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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
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" 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
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. 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
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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.

UNCLASSIFIED

[23b19b



UNCLASSIFIED A-26 HW-T75376

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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Corrosion of Zirconium and Zircaloy in Dp0O. The corrosion rates
of Zircaloy-2, Zirceloy-4, and cryst&l bar zirconium (all alpha
annealed) have been measured for 57 days in static 400 C, 1500 psi
D20 steam. The purity of the DpO was §9 percent. The corrosion
rates and Dp pickups (expressed as H2 equivalent ) are the same as
have been measured for these metals in H20. The Zircaloy-4 and
Zircaloy-2 reached transition in about 41 days as is typical of
H20 corrosion. The crystal bar has not reached transition at 57
days. The Zircaloy-2 Do pickup fractions are about 30% compared
with 15% for the Zircaloy-lU and crystel bar. This is in contrast
to Canadian work where a lower hydrogen absorption was found in
Do0. This test is continuing to measure post-transition rates.

Properties of Irradiated PRTR Process Tubes. Tube 5679 was re-
moved from channel 1643 on May 2, 1962 (369 days after installa-
tion). Tts exposure was about 3 x 1020 nvt (E>1 mev). The tube
was removed because a mark about eleven feet from the top was ob-
served during in-reactor tube examination that could not be
attributed to end bracket or bundle or rod wrap effects. The tube
was cut into two-foot lengths and the two-foot piece (4C) con-
taining this mark was burst at a temperature of about 280 C and

& pressure of 4650 psig. Visual examination of the burst piece
" showed that the flaw did not affect the fracture characteristics

of the tube.

Metallographic examination of the flaw is being performed. To
date the metallography has shown that the flaw is a blister-like
metal separation on the inner surface of the tube. The blister
is partially filled with oxide, and there is a crack through the
skin of the blister. Pricr to insertion in the reactor a slight
raised area was noted at this location in the tube. There was
nc indication of a crack. The defect was interpreted as an area
that had not etched uniformly prior to autoclaving.

Pressure-Tube Monitoring. The Mark III in-reactor monitoring
equipment combining the present separate visuasl inspection and
instrument inspection probes is essentially complete and ready
for testing. Several problems encountered in the assembly and
individual component tests have been corrected, but several others
are yet to be overcome. A new body design for the gas-gap gage
incorporating a different water sealing method has been made, and
the new body is presently being fabricated. Compatibility of the
inside diameter gage read-out system with an X-Y recorder has
finally been established by using a somewhat different amplifier
system. A small &.c. feedback to the recorder is presently being
investigated. The depth and angle synchro read-outs on the
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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.
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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.

UNCLASSIFIED
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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

123b223



UNCLASSIFIED A-53

HW-75376

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.
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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: ’
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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.

236207 o



™

u" bl w2 |

¢

L O i

" - PR &

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 surface type .00T inch deep. Sec-
tioning revealed a fold extending to about 0.004 inch below
the surface, lying at an angle of about 45° with respect to
the surface. Associsted with the fold was a shallower irreg-
wlarity extending sbout .005 along the surface.

Section 5. Estimated to be an irregularity on the internal surface extend-
ing about 0.010 inch into the wall from the internal surface.
Sectioning revealed an area of internal surface irregularities
extending to 0.005 inch depth extending 0.015 inch along the
internsl surface.

Section 6. Estimated to be an irregularity extending through the tubing

wall. Sectioning revealed a crack extending from the outer
surface to a depth of .0l3 inch.

| 23b‘2 49 ' DER pccin
Fotdtl

G

(‘:"-r«‘:’



. B-24 2 o

Section 7. Estimated tc be an irregulerity which extended through the
wall. Secticning revealed & zrack extending fram the cuter
surface tc a depth of 0.020 inch.

Section 8. Estimated to be an irregularity extending through the wall.
Sectioning revealed a crack extending fram the outside surface
to within .003 inch from the internal surface.

Section 9. Estimated to be an irregularity extending to a depth of .025
inzh. No irregularities were revealed at first sectioning.

Sectiorn 10. Estimated to te outside surface type about .0l5 inch deep
and of large area. Visible inclusions noted. 8ectioning
revealed &an irregularity with maximum depth of 0.005 inch,
extending along surface 0.012 inch.

Section 11. Estimated to be an outside surface irregularity extending
to 020 deep. Visible inclusions. N¢ irregularities were
revealed at first sectioring.

These results show that the new instrument can be used to give fairly good
estimates of the general depth extent of irregularities. On the average
the actual depth was 681; of the estimated depth. It is expected that
fabrication process type irregularities of the same depth extent as an
electromachined notch will give a range of signal amplitudes depending on
many factors including length, volume of metal affected, type of inclusion
materiel if any; and type of irregularity.

Zirconium Rydride Detection

An eddy current probe capable of operating at 779K was developed and
vas used tc test hydrided Zircaloy-2 laboratory samples.

The tests were made at both rcom temperature and 77°K on several sets of
samples having different histories. These samples contained O, 10, 50,
100, 300, 420, 500, TOO, 1000, 1500, 3000, 5000, 90CQ, 10,000, and 15,000

Ppm hydrogen.

At room temperature, it appeared that samples ccataining between appraxi-
mately 2000 and 5000 ppm hydrogen could be distinguished froam those at the
lower concentrations in a given set. However, additional samples are
needed to determine whether or not the curve of signal versus concentration
is monotonic in this range. Concentratioms above 5000 ppm can also be
detected; but the curve bas multiplie valued regioms below 2000 ppm.
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Cooling the samples to 779K increased the test sensitivity and reduced

the extert of multiple-valued regions of the signal versus hydrogen con-
tent curve below 2000 ppm. This made it possible to uniquely distinguish
samples having hydroger contents between 100 and 500 ppm and between about
1200 and 15,000 ppm within one set of the samples. Differences in signal
at different points on some single samples indicate that either the hydride
concentration, cr some other factor, is somewhat non-uniform. Samples were
submerged in liquid nitrogen during the low temperature tests. The eddy
current probe developed for this purpose was repeatedly thermally cycled
between room temperature and T7°K: but performed well through the test.

The eddy current test is sensitive tc some variables other than hydride
content at both rcom temperature and 777K; samples believed to have the
same hydride content. but having different histories, geave different
signals. However. a difference between hydrided areas and surrounding
non-hydrided metal was detected in two Zircaloy-2 process tube sections
tested at room temperature. The areas contained 2000 and 5000 ppm hydro-
gen. These samples have not yet been tested at TT%.

Further study is under way to determine the effects of variables other
than hydride content on the test results.

Heat Transfer Testing

Laboratory prototype circuitry to convert outputs of the dual infrared
radiameter heat transfer testing system to emissivity independent outputs
vas assembled. The system was evaluasted by testing sixteen aluminum clad
uranium fuel elements.

The system effectively reduced the emissivity dependence below a detect-
able level in many of the fuel elements. Variatioms in signal fram others
could have been due tc actual surface tempersture variationms, but this
was not demonstrated comclusively in the initial tests. Noise fram the
infrared detectors and their preamplifiers is an important factor in the
new system since noise in the two radiameter outputs is additive. How-
ever, & 1/L inch diameter mice standard heat transfer defect in the fuel
core to cladding bond of an aluminum clad uranium fuel element could be
detected. It should be possible to reduce radiometer noise below the
present level.

The circuitry used to convert the radicmeter signals consisted of an ,
Ampex FR-100 tape recorder, which was used to record the original radio-
meter outputs; an Ampex continuous tape loop time delsy, and a ratio
circuit. One recorded dual radiometer output was fed directly fram the
FR-100 into the ratio circuit, and the other was fed through the time delay
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into the ratio circuit. The time delay is necessary in order to permit
comparison cI signals frcm a given area on the test piece surface at two

different times.

Analysis of the results from the initial tests indicates that improvements
can be made not only by reducing noise in the radiometer outputs, but also
by reducing signal fluctuations arising in the time delay and associated

circuits, and by compensating for the non-absolute zero reference tempera-

ture used in the radicmeter.

USAEC-AECL COOPERATIVE PROGRAM

Nondestructive Testing of Sheath Tubing

Febrication and replication of deep, inside surface transverse notches
has proven to be somewhat of a problem. Measurements at 5 mc indicate
that ultrasonic response as e function of notch depth is nonlinear.
Recent evidence indicates that the optimum ultrasonic test procedure for
the longitudinal test may be one that propagates a shear mode at 45°
within the tubing wall. ©Nine tubes from the group of 200 tubes tested in
a manufacturer's plant were rejected based on results obtained in the
longitudinal test. Analytic studies have shown that the Lamb-wave fre-
quency, particle vibration, and wave amplitude equations are continuous
for all phase velocities and for all modes.

In the preparation of standards controlling electrode shapes during the
electro-machining of deep inside surfaces, transverse notches continue

to be a problem. Replication of these deep transverse notches was also
found to be difficult because the replica materiel cannot be cleanly
removed from the narrovw deep notch. By using electrodes of greater thick-
ness both the above difficulties may be resolved. One mil thick tungsten
electrodes have been used to date; it is estimated 5 mil thick electrodes
would provide the necessary clearance and maintain sufficient stock to
keep the corners from rounding excessively. Scme available 10 mil stock
is being milled down to the appropriste thickness.

Fabrication of the additional notch standards for extending defect depth
studies is nearly complete. The ocutside surface notches machined in
0.055 inch wall thickness tubing, which were originally used for trans-
verse test studies at an uwltrasound frequency of 10 mec, were used for
preliminary studies at 5 mc. As was previously found at 10 mc the ultra-
sonic response at 5 mc also proved to be a nonlinear function of notch
depth. The response curves at 5 mc for three different Lamb-wave-mode
entry angles were similar in shape. The Lamb mode generation was veri-
fied, as previously. by the sharp increase in signal at specific angles
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as entry angles were changed. In general the response at 5 mc was found
to incresse rapidly for shallow notch depths, increase less rapidly for
intermediate depths, and gradually taper off with little increase in
siznal from a notch depth of ebout 0.012 inches through a depth of

0.0175 inches which is equal to one-half the wall thickness. The response
curve was alsc obtained for an entry angle which corresponded to propaga-
tion of shear waves at 45C within the wall. This curve increased less
rapidly for shallow notches; more rapidly for intermediate depths; and
finelly tapered off neer the one-half wall thickness depth. In review

of the sbove results, Lamb-waves would appear to have a greater detection
sensitivity fcr shallow transverse notches. Response measurements with
inside diameter transverse notches are continuing.

The ultrasonic response as a function of longitudinal notch depth in
0.0%35 inch wall tubing was alsc studied at 5 mc. All entry angles,
corresponding to the Lamb and shear modes which were useda for the trans-
verse notch tests, were examined during the longitudinal measurements.

As in the past, no discrete signal increases were observed during entry
angle changes with the longitudinal test setup, thus indicating that
Lamb-wave propagation is improbable. It was found that all Lamb-wave
mode entry engles resulted in confusing response signals. In contrast,
the entry angle which permitted shear energy propagation at 450 within
the wall resulted in a relatively clear response. Consequently, only the
response as & function of notch depth for the 45° shear propagation was
determined. This curve was similar in shape tc the shear rropagation
curve obtained during the trensverse test measurements. Outside and
inside diameter notches gave approximately the same shape response curves.
With the improved signal clarity, the 45° shear mode may be the optimum
method for testing for longitudinal imperfections. However, as is usually
the case during conventional 45% shear propagation, the signals from
identical outside and inside surface notches are not the same amplitude.
This difference in signal 1s probably due to the difference in metal-
path distance between the locations of the 0.D. and I.D. notches in the
course of the zig-zag, 450 shear propagation. The difference in metal-
path likewise causes the signals from the outside and inside surface
notches to be displayed at different time intervals. Therefore, in order
to obtain equal rejection levels for outside and inside surface imper-
fections it may be necessary to have a dual gate system if this method is
used for the longitudinal test. With entry aungles proper for Lamb-wave
mode generation (in flat plates or in the transverse tube test), a point
in time can be found where the responses from inside and outside surface
notches are equal and, in fact, may be reversed. Generally, these points
are impractical because of either rapidly falling or rising response '
from one of the notches, and other general confusion as found in the tests
this month. It would appear the solution for the longitudinal test
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parameters on this score can best be resolved in dynaemic tests followed
by destructive anelysis.

Response measurements as a function of notch depth in 0.017 inch thick
wall tubing at frequencies of 5 mc and 10 mc are continuing.

Modifications in the Hanford production test equipment are complete and
tube testing as part of the correlation program has begun. Of the appraxi-
mately 200, 0.505 inch I.D., 0.030 inch thick wall tubes tested previously
in a manufacturer's plant, 80 have been tested for longitudinal imper-
fections. Initiel longitudinal tests vwere performed in one circumferen-
tial direction only, using identical 0.D. and I.D. notches, 1/20 of the
wall thickness in depth and one wall thickness in length. Based on this
initisl screening test, 9 of the 80 tubes were rejected. These rejected
tubes were longitudinally tested in the opposite circumferential direc-
tion and transversely tested in both axial directions. Fluorescent pene-
trant tests followed by destructive analysis is continuing for the two-
fold purpose of establishing the degree of correlation that exists and
determining the effectiveness of the ultrasonic test for the particular
testing parameters chosen. Further tests on remaining tubes will depend
on the results of the completed tests on the nine rejected tubes.

Anslytical studies pertaining to lamb-wave phase velocity, V, in the
region near the longitudinal velocity, Vi, continued. A newly found
treatment of the differential equation at V = Vi yielded a solution to

the frequency equation which does not vanish for either the symmetrical

or asymmeirical modes. Previously it was assumed that the asymmetrical
mode frequency equation was not solveble at V = Vy. In harmony with
these sclutions the particle vibration equations leading to amplitudes

of waves within the Lamb-wave carrying specimen must also be continuous.
By sultable modification of the constants in the solutions to the differen-
tial equations, it was found that the particle vibration and wave ampli-
tude equations were also made continuocus through V3. The modification

of constants does not affect the frequency equations. This result, how-
ever, does not yet explain the previously observed experimentel disappear-
ance of the symmetrical modes at V = Vy. Analytical studies concerning
this phenamena are continuing.

BIOLOGY AND MEDICINE - 06 PROGRAM

Atmospheric Physics

Five atmospheric diffusion experiments were conducted during the month,
utilizing the elevated source at a height of 185 feet on the meteorology
tower. The Hanford Fluorescent Tracer Technique, employed successfully
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for a number of years with ground level sources, was used without change.
Meteorological conditions were unstable during four of the experiments,
with wind speeds at 200 feet less than 10 mph in three cases and 28 mph
in the fourth. During the fifth experiment, the atmospheric stability
was epproximately neutral and the wind speed 15 mph.

Normslized pesk concentrations, when plotted as a function of distance,
show the characteristic rise to a maximum at 3 to 15 stack heights, with
the distance to maximum increesing with wind speed. At large distances,
theory predicts that the exposures should decrease at a rate approximately
equal to that for a ground source. However, during these experiments,

the rate of decrease was much greater than that for a ground source during

similar meteorological conditions.

Data from the special series of diffusion experiments conducted during
July and August were received from computing. The date confirm the find-
ings reported last month for the "30 Series" experiments with the decrease
of cross-wind integrated exposure with distance stratifying according to
atmospheric stability. In addition, the subtle deviation from a power
function relationship believed to be related to the vertical dispersion
and deposition processes was also found. :

A theoretical model based on the bi-variate gaussian distributlon was
developed which accounts for dispersion of particles by the atmosphere

and preferential settling or deposition of the particles due to difference
in size. It is assumed that the cross-wind distribution is gaussian, but
the same restriction is not made for the vertical. Instead, it is necessary
that the verticel distribution for any one particle size be gaussian, but
not the composite or observed distribution at downwind points.

In Air Force supported work, the Series III diffusion data from Vandenberg
Air Force Base were further analyzed. Regression equations were determined
for the decrease of normalized peak exposure with distance. The average
regression lines for Series III daytime experiments were essentially the
same as those for Series I and II. However, nighttime experiments showed
& pronounced seasonal variation with the Series I and III summer tests
being similer and showing a more rapid decrease with distance than the
Series II nighttime winter conditlion where the greatest stabilities were
encountered. In addition, the ducting phenamena occurred during some of
the latter experiments, causing the tracer to pass above the first arc

of samplers in the stable air and come to the ground at the second arc in
high concentrations. This effect is due to modification of stable maritime
air as it passes over the warmer land surface, developing instability in
the lower layers.

— — '
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Dosimetry

Liden and Andersson reported the presence of Cs-134k in laplanders

(Nature 195 1040 (1962)). A preprint of the paper arrived while the
measurements of Alaskan Eskimecs were in progress. A close examination of
our data also showed a small phctopeask presumably due to Cs-134 in the
cases cf high Cs-137 body burden. Adding the spectra of the ten Eskimos
with the highest body burdens gave a well defined Cs-134 photopesak.
Comparing photopeak teights and correcting for gemma ray abundances and
counter effiziency gave a Cs-134/Cs-137 activity ratio of 1.184. Match-
ing the sum spectrum of the subjects with Cs-134 and Cs-137 sources in
vater gave 1.25%. These agree approximately with the ratio found in
lappland if allowance is made for the decay of Cs~134 between the measure-
ments. The sum spectrum of all the people ccunted at Anaktuvuk Pass
showed the Cs-134 pesk but it was not as well resclved as in the spectrum
of the ten highest. No Cs-134 could be seen in the sum spectrum of 200
people from the vicinity of Richland counted during 1961--it could be
there put be masked by the K-40 gamma rays. There is considerable in-
terest in Cs-13L because it is not known how it could be produced as a
fission product in weapons testing.

There was a small bump in the sum spectrum of the 200 Richlanders where
the photopeak from Zr-Nb-95 would be expected. This might have been
external contamination (in spite of the shower and shampoo the subjects
get) or might have been in tke contents of the GI tract.

The body burdens cf pctassium were calculated for the people counted
during the Alaska study. The Eskimos appear tc have a few percent more
potassium per unit body weight than whites; this would indicate a
slightly higher proportion of muscular to fatty tissue. The data showed
a decrease in pctassium with age similar to that found elsewhere.

A small program under the HLO contract with Swedish Hospital, Seattle,
was started to give them the benefit of our experience with whole body
counting at the same time that we benefited from their medical experience
with isotopes to cbtain some new whole body counter celibration data.

The method of cutting scintillation crystels mentioned last month was
successfully employed irn preparing two thin Nal crystals. This was done
partly for practice, partly to obtaein some thin crystals for test purposes.

The positive icn Van de Graaff operated satisfactorily during the month.
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Dr. H. H. Rossi, Professor of Radiology (Physics) at Columbia University,
used our positive ion Van de Graaff for twc weeks in an experiment aimed
at developing a rem-meter for neutrons and gamma rays. He accamplished

his planned experimentel work.

A modified readout system was completed for use with tissue equivalent
chambers used in neutron studies.

Mound Laboratory has completed intercomparisons of their precision long
counter with the one of ours that we loaned them. The latter is now being
sent to Argonne National Laboratory for intercamparisons there.

The measurement of the correction for heat loss in the gamma ray calori-
meter is partly completed. It appears that the discrepancies that led
to the discovery of the loss will be practically removed by the correc-
tionm. '

Rediastion Instruments

Experiments with a number of specially-febricated pencil-type ionization
chamber dosimeters, as modified for use in the automatic recharging dose
meters, indicated a considerable variation in output pulse rise time for
each recharge cycle. It was determined that a re-coating with Aquadag

on the center quartz rod improved the electrical characteristics; thus,
either the pencil dosimeters can be re-coated or the solid-state cir-
cuitry can be modified to secure proper performance. Two more finsl-form
dose-meters of the type which provide only a single point signeling feature
at either 50 mr or 100 mr, as required, were campleted, and these two will
be campletely tested in the laboratory before delivery. One other experi-
mental pencil dosimeter was modified, by using the shell from a standard
neutron sensitive dosimeter, to provide an experimental device for neutron
dose measures. The conversion was successful and tests were planned.

Investigation and planning were started to provide a suitable method of
telemetering radiological and other information from animals to central
receiving and measuring instrumentation st Biology. The approach seems
to be coampletely velid and can permit good freedom of movement for the
animals.

Experiments were started in an effort to provide more shock-resistant
scintillation detector probes, especially for use with portable-type
general survey instruments. In addition, simpler methods of assembly

are being sought to reduce costs. Instructions regarding proper handling
of the probes is part of the answer.
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Development was started on a new automatic sample changer mechanism to
provide a reliable, simple system for the monitoring and counting of pint-
size bottles of liquid radionuclides with an 8-inch diameter Nal well
counter. The indexing mechanism will move the bottles into position for
counting and ther back to storage. The basic design and fabrication were
completed and tests started. A Geneva gear is used for sample indexing
with cam-operated microswitches used for control. The development was
carried out following the camplete inebility of commercial equipment to

do the work.

Considerable progress was mede regarding the experimental portable mast
measurement system. The gating-circuitry, tc permit sequential digitiza-
tion of the six measured temperatures during scanning, was designed, fabri-
cated, and tested. All emitter follower circuits were completed and the
transistor trigger circuits were redesigned to provide compatibility with
the developed anemcmeter solid-state amplifiers. Wind speed storage re-
sets, identification gates to provide printed output date point identifica-
tion, the wind speed display frequency meter circuit, the wind direction
integratcr circuits, and the calibration test-pulse generator for wind
speed circuitry testing were all coampleted in final form design and were
fabricated and tested. The commerciel printer and the digital voltmeter
were both ccnnected into the system and tested. The signal-to-noise ratios
at logic points in the system were measured and found to be, quite satis-
factorily, in excess of 30 db. A special circuit was developed to permit,
at the option of the operator. one camplete data group printout per minute
in addition to the normal of twelve per minute; this selectivity will be
useful for certain of the planned experiments. The over-all system is
appraximately 50% complete at this time.

All development work was completed on the scintillation, logarithmic res-
ponse chopper input, solid-state area radiation monitor as fabricated in
prototype form. Extensive tests showed proper performance, end the unit
was calibrated to cover the dose-rate range fram 1 mr/br to 500 r/br.
Drawings of the complete circuit were started.

Experiments continued on & scintillation C.ose rate meter which can cover

a four-decaede dose-rate range with a logarithmic response, for use in
either portable or line-operated applications. The unit employs a recharge-
able battery for power; thus, adaptability is provided. The most promis-
ing experimental solid-state circuit to date employs only five tramsistors
and has shown excellent temperature stebility from +30° F to 130° F; some
iemperature compensation work remains to provide low temperature stability.
Progress was satisfactory.
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An improved, simple pulse generator circuit was develcped which provides
output pulses larger than the magnitude of power supply voltage of the
battery operated circuit. The generator employs a Generel Electric
Unijunction transistor as a relexation oscillator plus one added transis-

tor amplifier.

A study was performed to determine appropriate, simple, reliable methods
for the detection and counting of microgram amounts of beryllium on
standard air filters. The proposed methods were of the activation and
prj?g.ﬁct detection type of (a;yn), using a suitable aa.pha‘ source and of

Sb (75.:2112 It was calculated that a 0.0l curie alpha source or a 20
curie Sb gamma socurce would be required to permit detection of microgram
quantities of filter-deposited beryllium. Suggested general instrumenta-
tion methods for both approaches were determined and a report was prepared.

Debugging is under way on the logic portion of the 40O-channel analyzer
for use with the positive ion accelerator. Current drivers for the co-
incident current magnetic core memory have been developed. These drivers
will produce a three microsecond, 300 milliampere pulse with a 120 nano-
second risetime and a 90 nanosecond fall time. Transistors for evaluation
have been received and final selection is being made. Layout for the
printed circuit construction is finished. Work is now in progress on the
sense amplifier for the memory.

WASHINGTON DESIGNATED PROGRAM

Isctopic Analysis Program

Isotopic analyses were provided on program samples received during the
month in accordance with current goals. The performance characteristics
of the mass spectrometer were checked by daily analyses of a natural-
uranium stendard. The rgsu.lts of these analyses showed a daily variastion
in the measured U235/U25 ratio consistent with the precision of an indivi-
duel analysis and also showed that no significant change in bias has
occurred during the previous three months.

TEST REACTOR OPERATIONS

The PCTR was operated intermittently during October. There were no un-
scheduled shutdowns,

The experiment to measure the neutron distribution in a PCTR cell was
campleted during the month.

Preliminary tests for the high 240 Pu-Al experiment were started.
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The TTR was operated intermittently. There was one unscheduled shutdown
due to faulty by-passing technique.

The TTR was made avallable to the University of Washington Graduste Center
on a twice~a-week basis during the month.

A maintenance program was started to replace the safety sheet drives with
improved equipment. Eject springs were added to the safety rods to decrease

release and drop time.

CUSTOMER WORK

Weather Ferecasting and Meteorological Service

Consultation service was rendered on meteorological and climatological
aspects of 1) envirommentel consequences of reactor accidents or major
fission rroduct releases to RPO, 2) low altitudesampling of fallout to
CR&D, 3) axides of nitrogen release in 300 Area to IHO for FFD, and
4) design of heating system for new buses to CE&UG.

Off-site requests for data included 1) selected weather datea on punched
cards for Travelers Research Center, as requested by U. S. Weather Bureau,
2) atmospheric rressure data for Texas A&M Research Foundation, and 3) wind
data pertinent tc structural design criteris for Bomneville Power Adminis-
tration.

Meteorological services, viz., weather forecasts, observations, and clima-
tological services; were prcvided to plant operations and management per-
sonnel on & routine basis.

