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LEGAL NOTICE

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

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

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

As used in the above, “person octing on behalf of the Commission” includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access to, any information pursuant to his employment or contract with the Commission.
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BUDGETS AND COSTS

Costs for February were $1,662,000, an increase of $53,000 over the month of ,
January. Fiscal year-to-date costs are 59% of the operating budget of $20,730,000.
Adjustments were made to the budget during the month to reflect the AEC ceiling of
$6,500,000 on 4000 Program work and also to include the new funds authorized for
the fabrication of transplutonic elements.

RESEARCH AND DEVELOPMENT

1.

Reactor and Fuels

Possible PRTR loss of coolant incidents are being studied under a Hanford con-
tract by Battelle Memorial Institute.

The status of PRTR construction is as follows: Phase I construction is 79%
complete versus 89% scheduled, Phase II construction is T4% complete versus
80% scheduled, and Phase II-A construction is 42% complete versus 39%
scheduled. The PFPP building construction is 77% complete, with 86% scheduled.
George Grant Company was awarded the Phase III PFPP construction contract.

Experimental runs with the PRTR Mark II-b fuel element showed flow and temper-
ature distributions which were very close to design. One run which deliberately
included localized bulk boiling did not cause hydraulic instability.

At the request of the Division of Reactor Development the gas-cooled loop
facility to be installed in the PRTR will be scoped for maximum gas temperatures
up to 1500 F, vice 1100 F.

Swaged UO, fuel capsules have attained an exposure of 5600 MWD/T in the MTR.

A swaged 5 rod fuel assembly thirty inches in length has reached 1600 MWD/T in
the VBWR. Irradiation of a swaged rod 1.44 inch in diameter to approximately
500 MWD/T was successfully completed in the MTR.

Solutions were found to problems of swage feeding and end closures for the
experimental fabrication of PRTR fuel elements. The quality of the elements
kas been markedly increased by ilmproved etching techniques and cladding
materials.

The experimental casting of plutonium-aluminum billets has been initiated
employing new cryolite process and remelting equipment. Billets have been
successfully cast with 0.5, 1.8, and 5.0 weight per cent plutonium, with
variations no greater than + L4 per cent of the nominal compositions.

The 280-ton extrusion press has been activated for extrusion of Pu-Al alloys.
Aluminum and aluminum alloys have been successfully dile-cast into 6-ft long,
1/2-inch diameter tubes by the Kux Machine Company operating under & Hanford
development contrasct. Tubing materials employed have included Zircaloy,
stainless steel, and aluminum.

The first 25 completed Zircaloy-2 process tubes for the PRTR are expected
to be ready for final inspection at Tube Reducing Corporation during March.

1240559 | BEC ifsw;mé}
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Macrocracks and mlcrocracks have been detected in all of the rods from the four
coextruded Zircaloy-clad 4-rod cluster fuel elements recently discharged from
KER loops. Several microcracks were observed in the bonding layer of omne of
the rods.

A pronounced improvement in smoothness of the uranium-Zircaloy interface was
observed in rods formed by coextrusion of fine grained alpha-rolled cores
rather than beta heat treated cores.

A simple, fast method for attaching high quality end caps to coextruded rods
has been developed. A resistance weld between the end cap and the face of the
fuel rod is followed by a fusion weld using the electron beam welding process.

The relative quality of closures of Zircaloy-clad fuel rods is being evaluated
(by a destructive test method) by applying & high internal hydraulic pressure
between the end cap and the uranium.

Controlled laboratory tests have shown that Zircaloy-2 with an etched ZrO,
surface film can be hydrided with oxygen-free hydrogen gas at high temperatures
but not below about 350 C.

The controlled high-temperature (up to 1050 C) graphite irradiation experiment
was removed from the L-42 position in the MIR after & successful four-cycle
exposure, and L-42 was recharged with new graphite samples (both TSGBF and CSF
types) to be exposed until the end of April. The rod pick-up mechanism to
adapt the MTR L-48 shim rod for similar graphite testing has been fabricated
and has successfully passed "drop tests' at the MIR.

Heat transfer experiments indicate that the Panellit system of a C Reactor
will continue to furnish protection when the reactor is operated with a
ruptured rear hydraulic header.

A new experimental polyurethane plastic from B. F. Goodrich Chemical Compeny
(Estane VC) is among the best plastic materials tested to date in terms of
resistance to gamma irradiation at room temperature.

2. Chemical Research and Development

A preliminery experiment wherein PuOp was added to an NaCl KCl-MgCl /Mg-2n
system at 1000 C resulted in 54 per cent of the plutonium being reduced
This yield, although not high, is quite encouraging and offers promise of a
simple process for direct reduction of plutonium oxide.

The simultaneous recovery of neptunium and plutonium by anion exchange of
nitrite treated Purex l1WW was demonstrated on a one liter scale in the 222-S
Multicurie cell. Using filtered plant waste, recovery of both neptunium and
plutonium exceeded 70 per cent, and radiation damasge to the resin was very
slight.

Studies related to neptunium recovery include further lsboratory pilot tests
in the "mini" mixer-settler to improve Purex operations; more work om a
contactor concept to "trap" neptunium in the Purex plant between the 1BX and
1C colums; and a detailed investigation of the nitrite-nitrate system
characteristics in Purex.

1240bb0 BE If
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The use of ion exchange resins to recover plutonium from Recuplex feed and
waste streams was further explored.

A new analysis of the probable path and rate of movement of ground water from
beneath 200 Areas disposal sites was prepared, incorporating the latest per-
meability measurements. The average velocities calculated along the most
probable path of movement resulted in an average water travel time to the
Columbia River of about 150 years.

A closed circuit TV system was used for the first time to examine inside
surfaces of monitoring well casings. Perforation geometry, orientation, and
the general condition of the well were observed.

Centrifuge tests with actual soils from beneath BC trenches resulted in
measured specific retention of 2 per cent which compares favorably with the
4 per cent moisture content measured in samples from this site. Tests with
Touchet soils were found to give 14 per cent specific retention but these
materials are not representative of the actual trench sites.

In work for the Non-Prcduction Fuels reprocessing, a series of test runs were
completed in the Niflex pilot dissolver and the system operated satisfactorily.
Dissolution of stainless steel near the bottom of the dissolver is not as
rapid as intermediate and top zones. The reason for this behavior is under
study. Refinements in process continue with further Darex pilot plant tests.
Laboratory tests related to the Sulfex process show that irradiated uranium
metal reacts with boiling 4 M sulfuric acid at the same rate as unirradiated
metal; dissolved stainless steel had no effect on these rates. Some encour-
aging results are reported for weld materials to join Hastelloy F. Improved
corrosion of the welded zone without costly heat treatment is sought.

A number of tests were completed to study the evolution of radioisotopes from
low-level, short-cooled, irradiated uranium on oxidation in air at 1200 C.
Iodine, tellurium, cesium, ruthenium, strontium, and barium radioisotopes
were measured as they evolve from the oxidizing specimen. Fractions released
of the total inventory of each element follow the order listed. The effec-
tiveness of air filters to retain volatile radioisotopes was also studied.

Scouting experiments indicated an improvement in U, UX] separation in the
molten A1Cl,.KC1/Al system when KCl is replaced with KBr. The improvement in
Uy (Th-23)+)3 removal, when confirmed, will make this salt flux purification’
method even more effective for removing activity from Al-U-233 systems.

3. Physiecs and Instrument Research and Development

Measurements to determine safe criticality limits when dissolving 0.95%
enriched fuel elements have been completed at Oak Ridge. Preliminary analysis
of these measurements indicates that they do not warrant any increase in
critical mass limits above those which we originally set for this dissolver.

Measurements are continuing locally to determine similar information for
handling 3% enriched fuel elements. Here the criticel mass has decreased as
we have gone to smaller diameter rods in our experiments. With 0.3-inch
rods this mass 18 of the order of 200 1lbs.

R Y
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For the production reactor development program measurements continued on the
lattice constants for 2-1/2" 0.D. solid fuel elements. Measurements have
novw been completed for two lattice spacings for this element. Work also
continued on the measurement of parameters for cluster elements in the PCTR.

In the Plutonium Recycle Program consistent corrections for perturbing effects
were made to all the data previously obtained in the PCTR on heavy water
moderated lattices; significant improvements in the accuracy and consistency
of the data were obtained.

The portable towers needed for this summer's experimental program in atmos-
pheric physics were received from the U.S. Army Signal Corps. Acquisition of
other equipment for this program is proceeding on schedule.

In the Shielded Personnel Monitoring Station it was discovered that some dust
had been entering the room by bypassing the filters. Clean-up of the dust
reduced the background and improvements to the filter system have been made to
prevent bypassing.

~ 2
A technique for detecting Na b in people with equipment available on site was
worked out for possible use in the event of a nuclear accident.

In the basic data field it was established that cross-section measurements on
bulk lots of reactor grade graphite made by American, British and French
laboratories are in agreement within experimental uncertainties. However, our
measurements are consistently & few per cent hlgher than those obtained by the
French and British on the same samples.

Satisfactory progress was made on the many projects in the instrument field,
among which were the radiotelemetering stations and the nuclear incident
alarms.

In the systems field, considerable attentlion was directed toward the problem
of moderator level and fuel temperature oscillations in the PRTR to determine
whether the natural periods for these oscillations were sufficiently close
together to warrant investigation of possible resonance effects in this
system.

4. Biology
Radjoactive contamination of life forms showed no notable changes.

After several false starts, it appears that excellent progress is being made
in culturing the organism Columnaris. This will permit controlled experiments
on the possible influence of reactor effluent on the infestation of Columbia
River fish by this organism.

We have previously pointed out that gastrointestinal absorption and deposition
of radiocelements change with age of the animals. It now appears that dis-
trébution in organs also changes with age. This occurred in recent work on

Some groups actively engaged in fallout measurements use an "observed ratio"
or OR which implies & constant dlscrimination factor for concentration of,

1 240bb2 g
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for example, Sr90 with respect to Ca. Local work has shown this to be unre-

liable for Srd /Ca This month, even more variability in "OR" for Csi37T/
was demonstrated. This observation was made using bean plants.

DIPA does not appear to offer much promise as a drﬁg for oral use in treating
plutonium depositions.

5. Programming

Approval was received from the AEC to re-irradiate in the MTR and ETR 20 of
the previously irradiated Pu-Al elements fabricated at Hanford last summer.
This re-irradiation, which has already started, will provide about 2 kg of
plutonium, part about 20 w/o and part about LO w/o Pu-2k0 + 241 + 242, for use
in the measurement of physics parameters in the PCTR. Negotiations were
started with the local AEC concerning release for PRP use of the high exposure
plutonium which will be recovered from the seven ton stock of irradiated
depleted uranium now at Hanford. This material should produce about 9.3 kg of
plutonium of about 14 w/o Pu-240 content. Also under considzsration 1s the
three to four tons of similar material now in process of irradiation.

A new computer code, MELEAGER A, was developed for use with the IBM-709 computer.
The code, an enlarged and improved version of earlier codes used with the IBM-
650 computer, will handle up to 1h0 different materials subject to burnup and
radicactive decay. Special features include ability to treat neutron flux
shifts and energy spectrum changes during irradiation.

Analytical work was completed on IBM-650 computer analysis of two aspects of
plutonium fuel utilization. The first examined plutonium feed of various
compositions in specifie reactors under construction or in operation as part

of an AEC requested effort, jointly with ANL and ORNL, bearing on evaluation
of plutonium pricing policies. The second exemined the special characteristics
associated with stainless-steel cladding (as an alternate to cladding with a
lower cross-section) of plutonium fuels.

Analysis was completed and a report draft prepared concerning the calculation
of the reactivity worth of plutonium and uranium-235 as enrichment in thermsl
reactors.

Results, subject to qualifications noted in the report, show that the value

of a gram of fissile material (Pu-239+ Pu-241) in extending the exposure life
of U-238 as fuel in efficient reactors is greatest if the fissile material is
contained in highly-exposed plutonium, with pure Pu-239 and pure U-235 follow-
ing in that order.

In view of AEC interest in the recovery of transplutonium elements, more
refined calculations were used to estimate yields of the transplutonium
elements from PRTR and other reactor fuels. Preliminary results indicate
very low production rates of the transplutonics to be associated with the
irradiation of Pu-Al spike elements in the PRTR.

In accordance with requests from Washington AEC personnel, alternate propos-
als involving revisions to the content of the 1959 SINE Program at HLO were

| 21 p ‘
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developed. Selected lecture topics to be delivered by off-site personnel were
integrated into proposed alternates. In addition, the possibility of including
a8 trip to the NRTS facilities was considered.

Technical and Other Services

A highly aggregated simulation model of HAPO and its inter-dependencies with the
AEC and defense establishment has been prepared and is awaiting computation.

Work on two operations research studies and five operations analysis programs con-
tinued during the month. In addition to this, statistical and mathematical
assistance on 23 problems was given within HLO and to other departments and
operations.

Incomplete information from the manufacturer contributed to incorrect installation
of the accelerating belt of the Van de Greaff positive ion accelerator. The
resulting temporary acceleration of negative ions resulted in generation of X-rays
and some unexpected exposure of three employees. The exposure of the two men
wearing film badges was less than 50 mr. A third man present was not wearing his
badge. Reconstruction of the incident indicates that he could not have received
as much as 600 mr.

Four minor cases of plutonium deposition were confirmed during the month. Three
of these cases occurred at the 234-5 Building to CPD employees. One case appar-
ently occurred offsite at the Nevada Test Site to an employee in ROF status.
This brings the total number of plutonium deposition cases which have occurred
at Hanford to 228. At month's end, there were 163 employees who are currently
employed and who have measurable deposition of plutonium.

The individual exposure record cards for CY 1958 were distributed to all employees
with area clearances during the month.

There were 1lh authorized projects at month end with total authorized funds of
$6,484,078. The total estimated cost of these projects is $7,589,400. (PRTR and
PFPP are recorded separately). One project was completed during the month. Two
nev projects are awaiting AEC approval. ProJject proposals for eight new projects
are in preparation.

The Technical Shops overtime rate continued high due to heavy work load. Bids
were recelved on a proposed unit price contract for off-site shop work. It is
expected that one contract award will be made and that bids will be solicited
later and a second contract awarded.

Arrangements have been completed for moving the Radiographic Testing Operation to
the White Bluffs downcomer shop. An Informal Request is awaiting AEC approval for
authorization of the move. Design work is substantially complete for installation
of PRTR tube pickling and sutoclaving facilities.

Project CG-T31l, Critical Mass Laboratory, will be delayed at least four months
due to funding changes resulting from use of Si-b-4 money for the "Reactpr
Containment" project. The Critical Mass Leboratory will now be funded from
budget item 60-1.

| g K
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Supporting Functions

Physical inventory results of Physics and Instrument Research and Development
Operation indicate good control over equipment and the use of proper procedures
in transferring or retirement of equipment.

A request has been made of the Commission.to change the classification of zirconium
from special reactor materials to that of essential material. If approved, this
should reduce the restrictive procedures in the movement of zirconium.

A manual concerning travel is nearly complete in draft form and should be released
in the near future.

A study of the accounting requirements for PRTR operation is under way wlth the
assistance of the research components. It is being directed towards developing an-
accounting system which will facilitate the technical evaluation of the economics
of alternate fuel fabrication techniques and fuel cycles.

The Armed Forces Special Weapons Project training program for medical officers was
completed February 13. Feedback from the participants was extremely favorable
insofar as course presentation and course content were concerned.

Four formal grievances were submltted during the month pertaining to work assign-
ments. Two were settled at Step I and two are being processed at Step II. For
the calendar year to date there have been five formal grievances within the
Laboratories.

Hanford Laboratories participated extensively in the Edison Deay program on
February 11 and provided a technical display for the visit of the Division and
Group General Menagers. Plans for HLO participation in AEC sponsored tours during
the spring months were completed. These plans provide an average of three tours
per month during March, April, and May.

Laboratories personnel worked a total of 197,828 manhours during the month with no
disebling injuries. Since September 1, 1956, a total of 5,672,868 manhours have
been completed with no disabling injuries.

The medical treatment frequency for February was 1.39 which compares to 1.13
during January.

There were three security violations during the month of February.

The recruiting of Ph.D. physiclsts continues to cause concern. An extensive effort
is being made to secure the necessary numbers of such personnel and 25 candidates
are scheduled to visit during the coming months. Other Ph.D. recruiting activity
is progressing favorably.

Recruiting of Technical Graduates and experienced BS/MS candidates continues to

appear quite favorable. Some difficulty is being encountered in employment of
new bachelor candidates in physics. It is expected that other requirements will

DEGLAS:
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The number of Technical Graduates on the Program has decreased to the point where
it is impossible to fill avallable assignments. The situation will not be
improved until the June graduates report on the roll.

Soofirhoer

Menager,
HANFORD LABORATORIES

HM Parker:kss
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

A. FISSIONABLE MATERIALS - 2000 PROGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zr-2. Laboratory equipment for hydriding zirconium alloy
samples was altered so a thermocouple could be attached directly to the
Zr-2 sample to measure sample temperature rather than autoclave temper-
ature. Also, a vacuum pump was installed to assist in obtaining a
better removal of Op from the system.

With these changes it was possible to hydride Zr-2 samples with etched
2r0p films at temperatures as low as 350 C, but not at lower temperatures.
Bydriding proceeded rapidly st temperatures above 350 C.

In one sample hydrided at 350 C, 25 psi Hz (absolute) for one hour, a
definite hydride "front" was observed toc be consuming the sample.
Metallographic sectioning confirmed that the hydrogen had broken through
the vottom edge of the coupon and was diffusing into the metal from this
point. The rest of the ZrOs film remained intact. In one hour the
leading edge of the hydride "front" was about 1/2" from the point of
entry and that section of metal was extremely brittle. The intact metal
beyond the "front' was still ductile.

All the experimental results confirm the hypothesis that the ZrOp film

on Zr-2 is protective against Hp in so long as the 2rOp film is defect-
free. The ZrOs film will only admit Hp to the base metal when the oxygen
and/or HoO content of the Hp is below some critical value not yet deter-
mined. This critical Op-HpO concentration is below 1 mm HpO vapor
pressure and may be below 102 mm. In order to obtain quantitative data
a glass vacuum apparatus is now being shop fabricated.

Urenium Corrosion. Corrosion rates were determined in 300 C water
{20-minute exposure) for uranium which had received different heat
treatments. The five conditions tested included: (&) as extruded;

(v) beta heat-treated, water quenched; (c) beta heat-treated, air cooled;
(d) beta heat-treated, isothermsl treatment; and (e) beta heat-treated,
furnace cooled. The depth of attack in 20 minutes, measured twice on
each sample with a microscope, ranged from epproximately 20 mils pene-
tration for the isothermal treatment to 25 mils for the furnace cooled

sample.

The rate predicted from previous data was 1 mil/min, or 20 mils in 20
minutes. Considering that some corrosion occurs during the five minutes
required to bring the autoclave to temperature, the results above are in

| Wy p:smm -
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good agreement and show no significant effect of heat treatment on
corrosion rates of uranium.

Fuel Element Rupture Kinetics. A test program is being conducted in
cocperation with the Fuel Element Design Operation to evaluate the
rupture kinetics of coextruded Zircaloy-2 clad fuel elements. Tests
have been conducted in weter at 300 C in an induction heated static
autoclave. Samples were defected with a 25-mil hole drilled through
the cladding into the core. Characteristically, a blister is formed
at the defect during exposure. This grows slowly until it "pops open”
as & result of fracturing the cladding. Further exposure results in
extensive ripping and blistering of the cladding adjscent to the or-
iginal blister. During the past month, four samples of U-2% Zr core
elements were tested. The results are tabulated below:

Rupture Data
Zircsloy-2 Clad, Coextruded, U-2% Zr Core, 25-mil Defect

Exposure Required

Semple Sample Treatment to Fracture Cladding
D-3 Beta heat treated, air cooled 200-300 minutes

D-4 Bets treated, cooled in vacuum furnace 100-200

D-5 Diffusion treated, furnace cooled 100-200 "

D-6 Diffusion treated, water gquenched L20-480 "

In order to determine more asccurately the time of cladding fracture and
the rupture kinetics after this event occurs, several attempts have been
made to measure the hydrogen liberated during the process. To date,
these attempts have been largely unsuccessful, but development work will
continue in this direction.

Radiometallurgy Laboratory Studies

Annealing, metallography, fracturing, and replication work continued on
uranium samples of interest to the Physical Metallurgy Operation. Cycling
annealing temperatures from 400 C to 800 C caused warping in some 0.075
a/o burnup uranium semples and none with other samples. Another sample

of uranium was fractured at dry-ice-acetone temperatures, and fax-film
replicas were obtained. Also, five thorium tensile specimens (GEH-3-25

to 30) were removed from their NaK filled capsules and examined. A
portion of the inner component of the temperature monitored, coaxial

fuel element (GEH-4-24) was exemined, and fex-film replices were obtained.
Metallograephic exsmination was completed on two wafers from a temperature
monitored, Zr-2 clad, coextruded, natural uranium fuel element that failed
because of high temperature irradiation. Hardness, metallogrephic exam-
inatioh ‘and sampling for burnup anaslyses were completed on one rod from
a four+4od cluster of enriched uranium (PT-IP-172-A), and color photo-
graphs of radicactive aluminum dummies were successfully obtained for
Coolant Systems Development. Results and conclusions from the above work
are reported in detail in connection with the respective development

programs .
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Basic Metallurgy Studies

Radiation Effects in Fissionable Materials. The design of advanced fuel
elements depends upon scme knowledge of the effects of irradistion on
significant mechanical and physical properties. A program to obtain
these data for uranium irradiated to 0.018, 0.031, 0.075, and 0.10 a/o
burnup is under way. A tensile specimen irradiated to 0.031 a/o burnup
and cyclic annealed for three cycles (six transformations) between 4QO
and 700 C was examined. This specimen was badly warped and appeared

to be cracked. Another specimen irradiated to 0.10 a/o burnup was
annealed at 700 C for ten hours. These specimens await tensile tests to
determine the effects of these heat treatments on the recovery of
irradiation-induced damage.

A series of flat uranium tensile specimens have been irradiated at low
temperatures to find the threshold of detectable neutron damage to
urenium. The exposures range from 1015 to 1018 nvt or from 5 x 10-7 to
5x 10'“ total atom percent burnup. Post-irradiastion tensile, hardness,
and annealing tests to determine the smount of damage induced and the
ease of removal have been completed.

Radiation Effects in Structural Materials. A series of metal represent-
ing the common metal crystal types was irradiated at Brookhaven, Hanford,
and the MIR under various exposure conditions. These metals include
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347
stainless steel. Post-irradiation measurements of mechanical and physical
properties of these metals are in progress to advance the theory of
neutron damage to metals.

Unirradiated control specimens and specimens exposed to 5 x 1018 and

1.5 x 1020 nvt were selected for each metal except 347 stainless steel
for isochronal annealing studies. One shoulder of each tensile specimen
was cut for metallography, x-ray diffraction, and microhardness measure-
ments. Electrical resistance measurements were made on the remeining
portion of the unannealed cut tensile specimens.

Correction factors to compare these electrical resistance data with those
obtained at KAPL were determined. The irradiasted copper, titanium, and
molybdenum specimens tested have had no significant decrease in resistance
since their measurement at KAPL. An iron and a zirconium specimen ir-
radiated in the MTR at 80 C in a fast flux of 1.4 x 1020 nvt have decreased
two percent and three percent, respectively, after storage at room tem-
perature for 33 months.

Changes in the hardness and microstructure of molybdenum containing some
residusl cold work were observed after irragiation at 35 £ 5 C to various
total fast neutron exposures from 6.5 x 1016 to0 1.2 x 1020 nvt. The
hardness increased with time in-reactor. Micrographs of the irradiasted
molybdenum indicated an increase in the number of small grains at ex-
posures of 1.2 x 1020 nvt. It is concluded that very high fast neutron
exposures produce a grein refinement in cold worked molybdenum.
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Mechanical and Physical Properties of Materials. Four specimens of
Zircaloy-2 are now being tested for creep properties to determine the
effect of cold work on creep for NPR process tube requirements. Tem-
perature control of * 2 F 1s being maintained in the vacuum creep units
and duplicate samples of 45 percent cold worked materia% at 300 C (572 F),
and 30,000 psi exhibit creep rates of 2.4 and 2.3 x 107° in/in/hr after
432 hours of testing.

As might be expected, increases in testing temperature in the notch bend
test increase the angle of fracture and the addition of hydrides and
cold-work both decrease the fracture angle.

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel materials is a direct way of detecting radiation d=zmage
in these materials. Preliminary experiments aimed at determining the
feasibility of irradiating films of fissionable materisl, thin enough for
conducting transmission electron microscopy aend diffraction before and
after reactor irradiation, have been conducted. Thin films produced by
the vacuum egaporation of uranium metal have been irradiated to exposures
of 2.6 x 101° and 1.3 x 1019 nvt, and have been studied directly in the
electron microscope. The resultant films have been tentatively identified
as UOp. Oxygen contamination occurred in the shadowing unit during evap-
oration. After the short exposure, the homogenecus film has changed into
a heterogeneous film; the longer exposure film has become extremely rough
end heterogeneous, and has cracked extensively. Only two diffraction rings
are observed in the irradiated films, the (111) and (220). These show a
decrease in interplanar spacing of approximately one and four percent,
respectively. Temperature monitors show that the irradiation temperatures
were less than 100 C. Since the irradiation and subsequent electron
microscope examination of thin films appears to be a sensitive tool for
measuring radistion demage, further experiments on fissiconable and non-
fissioneble thin films are in progress.

An article titled "Simple Autoradiographic Technique" has been published
in the January 1959 1ssue of Review of Scientific Instruments.

X-Ray Diffraction Studies. The presence of vacancies in a body-centered
cubic lattice has been detected by x-ray diffraction. These vacancies
were induced by rapid quenching of molybdenum specimens from 1000 C. The
diffraction results indicate that vacancies shrink and distort the crystal
lattice. This work offers a means of verifying the interpretation of
x-ray diffraction studies of irradiated molybdenum. These studies indicate
that the lattice is affected in a similar manner by neutron irradiation.

Determination of crystalline textures in extruded Zircaloy-2 tubing has
been undertaken in an effort to determine optimum heat and mechanical
treatments. The specimens under investigation have been treated as
follows: (1) annealed at 750 C for two hours, (2) annealed and cold-
drewn to five percent cold work, and (3) anneesled and cold-drawn to 18
percent cold work. Preliminary analysis of the data indicates an 0023
type texture for all samples, a significant difference being that the
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orientation of the basal planes relative to the working direction changes
drastically on going from five percent to 18 percent cold work. In the
annealed sample and the five percent cold-worked sample, the majority of
the basal planes was found to be aligned perallel to the working direction
and parallel to the working plane. In the sample with 18 percent cold
work, however, the basal planes were noted to be aligned parallel to the
transverse direction and inclined at approximately 15° to the working
plane. The former two samples should exhibit & much lower tensile strength
in the longitudinal direction than would the more heavily cold-worked
sample, due to orientation of the slip system, {poog}[io$g7, parallel to
the axis of the tube. The circumferential strength should not be notice-
ably affected. The significant change in orientation apparently is indic-
ative of a critical amount of cold work.

Solid State Reactions. Optimum conditions of heat treatment for zirconium,
Zircaloy-2, and Zircaloy-3 are being studied as a function of cold work,
temperature, time, and heat treatment atwmosphere. X-ray data obtained for
ten percent cold-worked zirconium heat treated in helium for 100 minutes

at six temperatures from 300 to 800 C, indicated that recovery is occurring
up to approximately 650 C. Above 650 C, the material is recrystallized,
according to the information obtained from x-ray diffraction and metal-
lography.

A knowledge of diffusion in various uranium/barrier metal/clad metal com-
binations is important in the design of fuel elements. Diffusion is being
studied in the U/Ni/X-8001 system and in AlSi bonded, X-8001 clad, uranium
slugs. Two slugs have been autoclaved 62 days at 300 C. The average of
maximum UAl:; thicknesses found in these slugs was 0.002". This layer is
only 0.001" thick in as-canned slugs. Two slugs which were run fourteen
days and two which were run twenty-nine days, at 304 C in the Elmo-7 hot
water loop, had average meximum UAl3 thicknesses of 0.0021 and 0.0023",
respectively.

In-Reactor Measurements. A knowledge of the errors in temperature measure-
ment using thermocouples in a neutron flux is essential for the quantitative
evaluation of the effects of neutron irradiation on materials. The thermo-
couple lead wire assemblies were discharged from KW Reactor on February 2k,
1959, after 3772 hours of exposure in a "snout" facility. At the time of
di%charge, all wires showed a resistance between pairs of greater than

10! omhms. Emf readings through the in-reactor assemblies showed no devia-
tion at 300 C from reading teken in an ex-reactor loop.

The 300 C thermocouple stability capsule has received a total of 1312 hours
of exposure at XW Reactor. The three test couples have shown no signifi-
cant deviation from their ex-reactor calibration either at 300 C or at the
melting point of lead. :
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New Fuel Element Development

Cluster Fuel Elements. Due to a defect in the aluminum shroud tube around
the ETR 3x3 facility, three 7-rod cluster fuel elements were discharged
from the facility after 500 MWD/T exposure. In order to continue this ir-
radiation test to its goal exposure, the elements were successfully re-
charged into a new test basket with appropriate thermocouples to measure
the temperature difference across the fuel elements. The assembly is now
waiting to be recharged into the new process tube.

All 16 rods from four, 4-rod cluster fuel elements discharged from KER
Loop 2 facility November 9, 1959, have been examined. All rods examined
have shown macrocracks throughout the central core region. Microscopic
examination shows finer cracks throughout the uranium structure. With one
exception, the rods show cracking occurring predominantly in the central
core region not affecting the bond. In one rod, however, three microcracks
were found to exist in the bond layer between the uranium and Zircaloy-2
cladding. Burnup analysis indicate an exposure of 0.1k a/o burnup.

An irradiation test of 7-rod cluster fuel elements charged into the KER
Loop 1 facility to compare the behavior of differing clad thicknesses
during irradiation 1s operating satisfactorily in 230 C water. Goal ex-
posure for the irradiation is 4500 MWD/T of which 800 MWD/T has been
‘achleved.

Two, T7-rod cluster elements fabricated from coextruded Zircaloy-2 clad
natural uranium rod are now in Radiometallurgy for examination. Exposure
of these elements was 1250 MWD/T with 300 C maximum clad surface tempera-~
ture.

Tubular Fuel Elements. Two rod and tube fuel elements are operating in
KER Loop 4. Both are 0.030 Zircaloy-2 clad uranium, unenriched. Present
exposure is 600 MWD/T. Maximum clad surface temperature continues to be
275 C.

Two tubular elements for ETR tests were completed. One element is 2L
inches in length and is a tube design. The second is a 36-inch length
rod and tube element. Both elements are unenriched U-2 w/o Zircaloy
clad with Zirealoy-2. AEC approval for operation of the tube and tube
element has been obtained for the first ETR 6x9 fuel test.

Fuel for Present Reactors. Thirty-five, eight-inch solid cores of de-
pleted uranium (0.2% U-235) were hot pressed canned in M-388 alloy jeckets.
This material was canned in support of IPD's investigation into the effects
of irradiation upon the bond characteristics of hot pressed fuel elements.
Surface pretreatment prior to plating revealed numerous striations running
parallel with the longitudinal axis of the slug and distributed throughout
the core material. Preliminary investigastion into the quality of the

core material has revealed that the material apparently had not been beta
heat treated. Further investigation and testing are in progress.

.
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Component Fabrication. A series of coextrusion billets prepared for ex-
trusion on the 280-ton press in the Plutonium Fabrication Laboratory
have been extruded. The billet designs and component fabrication were
adjusted to learn the influence of copper clad thickness and uranium -
structure on the uranium-Zirceloy-2 interface. The billets were sealed,
both Zirceloy-2 and copper, by the electron beam welding process. Ex-
trusions were made at a reduction ratio of 10:1 with the billet preheat
at 650 C, die preheat 550 C, and container heated to 575 C. The follow-
ing table shows the billet conditions that were extruded:

Billet Copper Clad ' Preheat Time Extrusion
No. Thickness-inch Uranium Billet Hrs at 650 C Force-ton
3 0.032 Beta heat treated 1-1/2 175
dingot
1 0.063 Alpha rolled dingot 3 275
2 0.063 Beta heat treated 3-2/3 260
dingot

After copper removal, all three rods were approximately 0.615" diameter.
There is a pronounced improvement in smoothness of the uranium-Zircaloy-2
interface with the fine grained alpha-rolled core compared to the beta
heat treated core with the same copper thickness. Reducing the copper
thickness produced some improvement, but the effect was not as great as
that produced by uranium structure. All the rods appear well bonded.
Seven billets have been prepared for coextruslon at Nuclear Metals, Inc.,
the first week in March. These include three machined uranium assemblies
and four assemblies prepared by casting the uranium directly into the
Zircaloy-2 container. The primary purpose of the extrusion will be to
evaluate the comparative behavior of cast, cast and heat treated, and

- wrought-machined cores.

Closure and Joining. It is necessary to develop a simple high producticn,

low cost, high quality end closure system for coextruded Zircaloy-2 clad
uranium fuel rods. A method of attaching end fittings to coextruded rods
which includes & three-step operation has been developed. The steps are to
form the Zircaloy-2 Jjacket over the end of the rod by press forming; then
a projection weld is made between the cap and the face of the fuel rod by
using a modified resistance welding machine to effect the projection weld.
After projection welding the cap is fusion welded to the fuel rod using

the Electron Beam Yacuum Welding process. This method appears to meet

the several requirements for end closure of rods. The method 1s simple,
fast, and results are of an extremely high quality.

There 1s need for tests which measure the relative quality of end closures
on coextruded Zircaloy-clad fuel rods, because irradiation of small numbers
of test elements does not distinguish one closure from another unless one
type fails frequently. An end closure produced by a combination of swaging
in a nosing die and welding was tested at O C with a hydraulic pressure of
19,000 psig between the end cap and the uranium. This pressure produced
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a calculated biaxial stress in the 30-mil cladding of 70,000 psi, yet
there was negligible yielding of either the jacket or the weld. Pro-
visions for making this same type of test at NPR fuel element Jacket
temperatures and on other types of closures were completed. These tests
should produce failures and permit comparison between closure types.

Allied Fuel Studies. Knowledge of the swelling behavior of unalloyed
clad uranium operating with a cladding surface temperature of 250-350 C
and & maximum fuel temperature of 450-700 C is of importance for Hanford's
fuel element development work. To provide initial uranium swelling data,
five experimental assemblies with uranium fuel rods clad by coextrusion
with 0.030" Zircaloy-2 are being or have been irradiated in the MIR and
ETR. GEH-3-32, 3-57, 3-58, and 3-59, have reached approximately 80%, 65%,
50%, and 30%, respectively, of their goal exposures at average uranium
temperatures of 540 C, 550 C, 750 C, and 650 C, respectively, Discharge
of these four assemblies is expected in late April or early May. BSix
additional irradiation assemblies are being prepared for exposure in the
MIR and ETR to compare the swelling behavior of 0.020" and 0.030"
Zircaloy-2 clad uranium under similar reactor conditions of temperature
and exposure.

To obtein further information on the dependence of fuel element swelling
upon cladding and uranium temperature, cladding thickness, and exposure,
a series of NaK capsule experiments has teen designed for irradiation in
process tube of Hanford reactors. Assembly of the first 24 capsules,
using four process tubes containing six capsules each; is approximately
80 percent complete. These capsules should be charged in D Reactor in
March.

Coextruded U-2 w/o Zircaloy alloy fuel rod with Zircaloy-2 cladding has
been defect tested in an autoclave. During the early stages of failure,
the "as-extruded" beta-treated HpO quenched and diffusion-treated Hy0
gquenched specimen behaved in the most desirable manner. Beta heat treated
and slowly cooled specimens failed quicker and with more clad distortion.
The best behaved alloy specimen appears to last three to five times longer
during the initial stage of failure than unalloyed uranium specimens in
their best condition.

