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BUDGETS AND COSTS

Costs for March were $2, 072, 000, an increase of $178, 000 from
February. Fiscal year-to-date costs are 69% of the amounts currently
authorized to Hanford Laboratories. Research and Development pro-
grams sponsored by Hanford Laboratories have the following cost-
budget relationship as of March 31:

(Dollars in Thousands) Cost Budget % Spent
2000 Program $ 394 $ 616 64
4000 Program 5 157 8 208 63
5000 Program 414 621 67
6000 Program 1 628 2 198 74

$7 593 $11 643 65%

Program funds authorized to Hanford Laboratories for FY 1960 were
increased by an additional authorization of $52, 000 from Irradiation
Processing Department for 2000 Program research and development.

Costs of HLO research and development for Hanford Product Depart-
ments are in line with amounts authorized.

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels Research and Development

The PRTR Phase III construction contract is estimated to be
65% complete versus a scheduled 65% and the over-all PRTR
project 82% versus 82%. The calandria and bottom shield have
been delivered to the site for installation, and the fueling vehicle
will be delivered by the end of March. The PRTR exhaust stack
contract has been completed.

Difficulties encountered in mock-up testing of the PRTR mechanical
seal pump have been traced to excessive mechanical and hydraulic
vibrations. The pumps will be modified by the vendor.

Calculations disclosed that flow monitor response would not
scram the reactor in time to prevent fuel element overheating
in the event of a PRTR process tube leak within a certain size
range located anywhere between the orifice and the top level of
the fuel element. Revised instrumentation is planned.
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All of the PRTR Critical Test descriptions have been reviewed
by the Startup Council, and review of startup Process Specifi-
cation drafts was started. Writing of the Power Tests continued.

Only etching, wire wrapping, autoclaving, and assembly opera-
tions remain to complete the fabrication of thirty 19-rod PuAl
clusters for the first PRTR loading. However, because of the
poor quality of the Zr-2 tubing -- nearly 90% of the tubes have
cracks deeper than 9 mils -- these elements will be used for
critical testing only. Better quality tubing will be received in
May, and new elements will be fabricated for power operation
of the reactor.

The 72 UOg fuel elements needed for startup tests and operation
of the PRTR were completed. One was made by the vibratory
compaction process, the remainder by cold swaging. The
over-all yield for 2, 068 fuel rods fabricated by the swaging
process between January 1, 1959 and February 1, 1960, was _
70. 8 per cent. Nearly one-half of these were swaged during the
fourth quarter of CY-1959 with a yield of 80. 2 per cent. '

Mixtures of PuO2 and UO2 were found to sinter to high density

in 74 hours at 1300-1500 C in contrast with decreases in sintered
density with increasing PuOg2 concentration observed in one- and
eight-hour sintering periods. Considerable plastic flow was
found in pellets containing 40 w/o or more PuOg which were
sintered for long periods.

PuO32 formed from plutonium oxalate calcined at 500 C or higher
is partially reduced to PugOg when heated in hydrogen at 1500 C.
PuO2 formed from the oxalate calcined at 300 C or lower is not
so reduced but remains as PuOaj.

Post-irradiation examination of a Zircaloy-2 clad. swaged UO,
fuel rod purposely defected in-reactor revealed evidence of
zirconium hydride formation, even though the specimen was
irradiated only 90 minutes in 40 C water coolant. Concentration
of the hydride in the Zircaloy-2 cladding increased uniformly
from ~150 ppm at the 0. 005-inch diameter hole to ~250 ppm at

a 0. 4-inch radius from the defect. Beyond this radius the hydride
concentration was ~150 ppm.

Changes observed in the microstructure and electron diffraction

patterns of UOg as a function of irradiation exposure and irradiation
environment are found to be quite different from those in ThOg

irradiated under identical conditions.

12520bb1
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The irradiation of an in-reactor creep capsule containing an
annealed Zr-2 specimen is in progress. Preliminary data
obtained during the pas® month at a test temperature of 500 F
(260 C) and a stress of 30, 000 psi indicate that the creep rate
of the in-reactor specimen is of the order of ten times that of
a duplicate control specimen tested under the same conditions
ex-reactor. Additional measurements are in progress.

The protection afforded by a ZrOg film against hydriding of
Zircaloy-2 by dry hydrogen at 500 C appears to be destroyed
by local breaks in the film caused by mechanical damage or by
thermal cycling between 100 and 500 C.

Ten Zircaloy-2 tensile test samples cut from an irradiated KER
tube ranged in ultimate strength from 108% to 75% of the
unirradiated controls. Partial recrystallization of the originally
70% cold-worked grains had occurred in the two samples of
lowest strength.

The ruptured rod from the third ETR rupture test of irradiated
(2400 MWD/T) NPR fuel has been examined. The rod was
swollen and the cladding split in several places. This specimen
had caused high activity readings in the loop requiring shut-down
of the reactor within 33 minutes after the defect was opened up.
In contrast, the earlier, second rupture test had run for 14 hours
after the defect cap was sheared off with no buildup of fission
product activity in the loop.

An experimental study was reported in HW-64398, indicating
the effects of enlarged outlet fittings on the thermal hydraulic
characteristics of BDF type reactors. It was concluded that
greater flows would result with the enlarged fittings and that
adequate reactor safety would be ensured by using the present
specification for outlet water temperature limits.

2. Chemical Research and Development

Process water quality, as affected by Purex plant deminerali-
zation treatment, was shown to be responsible for severe capaci-
ty reductions in both the old and new Purex plant 1 C columns.

Salt Cycle conditions have been established for the reproducible
preparation of dendritic UOg deposits from which the UO2 should

DECia
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be easily recoverable by remote handling methods. Some
success has also been had in controlling the behavior of plu-
tonium in the Salt Cycle system. A dry hydrogen chloride-
chlorine sparge of the electrolytic cell during UOy deposition
prevents plutonium from co-depositing with the uranium. An
air sparge, following the HC1-Cly treatment, permits the depo-
sition of the mixed plutonium-uranium dioxide product.

Calcination of composited Purex coating waste and Purex IWW
waste in the radiant heat spray calciner appears attractive.
The powder product is readily reduced to a glass upon the
addition of 40 per cent boric acid and heating to 850 C.

Initial pilot testing started on decontamination of Purex tank
farm condensates by passing the actual plant samples through
a bed of clinoptilolite. The initial cesium decontamination
factor was 900 with the effluent concentration for this isotope
well below the MPC value.

Experiments with samples of clinoptilolite irradiated with a
Co60 source indicated no significant change in the equilibrium
distribution coefficient for cesium from solution contacting
this mineral after it had been subjected to irradiation doses
up to 2.9 x 108R.

Physics and Instrument Research and Development

In the NPR program, fabrication of the full-scale mockup of

the fuel failure monitor is under way, and development of the
building radiation monitoring instruments is on schedule. An
infrared radiation pyrometer for possible use for graphite
temperature measurements was successfully demonstrated at
the development stage. Confirmatory data were obtained

on the physics parameters of the lattice but complete information
in this area will require development of new techniques and work
on these is in progress.

In the nuclear safety program, experiments continued to determine
quantities of boric acid needed to prevent criticality in dissolving
enriched uranium under various conditions. Assurance that
present procedures for storage of natural uranium are safe from

a nuclear standpoint was obtained from experiments which agreed
with earlier ones at other sites.

12520519
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In the Plutonium Recycle Program, experiments continued to
determine reactivity of lattices of Pu-Al rods in ordinary water.
These data will be useful both in the technology of recycle in
light water reactors and for nuclear safety in processing and
storage of plutonium fuels outside of reactors.

In the Nondestructive Testing Program work was initiated on
a combined ultrasonic and eddy current method for improved
determination of clad thickness and air-gap thickness in
unbonded fuel elements. Work also continued on the infrared
method of thermal bond testing.

In the atmospheric physics program, field experiments designed
to determine dispersive capacity under certain conditions of
unstable vertical temperature gradients were initiated and two
such experiments were completed.

In the area of basic reactor physics, developments in the methods
of treating neutron thermalization in a lattice cell moved closer
to a significant solution of the problem in such a cell when the
components are at different temperatures; investigation of
computation methods currently used in the industry to study
reactor power stability revealed that under some conditions

they may give misleadingly reassuring results; utility of all
reactor computer codes will be increased by the library of

cross section information whose storage on magnetic tape was
completed during the month; and information was obtained experi-
mentally on the fission properties of certain isotopes which
appear in long exposure fuels.

4. Biology

A new chelating agent from Geigy Chemical, RA-491, increases
fecal excretion of Pu. Since DTPA increases urinary excretion,
the possibility of an effective combination of the two is suggested.

In studies with rats, pulmonary deposition of aerosols was noted
to be higher at slow breathing rates. This suggests that radiation
workers run, not walk, from sites of accidental release of radio-
active particles.

5. Programming

An analysis indicates that benefits may accrue to irradiation of
plutonium enriched fuel elements in reactors with -E ,azlad'bsgf‘. £ 'EB

Zb10

wan

| 2



xi HW-64580 weiiy

zones of fuel-moderator ratios. As irradiation proceeds, the
fuel elements would be moved batch-wise to zones with increasing
moderator to fuel ratios. Such a fuel shuffling sequence leads %o
increased fuel exposures (as limited by reactivity considerations).

TECHNICAL AND OTHER SERVICES

The analysis of data from an experiment designed to evaluate the effects
on porosity and can wall thickness of canning bath temperature, vibration
frequency, and time of vibration was completed.

The mathematical model for the reliability of NPR safety circuits with
respect to unscheduled outages has been completed. The programming
of this model and the computation of results are under way.

The applicability and technical feasibility of applying recommended
sample audit procedures to the verification of spare paris and stand-by
inventory were determined.

There were no new cases of plutonium deposition confirmed during
March. The total number of deposition cases that have occurred at
HAPO is 249 of which 180 are currently employed.

No Columnaris infections were found in fish caught in local portions of
the Columbia River. Toxicity caused by the microorganism might be
related to the presence of flagellae. Apparently this observation has

not been reported elsewhere.

There are 30 currently ac*ive HLO projects having combined authorized
funds in the amount of $23, 537, 000. The total estimated cost of these
projects is $29, 651, 000. All but 8 of the authorized projects are on or
ahead of schedule. Of the 8 only 2 are more than 3 per cent behind
schedule; these are CGH-790 - "High Level Radioactive Receiving and
Storage Addition - 327 Building", and CAH-827 - "Pressurized Gas
Cooled Loop''. It is expecied that all fully authorized projects will be
completed on schedule and within the authorized funds.

There were 30 existing J. A. Jones Company orders at the beginning
of the month with a total unexpended balance of $344, 409. Fifty-two
new orders, 2 supplemenis and adjustments for underruns amounted to
$74, 343. Expenditures during the month on HLO work were $156, 748
(includes C.O. Cost). Total J. A. Jones backlog at month's end was
$262. 004. Twenty-nine orders were closed out during the month.
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The 1959 annual inventory of Research and Development reports was
completed March 25 with the following results: 9,980 accountiable
copies; 28 copies outstanding from previous years; 2 copies outstand-
ing *his vear; or a total of 30 copies outstanding. The official resul‘s
will be reported io GE Security by montk's end.

SUPPORTING FUNCTIONS

Proposals for Research and Developmen: {Form 183) for the FY 1962
Budge: were submitied during the month to Contraci and Accounting.
There were 66 proposals consisting of 335 pages.

A special request in the amount of $10, 000 was received during
March to fabricate plutonium test samples for the Bettis Plant.

There are presently 191 items, valued at $91, 850, currently located
in the Laboratory Equipment Pool.

Dr. Joseph Kaplan, eminent geophysicist. and professor of physics
at UCLA spoke on Highlights of the IGY at a very successful Hanford
Science Colloquium on March 22,

Negotiations were completed and instruction began on a new graduate
level course, N. E. 501. Nuclear Reactor Theory Laboratory. This
is the first complete laboratory course for college credit to be given
using the facilities of Hanford Laboratories. Nine students are enrolled.

As of March 31, 1960, the staff of Hanford Laboratories totalled 1300
employees, including 618 exempt and 682 nonexempt. There were 528
employees possessing technical degrees. including 312 B.S., 115 M.S.,
and 101 Ph.D..

The medical treatment frequency for March was 2. 01 as compared with
1.44 last month. There were two security violations during the month,
bringing the total for the year to date to 6 as compared with 14 durmg
the same period in 1959,

An employee of the Radiographic Testing Operation sustained a severe
medical treatment injury to his hand on March 2nd.

Thirteen Ph. D. candidates visited Richland for interviews during March.
Three offers were exiended to Ph. D. candidates, and there are currently
four offers open. Follow-up visits were conducted with Chemisiry and
Chemical Engineering candidates a* the University of Washington.
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All campus visitaiions are completed for 1959-60 recruiting of BS/MS
graduates. Follow-up visi's were conducted at Oregon State. Washing'on
and Montana State during March. One hundred seventy-five offers have
been extended, w:ith 31 accepiances received by month's end, and 128
offers continuing open.

Four Technical Graduates were added to the program rolls, and 8
accepted permanent assignments during March. Two Technician
Trainees were dropped for failure to maintain a ""C'" average and zrans-
ferred 0 more suitable employmen:.

An addi*ional class 1n Applied Creaiivity was started to accommodate
the number of semi-technical personnel who have expressed an interes:
in taking the course.

There were 10 nonexempt vacancies filled during the month. With the

receipt of 18 new requisiiions and 2 cancellations. there are currently

11 openings for which 6 candidates are in process, 2 transfers pending.
and 3 yet to be procured.

Final preparations were made to implement the New Nonexempt Salary
Plan which will become effective April 11th.

ji&%dbﬁﬁgr/

for Manager
Hanford Laboratories

HM Parker:pmg
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REACTQOR AFD FUELS RESEARCH AND DEVELOPMENT OPERATION

TECHNTICAL ACTIVITIES

A. FISSTIONARLE MATERIALS - 2000 PROCGRAM

1. METALLURGY PROGRAM

Corrosion Studies

Hvdriding of Zircaloy-2. Sigrificant concentrations of hydrcgen will be
Fformed ir the NPR stack gas if water leaks into the stack and contacts

<he hct graphite, and even the normal steady-state concentration of hy-
drogen in the stack gas may be on the order of 0.1 percent. Consequently,
the rete of hydriding of Zircalcy-2 by molecular hydrogen is being studied
at conditions pertinent to the above. Temporary protection against hy-
dridinz (in dry bydrogen zas at 400 mm pressure and 500 C) is afforded by
a gcod ZrOs autoclave film, with variable induction times ranging from
about twe hours to more *han 30 hours. However, this induction time can
be shortened and hydriding initiated if the ZrOp film is broken by any

of several mechanisme, such as: (a) intenticnally scratching the film,
(») bending the Zircaloy sample, or {¢) thermel cyclinz the sample from
500 C to 10C C and back to 500 C. Although the presence of water vapor
in the gas is effective in repairing defects in the protective Zr0Op film
(especially at lower temperatures such as LOO C), carbon monoxide is

much less effective. Carbon dioxide 1s under investigation.

Scoutinz tests have been conducted to evaluate other ccatings for the
Zircaloy, ineluding dip coats of aluminum, zinc, and lead, and copper
piated by immersion plating. All of these failed more rapidly than the
standard autoclave film.

r hydriding mechanism studies, an autoclaved Zircalcy-2 wire
one end freshly cut tc form a "window" for hydriding was exposed
or 20 minutes to 520 C dry Ho at 400 mm of Hz. Hydroger analyses of
ne-quarter-inch segments of the wire showed the massive hydriding
SOOO tc 20,000 ppm H) to be confined to the first half inch. The
massive "ydr*dlnd was localized in the vicinity of the coating defect,
with the hydrogen diffusing along the wire az a sharp front. Under
conditions which faver rapid hydriding, it appears that high local hy-
droger concentrations can build up in the metal at a film defect cr
scratch resulting in lceal embrittlement while the Zircaloy a few
centimeters away is still ductile.

n othe
rith

:
Z
(

Mechanical Properties of Zr02 Autoclave Films. The relative zbrasion
resistance of ZrOp autoclave films formed by different surface pre-
treatments has been measured by Structural Materials Development, using
a Tabor Abrascor machine. Vapor blasting the Zircaloy surface, rather
than etching, prior to autoclaving, resulted in a heavier autoclave
film and a 15-fold increase in the number of abrasor cycles before the
sutoclave film was worn through to the underlying metal.

1252614 DECLAS
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B Copper Removal from Extruded Zircaloy Surfaces. A test was run to de-
termine whether Zircaloy would pick up hydrogen during the removal of
the copper coating with nitric acid. Several samples of extruded
Zircaloy-2 rod covered with 10 mils of copper were stripped in different
baths and metallographically inspected. MNone of the samples exhibited

any signs of hydridingz.

The types of stripping baths tested were 30% nitric acid, chromic-
sulfuric acid, and an electrolytic bath using 5% nitric acid and maeking
the sample anocdic. Of these methods, the electrolytic bath exhibited
much faster copper removal than the nitric acid, which in turn was faster
than the chromic-sulfuric aczid bath.

Etchinz Process for HPR Tubes. A continuous etching process is being
developed for possible application to NPR process tubes. The normal.
sequence of etch, stop solution and rinses are pumped as slugs through
an inclined rotating tube containing o short section of NPR process tube.
Autoclavinz tests of etched tube samples suggest that this handling
technique permits some simplification in the etching process -- elimin-
=~tion of the stop bath, for example.

Reactor Decontamination. The zalvanic currents between carbon and
gtainless steel surfaces immersed in a number of proprietary escid
clezning solutions are being measured in the laboratory as a function
of oxyzen concentration and reazent velocity past the metal surfaces.
The lesser corrosion attack of Turco 4513 (oxalic acid type) correlates
with genereslly lover measured galvanic currents.

D

Rediometallurzy Leboratory Studies

Ten irradicted specimens of Zr-2 process tubing (cold worked 70, during
fabrication) were tensile tested at 300 C. Comparison with comparable
unirradiated control samples shows thet the samples with the highest
induced redicactivity exhibited an 8% increase in ultimete strezagth,
but all of “he other irradiated samples ranged in wltimate strenzth
from 75% to 97% of the comtrol velues. Metallogrephic examination of
the two lowest ultimate tensile strength samples showed that partial
recrystcllization of the cold worked grains had taken place (RM—502).

Fifteen Zr-2 capsules were reczived aiter being irrcdiated under con-
trolled tempercture and pressure conditlons for three months. Seven of
the cepsules had Leen ruptured. Zxaminction of the Intact specimens
was vesun (RM-551).

Visual exomination of the third ETR ruptursd fuel clement showed swelling
ond several longitudinal splits starting one-half inch upstream and
terminating one inch downstreom from the defect. nly two small, loose
pieces of urcnium were found iIn the swollen part. lMeasurements of the
rod and weights of the remoining ports showed that 53 groms of uranium
were missing from the rod (RM-56L4). Metallographic examination of the
second ETR ruptured fuel element was also continued (RM—558). Four

12526713
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natural .and four 1.732 a/o enriched uranium tensile specimens, which

were irradiated in NeK-filled Zircaloy-2 cans with rotating capsules

(GEH-14-1,2), were found to be broken into many pieces when examined.
The remaining pieces were twisted, warped, and had a very porous sur-
face (RM-50L).

The results and conclusions from these tests will be reported in connec-
tion with the development programs of Fuels Design and Physical Metal-
lurgzy Operations.

Besic Metallurzgy Studies

Radiation Effects in Fissionable Materials. A turbo-mechanism has been
developed that will rotate an irradiation capsule so that the enclosed
specimens will receive a radially uniform exposure to the neutron flux.
Two rotating capsules and one stationary capsule have been irradiated
and were examined in Radiometallurzy during the month. The uranium
contained in the capsules consisted of four flat tensile specimens having
2 thickness of 0.050 inch. The maximum calculated fuel temperaziure was
200 C, and HaK was used as a heat transfer medium. The irradiated
specimens were removed and observed to be broken into severzl pieces.

In addition, they exhibited rough surfaces and appreciable growth. The
fractured surfaces and ends of the specimens appeared porous to the un-
cided eye, and some dimensional instability was observed. The principal
difference in appearznce between the specimens irradiated in the sta-
tionary and the rotating capsule was that the specimens in the former
7ere broken into more pieces.

Rediation Effects in Structural Materials. A Zircaloy-2 tube which has
been exposed to neutron rediztion over a 25-month period was removed )
from the KER facility. This tube and an unirradiated control are being
rmechanically tested and metallographicelly examined to determine the
effects of hizh neutron exposure at elevated temperaturss on Zircaloy-2-
and to establish testinz methods for monitoring WPR tubing. Durinz the
month two specimens from each of five irradizted tube sections were
tested in tension at 300 C. Two of the specimens exhibitinsg low strenzth
end high ductility were examined metallozraphically and found to be
partially recrystallized. Since recrystallization has been observed
from specimens taken from three separate locations alonz the irradiated
tube, it is likely that recrystallizaetion occurred along the entire
portion of the tube within the neutron flu:. The unirradiated control
specimens exhibited 300 C wvalues of tensile strength and ductility of
58,500 psi and 4.3 percent compared to room temperature values of

96,000 psi and 7.0 percent. In addition to the lower ductility, the
unirradiated specimens underwent less uniform deformation at the higher
temperature. The highest exposure specimen exhibited the highest temnsile
strength at 300 C vhich amounted to 66,000 psi compared to 110,000 psi at
room temperature. In most cases the total elongation of the irradiated
specimens at 300 C was equal tc or less than the room temperature value.

12526 77b
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Mechanical and Physical Properties of Materials. The creep properties
of Zircaloy-2 are considerably improved by small amounts of residual
cold work. The extent to which increasing amounts of cold work influ-
ence creep properties and the effects of recovery during testing are
being determined on specimens cold worked in the range 15 to 45 percent.
A series of tests at 400 C on the annealed and on the 25 and 45 percent
cold worked material have been completed at stress levels from 18,000 to
21,000 psi. The results show a marked reduction in initial deformation
and first stage creep by increasing the amount of cold work. The second
stage rates, however, are higher for the 45 percent specimens than for
the 25 percent specimens, but neither rate is as high as that for the
annealed specimens at 40C C. The specimens were examined by x-ray
diffraction after creep testing. The U5 percent cold worked Zircaloy-2
showed marked evidence of recovery. The 25 percent cold worked
Zircaloy-2 showed considerably less evidence of recovery. It is thus
apparent that recovery of the 45 percent cold worked material accounts
for the observed higher second stage creep rate at this temperature. -
Activation energies were determined for the 25 and 45 percent cold
worked tests after the second stage creep rates were firmly established.
The temperature was increased in 25 C increments and each new creep
rate was measured.

An activation energy for creep of 59.7 K cal/gmsmole was determined.

