tube may have swelled more than predicted and the inner tube less
than predicted because of the differences in geometries. With data
now available from three geometries, the influence of geometry de-
pendent clad restraint on swelling can be factored into the em-
pirical swelling model.

An experimental single tube N-Reactor element having two coaxial
zones of enrichment in the uranium, 1.6 percent enrichment in the
outer and natural uranium in the inner portion, has completed five
-.cycles of irradiation in the M-3 loop of the ETR. The element has
accumilated a maximum exposure of approximately 900 MWD/T and is to
be measured and examined prior to re-insertion into the reactor. A
flux run is scheduled for the next reactor startup which will provide
a measurement of the radial flux distribution in the M-3 position.
This information will make possible a more accurate estimate of the
average and maximum burnup incurred by the test element.

Radiometallurgical examination is complete on the variable braze
thickness irradiation test, GEH-468, 69, and 70. GEH-L-70 has been
sectioned longitudinally through its entire length and it has been
confirmed that the cracking observed in the uranium is confined to
the braze heat affected zones of the uranium and that the cracks
extend only from the ends of the element to about one inch from the
ends. One small, hardly visible crack was found near the center of
the element but mey have been caused by cutting.

1236174 - P



e - AN

Self-Brazed Closures. Efforts to seam-weld closures having unplated
interfaces, as described in the August 1962 report, resulted in
gradual buildup of Zircaloy on the small, inside electrode. During
the welding run on the fourth closure, the electrical resistance
became so high, due to the accretion of Zr-bearing alloy on the
electrode, that local liquation of the tube wall took place, and a
hole melted through. Closer examination of the completed seam welds
showed that & small patch of Cu/Zr alloy had been formed at the
electrode contact with each surge of current. Since contamination
with Cu reduces the resistance of Zircaloy-2 to hot water corrosiaom,
it was necessary to abandon this otherwise promising approach to the

closure problem.

Five specimens processed to generate the in-situ closure braze were
autoclaved at ~ 360 C with frequent examination. After four hours,
four of them had developed one or more white oxide spots on the inner
weld head. Since the caps had been left with a plating-free rim to
ensure freedom from contamination in the weld bead, it seemed im-
probable that these white oxide spots should be due to Cu or Ni in
the weld metal. Three of the four were re-vapor-blasted, re-etched,
and the entire group returned to the autoclave for the remainder of
72 hours. The white spots on the one that had not been recleaned
had increased in size, but they did not recur on those that had been
recleaned. Thus, it appears from the standpoint of both location
and behavior of the spots, that the contamination resulted from in-
complete cleaning. To avoid compromising the process, another batch
of 12 closures is being prepared. These have a wider unplated band
at each rim, which will further ensure freedom from contamination
with braze alloy. In addition, & small number of closure specimens
is being prepared for in-reactor irradiation. These are to be
six-inch lengths of standard enriched coextruded uranium.

Hot-Headed Closure Studies. A series of hot-headed end closures were
made using several thicknesses of copper interface material (approxi-
mately 0.2, 1.0, 2.0, and 2.5 mils thick) between the end cap and the
uranium and with four- and six-ring projections machined on the end
caps. Bonds between the uranium and the end cap were obtained with
all thicknesses; however, the bonds cbtained with the thinnest copper
appeared to be the best. Metallographic examination of samples with
the thicker copper showed small islands of copper-rich uranium alloy
in the uranium near the bonds. The projection welds on the four-

and six-ring projection caps were sound and prevented movement of the
uranium into the end cap and element cladding interface. Cross
sections of the welded four-ring projection type showed that the
areas between the projections at the Zircaloy-to-Zircaloy interface
were unbonded. The six-ring projection type caps were made in an

it e
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attempt to eliminate these void areas between projection welds.

The six-ring projection design which was selected has not completely
eliminated unbonding but has significantly reduced the amount of un-
bonding. A modification of the six-ring projection is in process.

N-Reactor Fuel Support Development. The development of Zircaloy-2
strip with superior bend ductility was undertaken because inner
supports made from commercially available strip were cracking in

the bends.

Strip with sufficient bend ductility to make supports was made re-
producibly in the laboratory by: (1) starting with a forged, beta
rolled and beta quenched slab and rolling this slab through a care-
fully controlled schedule of annealing, hot rolling, and cold rolling;
(2) starting with extruded rod and reducing the rod by Turks Head
rolling to strip; (3) starting with extruded thick walled tubing,
slitting the tubing and then rolling the segments to the required
strip thickness; and (4) starting with extruded flat plate and re-
ducing the plate to strip by rolling.

Over 100 supports were made from strip formed by using each of the
above first three methods and none were rejected because of cracking
in the bends. Ductility tests on strip made by the fourth (extruded
plate) method indicate it will also make supports. In all the
schedules, & relatively low (600 C) annealing temperature during
final reduction was found to be necessary. This low annealing
temperature permits air annealing and avoids the costly and time-
consuming vacuum annealing steps.

Accelerated fatigue tests were made on a large sample of supports
from each of three strip processes. All had good fatigue strength,
but the strip produced from rolled plate and that produced by the
Turks Head process had two times the fatigue life of strip produced
from rolled tube segments. Samples from all the candidate strip
processes are now undergoing corrosion tests. Mechanical tests on
supports made from material from each of the strip processes indicate
that in the sized up-condition the supports will meet proposed spring
constant requirements of greater than 20,000 pounds per inch of de-
flection.

Two types of machines for forming the supports were constructed.
Each operates satisfactorily and is now being fitted with air
cylinders so thet the equipment will be self-powered.

One of the goals of this work was to determine if inner supports
could be made from Zircaloy-2 strip having what is now considered
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marginal or poor bend ductility. Annealing studies in which strip
ductility, temperature, and bending strain were parameters show it
is technically possible to make crack-free supports from commer-
cially available strip. The guestion to be resolved is whether or
not supports made from this strip will have "enough residual duc-
tility to withstand the sizing operation after assembly.

The success of the bend test in predicting the support making
capability of thin sheet had led to the application of the test to
specimens taken from thick plate. From preliminary results of these
tests it appears likely that ar undesirable texture in thick plate
mey be detected. This would permit diversion of the plate to other
applications before it is rolled into thin strip. A correlation of
tensile test data with bend ductility of annealed Zircaloy-2 strip
reveals that the strip will make supports if the ratio of fracture
strain in the thickness direction to the strain in the width direc-
tion is 0.5 or greater. If the ratio is between 0.25 and 0.5, the
material may or may not make supports and if the ratioc is less than
0.25 the material will not make supports.

Fabrication of pilot quantities of ductile Zircaloy-2 strip destined
for use as N-Reactor fuel element supports was started.

Fuel element supports are required to fulfill mechanical criteria of
strength, stiffness, and energy absorption. Various designs have
been proposed and fabrication and testing of some designs is being
done. In order to provide a method of correlating results and
selecting promising new designs, a method of analysis has been de-
veloped which can account for various shapes and conditions of
restraint. The effect of shift of neutral axis, shear, and normal
stresses as well as the bending stresses is included in the analyses.
The method has been programmed and numerical results from the first
analysis are being checked. Since some of the proposed designs will
restrict coolant flow, a method of analysis for the temperature rise
under a rectangular area with increased surface resistance to heat
flow has been developed. The equations are ready for progremming.

Fluted Single Tube Fuel Element. A small diameter fluted tubular
fuel element, charged into the ETR P-T7 loop on September 3, 1962,
has successfully completed one cycle of irradiation. This fuel
element contains the same amount of uranium per foot as an N-Reactor
inner fuel tube, and irradiation conditions during the test approxi-
mated those of N-Reactor. Irradiation of this element will be con-
tinued to high exposure to study the swelling capabilities of the
fluted cladding. Interim measurements and examinations will be made

during the course of the testing.
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Experimental fluted single tube N-Reactor fuel elements for ir-
radiation testing in an ETR pressurized loop facility are being
fabricated. The lO%-inch long elements have been prepared for
end closures and fabrication of the caps was started. Material
for the caps was obtained by extruding Zircaloy-2 to the approxi-
mate desired cross section with cleanup machining and etching to

give the final end cap fit.

Extrusion Behavior and Properties of Zirconium Alloys. Corrosion
tests in (50 F, 1500 psi steam and 680 F water are continuing for
a series of zirconium alloys of two oxygen levels and varying tin
content. Current exposure is approximately 120 days. After 98
days of exposure in steam, the low oxygen series had generally
lower weight gains (47-64 mg/dm?) than the high oxygen series
(50-80 mg/dmz) and both show generally lower weight gains with
increasing tin content. After 90 days in 680 F water test, there
are essentially no effects of tin or oxygen content and weight
gaeins are 25-28 mg/dmzn Tensile testing of these alloys at room
temperature, 150 C, 250 C, and 350 C is in progress.

Cladding Deformation Studies. Fabrication of components for a
second irrediation test of 125 fuel rods with non-uniform cladding
thickness has continued. Twenty-one capsules, each containing three
sample fuel rods, have been filled with NaK, helium leak checked,
and x-rayed for NaK level. Two of these capsules have been rejected.
Ten other capsules have been NaK filled and are awaiting final in-
spection. Six capsules remain to be filled. Aluminum spacer tubes
mist yet be welded to each of these capsules before they are.ready
to be irradiated.

Progress on thermocouple capsules designed to measure the maximum

uranium temperature in one capsule of each capsule train, has been
slov because of problems in sealing stainless steel thermocouples

into the Zircaloy-2 capsules. Modification of parts for swagelok

seals has been completed and assembly of the thermocouple capsules
will start immediately. °

Process Tube Scratching. Test charging of prototype N-Reactor fuel
elements in full.sized N-Reactor Zircaloy-2 process tubes has shown
that scratching of the process tubes may occur under some conditions
even with low carbon steel shoes on the supporis. An examination is
nov being made on the section of the full length N-Reactor process
in which the scratches started with the hope of learning what
initiated them. A test apparatus has been designed and fabricated
which will allow direct observation of scratches as they start and
progress, and on which fuel element support shoe materials and
designs may be tested under controlled conditions.

-y
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KVNS Self-Support. Testing of the first KV rail design (inverted
cnennel section) indicated that it was unsatisfactory. The channel
section, upon collapse of the support; provided a potential steam
pocket between the support and the fuel cladding. The support was
weak at the transition between the tab and the crown. The die was
modified to produce a self-support of the same general shape, but
with the crown cross section a tee structural member. The tee
section strengthens the transition from the crown to the tab, and
the shape does not create a possible steam pocket upon collapse of
the support. Preliminary strength tests indicate the support will
touch the fuel jacket with a load of 100 pounds on the support.

Load deflection curves, obtained by cycling the load to produce in-
cremental defiections of 5 mils, indicate a 50 percent recovery of
support height upon removal of the load for deflections in the range
of 5 through 20 mils (25 through 50 pounds). Recovery in the 20-
through 35-mil deflection range varies from 50 percent at 20 mils

to 20 percent at 35 mils (loadings from 50 through 100 pounds).

Some recovery is seen even after the tee section is firmly bottomed
on the clad. Die modifications are in progress to produce this
support configuration for more extensive testing.

Fuel Fouling Detector. Six 6.5-inch long, Zircaloy-2 clad, 1.6 per-
cent enriched uranium rods are being fabricated into fuel fouling
detectors (crud probes). Rod ends have been recessed and end caps
brazed and welded into place on one end of each. Radiography showed
all six brazes to be good, with no evidence of uranium contamination
or-porosity. Thermocouple wells are being drilled into the other
ends. The pieces will have Zircaloy-2 clad thermocouples brazed
into place with two pieces to be used to study the brazing process
and the other four elements to be evaluated for reactor use.

Some evidence indicated that failure of previous probes could be
attributed to corrosion through a Zircaloy-2 stainless steel joint
formed by diffusion bonding. Five such joints were fabricated at
the time that the fouling probe was prepared. The four remaining
Joints are now being subjected to 60-day autoclave tests, with provi-
sion for three intermediate metallograpnic examinations during the
test period. The corrosion data obtained should indicate the useful
life that can be obtained from such & joint in a pressurized water
environment. :

Welded joints made by fusion welding thin wall tubing to the thermo-
couple sheath are difficult to make. A method of resistance welding
&8 flange to the thermocouple sheath of like material has been de-

veloped. The thermocouple is inserted thrcugh hollow electrodes and
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through one or more flanges or washers. A conventional spot weld
is made. The thermocouple transfixes the weld nugget and with
proper conditions is welded to it. The resulting flange can then
be fusion welded into a fuel element end cap. Stainless steel and
Zircaloy thermocouples have been flanged by this method.

Irradiated Fuel Measuring Equipment. The KE Basin installation of
remote measuring equipment for NPR fuels has been completed. This
remote measuring equipment is capable of precisely measuring ID, 0D,
wall thickness, warp, and ovality at any position along the length

of either component of a two-foot long fuel assembly. Use of this
equipment in conjunction with complementary pre-irradiation equipment
allows complete evaluation of the dimensional changes in N fuel com-
ponents as a result of irradiation. Measuring of irradiated NPR
fuels will be started in November 1962.

2. REACTOR PROGRAM

Gas Atmosphere Studies

Oxidation of Zirconium in CQp. The oxidation rate of crystal-bar
zirconium has been measured at 550 and 700 C in CO2 in which the O2
and HoO had been removed by passing high-purity CO2 over graphite
at 800 C. The oxidation rate at 550 C was about a factor of three
lower than that found for two literature references. This differ-
ence in corrosion rate is probably due to the care.exercised in the
current tests to remove Ho0O and Op. Very low H20 and Op contents
are required because of their greater reactivity with zirconium
which would tend to mask the Zr-COp reaction.

No literature data for 700 C were found; however, the measured oxi-
dation rate is considerably lower than given for 750 C in a litera-
ture reference. A breakaway corrosion process began after about six
hours at a weight gain of 15 to 20 mg/dmz. This is attributed to
carbon diffusion into the ZrQp destroying the protective character
of the film.

Resistance-Measurement Capsule. Although the in-reactor capsule
experiment for determining the electrical resistance of zirconium
oxide films has been generally very informative, recent observations
indicate the capsule should be replaced. After three months of ex-
posure to temperatures of 475 C, the oxide film appears to be spalling,
interfering with the electrical resistance response to gas atmosphere
composition.
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A somewhat more versatile capsule containing three Zircaloy samples
with three graphite electrodes on each sample is being fabricated
to replace the capsule now in the reactor.

Graphite Compatibility with Helium Containing Water Vapor. A

sample of TSX graphite was oxidized in a helium stream containing
approximately 740 ppm of water vapor at 811 C and 890 C. The weight
loss rates were 1.71 x 10°0 and 1.51 x 10-2 g/g-hr, respectively.
These rates are somewhat lower than those reported previously (see
HW-69950). They are, however, more consistent with expected rates
according to a review recently made by R. E. Woodley (see HW-T5072).
It is possible that the water analyses were in error before. Other
methods of obtaining water analyses are being considered. The effect
of the addition of hydrogen toc the gas stream will be investigated
as soon as the rates are established with certainty.

Corrosion and Coolant System Development

Decontamination. Buffered oxalate-peroxide solutions are very effi-
cient reagents for dissolving and removing uranium and uranium oxide
residues from a reactor system after a rupture. In comparative tests
these reagents have been shown to be superior to the carbonate-~
bicarbonate-peroxide mixtures formerly recommended for NPR.

One disadvantage of the oxalate-peroxide solutions has been the lack
of a satisfactory buffer system. If the pH goes too low, excessive
corrosion of carbon steel and certain other metals will occur; if
the pH goes too high, excessive decomposition of the peroxide takes
place. Acetic acid has been used in the past, but reactiom with the
peroxide is vigorous and causes operating difficulties. Peracetic
acid appears to be satisfactory, even though it is explosive above.
120 C and cannot be stored for long periods of time. Gluconic acid
is also satisfactory, is not explosive, and can be stored.

Both the peracetic and gluconic buffer systems were used in decon-
tamination of PRTR. No operational difficulties were observed.
Laboratory studies have shown that both reagents readily dissolve
U0z at 4O C. If additional tests are satisfactory, one of these
reagents will be recommended for use in NPR after a rupture.

Corrosion Testing in Low pH Water with Low Dichromate. Results from
coupon samples of X-8001 aluminum alloy show that equilibrium corro-
sion rates for this alloy are the same in treated water at pH 6.6
with 1.0 ppm sodium dichromate as in water at the same pH with 1.8
ppm sodium dichromate. Measurements of uniform and non-uniform
corrosion are being made in the 6.6 pH water with 1.8 and 1.0 ppm
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dichromate in the 1706-KE in-reactor single pass facilities. Visual
examination of K4NS and KU4N test elements indicates no difference in
non-uniform corrosion in the two types of water. Measurements of
uniform corrosion of these test elements and of carbon steel and
aluminum alloy coupon samples have not been completed. X-8001 alloy
samples continue to corrode at an equilibrium rate of 0.3 mil/month

in either the 1.8 or 1.0 ppm dichromate treated water. This is the
first testing in which results have been obtained from multiple-
exposure periods in a single pass in-reactor facility, thus permitting
accurate calculation of equilibrium corrosion rates. The second group
of KuNS elements has completed 1L weeks of exposure under this pro-

duction test.

Corrosion in Graphite Cooling System Water. A test in TF-4 to deter-
mine the corrosion rate and crud release rate of A212 carbon steel
and 304 stainless steel in simulated NPR graphite cooling system
vater has been completed. Total exposure was 3000 hours. The carbon
steel corrosion rate was 0.1 mil/year. The corrosion rate of the
stainless steel and Zr-2 was nil. Crud release did not appear to be
a problem. Samples of 17-4 pH stainless steel stressed to yield did
not exhibit cracking after 800 hours in this environment.