Corrosion rates and defect behaviors of defected coextruded Zircaloy-2
clad unalloyed fuel rods are still being determined under static (auto-
clave) and dynamic (ex-reactor loop) conditions. In contrast to the
alloyed rods, beta treated and HpoO quenched specimens appear to fail the
most rapidly and with a great degree of clad distortion. Slowly cooled
specimens behave the best in that a minimum amount of clad distortion
accompanies the uranium fuel corrosion.

A unit has been designed, fabricated, and bench tested that will permit
push button ruptures of irradiated fuel elements. The elements can be
irradiated to high exposure in the KER through holes and transported to
Arco for failure in the 3x3 facility. The mechanism that produces the
rupture can be attached by remote procedures in the ETR canal and the
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assembled test then loaded in the 3x3 process tube. Five T-rod clusters
are being prepared for subsequent rupture tests in the ETR.

The 3x3 test facility in the ETR has been operating since October 1958.

The shroud tube on the in-reactor section failed on February 2, 1959,
because of porosity in one of the welded areas. The defective tube has
been removed, the standby tube has been installed and is being pressure
checked. A third replacement tube is being designed for immediate purchase.

Preliminary tests of a grip to be used for stretch straightening rods and
tubes indicate that it will be superior to a "Templin" type grip. A
0.600" OD x 0.030" wall tube was stretch straightened using a "Templin"
grip on one end and the grip of our design on the other. The tube end in
the "Templin" showed ovality even when plugged. No ovality was noted at
the other end which was open and held in our grip.

2. REACTOR PROGRAM

Coolant Systems Development

Corrosion of Carbon Steel. Either 500 ppm of NepCr207-XH20, or 1000 ppm
of Octadecyl base filming amine completely inhibits carbon steel corrosion
in 25 C filtered water. Seamples used in these tests were previously
immersed in Turco 4306-B solution for one hour at 60 C. Similar samples
are still under test in 200 and 300 ppm Na Cr,0--XH,O0. Visual observation
of these tests indicates that both concentrations significantly inhibit
corrosion in filtered water. Carbon steel samples exposed to C effluent
waeter for 8.2 months were corroded at a rate of 0.63 mil/month. Samples
in H effluent water for 9.9 months were corroded at a rate of 0.52 mil/
month. Meximum temperatures were about 80 C.

Non-Uniform Corrosion Studies. The caustic embrittlement test on A-212
carbon steel has been operating for 700 hours and will be terminated after
1000 hours. No indications of cracking have been evidenced to date on
this specimen.

A more complicated test apparatus is being designed to study the effect of
caustic embrittlement on cracking. This device will consist of a heat
exchanger which will expose a tube of A-212 carbon steel, type 304 stain-
less steel, or other material to corcentrating loop water at various de-
grees of superheat.

Zircaloy-2 fretting corrosion is being tested in Elmo-5 at 290 C and pH 10.
The Zr-2 spring wire moving on a Zr-2 coupon has produced no visible
attack. Although further testing is being conducted, there is no evidence
to date of fretting corrosion on Zircaloy, based on these tests.

Stressed stainless steel coupons, which were run through the Turco 4501
decontamination process in Elmo-10 and charged into Elmo-5, were dis-
charged after 1427 hours exposure in pH 10 and 290 C water. During ex-
posure, samples were stressed at O, 7500, 15,000, and 22,500 psi. No

“
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signs of stress cracking or crevice corrosion were found. The coupons
were placed 1n the stress holders in pairs. One coupon of each pair

had e 10-mil depression machined in its surface. The depression was
placed adjacent to the other coupon of the pair to form a crevice. Pene-
trations were 0.016 % 0.003 mil, and no effect of stress was apparent.

In-Reactor Corrcosion of Aluminum. To extrapolate from out-of-reactor to
in-reactor corrosion rates, it is necessary to know the temperature drops
through the water and corrosipn-product films. These are being determined
by two different methods.

In one series of experiments, thermocouples are placed in the aluminum can
wall and in the adjacent bulk water. The temperatures are read as & function
of time. 1In one experiment Jjust completed the temperature differential in
degrees Fahrenheit between the bulk water and the aluminum surface (e.g.,
across both the water film and the corrosion-product film) was 124 F or

T0 C. These results are being checked by additional experiments. A design
for an assembly to determine temperature drops through films for Zircaloy-
clad fuel elements is being formulated.

As a second parallel effort, a series of aluminum tubes are being corroded
out-of-reactor in high temperature deionized water in the San Jose Loop.
The corrosion coupons and test assemblies from the first experiment have
been received and are teing examined to determine corrosion penetrations.
Weight gein measurements or the coupons average arout 4.3 mg/cm2 after

1000 hours. The test assemblies operated at 1.k x 107 Btu/hr-ft2 heat flux,
500 F, and pH 6.6. A new test is being started to operate for 2000 hours,
500 F, and pH 6.6 for 2000 hours. The date from this test will be avail-
able by the end of the fiscal year.

Film and Scale Removal. Candidate aluminum film removal solutions for
removing corrosion products formed in high temperature water were narroved
down te nitric and phesphoric acid solutions. A two-ster rrocess using
phosphoric acid inhibited with chromic acid followed ty nitric acid in-
hitited with chromic acid successfully remcves corrcsion product films
with an accompanying metal weight loss of approximately 0.05 mil. Further
work is regquired to find optimum temperatures and concentrations.

A new sulfuric acid inhibitor, Rodine 82, manufactured by American Chemical
Paint Company was tested as an inhibitor in de-rusting solutions. Previous
solutions have contained Rodine 81 inhibitor. A-212 carbon steel coupons
in Rodine 81- and Rodine 82-inhibited 10% sulfuric acid at 70 C exhibited
0.131 and 0.023 mil penetration, respectively, after two hours. Rodine 82
is also an effective inhibitor for phosphoric acid. A-212 coupons in
Rodine 82-inhibited 10% phosphoric acid at 70 C exhibited 0.0059 mil pene-
tration after two hours. Phosphoric acid is almost as effective as sul-
furic acid for removing rust deposits.

Decontamination of Carbon Steel. A decontamination prototype was designed,

assembled; and operated during the past two months. This consists essen-
tially of a small recirculating water loop adapted for remote control. The
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purpose of the testing was to evaluate available methods for decontamin-
ation of carbon steel loops. An irradiated wafer was placed in the test
section and exposed to water at 300 C. The resulting highly active sus-
pension of UO» and fission products was recirculated through the loop to
simulate conditions in a carbon steel reactor after a rupture. Following
this simulated rupture the activity level in the vicinity of the loop
equipment, as read by a fixed position probe, wes approximately 7 r at

one foot. The first decontamination method tested, Turco 4512, gave a
very low decontamination factor (2.0). After three separate complete
decontamination cycles using three different procedures, the accumulated
D.F. was still only approximately 30. In the face of this limited success
it is concluded that at present there is no proven satisfactory method for
decontaminating complex carbon steel systems. However, work is continuing
in an effort to develop some satisfactory procedure.

Slug Rupture Testing. Two coextruded uranium and Zircaloy-2 h-rod cluster
fuel elements were exposed for a third hour in 300 C water in Elmo-k.

Four of the rods were defected with deep slits, three inches long, 30 mils
wide, and 300 mils deep. The two rods which were beta heat-treated had
only minor swelling at the ends of the slits, while the as-extruded rods
had swelling and cracking extending for 1-1/2 inches from both ends of the
slit. The weight losses for all rods were almost identical.

The other cluster element was composed of beta heat-treated rods. Two of
the rods were defected with 25-mil holes in the side, and the other two
rods were defected in the end cap. One of the side pinholes had only
1/4" diemeter raised mound while the other side pin hole rod had six
raised and cracked mounds covering about three inches in length. One end-
defected piece failed to rupture while the other had only a thin crack
around the end cap.

A single coextruded uranium and Zr-2 rod, 0.593" OD, was received for
testing in the prototype for rupturing fuel elements under heat transfer
conditions. The piece was imperfectly made and broke at the braze line.
Only a small portion of the area had been brazed. Tnis element is being
repaired and will be tested next month.

Hydrogen Detector. Two test runs were made for calibration of the
palladium-platinum resistance type hydrogen detector. The instrument
operates on the principle that the resistance of the pelladium wire is
directly increased by hydrogen concentration in the water while the
platinum is unaffected. The difference in rfesistance can, therefore, be
calibrated as hydrogen concentration. Preliminary results are quite
promising. If successful, the detector will be placed on the Elmo-4 slug
rupture loop to determine whether the first stages of & slug rupture cen
be detected from the hydrogen evolved. It will also be evaluated for
installation on a KER Loop and/or the NPR.
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Tests in KER In-Reactor Facilities. The pressure drop across the in-
reactor portion of Loop 3, containing eight 7-rod clusters and a thermo-
couple dummy, increased from 36 to 49 psi over one month. One probable
explanation was that this pressure drop was caused by precipitation of
aluminum oxide at some point in the system. The coolant was deionized
water at a pH of 6 to 7 with no phosphate or other inhibitor. Under these
conditions the corrositn rate is relatively high.

Loop 3 was recharged February 4 with 25 depleted uranium fuel elements,
Jacketed in X-8001 aluminum. This test is to study the changes which
occur in the U-Si-Al bord, and to determine whether this bond can with-
stand high temperature irradiation without damage. An aluminum-clad
thermocouple slug is included in the charge to study the build-up of
thermally insulating crud or corrosion product scale. Operation is at
pH 4.5 with H3P0h and 245 C outlet.

The pressure drop in both Loops 1 and L4 increassi suddenly and has since
been falling off slowly. It 1s suspected that ths collector ring in the
outlet nozzle tecame clogged with material cast loose in the process tube.
Additional tests have been run to determine the efficiency of mixing of
the water in the channels of the T7-rod cluster fuel element. The results
were generally in agreement with those reported last month and indicated
that special mixing devices were unnecessary.

Corrosion in Organic Coolants. Corrosion coupons were discharged after

50 days at 700 F in wet moncisopropyl bizhenyl containing approximately

20 ppm water. The three types of magnesium, Az-31, 98.8% mg, and British
Magnox were all in excellent condition. Corrosicn rates of about 1 mil/
month were determined for all three. However, 1t is suspected that at
higher water concentrations there would be & considerable difference in
the corrosion rates of the three, and a new run at 45 to 50 ppm water is
now under way. The carbon steel and M-388 aluminum coupons were essen-
tially unchanged in appearance and weight. The Zr-2 ccupons were so badly
hydrided that they shattered in trying to remove them.

Structural Materials Development

Zircaloy Process Tubing - Burst Tests. The welded end plug plus mechan-
ical back-up type closure for the NPR process tube was tested at 343 C.
The end closure failed by shearing from the split-ring groove on the end
of the tube. ‘A modification of this type closure is ready to be tested.
Another type NPR process tube closure which utilizes & thin ring of
ductile metal to form the seal was tested with encouraging results. The
seal held to 14,900 psig at room temperature but failed at 10,500 psig at
343 C. This closure pressure-cycled satisfactorily in both tests. The
sealing surfaces consist of a V-shaped groove with a 43-degree included
angle on the flange. A ring of ductile metal is placed between these
surfaces to provide the seal. The flanges are held on the tube by the
usual split ring arrangement.
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Nonmetallic Materjals Development

Grephite Development. Purification of graphite by the "F" or "C" processes
in which bars are bathed in a purifying gas at high temperature is followed
by a cooling period during which the purifying furnace is flushed with an
inert gas. Helium has been used for flushing in previous production of
purified reactor graphites; however, interest in alternate gases has in-
creased since the availability of helium has become limited. The purity

of Speer Carbon Company graphites manufactured from Texas Lockport coke

wvas measured in the Hanford Test Reactor. Samples from a heat let down in
argon after graphitization to 2800 £ have been compared with those from a
heat let down in nitrogen. The average dih purity for bars let down in
argon was +1.10 which is comparable to the nighest purities attained in
previous production using helium. The graphite let down in nitrogen had
an average dih purity of +0.86 which is lower than that for most purified
graphite but higher than AGOT processed graphite with dih.purities of
+0.255 £ 0.075.

Samples of graphite with one percent iron oxide added to the base mix for
control of puffing during the baking cycle were let down in argon. The
average dih purity was +0.67. Previous purity tests to determine the
effect of iron oxide additives on final purity indicated purities higher
than +1.0 dih could be attained. The reason for this variation in results
will be investigated further.

Graphites made with Sohio Lima coke as an alterncste to Texas Lockport had
an average dih purity of +1.04 when let down in argon. Samples of these
graphites are being prepared for irradiation as a part of the evaluation
of graphites for the NPR.

High Temperature Graphite Irradiation. A four-cycle, high temperature MIR
irradistion, GEH-9-7, was successfully completed on February 2. Goal
temperatures of 750, 750, 1050, and 975 C were maintained on four TSGBF
graphite samples. After a short cooling-off period the experiment will
be disassembled in the MIR hot cell and the samples returned to Hanford
for testing. The next experiment, GEH-9-8, was charged and is operating
at the temperatures maintained in GEH-9-7. It will be discharged after
four cycles on April 27. This capsule contains two TS3BF and two CSF
ssmples. The CSF samples were machined from a selected bar which will
also be used for samples to be run in the ETR and at Hanford. GEH-9-9,
a spare assembly, is being readied to provide an additional MIR graphite
irradiation in the event that the L-42 position in the MTR is available
for Hanford use following the discharge of GEH-9-8.

Development, testing, and construction of components for GEH-19, the
“instrumented MTR L-U48 shim rod is progressing rapidly on a priority
basis. Fabrication of a prototypical test head containing the magnet-
connecting mechanism has been completed and has successfully passed
"drop tests" at the MIR. Laboratory construction of the experimental
section is progressing. A technique for evacuation, leak tesiing, and
sealing is under development.

1240679
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The test thimble for the first high temperature graphite experiment for
the ETR, GEH-13-1, has been completed and shipped. Plans call for
charging this thimble the first week in March. Graphite samples in the
first GEH-13 experiments will be irradiated in the E-5 and N-1L positions
for approximately two months.

Intermediate Temperature Graphite Irradiastion, IP-22A. The assembly of
IP-22A which was designed to study the radiation effects on graphite in
the intermediate temperature range of 200 C to about 400 C has been com-
pleted. The experimental unit and four temperature recorder-controllers
are ready for loading into the reactor scheduled for some time in March.
The assembly consists of four sections with each section containing two
CSF graphite samples heated by individually controlled heaters.

In this first irradiation, two different types of heaters are also to be
evaluated. In one type, the heater wire is enclosed in a spray-coated
alumina layer surrounding the aluxinum heater core, while, in the other,
the resistance wire is stainless-st2el sheathed and insulated by alumina.
Temperature settings of 200 C and 300 C are planned for each type of
heater-sample assembly. The integrated flux level to which the graphite
is subjected will be determined by flux monitors of cobalt; cadmium-
covered cobalt, and nickel wires installed in the space between each
section.

Three CSF graphite samples from the same bar used in IP-22A have been
readied for loading in the controlled temperature {80 C) facility in the
2B test hole at KW. A fourth piece of graphite to be located directly
below a channel was drilled to accommodate a flux monitor to gain addi-
tional information on the integrated flux level.

X-Ray Study of Radiation Damage. An analysis of the intensity of x-ray
diffraction lines from CSF graphite irradiated at LOO to 500 C up to

4500 MWD/AT indicates an initial increase 1in the integrated and peak in-
tensities followed by a decrease to Just below the initial values. This
vehavior may be contrasted to that exhitited by CSF from 30 C irradiations
where the intensities decreased continuously with lncreasing exposure.
These measurements are in qualitative agreement with other physical prop-
erty measurements in indicating that radiation damage to the crystallites
oceurs at a very slow rate at these higher temperatures.

Thermal Annealing of Graphite Irradiated at High Temperature. Length
contraction of graphite samples subjected to neutron bombardment at
temperatures- greater than 350 C has been attributed to a closer packing
of the crystallites within the coke particles or of the coke particles
relative to one another due to radiation-induced stress relief. These
changes in structure would not be expected to undergo thermal annealing
as does the radiation damage in which etoms are displaced within the
crystal lattice structure. To test this possible mechanism, graphite
samples that have contracted during high temperature irradiation are
being annealed at intervals of 500 C to & final temperature of 2600 C.
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Pitch coke experimental graphites fabricated by Battelle Memorial
Institute and irradiated to 742 MD/AT at 450 C contracted in length
from -0.02 percent to -0.05 percent. The crystal layer spacing, Cg,
increased from 6.782 & to 6.792 . After the initial annealing at
600 C for six hours, no changes occurred in these properties. High
temperature annealings are in progress.

Radiation Damage to Plastics and Elastomers. Radlation effects have
been determined on two new plastics. A polyvinyl fluoride, an experi-
mental meterial from dyPont, appetrs to undergo chain cleavage out to

a8 dose of about 3 x 10 r bpased upon decreases in tensile strength. At

5 x 10¥ r the tensile strength begins to increase, suggesting cross
linking. The elgngation is decreased continuously with the radiation
dose. At 5 x 10 r, the material still possessed some integrity although
it had lost most of its tensile strength and elongation. It did not
break when bent 180 degrees. This material sppears to be the best
fluorine-containing plastic evaluated to date.

Estane YC, an experimental polyurethane plastic from B. F. Goodrich
Chemical Co., has been evaluated for its radiation resistance at room
temperature to 1 x 109 r. Even after this high dose, it possessed a
fair amount of its original flexibility, strength, and toughness and
did not break when subjected to the bend test. It appearg that this
material is undergoing chain cleavage to a dose of 5 x 10Y r. Beyond
this dose, the tensile strength loss is constant indicating that other
mechanisms of damage are predominating. From a radiastion damage stand-
point, this plastic appears to be among the best evaluated to date, al-
though it has not yet been tested at elevated temperature.

Two reports dealing with plastics have been published during the last
month: HW-56478, "Elastomers for Use in Radiation Fields, Parts VII

end VIII," and "How Hot Water Affects Elastomers,"” which appears in

the February issue of Rubber Age.

Thermsel Hydraulics Studies

Reactor Flow Hazard Studies. Heat transfer experiments were performed
to determine the amount of protection remeining in the Panellit gage
system at "C" Reactor when a process tube is operating with a ruptured
rear hydraulic connector. Such information is of interest since it
appears that it is not mandatory to decrease power level upon the loss
of a rear hydraulic connector from a process tube.

A full scale electrically heated mockup of a "C" geometry process tube
and I & E fuel element charge was modified to simulate flow conditions
without a rear hydraulic connector. Measurements of pressures and
temperatures throughout the mockup were recorded on high speed recorders
during flow reductions simulating both fast and slow plugging of the
process tube. Preliminary interpretation of experiments performed at
tube powers of 500, 1000, and 1250 KW indicated that surface temperatures
of 370 C would not be exceeded provided the Panellit irip range was not
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greater than 80 psi. These experiments were all performed at an initial
outlet water temperature of 125 C.

Experiments were attempted to determine the heat transfer characteristics
of a "K" Reactor process tube during hazerdous flow conditions, for front
header pressures of 240 psig. During the initial experiment, an elec-
trical short between the simulated fuel elements and the process tube
resulted in severe damage to the test section. Steps were initiated to
install & new test section.

Hydraulics Studies. Experimental work was completed in the study of the
effect on pressure drop of wire wrap mixing promoters along a T-rod cluster
fuel element made up of 0.780 inch rods. The results are presented in
HW-59333. Material was ordered for additional test sections made of 0.704
and 0.740 inch rods.

Installation was completed of a test section to obtain pressure drop data
for flow of steam-water mixtures around tends in square passages. Such
data will be valuable in the evaluation of pressure buildup in the NPR
graphite lattice follcwing a possible rupture of a process tube.

Project CG-661. The project to install additional heat generating capacity
in the 189-D Heat Transfer Laboratory by the use of large silicon rectifier
units was approximately 30 percent complete. Arrangements were made to
start the necessary eilectrical and mechanical modifications of the low
pressure heat transfer apvaratus during the first part of March.

Heat Transfer Caizulations. Tne calculation of the temperatures within

the present Harfcrd reactors following a complete water loss was continued
with the aid of the TC9 computer. Results are being obtained for the times
required to reach melting terperatures within the process tube and fuel
elements following complete water loss at a varlety of power levels. The
calculations are yperforme3 assuming equilibriur conditions at time of
complete water less and will he regeated for water loss at times of 30
seconds and 30 minutes after reactor scrar.

Critical and Two-Phase Flow Studies. Experimental date were obtained for
the flow of two-phase mixtures of steam-water through a 3.5-foot long tube
having an internal diameter of 0.622 inch. In 22 of the runs covering a
range of exit steam qualities of C.5 to 12.7 percent by weight, critical
flow conditions existed at the exit of the test section. A comparison of
the actual to theoretical flow rates at critical flow conditions indicates
this ratio was relatively constant at 1.8 for steam qualities between two
and ten percent. Below two percent quallty, however, the actual flow was
considerably greater than the thecretical rate under critical flow condi-
tions and was 7.8 times as great at 0.5 percent quality. These data were
obtained at exit pressures of 20 to 110 psia.

Miscellaneous. Installation was completed of a short, electrically heated
test section to study heat transfer characteristics of 7-rod cluster fuel
elements. The test section consists of seven 0.625-inch rods in & 2.067-
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inch process tube and was designed for specific powers up to 200 KW at
pressures below 500 psig. No provisions were made to induce mixing
of the coolant streams between the different channels formed by the
rods and thus evaluation of hot spots in this type of fuel element
should be obtainable.

Mechanical Equipment Development

Orgenic Cooling System Components. The MOTS-1 facility operated for

100 hours during the month at temperatures between 300 and 350 C, using
the terphenyl-biphenyl eutectic mixture as a coolant. This eutectic
mixture was not satisfactory due to deposition of the solidified biphenyl.
The facility was shut down, and a new eutectic mixture is being prepared.
This mixture will consist of ortho-terphenyl, meta-terphenyl and mono-
isopropylbiphenyl {MIPE).

Reactor Technology Development

Thermal Shield Studies.  Farrication of the experimental assembly for
in-reactor testing of the boron steel thermal shield was completed,
ready for installation during the long shutdown the week of February 2.

In preparation for installation of the assembly, the 36" shield plug was
removed from the hole in the shield at C Reactor with considerable dif-
ficulty. It was found that damaged masonite had caused tinding of the
plug in the hole. The masonite was a tlack foamy mass, giving the appear-
ance of extreme thermal degradation, and a tar deposit was noted on the
hole liner.

The plug was cleaned and inserted in the shield hole without installation
of the boron steel assembly, to avoid delay of scheduled reactor startup.

Fast Neutron Snectrometer. The automatic programmer has been reinstalled
on the 100-Channel Analyzer, an additional cooling fan has been added,
final adjustments have been made, and a revised version of the setup and
callibration procedures is being written. As soon as the neutron recoil
spectrometer chamber cen be re-assembled, the entire instrument will be
moved to the ion accelerator for calibratiocn.

Neutron Attenuation Measurements. The foils from the test on ferrophos-
phorus concrete baked at 320 C have been counted and the data sent to IBM.
As & result of baking ferrophosphorus concrete at 320 C, the gemma dose
rate through 48 inches increased by a factor of 43. This can be attributed
to the increase in the thermal neutron capture gemmas.

The data from the first test on ordinary concrete baked at 300 C are
being analyzed. The foils from the second test at 300 C have been
counted and the data sent to IBM.
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The data from the first test on pure iron are being analyzed. A preliminary
calibration was made for the sulfur data in terms of absolute flux.

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 development
programs of the University of California Radiation Laboratory (Project
Whitney). Details of these activities are reported separately via dis-
tribution lists appropriate to weapons development work.

1200680 -
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C. REACTOR DEVELOPMENT - 4LOOO PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

Plutonium Oxide Fuels. Mixtures of PWR grade UOs contazining 10, 20, 30,
40, 50, and 60 w/o PuOs were sintered in hydrogen for Ll hours at 1600 C
to get additional data on solubility in this system. Densities of all
the pieces were low, approximately 80 percent of theoretical; however,
solid solution formation was complete in every case. The low density
material should not affect lattice parameter values, but it did slightly
reduce the intensity of the reflectionms.

Some preliminary work on measurement of powder particle size by x-ray
techniques has been done. Using the method of Scherrer, the crystallite
size of ball milled PWR grade UOo was determined from the (111) plane as
0.054 micron.

Sinterability experiments are being performed on mechanical mixtures of
UOp containing 1/4, 1/2, 1, 2, 5, and 10 w/o of PuOp which have been
pressed to a green density of approximately 65 percent of theoretical.
Pleces of the above compositions held at 1000 C for one hour decreased
slightly in density, presumably due to volatilization of binder and lub-
ricant, and holding at 1100 C for the same time increased density roughly
1/2 percent. One hour at 1200 C resulted in an increase ranging from
1.2 to 3.5 percent, the lower densities being associated with higher plu-
tonium concentrations.

Extrusion Billet Casting. The induction melting facility for Al-Pu salloy
preparation and casting was activated. Eighty-two Al-Pu billets were
cast; each billet is 2-1/2" dia. x 9-1/2" in average length. PCTR
critical mass experiment fabrication required 25 Al - 5 w/o Pu alloy
billets. Metallic plutonium of uniform isotopic composition was used in
preparing this alloy. Melt analyses were within 4% of the nominal ‘alloy
composition. Casting variables were explored in preparing these billets;
casting temperatures above 850 C resulted in normal segregation, while
casting into cold molds resulted in gas entrapment. Twelve Al - 0.5 w/o
Pu billets for ETR irradiation experiments and 45 Al - 1.8 w/o Pu billets
for four PRP clusters were cast using Al-Pu alloys left over from the MIR
fabrication. This is sufficient material for six Al-Pu spike clusters.

Extrusion Development. The 280-ton extrusion press hood has been sealed
for hot operation. Al-Pu extrusions containing 5 w/o Pu have been made
to a nominal 0.500 inch diasmeter. Full evaluation of these extrusions
has not yet been completed.

A coextrusion of U-Al containing 6 w/o U and clad in 25 Al with integral
ends was made. The diameter of the coextrusion varied by 0.001 inch
over the 3.5-foot length, and uniform wall thickness was observed. The
trailing end of the core displeyed a fishtail that will require redesign-
ing of the billlet end configuretions.

UNCLASSIFIED
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It was attempted to stretch straighten Al-Pu extrusions. This was un-
successful because about five percent elongation was required to
straighten the rods, and this reduced the diameter excessively. The
hooded rod straightener will be availabie for use shortly.

Air Pressure Injection Casting. A test was devised to determine the
shear strength of the metallurgical bond formed between pure aluminum
and Zirceloy tubing by injection casting. Differeatial thermal ex-
pansion will impose a rather severe shear stress on the bond between

the aluminum core and the Zirceloy tube in reactor service. The sample
tested failed in the aluminum indicating that for this specimen the bond
strength was stronger than the aluminum.

Fuel Element Die Casting. The develcpment program to determine the
feasibllity of commercial die casting as a method of fabrication of the
Pu-Al spike elements was carried out in Chicago on a prototype dasis
during the past mozth. A LOC-ton cold chamber vacuur machine was used
to die cast 25 Al, Al-12 w/o Si, and Al-8 w/c Mg iato SL-1/2" dia. x
89.75" long stainless steel and Zircaloy t:bes. The tubing was supported
in a 10" square steel die block mounted horizontally between the platens
of the machine. The plunger speed was 400 ft/min, and a pressure of
13,000 psl was applied during solidification. Variables affecting final
density such as alloy, m=2lt temperature, die pre-heat, size of end hole
and type of tubirng were investigated.

In general, it was found that densities in excess of 93 percent of
theoretical could be ontaired in a cold closed-end tube, regardless

of tubing type. Densities ¢f 95% wers consistently found with the

more castable AlSi ani Al-Mg alloys a* both 7CO and 780 3. The density
of 25 Al castings variel frcm 81 to 94%, and cne casting of 98% of the-
oretical density was made into 0.056" wall Zircaloy tubing. The 2S was
cast from 725 C te 815 C; however, a soldering effect between the plunger
and cold chamber well was ncticesable at the higher temperatures. The
quality of the as-cast tubes was good. Surface oxidation was very low,
and th¢ tubing was free from distortion. A strong bond was observed,
especlally between stailnless steel and 25 aluminum. Longitudinal section-
ing of the castings showed the majority of the voids to be concentrated
at the upper end of the rod. The best vacuum cbtained in the tubing
before casting was 24 in Hg, so the density would undoubtedly improve
with better tubing evacuation. Cross-sections through the rod indicated
signs of hydrogen evolution, which could be corrected by vacuum melting.

Fuel Rod Assembly ani Autoclaving. Twelve full-length aluminum rods
canned in Zircaloy tubing are being fabricated to investigate warpage
during autoclaving. Eight of the twelve elements have been partially
tested. Some were sized by drawing or swaging the tube onto the cores,
and some were fabricated by presizing the tubing with & rod straightener.
They were suspended vertically in ar autoclave and subjected to 400 C and
1500 psig for 72 hours. Some of the elements warped quite badly; however,
there does not seem to be any correlation between warping and the method
of sizing. It does not appear practical to insert rods into tubes and
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have a maximum diametral clearance of C.003 to 0.004 inch. Because of
variations in the outside diameter of the rods and the inside diameter
of the tubes, it is not possible to maintain the required gap in all
parts of the element and still have enough clearance for assembly with-
out gelling and sticking. In these first elements, there is no corre-
lation between warp and the menner in which the end clearance in the
element is distributed. All the welded end closures were satisfactory.
A more complete appraisal of the data will be made when the experiment
is completed. An additional ten elements are being processed to obtain
more information on the warp problem and the fuel element fabrication
process.

Another approach to the problem of charging the fuel element cores into
the tubes is being tested. A honing apparatus is being fabricated to

hone the inside of the eight-foot Zircaloy tubes. Since there is no
machine on the market today for honing l/2-inch D tubing of this length,
a tool for this special Job is being developed. A representative of
Sunnen Corporation, after hearing the problem, suggested mutting a mandrel
of their design in two and placing a five-foot shaft in between the parted
halves. This mandrel with the proper attachments will sllow the stone to
be extended or withdrawn by controls at the driven end. The drive for
this first attempt will be a 1/2" hand drill. The Sunnen man believes

the tubes can be honed the entire length to within 0.0005-inch tolerance
with a 12-microinch finish. If this can be used to finish the tubes to
an inside diameter of 0.505 % 8-088 inch, cores of 0.506 - 0.507 could
perhaps be charged with comparative ease.

Plutonium Welding Development. Additional weld gquelity tests are being
made on the fillet head weld. Zircaloy clad PRP fuel element dummy
specimens are being subjected to fatigue and torsion tests. These tests
will evaluate the suitability of this weld design and determine the
existence of any detrimental notch effect which could cause failure.

Mark I Fuel Element Design Engineering. A newly designed set of end
brackets for the PRIR fuel elements has been completed. This new design
was made to facilitate investment casting of the parts. The new design,
which is designated Mark I-F (Drawing No. H-3-13310), has gone out for
bids and will be returned by March 10. They will be cast of type 304L
stainless steel. In order to cut tooling costs and thereby final piece
cost, the brackets were designed to cast the top bracket only, and the
bottom bracket will be mechined from this casting. These end brackets
will be used in the first two loadings of the PRTR.

An improved quick disconnect has been designed and is being fabricated
off-site. This revised design (Drawing No. H-3-13314) incorporates two
major changes. A new entry angle for the ball relief groove in the Q-D
cap corrected the sticking problem uncovered in autoclaving tests. How-
ever, the fuel element and Q-D must be operated in & vertical position
to assure its correct release function. The second was a flange added
to the Q-D sleeve. This allows the completely asserbled Q-D to be
pressed into the end bracket quickly and elso controls the depth of
seating.

UNCLASSIFIED
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A tool was developed which can be used remotely for removing the top end
bracket of the Mark I-F fuel element. When attached to the top end bracket,
turning the extending handles four revolutions will depress the Q-D buttons
and release the fuel rods from the end bracket.

Tubing, Rod and Wire for PRTR Spike Element. A shipment of 491 Zircaloy-2
tubes and 15,000 feet of Zircaloy-2 wire for fabricating the Al-Pu alloy
clusters for the PRIR arrived at HAPO this month. Of the 491 tubes, about
108 have been inspected by Radiographic Testing Operation. Seven tubes
were rejected for internal discontinuities as determined by dye penetrant.
About 12 tubes may be rejected for having wall thicknesses which are below
the specified minimum of 0.027 inch. An additional group of 4OO tubes are
at Stores and another shipment of 360 tubes is in trensit. The remsinder
of the Zircaloy-2 tubing order has been fabricated and will be shipped
presently.

The aluminum (8001 alloy with O.1 percent Ti) tubing, rod, and wire which
were purchased as standby cladding materisl for the PRTR first charge fuel
elements were received.

UO> Fuel Development

PRTR Fuel Elements. Faebrication of swaged rods for 19-rod cluster elements
continued with major emphasis being placed on refirement of processing steps
to improve the quality of the rods. The major problem encountered was in-
adequate rinsing of etched rods before autoclaving. Three batches of auto-
claved rods were rejected because of white oxide film. After testing
suspected variables, the trouble was found to be inadequate removal of the
314k Building tap water. The prccess which produces adequate results is
rinsing in deionized water and drying with clean paper towels.

The use of the insulated tungsten electrode technique and end caps with
outgas holes in both ends of the fuel rod has provided reproducible closures.
Of the 88 end closure welds produced during the month, only two were re-
Jected. Ome was rejected for UCp contamination in the weld area, and one
vas rejected for poor weld penetration resulting from incorrect welding
machine settings.

A swege feeding device which provides more uniform swaging of fuel rods was
put in operation. Use of a slip clutch in conjunction with this device has
prevented fuel rod ruptures caused by the torsional force occurring when
the dies of the swage mechine grasp the fuel rod. A magnetic slip clutch,
presently being evaluated, is expected to improve the surface finish of
swaged fuel rods. Straighter fuel rods have resulted from pulling, rather
than pushing the rods through the swage machine. Fabrication of an alter-
nate feeding device is near completion. This device is expected to reduce
setup time and to allow feeding of fuel rods completely through the swage
machine without interruption.

UNCLASSIFIED
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A gamma ray ebsorptometer was activated for determining density of UOp fuel
elements. The instrument is sensitive to a density variation of approxi-
mately 0.3 percent in a 0.65" diameter swaged rod. The instrument can be
used to determine density at any point along a swaged rod.

Half-inch diameter UO; pellets sealed in 0.0075" wall stainless steel tubing
were fabricated for Chemical Development Operation chemical processing
studies. Thirty-nine three-foot tubes were delivered during the month.

Basic Studies. Thermal conductivity measurements were completed on the last
of a series of four extruded and sintered UOo specimens having different
densities. The work, a Joint HLO-BMI effort, has confirmed the dependence
of conductivity on density and has revealed a heretofore unrecognized de-
pendence on fabrication method. The present results serve as a basis for
comparison with measurements on similar irradiated specimens. The first
irradiated specimens were shipped to BMI.

Cinemicrographic studies of the behavior of UOp, Al203, Mg0, ZrO2, and ThO2
near their respective melting points revealed similar dendritic crystal
growths in all cases.

Facilities. A 300 ampere Miller weliing machine was installed. Excellent
arc stability and acczurate timing control is provided Yy this equipment.
This machine will be used for making the closure welds on the PRTR fuel
elements. Airco and Miller welding machines will provide dual welding
operation in the vacuur welding box without necessity of changing machine
settings on one machine.

The 300-ton automatic tabletting press was checked out with the vendor's
representative. A numter of deficiencies were corrected. A few UOp tubes
were pressed before changing the tooling to pellet dies. Fabrication of
hoods and ccrrection of several minor deficiencies were in progress.

The pusher-type hydrogen atmosphere sintering furnace was operated contin-
uously without incident.

Structural Materials Development

Zircaloy Jacket Tubing. The final acceptance samples of ribbed Jjacket
tubing for the nested tubular fuel element have been received from New
Rochelle Tool Co. These are the 2.998" ID tubes with five ribs attached
by the Thermatool welding process. The tubes have been examined and found
satisfactory as far as the vendor's work is concerned. The welds are of
adequate strength, and disturbance of the tube surface is entirely super-
ficial.