The data for two 25 percent cold worked specimens and one 45 percent
cold worked specimen displayed no differences in the activation energy.
It is interesting to note that the activation energy appears to be
independent of cold work level. The primery reason for determining the
activation energy on this series of specimens was to provide a basis for
tests on creep in-reactor. These rates, activation energies, and fre-
quency factors will be used as a comparison between in-reactor tests and
ex-reactor tests.

Electron and Optical Microscopy. The study of the microstructure of
cladding and fuel material after irradiation is a direct way of detecting
radiation damasge in these materials. Thin films or foils offer ad-
vantages, since radioactivity restrictions are a minimum. The prepar-
ation of thir films and foils suitable for elechtron microscopy is con-
tinuing. Irradiation and subsequent examination of foils of aluminum
and films prepared by vacuum evaporation or sputtering is prcgressing.

Three micron diameter particles of uranium dioxide dispersed in thin
evaporated films of aluminum have been irradiated in air filled and
also in evacuated capsules to exposure of 2 X 1016, 3 x 1017, I x 1018,
4 x 1019, k.4 x 1019 nvt (thermal). Similar irradiations have been
performed on sputtered films of Zr02, containing polystyrene spheres
and uranium dioxide evaporated at an angle of 15 degrees with the ZrQOp;

on sputtered ZrOp films only; and on sputtered ThO2.

Changes observed in the microstructure and elactron diffraction patterns
of uranium dioxide as a function of irradiation exposwure and irradiation
environment are entorely different from those in ThOz irradiated under

12520611



4-5 mW-6458d.EE]

identical conditions. After an exposure of L x 101° nvt (thermal), the
diffraction pattern of uranium dioxide becomes diffuse, whereas no
chanze in ThOp films occurs. In air filled capsules, uranium dioxide
thin films revert to heterogeneous flocculent crystals, but in evacuated
capsules the film reverts to dense rounded particles; no change in ThOp
films other than the appearance of fission fragment trajectories occurs.

Thin films of carbon and ZrQOp irradiated in close proximity to fission-
able uranium and thorium atoms show Tission fragment damage similar to
that observed in UO2 and ThO2 thin films, namely fission fragment tra-
Jectories several microns in length end 150 & in cross sectional diameters.

Zirconium oxide films formed by sputterinz of zirconium yield an electron
diffracticn pattern unless they are heated to an elevated temperature in
vacuum; the resultant films are cubic ZrOp. Such amorphous films have
been irradiated to exposures as high as 4.b x 1019 nvt. After the
highest exposure, the film shows crystallinity and a diffraction pattern
which deviates somewhat from that of cubic ZrOp is obtained.

Cold worked aluminum foils irradiated to an exposure of 3 x 1017 nvt
(thermal) have been studied in the electron microscope. Dislocation
moverents occurred. On a qualitative basis irradiation to the indicated
level has not perturbed dislocation movements.

Metallic Fuel Development

Cluster Fuel Elements. The ruptured rod from the third ETR rupture test
has been examined. Both the second and the third rupture test fuel
elements were irradiated to 2400 MWD/T befcre charging into the ETR. The
third rupture test was terminated by a reactor shutdown because of high

. activity readings in the loop 33 minutes after the defect was opened up,
whereas the second rupture test ran for 14 hours after the defect cap
was sheared off with no buildup of fission product activity in the loop.
The rupture rod from the third test was swollen in the region cf the
defect so that it contacted the center rod and the two adjacent peripheral
rods. The cladding was split in several places. An estimated 53 greams
of uranium were converted to oxide and were either washed out when the
cladding split open or were shaken out during the process of cutting the
rod. Two pieces of metallic uranium remaining inside the cladding in-
dicated that cracking of the fuel was involved in the failure mechanism.

The cluster element which ruptured in KER Loop 1 on February 8, 1960,
has been sent to Radiometallurgy for examination. A visual examination,
only, has been made to date. A scratch was seen to extend from one end
of the split in the failed rod for about one inch along the rod surface.
This scratch was filmed over, indicating that it had been there during
irradiation and was not made during the discharge of the cluster or
during subsequent handling.

P
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Tubular Fuel Elements. The tube and tube fuel elements for PT IP-300A
have been completed and are ready for charging. Ten each of outer and
inner tubes, 20 inches long, were autoclaved. One of the outers was
rejected on the basis of a small white oxide stringer in the OD clad.

All but two of the inner tubes, which were closed by hot heading and
projection welding, exhibited a few white specks in the ID clad. One

was sectioned longitudinally to obtain a better lock at these spots.

They are associated with minor galled areas and are probably caused by
foreign material entrapped in folds caused by the galling. The corrosion
is self-healing and no deeper than 0.002 inch. It is felt that this ab-
normality is innocuous, and it is recommended that the elements be charged.

Tube/tube metallic fuel elements are being tested in the Hanford XER
loops. A charge of.18-inch long elements with coextruded Zircaloy-2
clad have reached 2000 MWD/T in KER-2. In this charge are two elements
with unalloyed uranium cores and two elements with uranium - two percent
zirconium cores. Power generation in these enriched elements is 130 kw/
£t or 25 watts/gm. Coolant outlet temperature is 273 C. Goal exposure
is 3500 MWD/T.

In addition to these four elements, two 18-inch long elements, one
alloyed and one unelloyed, and a 36-inch long alloyed element are being
irrediated in KER-4. The thermal conditions are similar to the Loop 2
charge. Exposure of the elements in KER-4 is now 1000 MWD/T.

An NFR size tubular element was completed for operation in the ETR 6x9
loop. This element is 18 inches long, Zircaloy-2 clad, and fitted with
positioning spiders so that measurements can be made after each ETR
cycle. The element will be removed from the irradiation basket after
each cycle, photographed, measured, and reinstalled in a new basket.
Maximum heat flux in the element will be 1,250,000 BTU/hr/ft2 based on
present estimates of ETR neutron flux. Maximum estimated core tempera-
ture will be 650 C.

A trial charge of ten KER tube-in-tube fuel elements was nondestructively
tested. Techniques used were the Vectorscope test for ID and OD of both
sizes of fuel tube, confirmed by dborescope examination. The Vectorsccpe
appears sensitive to small zones of porosity, surface roughness, em-
bedded particles, or other conditions affecting the permeability or
resistivity of the jacket metal. In addition to monitoring the cladding
thickness, it is able to pinpoint the location of either internal or
external defects. In most cases defects indicated by Vectorscope can

be confirmed visually, externally by eye, internally by borescope.

A KER loop irradiation is being prepared tc determine the effect of heat
treating variables on the behavior of Zircaloy-2 clad tubular fuel.
Coextruded material, 1.470-inch OD x 0.400-inch ID, will be used as a
single element irradiation with a sleeve to adjust the water flow. BSix
separate heat treating conditions have been used with these bteing
characterized for uranium grain size and structure, crystallographic
textures and clad to uranium bonds. The elements are prepared for

closure and attachment of supports..
12326719
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Two Zircaloy-2 clad, coextruded I & E elements containing natural uranium
have been assembled for MIR irradiation in the GEH-4 facility. The
elements are 1.470-inch OD, 0.400-inch ID, 9-inch over-all lensth, with
0.100-inch thick end caps electron beam welded. The elements will operate
at a calculated 95 kw/ft, 667,000 BTU/hr/ft° meximum heat flux, 430 C
meximum uranium temperature, and approximately 100 C clad surface tem-
perature. The zoal exposure of the test will be 1000 MWD/T.

Tubular fuel element components for production test number IP-300A vere
autoclaved for 69 hours at 400 C and 1500 psig. Cleaning before auto-
claving included vapor blasting, prior to installation of supports,
followed by the standard etch as outlined in HW-60433. One and one-half
mils of Zircaloy was removed during etching. The etching procedure vas
modified slightly in that the surfaces were hand brushed while in the
aluminum nitrate stop bath. Resulting autoclave finish was quite good
and only one outer tube had to be rejected because of white oxide forma-
tion.

Component Fabrication. A coextruded Zircaloy-2 clad uranium rod has been
successfully stretch straightened. Prior to straightening, the rod was
beta treated at 730 C for seven minutes and then air coocled. This treat-
ment caused the rod to bow about six inches in the T72-inch length. Also,
there was a slizht reverse bend in the rod located about 15 inches in
from one end that was there prior to heat treating. A tensile load of
about 50,000 psi eliminated most of the six-inch bow but none of the
reverse bend. A load of 30,000 psi at an over-all temperature of 200 C
removed all of the six-inch bow, and a load of 30,000 psi with a local-
ized temperature of 200 C at the reversed bend fully straightened the rod.
Acceptable straightening may be accomplished by the application of heat
and axial stresses. However, all sharp and/or reverse bends should be
removed by roll streightening. The elevated temperature stretch
straizhtening should remove the non-axial residual stresses induced by
the roll straightening.

Different behavior by heat treated and as-extruded KER inner tubing
during expanding by draw sizing indicates that further exemination of
this material is necessary. It is not known why the uranium in the KER
inner tube in the as-extruded condition cracks more readily than similar
material that has been betéd heat treated. Rod sizing has shown that
uranium in 0.617-inch diameter coextruded rod is more resistant to
cracking during draw sizing in the as-extruded form than that which has
had a beta heat treatment. One explanation is that the direction of
maximum ductility is parallel to the extrusion axis. The maximum tensile
stress during rod sizing is parallel to the extrusion axis. The maximum
tensile stress during tube expanding is normal to the extrusion axis.

The other possibility is intergranular cracking which may occur during
the extrusion of KER inner tutular material, and the possibility that
intergranular crackinz if present may be healed by beta heat treatment.
Examination is now in progress of the fracture zones in the KER inner
as-extruded material to determine if there is any evidence of intergranular
cracking.

e
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In the testing of fuel elements it is desirable to be able to cause an
element to fail at will. This has been done by shearing a fixture
previously welded over a defect on the side of the element. These
fixtures have been welded by electron beam vacuum welding, but this is
a slow and difficult process and the rejection rate is high. A method
of resistance projection welding is being developed which should be
fast, economical and highly reproducible. It consists of a pre-placed
ring projection inserted between the fixture and the element then
wvelded.

Closure and Joining. Work has continued on the vacuum braze closure of
tubular fuel elements using a 95 w/o Zr, 5 w/o Be brazing alloy. A six-
element charge has been prepared for flow testing in the Elmo loops.

An effort is being made to reduce both the time and temperature of the
brazing cycle. Using a ternary 85 w/o Zr-10 w/o Fe-5 w/o Be alloy be-
tween the cap and the uranium, with regular 95 w/o Zr-5 w/o Be alloy on
top of the cap, has been effective in reducing the brazing cycle to one
minute at 1050 C. A more homogeneous ternary braze alloy may reduce this
time even further. The additional iron in the ternary alloy causes a
more rapid diffusion reaction between the uranium and braze alloy. A
literature search is underway to determine which braze alloys have been
investigated and the relative corrosion resistance of each. As this
information 1s rather scarce, a parallel effort is being made in a
selective search for low melting alloys which possess good nuclear and
corrosion resistance properties. A series of test coupons will be made
to investigate the braze quality on three points:

1. Room temperature strength of the Zircaloy to uranium bond;
2. Room temperature strength of the Zircaloy to Zircaloy bond; and
3. Corrosion rate in 300 C process water.

A projection welded end closure is being developed for tubular fuel
elements. The welding for this is being done at Sciaky Bros., Los
Angeles Research Division. A production test lot of KER inner size
elements have been closed by this method. Metallographic examination
indicates that true double closure exists with two ring welds approxi-
mately 0.04O-inch wide separated by an unbonded area about 0.025 inch
wide on either side of the uranium ring which is about 0.045 inch wide.
The unbonded areas are separated from the cap a maximum of 0.005 inch.

Allied Fuel Studies. Ex-reactor tests show that Zircaloy-2 supports

on full sized NPR fuel elements severely scratch the autoclaved
Zircaloy-2 process tube as the fuel elements are charged and discharged.
These scratches may lead to localized corrosion or act as regions of
stress concentration. As a bearing surface for the fuel element support,
Sheffield steel, a low Cr-Mo alloy steel, shows the best results of
several metals and ceramics tested. A simulated Zircaloy-2 fuel element
support flame sprayed with a layer of the Sheffield steel, showed ex-
cellent wear performence against an autoclaved Zircaloy-2 surface.

This test demonstrated the feasibility of the method of attachment to
the fuel element support. Samples of the Sheffield steel wear tested
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after they were autoclaved in 300 C water show as good or better per-
formance than the samples tested with an oxide free surface. From
autoclave tests made in 300 C water, corrosion compatibility of
Zircaloy-2 and Sheffield steel in intimate contact appears to be good.
Further wear tests will be made on other metals for the bearing surface.
Also, wear tests will be conducted on Zircaloy-2 surfaces autoclaved
under conditions that have been demonstrated to improve the abrasion
resistance of the Zircaloy-2 film.

In-reactor swelling experiments of Zircaloy clad uranium fuel rods

with selected uranium temperatures, cladding thicknesses, and exposures
are being conducted. Four swelling capsules, GEH-14-97, 14-101, 14-103,
and 14-105 are presently being irradiated in the MIR to extend the
coverage of temperature, exposure, and cladding restraint. Exposures
and average center uranium temperatures of these capsules are,
respectively, 2400, 1600, 1800, 2300 MWD/T, and 675, 275, 310 C, 335 C.
Goal exposures to as high as 5000 MdD/T have been established.

Additionsl autoclave defect tests of coextruded fuel rods with different
metallographic ratings of the bond have been made. The tests show that
material of numerical rating 6 (good -) corrodes slowly with little
distortion and that material of numerical rating 2 (poor -) corrodes
rapidly with severe distortion. These results are in agreement with
previous tests made on numerical rating 8 (good +) and numerical
rating 1 (very poor). :

Autoclave defect tests have been made on coextruded fuel materials which
have been processed through similated end closure brazing temperature
cycles. A brazing temperature of 1050 C and brazing time of one minute
weakens the bond of coextruded ingot uranium (300-700 ppm C). The bond
of coextruded dingot uranium (30 ppm C) is not affected by the same
braze cycle. The weakening on the bond of coextruded ingot uranium may
be caused by the formation of zirconium carbide in the bond at the high
brazing temperature.

KER size outer tubes (ingot) with brazed end caps and braze-cycle heat-
affected bonds have been autoclave defect tested. There is little
evidence that bonding the end cap by this method improves defect be-
havior. The improved corrosion resistance provided by the bonded end
cap is compensated for by the weakened coextruded bond of the clad.
Similar comparative tests are also being made in an ex-reactor loop.

Assemblies of fuel specimens to be autoclave defect tested after ir-
radiation have been fabricated, tested, and shipped to the 100-K
reactor area. Scheduling of the loading and irradiation of these
assemblies by IFD in a KER loop facility is in progress.

The fifteen Zircaloy-2 burst capsules tested in 100-KE reactor at con-
trolled temperature and internal gas pressure were discharged and
inspected. A brief inspection was sufficient to show the specimens
tested in-reactor were fully as éuctile as controls tested ex-reactor.
As reported previously, the in-reactor burst strength was lower than
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the burst strength of control specimens tested ex-reactor. This in-
reactor strength was, however, higher than the tensile creep strength
of rolled specimens tested ex-reactor. Since the in-reactor burst
strength falls below ex-reactor burst strength but above ex-reactor
tensile creep strength, designs based on tensile creep are still on
the safe side.

Cyclic temperature constant load creep tests on uranium are in progress.
The present test is operating between 150-450 C, with one temperature
cycle per day, and at a stress of 500 psi. After eight cycles, ~~ 0.4%
strain occurred. Over the week-ends the specimen remains loaded and the
temperature is held at 150 C. The specimen shrinks ~~0.1% during these
times, but strains sufficiently on the next cycle to more than regain
its former length. Even though the load is low (500 psi), the uranium
has strained sufficiently to cause deformetions which could be limiting
in certain types of reactor fuel elements (long self-supported hori-
zontal elements or vertical elements subjected to buckling forces).

Design Analyses and Computations. The analytic method and numerical

evaluation for determining the temperatures in the end caps of tubular
or plate type elements are complete. Examples of Zircaloy end caps
twice, once, and one-fifth as thick as the uranium fuel material were
evaluated. For these cases, the central outer surface end cap tempera-
tures are, respectively, 38, 68, and 95.5 percent of the total tempera-
ture drop of the fuel material above the coolant. Report HW-6L161,
describing the above analyses, is complete.

REACTOR PROGRAM

Coolant Systems Development

Evaluation of Fuel Elements for Present Reactors. Nickel plated fuel

elements are being tested in process water at 120 C and 165 C. Examin-
ation of the elements after 12 weeks of expcsure still indicated excel-
lent corrosion resistance. The test at 80 C to evaluate galvanic cor-
rosion was discontinued after 12 weeks of exposure. Visual inspection
revealed no unusual corrosion at defected spots.

A test was started to evaluate two GERL aluminum "cermet" tubes. Three
different rolling conditions of each alloy are bein; investigated. The
alloys are being tested in process water at 120 C with a flow velccity
of 21 feet per second past the coupons.

Decontamination of Present Reactors. A test in ELMO-6 irndicated that
carbonic acid would remove scale-containing Ca and Fe coupons. To
determine the effect of carbonic acid on present reactor scale, a test
was run in the Single Pass Facility at 242-B using an H Reactor pigtail.
The COp was ineffective, removing practically none of the radiocactive
crud. A solution of phosphoric acid (5%) and chromic acid (2%) employed
with a once-through procedure on an H Reactor pigtail produced a very
low over-all decontamination factor of about three.

§ ng]
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NPR Decontamination Studies. A section of carbon steel piping from the
KER Loop 1 was decontaminated with 10% Turco 4512 (inhibited phosphoric
acid) using a single-pass technique. After 19 minutes, the activity was
reduced essentially to zero.

For decontamination of the entire NPR system after a rupture, it appears
that the best procedure is one using three steps: (a) peroxide-carbonate-
bicarbonate, {b) alkeline permenganate, and (c) some inhibited acid. If
UO2 and fission products are not present in large amounts, the first step
may be omitted. Several inhibited acids are being considered for step (e).
During the past month comparative tests were made in the IRP (Irradiated
Rupture Prototype) to determine the relative efficiencies of phosphoric
acid, oxalic acid, and ammonium citrate. The phosphoric acid and ammonium
citrate both effected good decontamination, and the sample surfaces
appeared good with no excessive or localized corrosion. For the phosphoric
acid, the decontamination factors were about 100 for carbon and stainless
steel and 15 for Zircaloy, and corrosion of the carbon steel was about
0.12 mil. The ammonium citrate effected decontamination factors of about
100 for both the carbon and stainless steels and about 4O for Zircaloy;

the quentitative corrosion data are not available as yet.

The results with oxalic acid are somewhat puzzling. The decontamination
factors were lower, about 40, and the surfaces were not defilmed even
after two hours.

Decontamination of ETR Rupture Loop. After the most recent rupture exper-
iment in the ETR 3x3 Loop, the loop was decontaminated using a modification
of the standard three-step APACE procedure. Immediately after the rupture,
the loop wes contaminated with fission products and UOp, one portion of the
loop reading approximately 80 R/hr. The loop was flushed with water to
effect physical removal of the bulk of the U0z2. The flushing and the
‘natural decay resulted in considerable lowering of the activity level.

At the start of the chemical flushes, the highest reading was 600 mr/hr.
The first step, the peroxide-carbonate-bicarbonate, was carried out as an
initiel 15-minute recirculation followed by a 30-minute recirculation

with fresh solution. After rinsing, the alkaline permanganate solution
was recirculated (Step 2). The loop was then rinsed again, and the final
Step 3 solution containing ammonium citrate and ethylenediamine tetra-
acetic acid was recirculated. The activity after the final rinse was very
low, sbout five mr/hr, in all spots except one which read 35 mr/hr. The
high reading at this one location was probebly due to & high background.
The entire decontamination took 4O hours but could be cut approximately in
half with experience and improved facilities for disposal of the active
solutions.

High Flow Rate Deionization. Several tests were performed to establish
the feasibility and operating characteristics of high flow rate deioni-
zation systems. Results to date indicate that operations at high flow
rates are feasible using filtered Columbia River water as the influent.
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A duplex ion exchange system (cation unit followed by an anion unit) has
been tested at liquid flow rates of 25, 50, and 75 gpm/ft2. In general,
the effluent water quality has been quite good, usually ranging between

4 x 105 and 7 x 105 ohm/cm specific resistance. This compares favorably
with gg average distilled water specific resistance of approximately

3 x 10° ohm/em. System lifetimes of 8.5, 4.2, and 2.1 hours were obtained
at flow rates of 25, 50, end 75 gpm/ft2, respectively. At 75 gpm/ft2,
eanion leskage (predominently silicic acid) caused premature breakthrough
and accounted for some decreased lifetime.

Tests were conducted using a mixed bed (mixed cation and aniocn) exchange
unit with artifically prepared solutions as the influent. With influent
impurity concentrations of four ard 12 ppm (NHLCl and NaQSOu) +he system
lifetimes obtained were 16.5 and 10.0 hours, reépectively. 6The average
effluent specific resistance values were 1 x 10! and 9 x 10 ohm/cm,
respectively.

One test was run using duplex effluent water as the mixed bed influent.
This test was discontinued after eight hours without exhausting the resin.
The average specific resistance of the effluent was about 9 x 10° ohm/cm.

Fuel Element Rupture Testing. One programmed shutdown run was made using

an NFR size coextruded uranium-Zircaloy-2 outer tube, in the isothermal
beta heat treatment condition at 300 C, 1600 psi, and about 16 fps. The
tube was defected with a 0.025-inch hole in the side of the tube. Follow-
ing the first rupture indication from the hydrogen detector, the loop was
cooled at the rate given for the NPR. The tube ruptured considerably
more than the fast-cooled pieces. The rupture had completely filled the
120-mil annulus for an area about one inch by two inches.

Galvanic Corrosion Tests. A 304 stainless steel stress coupon holder

containing Zr-2 stress-crevice coupons exhibited areas ¢f galvanic attack
on the stainless steel at the regions of contact betweern the two metals
after three weeks exposure in CEP-4. This lcop was operating at 300 C
with pH 10 (LiCOH), deionized water. Three weekly decontaminations with
alkaline permanganate-sodium bisulfate had been made. The attack was
three to five mils deep and about 1/16 inch wide around the 1/2 inch x 1/8
inch slots which holds the Zr-2 coupons.

Coupons of Zr-2 which are coupled to zraphite by a tight mechanical joint
have been charged intc CEP-1 to determine whether a zalvaric ccuple
exists between these twc materials duringz the alkaline permanganate-
oxalic acid decontamination process. Graphite fuel supports are bteing
considered to minimize galling between the NPR fuel elemernts and the
process tubes.