Weather Smmna.ry

Type of Forecast Number Made 9 Reliability
8-Houar Producticn 93 82.7
24~Hour General 62 88.0
Special 1Tk 8.9

Temperatures during October averaged a little below normal and precipita-
tion totaled & little above. All measurable rain occurred during the
first half of the month--most of it fram the 11th to the 1lhth,

There was an unusual amount of fog for October. The number of days of
occurrence (9), the total time of observance (63.6 hours), and the longest
period of comtinuous observance (39.0 hours); were all 18-year-record highs
for the montk.
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Instrumentation

Trial application of the Automatic Conveyor-Type Laundry Monitor System
over several eight-hour shifts showed that one person. using the system,
can perform the work of six persons using the usual monitoring methods.
All modifications have now been satisfactorily completed and general
operatior has been quite satisfactory. The hand-written draft of the
operation, instruction., and maintenance manual has been campleted and
is being reviewed. Since October 17. the complete system has operated
for 16 hours per day with good performence with about 50 germents per
hour being monitored and processed. The technical report was started.

The field-model continuous coincidence-count alpha air monitor; designed
for Radiation Prectection Operation, completed another month of satis-
factory test oparatiom.

Calibrations were completed on the Columbia River Monitor; designed for
use by Radiation Protection Operation, and ranges (three) were adjusted

to provide, as desired by operating persomnel; values of approximately
0-10; 0-100, and 0-1000 microroentgens per hour. The integrating time
constant was increased to reduce the chart-recorded statistical variations.
Except for some minor additional work t¢ provide alarming for pump failure
(actually not a part of the monitor), the complete system is done.

A special amplifier circuit was designed for use with glass scintillation
detector probes in use by Plutonium Process Engineering, CPD. A 40:1
signal-to-noise ratioc was obtained for the prcbe-amplifier cambination.
The circuitry was installed and is performing correctly.

Final stages of desigr of the creep capsule data logging system to be
used by Physicel Metallurgy Operation for in-reactor creep measurements
are being completed. Comsultation was provided on the design of a
differential tempersture control system for the creep capsule. Specifica-
tiong for a differential amplifier-integrator unit were Getermined and
the availability and ccst of such & unit were investigated. Such a unit
with two percent accuracy, .3 uv/day drift, and good response to 40 uv
differential thermocouple signals {1°C differential using ASA type K) can
be obtained for about $400 per chanmel for 16 channels. The swelling
capsule Minneapclis-Honeywell data logger arrived this month, It is now
located in the 326 Building for acceptance testing prior to installation
at the 100-KW test facility.

Calibration of micro-displacement readout systems tc be used by Physical
Metallurgy Operation for in-reactor creep measurements has continued
during October. ’
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Calibration of both types of systems in use in the third generation creep
capsules has been completed, including tests to determine the interchange-
ability of various models and the effects of varying the zero control
settings on the translators.

Data obtained during the calibration of an Electromicrometer readout system
has been processed using the 7090 transducer calibration program, and the
results were transmitted to the customer in a memorandum report, PM 62-15.

The synthesized frequency characteristics for the Gorton tracer lathe were
programmed for the GEDA analog camputer. The simulation wes checked out
in a 10 and 100 times slowed down system. Frequency response curves taken
showed the validity and workability of the system. Potential trouble due
to instebility of the system was observed. Checking the system with a
ramp input showed that the error output system works. _

A digitel program for cylindricael heat transfer based on a formulation
by A. L. Ruiz was revamped. The program is now faster and the time
saved is (T-1)/2 where T = number of timesteps to be calculated by the
program. In addition, a program was written to calculate coefficients
for an analog simulation using variable radial distance steps. The prog-
rem was campiled and is expected to be used soon.

Cost estimates for the ground water analog system were prepared and sent
to Chemicel Effluents Technology. Recommendation of taper pin connections
throughout the system have been made for relisbility purposes. This will
also allow changes to be made easily to any of the passive resistor com-
ponents. Purchase specifications for equipment and components are now
being initiated.

A method of limiting the charge accumulated on the autoclave- controller
integrating capacitor during startup operations is being investigated

in an attempt to improve temperature control of the FFD autoclave vessels.
Methods of improving the temperature measurements on the autoclaves were
also discussed with FPD personnel. For control purposes. it is desirable
to reduce the measurement time lag of the control thermocouple. Also;

in many cases the sidewall thermocouples develop & high thermal resistance
contact with the autoclave vessel and are severely influenced by the
adjacent heater strips. When this happens, the thermocouple reads high,
due to the radiated energy fram the heaters, and may cause false excess
temperature alarms.

Development and testing were completed on modificetions to Fuels Develop-
* ment's tape punch readout for fuel element dimensions. The changes will
permit the use of the readout device at the K-East underwater measure-
ment facility.
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Optics

A small (4 foot lomg x 2 inch diameter) wide angle borescope was designed
and assembled for Process Equipment Development Operation. The periscope
has a field of view of 80° and is to be used to study the rate of travel
of bubbles of immiscible fluid in water.

A camera was designed for photographing the interior surfaces of two
inch and 3/4 inch I.D, tubes. Components of the camera are now being
fabricated in Tech Shops and in the Opticel Shop. Same test photographs
were taken using the set of optics for the large bore tubes.

Modifications to a new 1-1/8 inch diameter process tube borescope have
been designed to permit photography using a 35 mm camera. This work is
being done for Irradiation Testing Operation, IPD.

During the five-week period (September 23-0October 28) included in this
report, a total of 464 man-hours work was performed. The work load in-
creased considerably over the previous month.

The work performed during this month included:

1. Machining of three Nal crysteals.

2. Fabrication of four lenses for the Purex crane periscopes.

3. Modification of a borescope for Irradiation Testing Operationm,
IFD.

L, FPabrication of & quartz cylinder for a high temperature U0

Pressurized test section to be used by Ceramic Fuels Development

Operation.

Repair of four camera shutters for the Metallography labs and

for Radiometallurgy :.Operation.

Repair of an underwater periscope for 105-B Building.

Fabrication of seven glass bearings for waste storage tank

pumps for CPD.

Febrication of components of & Fuel Element Bore Camera.

Febrication of camponents for a borescope camera.

Febrication of windows for ten bell jars for Production Main-

tenance; FFPD. )

. °

OV N0 W

Physical Testing

Testing service work in general remained steady with a slight slack off
in tube shop work. The tubes for K-reactor replacement have been delayed.
A total of 2,1Th tests were made on 1,891 items representing some 16,149
feet of material. Though work on tubular components has been restricted,

1236263



538 NNy

testing of such camponents still accounts for over 25¢% of the material
tested. A gooi base of customers was maintained with thirty-two different
components serviced this month, representing all of the HAPO operating
depertments and service organizetions and other AEC contractors. Advice
was given on fifty-two different occasions on general testing theory and

applications.

ASME Boiler Code approval was instituted and obtained for operation of
the Tube Shop autoclaves. Kaiser Engineering operating personnel were
retained for assistance in establishing camplete an? detailed opersting
procedures. These preparations were made to be able to camplete the work

required on spare PRTR process tubes.

Bldy current testing of 8,300 feet of 3/16" 0.D. s/s tubing for use as
instrument lead lines at the 100-N site was ccampleted. The tubing was

to have been used in the rupture-monitor system; subjected to Operating
pressures and temperstures. The high pressures required that minimum wall
tolerances for the tubing be maintained. Concern with the removal of
discontinuities of a size which would reduce wall thickness below the
minimum ellowable caused the instigation of the eddy currernt testing.
Unfortunately, only one length of tubing (4O feet) was found to be free

of discontinuities. The standard established was & 4 mil notch. Metallo-
graphic exemination confirmed the existence of a variety of discontimuities
including corrosion, carbon depletion, cracks, inclusioms, cavities, laps,
folds; and seams. Some cracks were found tc have almost completely pene-
trated the tube wall. Use was made in the eddy current test, of a novel
balancing system to determine phase relationships which in turn gives
information as to whetheran indicated discontinuity is at the inside or
outside surface of the tubing. Metallographic verification of this aspect
of the test was obtained also. The defective tubing has been returned to
the mamifecturer and new material will be similarly tested when it arrives.

Work continued on direct visualization radiography techniques in comnection
with & simuleted nuclear heating project being done by Ceramic Fuels. A
closed circuit T.V., zoom lens and vidicon tube were used to determine its
capabilities of visualizing the effects of uranium changes at high tempera-
tures. Poor response at optimum conditions proved the need for an image
orthicon tube in order to complete the experiment satisfactorlily.

In the work on NFR vibratory fatigue samples uwltrasonic testing was con-
tinued and fracture tests were made over a range of temperatures to observe
the effects on brittle fracture. In sddition, ultrasonic examination was
mede of a seven foot long by 18 inch 0.D. pressure vessel (for hydrostatic
pressure testing at Southwest Research Institute) fabricated fram NFR
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primary loop pipe. The weld was continuously scanned on both sides for
the full length of the longitudinal weld. Eleven indications were de-~
tected equaling or exceeding indications on previously tested vessels.,
The ultrasonic amplitude measurements were recorded along with the loca-
tion of the discomtinuity in the weld. The pipe from which the vessel
had been fabricated contained an I.D, replacement weld made by approved
procedures and should not have conmtained discontinuities of the size
indicated. However, fram the ultrasonic evidence it would appear that
the discontinuities were slag pockets and not cracks. Review of avail-
able radiographs (in finished vessel and on original pipe) did not reveal
slag pockets to be present.

Work was started to nondestructively and destructively analyze the
mechanical and metallurgical properties of a cross-header pipe and
associated Parker fittings which had been removed from DR reactor.
Fluorescent penetrant examinations of 8 of 12 of these pipe sections
disclosed indications which appeared to be stress corrosion cracking,
particularly in the sections of pipe which had been in the center of

the reactor. The cracking also occurred in highly stressed areas adjacent
to welds. Rediographs of the Parker fitting welds, thread relief area,
and threads were taken to determine the integrity of each area. The pipe
was marked to establish orientation in the reactor and photographed.
Photographs were taken of fluorescent penetrant indications and then
mapped on an overlay. The Parker fittings were ultrasonically examined
to determine if any cracking had occurred in the thread relief area.

A hydrostatic test on one section to 5000 psi did not reveal any leaks.
Sections were taken through typical cracked areas and metallographic
examination confirmed the existence of stress-corrosion cracking. In
scme areas, the cracks extended a quarter of the way into the wall.
Mechaniceal tests samples are being prepared for flattening tests, tensile
tests, and bending and tensile tests on the Parker fittings. A field
examination was also made on a H-reactcr cross-header using fluorescent
penetrant. A similar condition was found to exist as found on the DR
cross-header; that is, evidence of stress corrosion cracking was evident
on the Parker fittings and on the cross-header pipe Jjumper.

Analog Camputer Facility Operation

The major problems considered during the month were:

1. Reactor Instrumentation.

2. NPR Similation.

3. Cross-Spectrum Analysis Study.
4. Critical Mass Simulation.

el _
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Since the tube ncise tester has shown promise in detecting tubes which
will be potential sources of trouble in the analog camputer, e plan was
worked cut with maintenance personnel to check all 12AX7T tubes in the
anslog camputers. Since not sufficient down time was available, this has

not yet beer put into practice.

A miniature temperature recorder has beern received and installed in the
camputer to provide a comtinucus record of the oven temperature. Several
weeks of operation of the recorder show that a variation of about 8°F

in the oven temperature is occurring ir 2b-nour cycles. The specifica-
tions call for oven temperature ccntrel withizn £1°F. Since this causes -
variations in the camputing capacitors of about 0.1%; it seems advisable
to schedule some dowr time to correct this.

Eighty-one percent of the GEDA and ninety-twc percent of the EASE equip-
ment were in good cperating comditior during the month. Computer utiliza~
tion was as follows: -

CEDA EASE
112 140 Hours Up
56 28 Hours Scheduled Down Time
0 0 Hours Unscheduied Dowrn Time
_0 O Hours Idle
168 168 Hours Total

A check of all routines and other general msintenance for the last two
months was made. The check indicated that rovtine maintenance was comp-
leted as per schedule except for a few instances where the equipment
could not be removed because of usage. '

The reference power supply on the EASE kept burning out fuses. The
trouble was traced to a loose commector on the back of the patchbay.

Instrument Eveluation

The Model II Scintrar irstruments in use at HAPO are performing satis-~
factorily. The scintilletion alpha probes, which can be used with the
instruments, have only cccasionel troubles with pinhcle light leaks.
Word was received that Instrument ILaboratories s Inc., of Seattle, who
febricated the last order of 65 Model II Scintrans, is planning to fabri-
cate and market them commercially. Ome such unit was displayed at the
October Instrument Society of America Conference in New York.
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The last two on-site fabricated scintillatiom, solid-state; alpha-only
hand counters continue to perform satisfactorily, after about six weeks

use, at Biology ani at B-plant.

Evaluation tests were perfcrmed on seven scintilletiorn combined a&lpha-
beta-gamma hand and shoe counters being fabricated; on an order fram
Radiation Protection Operetion, by Instrument Iaboratories, Inc. of
Seattle. The tests were performed at Seattle in an effort to accelerate
the acquisition of the instruments. One unit; a "final" prototype is
scheduled for shipment to HAPO for more camplete testing before the other
six instruments are finished. One cf these instruments was also displayed
by Instrument Laboratories, Inc. at the Instrument Society of America

Conference in New York in Qctober.

All calibration tests were satisfactorily ccmpleted on the experimental,
scintillation, solid-state, chopper input, logarithmic~response area
radiation monitor. The full covered range was about 1 mr/hr to 500 r/hr.

Assistance was rendered in calibrating an clder-model, quasi-logarithmic
response scintillation area monitor which has been in use with two other
units, for several years on the fromt elevator at H-reactor. It was
suggested that the newer models be obtained as replacements in the in-
terests of continually upgrading the plant radiation monitoring system.

Fifteen of the new solid-state circuitry, portable. BF3 tube neutron

monitors are now in plant service.
Pul F bt

Manager
PHYSICS AND INSTRUMENT RESEARCH
AND DEVELOPMENT
PF Gast:mcs
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CHEMICAL RESEARCH AND DEVELOPMENT OPERATION

RESEARCH AND ENGINEERING

FISSIONABLE MATERIALS - 02 PROGRAM

TRRADIATION PROCESSES

Ground Water Temperature Studies

North of the Umtarum Ridge-Gable Butte-Gable Mountain axis several
regions are known tc exist which have very good hydraulic con-
nections with the Cclumbia River. Water level records from wells
drilled in these regions reflect almost immediately changes which
occur in the water level of the river. The only locality, however,
where temperature data indicate physical exchange of river water
with ground water at a distance greater than several hundred feet
inland is in the regicn between 100-H and 100-F Areas. There the
river water can be detected up to one mile inland.

Disposal of NPR Decontamination Wastes

Digestion of iron-scavenged smmonium citrate waste at 85 C, simu-
lating conditions expected in the NPR waste treatment tanks, develops
& s0lid which exhibits poor settling characteristics. The effect
of this peptized iron hydroxide on soil infiltration of ammonium
citrate waste was determined in laboratory tests. A sandy aeolian
surface soil retained all of the solids (340 ppm) from a waste
throughput equivaient to about G000 gal/ft2 The 2 cm of digested
waste sludge which accumulated on the soil surface slowed the rate
of waste percolaticn from 4 to 8 gal/ft /day, expected for solids-
free waste supernate, to about 0.5 ga.l/ft2 /day. In marked contrast,
retention of undigested (room temperature) sludge by this soil was
previously found to be poor (HW-73482).

The concentration of sulfate ion in the supernate of a similated
three-step decontamination waste was found to be 9800 ppm. Design
Engineering personnel have indicated that this sulfate concentrea-
tion precludes the use of concrete for underground and side-wall
construction of the NFR decontamination waste crib.

Effluent Monitoring

The development work on the As-T76 monitor was completed. An
instruction manual and a final report are being written.
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The radioiodine monitor operated with no malfunction during the
month. The equipment was left unattended for ten days, and no
trouble occurred. A rupture caused an off-scale recorder reading
for 1-1/2 hours. The reading prior to rupture was 1/3 full scale,
and no gradual buildup occurred prior to the rupture. No estimate
of the maximum velue can presently be made. This experience
indicates that a logarithmic count rate meter is required in the
redioiodine monitor instrumentation.

Carben-14 Decontamiraticr Studies - Coolart Gas Drier Condensate

A program was initiated to determine a suitable method for C-1b
decontamiration of condensate from pile coolant gas drying beds.
An initial sample of drier condensate, received from 100-KE Area,
is being aralyzed to ascertain the c omposition of this waste. The
sample received had a pH of 9.2; it was slightly discolored (light
tan) and had some light trown sediment. The solution was 2.3 M
NH,", 0.5 M CO;%, and the presence of HCN was detected when the
solution was ecéidified. Precipitation and counting of BaCO, shows
an approximaste C-1l4 concentration of 1.5 uc/ml of condensaté.

Efficieacy of Charcoal in Reactor Corfinement Halogen Traps

Jodine removal efficiency tests of charcoal exposed to reactor
building ventilation air were completed. All charcoal samples
proved to be 99+ percent efficient for laboratory-generated I-131
vapor.

Reagctor Studies

During the past month, equipment outages required interruption of
the addition of deionized water to experimental reactor tubes and
additior of normal process water for a period of 12 hours. Sub-
stitution of prcecess water for deionized water produced an
immediate increase in all radioisotopes monitored in the effluent
from the two experimertal tubes. During the same outage it was
found +that a leaking valve was allowing a flow of about four
gallons per minute of process water into the tank supplying de-
ionized water to the two experimental tubes. The degree to which
the deionized water test was compromised by this valve failure
cannot be unequivocally established but the indication from
anslyses of the effluent water is that this failure occurred only
shortly before the forced +total substitution of process water for
dejorized water.
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Discarding data tsken during the 12 hour addition of process
water, the concentrsitions of Na-24 and Ga-72 in the effluent from
the two experimental tubes ircreased continuously throughout the
test, while their ratio rema;ned nearly constant. Since under
the conditiors of this test these radioisctopes must arise in the
water stream largely th rough ccrresion of the alumirum surfaces,
their corncentrations in +he effluent water may prove & useful
index of sluminum ccrrosioa phencmena.

Zf it is assumed tha the ga lium contert of the aiuminum in these
tests is the averege value messured ir ciner tubes and cans, and
if it is assumed that the cerrosiorn prcducts are released directly
tc the water, then an spprarert corrcsion rate can be computed
from the Ga-72 corten: of the resctor effiuent. Computed values
were 2.8 to 5.1 mils per month and were s%ill siowly increasing.
These are very high corrosion rates compareé with those found
when process water is used contalning a dickromate corrosion
inhibitor. ¢ In his and other lests, Ga-72 concentrations in the
reactor effluert water will be measured and compared with aluminum
cerrosion rates. If s ccrrelation can e found, Ga-72 measure-
ments may provide vgluable alumirur ccrrosion rate estirates on

a8 curreat basis during the courss of reactor tests.

Reactor drier corndensate samples frem two reaciors were analyzed
for tritium and oiher weak bets emitting radicisotopes (C-14 and
S-35). From these measuremerts it was estimated that tritium is
disposed to this waste at a rate of abcut 2 “uries per day at

each K resctor acd about cne curie per day at the older reactors.
Scme C-1L aré S-35 are siso produzed in smcunis equal to 10 percent
or less thar that of the tritium.

FUEL PREPARATION PROCESSES

Electrodepcsition of Nickel orn Urariux

Scouting studies cof the eiectrcchemical characierization of
urarium metal surfaces have ccniirued with measuremsnts of the
capac1tance ard resistarce of the cell U/0.1 M KC10,/Pt.
Apparertly s.grificart differenzes in capac:tance o% a particular
specimen have teen fcund to resul* from veariations ic trestment
of the urarium surface prior to the measurement. Thus far,
studies hLave been made cf the relaticnship between capacitance
and the concentratior of ritric acid usec tc clean the surface
produced by defilming in 10 M HNOg at 65 C, then chemically
etching in & 6 M H5SC,, 2 M HNO,, 0.25 M CuSO, solution at 50 C.
It was fourd that wker tne fin n*trlc Tacid clearning is done

»
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at rcom tempersture, 9 M HNO, gives a surface with minimum capaci-
tance (zcrpared to clearirg With other acidities). If the cleaning
is done at 40 C, +the minimum capacitanze 1s found for 8 M HNO,.

The la“ter observation appears particularly significant in viéw of
the reports from Savannah River that the best uranium surface for
nickel piating is ore which has received a final cleaning in 8 M

HN03 st 4C C.

Measuremer.t of Nizkei Piaste Thickness on Uranium

Tests have shown =ha*t the thickness of rickel piating cn uranium
metal cen be determined to = 0.5 percent by measurement of the
fluorescent X-ray intensities of four uranium lires after their
attenuatior Tty the rickel plating. The four lines give calibration
curves with different slopes since their wavelengths and associated
absorption coefficients sre different. The method is sensitive

to & fractice of & micron variation in plating thickness because
the linear absorp=icr of X-rays is an exponential function asnd it
operates twice; cnce on the primary X-ray beam peretrating the
nickel piste and sgsin on the uranium fluorescence from the base

metal.

Preliminary studies have been made of the use of these measurement
techriques tc irdicate the degree to which plated nickel has dif-
fused irtc base uranium metal as a result of heat treatment. The-
attenustion of the uranium fluorescence X-ray lines was measured
for several nickel-plated uranium coupons, before and after heat
treatment, and evidence was found that changes had occurred in

the effective thickness of the nickel layer. Although the method
has not teen callbrated as yet to permit calculation of the extent
of diffusion, some of the observatiors made in the course of these
tests indicate that the uranium diffused through the rickel much
more rapidly than the rickel diffused through the uranium. It is
not yet knowr if this ccrclusion is supported by opticel observation
of diffusicr zore bcurdaries for this system.

SEPARATIONS PROCESSES

Solid State Electrorefiring of Metals

Sclid stste electrcrefining occurs wher passage cf a direct current
through a heated solid metal specimen causes impurities to migrate
toward the anode or cathode end of the specimen. Since purification
can be accomplished without melting the metal, this technique may
prove sttractive for purification of plutonium and other metals
which in the mclter state are corrosive toward most conteinment
materials.

1236211




{ % '." oo ": ’:;‘.- : ﬂa,‘
o= c-5 w0- 754

Preliminary to work with plutonium, studies have been conducted
with cerium traced with Fe-59. Extensive migration of irom in
cerium has been achieved, in agreement with the work of Marchant,
et. al.l, and further, the use of higher current densities has
been shown to yield greater purificstion in a shorter time. 1In
& 21.5 hour in vacuo run with the specimen temperature ranging
from 650 C to 790 C (the melting point) and a current density of
about 600 amp/cmz, the initially uniformly distrituted Fe-59
assumed the following distribution:

4 cf Total Fe Contained in 2 cm Lengths

(Cathode) 9.0 0.4 0.4 1.3 2.6 6.9 1u4.b 65.9 (Anode)

Despite cooling effects at the ends due to conducticn through the
electrode clamps, the iron content of 25 percent of the rod was
reduced by a factor of 30 and 50 percent of the rod by a factor
of 10. Cobalt-60, which was present as an impurity in the Fe-59,
distributed similarly to iron. \

Preliminary studies have established the feasibility of using a
molten chloride salt bath as & heat sink around a metal specimen,
to maintain more nearly isothermal conditions and likewise to
allow higher current densities and presumstly likewise faster
migration rates.

Equilibria in Molten Metal-Salt Systems

To test equipment and techniques, distribution of iron-59 between
molten cerium metal and molten cerous chloride was preliminarily
investigated. The results showed that reasonably good precisions
could be obtained for equilibrations of three hours duration at

875 C followed by separation of the salt phase with dilute acid,
dissolutior of the metal in concentrated HCl1 solution and radio-
chemical assay. Values for EL(Fe) ranged from 0.02 to 0.05. The
induction furnace set-up which was used in these experiments has
been transferred to a gloved box for systematic study of the distri-
bution of metals between metallic plutonium and plutonium tri-
chloride bearing molten chloride salts. Such studies are expected
to yield thermodynamic information useful in connection with present
development work on plutonium electrowinning from molten chloride
salt solutions.

1. Marchant, J.D., E.S. Shedd and T.A. Henrie, "Solid State
Electrorefining of Rare Earth Metals," Rare Earth Research,
Nachmann and Lundin, eds., Gordon and Breach, Science Publishers,
New York, 1962, p. 143-150.
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Disposal to Grcund

Analyses of water samples from well 699-17-5 show the presence of
bets-gamra emitters (presupably ruthenium) slightly above the
detection 1im*%t of 8 x 10~ uc/cc; this was verified by analyses

of resamples. The inclusion of this well within the contamination
pattern extending from the 200 East Area places the detectable
limit of beta-gamms contamimnation to within three miles of the
Columbia River. Tritium a=d nitrate lon concentrations above back-
ground have previously been noted in this well.

Additional core sampling attempted at the Recuplex 216-2-9 cridb was
only partislly successful with the recovery of a two-foot and a
five-foot core. Two other subsequent sampliing attempts resulted

in the recovery of shorter cores. Other sampling methods, an suger
bit and a split-tarrel drive sampler, are being considered. Casing
of the hole will be required If either of these methods is used

to permit re-entry to obtain samples from successively greater
depths. These methods would aisc be more time consuming than the
rotary drill method.

Jodine Removal Prcresses

Further studies were perfcrmed in an attempt to explain the anom-
alous behavior of I-131 released in a specially-controlled Redox
dissolving. Iodine-131 in the stack gas stream, filtered to remove
particulates, was rot efficiently held on charcoal, and more unusual,
was removed in a reducing scrubber (NH,OH.BCl) lergely in a form
other then elemental iodine. The conclusion reached from these
observations and other tests to confirm the presence of other than
elemental iodine is that I-131 under some plant operating situations
may be "conditioned" into forms or possibly react with trace
crganics to give compourds which react quite differently than
elemental iodine. Ckarccal treps for I-131 in piant streams should
be recommended only after detailed study of the forms of iodine
occurring throughcut the range of operating conditions articipated.