Structural Materials Development

Ductile-toBrittle Fracture Transition Temperature for NPR Primary Pipe.
This work was an outgrowth from the NPR Pipe Weld Evaluation Program, \+
and it consisted of the performance of load-deflection tests using
samples which after having been subjected to fatigue tests were

cracked in the area of but on the side opposite to the point of load
application. The purpose was to learn something about the crack
propagation properties of NPR pipe. Test temperature was varied
between room temperature and -33 F. The deflection rate was maintained
at two inches per minute for each specimen tested.

The data obtained consisted of curves showing the relationship between
the load and the deflection at mid-length of the end-supported speci-
mens, and of ratios of brittle and ductile area on the fractured
surfaces.

A curve showing a transition from ductile failure to brittle failure
was the result of plotting test temperature versus percent ductile
area. The load-deflection data have not as yet been found to fit a
behavior pattern.

(1) Letter JS McMahon to WJ Love, dated 1/8/62, "Project CAI-816,
New Production Reactor Primary Loop Piping Responsibility for
Program of Cyclic Testing of Weld Quality A-155 Pipe."
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The transition temperature, which may be called a "fracture appear-
ance transition temperature," is between O and 20 F. That is,
atove 20 F crack propagation occurs by shear and below O F crack
propagation occurs by cleavage.

Brittle-ductile transition temperatures measured for this steel
range from -50 F to +80 F depending upon manufacturing history.
Thus, the behavior of these samples of NPR pipe falls in mid-range
for the base metal.

Graphite Studies

NPR Graphite Irradiations. Post-irradiation examination of the graphite
samples from H-6-1, the third first-generation capsule in the series
of long-term irradiations of NPR graphite, is continuing. Preliminary
data agree with the data from the samples irradiated in the H-4-1 and
_H-5-1 capsules. The surface oxidation on the samples in Positions L
and 5 mentioned last month is being examined in detail. The samples
in Position 4 had an average weight loss of 0.4t percent, and those

in Position 5 a weight loss of 0.8 percent. Both positions operated
at 775 C. The oxidation was apparently catalyzed by some material
external tc the samples. The material was deposited on the samples
after they were assembled in groups of four, since the oxidation
patterns show on adjacent samples. Powder scrapings were taken from
the oxidized areas. Analyses of these scrapings showed only the same
elements and approximate quantities as those from the surface of un-
oxidized samples. Consequently, the catalyst associated with the
oxidation has not been identified.

The probable source of the oxygen was from air trepped in the annulus
between the leadout tubes when the lead shielding was melted into
place. During this melt-down operation an original crack in the
inner leadout tube may have become sealed so the air was not removed
when the capsule was evacuated and filled with helium (see March 1962
Monthly Report). During operation the crack may have again opened
and allowed air into the capsule. Although there is no other con-
firming evidence, it is also possible, but not likely, that the
thermocouple seal may have developed a leak and allowed air into the
capsule from the non-purified nitrogen and helium used as the cover
gas on the extension leads.

Construction has started on the third second-generation capsule,
H-6-2, of the NPR series. Due to the oxidation mentioned above,
only one sample from Positions 4 and 5 will be re-irradiated in
H-6-2. The new capsule will contain 11 samples from H-6-1, four
from H-5-1, three from H-4-1, and six virgin samples. The capsule
is scheduled for insertion in the GETR on November 12.
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Both second-generation capsules in the GEIR, H-4-2 and H-5-2, are
operating satisfactorily. The former has completed three cycles
of irradiation and the latter omne cycle.

Thermal Hydraulic Studies

Visual Studies of the Effects of Fuel Supports on Boiling. Laboratory
experiments were continued in the study of heat transfer conditions as
affected by devices used to center fuel elements in the process tubes
of the Hanford production reactors. The test section for these ex-
periments consisted of a 1.340-inch OD electrically heated tube placed
inside of a 1.504-inch ID glass tube with water coolant flowing
through the annulus between the two tubes. Three different types of
centering devices were used in this series of experiments to produce
an annulus of 75 percent eccentricity (percent eccentricity is the
fraction of the normal annulus thickness that the heated tube is dis-
placed from a coaxial position toward the wall of the process tube).
The first consisted of 0.5 inch long ceramic ribs, 0.094-inch wide

and ground down to @ height of 0.024-inch. The second consisted of
BDF reactor type bumpers which were 1-7/8 inches long, 3/16 inch wide
and ground down from their normal 0.040 inch height to 0.024k inch.

The third type was elliptical shaped bumpers (also called submarine
bumpers) which were one inch long, 0.2 inch wide at the middle and
ground down to a height of 0.024 inch.

The experiments were run at flows corresponding to two different
conditions existing in the flow annulus of fuel elemenis in a
reactor; these were 32.4 gpm representing a reactor central zone
tube and 18.6 gpm representing a reactor fringe zone tube. Visual
examination and high speed motion pictures were made of the test
section while the heat generation was gradually increased. The
following is & summary of the data.

Heat Flux
Run Conditions Btu/hr-sq ft Comments
42  Fringe zone - 125,000 Bubbles started to form on heated sur-
ceramic ribs, face at downstream end.
0.5x%0.094x0.02k,
75% eccentricity 177,000 A continuocus stream of bubbles issued
from end of most downstream rib.
229,000 Stream of bubbles formed at downstream
rid covered approximately 150 degrees
of the circumference of the heated sur-
face.
306,000 Violent vapor generation took place over

downstream 8" of heated surface.
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Run

Conditions

A-1L

Heat Flux

Btu/hr-sq ft

Comments

43

L

Same as Run 42
except central zone
conditions

Fringe zone -
alternate BDF rail
bumpers and ellip-
tical shaped bumpers
ground to & height of
0.024 inch

BEERT 50105

250,000

360,000

458,000

600,000

101,000

155,000

207,000

232,000

285,000

No bubbles were visible.

A stream of very fine bubbles issued
from most downstream rib.

The bubble stream at most downstream
rib was vigorous and spread to cover
approximately 180 degrees of the
heated surface 4" downstream of the
rib.

Violent vapor generation was observed
over the downstream 8" of the test
section. A high noise level was
noticed with the formation and col-
lapse of vapor voids.

A few bubbles formed from a rail type
device located in the second position
up from the downstream end. No other
bubbles were visible.

Some general surface boiling was ob-
served and the bubble formation at
the rail in the number 2 location
increased in fregquency.

Bubbles remained attached to the down-
stream end of the rail in the number 2
location. Some bubbles were generated
at the other rail devices but none at
the elliptical shaped devices.

Bubbles began to form at the most
downstream elliptical shaped device.

The run was terminated when one of
the devices turned sideways.
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The observations showed very definitely that the elliptical shaped
devices resulted in less vapor generation than the rail type, and
that the accumilation of a vapor or bubble wake was not formed
nearly as readily behind the elliptical shaped devices. The re-
sults also supported the conclusions reached earlier in the study
that considerable boiling would be initiated around fuel centering
devices when the fuel was allowed to become greater than 40 percent

eccentric within the process tube.

Plans were made to run similar experiments with no centering devices
and the heated surface resting against one side of the glass process

tube.

K-Reactor Zircaloy Tube Program. The hydraulic characteristics of
the front and rear nozzle assemblies of the K-Reactor Zircaloy tube
replacement progrem were re-examined after final design modifications.
The pressure drop characteristics of a variety of downstream support
charges were also determined. The results of these tests are pre-
sented in HW-74247-2. In summary, it was concluded that: (1) the
nozzle designs which allow charge-discharge of self-supported fuel
pieces will not cause increased pressure drop losses over the
present inlet and outlet assemblies; (2) hydraulic considerations
cannot be used to justify re-design of the non-supported type of
downstream support charge; (3) the downstream support charge which
results in the least pressure drop would probably be the most ex-
pensive to procure of those studied, but the cost of the support
could be minimized by accepting & pressure drop increase across the
support charge of about 0.9 percent of the header to header pressure
drop.

Leak Rates Through Failed Panellit or Nozzle Pressure Taps. Failure
of Panellit pressure tap connections or nozzle pressure tap connec-
tions would allow water to leak out on the front face of the reactors
and would affect the flow rate through the process tube. An addi-
tional concern is that if the tube flow is reduced below certain
values, boiling and hydraulic instability could occur in the tube
with resultant melting of the fuel pieces unless reactor power was
immediately reduced.

Experiments were conducted in the hydarulics laboratory to determine
the resultant tube flow rate following such pressure tap failures.
The results can be summarized as follows: (1) For Panellit pressure
tap failure on B, D, F, DR, H, or K reactors, the resultant leak
rate would be gquite small, the reduction in tube flow minor, and the
failure would not result in hydraulic instability under present
operating conditions. (2) Nozzle pressure tap failures at B, D, F,

’
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DR, H or K reactors would result in only minor reductions in tube
flow rate and would not result in hydraulic instability. (3) For
a C~Reactor Panellit pressure tap failure, the severity of the
tube flow reduction would depend greatly on the type of flow
monitor and the location of the failure. For a venturi zone, the
tube flow reductions would be minor and would not result in hy-
draulic instability. For an orifice assembly, the tube flow rate
could readily be reduced as much as 50 percent and thus could
result in mild or severe fuel damage (depending on tube power)
unless the reactor power level was immediately reduced.

NPR Heat Transfer Tests. Copies of the experimental heat transfer
program using & test section representing one-half length of a
N-Reactor fuel colummn were distributed to NPR personnel for
comment as to its adequacy in supplying information needed for
operating limits and hazards analyses. Comments have been re-
ceived from most of the interested parties and are being incor-
porated in a final program of steady state and transient experi-
ments.

Pressure Drop Characteristics of NPR Fuel Support Devices. In
the course of making pressure drop-flow measurement on NPR fuel
elements, data have been obtained with two different types of
devices used to support the inner fuel piece within the outer
fuel piece. One of these support types was a "suitcese handle"
support while the other was a "buggy spring" support. The pro-
Jected dimensions of both types were the same; 0.246-inch high
and 0.25-inch wide.

A drag coefficient as defined by the following equation was cal-
culated for both types of supports.

Aa 2g
frn = =——

drag coefficient

duct area

projected support area
dimensional constant

density of flowing fluid
velocity of fluid in duct
pressure drop across support.

where: fD

B<end &

It was found that the drag coefficient for the "buggy spring"
support was as much as 43 percent less than for the "suitcase

o = g
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handle" support. The reason for this was not immediately apparent
but one consequence to be expected would be a higher flow rate
through the middle annulus of those NPR fuel elements equipped
with "buggy spring" supports.

B. WEAPONS - 3000 PROGRAM

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

1.

PLUTQNIUM RECYCLE PROGRAM

Plutonium Fuels Development

Irradiation of Special Elements in the PRTR. Further metallographic
examination of the MgG-PuQp element, which ruptured in the PRIR,
shows that massive lccalized hydriding is present on the outside
surface cf the Zircaloy cladding in the rupture area and that severe
localized corrcsion has taken place on the inside surface in the

rupture area.

Based on infermatior cbtained to date, the cause of failure may be
tentatively hypothesized as fcilows: A high temperature caused by
plutornium segregatior and/or a localized concentration of impurity,
possibly flucride, ir ar internal cladding defect combined with a
large release of water by the MgO core material at operating
temperature led to accelerated ccrrosion. Corrosion-generated hy-
drogen dissclved in the cladding and migrated to the cooler outside
surface where it precipitated tc fcrm a massive hydride layer. The
cladding, weakened by corrosion and hydride formation, failed in a
brittle marnrer producing a "leaker". Much later, waterlogging and/
or hydration of the MgQ caused further splitting of the cladding
in & ductile manner, resulting in exposure of a section of the core
and a significant amsunt of core washout. Investigation of this
failure is centiruirg in ar effort to corroborate or refute this
hypothesis.

Cluster Engineering for PRITR Fuel. Two UQp 19-rod fuel elements

were fabricated for ex-reactor locp testing. One cluster will be
used tc develop desigrs of end bracket hardware to eliminate the
wear occurring in the FRTR betweer fuel elements and process tubes.
The first cluster assembled uses a one-half-inch wide ring on both
end brackets with a diameter abcut 20 mils smaller than the inside
diameter of the process tubes. The other cluster assembled will be
used tc test the pads (i-inch wide x 3-inch iong contact area) to
be added to the irradiated UOp-PuOp fuel elements under eight feet
cf water in the PRIR storage basin.

Advanced Fuel Element Design. A dummy prototype 19-channel water
tube fuel element has beer fabricated (H-3-14513). This experi-
mental elemernt was desigrned as & backup for the 19-rod clusters
presently being tested in the PRTR. It compares favorably in every
way with the 19-rod cluster, but has the added advantage of less
complicated fabricatior. By utilizirg the vibrational compaction

UNCLASSIFIED
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process of loading the element (with a core material such as
U02-Pu02) many process steps may be eliminated. The empty fuel
element shell and the associasted end bracket hardware can be
fabricated with no exposure of personnel to radiation hazards.
After the shell is completely finished, including autoclaving if
desired, the core material is added through three holes in the
top head sheet. After loading, only those three openings need
to be decontaminated and theree plugs welded into place to essen-
tially complete the element. The end brackets are then attached
to the three welded plugs at each end of the fuel element.

Extended Surface Plutonium Fuels. A modified design of the zir-
conium components permitted the assembly and roll-cladding of &
bare plutonium-zirconium core which weighed 25 grams.

The finished plate was not contaminated. In the modified design
the core was placed in a recessed slot and a close fitting cover
was placed on top of the core. Two outer zirconium plates com-
pleted the assembly. After rolling, the core was four inches
wide x 20 inches long and 0.002-inch thick.

An examination of the clad plates reported on last month which
contained copper-plated cores showed no stringers of the core
material.

These plates had showed widespread contamination in the bond zone.
It had been hypothesized that eutectic Cu-Pu alloy had exuded into
the bond zone; however, no visual evidence of plutonium outside

the core area was detected radiographically. Since the modified
design of the components was successful in preventing contamination,
no further work on the plating techniques was planned.

UO2-Pu02 Irradiation Capsules. Examination of the last two high
density UOz-PuQp capsules is continuing. Data on the capsules are
shown below:

GEH-14-85 GEH-14-86
UO2-Pulp, (Mole % PuOp) 2.57 4.13
Initial Density, (% of theo.) ol 91
Average exposure, (fissions/cm3) 2.69x1020 1.66x1020
Avg. exposure, (MWD/T UO2-PuOp) 9,066 5,600
Max. exposure, (MWD/T UO2-PuOo) 10,001 7,080
Total gas release* (ml at STP) 6.41 k.10
Central void formation Yes No

¥Fission gas, helium; and others.
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The first (GEH-21-13) of the four specimens, each containing UO2 -
0.154 mole % PuOp and UOp (1.00 mole % U-235), was irradiated.

It was in the active zone of the VH-4 Hydraulic Rabbit Facility

of the MIR for three minutes. Radiation readings indicate a level
of 35 mr/hr at a distance of three feet in air. The second speci-
mern (GEB-21-14) will be irradiated about October 29, 1962, and both

specimens shipped to HAPO this month.

Phoenix Experimert. Current status of the three Al-Pu capsules
being irradiated to investigate the effect of burnup on the re-
activity of high exposure plutonium is as follows: the sample
vhich conteins plutonium which initially had 6.25 percent Pu-2L0
(GEH-21-1) is now being irradiated for its sixth cycle; the sample
containing plutonium with 16.33 percent Pu-240 (GEH-21-3) has. been
irradiated for six cycles and ARMF transient measurements are being
made; and the sample containing plutonium with 27.17 percent Pu-240
(GEH-21-19) has been irradiated for six MIR cycles and ARMF mea-
surements are being made.

ARMF calibration measurements using the special Al-Pu sample which
incorporates various flux monitors has been approved.

MgO-PuOp and ZrOo-PuOp Irradiastion Capsules. The four Zircaloy-clad
MgO-Pul, capsules irradiated to high exposure (about 100 x 1
fissions/cc) are being examined. Metallography of this high demnsity
sintered pellet core material is about the same as for the lower
exposure samples. Center voids and columnar grains have formed on
the two high power generation capsules. The PuOp second phase in
the Mg0-13.5 w/o PuOp materiasl is randomly and uniformly dis-
tributed in this high exposure sample the same as it was in the
lower exposure sample. This effect seems to be independent of
exposure within the range considered.

ThOp-PuQp Irradiation Capsules. An experiment which will investi-
gate the irradiation characteristics of ThOp-PuQ2 solid solution
fuel materials has been started. ThOp enriched with 2, 5, 10, 15,
and 20 w/o PuOo in the form of high density sintered pellets will

be irradiated at different core temperatures to different exposures.
Some preliminary sintering experiments have been performed prior to
fabricating the fuel pellets. The pellets are being fabricated by
wet ball milling ThOp, and plutonium oxylate together to obtain an
intimate mixture of the fine powders. This mixture is then calcined
at 500 C to obtain PuOp. The powder mixture is double pressed since
no binder is used and a green density of 60 percent TD is achieved.
A strong dependence between the green and sintered density was
found. Sintering experiments have been performed at 1500 and 1600 C

UNCLASSIFIED
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for six hours in a helium atmosphere. ThOp2 containing about

200 ppm Ca20 sintered to 88 percent TD, whereas ThOp containing
about 0.1 percent Cal sintered to 95 percent of TD under the

same conditions. With 8 w/o PuOp added, both the high and low
CaO-~containing ThOp sintered to 94 percent TD. Low Ca0 contain-
ing ThOp with 1.8, 5.1, and 15.0 w/o PuQp added sintered to

about 94 percent TD. From these experiments it appears that PuOp
additions enhance the sinterability of ThOp, the same way Cal
additions do, and the sinterability of ThO2 is independent of

the PuOo concentration within the range considered.

Uranium Fuels Development

High Rate Densification Studies. A series of tungsten-UQp cermets
for fundamental studies was fabricated by high rate densification
at 1200 C and 277,000 psi on the Dynapak machine. Evenly blended
mixes of -65 +200 mesh UO2 and -325 mesh tungsten were compacted
with U0, loadings of 50, 60, 70, 80, 90, and 95 weight percent.