Structural Materials Development

Burst Tests on KER Tubing. Three unirradiated samples of KER tubing, with

92683

about 70% cold work, were burst tested at 3CC C. The primary purpose of
these tests was tc evaluate, at slevated +temperature, “he mecharical end
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closures designed for rocm temperature testing of irradiated tubing.
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high pressure seal is made with a combination neoprene and copper gasket.
It was found that the neoprene seals effectively at low temperature but

chars completely at 300 C.

By pressurizing the burst test assembly moder-
ately before heating, the neoprene provides the initial seal and the soft

copper part of the seal takes over when the temperature increases suffi-
The burst tests were successful,

ciently to cause charring of the neoprene.
These tube samples are nearly equivalent in size

with data listed below.

and fabrication history to the Zr-2 tube now in KER Loop 1 and scheduled

for removel soon.

Test Temp., Bursting Pressure, Percent
No. o¢ psi Elongation
1 300 8300 6.6

2 275 8350 5.8

3 300 8350 £.8

NPR Process Tubes.

and GE personnel.
cations and purchase contract terms.

Allegheny Ludlum Steel Corp., Chase Brass & Copper Co.,
and Harvey Aluminum Company participeted in a pre-bid conference with AEC
The purpose of the conference was to discuss specifi-

Pilot quantities of NPR pressure tubes from the above contractors have
been inspected by Zyglo fluorescent penetrant dye and ultrasonics with

test results as follows:

Test

Ultrasonic (0.003" Scratck Standard)
" (o ms 1}] "
Fluorescent penetrant (outside)
" (inside)
Weld Radiography

Each contractor was given the above information, plus detailed inspection
reports coverirg only his own product.

Further testing showed that moderate surface conditioning to remove about

of

No. No. Tubes
Tubes Tested With Indications
19 11
17 1
18 13
18 9
12 5

0.002 inch of metal would eliminate most defects, whereas removal of
0.005 inch eliminated all surface-defect indications.

Perhaps the most serious defect found in these tubes is porosity in the

welds.
exist.

at the time the tubes were fabricated.

However,

Nothing can be done to remove this condition if it is found to
The x-ray images of the defects, except those found in the last
two welds, have been measured with an optical comparator.
with the p0851ble exception of one, would pass the specification in effect
several of the defects

All defects,

would be rejectable under the latest revision of the specification. The
vendor experiencing the most difficulty with his welds feels confident
that recent improvements in his welding technigue will minimize or elim-

inate this problem.

12520630
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Nothing in the present test results indicates any insurmountable obstacle
for any of the vendors in providing NPR tubes that will meet current HAPO
requirements.

Retubing Program. A total of 63 smooth-bore Zr-2 tubes for C Reactor
have been delivered. Of the tubes yet to be delivered, 36 are awaiting
final inspection and two are in the final processing steps. Two addi-
tional 100-tube orders have been placed for Jume 15 delivery.

Nonmetallic Materials Development

MIR Irradiations. The GEH-19 experiments contain sight graphite samples
two each in four grasphite holding cups. The four cups operate at dif-
ferent conditions of temperature and flux with the Nc. 4 position at the
most extreme condition. During disassembly of GEH-19-3, No. 3 and Ne. &
assemblies were not found, the carrier in the Nc. 2 position was corroded
through from the bottom (heater) side, and the No. 1 position was intact
and in good condition. Peripherally, the cup in Positions No. 1 and 2
did not appear seriously attacked. Three samples were recovered in ail,
but the sample from Position No. 2 is probably not measurable. Investi-
gation into the cause of the graphite loss is continuing.

Fast Flux Monitoring. The results of Ni activation in 1573 DR, indicated
that the integrated fast neutron flux per MWD/AT in an annulus tube
facility is approximately one-half that in a cold test hole. No accurate
absolute value can be reported since the fast flux spectrum in +he annulus
tube is nog mown. An estimate which is probably good to within 50 percent
is 2 x 100 nvt (D 1 Mev)/(MAD/AT). Net thermal flux values were 1.3l x
1017 + 0.02 nvt/(MAD/AT) using Co activation, and the cobalt cadmium ratic
was 13.0 ¥ 0.5, the indicated limits of error being the experimental
deviations from the mean value. These improved fast flux values indicate
that the temperature coefficient of the rate of radiation damage in
graphite below 300 C is actually less than reported in HW-47776 and other
Hanford documents presenting the work of annulus tube irradiations.

Flux Computations. Fast neutron flux calculations for C, K, and N Reactors
have been completed using a multi-group, one-dimensional, diffusion type
code. The results may be summarized as foliows:

1. The ratio of the integrated fast flux/(MWD/AT) a* X
to that at C is 1.3.

2. The ratio of the integrated fast flux/(MWD/AT) in +he NFR
toc that at K is 2.2.

3. The theoretically derived, absolute value for the integrated
fast neutron flux/(MWD/AT) at *he Y *est hcle in C is 4.6 x
1010 nvt (D1 Mev).

A document, HW-6L4393, is in preparatior which will include the results of
these calculations in greater detail.
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Conversicn Factor for Y Test Hole, C Reactor. Since most of Hanford hot
test hole data have been obtained at the Y test hole in C Reactor, an
accurate knowledge of the fast flux in this facility is necessary to
intercompare rates of damage in off-site irradiations with the old Hanford
resylts. The final, best estimate for that conversion factor is 5.0 x
10+0 avt (>1 Mev)/(MWD/AT). This result was obtained using the shape of
the fast flux spectrum from the computations cited above and a theoreti-
cally derived energy dependence of the activation cross section for the
Ni-58 (n, p) Co-58 reaction.

Graphite Burnout Monitoring. Samples discharged January 25, 1960, frcm
the center of channel 1960-C were highly pitted and showed a burnout rate
of 35 percent per 1000 operating deys. Emission spectroscopy analyses of
scrappings of the pitted areas indicated the presence of trace-to-moderate
amounts of iron, vanadium, and silicon, while gemms spectroscopy showed
the presence of iron. The high concentration of impurities in the pitted
areas was confirmed by auto-radiographs.

The catalytic effect of impurities on the graphite burnout rate has been
demonstrated in the laboratory, where the burnout rate of treated samples
(scaked overnight in 0.001 M solutior of ferric chloride and vanadium
sulfate) gas three times greater than the control sampie burncut rate of
3.8 x 1072 gm/gm-hr at 600 C in dry air. The treated sample showed de-
velopment of pitted areas, while the control sample was oxidized evenly.

Samples from 3066-KE were discharged on March 20, after thirteen months of
exposure.

Thermal Hydrasulic Studies

Heat Transfer Experiments Pertaining to Present Production Rear Fittings.
HW-0L4398, "Hydraulic Demand Curves for EDF Geometry with Enlarged Outlet
Fittings," was completed. This report presents steady-state hydraulic
data under boiling conditions for an enlarged BDF outlet fitting assembly.
The fitting used probably represents an upper limit in enlarged fittings
of interest at the present time. This outlet assembly caused less process
tube pressurization than present BDF fittings but more pressurization than
K Reactor outlet assemblies. While no transient experiments were performed
with this new assembly, previous experience with other geometries leads to
the preliminary conclusion that use of the present specification for es-
tablishing outlet water temperature limits would lead to adequate reactor
protection against inadvertent tube plugging.

Glass Heat Transfer Test Section. The test section using an electrically
heated rod in a glass tube with annular cocling was modified to provide
more precise adjustment of the tube with respect to the heater rod. The
initial runs with the modified positioning table were taken at 50, T5, and
100 KW under concentric conditions. At the 50 KW level it had been neces-
sary to increase the top annulus from the initial cold concentric position
in order to get uniform water temperatures around the annulus. After this
initial adjustment, the top annulus temperature was within 1 F of the
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bottom at 50 KW and about 2 F hotter at 100 KW. After running at 100 KW
the power was returnred to 50 KW tc recheck temperatures. Atout three
minutes after the power was reduced, a hot spot developed -rn the rod at
12-1/2 inches from the upstream end of the twc-foot heated section. This
bowed the rod and ruptured the glass tube. Investigation was started to
determine why the unexpected hot spot had developed.

K Reactor Cross Tie Limit. The K Reactcrs are provided with a complex
coolant cross tie system through which a reactor which has lost its
coolant supply may be provided coolant from the other reactor of the pair.
A problem of concern is the case where a BPA outage to both reactors is
followed by the failure of the emergency electrical system of one of the
reactors to pick up its load. In this case the emergency coolant from the
aiding reactor is small, and the coolant supplied tc the stricken reactor
mey be insufficient to prevent fuel element and process tube melting even
though a power reduction is initiated almost immediately after the outage.
It is desired to provide a reactor power level limit such tha* should the
condition described above occur, adequate cooling of the stricken reactor
be maintained at all times.

For a postulated case of any emergency shutdown of a K Reactor, the follow-
ing may be saild:

1. If flow and heat generation rates are such that bulk steam
generation occurs for any length of time after the reactor
is shut dowm, it is likely that excessive fuel element
temperatures will result. One of the meir factors contribu-
ting to excessive temperatures with bulk steam generation
is the likelihood that most of the cooling water will pass
through the lower tubes and leave the upper tubes sprived
of coolant. However, a calculation of the certainty arnd
the extent of any damage is very complicated, ard the results
are subject to considerable error. '

2. The analysis of shutdown ccolirg conditiors can te performed
with considerabls confidence if flow ard heat gepneration
rates are suck that no bulk steam gernerstior occurz aftsr
the reactor is shut down. For such cases, initial operating
levels for the rezctor can be accurately establishel *¢
provide any degree of prctectiorn desired.

Effect of Bond Defects or Temperatures Within I & E Fusl Elemerts. The
analytical investigation concerning +ths effects of a wrarium-aluminum
bond defect upon thke temperature distribtution withizn a typical Hanford

I & E fuel element during irradiation was complstedi ani reported in
HW-64436. The calculations were restricted tc the corsideration of
square defects ranging ir size from 0.0625 to four square centimeters

and specific powers rangirg from 40 tc 120 kilowatts per foct. The re-
sulting temperature fields for defect conductance coefficients of O,
6,000, and 10,000 BTU/hr, ft2, OF wers computed witk ths aid of ar

IBM 709 digital computer employing a convertioral noiular anaiysis. Only

%
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the direct effects of a defect of bond were investigated, and no consider-
ation was given to the simultaneous occurrences of incidental conditions
such as eccentric or skew misalignment of the fuel element in the process
tube and striation of the coclant.

The results show that without exception the maximum aluminum jacket
temperature is attained at a point located immediately adjacent to the
defect in a cross-section coincident with that of the geometric center
of the defect. The minimum aluminum temperature always occurred immed-
iately above the defect as was expected. The point of attainment of the
meximum uranium temperature was found to be a stronz function of the
defect_size and conduction coefficient. With defect sizes exceeding

0.6 cm® this meximm aiways occurred within the outer 0.025 to 0.100 inch
of the uranium core on the radius through the center of the defect.
Typicel values obtained for maximum jacket temperature and maximum uranium
temperature are 118 F and 880 F, respectively, for conditions of 80 KW/ft
and O BTU/hr, £t2, OF with a defect size of 2.25 cm@.

The method used in this analysis yielded temperatures which were consid-
erably below those of an earlier investigation (CP-1319). The reason
for this can be attributed mainly to the fact that this earlier work
considered only a solid cylindrical fuel element while the present con-
siders the I & E element.

Laboratory Equipment. The first phase of the project to increase the flow
and heat transfer capabilities of the 189-D high pressure heat transfer
apparatus was completed. Modifications completed to date will allow com-
pletion of steady state heat transfer experiments for NPR while equipment
to be installed during the remmining phase of the project will allow
transient experiments to be performed.

Minor difficulties were experienced with the two new preheaters in that
the heating elements displayed a low electrical resistance to ground.
Following the manufacturer's suggestion that the insulation could pick up
moisture during transportation, a partial electrical load was applied to.
dry out the hesaters.

Shielding Studies

Neutron Attenuation Measurements. The following table summarizes the
measured removal cross sections obtained recently in the Shield Facility.

Measured Fast Neutron Cross Sections (ecm-1)

Bake Temp., Ferrophosphorus Ordinary Iron-Serpentine ‘ Iron-Serpentine

oC (300 1b/£t3) (150 1b/rt3) (265 1b/ft3) (210 1b/£t3)
As Cured 0.131 0.0780 0.12k4 0.110

100 : 0.121 0.0735 0.113

200 c.117 0.0724

300 .- 0.0702

320 0.11k4
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The 265 lb/f't3 iron-serpentine concrete was placed in the shield facility
for irradiation after being baked at 320 C. The 210 lb/\“t iron-serpentine
concrete was removed from the shield facility and is being baked at 320 C.

The Argonne Laboratories have completed the assembly of the neutron re-
coil counter to be used in the shielding program. It is expected tc be
used to evaluate several d:.fferent resonance energy neutron fluxes at
Hanford.

Gemma response calibrations up to 80,000 R/hr on nine aluminum shell ion
chambers for use in the shielding program have been completed.

Design and Component Testing

NPR Charging Mechine. Development of a quick disconnect magazine end cap
has started. Two assemblies are being drawn pricr to fabricating. In-
quiry has been made into obtaining 54-foot long stainless steel tubes for
the magazine.

WEAPONS - 3000 PROGRAM

Research and development in the field of plutonium metallurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
programs of the University of California Lawrence Radiation Laboratory
(Project Whitney). Details of these activities are reported separately via
distribution lists appropriate to weapons development work.
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C. REACTOR DEVELOPMENT - 4000 PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutorium Fuels Development

PRTR Fuel Fabrication. Fabrication of the first thirty 19-rod Pu-Al
clusters required for the initial spike enrichment loeding of the PRTR
is virtually complete with the exception of etching, wire wrapping,
and autoclaving.

After swaging and straightening, the Zircaloy tubes were cut to length,
courterbored, and the inside diame*ter was treated with emery to remove
ary burrs which interferred with loading. The tubes were then cleaned
and first end caps were welded into T57 tubes.

Enough castings were made for 978 cores and from these a total of 859
cores were extruded. Of these, 797 were straightened, cut tc length,
and gauged. It was necessary tc draw 282 of these cores to final di-
mensions for assembly into undersized tubes. Six hundred and thirty-
four rods were assembled, welded, and leak checked. Allowing for a few
extras, this is the number required to fabricate 30 elements. Elever
cores stuck part way in the tubes during assembly causing them to be
rejected. Only two have stuck since a graphite lubricant has been used.
Leaks were detected in four rods during the first helium leak check
with three of the leaks due to strirngers through the end caps and the
leak in +he other one not yet located.

Extensive effort has been expended in developing reliable stardards for
the ultrasonic testing of cladding integrity. Standards were made by
using machined specimens with fabricated cracks and by using actual
sections of tubing, which were related to metallographic measurements of
defects giving similar ultrasoric indications. The results of tkis
standardization indicate that the ultrasonic testing technique can detect
a 10-mil defect in a 0.03C inck wall Zircaloy +tube to an accuracy of
about plus or minus one mil. It is on this basis, then, that 403 rods
have been tested tc date. Of those tested, 89% had uitrasonic indications
nine mils deep or greater; 4% had cracks between five and nire mils; and
only 7% did not have defects greater thar five mils. These results had
been predicted previcusly on the basis of a metallographic examination
of the tubing. Because of the pcoor quality of tubing available for this
fabrication, it has been decided to use these first thirty elements for
critical testing oniy. Better quality tubing will become available in
about May, and the elements will then either be recanned or refabricated
for power cperation cf the reactor.

Ccnsiderable difficulty has been encountered with the water deionizer in

the PFPP durirg the past month. The resulting lack of adequate deionized
water for etching and autoclaving has delayed completion of the elements
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by about three weeks and has created additional work because some of the
rods have required sandblasting and re-etching. Poor etching results
have been experienced, and the autoclaves have become contaminated with
resin from the deionizer which decomposed when the vessels were heated.
It was necessary to sandblast the inside surfaces of the two vessels to
remove the contaminates. A large capacity deionizer is being purchased
to remedy this problem.

Fabrication Development. A new mold is being designed for FRIR Al-Pu
extrusion billets which will improve casting efficiency. With the new
mold two billets will be poured simultaneously, but provisions in the
design of the mold will allow for the interconnecting of several mclds

of the same basic design so that twelve billets may be cast simultaneocusly
when there is sufficient melting capacity.

Crushable MgO swaging tubing, 1/2" 0D, 1/8" ID, 3" long with the center
hole filled with UO2 powder as a stand-in for PuOp was swage reduced
inside of Zr tubing to different diameters to determine compaction char-
acteristics. This propcsed technique has value as a self-shiélded fuel
of greater heat transfer surface. A 75% reduction sufficiently densified
the oxides so that sectioning and sanding of the composite assembly did
not dislodge any of the ceramics. When the ends were cut off of
assemblies that were reduced 50%, the MgO and contained UOs crumbled and
fell out of the sheathing.

Fuel Evaluation. Examination of the four-foot lcng Zircaloy clad Al-Pu
19-rod cluster which was irradiasted to a burnout of 60 percent of the Pu
atoms is continuing. As reported previously, the gquick disconnect end
caps were disengaged and the cluster was disassembled by means of manipu-
lators in the hot cell. It was thought at first, that the tops of *two
end caps had broken, but a closer examination revealed that the quick
disconnects on two of the rods had separated from the top end bracket.

The helical wire wraps on the rods had lcosened even though the s*tainless
steel bands which held the cluster together were still tight. The loosen-
ing .of the spacing wires was probably due tc cver-straining during attach-
ment. No abrasion of the rods by the loose wires was cbserved since the
protective black oxide coating was undamaged. Otherwise the banded cluster
was straight and visually unchanged. Each of the 16 rods was examined for
warpage, and it appears that all are warped to some extent but it was
difficult to precisely determine the amount because of interferznce by
the loose wires. However, the warpage, fully restrained in the banded
cluster, varied from 1/1€ to 1/b of an inch over the 3€-inch lergth of

a single rod. The warp problem was probably aggravated by thes fact that
the diametral gap between the core and cladding was not closely con-
trolled by the swage sizing techrique and that 2000 psig (the cperating
pressure of the experiment) would collapse the cladding ani promote inter-
action between the core ard cladding.

A metallographic sample was taken from the center section of the center
rod, one rod from the six-rod ring, ani one rod from the l2-rod ring.
They were also sectionel on the end < measurs the amocunt of end gap.
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It was found that all of the gap was at the top of the rods indicating
tha*t the cores were lcose in the cans and had settled < the botiom.

. Measurements will now be made *“c determire if the amount of eni gap
has changed. Metallographic examination, dersity, ani hardness deter-
minations will be made or the ccrs materisl.

Examination of the 16 irrsdiated Al-Pu and AL - 12 w/c Si-Pu alloy
capsules (GEH-14-5 througk 12 and GEH-1k-k42 through 49) is currently
in progress. The specimens con*air 5, 10, 1%, and 2C w/c Pu and were
subjected to 0.1 a/o and 0.2 a/c burnout. Dimensional measurements cor
the dejacketed Al-Pu alloy fuel zores which had 0.1% burnout of %otal
atoms were completed and are as follows:

Dimensiorel Changes on Fuel Cores*

GEH-14 A Diameter (in.) B
Nc. Fuel Alioy Tcp Bottom Alength (in.) AVolume (%)
8 Al-5 w/o Pu 0.0028 0.0027 0.0113 2.7 - 2.8
5 A1-10 w/o Pu  0.0006 0.C025 0.011€ 1.1 - 2.6
9 A1-15 w/o Pu  0.0006 ¢.0016 ©.009C 0.9 - 1.7
10 Al-20 w/o Pu  C.00Z5 0.0036 0.0112 2.5 - 3.4

¥Fuel cores are about 0.5 inck diameter by 1.98 inches long.

The examination of the 24 irradiated UQ2-PuQ2 capsules was restricted
during the month to dimensional measurements only and photographs of the
clad specimens. As soon as the fission gas collection equipment is
operating and availablie, the specimens will be punctured. After this
step is completed, the other planned examination work may proceed.

UQ2 Fuel Development

PRTR Fuel Elements. The 72 UOp fuel elements needed for startup tests
and operation of the PRTR were completed. Fifty-six are Class I elements
for full power operation, while 11 are Class II for criticality tests and
spares. The other five are Class II] elements which will be used for
zerc power design tests only. One of the Class I elements was made by
the vibratory compaction process, the remainder by cold swaging.

The over-all yield for fuel elements fabricated by the swaging process

was T70.8 percent. A total of 2068 rods were swaged between January 1,

1959 and February 1, 1960. Nearly one-half of these were swaged during ths
fourth querter:ofr-C¥-1959  6nd resulted in the highest yield, 80.2 percent.
Principal causes of rejection were swaging marks detected, and defects

such as internel cracks in the Zircaloy cladding.

With completion of the swaged fuel elements for the PRTR, program emphasis
has been gradually shifted to research and develcopment studies of other
fuels. For example, the vibrational compaction process is being applied
to fuel assemblies of the rod bundle and nested tubular types. Modifi-
cations are being made to hot swaging equipment to permit either induction
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or resistance heating, and fuel capsules and prototype elements are being
prepared for a variety of irradiation experiments.

Fabrication Development. The first PRTR 19-rod cluster fuel element
fabricated by vibrational compaction was completed. The individual
fuel rods consist of fused UOp compacted in Zircaloy-2 tubes, C.563-
inch OD x 0.030-inch wall thickness x 89-1/2 inches long. The particle
size distribution of the fused UOp was:

Size Mesh Weight Peréent

(-6) (+10) 60
(-35) (+65) 15
(-200) 25

The UO, compacted to 89 percent of the theoretical UO2 density. Vibra-
tional compaction of electrolytically reduced UO2 obtained via the
Chemical Research and Developmen*t Operation's salt cycle process, is
also being investigated.

Initial operation of the "Magnetic-Force" Resistance Butt Welder at the
vendor's plant was observed. A minor equipment design change will cause

a two-week delay in delivery of the machine. The general arrangement of
the equipment will allow very effective fuel rod closure procedures.

The fuel rods may be evacuated and backfilled prior to closure with any
desired gas atmosphere. The vacuum or iner+ gas atmosphere, normally

used to protect Zircalcy during welding is not required witk this equipment.

The Thermatool rib welder was installed. Initial operation revesled
several problems which must be resclved to produce adequately strong,
corrosion resistant welds between Zircalcy ribs and tubing. Techniques
are being developed to continuously weld spiral ribs on PRTR fuel elements.

Experiments were performei to determine the feasibility of swaging with
a solid lubricant rather than with the liquid lubricant presently being
used. The impact surfaces of a set of swaging 4dies were chemically
coated with Electrofilm T77-5, a high load solid lubricant, and several
Zircaloy-2 clad, UOp fuel rcds were swaged. Swaged rod surfaces were
relatively gecod. The solid lubricant, however, began to break off the
dies after several passes. It is believed that better techrigues of
applying the lubricant to the die surfaces may alleviate this problem.