Foar Suppression During Fcrmaldehyde Treatment of Purex 1WW

Several non-silicone antifoam agerts were tested on a laboratory
scale as foam suppressants. As previously, foaming tendency was
induced in synthetic 1WW by refluxing it with 30 percent TBP-
Soltrol. Tribuiyl phosphate was found tc be an effective anti-~
foam agent. During continuous operation TBP had to be added to
the reactor in 5 gm/l increments every 80 minutes to maintain non-
foaming operatior; Gereral Electric Antifoam B, the most effective

ot .
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silicone-base antifoam agent tested, had tc be added in 0.5 gm/1
increments every 20 minutes to prevent foaming. Polyethylene
glycol reduced foaming somewhet, while heptadecanol was completely
ineffective. During "foaming" operation of the laboratory formal-
dehyde reactor, cyclic surging of the foam occurs. It was found
that if the formaldehyde was introduced above a packed section in
the tower, instead of at the base of the tower as is normally done,
the foam level remained steady at only about one-half the maximum

helght reached when surging.

Deritration of Purex 1WW with Sugar

Batch denitratior of 1WW with sugar was investigated in the pilot
plant denitration unit. A 2.5 molar sugar solution was continuously
added to hot (100 C) 1WW. After the sugar addition was complete,
the pot contents were digested at 100 C for several hours. The
reaction proceeded smoothly and was easily controlled. At the
highest sugar addition rate used (3.4 moles/min./sq.ft. of tower
cross section), the maximum pressure drop across the tower was 1.5
inches of water and the maximum decrease in pot vacuum was about
eight inches of water. In all runs, an induction period of four
1o six minutes was observed befcre the reaction started. Gentle
air sperging reduced the induction period by sbout a factor of two.

With a feed ratio of 28 moles of free acid per mole of sugar and an
1ll-hour digestion period, the HNO, concentration of the product

was reduced to 1.3 M. About 22 mdles of nitrate were destroyed
per mole of sugar fed and about 1.5 percent of the sugar was left
in the product. At a feed ratio of 15.5 moles of free acid per
mole of sugar, the product was acid deficient after six hours of
digestion even thougk about 30 percent of the sugar was still
present in the product.

A decremse in pot vacuum of 30 inches of water was produced in the
piiot plant urit when 20 liters of IWW and 2.7 liters of 2.5 M
sugar solution were mixed together at room temperature and then
heated rapidly to 100 C.

WASTE MANAGEMENT AND FISSION PRODUCT EXTRACTION

Purex Strontium Flowsheet Studies

Hot-cell tests of a peroxide-tartrate process for producing a
strontium crude decontaminated from cerium - without the need for
a byproduct oxalate precipitation - were reported in previous
monthly repcrts. Results with actual Purex waste were very poor.
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The reason for this disappointing behavior (free redicals formed by
radiation) and an effective means to prevent it (addition of ethylene
glycol, a free radicael scavenger) are now believed to have been
found. Glycol addition was tested in two runs with well aged (ca.
200 days) somewhat dilute (95 gal. per ton) 1WW. Twenty milliliters
of ethylene glocol per liter of feed were added immediately following
addition of lead nitrate and about one-half hour after peroxide
addition. The mixture was digested at 60 C for three hours and
filtered. Decontamination factor from cerium was over 100 in the
run at pH 3 and about 10 at pH 2.5, both quite saitsfactory. The
experiments will be repeated with fresh, concentrated 1WW as soon

as the latter is available.

A large number of supporting, tracer-level, laboratory experiments
were performed during the month, mostly with FIW, in an effort to
elucidate the chemistry of the process and meximize strontium
recovery. Principal conclusions were:

1. That strontium recovery was primarily dependent on digestion
temperatures. Losses were about 15 percent at room temperature
and 9 percent at 60 C when cerium was not precipitated and
even lower when cerium was also precipitated.

2. Fraction of cerium retained in solution increased with amount
of peroxide added. Best separation of cerium and strontium
was observed at room temperature. The cerium DF exceeded 20
at room temperature and was about 10 at elevated temperature.

3. Rate of peroxide addition is a significant variable, rapid
addition giving best results. Reactions which destroy peroxide
(without yielding a solution which complexes cerium) proceed
more rapidly at higher temperature but are slowwer at room
temperature than the desired reaction. Hydrazine slows down
both the desired reaction and the side reactions proportionately
and renders rate of peroxide addition less critical.

L. Addition of ethylene glycol to scavenge free radicals effectively
stopped the action of peroxide on the tartrate. The desired
peroxide-tartrate reaction was found to be essentlally complete
within one minute of peroxide addition.

A detailed topical report on this work will be issued as soon as
the hot-cell program is completed.

X:
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Cesium Recovery by Ion Exchange

Linde AW-40O synthetic zeolite has been incorporated into the
flowsheet for cesium removal from alkaline supernatant waste and
has been found to be very satisfactory in the 14-30 mesh particle
size range. However, the iron-containing binder presently used
does not hold up well for acid wastes, especially where complexing
agents such as oxalic or citric acid are present.

Cesium Packaging

The binary equilibrium system cesium-silver was determined for
Linde AW-LOO because of currert interest ir storage of cesium,
reccvered by the cesium nickel ferrocysnide process (HW-75051).
If we assure the effect of silver and sodium to be additive,
cesium loading would be approximately ©.5 meq Cs/g, from solutions
containing C.26 g Cs/1, 0.20 g Ag/l, and 0.62 g Na/l. Elimin-
ating the silver from the above solution gives a cesium loading
of 1.5 meq Cs/g for the remaining 0.26 g Cs/1 and 0.62 g Na/l.
The actuasl silver concentration in the cesium nickel ferrocyanide
process is known only to be less than 0.20 g Ag/l, so additional
data are necessary to define the expected significance of silver
competition in the cesium loading operation.

Strontium Packaging

Shallow bed experiments were conducted to determine the strontium
loading rate on Linde 4A zeolite that had been treated to replace
interstitial gas with water. A 0.2 K SrCl, sclution traced with
Sr-85 was passed through 0.5 gram beds of 30-35 mesh 4A for vary-
ing time intervals. Flow rates were maintained to keep the
effluent strontium concentrations essentially the same as the
infiluent. By this method each 4A particle was bathed in solution
having very nearly the same concentration of strontium chloride.

The loading curves obteined showed that the time to 50 percent
strontium iocadirg decreased from 17 minutes for untreated LA to

14 minutes for 4A that had been soaked in water for 5 days. The
kinetics were not significartly improved by sceking in water for
longer periods of time or by using dilute Dupencl or sodium hydroxide
solutions. In addition, vacuum outgassing under water for two

ﬁours showed no significant improvement ir kinetics over untreated

A.

a .
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Cesium Scliven® Extracticr

Evaluaticn of BAMBP {L-sec-butyl-2-o methylbenzylphenol) for extrac-
tion of cesium from Harford wastes and synthesis ard testing of
related compounds was the sutject of intensive laboratery investi-

gation during the menth.

Compounds syrthesized inzluded BAMBP itself {to verify the technique
of synthesis and purificatiorn), 4-tert-butyl-2-o methylbenzylphenol
(ter BAMBP), o-methy.benzylphenol (AMBF) and its bis- and tris-
isomers. The tertiery butyl compound {ter BAMBP) was found to have
cesium extraction characteristics identical ito BAMBP, but should

be cznly sbout a fourth as expensive to manufacture as BAMBP itself
baseid on cost of starting materials (quoted prices for BAMBP are

ir +re range of $5 to $20 per pound, depending corn size of order).
The AMBP conmpounds either gave low cesium extractior or three-

phase formation, and were not irvestigated further.

A variety cf diluents were tested for BAMBP with the results shown
in the following table. BAMBP concentraticn was 1 M ic all cases
and initial aquecus was 0.001 M Cs, 1 M NaOk.

Diiuent Cs EQ
Amsco - D95 25
Nitrobenzere 19
Diisopropyivenzene 100
Eexorne 0.0%
Shell 23Lz 260
cCly 94
Soitrol 17C 2u5

Unlike the dipicrylamice sys%tem, there appears to be no correlation
with dielectric ccnstart. Saturatior of EAMBP (in Soltrol) with
cesiur was observed at & ratio of 4 moies of BAMBP to 1 mole of
cesium (versus & 1:1 retic witkh dipierylemire). Both observations
suggest a drastically different mecharism of extraction. Scouting
experimerts indicated that NMR measuremerts may prove valuable in
elucidating the extractiorn mechanisk.

DZEEPA Solvent Extractior of Stroctium and Rare Earths from FIW

Lsboratory Studies - In the cherical flowsheet presently envisioned
0.03 M ENO§ is used in the partition cciumn to separate strontium

from cc-exIracted rare earths. A succzeding strip column employing
2M HNO3 as the stripping agent is used tc remove rare earths from

1236217 | ey
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the organic phase. Ccnirary to resuits obtained in mixer-settler
runs, high strontium and cerium losses have been observed in pilot
plant pulse column studies of the partitioning and stripping
operations. Results of batch contacts suggest that the high waste
losses may be the result of irvsufficient residence and/or contact
time. Irn contasts simuleting partiticn and strip column con-
ditions attainmert of equ?librium distribution ratios for both
stronsiur and cerium required three minuies contact at either 25 or
60 C. Vigorcus mixing conditicns were used. The equilibrium
distribution retio for both strortium and cerium was lower at 60

thsr at 25 C.

Tc test the effezis of solvent cross-ccztaminesicrn;, extraction
coiumn feed@ prepared from synthstic FIW cf the estimated 1965 com-
position, was consacted witn 0.18 %o 0.20 M DZEEPA - 0.18 to 0.20
M TBP - Solsrci solutions contaizirg dipicrylamire (DPA) and
nitrobenzene. {One of the methods for removing cesium from FIW
invelves extracticn with DPA-Nitroberzeme.) The presence of as
mach as 0.0005 M DPA or 3.7 volume perceni nitrodenzene did not
affect distritusicr ratios significantly. At 7.4 volume percent
nitrobenzerne, the highest cozcentration tested, sirontium and
cerium distritution ratios were abcut two-fcld lower.

Pilct Piart Studies - 1A pulse column s=udies were continued to
cocfirm the aaverse effect of some FIW component on cerium
extraction. With the FIW-type feed, it was recessary to operate
the 1A columr &t LS C or above to insure a cerium waste loss of
less than 20 percent. Scattered sirontiur waste losses in the
range of 10 to 20 percent at eievated tempzratures suggest that

a higher solver® concentratiorn or flow rate will be reguired to
achieve the desired two percent or less strontium loss. Operation
with the agueous phase continuous, inatead of the normal organic
phase continuous, lowered the ceriur loss about two-fcld at room
tempersture ard six- to temn-fold at 50 C. This type of operation
may not be desiratle, however, because of the extersive backmixing
of feed coxponents and "cruds” throughout the scrut section,
undountediy leedirng tc poorer deccrtamimation performance.

Recert strontium aralyses have revealed an unexpected difficulty
in siripping strontium from the solvent with 0.03 M HNO, in the
1B column. Waste losses as high as 30 percent were obtained
urnder operating corditions which should have peen extremely
favorabie for stroptium remcval. The main difference between the
current runs and peveral very satisfactory runs made in 1960-61
with a somewhat similar flowsheet is the muzh lower strontium
ccncentration used in the present rums.

IZBbZ'iﬁSg o
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Cerium stripping in the organic-continuous 1C column was apparently
controlied by the rate of cerium diffusion in the solvent phase.

An increase in frequency from 80 to 95 percent of flooding or a
two-fold increase of the aqueous-to-organic flow ratio had an apprec-
iable effect on the cerium waste loss (five~fold or greater
reduction). An increase in column temperature from 25 to 40 C or

e reduction of the flow rates from 560 to 270 gph/ft¢ (sum of both
flows) had & lesser but still significant effect (two- to four-fold
reduction). Surprisingly, neither varying the acid concentration
from 0.5 to 2 M HNO, nor adding oxalic acid had much, if any,

effect on the cerium loss. Use of 0.3 M HNO, did significantly
increase the loss, as would be expected from the cerium distribution

ratio and extraction factor.

Engineering Studies of Processes for Cesium Recovery

Extraction with Dipicrylamine-Nitrobenzene - The use of packed
columns for the dipicrylamine extraction of cesium was investi-
gated. . The three-inch-diameter glass column contained nine feet

of 3/b4-inch stainless steel Raschig rings. An air-purge dip tube
installed about six inches below the packing was used to demonstrate
the effect of air agitation on extraction efficiency and flooding.
The following results were obtained.

l. When extracting cesium from a simulated supernate-type feed
at a solvent rate of one liter per minute, the E.T.U. ranged
from 3.8 feet at a feed rate of 0.5 liters per minute to 7.3
feet at one liter per minute. Addition of air at 0.1 to 0.2
scfh lowered the H.T.U.'s to 2.3 and 3.7 feet, respectively.
Addition of slightly higher air rates caused the column to flood.

2. At a feed rate of 1.1 liters per minute, the H.T.U. decreased
from 3.5 to 2.3 feet with an FIW-type feed, diluted about four-
fold, as the air sparge rate was increased from O to 0.5 scfh.

3. The sodium decontamination factor obtained under CS (scrub)
colum conditions, using 0.1 M citric acid as the scrub
solution and a one liter per minute organic feed rate, ranged
from 4.2 to 7.5 as the air rate was increased from O to 0.5
scfh. At a feed rate of two liters per minute and an air rate
of 1.8 scfh, the sodium decontamination factor was increased
to 11l.

L. The H.T.U.'s urder CC (stripping) column conditions, using

0.3 M HNO, as the strip solution and a two liter per minute
feed rate; decreased from 3.5 feet to 2.7 feet as the air rate

1230279 oy
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was increased from O to 1.5 scfh. At & one liter per minute
feed rate, the H.T.U. decreased from 3.2 to 2.7 as the air
rate was increased from O to 0.5 sefh.

The above results indicate that packed columns with provisions for
alr sparge agitation should be acceptable, though not as efficient
as the pulse columns previously tested. The performance of the CS
and CC columns would undoubtediy be improved by using smaller pack-
ing and air rates on the order of 20 to 40 scfh/ftQ. In all cases,
the efficiency was improved by operating at lower flow rates, so
the final columns would probably be designed to operate with the
supernate feed rate at about 160 gph/ft® and the solvent rate at
about 320 gph/fte. The FTW feed rate could probatly be about 320

gph/ft2.

Sorption with Clinoptilolite - Experiments were resumed to test
cesium removal from simulated Purex 241-A Tank Farm supernate in
fixed beds of 20-50 mesh clinoptilolite. The columns were 23
inches higﬁ by four inches in diameter. Using a cesium concentration
of 5 x 10~ M and flow rates of 1 and 1.5 gpm/ft2, breakthrough
occurred at 5 and 4.5 column volumes, respectively. As expected,
it was possible to process at least twice the feed volume, i.e.,
an equivalent quantity of cesium when the feed was diluted to
twice its original volume. When the column length was doubled,
12 column volumes were processed before significant breakthrough.
Apparently, the greater the length-to-diameter ratio the more
efficient the absorpticn.

A preliminary laboratory experiment has demonstrated that the
proposed elutant for cesium, a solution of ammonjum hydroxide

and ammonium carbonate, can be recovered on a continuous basis.

A 5000 ml pot was half filled with the solution. The solution was
continuocusly fed irto the pot and distilled off at equal rates

of about 4 ml/min. The vapor temperature was 94.5 C. After pro-
cessing about 1.25 liters of solution, none of the Cs-134 tracer
in the feed could be detected in the dis tillate. Analyses are
being made of the pot liquid and distillate.

Fission Product and Waste Packaging

Studies continued on the wse of inorganic zeolite materials as a
eeans of stabilizing high level waste fission products. Emphasis
is currently being placed on the hot gas through-drying portion
of the process cycle. Installation of off-gas humidity measure-
ment equipment was completed with shakedown runs indicating
extreme care 1s necessary to eliminate tramp water when measuring
dew points in the range of -100 F.
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Since the particle size distribution of fines elutriated from
synthetic inorganic zeolites is cf interest in process and hazards
evalustior, a water suspension of fines from Linde Company, Type

bA moiecular sieves was analyzed for particle size distribution
over a range of omne to twenty microns. Samples were prepared by
tumbling l/l6-inch pellets and washing the fines off with water.
Greater than ninety percent of the particles lay between one and
ten microns, 2 w/o were greater than ten microms, and approximately

5 w/o were less than one micron.

Additional study was made of the incorporation of cesium-loaded
synthetic zeolites into vitreous solids. Results of 39 fusions
using mixtures of the zeolite pellets and varying amounts of LiF,
5i0, and BoO; indicate that glass formation conteining dispersed
crystals can~be obtained over a wide range of compositions. At
a fusion temperature of 800 C, or less, the optimum zeolite
concentration is between 30 and 35 weight percent. The fused
product occupies approximetely the same volume as the original

pellets.,

Strontium Titanate Packaging Studies

Use of the Dynapak (high-emergy impact) process for production of
high density, massive strontium titanate was scouted briefly (with
Ceramic Fuels Development Operation). The process holds promise
as a simple, effective means for producing strontium-G0 heat sources.
Two schemes were tried. In the first, commercial strontium
titanate powder was packed into a stainless steel cam, heated to
1200 C for 30 minutes under vacuum, and then compacted. Best
density achieved by this process was 4.2 g/cc. In the alternate
method, SrCO, and Ti0, vere slurried together to insure intimate
mixing, dried, packed into the can, heated to 1200 C for three
hours and to 1300 C for 20 minutes, and then compacted at 280,000
psi. Density of the resulting SrTiO; was 4.79, about 94 percent
of theoretical. These densities compare favorably with those
reported by Osk Ridge and Martin Marietta (3.0 to 3.5 g/ecc) on
production pellets.

Remote Welding

The remote welding program was essentlally completed by investi-
gating the effects of the imcluded angle c¢f the tungsten point on
the weld characteristics. Twenty samples remain to be leak tested.

The five-inch pipe weld samples with raised flush face joints and
V groove reised face joints were welded with tungsten points that

1236281 e
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were ground to 20°, 30°, 40°, 60°, 90° or 120° included angles.

Two welds were made with each of the 20°, L0°, 60° and 120° tung-
stens, 13 welds with the 30° tungsten and 19 with 90° tungsten.

These tests showed tlet the following changes occur as the included
angle of the tungsten point is increased: (1) voltage decreases

at constant arc length and amperage, (2) joint centerline penetration
inereases, (3) tungsten erosion increases, (%) arc stability decreases,
and (5) arc initiation becomes more difficult. The arc shape

changes from a bell shape to & cylindricel shape as the included
angle increases, thereby producing locelized heat at higher included
angles end wide coverage heat at lower angles.

The localized heat produced by the wider included angled tungstens
yields better penetration (deeper at joint centerline) but requires
finer positioning of electrode to get a Jjoint with good external
characteristics and penetration at the center of joint. The wide
coverage heat from the smaller included angled tungstens produces
a weld with good external characteristics over & wider range of
tungsten positions (# 0.005 inch), but deep centerline penetration
is hard to produce as the weld beat flattens out as the heat is
increased. The sharp pointed electrode produces a weld nugget
with a crescent shape while the blunt pointed electrode produces
an elliptical nugget shape.

To produce welds with good external characteristics and good pene-
tration (0.090 inch) over a wide range of tungsten positions

(+ 0.005 inch), & sharp pointed electrode should be used, while a
blunt pointed electrode should be used if deeper penetration (0.110
inch) is required and more sccurate tungsten positioning (+ 0.001
inch) is feasible.

Two 5-inch samples with half-inch thick end caps were welded and
pressure tested. The sample welded with a 90° tungsten point
failed at 6000 psi while the one welded with 30° tungsten failed
at 4LOOO psi. The weld joint was subjected to bending and shear
forces in the pressure test.

Amine Bxtraction of Neptunium from 1WW

About 97 percent of the Np(IV) in synthesized 1WW was removed in

a single equal volume contact with 0.3 M Alamine 336 (a tertiary
amine) - 2 v/o n-octonol - Soltrol. Hydrazine was used to reduce
Np(V) to Np(IV) prior to the contact. Under similar conditions
tri-n-lauryl amine was almost as effective, but a third phase
formed. The other amines tested, tri-n-octyl amine, and two second-
ary amines were less effective as neptunium extractants, and also
formed third phases.

123b282 - | —
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N-octonol, 2-ethyihexarol, and heptadecanol at concentrations from
0.7 to 2.3 volume percert were tried as mcdifiers to prevent third
phase formation in emine-Soltrol-1WW extractionms, but none was

effective.

EQUIPMENT AND MATERIALS

tress Crazking in Mild Steel

The tkree large {3 ft. x 3 ft. x 3/8 in.) weldments exposed to 50
percent sodium nitrate at about 90 C were found to have cracked
during the interval hetweer 60 and 90 deys' exposure. One (end
probatiy twc) cf eight large weldments exposed to synthetic Purex
alkaline waste (approximately 6 M nitrate - 0.2 M nitrite) was
cracked after 42 days' exposure at about 90 C. Tne weldment which
definitely cracked was faoricated from mild steel ASTM 283, grade
C (semi-killed, 0.12 C; and welded with 6010 welding rcd. The
weldment with & probabie crack was fabricated from the same grade
cf steel but contaired 0.16 C.

Latoratory studies of the stress cracking of mild steel in nitrate
solutions are hampered because of difficulty in obtaining small-
scale specimens which have reproducible cracking tendencies.
Water quenching from 850 - 900 C or spheroidizing treatment (100
hours at 700 C) generally produced specimens susceptible to
crackirg in 50 w/o NaNO;, but nct in synthetic alkaline Purex
waste or 50 w/o NaNG; a¥ pH =2 9. No cracking has been ottained
tc date on heat trea%ed specimens (water quenched from 900 c)
exposed to 50 w/o NaNO3 - 1M NaNOp.

Corrosion of 304-1 by Sugar-Treated Purex 1WW

A sample of 304-1 was exposed to a toiling solution of sugar-
treated Purex 1WW, with a nitric acid corcentration estimated to
be about 1 ¥, for a total of 275 hours. The sample was covered
with a thick aedherert £iim after about 24 hours' exposure. Weight
loss measurements on the sample; after removal cf the film,
indicated & corrosion rate of about 0.5 mpm.

Huey-Test of MSR Brazing Alloy 82Au-18Ni

A sample of brazing alloy, developed for use in the molten salt
reactor, with & composition of 82 Au-18 Ni, was exposed in boiling
65 w/o ritric acid for a total of 279 hours. The corrosion rate
was 0.5 mpm. A 304-L joint, trazed with the same alloy, was also
exposed to boiling 65 w/o ritric acid for a total of 7O hours.

wonlyf -
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At the end of this period, the sample exhibited preferential attack
near the braze at a rate of about 1000 mpm. This braze is not
suitable for joining 300 series stainless steels for service in
nitric acid environments because of the severe galvanic corrosion

which occurs on the stainless steel.

Non-Metallic Materials

Eastman Kodak's "Polyallomer'" 5B22 was_irradiafed and tested for
damage by the flex test. Damage at 107 and 10° R was severe. The
radiation damage pattern was quite similar to that of polypropylene,
i.e., at these exposures the samples were embrittled. Samples

irradiated to 109 R were very flexible.

A sample of Falls Industries, Inc., "Graph-i-tite" carbon rod was
soeked in molten LiC1-KCl for 168 hours. X-ray diffraction exami-
nation indicated that the salt had penetrated 15 mils into the
carbon. If this material were used as a cathode in molten salt
electrolysis it is probable that the deposit would quarry out some
of the carbon.

PROCESS CONTROL DEVELOPMENT

Scintillating Glass Alpha Counters

A cell for contact alpha counting of solutions has been designed
and fabricated for use in a prototype installation at the 234-5
Building. A scintillating glass phosphor will be used in contact
with solution in the D-6 sump receiver line. Altho the aversage
plutonium concentration on the D-6 line is about 10- g/l, higher
excursims to 0.02 g/l are possible. The scintillating glass alpha
particle counter is expected to be adequate as an alarming device
for this application.

Tests were made using thorium solutions, in which about 9 g/l of
thorium produced a count rate equal to the background count rate.
Based on the ratio of specific activities of thorium and plutonium,
it should be possible to detect less than 10-3 g/l of plutonium.

The fabrication procedure for and performance of in-solution silicon
PN alpha particle counters was recently reviewed with L. Cathey of
Savannah River. At the present time, the scintillating glass

appears to be at least as sensitive and efficient as the PN counters,
it is available commercially, it does not require regeneration in
service, and no immersed metallic electrode, which dictates a

lower gllowable solution conductivity, is required.

123628 U; " :
' MECLASE T



c-18 HW- 753 gy,

Conductivity Measurements of Dissolver Solutions

Two sets of conductivity electrodes were fabricated, assembled into
a probe, tested, and delivered to Redox, together with the necessary
auxiliary instrumentation. This device will be used to measure

the Zirflex dissolver solution conductivity as an indication of the

end point of Jjacket dissolution.

An exploratory study was made to determine whether this probe will
also provide an indication of nitric acid concentration during fuel
core dissoluticn. Conductivity measurements were made using nitric
acid - UNH solutions in the range 0-1.0 M HNO, and 2.0-2.5 M UNH.
Similar measurements were made with various cdncentrations of mitric
acid, aluminur nitrate, and mercury(II) nitrate. Preliminary
analysis of the results indicates that the higher conductivity of
the nitric acid solutions may require redesigned electrodes to give
a higher cell constant. Operating experience is needed to determine
the adeguacy of the probe in conductivity ranges outside those for
whieh it is designed.