The ribs on this tube are about 0.050" too high. Because of electrical and
thermal limitations it has not proven possible to attach a smaller rib

satisfactorily. Consequently, methods will be explored for machining these
ribs to proper height. The tubes have gone somewhat out of round, although

UNCLASSIFIED
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the average diameter remains unchanged. The maximum difference in diameters
on a given tube is about 0.050". The measurements will be analyzed and ex-
periments performed on & short length of tube to establish whether they can
be used in this form. A proposal from New Rochelle Tool Company is under
consideration to modify the machine to apply spiral ribs, and it is expected
that a new contract will be signed by month's end.

Modification No. 4 to Contract DDR-29 with Nuclear Metals, Inc., has been
signed end is now in effect. Work has sterted on & new generation of ex-
truded ribbed jacket tubing. These will conform to the PRTR Mark II-C fuel
element specifications. The tentative schedule calls for extrusion of the
composite billet assembly in mid-April and delivery of the first complete
sets of tubing by June 1.

Zircaloy Process Tubing. The contract with Tube Reducing Corporation for

100 PRTR Zircaloy process tubes is progressing satisfactorily. The last 82
extrusions are currently receiving the first tube reduction. The other 53
extrusions, with the exception of one, have been tube reduced, vacuum
annealed, and tapered. Of this group, a total of 20 tubes have failed during
processing or have been rejected during Intermediate inspections, 13 are
being conditioned and shipped to Chase Brass and Copper Company for flanging.

The method of flange attachment by Chase has been approved on the basis of
tests performed at Hanford on sample flanges. The method consists of
screwing a threaded ring on the end of the tube, welding the tube-to-ring
Joints, and mechining to the required dimensions. Thus far, seven tubes
have been flanged under the 100-tube contract. It 1s expected that the
first group of approximately 25 tubes will be ready for final inspection at
Tube Reducing Corporation in the middle of March.

In the tests of the flange design, mentioned above, two sections of flanged,
ennealed, PRTR pressure tubing were hydrostatically tested to failure at
300 C. The table below gives dimensions, bursting pressures, and unit
stresses of the two tubes. The flanges withstood the destructive tests
satisfactorily.

Min. Wall Thickness (in.) Bursting Pressure (psig) Unit Stress (psi)

0.149 4100 43,400
0.147 4000 42,700

Other sections of PRTR pressure tubing, which'were L40% reduced in area by
cold working and vacuum annealed for two hours at 750 C, have burst at
4200, 4300, and L4100 psig with unit hoop stresses of 47,000, 47,600, and
k4,000 psi, respectively.

Aluminum Alloy Process Tubing. Alcoa is under a DDR contract to fabricate
10 PRTR process tubes of C-94 aluminum alloy of T-6 temper. It appears
that Alcoa has developed a process that will produce satisfactory tubes.
However, the work has been done on the basis of a nine-inch taper. It is
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estimated that one to two months of additional development would be
required to produce tubes of current specifications, e.g., & tube
with a 17-inch taper. -

Corrosion Studies

Zircaloy Etching. Following the etching of Zircaloy clad fuel elements
in nitric-hydrofluoric acid etch solutions, residual surface fluorides
must be quantitatively removed in order to avoid accelerated corrosion
during autoclaving. Conventional rinsing techniques are satisfactory
for plain surfaces if very carefully controlled. More complicated
surfaces containing crevices cannot be rinsed adequately by conventional
techniques. Ultrasonic agitation of rinse solutions has been shown to
improve crevice rinsing on a laboratory scale.

The development of a prototype rinsing facility for wire wrapped fuel
rods is now in progress. A preliminary laboratory system employing a
cylindrical ultrasonic transducer cperating in a flow of deionized water
was tested on 11 wire wrapped fuel rods. The fuel rods displayed only
a few white "acid stains" in the crevices after autocleving. However,
all the rods exhibited a uniformly distributed grey cast in the normally
very black oxide on the plain surfaces. The exact source of the grey
cast is not yet known but could have resulted from cavitation damage to
the surface metal or-post-rtnsing conteminetion from laboratory fumes.
Since this-grey cast hés n&t been cbserved with other uljragonieally-
rinsed pieces, its ‘Pormatiow can probably be dvoided by $roper control
of conditions.

Radiometallurgy Laboratory Studies

Attempts to obtain fractographic samples of Al-Pu were unsuccessful
when fracturing operations tried at liquid nitrogen temperatures re-
sulted only in bending the samples.

Examination of the PuOp-UOp powder, 3-rod cluster fuel element (GEH-4-28)
continued. The oxide in two of the rods showed a drastic density in-
crease with the oxide contracting upwards in the fuel rod to produce a
3/16" diameter axisl hole. Samples cut from & 4-rod stainless steel
Jacketed, s0lid uranium core cluster element were polished and examined.
Metallography and the collection of fission gas were completed from one
rod of & 3-rod swaged UOp fuel element (GEH-4-33)¢ Results and con-
clusions from the above Radiometallurgy studies are reported in detail
in connection with the respective development programs.

Thermal Hydrauwlics Studies

Installation of the electrically heated mockup of the Mark II-B fuel
element was completed, and experimentation was initiated. Flow and
temperature distributions throughout the element were obtained for tube
powers in the range between 150 and 300 KW when the total flow, system
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pressure, and inlet water temperature were held constant at 127 gpm,
1075 psig, and 478 F. 1In all cases flow splits and temperatures were
very close to design conditions. One run was performed at 300 KW and
1075 psig with the flow gradually reduced to the point where bulk
boiling was initisted at the end of the test section. No serious var-
iation in the flow split between flow channels was experienced, and
there were no indications of hydraulic instability. Plans were made
for similar experimentation at higher heat generation rates.

Fabrication of the parts for an electrically heated mockup of the Mark I
fuel element was completed.

Mcdifications to the vertical section of the high pressure heat transfer
apparatus were started, to allow installation of the test sections de-
signed to study subcoocled burnout for the PRTR fuel elements.

Equipment was set up and operated to test the response time character-
istics of a prototype strep-on thermohm for the PRIR. In general, the
response times ranged from 18 to 22 seconds for a 63 percent response

to a step change. However, an oxide film was noted between the thermohm
and the pipe wall, and 1t was thought that the response times had been
slowed accordingly.

Revised water loss calculations for a complete parting of the top lb-inch
header of the PRTR have been completed. The results indicate that blow
down will occur in the reactor leg in 16.4 seconds and in the heat ex-
changer leg in 6.8 seconds. After blow down of the reactor leg, it is
estimaeted that steam will pass by the fuel elements for an additional

18 seconds. Thus, 34.4 seconds after this assumed piping failure, the
fuel elements will be surrounded by a stagnent stesm atmosphere.

The results of these calculations are part of the information being
supplied to BMI in their evaluation of fuel element temperatures
following various piping feilures for the PRIR.

Mechanical Equipment Development

Design Test PR-1 - Discharge Operation Mockup. Scoping of the mockup
for testing the charge-discharge machine was begun. The mockup will
be installed over the Process Tube Test Shaft in the 314 Building.

Design Test PR-10 - Primary Loop Mockup. Three cold performance tests
of the full size PRTR pumps were completed, using separate pump cases
and impellers. The initiasl galling difficulty during the first cold
performance test was corrected by increasing the clearances at the
thermal barrier throttle bushing. One pump case is being retained at
the Byron Jackson Pump Company's plant for the hundred-hour hot tests
of the pumps. The second case has been receilved and is being installed
in Pnase II of the Single Tube Prototype Mockup (STEM).
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Severe cracking occurred in an eight-inch stainless steel weldneck flange
as it was being welded to the eighi-inch primary pump discharge check
valve. A new flange has been ordered, and completion of the STPM will be
delayed approximately two weexs. As dye penetrant and radiographic tests
revealed cracks in two 2-1/2-inch flanges, all stainless steel flanges
used in the STPM will be radiographed, both hefore and after welding.

Design Test PR-13 ~ Injection Pump Test. After 221 hours of operation,
the first routine maintenance inspection of the injection pump revealed
galling of the babbitt bearing inserts and the presence of fine steel
particles in the rump's oil system. The 17-7 PHd stainless steel plungers
were also badly scored, presumably by the teflon impregnated asbestos
packing. An engineer from the veador will inspect the first pump and is
bringing Type LLO-C stainless steel plungers and a different type of
packing to install in the sescond injection pum». As soon as the replace-
ments have been made; the second injectlion pump will be tested.

Design Test PR-20 - Jalardria Characteristics. Work was completed on

dump valve syn:hronization to provide the instantaneous opening of two,
three, or four dump valves. The dump tests, using these valve combinations,
have been comzleted, and the high speed movie film is being processed.

Design Test PR-2L - Shroud Tube Bellows. The six-inch bellows from the
Master Products Ccmpany were insyected afier corrosion testing. The inner
ply of the bellows had rup<ured, ani the bellows were rejected. Flexure
testing of the six-inch tellows from the Solar Aircraft Company indicated
that the bellows were too stifs, as they failed after only LOOO cycles.

Design Test PR-LC - Saim Conwrol Mecckuz. The material for the floating
control rod concept was received, and two short test sections fabricated
for prelirinary study. Ome test section was fabricated with cobalt wire
imbhedded in the Tuoyant Foamsil material. The second test section was

made by flamxe spraying the cotalt on the Foamsil.

Two eight-fcot long lead screws vwere received. These screws are being
installed in a mockup of the jositive drive concept of the shim control
system.

Design. Test PR-50 - Reactor Pining Seal Testing. The fully prototype
Process Tube Asser:ly 'C' was comple<ed and hydrostatic tested. The
nozzle cap seal leaksd under hydrostatic testing and is being altered
to provide a tighter seal. All other water seals and all gas seals were
leak tight. This process tube assemtly will te installed on Elmo-7 upon
corpletion of hydrostatic tests.

Design Test PR-51 - Reactor Piping Structural Integrity. The shortest
outlet jumper-header jumper comtinatior has been installed on the flexure
cycling mockur for hot testing of this combination. The jumper heating
apparatus is 95 percent complete and, in acceptance testing, has been
operated up to 250 ¥ and 1000 psi with no difficulties.
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Design Test PR-52 - Process Tube Thermal Cycling and Pressure Testing.
The full size process tube assembly successfully passed additional hydro-
static testing and brief thermocycling to 475 F at 830 psi pressure. All
water and gas seals were leak tight. Testing at full PRTR conditions
.will start on March 2.

Design Test PR-80 - Air Cooling Duct Test. The detailed design of the
air duct mockup was completed. Fabrication is currently 35 percent
complete.

Single Tube Prototype Mockup. The prototype PRTR pump was received and
has been installed in Phase I of the mockup. This pump was successfully
tested in the STPM to 530 F, 1125 psi suction pressure, and 150 gpm flow.
The leakage rate from the primary mechanical seal was 0.3 gallon per hour
during isothermal operation of the mockup at 525 F. Continuous testing
of the pump will begin on March 2.

Inconel "X'" Supercritical Pressure Mockur. To determine the force re-
leased upon the breakage of a tube at supercritical conditions, a stain-
less steel tube was ruptured at 1100 F and 4500 psi. No adverse forces
were present. Inconel "X" tube was installed in the mockup &and is cur-
rently being tested at 1100 F and 4500 psi.

Zirconium Tube Burst Tests. A local overheating rupture test at 3000 psi
and 600 F was conducted using B-D-F size Zircaeloy process tubing. The
entire two-foot test section completely shattered. Similar results were
obtained from a burst test at 2750 psi and 600 F.

Reactor Technology Development

Process Instrumentation. The final report on the design test results on
fiow trensmitters for PRTR was issued. The transmitters will continue
to be evalusted on extended life tests and on prototypical flow loops.
The two Panellit units are on & life cycle test, and one of the two has
accumulated over l-l/h million cycles without apparent damage.

The final report on the design test results on resistance temperature
detectors was issued. Testing will continue on these units also for as
long as it is practical. A response time test repeated on one unit
indicated a significant increase in response time after the unit had
been exposed to radiation and high temperatures (725 F).

A capacitance probe and the associated instrumentation has been assembled
to demonstrate a method for checking the rate of drop of the Ds0 in the
calandria of PRTR after a scram.

Reactor Safety and Hazards Review. Work was initiated during the month
to develop process specifications which will be included in the PRIR
final hazards review report.
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A rough draft report on a study of alternates to containment for possible
application to PRIR and other similar reactors is being circulated for

comment. It is planned to have the report ready for publishing by mid-
March.

Information is being extracted from the literature on the safety and
hazards aspects of various reactors for comparison to PRTR. Information
has been obtained on Dresden, APPR, PWR, Yankee, and EBWR to date.

Battelle Memorial Institute is progressing on a research and development
contract which authorizes a study of possible loss-of-coolant incidents
for the PRTR. Under this contract four loss-of-coolant incidents will be
analyzed.

1. A double 1lk-inch top header bresk. {Defined as complete
rupture of the tor ll-inch header, with the ends of the
Pipe offset suzh that the flow of coolant from each end
does not interfere with flow from the other end.)

2. A single lk-inch top header break. (Defined as a'rupture
in the lk-inch top header with an equivalent diameter of
14 inches.)

3. A top process tube jumgzer rupture.

L., A bottor process tute jumper rupture.
PRTR Physics. As a result of a rezently comrleted three-group vertical
analysis of the PRTR; a report, ZEW-53373, "Tne Effect of Moderator Height

on Reactivity and Vertical Flux Distribution in PRTR," has been prepared
end will be issued shorily.

The whole-reactor effect of xenon on reactivity in the PRTR is being
determined in a more detailed fashion using the "GEDA" or analog computer.
Where formerly an average flux had beer ascribed to the reactor as a whole,
the value of the flux 1s now teirg supplied for each of six natural regions
in each vertically symmetrical half of the reactor. Also, the difference
in the xenon yields of Pu and U are now aczounted for in the sanalysis.

Calculation has been completed on the radiation expected in the gas loop
resulting from gaseocus diffusion of fission products. This work will be
reported shortly, together with the completed calculation of radiation
from fuel debris in the gas lcop filter.

Fast Reactor Conceptusl Design Study. A conceptual design study of a
sodium coocled fast reactor utilizing small spherical fuel elements has
been initiated. A unit to provide about 300 thermal megawatis was
selected as & design basis. DRecause of the high specific power inherent
in fast reactors, large sodium flow rates are reguired. Calculations
indicate that the pressure drop across the core would be quite high for
specific powers spproaching one magawatt per lite- of core, and an

‘ 2 0 D b q b UNCLASSIFIED



UNCLASSIFIED | A-31 HW-59463

investigation of the optimum balance between specific power and pressure
drop is being carried out. Preliminary caelculations using an eleven-
neutron-group model including inelastic scattering resulted in a total
conversion ratio of core plus blanket of 1.4 and a critical mass of 535
kilograms U-235.

Design Development

Phase I PRTR Construction Status. The Phase I PRTR contractor is approx-
imately 79% completed versus 89.3% scheduled. Erection of the dome will
be completed except for the top "dollar" plate by the end of the first
week in March.

The main personnel airlock has been moved into position. The reactor
hall crane has been set into position inside the contairnment vessel,
on temporary shorings.

Phase II PRTR Construction Status. The Phase II PRTR contractor is Ti%
completed versus ©0% scheduled. A design change was issued to relocate
the instrument shop to provide additional control room space for experi-
mental loop panels.

Phase II-A PRTR Construction Status. The Phase II-A PRTR contractor is
estimated to be 4L2% completed versus 39% scheduled. Difficulty was en-
countered on the leak test of the 36" corrugated pipe between manhole #3
and the outfall structure, because the fit-up at the three-piece joint
points was not consistent. The contractor has been issued a design change
to test coat three sections of pipe. Assuming satisfactory results from
this test, the joints will be coated on the inside of the pipe in order
to reduce the leakage to an acceptable point.

Phase III PRTR Construction Status. The contractor submitted data on the
Hayward & Tyler submersible pumps as an or-equal to the Byron & Jackson
pumps specified. Thils material was returned not approved for lack of in-
formation. Pump. perfcrmance curves were submitied showing a head of 150
feet measured at the pump bowl whereas this amount is required at the
discharge flange. A meeting was held the last of the month with repre-
sentatives of the Phase III contractor and Heyward & Tyler pump manufac-
turers in which they indicated that they could resolve all items to our
satisfaction. Based on this, tentative epproval was given for a water-
filled motor as a substitute for the Byron & Jackson oil-filled motor.

Design Analysis. A study of events following a process tube leak in the
PRTR has been completed. A report has been prepared presenting the
results of the study and recommending that pressure relief mechanisms
be added to minimize damage to the calandris and moderator storage tank
in the event of a leak.

A study of piping stresses throughout the PRTR primary cooling system
vas begun. :
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Process Tubes. inor dimension and tolerance revisions have been made
on the process tute as agreed on with the manufacturer. A revised flange
design was tested satisfactorily and aprroved for construction.

Instrumentation and Control. The auvtomatic controller design was received
from Minneapolis-Honeywell and reviewed.

A document covering the dynamic control characteristics of the PRIR was
completed. The document covers the system analysis work done on the
reactor system over the past year,

The fuel element rupture Jetection system design criteria was issued for
comment .

An IBM-650 prograr for evaluating fuel elemsnt heat transfer transients
was completed ard tested. Preliminary results indicated that the heat
transfer lag was apparsptly only oxze third as large as had been assumed.
Since the IBM-650 computiag time was rathsr long for each solution ob-
tained, it was decided to rs-prograzx the problem for the IBM-T09, and
this work is currently under way.

Shielding. Revision of the sidz shield drawings to eliminate the water
filled moat and to substitite movable lead doors has been completed.

A revision to change from a once-through cooling system fer the top and
bottom shiell to a rezircalating cooling system has been prepared and
approved.

Fuel Elemen* Exanins*icr Facility. Foxxr tids were received for the design
and construz+ion of thz Primary Manirulator. Thne apparent low bidder is
the W. F. and John Barnes Jczmzany.

Load Qut Equiprent. A =ozrent issu2 cf the design eriteria was completed.
Preparatior of the firal issus; including scope drawings, was started.

Plutonium Fabrication Pilct Flant

Phase II Construction. ©Compiation of Phase II construction is estimated
at 77% compared with 86% schedule3d. It appears that Hoffman Construction
Company's request for a *ime ex*ension of 14 days, based on alleged delays
as a result of removing a d=sign "hold" on certain floor exhaust filter
boxes, will be granted.

The appearance of the chemical-resistant coating application in Room 132,
the swage rcom; is poor. Inspection has shown a number of non-decontamin-
able defects, some of which have been corrected.

Phase III Construction. Gecrge Grant Compeny was awarded the Phase III
contract with a bid of $287,800.
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Procurement. Procurement status may be summarized as follows:

L1 purchase orders and one design contract have been

placed, totaling $ 734,000
7 requisitions are in bidding, estimated at 291,000
1 requisition is being prepared, estimated at 150,000

Total §l!l75!000

Requisitions for the sintering furnaces and accessories were prepared and
processed.

Scope. Hooding for the 20-inch rolling mill and the 1250-ton extrusion
press was deleted from the project scope.

A neutron burst radiastion detection system for the PFPP was added to the
scope. A scope revision to include an etching facility has been requested.

Phase III Design. Design revisions to the garma absorptiometer for the
oxide line were completed, changing this instrument from an ionization
chamber detector to a scintillation detector.

Installation drawings for the 20-inch rolling mill and the 1250-ton
extrusion press are scheduled for July, after receipt of vendor designs
for these large equipment pileces.

2. BASIC SWELLING STUDIES PROGRAM

Mechanisms and Theory. Optical and electron microscopy afford a direct
physical means for studying certain aspects of swelling, namely, the
number and size of pores in uranium. Holes with diameters between 0.1
and 0.5 micron have been detected in the longitudinal section of the cap
end of a rod irradiasted at approximately 40O C to a burnup of 0.2 a/o,
from which specimens will be subjected to post-annealing studies. Micro-
graphs from a vertical and horizontal traverse of the cap section are
being analyzed for changes in the size and number of bubble holes as a
function of distance from the cap end cladding.. A longitudinal section
of a coaxial fuel specimen in which the inner member had attained tem-
peratures near the melting point has been examined for bubble sizes.
Large bubbles with diameters as great as 4O microns were present in the
hottest regions and their size decreased to 0.5 micron in the cooler
regions. As many small 0.5 micron diameter holes were found in the
hottest region as in the cooler region.

Diffusion of gaseous fission products through the uranium lattice is
important in both the rate of formation and the rate of gas pressure
increase in pores. Studies of the diffusion of xenon through uranium
are therefore being made. Design modifications of equipment for these
studies have been completed and submitted to Technical Shops for fabri-
cation.
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3.

GAS COOLED POWER REACTOR PROZREAM

Graphite Studies

PRTR Pressurized Ges-Cool=22 Looz Facility. Comment issues of all sections
of the design criteria and ¢f scope drawings were issued and reviewed
during the month.

In order to assure adequa*e protection to the aluminum shroud tube
surrounding the in-reactor test seztion of the loop, it will be necessary
to provide a flow of coclant gas in the annulus surrounding the test
section. Preliminary studies irdicate trat it is feasible to utilize

the helium gas “etweers the shrcud tube and the test section as the coolant,
without previding an additicnal cooling annulus. Scope design is proceed-
ing on this tasis. A biover and heat exchanger has been added to the loop
equipment *to circalats the neliuwm through the annulus.

The gas lcop was initially sz20,sd to have an outlet gas temperature of
1100 F. With the trend in gas zoolzd reactors towards higher tempera-
tures, the feasikility c¢f iIncreasing the gas loop cutlet temperature was
investigated. Ry 1sing Incen21-X iz the heat exchangers, in-reactor
test section and cu*let 7izing, it arpears likely that a 1500 F outlet

gas temperavture may be attained. The raximum rressure of 500 psi and
flow of 15 Qo ;o;nds of carton dioxidz rer nour remain unchanged. The
test sectiorn running tinrouzt the r2acter will consist of two concentric
Ineonel—x tivas with the anv.lar gas sracze prcviding thermal insulation.
Flow in ths vertizal t2st s=c%ion will be fromw top to bottom of the reactor
through the inmer tnrsz-in-z (I0) +ub2. Me*hols of providing gas coolant
flow in +tne ann:lar szazs “2tween the cuter Inccnel-X tube and the aluminum
shroud tube of the reastor are Teing irnvestiga+ted. Preparation of design
criteria and s:zope drawings by the Desigr Developrent Operation is 1n
progress.

Camma Irradiation Fac’l:i<v., TZas-graphite reactions are accelerated by
gamma radistion. for exexpie, oxidizing gases (COp, Op, HoO) react with
graphite a%t roox texrzerature when ionized and excited in a gamma Field.

As the temperaturs inraasses to the roint where thermal reaction rates
become significant, radistion-activated ani thermally-activated reactions
both become important. Tols is often the temrerature range in which a
reactor coolant is evrezx+ed to serve. The effect on the reaction rate

of temperature, pressure, radiation intersity, sample geometry, flow rate,
and nature of the gra*nite is relatively urknown in this temperature range
for prospective ccclants. Tne construction of arn irradiation facility for
the study of sore ¢f theses varia®les has been started. The facility will
be located in the 3730 Building and will consist of a 1L-foot deep, seven-
foot diameter tank below the floor, with a 42-inch high restraining wall
above the floor level. A 15,00C curie cobalt-60 gamma source in the form
of nine-inch long s*ainiess s%teel c¢lad rods will be placed at the bottom
of the water-filled tank. Tnis will provide a much needed, flexible,

high level irradiation facility for the gas-graphite studies.

l 2“‘0’100 ' UNCLASSIFIED



UNCLP%SIFIED A-35 HW-59463

Graphite Oxidation Studies. Weight loss studies of graphite oxidized in
CO2 at various temperatures are being continued. Attention has been
turned to CSF graphite, and the first sample has been oxidized at 700 C
for 715 hours to a total loss of 0.87 percent of original graphite weight.
Theélinear portion of the weight loss curve showed a loss of 6.78 x

107° gm/gm hr.

Present weight loss studies of KC graphite were terminated with com-
pression strength measurements. Each two-inch long by O.42-inch diameter
cylinder was cut into two one-inch lengths and the ends were polished.
Similar samples were prepared from associated unoxidized specimens of KC
graphite, and all samples were tested under the same conditions of cross-
head speed. For the unoxidized samples of KC graphite of this size the
average break-point strength was 3,955 pounds per square inch. This was
decreased by about 6.5 percent for each percent weight loss by oxidation
vhich compares favorably with published results (HW-42498) of studies of
graphite oxidation by oxygen.

Testing Methods for Coated Graphites. A necessary condition for the
measurement of the properties of any material is the development of
adequate testing methods. Silicon carbide, as applied to grephite, is
dependent on several factors for its effectiveness as a protective

coating. The surface of the coasting must be continuous and without

cracks. The carbide-to-graphite bond must be strong and relatively free
from strain effects under thermal cycling stress. For nuclear applications
the coating must be resistant to radiation damsge and undergo no major
physical change up to 1000 C in an oxidizing atmosphere. Development of
methods for measuring these conditional properties are under investigation.
The progress to date is listed below along with discussions of the expected
methods of approach.

1. Visusl inspection and micro-photography: The first inspection
of the coated material will include examination for gross de-
fects and stereo-photography for charascterization of surface
defects.

2. Heat stébility: This test has been tried on some samples of
coated material from the National Carbon Company and will be
used on all other coatings as they are received. The sample
is placed in & quartz tube and heated for five hours at 1000 C
in a helium atmosphere. Physical dimensions and weight changes
of the sample are determined until the sample reaches a stable
condition. Any visual change in the condition of the sample
is noted.

3. Thermsl cycling: A tentative test has been devised to measure
the effects of thermal cycling. A coated graphite sample was
placed in & quartz tube and heated by induction using a Lepel
induction furnace. The conditions of the test were such that
the sample changed from room temperature to 900 C in 15 seconds.
The coeting appeared continuous except for two regions where
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rapid expansion of absorbed gases ruptured the graphite body.
Although this test is more stringent than would be required,
it appears that, under controlled conditions, it will provide
a good method for measuring the silicon carbide-to-graphite
bonding strength.

L. " Oxidation resistance: Equipment is being constructed for mea-
suring the oxidation resistance of the carbide. The method of
approach is the same as is being presently used for graphite
oxidation work. o '

5. ‘Other tests: It is expected that other tests to determine
nuclear purity, gas permeatrility, and radiation demage changes
will have tc be developed in the future.

CUSTOMER WORK

Radiometallurgical Examinaticns

I & E Hole Failure - 2582-C {RM-249). Another I & E enriched fuel element
from Tube 2582-C was examined as a "near failure". Examination of wafers
cut from the element has shown that the inner spire was corroded over an
axial length of abou* two inches, tut only on one-half of the spire. The
corrosion area starts atout 1-1/4 inches from the female end of the element.
Wafers taken from Toth extremes of the corroded area revealed the presence
of a large water channsl in the AlS1 layer. Detailed examination of the
wafer closest to the female =nd showed that the traze layer around the spire
had broken away from the uranium core and *that this separation extends almost
completely around the spirs. Alsc, & possible tearing type crack in the
Jacket was seen in the center of the corrosion area. Examination of this
element is continuing.

Examination of Depleted Uranizr (BRM-253). Examination of the female cap
from 253-D. an I & E element from PT-IP-132-AC, whizh had suffered an
internal tube rupture half way down the element, has revealed the probable
water entry site. At =2 peoint just below the outer weld bead, a welding gas
bubble was found with a pirn-hole penetration of the can wall at that point.
The temperatures of the a’uminum can wall and cap at this point were quite
high, since the Al1Si is almost completely diffused into the can wall and
cap, and the grain structure surrounding the gas tubble is both columnar
and of very large size. The underside of the cap shows a water channel
lying in the A1Si layer. The water channel had previously been traced up
the spire from the rupture area to the femsle cap.

Metallograpny Laboratories

Uranium canned in zirconium or coupled with zirconium is difficult to
mecroetch. The effect of the zirconium is to alter the etching charac-
teristics of uranium in such a way as to make it extremely difficult to
delineate the desired macrostructure. A modified bright-field macro-
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etch was devised which will reveal the grains and flow lines in the uranium
and alleviate the difficulties encountered previously.

A procedure has been established for polishing both the unirradiated and
irradiated samples for the KAPL program. The activity of the irradiated
samples although of a relatively low level calls for a minimum of exposure
time for the operator. The time limit is provided for by maximum utiliza-
tion of a Syntron vibratory polishing machine in which no operator contact
is needed during the polishing sequences, and the specimen is shielded by
& sample holder.

Samples Processed During the Month

Total semples processed: 271
Photographs:
Micrographs 240

Macrographs _19

Total 319

o

Manager, Reactor and Fuels Research
and Development

UNCLASSIFIED

9240703



-swaTqoad TOJI3UOD

UNGLASSIFIED

. ON UBITTHOKW wrys HI¥d uo 3nsuod *T1I ‘auowdT 1INV 9/e
Ny xa88p ¥ ‘0 ‘oouBITIY
A OoN sauopL D " ‘XOOTTM B ¥o0oqed ¢/
0 HOTNIIS £ *SaTPN3S -0 ‘aTTTASSuUBRZ ‘gf OTTUd
W ON Jay12118 °JIW 1eoTqTaoJ3dns uo 3Tnsuoy ¢ -gfg aanod* o991y I3umy :\N
X382Z19W °JINW *UOTW ‘msurdsg
BysuoTed d s §TOJI4UOD WEYS UO 1 TNSUO) ¢+ AT Jeep BuTJaadlg mBUTIBg M\N
TUo00IasSTH H *swaTqoad uolqd9) ‘uuo) ‘projurensg
ON oqod NS -ap TIO MINd U0 3Insuo) ‘.05 °Juyg sauleg 2/2 uassnwsey Ad
Ratreq ¥
JISATD P queTd BuljreIouad Wed3s ‘0 ‘aTTIASOUBZ ‘°0O)
ON NOoINIs P TeoT1fJodadns ssnosTq  I2M0d OTUO ‘gf jus1d oTrTUd :\N
JapusXaTy 9
sak uoumaT MY °10BI3UOD (Y $SNOSTQ 0 ‘snqmyoy ‘INE = €-2/e }O0aquUa1ITM ON
+ JozkTeUR TouUBYD-00T
© 3o aanpaooxd Furddnqap ‘uuo) ‘USAYH YIION
o™ ON Furl1n €9 % dnjas TBIZTUT 9AIS840 ¢-dao) quawaInswal YOI :Hu»\m z240 99
<
-goyyedTIqe] ‘310 ‘pumTtitod
ON UsyoliN v JaTpury TanJ YIud sSsnogid ‘19918 %3 UOJ] 3319WBTTTM ma\m
*UoT38OTIQBI ,
ON uswsuny A Japeay Juta ylud ssnosiqg ‘0 ‘®139tamy !¢ -daoy oasaq w\m
‘0 ‘oouBTTIV
ON sauop 40 " ‘xX00TTM % ¥o00aBd G/2
JI2A9T) [ A3oTouyoay weoqs ‘0 ‘arrTASauBZ ‘*0D
ON Jofnaas sanssaad ydTy sSsSnosIq  I3M0d OTYHO ‘g ueTd OTTud :\m xod op
sswatqoad BuyTpusy
ON ounmtM F juswaTe TanJ SsSnOSTd *TTI ‘quowaT “INV ‘UMER
‘0 ‘o0uBITIV
oN sauopf HD " , ‘XO0TTM 3 Woooqed
FEYERGIEY + £BoTouyoal} c0 ‘orTTTASAUBZ ‘°0)
a ON sornayg p Bupdyd sanssaad ydry S$SnosI@  I9MOd OTUO ‘g querd oTrud L-€/2 ATTaN SM
m%:ﬁp Pa1oTa383Y P9108IUOY 1TSTA J0J uoseay ssaappy pumr 1ISTA aureN
" 0% SSaody Tauuosaad pa11sTA Ausduo) Jo MM
sayeq

UNCLASS

SNOILVTIVISNI HIHIO OL SLISIA

-

1240



HW-59463 -

A-39

UNCLASSIFIED

*}o0Tq

Jaupwquod ssaxd uofsnay . *8aJQ ‘susT3aod A
ON 3pnols IL -X9 Jo ATquass®e aaxasqQ . ‘*sS}M a£Q B TOOL PTG 1887 1t/e pay smm
()]
*19iseq w
€Xt ¥Id Ojul sjuswaTa m
Jo ATquoss®e % SqUWITI Bumog EW
sax J3UptaN ¥ Tony Twauawtaadxa qoadsugy " g1-91/e uospnel1d LL
*£11TT083 *8p] ‘sTTed oyepl
sax JauptaN Y £xg Jo aydesa uo 3mMsuo) ‘°0D°*33d sATTITIUd %® 00I-04V 2T-0T/2 zZ3TTMBY Oq
T *ggaooad ‘um ‘sT318B99g uww.ﬂw dr
ON YSnOTTMOOH [ xedlep ayy 29881389AUT €+0p Kaasyzmap wawONg 6/2 UoSTITY S9
*quaudinbs uoT3wUL *T1TII ‘0o83B80o1Y) :
ON Suts8rg 1 -mexe J93BMJIIpUN SSNOST( €+0) OTJTIUSTOS J3ULIDN) n/2 1T TO®Y 04
sag I3qoys ¥Jd °S9TITTIOBI TT20 30U SSnosiq ‘0 ‘snqunio) ‘INg G-4/2 JOUTW I
uospiasq WP
dNy-3soaoad *3utysaum *TII ‘oBeoIyd 23T ey od
ON TdvN-uosSssTd |, SI9SN YIF-UIN PUI}Y €*A1q qupediof 3D £-2/e JOUTW df
*2a0 ‘pusiirod ‘syaoM gaddony MmN
‘LN “SaBmoN
¢+3uy -doaxd TeTI}SnpuUl
‘uuo) ‘paoFiavy ‘°0) *BIW uuag
*ed ‘eTydrapeTTUd
ON -- *9108I7U00 JOpusA Jddd ‘unnow) SaywO1S L-1/2 Jelig WM
210 ‘pusTlIOd
ON uostIIed) O " ‘sxaoM Jaddop qsamyzaoy S-v/2 uxoyjusey FH
"uM ‘aT338ag
ON -- " f-0) 191195 uB,
. ‘uM ‘aT338ag
ON 3TUM S  (dddd) I0puaA YiTm 3INSUO) ¢+0p sjonpoad Ta93§ e1/2 JaXJIaW DT
®18(0 PI30TI3SaY Ppajoriuo) 1TSTA J0J uosway SS3JIpPpPY puw 1TSTA aursy
01 88800V TauuosIad Pa118TA Ausduwo) Jo
saje(q

(INOD) SNOILVITVISNI

HAHIO OL SLISIA

03

1240



HW-59L463 /

A-LO

UNCLASSIFIED

IED

{INOD) SNOILVTIIVISNI HWAHIO OL SLISIA

: =
‘0 ‘uoqfaq A
ON SIaAN A " ‘xajua) ‘A3Q WITIM ”mgé
‘8d ‘U3angsiitd m
ON yoanyp g *UOT3OTIJ TBUISUT SSNOSIQ ¢-daop 19935 3TAroNID otT-g/2 991N07 VY=t
cguwaTqoxd
sax yonyg dv uotqedTIqBel SSNOST( *TITI ‘quowsT “INV
-mgx3oad quswmdotasap *TTI ‘o8wOTYD BTTBATUD 4L
oN xny e Buiyssed 91p 9siagadng ¢+0) auUTYOIBRN XY ma-m\m JaToY MM
. JSTTTWIBUTSM dM
sax STJIIBH *Buiqoom Buided pually < JTTBD faI0WIATT ‘TMON m-m\m J01934 HP
*uOT3BOTIQBY ‘LN ‘paoJBurTTBM
oN JaYysTqd HA WNTUO2JIfz UO 3TNSUOD ¢-daop Buronpay aqng oz-91/2 saysTy ML
+xoded quasaad %
OoN Katog Iy  unysodukg uOTSOIIO) PUII}Y Kpwyoauayog - D L1/e saaky vp
! *QdyH J0J und 3q 03
ON TI83d TM 1891 JO STIB1I9P SSnIsIq *JITB) ‘@sop usg ‘QAY €1/2 x23u1sqoT
* 20T ASD *uM ‘sulNeX _
ON uo3}sTupy €M Buypsaj-oFems 3oadsul ‘-oul ‘suog B UOISTWPH ‘H'M 61/2 1sInbualg ¥d
* gqusuoduod 210 ‘Lueqly )
ON JJoydsy quamsTe Tong g3oadsur ¢ -diod 1013 T8N uoB8axQ 61/2 uospns1d LI
*31T1eD
uapToH NV unjusIn Jo ‘uojuegwaTd 3 990L UBg
ON a)I0Y,0 M  USW}BAI} 383Y B3I SIDBIUOCYH ¢+queT SO3T02TTEBA R U4V g1/e - ysng HS
*Buiqasm pusilly . uosTaN Jl
*xaded jussaxg *JTTB) ‘o0sSTouBIg UBgG uosTaN Qi
ON -- *Bupq9auWl pualy BuiyesW Tenuuy FWIV  LT-6T/2 ysng HS
,nama P31 011183y Pa10BIUOD 1TSTA J10J uos®ay sSaJppy pus 1ISTA aueN
07 SS200Yy T2uuosIad P21TSTA Ausdwo) Jo
8298