The relationskip between the cptical density of UOp and the Pb-Sn alloy
system with respect to Co-60 gamma radiation was establisked for U0s
densities ranging from 70 percent to 93 percent of *heoretical density.
Density standards of any geometry desired for use with the gamma ab-
sorptometer can now be fabricated very guickly by simply casting a
series of Pb-Sn alloys.

UNCLASSIFIED
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Cerrosion Studiles

Aluminum Corrosion. A number of experimental new "super"” aluminum alloys
have now been in test in 360 C deionized water for two to six months and
show little additional penetration after the first ten days of exposure.
All of these alloys were cast using 99.995% base aluminum. One month's
data from four melts eack of the 1.5% Fe, 1.5% Ni; 1.8% Fe, 1.2% Ni; and
2.1% Fe, 0.64% Ni in 99.995% base aluminum have shown that these "super"
alloys can be consistently cast with confiderce in obtaining the desired
corrosion characteristics in 360 C water. Pene“rations of these alloys
are on the order of 0.2 mil.

The three compositions mentioned above have been formilated using 99.999%,
99.995%, and 99.95% pure base aluminum. The corrosion results af“er one
month in 360 C water have shown no dependence or base metal purity in
this range.

Heat Treating of Al-Fe-Ni Alloys. Tests on X-800L (1% Ni, 0.5% Fe) and
M-L00 (1% Ni, 1% Fe) eluminum allcys have indicated that heating these
alloys at 550 C for longer than six hours has a detrimental effect on
their corrosion resistance. However, the new "super" aluminum alloys,
heat treated three weeks at 550 C, show no increase in penetration over
non-heat treated material after one month in test. Metallography of the
heat treated samples shows that the second phase material is starting to
coalesce but apparently has not progressed to a detrimental point. Longer
term tests are in progress.

Steam Phase Corrosion of Al-Fe-Ni Alloys. Three super alloys have been
tested for short times in 500 C, 1000 psi steam. All seven samples of
the 1.5% Fe, 1.4% Ni alloy were completely destroyed after 17 hours.
Three out of seven 1.8% Fe, 1.2% Ni samples were half-destroyed in 17
hours and the remasining four were still good after 41 hours. One out of
seven 2.1% Fe, 0.64% Ni samples was half-destroyed in 17 hours; the rest,
still good after 41 hours. As these results indicate an increasing re-
sistance to catastrophic attack with increasing iron content, alloys of
2.5% Fe, 0.64% Ni and 3.0% Fe, C.64% Ni are being fabricated and will be
tested.

Corrosion of X-8001L Aluminum. Additional corrosion data have been ob-
tained on X-S001l exposed to 300 C water adjusted to a pH of &.5 with COs.
After 540 hours, penetrations ranged from C.7 to 1.2 mils at wvelocities
of 20 to 60 fps. The slopes of the corrcsion curves after 540 hours
shoz a rate of 0.80 mil/mo at velocities of 20 to 30 fps and 1.4 mil/mo
at 60 fps.

Fretting Corrosion of Zr-2. Flow tests are being desigred to evaluate

the extent of fretting corrosion whick may be expected on fuel and process
tubes in the PRTR. One test in CEP-2 which has been started employs a
small-scale mock-up of the FRTR geometry. In ELMO-7, a full scale test
will start as soon as the necessary components can be obtained, probably
by May 1. °

UNCLASSIFTIED
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Structural Materials Development

PRTR Process Tube Monitoring. Design of the Mark I prototype process tube
monitoring device, incorporating a TV camera and diameter measuring
instrument is about 50% complete. A purchase order has been issued for
the TV camera, and a work authorization has beern issued to Systems Research
Operation for development of the inside diameter measuring instrument.
Statistical estimates are being made of the optimum schedule and frequency
for inspecting the PRTR pressure tubes after reactor startup. A tele-
vision camera for development of methods and irvestigation of problems in
visually examining process tubes by closed circui* television has been
rented and is now on-site. This equipment will be uged initially to
examine the process tube in the single tube prototype facility and the
process tube used for bowed fuel element discharze tests. The equipment
will also be used fcr more detailed examination of five tubes with ques-
tionable autoclave films and pits which were cbserved by borescope exan-
ination.

Radiometallurzy Laboratory Studies

A four-foot long 19-red cluster of 1.8 a/o Al-Pu alloy and a defected U0
fuel rod (GEH-L4-39) were examined following ETR loop irradiations. A
92.9% theoretical density UOp sample which was irradiated o a calculated
160 MWD/T was annealed for six hours at 850 C, fractur=d, and a replica
then made. X-~ray powder samples were mounted on fibres and submitted to
the customer (RM-604). The results and conclusions from these examinations
will be reported in connection with the research and develcpment programs
of Ceramic Fuels and Plutonium Metallurzy Operations.

Thermal Hydraulics Studies

Protection Against Inadequate Cooling of Fuel Elements in PRTR Process
Tubes with Smalil Leaks. Present PRTR cperating procedures stipulate use of
individual tube high flowv trips to zuard against prccess tube ruptures.
Implied in this, howsver, is the assumption that a leak in a process tube
vhich would reduce the flow in *he tube to dangerous values wculd cause
the total flow through the monitor to increase sufficiently to effect the
high flow trip. An analysis of this condition reveals that the above
assumption is not necessarily true. Thers do exist small lsak sizes, if
they should occur, which would reduce +the flow through the tube to values
below any which have been experimantally shown to be safz and vhich cause
such a small increase in total flow throuzk the flLow menitor tha*t use of
a high flow trip for protection wceuld be dubious.

The problem arises from the fact that the irlet pipinz. irecluding the
orifice, of a PRTR process tube has a relavively largs pressure drop
compared with the pressure drop across the heated secwicn and outlet
Piping. A small increase in fiow throu h the flow monltor, such as weuld
occur from a small leak from the tube, would cause a relatively large
pressure drop acrsss the inlet piping, and, ccnsequently . a relatively
large decrease in pressure drcpr and flow supplied tc the hea*ted section.
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The analysis made use of two-phase flow, pressure drop calculaticns which
are somewhat crude. However, the analysis does show that if a leak
equivelent to a hole about 0.31 inck in diameter shculd occur downstream
of the orifice, the flow through the tube downstream of the leak would
fall below the rate experimentally shown to be safe, but the %otal flow
through the tube would increase to only about 102% of normal. A high flow
trip set this close to normal operating conditions would undoubtedly
result in many spurious shutdowns. If the leak size were as large as
about 0.56 inch, the %otal fiow would increase to about 122% of normal

and backward flow through the tube wouwld be sufficient to provide adequate
cooling.

The range of leak sizes which could result in reactor damage and which
would be difficult to detect with a high flow trip is not large and the
probability of their occurring may be small. However, protection must
be provided, and several protection schemes are under consideration.

PRTR Project Management and Design

Phase III PRTR Contract. The Phase III contract is estimated to be 65%
completed versus a scheduled 65%, based on the revised contractor's
schedule. Over-all PRTR project is estimeted to be 82% complete versus
a scheduled 82%.

The pre-placed heavy aggregate concrete work has been completed. The
thermal shield blocks have been installed in the reactor core assembly,
and the cooling coil connections are being made.

Core Components. Helium sniffer leak testing of the moderator vessel _
portion of the calandris has disclosed five leaking weld seams. Arrange-
ments have been made for the Phase III contractor to repair the defective
welds. The reflector vessel has not been leak tested yet. Halogen
sniffer leak testing of the bottom primery shield disclosed no leaks.

The shot has been installed in the core region of the bottom shield
prior to installation. Remainder of the chilled iron shot filling will
be added to the annular region of the shield after it has been placed
in position because the reactor building crane cannct 1ift the shields
when completely filled with shot.

The water softener tanks are being installed. Installation of the fuel
hendler rails is in progress.

PRTR Stack Addition. The PRTR stack contract has been completed.

Process Piping. Structural support drawings for the steam generator were
revised to incorporate (1) grouting of the main support assembly ceiling
attachment pads for uniform bearing, (2) pre-stressing of ceiling attach-
ment bolts, and (3) substitution of heavier duty constant-force support
hangers acting o counterbalance the weight of the unit during thermal
expansion movement. Design modifications were completed for installation

UNCLASSIFIED
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of a rupture disc in the wedge of *he lh-inch motcr operated gate valve
in the main inlet piping *c the steam generator. This modification is
intended to avoid any possibility of isolating heat sources from pressure
relief devices and cooling equipment, while retaining necessary sealing
for maintenance and emergency light water injection.

Design Development and Research Contract DDR-79 with Electric Boat Div-
ision of General Dynamics Corporation was modified tc include a dynemic
(earthquake shock) analysis of primery coolant system piping.

Bids were received during the report period for FRIR ion exchange resins
and portable disposable ion exchange units. The low bid of Tllinois
Water Treatment Company for bulk resin was accepted, and an engineering
review and analysis of the submittal on portaktle uni*ts 1s in prcgress at
month's end.

Process tubes and nozzles are being assembled and tested by the contractor.
ATP's on hydrostatic testing and helium leak testing have commenced. The
assemblies all indicate a small amount of leakage on the helium leak test
but usually not enough to interfere with checking welds on the nozzles.

Instrumentation and Control. The specifications of the rupture monitor
shielding and sampling system (mechanical portion) were sent out for bids.
These bids are due during the second week of April.

The vendor building the rupture monitor electronics system has regquested

a delay in delivery date. Delivery is expected about the middle of April
on kis revised schedule. This delay is expected to presen® ro problsm since
+the rupture monitor system is nct being installed by the Phase III con-
tractor.

ction

A blower was placed on order for use with the gas moisTure Jdetszc
system to replace one offered by the Phase III contractor whick was not
satisfactory for use in +this system.

Connectors ani cable for attachment “o the shim control units have been
received. Assembly procedures for tkz special cables ani connsctors
have been prepared and submitted to the Phase III coniractor.

Fuel Handler. New shrouds are being made for the fuel hardler because

of damage incurred during various testing operations. Eisctrical com-
ponerts are being prcnu*ed for an alternate power supply tc the discharge
hoist. Blower speed has been reduced 10% *tc prevent overloaiing when
handling a fuel element and process tilbe together.

Fuel Element Examination Facility. All the cast iron shizldirg blocks
and all the plugs except one viewing plug have been received. The wall
blocks have been installed. A miner amount of comcrete chipping was
necessary before the wall blccks could be lowered *hrough tks floor
cpening.
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The W. F. and John Barnes Company is experiencing difficulty in securing
sound aluminum castings for the frame and gear housings of the primary
manipulator. Selected areas of the main frame are being machined to
determine the feasibility of obtaining the specified finish. If the
selected areas can be successfully finished, the remainder of +he frame
will be machined. If not, it may be necessary to recast the frame.

The difficulties with the aluminum castings have resulted in an exten-
sion of the scheduled completion dates. The new completion date will
depend on the solution to the surface finish problem.

The first test of the second air duct with the moveble outlet (zipper)
has been completed. The test showed the necessity of additional
bracing to withstand the intermal pressure.

Load-Qut Cask. Additiornal drawings were received for comment and/or
approval. The drawings were reviewed and returned to the vendor.

Certain minor changes were made in the drawings at the request of the CFD
representatives in order thet the cask be more compatible for use in
Redox. The vendor has been requested to submit a quotation for any
additional charges resulting from the changes.

PRP Critical Facility (Project CAH-842). The project proposal for the
PRP Critical Facility has been forwarded to the AEC for approval.

The detalled design for the Critical Facility building is beirng approved.
CE&U has submitted an estimate of $30,000 and four months to complete
Title II services for the equipment design, installation specifications
and ATP's. The fuel transfer lock, periscope, and control rods will be
provided on a design and fabricate basis.

Scoping of an adjustable weir overflow for the reactor tank, a storage
tank, addition pump, and associated piping and valving to permit level
control of the reactor was completed.

Fuel Element Rupture Test Facility (Project CAE-867). The project
broposal has been prepared and is being circulated for approval. In
order to meet fund limitations of $1,500,000, it was necessary to
‘eliminate non-essential equipment items. The items eliminated in-

cluded:
1. One circulating pump, reducing the number of pumps to two
half capacity units.
2. Ome of the two sets of make-up system ion exchangers.
3. One of the twc decontamination chemical mixing tanks.
L. Pump isolation valves and other valves throughout the

system which could be eliminated because of the removel
of above equipment items

A rough draft of the design criteria (HW-63863) was issued for comments.
It is expected that the design criteria will be completed early in
April 1960.
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The problem of swelling fuel elements after failure has required a means
for detecting tube bulging. The present detecticn system design will use
an insulated outer tube which will close an electrical circuit whenever
it contacts the inner tube or the reactor shroud tube.

The high pressure (2100 psig) high temperature (500 F) bellows design on
Test Section "B" appears feasible. After inquiries to varicus vendcrs,
at least three companies feel they can meke the bellows for a price of
less than $500 each.

Design and Component Testing

Design Test PR-1, Discharge Operation Mockup. Testing of the PRTR Fueling
Vehicle continued during the month. Component %tests are summarized below:

(&) Air Cooling System. The speed of the compressor was reduced
from 3520 RPM to 3140 RPM. Compressor suction pressure with
a process tube containing the Pu-Al prototype element in position
on the seat was 8.9" Hg gauge at 3140 RPM. The compressor dis-
charge flow rate was 350 CFM with the abkove conditions and the
compresscr ran 21 minutes without overloading (compressor drive

was .switched off after 21 minutes).

The shroud halves do not engage properly at the top and the
shrouds leak along the mating surfaces. Atiempts to correct
the above condition were unsuccessful. The shrouds are being
redesigned.

During one of the test periods the skroud kalves stuck on the
discharge hook housing and the operator attemrted to raise the
hook without retracting the shrouds. The shrouds were lifted
off the shroud supports and one of the halves fell from the
vehicle into the *est pit. An interlcck was added to the dis-
charge hoist circuit tc prevent movement of the discharge Loist
when the shrouds are in the "in" position.

(b) Process Tube Discharge. The centering device on *the seat was
revised to give the maximum height and pi*tch to the pcsitioner
plates but attempts to place a severely bowed tube (C.250 inch
on the seat were unsuccessful. The process tube was remcved,
straightened to specifisd tclerance {0.100 irck), and rerlaced.
Further attempts to discharge tke processz tube-fusl elemsnt
asgembly into the cask and lower the assembly on the seat were
successful. The assembly was placed on the seat 20 times
without incident.

(e) Charge-Discharge of Prctotype Pu-Al Fuel Elemernt. The fuel elemernt
was successfully discharged from prccess tubes with maximum bows
of 0.25", 0.80", 1.15", and 1.55" over the *ube length. The end
brackets rubbed against the tube wall during discharge attempts
from the bowed *tubes and *tke wire wraps were flattensd where the
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wraps rubbed against thes tute wall. Meximum discharge Look
tension during the discharge ftrails from the 1.55" bowed tube
was 230 1bs. Normal tension during discharge attempts was
100 1bs. Minimum time required tc discharge the fuel element,
engage the sea®t and shrouds, and place the compressor in
operatior was 36 seconds.

(d) Water Spray System. Flow rate of the water spray systenm is
2.35 GPM.

PR-10, Primary Loor Mockup. The spare FPRIR mechkanical seal pump assembly
was disassembled on February 24, 1960, after 310 hcurs of operation using
& new lower balanced seal. The same pattern of excessive wear was found.
A factory representative present recommended several minor changes and
inspection checks during seal assembly but could nct find a definite cause
of the premature failure. The spare pump was reassembled and —un for two
short periods while a detailed evaluation of the vibration was made. The
analysis revealed about 10 miis maximum vibration witk the pump cold and
five mils hot with a frequency of 1775 RPFM. The maximum amplitude was
measured at the pump volute. A later vibratiorn anelysis performed with
the impeller running in air, resulted in only one mil at the volute. Tkis
possibly pcints to a hydraulic imbalance and further investigation is
under way. The pump vendcr is preparing a program to correct the imbelance
if the operation of thke reactor pumps verify that the imbalance is hy-
draulic.

The first of the three PRTR primary pumps was hot tested, starting on
Merch 11, 1960, following complete pump disassembly and renovaetion. This
unit was found to vibrate a meximum of six mils bcth hot and cold. “er
69 hours of operation, the high pressure mechanical seal was inspected
and found to have worn 0.002 inch. The amount of wear and the appearance
of the seal face indicate that the seal was wearing excessively.

The second PRTR primary pump was placed in service on March 22, 1960.
The vibration analysis has shown & maximum vibration of 1.4 mils. This
unit will be disassembled for inspection on March 28, 1960.

The high pressure seal cf the prototype continues to operate satisfactorily
after 3200 kours of operation and 45 pump starts. The leak rate is approx-
imately 0.1 gph at equilibrium conditions although the pump is routinely
cooled and shut down each week day.

During the past month the single tube prototype has operated at temperature
540 hours with 24 complete thermocycles during this time. The fuel element
was removed once while changing the gasket on the nozzle to process tube
connection. No measurable wear was noted on the fuel element supports.

The rnozzle to process tute (NTPT) connection with the tkinner shim was
operated for 16 thermal cycles and 430 hours. Leakage during this test

averaged 5.7 ml/hr. The gasket during this test was compressed 0.025 inch.
The shim was removed and the NTPT connection reassembled on Marck 16. Since
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that time the connection has operated 185 hours with nine thermal cycles
and an average leakage of 1.7 ml/hour. (It was found that after eight
cycles the bolt torque khad dropped from 75 ft-lbs tc about 45 ft-lbs.
Retorquing the bolts cut the leakage which had increased to abcut 4 ml/kr
back to 0.6 ml/hr, which was about the same as the leakage during the
first five thermal cycles.)

Cap leakage from the period February 18 through Marck 15, averaged

0.9 ml/hr during 16 thermal cycles and 430 operating hours. Leakage
during the nine thermal cycles and 185 operating hours since March 15 has
been quite erratic due to impingement of the inner metal rirgs <f th
gasket between the metal seating surfaces. Minor mcdifications tc the
gasket retainer are being tried to correct this problem.

Leakage at the inlet connection has been about 0.02 mi/ncur during
400 operating hours and 18 thermal cycles since March 2.

A test piece with two simulated nozzle-to-process tube ccrnnections is now
being operated and thermocycled to 500 F and 1200 psi. One of the con-
nections has been made up using shims to prevent metal-tc-metal contact
between the Zircaloy tube end flange and the stainless steel outlet .nozzle

flange.

Gas leakage with the solid copper gas seal gasket between the process tube
and ring flange was found tc be essentially zero during 15 thermocycles
and 150 operating hours. This test was made with a metal shimmed NTPT
connection. Leekage without the metal shim ir this ccrnection should be
no problem due to the resulting hlgher compressive forces on the solid
copper gas seal gasket.

PR-40, Shim Control Mockup. The prototype test facility for investigating
possible corrosion between the inconel shim rods and the aluminum tube
extensions is now being installed.

Two motors from the vendor supplying the reactor shim rcd order ars
scheduled for further *esting. The mctcrs received on *he reactcr order
have had a high rejection rate due to an insulation breakdcwn he<ween
pheses. New stators are bteing furmished witk a glass supperted silicons
rubber phase insulation. One motor will be cperated ir the skim rol mockup
and the other will be operated in a knowr. radiation fiszid.

PR-70, Helium Compresscr Test. The Germar manufacturer submit*ed a piston
and seel system for the high pressure compressor oii pump. This piston
and seal system was tested and found unsatisfactory.

The Vickers' oil pump, forme=ly tested without suction pressure, was tested
with a 15 psig pcsitive feed as recommended by thes wendor; howsver, it
would not operate. It iz concluded that this multipistor aircraft type
hydraulic pump is nct applicable to our service on the high pressurs he_ium
cCompressor. :
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Further evaluation of Hanford rebuiit oil pumps using hardened steel
pistons and liners is under way. It is rnow believed tkat reliable
operation for 1000 kours and more can be obtained with Hanford rebuilt

pumps .

Rebuilt gas outlet check valves have been prepared for the low pressure
helium compressor, using a stellite seat and flapper disc. It is proposed
that these valves be tested in the PRTR helium compressors. Gas check
valves for the high pressure compressor are being fabricated from 17 -

4 PH stainless steel.

PR-80, Air Cooling Duct Test. The high pressure duct was installed and
preliminary tests performed. Excessive leakage and deformation of the
carriage rail section prevented completion of the tests. Modifications
have been started to correct these problems. The high and low pressure
compressors have been delivered to the reactor contractor for instaliation.

Special Tools. Two new cutting edges for the core saw have been fabri-
cated and are ready for testing.

The cut«~off saw was adapted tc the fueling vehicle and tested. It cut
through a work hardened zirconium tube in 38 minutes. A new loading
device is being prepared to shorten the time required to cut through a
tube.

Reactor tools for removing Jjumpers, nozzle caps and hold-downs, shim rod
electrical connectors, and inlet flange bolts have been tested. Improved
reactor models are now being fabricated. Additional special tools for the
reactor and load-out facility are continually being added.

Silicone Foam and Sealers. A new silicone rubber was used to treat all
wires and the structural opening interior surface prior to pouring foam
and a following non-foaming silicone cap. Leakage from this arrangement
and from the wire ends which were capped with silicone were still excessive.

Fiberglass resin was used to f£ill the top inch of an opening, with sand
used as a filler material. This arrangement sealed well but was brittle.

An epoxy cement has exhibited the best properties for sealing the struc-
tural opening and alsc the ends of the wires. Further tests will be
completed on this material and a report issued.

PRTR Instruments. The infrared sensitive lens, arsenic trisulphide, being
irradiated at 10° R/hour aebsorbs 108 R with little change but attenuates
70% of the incident energy after having received 109 R. This lens is
being evaluated as a candidate component for the temperature detector in
the Fuel Examination Facility.

A precision servomanometer is to be obtained for measuring moderator level
of the PRTR during criticality studies. The resolution expected is to the
nearest apparent hundredth of an inch of moderator level.
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Several designs have been proposed for monitoring in-pile movement of the
high pressure tube in the gas loop relative to the calandria shroud tube
during operation.

Final evaluation of the instrumentation for measuring the first twc feet
of moderator fall for the calandria dump rate tests has been completed.
The instrumentation may be used to measure the time of moderator fall
when using any valve individually or any combination of valves as well as
measuring the time lag between the time the power tc the valves is inter-
rupted and the time the moderator begins to fall. Measurement of the +time
of fall for this first two-foot interval is accurate to ¥ 0.0l second.

Design Analysis

Physics Analysis. The remainder of the Critical Test descriptions were
completed and presented to the Startup Council. A final review of tke
test descriptions was also completed at which time changes suggestzd by
the Startup Council were incorporated. Final arrangements have been com-
‘pleted with Chemical Research and Development Operation to carry out
experiments to demonstrate the feasibility of poisoning the moderator with
boron for Critical Test 15. Power test planning is ceontinuing in cocpera-
tion with the Power Test Subcouncil. An initial list of experiments has
been prepared and outlines are being written.