Instrument Evaluation

As part of a continuing program to make current advances in instru-
mentation technology available for Hanford chemical process control
requirements, three types of instrumentation are currently under-
going test and evaluation:

1. A commercially available solid-state recorder-controller combin-
ation has considerable versatility, in terms of the types of
input signels. Accuracy and long range stability of the system
are quite satisfactory. A dead band of about 200 w at the
zero input point may limit the usefulness of the instrument in
certain epplications.

2. Evaluation of an operational magnetic amplifier was directed
toward determination of its suitability as a control system
component. With proper circuitry, this instrument can be
used as a controller as well as an amplifier. Frequency
response, stability, and zero drift characteristics were ,
measured to provide data from which amplifier performance for
specific applications can be calculated.

3. Turbine-type flowmeters are being evaluated as a possible
replacement for the rotameter instruments that are currently
being used to monitor the flow of organic process streams.

Two small meters (O - 1 gpm) installed in the experimental
C-column facility have each experienced 1000 hours of operation

i ]
1236289 T



123b28b

C-19 oo o il

over a one-vear period and are still in operation. Two sets
of calitration date tsken during this period; one in January
and the other in August, show no significant differences in
the calibration curves for the two periods. In coantrast to
this satisfactory performence, a 0-150 gpr meter failed after
successive opereting periods cf 200, 300 ard 100 hours. To
date, nc satisfsctory meter has been found for the range of
flow rates of interest for most plant applicatioms.

REACTOR DEVELOPMENT - Ok PROGRAM

PLUTONIUM RECYCLE PROGRAM

Salt Cycle Process

Flowsheet Developmert - The date for the September hot-cell Salt
Cycle run have been collected and reviewed. In this run, a 2.6
LiC1-KCl melt was used as reaction medium and segments of & PRTR
fuel element (cooled for about three months) were used as feed.
After about 30 percent of the uranium had been recovered as UOp
by partition-type electrodeposition at 600 C, 98 percent of the
plutonium in the melt was precipitated as Pu02 by a 012-02

sparge at 575 C. At the conclusion of the run, a heel of un-
dissolved, caked U Og was found in the bottom of the vessel.
Examination of the data leads to the conclusion that fission product
decontamination for the PuO, precipitation was adversely affected
by the presence of the undissolved U 08’ but that the UOp electro-
deposition proceeded normally. Decontamination factors measured
for the product U0, were as follows: Pu, T75; Zr-Nb, 1; Ce-Pr, 85;
Ru-Rh, 2C; Pm, > 2%0; total rare earths, 60. About all that can
be said witk assurance regarding the data from the Pul, precipi-
tation is that little or no decontamination from zirconium can

be expected beyond that which can be otrtained via prior removal
of zirconium with electrodeposited UOs.

Although rot yet studied, the apparent ready incorporation of
Zzirconium iztc the crystalline PuOp precipitated in this experiment
suggests the possibility cf preparing crystalline Pu0s-2r0s via
precipitation from moltern chloride salt solutionms.

Mechanical Development - In tests performed in the Radiometallurgy
Laboratory, vibrationally-compacted U0, was successfully removed
from the cladding by "vibration hammering" from a one-foot long
section of PRTR fuel rod irradiated to 1200 MWD/T. Hammering was
done with an Ingersoll-Ramnd 171 air hammer which delivers up to
5000 blows/minute with & force sufficient to break up the UO, but
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not enough tc defcrm or darege the Zircelcy cladding significantly.
The air hammer meikLod appesars suitable for removal of 002 from
fuel rcds for Sal*t Cycle reprocessing.

Cerium Stand-Ir for Plutorium in UC, Deposition - Electrolyses

Were conducted with grapnite elscirodes in tweo-liter quartz crucibles
at 530 C ard 1.5 volts with equimolel LiCi-KCl initially containing
20 w/o urapium arnd 2 w/o ceriur. The previously reported difficulty
in meking cerium materisl balances was due 1c systematic errors

in radicactive cerium tracer anelvses and sempling techniques.
Chemicel ana’ysis cf ihe cerium in both the molter salt and the

U0, depcsit gives exzellexnt materisl balances, irdicating that

very .ittle zerium precipitated from the salt, ever with an air
sparge. Based or these rew analyses, feed-to-deposit decontamin-
aticn factors previcuslLy repcrited for ceriur witk air sparges and
air-chlorire sparges shouid be revised upward tc a range of 4.3 to
7.6.

Additional runs made with intermittent electrolyses and air-chlorine
sparges gave cerium deconteminatior factors in the range 3.7 to

5.0. With intermittent electrolyses the oxygen-to-uranium ratios
were gererally higher and the deposit surface was much smoother then
wit: steady electrclyses. In a steady electrolysis made with a
chlorine sparge saturated with water vapor, a cerium decontamin-
ation factor of 2.8 was obtained, but the crystal structure was

fine and porous with no mechanical sirength.

Based cn comparative bekavicr between plutonium aend cerium
(laboratory experiments) the separation factor of plutonium from
the urarium showlé¢ be lower taar thet ottained and reported here
for cerium. Thus, it is concluded that a co-deposit fiowsheet
can be designed successfully.

RADIOACTIVE RESIDUE FIXATION

Zeolite Properties

Several additiona! shailow ted loading rate determinations were
made on the pelle%ized cl.iroptilolite samples from Mirerals and
Chemicals Philipp Corporaticn. Sample E-282-62C, for example, was
fully loasded from & 0.1 M CsCl influent in approximately 14 minutes
for the 0.25 to C.50 mm particle size range, 55 minutes for the
0.5C to 1.00 mm range, end 240 minutes for the 1.2 to 1.4 mm size
range. For comparison, naturally-cemented clinoptilolite requires
about 320 minutes for full loading in the 1.2 to 1.4 mm size range.

_—
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Although the pelletized clinoptilolite loading rate represents
some improvement over the natural material, loading rates are
still too slow to permit column use of the 1.3 mm diameter

pellets.

Condensate Treatment

MPP Run 32 eveluating the decontamination ability of a commercial
grade mixed bed resin (Illco TM-1) was terminated after 1800
column volumes of Purex Tank Farm condensate were treated. The
steam stripper bottoms had a pH of about 7.3 and contained 20 ppm
smmonium ion, 5 ppm sodium, 25 ppm nitrate and 32 ppm nitrite.
These constituents began to appear in the effluent from the resin
bed after about 500 column volumes of waste had been treated.

During this early period about 99 percent of the ruthenium was
being removed. When the nitrite and nitrate had saturated the
anion resin portion of the bed, ruthenium removal efficiency
decreased and only about 90 percent was removed for the remasinder
of the run. Cesium began to appear in the effluent when the
cation resin porticn of the bed was saturated with sodium and
ammonium ions. Although strontium was being removed during the
entire run, the efficiency of removal increased towards the end

of the run when carbon dioxide gas was added to the feed to adjust
the pH to about 4.5.

Calcination of Radioactive Wastes

A second full-level spray calcination run (third full level run)
was completed in the A-Cell pilot-plant-scale calciner during the
month. Object was to complete filling of the pot used in the
first run and to obtain meaningful baseline analytical data -
since most of the ligquid samples in the first runs were rendered
invelid by cross contamination due to intercomnections (since
eliminated) in the sampling system. Feed was 54 liters of Purex
acid 1WW with added sulfate (0.64 moles/liter), and the feed rate
was 4 to 4.8 liters/hour (design rate is 1 gallon per hour).
Because of build-up of a minor amount of ruthenium activity on the
cell filters after termination of the two previous runs, shutdown
procedure was modified to include a prolonged (5 hour) steam and
eir flush of the calciner and off-gas traln after cessation of

the feed cycle. This was apparently successful since no increase
of activity on the cell filters was observed when the melt pot
was removed from the calciner. An increase in activity on the
cell filters (from 38 mr/hr to 140 mr/hr) was noted during the
first half of the run. This was traced to a pressurization of the
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calciner (which normally operates at negative pressure) caused by
a too-vigorous filter blow-back. Adjustment of the blow-back cycle
to eliminate the pressurization halted the activity build-up.

At completion of the run, combined feed used in the two spray runs
was equivalent to about 1/3 ton of uranium, and the melt pot was
filled to a depth of about 6 inches with 4.8 kilograms of solids
occupying a volume of 1.7 liters, giving a density of 2.8 g/cc.
Fission product decay heat maintained the centerline thermocouples
in the pot at a temperature of about 240 F after heating had been

terminated and the pot allowed to cool.

The results of the current run and more complete analyses of the
first two runs rejuires some revision of last month's conclusions
regarding off-gas behavior. It now appears that 12 to 20 percent
of the feed ruthenium is volatilized during spray calcination and
finds its way to the condensate, the fraction evolved increasing
somevhat as the run progresses. No significant difference is
apparent between pot calcination and spray calcination with respect
to fraction of ruthenium evolved or behavior in the off-gas system.
Off-gas decontamination factors are shown in the following table
(only rgthenium was present in appreciable concentration in the
off-gas):

RUTHENIUM OFF-GAS DECONTAMINATION FACTORS

Unit 1st Run(®)  2nd Run(®)  3ra Run(®)
To and including
condenser 6 x 10* 6 x 10° 3 x 10°

Caustic scrubber 7.1 2.5 3.6
Electrostatic scrubber 3.1 1.5 2.3
Silica gel bed 1.9 3.8 3.3
Absolute filter };93 }lgz >£92

Total - >107 >107 >107

(a) Spray calciner-continuous melt pot run
(b) Pot calcination run

69 |
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Eighteen-Inch Spray Calciner

Construction of the 18-inch diameter, ten-foot long spray calciner
was completed during the mcnth. Shakedown tests were underway at

the end of the mronth.

WASTE CALCINATION DEMONSTRATION

The Chemical Develcpment Operation has been asked by the Atomic
Energy Commission tc proceed with the design and development of
equipment for pilo% plant scale conversion of high level radio-
active wastes to a solid form. This program will utilize a portion
of the forthcoming Fuels Recycle Pilot Plant for simultaneous
demonstration of the pot calcination prccess (jointly developed

by the Oak Ridge National Laboratories, Phillips Petroleum Company
and Hanford Laborsatories) and radiant spray calciner process
(developed by Henford). The necessary space and auxiliaries are
also being allowed for the possible demonstration of the rotary
kiln calzination process (under develcpment by Brookhaven National
Laboratories). Major equipment pieces will include feed tanks,
feed evaporator, radiant spray and pot calciners, condensers, acid
fractionator, and final off-gas treatment.

Progress to date has included, ir part, generation of a project
proposal for the necessary funds, issuance of a comment copy of
the engineering flow diagram, analysis for the critical path
items involved in design, procurement and installation, and
detailed analysis of the cost and expenditure pattern for the
program.

BIOLOGY AND MEDICINE - 06 PROGRAM

TERRESTRIAL ECOLOGY - EARTH SCIENCES

Hydrclogy and Geology

A Fourier Series solution for three-dimensional flow in a rectang-
ular cube having a permeability distribution of the form

K = e 8 + BY + CZ ygs obtained. The series solution gives the
potential, ¢, as a function of the coordinate location (x, y, z)

in the box-shaped flow system. Accordingly, the true potential

can be calculated and the streamfunction defined. The solution
will help test and check analog simulation methods rather than
solve problems directly. Several specific applications are in
determining desirable node spacing and optimum ratios of horizontal
and vertical scaling in order to minimize the approximation error

o S
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resulting from representatior of a conducting continuum with
discrete resistors.

The "Steady Darcian Flow in Scils" programr was modified to include

an internal means of statkility control. The program now recognizes
consistent insta®ilitv end iritiates controls that reduce the
instability and cause the prcblem to converge. Until now recognition
of instability was by visual imnspection outside the machine and
usually after considerabie machine time was used.

About 100 pounds of c¢iiroptilolite were obtained from a bed of the
John Day Formatiorn ir central Oregon. Preliminary tests indicate
that much of the rozk evidently exceeds 95 percent clinoptilolite.
University of California geologists who have studied the area
report that the bed underliies a minimum of 500 square miles of
area near Kimberly, Oregorn.

ATMOSPHERIC RADICACTIVITY AND FALLOUT

Environmental Studies

Preliminary examination of trace element activatior analysis of

the Columbis River and its tributaries, river flow data, and reactor
effluent water radioiso*cpe concentrations indicate that the annual
Spring increase in radioisotope concentrations is due to the Spokane River
and lowland runoff. The Spokane River drains ar area of agricultural
and mining use in Washington and Idahc and generally achieves its
highest flow some one to two months prior to the Columbia River peak
flow. During the Spokane River pesk period in 1962 the Cu-63 and
Mn-55 concentraticns showed increases by factors of 3 to 4. This
increase correspcnds (with the expected delay due to travel time)

to the period of high effluent radioactivity.

Fallout Studies

Filters from air sampiers located on the roof of the 329 Building
have besr ceollected almost daily since the resumption of nuclear
testing this summer and have beern analyzed for I-131, Zr-Nb-G5,
Ru-103, Ba-La-140, end cccasionally for Ru-106, Ce-141 and Bi-212.
(The Bi-212 is a daughter of natural thcron which is escaping from
minerals in the earth.) By using a membrane type filter preceding
an activated charcoal bed a separation of the particulate and
gaseous material was obtained. Of the isotopes measured, all are
essentially completely in the particulate form except for I-131
which appears to be largely gaseous immediastely following a nuclear
test but increasingly particulate in the following period. The

i oA T ;i ‘
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gaseous I-131 appears to be in the reduced chemical forms (I~ and
12) while the particulate I-131 appears to be about one-half in
the reduced form and one-half as iodate and periodate. Some
informatiorn regarding fallout rates and mechanisms in the Hanford
ares should be obtained on comparing these data with data obtained
from samples taken at various altitudes by airplane.

Radiation Chemistry

The Electron Spir Resonance (ESR) machine was modified in order
to hold two samples in the same microwave cavity. Separate
magnetic field modulation is employed for these two portions of
the rew cavity, with separate modulation frequencies (400 cps

and 100 Kc), and separate demodulation-recorder readout devices.
Since one of the positions can be used for a standard it is now
possible to make accurate compaerative measurements on high loss
samples. Although this dual sample cavity results in a reduction
of the ESR signal by one-hslf, a full signal can be recovered by
doubling the microwave power in cases where this causes no
increase in ncise level. 1In the case of samples which show
saturation broadening (such as the seeds ard films now under study)
the power can be easily doubled.

Gamms irradiatior of radish seeds produced an increased ESR signal
(indicating & greater population of unpaired electrons), some

of which persisted until the seeds had been heated for 30 minutes
at 45 C.

RADICISOTOPES AS PARTICLES AND VOLATILES

Particle Deposition in Conduits

Several reproducitility tests and two deposition experiments were
completed using the 1-1/L4 inch diameter tubing. Satisfactory
reproducibility for establishing the entering particle concentra-
tion was demonstrated. Because of relatively small deposition
at the flow rates used initially, accurate determinations of ZnS
entering and leaving the tube are necessary. Directly weighing
the 4-inch molecular filters was found to yield uncertainties
exceeding the allowable; hence, improvements in accuracy were
sought. Phosphorescence and fluorescent measurements and more
rigorous weighing techniques were explcored.

For the two deposition measurements 9 percent and 1k percent

deposition were measured, compared to 6 percent predicted. Improve-
ment in accuracy is expected with the better techniques considered.

1236292 . |
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Scouting experiments using very small tubes and the Royco size
distribution counter suggest that this technique would be suitable
for more rapidly developing deposition data for very small diameter

tubes.
é),,(/
anager
Chemical Research and Development
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A.

B.

BIOLOGY OPERATION

ORGANIZATION AN™ P7RSONNEL

Daid H.W. Liu joined the Aquatic Biology Operation as a Biological Scientist
on October 25, 1962.

GENERAL

All of our experimental rats are now being obtained from Charles River Labs
and are a specific pathogen-free strain of Sprague-Dawley animals. A
preliminary study of the total body X-ray response of these animals suggests
that the LDgn (30 days) will fall in the range of 750 to B850 r.

TECHNICAL ACTIVITIES
FISSIONABLE MATFRIALS - 02 PROGRAM
Effect of Reactor Effluent on Aquatic Organisms
Reactor effluent monitoring at 10N-KE with young rainbow trout was terminated
on October 2L. The observations at the end of the test are summarized below:
Per cent Per cent Average wt. Average length
effluent Dead Live Total mortality + SE (g} ;ESE (rm)

0 3 235 238 1.3 L9.0 + 1.1 1.9 + 2.0

1 0O 238 238 0 47.2 + 0.8 147 + 2.1

2 2 236 238 0.8 L7.0 *+ 1.2 7 + 2.0

L1 118 119 0.8 b6.2 + 1.L 1k + 2.2

Analysis of variance on weight and length data gave no statistical significance
of effluent effect on growth; however, a slight growth depression for both
weight and length is suggested.

Preparatory work to test the biological effect of the presence of quachrome
glucosate, a promising corrosion inhibiter, in place of dichromate on young
chinook salmon is in progress for the next monitoring test of 5 to 6 months
duration.

Columnaris

Field sampling of salmon and other river fish from the Spring Creek Hatchery,
McNary Spawning Channel, and Burbank Area of the Columbia River, all gave
mild incidents of columnaris infection, both as to number of fish and to
density of columnaris infection on the affected fish.

Work to produce a synthetic medium for growing columnaris has been
reactivated.

1236294 UNCLASSIFIED
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BIOLOGY AND MEDICINE - 06 PROGRAM
METABOLISM, TOXICITY AND TRANSFER OF RADIDACTIVE MATERTALS

Salmon

Aerial surveys were made of chinook salmon spawning in the vicinity of HAPO.
In the section of river between Richland and friest Rapids, L5 and 111 salmon
nests were observed on October 15 and 22, respectively. Over half of these
nests were upstream from the reactors, in the vicinity of Midway. Number of
nests were about normal for this period in the spawning s=ason.

Zinc-65

Exploratory tests to determine the amount cf Zn65 excreted in the urine by
trout after a single oral dose of the isctope were initiated. Under our
experimental conditions tentative estimate of urine flow 2L hours after
cannulation of the bladder is 80 ml/kg fish/day. This copious flow of urine
of a freshwater fish is a contrast to the urine flow of the average normal
man of about 15 ml/kg/day.

A larger fraction of 765 in reactor effluent water was removed by a 0.3 micron
millipore filter than was removed from river water. A correspondingly higher
exchangeable fraction was obtained from the Columbia River water.

The Znb5 deposited on the filter was not exchangeable with sodium acetate
nor was it released by passing water with a pH of L through the filter.

Strontium

Processing continues on the sr% test fish killed by chlorine last April.
These fish had been fed ad libitum a diet containing 0.5 mc Sr9o/g food
for 1L weeks. The body burden determined in these groups of fish are
summarized below:

Trough 11 Trough 12 Pond 12 Total
Number of fish 25 29 62 116
Water temperature C 13 13 river temp.
Average body burden, mc Sr90-Y70 69 58 36
Standard error L.O 3.1 3.6

The apparent lower body burden of the pond fish compared to the trough fish is
primarily due to the lower temperature of river water experienced during the
experimental feeding period.

Dental tartar removed from the teeth of pigs fed sr70 appears to have a high
concentration of Sr9O, about the same as bone.

UNCLASSIFIED
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Jodine

A study was initiated to determine the estrus cycles and fertility rate of

a group of 17 hypothyroid ewes which received a single 3 mc dese of 1131
three years ago. Six controls are included in the study. A vasectomized ram
equipped with a marking harness is used to determine estrus in the females.
Twelve of the hypothyroid ewes and four of the control ewes have already
manifested estrus. Tracer 1131 yptake studies are now in progress.

A double tracer study employing both 1125 and 1131 is11nde?way ip order to
determine thyroid uptake following various routes of administration.

The uptake from topical application was 5 to 10 per cent during the first
week, while the thyroid uptake following subcutaneous, cral, and intravenous
administration usually reached a peak by L8 hours and was in the range of 30

to 50 per cent.
Cesium

A study was initiated to determine the effects of age and exercise on 05137
metabolism in male sheep. Preliminary data from whole-body monitoring of two
animals restrained in metabolism cages revealed that in the older animal (3
vear) 50 per cent of an intravencus dose was excreted at seven days, whereas
the ycung animal (5 months) excreted 50 per cent during the first four days.
Distinct differences in rate of loss continue to be apparent at two weeks
post administration.

Neptunium

Neptunium-237 in the form of a nitrate appears to increase liver lipids to

a greater degree after 2L and L8 hours than does the citrate. Liver, spleen,
kidney, and brain sections from neptunium-237 poisoned animals have been
examined histologically and autoradiographs are being processed. Preliminary
data cn lipid analyses suggests that there may be little change in the
phospholipid and cholesterol fractions from livers of neptunium-237 poisoned
rats.

Plutonium

Plutonium-238 and plutonium-239 citrate solutions have been tested for

degree of polymarization in order to explain differences in.toxicity and
distribution. Filtration from Visking bags and autoradiographic study of
distribution in rat liver have indicated no significant amount of polymerization.
Additional studies are planned employing membrane filters.

Prompted by observations of elasvated blood glucose in humans treated with DTPA,
experiments were performed in rats which confirmed transient blood glucose
increases within 1 to 2 hcurs after DTPA administration. By 2L hours post-
treatment blood glucose levels had returned to normal even in animals treated
with DTPA on several successive days. Insulin was effective in preventing

the rise in blood glucose seen shortly after DTPA injection.

123b629b UNCLASSIFIED
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The relationship between plasma and urine concentrations of Py239 following
intramuscular administration of Pu239 was studied in two sheep in which the
ureters had been surgically exteriorized to allow accurate collection of
urine specimens. The intramuscular route cf adninistration was used, since
it would probably result in Pu23? entering the blcod stream in a form most
analogous to that of an industrial accident, yet still allow plasma levels
that would be easily detected. Plasma concentrations were always higher than
that of urine, the plasma/urine ratioc increasing progressively from L to 5

at five hours post injection up to 40 at L8 hours post injection in one animal
and 70 at 30 hours post injection in another. Although these changes could
be related to the surgical treatment of the animals or other factors, it is
sugrested that the plasma Pu239 is becoming less available for kidney
excretion with time following administration.

Six pigs were injected subcutanscusly with 5 mc ¢f a plutonium nitrate
solution on each foreleg. Suffusing the site immediately after injection or
four hours after injection with 0,017 g of NaBCa DTPA did not appear to effect
any gross movement of Pu?3? from the injection site or a reduction in the
amount of plutonium fcund in the regional lymph nodes. There did appear to
be slightly less Pu239 in the liver and skeleton than was present in an un-
treated pig. One pig that received 0.01L g NasCa DIPA/kg body weight (IV
daily for four days following injection with plutonium had even less Pu
deposited in the bcne and liver than the animals that had the wound areas
suffused with the CTPA salt (data on the urinarv excretion of the Pu is

not yet available).

Inhalation Studies

Forty days after depositing 2 mc CelthQ, by inhalation, dogs appear
normal, except for leukopenia.

Pluronics and DTPA caused a slight increase in the rate of excretion of
inhaled plutonium in urine and feces. There was alsc some evidence that
translocation and retention in other tissues were slightly increased.

A malignant lymghosarcoma (reticulo-endothelial type) occurred in a dog
that inhaled Pu 3902. This dog was sacrificed 30 days post-exposure for
tissue distribution analysis for a garticle size study. The lymphosarcoma
was prcbably not the result of Pu2370, inhalation. This dog did not show
any indication of lymphosarcoma in hematological examination or gross
inspection at necrepsy. This is especially significant since lymph_pode
pathology and lymphopenia are constant findings in dogs inhaling Py?3 02

aerosols.

Uranium ore dust was obtained for studies of the retention and distribution
of uranium and its daughter products following inhalation. Analytical
techniques are being developed by the Radiological Chemistry Operation, HLO.

Eight dogs are smoking 3 to 5 cigarettes daily in preparation for a study
of the effect of cigarette smoking on clearance of inhaled radicactive particles.
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The dog breeding program was discontinued due to congested quarter§. .This
will seriously affect the availability of dogs for experiments beglnnl?g one
year from now. Barly completion of the new runs will permit continuation of

our breeding program.

Radiation Protective Agents

LAF strain mice exposed to 950 r X-ray were 'protected" by administration of
rat bone marrow cells. These rat cells were either from normal rats or from

rats "pre-sensitized" go LAF mice by neo-natal injection of LAF cells. )
Injection of 105 or 10° rat bone marrow cells afforded no protection. Injection

of 107 rat bone marrow cells, either normal or "pre-sensitized", protected

the X-irradiated mice for the 2-week pericd following irradiation. OSix weeks
after irradiation 2 our of 6 animals survive in the group treated with normal
rat marrow cells. One of thes is showing a reversion to mouse type cells. Five
out of 6 animals survive in the group treated with "pre-sensitized" rat bone
marrow cells and all of these survivors show predominatly rat type cells.

Preparations of polymerized DNA for use in radiation protection studies were
prepared from the spleen and thymus gland of LAF mice. The preparation was
obtained in good yield and would appear to be camparable to polymerized DNA
reported in the literature. A DNA preparation is also being obtained from
an inbred strain of rats. Attempts to isolate a polymerized RNA from mouse
livers has thus far proved unsuccessful.

Cellular Studies

Anaercbic glycolysis cf glucose was inhibited 50 per cent when deuterated
glucose was used as a substrate for cells grown on HyO. No inhibition of
glycolysis was observed when this deuterated glucose was used as a substrate
for cells grown in D20.