A uniform and continuous tungsten matrix surrounds the UQ2 par-
ticles in the 50 w/o tungsten cermet. Above 50 w/o UO>, contact
is apparent between UOp particles with increased contact area

as the percentage of tungsten in the cermet decreased. The density
of the cermets increased from 96.0 percent to 98.l4 percent theo-
retical density as the UQ2 content increased from 50 to 95 W/o.

Fabrication of UOp-Tungsten Cermet Irradiation Capsule. A tungsten-
clad, UOp-tungsten cermet fuel capsule was fabricated for irradia-
tion in the MIR (GEH-14-361) as part of & general evaluation of
uranjum and plutonium fuels. The fuel material was prepared by
high rate densification of & mixture of 50 w/o tungsten powder

(-325 mesh) and UOo particles (-65 +200 mesh). A uniform and con-
tinuous tungsten matrix surrounds the UOp particles. The high
density (96 percent TD) cermet was machined and encapsulated in
0.200-inch ID x 0.025-inch thick wall tungsten cladding. The
closure of the evacuated tungsten cladding was completed by electron
beam welding. The tungsten clad capsule is contained within a
larger, evacuated aluminum capsule to provide a low conductivity
heat transfer path to the MIR coolant. During the proposed short
term irradiation test the tungsten capsule surface temperature is
calculated to be 2450 C.

Thermal Expansion of UQp. The density of UQOp was measured in the
temperature range 1200 to 3100 C by applying Co-60 radiography to
make exact measurements of single crystals in sealed, resistance
heated, tungsten vessels. Excellent reproducibility and precision
were achieved at all temperatures. Density measurements at lower

UNCLASSIFIED

1236192



UNCLASSIFIED A-22 HW-T75376

temperatures agree with those of other investigators. The density
of the solid &t the melting point (2800 C) was 9.76 g/cc, that of
liquid was 8.74 g/cc. (The density of U0z at O C is 10.97 gfcc.)
The decrease in density during melting was 9.6 percent, and the
coefficient of linear expansion of the liquid in the range 2800 C

to 3100 C was 37 x 10-5/C.

Heat of Fusion of UQp. The heat of fusion of UO2 was determined
to be 3300 cal/mole by using data from measurements of the change
in volume on melting and of the surface tension of UOp. These data
also can be used to calculate the dependence of melting point on
pressure. The results indicate that an increase of 8 C in the
melting point should occur under 100 aims pressure.

Electron Microscopy of UO2. It is highly desirable to obtain a
method of replicating large areas of irradiated fuel rods. Ex-
periments with two new replicating materials provided promising
results. Room temperature curing silicone rubber or polystyrene
dissolved in ethylene dichloride are applied to the specimens as
liquids that solidify in a reasonable time to yield a cast replica.,
The polystyrene replica method is more convenient than the commonly
used cellulose acetate or polyvinyl alcohol replica. The silicone
rubber replicas appear to be useful for optical microscopy but have
not yet been obtained with sufficient resclution for electron
microscopy. Investigation of both methods is continuing.

UOo Relocation and Melting Experiment. Continued examination of
an irradiated UOp fuel capsule which originally contained a spiral
array of small tungsten "marker wires" (0.0l4-inch OD x {-inch long)
revealed the presence of tungsten in the lower regions of the
initially moclten zone. Some wires (in their original shape) were
discernible, but also present were a number of small, odd-shaped
pieces of tungsten from which one can infer that the melting
point of tungsten (3410 C) was reached,; at least momentarily,
during irradiation. The capsule, originally containing sintered
UO2 pellets (1.25-inch OD) operated for a very short time with &
maximum surface heat flux of 550,000 Btu/hr-ft2.

Release of Sorbed Gases by Ionizing Radiation. Gemma irradiations
of U0y specimens with & Co-60 source (8.9 X 10° R/hr) at room
temperature revealed a surprisingly high release of sorbed gases.
Specimens were sealed in pyrex capsules under vacuum or under helium
at a pressure of approximately 0.3 atm. One hundred to two hundred
hour exposures caused & release of sorbed gases comparable to that
normally expected from thermal effects at temperatures of 800-1000 C.
Mess spectrometric analyses of released gases revealed a high
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percentage of Hp, with Np, COp, and HpO also present. These data
indicate that release of sorbed gases in fuel elements may be in-
creased by reactor radiation. It is also possible that ionizing
radiations might aid removal of sorbed gases from ceramic fuel
materials before in-reactor use. It was also attempted to accel-
erate the release of gas witb a high frequency (40O KC) field, but
the results were negative.

Determinations of Pore Size Distribution in UO2. The angle of contact
between mercury and UOp has been determined by capillary depression
techniques to be 111 degrees. This measurement is important because
mercury porosimetry techniques are commonly used to determine the

pore size distribution in UOp. In the calculation of pore size the
contact angle between mercury and UOp is generally assumed to be

~ 135 degrees, the same as the angle between mercury and glass.

The new value creates a 30 percent correction in the pore size de-

termination.

Fused U02 Analyses. Analytical techniques for commercially fused
U0, are being investigated. Determinations of density, stoichio-
metry, carbon and nitrogen content were checked against the vendor's
values on 15 samples representing 1500 pounds of recently purchased
arc fused UOp. Density, stoichiometry and carbon values were in
good agreement. However, nitrogen values often differed by a factor
of two. A new dissolution technique for Kjeldahl analysis for
nitrogen was devised at Hanford; it will be evaluated by the vendor.

Irradiation of UO2 Single Crystals. Capsule GEH-14-360, containing
single crystal and bicrystal UOp cylinders (4-inch diameter), is
being irradiated in the MIR to reveal information about thermal
conductivity, fission fragment retention and mobility, and re-
crystallization phenomena. The irradiation behavior of this
material will be compared with that of polycgystalline UO2. The
capsule is transferring approximately 1 x 10° Btu/hr-ft2 to the
coolant.

Irradiation Alteration of UQp. The effects of fuel etmosphere on
void migration rates and on heat transfer through vibrationally
compacted, fused UQ2 are being tested by-the irradiations of eight
capsules (GEH-14-384 through 391). The vibrationally compacted fuel
(87.5 percent TD, 0.505-inch diameter) is geneiating e calculated,
maximum surface heat flux of 900,000 Btu/hr-ft<.
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Thermal Hydraulic Studies

Shutdown Cooling of the PRTR. Studies pertaining to PRTR cooling
during & total power outage were continued with emphasis on boiling
convection. In this case, if liquid natural convection should fail,
& steam void would begin to form in the reactor and would increase
until the void filled the upper primary system piping and part of
the steam generator tubes. At this time the steam generator would
act as & condenser for the steam in the primary system. The con-
densate would be available to return to the reactor. Forming of
the initial void would result in blowing some 80 to 100 cu ft of
D20 from the primary system through the pressurizer pressure relief

valves.

Calculetions indicate that the potential condensing capacity of the
steam generator is far greater than that required to remove fission
product decay heat generated in the reactor; even with the steam
generator shell at normal operating pressure and temperature. As
the steam generator shell is depressurized to allow injection of
vell water to maintain an adequate heat sink, the water in the shell
will cool, providing an even greater condensing capacity. In addi-
tion, if the primary system high pressure helium supply were valved
off, the cooling capacity of the steam generator would be sufficient
to result in depressurization and cooling of the primary system.

It was calculated that depressurization of the primary system would
follow depressurization of the steam generator shell fairly closely.
By the time that steam generator depressurization is completed
(about 20 minutes at the emergency rate), pressure in the primary
system should be low enough that the diesel well pump could supply
make-up water to keep fuel elements covered.

Primary coolant volume loss during the initial blow-out and subse-
quent "shrinking" due to cooling would reduce the liquid level in
the reactor to no lower than 1.5 to 2 feet above the top of the
fuel, and no excessive fuel temperatures would occur.

Thus, if there is little or no leakage from the primary system
through valves, fittings, etc., proper emergency procedures should
allow adequate cooling by boiling. Leakage from the system would
complicate matters, raising the possibility of uncovering some of
the fuel before the pressure had dropped sufficiently for water to
be added from the well pump. In this case venting of the primary
system would be required to reduce the pressure more rapidly. For
some range of leak sizes, it is doubtful that the present 2-inch
vent valve on the pressurizer would provide an adequate depres-
surization rate. '
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A re-examination was made of the emergency procedures prepared
previously in HW-73292. It was concluded, tentatively, that
with slight modifications these procedures probably would be
adequate; the major question being the effect of leaks.

Component Testing and Equipment Development

Mechanical Shim Rods. Fabrication of the Environmental Control
Facility has been temporarily discontinued until an estimete can
be obtained for completion of the facility. The facility will be
completed in time for testing one of the new, first generatiom,
shim rods. Detailed design, procurement, and fabrication of the
second generation shim rod has been stopped as a result of in-
sufficient funds.

EDEL-I Renovation. last month's report stated that EDEL-I pump
motor and adjustable speed drive repair had been completed and

the unit shipped on September 19, 1962. A later inspection report,
however, disclosed that the unit had not been shipped because the
inspector discovered that the faces of the motor housing were out
of square to the primary axis of the motor and would have to be
machined. The vendor has now completed repair of the unit and has
shipped the unit without Genersl Electric inspection. The vendor
has been notified that the unit will be returned to his factory
for the required inspection.

Installation of the deionized water piping system is complete
except for the installation of & "Magnetrol" liguid level control
switch in the storage tank. Pressure testing of the piping system
has disclosed that approximately 50 to 60 percent of the piping
connections leak. This piping is a stainless steel, 1-inch nominal
pipe size, all screwed system using teflon tape as the thread lub-
ricant and sealant. No explanation is offered at this time as to
vhy so many Jjoints did not seal. A remedial course of action is
nov being studied. Modifications to the pressure piping have been
temporarily stopped due to the shortage of fumds. At present, a
detailed cost estimate of the work yet to be done is being prepared.

Fretting Corrosion Investigation. A mockup of a short section of
PRIR process tube and fuel element has been fabricated. This mockup
will be used to determine whether the eddy current technique of
measuring relative vibratory motions is stable over wide tempera-
ture ranges.

Purchase requisitions for a vibration analyzer, velocity pick-ups,
and an oscillographic recorder have been issued.
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Shroud Tube Replacement Mockup. The first phase of this facility,
¥hich includes excavating the pit, installing the liner, pit floor
and cover, is completed.

Pressure Tube Inlet and OQutlet Gas Seals. Tests were run on solid
Zirconium O-rings supplied by Test Reactor and Auxiliaries Operationm.
Low leakage rates which ranged between 1.8 and 0.4 liters per hour

were recorded.

Three tests were run: (a) zirconium O-ring with normal flange and
approximately 0.00l-inch clearance between O-ring and tube,

(b) zirconium O-ring as above with a stainless steel flange modified
by cutting & circumferential groove in the ID, and (c) zirconium
O-ring with normal flange and the maximum clearance allowed by re-
actor tolerances between tube and ring. Tests (a) and (c) were run
for six cycles and test (b) for four cycles.

Results for all tests showed low leakage rates with a tendency for
leakage to decrease as the number of cycles increased.

All proposed testing of these seals has been completed and a final
report is being prepared.

PRTR Rupture Loop . A detailed cost estimate for the work necessary
to complete the design tests on the in-reactor test section and the
fabrication of the discharge equipment was prepared and submitted to
Test Reactor and Auxiliaries Qperation.

PRTR Gas Loop. Work has resumed on modifications to the test
section nozzle caps with receipt of thermocouples and seals for
the gamma heat test assembly.

Hazards Analysis

Reactor kinetics studies of a uniformly enriched PRTR core, can-
sisting entirely of UO2>-PuOp fuel elements, have been completed.
The lower value of B, 3.26 mk, in the uniformly enriched core,
about half the calculated value used for the studies of the spike
enriched core (matural UOp fuel elements and PuAl fuel elements),
is compensated by the stronger negative fuel temperature coeffi-
cient which is about twice the value for & spike enrichment core.
For all of the accidents studied, the comsequences would be mild
when the excursion is terminated by a reactor scram. A comparison
of the peak power levels reached in similar accidents is given for
both cores in the table below: - ‘
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Peak Power Level, Mv
Initial Power Uniformly Spike¥*

Accident Level Mw Enriched Enriched
Startup 0 158 300
Controller Malfunction 10 92 96
Controller Malfunction 70 92 ok
Shim Feillure 70 100 92
Experiment Failure 70 130 92

*HW-61236, PRTR Final Safeguards Analysis, October 1, 1950.

Plutonium Recycle Critical Facility. The PRCF Final Sefeguards
Analysis is being reviewed by the AEC Division of Licensing and
Regulation. This review resulted in a number of guestions which
were ansvwered in document HW-75102, "PRCF, Answers to Safeguards
Review Questions.”

Work was begun on the formulation of a reactor model to study the
kinetics characteristics of a light water moderated core for the

PRCF. :

All of the planned process specifications for the PRCF were issued
for approval.

Materials Development

Impact (Fretting) Corrosion. Evaluation continued at 300 C and in
lithiated water at a pH of 10.0 of a prototype spring-loaded support
designed to eliminate impact (fretting) corrosion by the PRTR fuel
element supports. The test specimen was a rod l-inch in diameter
by 2-feet long held tightly in the test section by spring-loaded
supports. This arrangement was tested in the TF-2 apparatus for
625 hours and then removed for examination. No impact or fretting
corrosion was observed. Apparently the spring arrangement had kept
the specimen rigidly held in the test section. The test is con-
tinuing and will be studied with applied vibration to further
evaluate the design. The program is continuing to determine more
exact information about the effects of variables on impact corrosion.

In a static test in deionized water at room temperature, a Zircaloy
coupon was subjected to impacte of known energy at a frequency of
three times per second. No weight loss occurred until after 40O hours.
After this induction period the oxide-covered sample began to lose
weight in direct proportion to the number of impacts received.

This continued for 165 hours when the test was terminated. The
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weight lcss in milligrams was found to be equal to 0.295 x lO’6
times the number of impacts. The 40-hour induction time apparently
was caused by the protective oxide formed by prior high temperature
operation. Penetration of the Zircaloy-2 coupon at the end of the
test was 1.0 mil. Further testing is under way to obtain data at
high temperatures to define the parameters which govern the pene-
tration due to the impaction of Zircalcy-2 specimens.

Decontamination of PRTR. The PRTR was decontaminated during
October. The entire decortamination, from the introduction of the
first solution until completion of flushes after the final solu-
tion, took 10 days. The procedure included: 2 buffered-oxalate
flushes, 2 cycles ¢f alkaline permanganate and oxalic acid, and
one cycle of alkaline permanganate and ammonium citrate.

The buffered oxalate solutions were used to dissolve the sintered
PuOp and keep it in solution. Previous tests had shown that of

all compounds considered, it was the only one which would dissolve
the sintered PuOp and still not be excessively corrosive to PRTR
components. Twe formulations were used: one solution buffered
with acetate and one buffered with glucaonate. The acetic acid was
added as peracetic acid to escape the difficulties cf foaming, heat
of reaction and velume charnge occurring when acetic acid reacts
with peroxide. ©No difficulties were observed with either the
acetate-buffered or gluconate-buffered sclutions.

Oxalic acid soclutions are nct usually recommended for reactor de-
contamiration because a film of ferrous oxalate tends to form and
redeposit on the surfaces. As it deposits; it carries with it some
of the activities. This effect is especially troublesome if
appreciable amounts of carbon steel or 400-series stainless steel
are present. This effect was noted in the IRP tests on proprietary
oxalic solutions and was brought to the attention of the vendor.

The formulation was changed to give a new compound conteining a com-
plexing agent which delayed this re-precipitation. This compound
was chosen for decontamination of PRTR because previous tests had
shown that of all compounds available it was the only one which
would remove film and contamination from PRTR components. In
leboratory and pilot plant (IRP) tests, the improved oxalic solution
did not cause films to form and redeposit on the stainless steel.
However, in the PRTR decontamination, the solutions were made in
advance since the cycles could not be scheduled too tightly; more-
over, it required a long time to fill; heat, circulate, and drain
the PRTR. Consequently. the ferrous oxalate films did form and
precipitate on the reactor surfaces, thus resulting in lower de-
contamination factcrs.
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It was necessary to add an additionel step to remove these films.
Some tests were run in the laboratory using spiders from PRIR to
determine the best procedure for removing the films and re-
adsorbed activity. Four reagents were tried: dibasic ammonium
citrate, a proprietary phosphoric acid compound, nitric acid, and

a proprietary bisulfate compound. Of these four reagents, the
ammonium citrate was most efficient, giving decontamination factors
ranging from four to eight and removing the films. Further testing
showed that if the emmonium citrate alkaline were preceded by alka-
line permanganate, even higher decontamination factors could be
obtained along with complete removal of all film. On the basis of
these results, & two-step procedure, alkaline permanganate followed
by ammonium citrate, was used to remove the oxalate film.

During the laboratory tests, & small amount of precipitate formed
and remained partially suspended. This precipitate was gquite
radioactive showing adsorption or co-precipitation of a large
portion of the activities. Since this precipitate would also form
in the reactors, it appeared advisable to put a full flow filter
in the system. One method suggested was to place glass wool in the
thumb screens. This appeared to be of questionable value since
there was no good method for keeping the glass wool in place. As
a test, during the rinses following the APACE procedure, glass
wool was placed in the thumb screen in one tube. This filter
picked up considerable activity, increasing from 40 mr to 120 mr
(as read from outside the tube) in & relatively short intervel.
When the thumb screen was removed, it was noted that the glass
wool had collected some precipitate (highly active). However, a
considerable portion of the glass wool had escaped, so it was de-
cided this procedure could not be used. Instead, wool cartridge
filters were placed in twelve of the tubes. All twelve filters
picked up activity.