Consideration is being given tc performing two-dimensional neutron flux
distribution calculations utilizing an IBM-T09 code, ANGIE, which has
Just been received. The code has provisiorn for either x-y or r-z
geometry and will accommodate up to 2000 mesh pcints and eighteen energy
groups. Thus, a fairly detailed calculation of the PRTR core should e
possible. A test case is being prepared to ckheck the operability.

Effort is continuing to determine the reliability of control rod re-
activity worths calculated using the RECON computer cods. The code em-
Ploys a two-group diffusior. theory neutron transport mcdel and obtains
solutions for contrel and reactivity worths in a reflected core. Com-
parison of results witk kand calculation indicate that the code is de-
bugged (performing correctly all intended operations). Thke major radial
buckling and radial distribution of statistical weigkts are being formed
properly. Calculation of the worth of black rods in the EGCR is under
way; these values will be compared to experimental results cbtained in the
PCTR. A similar comparison is also pianred for K Reactor »ods.

The FLUX-WEIGHT code is now debugged and operational. Iritial use of ths
code is being made tc determine the FRCF core desizn and tc obtain
critical loadings, flux distributions, radial statistical weights, and
an evaluation of moderator lsvel wocrth.

Work is continuing on the SNG Transport Code, and a successful test run
on a slab geometry case has been completed, At pressnt, a comparisorn of
the SNG (Harfcrd version) Ccde with the SNG (Nox<h American version) Code
is under way.
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The PRTR xenon program is complete and running. A report will be issued
in the near future.

PRTR Process Specifications. Progress on writing process specifications
remains at about thirty percent writfen in rough draft form. The outline
of process specifications tc be writter and three of the proposed speci-
ficaticns have been reviewed by the Startup Council. Revisions regquested
by the Startup Council have been incorporated in the specifications.

Safeguards Anelyses. Preparation of the report of the final safeguards
analysis for the PRTR gas-cocled loopr was started this month. A comment
draft of the report will be issued early in April. Analyses have re-
vealed no feature of the design or operating plans whichk would result in
decreasing the safety of the PRIR.

Writing of the PRP Critical Facility Preliminary Hazards Report was begun.
Studies of the effects of various coolant system failures were conducted.
Investigations of the reactor physics and of nuclear accidents were
initiated.

Reviewing of preliminary PRTR critical test descriptions was completed.
The writing of a hazards and restrictions summary section for the critical
tests was begun.

Plutonium Fabrication Pilot Plant

Construction is estimated to be 90% complete at month end. Preparation of
the Construction Completion Report has begun.

The relocation of transferred capital equipment from Building 231-2Z is
proceeding essentially on schedule. The plastering subcontractor commenced
erection of partitions in the second floor process area. Slow progress

was made in painting the floor of Room 131. It is planned to accept this
room for operations use early in April.

The cross-push mechanisms were received from the sintering furnace vendor
in partially complete condition. The work of completing these units is
nearly finished at month's end. The atmosphere and furnace gas pressure
control panels have been completed and installation is nearly complete.
After the limit switches for the various feed movements are installed and
adjusted, the units will be ready for startup.

The etch facility is nearly complete. It was discovered during the month
that the small monohed water demineralizer, scoped before the extent of
demineralized water usage in zirconium etching had beer determined, is
already overloaded. A rush requisition was placed for a 1000 gal/hr unit,
with the intention of completing its installation in time for *the etch
facility startup.
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Final inspection of the 20-inch rolling mill has been completed. The

"mill appears to be well made and only minor adjustments were required.

It is scheduled for shipment April 4.

PRTR Operations Planning

Forty-one operating procedures were issued during the month. The tenta-
tive outlines for PRTR Operating Standerds were up-dated and reissued.
A numbexr of procedires were prepared for tke PRTR Sample Program. The
PRTR Electrical Manual is 70% complete; it will be completed and issued
during April.

A document, HW-64322, "Power Calculation ir the FRTR," by E. D. Jones was
issued during the month. A study of zxcess *eac*ln*y versus reactor
periods was completed. A retort will be issued by April i, 1960.

A complete list of PRTR valves was prepared. Ihe list gives identification,
functicn, and print reference for eack PRTR valve arni includes schematic
diagrams. The valve list will be issued early in April tc alli interested
persons.

Industrial Medical Operation was requested to obtain rnoise level mea-
suremerts near the operating diesels. The results of their study have

. nct yet been received.

A sampie respiratory mask witk vecice amplifier was cbmained and tested.
FPD Maintenance is investigating the ccs* ani availability of parts

Spare parts prccurement continued. A"alLakl;l+V -2 funds for spare part:
was reviewed with HLO Financial. Estimate of spare parts sxpenditures
during FY-A0 is presently $40,000.

Calibration of ins*trumentz kas been liscortinued for several weeks at
the regquest of the contractor. Calibration manpower requirements were
reviewed with FFD Mairtenarnce.

Final operational and design review was complened for 18 FRTR desigr tesws
during the month. Desigr Test No. 3G, ”‘_ux Moritoring Svstem,"” was
written and circulated for commerts. I will %e pressrmed ro the FRIR
Startup Council in early April. A cnst code was esvatlisheld to accumiacts
+he cost of special equipmert £or tie 4ssign teet: Procursmernt of spscial
equirment began.

An cutline of the propcsed FPRIR power tests was preparsd and presented %o
+he FRTR Startup Council. Discuzsion ¢f the outline is scheduisd for early
April. The tests, as preparsd, would reguire approximately Tern weeks,

with Aesign power being actieved five weeks affer start of the Teste.

All PRTR critical tests have beer precent=
melization of the Introducticn tec the Critic
mentation, kazards, and restriction summariss il
council in +ths near future.

whick 1ncludes instru-
p= prezented 7o the

Startup Cuancil For-
¢
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Rupture monitcr system electronic prints were reviewed and retirned with
a request that additional information be furnished. Alsc, comments were
issued for the rupture loop instrumentation and control equipment. The
PRTR Maintenance and Mockup Area ftracings were reviewed for cperational
approval. The complete rough draft issue of the Rupture Loop Design
Criteria was reviewed and comments issued.

Sessions I and IT of thke Radiation Training Program were conducted.

Review and study of the qualification questions, opereting procedures,

and special training assignments continued. One Shift Engineer spent

the month irn the 10C Areas to become more familiar with reactor operating
problems. Six Engineering Assistants were assigned to the 31% Building
Equipment Development Labeoratory for *raining and assistance 4o MEDO.

This portion of the engineering assistant training program will be com-
pleted on April 4. Two information meetings were held tc familiarize
PRTRO personnel with the purposes and equipment layout cof the COp gas loop.

A report was prepared which defines the data processing input, report re-
quirements, calculation requirements, forms desigr, and estimate of data
volume. The report was designed primarily to assist machine programming
by EDPM Operation. It will be documented and issued early next month %o
acquaint all interested persons with the PRTR data service which will be
available.

2. FPLUTONIUM CERAMICS RESEARCH

To determine the effects of sintering time on densification rates of UOp-
PuOp mixtures, pellets of UO2 containing 15, 25, 4O, 60, 75, 90, and

95 w/o PuOo and also pure PuOp were heated in hydrogen for il hours at
1500 C, 22 hours between 1400 and 1500 C and eight hours between 1300 and
1400 C. This was the same composition series which exhibited the marked
density decreases with even slight additions of PuQp after one and eight
hours at all temperatures up to 1500 C. The specimens were found to have
undergone dimensional changes during the sinter, the extent of which in-
creased with Pu02 concertration. Beginning with UO2-40 w/o PuO2, there
was evidence of flow, the bottom of the pellets assuming the contour of
the molybdenum boat, and the pure PuOp pellet was almost spherical in
shape with a glazed appearance. However, the demnsities of all compositions
as determined by water immersion were 90 percent of theoretical or greater.
The cause of this epparent flow is being investigated.

In a continuation of an investigation of the discrepancy between Hanford
Laboratories and AERE data on the stability of PuOs-in hydrogen, PuO2

was obtained by calcining plutonium oxalate at 150, 300, 500, 800, and
1000 C. These powders were heated in hydrogen at 1500 C for eight hours and
subjected to x-ray diffraction anaslyses. Only a single PuOo phase was
found on the patterns obtained from the 150 C and 300 C calcination treat-
ment. Those calcined at 500, 800, and 1000 C showed PuOs and 15, 25, and
15 percent alpha PupC3, respectively. Since HLO PuO2 is normelly obtained
by calcining the oxalate at 300 C and AERE calcines at 600 C, it is con-
cluded that' the stability of plutonium dioxide in hydrogen is definitely
influenced by the calcination treatment.
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Melting studies on prlutonium dioxide have continued. The following table
shows the melting point and lattice paramesters of fused PuOp for the
atmospheres indicated.

Sample Atmcsphere ME Lattice Parameter
C 19-2 Helium 2280 C 5.4168 ¥ 0.0005 &
c 26-1 " 2270 5..07 T 0.002
C 26-2 Vacuum 2255 5.502 ¥ 0.0c2
C 26-3 Argon 2280 5.401 ¥ 0.003

c 27-2 2 He - $H 2310

The diffraction data were obtained by the Debye-Schzrrer metkhod with coppex
radiation. A sub-oxide was not detected on any cf the patterns. All of
the lattice parameters are greater than the 5.3960 % found for as-received
plutonium dioxide, indicating a loss of oxyzen during melting. Thz amcunt
of this loss is apparently *ime dependernt since ali of the samples, with
the exception of C 19~2, were melted rapidly. Unfortunately, the times

at elevated temperatures are not available; however, the larger lattice
parameter of C 19-2 over tha# of the sample melited ir vacuum illustrates
the time effect.

Semples of PuOp and U02-60 w/o PuQp were melted in helium and pclished for
metallographic examination. A very small quantity, approximately 2-4% of a
second phase was observed at S00X. This quantity is sc slight it is beyond
detection by x-ray diffraction techniques.

In connection witkh PuO2 volatility, vapors of two samples were collected

on a copper condenser whick was hung about one-half inch abcve the specimern. .
In one experiment the PuOp was heated to 2135 C at 1077 mm Hg for eighg

hours. The lattice parameter of the cordensed PuOp was 5.408 * C.001 X

and only a very slight tracg of alpha Pu203 was present. The other sampls

was heated tc 1000 C at 107 mm Hz for 48 hours. A tluish-black condersate,
probably an cxide of tungsten, was pressnt on the ccpper, but no plutonium

was detected.

X-ray diffraction char*s have been o +alnﬂa or. pellats of MgO, Al2O3, Zx0p,
and stabilized Zr02, each mixed with two W/O ani eight w/o P:02. MgO
skowed no sign of reaction with PulCz wher sintered in either hydrogen or
helium at 1500 C for eight hours. In hylroger a~ these conditions arn
unidentified reacticn 4id cccur between Als0x ard Pulp, ani the diffraction
patterns are being we-run tc sbtair better résolution <f *he lires. The
reaction 1s possibly the formation of the parcvekite-typs compound, PuAlOsz,
reported by L. E. Russel et al, AERE-R 3044. In order tc determine if the
perovskite compcund can be formed, a pellst containing stoichiometric
amounts of Alp03 and PuOp was pressed and sin*erei at 1500 C for eight
kours in hydrogen. The pellet evidenced signs cf a reacticn bty severe
bloating, pitting, and plastic flow and is pressntly beling analyzel by
X-ray diffraction.
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Pure ZrOp pellets crumbled or severely cracked when sintered at all
terperatures from 1100 C to 1500 C for eizht hours, but it was found
that as little as two w/o Pu02 in the ZrOp made the pellets dimension-
ally stable when sintered at these same temperatures. X-ray diffraction
shoved a retention of about 3.5% of the hizh temperature tetragonal
phase at room temperature in the pellets containing eight w/o PulOs and
10% in pellets containing two w/o PuOa.

Pellets containing 15, 25, 35, 50, 45, 80, and 92 w/o PuO2 with ZrOo
have been pressed and sintered, and are being examined by x-ray 4if-
fraction. The melting point furnace is being adapted to heat and guench
small specimens of ZrO0p-Pulz and will be used to determine portions of
the Zr02-PuOo phase diagram.

A literature survey on the physical and nuclear properties of various
ceranic materials including DBeO, MzO, Alp0O3, ThOp, and SiC is being
published.

Previous experiments in which oxides of Pu and U were heated with graphite
to form the respective carbides were repeated using a mixture of the two
oxides as a starting materiel. Tae amounts were chosen in three samples
so as to yield 25, 50, and 75% PuC in UC, respectively. As had been
noticed previously, the products formed at 1800 C showed strong x-ray
diffraction lines of Pu2C3, presumably due to a loss of plutonium during
reac¢tion. Vaporization of PuOz at 2100 C has been observed, and vapori-
zation tests wiil be made at 1800 C on PuQ2 to determine if this is suf-
Ticient to account for the formetion of Pu2C3. Other strong lines of PuC,
UC, or a solid solution of the two, were also found in all three samples,
but no satisfactory metallographic technique has been found as yet to
distinzvish these phases under the microscope. Another run was started
= which a surplus of PuO2 was added to graphite, but furnace troubles
reqguired the equipment to be shut down for repairs.

Evaluation has been completed on the Blaine air permeability fineness
testers which were purchased with the hopes of rapidly and inexpensively
determining the surface areas of ceramic powders, particularly plutonium
dioxide powders. Comparisons of the surface areas of alumina, magnesia,
zirconia, and urania obtained on the air permeability apparatus with the
surface areas of the same powders obtained on a B.E.T. nitrozen absorption
apparatus indicete that a different calibration exists for each material;
therefore, the air permeability apparatus is useless in obtainingz true
surface areas of plutonium dioxide powders until a plutoniea sample of known
surface area becomes available for use as a standard. There i1s no hooded
B.E.T. apparatus presently available with vhich to standardize a plutonia
sample. A zood degree of reproducivility can be obtained on the air per-
meability apparatus, and the instrument should be useful vhen a standard-
ized plutonia sample can be obtained.
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3.

URANIUM DIOXIDE FUELS RESEARCH

Fuel Evaluation

Swazed UQ2 capsules have attained an estimated masrimum exposure in excass
of 14,500 MWD/T durinz irradiations in MTR-ETR. WNo failures of these or
other swaged capsules or fuel elements have occurred.

Hot swaged UQ2 capsules were successfully irradicted to 2250 BMD/T The
irradiation continues.

Post-irradiation examination of an irradiated, purposely defected,
Zircaloy-2 clad, swaged U0z fuel rod revealed evidence of zirconium hy-
dride formation, even though the specimen was irradiated only 90 wminutes
in LO C water coolant. Concentration of the hydride in the Zircaloy-2
cladding increased uniformly from ~~150 ppm at the 0.005 inch diameter
hole to Av250 ppm at a 0.4 inch radius from the defect. 3IDevond this
radius the hydride concentration was ~150 ppm.

A second, defected Zircaloy-2 clad, swazed UQs rod hgs lrradiated for 125
ninutes in the MIR at a maximum surface heat flux of 585,000 BTU/hr/;t2
(33 percent hizher than in the previous defected element irradiation).
The fuel element was power cycled twice. Uo uausually hi-h fission product
ctivity was evident, nor was any particulate matter rzleased. Thls
element is beins sectioned.

The rapid hydriding evident on the first Zircaloy-2 :test indicates the
desirability of another test, using a Zircaloy-L4 clad fuzl rod. The fuel
rod has been fabricated.

Sixteen, three-foot lonzy, swaged UOp fuel rods havinz PRIR end caps wers
fabricated and shipped *o ORNL. These rods will provide woterlicl for
comparison with material swazed at ORIL.

Dasic Studies

Autcpsies of irradiated UQp specimens still nrovide mose of ocur laforwmasion
rezarding the thermal conductivity of UOz at hish temperctures. A tantzlun
bulb, heliunm gas thermoreter has been fabricated tc uss in measuriaz U0
core tenperatures durin irradiation. A nethod of arwu,~joini13 snall
dicweter stalinless ste2l and tantalw: tubes withou uwse of filler nmetal
was developed. A read-out systen for re.crdin ten:crutuJET neasured by
the therncreter was asseubled and tested.

.

[icroscopy studies of UOp at teumperaturss up to the meltins point are beiny
exvended to imclude irradiated samples. Tae hich teiperaturs nlcroscony
furnace has been modified and shielded accordin-ly.

A corpact hydraulic 1% for the 1id of the hi~h femperature hot cell was
fabricated, a remctely operated spec.men dispenser was ccastructed, an
nyrorzter calibrations are in nrosress.

UIICLASSIFIED
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Samples of impact formed UO2 are being prepared for irradiation testing
and thermal conductivity studies.

Micronized UO2 was compacted in the Dynapak (kigh energy impact) equip-
ment at various temperatures. A maximum UOp density of 94.5 percent T.D.
was obtained in the temperature range of 900-1200 C. The high density
UO2 thus produced has an extremely fine grain structure; as revealed by
electron micrographs.

Single crystels of U0z are being fabricated into specimens for irradiation
experiments, thermal conductivity determinations, and other fundamental
studies.

Approximately 100 pounds of large crystals were selected from 700 pounds
of Norton arc-fused UOso. A pole figure x-ray scan of a representative
single crystal revealed a single angle of reflection for the (111) plane.
Although the peaks were slightly broadened, indicating a defect structure,
this effect was not pronounced. Some microscopic pores and inclusions
ere evident in photomicrographs of the crystals.

L. BASIC SWELLING STUDIES

Irradiation Program

Two types of capsules for irradiating uranium at a constant temperature
are currently under construction: a metallographic specimen swelling
capsule for insertion into either the MIR or the ETR, and a general
swelling capsule. Three of the metallographic specimen capsules have
been completely assembled, and & fourth is in the final stages of
construction while five general swelling capsules have now been fabri-
cated.

Of the four assemblies of the metallograpkic specimen swelling capsule
being assembled, one is for heat transfer evaluation and bench testing,
one is for ex-reactor comparison to the in-reactor tests, and two are
scheduled for irradiation in the ETR. Two of the three capsules al-
ready assembled contain pre-characterized specimens ready for irradia-
tion while the third capsule contains only a durmy specimen. The
laboratory evaluation tests on this latter capsule are in progress.
The control instrumentation for the other two capsules is being in-
stalled at the ETR reactor. A prototypical unit of the ETR instru-
mentation has been tested at HAPO and found tc operate satisfactorily
for control at specimen temperature at any constant value from 200 to
T00 C.

A general swelling capsule containing four one centimeter diameter
uranium spheres was charged into a reactor in the latter part of
February. The capsule is operating satisfactorily at a temperature of
550 C which is maintained while the reactor is down as well as when it
is up. When the reactor is down, there are essentially no thermal
gradients throughout the capsule, but when the reactor is up, there is
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UNCLASSIFIED A-i20 HW-64580 (7520

a gradient from the center to the end of the capsule and alsc from the
center to the edge of the spheres. By controlling the temperature at the
surface of the end sphere, all temperature changes that occur when the
reactor is shut down are minimized. This should tend to decrease the
effects of the thermal cycling on the swelling behavior. The control
temperature is precisely maintained when the reactor shuts down in a
normel fashion and undershoots by only 10 C when the reactor scrams.

The experience gained from observing the operation of this capsule
suggested several modificaticns to be made in future capsules of this
general configuration. The fifth capsule that was assembled contained
only three spheres (two natural and one enriched) so that less of the
required heat comes from the fissioning process. The capsule has slightly
larger heat dissipating fins to increase the heat input necessary to
meintain any particular temperature. This will allow more efficient
operation of the contrcl system. The fifth capsule is now undergoing
bench tests and will be charged if the tests prove successful.

Pore Size and Distribution

Optical and electron microscopy are being used as a direct means for
determining the size and distribution of pores in irradiated uranium.
A formel report, EW-63848, "Metallograpkic Studies of Swelling in
Irradiated Uranium - Effect of Burnup, Irradiation Temperature, and
Post-Irradiation Annealing," is being prepared.

Five non-instrumented capsules containing pre-characterized uranium
irradiated to burnups as high as 0.2 a/o are in Radiometallurgy and
post-irradiation examination is abeout %o begin.

Statistical analysis of distortior associated with *he replication of
pores in synthetic plastic specimens is continuing. Measurements of
pore diameters and depths of pores, as revealed by replicas, indicates
that pores are distorted if they are cut above their centers. Three
synthetic specimens each containing pores with diameters of 1.17, 0.81,
and 0.5€ microns, respectively, are being analyzed, and the results
will be used to help formulate a mathematical model for quantitative
metallography.

IN-REACTOR MEASUREMENTS OF MECHANICAL PROFERTIES

This program has teen initiated to letermine the mecharical properties
of structural materials during irradiation. Currently, the study of
in-reactor creep properties of Zircaloy-2 is in progress. It is not
at a1l certain that mechanical property changes measured after irrad-
iation will be indicative of the changes induced during the period of
irradiation. The retained defscts asscciated with residual Jdamage may
have entirely different effects on the creep properties than will the
instantansous effect of a high neutron flux.

UNCLASSIFIED.
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The irradiation of an in-reactor creep capsule is in progress. The
specimen is annealed Zircaloy-2, and a duplicate specimen is being tested
in the laboratory to provide a direct comparison with the in-reactor test.
Last month, an average in-reactor rate of 1.69 x 10- in/in/hr was mea-
sured which compared with the ex-reactor rate of 1.5 x 10~/ in/in/hr at a
test temperature of 500 F (260 C) and a stress of 30,000 psi. As the in-
reactor transducers are not as sensitive nor as accurate as the ex-reactor
transducer, the data have been analyzed statistically to place the confi-
dence limits on the above rates. The analysis shows that the creep rate
of the in-reactor specimen is of the order of ten times that of the ex-reactor
specimen.

The laboratory tests are now completed on the study of the thermal balance
within the prototypical creep cepsule. The thermal balance of the capsule
was upset as the helium pressure was increased to provide the stress on the
specimen. A test cell was constructed which incorporated a one inch
diameter heat source centered in a 2-1/2 inch ID stainless steel pressure
vessel. The test assembly was cooled in flowing water while the heat
transport by helium gas was measured at steady state temperatures as a
function of helium pressure. Under the test cell conditions the heat
transport was measured over the range of 100 C to 600 C at 15 psi to 600 psi
helium pressure. The amount of heat required to reach 500 C at 500 psi was
4.5 times that necessary at 15 psi. Four arrangements of convection baffles
were tested, the most efficient being two concentric aluminum cylinders
insulated on the ends and providing about one-eighth inch space between
them. These baffles reduced the amount of power necessary to reach 500 C

at 500 psi to only 1.35 times that needed at 15 psi. The results of this
heat transport study are now being incorporated in the capsule under
construction to reduce the drastic change of thermal balance as the cap-
sule is pressurized with helium.