Previous work with deuterated glucose in an oxidative system had shown

that inhibition by this substrate was obtained only in a fully deuterated
system. The nature of the difference between the anaerobic and aerobic
system will be investigated.

A dose of 120 Kr of X rays produced marked increased in leakage of phosphorus
and potassium frem yeast cells able to carry on both oxidative and fermentative
metabolism. The same dose caused almost no effect on leakage from cells

having only oxidative capabilities and an intermediate effect was obtained

in cells having only fermentative capabilities. There is a partial, but
incomplete, correlation between the LDgp dose and these changes in permeability.
Plant Studies

A technique feor cbtaining seccndary replicas of leaf surfaces is being used to
determine the width of the stomatal openings. However, the stomata of the

bean plant currently being used is not large enought to permit unequivocal
measurement of the openings. The replication technique appears satisfactory
in other respects since no plant injury is produced. Repetitive replication
of the same leaf surface following different changes in the environmental
conditions can be studied.

UNCLASSTFIED
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Columbia River Limnology

Counts of Columbia River plankton samples collected from the Vantage station
during this year show Asterionella sp., the dominant diatom, was most abundant
(approximately 900/ml) in mid-May. Melosira sp. had a pulse peak (265/ml)'
approximately one month later. Fragilaria sp. pulsed in late August., During
the May-June period when phytoplankton increased, there was a marked decrease
in concentrations of nitrate, chloride, zinc, calcium, and magnesium in the
river water, while phosphate and silica decreased only slightly.

Rattlesnake Springs Limnoclogy

Preliminary qualitative investigation cf the zooplankton from Rattlesnake
Springs reveals the presence of seven species of cladocerans, two or three
copepods, at least three rotifers, and two Osiracods. Specimens were sent
to taxonomic authorities for specific determination.

Plant Ecology

The scil moisture status of the Hanford Reservation sagebrush community was
determined from the critical time of seed germination and seedling establishment
of cheatgrass. During the initial stages c¢f scil mcisture accumulation for the
1962-63 ecolocical growing season, rainfall provided 38 liters of water/mZ.
Almost 60 per cent %22 liters/m?) of it was stored in the upper 2 dm of soil
profile. From October 16 to October 30, a period of no measurable rainfall,
soil moisture depletion occurred at the rate of 0.L45 liters/m?/day.

Fallout

Iodine~131 concentraticns in California, Maryland, and Washington deer thyroids
increased markedly during the month. Weekly samples of 20 to 30 central
Washington deer thyroid were obtained through cooperation with the Washington
Department of Game,

Mean values were 5.0 + 2.2 (S.D.) nc 1131/g wet thyroid tissue near Fllensburg
and 3.8 hd 1.6 near Yakima. Comparable ccncentrations occurred in deer thyroids
obtained in the Klickitat and Asotin regions.

Radiation Effects on Insects

An experiment was set up to study the X-ray effects on reproduction and
develcpment in populations of flour beetles cultured as single- and mixed-
species populations in three different enviromments. The experiment was
begun with 2700 adults previously sexed as pupae.

Groups of Tphestia larvae were exposed to different dosages of X ray, ranging
from 1.3 to 19.5 kr, to study effects upon growth and develcpment. At one
month after irradiation, eclosions in groups that had received 1.3 and 3.9 kr

UNCLASSIFIED
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did not differ from controls, however, there was a decrease in eclosions

at 9.1 kr. Higher exposures inhibited development causing organisms to
persist as larvae; but the larvae develcped to same size regardless of their
size at time cf exposure to X ray. These data indicated that at the higher
X ray levels, larval systems apparently functioned properly but larval to

pupal stage metamorphosis was disrupted.

Manager
BIOLOGY OPERATION

HA Kornberg:es
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C. Lectures ) )
a. Papers Presented at Society Meetings and Symposiums

R. C. Thompson. October 15, 1962. Biological effects of internal
jonizing radiation. Medical Symposium, Sandia Base, New Mexico.

W. J. Bair. October 17, 1962. Distribution and removal of inhaled
Pu239 ang Cellli, Scientific Meeting on the Diagnosis and Treatment
of Radioactive Peciscning, Vienna, Austria.

b, Off-Site and Local Seminars
None

c. Seminars (Biology)
H. A. Kornberg - Hanford Biclogy Program - October 23, 1962.
F. P. Hungate - I.A.E.A. Assignment in Greece - October 23, 1962.
d. Miscellaneous |
None
D. Publications
a. Documents (HW)
None
b. Open Literature
Erdman, H. E. 1962. Comparative X-ray sensitivity of Tribolium

confusum and T. castaneam (Coleoptera: Tenebrionidae) at
different stages during their life-cycle. Nature 195: 1218.

Tombropoulos, E. G. and W. J. Baﬂb:l 1962, Treatment for removal
of inhaled radioactive Ceria( i4%Ce0») from the lungs of rats.
Nature 196: 82.
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APPLTED MATHEMATICS OPERATION
MONTHLY REPORT - OCTOEER, 1062

ORGANIZATION AND PERSONNEL

Bonnie L. Pierce was granted a relocation leave of absence and Betty S.
Hoerner has replaced her.

OPERATIONS RESEARCH ACTIVITIES

Work was begun updating en incomplete model of HAPO production-cost study.
Tt is expected that the process of updating this work and putting it in
final form will be completed over the next two months.

The study of HAPO relationship to the Tri-City Area continues as new data
are acquired. Arrangements are being made to acquire data from local
sources. ,

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparstion Department

An additional analysis waes made of data from production test IP-310 to
determine if a group of fuel elements, previously identified as having'
unusual grain structure, differed in performance during irradiation fram
other fuel elements in the test.

In a document co-authored with FPD personnel, and issued some time ago, a
method was given for determining a reject setting for the UT-4 tester which
is optimm in the sense that it minimizes total cost to the producer and the
customer. This was based on an average quality level. In the event of a
shift in quality, the optimum reject setting will change. Revised optima
were found for several levels of quality.

Date were analyzed from a pilot plant test conducted to determine the
effects on internal bond characteristics of lead plugging ingot and dingot
cores, and of varying lead preheat time and time in the duplex furnace.

In addition, the test design permitted a camparison of fuel elements canned
in the left and right baskets.

Consulting assistance continues to be provided in interpreting output from
the MERCY program which evaluates measurement error.

1236302 T -
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Analyses were ccmpleted of data from the partially replicated, L-factor, 3-
level test previously designed as an initial step in obtaining an optimmm

set of operating conditions in the hot-die sizing process under development.
The clear~cut results have provided much useful information to the development
engineers. A second test, concernmed with process variables affecting end
bonding characteristics was designed and will be conducted shortly.

Irradiation Processing Department

During the first part of the month an oral progress report on the Reactor
Simulation Study was presented. The analytical programs which delineate craft
hours expended for designated reactor tasks by maintenance type, as well as
assigned and nonassigned personnel, were presented. These reports illustrated
that operations and radiation protection personnel do not use the same job or
task breakdown method to describe their work performance as do the maintenance
organizetions. It was pointed out that until all craft personnel who are
involved in reactor recovery activities indicate their activitles through a
system whereby standard craft sets per reactor recovery function can be
established, the desired simulation model could only be based on guesstimated
input data, end would, therefore, have limited use. The definition of present
requirements which would permit the creation of & prototype model subject to
later refinement as valid deta are made aveilable was discussed in & report as
requested. Meanwhile, work continues on the development of the basic analytical
tools needed for creation of the model.

Preliminary steps were taken to analyze badge and pencil data in order to
evaluate the extent of agreement between the two types of measurements. Addi-
tional data are currently being processed.

A report was written presenting the results of an analysis of fuel element ledge
corrosion data derived from Quality Certification fuel elements. This report
will be embodied in & more complete report on this subject being prepared by
IPD personnel. 'More extensive analyses are planned on these data, and on other
data relating to different types of corrosion attack.

The complicated, theoretically determined equation which relates R values
(temperature imbalance in a process tube) to tube variables presents difficulties
in determining the importance of adjusting various tube variables because of .
its complexity. An attempt was made to simplify this using a quadratic surface.
This attempt was very successful, thus permitting & far easler evaluation of
the general effects on R values of changing tube variables.

Statistical consultation was given in connection with the optimum sampling of

samarium poisoned balls from the population which includes balls made from
different batches of material and different lots within batches.
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Data from the Tube Summary reports are being used to obtain an empirical
model to predict uniform corrosion rates of fuel elements as a function of
the fuel element power, and annular and hole surface temperature. The data
are extensive and it is hoped that a camparison between the. empirical model
and other existing prediction models can be obtained.

A program was written to solve for probabilities of weld cracks in p?imary
piping. Distributions of the crack length and frequency will be estimated
from these., A new program is being written to use the raw data to enable

separate analysis of different pipe sections.

Assistance was given in determining the sample size needed to estimmte the
condition of N-fittings with regard to failure.

Chemical Processing Department

Assistance was given in preparing appropriate tolerance statements demon-
strating conformance to specifications for parts produced during the third
quarter of the calendar year.

A 5-Pactor, 2-level experiment with 1 1/2 replicates was recommended for use
in identifying the important factors influencing close tolerance machining
of parts.

A comparison was made of bomb reducing agents supplied by different vendors.
Button density was the dependent variable used in the camparison.

A review was made of the effect of part temperature on dimensional control
of fabricated parts. to evaluate the advisability of adjusting cutting tools
for each part on the basis of its measured temperature.

A large number of relationships between railroad accident characteristics
in the form of multiple classification frequency tables have been obtained
from data supplied by the Interstate Commerce Commission. These relation-
ships are to be used in increasing the understanding of the factors which
should go into the safe packaging and shipment of radiocactive materials.
The results here should be combined with & complete theoretic-mechanical
investigation to obtain satisfactory insights.

Relations and Occupational Health Operation

Considerable effort was devoted to preparing the General Managers' report on
the 1962 HAPO Attitude Survey. In addition, & cover letter, which will :
explain to supervision the survey results presented in the form of IBM

listings, was drafted.
1 23 b 30 Fom e
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Contract and Accounting Operatlon

TEM machine utilization date on the business and technical routine and debug
times, and on customer work, are being studied to see if the patterms fram
week-to-week, month-to-month, and year-to-year are sufficiently regular for

prediction purposes.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HL

2000 -Program

Pulse Column Facility

Work continued on the analysis of date fram an experiment to estimate the
organic zero shift of the gemma absorptiometer to be used for amalyzing the
feed stream concentrations. Several sets of data collected on the column
during eguilibrium conditions are being analyzed with a power spectrum estima-
tion program in hopes of characterizing the mid-column uranium concentration
variability under supposedly equilibrium conditions. To date, the power
spectrum estimation has not been successful because of a single low frequency
spike in the spectrum. DPresence of a discrete component in the power spectrum
invalidates tle use of the spectral analysis estimation procedure. Current
efforts are directed toward constructing a digital filter which will remove
this discrete frequency from the data.

3000 Program

The first trial runs of shear-spinning theoretically designed metel blanks on
a8 Floturn machine into certain preselected shapes having near uniform shear
characteristics are in progress. Preliminary investigations show that the
metal appeaers to be deforming as planned, but more specific results will be
known when dimensional and radiographic tests have been completed. '

A magnetic tape has been generated on the T090 for the purpose of numerically .
controlling the experimental §-«wlathe during en interior machining pass. This
will supplement the already successfully completed exterior machining pass.

A series of meetings were held with representatives of CPD and offsite machine
tool numerical controls manufacturers tc discuss the feasibility of designing
and controlling new lathes based on b-w geometry.

4000 Program

PRTR

Assistance was provided in determining how to group 32 fuel elements having
differwmpic contents into four groups of eight each such that the
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range in the average isotopic contents for the four groups was less than a
given amount.

5000 Program

Actinide Element Research

Further work was done on the problem of indexing hexagonal and orthorhambic
crystals.,

Division of Research

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

Definition of the IRA II system continues. IRA 335, the calculation sub-
routine which uses the GEM program, was defined and is currently being

programmed.

Graphing of program data to establish the sensitivity levels of various
analytical procedures continues.

Further work was done on the preparation of tables and graphs for inclusion
in the formal report, "Fixed Time Count Rate Estimation with Background
Corrections”.

6000 Program

Personnel Monitoring

Work continues on the problem of compositing urinalysis samples for the
purpose of analysis. The technique requires that the individual urine
samples be analyzed when the composite indicates & possibly high individusl
result. The optimm composite sample size depends on the distribution of d/m
values and on the risk one is willing to take that an occasional sample

above permissible limits will not be detected.

General
Further work was done on the analysis of mass spectrameter data on three

gas standards. Previous analyses using a components of variance model
resolved the total variation in the datea into a between run camponent,
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individual pesk component and experimental error ccmponent. The between run
component was estimated from the vhole series of epproximately 50 runs for each
standard and hence measured the long term variation over several months. Since
gas standards are updated periodically the data are being reanalyzed to get an
estimate of the short term between run component on a within-week basis.

OTHER ACTIVITIES

J. E. Schlosser and W. L. Nicholson attended & symposium on Application of
Computers to Nuclear and Radiochemistry at Gatlinburg, Tennessee, on October. 17 -
19, 1962. Their paper jointly authored with F. P. Brauer, "Quantitative Analysis
of Sets of Multiccmponent Timed Dependent Spectra From Decay of Radionuclides”,

was presented by Nicholson.

W. L. Nicholson visited@ the Department of Preventive Medicine of the University
of California Medical School, Los Angeles, California, on October 15 to discuss
the use and development of machine progrems for performing statistical calcula-

tions.

R. Y. Dean attended the regularly scheduled meeting of the Numerical Systems
Group of the IMOG which was held at the Dow Chemical Rocky Flats plant on
October 23, 24, and 25.

A paper concerned with analyticel control procedures within CPD was prepared
and presented by D. F. Shepard at a combined meeting of the Seattle section
and the Richland subsection of the American Society for Quality Control.

Cil UNALEINRED £

CAaRL A, LINNETY

Manager
Applied Mathematics

CA Bennett:dgl
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REACTOR DEVELOPMENT - Ol PROGRAM
P e — ]

PLIJTONIUM RECYCLE PROGRAM

Economic Tncentives in Fuel Element Development

Fuel element fabrication costs are responsible for a substantial portion of
the total fuel cost in mills/kwhe for most power reactors. The fuel costs
mey be reduced by reducing the fabrication cost and by extending the fuel
lifetime. Unlimited extension of the fuel element lifetime will ultimately
increase fuel costs by virtue of the increased capital charges necessary to
extend the lifetime, and ar optimum exposure yielding minimum cost will
usuelly exist. Mary fuel cycle surveys examine the fuel costs at the
minimum cost point, even though the associated optimum exposure mey be
beyond the fuel durability that currently can be achieved in practice. The
practical situation frequently encountered is that the fuel fabrication
costs are too high, and the attainable fuel exposure is too low. Further-
more, providing fuel durability to withstand higher exposures increases
fuel fabricetion costs. Fuel development programs are usually directed
toward reducing fabrication costs and concurrently increasing fuel
durability. The relative incentive to accomplish either or both of these
has been calculated using the MINIMIZER code for a sample FWR.

The results listed in Table I show the fuel cost at optimum exposures, and
at some arbitrarily assigned attaineble exposures. In cases where the
attainable exposure is less than the desired optimum exposure, the incentive
for improving the durability of the fuel is derived by subtractlng the fuel
cycle cost at optimum exposure from that at the attainable exposure. (If
the attainable exposure is higher than the desired optimum exposure, there
is no incentive for improving fuel durebility; this is indicated in Table I
as & negative incentive.)

The incentive to increase the attainsble exposure can be campared with the
relative incentive to reduce the fabrication cost. For a fabrication cost
of $80/1b. U and an attainable exposure of only 5,000 MWD/T, lowering the
fabrication cost to $60/1b would effect savings of 1.15 mills/kwh, but
increasing the attainable exposure with no reduction in fabrication cost
would effect savings of up to 3.38 mills/kwh. For the seme situation and
an attainable exposure of 25,000 MWD/T, lowering the fabrication cost to
$60/1b would still result in a significant cost reduction of 0.33 mills/kwh,
but the incentive to strive for still higher exposure has shrunk to

0.06 mills/kwh.

UNCLASSIFIED
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Generalized Nuclear Parameters Study

The results of this study have been reported previously as the investigation
of key factors in plutonium value calculations (Programming Monthly Repert -
June 1962). In this work, the relative importance of plutonium's nuclear
properties is to be determined by varying them and comparing the resulting
plutonium value with that obtained with the standard properties. Previous
work included verying o- and 2/ (of both Pu-239 and Pu-2Ll together)
separately and simultaneously in three reactor types. Note that varying o—
implies that o7, 0, and COr were varied in the same ratio so that
alpha was preserved in all of these calculations.

The study was extended this month by calculating variations in O¢ 1n the
APWR with g3 and 2/ held constant. These results, together with some of
the previous data, are shown in Figure 1 wherein the value ratio V/Vo is
shown as & function of 7 for the fissile plutonium as supplied to the
recycle irradiation step. m is calculated by the followling formula:

» 4o 49 o_fhg + 7}41 Wl a_ful

N = %
1
ﬁ9vh9+ﬁ oo
where
)/ = average number of neutrons released per fission
(which is assumed to be independent of the incident
neutron energy).
N = isotopic concentration, nuclei/barn-cm.
Oy = effective fission cross section, barns.
Oa = effective absorption cross section, barns.

The superscript 49 denotes Pu-239 while 41 denotes Pu-24l.
Note that these parameters are those of the plutonium
initially in the first recycle step.

The plutonium value V is, in the previous work, the PUVE 3 step indifference
solution, while at present it is a two step indifference solution. '

It 1s evident from the figure that M is not adequate to correlate the data --
especlally for variations in ¢ wherein oC is held constant. Otherwise, the
most striking result is that there appears to be an optimum nonzero value

of alpha. The reason for this effect is undoubtedly that if Pu-239 had no
capture cross section, the reactor would be denied the well-known benefits

of Pu-240's fertility (i.e., phoenix~like action).

UNCLASSIFIED
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FIGURE 1

PRELIMINARY RESULTS OF THE

GENERALIZED NUCLEAR PARAMETERS STUDY

Self-Produced Plutonium Recycle in the APWR
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Reduction of U-238 Speatial Concentrations

Taeble IT indicates areas that have recently been explored in the Reduced
Density study. Areas checked are those for which fuel costs have been

obtained.

TABLE II
Batch Graded
15 MW/ 30 MW/T 15 MW/T 30 MW/T
Specific Specific Specifice Specific
SDPV SCA Power Power Power Power

2 1 b 4 x Being Computed X
2 2 X X May Be Computed b
3 1l b'e
3 2 x X May Be Computed x
5 1 x
5 2 X

* Only a few economic cases have been prepared.

SDPV is the moderator index and SCA is the resonance shielding index.
Eighteen sets of economic parameters have been used for each set of
physics parameters.

In the September monthly report, representative fuel costs were reported for
batch operation of a reactor fueled with plutonium "rich" in-the Pu-240
isotope. The isotopic composition of the plutonium was 45 percent Pu-239,
40 percent Pu-240, 10 percent Pu-24l, and 5 percent Pu-242. This was
diluted with varying amounts of tails uranium to provide various fuel
densities ranging from normasl oxide density to one-tenth of normal density.
Fuel costs reported were for a specific power equivalent to 15 MW/T at
normel oxide density. During October, computations were made of fuel at
twice the specific power (30 MW/T) which reduced the fuel costs about

0.3 mill/kwh. Furthermore, at this high specific power, the density at
which optimum fuel cost occurred was shifted towards higher density in &11
cases studied. In the case of low self-shielding (very smell diameter fuel
elements of large surface to volume ratio) lowest fuel costs were still
obtained at 50 percent density. Generally the results for the graded fuel
cycle appear very favorable for reduced density fuels. Graded operation

UNCLASSIFIED
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showed lowest fuel costs at ten percent density and maximum fuel costs at
normal oxide density. Graded operation fuel costs were less sensitive to
fuel density variations than were batch fuel costs. Graded fuel costs are
given in Teble III for 12% percent AEC use charges. For the current AEC
use charge of h-3/h percent, the fuel costs are much less.

TABLE IIT
" Denslty Percent of Minimized
Normel Oxide Density rEFs(1) AEC Interest Fuel Cost(2)
($/cc) (%) (mills/kwh)
10 1.22 124 0.316
33 \ 1.22 1 0.849
50 1.22 12% 0.896
66 1.22 125 0.927
85 1.22 12 0.965
100 1.22 12§ —

(1) $1.22/cc is approximately $60/1b at normal oxide density.
(2) No startup or shutdown charges are included in these costs.

In some of the low density cases almost complete fuel burnup occurred. To
achieve such complete fuel burnup in any single fuel element may entail
large regional veriations in the specific power,

This amendment is necessary because fuel cycle surveye cannot properly treat
the many conditions that must be balanced to ensure proper performance of

a reactor. Maintenance of reactivity is paramount, but once it is estab-
lished other factors, in particular, proper heat distribution over the
reactor must be attained. Furthermore, the heat distribution must be
preserved a&s the irradiations proceed. Various fueling concepts, batch,
graded, and zoning schemes, each has intrinsically different responses with
respect to these factors.

In batch fueling all fuel is placed in the reactor at the same time and
discharged at the same time, but it may be shuffled periodically within
the reactor. In graded fueling the fuel is charged and discharged more or
less continuously. The apparent degree of continuity need not be great if
fuel is reshuffled on occasion and discharge of 1/5 to 1/3 of a reactor

at a time with fuel reshuffle is sufficient to achieve graded rather than

batch performance.

UNCLASSIFTED
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The graded fueling system has special heat generation characteristics by
virtue of the faect that the reactor flux level is kept constant to maintain
constant reactor power. However, within a given fuel element the isotope
concentraetions vary from the initial to the final value, and there is thus
e variation in specific fuel power through the reactor. In reality, the
large power variations in the fuel associated with the computations may be
impractical. However, the incentives for reduced U-238 concentration
graded cycles are not lost if fuel exposures are terminated on the basis of
specific fuel heat generation rather than reactivity.

Code Development

The ALTHAEA code described in September was written as & chain as an
expedient to allow early testing. It was very slow because all data were
saved on tape and reread each time & diffusion calculation was required.

Tape manipulation is slow relative to computation speed. The code has now
been rewritten and debugged as a subroutine of MELEAGER and ell data are
retained in machine memory, which eliminates tape reading during the calcula-
tions. Comparative cases have not been run but the new version is estimated
to be four times faster than the old.

The REPORT GENERATOR code is being changed to (1) present a more concise and
self-explanatory summary of the economics and value calculetions, and

(2) edit the chain output to obtain a more complete record of the physics
calculations. When completed, the REPORT GENERATOR code will be able to
Prepare a complete but concise record of each chain calculation in a form
thet will constitute a report in itself.

Power Reactor Fuel Reprocessing Economic Studies

Work on the Reprocessing Economic codes was largely confined to refining
input data. A few more "debugging" runs were made, and both codes appear
to be in satisfactory operating condition.

This work has now reached the stage where future activity is more strongly
dependent upon reliasble information from the laboratory studies of the

Salt Cycle process than upon consistent analysis of over-sll fuel cycle
economics. Accordingly, the work is being transferred to the Chemical
Research and Development component of the Hanford Leboratories and subsequent
reports will be issued by that component.

UNCLASSIFIED
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GENERAL
A report describing the major research and development accomplishments of

the Hanford Iaborstories during the past five years was prepsred in support
of the Laboratories perticipation in the Accent-on-Value program.

Vet

Manager,
Programming

WK Woods: jm
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF OCTOEER 1962

A. ORGANIZATION AND PERSONNEL

Trensfers within the Section during the month included Charles D.
Pringle transferring from Environmental Studies and Evaluation to Radiation
Monitoring, and Donald G. Morton transferring from Radiation Monitoring to
Environmentsl Studies and Evaluation. Stanley D. Waggoner (new-hire)

joined the Intermal Dosimetry Operation.

B. ACTIVITIES

Occupatlional Exposure Experience

Eleven new cases of plutonium deposition were confirmed by bioassay
analyses during October. Internal deposition of plutonium, estimated to
be less than one percent of the permissible body burden for each of the
ten CPD employees, occurred during the transfer of recycle material from a
234-~5 Building hood to PR cans in late August and early September. Expo-
sure to air-borne plutonium contamination without respiratory protection
was the cause for the intake. The other new deposition case, also esti-
mated to be less than one percent of the MPBB, resulted from & plutonium
contaminated minor injury. The total number of plutonium deposition cases
that have occurred at Hanford is 310, of which 22T are currently employed.

The total number of new deposition cases for 1962 through the month of
October is 27. This may be compared with a total of 17 new cases for the
same period in 1961.

Four CFD employees received minor injuries to the hands that were
examined with the plutonium wound counter. Minor contamination was detec-
ted 1n three of the wounds with a maximum activity of about 9 x 10~% pe
plutonium (~2percent of the MPBB for bone). No medical action was required
as the result of the plutonium contamination. Two of the contaminated
injuries were sustained by employees at the 234-5 Building, & maintenance
worker and a laboratorian, and the other contaminated injury was received
by a laboratorian at the 222-S Building.

Spontaneous ignition of plutonium waste material stored in a vault at
the 234-5 Building tripped the fire alarm circuit, but the exact location
of the fire was at first unknown. In attempting to locate the fire, two
employees opened the door to the vault without respiratory protection.
The door was closed immediately when it was apparent that the fire was in
the vault. Only minor floor contamination was detected outside of the
vault. Special bioassay samples were requested from the two employees
and from three other individuals who were in the room when the vault was
opened.