A complete series of radioactivity surveys was made before, during
and after the decontamination. The readings will be used to assess
the degree of decontamination. In some places, the decontamination
factor was quite high (~ 9); in others, such as the inlet to the
lower ring header, the decontamination factor was low. The lower
decontamination factors were observed in those parts of the reactor
where the geometry was such that precipitates or crud would be
trapped. This emphasizes the importance of providing full-flow
filters during some part of the decontamination process.

The data are being analyzed and a more complete report on the decon-
tamination efficiency will be reported soon. From preliminary ob-
servations, it appears that the inner surfaces were bright and free
from all film.
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kinescope recorder have been found to affect the TV picture
linearity. Magnetic shielding is being investigated to
eliminate this pickup from the synchros. A new light mount
for the Omniscope incorporating air cooling to prevent over-
heating of the lenses and permitting use of the new dial geage
for measuring the defect depth has been designed and is ready

for fabrication.

2. PLUTONIUM UTILIZATION STUDIES

Plutonium Carbide

Several x-ray capilleries of PuC which had been loaded as long

ago as 14 months were rerun in the Debye camera to study a

lattice expansion with storage which had been noticed previously.
All of these samples show & continued growth which is much greater
than the experimental error of the technique. It seems quite
likely that the mechanism for this growth is self-induced alpha
damage. There seems to be an increase in the growth rate with
time although there are not enough data points yet to confirm this.
The cumilative rates are as shown below. The rates normalized to
100 days do not indicate any significant trend with composition.

Atom Percent he Total Time
Carbon a (Days) pa/8/100 Days
29.1 1.93 x 10-3 426 0.46 x 1073
33.0 1.13 x 1073 279 0.451 x 103
35.4 2.27 x 10°3 426 0.53 x 10~3
48.2 1.33 x 103 273 0.49 x 10°3
48,2 1.51 x 10°3 273 0.55 x 10~3

Plutonium Nitride

One hundred milligrams of plutonium nitride were placed in 10
milliliters of each of five concentrated mineral acids, HCl, HF,
HNO3, H3POL; and H2SQ4. Complete and immediate dissolution was
observed in hydrochloric and phosphoric acids, giving & clear
green and a clear blue solution, respectively. The temperature
prior to mixing was 32 C. Reaction products were identified by
color only. The blue and green colors are attributable to the

Pu*3 ion. No immediate reactions were seen in hydrofluoric, nitric,
or sulphuric acids. After 30 minutes in hydrofluoric acid, bubbles
formed on the plutonium nitride; 24 hours later a clear chalky blue
solution above a fine blue powder was observed. The 24-hour ob-
servation of the nitric acid solution showed & clear straw
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colored solution above a black powder. The sulphuric acid
solution after 24 hours also was straw colored, but the

sediment was blue.

Plutonium Suifides

The melting point of PupS3 was measured in vacuo (approximately
10 microns) on & tungsten ribbon and found to be 1725 £ 5 C.
X-ray analysis cf the melting point sample showed PupS3 lines
only. Heating to 2000 C in the same vacuo resulted in the
formation of & weak phase ildentified as Pup02S. With an argon
atmosphere, the PupS3 was stable to 2300 C, the limit of the

tungsten ribbon furnace.

X-ray analysis of ccrrosion samples exposed to boiling demineralized
water showed no signs of chemical instability.

3. U0z FUELS RESEARCH

Low Temperature Sintering of Swaged UO2 During Irradiation

Ceramographic examination of cold swaged PRTR fuel revealed that
sintering had taken place during irradiation at remarkably low bulk
U0 temperatures (300-400 C). This low temperature bonding between
fuel particles accounts for thermal conductivity increases noted
during irradiation of a thermocoupled, 19-rod element in the PRTR.
In earlier reports it was hypothesized that stressed point contacts
hetween fuel perticles (resulting from the swaging process) were
bonded during fuel irradiation, presumably as & result of localized,
transient;, high temperatures in the regions of individuel fission
events.

Because much of the volume of PRTR fuel element core material
operates at relatively low temperatures, the observation of a
sintered structure also has important implications with respect

to erosion resistance of the UQ2 in the event of fuel rod cladding
failure.

Cladding Studies

A comparison of welds made using low voltage (30 Kv) and high
voltage (150 Kv) electron beam welding equipment was made on four
joint designs (tangentiasl and "burn-through") used in Zircaloy
cladding fabrication. A satisfactory tangential weld between two
parallel tubes could not be made with the low voltage equipment.
Heat input to the work was, in all cases, much greater during low
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voltage welding, and the sizes of the heat affected zones were
excessive. It is corcluded that the high voltage electron beam
welding process is more suitable for Zircaloy fuel element

cladding fabrication.

Transverse Vibrational Coggﬁgﬁion Studies

A new method of vibrational compaction involving transverse ex-
citation of cladding suspended vertically from & horizontal bar
mey simplify fabrication of fuel elements, particularly those

containing plutonium-bearing materials and those clad in SAP or

thin wall stainless steel.

Transverse excitation simplifies coupling of applied vibrational
energy through the wall of a shielded facility to the fuel element
cladding. It also minimizes stresses in the cladding at the point
of coupling. For example, an eight-foot long UQ2 rod clad in SAP
(0.551-inch OD, 0.122 inch wall thickness) withstood prolonged
transverse vibration at accelerations greater than 50 G's.

A 5000-pound force vibrator was modified for horizontal operation.
A horizontal steel vibration coupling bar attached to the vibrator
projects into the remote fabrication cell and is clamped to the
upper end of the vertically positioned fuel rod. Compaction
efficiencies of 91 percent (equivalent to that obtained by axial
vibration) were achieved with fused U0, in eight-foot long,
0.505-inch ID Zircaloy tubes.

Hot Vibrational Compaction Studies

Hot vibrational compaction of fuels clad in aluminum alloys or
stainless steel may increase the bulk fuel density and reduce
fabrication time. A rapid demsity increase of 2.5 percent TD was
obtained by resistance heating a previously vibrationally-compacted,
SAP-clad UOp rod to 150 C during transverse vibrational compaction.
No distortion of the cladding was apparent after cooling. Resis-
tance heating Zircaloy clad UOp rods to 850-900 C during transverse
vibrational compaction caused only & minor increase in demsity.

The ability to achieve higher density by elevated temperature vi-
brational compaction is directly related to the theirmal expansion
characteristics of the cladding and core material.
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L. BASIC SWELLING PROGRAM

Irradiation Program

One general swelling capsule has been discharged this month

after reaching its goal exposure. The control temperature on

the fissionable specimens in this capsule was 575 C regardless

of reactor operating conditions. One additional capsule has

been charged and its control temperature is 525 C during full
power reactor operation. However, it has been established that
the maximum possible temperature for this capsule when the re-
actor is down will be approximately 365 C. This capsule contains
& single 1/16-inch OD heating element instead of a single 1/8-
inch OD element. As previously reported, a new order for 1/8—
inch heating elements has been placed after cancellation of a
previous order because of the failure of the assigned manu-
facturer to produce satisfactory elements. Meanwhile, one ad-
ditional capsule has been assembled and laboratory tested, and
two more capsules are partially complete. Some difficulties
experienced with the syphons in the latter two capsules are
delaying their completion. The above three capsules contein
1/8-inch developmental heating elements. Capsule component
parts are being fabricated off-site for future general swelling
capsules. The re-worked instrumentation, electrical wiring and
saturable core reactors are being installed in the capsule instru-
ment room at the reactor. The digital read-out system has arrived
and replacement thermocouple extension wire will arrive shortly.
These monitoring and control units will be checked out with a
prototype capsule before being used on capsules being irradiated.
Two previcusly irradiated capsules (13 and 1l4) are being dis-
assembled for specimen recovery in Radiometallurgy. -

Post-Irradiation Examination

The density determinations have been completed on the uranium
specimens removed from capsules 11 and 12, irradiated at 400 C

and 625 C, respectively, to a burnup of 0.16 a/o. The physical
condition of these samples has been described in previous monthly
reports. The density of specimens in capsule 1l decreased from
an initial value of 18.96 g/ec to a value of ~ 12.9 g/ce. The
density change in specimens in capsule 12, on the other hand, was
less, namely, from an initial value of 18.96 g/cc to & final value
of ~16.3 g/cc.

It is somewhat surprising that the samples from the lower tempera-
ture irradiation exhibited the greater demnsity loss. Roughening
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of specimen surfaces due to irradiation growth may have intro-
duced errors in the density measurement. The operating tem-
perature was such that an appreciable amcunt cf internal tearing
may also have occurred; in which case the values indicated are
accurate representations of the vclume changes incurred. These
samples are being processed for metallography to determine their
internal condition. The density values of the samples from
capsule 12 agree fairly well with the metallographic observations
of pcrosity that were made on these samples.

IRRADIATION DAMAGE TO REACTOR METALS

Alloy Selection

A rickel, iron, chromium alloy; R-27, prcduced by Allegheny Ludium
Steel Corporation is presently being studied to determine its
suitability for nuclear application. A cursory examination of the
effects of various oxidizing environments and irradiation at high
temperatures is now in progress. Three oxidation tests have now
been completed, using CO2 at 1700 F, 1800 F, and 1900 F. No
catastrophic oxidation has been found under these conditions and
tests indicate that the R-27 alloy withstands these conditions as
well as the austeritic stainless steels.

Tensile tests performed on the R-27 heat treated by both single
and double aging indicate only slight differences in strength
properties. Similar specimens will be irradiated in the ETR hot
water loop facility.

Sheets of three additional alloys -- Hastelloy N, Haynes R-41, and
Haynes R-23% -- have been hot rolled. Tensile, oxidation, and
corrosior specimens have alsc been fabricated. After heat treating
tensile specimerns will be scheduled for irradiation in the ETR hot
water loop facility. Oxidatiorn tests in COp at 1700 F on Haynes
R-141 alloy have alsc been initiated.

Hanford Laboratories is to be responsible for the procurement,
storage, and disbursement of structurel materials to be used in
the Irradiaticn Effects on Reactor Structural Materials Program
where use of a material is by more than one site. Design of suit-
able storage racks and procurement of handling equipment has been
initiated. In addition, specifications for A302B, A212B, 304 SS,
347 SS, Inconel 600, Inconel X-750, and AM-355 alloy have been
prepared. The A302B and A212B pressure vessel steel has been
ordered ir the form of four-inch plate.
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In 1959, the United States Steel Corporation produced standard
documented heats of A212B, A302B, HY 80, and T-1 steels for
testing purposes. Three square feet of four-inch A212B, four
square feet cf six-inch A302B, and 20 square feet of three-inch
HY 80 plate have been obtained from these standard heats for
the Irradietion Effects on Reactor Structural Materials Progran.

In-Reactor Measurement of Mechanical Properties

Another significant data point in the spectrum of activation
energies controlling creep of cold worked Zircaloy-2 was ob-
tained during the month. This point was obtained on an ir-
radiated specimen during a reactor outage when a value of

55,800 cal/mole was measured for the 20 percent cold worked
Zircaloy-2 specimen at 350 C. A value of 85,000 cal/mole had
been observed at this temperature during reactor operation.

The difference between the two values 1s apparently related to
radiation induced defects which anneal rapidly after the neutron
irradiation is discontinued and the temperature is maintained

at 350 C. The activation energy obtained during the reactor
outage was measured by the same temperature cycle method used
to determine the activation energies for creep during irradia-
tion; the creep rate was measured at 350 C and the temperature
then abruptly changed by 20 degrees to 370 C and the new creep
rate measured. The activation energy was calculated from the
creep rates Just before and just after the abrupt change in
temperature. The value obtained, 55800 cal/mole, is in excellent
agreement with the ex-reactor activation energy which is about
58,500 cal/mole. The reduction in activation energy when the
neutrons are shut off is comnsistent with observed increases in
creep rate shortly after reactor shutdowns and also consistent
with the theory of in-reactor creep behavior which was described
last month.

The in-reactor creep test on 20 percent cold worked Zircaloy-2
at the test conditions of 350 C and 30,000 psi stress was dis-
continued at 340 hours as the specimen went into third stage
creep. This test was described in last month's report to the
time the specimen had accumilated 320 hours at test conditioms.
In another 20 hours the specimen went into third stage and the
test was stopped to permit the continuation of activation energy
measurements before the specimen fractured. The total plastic
creep strain at the time the test was discontinued was slightly
over two percent.
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Calibrational procedures have been achieved that can correct for
the apparent strain exhibited by the thermal expansion change of
the extensometers in the capsule during a reactor outage.
Previously, the temperature change during the time the reactor
went up or down resulted in a change in the thermal expansion of
the micropositioner in the capsule and produced an apparent strain
vhich masked the true strain. The change in temperature resulted
from & change in gamma heat between the two reactor operating-
conditions. This apparent strain could not be corrected from the
data until the test was completed, sometimes several months after
the first data were obtained. The corrections for the apparent
strains exhibited became possible when the correlations between
total power to the heaters and the gamma heat were made. A plot
of heater voltage versus apparent strain was constructed and used
as a correction chart during reactor transients. The creep data
during transients when corrected in this manner represents a
smooth curve which tends to confirm the validity of the correction.
Additional correlations during startups can be made after the
creep test is terminated to verify the original correction data.
In this manner creep curves can be obtained that show the actual
strain without the apparent strain during reactor outages.

An order is now being negotiated for the procurement of additional
creep capsules. The purchase specifications call for ten capsules
identical teo those now being used in the program and some un-
assembled parts for an additional ten capsules that can be tailored
to particular environmental tests. The assembled capsules can be
operated between temperature limits of 200 and 400 C, with stresses
between O and 80,000 psi and strain recorded for one-helf inch of
elongation. The unassembled capsules can be altered to extend

the above limits as & particular test or environmental condition
may dictate.

A data processing program has been completed that will provide an
exceptionally versatile and fully automatic method of analyzing
calibration data of any type for the in-reactor measurements
program. The program is filed with the Special Procedures Library
under the name TCP. The program is capable of processing up to

20 runs of a given group. Each run may have up to 25 observations
for each of seven variables. The variables may be either positive
or negative, in ascending or descending order; and missing points
are tested and ignored, rather then being treated as zeros. The
output is a set of coefficients for the calibration polynomial,
calculated for calibration curves up to and including the third
order equation. These polynomials are generated for any pair, or
number of pairs, of pre-selected input variables from each run and
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for each group of runs collectively. In other words, a polynomial is
generated which relates a base variable to any, or all, of the other
veriables for each run. All the runs are then lumped together and a
complete composite polynomial is generated for the entire group of runs.

At the time of lumping together, each run is tested and if it falls

outside of certain preset limits, due to one or more bad data points, this
run is omitted and identified &s being omitted. The program also statis-
tically evaluates each run and each composite group and determines the
standard deviation, the reproducibility at the 95 percent confidence level,
the zero reset range. and the over-all precision at the 95 percent confi-
dence level, for each generated polynomial. The program is useful in
preparing each day‘s data points from an in-reactor capsule to fit the
composite curve indicating the creep behavior of the specimen. The
variables affecting the data are handled separately and tested to be
within confidence limits before the point is used in the curve. It is
expected that this program, due to its versatility, will be useful in
evaluating calibration data of many forms. As many as seven inter-
related variables can be equated to produce the polynomial describing

the process. Missing points are ignored and off-1limit points are rejected.

Irradiation Effects in Structural Materials

The purpose of this program is to investigate the combined effects of ir-
radiation and reactor environment on the mechanical properties of struc-
tural materials. Special attention will be given to the determination of
mechanical property changes produced in metals by irradiation at elevated
temperature. '

During the month 85 Zircaloy-2 specimens were tested at room temperature.
The major portion of these specimens were bend test specimens which had
been irradiated in the ETR G-7 hot water loop. Control bend test speci-
mens were also tested; some were instrumented with strain gages or en-
graved using a photographic technique in an attempt to measure the strain
on the tensile surface of the bend specimens. The specimens tested re-
present four levels of cold work (0O, 10, 20, and 4O percent) and were
machined from both the transverse and lmgitudinal direction with respect
to rolling.

The geometry of the bend test specimens make them ideal for determining
weight and hardness changes due to irradiation and environment. Both
weight gain and hardness measurements were made on each specimen prior to
testing. ©Specimens which are subjected to different fluxes but receive
approximately the same total dose are expected to show some difference in
weight gain due to flux rate effects. Preliminary data tend to confirm
this observation.

UNCLASSIFIED



'UNCLASSIFIED A-39 EW-75376 -

In addition to the bend tests, 26 Zircaloy-2 tensile specimens
were also tested. These tensile specimens were exposed in the
ex-reactor hot water loop which duplicates the ETR loop history
exclusive of the neutron irradiation. Comparison of data ob-
tained from specimens exposed in both the ETR and ex-reactor loops
provides a means of separating environment effects from changes
produced by neutron irradiation. The data from the tensile tests

is being processed by computer.

Notch tensile tests on plate specimens of Zircaloy-2 containing a

45 percent notch depth, & 60 degree notch flank angle, and & notch
root radius of less than 0.001 inch have been made. They verify
that in the unirradiated condition the criteria for failure of
Zircaloy-2 would be gross plastic deformation prior to separation

by fast crack propagation for the geometry and stress state existing
in this case. There is a tendency for reduced ductility and a lower
ultimate stress to yield stress ratio at higher levels of cold work
and higher strain rates, as would be expected.

A shift from failure by yielding to failure by fracture for cold
worked Zircaloy-2 was observed after irradiation at 540 F to

6 x 1049 nvt. A notched tensile specimen containing 40 percent
cold work failed in a brittle manner with relatively little plastic
strain. Specimens containing lesser amounts of cold work at this
exposure level exhibited somewhat greater amounts of plastic strain
prior to feilure. These observations demonstrate the importance of
fracture mechanics studies of Zircaloy-2 in both the unirradiated
end irradiated states.

A set of grips for remote tensile testing have been fabricated and
checked for axial alignment. These grips are to be used in con-
Junction with an Instron testing mechine now located in "I" cell in
Radiometallurgy Laboratory.