{20070 h



- +odoos 00sTOoUBIg UBSG ¢z
u% 92t ‘00t ON To9seN € -0J0TW UOJ3D9Td 80Faxag ‘-dao)-oaTH sdrTiud -mm\m sxadoy dr
A
1 23Ty Od
& JOUTW L *37Te) ‘uojduo) platyIe) 9
92 ‘00€ ON TTompe) pr  "30BIJUOD BuUTpTam SsnOsiQ ‘-Bug R BurpTlaMm'sed  LT/e urtoL
JOUIW 4Ap *SquaueTa Tang
M-G0T ‘N-00T ysng Hs JwaTonu Jo Bujisaly R udis *sSB ‘0J0QaTIIV A uosayl s Yy
fo0L f€0E ‘00E 8ax TTaMpPB) [P -op ‘uUOT}BOTJIQBY SSNOSTQ  ‘STOIUO) P STBIN -1T/e uojuked DM
*gaanpasoad Bug ‘upm ‘suwyodg
L2 ‘g9gf ‘G2t 00f ON aTo0ouYd (1 -1s93 TedTsAyd Jo matasy ‘muiunTy J9St8Y  01/2 Kauowaq Md
T1380TUY (Y ‘uM ‘swryex
92t “GeE ‘00t oN alxoou) 1 -sasssooxd BujulIio SSNOSTQ ‘agnqr3sul Kaxdd  0T/2 Kamiong M
Lyaeg H
~
= L3104 ra *8d
< 09L ‘ool ON suIng yM *¥IL¥d ssnosig ‘4y8anqs131d ‘advM £/e 3T0H vV
PO1TSTA BY8(J PajxoBlUuUO) 1TSTA JI0J uOsS®vay SS3JpPpY % hﬁdeOU 1TSTA SWeN
*s8pTd % SBaaY P310TaI383y Tauuosaad MH Jo
079 8S2a00y 838
SYMOM QYOJNVH OL SIISIA
*JTTBD ‘Aatenaag
ON " " ‘8TuUIOITTB) 3O ' 02-QT/2 uosTaN JL
sJossajoxd s swaTqoad *JTITB) ‘O1TV oTed
ON BurrTnsuo) AFan{TerswW ssnosT(d ‘RqT1SIaATU} PIOFUBLS omuwa\m uostTaN Q¥
USTaM AL 0100 ‘asaAuag
a sax BuTATTIM 4P " ‘-0p TedTWAYD MOQ  LT-9T/2
m sax Kaswey pM  -suwaTqoxd UOTSOIIOD SSNOST(Q *JTTB) ‘oJ0mIIATT “TYIN 01-6/2 vmeleiwy 49X
mw 818 P331°TI1S9Yy Pa101B3U0) 1TSTA JI0J uOSBIY §8aJppy pum 1TSTA aureN
m 07 85300V Tauuosaad Pa31sTA Lueduo) Jo
m g918(q

(INOD) SNOILVTIVISNI

HIHIO O SLISIA

UNCLASSIFIED

12407071



ay
(34)
\O
=
[0A)
0
&
,pus:wpm M *uogpq09q0ad
‘ swwoyy, (I uoT}BIPBI B} SITITTIOB] ,
Z-qoL2 ‘M-002 ON OIM O uoT}®OTIqBJ Nd SSNISIQ ‘0 ‘snaqmnTo) ‘INE OT/2 uosIadIA S
Z-10L2 184918 MY *S3TTTIO8Y *J11eD yjIonysy o
‘z-1€2 ‘M-002 sax AOTA [0 uoT380TIqBY 8SNOSTQ ‘oromasalT ‘TMON  £/2 JduIsy v
AOTM O
2-Tte2 T1ampB8) P
‘m-00e ‘9gml ‘N-001 PT2TJPOON M - sweadoad
f90€ ‘G2t ‘get ‘oot sax ydneqry M4 3usudotensp KoTTe ssnostq  Apejosuayds ‘“myED  TT/e PIBQQTH UM
M sewoyJ, dI pco._npdoﬂhn.wh
< Z-40l2 Z-TEZ ‘M-002 " AOTM fO ‘wled ¥ nd-susell 8SNOSIQ
qored We
LoLT ‘@-001 gaaly vp :
fMI-90LT ‘N-0QT ‘d-S0E PTSTIPOOM M JueTd JISATY YBUUBAES
‘9of ‘get ‘Ge€ ‘o0t 83K yBneqTy Md *qRd 103083I 89SNISIQ ¢-0p quognp  £/2 2puaM MO
uosJISpUaIH MY *JTTR) ‘saTaduy SO
92 ‘00f ON uojdutaasg Y BuiassurBus poyJrsseTouf) ‘-0p quognp gT/2 JaTTngd MM
JINIPOOM Wi
JIpAug vM *jjz0M 2qTyderd
92€ ‘00€ 89X  STERUTIUIIN Ty pIOJusy O3 3dUBLSISSY ‘0 ‘snqunro) ‘ING TT/¢ 1aqoys J
PTSTIPOOM M -31T8) ‘oBerq ueg eqQIsoy M
JJnapooM Wi °§1991J2 afsvurep fgoTWORY *Uuah) Asurany
aayeq Iq uoT}8TpRl 3§ SUOTIOB : " 11 JI333TaAYOS
m 92¢ ‘00t sax  STEBUTIUITIN TH -2a 93TydsI8-883 SSNOSIQ *X°N ‘uoadn ‘INg -0T/2 1afaW vd
=l
2] P3}TSTA B)8(Q P33083U0) 1TSTA J0J uoseay gsaappy % Auedwo)  3TSTA awreN
m *s8p1g B SBaIy PIOTJIISdY ToUuuOsSIDg MH Jo
W 03 88300V sale(q

(INOD) SHMOM QHOJNVH OL SIISIA

UNCLASSIFIED

0106

¥
[}

| 21



-_,,., B-1 HW-59463

PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATIbN

MONTHLY REPORT

FEBRUARY 1959

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety in the Fuels Preparation Department

At the request of FPD, nuclear safety for the off-site shipment of 1.60% U235
washers (2500 1lbs.) was studled. This is about a factor of 4 greater than
the minimum critical mass for fuels of this enrichment. This material is to
be shipped by commercial rail trensportation with the normal freight car
loadings. It was determined that the total number of washers can be shipped
in one shipment (2 boxes) under the following conditionms:

1. The washers are placed in iron tubes (2-inch I.D. x 1/U4-inch wall
thickness).

2. The tubes of washers are packed in two boxes, 12 inches x 12 inches
x T feet. The 12-inch dimension is a maximum; the T-foot dimension
was set as the maximum length box the ralliroad company would take.

3. The box of fuel should be centered in another container so that the
distance between fuel box and outer shell is = 12 inches (birdcage
effect). The spacing between fuel pieces in the two adJacent boxes
is then > 24 inches.

The iron pipe used in this case was not evaluated for its poisoning proper-
ties.

REACTOR
STUDIES RELATED TO PRESENT PRODUCTION REACTORS

Lattice Neutron Temperature Study

Experiments to obtain indirect information on the lattice neutron tempera-
ture have been conducted up to a graphite temperature of 640°C as reported
in the preceding monthly report. The main effects which these experiments
demonstrate are the effective increase in neutron temperature brought about
by a highly absorbing fuel element and the effective decrease brought about
by the insertion of cold, coolant water into the lattice cell. The results
obtained indicate an increase in the neutron temperature in a fuel element
on loss of cooling water when graphite temperatures are in the range 100-
500°C. The uncooled slug has a higher effective temperature than the graphite
throughout this range, while the cooled slug has an effective temperature
approximating that of the graphite.

1240709 DECLASeemm)
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Blocking Effect of Coolant

The neutron blocking effect of the cooclant has been measured for a single
colum of 8-inch fuel elements in a thermal column with a graphite tempera-
ture of 677°K. The tube block temperature was 584°K. The data shown below
are the ratio of the average activity of the 4 manganese foils mounted on the
process tube to the avertge of the 4 manganese foils mounted on an 8-inch
natural uranium fuel element. The canned fuel element is 1.44 inches in
diameter with a 0.080-inch annulus between the fuel element and the process
tube.

Ratio of Aversge Mn Foil Activity Case Temp.

1.047 & 1/2% Dry 6TT°K
1.180 & 1/2% ' H,0 Cooled  6T7°K

Thermal Neutron Flux in a Medium with a Temperature Discontinuity

An IBM 709 FORTRAN program is being written to obtain numerical results for
the two more complicated infinite geometries for which analytic solutions
have been found. These geometries are (a) a slab of width w at temperature
Ty embedded in a medium at temperature Tp and (v) a cylinder of radius R at
temperature T; surrounded by a medium at temperature To.

Neutron Energy Spectrum in Vicinity of a Boundary with a Temperature
Discontinuity

The spatial dependence of the thermel activity of a 1/v detector in the
vieinity of a temperature dlscontinuity has been experimentally determined,

as reported previously. Traverses were obtained for a range of temperature
differences. Attempts have been made to fit these experimental curves with

a simple diffusion theory, which employs a transfer cross section for neutron
exchange between the equilibrium neutron energy distributions of the two regions.
Calculations completed this past month for each temperature difference con-
sistently indicate & much smaller transfer cross section than wes originally
expected. Interpretation of this result will not be made until the calcula-
tions are extended to smeller cross sections.

Preparation of data with smaller transfer cross sections has been completed
and delivered to the 709 computer people for machine computation of additional
activity traverses. .

STUDIES RELATED TO FUTURE PRODUCTION REACTORS

Lattice Measurements for 2.5-inch Fuel Elements

Measurements of material bucklings of lattices with 2.5-inch so0lid fuel
elements are listed below:

12u6T10
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8 3/8" ary - 234 0.185 - 12.67
8 3/8" wet - 90 . 0.185 0.403 12.67
10 3/8" ary + 28.5 0.185 - 20.31
10 3/8" wet | - 3 0.185 _o.l+o3 20.31

Buckling values are tentative using an assumed extrapolation distance, | ,
of 1.66 inches. Horizontal traverses to determine actuasl A's are not yet
analyzed. Final bucklings can be Quoted when this analysis is complete.
The approximate crossover lattice spacing is 9.8 inches with a carbon-to-
uranium volume ratio of 17.95. d

Extrapolation Distance Study

In the pile with 1.92-inch elements in an 8 3/8-inch lattice, a special hori-
zontal traverse was taken with several counting slots in addition to the A
usual slots between process tubes. This row of slots was placed in the filler
layer, and thus represented a traverse along the edge of the lattice cells

with many points available to fit the horizontal cosine flux varation. This
traverse will allow & more accurate determination of A because of the addi-
tional data available for fitting. .The fine structure of the flux along

the edge of the cell was calculated according to the method of Cohen (NSE,

1, 268, 1956). The resulting flux variation is

g = [cos "f._x:l [1.061+ + 0.06k4 cos Z‘Ej[
=7 1

vhere W is the effective pile half-width and 1 is the half lattice spacing.
The fine structure correction (0.064 cos TX ) appears to be too large accord-

ing to the actual experimental -traverse. lAlthough the fit is not very sensi-
tive to this correction, & better fit is made with a coefficient of from
0.03 to 0.05,

PCTR Measurements of k., and f of Belected Cluster Elements

From PCTR measurements the "1/v" thermal utilizations, f, and k,, with water
coolant have been determined for a T-rod cluster of natural uranium rods of
0.924-1inch diameter in a 10 1/2-inch graphite lattice. A preliminary value
of ko, with water coolant is 0.998 & 0.002. The values of f are 0.867 with
water coolant and 0.938 with air coolant. The volume ratios of graphite,
aluminum, and water-to-uranium were 21.99, 0.354, and 0.668, respectively.

The fuel rods were T7.648 inches in length interrupted by aluminum spacers
0.4 inch in length. Inasmuch as the rise of the average flux in the outer
rod is about 25% at the end of the fuel pilece, it is worthwhile to compare
the results of various approaches to the calculation of f.

2407111
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The first line in the table below gives the "reel" utilization, using ob-
gerved fluxes in the uranium and spacers. The second line is that calculated
when the approximations are made that there is no axial flux rise in the fuel
and the flux in the spacer is that of the rod jacket. The third line is
appropriate to an assembly in which neither the spacers nor supporting poly-
ethylene spiders exist. The fourth decimal is retained for accuracy in the
comparison only.

THERMAL UTILIZATIONS OF 7-ROD CLUSTERS

Air Coolant Water Coolant
Actual, with spacers 0.9375 0.8670
Neglecting flux rises 0.9369 0.8653
Without spacers - 0, 9429 0.8729

The approximation of line 2 is then very good (0.2% or less) compared to an
over-all uncertainty of one or two percent in the theoretical calculation of
f for cluster geometries. \

It is likewlse interesting to compare observed flux ratios (awvay from the slug
ends) with those calculated by applying the P3 approximation to the cylindri-
cized fuel assembly, as given below.

Alr Coolant Water Coolant
Pimer r°d'> Observed 0,764 0.626
outer rod P 0.628 0.635
ainner_region Observed 0.458
¢.c:u.ter region 0 P3 0.394

It is thus seen that with air coolant, the cylindrical approximation under-
estimates the flux in the center rod by neglecting the exposure through the
gaps end regions of low uranium thickmess. With the water-cooled assenbly,
this effect is not serious because of the blocking and absorption processes
of the water in the actual geometry.

Coordinated Theoretical - Experimental Program

The available HAPO exponential pile data for solid natural uranium rods in
dry graphite lattices has now been corrected for the aluminum content. These
corrected buckling values will serve as reference data for calculations by
various methods of the buckling of the simple system of bare natural uranium
rods imbedded in a graphite moderator. Calculations using diffusion theory
in the moderator and blackness boundary conditions at the fuel surface are
now being made.

N 2 . :
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Intercalibration of Graphite Purity

The purity measurements obtained on the graphite bars from France and the
United Kingdom have now been evaluated and compared with French and

British measurements on the same graphite. A comparison has also been made
between American and British measurements on American graphite. French
measurements on American graphite have not yet been completed. The average
2200 m/s absorption cross sections obtained for the graphite samples involved
are tabulated below. The measurements agree to within approximately one stan-
dard deviation (0.14 mb) in our measurements.

American graghite sent to United Kingdom

American value 3.82 mb.
British value 3.69 mb.

American graphite sent to France

American value 3.74 mb
French value -

British graphlite sent to USA

American value 4,04 mb
British value 3.9h mb

French graphite sent to USA

American value 3.77 nmb
French value 3.60 mb

The listed results have been corrected for nitrogen absorption by the labora-
tory which performed the measurements. '

New Prcduction Reactor Nuclear Safety

Nuclear safety criteria for use in the design of casks and a storage facility
for 0.95% U235 fuels (0.664-inch diameter rods) and for 1.50% U235 fuels
(0.Th-inch diameter rods) were determined. These criteria were discussed with
the Process Design Operation (IFD). ~

Mechanism of Graphite Damage

Development continued of techniques for measuring energy loss of an electron
beam in thin layers for application to the graphite radiation damage study.
A system consisting of the electron beam calorimeter, the condenser-divider
voltmeter, and the precision beam current integrator was used to measure
energy loss in aluminum foils. The results were 5 to 10% higher than would

" be calculated from the Bethe-Bloch formule; the difference 1s assumed to be
due to multiple scattering within the foils.

1260713
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Instrumentation

A recording two-color pyrometer system for reactor temperature measurement is
being assembled using readily available components as much as possible. The
system is being put together to determine the temperature range and accuracy
limitations attainable using CAdS or lead sulfide photoresistors or photo-
multipliers as detectors. The equipment will also help determine the size
of sight holes needed if the system can be applied to reactor temperature
measurement.

The investigation of new neutron detectors continued with emphasis on solid
state devices. A review is being made of the Westinghouse miniature solid
state neutron detector. An attempt is being made to make them available for
use at this plant.

Fabrication of the printed circuit boards containing circuitry for the input
address logic and core drive for the simple computer using magnetlic cores has
been completed and are ready for assembly. These circuits are transistorized
and each complete circuit is bullt on a separate board to permit plug-in
units. This computer will be applied to a monitoring problem to demonstrate
the use of magnetic cores as data storage elements.

Assistance 1s being given to the Equipment Development Operation in designing
a scanning mechanism which can be used in the six-inch diameter access holes
on the rear shield wall of the reactors in conjunction with a TV camera to
view the rear face.

Assistance was given to the Equipment Development Operation in reviewing pro-
posals and bids on a high-speed scanning system.

STUDIES RELATED TO SEPARATIONS PLANTS

Critical Hazard Specifications

Nuclear Safety in Hanford Laboratories Operation

Bpecifications for "Enriched Uranium Criticality Contm;" of the Chemlcal
Development Operation have been approved. A number of qQuestions on plutonium
and plutonium alloy criticality have been submitted by members of the Plu-
tonium Metallurgy Operation. A study was made to answer these questions;

the results will be covered in a separate report.

Nuclear Safety in 234-5 Building Processing

Nuclear safety in the storage of plutonium metal in Vault 175 was investigated;
CPD desires to store 288 Xg of metal in this room. Storage compartments are
to be built on posts that are located throughout the vault. The center-to-
center distance between posts 18 15 inches. Five storage compartments are to
be built on each post on 18-inch centers. These compartments are to be posi-
tioned on the adjacent posts so that the distance between centers of compart-
ments will not be less than 18 inches. It was determined that 115 such com-
partments, each containing a maximm of 2.5 Kg plutonium metal, would be safe.
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Plutonium Critical Mass Laboratory

The Project Proposal for the Critical Mass Laboratory (Project CG-T31,
Revision No. 3), HW-58618, was reviewed by the HOO-AEC and was transmitted
to Washington, D. C., with recommendation for approval.

Approval was received from the Division of Production of the AEC for construc-
tion of the Plutonium Critical Mass Laboratory; however, the funds are to come
from the FY-1960 Budget. There will be no funds available to initiate pro-
curement of equipment or comstruction until Congress has approved the FY-1960
Budget. Based on past experience these funds are expected to become avall-
eble in September of 1953.

An addendum is being prepared to the bid package for this project requesting
the construction contractor tc submit a bid on an alternate to substitute a
concrete block control building in lieu of the Army mess hall.

Criticality Studies in Support of Processing Power Reactor Fuels

Criticality studies were continued in support of processing power reactor
fuels with experimental work prcceeding on both heterogeneous and homogeneous
systems with 3 percent enriched uranium.

1. Experiments with Heterogeneous Systems

The first critical approach measurements were made with the 0.30-inch
diameter rods of 3.063 percent enrichment. Multiplication measurements
were completed for determining the crifical mass of the small rods in
cylindrical arrays with a fuel zolumn length of 16 inches; the fuel rods
were encased in lucite tubes; a hexagonal pattern was used for the lat-
tices which were water moderated and totally water reflected. Measure-

- ments were made with four different lattice spacings; in each case the
final loading contained sbout 96 percent of the critical mass for the
cylindrical array as determined from the neutron multiplication curves
during the critical approach. The results of these measurements are
given below: -

CRITICAL APPROACH EXPERIMENTS

(3.063 Percent Enriched Uranium, O.300-inch Diameter Rods)

Spacing Be- No. of Rods

tween Rods for

in Inches HpO/U Criticality  _  Critical Mass Buckling

(Bexagonal (Volume (16-inch Fuel Cylindrical Spherical p 2

Lattice) Ratic) Column ) Array Array (10~° em™<)
0.60 3.4l 387.5 299 1bs. 274 1bs. 14,960
0.70 5.00 296.5 229 207 16,130
0.80 6.84 272.3 210 193 14,540
0.90 8.92 285.7 221 206 12,400
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The material bucklings and the critical masses for spherical geometry
were calculated under the assumption that the values of the reflector
savings as given in BNL-C-7592 would be applicable to these cases.
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The minimm eritical mass in spherical geometry is~193 lbs. of wranium
which occurs at a.g Heo U volume ratio of ~T7.. The maximum buckling

is ~16,130 x 10~° cm~2 for an E,0/U volume ratio of ~5; thus, the
smallest critical mass is obtained with an HQO/U ratio of ~7 .and the
smallest critical volume with the ratio of ~ 5; the smallest critical
volume contains more than the minimum critical mess. The minimum ecriti-
cal mass is shifting towards higher HQO/U volume ratios with decreasing
rod diameters.

2. Experiments with Bomogeneous Systems

Measurements of k_. were made for 3 percent enriched UQ,-polyethylene
moderated systems at H/U atomic ratios of 8, 10, and 127and for water
moderation at H/U atomic ratios of 7 and approximately 10.

A measurement of the fast effect (€) is being made in the polyethylene
moderated system at an H/U ratio of about 6.

gmnential Measurements with 1.25 Percent Enriched Uranium

Exponential experiments were continued with the 1.25 percent enriched uranium
in water moderated heterogeneous systems. The fuel elements were 1.336 inches
0.D., with a 0,500-inch I.D. and 7.5 inches length; the fuel elements were
contained in aluminum tubes of 0.028-inch wall thickness. The buckling was
determined for two different lattices with the fuel cores dry; the results
are given below:

Separation Between H20/U Buckling

Rods (inches) (by volume) (Fuel Cores Dry)
2.1 1.85 4955 x 10=6 cm=2
2,2 2.16 | 4706 x 10~5 cm=2

Previous measurements were made with the fuel cores wet in these lattices.

The Value of ko, for 2 Percent Enriched UF)-Paraffin Mixture

Further analyses have been made of the data obtained from experiments con-
ducted in January. The corrected value of ko, for the 2 percent enriched
‘UF),-paraffin mixture with the H/UR35 atomic ratio of 195 is 1.206.

A preliminary error analysis gives a value of g 0.010 as the standard
deviation of the measured ko,. '

Oek Ridge Critical Mass Experiments and Mass Limit for E-Metal

Personnel of Oak Ridge National Laboratory have now completed several criti-
cality measurements with 0.95% enriched fuel elements in e wmiform array for
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an HyO/U volume ratio of 1.1; the critical mass was determined for two different
cylinder heights.

The experiments which have been completed to date with uniform arrays have
included critical mass determinations for two different HpoO/U volume ratios
in a e¢ylindrical array for various cylinder heights.

In addition to the above experiments, several different attempts have been
made to obtain criticality with a random array of fuel elements in a mockup
of a Hanford dissolver. In the most recent attempt a total of 18.7 tons of
uranium were placed in the "dissolver" without reaching criticality. Fur-
ther, it has not been possible to extrapolate these date to determine a good
estimate for the critical mass in the random array. The experiments show
only that the critical mass is greater than 18.7 tons; from the available
data we cannot specify accurately how much greater this critical mass might
be, nor is it advisable to continue these studies further at this time; final
conclusions must be made with the date avallable,

We have reviewed the critical mass limits for the E-Metal 1n view of the
most recent critical mass data from Oak Ridge. Since the Qak Ridge experi-
ments are essentially complete, we expect to receive no further information
which will affect these conclusions.

The results of the most recent measurements, which were made at the HQO/U
volume ratio of 1.1, are given below:

Critical Nc. of Rods
Array Height Cylindrical Array Critical Mass
48 inches 589 (4712 slugs) 12.38 tons
42 inches 673 (LT11 slugs) 12.38 tons

These date are of particular interest since the Hy0/U volume is close to
that for the random array; these measurements were necessary in order to
effectively compare the critical mass of the uniform array to that of a
random array. The fact that the critical mass was essentially the same for
the two different cylinder heights simply means the height corresponding
to minimm critical mass would have had some value lying between the above
two heights, 1. e., in one case, the radius is too small, and in the other
case, too large, to give the condition for minimum critical mass.

Our conclusicns regarding the Osk Ridge experiment/s and a relevant technical
discussion is given in HW-59301, Random Loading of E-Metal Dissolver, by
N. Ketzlach,

The mass limit which is safe for double batching under the most hazardous
conceivable conditions lies between 1.7 and 2.4 tons; if a uniform loading
of the dissolver can be assured, the safe mass limit of 2.4 tons may be
used.

1240711 ~ DECL A,
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Criticality Alarms

Some approximate calculations have been made of the thermal and nonthermsl neutron
leakage from suberitical spherical systems of plutonium in solution. The effect
of both plutonium concentration and volume of sphere has been considered. The
results show that the relative changes in thermal and nonthermal leakage are
approximately the same for a given change in the system. The nonthermal leak-

age is several orders of magnitude greater than the thermal leakage, however.
Leakage rates are calculated to increase by about a factor of 10 for an in-

crease in system volume from 0.5 to 0.9 of its critical volume, relatively
independent of plutonium concentration.

Two prototype nuclear incident alarms are being fabricated--expected completion
is by March 1. Several photocells have been ordered for experimentation with
these and Nal crystals as detectors to be used, probably, with transistorized
circultry with a chopped input. Some work was completed using phototransistor
detectors. They were found to be too insensitive for the spplication where one
r/hr trigger levels are required. Minimum trigger level for a phototransistor.
system and following transistor amplifier is about 25 to 50 r/hr.

Neutron Age Measurements

The asymptotic behavior of the various flux traverses obtained in the age
experiment has been studied. The photoneutron background is in fair agreement
with the Compton cross section. About 1l percent of the Compton-scattered
photons remain above the deuterium photomeutron threshold. The neutron flux
measurements indicate that only 5 percent remain effective in producing neutrons,
or that some competing absorption process is present.

Mass Spectrometer for Plutonium Analyses

Progress toward putting the mass spectrometer for this program into operation
has been confined to altering the electronic instrumentation according to
the final design of components c¢f the other mass spectrometer.

CROSS SECTION PROGRAM

Absoclute Fission Cross Section for U235

The resolving time charascteristics of the beta-gamma coincidence counting
arrangement which was used in the U235 fission cross-section measurement were
re-examined. The pulse shaping circuits at the input of the coincidence
anslyzer were found to determine the beta and gamma circult resolving times.
These resolving times were used to recalculate the absolute activities of
the gold foils used in the 1235 fission cross-section measurement. An in-
crease 1n the value of the 1235 fission cross section of O.b percent was ob-
tained.

8low Neutron Scattering Cross Section of Water

Deta taken this month included the completion of the study of the scatter-
ing of neutrons of 0.1 ev incident emergy from a 30 mil thick, room tempera-
ture water sample. A similar study with 0.15 ev incident neutrons was
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initiated. ©Such a study consists of the measurement of the scattered neutron
spectra in the vicinity of the elastic peak at various scattering angles ¢
(5°, 10°, 20°, 30°, 45°), a measurement of the angular distribution of elasti-
cally scattered neutrons (5 to 85 degrees), and at least one vanadium spec-
trum for normalization purposes. An analysis of the 0.1 ev data reveals that
the elastic component (as defined by Brockhouse) has an angular distribution
which resembles (within statistics) the function

0
%32 = const. exp ZFQa uE7

)
u = 0.30 A° & 0.05 A°

where Q@ = %g'sin Q

Vanadium data has not yet been taken which would permit an absolute comparison
of the 0.1 ev and 0.15 ev data.

Puauo and Puzhl Fission Cross Sections

Two 99.75-percent Pu2tO fission foils and four 96.6-percent Pu2*l figsion foils
have been mounted in a multiple plate gas ionization fission chamber for fission
cross-section measurements. Measurements are presently being made in the region
of 0.1 ev neutron energy.

REACTOR DEVELOPMENT - 40OO PROGRAM

PLUTONTIUM RECYCLE PROGRAM

Correlation of Data on Heavy Water Moderated Cluster Lattices

The calculations of the effects of the moderatcr-containing cans on values
of koy measured in the PCTR were completed. The effect is estimated as not
more than (1 & 2) mk (1 mk = 103 in k,,) for the lattices studied. The
error estimate is based on the self-consistency of the calculations.

The can corrections did not prove sufficiently large to remove some inconsis-
tencies in the PCTR-derived data, so values of and f were recalculated for
all lattices studied, using a single set of cross sections. The recalculated
results for (koo'l) were as much as ten percent different from those quoted
previously. The reasons for the discrepancies were not immediately apparent
in all cases but in several cases the differences were caused by interpreta-
tion cf experiments designed to determine the containing can effects.

anery's(l) method of plotting ln k,, /f versus the fuel-to-moderator volume
ratio is being applied to the measured lattice parameters. This method gives,
for the Dy0-cooled cluster of 19 U0, rods in an 8-inch lattice, a resonance

() Mumery, P. N., "The Experimental Basis of Lattice Calculations,” A/CONF.
8/P/429 (Geneva, 1955).
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escape probebility of (0.873 g 0.014). The value measured directly is (0.865
¢ 0.009). The number of fission neutrons emitted per thermal neutron absorbed
in fuel,‘n ; 1s given as (1.321 & 0.024). These calculations are still in
progress.

Nuclear Safety in the Plutonium Recycle Program

A study of the nuclear safety in the storage and transportation of 1.8% Pu-Al
PRTR fuel elements (7 rod clusters, T'-4" long and containing & total of 270
grams Pu/cluster) was made. Drawings from the "New Fuel Storage Pit" (H-3-
11078), "Fuel Transfer Storage Pit" (H-3-11097), the "Storage Basin" (H-3-11030)
and for a fuel transfer cask have been reviewed. It was recommended that the
present design of the Fuel Handling Equipment Extender (H-3-11096) be modified so
that no two adjacent elements can be closer than 8 inches. In the present de-
sign one extender can overlap an adjacent one so that the corresponding clusters
can be closer than 8 inches from each other.

Instrumentation

Faebrication of the warp measurement unit of the profilometer is 75% complete.
Fabrication has begun on the dlameter measuring unit. Design drawings have
been completed but not checked on the eyepiece and camera section and focusing
lens section. Work is now being done on the outer shell which protects the
optics from moisture and acid spray.

About 50% of the design drawings for the wide-angle viewer are in the hands of
the Technical Shops for estimeting. About five drawings remain to be checked
before submlission to Technical Shops for estimates.

Assistance 1s being given to the Ceramic Fuels Development Operation in develop-
ing & methed for determining thermal conductivity of materials by optical
pyrometry. The thermal conductivity to total emissivity ratio has been deter-
mined for several graphite and UOp specimens. Measurement and calculation of
the total emissivity is now in progress.

GAS COOLED REACTOR PROGRAM

Lattice Parameter Measurements

The enriched fuel pellets have been received at Hanford and will be moved
to 305-B for storage and handling. The enriched foil material has also been
received and is expected to be processed by Physicel Metallurgy.

A study has been made to determine safe storage criteria for 1.5% 0235 enriched
U0y fuel elements. The following criteria should be followed to insure
nuclear safety: ,

1. 250 pounds U0, can be handled independent of spacing.

2. An array of 250 pound units is safe 1f there are 3 feet between storage
units.

1200720 o
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3. Fuel element clusters, 7 elements/cluster, made from uranium oxide pellets
may be stored in their graphite sleeves (4-inch 0.D. x 3-inch I.D.) pro-
vided no other graphite is present in the storage array.

4. An infinite slab array & 5.0 inches in thickness is safe filled with fuel
element clusters containing the graphite sleeves mentioned in 3. above.

5. Another safe array may be stored perpendicular to this sladb array at a
minimm distance equal to the length of this array, or 5.0 feet away which-
ever is larger.

Theoretical PCTR Studies

The small source theory critical condition for an infinite, uniform array of
similar fuel rods has been employed to predict values of thermel utilization
for several lattice spacings. The results differ from experimental (PCTR)
values by 1/3 t¢ 1 percent, the error decreasing with increasing lattice spac-
ing. This agreement supports the belief that increments in f can be calculated
with reasonable accuracy, so that this small source theory formulation can he
used as an alternative to the usual method of determlning k., from PCTR measure-
ments. The determination of the modified expressions when a control rod is
present is now underway.

TEST REACTOR OPERATIONS

Operation of the PCTR continued routinely during the month with no unsche-
duled shutdowns. The first week of the month was scheduled for reactor im-
provement and calibration. The present series of measurements was com-
pleted on the 3% enriched UO3.H20 system. The reactor was operated two shifts

per day.

The reproducibility of period measurements following rod drops was checked

during the month. Sixteen period measurements were made by two operators.

The maximum varlation from the average was e 0.028 cents with a standard devia-
- 0.01

tion of 0.012 cents. _The results cbtained by rod drcps compares favorably

with the results obtained by shutting the reactor down by use of the manually

controlled rod (standard deviation of 0.013 cents). The values of rods 1 and

5 were measured from O to 4.166. Rod 1 was worth 52.3¢ and rod 5, 48.8¢, in

the reactor loading used.

Experiments for the Lattice Neutron Temperature Study were conducted for two
days in the TTR. Critical mass experiments were conducted during the remainder
of the month.

There was One unscheduléd scram during the month dhe to0 electronic failure in
the log level amplifier (Ch. 3). Repairs have been completed.

A device to detect a cooling water failure was bullt and installed on the tem-
perature controlled thermal column of the TTR. This instrument is a relay
actuated by the current generated by a thermocouple. Water flow insufficient
to remove the heat escaping from the thermal colum is indicated by the ringing
of a bell. T s
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Automatic Counter - Design work on 5 of the 9 major circuits for the automatic
counter has been completed. Four of these are ready for comstruction.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

A special study of the forecasting of conditions favorable for the dispersion
experiments scheduled for this summer was accelerated during the past month.
The most advenced statistical techniques avallable fcr objective forecast
methods have been utilized in an attempt to set up & 12-hour forecast system
which will be used as the primary tool in scheduling the experiments. This
work, which is being done under AF and Biology and Medicine funds, comstitutes
a radical innovation in forecasting methods used at this site, and will provide
a definitive test of these methods for this as well as other applications to
local forecasting problems.

Research and Development efforts were again expended largely in preperations
for the enlarged dispersion program scheduled for this summer. Equipment
necessary for these experiments continued to arrive in large lots. The major
item received during the month was fifteen towers on loan from the U. S. Army
S8ignal Corps. These towers are to be erected on three symuetrical arcs within
two miles of the Metecrology Tower. Facilities Engineering was glven an Engi-
neering Request to arrange for a lump-sum contract for the erection of these
towers and five 100-foot poles.

Development of the automatic fluorescent pigment counters was continued by
Instrument R and D, and the necessary work orders for fabrication of these
counters on-site were issued. Bids for the disposable filter holders, of which
30,000 will be required, were received.

The needs of the Operation for additional space were partially fulfilled by
occupancy of Bullding 622-F near 200-E, as a field service center, and by
occupancy of Room 11, 2704-~W Building, 200-W, as the Manager-Secretary offices.

Acquisition of perscnnel, vehicles, and radio equipment continued on schedule.
FCC authorization to use radio frequency 36.5 mc for field communications
was received.

DOSIMETRY

The supporting structure for the large Nal crystal used in the Shielded
Personnel Monitoring Station was completed and has been very satisfactory.
The resolution obtained with this large crystal and & 14" photomultiplier was
13%.  With three 5" photomultipliers the resolution was slightly better and
the K*O background peak wes about one-half that with the 14", An array of
seven 3" photomultipliers is now being tested. Resolution of 9.8% has been
obtained. This is close to the best that is obtainable from Nal scintllla-
tion counters.
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During bvackground tests with one of the large crystal arrangements a spectrum
characteristic ¢f fallout was observed inside the iron door. Ccnsiderable dust
was found inside the room. The dust apperently leaked around the filter system.
When the room was thoroughly vacuumed, the background dropped to 1/3 to 1/2

of its original value. The addition of absolute filters to the main air condi-
tioning system is planned and should eliminate most of the dust. The filters
for the iron rcom will aiso be sealed better.