The same test cell that was used for the thermal belance studies is now
being used to measure the arc-over voltages as a function of helium
temperature and pressure so that suitable insulation will be provided in
future capsules to prevent premature failure of the transducers, heaters
or signal leads by electrical arc-over.

Ex-reactor creep measurements are being performed on cold worked and
annealed Zircaloy-2 ex-reactor. Creep activation energies have been
determined for 25 and 45 percent cold worked Zircaloy-2 after second stage
creep rates were well established. In the method used the temperature was
increased in 25 C increments and each new creep rate was measured. The
logarithms of these rates were then plotted as a function of the reciprocal
of the absolute temperature. The data were found to conform to the
equation:

E = Ae ﬁT

vhere E = the creep rate at temperature T
A = frequency factor, a stress dependent structure
factor

UNCLASSIFIED
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Q = activation energy in calories per gram mole
R = gas constani
T - absolute temperature.

An activation energy for creep of 59.7 K cal/gm-mole was determined. The
dats for twc 25 percent cold worked specimens and one 45 percent cold
worked specimen displayed no differences in the activation energy. The
value of A does vary with the amount of stress on the specimen. I% is
interesting to note that the activation energy appears to be indeperdent
of cold work level. The primary reasor for determining the activation
energy on this series of specimens was tc provide a basis for tests on
creep in-reactor. These rates; activation energies, and frequency factors
will be used as a comparison between in-rzactor tests and ex-reactor tests.

6. GAS-GRAPHITE STUDIES

EGCR Graphite Irradiaticn

Designs for three possible EGCR graphite sample configurations have been
completed which employ four one-quarter cylinder, four-inch long samples
held together as a unit. Mockup tests of these designs have been initiated
tc aid in confirming heat transfer calculaticns made for the three cenfig-
urations.

Cemented Grephite Jcints

Tensile test specimens of graphite containing joints cemented with National
Carbon Company "F" cement have been irradiated to 3.9 x 109 nvt (B p 1 Mev)
at about 550 to 600 C. Pricr %c irradiation cracks develcped in the cement
of one sampls heated *c 500 C. After irradiation, similar cracks appeared
in tke samples which were nc* heat treated prior tc irradiation; however,
they were sound enough to survive an iradvertent thres-fcot drop during
discharge from the test-hole. A tensile strength of 783 psi was determined
for one sample. Rupture occurred a* the cemented jcint. In unirradiated
specimens the cement was sironger than the graphite. The liameters of the
cemented joirts contracted an average of 0.12 percent. Remaining specimens
will be giver further irradiatiorn and studies will be made cf pre-irradiation
heat treatments irn an effort *c eliminate cracking in *he cement.

Radiaticrn Damage Anrsalirg

Very recer* work skows tha® the comsracticr of graphite whick ccours during
high temperature irradiaticn can be altered by arnsaling at higher tempera-
tures. The dimersicnal charges Juring anrealing may be associated with a
remcval of interstitials from vetweer. the lattice planes with a resulting
further contracticn ir the C5 lattice dirsction but a growth (recovery) in
the A, direction.

vz the conclusion that
i

Cre pcssible interpretation of thase la%a leads
eontraction in the parallisi extrusicn direction
distortion of lattice plares within crystallites arm
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be removed by anneeling. This same line cf reasoning points strongly
towards the less-graphitic graphite formed from binder material as
being primarily responsible for contraction in the transverse extrusion
direction.

Thermal Oxidation

Samples of British nuclear grade graphite have been oxidized in flowing
COp. At 750 C, the specimens lost weight at a rate twice that of CSF
graphite. It was noted that the materiel was coarse in structure, evi-
dently with large coke particles.

Metallograph Studies

Typicael samples of each available raw coke have been polished after im-
pregnating with epoxy resin. Pictures at 50X and 250X are being made

on the metallograph with bright field, polarized light and sensitive tint
plates to reveal characteristic details. Samples cf CSF, TSGVF, and GL-10
(needle coke) graphite have been prepared with polished surfaces parallel

and transverse to the whole-bar extrusion axis. No outstanding characteristics
have been found which might distinguish between areas related to coke par-
ticles and areas of graphitized binder. Samples of calcined coke have been
prepared for comparison with the raw cokes and graphites.

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

A meeting was held with Bristcl-Siddeley and Struthers-Wells representatives
to discuss the problems occasioned by the late delivery of the primary gas
blowers. As it now stands, the June 1 shipment date of the Phase A package
is still firm, but the third blower may be shipped directly to Richland for
assenbly and installation.

Fabrication of the in-reactor section is approximately 20% complete. About
55% of the required material hes been received.

A package is now under preparation for negotiation of installation cf
certain portions of the gas loop by the PRTR Phase III contractor.

The design criteria for the backup emergency power scurce from 384 Building
power plant to PRTR loop installations was completed. Specifications and
requisitions for the electrical gear to complete the intertie were issued.

Gas Loop Component Testing

The new nozzle closure assembly which had the sealing faces and body made
of Hastelloy "X" was completed and put under test. This assembly, which
leaked slightly when cold (one cubic foot per day), had no leakage when
heated to a temperature of 1500 F and a pressure of 500 psig. Instru-
mentation used in this test is capable of indicating a leak of 0.001 cubic
foot per day. The test was continued for 48 hours under full pressure and
temperature. Again, difficulty was experienced in disassembly of the
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gseal, This was caused primarily by growth and oxidation of “he stainless
steel parts. Modifications were started tc increase clearances where

possible.

The hot test of the flexible hcse furrished by Avica was stopped after
the hose developed a major leask. The flexible hose lasted about *wenty
hours at 12C0 F and 50C psig with nc flexing. Testing of +he hose
after fallure showed many pinhoie leaks besides the major leak.

Testing of the outlet nelium bellows is complete. Bellows obtained from
Parts Ergineering and Arrowhead Products were tested. Both bellows
assemblies were testaed at €CC F for 10,000 cycles. The beliows from
Arrowheed Products develcped a slight leak after 8000 cycles. The elliows
from Parts Engineering passed the test with no leaks zvident.

Capsule irradiations of Incorel, Inconel~702, Hastellcoy-X and Hastelloy
R-235 are in progress toc provide informaticr on candidate gas loop
materials in respect to effects of irrsdiatiorn on mechanical properties.

Gas Loop Design Aralysis

A number of gas locp transient thermal probl=ams were investigated and are

discuszed below.

1. Maximum Shroud Tube Temperature Foliowing Les: <f Helium Coolant.
Previous calculations have SLoWn That 1t 1S necss sary following the
loss of helium coolant flow *¢ inject emergency water to prevent the
shroud tube tempersture from excesling 600 F. Those results indi-
~ated that if the kelium flow were lcsh auﬁlng norwal ful: powar
operaticn the shkroud Tube temperature woiid increase to abour
84C F when the locop is ccolsd at 90C F/hx. The corsequences of
vater injectior are extremely severs; +hereforz . calculations were
made to determine the maximum shroul “ube temperature when the loop
is ccoled at the mes*t repid rate possible by the CCp rrimary ccclant.

l

Tre mos% rapid zcol dowrn rate coull he achievel by mairtaining +he
12,000 lb/Lv COz flcw rarte, hypassing “he wzgenerative heat ex-
changer, Turring cff the reavsr and urbypaszing *he cacler. The
loop cperatlng ceriiticers were LZCC F maximm CO; *sewperature,

©00 KW “ubs powsr, ani eguilibrium opsratior. T- was ascumed that
*he reactor was scramzed fcllowing the los: of nelium

The results of this svudy show shat the zaximam shrcul tube tempera-
ture is about T35 F and will zceour abour 7.2 minute: afeer tl= loss
cf hélium. Ths shroud +ukes <emperature was sc found <o remein ir
excess of ACO F for abour 1L miru*es. The maximmn rave of texpera-
ture changs in +he 3.70" Hastellioy-X piping a*t +he ouiviet of the
tegh sectior was about mitus 17,35C F/r' or wins 290 F/mir .

2. Mrimim COz Flew Io Praven- Clad Mel+ing

clicwing *tre loss of =h: COp ;'i' erv ccolant flow <he minimum flow
of COp 3Zvom an emergenay Suppliy required <o prasvernt fuel zlement clad
melting vaz determinsd.
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The loop operating conditions were as described above. In this
case GHX-1 was not bypassed, instead it remained totally unby-
passed. The COp flow was assumed to decay hyperbclically from
the initial 15,000 1b/hr to the minimum flow in one minute. A
scram was assumed when the COp was lest.

A minimm flow of 500 1t/kr was choser as a lower limit. The
results at tkis flow indica*te the maximum cladding temperature
is about 1970 F. The maximum temperature was seen to occur
after about nine seconds or in the flywheel flow decay period.
At one minute the cladding temperature was about 1860 F or 110 F
less than the peak temperature.

These results indicate only a nominal COp flow is necessary to
prevent fuel element damage after the loss of the primary cooclant.

3. Temperature Transient Following Simultaneous Loss of CO2 and Helium
Coolant. After a total loss of Tlow of both the helium and CO2
coolants, the temperature transiert was calculated. The operating
conditions assumed were a 500 KW fuel element, 1500 F maximum COg
temperature, 15,000 1b/kr rormal COp flow and 200 1b/hr rormal
helium flow.

Assuming that a scram occurs on loss of coolant flow, the shroud
tube- would be heated to 600 F at about 1.6 minutes and melt after
about 3.3 minutes. The fuel element temperature would increase
to 2480 F during this time, well below the melting point of the
cladding.

4. Shroud Tube Temperature With No Gas Loop Coclant Flow.
The maximum shroud tube temperature was determined for the condition
of the reactor at full power when the ges loop was without fuel
element, primery coolant flow, or helium flow. It was assumed that
above the level of the moderator the gamma heating rate was 1k per-
cent of the maximum rate for the two process and shroud tubes. The
heat generated in these tubes is assumed transferred radially to
the three adjacent normal process tubes only.

At these conditions the adjacent shroud tube temperatures would
increase to sbout 616 F, and the gas loop shroud tube temperature
would be about 841 F. The inner and outer process tube tempera-
tures would be about 928 F and 954 F, respectively.

Therefore, a nominal helium or COp flow is required when the reactor

is brought to full power and the loop facility does not contain a
fuel element.
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D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Radiation damage recovery is being studied fo* a number of metals; namely,
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stainless
steel. Tensile properties, microhardress, electrical resistance, and x-ray
diffraction spectta are being studied tc determine the characteristics of
recovery mechanisms.

One hour isochronal annealing treatments at 25 C increments were initiated
for copper, iron, and titanium specimens and were extended from 425 to 475 C
for melybdenum, zirconium, and high-purity nickel specimens. Both the hard-
ness and electrical resistance of lrradiated copper showed practically nc
change upcn annealing at temperatures to 150 C. Onr the other hand, pronounced
drops in electrical resistance occurred between rcom temperature and 150 C,
and hardness recovery cccurred at 200 C for titanium specimens irradiated to
both 1.0 x 10+ and 1.5 x 1020 nvt, Complete reccvery of the electrical re-
sistance for zirconium irradiated to 1.5 x 1020 nvt took place at_gbout

475 C; whereas complete recovery for the lower exposure (4.7 x 10%° nvt)
gpecimen was observed at 400 C. Significant hardness recovery fcr the

L.7 x 1018 nvt exposure of zirconium was cbserved above 450 C which con-
stitutes the second recovery region above room temperature. Little change
between 425 and 475 C occurred in the electrical resistance of both irradiated
nickel and molybdenum; however, the hardness of molybdenum irradiated to

1.5 x 1020 nvt decreased slightly at 450 C. The hardness of both the un-
irradiated and irradiated mclybdenum specimens which increased markedly
between 200 and 375 C showed little change between 375 and 450 C.

Age hardening similar +tc that observed ir irradiated molybdenum above 200 C
was cbserved in unlrradlatei molybdenum which was solution treated at 1150 C
and aged at 500 C for 4.8 and 2b hcurs. Overaging was not observed out to
2h kours. X-ray diffraction studies %c determine structural changes in the
specimens were started.

X-ray studies of titanium specimens both unirradiated and irradiated to
1.0 x 1029 and 1. 5x 102C nvt were completed. A slight decrease in +he
c/a ratio and a line broadering excesding 50 percent for the 1.5 x 1020 vt
specimen were cbsexrved.

An urirradiated mclybdsnum specimen and specxmeng irradiated to 1 x 10+7 and
1 x 10t B nvt were pre-strained beyond the yield point, annealed for four
kours at 350 C, and again plastically strained. S7train aging characterized
by a return of the yield pcint was not cbserved in any of the specimens;
however, a smell positive displacemen®t of trhe yiel =+”eng*k was obverved
after annealing. A specimen irradia*ted %c 5 x 10+° nvt broke abruptly

with practically ro plastic strair ard exkibited 2 cleavage-type failure.
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CUSTCMER WORK

Radiometallurgical Exeminaticns

Routine Slug Examination (RM-LO3). Examinatior. of 403-3, ar internally and
external.y cooled Hanford production fuel elemernt, was completed this morth.
The element exhibited a kot-spot directly oppcsite +the rib marks on the
female end. Rough handling of the element prior to irradiation was indi-
cated by several dents which were observed cn the surface of the can wall.
The flow pattern visible at the female end of the slug indicated that the
slug may have cocked sligh*ly in the vertical direction. A pattern was seen
botk above and below the internmal coclant channel. The slug was sectioned
transversely at the midpoint and the two halves were sectioned longitudinally.
The surface of the interral cooling channel was in good condition, and no
unbonded arzes were observed. No cracks ¢r defects in the uranium fuel were
observed.

Routine Fuel Flement Examinatior (RM-L03). Examination cf sample 403-k4

{KL 257D} was completed this month. This elemert had erosion-~-corrosion
streaks and pi%s visible on the top side of the Jacket. A scratch observed
in the spire was located approximately 3/L-inck from the mele end and ex-
tended for 1/2 inck. The depth of the scratch was estimated between two
and five mils.

Bend Test Samples (RNL3222c At the request of IFD personnel, four samples
of fuel, each five inches long, were removed from an irradiated C.020-inch
thick wall, coextruded Zr-2 clad, natural uranium 7-rod cluster fuel element.
The sectioned samples were shipped tc IPD for subsequent bend testing.

Exarination of Corrcsion Coupons (RM-286). Five Zr-2 corrosion coupons were
delivered <o the Analytical Chemistry Operation for hydrogen analyses.
Thirty-six corrosion coupons were weighed, with 18 beirg cleaned before
weighing.

Lemprey. The lamprey drilling unit is_complete and has been tested satis-
factorily. A static vacuum of 8 x 10~’atm was obtained before and after
drilling a 9/16 inck diameter, sealed zirconium tube representing a ceramic
fuel element. Fabrication of the portable gas cocllection ard measuring
system is partially complete. The target date for hot cell operation of
the lamprey is Jure 1.

Radioactive Materials Receiving and Storage Addition (Project CGH-790).
Ins*talletion cf interior wall paneling was completed, and interior painting
is about 95% complete. Minor construction forces are preparing for painting
of tke baszin. Acceptance *testing of the project equipment has been delayed
pending receipt of several small equipment items which were not ordered by
the ccntractor.

Hizh Level Examination and Cut-off Cell. Examination work accomplished in
the High Level Examination and Cut-off Cell during the month is listed below:
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tion Number
Samples into cell 30
Conveyor transfers 23
Photographs ' 12
Length measurements 0
Dismeter measurements 8
Flastic mounts 1
Grinding - 0
Samples sectioned 18
No. of standard cuts#* ho

* One "standard" cut = cne transverse section on & solid l- 1/2" diameter
uranium element.

Metallogrephy Laborstories

A pnew lapping surface plate was devised for use with the Syntron automatic
polishers. It consists of 600 grit silicon carbide abrasive powder mixed
into a cold setting polyester resin which is subsequently poured onto the
lapping plate, allowed to harden and then machined flat. Preliminary tests
show that this lapping surface serves very well as an intermediate step
between fine grinding and polishing in the preparation of metallographic
specimens. Used in conjunction with the Syntron autometic polishing machines,
the new lapping plate prepares a specimen for fine polishing in a short time,
although not as quickly as could be dcne manually. However, the advantages
of the automatic grinding and polisking are flatter edge preservation of
specimens and the number of specimens done simultaneously which reduces the
operator time per sample quite markedly.

Replication and electron microscopy work for the month included the fcllowing
examinations: irradiated uranium from a 7-rod cluster fuel element, irrad-
iated UOp-PuOz fuel elements, examination for particulate matter in D.O.P.
oil, irradiated Al-Pu and Al-Si-Pu alloys, characterization of Spencer fused
and Nortcn fused UOp particles, a carbon deposit formed in a loop at ORNL
during a natural convection test, and irradiated UOp fuel elements.

The results and interpretations of these metallographkic examinations will
be reported in connecticn with the respective research and development
progrems.

Samples Processed During the Month.

Total semples ko2
Carbon replicas 33
Photographs.

Micrographs 315

Macrograpks 1h2

Electron Micro-

graphs 21

&
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Suer'ial Fabhrications

Of the first 118 fuel rods processed through the ultrasonic bond tester,

80 percent met the specificatiorns for acceptable rods. To be satisfactory,
a fuel rod must not kave a non-bond area over (C.125 square inch. It should
be noted that the group included ten known, nor-standard rods, eight of
which were rejected by the bond test. The ten rods were assembled, out-
gassed, sealed off, allcwed to cool, reheated, ard extruded.

Normally the pieces are not cooled and rekeated. Of the next group of 89
fuel rods subjected to the ultrasonic bond test, 88 percent were satisfactory.
No rods have been rejected because of seg"egatlon in the Al-Pu core. The
average car wall thickness of all rods has been about 0.085 inch.

Over one hundred billets have Yeen cast witk both end configurations, thus
completely eliminating machining and scrap generation with the exception

of chips from cutting off one end. This cut-off operation will also be
eliminated by closer control of the tolerances on the mold. 1fteen of the
cast-to-stape billets were extruded; one was rejected for end-thickering
(dog-boningg Tkis problem will be eliminated by removing the abrupt change

of contour at cne end. All billets for the fabrication are now being cast
to skape.

N

Manager , Reactor and Fuels Research
and Development

FW Albaugh:kb

-
1252121 . DECLASSIAED

WITH DELETIDN®

WL



- B-1 HW-GhS

PHYSICS AND INSTRUMENT RESEARCE AND DEVELOPMENT OPERATION

MONTELY REPCRT

MARCE 1960

FISSIONABLE MATERIALS - 2000 PROGRAM

FUELS

Nuclear Safety in the Fuels Preparation Department

The nuclear safety specification for the storage, handling and transporting of
0.96$ enriched uranium fuel elements was revised to provide more operating flexi-
bility. These revisions were based on data obtained since 1956 when the present
specification was written. The changes are summarized below:

1) The storage of loaded pallets and shipping boxes was increased about 100%.

2) The permissible weight of 0.96% enriched uranium per unit area was
increased from 106 1bs U/ft2 up to 318 1bs U/f£t2.

3) The sutoclave loading limit was increased 12%; the spacing required between
stacks of autoclave baskets was reduced.

4) The "high 1ift" truck limit was increased 100-200%.

5) The spacing required between two 0.96% arrays was reduced from six feet down
to three feet; a six foot spacing between 0.96% arrays and natural uranium is
no longer required.

6) The inter-area truck limit was increased 50-100%.

7) The mmber of fuel rejects shipped offsite per railway car was increased fram

250 to 1000; the mumber of barrels, each containing up to 200 lbs U scrap
were increased fram six to twelve per car. :

. A talk was presented to 30 FFD engineers on the subject of "Nuclear Safety -

Burst Characteristics, Accidents and Contxrols". Nuclear safety in FPD opere-
tions was also reviewed.

STUDIES RELATED TO PRESENT ?BODUCTION REACTORS

Neutron TanEra.ture Studies

The galley proofs of the two papers, "An Iirvesti_ga.tion of Effective Neutron Tem-
peratures" and "Calibration of Lutetium for Measuresments of Effective Neutron -
Temperatures”, were received during the month. They kave been proofread and
returned.

When the spectral index of the thermal neutron distribution (i.e., the neutron

temperature for a pure Maxwellian distribution) in & reactor spectrum is measured
by lutetium, the measured activities must be multiplied by a factor whick corrects

1232123
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the total activities to thermal activities. This factor is

CdR-1-
CaR

vhere o is the ratio of the epithermal subcadmium resonance integral to the
epicadmium resonance integral and C4AR is the cadmium ratio.

In order to obtain an estimate of the effect of @ on the spectral index,
rescnance integrals were calculated for the lutetium isotopes. The calcula-
tions have been made under two different assumptions. For one assumption the
"l/E" spectrum is joined to the Maxwellian distribution according to a joining
function given by Burwitz. The calculations were made for values of kT which
equal 0.025, 0.040, 0.050, 0.075, and 0.100 ev. For the other assumption, the
"1/E" distribution is assumed to cut off sharply at pk®. The calculations made
under this assumption were carried out for values of ukT which equal 0.093,
0.1252, 0.133, 0.155, 0.186, 0.45, 0.55, and 0.600 ev. The calculations show
that the resonance integral for epithermal subcadmium neutrons is approximately
four times greater when calculated under the assumption of the Hurwitz joining
function than under the "sharp-cutoff" assumption. The calculations made using
the Burwitz model were only for survey purposes and were not calculated as
accurately as the sharp-cutoff resonance integrals. More exact calculations
will be made with ACE (a progream which numerically integrates according to
Simpson's Rule).

In order to obtain some idea of how the different assumptions affect a neutron
temperature measurement, the results from the Hurwitz model were used to correct
the lutetium measurement mede in the TTR internmal column. The neutron tempera-
ture which was calculated with the "sharp-cutoff" model has been reported as
3429K. Using the Rurwitz model it is 325°K.

The progrem ACE was used to recalculate the five g factors for Lu-176 which were
used to normalize the ratio of lutetium activities reported in HW-62777. The
results agree with the previous calculations. Factors have also been calculated
to compare with experimental data whick is being analyzed. This data measures
theorelative thermal activities of the two lutetium isotopes between 210 and
273%. :

The spectrameter was operated successfully during the whole month. A source
of Iu-176m was obtained by irradistion of LugCx in the internsl column of tke
TTR. The sample was irradiated in a cadmium capsule in order to minimize the
amount of Lu-177 produced. The momentum distribution of the electrons emitted
by Lu-176m were measured witk the spectrometer. It was found that the more
abundant beta particles have & maximum energy of 1.Ck £ 0,03 Mev., The specific
activity of the source was too low to observe more than one camponent of the beta
spectrum. This preliminary data will be used to plan a detailed analysis of
the distribution frem a source with a greater specific activity. This source
will be cbtained from an irradiation at F Reactor. A Develomeent Test has been
wrivten and all of the necessary signatures have been obtained for this irradia-
tion.
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Neutron Temgerature Coefficients

Debugging of the nuclear data tape code has been completed, This code has been
used successfully to update the previocus nuclear data tape. In addition to the
microscopic cross sections for 20 materials, the present tape has macroscopic
cross sections for 8 materials. The tape can be easily updated as more data
teccome available.