Damage Mechanisms

The objective of this program is to establish the nature of the inter-
action between defects present prior to irradiation and those produced
by radiation. The investigation is presently concerned with high
purity iron and its low carbon and nitrogen alloys.

During this period several one-fourth-inch rods of Ferrovac E have

been zone refined up to four passes with the electron beam unit.

Vaccum and induction heating equipment is under design and construction
for zone refinement of large diameter stock.
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Dies have been received for cold drawing the high purity iron and
experiments to determine the heat treating parameters for grain
szie control will be initiated upon receipt of the cold drawn

stock.

Construction and modification of the resistivity apparatus neared
completion during the month.

Foils of high purity Johnson-Matthey iron bhave been successfully
thinned for transmission electron microscope studies. The speci-
mens, 0.003-inch thick, were electrolytically polished in & bath
composed of ten parts glacial acetic acid and one part perchloric
acid (60 percent) at & potential of 42 volts. The thinned sections
showed many dislocations despite & two-hour anneal at 600 C. Also
present were a few foreign particles, the origin of which is um-
known at this time. It is hoped that polishing conditions can be
further refined to eliminate the mottled structure which is pro-
duced by the above polishing conditions.

Irradiation Damage to Inconel

The DR-1 gas loop consisting of an Inconel outer tube and a finned
stainless steel inner tube has been removed from the reactor. The
in-reactor section was removed by four men pulling on a cable
attached to & fitting welded to the end of the outer tube. This
relatively light stress was enough to separate the Inconel tube
near the center, leaving the re-entry inner section in the reactor.
The break was nearly square, almost as though the tube had been
separated by a saw cut. Both the Inconel and the stainless steel
tubes will be thoroughly examined in the Radiometallurgy Facility
to determine the effects on these materials of the integrated flux
of about 10°L nvt (E > 1 Mev).

A possible means of measuring the neutron exposure to which a
specimen or irradiated Zircaloy-2 was exposed 1s being explored.
This method involves counting the Mp-5k4 activity arising from
transmutation of the original iron content of the alloy. Specimens
from a Zircaloy-2 pressure tube exposed to three different flux
levels are being tested.

Experimental fabrication has started on TD Nickel, & new high
temperature (up to 2200 F) dispersion hardened alloy containing
98 percent nickel and 2 percent thoria. With a preheat at 800 F,
the metal rolled with no difficulty from ane inch and one-half
inch bar stock to 0.030-inch thick strip. The warm-rolled TD
nickel had a hardness of about 99 Ry, or essentially the same as
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warm or cold rolled pure nickel. However, when annealed, the
dispersion hardened TD nickel softens to only about 90 Rp,
whereas the pure nickel softens to about 50 Rg.

Burst Properties at Elevated Temperature - PRTR Pressure Tubes

After improving the temperature control to yield & maximum dif-
ferential of 5 C over the length of the specimen, two irradiated
PRTR pressure tubes were burst at elevated temperature. Data an
the elevated temperature burst tests are shown ir the table below:

Elevated Temperature Burst Strength
Of Irradiated Zircaloy-2 PRTR Pressure Tubes

Condition Ultimate Nvt Strength Increase
of Tube, % Stress, (E > 1 Mev) Temp. , Over

Tube No. Cold Work psig (Calculated) c Unirradiated, %

Control 45 72,500 -- 297 -

5702-56 45 74,000 1 x 107 296 2

5540-6B  Annealed 56,900 3 x 1087 295 2k

6061-2B  Annealed 58,200 1 x 1020 297 28

5679-4C  Annealed 62,000 3 x 10°0 286 32

1230

The section of the PRTR pressure tube that was annealed prior to
installation shows an increase in strength with increasing ex-
posure for the elevated temperature tests. The elevated temperature
uwltimate strength has increased 32 percent over the unirradiated in
comparison to & maximum increase of 1li4 percent for similar tests
run at room temperature.

During the elevated temperature burst testing, of the three ir-
radiated specimens from the annealed section, the pressure con-
tinued to increase with time up to a maximum, leveled out for a
short time, then dropped abruptly about 200-300 psig. The slope of
the pressure versus time curve then became negative, indicating a
slowly decreasing pressure to the pcint where the tube ruptured.
This abrupt pressure drop appears to be similar to the drop in load
noted on preformed; irradiated tensile specimens. The pressure
versus time curve for unirradiated samples shows a continually in-
creasing pressure until the slope begins tc decrease when the
material starts to yield. The pressure curve on the irradiated
cold-worked specimen did not change from that of the unirradiated

sample.
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GAS GRAPHITE STUDIES

Additives in Graphite

Preliminary results have been obtained from hot cepsule irradia-
tions of graphites containing additives supplied by Speer Carbon
Company under Contract DDR-118. Duration of the irradiation in
position E-14 of the ETR was limited to cycle 47 due to reactor
outages. Flux monitor data are not yet available. Irradiation
temperature is estimated to be in the range of 500 to 700 C.

Each hot capsule contained one standard graphite sample containing
no additive and three samples prepared with additive. The largest
difference in dimensional changes was noted in & capsule containing
transverse samples prepared with increasing levels of FepQO3 addi-
tion. The standard sample contracted 0.007 percent, whereas
growths of 0.022, 0.024 and C.016 were noted for samples containing
2, 4, and 5 percent Fep03 addition, respectively. Of the additives
other than iron, CrpO3 produced the largest effect: 0.0l5 percent
contraction for the sample with Crp03 addition versus 0.032 per-
cent contraction for the standard in the same capsule. With the
exception of one capsule in which the standard sample was broken
during disassembly, all additive systems apparently reduced the
transverse contraction to some degree. The effects were less pro-
nounced and sometimes reversed in parallel samples.

Investigation of Tensile Creep in EGCR Graphite

The first tensile creep capsule, GEH-13-9, was irradiated in ETR
during cycle 47. The capsule contained a sample of EGCR graphite
under & tensile load of 800 psi. The goal temperature for the
sample was 1000 F; to be achieved by gamma heating of the components.
The atmosphere in the capsule was kept at a constant helium pressure
and the tensile load maintained by & helium-pressurized bellows.

During early operation the temperature profile of the sample varied
from 700 F to 850 F. After a week of operation the thermocouples
started to fall and by mid-cycle no temperature read-out was avail-
able. Because of the lack of temperature instrumentation, the ex-
periment was removed at the end of the cycle. During disassembly

it was found that the thermocouples had broken due to chemical re-
action. It is possible that this was due to excess flux that had not
been removed during formation of the couple bead.

The sample length was measured and it was found that the tensile

specimern and the unstressed control specimen had both contracted
0.037 percent. The exposure was estimated to be 7 x 1020 nvt
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(E > 0.18 Mev). This contraction compares well with data given
in HW-T71500 A. The data obtained from the test indicate that

the basic capsule design was sound.

Several mechanisms can be postulated to account for the contrac-
tion observed in the stressed specimen. The control specimen has
& smaller diameter and runs at a higher temperature (approximately
100 F) thar the tensile specimen. In this temperature range there
is less contraction noted at the higher temperatures. There is,
toc, some preliminary evidence that small samples contract less
than do large ones. Therefore, it is possible that the intrinsic
contraction of the specimen under tension may have been less than
the control specimen due to0 a strain-release mechanism under load.
This, however, is an unsubstantiated preliminary conclusion.

The second capsule, GEH-13-91, is installed in the ETR and is
functioning well. This capsule is scheduled for three cycles and
should provide a more reliasble measure cf any radiation-induced
deformation that may exist at this stress and temperature.

EGCR Graphite Irradiation

The fifth capsule, H-3-5, iz the series of irradiations of EGCR

graphite has operated satisfactorily for ome cycle in the GETR.

All thermocouples are functioning properly. Sample temperatures
match those for the first four H-3 capsules.

Date from the H-3-4 samples are being analyzed. A delay in receipt
of flux-moniter results due to unavailability of the 7090 computer
has held up the final exposure determinations for these samples.

Flux Intensity Test

The graphite irradiation capsule, GEH-13-8, designed to study the
effect of flux intensity on property changes at a controlled
temperature was removed from the ETR or August 9. The samples
received an exposure of 87.8 effective full power days. Sample
temperatures of the. four positions having heaters were controlled
at 650 C. Charts of the sample temperatures at the three re-
maining positions are being analyzed.

The capsule was successfully disassembled in the hot cell during
the week of September 17. The general appearance of the as-opened

capsule was excellent. A slight amount of carbon deposit was ob-
served on the inner shell wall between positions 6 and 7. There
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was no visible damage to the samples, all of which were recovered.
All the pyrolytic graphite insulators were also recovered. Three
of these insulators were fcund to have partially delaminated.

All three were pieces adjacent to their respective aluminum base
plates and consequently had the highest temperature gradients
across them. The insulator from position 1 exhibited the greatest
delamination, but still did not cleave apart.

Removal of the flux monitors and the vials containing diamond
samples was greatly facilitated by the new base plate 1id. The
monitors were positively identified as to location in the base
plate and all were recovered. All items from the capsule have

been returned to HAPO and measurements on them are in progress.
Preliminary optical examination of the diamonds has been completed.
All three types, two types of synthetic and one of natural diamonds,
turned black under the irradiastion and are completely opaque. Fur-
ther examinations are continuing.

Gas Phase Inhibitor Studies

A study is being made on the value of using Freon 12 (dichloro-
difluoromethane) as ar inhibitor of graphite oxidation in dry air.
Weight-loss rates as a function of temperature are being determined.
The flame from a graphite sample that ignited between 800 and 1000 C
in pure oxygen flowing at 2.5 SCFH was extinguished by approximately
3 percert Freon 12 within 5 seconds. Between 500 and 650 C, the
addition of approximately 2.5 percent Freon 12 apparently increased
the rate of oxidation. This result is not understood as yet but

has been reproduced in several tests. One typical result at 620 C
is shown below:

Gas Weight-loss Rate, g/g/hr
Dry air 9.5 x 1073
Dry air + ~ 2.5% Frecn 12 5.2 x 10-2

Infrared analyses were made of the exhaust gases, both with and
without a graphite samplie present; to determine the effect of tem-
perature on the Freon 12. With graphite in the system CO was pro-
duced and the abscrption peak due to CO2 increased; other absorption
peaks were unchanged. Below 650 C only the Freon 12 spectrum was
observed. As the temperature was increased, the Freon 12 disappeared
until at approximately 925 C it was no longer present in the spectra.
SiFy (ebsorbting at ~ 1030 cm” ) was observed to increase in proportion
to the loss cof Freon 12. A peak observed at 1215 cm l, identified
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as CClF3, appeared at 650 C, went through & maximum at 857 C and
was essentially gone at 1000 C.

These results suggest that the inhibition observed at higher
temperatures is due to the decomposition of the Freon 12. This
decomposition liberates chlorine and fluorine. It is well es-
tablished that Clp acts as an inhibitor. The fluorine attacks

the quartz to give the SiFy.

Surface Measurements on Cellulose Carbon

Two attempts were made to measure the surface area of a 3-g tubular
sample of an impermeable carbon prepared by direct carbonization of
a cellulose material by the British General Electric Company. The
measurements were performed by the standard technigue of nitrogen
adsorption after outgassing the sample for three hours at 40O C
and a pressure of 10-° cm Hg. It was found that the surface area
of the sample is too smell to measure with the equipment normally
employed for similar measurements on ordinary nuclear graphite.

An attempt was also made to force nitrogen into any pores that might
be accessible to the gas. However, no measurable condensation oc-
curred ir the pores. This is the result expected on a graphite with
& non-connected pore system.

T. GRAPHITE RADIATION DAMAGE STUDIES

Graphite Irradiations at 650 C

The effect of wide variation of filler materials used with a con-
ventional coal-tar-pitch binder is being studied in K-Reactor
irradiations at approximately 650 C. The samples are from graphites
prepared by Battelle Memorial Institute at the time when low-
temperature radiation effects were under extensive study. All
samples were formed by molding. After an exposure of 5200 Mwd/Atyg
(1.2 x nvt, E > 0.18 Mev), the following dimensional changes were

noted:
Final

Processing _ Length Change, f
Filler Material Temp., C Transverse  Parallel
Coal-tar-pitch coke 2570 -0.09 -0.12
Thermax carbon black 2570 -0.17 -0.19

Fluid coke 2570 -0.17 -
Korite petroleum- 2800 -0.77 -0.78

asphalt coke
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Irradiation of these materials at 30 C resulted in growths inter-
related in the same manner roted sbove; the coal-tar-pitch coke
graphite grew at & high rate, Thermax and fluid coke graphites
grew at intermediate rates, and the Korite coke graphite grew at
a very low rate.

These results agree with previous cbservations of reactor-grade
graphites that indicated lower grcwth rates occur in room tempera-
ture irradiations for those graphites that contract at high rates
in high temperature irradiations. It is also evident that the
contribution of filler material to contraction can mask the bene-
ficial effect of a binder such as coal-tar pitch that is known to
have good dimensional stability. Cortraction of the Korite
material was significantly higher than that of carbon black which
has previously been considered the least stable in high temperature
irradiations. This series of samples has been recharged for fur-
ther exposure.

Irradiation of Lampblack-based Graphite

In a search for evidence of saturation in high-temperature,
radiation-induced contraction; samples of lampblack heat treated

to 1400 C have been irradiated in the ETR. Irradiations were con-
ducted in non-instrumented capsules in which the samples are es-
timated to have been heated to 500 to 700 C by gamma irradiation.

A contraction of 3.0 percent has been accumulated after a total
exposure of 1.6 x lozf nvt (E > 0.18 Mev). After the first ir-
radiation of 0.9 x 109l nvt, the sample had contracted 2.2 percent.
After the second irradiation of 0.7 x 1021 nvt, however, the sample
contracted only an additional 0.8 percent. Hence, the rate of con-
traction was much less during the second irradiation. Part of this
lower rate may be due to a slightly higher irradiation temperature
during the second irradiation. However, current date on the effect
cf temperature indicate that this could not account for such &
large difference in rate. Hence, a tendency toward saturation for
this material is inferred from these data.

National Carbon Company R&D Contract

Samples of ZT-4130, a hot worked material with an apparent density
of about 1.95 g/cms, were 1rradiated to a maximum exposure of

5020 Mwd/At (1.2 x 101 nvt, E > 0.18 Mev), at about 600 C. Trans-
verse samples displayed a net expansion of 0.03 percent and parallel
samples a contraction of 0.08 percent. The expansion in the trans-
verse direction probably indicates that this materisl is signifi-
cantly more stable than most reactor-grade graphites since CSF would
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display & contraction of about 0.07 percent in the transverse
direction after this exposure.

8. ALUMINUM CORROSION AND ALLOY DEVELOPMENT

Coupon Testing in H-1 Lcop

Following & period of conditioning of the loop with phosphoric acid,
the second coupon test was charged in H-1 Loop on October 10. This
will continue for three months at high temperature. Coupons of
X-8001 and X-8003 aluminum, Zircaloy-2 and stainless steel are being
exposed both in and out of flux to water at 290 C, 25 ft/sec
velocity, and pH of 4.5 adjusted with phosphoric acid. Several of
the in-flux coupons of each type are being subjected to strong beta
radiation from rhodium foils of intensity equal or greater to that
present at the surface of typical fuel elements. Rhodium is being
used in place of silver because it gives higher radiation inteunsity,
has better corrosior resistance, and has much lower residual activity

after discharge.

9. USAEC-AECL COOPERATIVE PROGRAM ON DEVELOPMENT OF HEAVY WATER
MODERATED POWER REACTORS

Thermal Hydraulic Studies

Thirty-five experimental heat transfer runs were made with a full
scale, electrically heated model of a 19-rod fuel bundle constructed
from 6.3 feet long Inconel rods, 0.587-inch OD and spaced 0.050-inch
apart. This section was built to demonstrate the steam generation
characteristics of a 19-rod bundle in the horizontal position and
to substantiate burnout points collected from & 19.5-inch long,
50-mil spaced, 19-rod bundle test section. The bundle was instru-
mented with thermocourles in 1l of the rods and in 10 of the flow
channels. Pressure drops were measured along each third of the
heated length as well as over the entire test section.

Operation of the test section was divided into four categories of
interest, these being (1) isothermal characteristics, (2) pressure
drop-flow characteristics, especially during boiling, (3) coolant
mixing behavior, and (4) boiling burnout determination. All runs
were made at 1200 psig. The isothermal runs established the flow-
pressure Grop behavior of the section at temperatures of 232 F and
550 F and at mass flow rates cf 500,000 to 4,000,000 lbs/hr-sq ft.
Pressure drop measurements were made at constant heat fluxes of
200,000; 300,000; 400,000 and 50,000 B/hr-sq £t and over a range of
inlet temperatures during step reductions in flow. Boiling burnout
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indications terminated nire out of eleven of these runs. The
mixing behavior as indicated by the ccclant channel water thermo-
couples was studied at several inlet temperatures and flow rates
by increasing the power tc the section. Inlet temperatures and
flow rates were selected so that full power of 2700 KW would just
raise the outlet conditions to bulk boiling. Boiling burnout de-
terminations followed the same approach as the mixing studies but
with the inlet temperatures and fiow rates selected to provide
higher outlet qualities. Burnouts were obtained at mass flow
rates of from 500,000 to 3,000,000 1bs/hr-sq ft, steam qualities
from 25% to 5% and heat fluxes from 175,000 to 500,000 Btu/hr-

sq ft. Eleven burnout points were obtained in these runs making
a total of 20 for the test section pregram. Burnout was always
obtained on one of the inner seven rods except for two instances
at flow rates when it occurred on one ¢f the outer rods 45° from
the top of the bundle. This is likely the result of stratifica-
tior at these low flows.