A plutonium-wound subject was re-examined after the appearance of two black
specks in the wound. X-ray measurements indicated less than 0.8 mpc of plu-
tonium left in the wound. The specks were removed and measured by alpha count-
ing; 0.55 mpc was found.

A subject exposed to inhalation of mixed fissior prcducts was examined. No
unusual activity was observed.

The positive ion Van de Graaff coperated satisfactorily during the month. Semi-
annual maintenance is now being perfcrmed. It was found that at least some

of instability observed in recent months was due to sparking through pinholes
in the belt and at points in the accelerator terminal. A new type of belt,

one filled with metal staples, was installed.

A technique for detecting Nazu with equipment availsble in the Van de Graaff
laboratory was worked cut for possible use in the event of a nuclear accident.
As an indication of sensitivity, 0.02 pc of Na2* in a gallou Jug of reactor
effluent water was detectable. For comparison, analysis gﬁ individuals ex~-
posed during the Oak Ridge incident indicated 4€ pc of Na“" would be produced
in a 70 kg man exposed to 139 rads cf fast neutromns.

The neutrons/gm-sec and the average erergy of the neutrcns emitted from
plutonium oxide and piutonium oxalate were measured with the double-moderator
system to assist in planning prctection measures in separations plants. A
Pu0, source welghing 627 grams gave a neutron yield of 9.9 x 10¥ neutrons/sec.
A Pu(C50y,).6H,0 scurce weighing 350 grams gave 2.8 x 10% neutrons/sec. Last
month's data for plubtonium chloride were yzed ard indicated that 25-30%
of the neutrons came from the C13T(A ,n);ﬁglreaction; the rest are fission
neutrcns.

The study of PuBe neubron sources indicated that about 25% of the neutrons
emitted from the large source belonging to the Calibrations Operation are
fission neutrons. The rest come from Be9 (d,n) Ct=.

Most cf the parts for the precisicn long counters were fabricated and tested.
Reproducibility betweer similar parts was generally very good. It will be
necessary to modify some parts of the design to counteract plastic flow of
the polyethylene. It was found that accurately machined polyethylene parts
suffered considerable distortion while sitting in the shops for three months.

A rough theory was develcped for the fluctuaticn phenomena to be expected

in dosimetry problems. An immediate application was the estimation of the
fluctuations to be expected in ion chambers, the size of pencils, exposed to

1l mrad total dose. For gamma rays the root-mean-square fluctuatiQn wes: esti~
mated to be about 1/3%; for neutrons, about 3%. These estimates are pertinent

1240723
DECLASY™EY



r’&t‘@ ¢ W
L Way’ Bl HW-5 .
- —Uiji{i§%5§§} 9403

in our development of low-dose measuring techniques.

INSTRUMENTATION

Investigation of cross-correlation techniques as applied to low-energy level
detection has been renewed, and work is progressing along the lines of im-
proved circuitry and improved detection of low-energy radiations.

The investigation of determining the efficiencies of various light-pipes con-
tinued with emphasis on beta-gamma detection. Beta-gamma probes will be
evaluated for possible use in the Biology Operation.

The data for the pyrheliocmeter report were reviewed and analyzed carefully by
use of a planimeter to compare actual velues of sunlight averages with those
obtained with the pyrheliometer integrator. Photographs of sections of the
pyrheliometer record were cbtained for inclusion 1n the report.

Eighteen ¢f twenty-one radiotelemetering stations were callbrated and given
final adjustments. Twelve stations have been installed in the field. The
central station equipment is undergoing final check out. The repeater equip-
ment appears to be faulty. The radio maintenance group will be asked to make
repalrs and adjustments.

Fabrication and assembly work is completed on the Scintillation Transistorized
Alpha-Beta-Gamma Hand and Shoe Counter. Both the bhand probes and shoe probes
successfully passed the sensitivity and calibration tests. The alpha probes
will indicete approximately twice background level for a 500 a/m Pu39 alpha
source distributed over a four-inch by eight-inch area. The beta-gamma probes
will indicate four to five times normal background level for a 1l5-millimicro-
curie Ra D-E-F source distributed over a four-inch by elght-inch area. Both
types of radiatior. are counted simultaneously for & l5-second period. The resul-
tant sensitivities represent a 2:1 to 3:1 improvement over the present four-
fold and five-fold counters. Further testing will be undertaken before the
instrument is deemed ready for general use and demonstration.

A portable, battery-operated, radiation alerm was built using a GM-type instru-
ment. The device is now being field tested. The instrument was demonstrated
t0 a plantwide meeting of supervisors concerned with radiation monitoring.

The alpha scintillation transistorized a-c-operated poppy circultry was
modified to permit operation of air proportionsl-type alpha detecting probes
for specific use at 234-5 Building. The modification included a higher
voltage supply and a two-transistor impedance matching circuit. The proposed
model will permit use of either a scintillation probe or an air proportional
probe as desired by operating personnel. The air proportional probes are
easier and less expensive to repair than are the scintillation probes; how-
ever, the scintillation probes have a better geometry and are not affected
by temperature or humldlity changes.

The Experimental Portable Dose-Rate Integrator was sent to the field for
evaluation and the unit operated satisfactorily. The comments received were
mostly about the size and weight of the instrument. These two factors will be
reduced when a second model is fabricated. An internal report was issued on
this instrument.
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WASHINGTON DESIGNATED PROGRAM

Mass Spectrometer

The electron multiplier part of an RCA 6810 photomultiplier tube was installed
as the ion detector in the mass spectrometer for this program. Further study
of the pulse height distribution and the over-all efficlency of lon detection
is needed; however, the basic soundness of ion counting detection instrumente-
tion has been esteblished.

The transistorized magnetic sweep current amplifier was fabricated, and &
112-turn sweep coil was instelled on the mass spectrometer analyzer tube

in the magnet gap. These parts of the magnetic sweep system were tested and
found to operate satisfactorily. Circults providing two-voltage functions,

a special square wave and a triangular wave form, to drive the sweep amplifier
were developed and are ready for final fabrication.

CUSTOMER WORK

Analog Computing

A single region xenon poisoning study has been made for the PRTR and a report
issued, EW-59288.

A circuit has been designed and the necessary passive components ordered to
do a six-region xenon polsoning study.

The Non-Destructive Testing Problem has been completed and a report on the
solution is belng prepared.

An effort was made to establish the general basic equation for the nitric
acid recovery process. This consisted of matching the curves of the experi-
mental data. Although the curves could be duplicated, the parameters were
not consistent enough to make any valid predictions at this time.

The tape punch-reader unit on the DDA was out of order for a short period
this month. A shaft bearing on the reader motor Jammed, and, in addition,
the punch unit began inserting unwanted zero's frequently. The machine shop
replaced the bearing and the punch difficulty was isolated and corrected.

At this time, both punch and reader seem to be operating satisfactorily.

An attempt was made to utilize the DDA to produce a direct phase plot of
the real versus imeginary components of the ratio of output voltage to input
voltage when the input voltage is operated upon by some specific transfer
function. It was determined that this is possible, although it is somewhat
impractical due to the excessive machine running time required.

A one-group, multi-region neutron diffusion problem was also attempted.
This problem was successfully completed, and the DDA seems to provide a very
satisfactory method of approach and soclution.
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Weather Forecasting and Meteorology Service

Type of Forecast Number Made % Reliability
8-Hour Production 84 83.2
2h-Hour General 56 80.4
Special 105 80.5

Precipitation, mostly in the form of snow, totaled 1.1T7 inches, which was
nearly twice the normal amount for February. Temperatures averaged 35.5.
This was exactly normal and broke a sequence of nine consecutive months
of above ncrmal temperatures.

Instrumentation

The probe design for a dual beta-gamma probe has been turned over to Technical
Shops fcr fabrication and should be ready by the middle of April.

The fabricaticn of the Alphae Air Filter Monitor Detector was completed. The
electronics portion will be tested here by field personnel before moving it
to the field. It is expected that the 6655 phototube used in this unit wi
be less affected by neutrons than the previous mecdel. :

The Hog Thyroid Counter, of the Biology Operation, used for measuring I131
uptake in vive, was again modified and tested to provide e more stable drift-
free instrument. Complete temperature and input a-c voltage variation

tests were made after the modifications were completed. The instrument was
found to perfcrm to an accuracy of approximaetely s 2% (when adjusted to the
1131 364-Kev photopeak) for irnput a-c voltages from 95 VAC to 130 VAC and
was found to have approximately the same error for a temperature range from

+ LOOF t0 + 110°F. These limits exceed the known voltage and temperature
ranges by at least twc to onme. After testing, the equipment has been used
two weeks with no drift and no troubles as far as is kmown.

The large shielded Dog Counter of the Biology Operation was recalibrated so
that in vivo Pu®3? counting of dogs can proceed. The added 30-ton low-level
telc shield reduced the background counting rate by a factor of about five
to one from its previous background level.
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circult was revised and has been tested with good results.

The routine Optical Shop work included the fabrication of 24 glass bearings,
light-pipe and multiplier photocell units, a tool for the Jorgan Grinder for
fabricating glass bearings, and seven other smaller jobs; the modification

of the 105-C Fuel Inspection Facility Slit Camera, and a three-power periscope
head; and the servicing of a large Lenox Borescope.

Fant, F st
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Physics and Instrument Research
and Development

HANFORD LABORATORIES OFPERATION

PF Gast:mcs




HW-59u637

*FUTUNO) TBIT
-ony J0J SSNbTUYDSY *JTTRD ‘AoTeNaed

o 2sTnd 3684 UT SIOUBAPY £xo3BI0qEe] UOTIBTREY
Y ON ouW O uo mnysodmig pus3yy *F¥Ted 3O Ay psxaaTw) £T-21/e Tressmy °L L
M
*X °N ‘uogdn
* gUOTYO98 *qu]
ol JO0TTeS 1 °*A 880J0 UOIANSU SSNOSTQ TOUOTHBN USAVHOOIH g-gfe car ‘preuod] ‘Y °4
vje( Po3OTIIS3Y Paj30uvlu0d 1TSTA JI0F uos®EY 883XpPY PUB 83T8TA oureN
03 $£8900Y TouuosIad Po3TsTA Auedmo) JO 83%8d
SNOLLVTIVISNI YEHIO OL SLISIA
La-d
m.hﬁ JOTABRL 4D
pAgn 998D dd *JIT8D ‘saTaluy 801 S
s uoxaus) M * Toqndmoo *oux KaqsOTON *E-*I
ﬂgﬁw gef 00t ON LaTmg HH ScTeus UO 3TNSUC) S998FO0SSY 80 TUOXJOITH 61/2 uopTeus. *v
wlo : |u-1.,.
- PI3TSTA 8180 P33 Poq.OBIUOY 853IPPY S3T4TA , '
8 sSurpTmd  -°TI3834 Touuosxad MH 1TSTA J0F uosesy PUs pojuesaxday UOT3 JO s¥jed | asureN
w.u puUB §BAIY 03 S5S300Y
W

-gzTuedaQ Jo Kuwedwod

SHOM MIOJNVH OL SLISIA

12507128



gy c-1 EW-59463

Chemical Research and Deve;opment

RESEARCHE AND ENGINEERING

FISSIONABLE MATERIALS - 2000 PROGRAM

IRRADIATION PROCESSES

Decontaminaticrn of Reactor Ccmponents

Testing of fermulas and procedures for removing uranium dioxide and fission pro-
duct contamiration from scaled carbon and stainless steel coupons was continued
during the month. These generally confirm the need for an oxidizing agent and
strong ccmplexing agente in the cleaning formulas. Modifications of the APACE
prccess (hot alkaline potassium permanganate followed by hot ammonium citrate-
versene) rema’n the mosi premising of the formulas studied. Over-all’ decontamina-
tion facteors of 5000 ard 100C were obtained for stainless and carbon steel, .
respectively, after two hours of cortact at 95 C with each solution. Low corro-
sion rates, less than 0.0l m!l per clearing cycle, have been obtained for both
carbon and stainlees stecl. Reversing the order of use of the two solutions
reduces the cver-all decontamination obtained markedly.

In studies on the remcval of UQ) from scaled carbon and stalnless steel coupons,
carbonate-peroxide solutiorz were mrere effective than carbonate-permanganate
which, in turn, was meore effsctive than carbornate only.

Recovery of Scrap from Urarium-Zircorium Coextrusion Operations

A study of chemical problems assaociated with the recovery of scrap which will

be produced ir the uranium-zirconium coextrusion pilot plant has been started.
Nitric acid dissolution of uranium from material representing fines produced in
cutting opera*tions produced no sensitized surfaces on the residues which could
be exploded by mechanical shock or electrical sparking. Similarly, dissolution
of the zirconium from the fines by NHyF-NH NO; solutions followed by dissolution
of the residue in nitric acid produced no explosive surfaces. Uranium loss to
the NH\F-NH;NO, during zirconium dissolution is dependent on surface area of the
uranium expeseé, free flucride concentration and exposure time. In gix, three,
and two molar ammonium fluoride containing 0.5 M ammonium nitrate, uranium dis-
solution rates over a 20 minute exposure period were 0.42, 0.11, and 0.009
g/in2/hr, reapectively. Murther work will concern the amount of fluoride present
following zirconium dissolution and corrosion problems during the subsequent
uranium dissolutiorn.

Uranium Oxidation and Fissior Product Volatilization

Purnace configurations were studied to obtain optimum design for the forthcoming
higher level uranium melting experiments. Arn insulating refractory, Norblack,
proved to be the beet insulation of several tried. Furnace designs permitting
crucible encliosure ir ar airtight steel shell of small dimensions were success-
ful, although it presently appears that the steel shell will require external

cooling.
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Experimental work on fission product release from low level irradiated uranium
heated in air was continued. In these experiments, all of which were made at

a furnace temperature of 1200 C and an air velocity of 500 cm/min, the fractions
of several fission product isotopes released from the oxidizing metal were
measured as a function of time. The efficiencies of various fllter media to
retain radiocactive material were also determined. Iodine and tellurium vola-
tilized at about a constant rate until the specimen was completely oxidized, at
which time 80 per cent of the iodine and 75 per cent of the tellurium had escaped
from the metal. Continued heating dild not release more of these lsotopes. Stron-
tium, barium, cesium and ruthenium were emitted in about the same amounts regard-
less of time of heating; the average percentages released for these elements were
0.09, 0.07, 0.80 and 0.75 per cent, respectively. Filters removed about 75 per
cent of the iodine, 95 per cent of the tellurium, 99 per cent of the ruthenium
and 50 per cent of the strontium, barium and cesium.

300 Area Waste

Recommendations were made to Facilities Engineering Operation, HLO, that it will
not be necessary tc provide mechanical agitators on the new 340 waste system
recelving tanks. The quite low dissolved salts and undissolved solids content
of this stream should not result in appreciable sludge accumulation in these
tanks.

Decontaminaticn of Reactor Effluent

Cooperative engireering and chemical research studies to be conducted on the
use of sluminum turaings to decontaminate reactor effluent were established or
initiated. The 8 tudies, scheduled to be completed about May 1, 1959, will pro-
vide the necessary data tc design, install and operate either a prototype or
scaled-up facility in cne of the reactor areas.

Analytical Services

Beginning next month, Ce s and Laluo concentrations in river and sanitary water
will be reported regularly. Those isotopes are calculated from gamma energy
spectra. S8eparation from interferences is achieved by fluoride precipitation,
HC1 dissolution, and TTA extraction prior +o plating and counting.

Ba-LalhO values are now being reported in support of the uranium oxidation -
fission product volatilization study. Calculations from gamma spectre serve
quantitatively to identify those isotopes. The data will be used along with
Sr results as a measure of particle transfers should any occur during heating
of iira d uranium. Other isotopes being regularly reported are 1131

, Xel33, xel35, Ru, and Cs.

Pu/U ratios were determined for four wafers of depleted, irradiated uranium.
Coulometric titration was used to give an error of less than two per cent.
Incidentally, daily uranium standardization of coulometer titrations showed a
0.6 precision at the 95 per cent confidence level over a two week period.
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SEPARATION PROCESSES

Anion Exchange Processing of Recuplex Feed

The chemical feasibility of processing slag and crucible (Recuplex) feed by anion
exchange was demonstrated in & test run with a laboratory-scale Permutit SK

(20 - 50 mesh) column at 60 C. At a flow rate of 10 mg Pu/min,cm? average column
loadings were, respectively, 35, 45, and 54 g Pu/l resin bed at breakthroughs

of 0.1, 1, and 10 per cent, respectively. Data are not yet available on the
product purity, but previous experience would indicate no difficulty in attaining
acceptable purity by the anion exchange process.

The feed rate of 10 mg Pu/min,cm2 in the 3-foot long column used in this run
indicates that a loading rate in excess of 200 g Pu/hr should be attainable in
a 6-inch diameter column 6-feet long. With the 20 to 50 mesh Permutit SK resin,
pressure drop even with the high selt slag and cruclble feed is nominal and a
column length greater than 6-feet would be quite feasible.

Tritium Processes

A new techrique has been devised for preparing the palladium absorption beds.
Tetrachloropalladate ion is scrbed on an anion exchange resin which is then
thermally decomposed to yleld tiny spheres of carbon containing dispersed

palladium.

Reduction of Plutonium Cxide

Because of the obvious advartages entailed, a program has been started to inves-
tigate the direct reduction of plutonium oxide to the metal. 8Since past studies
of the direct bomb reduction of plutonium oxide with calcium have not been fruit-
ful, this approach will not be used. Instead, an approach suggested by the.
demonstrated reduction of PuCl3 by magnesium in the KC1-A1Cl3-Al system was
first examined. Whern PuOp, was added to a molten system comprising Mg, Za,
MgCly, NaCl, and KCl and heated at 800 C for two hours, the resulting metal
button contained 54 per cent of the initial plutonium. Of the remainder, 0.3
per cent was recovered as soluble chloride and 45 per cent as unreacted oxide
(by difference). This result was very encouraging since the scale of operation
was small, some oxlde was cbserved on the walls of the tube after reaction and
the oxide was prepared in & manner expected to leave 1t in a very refractory
condition. Further experiments are needed to determine whether kinetics or
thermodynamics limit the extent of reaction.

Analytical Services

Dowex-1l anion exchange resin was utilized to separate Zr + Nb from other inter-
fering fission products for multichannel gamma counting. Quantitative recovery
and adequate decontamination of the Zr + Nb was shown for Zr + Nb/FP activity
ratios of 1:1000. The method consists of & hydroxide precipitation, dissolu-
tion of Zr + Nb in 1 M HF, loading upon the resin, and gamms counting the resin
with the multichannel instrument.
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Several new counting equipment calibrations were made as follows:

1. Radiochemicgl Analysis'’ thrﬁﬁ-incE well crystal was calibrated for Zr95-Nb95,
cs137, RulO6.Rn10€ ana celld.prl'* to reduce the number of low-level samples
requiring chemical separation. The sensitivity of the well crystal is about :
50 times that of the present two-inch crystal and its associated mounting.

2. Pa233 values are being reported on an absolute basis for tracer studies.
Calibration of the two-inch and three-inch crystals was made by stendardizing
the Np237 —_— Pa233 equilibrium solution by alpha counting.

3. Counting efficilencies for 14 isotopes counted on the proportional beta
counter have been summarized from data gathered during the past several
months. A total of 22 tables has been issued, including efficiencies for
isotopes counted in more than one sample configuration. These data have
permitted counting several more RCAO sample types on the proportional beta
counters. ‘

Alpha and uranium measurements on soil (some 40 samples per month) will be based
only on recovery of spiked uranium. Thus, the cost of plutonium spiking can be
eliminated. Uranium spiking will serve to adjust both alpha values and uranium
values themselves. Basing alpha adjustments on uranium recovery seems techni-
cally correct since uranium represents a minor part of the total alpha activity.

WASTE TREATMENT

Fluid Bed Waste Calcinaticn

Argonne Netional laboratory is presently performing scouting calcination studies
on synthetic Purex 1WW in a six-inch fluid-bed waste calciner. To date, several
runs each of approximately six hours duration at calcination temperatures of

350 and 400 C and a feed rate of about six liters/hour have been completed. The
amount of fines formation has been comparable to that obtained with other feeds
and has not constituted a problem in their equipment. The main problem en-
countered thus far is the formation of 1/8- to 1/k-inch diameter, frangible
agglomerates. The agglomersates are suspected to be calcined particles bound
together by incomplete calcination products, possibly sulfates or sodium nitrate.
Decreasing the calcination temperature from 400 to 350 C magnified the problem.
In an attempt to alleviate this problem, future runs will employ (1) higher
calcination temperatures and (2) the possible use of a high-velocity air stream
introduced at the calciner wall to break up the agglomerates.

Preliminary design for a pillot-scale fluid-bed calcination facility for treatment
of Purex and/or Redox solvent extraction wastes has been completed. The cal-
ciner will be nominally eight-inches in diameter by about four-feet high surmount-
ed by a twelve-inch diameter de-entrainment section. BElectrical resistance heat-
ing will be used lnitially, with a total heat capacity of about 50 kilowatts at
lower calcination temperatures. Off-gas auxilisries will include a cyclone
separator, a surface condenser, a packed scrubber, a packed glass fiber filter,
and a jet exhauster.

Lo L )
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Solid Waste Heat Generation Studles

Some of the "ultimate" waste storage schemes presently being considered involve
the storage of calcined waste powders. To provide information on the heat
transfer characteristics of such a self-heating system, studies have been
initiated in experimental equipment installed in the 321 Building. Initial
studies have been made using & fcur-inch diameter, 2-foot long cylindrlcal con-
tainer packed with alumins powder. Heat is generated uniformly within the
powder using 60 equally spaced Nichrome V wires installed parallel to the con-
tainer axis. During the initial studies the effective thermal conductivity

of the powder was calculated for various heat generation rates expected in a
waste container. Values ranged from 0.23 to 0.30 Btu/hr/ft2/°F/ft. Additional
studies are planned on powders which might be produced from separations plant
wastes.

Fixation of Purex Waste

The study of the melting point and solubility of a series of postulated 1WW
compositions as a functicn of glass forming additives was extended to include
borate-silicate (both ortho and meta) and phosphate-borate-silicate systems.
The results to date indicate that phosphate alone is the additive of choice.
Work is accordingly continuing on the determination of the detailed phase
diagram and solubility behavior of the sodium-aluminum-iron phosphate system.

Observation Wells

Samples from monitoring wells in the BY crib area, two months after the wells
were reperforated, reveal & definite two- to twenty-fold decrease in concentra-
tion of radiocactive material. The observed ground water concentration in these
wells 1s now correlative with gamma scintillation probe readings. Before reper-
foration this correlation was not evident. It is felt that these findings in-
dicate unrelisble monitoring performance by these wells prior to reperforation,
probably as & result of corrcded and plugged casing slots.

No significant change in the extent of ground water contamination was evident
from current monitoring samples. (Gross contamination was found in mud samples
from the Z-Plant ditch (up to 1.0 uc plutonium/gram) and from the Redox swamp
(up to 0.1 pc gross beta emitters/gram).

The most probable paths of movement of ground water from the 200 Area waste
disposal sites to the river were plotted -on the basis of current water table
contours. The permeabllities of sedimenta traversed by these paths were in-
ferred from recent aquifer evaluation tests and stratigraphic data. The average
travel time for ground water moving along this path was calculated to be about
150 years. This estimate should be interpreted with caution because actual
movement in some strata may be much faster than this. Radlocactive cations would
be expected to move mich slower than the water because of adsorption on soil
surfaces.

E N ey
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Disposal to the Ground

Routing of about one thousand gallons per month of a slurried solution of filter-
aid and sludge from the uranium oxide plant to the 216-U cribs via a settling
tank was studied. It was concluded that this disposal method would be satis-.
factory providing infiltration capacity of the facility is not greatly reduced
by the solids in the waste. Routine sampling of the waste was recommended

along with periodic measurement of liquid levels in the facilities.

Plutonium Recovery from Recuplex Waste

The viscosity of CAW (Recuplex) waste was measured and compared to that of water
at two temperatures. At 28 C the visccsity of waste is 1.23 centistokes (water,
0.85 centistokes), and at 60 C the viscosity of the waste 1s 0.73 centistokes
(water, 0.54 centistokes).

The efficiency of various reeins for removing plutonium from CAW waste was deter-
mined by equilibrium measurements at 60 C and compared with the effliciency measur-
ed at 28 C. The decreasing order of efficiency for the resins tested at 60 C was
found to be: Dowex 1x“, Amberlite IRA 400 and 401, and Permutit 8K, the same
order as that at 28 C. In every case the higher temperature resulted in a more
rapid attainment of equilibrium and a lower equilibrium distribution ratio than
that found at the lower temperature.

An Amberlite IRA 400 colurn flowing at 0.5 ml/cma/min recelved about 775 column
volumes of CAW waste before reaching a 5 per cent breakthrough. At 11 ml/cm?/min
a 5 per cent breakthrough was reached in about 40 cclum volumes. At similar
flow rates, columns of Permutit SK, IRA 40Ol and Dowex 1X4 resin required, 7, Ly,

" and 245 column volumes, respectively, to achieve a 5 per cent breakthrough.
Batch elution experiments were performed with these resins by timing the desorp-
tion of plutonium from weighed samples. These experiments indicate the follow
ing ranking of the resine in decreasing order of relative speed of desorption:
Permutit SK (fastest) Dowex 1X4, Amberlite IRA 4Ol and IRA 400 (slowest). An
over-all evaluation of the resins tested on the basis of presently avallable
data would indicate Dowex 1X4 to be the most suitable for recovery of Pu from
CAW wastes.

Bpecial Geological S8tudies

The need for a realistic appraisal of the damage potential of earthquakes at
Hanford has culminated in a combined study by several Departiments and the Hanford
Laboratories. Frank Neumann, CPD seismologist-consultant of the University of
Washington, recommended in addition to short-term studies a long-term instru-
mental data collecting period, the results from which will be closely coordinated
to geologlc data.

The Midland Drilling Company, pioneering in the use of a drive barrel for well
drilling, has in their current drilling program consistently procured better

and more representative samples of typical Hanford sediments than can be normally
obtained by use of hard rock bits and ballers, routinely used in the past at

,
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Hanford. Procurement of the unbroken samples uncontaminated by added drilling
wvater permits significantly better data to be obtained from the samples than
from those obtained by normal procedures, hence routine use of the method appears
desirable.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Multicurie Cell Investigations

Analyses have been completed on the recent multicurie cell anion exchange run
which tested simultanecus recovery of neptunium and plutonium from Purex 1WW on
a one liter scale. One-hundred-thirty column volumes of filtered 1WW were
acidified to 7.5 M nitric acid, treated with 0.1 M sodium nitrite, loaded onto
a Permutit SK 30-50 mesh resin at 15 ml/min/cm?, washed with 20 column volumes
of 8 M nitric acid at the same flow rate, and eluted with 20 column volumes of
0.6 M nitric acid at 2 ml/min/cme° About 25 per cent each of the neptunium and
plutonium were not adsorbed {(due to a tco high flow rate) and three per cent was
lost in the wash fcr a recovery of 70 to 75 per cent. The product was decontam-
inated from zircorium-niobium and cesium by a factor of over 1000 and from
ruthenium and cerium by a factor of about 500. The recovery obtained in this
experiment, although quite satisfactory, could doubtless be increased by load-
ing and washirng at slower rates. These results, and the lack of excessive de-
gradation of the resin, lend confidence that similar results can be obtained

in the plant.

Following tke ion exchange run, the soiution was partially neutralized to pH 1
and cerium recovery attempted by the sulfate process. Recovery was only 30

per cent, probably due to a t2o low pH or to insufficient digestion. The super-
nate was subsequently further neutralized to pH 2.1, digested for two hours at
90 C, and allowed t¢ stand for three days at room temperature. Thirty milli-
liters of additicnal white crystallire precipitate was obtained. This is be-
lieved to contain the balance of the cerium and rare earths. The precipitate

is being processed furtber for cerium isolation and for study of the separation
of promethium from tke otker rare earths.

Recovery of Neptunium in Purex

Miniature mixer-settler runs were made to test a flowsheet, jointly developed
with personnel of the Purex Technology Operation, CPD, and aimed at reducing
the time cycle and costs fcr reworking Purex 3WB to recover the neptunium
content. This flowsheet employs only the 2A and 2B columns. Oxidation with
dichromate 1s employed to effect extraction of uranium, plutonium and neptun-
ium(VI) in the 2A column. Eydrazire is introduced into the aqueous feed to
the 2B column to enable reduction to neptunium(V) which can then be stripped
awvay from the uranium and plutonium in the 2B column. The uranium and plutonium-
bearing organic stream from the 2B column is recycled to the IBXF tank while
the neptunium-bearing aqueous stream is recycled to the 2A column feed. As in
earlier plant runs, continuous "spinning" of neptunium in the 2A and 2B columns
on & total reflux flowsheet concludes the operation and provides additional
fission product decontamination.

E ;u&iniiﬁ
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This flowsheet performed generally according to expectations in the room temper-
ature Mini run, yielding a neptunium loss of about 0.5 per cent to the 2AW and
about 3.5 per cent to the 2BW (organic waste from the 2B column). The observed
loss to the 2BW was somewhat higher than expected and on the basis of exhaustive
batch stripping contacts appears to be due at least in part to an irreversibly
extracted "non-strippable" species of neptunium. For example, when the organic-
product from the 24 Mini unit was subjected to three successive batch stripping
operations with & hydrazine-containing aqueous solution simulating the agueous
phase in the 2B system, the neptunium distribution coefficient (organic/aqueous)
increased from 0.023 in the first contact to 0.07 in the second and 0.3 in the
third contact. However, orly 0.5 per cent of the initial neptunium remained

in the organic after the third bateck strip.

It is possible that thie "non-strippable" neptunium is responsible for the
otherwise inexplicable loss ¢f neptunium which has been noted in the 2D column
during normal plant operation, and which gives rise to the loss of neptunium
to the ZEU.

IBN Contactor Studies

The "IBN Contactor™ was given further attention during the month. In this approach
the bulk of the Purex Plant neptunium inventory would be accumulated in a confined
aqueous phase in a single-stage contactor which would be interposed between IBX
and IC columns and would process the IBU continuously. Success in establishing
such an internal "sizk" fcr neptunium would reduce the inventory of neptunium
elsewhere in the plant and would, therefore, reduce the probability of major
losses through temporary upsets in the HA or 2D columms.

As in earlier studies, iron(III) was used to effect oxidation of the neptunium(IV)
present in synthetic IBU to inextractable nepturium(V). It was found that the
prospects for a successful "IBN contactor” are more favorable if the acidity

of the IBU is reduced. Neptunium distribution coefficients were 0.009, 0.0045,,
and 0.0027 at aqueous phase acidities of, respectively, 0.5, 0.25, and 0.05 M
HNO3. A distribution coefficient of 0.001 would enable about one kilogram of
neptunium to be held in 2000 gallons of agueous phase in a IBN contactor with-
out allowing neptunium concentrations in the remainder of the plant to rise

above the "once-thrcugh" level.

Behavior of Nitrous Acid in Purex Systems

In the December, 1958, Progress Report, some preliminary data were given on the
production of nitrous acid by radiolysis, rates of ‘disappearance in aqueous
solutions and on reactions with the organic phase. General studies of the
nitrite-nitrate system have been continued. The more pertinent findings can
be summarized as follows:

Nitrite determination by diazotization is & sensitive and sufficiently precise
method for studies at low nitrite concentration. However, many procedures
appearing in the project literature present pitfalls for the unwary. Concentration,
reaction sequence and times, and the acidities must be considered.

1260130
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The distribution coefficient of nitrous acid between aqueous nitric acid and 30
per cent TBP in "Amsco 125" is in the range 25 to 30 at concentrations up to
about 0.5 M HNO3. At concentrations of HNO3 greater than one molar the Ea value
drops rapidly. Approximate values at 25 C are 20, 10, 6.5, and 3 for one, two,
three, and five molar nitric acid, respectively. These values agree reasonably
well with those previously determined at ORNL and by Buckingham at HAPO. Dis-
tribution coefficients at 50 C were about ten per cent lower than at 25 C. The"
disgribution is not dependent on HNO, concentration in the range of 10-3 to

10’ M

The distribution was also studied as a function of TBP concentration in
iso-octane. Six concertrations between 2 and 50 per cent TBP were used. The
aqueous phase contained 0.1 M HNO3 and 2.5 x 10-3 M ENO,. The distribution
followed the relation lnE° "nln Mppp + C with & value of n=1.08 % .06,
supporting the assumed 1l:1 ccmplex which hydrogen bonding would produce.

To verify the nature of the complex, infrared absorption was employed. Nitrous
acid solutions in pure TBP were compared with TBP solutions of HNOj, NOo™ N 20y
U0o(NO3 )2, and BCl. The shifts of the phosphoryl stretching frequency were
UOg(NOg) > HNO3 >HCl >HNO,. This shift is probably a direct measure of the
strength of the hydrogen bond formed.

The high extraction of nitrous acid probably results from (1) favorable solubility
parameters of the 1l:1 complex in hydrocarbons and (2) the low ionization of nitrous
acid and hence the high ccrcentration of HNOo, species in the aqueous phase. (The
distribution coefficiert of unionized nitric acid from 1 M nitric acid solution

is calculated to be about ten, half that of ENOo.)

High concentrations of nitrous acid in TBP do react slowly. Repeated stripping
with 0.01 M NaOH soluticns of the TBP solutions used for infrared studies gave
a residue showing a spectrum identical to that of pure TBP except that a strong
absorption at 6.1 microns remained. A similar absorption band appears in HNO,,
ENO,, and in NOo and is due to the unsymmetric ON stretching vibration. At the
present time it is not possible to say whether this material which is slowly
washed out with caustic treatment is a compound containing the -0-N-O group or
is TBP degraded in some other manner. The extent of the reaction is probably
small, and a relatively concentrated solution of nitrous acid in TBP can be
used a8 a "spike" to introduce nitrous acid into the solvent phase.

Distribution coefficients for nitrous acid in the Purex EA column were measured
in a batch countercurrent run at 45 C. The measured coefficients were 3.0 in
the scrub section, 2.3 at the feed stage, 3.2 in the first extraction stage be-
low the feed stage, 4.8 in the next extraction stage, and 6.8 in the final
(lower acid) extraction stage.

Fixed-Bed Ion Exchange Column Studies

Analysis of the experimental data from the annular column studies using sodium
as a tracer indicates an increase of 30 per cent in the "holdback" as a result
of the presence of the sulfamate-generated gas in the resin bed. (The tern

DECLESSifiEp
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"holdback”, as used in describing flow through a packed, granular bed may be
defined as a measure of the departure from ideal piston flow; e.g., H = 0 for
piston flow and approaches unity for cases of extreme channeling or dead water.)
These findings agree quite closely with the results of the 6-inch column studies
using uranium as & tracer. The six-inch column data indicated the H.E.T.P. values
to be increased by the presence of gas in the resin bed, from 5.5 to T.2-inches;
i.e., a 30 per cent increase.

Visual observation of the columns indicated the gassing to be considerably more
severe in the six-inch cclumm than in the apnular column. This was attributed
partly to wall effects and partly to the higher flow rate used in the six-inch
column (ca. twice as great).

Fission Product Isolation and Packaging Prototype

The shop fabrication of the fission product packaging prototype is about 85 per
cent complete. Process piping to the vessels installed in the 321-A Building
is nearly complete. The calibration and preliminary testing of these vessels
is planned to start early in March.

A report, HW-59265, "Fabrication of a Hastelloy B Steam Coil," was issued. This
report summarizes the experimental work dome in the fabrication of a steam coil
for the Crystallizer Tank.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Spectrographic Analysis of General Samples

A spectrographic laboratory is called upon to analyze a large variety of samples
for which it is prohibitively expensive to prepare the required calibrations
generslly needed for each type of sample. The samples may be oxides, salts,
siliceous matter, carbonaceous matter, or mixtures of these. Because the
sample composition markedly affects the spectral intensity for the elements,

a so-called "general" procedure is often used for these miscellaneous samples.
If the sample is mixed into a large, constant amount of a matrix material
(oxide or salt) and subjected to the spectrographic arc, the emiesivity of
most elements will be, as a first approximation, characteristic of the matrix
rather than the sample composition. Therefore, only one set of callbration
standards will be required for a large variety of samples. The selection of
the matrix, the mixture ratio, and the arcing conditions are all significant.
Such a "general" spectrographic method has been set up in the 325 Building
spectrographic laboratory. The basic parameters were selected after a litera-
ture search and scouting experimental work. The detailed method has been devel-
oped using a 1 to 3 mixture of germanium oxide and graphite as the matrix with
a8 fixed amount of gallium oxide added for an internmal standard. A stepped
neutral filter (10 and 100 per cent) is used to split the spectrum, permitting
an extension of the concentrat on ranges available on one exposure. Callbra-
tions have been completed for 18 elements and the method gives a standard
deviation of + 15 per cent with an average error of about + 20 per cent.