UNCLASSIFIED
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A spark apparently ignited a small amount of inflammable solvent that
was being used to clean plutonium carbide specimens as they were broken from
fiberglass mounts in a hood at the 308 Building. A hood glove was punctured
to permit entry of a fire extinguisher. No spread of contamination was
detected. Special bioassay samples were requested from the HLO employee

involved.

An HLO employee dropped a plutonium carbide specimen contained in a
plastic bag as he was transferring it from a shipping container to a hood
in the 308 Building. The plastig bag ruptured, resulting in small areas
of floor contamination to 5 x 10 d/m with genersl floor contamination of
1000 d/m in the adjoining room. An air sample in the immediate area indi-
cated about 3 x 10-8 puc Pu/ce, using a one-minute sample collection time.
Nasal smears from one of the two HLO employees were slightly above background

levels.

During the month there were 13 incidents in CPD facilities and 2 ineci-
dents in HLO facilities that required special biocassay sampling for pluton-
ium analysis for 24 employees.

Three IPD employees were exposed to high dose rates on the rear face
of the 105-DR reactor during charging operations. A large nmumber of tubes
had been flush discharged for maintenance and tube inspection. A mechanicsal
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 completely discharged.
When a new charge of metal was introduced at the front face, 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 EM Chamber, the dose rate at 20 feet from the nozzle was about 30
r/hour. Evaluation of the film dosimeters worn by the employees showed g
maximum dose of O.4 r. Pocket jonization chamber readings and a review of
previous work activities for the badge dosimeter period indicated that the
dose received in the incident was about 0.2 r. Vacation absence of the
shift supervisor for the work prevented the investigation committee from
determining the reasons why the verification procedure was not used for 12
tubes.

Regular processing and evaluation of a finger ring film dosimeter worn by
a Biology scientist at the 108-F Building indicated & hand dose of 9 rads,
including 8.5 r gamma dose. This exposure exceeded the Hanford operational
control which limits extremity dose to 8 rems in a four-week period. The
ring dosimeter was worn while the employee was opening a plastic vial con-
taining approximately 7 mec of Na2l, The viasl was contained in a small lead
shipping cask. Dose rate measurements obtained during the job did not
support a dose of this magnitude, but calculations have indicated that the
dose rate may have been higher tiaan observed with the survey instrument
because of the small beam area.

UNCLASSIFIED
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In an attempt to increase the efficiency of a vacuum system used for,
decontamination on the X-level at the 105-KE reactor building, the exhaust
of a vacuum cleasner was connected to the line. Backpressure at the filter
in the vacuum line actually resulted in pressurization and leakage of
contaminated air to the room. Examination at the Whole Body Counter of
seven IFD employees exposed to the air-borne contamination showed transient
interna). deposition of Cob0. The maximum quantity observed was 0.48 pe or
approximately 5 percent of the permissible body burden. The intake for
one other employee was approximately the same and five individuals received
less than one percent of the permissible body burden.

An open valve permitted fission product washwater to spray from a
funnel leg as the solution was being transferred from & cask to a storage
tank in the 325-A Building. Floor contamination in the vielnity was 220
rads/hour. Nasal contamination of about 2000 d/m was detected for an HLO
employee, but examination at the Whole Body Counter indicated that no
internal deposition occurred.

Chemical decontamination of the PRTR primary system piping required
extensive radiation monitoring as decontamination efficiency was measured
and evaluated at thirty-four control points following each decontamination
step. On three occasions backflow of contaminated liquid waste during
pump-out operations spread fission product contamination to 15 mrads/hour
over 100 square feet in the reactor hall and C cell. Thirty-seven cases
of personnel contamination varying between 400 c/m to 10 mrads/hour were
detected and successfully decontaminated. Draining of "dead legs™ in
primery piping involved whole body and extremity dose rates of 500
mr/hour and 4 rads/hour, respectively. Metallic fines reading 100 mrads/
hour at one inch were removed from the system. Dose rates in A cell
following the decontamination ranged from 1 mr/hour to 50 mr/hour while
the lower access space ranged between 200 mr/hour and 1.5 r/hour.

Environmental Experience

The average concentrations of fallout materisls in air at the ten
Pacific Northwest locations was 5 puc 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 Wallae Walla, Washington, and Lewiston, Idaho. A milk sample
representing the Pomeroy area and collected on October 25, 1962, was
found to contain 190 puc I13l/liter. A sample collected southwest of
Waella Walla the same date contained 45 puc I13l/liter of milk.

Local milk samples for the celendar month of October averaged about
40 puc I131/1iter for commerciel milk and about 60 puc/liter for milk
sampled at local farms. Exclusion of the high average of 110 puc
1131/liter for the Ringold farm would lower the average farm concentration

UNCILASSIFIED
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to m~50 puc/liter. This difference between farm and store is easily
accownted for by radioactive decay during processing and shipping.

A total of 325 biological and produce samples were obtained for radio-
chemical analysis. They include:

Fish 114 samples

Ducks 29 samples

Geese 1l sample

Oysters 2 samples 4 pounds
Ground round 2 samples I pounds
Vegetation 57 samples 114 pounds
Beef thyroids 50 samples 50 sets
Milk 83 samples 201 gallons

Fifty-six duck heads have been donated by locel hunters in the duck head
sampling program. :

Two aerial surveys were made; one covered standard patterns in the
vicinity of the Plant; the other was to the vicinity of Astoria, Oregon, to
measure radiations from the Columbis River and its shores. Higher-than-
average activity noted on previous surveys between McNary Dam and Arlington
was determined to be on islands and amounted to about twice that observed
over the water.

Studies and Improvements

Radiation Protection Operation participation in the design of the Fuels
Recycle Pilot Plent continued during the month. The design is now essen-
tially complete. Only 11 prints remain to be approved out of a total of
316 prints.

Two Hanford reactors were studied to determine the ratio of the gamma-
to-neutron dose rate at the front face and in the front face work aresa.
Gamma-to-neutron dose rate ratios from about 0.8 to about 10 were observed.
In general, the lower ratios were observed near the top of the reactor front
face and the higher ratios near the bottom.

The solid state neutron dosimeter fabrication contract with Battelle
Memorial Institute was extended to December 1 because of a delay in the
delivery of high purity silicon to Battelle. Additional energy response
characteristics were plotted for 0.075" silicon diodes read with the con-
stant voltage readout technique. The response of the individual diodes
vgried by about 25 percent over the neutron energy range studied, 0.2 to
16 Mev.

The linearity and sensitivity of a Li-6 sandwich neutron spectrometer

was measured for neutron energies from 1 Mev to 5 Mev. The response of the
spectrometer was linear within +5 percent over this energy range. The

UNCLASSIFIED
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sensitivity was on the order of 10’6 counts per incident neutron. Work ;s
continuing to define the linearity and sensitivity of this spectrometer

detector at other neutrcn energies.

Some 25 BF- tubes for the new neutron monitoring instruments (HFQ) were
checked for sensitivity and compared to the original 10 BFj3 tubes. No
major difficulty was encountered in obtaining tube reproducibility.

A re-examination of the neutron sensitivity of the standard CP survey
instrument indicated that the CP neutron sensitivity for a plutonium
fluoride spectrum was less than 2 percent of the beta-gamms sensitivity
(neutron dose rate in rems/hour and gamme dose rate in r/hour). For slow
neutrons, the CP sensitivity appears to be less than 5 percent of the beta-

gamma sensitivity.

Seven Scintrans and 20 neutron monitoring instruments were added to the
portable instrument pool during October. The prototype scintillation port-
able poppy was completed. Drawings detailing the fabrication of the
instrument and procurement specifications for its purchase are being’
reviewed prior to issue in & bid package for off-site fabrication. The CP
circuit and layout drawings were redrawn to provide improved blueprint
reproduction. The CP procurement specifications were rewritten. The
annual physical inventory of radium and uranium was completed and verified.
Four Emergency Monitoring Kits were serviced. The 3745 Building stop
watches were recalibrated amd repaired as necessary. A total of 108
portable instruments received an audit calibration as part of the Cali-
brations quality contrecl program.

Room 1 in the 3706 Building was equipped with counting equipment and
glass rod dosimeter readers for emergency evaluation of the criticality
section of the personnel film badge dosimeter and for evaluation of the
foils contained in the Hanford Criticality Dosimeter. Revised procedures
for the use of this equipment are being prepared.

Three circuit changes were designed to provide improved performance in
the automatic densitometer. The first modification is expected to increase
the periods between maintenance of the pay number display, which previously
has failed to display all numbers after processing about 10,000 badges.

The second change permits reading film exposed to doses to 800 mr without
manual switching of the digital voltmeter in the automatic densitometer.
The third circuit revision will increase the lifetime of the relay contacts
in the payroll number matrix. Some pitting and damage of these contacts
has occurred.

The Hanford rubber finger ring dosimeter design was modified to provide
improved comfort to the wearer and still further improved reliability of
finger ring dosimeter performance. Procurement of the newly-designed
finger ring dosimeter is scheduled for December.
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An air sample counter is being calibrated for use in standardizing air
sample standards used throughout the Hanford Plant. The equipment is
"designed for use by Calibrations personnel, and will provide, on a routine
basis, a recalibration of all air sample counting standards currently used

at Hanford.

The characteristics of a new purchase of HV-TO filter paper were examined.
Penetration tests for this paper were requested from Industrial Hygiene.

Additional air samples were obtained from the 234-5 Building for exten-
sive analysis as part of the air contamination characterization studies.
Several of the samples were submitted for electron microscope examination.
Delivery of the Goetz aerosol spectrometer is now scheduled for November 5.

The PRTR stack monitor required maintenance for the 113t sampling com-
ponents. A complete check of the particulate components by Maintenance
forces was also completed. Written procedures for maintenance checks by
instrument technicians on a shift basis were prepared.

The modifications to the Automatic Columbia River Monitoring Station
(ACRMS) have essentially been completed and all systems are in routine oper-
ation.

Alr sampling stations were established at Washtucna and Eltopia. Both
have a particle filter and charcoal filter. With the improved network of
air sampling and ground survey plots, the glass wool program for sampling
of particles was discontinued.

Contracts with veterinarians in Moses Lake, Wenatchee, and Toppenish for
the collection of beef thyroids were renewed for another year.

low-level contamination in a vendor's tank truck used to transport
liquid alum to HAPO was found to be due to natural thorium.

The program of examining children for I13l in their thyroids continued.
In October, 11 examinations were conducted for eight children. Most of
these examinations were made on October 27. The results varied from S&4 to

97 pc T13L,

The feasibility of having a television receiver in the Whole Body count-
ing cell during the examination of children was tested. Feasibility was
established for I13l examinations by the almost rigid posture assumed by
the children and an increase of about 5 percent in the apparent background
counting rate for I13l., Thne use of the ™ is not feasible for low-level
counting with theKﬂhole Body Counter due to the presence of relatively
large amounts of 0 in the TV set. Channel-by-channel anelysis of the
data for the Whole Body Counter has not been completed.

UNCLASSIFIED
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Outfitting the mobile Whole Body Counter continued during the month.
The heating and air circulation system was installed and made operational.
The simulated Norwegian maple wall panelling was installed.

The selection, order, and format was provided to Data Processing for
revision of the output reports from the film dosimeter processing program.
Revision of the previous reports was required to make the reporting system
compatible with the input data modifications resulting from the new film
badge dosimeter and automatic densitometer; to increase the date and infor-
mation retained in the radiation dose records system; and to respond to the
requests for changes in the report formats made by radistion monitoring
components. A program was also designed to provide for automatic inclusion
of previous accumulated Hanford exposure for re-hires and repeat visitors.

The 300 Area Emergency Plan was completed and is being distributed.

C. VISITS AND VISITORS

Visitors consulting with members of the Radiation Protection Operation
during the month included:

R. S. Landasuer, Jr. - R. S. Landauer, Jr. and Company, Matteson,
Illinois

. Allday ) )

« Hughes ) - United Kingdom Atomic Energy Authority, Windscale,

. F. Warner) England

. Butler )

Sironen - Vallecitos Atomic Laboratory, Pleasanton, California

» Fukuda - Tokai Laboratory, Tokai-mura, Iharaki-ken, Japan

NHHEAaQ

Members of the Radiation Protection Operation visiting off-site during
the month included:

R. F. Foster - Participated in meeting of Special Awards Committee

of the Pacific Northwest Pollution Control Association,
Portland, Oregon.

- Consulted with C. M. Everts of the Oregon State Board
of Health and J. Wilson of the U. S. Public Health
Service, Portland, Oregon.

- Attended meeting concerned with implications of using
nuclear powered devices in aerospace vehicles at the
Naval Research Defense Laboratory, San Francisco,
Californisa.

A. R. Keene - Conducted National Committee on Radiation Protection
and Measurements' Subcommittee T meeting in Boston,
Massachusetts.

UNCLASSIFIED
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F. L. Rising - Discussed fabrication of instruments at the Instrument
Laboratories, Seattle, Washington.

H. V. Larson - Attended information exchange on low energy X-rays at the
Savennah River Plant, E.I. quPont de Nemours & Co., Inc.,
Alken, South Carolina.

- Toured film dosimeter processing operation at Lexington

Signal Depot, Lexington, Kentucky.

D. N. Brady - Attended Eighth Annual Bioassay and Analytical Chemistry

Conference, Augusta, Georgia.

R. F. Foster) _ Attended meeting of Pacific Northwest Pollution Control

J. K. Soldat) :
; S Oregon.
R. B. Hall ) Association and presented papers; Salem, g

D. RELATIONS

One suggestion was submitted by personnel of the Radiation Protection
Operation quring October. No suggestions were adopted; one was rejected.
Five suggestions are pending evaluation.

Safety meetings were held throughout the Section during the month.
Topics for these meetings included electrical hazards, fire and fire safety,
and driver reaction time. Safety and housekeeping inspections were also
conducted.

The new film badge dosimeter was explained to Biology Research Managers.

Thirteen IPD personnel attended a session of the Disaster Radiation Monitor-
ing course. To date a total of 316 persons have attended the course.

E. SIGNIFICANT REPORTS

HW-TL307-9 - "Radiological Status of the Hanford Environs for September
1962" by R. F. Foster.

HW-T5459 - - "Monthly Report for October 1962 - Radiation Monitoring Opera-
tion" by A. J. Stevens.

HW-SA-2609 - "Elements of Emergency Planning for Coping with a Serious Radi-
ation Accident"” by A. R. Keene, C. M. Unruh, G. E. Backman and
L. A. Carter.

HW-SA-2629 - "Management of Radioactive Effluent Gases at Hanford Atomic
Products Operation" by J. K. Soldat.

HW-SA-2748 - "Evaluation of Discharging Radiocactive Wastes into Fresh Water

Streams"” by R. B. Hall and R. H. Wilson.

‘UNCIASSIFIED
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS

External Exposure Above Permissible Limits

Whole Body Penetrating
Whole Body Skin
Extremity

Hanford Pocket Dosimeters

Dosimeters Processed
Lost Results

Hanford Beta-Camma Film Badge Dosimeters

Film Processed
Results - 100-300 mrads
- 300-500 mrads
- Over 500 mrads
Lost Results
Average Dose Per Film Packet - mrad (ow)
- mr (s)

Hanford Neutron Film Badge Dosimeters

Slow Neutron

Film Processed
Results - 50-100 mrem
- 100-300 mrem
- Over 300 mrem
Lost Results

Fast Neutron

Film Read
Results - 50-100 mrem
- 100-300 mrem
- Over 300 mrem
Lost Results

Hand Checks

Checks Taken - Alpha
- Beta-Gamma

Skin Contamination

Plutonium
Fission Products
Uranium

Tritium

1236321

HW-T5376

October 1962 to Date
0 3
0 3
0 3
6,578 32,91k
0 0
20,128 106,259
475 3,152
56 298
10 106
145 386
10.23 12.88
32.65 29.84
1,kk2 15,869
N 29
2 L3
0 2
15 95
355 4,085
8 430
65 T2h
0 66
15 L6
81,316 387,853
61,721 528,807
3k 257
89 52k
0 12
0 0
UNCLASSIFIED
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Whole Body Counter Male  Female October 1962 to Date
GE Employees
Routine 17 1l 18 154
Special 16 0 16 185
Terminal 2 0 2 92
Non-Routine 19 4 23 230
Non-Employees 6 2 g 7g
Pre-Employment 0 9]
o (] T &7 e
Bloassay
Confirmed Plutonium Deposition Cases 11 27T*
Plutonium - Samples Assayed 226 3,294.
- Results Above 2.2x10-8 uc/Sample 33 207
Fission Product - Samples Assayed 162 3,793
‘ - Results Above 3.1x10"° uc/Sample O 15
Uranium - Samples Assayed 259 1,673
Biological - Samples Assayed 2 2kg
Strontium - Samples Assayed 0 299
Tritium Samples Masxcimum Count October Total
Urine Samples > 5.0 uc/l 6.6 uc/1 4
< 1.0 pc/1 : 46
Samples Assayed 108
D20 Samples
Moderator 0 ¢]
Primary Coolant 0 0
Reflector 0 0
Samples Assayed 0
Other Water Samples
3217-37-08 L1694 pe/ml 28
299-W-24-14
(10-15-62) 136
Calibrations Number of Units Calibrated
October 1962 to Date
Portable Instruments
CP Meter 1,042 10,092
Juno 273 2,767
GM 576 5,552
Other 15§ 1,829
Audits 10 1,047
2,154 21,287

*The total number of plutonium deposition cases which have occurred at Han-
ford is now 310, of which 227 are currently employed.

1236323
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Personnel Meters
Badge Film
Pencils
Other

Miscellaneous Special Services
Total Number of Calibrations

AR Keene:ljw

EW-T5376

Number of Units Calibrated

October 1962 to Date
972 15,154
- 12,670
490 L, 276
1,E§2 32,100
530 9,343
4,146 62,730

)
Manager

RADIATION PROTECTION
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FINANCE AND ADMINISTRATION

ACCOUNTING

Cost Accounting

Preparation of the FY 1963 Midyear Budget Review continued during the
month. Personnel requirements were submitted to Contract Accounting

with the following forecast by quarter-ending dates:
Exempt Salaried Total

Actual 6-30-62 699 813 1 512
Actual 9-30-62 691 929 1 620%
Estimated 12-31-62 708 937 1 645
Estimated 3-31-63 700 ol 1 64k
Estimated 6-30-63 716 946 1 662

*Includes 140 maintenance employees transferred from FPD on
September 1, 1962.

Estimated inventory balances at June 30 1963 for Spare Parts and Reactor
and Other Special Materials were also compiled and submitted to Contract
Accounting as a part of the Midyear Review. Preparation of the Midyear
Review will be completed in November.

In connection with & reorganization within the Chemicel Development
Operation, effective November 1, 1962 the following organization titles
and code changes were made:

New Codes and/or Titles

7624  Process Control and Equipment Development Operation
7625 Materials and Process Chemistry Operation
7626 Waste Calcination Demonstration Operation
7627 Process Engineering Development Operation

Cancelled Codes

7622 Chemical Engineering Development Operation
7623 Process Equipment Development Operation

New program codes established during the month were as follows:

Code Title
.37 Waste Calcination Demonstration
<55 FRP - Other R & D Support

URCLASSIFIED
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During the month, 02 Program Equipment funds in the amount of $50,000 were
transferred from Fuels Preparation Department to Hanford Laboratories.
This action will provide FY 1963 funds for the Laboratories’ Maintenance
function which was transferred from FPD on September 1, 1962.

General Accounting

Following is a summary of the status of letters or agreements covering
specific actions requiring AEC concurrence:;

AT-256 Participstion in Standardizing Approved October 1, 1962
Activities - (S. H. Bush)

AT-262 Washington State Scientific Approved October 22, 1962
and Advisory Committee -
Selective Service System -
(I. H. Dearnley)

Travel activity continues to exceed the FY 1962 level, but is lower than in
FY 1961, as shown below:

Number of Trips Started - FY to Dete

FY 1961 463
FY 1962 369
FY 1963 o

Travel costs, however, are less in FY 1963 to date than in the like period
last year (as shown below). During the first four months of FY 1962, costs
of relocating new hires and transfers were unusually high. Such costs are
substantially lower this year, more than offsetting higher costs for other
types of travel expense.

Travel Expenses Charged to Cost - FY to Dete

FY 1962 $113 543
FY 1963 110 168

Hanford Laboratories' completed Plant and Equipment investment at October 1,
1962, totaled $70.2 million. Investment by area is:

UNCLASSIFIED
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Area . Investment (in thousands)
100-B $ 96
100-D 2 172
100-F 3 443
100-H 24
100-K 765
200-E 1 312
200-W 5 095
300 . 54 289
600 9%k
700 415
1100 3
White Bluffs kho
Off-Site 1 193

$70 250

Hanford Laboratories' material investment at October 1, 1962 totaled
$25.8 million as detailed below:

(In thousands )

SS Material $24 142

Reactor and Other Special Materials 1 34k

Spare Parts 341-1)
$25 827

(1- Includes & reserve of $79,000 established October 1, 1962.

The value of nuclear materials consumed in research this fiscal year to
October 1, 1962 is $2.3 million, of which $2.2 million are applicable

to Hanford laboratories and $0.1 million to Fuels Preparation Department.
The following is & detail by prpgram for Hanford Laboratories' portion:

(In thousands)

2000 Program $ 658
3000 Program 359
4000 Program 1 157

$217h

‘UNCLASSIFIED
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Survey 20 - Part 2, witnessed verification of HAPO inventories of
enriched uranium, tritium and enriched lithium as of the end of November,
1962 will be made by e team consisting of HOO-AEC and Nuclear Materials

Operation personnel.

A study was started during the month to mechanize the control of all
items (including movable, uncataloged and expense items) and materials
located at the Storage facility.

Responsibility for taking Banford Laboratories' plant and equipment
inventories was transferred to Contract and Accounting Operation effective
October 15, 1962. This move also entailed the transfer of one nonexempt '
employee. The identification and tagging of equipment previously assigned
‘to this clerk have been retained. In connection with reassignment of
inventories to Contract and Accounting Operation, a revised schedule of
physical inventories of movable cataloged equipment for FY 1963 was pre-
pared and forwarded to Hanford Laboratories' section managers.

Responsibility for completing utilization of Projects AEC-167 PRTR and
CAH-822 Pressurized Gas Cooled loop Facility was transferred from Construc-
tion Engineering and Utilities Operation to the Hanford Laboratories during
the month.

Laboratory Storage Pool activity for the month of October 1962 is summarized
below: ,

Current Month FY-to-Date -1)

E ent ety Value Qty Value
Beginning Balance 1251 $703 107 1 081 $562 200
Items Received 173 119 035 48 301 831
Items Withdrawn by Custodian 18 g 448 L6 28 623
Equipment Transfers 9 1 608 50 23 888
Items Disposed of by Excess 5 134
Items Disposed of by PIR 1 300
Equipment on hand at

10-31-62 1 397 $811 086 1 397 §§11 086-2)

(1- FY-to-date totals include minor corrections on informetion reported
in previous months.

(2- Includes 139 items valued at $64,559 which were on loan &t 10-31-62.

During the month 47 items valued at $25,344 were loened or transferred in
lieu of purchase. A total of 99 items valued at $52,000 has been redirected
to useful purposes this fiscal year in lieu of purchase. Estimated operat-
ing costs for the same period were $8,000, indicating a net saving of $44,000.

UNCLASSIFIED
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One hundred fifty-four items valued at $101,040 located at the Laboratory
Pool are in the process of being retired by means of a PIR or Declaration ,
of Excess. These items will be retired from record during November business.

Material on hand at the Laboratory Storage Pool at month end included *t_;he
following:

Material Quantity Total Value
Beryllium 1 035 grams $ 631
Gold 2 211 grams 3 184
Silver 6 815 grams k7
Platinum 6 997 grams 19 942

Clean Scrap S5l grams 1 600
Contaminated Scrap 6 703 grams 15 551
Palladium 2 202 grams 2 686
Zirconium 4 846 pounds 79 319
123 390

Additional meterial held for convenience
of others 164 431
Total material held at the Pool igel 821

Total investment of equipment and meterial in custody of the Laboratory
Storage Pool at month end is $1,098,907.