-

REACTOR AND NUCLEAR SAFETY STUDIES

Advanced Reactor Concept Studies

Fast Supercritical Pressure Fower Reactor. Physics calculations
have been completed on & reference core design for the PuQp-UOp
fueled Fast Supercritical Pressure Power Reactor. The core is

5> feet in diameter and 5 feet high, surrounded by & 15-inch blanket.
Calculations on the reference design have shown large positive
coolant temperature coefficient of reactivity. A reactivity in-
crease of about 35 percent Ak/k was obtained for the transition
from full density to supercritical coolant conditions. This is a
desirable characteristic for the case of core flooding with cold
vater from the equilibrium operating condition. A further increase
of about 18% Ak/k was calculated for the void case, which is highly
undesirable for control stability and cases involving power excur-
silons. A similar void effect has been computed for other steam-
cooled fast reactor designs. However, the large decrease in re-
activity upon flooding was not observed in these designms.

The positive void effect in these systems is attributable to elastic
scattering from hydrcgen degrading the spectrum sufficiently to

(1) increase the capture to fission ratio (@) of Pu-239, (2) in-
crease resonance absorpticn at lower energies, and (3) decrease fast
fission in U-238 and Pu-240. Thus, as the coolent density decreases,
the spectrum hardens which increases the neutron economy and, hence,
reactivity of the system. In smaller cores the increased neutron
leakage upon coolant loss is sufficient to compensate these positive
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components. The coociant coefficient may also be reduced by using
D20 coolant which has a much smaller moderating power or by using
U-233 fuel, which has a more nearly constant ¢ in the fast spectrum.
However, the economic incentives for the use of HpO cooling in &
fast plutonium breeder are high enough to warrant further core
design studies seeking a void effect of less than $1 and identifying
the effects on reactor and fuel cycle costs.

To study the effect of in-core water inventory on the void effect,
calculations were made for a partislly moderated core. This core
resembled the thermal spectrum SPPR concept except for very close
packing of the fuel elements to limit water inventory to the de-
sired value. A void effect of +3% Ak/k was found for this core.
This indicated that increasing moderation sufficiently to reach a
void effect of < $1 would probably be an unattractive course be-
cause of the associated economic penalties of decreased breeding
ratio and increased fuel inventory.

Core designs are now being investigated which will enhance the
leakage effect by (a) reduction in core volume and (b) assuming
larger surface to volume ratios. In addition, the total amount of
HpO and other ncn-fuel materials are being minimized by revising
fuel design parameters to further reduce spectral degradation.

Fuel Re-use. Economic analyses of direct interchange of fuel be-
tween thermal and fast reactors lead to the conclusion that fuel
cycle cost savings up to 1 mill/kw-hr are possible for the thermal
reactors without increasing the fast reactor fuel cycle cost.

Application of Plutonium to Compact Reactors. Some preliminary
results have been obtained in the study of plutonium fueling of
existing compact reactor concepts. Critical mass calculations
performed by Applied Physics during the month furnished & basis
for estimeting potential reductions in reactor size and weight.
For an ORNL boiling potassium reactor concept, the substitution

of plutonium for uranium as fuel may provide savings up to 20 per-
cent in the weight of a reactcor equipped with shadow shield. In
the case of a GE-NMPO gas-cooled reactor, savings of 50 percent or
more in reactor core weight are possible, although it may not be
feasible from engineering considerations to make such & drastic cut
in weight. These preliminary estimates will be refined consistent
with the information available on the reactors involved. Studies
are continuing on the effects of plutonium substitution in compact
reactors; the next reactors to be investigated are the LCRE and

SNAP-50.
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Plutorium Fueled Spacecraft Reactor. This Mwe reactor concept
has been used as & reference system to study the potential for
plutonium fuel for spacecraft reactor applications. Work during
the month was redirected toward study cf plutonium fuel in other
systems presently under develcpment and toward summarizing and
reporting the work done in this study.

RADIATION EFFECTS ON METALS - 5000 PROGRAM

Foil specimens of molybdenum obtained from Johnson-Matthey as well as
molybdenum ccntaining three levels of carbon as intentional impurity
obtained from Materials Research Corporation were annealed at 1850 C
for 0.5 hour and then irradiated at 40 € to ~ 10%9 nvt (fast). De-
fects in all of the as-irradiated foils are detected by transmission
electron microscopy. The defects present in the as-lrradiated state
appear to be unaffected by & two-hour, post-irradiation anneal at

575 C. Control unirradiated specimens having identicel thermal
histories do nct show the defect structures. As reported in the
previous monthly report, high purity ccld worked molybdenum foils
showed defects only after a post-irradiation anneal at ~ 500 C. The
defects are of two types, namely. distinct location loops similar to
those found in quenched metals, and black spots. Density counts of
the twc defect types are in progress. Similar irradiated specimens
will be anrealed at higher temperatures and subsequently examined in
the electror microscope. Nc new dislocations formed in the foils as
a result of the 1019 nvt (fast) irrediation. However, dislocations
present in the pre-irradiated foils have become Jogged. An attempt
to induce dislccatiorn motion in the irradiated 0.003-inch thick foils
will be made in order that defect-dislocatior interactions can be
studied. Foils of molybdenum are currently undergoing irradiation to
goal exposures of 1020 nvt (fast).

Samples of polycrystalline molybdenum foils of four carbon impurity
levels have been examined by x-rayv diffraction. The samples were as
follows: high purity molybdenum, low carbon (10~30 ppm C), medium
carbon (100-200 ppm C), and high carborn (400-500 ppm C). Specimens

were available in the pre-irradiasted state, irradiated approximately
1019 nvt, and annealed for two hours at 575 C after irradiation. The
diffraction lines were broadened after irradiation by an amount propor-
tional to the carbon content, the high carbon sample showing an increase
in half-height breadth from 0.24 degrees to 0.33 degrees for the (400)
reflection. The corresponding change for the high purity sample was from
0.23 degrees to 0.235 degrees. Annealing decreased the line breadth
somewhat for all samples.
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Lattice parameters also increased with irradiaticrn,; the amount of
increase being almcst lirear with carbon content. The lattice
parameter decreased during anrealing. Apparertly. the carbon exists
as a separate phase ir the unirradiated molybdenum and is forced into
a non-equilibrium sclution by the high energy irradiation. Annealing
permits & partial precipitation of the excess carbcr.

A total of 22 zingle crystal tersiie specimens have been examined. The
x-ray techrique for observing the deformaticr has been modified to
permit faster and mcre unequivocal measurements. The failed specimen
is mounted so that the x-ray beam is parailel to the tensile axis and
a succession ¢f pictures is made a: the crystali is shortened in pre-
determined decrementz. In this manner & series of back-reflection
Laue photographs may be made from the failure pcint to the relatively
undeformed material scme distarnce away.

Gne crystal, designed 6-2; has beern carefully studied by this method.
This crystal contained 100-200 prm C. The specimen axis befcore testing
was [011]. Far from the failure point the material deforms by slip on
(31%) planes in the [111 directiorn. A% the pcint cf failure slip occurs
on (112) planes. Why the (31%) plane is the slip plane rather than the
more favorably oriented (112) is unkncwr.

A melybdenum polycrystalline specimen whizh bhad been annealed at 1050 C
for 16 hours and then irradiated at ~ 5C C to 1018 nvt (fast) has been
subjected to successive isochroral anneals at temperatures which in-
crease in steps of 25 C. After each anneal & series of microhardness
measurements, expressed as Diamond Pyramid Hardness, D.P.H., were made

on the specimen surface. The hardness was observed tc ircrease from an
initial value of 194 to a maximum value of 213 at 175 C, to be essen-
tially constant at & value of 202 between the temperatures of 250 through
550 C; and then to decrease gradually to a value cf 182 at a temperature
of 750 C. Annealing at higher temperatures is continuing.

Attempts have beer made at reducing the diameter of one-eighth-inch
diameter molybderum rod stock to final diameters of C.020-inch, 0.010-
inch, and 0.005-inch by a drawing process. Such wire specimens are to

be used for quenching experiments and electrical resistivity measurements.
Metallographic studies show that the reduction and annealing schedules
used were incorrect. The wire specimens contained longitudinal cracks.
Wires must therefore be refabricated by an appropriate schedule.

Testing of single crystals of molybdenum irradiated to ~ 1018 nvt (fast)
is being scheduled for the ccming month. Capsules containing these
crystals and polycrystalline specimens will be opened by a remote lathe
facility which has Jjust been put intc operation in the Radicmetallurgy

building.
UNCLASSIFIED
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E. CUSTOMER WORK

1.

RADIQMETALLURGY EXAMINATIQNS

Examination was completed on an enriched split failure from tube
#0567-H. No actual water entry point was found. It is believed
that the most likely entry was in the spire at the base of the

femsle cap (RM C-402).

Dye penetrant tests disclosed that no leaks were present in the
vater annuli of the damaged section of & horizontal safety rod

from 105-H (RM 458).

Severe groove corrosion was found in the internal annulus of the
hole failure from tube #2583-D (RM C4O8).

EQUIPMENT PROJECTS

Project CGH-858 (High Level Utility Cell)

Two operators have been trained in the use and operation of the cell
equipment. A radiation check was performed on the cell and three
small outside areas showed a higher-than-average reading from a
source placed inside the cell. The activity of the source was

500 R/hr at two feet in air. The cell will be ready for operation
by the end of October 1962. :

Project CGH-857 (Physical and Mechanical Properties Testing Cell)

All castings have been received and installed with the first coat of
paint. Modification drawings for the remotization of the rotating-
beam fatigue tester are complete, and & work order was issued for the
fabrication work. Delivery of the remote plate fatigue tester is
expected to be delayed because of revisionms.

METALLOGRAPHY LABORATORIES

An excellent etch for the thorium-24% uranium and thorium-24% uranium-
1% zirconium alloys was obtained from & recent literature source. The
etch consists of eight volumes of 70% perchloric acid in 130 volumes
of ethyl alcohol. It is used electrolytically with a stainless steel
cathode at 30 volts for the thorium-uranium alloy end 25 volts for the
thorium-uranium-zirconium alloy. Time required varies with the in-
dividual sample from two to five seconds. Excellent grein detsail is
obtained along with retertion of inclusions. The interfaces with
cladding materials are attacked somewhat but not badly. Diffusion

UNCLASSIFIED
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layers are clearly outlined, but the Zircaloy cladding material
is left in a rough-etched condition. Difficulties are en-
countered when a sample still has the outer coextrusion layer
of copper still in place. This combination has not yet yielded

satisfactorily to an etch.

A spot-welding development program has been undertaken by Co-
extruded Product Engineering Operation, FPD. Its purpose is

to develop techniques for spot welding Zircaloy supports of
0.050-inch thickness onto Zircaloy clad fuel elements. First
attempts produced & heavily heat-affected region in the uranium
beneath the weld. Later tests have produced smaller welds and
smaller heat-affected areas.

Pits in the surface of uranium have been found after chemical
milling of the uranium. These pits definitely interfere with
brazing or welding to the point of causing rejects.

Sections of type 304 stainless steel from two crossheaders of
105-DR were examined in areas where cracks had been observed on
the outside of the pipe. Transgranular stress corrosion was
found in these areas. QOne crack was about 0.110-inch long or
nearly half way through the cross section of the pipe. Inter-
granular stress corrosion cracking was found on one of the
Parker fittings attached to the crossheader. Extensive grain
boundary carbide precipitation was present in the Parker fitting
in this area as the result of welding the fitting to the cross-
header.

N-REACTOR CHARGING MACHINE

Modifications

Modification of the transfer arm presence indicators has been
completed. The indicators now work satisfactorily. Modification
of the lower portion of the vertical life Jjack transmissions was
started and includes installing & 1/8-inch thick rubber gasket
between the transmission and the bearing block and installing
Belville washers on the transmission hold-down studs. This modi-
fication is required to allow the transmissions some flexibility
so that the ball screws will not be rigidly restrained against
lateral motion by the transmissions. It will eliminate any danger
of permanently deforming the ball screws when the machine is loaded
by the charging forces.

Fabrication of the new limit switch assemblies which control the
vertical movement of the machine while loading or unloading

UNCLASSIFIED
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magazines has been completed. Installation of these assemblies
is not yet started.

The rear pressure roller assembly was installed on the charging
machine.

The clearance between the transfer arm racks and the transfer arm
driving gears was checked and shims added where required.

Testing

Rough drafts of reports on Design Test No. 8; Idler Roller System,
and Design Test No. 19, Filtered Water System, have been completed.

The majority of the work, with the exception of the charging
cycles, of Design Test No. 16, Magazine Functional Testing, has
been completed. A report is being prepared. The portion of
Design Test No. 5, Vertical Life Drive, which concerns vertical
lift movement while varying load, pressure, and relief valve
setting has been completed.

The magazine piston removal equipment has been tested successfully.

5. SPECIJAL PLUTONIUM FABRICATIONS

High Exposure Al-Pu Fuel for Physics Program

Thirty percent of the core material for the PRCF light water
critical experiment has been extruded and cut to length. The
end caps are finished and machining will begin on the tubing
as soon as it arrives.

Preparation of High Exposure UQp-PuQp Pellets Fuel for PCTR

Physics experiments require approximately 16,000 pellets (%winch
dismeter, %—inch long) clad in Zircaloy for measurements in the
PCTR. The pellets are to be made from depleted UOs containing
0.90 w/o Pu0Os. Four kilograms of plutonium metal were oxidized
and blended to form & uniform feed material for the pellets.
Development work was begun to establish the process to be used
in making the pellets. :

UNCLASSIFIED
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" Fission Product Transient Samples for Phillips

Twenty-four fission product transient samples containing U-235 Al
alloy cores have been completed. Preparations for shipment are

in progress.

Final machining and extrusion of elements containing U-235 Li-Al
and Pu-Li-Al cores is continuing. One coextrusion with an Al -
12 w/o U-233 alloy core has been successfully completed.

P by

Manager, Reactor and Fuels Research
and Development

FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

OCTOBER 1962

FISSIONABLE MATERIALS - 02 PROGRAM

REACTCR

N-Reactor Exponential BExperiments

The experimental data pertaining to ccntrol strengths in the N-reacztor
have been anslyzed. Much of the further analysis required to translate
these exponential pile results to "iocal control” strengths in the N-
reactor is complete. The errors on the control strengths are about =

8 uB. An additional error which is difficuit tc estimate on the basis of
present knowledge is incurred in obtaining the local control strength.

Results are now available on the fcllowing types of experiments:

1. Horizontal rod strengths in the mockup pile with water coolant.
The strengths were measured with all possible cambinations (%)
of internal and external control rod coolant.

2. Horizontal rod strength in the flooded (5 different degrees and
positions of flooding) mockup pile with water coolant.

3. Horizontel rod strength in the exponential pile as a function
of the position of the rod in the pile.

L. control strength of samarium ball channels in the mockup pile
with water coolant--no flooding.

5. Horizontal rod strength in the mockup pile with natural uranium
frel with water coolant.

Results obtained from the measurements show the following: the rod strength
is decreased by €% when the control rod coolant is lost, secondly the rod
strength is increesed by 7 to 11% when the pile is flooded to varying
degrees, and thirdly the strength of the samarium ball channels is less

than the strength of the control rod by about 144,

1236221
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Angulsr Distribution of Thermal Neutrons

A directionel neutron detector has been designed for use in meesuring
angular fluxes. A prototype has been fabricated fram steel. Gadolinium
has been ordered for the operating model. An invention report on the
detector has been submitted. Quarterly reports were prepared on the derive-
tion of angular fluxes from radisl fluxes and on the scattering cross sec-
tion matrix derived for calculations cf angular fluxes and hardened spec-
tra. Trial rups on an 18-group S-X calculation have been made for

g(r,6,E) vith a copper bar in the center of the PCTR.

Code Develcpment

COMPTAP, a program to prepare a data tape; was written and checked out.
The program will be used to originate and meintein & camposite tape of
libraries used by several nuclear codes. The codes will then use sub-
routine LIIIEY to find the appropriate library on the composite teape.
LILLEY is in debug.

Instrumentation

A method was developed and reported of using statlc laboratory data to
determine the inherent limitations in the value of the period derived
from a logarithmic response amplifier. The method was developed to aid
in ‘the evaluation of various NPR nuclear instrument systems.

The final, detailed report for Design Test 1133 for the gamma energy spec-
trameter prototype of the NFR Fuel Rupture Monitor System is 90% campleted,

the detailed appendices on various component tests are done. The
finsl-form prctotype was received back from GE-APED after comsiderable mod~
ification.

Specifications were completed for the solid-state multichannel analyzer
tc be vsed at the experimental fuels testing loop which is to be installed
in the PRTR. Good progress was made on the detailed drawings for the
detector assembly, drain faclility, and the generel sampling port sections.

One of seven NPR beta-gamma, scintillation, solid-state air monitors,
fabricated off-site to a Henford design, was tested and modified to provide
easler filter-paper removel, msintenance, and & cooler interior. Follow-
ing modifications, the unit was used in a long-term test which was success-

- ful until the Gast Company alr pump suddenly lost its oil; the motor burned
up and will be replaced. General performance, including all circuitry
operation, was successful during the test period.

b —
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Testing was started by GE-APED on the producticn units of the Source
Renge and Intermeiiate Range nuciear instrument systams for NPR. Recom-
mendaticns were made rezarding a number cf circuit changes ani further
testing will dsfinitely be required on the systems. A canprehensive
procedure for testing was proposed in an effort tc reduce the visitation
time 45 GQE-APED by Henford engineers. The work was done in cooperation
with Flectricel and Instrumencation Design, CE&UC and with Instrumenta-
tion apd Elsctricel Desigr. IFD.

Investigeticns and calculaticns were started regarding a special bore-
gauge instrument to be used at K-reactor. In essence; the instrument is
tc measure the internal diameter of certain process tubes and channels
with an accuracy of # 2.002 inches for internal diameters from 1.800 tc
2.60C inches. The work was requested by Irradiation Testing, IFD.