1280738
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Determination of Plutonium and Neptunium in Process Wastes

A method based upcn a mercury cathode electrolytic separation of interferences
followed by a voltage scanning coulometric titration (derivative titration) has
been developed arnd successfully applied to the determination of plutonium and
neptunium in synthetic Purex HAW solutions. The detection limits are 2 x 10‘6
molar for plutonium and 5 x 10-7 molar for neptunium, based vpon titration of

e 2.5 milliliter sample. The method is probatly less attractive than the present
radiochemical methods for normal labcratory use, but it is more adaptable for
remote and autemstic analyses. The method may be applicable to in-line analysis
if further development leads to greater reliability. '

EQUIPMENT AND MATERIALS

Evaluation cf Curtiscl (Curtiss-Wright Titanium Solder)

Lap joints of A-55 titanium snldered witk Curtisol were exposed to synthetic
solutions correspcrding to Redcx oxidizer; Redox waste concentrator, and Darex
dissolver conditiors. The sgolder showed very pocr corrosion resistance to all
of these solutiocns.

Canned Motcr Pump

The titanium canned mctor pump fabricated by Gaylord-Rives using the five horse-
pover General Englneerirg ILakcratcry design failed after 2000 hours water ser-
vice. Pump examiration revealed that the thrust faces of the carbon bearings
had worn spproximately l/k=inch. Boron carbide is currently being evaluated as
a replacement bearing material for the pump.

"Remcte” Equipment for Plutonium Processing

A conceptual design was develcoped of an electrically operated mechanism which
could be used in a "hot button" prototype for the transfer of crucibles from
station-to-station irn the reducticn hoods.

A conceptual desigr was developed for a system which cculd be used for handling
powder from the plutonium chloride reactor of a 234-5 hot button prototype.

With the system developed, powder first passes through a powder seal into an
inspection chamber wkere it is ccoled. Good powder is then transferred through
a second powder lock to furtkber processing. Off-standard powder is pneumatically
(€0,) transferred back tc the chloride reactor for reprocessing. Although the
entire system has not been tested, preliminary studies have been completed to
determine the COo flow required for transfer of powder back to the chlorinator.

Plutonium Oxide Chlorinator

Another series of metals was exposed to a phosgene-air-water vapor mixture

at 600 C simulating the atmosphere expected in & plutonium oxide chlorinator.
The materials tested were Duralley, A-55 titanium, zirconium, phosphor bronze,
Tantalum, 312 stainless, Monel, 316 stainless, Hastelloy F, Chlorimet-2, and
Nionel. Corrosion rates ranged from 700 to 2 mils/mo penetration in the order
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given. Only Nionel showed tetter corrosion resistance to this environment
than Hastelloy B or C which were recommended as a result of previous tests.
Further evaluation of Nicnel for this service will be made.

Corrosion of 304-L by Plutonium(III) Chloride

Samples of 304-L stainless steel were exposed, in contact with plutonium
chloride powder, to air at dew points ranging from -20 C to +15 C. Corrosion
rates based on preliminary examination of these samples were given in the
December report (HEW-58661-C). Further examination of the samples was made
after better corrosion film removal. No measurable attack occurred at dew
point -20 C. At dew points of -13 and -5 C, pitting attack of 0.2 to 0.3
mil/mo occurred. At dew pcint +5 C, intergranular attack at about 0.5 mil/mo
occurred while at +15 C dew point, pitting and intergranular attack at two to
three mils per month cccurred.

Plutonium Oxalate Calciner O0ff-Gas Filter

A sintered stainlees steel wire pencil-type filter was tested for possible use
in filtering particles from the plutonium oxalate calciner off-gases. The
filtration efficiency and backflushing characteristics of this filter element
are considered adequate for 234-5 use.

The operating characteristics of the Selas ceramic pencil filter previously
tested are presented in HW-59381, "Prototype Button Line Powder Traps,"
currently being issued.

PROCESS CONTROL DEVELOPMENT

Assistance tc Chemical Processing Department

The Purex 2BP sampling system is being used to recirculate the 2BP stream to
the 2AF tank (J-5) during Palm recovery operations. This eliminates changing
canyon jumpers betwsen normal and Palm recovery runs. However, inadequate
flow rates are experienced when using this sample system as & process transfer
line. The exact cause of the low flow rate is not known, but the Jet used
(8-3666 - BPF 7924) in the 2BP sampler appears to be limiting based on tests
Just completed in the 321 Building. A larger capacity Jet will be tested in
an attempt to obtain the desired flow rate.

Testing of the revised prototype dual jet sampling system for the Redox 1AFS
stream is complete. The revised system delivers sufficient flow of gas-free
solution (Sp.G. 1.6) for a continuous analyzer. Carry-over of uranium (or
plutonium) into the vessel vent system from a continuously operating jet was
observed during these tests. The amount is not significant in terms of loss,
but may lead to plugging or radiation problems in the vent system. Details
of the test results were forwarded to CPD-FEO in a letter to N. T. Hildreth

dated February 11, 1959.

Yy

1240140



=N c-13 HW-59463

Both the linear polyethylene and Teflen tubing cells failed to maintain a low
background activity reading in the Redox HCP stream after approximately one
week of service. Unplasticized fluorothene cells are now on order for testing
on this stream.

An ultrasonic level detector designed by FPD-Testing Methods Operation was tested
and found satisfactory for resin level measurement. The instrument operates at

a frequency of 1 megacycle and delivers approximately 45 watts peak power to the
crystal. It provides adequate signal return for distances ranging from 0 to 10
feet between resin and transducer. A plant prototype is scheduled for construc-
tion and evaluatior.

IC Column Studies

A filter photometer was cdesigned and is being developed to indicate the uranium
concentration and the prase distribution profiles of the column cartridge. The
instrument is designed *o clamp around the cclumn, and to travel slowly up the
glass sections, scenning the liquids trapped in the cartridge under static
conditions. The instrumert has & usable range of O to 100 g/l (uranium) in
either the aqueous cr organic phase.

Computer and Simulation Work

A one-second Brown recorder and a Foxboro Ccnsotrol recorder with high chart
speeds have heer cornrected to ths X-section furrace and powder temperature
probes of G-caiciner ir crder tc determine the response of the furnace during
start-up and shut-down of the calcirer. These data along with theoretical
studies will lead to ar apprcximate transfer function of the furnace which is
necessary for the desigr of a stable control loop.

NON-FRODUCTION FUELS REPRCCESSING

Mechanical Head-End Studies

Fuel element hardware removel studies ere to be renewed in the near future. The
fricticn saw (hotsaw) is being modified to permit friction-cutting studies on
sodium-filled capsules, ccmpression spring capsules, and Zircaloy metal. In
addition to the basgic saw studies, equipment is being installed in the saw system
which will permit particulate matter and air filtration studies. Particulate
removal equipment to te tested includes an American Air Filter Type D Rotoclone
and a Cambridge Absolute Filter.

Arrangements have been made to make preliminary "cold saw" (low speed milling
cutter type) studies in the 200-West shops. These preliminary studies should
determine the basic feasibility of the cold saw system. Hollow tube bundles
and compression spring capsules will be cut with the saw.
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Feed Preparation

Darex. A series of chloride removal runs were made in the Darex pilot plant unit
on solutions containing uranium and stainless steel. Pertinent findings are:

l. The continuous addition of nitric acid through a submerged feed point
offered no advantage over a top feed point.

2. A greater difficulty in removing chloride from a solution high in stain-
less steel content, as reported last month, was again demonstrated with
both concentrated and dilute Darex solutions.

3. The addition of water through a submerged feed point for nitric acid
removal is superlor to a top feed point.

The data secured in these and prior experiments are being analyzed by analog
computer techniques in an attempt to delineate the relative contributions of
the chloride oxidation reaction and hydrochloric acid volatility to the chloride
removal attained.

Niflex. 8ix additional runs were comple ted. General observations with a
2 M HNO3 - 1 M NH,HF, solutions were:

1. The terminal solution consistently contained 23 - 26 grams of stainless
steel per liter after four hours cof operation.

2. The charge was at least 85 per cent dissolved after one hour of boiling
with a fluoride to stainless steel mole charge ratio of five.

3. Off-gas analysis after one hour of dissolution averaged one per cent oxides
of nitrogen and one per cent hydrogen with an air flow of 0.34 standard
cubic foot of air per minute per square foot of stainless steel surface.

4, Dissolution was 91 to 99 per cent complete after four hours of boiling
with a fluoride to stainless steel mole charge ratio of five. Incomplete
dissolution consistently occurred near the bottom of the dissolver (liquid
depth of eight feet) and along the Hastelloy F contact regions.

Sulfex Studies

Sulfex studies were extended to irradiated uranium metal (irradiated to 2100
MWD/T and cooled about six months). The irradiated metal reacted with boiling
four molar sulfuric acid at a rate (1.2 mg/hr,cm?) identical within experi-
mental error with the rate of reaction of unirradiated uranium (1.1 mg/hr,cm?).
This rate would correspond to & uranium loss (in per cent per hour) of 0.l times
the specific surface of the element in cm? per gram.

The presence of dissclving stainless steel had no effect on the rate at which
the irradiated uranium reacted with boiling four molar sulfuric acid.

<.
S
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Other experiments showed the rate of dissolution of unirradiated uranium -
9 w/o molybdenum to be lower by a factor of at least ten than that of unalloyed
uranium.

Experiments perfcrmed this month confirmed that atmospheric oxidation is largely
responsible for the previously observed rate (1.8 x 10-% moles/liter,hr) of for-
mation of iron(III) when & four molar sulfuric acid solution containing 0.2
"molar" stainless steel was boiled with no attempt made to exclude oxygen. A
rate of only 1.2 x 10-° moles/liter, hour was obtained when a 0.3 molar solu-
tion of iron(II) in four molar sulfuric acid was boiled under & nitrogen atmos-
phere. Since iron(III) has been shown to te capable of oxidizing and dissolving
uranium or uranium dioxide, provision of & norn-oxidizing gas atmosphere will be
necessary to cbtain minimum core losses in a Sulfex decladding operation.

During Sulfex studies, several specimens of 304k-1, stainless steel of unknown
history have been found which are passive to bciling 3.5 M HoS0L. Several }
techniques involving etching and subsequent exposure to HNO3 or air (long term)
bave beer fourd whick will prcduce 304-L specimens passive to 3.5 M HoSOL. 1In
all cases, the samples were made active by contact with mild steel or active
stainless steel when immersed ir dilu*te sulfuric acid.

Uraniun and Urarium Dicxide Diesolution. Dissoclution rates for ingot uranium

and sintered uranium dicxide ir proposed-core dissolvent sclutions (HNO3-HF-A1(N03)3)
were determined. Tke tes*s were made in boiling eolutions; constituent concen-
tration ranges studied were HNC3 from ecid deficient to 3 M, HF from 0.1 to 1.0 M,
A1(NO3)3 from O to 1.0 M, and UOo(NO3), from O to 0.6 M. Dissolution rates for
ingot urarium were in the range from one to five /cm97hr in the absence of
aluminum or in the presesrnce of aluminum if the Al/F mecle ratio was less than

one. At an Al/F mole ratio of one the dissclution ra*es ranged from 0.2 to

0.5 g/cma/hr. Diesolutioz rates for sintered UQ, were appreciably less than

those for metallic uranium. They ranged from 0.1 to about one g/cm?/hr. Addi-
tion of ferric nitrate to the dissolvents increased the dissolution rate
appreciably.

Dissolutior of Uranium-Mclybderum Alloy. Further studies on the dissolution of
uranium - 3 per cent molybdenum alloy in ENO3-NHAF-A1(NO )., systems generally
confirm previously reported limitsations on terminal uran%ug and nitric acid
concentrations as well as F/Mo and Al/F mole ratios if gross solid formation is
tc be avoided. Currert studies on the dissolution of this alloy in nitric acid
alone irdicate that approximately the same terminal uranium and anitric acid con-
centrations can be attained as are possible in the presence of fluoride and
aluminum. Dissolution in niitric acid only would have the advantage of involv-
ing a much less corrosive environment and the disadvantage of lower dissolution
rates. B8tabllity of solutions during plutonium oxidation and the behavior of
molybdenum during solvent extraction have not yet been studied in the absence
of fluoride.

A survey of dissolution rates of wranium - 3 per cent molybdenum in the
HNO3- uF-Al(NO3)3 systems proposed for dissolution of this alloy was made.
At A1/F mole ratidos of 0.5 or less the average dissolution rate at boiling
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was well above one gm/cm?/hr. At 80 C, the average dissolution rate was about
one gm/cm@/hr. When the Al/F mole ratio was one, the dissolution rates were less
than one gm/cm@/hr even in boiling solutions.

Materials of Construction. Hastelloy F weldments fabricated from vacuum-melted
Hasteiloy F base metal and a filler wire similar to Hastelloy F but contalning
nine per cent molybdenum instead of the usual six per cent, and containing no
niobium show appreciably less (estimated at a factor of ten) preferential weld
metal attack in HNOx-HF solutions than weldments containing standard Hastelloy
F as filler material. PFour additional heats of Hastelloy F with varying molyb-
denum content are in preparation for evaluation as filler materials. Hastelloy
F welded with No. 65 Nionel filler wire showed no preferential weld metal attack
after exposure for ten days to simulated Sulfex, Zirflex, and core dissolvent
solutions. Similar welds prepared with standard Nionel as filler material
showed preferential attack in areas adjacent to the weld on exposure to core
dissolvent solution (3 M HNO3, 1 M HF, 0.5 M A1(NO3)3).

The presence of diszolving stainless steel reduces appreciably the corrosion
of Hastelloy F and Nionel by Sulfex decladding solutions (dilute sulfuric acid).

Boron Monitor. A laboratory model of a boron monitor was designed, constructed,
and is now under test, tc determine the optimum geometry for measuring boron in
the 0.1 to 2 grams/liter range. The sensing unit is & thermal neutron absorpti-
ometer utilizing a single BF3 tube as the detector.

Solvent Extraction

Solution statility teets, batch contact studies, and mini-mixer-settler runs
were made to establish satisfactory conditions for Redox solvent extraction of
feeds prepared by dissolution of uranium- 3 per cent molybdenum alloy in
ENO3-NHhF-Al(NO )z solutions. From the standpoint of uranium and plutonium
recovery and soiu%ion stability, the most satisfactory conditions so far found
are as follows. The dissolver solution (containing O.4 M uranium) should be
one molar or more in free acid. Aluminum nitrate was added tc give an Al/F mole
ratio of at least 1.5 and total nitrate at least 5 M. When the solution was
0.05 M in NagCrQOT, heating for at least one-half hour at 85-90 C was required
for adequate plutonium oxidation. At higher oxidation temperatures, solids
were generally formed. Under these feed preparation comditions, uranium and
plutonium waste losses ranging from 0.05 to 0.2 per cent were obtained in mini-
mixer-settler runs. Fiseion product behavior under these conditions will be
studied in future runs.

REACTOR DEVELOPMENT - L4000 PROGRAM

PLUTONIUM RECYCLE PROGRAM

PRTR Fuels Processing

Present plans in developing optimum reactor parameters for the use of recycled
plutonium in thermal reactors include the reprocessing of PRTR spent fuels in
the Redox plant and/or the proposed reprocessing complex for Non-Production Fuels.

i
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This approach is not considered to be optimum as the chemical reprocessing steps
to the over-all plutonium recycle, but is intended as & service during the interim
period until such time that a more optimum fuel reprocessing-fuel reconstitution
cycle has been developed. In this concept the interim reprocessing is, therefore,
a special case of reprocessing a non-production fuel. Accordingly, development
in support of this reprocessing has been carried out and reported under the Non-
Production Fuels Reprocessing Development Program. Unique features of the FRIR
fuels have been considered in that development program, as well as the provision
of any necessary technology to make it possible to process spent FRTIR splke

fuel elements in the Redox plant with a minimum of modifications, prior to the
completion of the Non-Production Fuels Reprocessing complex as & whole. As
presently envisioned it will not be necessary to provide any facilities in

these minimum modifications which are not also necessary in the longer-range
portion of providing facilities for processing of Non-Production Fuels.

Combustible Gas Analyzer

Calibration of the new combustible gas analyzer, for use at Redox, is in progress.
Data are being evaluated in order to interpret the effects of two combustible
gases (hydrogen and ammonia) in air. Preliminary results indicate that with an
ammonia to hydrogen mcle ratio of ten or greater, the instrument output signal

is the same as if ammonia only were present. At lower ratios both gases contri-
bute to the output signal.

Plutonium Oxslate Disk Filter

Tests have continued on the plutonium oxalate disk filter using cerium oxalate
as & stand-in for plutonium oxalate. Both filtration media tested (an aluminum
oxide disc and a sintered stainless steel wire mesh) have proven adequate in
filtering cerium oxalate. Exploratory studies were performed in an effort to
devise cake removal methods which would minimize filter media blinding while
maintaining uniform filter discharge rates. "Blowing back” a small sector of
the filter at a time effectively removed the cake but resulted in large pressure
drop variations across the filter and an eneven build-up of cake on the filter
disc. A second method investigated involves the use of a traveling "scalpel"
mounted below the normal cut-off knife. With rotation of the disc the scalpel
mekes a 3/16-inch incision in the 1/4-inch thick filter cake. Bubsequent filtra-
tion takes place largely in the groove produced by the scalpel. With this
method the pressure drop across the filter does not fluctuate and filter
discharge rates are quite uniform.

Potassium-Aluminum Chloride System

A sample of short exposure, long cooled, irradiated uranium dioxide was converted
to U 08 by heating in air to 725 C and was dissolved in KC1-AlCl, to yleld a

salt phase 18 weight per cent in uranium. After contacting with eluminum at

725 C for 40 minutes, the salt phase was found to contain over 99 per cent of

the strontium, cesium and cerium. The ruthenium (surprisingly enough) was

found distributed between the salt and metal phases, ranging in three experi-
ments from 40 to 80 per cent in the salt phase. It is not known whether this

is a kinetic phenomenon or is due to an unknown —eaction of the ruthenium with

the substrate material.
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Scouting experiments were perfocrmed to determine the effect on uranium distribution
of substituting bromide for all or part of the chloride of the KC1-AlCl3 system.
Thorium-234 (UX;) was used to simulate plutonium in the system since these two
elements have similar distribution coefficients in the AlCl3-KCl system. Prelim-
inary experiments show minimum ten-fold increase in the separation factor for
uranium and UX; if the potassium chloride is replaced with potassium bromide.
This effect is due to an apparent increase in the uranium distribution coupled
with & decrease in the UX; distribution. Replacement of the A1Cl3 with AlBrs,

as well, results in separation factors about the same as those of the chlori
system. Distribution coefficients, however, are lowered for both uranium and
thorium.

If confirmed, the distribution data quoted above, should mean an improvement in ‘
the salt fluxing process demorstrated for the purification of aluminum-uranium-233
alloys from thorium-228.

Fuel Materials

A set of six plutcnium impregnated graphite samples was completed and sent to
Plutonium Metallurgy Operation for canning and irradiation.

Analytical Services

Uranium down to 1 ppm in Zircaloy-2 was measured with some 60 per cent error.
The fluorimetric methcd was applied directly to HNOz-HF solution of the metal.
The analysis is expected to be used regularly to noge whether purchased
Zircaloy-2 meets impurity uranium specifications.

Magnesium at the 0.02 to 10 per cent level in aluminum-uranium and aluminum-
plutonium buttons was determined with an error of less than three per cent,
relative. Main interference was aluminum. Magnesium was carried from a caustilc
solution on ferric hydroxide. It was washed with ammonie and dissolved in

10 M EC1l. The HCl solution was passed through Dowex-l which retained the irom.
A flame photometer measured magnesium in the effluent.

WASTE TREATMENT

Radiant Heat Spray Calcinatior

Twelve runs were made during the month in the eight-inch spray calciner. These
were aimed at optimizing operating conditions and at producing a high grade
product similar to that previously obtained ir the three-inch unit. The feed
was formaldehyde killed synthetic 1WW from the Chemical Development pilot plant.
Air was used as atomizing media in the first two runs, saturated steam in two,
and superheated steam in the rest. The use of steam is preferred because it

is condensable and hence reduces the off-gas volume. Superheat was required
because of the high water content of the building steam supply.

The quality of product was generally falr, either with or without phosphate
addition, and with either air or superheated steam atomization, but dustiness

o
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was & problem in some cases. Adherence of powder to the cold top flange and to
other parts of the column was also troublesome, and several changes were made

in an attempt to elimirate this difficulty. Spargers were installed to collimate
the spray and reduce the effect but were effective in & limited region only and
require further development. It was also found desirable to replace the "disk
and donut" baffle system with a cone and frustrum and to eliminate the cyclone -
associated with the product receiver. The off-gas system is also being

modified in preparation for tracer level runs.

Supporting studies in the three-inch columm were aimed at relating product
density to operating variables such as air to feed ratio in the atomlzing nozzle,
air pressure at the nozzle, and residence time in the column. The effect of
these variables was not clear cut; however, maximum product density occurred
when air to feed ratioc was in the range 0.4 to 0.7 liters of air per milliliter
of feed and decreased with increased pressure. With sugar addition, tap densi-
ties ranged from 1.04 to 1.84 gm/cc, and perfect spheres of glass-like material
were obtained in all cases.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

Specific retention measurements were made on samples of scil taken from wells
drilled near the BC cribs. These measurements were performed by centrifuging
the saturated samples for one hour at 1000 gravities. The moisture content of
the samples after centrifugation averaged about 2 per cent by volume. The
molisture content of special drive samples of soil from deep within these forma-
tions was found to average under 4 per cent by volume. Recent drive samples from
a simllar formation in 200 West Area averaged Just under 2 per cent by volume
moisture. These drive samples provide realistic moisture-content data because
they are obtained from wells constructed without the use of drilling water.

The low moisture content obtained with these field samples in the centrifuge
test compares with about 14 per cent obtained previously with fine Touchet soil.
This fine soil is not represertative of the actual material beneath the cribs.
The acceptable agreement between the moisture content resulting from these
tests and that measured in actual samples may indicate a verification of the
value of the centrifuge test for specific retention measurements.

Two techniques for comnstructirg laboratory unsaturated flow models were tested.
It was found that the use of porous glass membranes for maintaining moisture
tension was satisfactory for tensions up to 24 cm of water. The second technique
tested involved the removal of water from the bottom of the model by means of a
vacuum pump to provide unsaturated flow. This device permitted model operation
under moisture temsions as great as 50 cm of water. The moisture conteat of
soils was measured with two experimental instruments based on the determination
of electrical conductivity. These instruments require significant equilibration
time before measurements can be made, limiting the usefulness of the technique.
Design improvements are sought to increase the rate of response.
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S0il Chemistry and Geochemistry

The capacity of clinoptilolite for removing cesium from solution was determined
to be 166 meq./100g. to reach a C/C, value of 0.5 from a 0.01 M cesium solution.
With addition of 1.0 M sodium to this influent the cesium capacity is reduced
to T2 meq. Cs/100g. The large concentration of sodium ion needed to cause an
appreciable depression in Cs removal emphasizes the pronounced selectivity of
clinoptilolite for cesium. Comparable tests with synthetic resins indicated

a higher capacity for cesium from pure solutions but their cesium capaclty is
depressed to & muckh greater extent by the presence of sodium ion than 1s that
of clinoptilolite. '

Completion of experiments prcvidirg cation exchange data confirms the previous
indication that nro appreciable change in cation exchange capacity results from
acid pre-leaching of the soil. The soil prepared for laboratory lavestigations
was composited from samples taken from a 200-foot zone during construction of

& well near 200 West Area. A mechanical analysis of the composite showed 26 per
cent in the >2.0 mm fraction; 20 per cent in the 0.35 to 2.0 mm fraction, and
the rest to be fine sand, silt, and clay in the ¢ 0.25 mm fraction. This fine
fraction has a natural cation exchange capacity of 12.6 meq./100g., indicating
a calculated exchange capacity for the whole soil of 6.8 meq./100g.

Ground Waste Invegtigations

A technigue was designed and demonstrated for performing soil column experiments
with contrelled unsaturated flow. The test solution flows through a short soil
bed retained between two porous glass membranes. Unsaturated flow is attained
by maintaining tension ‘on the membranes. A linear relationship was found
between the per cent saturation of the soil bed and the tension on the influent
over the experimental range studied.

Laboratory soil column experiments were completed to study the effect of variations
in packing on the resulting breakthrough curve. Only qualitative variations in
packing are possible, being determined by the column packing technique employed.

It was found that slightly steeper breakthrough curves are obtained with loosely
packed columns than with those prepared by maximum compaction wlth a vibrator.

Thus failure to duplicate field packing in laboratory experiments will result

in high estimates of crib capacity. The effect is not pronounced amounting to

a maximum column volume errcr of about 10 per cent at 0.1l per cent breakthroug .

Pre-leaching of two 47-foot goil columns was completed and influent spiked with
sr90 ig being fed.

Field Apparatus Developmert

Closed circuit television was used for the first time locally to examine well
casing integrity and the condition of perforations. Good resolution was ob-
tained in the well above the water level but in some wells turbidity made the
viewing less defined upon immersion of the camera. The camera was prepared
near month's end to assist CPD in the internal examination of a dissolver

vessel.
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A crystal-controlled chronometer circuit for use in exploratory geophysical
work was developed.

A laboratory device was developed for applying a known controllable tension to
501l column, yet permitting continuous undisturbed flow of liquid through the
column.

Equipment and procedures were developed ahd tested for rapidly placing well
points for use in forthcoming field tests. Driving the well point to 20 feet
is accomplished in 30 minutes.

Micromeritics

Capsule filters for removing uranium particles from cut-off operations were
prepared from (1) long asbestos fibers, (2) various wool felts. Efficiencies
of 99.5 per cent were achieved for each of the filters for removing very fine
iron oxide particles. Either of the materials will be more effective than the
glass wool pads presently used in high level radiometallurgy cells. Further
tests with commercial filters are planned.

Two methods were used to determine the particle size distribution of uranium
oxlde particles produced in an autoclave rupture of a uranium element. Although
both methods showed that all particles were smaller than 210 microns, the dis-
tribution of sizes was not in agreement by the two methods. Direct sedimentation
weight vs. time showed 49 per cent of the material to be less than 7O microns
diameter.

Sampling of effluent air from the 234 Building stack was investigated as part
of a study recently initiated to characterize plutonium particulates present
in this stream.

. Rupture Monitoring

An analysis of three sources of information accumulated over several years
relating to rupture debris released to the Columbia River led to the conclusion
that on the average between 20 and 50 curies of fission product per rupture

are released. The long-term average concentration of 8 9 in the Columbia
River at Pasco is five times that predicted from an average taken of 30 curiles
per rupture. These data support the conclusion that ruptures contribute even
less to the total fission product "burden" of the Columbia River than previously
estimated, the principal source apparently belng fission of uranium in the ‘
cooling water, or in reactor uranium contamination with access to cooling water.

Radioisotopes in Reactor Cooling Water

Reactor effluent radioisotope ratio measurement of 8b122:8b12u indicate that
the antimony parent material which holds up temporarily in the slug and tube
film has an average residence time on the film from the time of entertng until
the activated products are released of about 40 hours. The Cel

2r97:2r95 measurements give values of 25 and 40 hours, respectively, if these
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materials arise by 7 ¥reactions. If they result from fission, the times are

360 and 130 hours. Thus, the average residence time values for these systems

as well as for the zinc reported last month fall between 10 hours and about

12 days. Together with other date these results show that a relatively small ,
percentage of the parent material is responsible for the radioisotopes observed
in reactor effluent water because of the long residence time in the reactor.

Demonstration of and instruction in the procedure for determining As76 in river,
water samples was given RCAQ personnel on & small area electrodeposition technique
for determining plutonium i small volume urine samples.

Facilities have been obtained and apparatus constructed at H and F Areas to
continue studies of the decontamination of reactor effluent water on aluminum
turnings. The effect of temperature, flow rate and calumm length will be

studied.
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A.

BIOLOGY OPERATION

ORGANIZATION AND PLRSONNEL

No significant changes occurred during the month.

TEGINICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITCRING

Radioiodine Contamination

The concentrations of 1331 4y thyroid glands of jack rabbits were slightly
higher than those of one year ago. Values follow:

ac/g wet thyroid

Collection Site Average Max imum Trend Factor
Prosser Barricade 3x 10~3 5 x 1073 -
L Miles SW of Redax 2 x 1072 3x107 * 2
Wahluke Slope 7 x 1074 9 x 1074 -

Columbia River Contamination

Concentration of gross beta emitters in Columbia River organisms decreased
from values observed last month., Values follow:

nc/g vet wt.

Sample e Location Average Maximum Trend Factor
Minnows (entire) Hanford 2 x 107> "2 x 1073 -
Whitefish flesh Priest Rapids 2 x 107h 5 x 1074
Wnitefish flesh F-1 1x 107 1 x 1074
Goose flesh Hanford Res. 2x 10'5 2x :LO'5
Diving duck flesh Hanford Res. 1 x 107 3 x 1073 -3
River duck flesh Hanford Res. L x 1075 6 x 10°2 -3
Grebe flesh Hanford Res. 3 x 1074 3 x 1070
Gull flesh Hanford Res. 7 x 107 1 x 107k
Virulent and nonvirulent of C. columnaris, obtained fraf®Ff0rdal of the
University of Washington, were tested for their ability to kill fish. Tests

were by intraperitoneal injections. There seems to be only little more killing
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effect from the virulent strains than from the nonvirulent strains. To test
the effects of toxins, some of the injections were pasteurized. The rate
of fish death from these heat treated cells seemed to be appreciably greater
than from cells not heat treated. Tests of these pasteurized cultures
showed that not all cells had been completely inactivated so that death
might have resulted from either toxins or from virulent organisms produced
by the heat treatment.

Preliminary work to develop a synthetic medium indicates that vitamins are
not required but as yet, good growth has not been obtained from a mixture

of amino acids. Tryptone fortified with asparagine gives good growth.

Tt has also been possible to obtain abundant microcysts which will be tested
both for their effects in killing fish and for their arparent chromosome
mumber as determined by viability response to radiation.

221-U Swamp Contamination

Concentrations of mixed fission products in tissues of waterfowl increased
as a result of longer exposure of the birds to contaminated food items.
Values follow:

uc/g wet wte
Sanple e Average Max imm Trend Factor

Waterfowl (game species)
Bone 2 x 107> 5 x 1073 +5 &
Soft Tissues 1 x 1073 L x 10°3 +2 =
# Compared to December

Measurable amounts of plutonium were found in aquatic plants and tissues
of waterfowl from the 221-U swamp.

Fallout Contamination

Fission products occurred in rabbits from the Hanford Reservation in the
following amounts:

ac/g wet material

Sample Type Average Trend Factor
Feces 2x 10'h I « 2
Bone 5 x 107 -
Liver 1x 10'5 ' -
Muscle T x 10"'6 -

Effect of Reactor Effluent on Acuatic Organisms

Routine monitoring of effluent from the 100-KE reactor was not carried
out as planned because of continued mechanical failures with the effluent
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pump. Effluent from a single process tube was used at a strength of 2-1/2
per cent on young salmon. There is continued evidence of a slight toxic effect
with this water, however.

BIOLOGY AND MEDICINE - 6000 PROGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RADIOACTIVE MATERIALS
Zinc

Data are being interpreted on the 24-hour absorption and retention of Znb5
administered orally to rats at ages 6, 1L, 19, 26, 36, and 94 days. The per
cent of Zn®5 fed which is retained for 2Ly hours falls from spproximately

90 per cent in the 6-day animals to approximately 12% in the 36 and 9lL-day
animals. The major change in absorption occurs between the 19th ard 26th
day, or approximately at the time of weaning. Significant changes with age
were also observed in the distribution of the zinc among the various organs.

Strontium

A technique was developed for repetitive sampling of the blood from a single
large fishs This is a major advance in our technology since it will
substantially recduce the numbers of fish required for metabolism studies and
it also provides a practical means for intravenous injections in fish.

' Prepa.ratlons were virtually completed for a test on the toxicity of orally
admini'stered Sr?0 to trout. It is expected that this test will be initiated
early in March and run for approximately three months.

The results of hematological studies made during the last 100 days of the
200-day 5r90-Cali5 chronic feeding study with weanling rats indicate a lowering
of the neutrophil and lymphocyte counts in animals on the 0.1 and 0.5 per cent
calcium diets. This is probably attributable to radiation which was received
in largest amounts by the animals on these diets. There is no other clear
evidence of damaging effects from the radiation received.

The initéal drop in OR values observed during the first few weeks of the
90_calt> chronic feeding experiment in mature animals was found to be in

close agreement with predictions based on the observed effﬁgts of dietary

calcinm level on retention of a single dose of sr?0 and Ca This

agreement between two different types of experiments strengthens our

contention that the OR, as frequently measured in short-term experiments,

cannot be relied upon as a constant, even for a singular dietary calcium level.

Bean plants were grown in nutrient solution containing C:m’-l5 and Sr85 in
addition to normal nutrients with caleium adjusted from 0.12 up to 2 mM. The
greatest effect on the observed ratio was in roots and least in leaves. With
increasing calcium, the OR decreased 1n roots from 5 to 2.

ﬁ, '.r—'
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Todine

The ¢/D (ratio of radioiodine in the thyroid to the quantity fed daily) of
sheep decreased slightly, reflecting warmer weather. The Q/D of the group
of 16-month-o0ld swine exposed to 5 nc/day for their lifetime continued at a
level of one-half that of swine fed 1 Pc/day.

Cesium

Bean plants grown in nutrient solution showed an increased OR 05137) as potassium
increased. The OR was also greater in plants grown in the pre eftce/of carrier
cesium as compared with those grown in the absence of carrier cesium. The least
change in OR was in roots, the greatest in leaves. It is interesting that

almost without exception the effects observed with Cs-K are essentially the
reverse of those observed with Sr-Ca. Possibly this is the consequence of
contrasting mobile and non-mobile ions and mono-valent and di-valent ions.

Plutamium

The relative organ concentrations in miniature pigs 30 and 600 days after
administration of Pu239-IV citrate or nitrate intravenously, intratracheally
and intragastrically are shown in Table 1.

Table 1

Relative Tissue Activity per Gram

Intravenous Intratracheal Intragastric
30 days 600 days 30 days 600 days 30 days 600 days
1l Liver Liver Spleen Adrenal Liver Liver
2 Spleen Bone Liver Liver Bone , Bone
3 Bone Kidney Bone Bone Adrenal Adrenal
N Kidney Adrenal Kidney Kicney Spleen Kidney
5 Adrenal Spleen Adrenal | Spleen Kidney Spleen

In previous experiments testing the effectiveness of orally administered DTPA

for removal of internally deposited plutonium, the DTPA was administered as

the neutral penta-sqdium salt along with calcium gluconate. In the hope of
increasing the tolerated dose, experiments were performed in which the DTPA

was administered orally as the calcium tri-sodium salt. The effectiveness of this
treatment in removing plutonium has not yet been determined, however, toxicity
was comparable to that observed with the penta-sodium salt. The maximum tolerated
oral dose appears to be of the order of 6 mM/kg which is roughly equivalent to

the minimum effective dose as determined previously with the penta-sodium salt.
Oral dosage with DTPA does not, therefore, appear too promising unless means

can be found to increase its absorption from the intestinal tract.
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Radioactive Particles

Deposition of 50 pe Pu239 in lungs of dogs during a ten-minute exposure was
accomplished using an air pistol to fire gelatin capsules containing Pu2390,
into an inhalation chamber. This and other techniques are being used to study
the deposition of Pu23902 as a function of concentration in the air and particle
size.