The nuclear dats subroutine;, NUDATA, which compiles the nuclear data needed in
a reactor code, has been campleted and is ready for use. A report on this sub-
routine and its use is being written.

Multimexwellian Group Analysis

FIT-1 was operated almost daily during the month in an attempt to fit the epi-
thermal flux data from the neutron rethermalization experiments. Several changes
appeared desirable and were incorporated. None of these affected the basic logic
of the program explained last month.

The limitations of the program, which had not been brought out in running test
cases, are becaming apparent. If all but one of the neutron diffusion parameters
are well known, the program will find a value for the unknown parameter quickly
and calculate a theoretical traverse in good agreement witk experiment. As the
number of uncertain or unknown parameters increases, the program's effectiveness
appears to decrease. As an example, an attempt was made to fit a set of experi-
mental flux traverses, using a set of epithermal paremeters from APEX-369 as
first estimates from which to begin iterations. A particular order of parameters
on vhich to iterate was selected, based on estimates of their accuracy. After
repested iterations, the program converged on a set of values of these parameters
vhich differed significantly from the first estimates and for which the calculated
flux traverses showed only fair agreement with the experimental measurements.
Further tests are being run to determine the effect on convergence of the order
in which the paremeters are iterated.

Neutron Thermalization

Consideration has been given to the question of absorption hardening of a Max-
wellian energy distribution of thermsl neutrons in heterogeneous, neutron absorb-
ing media. The neutrons absorbed ocut of the Mexwellian distribution are repre-
sented as a negative source of neutrons. The energy distribution of this source,
called the absorption distribution, is that applicable in the limit of small
absorption, M| E,%SUIE), where M(E,kT) is the Maxwellian distribution and o(E)
is the total cross section of the medium. The negative source diffuses through
the medium until it is rethermalized into the Maxwellian spectrum. The nega-
tive absorption flux is everywhere added to the Maxwellian component.

The cross section of a "1/v" absorber averaged over the absorption spectrum is
1.273 times larger than that for the Maxwellian spectrum. For a hamogeneous
medium the effective yron temperature is highexr than the goderator tempera-
ture T, by an amount Ty (0.54 + 0.075 (£,/E .41, j Eze:m/zrethj vhere L is the
cross section of the medium and Zpetp~Zg £e }fs cross section for rethermal-
ization of the absorption distribution. The a.ppropria.te rethermalization cross
section for graphite can be obtained from recent measurements.

1252125 | m
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- Neutron Rethermalization.Experiment

A limited description of the recent experiments on neutron rethermalization

has been given in previous Monthly Reports. The analysis of these experiments
during the past month has been directed towards two primary objectives: (1) to
determine the temperature dependence of the rethermalization cross section of
graphite between the absolute temperatures 140K and 8C0%K, and (2) o campare _
neutron temperatures obtained from l/v traverses with those obtalned from lutetium
traverses. The latter provides a means of checking the applicability of the group
diffusion model employed in this analysis.

The analysis for the determination of rethermalization cross sections has been
limited sc far to the evaluation of the best parameters for +he fast flux.

The analysis is a stepwise procedure with one independent step and three dependent
stepe. They are (1) evaluation of the best §212/ in tke two experimental regicns,
(2) sdjustment of £3p and to yleld the correct fast tc slow flux while hold-
ing Z12/D, constant, (3) determination of the values of the rethermalization -
cross sections for graphite which minimize the sum of the squares of differences
between the fitted and experimental curves (while holding constant the values
found in steps one and two), and (4) determination of the sensitivity of the re-
thermalization cross section thus found to small uncertainties in known diffusion
parameters. The first step is done with experimental values of the slowing

down flux at 5 ev, as measured with cadmium covered Au and is essentially indepen-
dent of the other steps. The last three steps are done with the Au data and trav=
erses of the thermal activity of a 1/v detector (Cu). The precision of the last

~ three steps is rather sensitive to precision of each preceding step. Work on step

two is in progress.

Sape time has been spent on the analysis of lutetium data for the determination
of traverses of effective neutron temperatures. Two problems exist in these
calculations. The first problem is that of deciding upon the best description
of the energy dependence of epithermal neutron spectrum in the PCTR core. At
least four spectra are pcssible or have been considered sufficient in past work.
They are (1) a l/E spectrum of epithermal neutrons with a sharp, low energy,
cutoff at wkT (ux5), (2) & 1/E spectrum with a Westcott cutoff function defined
by ukT (up=4.3), (3) a slowing down spectrum based upon small source theory
which falls off much faster than i/E, and (4) a spsctrum derived by Hurwitz,

et al, which is a 1/E spectrum multiplied by a Joining function, B(E/kT). The
first two spectra are not significantly different so far as neutron temperatures
are concerned. The latter two spectra are significantly different and give rise
to temperature changes whick mey be as high as 20-30°K at LOOCK.

The second prcblem in the determination of the temperature of neutrons with
1u'$gtium is one of calibrating the counting system for use with the curve of

gl v8. neutron tempersture. It has been shown %that thg ratio of the thermal
activities of Lu-177 and ILu-176 m is proporticnal %o gl'T . The ccnstant of
proportionality is a function of irrsdiation times and zounter efficiencies and
must be evaluated by each experimenter. The effect of irradistion time must be
calculated. The calibration of +the counter requires a single fcil activated in a
Xthermal zolumr with a2 cadmium ratioc of a 1,/v detector = 10% for 1% accuracy, if
cadmium ratios are not measured. The TTR thermal column has a zadmium ratio of
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a l/v detector of approximately this value. Data have been obtained fér this cali-
bration for these experiments. The analysis has not been campleted.

Scme calculations of neutron temperstures have been made using a calibration cone-
stant which is expected to be within & few percent. The results and experimem:sl
conditions are tabulated below.

NEUTRON TEMPERATURES®»P2¢»4

REGION ONE REGION TWO
Neutron Temperature Neutron Temperature
Radius Westcott Hurwitz Uncertainty| Redius Westcott Hurwitz Uncertainty
in. K oK g | 1n. %K oK 4
0.5 255 242 +5.2 | 9.4 34 307 £10.5
2.5 259 248 th.3 1.4 366 325 £11.8
4.5 266 252 5.k 3.4 369 324 +13.0
6.5 279 264 £5.5 15.4 395 328 £18.5
7.4 298 277 £7.5 16.8 Log 318 +25.0

(a) R:ﬁion one radil are O and 7 5 inches and the grapbite temperature is
1440K,

(b) Region o;wo radii are 8.25 and 16.6 inches and the graphite temperature
is 290

(¢) The "Westcott" temperatures are based on a sharp cutoff of epithermal
neutron spectrum at 4.3 kT.

() Burwitz, et.al. Spectrum.

A Program for Analyzing PCTR Data

APDAC-T contimued in limited production use, under the control of the programmer.
About forty foil traverses and cadmium ratio measurements were analyzed for mem-
bers of Reachtor lLattice Physics. Cost of anslysis is fram two to three dollars
ber case. Errors in the input data may run the cost higher, depending on the type
of error made.

One definite, and two suspected, program errors have been obsefved. The press of
other work prevented location and correction of these. It appears that, once
these errors are corrected, the program can be made available for production use.

Instrumentation and mtens Studies

The infrared radiation pyrometer for potential in-reactor graphite temperature
measurements was demonstrated to interested Irradiation Processing Department
. persommel. Since the demonstration, a method of drift compensation has 'been
tested and shown to improve the stability of the pyrameter. Th :
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been installed on s metallograph to read temperatures of Zircaloy specimens in the
range of 500° to 1000°C. Preliminary tests at the installation show that the
unit compares very well with the thermocouple temperature reading. Final calibra-
tion adjustments are now being made,

Investigations contimed on methods of neutron/gamma discrimination based on dif-
ferences in scintillation decay rates (output pulse shapes). A CsI(Tl) crystal
and two unactivated Nal crystals were received for use in experimental measure-
ments of the pulse shape effect. Development of a complete electronic system
for the detailed study of fast pulses contimed.

Circuits were developed for a camplete FM magnetic tape unit to record the ocutput
of an in-pile radiation monitor. Using only transistor amplifiers, the system from
recorder input to read output displays a linearity of + 0.25 percent over a pass
band of d-c to 3000 cps. This will be used to obtain information relative to the
transfer function of a reactor.

STUDIES RELATED TO FUTURE PRODUCTION REACTORS
Exponential Pile Measurements of Large Diameter Fuel Elements

Preliminary and final material buckling values have been measured this month for
several different fuel elements. The results are given in Table I.

TABLE I

Fuel Lattice Buckling x Volume Retios
Element Specing (1n) (10-8en=2)  (inches) EJT  E0/0  _O/0
2.5x 1.6 10 3/8 dry +87 1.5 .305 - 25.03
witk 1.17 : ‘

2.5x 1.6 10 3/8 wet +O% 1.5% .305 .631 25.03
with 1.17

2.5x 1.6 10 3/8 ary +102 1.5 373 - 34,0 '
I and E

2.5 x 2.0
with 8 3/8 wet -85% 1.66% 493 1,102 21.12
1.66 x 1.1 '

# Preliminary values

The material buckling listed in Table I for the tube-in-tube fuel element was
measured in a 6 x 8 foot expomential pile. The other bucklings were measured
in 4t piles. The front-rear extrapolation length used in all cases was 1.03
inches. The A in Table I is the side-side extrapolation length.

A front-rear horizontal traverse has been taken with the counter inserted fram
the side of the exponential pile. This traverse was taken in order to determine
whether or not a possible displacement of the effective center of the BFY tube

FEIT S
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fram the physical center of +the tube had any effect on the measured fronb-rear
extrapolation length. The resulte geve a front-rear A of 1.06 inches which, within
She errors of the measurement, was the same as had previocusly been measured with
tke counter ilnserted from the front cf the exponential pile.

Three side-side Lorizortal itraversez have been taken in the 6 x 8 foot exponential
pile, with the neutron sources placed at (t a/b, 0 ) and (0, £ t/4); wieere a is
the effective widtk and b the effective depth of the rile. Tke results are shown
in Table II.

TABLE IT
Cell
Position Points A (inches
Eige ‘ 14 1.02" = .1
Edge 1> 11"t L2
Betwean Tubes 7 90" £ .05

Thus the side-side A is essentially 1 inch with this source distribution compared
to 1.70 inckes in the 4' pile of the same width. Ancther series of measurements
is being taken in the 6 x 8 foot pile with the sources cluetered close to the axis
02 the pile as they are in the 4 foot piles. It is hoped that the results with
the new source distribution will help in understanding the difference between
.large and small pile extrapolation lengths. :

PCTR Measurements of La.rge Diameter Fuel Elements

The analysis of the data fram the 2.5" x 2.0", 1.66" x 1.12" tube-in-tube experi-
ment in a 10.5-inch lattice has been partislly campleted. Preliminary values
fcr the lattice parameters for the dry lattice have been obtained. The ke is
1.045, the 1/v-fuel utilization is 0.918, the resonance escape probability is
C.815 and the fast fission factor is 1.039. Preliminary values from the wet
lattice for the ke and the 1/v fuel uwtilization are 0.982 and 0.83C, respectively.

The experimental work with the 2.5" x 2.0%, 1.66" x 1.1" tube-in-tube element

in an 8-3/8" lattice, with water coolant, has been completed in the PCTR. Analysis
of the data is in progress. A preliminary value of kg = G.985 has been found

for tke infinite multiplication constant. .

The preparation and fabrication of equipment for measurement of ke, £, P, 8nd €
of a 2.5" s0lid fuel element in a 10-1/2" lattice is almost camplete.

PCTR Measurement of }lmd £ for Selected Cluster Elements

Refined anslyses of the experiments to measure negative lattices have been
campleted. The lattice was & seven-rod (.925-inch diamter) natural uranium
cluster, water-cooled, in a T-inck graphite lattice. The results cf the new
analysis do nct show quite as good agreement as the preliminary values reported
in the December, 1959, Monthly Report. However, useful conclusions can still be
drawn. The results are:
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Enriching with U-235 - Alumimm alloy  0.949 & ,002
Poisoning with copper 0.941 £ .002
Uniform earichment of fuel to 1.007 0.9%9 £ .002

veight percent U-235
The result for the uniform enrickment method was obtained from the relaticnship

Nnat That

M.007% f1.007%

(k">nat = (kg)y .007%

where (k-)l.OO’?% = 1.063 £ .002 frem PCTR measurements

Tnst = 0.8949, calculated from Wesicott cross sections
M.007% ,

2rat ) _ : N
m = 0.9879, calculated from IPD survey code.

It is seer from the table that the results for “he allcy-enriching and copper-
poizoning methods do not agree within specified errors. Part of the discrepancy
can be sttributed tc the fact that in the copper-poiscning experiment, the lat-
tice cell could not be placed in the proper spectral enviromment btecause of the
impracticaiity of removing sbhsorber from the lattice. The magnitude of the
effect can be estimated frcom observations mace in the alloy enrichment method.

Tt was found tkat by not enriching the buffer cells /:ampared tc the proper
procedure of enriching all 5 cells) a +6 mk error in the obzerved value of ke
resulted. This effect was coupleé with a 1U4 change in the fast-to-slow flux
ratio incident cn the test Tuel cluster. Or the bhasis ¢f the relative change
in flux ratio tc¢ be expected upon remcval of sbsorber, it is estimated that the
spectral conditions prevailing in the experiment caused a mimus 3 mk error in
the copper poison method. When this estimsted zorresticn is applied, the value
for the poison method is kg = 0.944 £ (00,

At the present time, no reascon is known fcr the 10 mk discrepancy between the
results from the alloy anéd uniform enriciment methods. However, a change in
the effective neutron tempersture or uncertainty ir the calculated ratios could
enter into the difference. The disarepancy is a measure of the effect to be
expected in analyzing concentrated versus distributed enricrment. '

Im;;roved Methods of Reactor Parameter Calculations

Scme months ago, Selengut proposed a new method for calsulating effective values
of the diffusion ccefficient and diffusion length fcr a heterogeneous lattice.

At that time & mumerical comparsion of Selengut's method with more conventicnal
methods was begun, using 2 simple heterogensous lattice consisting of a solid rod

1252130


http://xrrec$i.cn

amuy - messldg

nsteral ursniam ir s erapaite moferator. This work was leseribed in EW-608LE B,

3

£
s

e

2gsze of the wemmingticn oFf the phyesicist involved, the campsriscn wag nct coape
ed &% thavy time. The work was resumed +ais month and has now beern ~campleted,
inzxluding seversl ediit:zonal cases with rather artificls) parsmeters, zhossn TC
make tle =ffesu of %22 new method more apparent. The results can be btriefly des-
axired g& follows: Twe referencs metzolds were used; in which D waz 2alculated
frow *he flux and voluwe weighted average of L, snd l_l'ztr, regpectively. TFor
»age: 1n whish these twe methods asve nearly identical results, Dgey Was slightly
lezs than =ither, For zases in which t¥e dwe referencs methods differed signifi-
sansly, Dsel ws: an intermediate velue. TFor the L= comparison based upon these D

b

4

valuzs, Lse: WAE 3cmewpet nigher tnan Siacge of the two refersnce metaods, wten
thes« lgtier gave nesyly idemtical reswlis. For cages in vidch the 12 of tre
referencs rethodz differed significamtly, 15z¢) was again an intemmediste vaiue.
A pove complete Asmaxiption of thess resdlds is beilng prepsred.

3ed in the ehowe coppardscns were talrulated —with the IDIOT program.
the process of this work; & subrcutine cepsble of caloulating these differant
> and L vs2 wWritten and debugged. The subroutine was not inccrporated inmbo IDICL,
Wit this 2sn reaiily be done if it proves desirsble 4o de sc. Subrostines have
alss been writtern to incressze the convenience of salouwlating the lattice sums and
gclving she fsterminant encounterel in tke Pormulation of twoe-group small scurce
theory fer an infinite supsrlattice. :

3

onential Messurements for N Resclher

Tre theory needed for “he snalysis <f control rod messursments in ar exponential
sssembly basz teen developed for a single rod case. Experiments with the rod in
pore Zrsprite and then in & lettice are considered to determine separately th
+thermsl apd epitbermal extrapolaticn distances insc the rod. Harmenic esrrections
hzve heen neglected.

POTR Measuraments for W Reactor \

The design cf the graphits and 7uring for the sondensed lattice iz sssentially

finizned snd working prints are being prepsred. The foil holder design has been

slrered, o that ke pisces of the holder are interlocking, for ezse in poziticn~
the foilzs in the holder.

The order for the araphite Zor the mock-up lathize kas been placsd 2% sbout 2/3
the price of sariier bids. Delivery iz expected about the end of May.

Instrumentaticn eand Systems Studies

Febrication has started on the two-range, two-detector prototype Scintillation
Remcte Arss Monitor for NPR. All design-development work is completed.

Because of modificsticne tec the north gamms calibretion well facility of the Cali-
bretions Building for a portion of the wentr, the evaluation tests were not comp-
leted on the prototype experimental Logaritimic Scintillatior Remcte Area Monitor.
Eowever, sbout twe weeks of contimuous running stability tests were dcae with
readings made every dsy at various gamma dose rates fram 20 mr/br to 5 r/br. The
reading varistions at eack check point for the two weeks was less than & three
Fercenc.
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Fabrication was campleted on the lead shield detector Lead for the prototype NPR
Scintillation Beta-Gamma Air Monitor. The incorporated lucite light pipe and
terphenyl-in=-polyvinyltcluene detector was tested with a point beta-gamma source.
Variations in gecmetry were less than four percent over the camplete two-by-fours
inch area. All of the circuitry for this instrument has been previously developed
and tested; therefore, the circuitry merely needs to be fabricated to complete the
instrument. An adequate air pump has been determined and will be ordered.

Fx Eﬁ B-10 mv-6us580 [TEL]

Continued progress was made concerning the prototype NPR Fuel Element Rupture
Detection System. The detalled fast and slow-scan mechanical design was completed
for the full-scale mockup. Mechanical fabrication of the full-scale mockup was
started and is proceeding on schedule. It is scheduled for coampletion in two
mopths. An interim status repert is near campletion.

An analog program has been prepared to determmine the minimum number of ventz needed
in the NPR confiner. It is desired that pressures below 5 psi be maintained.
Various types of incidents will be considered; e.g., a break in a header. This
problem will be campleted in April.

Results fram the NFR Heat Exchanger (HX) program were cbtained this month. The
rrogran gives the HX response; where the heat transfer coefficient is a function

of the primery and secondary temperatures and flow rate. The BX was also secw
tionalized to provide a better descripticn of the outlet temperature. The results
included the HX response to vsrious disturbances, such as inlet temperature varia-
tions, flow decay, and variations on the steam temperature. These results were for-
warded to Reactor and System Design Analysis - IFD Design.

Anslog camputer solutions of the reactor kineti: equations were obtained. These
are more consistent than the Litton DDA results and check the theory more closely.
Tkere is encouragement that the nature of the solutions can be predicted theoreti-
eally.

Mechanism of Grapbite Demage

The linsar differential transformer wss used %0 measure lengsh changes in KC
graphite being irradieted with electrons. Moss of the reading of the device was
found ¢ be due tc thermal expansion cf the transformer jig. This will have to be
controlled or eliminated before the transformer can be used in experiments.

STUDIES RELATED TC SEPARATIONS PLANTS

Plurzonium Critical Mass Facility

The >urrent status of the project as reported by Construction Engineering Opera-
tion is as follows:

The total prcject iz 78 percent ccmplete versus a scheduled 87 percent. That
portion of the project covered by the fixed price zontractor is 95 percent camplete
versus & zcheduled 93 percent. The total project status reflects the contimued
delay during the month in delivery of the instrurentation and control system. On
March 30, however, word was received that the camplete system had been shipped with
expected delivery at Hanfcrd on April 4. Since it is nct 2ertsain what effect the
delay irn delivery of the instrumentation will have on tre zampletion of the facil-
ity, no changes have been made in the original date of campletion whisk is June

%0, 1960.
| S
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Bijs were received and a purchase requisition let for fabriczaticn of the in-hood
resctor components. These include cscntrol and safety rod drivers, dump valves,
and supporting structures, etc.

An order was placed for additional reactor vessels to be used in the initial

. series of experiments with plutoniim solutions. This order includes two

spherical vessels with naminal diameters of 12 inches and 13 inches, whick may

be used in both bare and reflected criticality experiments, and two cylindrical
vessels with diameters of 1l inches and 13 inches, designed for unreflected criti-
cality experiments. Design is proceeding on cylindrical vessels for reflected
experiments.

Design 1s also proceeding on a split half critical assembly machine for use in .
criticality experiments with solid fuels (simulated precipitates) which are being
developed to explore critical phenamena in the E/Pu range of 5 to 30.

Experiments for Nuclear Safety Specifications

Bxponential measurements were contimied for determining the quantity of neutron
absorber which must be added to a water moderator in order to "safe" a hetero-
geneous system cf enriched uranium. The buckling was measured with one percent
enriched uranium rods of 0.925-inch diameter at an HoO/U volume ratio of 1.37
(lattice sgacing of 1.40 inches). The buckling for the unpoisoned lattice was
3040 x 10- m=2, ghe buckling for the case of 1.5 gn/L boric acid in the modera-
tor was 1882 x 1C-Ocm=2,

Exponentisl experiments were conducted with natural uranium fuel elements in
light water. The measurements were done in order, 1) to better evaluate the safe
mass limits for natural uranium in light water, and 2) to obtain buckling values
for the interpretation of planned experiments involving a three-percent lattice
reflected by 2 natural uranium tamper; this type of system could be obtained if
enriched uranium were inadvertently placed in a dissclver containing natural
uranium. The fuel elements for these experiments were 0.925 inch in diameter and
were positioned in thin Lucite tubes. The buckling wes measured for two lattice
spacings. Witk this fuel rod diameter tbhe buckling should have been near the
optimm value for natural urenium in light water (as predicted fram calculations
and offsite measurements). The results for the two lattices are summarized below.
In botk cases the buckling was negative. However, the error limits for this kind
of measurement are relatively large.

Buckling for Netural Uranium Water Lattice

Bo0/U
Lattice Spacing Volume Ratio Buckling
1.5 inches 1.89 -2k x 1062
1.6 inches 2.29 367 x 10~6cn=2

The error limits in both cases are estimated to be about + 250 x 10~Sem~2.