Systems Studies

Additicnal reactcr instrumentation analosg study by means of the ll-node
reactor model was requested by IPD. ir. previous studies, the purpose
was to determine, for various izstrument trip point settings; how fast
the control rods can be withdrawn without causing ccoilart bolling at the
reactor outlet. The study was made at several power levels. The reactor
scram was initiated by a sigmnal from an instrument which monitored the
rate cf rise of reactor power. The study was coampleted and tke results
forwarded tc IFD.

Methods ¢of similating various part.s of the NPR and its primary locps on
the existing analog :cmputers were studied. The system simutaticn is
separated intc parts which can be tested independently for scaling cor
operetional prctlems, thus reducing the time required to set up a ccmpre-
hencive NPR system simulatiorn if and when edditicnal computing equipment
becames available.

Four pieces 2f the Bailsy control system ordered by NPR Prcject QOperation
for testing and training purposes have arrived for checkout by Systems
Research QOperation.

The existing analog facility is far toc small to simulate the entire NFPR
system. However, the system can be broker ur intc & number ¢f smaller
sub-systems, which carn be simulated separately. Since many of the cir-
cuits have nct been previously tried or tested cn the computer, this
would seem tc be & necessary prerequisite vc the eventual simulation of

~ the entire system. A four-node model of the open loop reactor kinetics
including an experimental method cf prodvcing the effects cf control rod
movements was devised and is now in the procese of being tested on the
computer.
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Continues assistance was giver NFR Project Section in the review of vendor
performance of the Integrated Temperature Monitor and Data Logger acceptance

tests.
SEPARATIONS

Experimexnts with Pictonium Solutions

Criticality experimernts were comtinued with plutonium nitrate solutions in
8 1k-inch Aiameter sprere. Flutonium concentrations were in the range of
3€.5 to 69 g Pu/f with mitric acid molarities ranging from ~ 4.3 to 6.7;
the P2240 content of the plutconium was 4.6 w/o.

Criticality data were cbtained for the vessel with reflectors of water and
conerete, and with a reflezter cousisting cf a six-inch layer of concrete
separated from the core by a four-inch air gap.

The data from the currest experiments are summarized in Teble I.

The experiments witk tne 10-inch thick spherical concrete reflector were
conducted with Pu soiutions at several different acic molarities not previously
used in the ccncrete reflected assembly. The data permit a more accurate
camparison with the water reflected unit. Tne results from these experiments
verify that a 10-inck thick layer of concrete is a better reflector than

water; ir the lh-inch sphere reflected with concrete, the critical concentra-
tion of Pu is about eignt percemt less than when the sphere is refiected with
water., .

The effect of an air gap between the concrete reflector and the core on the
criticality of the uwnit is currently being studied. The results will be of
use in evalusting the auclear safety of in-plant equipment proximate to
refisctors. In these experiments a four-inch air gep has been provided
between tne vessel surface and a six-inch-thick concrete shell reflector.

The four-inck air gap (& width 57% of the sphere radius) between tne core

and the reflector is seern to increase the sritical mass by about 80%, i.e.,
if the nitrate is held constant at ~ 335 g N03/l; the critical concentration
in the 2i~iznck sphere is increased fram ~ 38 g Pu/z to 67.9 g Pu/l by the
presence of the air gap. These preliminary results indicate this reflector
ccmbination {air gap pius concrete) to be about equivalent ©o a nominal
refliector; or to approrimately an inch of paraffin. Further criticality data
is being cbtained for the effect of an air gar between the refliector and the
core.

0% sk «inp
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The criticel concentrations of Pu in the full sphere, evaluated from the
data in Table I, for various experimental conditions are given in the

following table:
TABLE II

CRITICAL CONCENTRATION OF Pu IN 14~ INCH SPHERE

(Measured Sphere Volume 23.22 Liters)

Concen- Total Critical
tration Acid Nitrate Mass
Reflector (g/2) Molarity (e/8) Ke¥*
Full Water 47.5 . 6.66 462 1.10
10-inch
Concrete 36,6 4.%9 310 0.85
10-inch
Concrete Lz L 6.37 Lhs 1.01

L-inch Air Gap
+ 6-inches of
Concrete 67.9 L 29 336 1.58

* ncludes 4.6 w/o pulH0

During the month of October (in a period of 23 working days) a total of
20 critical approach experiments were completed. Only eighteen of these
are listed irn this report, since the chemical analyses for the last two
experiments were not availeble. From a purely cperationel viewpoint,
this has been the best month to date since beginning experiments in the
Plutonjum Criticel Mass Laboratory.

Experiments with Plutonium (xide-Plastic Mixtures

Work continues in preparation for the installation of the remoctely operated
split table machine in the second hood of the critical assembly room. The
neutron source drive for use in the critical approach experiments with
this device was received during the month.

S

ra

L

&
Pk b

o

o)

—— i,

123b233

Ay
U

lr’\'ry-a

v d
i

ﬁ’.‘ull""l!l



> .

Calculations were made on & poison type rod for the Pu0p-plastic fuels.

The results from GAM, Tempest, and the HFN codes shov a 1.2 cm diameter
solid stainless steel rod would have a control rod strength of approximately
T5 cents for plutonium fuel with an B/Pu ratio of 5; the control strength
would be greater at lower concentrations of plutonium in the plastic mix-
tures. Tentative plans are to use a blade type control rod of 3.2 cm width

and 0.% cm thickness.

Input Data for GAM - Tempest Chain

It is possible to determine the critical geometry of heterogeneous assemb-
lies, with special emphasis on slightly enriched uranium-water lattices,
using e multigroup diffusion calculation provided a set of homogenized multi-
group constants can be obtained that effectively represent the heterogen-
eous system. On providing the GAM - Tempest chain with proper weighting
factors, & set of homogenized multigroup constants that represent a parti~
cular heterogeneous system can be obtained. The coding of an input data
code to provide these necessary weighting factors for the GAM - Tempest
chain has been initiated and is proceeding.

This code can provide homogenization factors for assemblies having regular
cell structures containing up to seventeen concentric regions in a unit
cell. A appraximation to the transport equation provides the neutron
flux values for determining the thermal group weighting factors. The fast
fission weighting factors are obtained fram first flight collision probe-
bilities. The collision probabilities are calculated by the techniques

of R. Bonalumi (Energia Nucleare, Vol 8/n5/1961) in concentric geametries;
the fast fission interaction effect between neighboring fuel cells is
determined by the model previously outlined (HW-T3116).

Nuclear Safety Parameters for O.5-inch Diameter, 1.8 w/o Pu-Al Rods in
Light Water

The buckling velues as reported in HW-T4190, Bubcritical Measurements with
1.8 w/o Pu-Al Rods in Light Water, Physics Research Quarterly Report for

April, May, end June, 1502, have been used to estimate the following mini-
mum critical paremeters for water moderated and reflected arrays of these
elements. '

Minimum criticel MASS « « « o « o o « « o « o+ o « 2.28 Kg Pu
Minimum critical VOLUME « + o « o « o « « o « o US4 liters
Minimum critical sleb thickness « « « « « « « « 9.3 inches
Minimum critical cylinder diemeter . . . . . . 1T.6 inches
Minimum critical mass per unit of area . . . . 41.8 1bs alloy/ft2
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The abhove values are of use in nuclear safety evaluations concerning the
handling and storing of the fuel rods.

Buckling of Partially Filled Spheres

Debugging was campleted on the partial difference code representing numeri-
cally the equation

f(V2¢+B2¢)dV

It

for bare truncated spheres. Inversion of the matrix representing ¥ was
not accurate enough to produce good eigenvelues.

A simultaneous equation method was applied to n-l equations repeatedly to
minimize tke residual of the nth equation in the mxn matrix. This was
also unsuccessful. apparently because of the constant flux assumption used

in the integration of
f B ¢ av.

A new formulation using the simple wave equation has begun. Discontinuity
at the origin appears to be the only serious difficulty.

A short code was written which gives the approximate buckling of & truncated
sphere with water reflector.

Instrumentation and Systems Studies

Work started on preparing an analog simulation of a critical mass for use
in establishing the proper characteristics for the instrumentation at the
Critical Mass laboratory. It is also expected to be useful for evaluating
and demonstrating data presentation methods which might be applicable in
criticel mass experiments.

The neutron generator that will be used for pulsed neutron experiments

is being returned to the factory. It will be rebuilt into & more modern
and reliable unit. Pulse neutron experiments are expected to start within
twc months.

Information or the PuBe source of the Critical Mass Lab was gathered this
month. Since the information contained only number of neutrons per second,
a search was made for range and fraction for this particular kind of source.
The information was then converted to power in watts.

1236235 T A



Mass Spectrometry

Isotopic analyses were provided on samples of uranium and plutonium in
support of PlutoniuﬁbRecycle Program studies. Three of the samples were
high enrichment Pu2 fuel for PCTR experiments. Three uranium analyses
vere performed on samples from PRTR fuel element No. 1041l. In additionm,
five uranium sample analyses were provided for Testing Methods Engineering

Operaticn, FFD.

Some studies were made on the stability of plutonium-ion emission from
different Pu sample sclutions. The cbserved instabilities have not yet been

correlated with chemical preparation procedures.

Consulting Services on Nuclear Safety - Criticality Hazards

Nuclear Safety in HLO

The nuclear safety of the SRL TO ton shipping cask for Mark I spike fuel
elements (1.8 w/c Pu-Al) was reviewed for the Programming Operation. This
review is part of & feasibility study being made by the AEC. The intermal
dimensions of the cask are 15 £t long by 27 inches wide by U43 inches high.
The following conditions were estimated to be safe:

a) A verticsl slab of four stacked baskets containing four unirrad-
iated Mark I assemblies each,

b) Two such vertical slabs separated from each other in the cask by
two existing cadmium filled stainless steel spacers (32 Mark I
assemblies),

c) Five Mark I filled baskets in eny configuration.

A meeting with Technical Plenning personnel of PRTR was held October 22,
1962. The discussions concerned the nuclear safety aspects of increasing
the storage capacity for Mark I fuel elements in the PRTR storage basin.

It was pointed out that based on the criticality measurements made recently
on spike fuel rods (1.8 w/o Pu-Al alloy); the storage arrays could be
revised. New arrays would be based on a safe sladb thickness of 7.9 inches
and a minimum spacing between slabs of 12 inches.

Nuclear safety was reviewed for the Plutonium Metellurgy Operation on
October 3 and 10, 1962. Visits were made to the 308 Building and 231-2
Building. During this review, the nuclear safety specifications were
revievwed in detail, revised, and reissued. The specifications now in
effect are as follows: ’

L aibere —



J-i1 General Rules for Plutonium Handling in Dry Glove Boxes

J-2 General Rulies for Pu Handling in Wet Glove Baxes

J-3 Rules for the Transportation and Storage of Plutonium

J-4 Rules for Preparing Plutonium Metallogrephic Samples ‘
J-5 General Rules for Plutonium Handling in Dry Glove Baxes with

Internal Water Lines
J-6 Special Rules for Casting Metallic Plutonium and Plutonium

Alloys in Amounts to 7.0 Kg
J-T Rules for Processing Thin Walled Plutonium Metal Castings
The following specification was issued for the Technical Shops:

K-4 General Rules for the Storage, Handling, and Processing of
Slightly Enriched Uranium; October 12, 1962.

One specification was issued to cover Pu-Al fuel rod handling in both
Reactor lattice Physics and Experimental Reactors Operation:

A-2;, B-3> Rules for Storage and Handling of Pu~Al Alloy Fuel Rods

Nuclear Safety in CPD

Participation on the Recuplex Deactivation Hazard Review Committee and

the Project 880 (New Recuplex) Hazards Review Committee continued through-
out the month. Procedure A-32 concerning the acid flushing of the D-T
sump tank was reviewed and approved. The D-7 tank; which is 10-ft in
diameter, is estimated to contain not more than 660 g Pu and probably much
less than this. Cadmium nitrate will be added to the tank prior to the
acid flush. ‘

A specification covering the storage of 7.35 w/o Pu-Al fuel rods outside
of the 234-5 Building was reviewed for CPD. About 115 rods are to be
transferred from HIO to CPD for storage. The rods are in birdcages.

7.35 w/o Pu-Al Alloy Fuel Element Storage Outside 234-5 Building, October
2%, 1962

A CPD meeting with T. E. Herrington and W. B. Stockdale of ORNL was
attended October 18, 1962. Mr. Harrington and Mr. Stockdale are making
an econamic study of sea water desalination in large nuclear process heat
reactors and visited CPD personnel to discuss the technical and economic
aspects of fuel reprocessing. The fuels under consideration are natursal
U0z and 15 w/o PuOs. In the course of the discussions, it was pointed
out by HLO and CPFD nuclear safety specialists present that the geometry

. 4
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limitations on fuel element dissolving equipment for 15 w/o Pulp would

be quite restrictive. The minimum critical perameters were estimated to
be about 1 Kg Pu for mass; 4-10 liters for volume; 6-7 inches for cylinder
diasmeter; ani 1.5-3 inches for slab thickness. An engineering study to

devise unique dissclving equipment would be needed.

NEUTRON CROSS SECTION PROGRAM

Scattering-Law Measurements for Room-Temperature Light Water

Some progress has been made on the develcpment of a calcuiational method
for correcting slow-neutron scattering cross-section data for the effects

of multiple scattering.

Scattering-Law Measurements for Light Water at Elevated Temperatures

Two sample hclders have been designed and constructed for the measurement
of inelastic scattering of slow neutrons from water at elevated tempera-
tures. One sample holder is suitable for temperatures below the boiling
point of water and the second is designed for temperatures up to 250°c¢.
Both sample holders have cperated satisfactorily although the effects of
corrosicn in the high-temperature sample holder are still under investi-
gation. A temperature control system has been campleted which controls
the indicated sample temperature to within 1°C.

Rotating-Crystal Spectrameter

Studies of the characteristics of the rotating-crystel equipment to meas-
ure inelastic scattering of slow neutrons by time-of-flight are in progress
on the triple-axis spectrometer. Satisfactory intensity and background
levels for scattering measurements have not yet been achieved. The 1024
channel data~storage system is still not operating satisfactorily.

Fast-Neutron Total Cross Secticons

Analysis is in progress of the fast-neutron total cross-section data
obteined in Sertember. Satisfactory analyses have been completed on
sbout one-half cf the samples which were measured including Mg, Ca, V,
Nb, and Pb. The data which were taken tc study possible systematic
errors in meastrement due to incorrect background determination and in-
scattering effects have been analyzed. These results indicate that the
systematic error of measurement due to these effects is less than 0.5
percent of the total cross section measured with & sample of nominal ome
mean-free-path thickness over the energy interval of 3 to L5 Mev.
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A subprogram has been written which calculates the energy resolution of .
the total cross-section measurements from periodic measurements made during

each run of the Be9(d,n)BL0 neutron spectrum.

Samples of Cr, Mn., As, Sb, Se: Te, S, and I vwere prepared for future
total cross-section measurements by compressing powder, granules, or
erystals into stainiess-steel sample holders.

Instrumentetion

Design criteria was finished, and sketch completed for the modification
of the 1024-channel slow neutron time-of-flight analyzer to a 61l4i-channel

analyzer.

REACTOR DEVELOPMENT - O4 PROGRAM

PLUTONIUM RECYCLE

lattice Parameters for Low Exposure Pu-Al Fuel

The Hanford P-3 progrem is being used for a finsl rerun to obtain the
thermsl flux distribution for the 10-1/2, 8-3/8, amd 6-1/2 inch grephite
lattices fueled with 19 rod clusters of PuAl fuel. Preliminary P-3
calculations have been done for both the poisoned and unpoisoned cells
for each lattice spacing, but some modification of the original input
data is necessary. The IDIOT program has not proven to be as flexible as
the P-3 code on this work because exact values of the atomic mass number
and source term cannot be used for input.

The 10-1/2 inch poisoned lattice is being prepared for a fourteen group
HFN calculation (13 thermal and 1 epithermal group). Material parameters
are being prepared in a manner such that all necessary data may be stored
in the memory spaces allotted by the HFN program.

Since multigrcoup parameters in and near the thermal energy region are
needed in plutonium lattice calculations, a set of 5 subroutines has been
written which can be incorporated into the code, Spectrum V. Output
consists of average cross sections, including & camplete transfer matrix,
for the arbitrary specified groups in the thermal energy range. Four

of the subroutines have been debugged. The fifth contains the output
format and needs further work. An informal report describing this code,
to be called Spectre; is being written.
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High Exposurz PuAl lattice Studies

The preparaticr and planning werk for the experimental pcrtion of these
studies it essentielly ccomplete. Special cadmivm covers and holders for

the PuAl foils have been fabricated. :

Twe thiris cf the hizh exposure PaAl fuel rods have been canpleted by the
Plutonium Fuels Operaticr.. Chemical aralyses of samples of the fuel core
meterial iniicste that the plutonium comcentration may vary about 10%
from one en: of a 200" extrusizm te the other.

The reutrcr fiux data obtained in this experiment is sensitive to the plu-
tonium con:entravicn in the 20" elements that make up the central cell.
Therefcre, the re_astive pluhonium contents of eack of the 19 rods in the
central cell are being ccmpared by comparing their reactivity coefficients
in the PCTR. The eliemen*s are placed ir the certer of the graphite core
with the driver fuel loaded ir a circle of about 50 cm radius.

Low Exposure Pulb-UO~ anl PuC-UC lattice Studies

The Hanford P-3 program has beer used to obtain the thermal flux distribu-
tions for 6-1/2 inch unpcissned graphite iattices fueled with 19 rod
clusters of both PuOp-UOp; and PuC-UC. The quantity of Pu and U was teken
to be the same for tcth tne oxide ani carbide cases. Several changes in
input were made and the changes in the ratic of the average thermal flux in
the graphite region near the cell boundaery to the average thermal flux

in the certral fuel rod were noted. An increase in the source term 3Zs
in the fuel regicn to 130% of the criginal value caused the flux ratio to
decrease hy sbout 1.1%. A decrease in the atomic mass mumber in the fuel
region (which determined p.) to 33% of the criginal value caused the flux
ratio tc decrease by a.bcut‘O.}‘ﬁo An increase in the scattering cross
sectior £. in the fuel regicu to 110% of the origiaal value caused the
flux ratic to increase by about 1.7%.