The daily excretion of Pu in dogs has been studied for four months after
inhalation of Pu2390,,. Day to day variability in total quantity excreted in
urine and feces was often more than tenfold. The excretion does not appear to
follow a simple exponential or logarithmic function with time.

The biological half-life of I}31 accumulated in thyroid of sheep after inhalation
of T131 vapor and AgI13l particles varied from four and one-half to six and
one-half days. These values were comparable to those obtained in the same animals
after intragastric, subcutaneous, and intraperitoneal administration.

Gastrointestinal Radiation Injury

The experiment involving daily administration of Y90 to rats has progressed through
six weeks of the projected eight-week feeding period. Only one death has occurred
among the 100 rats involved. However, the weight loss and debilitated state of

the aimals receiving 0.5 mc/day is indicative of the sub-acute effects of such

a radiation dosage.

Radiation Protective Agents

The radiation protective effect of erioglaucine, previously indicated in limited
studies with mice, has been confirmed in a second experiment employing rats.

The X-ray dose employed was 917 r. The erioglaucine dose was 950 mg/kg administered
10 minutes prior to X-radiation. Six out of 10 treated animals have survived for
20 days post irradiation. One out of 10 unprotected control animals has survived
for the same period.

Microbiological Studies

A comparative study has been completed to evaluate the relative rates of

potassium and phosphorus leakage from yeast cells. The dose required to double the
rate of leakage as compared with unirradiated cells is 12 Kr for potassium leakage
and 62 Kr for phosphorus leakage. These doses compare with an LDgy value of

L5 Kr in this same strain of haploid yeast. The relationships of the leakage
curves for the two elements indicate that they are not dependent on each other.

It was also noticed that the packed cell volume of irradiated cells 1is greater than
corresponding non-irradiated cells. Comparison of dry amd wet weight indicate that
the increase in volume is due to water uptake,

In comparing sensitivity to radiation and cytochrome with cataldse content of

yeast cells, it appeared that catalase rather than cytochrome was responsible for
increased sensitivity in high sensitivity strains. When catalase was added to
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the medium in which yeast cells were irradiated, there was no effect on

killing. When cytochrome c was added to a similar cell suspension, 20% fewer
cells were killed than in cultures to which no cytochrome had been added. This
effect of cytochrome in the external enviromnment was quite unexpected and

will have to be retested before complete confidence can be placed in the results.

Ecology

Amounts of fission products in flesh of deer that were sampled from different
environmental habitats last fall sppeared to be related to rainfall. Examples
of values are as follow:

pc/g dry wh. Cellil

Inches Average

Station Annual Rainfall Zr-Nb95 cs137 Ce-prlll
Snowgrass Flats 80 8 x 10~7 3106 1 x 107l
Bear Prairie 50 7x1077  3x1070 9 x 1075
Sequim 20 6 x 107 6 x 107
Rock Lake 15 6x10°7T 2x1077

/4L

Manager
BIOLOGY OPERATI

HA Kornberg:es
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D. Lectures

de

Pgpers presented at meetings

None

- Off-site Seminars (other than Biology)

W. J. Bair, "Inhalation of Radioactive Particles," 2/2/59 (AFSWP lecture)
F. P. Hungate, "Effects of Radiation on Genetic Systems: Genes", 2/2/59 (AFSWP).

W. J. Bair, ¥ntroduction and outline at the Science Fair Panel in Richland
(2/16/59) =~ Panel composed of NL Dockum, RL Uhler, RH Schiffman, GD Smith.

L. A. Temple, "The Biology Program at Hanford," Biology Students at Pasco High
School - 2/18/59.

V. G. Horstman, "Radiation Biology at Hanford," Franklin County Livestock
Association, Pasco, Washington - 2/20/59.

W. J. Clarke, "Treatment of Radiation Injuries with Bone Marrow Transplantation,"
Medical Journal Club of Univ. of OUregon Medical School, Portland, Oregon,
2-26-59.

Biology Seminars

L. A. Temple, 2/17/59, "Induction of lung tumors by radioactive particles™

D. H. Willard, 2/17/59, "Behavior of Iodinel3l after inhalation as a gas
and as a particle"

V. G. Horstman, 2/24-59, "Pitman-Moore Swine for Research"

L. A, George, 2/24/59, "The Mammalian Cell"

E. PUBLICATIONS

-

b,

HW Publications

Bair, W. J. and F. P. Hungate, "Chemical toxicity of plutonium in y ast,"
Document HW-5833L (UNCLASSIFIED) December 3, 1958.

Open Literature

Schiffman, R. H. and P. O. Fromm, "Measurement of Some Physiological Parameters
in Rainbow Trout (Salmo Gairdnerii), Can. J. Zool. 37(10): 25-32 (1959)
(work performed elsewhere).

Temple, L.A., D.H. Willard, S. Marks and W. J. Bair, "Induction of lung tumors
by radioactive particles," Nature 183, No. L4658 (1959) p. L,08-409.
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION
MONTHLY REPORT

Februaery, 1959

ORGANIZATION AND PERSONNEL

There were no changes in personnel during the month.

OPERATIONS RESEARCH ACTIVITIES

Input-Output Simulation Model

A highly aggregated model of HAPO and its interdependencies with the AEC,
the defense establishment, and the nationsl economy was formulated during
February. Data have been gathered for the variables considered over a
ten-year time period, and a testing program formulated. This model along
with two others is now awaiting completion ©f the IBM 709 program for
handling systems of this type.

A series of lectures to plant personnel describing the use of recently
developed multivariant analysis techniques in the investigation of causal
interrelationships was continued.

Business Descriptions

The study of methods for the description of a business was continued.

OPERATIONS ANALYSIS STUDIES

Z Plant Information Study

In order to proceed with the test program discussed last month using APR
equipment, a portion of the information system structure was selected
which it was felt would approximate the capacity of the equipment available
and still provide sufficient data for test purposes. Operating procedures
necessary to permit the test were then defined and presented to CPD
management for tentative approval. Following this approvel IBM customer
engineers were contacted with respect to this specific application of the
equipment. It was found that the portion of the structure selected would
require approximately twice the amount of equipment available. However,
the program presented can be subdivided and it is still felt that it will
be possible to perform a satisfactory test within the limitations involved.
A detailed proposal for CPD consideration will be availasble early in April.

FPD Process Control and Experimentation

In connection with the determination of the optimum combination of preheat
and submerge times in the canning cycle, several gets of date, resulting

DECHSIED
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from designed experiments, were collected. Yield variables included
total bond count, residual can wall thickness, non-wetting (measured
in two different ways), and various reject rates. An optimum region
hes been found on the basis of these experiments, ard it has been
recommended that the nature of the response surfage in this region be
further investigated in the pilot plant using a 3° factorial design.
Firm recommendations for changing process specifications will follow
this final investigation. A report on findings to date will be issued
during March.

Data were analyzed from an experiment designed to evaluate the effect

of metal additions to the canring bvath on the depletion rate of silicon.
The experiment was conducteé in order to determine how much metal to

add, and when, in order to masintain silicon content above a given value.
Along the same line, process data were analyzed to determine if replenish-
ment during canairg as oppesed to during a shift break significantly
affects the quality of the canmed fuel eliement.

Evaluation of Fuszl Element Quality

Two experiments were run in connection with the measurement of pre-
irradiated fuel element quality. Ir one of these, an evaluation was
made of an optical messuring device to measure can wall loss. This
has the advantege of being a nor-destructive measurement, and would
" aleo permit a more rapid feedback of information for process control
applicaticns. Resuits of cptical measurements were compared with
results from the caustic stripping method in current use. The other
concerned the measuremert of the extent of non-wetting, and wss
designed to compare the effectiveness of physically measuring non-
wet areas with tre existing ranking method of evaluation.

Fuel Element Failiures

Uneven surface conditions for I and E fuel elements during irradiation
have been monitored by means cf thermocouples desigred to measure outlet
water temperature for a given tube at different positions around the
circumference ard in the center. These data are of interest in connection
with rupture studies because cof the spparent strong dependence of

rupture rates on such surface conditions. Data of this type have been
submitted for analysis in order to determine the relationship of "rupture
indices" computed from the surface conditions with the corrosion index

of the tube, a measure of tube condition. The behavior of such rupture
indices with time is also being investigated.

Work is continuing in an effort to relate the aluminum corrosion curves
to the side failure curves. The hypothesis has been suggested that "hot
spot" ruptures are the result of uniform corrosion observed under more
severe conditions due to a combination of circumstances. If this is
true, a reconciliation of the curves should be possible. However,
several explanations as to tke extent and/or severity of localized

1240703
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heating can be offered to reconcile the curves, and supplementary
data will be required to firm up any explanation. In this general
problem area, the corrosion equation has been revised slightly by
eliminating some of the data which do not appear to be described
adequately by the existing model.

Production Tests

Data for I and E fuel elements from the old reactors are being analyzed
in order to estimate a regression equation for dimensional changes
versus fuel element power and exposure. This is necessitated by the
fact that tube powers in the various production tests differ little,

80 that the effects canrot be determined on a tube basis. Within a
tube, the range in powers is wide enough to permit this determination.

CPD Control

Some preliminary work was started in reviewing material control measure-
ments in Z plant. Problems associated with different inventory estimates
of the amount of nitrate in the new feed tanks are being considered.

A review of Process Technology and SS Accountability data is being made
to evaluate material control potentislities in the Product Recovery
Operation. This is prompted by the process improvements recently
instigated in this operation.

Radjiation Protection Precision and Accuracy Study

Continued emphasis was placed upon gaining understanding of the

many variables associated with the film badge program. Basic information
has been collected in report form covering such areas as beta, gamma,
and x-ray calibration of film, the film badge, film characteristics,

the developing process, densitometer and dose interpretation from cali-
bration curves. Based on this information, & list of the important
variables i1s being prepared so as to determine what types of data and
experiments will be needed in order to estimate the associated precision
and accuracies. Basic information and understanding is yet to be
obtained for the neutron dosimetry program and some parts of the regular
film badge dosimetry program.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HIO

2000 Program - Reactor

A cooperative program has been started for the investigation of heat
transfer and thermal stress effects in fuel columns which have hecome
non-concentric with their tubular containers.
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Work has been started to develop a mathematicel model of the ion
exchange and coating phenomenon which occurs in reactor process tubes.

4000 Program - PRP

A series of mathematical analyses was started to study the heat transfer
properties of several types of fuel elements under the non-linear
assumption that the thermal conductivity of the fuel material is tempera-
ture dependent.

A non-linear least squares &nalysis was suggested to evaluste experimental
data concerning the separation of spent fuel elements. The mechanics of
programming the mathematical calculations for IBM 709 computation were
aiso considered. Data are -urrently being processed.

Statistical analysis was iritiated to determine the precision with which
certain properties of microstructures cen be estimated from random photo-
graphe of cermete. Properties estimeble from such metallography data
include average crose-sections, average linear intercepts, surface to
volume ratio, and mean free paths of particles of a given phase in the
cermet.

LOOO Program - Swelling Studies

Work continued on methods of estimating the distribution of diameters and
centers of gas bubbles in irradiated uranium. Two methods for the resolu-
tion of bubble diameters are currently under investigation. The first
utilizes measurements of the ezcape rate of gas from a molten irradiated
uranium sample. A non-linear differential equation, to date not solved,
expresses the functional dependency of bubble rising velocity on the
parameters of the system. The second is based on analysis of radiographic
cross-gectione of irradiated urenium samples. Its validity depends upon
ability to anneal irradiated uranium samples sufficiently to sphericalize
internal gas bubbles without boiling off appreciable emounts of the gas.
If this can be accomplished valid estimates of the total void volume,

the distribution of bubble radii, and the distribution of centers can

be obtained from radiographic data.

6000 Program - Biology

A meeting was held with Plant Nutrition and Microbiology Operation
ccncerning etatistical analysis of data from an experiment yielding
values of the observed ratio (0. R.) in plants. Consultation continued
with Biology Operation personnel in an effort to provide a theoretical
basie for experimentally observed changes in such observed ratios in
plants and animals. '

s
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Continuing effort is being made to fit a mathematical model to data
on bone concertrations of radioisotopes from a chronic feeding experi-
ment with mice.

Work was completed on a Metabolism Operation study of linear regression
curves relating blood concentration of radiocactive isotopes in test
animals to time following a single intravenous injection.

A meeting was held with personnel of the Experimental Animal Farm Opera-
tion to consider the allocation of animals to the various feeding levels
in a proposed large animal experiment to investigate Sr-90 toxicity

in swine.

Further discuseions were held with Radioecology Operation concerning
analysis of data from an experiment involving the passage of Cs-137
throughout an sguatic community following an acute administration.
Discussion centered on methods of summarizing the large quantities

of data obtained from the study 1D preparation for statistical analysis.

6000 Program - Atmostheric Physics

Work continued on a formal report jointly authored with Atmospheric
Physics Operation discussing the derivation and utilization of statis-
tical techniques for analyzing data from the pending Air Force - AEC
diffusion and deposition study.

General

Two problems are currently being comnsidered in connection with the appli-
cation of statistical and msthematical techniques to the resolution of
multi~-channel analyzer spectrum data. The first is the quantitative
resolution of the total spectrum among a known set of isotopes by mathe-
matical techniques, including standard error estimates for each isotope,
and thke second is the estimation of proportional and zero shift instru-
ment drift from a scan of a standard material. Current efforts are
directed toward the solution of the first of these two problems, and
data are being processed to investigate the efficiency of several statis-
tical techniques.

Further discussions were held with Bioassay Operation concerning the
estimation of relative sensitivity of a spot sampling program in compari-
son to the current routine one based on a 2h-hour collection period.

The type of information necessary for such a comparison was indicated

to interested persons.

Work continued Jointly with Data Processing Operation on the checking of
a 709 IBM routine for the quantitative resolution of counting results
obtained from multi-source short half-life radioactive material in the
presence of appreciable beckground.

1Z2807bb



s be DEpT G
B Sy

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Further mathematical analyses were made in connection with the continuing
program of the Testing Methods Operation. These analyses were for the
purpose of predicting and interpreting the types of signals received by
electrical eddy-current and ultrasonic fuel element testers. Several
experiments set up by this group have confirmed the predictions of the
mathematicel theory.

Reactivity datae for K, O, and C size I and E fuel elements were analyzed
in order to estimate the reactivity of bare fuel elements currently being
received at HAPO.

Irrediation Processing Department

The regression analysis study relating prediction errors associated with
reactor start-ups to nine independent reactor varisbles was completed.
The analysis demonstrated that three of these variables need not be
included in the model.

A report was issued in connection with the reliability study for a
proposed nuclear monitoring system. The report also contained a
discussion of the general method of analyzing reliability data.

Chemical Processing Department

Estimates of the process average and the dilution and titration variances
for final perts were made based on recently collected data. These
estimates are used for control purposes in addition to indicating whether
or not conformity to specifications is being meintained.

A review has been made of the control method used by the Analytical
Quality Control Laboratory in connection with spectographic analyses.

Relations and Utilities

A supplementary report has been issued in connection with the procedures
for estimating inventories and book-physical inventory differences.

Calibration tebles for the E-12 and C-1 vessels were prepared using the
IBM-650 program. These tables differed from previous ones primarily in
that they include a temperature correction to a base of 49C. The cal-

culation and use of these estimates are given in HW-59439. A detailed

description of the IBM 650 program was also prepared.

Statisticel analysis of age- and sex- specific mortality data in Richland
and in the United States was completed and the results reported to
interested persons.

~; : @d&v‘%@

(200761 Carl A. Bennett, Manager
CAB: jbk Operations Research & Synthesis
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PROGRAMMING OPERATION
FEBRUARY 1959

A. REACTOR DEVELOPMENT - LOOO PROGRAM

1. Plutonium Recycle Program

High Exposure Plutonium for the PRP

Approval was granted by the AEC Division of Reactor Development to re-
irradiate in tlr MIR and ETR 20 of the Pu-Al fuel elements that were
originally fabricated for MIR use by HLO Plutonium Metallurgy. The re-
irradiation of four in the MTR has already begun. Upon completion of

the irradiation the 20 elements will contain about 2 Kg of plutonium,

some with 20 w/o and some with 40 w/O Pu-240 + 241 4 242, This plutonium
will be used in the PCTR to determine physics parameters for the Plutonium
Recycle Program. It will then be refabricated into FRTR fuel elements.

Negotiations were started with the local AEC concerning release to the

PRP of the irradiated depleted uranium now being stored in the 100-C
Storage Area. This material, totaling 6.7 tons of uranium, is estimated to
contain 9.3 Kg of plutonium averaging 1k v/o Pu-240, In addition there

are some 3 to 4 tons of similar material still being irradiated that are
also requested for the FRP.

Trans-Plutonium Elements

In support of current AEC interest in the utlilizetion of high exposure
plutonium from the PRTR program for the recovery and production of trans-
plutonium elements, calculations were made to show the content of certain
elements in fuels at various exposures. In addition, the higher plutonium
isotope contents of fuels were developed. Of speclal interest are the
plutonium-242, americium-243, and curium-24i isotopes which may be used
uwltimately for the production of elements such as californium-252.

Schedule and Inventory for PRTR Fuels

Incorporation of most recent cross section data for plutonium isotopes
into the calculation of time for 50 percent burn-out has established 6.4
days as the discharge interval for spike elements in the PRTR. This is
& shorter time than earlier calculations showed and will have significant
effects on the charge and discharge schedule and on the inventory.

Cycle Analysis

A rough draft of a report entitled "A Calculation of the Reactivity Worth
of Plutonium and Uranium-235 as Enrichment in Thermal Reactors", was
essentially completed. Results subject to qualifications noted in the
report show that (1) the value of a gram of fissile material (Pu-239 +

1240769 | CNCLASSIFIED
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Pu-241) in extending the exposure life of uranium-238 as fuel in efficient
reactors is greatest if the fissile material is contained in highly-exposed
plutonium with pure Pu-239 and pure U-235 following in that order. This
result reflects the fertility of Pu-240, which when properly used is a
valuable material. (2) In reactors of medium efficiency, the difference
between the three fuel compositions is rather small. (3) In a reactor of
poor neutron economy, the difference is large and in a reverse order,

The reason for this is that to take advantage of the properties of Pu-240
as a fertile material it is necessary to invest excess neutrons in non-
fission absorption in the plutonium isotopes Pu-239 and Pu-240 for re-
generation of the fissile material Pu-241, rather than spend them in
producing more fissions immediately. In a reactor with low neutron economy
thie investment is a losing proposition because of the associated leakage
and parasitic absorption losses, while in the reactors with good neutron
economy the investment is ultimately recovered "with interest" from the
Pu-241.

A single-pass fuel cycle code (MELEAGER A) for the IBM-709 computer was
developed and written. The code, which is an enlarged and improved version
of the WESSEX A and B codes for the IBM-650, will handle up to 140
different materials subject to burnup and radicactive decay, and will

be useful for fission-product and trans-plutonium studies as well as the
basic uranium-plutonium and thorium reactor fuel cycles. Input tape prep-
aration permits the running of extensive surveys without time-consuming
clerical labor. Proviesicn is made for treatment of spectrum and flux-level
shifts in batch irradiation cycles, which can now be analyzed with as much
accuracy and convenience as graded discharge cycles.

Analytical work was completed on IBM-650 computer analysis of two aspects

of plutonium fuel utilization., The first examined plutonium feed of various
compositions in specific reactors under construction or in operation as

part of an AEC requested effort, jointly with ANL and ORNL, bearing on
evaluation of plutonium pricing policies., The second examined the special
characteristics associated with stainless-steel cladding (as an alternate

to cladding with a lower cross-section) of plutonium fuels. .

A paper entitled "Selected Eccanomic Aspects of Plutonium Fuels Utilization
in D50 Moderated Reactors' was written for an AEC sponsored symposium on
Heavy Water Moderated Reactors to be held in Washington, D.C. on March 3
and 4,

B. 6000 PROGRAM

Radiological Consultation

A quarterly report for the Radiological Evaluation Task Force was written.
Meetings of the Task Force have concentrated on the need for a Radiological
Evaluation group and its organization.

UNCLASSIFIED
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Consultation was rendered concerning radiation protection legislation, extra-
polation to humans of biological data secured from small animals, NPR con-
finement, application of autoradiography to the study of fallout, and con-
trolled background radiation measuring facilities.

A Bio-Medical Program Director's meeting was attended and a review prepared
for those involved 1n the Biology and Medicine Program.

Arrangements were made for presentations and discussions of HLO programs
sponsored by the AEC Division of Biology and Medicine for W. D. Claus,

F. Western, G. V. Beard, W. Lotz, and J. Turner during their visit to Hanford
on February 9 and 10.

OTHER ACTIVITIES

Arrangements are under study by which it is hoped to certify a qualified
person from the Hanford Laboratories to teach advanced electrical engineering
courses at the University of Washington Graduate Center at Hanford. Necessary
arrangements were made to bring a qualified instructor to Richland from the
University this summer to teach a Graduate Course in Business Administration.

In accordance with requests from Washington AEC personnel, alternate proposals
involving revisions to the content of the 1959 SINE Program at HLO were
developed. ©Selected lecture topics to be delivered by off-site personnel
were integrated into proposed alternates., 1In addition, the possibility of
including a trip to the NRTS facilities was considered.

Arrangements were made for a display and a laboratory tour for C. W. LaPierre,

L. R. Fink, F. E. Crever, and E. J. Schmidt during their visit to Hanford on
February 10 and 11.

Manager, Programming

LH McEwen:dl
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RADIATION PROTECTION OPERATION
MONTHLY REPORT - FEBRUARY 1959

A. ORGANIZATION AND PERSONNEL

Luese W. Powers was reactived on February 9, 1959. Barbara H. Ryan was granted
a leave of absence effective February 27, 1959.

B. ACTIVITIES

Four minor cases of plutonium deposition were confirmed during the month. Two
cases were associated with rupture of plastic bags or hood gloves. One case was
detected through the routine sampling program and is probably a result of chronic
exposure of several years. One additiconal case apparently occurred offsite at

the Nevada Test Site to an employee in ROF status. Preliminary estimates place
the deposition in all cases at less than 10% of the MPL. This brings the total
pumber of plutonium deposition cases which have occurred at Hanford to 228. There
are 163 employees currently employed who have a measurable deposition of plutonium.

Incomplete information from the manufacturer contributed to incorrect installation
of the accelerating belt on the Van de Graaff positive ion accelerator. The sub-
sequent temporary acceleration of negative ions resulted in generation of X-rays
and some unexpected exposure of three employees. The maximum whole body dose
received was estimated to be about 0.6 r to the employee who was not wearing his
film badge at the time of the incident. This estimate was based on measurements
taken during restaging of the incident. The whole body doses received by the other
two employees including three weeks of nominal prior exposure were 0.045 r and
0.035 r.

Two FPD employees received hand and forearm exposures of 2.0 and 2.5 r. The
unplanned exposure wae received when the safety device of the radiographic X-ray
testing unit failed. A third employee received about 1 r to the hands and forearms.
Whole body exposure to all three employees were less than 60 mr.

A contamination spresad at the 183-KE Coolant Systems Development laboratory resulted
in hand and protective clothing contamination to one employee. Nasal irrigation
was performed on the involved employee. Skin decontamination was successful and
external exposure was estimated to be less than 150 mrads. Measurements in the
Shielded Personnel Monitoring Station were scheduled.

Discharge of 1131 rrom separations plants to the atmosphere totaled k4.9 curies
during February.

The technique for electrodeposition of plutonium on & reduced area of a stainless
steel disc was tested under operating conditions at the biocassay laboratory by
Analyticel Chemistry Operation personnel. Mechanical difficulties of premature
drying of the electrodeposition sample were resolved. Further testing is in progress.

Equipping the Shielded Personnel Monitoring Station continued. The reception room
furniture including sofas, chairs, sand end tebles was ordered. Tentative plans
vere made for landscaping the entrance to this facility.

ﬁgggsa-rwli
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The X-ray spectrometer to be used for evaluation of gamma doses up to 2000 r
was received and assembled. Periodic tests are planned for use of this equip-
ment in estimating the doses on badge film exposed in the near-lethal to lethal

range.

Surface dose rates to be expected in the PRTR recycled plutonium were estimated
for metal at the completion of each cycle through the fourth. cycle.

The individual Exposure Record Cardes for CY 1958 were distributed to all employees
with area clearances.

Revisions to the Rediation Protection Standards Manual continued. Approximately
one-half of the revisicns to this entire manual have been completed.

The new Chairman of the Columbia River Advisory Group, Leonard B. Dworsky, of
the U. S. Public Eeglth Service toured Hanford on February 9. He visited the
Regional Monitoring facilitiee, Biology facilities, toured the 100-K Area, and
visited the Atmospheric Physics facilities and the Shielded Personnel Monitoring
Station.

Eight members of the Technical Defense Organization attended the second in a series
of fallout plotting exercises at the TO3 Plotting Room.

Solicited comments were offered to the ASA N2.1 Subcoammittee on the Radiation Symbol.
Coments were offered on a bocklet entitled "A Guide to the Safe Handling and Use of
Radioisotope Sources" which was issued by the Public and Employee Relations Service

C. EMPLOYEE REIATIONS

There were three medical treatmsnt injuries for a frequency of 1.4l4. No security
viclations occurred during the month. :

Nine suggestions were received for evaluation. Six of these were completéd and
none were adopted. Five suggestions are pending in RPO for evaluation. No awards
were msde.

G. A. Little attended the course, "Understanding People?

G. D. Brown preseated a talk on Bicassay at & Purex Radiation Monitoring informa-
tion meeting.

D. SIGNIFICANT REPORTS

HW-59116 - Hanford Semiannual Report to Columbia River Advisory Group - Through
December 1958, by M. W. McConiga and H. V. Clukey.

Undoc. - Inventory of Radloactive Wastes to Active Disposal Sites, December
1958, by K. F. Baldridge.
HW-59454 - Regional Monitoring Activities, February 1959, by B. V. Andersen.
HW-59455 - Waste Disposal Monitoring Activities Summary, February 1959, by K. F.

Baldridge.
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HW-59405 - Monthly Report - February 1959, Radiation Monitoring Operation by
A. J. Stevens.

Report of Invention - An Ionization Type Finger Ring Dosimeter by C. M. Unruh.
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REGIONAL MONITORING - RESULTS (January 26, 1959 - February 22, 1959)

Activity Monthly Trend*#*
Sample Type and Location Type Average Units* Factor

Drinking Water
100-F Area Isotopic 1.3 6 % MPCg1 -2
Separations Areas Total Beta 4.1 x 10" ue/ee --
Pasco Isotopic 0.k © % MPCgr --
Kennewick Isotopic 0.2 % MPCqy -2
Richland Total Beta < 3.0 x 10-8 ue/ce --
Columbia River Water
Above 100-B Area Total Beta 4.0 x 10-8 pe/ce --
100-F Area Isotopic 6.2 % MPCGI --
Hanford Ferry Total Beta 7.7 x 1072 nefee --
Pasco Isotopic 1.3 % MPCgy -2
McNary Dam Total Beta 7.6 x 10~7T uc/ce -2
Vancouver, Weshington Total Beta 6.8 x 10-7 ue/ce -2
Waste Water
Outlying Test Wells Total Beta 2.7 x 10°5(Max) ue/ce +2
Reactor Effluent Retention

Basins to River Total Beta 24,000 curies/day --
Atmosphere
Gross Dose Rate - :

Project Gamme. 0.7 mrad/day --

Environs Gamma 0.5 mr.d/dgy --
I-131 Separations Areas 1-131 3.2 x 10~13 ue/ce --
I-131 Separations Stacks I-131 k.9 curies/week  --
Active Particles - Project -- 15 ptle/100 m3  --
Active Particles - Environs  -- 28 ptle/100 m3  --
Vegetation
Separations I-131 ‘ 7.1 x 10-6 uc/gm --
Residential I-131 <1l.5x 10-6 uc/gn --
Bastern Washington and A

Oregon I-131 <1l.5x 10-6 uc/gm --
Fission Products less

I-131 - Wash. and Ore. Beta 5.0 x 10~4 uc/gn --

* The % MPCqr 18 the percenf of the maximum permissible limit for continuous
occupational exposure to the gastrointestinal trect calculated from drinking
water limits.

#% The trend factor shows the n-fold increase (+) or decrease (-) from last month,
vhere values of n less than 2 will not be noted.

245777 | UNCLASSIFIED
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents Above Permissible Limits

Whole Body Localized

February 0 1
1959 to Date 0 o)
Gamms. Pencils

Pencils Paired Readings Paired Readings Lost

Processed 100-280 mr Over 280 mr Readings

February - 33,683 39 3 1
1959 to Date 65,8#6 9k T 2

Beta-Gayma Film Badges
Badges Readings Readings Readings Lost ~°~ Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet
mrad(ow) mr(s)

February 9,988 9kg 168 22 80 3.19 24.37
1959 to
Date 20,730 1,845 253 22 138 2.95 21.17

Neutron Film Badges
Film Readings Readings Readings Lost
Processed 50-100 mrem 100-300 mrem Over 300 mrem Readings

Slow Neutron

February 867 11 1 0 0]
1959 to Date 2,320 11 1 0 8

Fast Neutron

February 20 0 1 0 0
1959 to Date 15 0 1 - 0 9
Bioassay February 1959 to Date
Plutonium: Samples Assayed -8 791 1,638
Results above 2.2 x 10™~ uc/sample 24 L8
Fission Products: Semples Assayed , 834 1,608
Results Above 3.1 x 1072 uc FP/sample T 10
Uranium: Samples Assayed 292 612
Confirmed Plutonium Deposition Cases | L4 L

* This brings the total number of plutonium deposition cases which have occurred
at Hanford to 228.

UNCLASSIFIED
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Uranium Anelyses

Following Exposure Following Period of No Exposure

Units of 1077 uc U/ec Units of 10-9 ue U/ce

Number Number

Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 17 3.5 L6 5.8 2.2 36
Hanford lLaboratories 84 10 17 12 3.0 18
Chemical Processing 12 2.9 39 17 2.8 6k
Chemical Processing¥* 37 21 5 1 8.3 2
Special Incidents 0 0 0 0 0 o
Random 2.1 0.7 65 0 0 0

*Samples taken prior to and after a specific job during work week.

Thyroid Checks February 1959 to Date
Checks Taken 0 0
Checks Above Detection Limit 0 0
Hand Checks
Checks Taken - Alpha 29,187 57,700

" - Beta-Gamma 18,683 37,339

Skin Contamination

Plutonium 12 31
Fission Products L7 105
Uranium 23 26
CALIBRATIONS
Number of Units Calibrated

Portable Instruments February 1959 to Date
CP Meter ' 932 1,886
Juno 300 610

GM 1,343 2,700

T pota ohs 589

Personnel Meters

Badge Film 1,274 1,832

Pencils : 1,314 1,313
Other uga 87

Total : 3,0 ,020
Miscellaneous Specisl Services 431 6
Total Number of Calibrations ‘212 10,2
- - o Manager —

2807719 Radiation Protection
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LABORATORY AUXTLIARTES OPERATION
MONTHLY REPORT - FEBRUARY, 1950

GENERAL

Safety performance of the operation was considered satisfactory. There were no
major injuries; the minor injury frequency rate was 3.08, which is considered
about average experience.

The absenteeism rate was 3.39 per cent, which is about average experience.

There were no security violations charged to the Operation.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 13,043 hours. The total shop work
backlog is 21,385 hours of which 50% is required in the current month, with the
remainder distributed over a three month period. Overtime worked during the
month was 5.5% (902 hours) of the total available hours.

Distribution of time was as follows: Man Hours % of Total
Puels Preparation Department 1412 10.9
Irradiation Processing Department 785 6.0
Chemical Processing Departmext L7 3.4
Hanford Laboratories Operation 10209 78.3
Construction Engineering Operation -- -
Miscellaneous 190 1.k

The number of requests from customers for emergency service decreased from the
Previous month resulting in a lower overtime ratio. However, the February ratio
(5.5%) of overtime hours to available hours is about double the desired annual
control ratio. Other project shops were utilized to capacity in providing
assistance to the Technical Shops.

A total of 13 requisitions for craft personnel are on file with the Employee
Relations Operation. These consist of requisitions for 10 journeyman machinists,
one for a Journeyman welder, one for an instrument specialist, and one for an in-
strument technician. One instrument specialist and one instrument technician were
transferred to the St. Petersburg, Florida, plant.

The final draft of an assistance type contract was completed and forwarded to
off-site shops for bids. 1In response, two firm bids were received offering to

do the work at what is considered a reasonable cost per hour. Two bids were re-
ceived after the closing acceptance date and could not be considered. The accept-
able bids are now being analyzed and approval to accept the successful bidder's
offer will be sought in the near future.

Quotations for a planer type machine were received and analyzed. The successful

bidder offered a Rockford Hydraulic machine which met all important specifications.
The order was placed on March 2, and delivery is expected in April.

1240780 UNCLASS IFTED
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Notice was received from the Construction Engineering Operation concerning the
return of machine tools loaned to the Technical Shops in 1955. The equipment
was formerly located in the 2101 Bldg. (graphite machining) and was being
utilized by the Technical Shops for machining graphite and for regular shop
work. Because this equipment will be used in machining graphite for the NPR,
its return to the 2101 Bldg. is felt tc be mandatory. The impact on the
Technical Shops Operation by the loss of this equipment is being studied and
preliminary plans for replacement are in process.

Security performance was considered satisfactory with no -lolations. Safety
performance was considered satisfactory with 10 medical treatment injuries
and no maJjor injuries. Absenteelsm due to illness was believed to be normal
for this period.

RADIOGRAPHIC TESTING OPERATION

Activity for the Radiographic Testing Operation was above normal for this month
reflecting increased activity on the tubular product program. A total of

9,026 tests were made, of which 1,463 were radiographic (including x-ray and
gamma ray) and 7,563 were supplementary tests. In man hours out of a total of
1,141, 657 (57.6%) were employed in connection with radiographic tests, and
L84 (42.4%) were employed on supplementary tests. The supplementary test work
included dimensional measurements (micrometric), eddy current, leak detection,
Penetrant, and ultrasonic (thickness measurements and flaw detection) tests.

The number of pieces handled this month was comparable to that of previous
months totaling some 3,268 items. The feet of material represented by this
total however was considerably larger than in any previous month, amounting
to almost 20,000 feet. This large increase is indicative of successful auto-
mation of some tests on tubular products. Work was done for 20 different
organizational components representing most of the operating departments and
service organizations. A total of 37 reports were issued detailing test
findings with conclusions and recommended action. Radiographic Testing
Operation was consulted on 17 different requests for advice and information
regarding general testing theory for other than jobs tabulated in Part II.

Relocation of the Radiographic Testing Operation's facilities to the White
Bluffs area 1s progressing. The Informal Request issued to effect the move
is awaiting momentary AEC approval. Building layouts have been completed to
incorporate the tubular product testing equipment and it would appear that
all of the work can be done in the east end of the building. Money has been
authorized from PRTR funds for construction of pickling and autoclaving
facility to do the PRTR process tubes. Work orders have been issued for
fabrication of the work tanks and conveyor sections.

Radiographic Testing Operation was called upon for service work in a new field
to 1t's generally accepted activities as part of a strontium 90 uptake.
Biology Operation will periodically examine a selected group of animals. To
aid in the study it is desirable that radiographs of the skeleton be available
for analysis.

UNCLASSIFIED
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Testing Statistics

No.of
Tests

Ft. of Weld
or Material

No.of
Component

Pieces

HW-59463

Description

CPD 133 11 1/2 55

CEO 949 1327 77
FPD 13 18 2
HLO 7289

16589 1/2 2015

IPD su47 11307 1/2 1050

R&UO 95 216 69

Al can wit

TOTALS 9026 19569 1/2 3268

FACILITIES ENGINEERING OPERATION
Projects

Purex silver reactor welds; 54" and

10" 0.D. x .375" wall pipe; 2" sch.

40 pipe; 1 1/2" Sch. 80 pipe. Re-
boiler tube bundle.

Weld seams on PRTR containment vessel.
Repair welds on 313 Bldg. autoclave.