Action during the month on projects-is indicated below:

New Money Authorized Hanford Laboratories

- CAH-916 TFuels Recycle Pilot Plant $35 000
CAH-958 PFlutonium Fuels Testing and Evaluation
Laboratories 13 500

Physical Completion Notices Issued

CAH-927 Additions to Waste Demonstration Facility -
271 Building (AEM Service Only)

New and revised OPGs issued in Octobér are listed below:
OPG No. Title
22.3.1 Approvel Authorizations

33.10.1 Health and Safety
55.6.3 Internal Committees

UNCLASSIFIED
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Title

Index

Overtime
Control of Documents Classified Secret and Confidential

Hanford Laboratories University Relations Council -
(Cancellation)

The following contracts were processed during the month:

MRO-52
SA-248
SA-249
SA-250
SA-252
SA-247
DIR-157
SA-255

Philips Electronics and Pharmaceutical Industries Corp.
W. E. Welsh

D. R. Marble

W. H. Harris

L. M. Bodie

Future Farmers of America

Battelle Memorial Institute

Penngalt Chemical Corporation

Personnel Accounting

The followlng employees received patent awards during the month of October:

Name HWIR No. Title
L. C. Amos 1k97 A Composition of Matter
R. L. Moore 1406 (An Integrated Process for the
L. A. Bray 1406 (Recovery and Purificastion of
F. P. Roberts 1406 (Multi-Kilocurie Quantities of
E

. J. Wheelwright 1406 (Fission Product Strontium from

(a Purex Crude Strontium Con-

(centrate :

H. L. Libby 1346 A Multiple Parameter Eddy
Current Nondestructive Test-
ing Device

Number of Hanford Laboratories Employees
Changes During Month - Total Exempt  Nonexempt
Employees on payroll at beginning of month 1 619 691 928
Additions and transfers in 22 10 12
Removels and transfers out 1 L _1
Employees on payroll at end of month 1 620 ézl 933

1236332
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Overtime Payments During Month October September
Exempt $ L4 696 $ L4 361
No::iempt 23 884 2h 173

Totay $ 8580 § 285

Gross Payroll Paid During Month

Exempt $ 655917 $ 666 988
Nonexempt 507 562 612 321
Total $1163 470 #1270 300
Participation in Employee Benefit October September
Pleans at Month End Number  Percent Number  Percent
Pension 1 466 99.3 1 L6k 99.1
Insurance Plan - Personsal 395 397
- Dependent 1 229 99.8 1215 99.7
U. S. Savings Bonds
Stock Bonus Plan 157 k3.0 157 43.3
Savings Plan T4 b5 7 4.8
Savings and Security Plan 1124 88.9 1 126 89.6
Good Neighbor Fund 1 169 T1.7 1150 T1.0
Insurance Claims
Bmployee Benefits Number Amount Number Amount
Life Insurance 0 $ 0 0 $ 0
Weekly Sickness and Accident 10 8ko 599
Comprehensive Medical 53 3 876 Le 3 585

Dependent Benefits

Comprehensive Medical 110 10 733 .93 9 261
Total 173 $15 458 146 $13 kL5

TECHNICAL ADMINISTRATION

- Bmployee Relations

Ten non-exempt employment requisitions were filled during October with 1k

remaining toc be filled.

UNCLASSIFIED

)
o~
L
(R
i



UNCIASSIFIED B-8 HW-T75376

Professionsl Placement

Advenced Degree -~ 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.

BS/MS - 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.

Technical Graduate Program - Two Technical Graduates were placed on perma-
nent assignment. Three new members were added to the rolls; there were no

terminations. Current program members total 60.

Technical Information

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

ECONOMIC EVALUATIONS

A draft of a fairly comprehensive report on nuclear power cost estimating
and the influence of electric utility economics was completed and dis-
tributed for review.

The logic of the working capitel cost calculation in the FEFC (Fuel Element
Febrication Cost) computer code was agein reviewed and clarified for formasl
reporting of the computer program.

FACILITIES ENGINEERING

At month's end Facilities Engineering Operation was responsible for 11
active projects having total authorized funds in the amount of $2,191,100.
The total estimated cost of these rrojects is $8,595,000. Expenditures on
them through September 30, 1962 were $1,352,000. -

The following summarizes rroject activity in October:

FRumber of authorized projects at month's end ~-~==-eeemeeeacome- 1
Number of new projects authorized ----e-mmcmccc e 0
Projects completed —---ememooo oo cccccccmmcmeias D

CAH-927, Additions to the 271-CR Building Waste Treatment
Demonstration Facility
CGH-951, A-C Column Facility - 321 Building

UNCLASSIFIED
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New projects submitted to the AEC ~eve-mcecemceccmcac—sccencoaeas 2
CAH-985, Addition to the 222-U Building
CAR-986, 300 Area Retention Waste System Expansion
L

New projects awaiting AEC authorization ----ecccmmreccmercccnoa.
CGH-974, Analog Simulation Facility , '
CAH-982, Addition to the Radionuclide Facilities
CAH-985, Addition to the 222-U Building
CAH-986, 300 Area Retention Waste System Expansion

Project proposals complete or nearing completion ----~-c--ecc--- 3
CGH-991, Waste Calcination Demonstration in the FRPP

Craphite Machine Shop
Neutron Calibretion Facility

Pages appended to this report provide detailed project status information.

Services

Satisfactory progress was made in the engineering services provided on
the following jobs:

Equipment procurement including issuance of 11 requisitions
totaling $8,500. The material and equipment list for one
project was revised

Biology Operation animal quarters air flow

Biology controlled enviromment facility study

General purpose analog simulation facility study

108-F Source handling facility electrical changes

108-F Intercommunication system proposal

Pressure system assistance was provided on:

The design and specifications of the Dynamic Materials Test
Apparatus unit

Physical Testing Operation autoclaves

Quartz glaess U0, test section

Third party inspections of nineteen pressure vessels and
one test loop.

Plant Engineering effort was expended on:

231-Z alarm system standardization

231-Z proposed paging system

325 shielded analytical laboratory direct current power supply
3705 increased electrical service

329 lighting layout for proposed annex enclosure

UNCLASSIFIED
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309 audio alarm system design
329 switchgear testing

325 vacuum pump replacement
308 ventilation modifications
321 tank farm alarm system
3702 building ventilation

307 basin transfer pump

329 loading dock

309 critical mass alr dryer
329 counting room air conditioner
306 fume exhaust problem

Facilities Operation

Landlord costs for September were $141,674 which represented 88 percent
of the anticipated expenditure. Improvement maintenance costs were
$15,068. | .

The followlng tabulation sumarizes waste disposal operations:

August September
Concrete Barrels Disposed 8% 8%
Loadluggers of Waste Disposed 7% Lowx
Cridb Waste 270,000 gal. 230,000 gal.

# In the past the number of loadluggers of barrels rather than-
the actusl mmber of barrels have been reported. In the future
the actual number of barrels will be reported.

#* Total loadluggers disposed. Previously reported figures were
325 waste disposal only.

The Wye burial ground was closed on October 3, 1962 pending AEC review. A
new burial trench was dug at the 300 N burial ground. The trench was put
into use on October 8, 1962. During the month two more trenches were staked
out. One is a small trench to accommodate the burial of a decontamination
cell from 327 Building, the other is to accommodate routine waste from the
300 Area. The 300 N burial ground was staked for extending the perimeter
fence.

During the past month Waste Disposal and Decontamination supported the FRIR
decontamination effort in three ways. 1) Thirty-one trailer loads (119,000
gallons) of decontaminating solutions were hauled from 309 Buiding to a
special trench at 216 BC burial ground. This trench was especially bullt
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for this effort. 2) Twenty-four truck loads (120,000 gallons) of PRTR
waste were processed through 340 Building. 3) Miscellaneous hardware
such as caps was deconteminated in 325 Building.

A traller was loaned to 321 Building for the removal of special solutions
during the height of the PRTR decontamination runs.

Building operation during October included (a) contimued shakedown of the
filter plant (315 Building) with plant operation at an average flow of
600 GPM to 309 throughout the month, (b) & ventilation balance of the
shielded analytical facility (325-B Building) during the month.

Drafting

The equivalent of 119 drawlings was produced during the month for an average
of 29 man-hours per drawing.

Major jobs in progress are - PRTR "As-Builts", Shim Rod Control (FRTR),
Electrical Resistivity Sample Holder, Cladding Cutter Assembly for PRTR,
Refractory Compounds Research Glove Box, Two Hi-Temp Vacuum Furnaces,
Process Tube and Fuel Handling Carriage, PRTR Corrosion Test Facility,
Inhalation Studies Hcod, Scintillation Scanner, FRPP Rack Design, Fuel
Element Identification System (PRTR).

Construction Supervision

Actlvity during the month on construction work (J. A. Jones Company) being
performed for Hanford Laboratories components is given below:

Unexpended

Balance

Orders outstanding beginning of month $120 723

Issued quring the month (inc. suppl. & adj.) L3 777
J. A. Jones Expenditures during month

(incl. C.0. Costs) 98 570

Balance at month's end T4 930

Orders closed during month 83 k50

gaintggance work orders total seven with face value totaling
35,9606,

UNCLASSIFIED

1236331



UNCLASSIFIED H-12 HW-T5376

Construction and maintenance activities completed during October included:

222-U room renovation and equipment installation
292-T replacement of small lead cave with larger one
308 dock and storage facility construction

308 room 208 and 212 decontamination

309 office construction ,

314 installation of roll-up doors

325 ceramic research room constructlon

325 second floor office comstruction

Vidlote

Manager
Finance and Adminlistration

W Sale:whm
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SEMI —MONTHLY PROJECT STATUS REPORT

Hw- 75376

TE -] -
GENERAL ELECTRIC co. — Hanford Laboratories DA 10 3.1.G 62
FUNDIN
PROJ.NO. TITLE . e, }.;,]_l;l toa ,*-_u
erating
CAH-822 Pressurized Gas Cocled Loop Facility - s Operating \
AUTHORIZED FUNDS |pgsiGN § 13,000 aEC S 15,000 €OST & COMM TOy bl 1_1}1,_6_32_&}_&
= ESTIMATED TOTAL COST 371.170.0°0
s 1.170.000 const. § 1,127,200 e 51,155,000 - ip;;;g
g £} 9 " . OM "
STARTING [pESion Ba1E-RQ DATE AUTHORIZED 7'25-62* E%L,',’,__ pEsen h-jq-éu ’ER::::T cscu:o. ACTUA!
DATES | ousT. 10-17-60 | DIR. comp. DATE 12-3] =62 DATES |consT-12-31-6
= DESI 6N 100 100 200
ENGINEER
e TITLE |
TRAD-MEEQ - DF Schively .
MANPOWER AVERAGE |ACCUM MANDA VS || GE-TITo1
AE-TIT 41
FIXED PRICE
COST PLUS FIXED FEE
CONST. 100
PLANT FORCES 98 93
PF l : o) ~
ARCHITECT- ENGINEER e 3 . ‘_;_
DESIGN ENGINEERING OPERATION - 22. lOO 2 :
GE FIELD ENGINEERING P 6. 100 120
jov.Egl 69,71 100 93
SCOPE, PURPOSE, STATUS & PROGRESS
The new heater has beer Installed.
Loop pressure tests are scheduled for early in November.
Vendcr is chenging %o Teflon impregnated bearings similar %o +hose provided for
Dragar Project.
* Initisl authorization dete was December 18, 1958.
PROJ. NO. TITLE FUNDING
AUTHORIZED FUNDS [, oy s fazc s COST & COMM, TO s
s CONST.S$ 1GE s ESTIMATED TOTAL COST $
STARTING [pesion DATE AUTHORIZED gsoz'g-‘_. DESIGN PERCENT COMPLETE
oates | . uer, DIR, COMP. DATE DATES |cONST. WT'D. |scHED. |AcTUuA
ENGINEER DESIGN 100
TITLE }
MANPOWER AVERAGE |{ACCUM MANDAYS|GE-TIT. 11
FIXED PRICE AE- TIT. I
COST PLUS FIXED FEE
PLANT FORCES CONST. 100
ARCHITECT = ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

1236339
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SEMI—MONTHLY PROJECT STATUS REPORT ww- 75376
GENERAL ELECTRIC CO. — HanfOrd Laboratories DATE '10_31_62

PRGNS, TITLE FUNDING

CGE-857 PhysZcel & Mechaniszel Prcperties Testing Cell - 327 Bldg. | 0290

AUTHORIZED PUNDS [ogsieng 45,000 AEC S cosT aCOMMTO 101462 8 3BT, 35

s 460,000 {eouu.s 415,000 _ ex $ L450,000 ESTIMATED TOTAL COST s 0
T;Tguvnu‘oumu 1l-2-59 DATE AUTHORIZED O-2D-(1% JEIT.O- RCENT COMPLETE
SAVES leomst. 2-12-62 DIR. Comp. BATE ]2-15-62 DATES ﬁ wr'n. [scnEp. |AcTuaL
SxeinEER - oCsIon 100 100|100

TITAE |

FEO - DL Ballard
MANPOWER AVERAGR |ACCUM MANDAYS || 88-TITi 1 | 100 100 100
PIXED PRICK AE=TIT N}
COET PLUS MIXED PFEX 9 515

TonlT. 108 80 7&‘

PLANT PORCES
ARCHITECT- ENGINEER dd
DESIGN ENGINEERING OPERATION crrr 18 80 T0

SE MELD ANSINEERING .h liO (1]

quip.l 82 80 80

BCOPE, PURPOSE, STATUS & PROORESS

This project will provide facilities for determining physical and mechanizal properties
of irradisted materials, and involves the instailation of a cell in the 327 Buillding.

Current estimeteof Title I end II cosis - $60,000. Deteiled design started 4-1-40.
Procurement and construction authorized 9-22-61.

Preject estimate of engineered equipment. $253,000%%
Value of orders placed. (Approx.) $210,000..

Field installaticn of piping and electrical items is continuing.

Shop fabrizetlion of Irstron machine support and positioning equipment is nearing
compietion.

Shop fabrication of zell tray has been started.

Fabrication cof ventileticn exhaust filter hclder has been completed. The cell
equipment hydrauli: 1lift system was received Ocicber 22, 1962, and is being installed.

The Impact Tester was received on October 22, 1962.
All four master slave manipulators have now been received.

# Origlinal suthorization for design was Octcber 1, 1659.

#¥ Includes delivery charges, inspection and cortingency.

1256340
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SEMI—MONTHLY PROJECT STATUS REPORT nw- 75376
GENERAL ELECTRIC cO. — fgnford Leboratories DATE  10-31-62

PROJ.NO. TITLE FUNDING
CAH-866 Shieldez Analyticzal Laberatcry - 325-B Bullding . fl-a-1
AUTHORIZED PUNDS {DE.,.N s £0.000 [AEC s 5LE.500 COST & COMM. T0O 10-1 l =62 s L ,
s 7009000 CONST. § 6)4059'_)0 ee s 153.500 ESTIMATED TOTAL COST L 465,;“000
STARTING [DESIoNn Q-C8=5Q DATE AUTHORIZED S-31-A0% 5{,{.’.‘3.‘_,‘ pesieN 1] -14=-6 PERCENT COMPLETE
OATES | ousr, 6=15-61 O comp. oaTE 12-15-62 |0ATES | comst-10-21-6 wr'D. |scuEo. [acTuaL
ENGINEER bESIéN 190 1900 130

FEO - RW Dascenzc TITLE |

MANPOWER AVERAGE |ACCUM MANDAYS [(SE-TITd1] 10 100 100
FIXED PRICE 0 2571 AELTITH] 9D (100 10D
COST PLUS FIXED FEE g 80
PLANT FORCES ' 8 ConsT. 100 100 99
ARCHITECT- ENGINEER d 3 2 =
DESIGN ENGINEERING OPERATION CPFF ) :L 1
GE MELD ENGINEERING : i 95 100 100

SCOPE, PURPQSE, STATUS & PROGRESS

This prcject will allow greater zapecity for anslyticzel work lavelving tofay's more
highly radioastive scluticns and consists of sdding a shlelded lakeratory to the
325 Fuilding.

Plant forces are building an aree beta-gamme mwonitoring device end checking the
ventilation eystem.

A Corning Glass Works represertative has repaired the mcisture stain on viewing
window Nc. 3, - '

The CPFF Construztion Services Contraicr installed the rhecsie Iinmming switzk, the
twelve master slave menipulsters and six hinged cell-trays. They have also converted
two tanks to shipping cesks. They have & leak in the roof to repair yzt.

¥ Original suthorizaion for preliminary design was August 12, 1959.

123634 ]
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SEMI~MONTHLY PROJECT STATUS REPORT

Hw 75376

GENERAL ELECTRIC cOo. — Hanfori Laboratories DATE 10-31-62
PROJ.NO. TITLE FUNDING
CAH-867 Fuel Element Rupture Test Locp 58-e-15
AUTHORIZED FUNDS [pEsiGN § 120,000 "aEC $ 820 .000 vcost & COMM. TO kL H
s 1,500,900 lcous'r. s 1,370,000 ics s 680,000 ESTIMATED TOTAL COST il..'soo,ooo
STARTING |[DESIGN O=1=60 OATE AUTHORIZED B=1T-62% EsTO- |oESIGN 3-15=-61 PERCENT COMPLETE
DATES | onst. 11=-2=60 pir. comp, DATE 10=-31-62 paTeEs | consT. 10-31 =62 WT'D. |SCHED. [ACTUAL
ENGINEER DESIGN 100 100 [ 100
~ . TITLE

Iﬁsﬁﬁio‘ﬁo EC Welk . AVERAGE |accuv maNDAYs |IGE-TITu1 | . Q] 100 100
FIXED PRICE 0 2475 AE-TIT 1)
COST PLUS FIXED FEE 0 2400
PLANT FORCES v CONST. 100 100 99
ARCHITECT=- ENGINEER PF 2 (190 50
DESIGN ENGINEERING OPERATION CrEF 57 1100 a8
GE FIELD ENGINEERING FP (l) 10 1300 1100

(2)1 31 1100 {100

SCOPE, PURPOSE, STATUS & PROGRESS

(1) G. A. Grant Company
(2) Lewis Topkins Construction Company

This facility is tc be used for duel rupture behavior studies with respect tc
physical dis*ortion and rate of fission product release.

Construztion wcrk has been suspended for Loop Design Tests.

Froject will be closed out QOctober 31, 1962 with accruals for completion of exceptions.

PR

¥ Initial authorization was on 10-1-59.

PROJ. NO, TITLE FUNDING
AUTHORIZED FUNDS (DESIGN s [AEC s COST & COMM, TO $
[ l CONST.$ lcg s ESTIMATED TOTAL COST $
STARTING [pEsiGN DATE AUTHORIZED (E:?:;:L DESIGN PERCENT COMPLETE
DATES CONST. DIR. COMP. DATE DATES |cONST. WT'D. | SCHED. |[ACTUAL

ENGINEER . DESIEN 100

TITLE )
MANPOWER AVERAGE [ACCUM MANDAYS|GE-TIT. 11

FIXED PRICE AE- TIT. 11

COST PLUS FIXED FEE

PLANT FORCES CORST. 100

ARCHITECT -~ ENGINEER PF

DESIGN ENGINEERING OPERATION CPFF

GE FIELD ENGINEERING Fp

SCOPE, PURPOSE, STATUS & PROGRESS

12306342
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SEMI—MONTHLY PROJECT STATUS REPORT Hw-75376
GENERAL ELECTRIC €O. — Hanford Leboratories OATE 10-31-62
PROJ.NC. TITLE FUNDING
CAE-922 Burst Test Facility for Irradiated Zirconium Tubes 62-k
AUTHORIZED FUNDS [pgsiGN § 29,600 (aEC S cosT &‘C::: T,oo,].Q:c]o!L‘TSE : 29 600
s  29.600 Iconst. s tsz s 29.600 ESTIM gg 000
STARTING [DESIGN 11-7=FA1 DATE AUTHORIZED 1 Q=D3~6] B oL, oEsioN 5231 A2 FER:T::: c::::.:r:cfu‘k
DATES  |oonst. 12a15-62 | DIR.COMP. DATE DATES |consT-11-1~6f .
ENGINEER ) DESIGN 100 100 100
TITLE |

ﬁip;wlzr; Bellerd AVERAGE |[AcCuM MANDAYS || GE-TIT.1 | 57 100 100
FIXED PRICE AE-TIT. (1 A‘% 190 100
COST PLUS FIXED FEE - -
PLANT FORCES
ARCHITECT-ENGINEER . Bovay Engineers 260 PF

CPFF

DESIGN ENGINEERING OPERATION 260

P
GE FIELD ENGINEERING

SCOPE, PURPOSE, STATUS 8 PROGRESS

This prcject will provide facilities to permit deliberate destructive testing of
irradiated zirconium tubing. This will provide operating and tube life data no*
aveileble becguse of the limited operating history of Zircaloy-2 pressure tubing
in reactors.

The project proposal was submitted to the Commissior on July 2, 1962 and is awsiting
approval.

There has been no activity on this project during this report period.

PROJ. NO. TTLe Additions to the 271-CR Building Waste Treatment FunpinG
CAH-927 Demonstration Facility 61-J
AUTHORIZED FUNBS [ 0o ls™ 11,000 {AEC s (6,300 cosT acomm. 0 10-1L~62 s ]II—,BEB(GE)
s 92,000 const.s 81,000 lee s 15,700 ESTIMATED TOTAL COST $ 92,000
STARTING [pesign 6=5=61 DATE AUTHORIZED 5.3 561 EsT'0: |pEsion 215w PERCENT COMPLETE
DATES const, 2-15-62 DIR. COMP. DATE 1033 &2 DATES |consT.10.3] K4 WT'D. | SCHED. [ACTUAL
ENGINEER : : DESIGN 100 100 110
FEO -~ DL Ballerd TITLE |
MANPOWER AVERAGE |ACCUM MANDAYSHGE-TIT. 1]
FIXED PRICE 370 AE-TIT.IH] 100 | 100 | 100
COST PLUS FIXED FEE 2 290
PLANT FORCES CONST. 100 100 100
ARCHITECT — ENGINEER 150 PF
DESIGN ENGINEERING OPERATION 8 CPFF 2 10C 100
GE FIELD ENGINEERING .2 50 Fp AT 100 100

SCOPE, PURPOSE, STATUS & PROGRESS

Thls project provides facilities for pilet plant development of decontamination
processes for intermediate level chemical processing plant waste for safe discharge
to the plant environs. Design was szcomplished by the Bovay Engineers.

Site grading, filoor drain installation end miscellaneous clean-up has been completed
by the CPFF Construstion Services Contractor. A few remaining equipment sdjustments
and corrections are being made.

The project physical completion nciice is being prepared and this project will not be
reported further. -
1255343
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SEM] — MONTHLY PROJECT STATUS REPORT Hw- 75376
ceNERAL ELECTRIC co. — Hanford Laboratcries DATE 10-31-62
PROJ.NO. TITLE FUNDING
CAH-916 Fuels Pecy:le Piict Plant 4ufP=d=3
AUTHORIZED FUNDS [pgsian § €00, D0 % AEC S COST & COMM TO lO-lhoﬁZ s L6L . 800
s 500,000 # CONST. § ee § 500.000 # ESTIMATED TOTAL COST S. g !!§0 ggO***
STARTING [DESton _3=15-61 DATE AUTHORIZED 1 0] Q= 2¥% 5%:3:‘..‘ pesion 11-5-62 | PERCENT COMPLETE
DATES CONST. 11‘15-62* DIR. COMP. DATE DATES CONST- 11_15_6 WT'D. |SCHED. |ACTUAL
ENGINEER DESIGN 100 100 99
FEC - RW Dasczenzc mmer | 31 1100 100
MANPOWER AVERAGE |ACCUM MANDAYS | SE-TIT.1 | 89 190 Q9
FIXED PRICE ‘ AE-TIT1 |
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 0 0
ARCHITECT= ENGINEER PF
DESIGN ENGINEERING OPERATION 10 2200 CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS
Thic proZest is to proviie a fasillity to perfork a full scope of engineering tests and
pilot plant egtudies assoziated with fuel reprocessing conzepts.

All drawings have been issued for comment, azd have “zen approved for construction.
The spezifizations are 96% somplete. '

A new projeot propossl revieion. to permit demoneiration of the waste caizination
program in FRPP has been sutmitted tc the CommissZon for approval. It hss been
spproved by HOD-AEC and transmitted to Weshington D.C. - AEC for spprovsal.

* Estimated corstruciinn starting dete for removal of turial ground fill.

¥t Original asuthorizsation for inltiation of design was February 9, 1961. October 19,
1962 is the authorization dste for the lest design supplement.

#%% Inzluding transferred capital property valued at $100,000.

, # Directive Np. AEC-18T, Mod. 5 authorized an additional $35,000 for desigr on
this project. Work Authority No. CAH-916(6) authorized General Electric Company
to incur costs in the amount of $500,000..
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SEMI—MONTHLY PROJECT STATUS REPORT Hw- 75376
GENERAL ELECTRIC €O. — Hanforil Laborsiories DATE  30.31-62
PROJ.NO. TIT'E ~ooiant Sys*ems Development Laboratory FUNDING
CAH-936 1706-KE Building Addttion £2-k

AUTHORIZED FUNDS (pESIGN § QQOOD AEC S lli,_OOO COST & COMM TO 10-11&-62 $ 1)4» hBB(GE]
s 1305000 const. 5 121,000 GE $ lSLOOO ESTIMATED TOTAL COST s, 130.0
sTarTinG [DEStan Q-8-A1 DATE AUTHORIZED Lim 5-F2KF B ey |omman 1e1af62 | PERCENT COMPLETE
DATES  |ionst. 5-1-62 DIR. coMP, DATE 1D.3] (2 |[PATES |consT ]_2-31-6ﬁ WT'D. |SCHED. |ACTUAL
ENGINEER DESIGN 100 loo lOO

FEO -~ DL Ballard TITLE §

MANPOWER AVERAGE |ACCUM MANDAYS || SE-TITL [ 195 100 | 100
FIXED PRICE 10 630 AE-TIT 1!

COST PLUS FMIXED FEE
CONST, 100 90 70

PLANT FORCES

ARCHITECT=ENGINEER 166 PF
CPFF

DESIGN ENGINEERING OPERATION

45 i 1201 90 70

GE FELD ENGINEERING : .5

SCOPE, PURPOSE, STATUS & PROGRESS
This project provides facilities for conduct cf corrosion and decontamination
studies for nucliear reactor coolant zystems., by the addition of 2,700 sq. fi.
laboratecry facility on the west side of the 1706-KE Building. Design was
accomplishel by the Bovey Engireers. Current estimate of Title I & II costs -
$11,C00.

Status of <he fixed-price contraztor’s work is as follows:
Electrizal werk is spproximately 85% ccmplete.

Mechanical work is approximately 80% zompiete. Exhaust du:twbrk and servize piping
work is continuing.

The contractor’s supplier of laboratory furniture, Metalsb, was on strike from
September 11 to Oztober 8 and delivery of these items is now promised for December
15, 1962. This, plus the fact the contraztor is currently behind szhedule will
probably necessitate extensisn of the project zompletion date. Seversl design
changes have teen required to eliminste interferences ané cther problems relsting
to ventilstion anl mechanl:zal equipment.