It eppears that an experimentsal substitution of PuC-UC for Pu0p-UOy in
which the quantity of Pu ani U remains the same does nct entail a suffi-
ciently large change ir the source term, average scattering angie per
collisicn, or the scattering anl shsorption cross sections to make the
experiment instructive. Trne main difference between the twe cases is in
the effective & simnce the mclectlar binding energy arpears to be only
ebout 1.2 ev/bond for the carbide while it is about 5.6 ev/bond for the
axide.

Develcrment wcrk or. tkhe ceramic pellets for the mixed-axide fuel elements
for PCTR and PROF experiments has heen started by Plutonium E.éels Develop-
ment. The rlutconium %o be usei for these elements has a Pul content of
T.57 perzent.

Wie— e
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Pu‘r‘.'hO Effective Resonance Integral Experimert

The roughk draft cf a report om the Puaho effective resonance integral
experiment has been campleted. Revision of this draft is in progress.
The report is being prepared for submission to an appropriate technical

Jjournal .

The Critical Facility

The final draft of the process specificatioms which will govern the opera-
tion of the PRCF have been reviewed. Revisions to the specifications have

been suggested to the authors.

A document, "PRCF STARTUP TEST PROCEDURES", HW-T1214 Supplement, has been
ccmpleted and is being distributed for review and comment. The design
drawings of the thimbles for the Vecid, HpoO and DpO substitution experi-
ment for startup are being prepared.

Teflon adaptors have been made to attach cadmium-covered and bare BF3
proportional counters to the flux traverse machine.

A proposed schedule and outline of experimental programs for the first

twc years of operation of the PRCF has been drafted. The schedule attempts
tc fit the various types of experiments together so that the expected uses
of the critical facility with D0 moderator will not conflict with those
which use Hy0.

In support cf the measurements on irradiated fuel rods, work was resumed
on the effect of large sources of neutrons from the (7,n) reactions on
reactor periods.

The feasibility cf an experimental evaluation of models for cylindriciz-
ing fuel clusters is being comsidered.

Neutron Spectrum Studies

Foils mede fram LupOx end Alp03 with varying amounts of Iup03 were irrad-
iated and counted. The results of this data can be used to determine the
self-shielding properties of lutetium.

Work on the decay scheme of lutetium continued this month. An analysis of
the data obtained in s measurement of the distribution of high-energy beta
rays emitted by Ll7m ngs been completed. The distribution has been
divided into two components by the usual Fermi-Plot analysis. By this
method, the distributiocn of beta rays with the highest "end-point" energy
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is subtracted fram the total distribution. Then the "end-point” energy
of the second component is determined from the remsining distribution.

The "end-pcint" energies of the camponents are 1.319 £ 0.005 Mev and
1.204 + 0.005 Mev with intensities of O.4 and 0.54, respectively. The
difference in the "end-point" energies is 115 t 7 kev., This difference
should be equal to the energy (89 + 1 kev) of the gamma ray which also

is emitted in the decay of LullOR, The reason for the disegreement is
that the components are of equal intensity and have "end-point" energies
which ere nearly the same. In such cases the relative intensities and the
difference in "end-point" energies are sensitively related.

For this reason, all of the data were reanalyzed in one process by fitting
it using a subroutine written for the Generalized Least Squares program
(BW-68858). During the fitting process it was required that the high-
energy end point be fixed at 1.319 Mev end that the end point of the
second component be fixed at 1.230, a difference of 89 kev. The relative
intensities were then allowed to vary until a best fit was obtained. With
these restrictions the data were fit properly and the intensities were 14-1&1;
end 56% for the 1.319 Mev and 1.230 Mev components, respectively.

Calculation of Non-Mexwelllar Fiux Shape in PRTR Fuel Element

The shape of the non-Maxwellian component of the neutron flux in PRTR fuel
elements is needed t¢ correct experimental lutetium activities for non-l/ E
flux. Tne deviations from l/ E which significantly affect lutetium activi-
ties in the Mark I-H PRTR A1-2.0 Ni - 1.8 Pu fuel elements occur below

0.7 ev. They result from the flux depression caused by the Pu-239 cross
section and from thermelization effects in the portion of the spectrum
vhere the "1/E tail" joins the Maxwellian. The one-dimensional multi-
group diffusion code HFN, and the homogeneous medium thermalization code
Spectrum have been used to generate the required flux.

Phoenix Fuels for Campact, Water Modersted Reactors

Work on the derviation of suitable grour constants for the compact, water-~
moderated Phoenix cores is proceedirnig. The TEMPEST, SHUSH-HFN routines

for the thermal group constants are operational. The GAM slowing down

code is to be used for the generation of epithermal, intermediate, and fast
energy group constants. The treatment of the Pu-240 resonance in hetero-
geneous gecmetries by means of the GAM code presents some difficulties.
Resonance shielding for the plutonium isctopes is not automatically handled,
and appropriate self-shielding factors must be calculated separately. At
the present, Dresner's methods have been used to obtain effective resonance
integrals for Pu-240 for various gecmetries and plutonium concentrations.
These methods have been checked successfully against recent experiments with

vt Al
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Pu-240.% The self-shielding factors are being incorporated into the group
constant calculations.

Using the above cross section routine; reactivities are being calculated
for reflected Zr-HyO assemblies (M/W = 1) by means of the HFN code. For
a 500 liter core, total plutonium loadings of 30, 50, and TO kg have been
considered sc far. All plutonium composites contain 10 percent Pu-2L0.
The resulting multiplicetion factors and non-leakage probabilities are

tabulated below;

kg of Pu i kert L
30 1.3507 1.1986 .8874
50 1.3397 1.1954 .8923
T0 1.3352 1.1956 8954

The relative comnstancy of k with plutonium iocading should be noted. Cal-
culations of k over & wider range of Pu loadings are in process.

Plutonium Utilizaticon Studies

Work on the plutonium-uranium comparison for compact fast reactor systems
is continuing.

Plutonium utilization in & small, 1 MW, auxiliary power source results in
core size reductions of about 50 percent, compared to a fully enriched
U-235 system. A Pu for U substitution in a nuclear rocket propulsion unit
results in a similar 50 percent core volume reduction. The effect of
these core vclume reductions on over-all engine weight are presently being
examined.

Physics statics calculations for a large, 30 MW unit are alsoc being car-
ried out. Various schemes for reducing control requirements are being
examined. An annular core geometry containing a central U-238 plug may
have some promise for reducing reflector control.

* Nichols, P, F., "Sumary: Reactivity Determination of the Effective
- Resonance Integral of Pu-24%0 in Pu-Al Rods," to be presented at ANS
1962 winter Meeting.
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Nelkin Scattering Kernel for Water

The second Hanford version of KERNEL, the camputer code based on Nelkin's
theory of scattering in water, gives results in agreement with the original
version. This is confirmetory evidence that the codes in current use do

evaluate the theory correctly.

A detailed comparison of theory and experimental measurements of slow
neutron scattering in water, has been prepared for the Physics Research
Quarterly Report. From such & comparison, and with the evidence that
KERNEL evaluates the theory correctly, one deduces that the basic constants
in Nelkin's theory should be altered. This is not surprising in view of
the paucity of datea available at the time Nelkin formulated his theory.

Presently, Nelkin's basic constants are being modified as inferred from
the Hanford and Chalk River scattering date used in this comparison. It
is anticipated that much of the discrepancy between theory and experiment
can be eliminated with better values of these constants.

Integration of the Egelstaff S-~-function

The custamary use of the Egelstaff S-function representations in reporting
the results of neutron scattering experiments suggests that a similar
representation is appropriate for expressing theoretical results. The
Egelstaff S-function, therefore, becames & useful starting point in describ-
ing the scattering properties of a moderstor. However, to obtain transfer
cross sections for reactor analysis, one must integrate the S-function

over the cosine of the angle.

Therefore, we are investigating integrating the Egelstaff S-function with
numerical methods. In particular, we are studying Simpson'’s Rule and

the Gaussian Quadrature Formula with the S-function for an ideal gas as
the integrand. The ideal gas case provides a good means of checking the
accuracy of the numericel methods since an analytic expression for the
integral has been derived. Although the results are not camplete, there
is a strong indication that the Gaussian form will be the more accurate of
the two methods.

Code Development

Variational Optimum Kinetic Normal Modes

Recent tramsport-theory development work has led to substantial improvement
in the theory of nuclear kinetic effects in breeder reactors. A veria-
tionally optimized machine analysis of nuclear kinetics based upon multi-
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energy transport perturbation theory has been formulated for the IBM-T030
camputer, is now available for exploratory evaluative use as & part of
GE-HAPO program S (version S~XI), end is expected to be made available
for external distribution after completion of relevant documentation.

RBU

Values of uy(E,) and AE(E,), the average cosine of the scattering angle
and the average energy loss per collision of a neutron of initial energy
Eo in a gas, were generated by the new program MOMENTS for scattering
masses 1 through 31. The same quentities were calculated for hydrogen
in light water using Nelkin's light water kernel, and the results plotted
along with the gas model data. Effects of molecular binding on the
scattering law for low energy neutrons with hydrogen are quite large.

Although same work remeins in calculating 'ﬁo( Eo) more eaccurately in
MOMENTS, & double mass variation to be used in the Monte Carlo has been
obtained using the data now availsable.

RBU Cross Section Updating

The updating of the cross sections listed below is complete, and some
Preliminary tests are being run on the library. A document describing
the methods, and references used, is forthcoming.

Plutonium ~ 239, 240, 241, 242
Uranium - 235, 236, 238
Others - Zr-40, He-4, H-2, 0-16

TEMPEST Cross Section Updating

The program to obtain the cross sections from the RBU library and punch
the library for TEMPEST is 90 percent completed, and upon campletion
will be utilized in obtaining the cross sections in the necessary format
for updating TEMPEST.

BARNS Revision

The formuias for producing 68-group parameters for GAM-I from the RBU
basic library tape have been re-examined and several errors have been
found. Instructions for preparing a version of the BARNS code incorporat-
ing these formulas have been clarified. The actusl programming of the
revisions is being done by EDPO.
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CALX

Debugging of the SIGMA subroutines of CAILX continued. Subroutine SIGMA r'zow
gives average fluxes for a nine-group, two-region problem which are consist-
ent with SIGMA-3H, HFN results, when both use the same TAM library (combined

GAM and TEMPEST output).

The SIGMAT subroutine of CAIX has been modified so it will accept card input
after the CAIX data tape has been read. This allows various items of data
from the data tape to be changed before the burnup portion of CAIX is run.

Instrumentation and System Studies

A new design was started for the proposed gamma scanning facility for FRP.
The original work concerned a collimator-detector system for use in air
measurements; however, the new requirements are for an underwater scanning
system for use in the PRTR basin. A general scope drawing for the new
collimator was completed and issued for review and comment.

For use at the Plutonium Recycle Critical Facility, a preemplifier cilrcuit
was developed for direct connection to the applied fission chambers. The
preemplifier uses General Electric high temperature ceramic vacuum tubes,

and the complete circuit was designed to withstand the known nuclear environ-
ment at the chamber for at least one year. The preamplifier was the logical
approach to improve the present inadequate signal-to-noise ratio, and labora-
tory tests were successful. Instaellation will proceed at PRCF location as
soon as possible.

Both the installed first generation scintillation gamma emitters effluent
monitor in use at PRTR and the final model unit, still in constant laboratory
operation, performed correctly for the month. Both units have been fully
satisfactory and a direct liquid radiomuclide source calibretion was planned
for the detectors to provide better measurement information. The probes

are installed in PRTR liquid effluent Mmbhole No. 2. All seven printed cir-
cuit masters were completed for the final model effluent monitor, and work
was started on the complete circuit drawings.

The Boonshaft and Fuchs transfer function analyzer used for the analysis of
signals from the PRTR was received from the manufacturer during the month
and has been partially tested. The tests made to date indicate a marked
improvement in operation, especially in the multiplier zeroing circuits.

It was immedistely used as & source of interrogation signals in the testing
of a cross-spectrum analyzer set up on the EASE analog camputer. Initial
results of tests on the cross-spectrum analyzer circuit are encouraging. If
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successful, this device will allow the determination of system transfer
functions by means of random signal testing. Further tests were made

on equipment designed to provide rapid determination of the power density
spectra of random signals. Tape speedup techniques were used to obtain
the power density spectra of randomly varying signals over a three decade
range in fifteen minutes.

Work continued on the problem of obtaining quantitative measurements of the
fuel assembly vibrations encountered in the PRTR. An investigation was
conducted, using a bench mockup, to determine the feasibility of measuring
the amplitude, fregquency, and direction of these vibrations with an eddy
current instrument end the findings have been issued in a memo report,

PM 62-14. Further investigations are being conducted to determine the
behavior of the sensing coils at reactor operating temperatures of 500°F.

HIGH TEMPERATURE REACTOR LATTICE PHYSICS FROGRAM

Preliminary analysis of the High Temperature Lattice Test Reactor has
been oriented to a reduced scope in an attempt to keep the cost within
the desired figure of $1,900,000, which includes $100,000 for a fast
chopper for spectrum measurements. The size of the graphite cube has
been cut from 11 feet to 9 feet, the building has been reduced in size,
and the design temperature has been cut fram 1200°C to 1000°C except for
permanent components, such as insulation, which would not be practical to
upgrade later.

Flux traverses and cadmium ratio measurements were made near driver fuel
elements in the PCTR to aid in defining the appropriate lattice cell for
a non-repeating lattice like the PCTR or HTLIR driver rings. The results
indicate that the cell should be comsidered rectangular with the long side
equal to the driver spacing and the short side ebout half the long side.

NEUTRON FLUX MONITORS

It was estimated that the neutron temperature, T, in a reactor test
facility can be determined to within about + 10% using the mass spectrom-
eter to determine isotopic ratios of irradiated U-235 and Pu-239 samples.
By determining the activity ratio between bare and cadmium-covered cobalt
samples, it is estimated that the parameter "r" can be obtained to within
about £5%. If these experimentel accuracies can be obtained, the opti-
mum isotopic composition of detectors can be calculated with sufficient
accuracy to use in the experimental eveluation of the regenerating detector
technique.
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To determine the cadmium ratio of cobalt samples, it is necessary to
utilize severel foile of different, known thickness values. An extrapola-
tion then can be made to zero thickness, or infinite dilution, for the
determination of "r". The U-235 and Pu-239 samples are scheduled to be
{irredisted in the form of solutions contained in quartz samples. Prelim-
inary discussions regarding fabrication, irradiation, and analysis of the
semples indicated that no unusual difficulties are to be expected.

NONDESTRUCTIVE TESTING RESEARCH

Electromagnetic Testing

Fabrication and testing of the electronic units for the prototype multi-
parameter eddy current testing equipment are proceeding. Several three-
dimensional models of eddy current distribution in molten woods metal have
been made. The graphical nulling device has proven to be very useful when
used in a test instrument in the field.

Twelve cammercial operational amplifiers together with a power supply

and a housing unit for the amplifiers have been ordered for use in the
prototype multiparameter eddy current tester. In addition, the 250 Kc

and 3 Mc tuned amplifiers for this tester have been modified and success-
fully tested. However, testing of the crystel oscillators revealed the
desirebility of incorporating a buffer amplifier for each oscillator. The
amplifiers are necessary to reduce coupling between the various crystal
oscillators. Two of the oscillators have been equipped with the required
buffer stages.

The study of the propagation of eddy currents in liquid woods alloy is
continuing. By using eleven different sizes of pickup loops, it was
possible to construct several three-dimensional modele of the eddy current
distribution in the metal. These models represent the megnitude of current
at various distances from the center of the drive coil and also at dif-
ferent depths in the metal. Each model represents the current distribution
at & given time. The series of models permits one to visualize how the
current amplitudes change with time. Ir obtaining the models, a large flat
spiral coil was driven with a step function of current to produce the eddy
curreats.

The graphical nulling device incorporated in an eddy current tubing tester
is now being used in field testing of the NPR instrument line (3/16 inch
diameter 304-I stainless steel tubing). The field tests show that use of
the new Gevice aids materially in ease of adjustment of the tubing tester
operating corditions and in the interpretation of test results. The use
of a newly developed spring mounted coil assembly permitted the testing of
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tubing containing appreciable bends. Stebility and reproducibility of the
tester were good. Chart recordings of tests made on the same lengths of
tubing.on separate days showed identical traces. The standard used con-
sisted of a 0,004 inch deep electromachined notch on the outer surface

1/4 inch in length. Under operating conditions a 0.010 inch deep notch
on the internal surface resulted in a signal emplitude 1.75 times that
given by the .004 inch outside surface standard notch. A 0.009 inch deep
notch on the outside surface resulted in & signal amplitude 6.5 times that
given by the 0.004 inch outside surface standard notch. A total of about

8000. feet of tubing has been tested.

Based upon observations of the eddy current test signal indicationms,
estimates were made as’ to nature of the tubing irregularities. The tubing
specimens were then destructively examined by Physical Testing. Esti-
mates and corresponding destructive examination results are as follows:

Section 1. BEstimeted to be a surface type irregularity about .005 inch
deep. Sectioning revealed an irregularity extending to .0065
inch deep.

Section 2. Estimated to be less than 0.009 inch deep. Sectioning revealed
an ares of separation along the gain boundaries extending to
about 0.005 inch deep with associated metallurgical irregular-
ities extending to the region of about .010 inch deep.

Section 3. Estimated to be an outside surface type irregularity 0.007
inch deep. Sectioning revealed an irregularity 0.0025 by
0.003 inch extending to & maximum depth of .003 inch below
the surface.

Section 4. Estimated to be outside surfac