Animal farm (biology); 8" SS flanges;
Zr clad U0, samples and fuel rods;

Zr clad W, in NaK sol.;
505" I.D. x .030" wall Zr-2 tubing;
.680" I.D. x .035" wall Zr-2 tubing;
Pu-Al fuel Plates; 5% Pu-Al billets;
20% Pu-Al Zr clad capsules; Co-extruded
Al-U core. Zr clad Al fuel rode; 15%
U-85% Pu alloy; 14, 20, 30% U-Al, 1"
diam. extruded rods; KER ribless pro-
cese tubes.

Helium leak tests 105 C and 105 D;
NPR, high pressure pipe; 12" & 18"
sch 80 discharge headers, 190 B;
boiler mud drum blowdown lines.

Longitudinal welds 3" sch 10 8S pipe,
Power pole rot survey.

There were 14 authorized projects at month end with total authorized funds of

$6,484,078.
project was completed during the month.

The total estimated cost of these projects is $7,589,400. One
Two new projects are awaiting AEC

approval. Project Proposals for eight new projects are in preparation.

The attached monthly project report details the status of individusl projects.

12007102
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BEngineering Services

Title

Reroofing of 1UA-FR and 222-U Bldgs.

Removable Grating - 3745-B Bldg.

Traveling Crane Improvements 314 Bldg.

Noise Attenuation 3760 Bldg.

Correct Ventilation 326 Building
Mezzanine

Provide Additional Hoods, Room T7-2A,
325 Building

Decontamination of the Interior of
314 Building

Erection of Towers for Atmospheric
Physics

Renovate Room 30-C - 326 Building

Improve Lighting - Rooms 11-1A & B -
325 Building

12407183

" Design. complete.

H-4 HW-59463

Status

1L4A6-FR Building is essentially complete.
222-U Building work will start in March
with completion estimated in April.

Work initiated for
procurement and installation.

Installation work is proceeding.

After the @Q-duct installation in the
Conference Room an octave band analysis
shows that 5 to 7 decibels attenuation
were obtained in all octave bands.

Installation work underway.

Installation work underway and
essentially complete.
Work is progressing. Areas above crane
complete.

Eight truck loads of components for ten
aluminum rectangular towers. 204 feet
tall and five steel triangular towers
141 feet tall have been received from
the Alr Force. In addition to these,
five wood poles 100 feet long will be
erected. Specifications and general
conditions for erection have been given
the Commission with a request that they
prepare and process a lump sum contract.
The bld opening is planned for 2:00
o'clock on March 12, 1959, awarding of
the contract March 16, 1959, and com-

" pletion of erection May 1, 1959. The

installations will be on 200, 800,

1600 and 3200 meter arcs with the focal
point in the vicinity of the meteoro-
logical tower near 200 West Ares.

New equipment 1s being procured for
installation.

Work 1s progressing.

UNCLASSTFIED
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Title Status

Alterations to L4L0' x 80' Army Mess
Hall Building (Atmospheric Physics)
306 Building Water Filter

Design & Install Fire Alarm System -
31Lk Building

Air Balance - 108-F Building

Building Modifications 146-FR Building

Gamma Irradiation Pacility 3730 Bldg.
Kitchenette Facility In 326 Building

Locker Room Modifications 321 Bldg.

Heating & Ventilating Study 306 Bldg.

Design and Drafting Services

Title
Draw Bench Chain Support

Equilibrium Chamber

Creep Capsule

Wide Angle Viewer - PRTR Bxamination
Cell

Wet Storage Basin Manipulators
and Cleaner - 325-A Building

Work complete. Building occupied.

Vendor is proposing different equip-
ment for this job.

Design work essentially complete.

Engineering work in progress.

Work is underway to convert storage
space into office rooms.

Construction work has started. Steel
calsson has been ordered and founda-
tion work was started.

A work order for this work is being
issued.

Initial design has been checked and
approved. A work order has been
issued to Construction Forces to
perform work.

Study work is in progress.

Status

Work complete.

A device to measure thermal con-
ductivity of dense ceramics. Detail
work approximately 80% complete.
In-reactor creep measurement of zir-
conium. A capsule to monitor stress,
elongation, and temperature while
being irradiated. 20% complete.

Work 95% complete.

Work in progress at 25% complete.

In addition to the above about 7 miscellaneous job items are being worked

on in the Drafting Operation.

12450184
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Maintenance and Building Engineering - Landlord Punctions

Costs - January - $ 112,907
December - 128,790

FYTD Total: $ 678,737 - 55% of Budget. The predicted expenditure forecast
cost over the same period was estimated to be approximately the same.

Analysis for Month of January: Steam costs were $4000 below predicted be-
cause of mild weather. Unusual Maintenance costs were $18,000 below forecast.
This slacking of activity accommodated other work commitments, and controlled
the total monthly expenditure. The first six months costs were 100.8% of
forecast. Now the seven months costs are 99% of forecast.

TECHNICAL INFORMATION OPERATION

There were three personnel changes during the month. The Library's pro-
Jectionist transferred to an engineering assistant job with Materials Develop-
ment Operation. A File's messenger, whose driver's license had been revoked
for reckless driving, was dropped. A new technical editor was added to the
staff, replacing J. J. Hauth who transferred to Puels Development some months
ago.

Three memoranda containing classification instructions were issued during
the month.

They are:
HW-59206 "Classification:. . « . . . . . . Program"
HW-59334 "Classification: Demonstration Loading"
HW-58275 SUPLl "Classification: New Production Reactor"

A fourth memorandum on classifying plutonium-240 production, quantities of
depleted uranium and several miscellaneous items is being prepared.

Section 700 of the Hanford Classification Guide was completely revised. The
Civilian Application Program Classification Guide was incorporated in Section
700 to replace the old Guide to Unclassified Fields of Research. The CAP

Guide has only recently been authorized for Hanford use in this manner. Several
other revisions to the Guide were prepared during February.

The proposal to downgrade production rates is still in the hands of the Military
Liaison Committee. Information on its status has not been made available to
the AEC.

There has been no further action on the declassification of the RPR. The AEC
staff paper containing the proposal is still undergoing review.

A title listing of Research and Development reports published in 1958 was pre-
pared for inclusion in HW-60000, "1958 at Hanford". An additional 200 copies of
this listing were supplied to the Professional Personnel Placement Operation for
use in technical recruitment.

1280785 . UNCLASSIFIED




UNCLASSIFIED H-T7 AW-59L63

In the future all Hanford prepared translations of foreign reports will be
assigned on AW-TR number. Sixty copies of each translation will be submitted
to TISE, Oak Ridge. These HW-TR reports will be given limited project dis-
tribution, microcarded and placed on deposit in USAEC foreign and domestic
depository libraries and with the Office of Technical Services, U. S. Depart-
ment of Commerce, Washington, D. C.

The National Aeronautics and Space Administration has placed General Electric
Company, Richland on their distribution list to automatically receive copies
of CONFIDENTIAL and UNCLASSIFIED NASA publizations in the following subject
categories:

Hydrodynamics Compressors

Fluid Mechanics Turbines

Internal Flow Lubrication and Wear
Aircraft Structures Engine Materials

Airframe Materials

Three members of the Technizal Information staff met with personnel from the
Engineering and Reports Branch, AEC-HOO, on February 20 to discuss the
categorization of classified research and development reports. It was agreed
that the primary need was for an analysis of the types of data from which
operating levels, operating rates, unit costs or other production related
information could be calculated. The AEC agreed to prepare such an analysis.
It will be placed on trial for about six months in a draft form. If the
criteria prove to be satisfactcry, the document will be submitted to the AEC
Division cf Production for review and apprcval.

The 1959 inventory of classiflied documents was started February 23. Arrange-
nents had previously been made with Data Processing to reduce the length of
the monthly inventory listings to fit a reduced document inventory staff.

The 1959 listings will contain about 30,000 entries per month rather than

the 60,000 used when the inventcry staff was larger. Under the present
schedule, the inventory will be completed in seven months.

Tentative plans have been completed for handling the classified documents

to be used at the Eighth Annual AEC Corrosion Symposium to be held in
Richland in May. Offsite participants have been instructed to mail their
papers to General Electric, Richland, attention the Symposium. Central Mail
will forward all material so addressed to the TOO Files. Procedures for
checking cut and returning the material will be worked out with Security.
The meeting is to be held in the Village Theater where Patrol will provide
temporary storage for classified material during the day.

The "Approval for Offsite Transmittal of Documents" form has been revised
to include a classification review of all unclassified documents before
release. The intent of the review is to prevent the inadvertent disclosure
of classified information in a document which the author believes to be
unclassified.

_ UNCLASSIFIED
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The Manager, Technical Information attended a meeting in Washington, D. C. of

the Steering Committee of the Technicel Information Panel.

Present Commission

plans are to have the Panel take an increasingly active role in planning and

evaluating the AEC Technical Information program.

Purpose of the meeting was

to discuss the new role of the Panel and to delineate a long-range plan of
action. ‘

Three members of the Technical Publications staff, General Electric Company,
Aircraft Nuclear Propulsion Department visited the Technical Information

Operation on February 12, 1959. Mutual problems concerning writing, editing
and publication of technical reports were discussed.

Work Volume Statistics

Document Distribution and Files

Documents routed and discharged (copies)
Documents issued (copies)

Docuricats seat offsite (copies)
Docurent reserves filled (copies)
Documents picked up and delivered

Document Accountability

Holders of classified documents whose files
were inventoried

Documents inventoried in Files (copiles)

Documents destroyed or retired (copies)

Documents revised (copies)

Documents pulled and documents filed (copies)

Documents reclassified

Accountable copies of SECRET and DOCUMENTED
CONFIDENTIAL documents onsite

Reference and Publication

Books cataloged (new titles)

Books added to the collection (volumes)

Ready reference questions answered by professional
staff

Literature searches by professional staff

Reports abstracted (titles)

Formal reports prepared (titles)

Offsite requests for HAPO reporte (copies)

Reports released to CAP (titles)

Library Acquisitions and Circulation

1240761

Books ordered (volumes)

Periodicals ordered

Books circulated (volumes)

Periodicals circulated (issues)
Inter-Library loans

Films borrowed or rented

Industrial film showings

Bound periodicals added to the collection

January

15,746
10,578

3,453
886
22,149

5TT

105

4,675
2,061

11,359
562
20,878

111

252
168

119
205

179
29

3h2
30
1,52k
2,520
81

21

Ly

153

Februagz

19,219
10, 354
3,893
987
25,790

310

28,705
5,27k
2,835

12,815

561
202, 961

2
227
185

107
21k
12
208
20

kis
122
1,601
2,549
66

31

N

28

UNCLASSIFIED
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Library collection:

HW-59463

Main Library W-10 Library 108-F Library Ind. Med. Totals
No. of books 25,413 8,153 1,383 1,925 36,87k
¥o. of bound
periodicals 11,559 1 1,431 96 13,087
36,972 ' 8,154 2,814 2,021 49,961
Classification and Declassification January February
Documents, including drawings and photographs
reviewed for downgrading or declassification 89 128
Documente and papers (intended for oral
presentation or publication) reviewed for
appropriate classification 27 2k
Documents submitted to Declassifization
Branch, Oak Ridge 30 21

LABORATORIES ADMINISTRATION

Timely revisicns werz issued on twe Organization and Policy Guides.

The following contrazts were processed for approval:

SA-5b4, The Swedish Hospital, for exchange of clinical data.
DDR-54, Aeroprojects, Inc. for welding of fuel elements.
SA-61, State College of Washington, for acquisition of swine and

exzhange of information.

The following contracts are being negotiated:

DDR-29; Nuclear Metals, Inc., a modification providing for additional

research and development work.

CA-212, Dr. Frankling I. Badgley, for consulting services.

CA-213, Dr. P. E. Church, for consulting services.

DDR-62, Battelle Memorial Institute, for graphite studies.

A contract for machine shop work.

A nev contract replacing CA-185 with Dr. Sidney Marks for pathological

services.

A nev contract replacing CA-181 with Prof. J. L. Powell, for consulting

services in physics.

240180
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Assistance to Hanford, No. ATH-HLO-3-59, for corrosion testing of aluminum
cladding, and No. AE['H-HID-h-S9, for research on processing of aluminum
cermets, were approved February 4, 1959. No. ATH-HLO-5-59 for investigation
of friction welding of nuclear fuel rods was spproved February 20, 1959.

No. ATH-HLO-6-59 for the design and construction of an electron welding gun,
has been prepared for approval. An Assistance to Hanfordproject for the
fusion of uranium dioxide 1is being considered.

Manager L

LABORATORY AUXILIARIES
JL Boyd:Jew

124071819
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UNCLASSIFIED ‘
_ BUDGET CLASSIFICATION Improvements to Production MONTHLY PROJECT REPORT . MW -~ 5oLy
d Supporting Installations .. 58 b 4 HANFORD LABORATORIES OPERATION MONTH February, 1959
_ AUTHORIZATION] PROJECT PROGRESS | sTAnTING DIRECTIvE
PROJECT EST. TOTAL | | rORMATION .unu..ﬂh- ER 00”-“.“4 DATE COMP.DATE MM“W.H.MHMM |
_ NUMBER TITLE PROJECT = MOUNT | ScHED. | SCHED. DESIGN DESIGN DESIGN
L cosT DATE ACTUAL | AcTuaL consT. CONST. CONST,
: $325_000 100 23 6.23-58 [.. . .. 12-.3]. .58+
CGH- 790 High Level Radioasctive Receiving and | _$338.000 b 25 =8 100 <8 10..9-58 [2.1.-60 2-1.-60
Storage Addition .- 327 Building USING CommonENnT FEO ENGINEER
| Reactor & Fuels R & D A-> W. Hervin

REMARKS,

_ L The CPFF Construction Contractor 13 working on inotallation of piping, electrical, re-steel, and building exhaust
ductwork for the last major concrete pour. The lasl major concrete pour 15 scheduled for the first week in March  The
~pecial conditions for the lump sum portion of the work have been forwarded to the Commission, Tha advance notice to pros -
pective bidders ha+ been issued. A letter has bean weitten to the Commission advising them that as a result of the waste
line leaks, there i3z a possibility that this preject may overrun the authorized funds.

4 Actual date.

30,000 -0 0 3-31-59 - ... 9-1.-59
CGH-819 Increased Laboratory Waste Facilities IEO% 11 24 58 0 0 L1159 T = 91760
- 300 Area - USTING PONENT [ ENGINEE
Chemical Research & Development | A Wo Hervin

| REMARKS; . )
Work is continuing on the particulate problem. Design is vow expected to start by the end of March.

|
I

Equipment Not Included in Construction
Projects - Program Class 2900

( 661, 000 100 [X0) [ 12-6-56 [~ - . [ 10.15.58%]
CG-661 Additional Heat Generation Fycility .- $475,000 9-18 57 100 38 12-3-58 | 8-31-59 8-31-59

, Hmwﬂc wCHHQHo,BW USING COMPONENT FEO ENGINEER

- Reactur & Fuels R & D A. Wo Hervin

_ REMARKS;
The major portion of the concrete has been poured. The contractor has installed DC bus and cable trays in the
185 portion of the building. It is anticipated that the contractor will start work  about March 15, 1959 on the piping an

[ loop system in the 189.D Building. The contractor has started moving some of the equipment into the building. S
f
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_ Zn“—pﬁ .—g i~ a) .

, ATION : clud MW = WE 3
| oumesT < SIMICATION “Fquipment Not Included in MO. ALY PROJECT REPORT R
qgimz:AFQQwapﬁﬁvm._vg&ﬁﬁunpﬁi 2900 HANFORD LABORATORIKES OPERATION MONTH [ebDrugcy, 1v4G
. IAUTHORIZATION| PROJECT PROGRESS STARTING [OIRECTIVE ESTim
PROJECT . EST. TOTAL IN PER CENT
INFORMATION DESiGN CONST. DATE COMP.DATE |[cOmP, |
NumseR TiTLE PROJECT AMOUNT SCHED, | SCHED. DESIGN DESIGN DES]
M’ cosT DATE ACTUAL | ACTUAL consT, cConsT, cown
: P 200 G W e 9 ;7 585 S SEDILY.
I ca 681 Hanford Equipment :u the ETR $ L 00O e e R G PRI 1255 58 1 Ef
' USING COMPONENT RO ENGINEER
| Reacter & Furl< R & I H . Radow
REMARKS,

. The in ceactor 6 x 9 loop fabri aticn 1. on band, bowever a0 roval of tra Hazards Survey Groug ra- notf. vet b
received, therefore the instaliation 14 -ti1ij bring v=1a ap. The Gamaosqd 5 3 106f fiui Des capiaced. Bsamication of
"fa1led” secticn indicated a defective weld >n ‘he 4iuminum plpling

| Revision 3 of the projert proscsal ta- besp Fraparee and -ubmittied e the Geanersd Manager, to dale it has rot
trarsmitted to the Commission. .
" Fore<sast completion date~ and vavizad mstimated 5cia] FOCOet 1051 are Shoan in the rsvised Project proposal .
‘ ?% Some design to cover Startup items i+ 00w underway on 5 woik Ordsr bs-1e .

‘ L 30 GO0 100 100 1856 T . 628 5
CG 682 High Level Cut Off and Examinstion $.1° 30| RO A 10 100 32758 1101 SR 9 .30 5
U1l , WN.N wCH.HQHH_W USING COMPONENT ] FE [T Y] (1)
Reartor & Fusi+ R & D 4 W. Hervin
REMARKS)

Status of exception~; Tha drive dsseMibly on tre cut off cuw Foy- beeg ~Bangmd from 4 ¥ belt to a direct drive.
Preliminacy cutting tests have baan can aed 1t was found trat baffizak of bhe waler wiii be nmed=d 10 pravent splashing
from the saw wheal: more extensius Lests wili be cun during Maron The agp e ~toragr ra ke ur= being fabeicated. Toe
micromster for the length messucer has baen orger =y In =1 hood 437 108 mechignl-m i- implets and work ha- been ~tarts
on the exterioc mechanism. 002 aanipularor Ly basn incfaled The #2004 Mmahipulaber ha: bean rewocked and is awalting
g=ars focr the wrist action., The third MANIPULaLO T 25 baing riwirgeg
3 Actual . .

e

. 1729 078 100 100 2 22-57 'L 1557
CA 695 Radio Telemetering Network $:05 078 G 23 58 100 99 72557 | 2-1.59

USING COMPONENT . FEO ENGINEER

Phy=~ics Instruments R & D Js T, Lloyd
REMARNSS

The station that was located on Rizthland School property on Thayer Drive has been eliminated. The project wil
be closed out with only 19 stations installed. Tte oqe atabion which was not installed is a tri.kle chacger type and som
time in the future a wind charger will be pur:ha-ed and the uait will be installed in a remote area; until this time ther
will be two spares. The AEC has indicated they will not revise and extend the project completion date, but will close ou
the project in its present state. All stations have been checked-out by Instrument Labs; their personnel have left the ar
Activation of the network is scheduled for the first week of Macch, 1959,

*Project complete with minor exceptions.
AM=7300~019 ( 3-359)
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UNCLASSIFIED H-19 HW-59463
VISITS TO HANFORD WORKS
Dates Company or Access to Areas and
of Organization Repre- Reason for Visit H.W. Personnel Restricted Buildings
Name Visits sented & Address Contacted Data Vigited
Paul Berner 2-4-59 Star Machinery Co. To inspect equipment L.J. Lucas No 300, 328
K. H. James 2-5-59 Metco Co. To discuss problems J.H. Kelly No 300, 328
Seattle, Wash. on metal spraying
Paul Berner 2-10-59 Star Machinery Co. To discuss jig borer L.J. Lucas No 300, 328
Seattle, Wash.
Cleoc Gray 2-12-59 Aircraft Nuclear Discuss operation of (.G. Stevenson No 300, 3760
Ed Hill Propulsion Dept. Tech.Info. and Tech. §S.P. Gydesen
Charles Horner Cincinnati, Ohio Pub.
VISITS TO OTHER INSTALLATIONS
Dates of Company Visited Personnel Access to
Name Visit and Address Reason for Visit Contacted Restricted Data
R.B. Socky 2-15-59 ASTM Committee HAPO representative No
meetings, Pittsburgh,Pa.on E-7 & E-10 Committees
" 2-18-59 Puget Sound Naval Ship- Confer on installation W.H. Hannah No
yard, Bremerton, Wash. of 1 Mev Van de Graaff
, X-ray Generator
C.G. Stevenson 2-18 - GE USAEC Attend Steering Com- M.S. Day No
2-27-59 Washington 25, DC mittee meeting.
Eli Lilly Co. Work out details of Helen Loftus
Indianapolis, Ind. talk to Spec.Libraries
Assoc. : 4
a " General Electric Discuss of utilization Clifford Fick No (ew]
Schenectady, N.Y. of GE Tech. Infor. o~
o~
R.W. Dascenzo 2-28-59 B.D. Bohna & Co. Observe the applica- B.D. Bohna No m
Vancouver, B.C. tion of guniting provess ﬂ._

UNCLASSTFIED




UNCLASSIFIED HW-59463-

EMPLOYEE RELATIONS OPERATION MONTHLY REPORT

GENERAL

At month's end, the staff of the Hanford laboratories Operation totalled 1210 enm-
ployees, includ.ing 575 exempt and 635 nonexempt employees. There were 489 exempt
employees possessing technical degrees, including 278 B.S., 107 M.S. and 104 Ph, D.

TRAINING

The Armed Forces Special Weapons Project training program for medical officers
was completed February 13. Feedback from the participants was extremely favorable
insofar as course presentation and course content were concerned.

Plans for the HIO Information and Orientation Series for Nonexempt Employees were

completed for final approval. The preliminary schedule provides for the first ses-
sion of this program to be presented on March 13. .

UNION RELATIONS

The arbitration hearing on the Wonacott ease has been postponed until gecurity clearances
have been granted for non-employees appearing in the hearing.

Three oral complaints pertaining to assignment of work were discussed with bargain-
irg unit representatives during the month. Progress is being made toward a mutual
understanding of the work assignments involved. :

Four grievances pertaining to work assignmerts were submitted during February.
Two were settled at Step I and two are being processed at Step II. For the calen-
dar year to date there have teen five grievances within the laboratories,

COMMUNICATIONS

The Nuclear Physics Research Opern House was held on February 1l with approximately
half of the organization attending.

Hanford Iaboratories participsted extensively in a tour program sponsored by the
A.E.C., for Edison Day and provided a technical display for the visit of the Division
and Group General Managers.

Plans for HIO participation in A.E.C. sponscred tours during the spring months.
were completed and provided an average of three tours per month during this period.

EMPIOYEE COMPENSATION

The HOO-AEC approvéed a suggestion award in the amount of $1175 to D. W. Latta of

the Reactor & Fuels Research & Development Operation. Five additional suggestions
were approved for awards tota.lling $410 at the February meeting of the HLO Suggestion
Board.

HEALTH & SAFETY

Laboratories personnel worked a total of 197,828 manhours during the month with
no disabling injuries. Since September 1, 1956 a total of 5,672,868 manhours
have been completed with no disabling injuries. The medical treatment frequency
for Februaza' was 1,67 as compared with 1.13 during Janua.ry.

1250
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UNCLASSIFIED I-2 HW-59463-

There were three security violations during the month of February.

PROFESSIONAL PERSONNEL PLACEMENT

Recruiting of Ph.D. physicists continues to cause concern and extensive effort is
being made to secure the necessary numbers of such personnel and to develop pre-
viously unrewarded sources of qualified candidates. To date, eight physicists have
visited for interviews and 25 are scheduled to visit Richland during coming months.
Recruiting of Ph.D. candidates in other disciplines appears to be favorable with
seven acceptances for the year to date.

Recruiting of Technical Graduates and experienced BS/MS candidates 1s progressing
very satisfactorily although some difficulty is being encountered in employing the
necessary numbers of BES/MS candidates in physies. It is anticipated that other
requirements will be met.

At month's end there were 25 Technical Graduates on the program. It is now impos-
gible to fill available asesignments for permanent placement and this situation will
not be improved until June graduates report on the roll.

Recruiting for summer programs of temporary employment has resulted in acceptances
from eight professors, nine gréduate students and seven Jjuniors. It is expected that
requirements for graduate students and Juniors will be met; however, difficulty is
being encountered in obtaining the necessary number of acceptances from faculty
members primarily as a result of the extensive opportunities available for such
reople and th2 salary schedules that are currently in effect for them in other

companies.
EMPLOYMENT

Twenty-seven requisitions were received during tke month, Fifteen openings were
filled and currently there are 50 openings. There are 16 candidates in process
and nine transfers pending, leaving 25 candidates to be procured.

[
Manager,
BEmployee Relations

TG Nhrshgli:tr
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UNCLASSIFTIED I-4 HW-59463-

TABLE II. NONEXEMPT EMPLOYMENT

Nonexempt Employment Status Jan. Feb. Nonexempt Transfer Requests Jan. Feb.

~Requisitions Transfer Requests
At end of month L5 50 Active cases at end of mo. 73 74
Cancelled : 0 1 Cancelled 2 2
Received during month 26 27 New 10 6
Filled during month 9 15 Transfers effected 1 1

Candidates Considered

Total applications L1 35
Total transfer requests
from other at HAPO 0] 0

TABLE III. UNION RELATIONS

Grievances Processed - Jamary 1, 1959 to date

Total Processed 5

Step I
Answered satisfactorily* 2

Step II

Pending Step II answer
Answered
Satisfactorilysst
Pending time limit
Applied for arbitration
Pending arbitration decision

HEH RO

# Step I grievances which Council indicated a desire to discuss at Step II not
scheduled for discussion within three months are considered settled at Step I.

#% Step II grievances in which the Council formally applied for arbitration but

for which no further action is taken within three months are considered settled
at Step II.
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C - Technical Graduate and Technician Training Program
Month ending February 28, 1959

TG _Program TT Program
Number Personnel on assignment 25 10
(HAPO Tech Grad Program.......2W)
(West. District E.P......... ..o 1)
Distribution of assignments by Depts.
HLO 11 5
CEO 0] 0]
R&UO 0 0
FFD 2 0
IFD 12 5
CFD 0 0]
Distribution of assignments by functions
R&D or Engineering 20 10
Other 5 0]

12L080U
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FINANCIAL OPERATION MONTHLY REPCRT
FEBRUARY 1959

Personnel
There were no personnel changes in the Financial Operation during February.
Activities

GENERAL ACCOUNTING OPERATION

A report of results was issued for the physical inventory of uninstalled cata-
loged equipment in the custcdy of Physics and Instrument Research and Develop-
ment Operation. One thousand, two hundred twen<ty-seven items were physically
counted, valued at $952,517. No missing equipment was reported during the in-
ventory as comparsd to 10 missing items valued at $3,155 in +he FY 1957
i=ventcry. In the current FY inventory U4 items valued at $1,252 were added tc
record as compared to 124 items valued at $35,33% in the FY 1957 inventory.
Inventcry results indicate good control over equipment and the use of proper
procedures in *ransferricg or retirement of equipment.

All field work in connecticn with the physical inventory of uninstalled cata-
loged equipment in the custody cf Reactor and Fuels Research and Development
Operaticn and eguipmert purchased under Project Whitney is complete and the
reccrnciliation is ir progress. Considersble effort was expended ty Firancial
perscnnel in searchirng for missing Project Whitney equipmernt, which was
reduced +z 5 items valued at $451. Azquisition prices were obtained for 321
items valued at $574,846 which will be added 4o record in March 1959.

Approval was obtained from the Commission o transfer equipment purchased for
the MTR Fuel Pilot Fabrication to HLO by use of the Non~Fund Adjustment Account.
This equipment vaiued at $l3,677 will be added to record in the month of March.

A request was maée of Contract Accounting to obtain Commission approval to
change the classification of zirconium from special reactor materials to that
of esserntlal material. The classification of zirconium and its fabricated
alicy as reactor materials results in unnecessarily costly, burdensome and
res*rictive procedures in the every-day operationel movement of this material.

In responseiﬁo a request of SS Accountability, material custodians were re-
quested +to submit outside quota material forecasts to this office. Upon receipt,
the information will be cozmsolidated and fcrwarded to SS Accountability.

Separated Plutonium valued at $1,041,791 applicable to Project Whitney was
returned to CPD during the month of Februery. It was necessary to change the
Consumed In Research account $178 913, the difference between CPD's price

and HLO price.

The local Commission was notified by the Pitisburgh Naval Reactors Operation
that they will no longer accept zirconium scrap. A study is underwey to
determine disposition cf approximately 12,000 lbs. of scrap located at
vendors plants.

1240805

UNCLASSIFIED




UNCLASSIFIED . J-2 HW-59463

The updating of our property unit records with IBM is 2/3 complete. In the
past three months, 7,417 input data sheets have been prepared and submitted

to Data Processing to include additional description, purchase’ order reference,
rate of depreciation and reconciliation of all other information. There are
approximately 3,500 cards remaining to be processed. The updating and recon-
ciliation of our records with IBM is in connection with our mechanization
program of property records.

The budget for Equipment Not Included in Construction Projects was consolidated
and submitted to Contract Aczounting by the due date. A summary of our sub-
mission shown below reflects an overall reduction in equipment requirements

as compared to our FY 1959 Expenditure -~ Commitment Allocation.

Current Budget
Original Revised

‘ FY 1959 - FY 1960 FY 1960 FY 1961

(Amounts in Thousands) Allocation Budget Budget ‘Budget
2000 Program* $3 570 $2 860 $2 557 $2 606
3000 Progrem 150 325 122 210
4000 Program 585 723 988 1 051
6000 Program 106 190 227 201
Totals $u 411 $h-028 $3 8oL $l4 068

*Includes Equipmeni noct specifically allocated.

Classification activity included the review of 724 work orders and 688 purchase
requisitions for capital-expense determination. Transfers to plant in February
totaled $267,822 and included the following:

CG-T29 222-U Building Ventilation and Heating Improvements $79 420
CGH-803 Alterations to Building 231-2 - 4o 019
Miscellaneous Equipment Items 148 383

Approval was received from the Commiesion to transfer the expense portion of
Project CG-680 ($41,551) to Expense Portion of Comstruction Projects.

A manual concerning travel i1s neerly complete in draft form and should be ready
for review by March 16, 1959.

COST ACCOUNTING OPERATION

Informatior received from AEC established the HAPO 4000 Program for FY 1959 at
$6,500,000. Maximum amounts established for sub-programs totaled $6,715,000.
AEC requested that GE realign the sub-programs to the $6,500,000 level.
Following is the allocation established by General Electric Company of the

$6,500,000 which will be used as the Control Budget, effective with February
reports.
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(Doliars :n Thousends)

Plutonium Recyzle Program
Reactor & Fuels R&D Operation $3 710
Chemical R&D Operation 504
Physics & Instrument R&D Operation
Programming Operation

. Total FRP
Gas Cocled Power Reactor

qwl\)
|y (0]
o0

Reactor Physics Studies ‘ T7
Reactor Graphite Studies 128
Tctal GCPR 205
Maritime Loop {IFD) 625
Reactor Fusls & Materials
Swelling Studies 150

Non-Destructive Testing (FFD)
Total RF&M
Waste Disposal

Total 4000 Program
Operating Funds
Equipment ,

Total $6 50

(9}
\O
frt
(9]

%

During February, Hanford Laboratories Operation received funds from off-site
sources for new Jjobs and expansion of current work as follows:

Fabrication of Trensplutonic Elements $120 000
Additional Project Whitney FPunds (in transit) 69 000
Palm Element Program 30 000

$212 000

A study of the accounting requirements for the PRTR Operation has been
initiated. Tentatively, AEC has agreed that it will not be necessary to
follow accounting prccedures established for either production reactors or
other test reac*tcrs. Consequently, effort is being directed toward develop-
ing an accounting system which will facilitate to the meximum degree the tech-
nical evaluation of the economics of alternate fuel fabrication techniques and
fuel cycles.,

PERSONNEL ACCOUNTING CPERATION

Statistical repcrts were prepared for each section manager covering the Salary
Review for 1559.

Envelopes containing the January 26, 1959 Salary Owners Quarterly were delivered
to all participants in the Savings and Security Program.

The General Electric Savings and Security Program monthly register and recapitu-
lation of emplcyees deductions savings, proportionate Compeny payment and
incentive shares credited to employees were received from Schenectady on

March 2, 1959. The recapitulation of employee deductions savings of $38,815.08
agreed with control figures maintained by Personnel Accounting.

l 2 q G 8 O 1 , UNCLASSIFIED



UNCLASSIFIED J-4 HW-59463

This register indicates the average stock price used in crediting employees’®
acccunts for fractional shares of stock as being $78.64 for the month of

January.

Seven exhibits were prepared showing some of the activities and all of the

expenditures made by Personnel Acccunting during the calendar year of 1958.
It was interesting to note that the grcss earnings plus the employer's cost
of the various benefit plans approximated 9 1/2 million dollars.

PROCEDURES

Mechanizal aczcunting nesds for Equipment Work in Progress were defined and
travsmitted to Data Processing COperaticn with a request for implementation
izformation.

In cocpesratica with Redlation Protection Operatliosn a study of the disposal
scheduiss for radiaticz protection records is in progress.

Work 1is continulzg on feasibility of ELO Financial dcing their own IBM card
punching, obtaining improvements in present information received from Data
Processing and further mechanization of accounting records.

MEASUREMENTS

The contribution of Hanford Laboratories to "1958 at HAPQO" was completed and
forwarded for consolidation with other HAPO contributions on February 10. A
summary of Personnel Accounting functions was prepared to assist in compari-
sons of different Personnel Accounting components throughout the Company.

AUDITING

Reports on the audit of Material and Equipment Furnished AEC Construction Con-
tractors and the audit of Contracting and Procurement were issued. Fdllow-ups
were completed for the audit of Personnel Accounting and the audit of Property
Accounting. Fileld work on the audit of Work Orders is nearing completion.

The HAPO Internal Auditors have agreed on a tentative standard HAPO procedure
that would relieve GE Security cf all material pass processing except the
actual pick-up at the barricades. The procedure calls for the following
additions to present HLO procedures:

(1) Property Accounting matching of One Trip Material Pass yellow copies
received from the originators to the white copies picked up by Patrol.
Property Accounting now receives these yellow coples but forwards them
to Security for matching.

(2) Property Accounting control of Extended Material Passes.

(3) Recall of alil present One Trip Material Passes and issue of newly designed
passes with a number prefix of 7 to designate HLO.

12456808 UNCLASSIFIED
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Payroll Statisties
Number of HLO Employee Total Exempt Non-Exempt
Charges During Month

Emplcyees on Payrcll at Begirning of Month 1 203 570 633

Additions and Transfers In 21 S 12

Removals and Transfers Out (1%) (&) (10)
Employees on Payroll at End of Month 1 210 315 §§2

Overtime Payments During Month Febr Januar

Exempt $'5 172 $1 829

Non-Exempt 10 069 8 576
Total $15 241 $10 405

Gress Payrcll Paid During Month

Exempt $uLs 638 $471 812

Non-Exempt 284 685 341 381
Total $730 323 $813 193

Partizipaticn in Employee

Feb. Participation

January Participation

Berefit Plans at Month End Number Percent Number Percent
Pernsion Plan 1 157 98.9 1 161 98.9
Insurance Flan

Perscra> Coverags 1231 99.8 1225 99.8

Dependent Coverages 827 - 822 -
U.8. Savings Boznis

Stcck Bonus Plan 75 37.9 78 4o.o

Savings Plan 95 7.9 99 8.2

Savings & Security Plan 1012 ok.0 1 008 ok.s
Gcod Neighbor Fund 824 68.1 819 68.1
Insurance Clalms February January

' Number Amount Nunber Anmount
Empioye=s Berefi<s

Life Insurance - ) -, - -

Weekly Sickness & Acaident 15 1 678 12 1 253

Comprehensive Medical 55 5 187 ok 8 195
Dependent Benefits ’

Comprhensive Medical 113 7 457 146 12 134

Total 183 $1k 322 252 $21 582
zghéég:/bk
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief no inventions or discoveries were made in the course of their
work during the period covered by this report except as listed below. Such
pei'sons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY

C. M. Unruh An Ionization Type Finger Ring Dosimeter
L. E. Mills | Insulated Tungsten Electrode for Tungsten
John Scherger Arc Welding

W. E. Roake, E. A. Evans Isostatic Fuel Elements for Neutronic

D. W. Brite Reactors

M. O. Rankin Portable Dose-Rate Integrator

bk
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