Directive No. AEC-198; Mod. 3. extendei the completion date to 12-31-62.

¥ Original smuthcrization for 2eeign B-9-61.

1236340
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SEMI—~MONTHLY PROJECT STATUS REPORT HwW- 75376
GENERAL ELECTRIC co. — Hanford Laboratories DATE  10-31-62
PROJ.NC. TITLE FUNDING
CGH-951 A-C Column Facility - 321 Building 0290

AUTHORIZED FUNDS |pEsiGN § 5. 000 AEC S COSTACOMMTO 151 LoD § 32,80]
s SquOO {coun‘. s 50,000 GE § 55,000 ESTIMATED TOTAL COST $ .55 ggg
STARTING [DESIGN ]_-30-62 DATE AUTHORIZED ] aD=f2 g;‘{"ﬁi. pEsian L] G2 PE nct.NT COMPLETE
DA TES "[courr. 3.15-62 DIR. COMP. DATE  10-31 ~62 DATES ﬁCON'T'lO'-Bl-ﬁ ¢ WT'D: [SCHED. [ACTUAL
ENGINEER DESISN 100 100 100

FEO - OM Lyso TIMLE |

MANPOWER AVERAGE |ACCUM MANDAYS || SE-TITIL{ 100 100 100
FIXED PRICE AE-TIT 1)
COST PLUS MIXED FEE
PLANT FORCES 215 const- 100 100% 100
ARCHITECT- ENGINEER il 100 | 100 | 100
DESIGN ENGINEERING OPERATION CPFF i
GE MELD ENGINEERING l Fp

SCOPE, PURPOSE, STATUS & PROGRESS
This projest will provide a closely integrated "A" Column in series with the re-
located "C" Cclumn to permit the development of a mathematical model for the mass
transfer of uranium, as well as the exploration of the possibilities of computer
cptimization of & combined "A-C" extraction bsttery.

Relocation of "C" Column is complete. Instrument line gutters are installed. 'C"
Column is in operation. '

Process steem temperature control, flow control, pH control and variable speed drive
control instrumentation systems are on order.

Remaining items include instrumentation hook-ups, minor plping runs, and delivery
of remeining instrumenteticn.

* This project will be closed out with exceptions as of 10-31-62 and accruals will
be itemized. This will be the last reporting period for this project.

1236340
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SEMI—MONTHLY PROJECT STATUS REPORT

Hw-T5376

DATE
GENERAL ELECTRIC CO. — Hgnford Leborstories rlO;%%-GZ
NDi
PROJ.NO. TITLE U ‘
o 2
£38-95¢% Resctivetiorn of the H-1 Loop - 105-H Building 0+90
AUTHORIZED PUNDS [pegsign s 10,000 fagCc S COST & COMM TO : *
= 3 ESTIMATED TOTAL COST
s 10,000 |consv. s e s 10,000 .
. p 3=29=6; EST'D- r OMPLETE
STARTING |DESIGN 5»-15-62 DATE AUTHORIZED % 29 62 CoMPL. DESIGN PE :::"r c,c,..:: E—
BDATES  [consT. DIR. COMP. DATE DATES | consT- . .
ENGINEER DESIGN 100 11
TITLE
FEO - OM Lyso LE | 11
MANPOWER AVERAGE |ACCUM MANDAYS |l GE-TIT.1}
FIXED PRICE AE-TIT. 1}
COST PLUS FIXED FEE .
CONST.
PLANT FORCES 100
ARCHMITECT=-ENGINEER P¥
DESIGN ENGINEERING OPERATION CPFF
1 GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This projest will provide the primary test facility for determination of the
feasibility of using eluminum-ciad fuel elements in high temperature water by
studying improved ellcys ani corrosion inhibitors.

Design work has been stopped. A project prepesal, requesting cancellation cf this
project was sutmitted to Contract and Accounting October 10, 1962.

# The $2614 in charges which were incurred for preliminery scoping heve been irans-
ferred to opera%ing cosis.

PROJ. NO. TITLE FUNDING

CGB-957 Srell Particle Techrology Laboratory - 325 Bullding 62-k
AUTHORIZED FUNDS (DENGN s 2.000 AEC $ COST & COMM.T0 101 Lafo S 38;779
s 11-0,003 \coun.s 38,300 {cg s 1-0»0,000 ESTIMATED TOTAL COST s ‘4—0;000
STARTING [DESIGN 4=23-62 DATE AUTHORIZED 3=2] =52 E:L.:L. DESIGN 5-31-62 PERCENT COMPLETE
PATES const. 1=6-62 DIR, COMP. DATE 11 =) =62 oaTES |consT. 11-1-62 WT'O. |S3CHED.jACTUAL

ENGINEER } DESIEN 100 10 109

FEC - DS Jackscn TITLE
MANPOWER AVERAGE |ACCUM MANDAYS|GE-TIT. 11 [ 3OD A 100

FIXED PRICE E-TIT.11

COST PLUS FIXED FEE 5.0 320

PLANT FORCES CONST. 100 QO% Qc

ARCHITECT - ENGINEER PF 0 QO (=13
DESIGN ENGINEERING OPERATION 0 32,6 CPFF

GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This prolect provides laboratory space for research and deveiopmert in smell
particle tachnology related to the generaticn, contrcl, anl disposal of radiosctive
wastes.

Construcztion 1s essentlslly compliete. The principal excepiion is installation of
the two laboratory hocile ani exhsust duct connectlons.

* Projezt Plaaning Schedute.

1236341
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CAH-958 | Flutonium Fuels Testing & Evalustion Leboratory - 308 Bldg

)

SEMI-MONTHLY PROJECT STATUS REPORT nw- 75376
GENERAL ELECTRIC CO. — Hanfcrd La‘boratories DATE 10_31_62
PROJ.NO. TITLE FUNDING

62-k

AUTHORIZED FUNDS [pesign g

15,500 {Aec s 148,000

COST & COMM TO

ESTIMATED TOTAL COST

:L&&L_g

FIXED PRICE

COST PLUS FIXED FEE

PLANT FORCES
ARCHITECT~ENGINEER

DESIGN ENGINEERING OPERATION
GE FIELD ENGINEERING

S 150:000 1C°NST. s 13):;’500 GE § 2 000
STARTING [DESIGN 11=15=-62 DATE AUTHORIZED ?22-62 EsT D [oEsiGN R=15=6 PERCENT COMPLETE
DATES Lousr. 2_1_63 DIR. COMP. DATE 5_15 63 DATES CON!T-7-15-63 WT'D: |[SCHED. |ACTUAL
ENGINEER DESIGN 100
FEO - OM Lyso TITCE g
MANPOWER AVERAGE (ACCUM MANDAYS || GE-TIT.11
AE-TIT 1}

CONST.

100

PF

CPFF

Fp

SCOPE, PURPOSE, STATUS & PROG

contamination control

barriers.

This project provides for the extension of plutonium research laboratories on the
second floor of 308 Building by erection of plastered ceilings and walls to provide
It also includes laboratory service extension and

fabricatior of & metallography hood.

Werk Authority CAH-958 (1) dated July 3, 1962, authorized the General Electric
Company $2,000 to review the project sccpe and design and to submit & cost estimate
in sufficient detail to assure the Commission that costs for the project are reason-
eble. CE&UO ccmpleted the re-estimate which was submitted to the AEC 10-12-62.

i
PRQJ. NO. TITLE FUNDING
CAH-962 Low Level Radiochemistry Building 05-1-63-H-001-23
AUTHORIZED FUNDGS To:suw s 113,000 accs 82,000 cosT acomm. 10 10-1L-62 s 16,500(GE)
L] 113,000 Lcous'r 3 ce s 31,000 ESTIMATED TOTAL COST s 1,200,000

STARTING [pesion T-23-62

DATE AUTHORIZED (.28 u.f(2

DATES const, 8-1-63

DIR. COMP, DATE

EST'D- |oEsign 5-15-63

PERCENT COMPLETE

g?\.:’:; CONST. 8-1-6E

WT'D-

SCHED. |[ACTUAL

ENGINEER DESIGN 100 0 0
FEO - DL Ballard TITLE | 100 | 90
MANPOWER AVERAGE [ACCUM MANDAYS|[GE-TIT. 11

FIXED PRICE AE-TIT. 0}

COST PLUS FIXED FEE

PLANT FORCES CONST. 100 .

ARCHITECT - ENGINEER PF

DESIGN ENGINEERING OPERATION 1 35 CPFF

GE FIELD ENGINEERING FP

(236348

SCOPE, PURPOSE, STATUS & PROGRESS

This projJect provides a building in which extremely sensitive radiocanalyses and methods
 development can be performed in an stmosphere protected from the environs.
of designing and constructing a bullding housing spproximately 22,000 squa.re feet of
floor aree including the basement.

It conslsts

The Commission has requested Hanford Laboratories to prepare and submit a site
selection report for this facility.

Preparation of the design criteria is essertially complete, in comment form, and is
being prepared for submission to the Commission.
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SEMI—MONTHLY PROJECT STATUS REPORT Hw 75376
GENERAL ELECTRIC CO. — Hanford Laboratories DATE 10_31_62
PROJ.NO. TITLE FUNDING
CAE-963 Geological & Hydrclogical Wells - FY-1962 62-k
AUTHORIZED FUNDS |pesiGnN § 1.4%00 laEC S 68,500 cosTaCoMMT0 10.14.G2 § 10‘1317((}&)_
s 80‘000 ICONST. s -78’600 GE § llg SOO ESTIMATED TOTAL COST S BOLOOO
n_5-18-62 DATE AUTHORIZED 5.0-§2 EST.D'.{DBIGN [ PERCENT COMPLETE

::fr';:mc :::I:T_ T o, comp. oATE  Le1-63 ‘;‘Z',‘:: consT. =163 : WT'D: |SCHED. [ACTUAL
ENGINEER DESIGN 100 100 100

FEC - HE R&lph TITLE

MANPOWER AVERAGE Jaccum manoavs || GE-TIT1 | 100 100 0C
Fixeo pRicE 8 450 AE-TIT. 1}
COST PLUS FIXED FEE
PLANT FORCES CONST. 100 76 74
ARCHITECT-ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF o 2 o
GE FIELD ENGINEERING Fr o8 T4 Th

SCOPE, PURPOSE, STATUS l PROGRESS
This project involves the cortinued drilling of special hydrological reeearch, test
and monitoring welis.

The Contractor is operating 2 rigs on e double shift basis.
Fourteen of the nineteen wells have been completed.
3250 feet of drilling have been completed to date.

Contractor haes recovered lost time and is now on schedule.

PROJ. NO. TITLE FUNDING
CGH-974 Analog Simulation Facility 62-a-1
AUTHORIZED FUNDS [oes:sN s AEC $ COST a COMM. TO $
s 1cous1'.s {Gg s ESTIMATED TOTAL COST s 1.600,000%
STARTING [pesign DATE AUTHORIZED 5:;’3;_. DESION PERCENT COMPLETE.
DATES ICONST. DIR, COMP. DATE DATES |consT. WT'D. SCHED. |ACTUAL
ENGINEER DESIEN 100
FEO TITLE )
MANPOWER AVERAGE |[ACCUM MANDAYS|GE-TIT. I}
FIXED PRICE JAE- TIT. 11
COST PLUS FIXED FEE
PLANT FORCES CONST, 100
ARCHITECT - ENGINEER PF
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

This project will provide an appropristely sized and consolidated analog computer
simulation facillity for the Hanford complex. Initial epplication will be associated
with stertup programs for the NPR.

The preliminary project proposal submitted to the Washington AEC hes besxn returzed
w Hw.

* Approximste estimate.
1236349
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SEMI—-MONTHLY PROJECT STATUS REPORT Hw75376
GENERAL ELECTRIC CO. — Hanford Laboratories DATE 10-31-62
PROJ.NG. TITLE FUNDING
CAHE=-9TT Facilities for Redioactive Inhalation Studies 62-k

AUTHORIZED FUNDS [pesian § 13. 500 {AEC s 10,500 COST A COMMTO 1 1) ;52 :
s 13,500 Iconu. s et 5 3,000 ESTIMATED TOTAL COS ll'gs,ggg (GE)
STARTING [DEsIGN 1=1=63 DATE AUTHORIZED Q-2L-§2 EST'O. |DEMIGN 2-15-£3 nenc:.wr COMPLETE
DA TES const. 5=1-63 DIR. COMP. DATE DATES | cONST. 2-15-6_)4,“ WT'D. |[SCHED.|ACTUAL
ENGINEER DESIGN 100

FEO - JT Lloyd TITLE |

MANPOWER AVERAGE [ACCUM MANDAYS [| SE-TIT.y
FIXED PRICE AE-TIT. ||
COST PLUS FIXED FEE T —
PLANT FORCES
ARCHITECT=ENGINEER i
DESIGN ENGINEERING OPERATION CPFF
GE FIELD ENGINEERING Fe

SCOPE, PURPQOSE, STATUS & PROGRESS

This project will provide additional facllities essential to the conduct of Biology
research programs involving the effects of inhaled radiocactive particles. It will
comprise ar addition to the 14L-F Building ccnsisting cf approximately 2000 square
feet of indoor dog pens and supporting facilities and approximately 2200 square feet
of outside dog runs. '

Scoping is approximately 60% complete.

PROJ. NO. TITLE FUNDING
CAH-982 r Addition to the Redionuclide Pacilities - 14l1-C Bldg. 62-1

AUTHMORIZED FUNDS [DE!mN s AEC § COST & COMM, TO 9
s [ CONST.S {c: L] ESTIMATED TOTAL COST sNot Established
STARTING [pESian 12-15-62* DATE AUTHORIZED Eso:':;.. pesian 6-15-63% PERCENT COMPLETE
DATES CONST. _ [[pIR. cOMP. DATE DATES |consT. WT'D: | SCHED.|ACTUAL
ENGINEER DESIGN 100
FEQ - JT Lloyd TITLEN
MANPOWER AVERAGE [ACCUM MANDAYS||GE-TIT.11
FIXED PRICE AE- TIT. |}
COST PLUS FIXED FEE
PLANT FORCES CONST, 100
ARCHITECT -~ ENGINEER PF
DESIGN ENGINEERING OFERA TION CPFF
GE FIELD ENGINEERING FP

SCOPE, PURPOSE, STATUS & PROGRESS

Thie project will provide an addition to the 141-C Building in 100-F Arees to
supplement the present radionuclide study facilities. The building addition will
comprise approximately 2500 square feet for leboratory facilities and controlled
feeding pens for swine.

The project proposal requesting $1L,000 for Title I and II design was submitted to
the AEC September 1k, 1962.

The AEC has not acted upnn the proposal to date. GE has submitted an enswer to an AEC
telecon explaining the added complexity of the proposed structure over those previously
constructed.

by Cctober 15, 1962, _
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SEMI— MONTHLY PROJECT STATUS REPORT "w- 15376
GENERAL ELECTAIC €O. — Hanford Leborstories DATE _10-31-62
PROI.NO. TiTeg FUNDING
CAH-085 Adéitions to the 222-U Buillding 63-1
AUTHORIZED FUNDS |pgaian g age 8 COST 3 COMM YO L} =
s -D- consT. s pr— ESTIMATED TOTAL COST 3 120 DOCH*
sTanTinG [pEsien 12-1-62WK {oate autwomizeo Ea0:, [omsrenti=1 -6 39 PERCENT COMPLETE
OAYES | oowsy. 6-1-63¢%  |om. comp. sarc oaves | comsr2-1-Elk wY'D. |scmEo.jacTUAL
ENGINEER . oESION 100
' FEO - DS Jackson nine
AVERASE ACCUM MaANDAYS ll 8E-TIT)

HANPOWER
PIRED PRICE

€OBY PLUS PINRD FER
PLANT FORCES

ARCMITEC Y= ENGINEER

DEBIGN ENGINEERING OPERATION
SE FIRLD ENGINEERING

SCOPE, PURPOSE, STAYVUS & PROSARESS

" temperatures.

to the AEC-HOO Octcter 8, 1962.

* Approximate estimate.

#¥ Based on authorizaticn by 1i-15-62.

This project provides an sddition to the 222-U Builling in which %¢c perforrm
1) geolcgic and hydrpiogic studies related to waste disposal practices and
2) studies on release of fissior products from reactor fuels heated to kigh

The prcject proposal, requesting design funds in the amount of $17.,007, was submitied

YT TITLE FUNDING
CAH-986 300 Aree Retention Waste System Expension 63-1
AUTHORIZED FUNDS ousien 3 agc 8 COST g CoMN. TO [
) consr.§ ex 8 ESTIA TED TOTAL COSTY L
TARYING [pgpicn 1 =15 BATE AUTHOMIES :.n'.:.- 21N~ ] - PERCENTY COMPLETE
DATES consT. O, COMP, BAYE DATES |cONSY. WT'De | BEHED, JACTVAL
EROINEER DEsIeA 190
FEO - OM Lysc nne
WANPQUQR AvVERAGE |ACCuM MANDAVS[SE- NIT. 11
PIXED PRICE (2R (AN ]]
€OSY PLUS PIXED PEE
PLANT PORCES consy, 0
ARCHITECY «~ ENSINEER |4
OESION ENGINEERING OPERA TION core
S& FIELD ENGINEERING ”

SCOPE, PURPOSE, STATUS & PROSRENS

to the ABC-HOO October 8, 1962.

* Preliminsry estimate.

*% Based on AEC approval by 11-15-62.

This project will provide two additional 50,000 gallon retention basins , sutomatiocn
of the basir influert valving and semi-automation of the effluent velving.

provide requireld sitorage basin capacity and obtairs maximum use of existing basins.

It will

The project propossal, requesting design funds in the smount of $14,000, was su . tied

LB F i L Ty vy
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TEST REACTOR AND AUXILIARTIES OPERATION

REACTOR DEVELOPMENT - O PROGRAM

PLUTONIUM RECYCLE PROGRAM

Plutonium Récycle Test Reactor

ngration

The reactor remained shutdown the entire month for primary system decon-
tamination. Work included system preparation for chemicel cleaning, the
chemical decontamination process, and system inspection and return to
normal activities. Chemical flushes with appropriate intermediate
demineralized water rinse flushes were conducted in the following
sequence:

a. 10% oxalic acid

b. Caustic permanganate

c. 1% oxalic scid

d. Proprietary oxalic acid compound
e. Caustic permanganate

f. 1% oxalic acid

g. Proprietary oxalic acid compound
h. Caustic permangenate

i. Ammonium citrate

Overall decontamination factor was about 4 as measured by field and
external system readings. Internal surfaces were cleaned very well
and contact meintenance readings were actually less than those experi-
enced prior to the rupture.

Fuel element decontemination by means of ultrasonic yibration continued
with & total of 32 elements cleaned at month-end. Helium consumption

was 97,400 sef. DpO inventories showed a gain of 303 pounds as a result
of D20 recovery from ion exchangers and re-analysis of stored, used D20.

Equipment Experience

- A planned wiring improvement progrem 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.

193 b ’ UNCLASSIFIED
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The majority of maintenance effort following chemical decontamination in-
volved activities directed at reactivation of isolated components and sys-
tems, regasketing of the primary system, overhaul of injection pumps,
replacement of primary pump seals, and miscellaneous valve repairs.

A performance test on the deep well diesel driven pump resulted in in-
sufficient discharge head. Corrective action was underway at month-end.

Preventive maintenance required 393 manhours or 7.5% of total effort.

Improvement Work Status (Significant Items)

Again, because of extensive efforts on decontamination activities, improve-
ment activities were limited.

Work Completed:

Third exhaust air activity channel
Gas balance interlock circuit modification
Temperature alarm trip modification.

Work Partially Completed:

Safety circuit ground and low voltage detector

Fueling vehicle hoist modification

Primary oxygen enalyzer installation

Flanges for safety relief valves in helium system - 85%
Position indicating lights for convection cooling assist valve
Decontamination facility

Design Work Completed:

Enlarge chemical feed system

Primary pump recording ammeters

High pressure helium compressor inter-after cooler relief

Outlet nozzle bracing ’

Interlock between charge-discharge machine, shroud seat and discharge
hoist

Control room ventilation scope

Fuel transfer system modifications

Compressed air supply revisions

Design Work Partially Complete

Additional fuel storage and examination
Boiler feed pump seals
Core liquid level instrumentation

UNCLASSIFIED
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Plans for the oil storage building were not approved by HOO-AEC and
this item was dropped from the list.

Process Engineering and Reactor Physics

A criterion has been developed for grouping LX Pu~Al fuel elements in
batches for the first chemical processing campaign which will enable
CPD to use normal alpha-counting methods of process control and there-

by reduce costs.

A study of methods to predict reactivity burnup rates in PRIR core
loadings continued. The current technique utilizes the Meleager code,
the SWAP code and hand calculations. The results of these calculations
are compared with observation in the following table:

Comparison of Observed and Calculated Reactivity Burnup Rates

Date Jan-Feb 62 June 62 Dec 62 Jan 63
Ak (x10°) Observed 3.05 1.75 -- --
MWD-Reactor Calculated 3.0 2.45 1.36 1.06

The rates calculated for December 1962, and January 1963, are those rates
predicted for the first and third operating periods following decontamin-
ation. The steady reduction of the calculated burnup rates is quite
encouraging.

Procedures
Revised Operating Procedures issued 2
Revised Operating Standards issued 9
Temporary Deviations to Operating Standards issued 1
Revised Process Specifications accepted for use 2
Meintenance Manuals issued 1
Drawing As-built status
October Total
Approved for as-built 12 9
Ready for approval 30
In drafting 21
Voided 1T
oTT
Scheduled for review L 30%
: 1 409%
*Reflects addition of rupture loop drawings.
UNCLASSTFIED
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Personnel Training

Qualification Subjects 326 manhours
Specifications ,Standards, Procedures 76
Fueling Vehicle 0
Maintenance Procedures 145
Decontamination 161

708 manhours

Status of Qualified Personnel at Month-End
Qualified Reactor Engineers
Provisionally Qualified Reactor Engineers
Qualified Technicians -
Qualified Technologists 1
Provisionally Qualified Technologists

PIn

Plutoniﬁm Recyele Critical Facility

Finel preparation of process specifications was underway. Detailed descrip-
tion of startup physics tests were completed. Startup work included installa-
tion of cover blocks, partial completion of safety rod thimble modification,
and preparation for the cell pressure test. Training consisted of TO manhours
Plus the initiation of training of personnel from PIRDO to supplement operating
rersonnel in the future.

Fuel Element Rupture Test Facility

Project Status (Project CAH-862)

Activities were directed at project closeout in conformence with the direc-
tive 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

N\ £ -

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.

Operation

Gperating procedure issuance was 65%. Ex-reactor startup tests have been
prepared. Total training time consisted of 128 manhours.

UNCLASSTIFIED
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GAS COOLED POWER REACTOR PROGRAM

Ges Cooled Loop

Project Status (Project CAH-822)

Construction 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 i other designs. In-loop
testing by the vendor is scheduled to begin October 30, 1962.

Qggration

Distribution of opereting procedures was completed except for one which
awaits design information. Total training time was 40 manhours.

TECHNICAL SHOPS OPERATION

Total productive time 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
Percent is required in the current month with the remainder distributed
over & three-month period. Overtime hours worked during the month was 4.3
percent (846) of the total available hours.

Distribution of time was as follows:

%
Manhours of Total
Fuels Preparation Department 8,082 35.31%
Irradiation Processing Department 3,151 13.77%
Chemical Processing Department 551 2.11%
Hanford Iaboratories Operation 11,096 48.49%
Construction Engineering and Utilities 5 .02%

Requests for emergency service remained at & level which is considered
normal for this operation.

LABORATORY MAINTENANCE OPERATION

Total productive time reelized was 16,800 hours of & possible 18,720 hours
theoretically available. Of the total productive 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.

UNCLASSIFIED
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Manpower utilization for October is sumarized as follows:

a.
b.

Shop Work (Fsbrication, Modification)
Maintenance

1. Preventive Maintenance 3,200
2. Emergency or Unscheduled Maintenance 2,200
3. Normal Scheduled Maintenance 4,200
L, Overtime 530

R&D Assistance

HW-75376 °

3,500
9,600

3,700

DO Rile——ot

Manager

Test Reactor and Auxiliaries

WD Richmond :bk

UNCLASSIFIED
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NVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge

and belief, no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,

notebook records, if any, kept in the course of their work have been

examined for possible inventions or discoveries.

INVENTOR

0 z0

U RE Qwmd

P20 20
moHE

cale

WomO HEo

b b

QT

Chikalla,
Skavdahl, and
McNeilly

Merker and
Hammill

Brown

. Fitch and

Dixon

. Fitch, Jr.

Fitch, Jr, and

. Dixon

. Fitch, Jr. and
. Dixon

Moore

Hammill and
Merker

. Rushbrook

TITLE OF INVENTION OR DISCOVERY

Production of Stable, High Resistance
Electrical Devices, HW-74920,
September 11, 1962

Low Cost Remote Lighting Fixtures for Hot
Application, HW-75117, October 2, 1962

HWIR-1564, A Telephone Answering Instru-
ment

HWIR-1566, Description of a Method for
Detecting Unbonds

HWIR-1567, Description of an Ultrasonic
Method for Internal Stress Detection

HWIR-1568, Description of a Gas Leak
Detection System

HWIR-1570, Ultrasonic Defect Detection

The Use of Fused Salt Cooling to Improve
Metal Purification by Solid State Electro-
migration (HW-75462)

Low Cost Remote Lighting Fixtures for Hot
Cell Application

The Incorporation of Zeolites Into Vitreous

Bodies

Manager, Hanford Laboratories
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