An exponential experiment will also be made with a l.4e=inch lattice which
should permit a better estimate of the maximum buckling for the natural uranium
light water lattice.
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Deta Correlation - Development of Nuclear Codes for Criticality Calculations

The initial reduction of the P-11 plutonium criticality data to an empirical-
cne-group representation has been accomplished. It appears evidenmt that not
enocugh data were taken at any given H/Pu ratio to give much confidence to the
parameters which are derived, namely, buckling and reflector savings. Same
further analysis is possible and work on the data will contime.

Seven nuclear codes, which involve both diffusion theory and transport theory,

were cbtained for the 709 Computer from Atamics International Division of NAA. ,
Tkese codes can be used for calculating, 1) flux and power distributions, 2) criti-
cality parsmeters, 3) perturbation =ffects, and 4) reactor kinetic behavior.

The IDIOT code has now bteen modified to ccmpute parameters for water-moderated
systems, including systems fueied by Pu-Al alloy fuel elements; this code is now
operable on the monitor system.

Work was contimied during the month on the Monte Carlo ~ode for infinite hamo-

genecus systems with principal attention being given to the cross section data
for the data tape.

Critical Hazards Specifications

1. Nuclear Safety in Hanford Laboratories Operation

a. The miclear safety of & metal box designed for shipping 7.4 wt. % Pu-Al
alloy fuel rods offsite was reviewed. The approved bax (SK-3-9345) is
2k" x 18" x 65" and holds 12 rods on a 3" center-to-center spacing.

The rods are 6" from the outer edges of the bax whick assures a 12"
spacing between the rods in any two adjacent boxes. The specification
requires that each rod be at least 0.9" in diameber; the plutonium con-
tent must not exceed 88 grams. For the mass and spacing limits speci-
fied, any mmber of loaded baxes would be safe if flooded with water.

b. The mulcear safety of the Redwood Car was revised “o include the ship-
ping of 7.4 wt. % Pu-Al alloy fuel rnds in tie seme car with plutonium
metal. The revised specificstion permits the Redwood Car limit of 225
Kg of plutonium (the same mass limit as previously used) tc be made up
of plutonium metal in birdecages (4.5 Kg Pu/birdcage, msximum) and 7.4
Pu-l)\.l alloy fuel rods in approved shipping boxes 1.1 Kg Pu/box, maxi-
mm ). '

¢. The miclear sefety specifizations for Hanford Laberatories, which are
teing prepared in accordance with HLO Nuclear Safety Bulletin No. 1,
are shout 60% complete. Rough drafts of the primsry specifications
have been sent ocut for comment to eack of nine operating camponents.
It is estimsted that a tctal of 26 specifications will be prepared to
cover present operations in HLO. To date, three cf these have been
approved and issued. In meny cases, the specificetions currently in
effect are being revised o include recent process changss.
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2. Chemical Processing Department

a.

c.

e,
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A nmuclear safety specification for the transporting of plutcnium metsal
masses between Task III snd the storage vaults in 2345 Building was
reviewed. A special cart is to be used for these transfers. The
specification requires that, 1) the storage positions on the cart be
limited to 2.5 Kg (max.) of plutonium metal on at least 12" centers,

2) the rlutonium be fastened in place on the cart while in transit, and
3) the spacing between the plutonium on the car: and plutonium passed

in transit be at least 3 feet. Interaction calculations show that the
loaded cart would at least be safe if two storage positions were inadver-
tently double-bsiched.

The muclear safety of the design proposed for the feed make-up facility
for the critical mass laboratory (CMF Facility, 234-5 Development Opera-
tion) was reviewed. This facility will utilize 13 vessels in four
primery hoods. Each vessel will be shielded with 1" of lead and 8" of
concrete. Eack vessel is therefore fully reflected; however, inter-
action between vessels is essentially nil. In the "Solution Tank Hood",
four of the five vessels proposed are safe by geametry (5.3 I.D., less
than 275 g Pu/L); the fifth vessel (also 5.3" I.D.) may not be safe at
the proposed 700 g Pu/L (maximum). A recommendation was made that this
vessel diameter be reduced to 4.9". In the "Ion Exchange Hood", a 2.1/2"
thick slab tank is proposed. This tank is not "infinitely" safe for all
conditions, but will be safe at the proposed operating limits on volume
and concentration. In the "Concentration Hood", three 4" I.D. vessels
are geometricelly safe and one 6" I.D. vessel will be safe by limiting
Plutonium concentration. Sumps and enclosures around the vessels that
might be a hazard in the event of a leak, will be evaluated when further
design information is obttained.

A muclear safety specification for the RMC Fabrication Line was reviewed.

A nuclear safety. specification proposed for the storage vault in Room
190 in 234-5 Building wes reviewed. This vault will contain plutonium
&g metal, powder, and solution. The unit mass limits will be 2.5 Kg

for metal and powders and 400 g for slag and crucible fragments and solu-
tions. All units will be 12" or more center-to-center. The proposed
arrsy of sbout 30 units is safe. As an added degree of safety, it was
recamended that the lower of the three cabinet shelves be used for solu-
tion storage and the top be used for metal; the center shelf would

then be used for slag and crucible fragment storage.

A design proposed for the metal solution storage tank (SK-2-18185-Cell
13) to be used in the NPF Reprocessing Fecility was reviewed for muclear
safety. This tank is made up of six parallel slabs connected at the ends
to form one contimious slab. Each slab is about 9 feet wide and 13 feet
high. Two slabe are 4" thick throughout; the other four are 4" thick in
the lower 12" of height and 9".10" thick in the upper 11 feet. Solution
level will be at about 10 feet (2500 gallon working volume). For 3.4%
enriched uranium, the 4" slab thickness is critically safe at all solu=-
tion concentrations; the 9"-10" thick sections, however, are only safe
up to & concentration of about 600 g U/L. A finel evaluation of this
tank will be made when the design changes are camplete. '
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Critical Mass Theory Studies

—

Debugging of the RKE program, which mumerically integrates the reactor kinetic
equations with time varying reactivity, was contimied during the momth. Several
errors responsible for discrepancies in the program calculations for an analytic
test case were located and corrected. Agreement within the accuracy of the con-
vergence criterion has now been obtained for this case. For more representative
cases the flux calculations appear to be adequate but the time increments re-
quired are often undesirably short. These short time intervals are caused by
mathematical transients introduced into the solution by the numerical integra-
tion technique. Encouraging progress is being made in increasing the time steps
by reducing these transients.

A short program for calculating the extrapolation length of spheres, cylinders,
or slabs has been written and debugged. The program solves an empirical formula
by an iterative technique. '

Mass Spectrametry

The difficulties which have been encountered in the past with high voltage break-
down in the ion source of this mass spectrometer have been remedied for the
present by a thorough cleaning of the system. In addition, a liquid nitrogen
cooled copper trap was added to the source region to maintain a lower scurce
pressure and reduce the time necessary to cutgas a sample preceding an analysis.
The performance of this system was satisfactory.

The use of a shaped filament to cbtain an improved fraction of metal ions fram

uranium samples was studied for several different sizes of V-sheped filaments.

Improved metal ion yields were obtained for the shaped filament but an optimum
" shape has not yet been determined.

Monoenergetic Neutron Age Experiment

At the suggestion of a referee of the manuscript emtitled "Age of Na-Be Neutrons
in Water and Kerosene" an attempt was made to £it the cbserved asymptotic flux
distributions with a function of better theoretical basis. The data have now
been reanalyzed and a consistent fit obtained to the functional dependence of
the asymptotic flux. This analysis has led to slightly revised values of the
experimental age. The resulting best values for the age to indium resonances
of Na~Be neutrons are (13.88 + 0.22) cm? in water and (13.84 * 0.21) eam® in
kerosene. These values are in better agreement with the calculated values of
(13.90 £ .14) cm® and (13.94% = .08) cm@, respectively. The measured thermal
migration areas became (21.5 *+ 0.4) em@ and (20.6 £ 0.4) eom® compared with cal-
culated values of (22.2 * 0.5) cm® and (21.8 £ 0.5) em@ for water and kerosene.
The paper describing this experiment has been rewritten.

NEUTRON CROSS SECTION PROGRAM

Slow Neutron Scatte% Cross Sections

Three alumimim single crystals grown in alumimm oxide crucibles were examined

for perfection by neutron diffraction using the 105-KE spectrameter. All three
~ crystals were grown such that the heat loss of the liquid was conducted through

the liquid-solid interface. One crystal grown in a short freezing time in an
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air atmosphere contained many bubbles and holes. The diffraction pattern showed
structure which persisted over 1.5 degrees. The diffraction patterns observed
from e crystal grown with a long freezing time in air and one grown in a short
freezing time in vacuum showed higher efficiencies and narrower reflections.
Reflections from different parts of the crystals indicate a more perfect struc-
ture near the beginning of the growtk. Both crystals contain regions which may
be suitable for construction of a camposite crystal for use as a high efficiency
monochramator.

Subthreshold Fission

The fission cross section measurements of the 5.2 ev resonance in the target
rucleus R34 have been campleted and final resonance paremeters have been ob-
tained. The measured fission peek height was corrected for resolution and
doppler broadening to give a true fission cross section of (¥ + 9) barns at

the peak of the resonance at (5.20 £+ 0.04) ev. The fission width of the resonance
cbtained fram this result and the listed parameters for the total cross section
is (2.0 + 2.8) x 10-5 ev. '

The resonances in Pa23l could not be seen in fission with the neutron intensity
avallable with the present collimation system.

The preparation of foils enriched in the isoctopes 0236 and U238 has been comp~
leted." These folls are being mounted in the multiple plate fission chamber for
Tission cross section meesurements on these muclel.

Fast Neutron Cross Sections

The new chamber for the Van de Graaff analyzing magnet is essentially complete
and its attachments are under construction. Assistance was rendered to Radiologi-
cal Physics in establishing a permanent baseline for the accelerator and in cor-
recting the misalignments which arose during the extended outage which began in
December.

REACTOR DEVELOPMENT - 4OOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

PRTR Startup Experiments

The approach-to-critical experiment for a Pu-Al anmulus surrocunding a UOp core
has been modified so that the PRTR is allowed to go critical first with the
moderator at full height rather than at half height as was originally planned.

The Critical Facility of the PRP

The content of an experimental program for the Critical Facility has been out-
lined. This was done in the preparation of a recammendation concerning the
program.

Multichannel Analyzer

The bids for the analyzer have been reviewed. The recanmendation was made that
the quotation by Radiation Counter Laboratories be accepted on the bases that
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improvement in resolution of this method is anticipated.

A survey of methods for detecting micro-displacements of metal surfaces for use
with the eddy current ultrasonic transducer has been campleted and has been
sumarized in Physical Measurements Memorandum 60-7. The most pramising method
found in the literature of the field is a capacitance bridge radio frequency
carrier system with whics the Bureau of Standards detected vibrations having
amplitudes less than 107 cm. '

The input noise level of the amplifier system for use with the infrared detector
head being used in the thermal bondtesting program has been reduced to about 0.3
microvolt. Dark noise generated within the photoelectromagnetic infrared detector
now being used could not be detected above this level. Tests of the sensitivity
of the present infrared pyrometer system to changes of the surface temperatures

of autoclaved X-8001 alumimm alloy cans show that 1/2°C changes within an ares
of about 4 square millimeters can be detected at temperatures between 30 and 50°C.
Since the sensitivity i1s still limited by the noise generated within the pre-
amplifier it would be possible to obtain even greater sensitivity by further reduc-
ing pre-amplifier nolse. Comparison of the sensitivity of the instrument to tem-
perature changes of various alumimm surfaces shows that autoclaving greatly
increases the emissivity of X-8001 alloy.

An experimental power printing circuit, for use with an Alden Helix recorder

to produce area-temperature maps, has been fabricated and tested. This circuit
provides a 1000 cycle rectangular wave output having a positive half cycle dura-
tion proportional to the amplitude of the 2000 cycle output of the detector
system. The negative half cycle is maintained at ground potential. When applied
to the Helix recorder, this output produces an area covered with broken lines,
the length of each line segment being a function of the temperature at the cor=
responding point in the area scanned by the detector. Tests have shown that a
larger Helix recorder, than the 5-1/2 inch Helix borrowed for evaluation, will
be needed for relisble quantitative maps of fuel element surface temperatures

at 1/8 inch intervals.

A single turn work coil hes been used with the 1C KC, 50 KW induction heater.
Only 1 KW could be coupled into the test piece due to the poor impedance match.
An eddy current concentrator type work coil, which should be more efficient, is
now being fabricated.

Arrangements have been made to borrow an infrared Model TD-l Thermdot Radiation
Thermameter from the mamufacturer (Radiation Electronics Corporation) for evalua-
tion on site during one week in April.

Several develomments to improve general eddy current tesi methods continued.
Work has begun on a modification unit to be used with the General Radio (Type
1005-A) Impedance Camparstor. A circuit has teen designed, and is awaiting fab-
rication, which will make it possible to effect a 360° shift in the phase of
the Z and 6 reference voltages of the coamparator and will also provide for the
present 90° angle between them to be varied. The unit will also house a low=
noise preemp stage, a mull-balance circuit for use with eddy current probes, and
& crystal stabllized oscillator to improve the frequency stability of the
instrument. :
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The delay line type, pulse stretching circuit, described last month, is being
modified for direct application in the automatic gain control input network to
be used with the Inductive Thermometry Instrument. By proper selection of
paremeters it has been found that a 0.13 microsecond pulse can he stretched
into a pulse having almost constant amplitude and 22 microseconds duration,

due to the effect of reflected waves in a six section network. This represents
a stretching ratic of approximately 170.

During the investigation of the variables encountered in the laboratory in
measuring tke PRTR prcocess-tube-to-shroud-tube distance using an eddy current
method, it bas been found that spacing changes within the required accuracy
can be detected by employing conventionsl techniques. The long term reproduci-
bility requirements constitute the major problem at the present time. This is
particularly true in view of the faet that the indications are extremely sensi-
tive to variations in spatial oriemtation of the probe.

GAS COOLED REACTOR PROGRAM

Lattice Parameter Measurements

Data analysis of the EGCR stainless steel loop experiment has been delayed due
to a failure on the part of the camputer program (APDAC) to prcperly calculate
the specific activities needed for determination of geametric correction factors
and cadmium ratios. The program did handle suczcessfully, however, a calculation
of specific activities, geometry corrected, based on geametric correction factors
obtained fraom an alternate machine code. The analysis is contimuing with these
data. Calculations of the average flux in each cell component are being made.

Most of the preparations for the next BGCR experiment have been campleted.

Plane have been made to measure Kk, and f for 2.6 w/o UOp fuel. Special graphite
spiders and end caps have bheen fabricated which will be used to measure the flux
peaking which can be expected in spiders and end caps with low absorption and
high moderation characteristics. A measurement of the r, @ power distribution
within the fuel tubes is also planned as part of the experiment.

A report for Allis Chalmers has been campleted on the measurement of ke, £, D,
and € for the 1.8 w/o U0 fuel elements. The report is presently being pre-
pared for distribution.

Variation of Doppler Coefficient with S/M Ratio

Experiments are in progress in the PCTR to measure the Doppler coefficient of
a 1.92 inch diemeter s0lid natural uranium fuel element in a dry 8-3/8 inch
grephite lattice. The lattice parameters, p and €, for this configuration are
also being measured, with air coolant and with HpO coolant.

Measurements of PCTR reactivity as a function of test cell fuel element tempera-
ture have been made over the range 100°C toc ~ 750°C. The test element was heated
to ~950°%C, but handling operations and reactivity transient decay times caused
the lose of ~ 200°C befcre beginning date recording.

Several incidents have marked this first experiment. The quartz envelope was

fractured while the slug temperature was ~780°C. Use of the helium dump system
to flood the element with an inert atmosphere prevented any wranium fire and any
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gross oxidation. Warping of the fuel pieces upon passing thrdugh the two phase
transitions caused a loosening of the shrunk-fit joints in the 20 inch element.

Several auxiliary experiments have been performed. The PCTR pressure and

. temperature coefficlents of reactivity were measured for the 1.92-inch lattice

configuration. The pressure coefficient was found to be -0.0407 cents/millibar.
The temperature coefficient data has not been analyzed yet.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES
Atmospheric Physics

Two field experiments designed to measure the dispersive capacity of the atmos-
Phere during unstable temperature gradients were completed on March 11 and March 15.
Dosage data were obtained to a distance of 3200 meters fram a ground level source,
utilizing both the horizontal and vertical sampling grids. Preliminary analysis

of the vertical dosage dats indicated that the profiles were much flatter during
unstable than during stable conditions--a result predicted earlier from theoretical
considerations.

. Perfection of ‘th'e phosphorescent technique for assaying ZnS loadings on the

membrane filters exposed during the summer experienced another setback and re-
covery this month. The transistorized sutamatic gamma counting equipment was
found to be so sensitive to envirommental conditions that it/was decided to return
to a Tri-Carb system similar to the one on which the original development work
wvas done. Certain sample handling and automatic timing festures were incorporated
into the new equipment to improve the accuracy and ease of operation. Thus far,
the stability of the system has proved satisfactory and counts on given samples
can be duplicated within acceptable limits. Work toward complete calibration of
the system, required before routine reanalysis of samples can be scheduled, was
in progress at month's end.

Preparation of individual chapters and data campilations for the Gecphysics
Research Papers, camprising the general report on the past summer's dispersion
and transport experiments, contimmed according to agreement with the Air Force.
The chapter titled, "Wind Prediction for the Green Glow Program", by C. L. Simpson,
was reviewed by the Air Force and returned with editorial comments. The machine
canpilation of the Portable Mast data was coamplated in a form suitable for direct
reproduction in final reports. The summaries were edited and corrected in prep-
arstion for transmittal to the Air Force. Analyses of streamlines, trajectories,
tracer arrival time, and transport speeds were essentially campleted and the
numerous charts required were prepared for publicstion. Rough drafts of other
sections of the report were started.

DOSIMETRY

A cooperative experiment was begun with Dr. C. L. Finch of the University of
Washington. The purpose of the experiment is to measure the uptake of orally
administered Fed9, Three subjects were given iron salt and three were given a
hemoglobin solution at the miversity of Washington. Two weeks: later they were
brought to the whole body counter and counted. They were compared with two sub-
jects fram Richland who were given intravenous injections of Fe’?. Our pert of
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the experiment is done but the results cannot be calculated till Dr. Finch has
finished same of his calibrations. Incidental tc the experiments we cbtained
an Fe?? calibration for our counter. It was very close to a value we extrapo-
lated fram data for Na®2,

The calibration of the whole body counter for Zn65 was improved but more work
remains to be done. There appeared to be rather large differences in the cali-
brations obtained with different people. Some of this may be due to different
distribution of the Zn®> in the body. The distribution in one subject was
studied for one momth. Initial deposition was in the area of the liver. Later
counts showed a spread into the legs and head.

Counts were made of individuals lying on a table with the big crystal at a fixed
distance above ']tcgam a.ng mov an along t bod.y in four-inch increments. It was
found that for 9, 5 and CS the totel count obtained in this way
by scanning from head to toe was 95% or more of the count thet would be obtained
by moving the counter well beyond both extremes of the body. Theoretically,

the latter procedure is necessary for an ideal count. The experiment shows
that the restricted scan is quite adequate for our purposes.

Tests of a shadow shield counter showed that below 0.5 Mev there was a large
inerease in the radiation spectrum due to the scattered gamma reys. It was
found that 90% or more of this scattered spectrum could be removed by lining
the wall of the cell being used to create the shadow with 1/16 inch sheet of
lead. This was considered adequate. When sacks of sugar were put in front

of the counter to simulate a person, considerable scattered radiation was again
introduced into the counter. Attempts are being made to reduce this through use
of more lead shielding.

An employee was found to havean umisually high 2n65 burden (36 muc). His diet,
his wife, and his fellow workers were examined but no reason for the high burden
was found.

Other Activities in Whole Body Counting: Ancther de-bug run was made on the
IBM system. The system now eppears to work all right. A bed was fabricated
and installed for use in the scanning counting. A new, more rigid and durable
chair is being fabricated.

Precise optical methods were used to align the positive ilon accelerstor to
eliminate the beam striking obstructions in the machine and in preparation for
very accurate experiments with the precision long counter. The deposition of
carbon on targets in the accelerator was found to be very substantially reduced
a6 a result of the cleaning and the subst:l.tution of untreated "0O" rings during
the recent shutdown of the accelerator.

The National Buresu of Standards is sending us their precision long counter.
It and one froam CFD will be compared with ours in an experiment in which it is
hoped reproducibility of 0.1% will be achieved.

A technique was developed for depositing carbon targets for the Van de Graaff
with a carbon arc. Targets ranged fram 140 to 1300 microsrams/anz and were
quite bard surfaced. Bambardment of these targets with deuterons was used to
provide a high intensity source of monocenergetic neutrons for caelibration of
the criticality dosimeters being installed at Hanford.

1252174 |



MS' HEB p-22 HW=64580-]

Fabrication of one of the molds for the production of tissue equivalent chambers

was campleted. In correspondence with Dr. W. Snyder, of Oak Ridge, it was found

that he is going to make neutron pemetration calculations for a phantom 30 em

in diameter and 60 cm long. We plan to make depth dose measurements in a similar
phanton. He has offered to calculate the depth dose for distributions of source

energles below 10 Mev.

The gamma ray calorimeter water bath was connected adiabatically in order to
improve the reproducibility of the system. The noise and drift in the caloria-
meter were reduced to one-fifth by the change.

INSTRUMENTATION

A miniature phototube detector was received for the personally-carried personnel
alarm dosimeter. Minimum signal-to-noise ratioc was determined to be better

than 2:1. The final mechanical-physical arrangement of phototube and the loniza-
tion chamber was determined. Only same transistor circuit design remains to be
done to complete the "breadboard" layout for use in extensive tests. Minimum
contimous operation is being designed to exceed 100 hours. Selectable alarming
to £ 10 mr accuracy will be available from £ 20 mr to about 200 mr.

All of the experimental transistorized circuitry was campleted for the alpha
air monitor using coincidence counting techniques to eliminate radon-thoron
background effects. All the circuitry is on plug-in printed circuit boards and
the circuitry is now driving the recorders. Extensive testing will now be
conducted to determine the ultimate available sensitivity.

The experimental circuitry for a portable scintillation beta-gamma dose-rate
meter was extensively revised during the month. The instrument uses a semi-
conductor chopper input and all transistorized circuitry. Several cammercial
semiconductor choppers were investigated, tested, and found to be useless for
the temperature range and input current requirements of the instrument. A chop-
per zircuit, using inexpensive germanium transistors, was developed and tested
quite satisfactorily during the month. This works correctly from minus 20°F
to plus 140°F with an output noise-level equivalent to about 0.05 microamperes
input signal current. Thus, the system can perform properly for input cur-
rents of 0.1 microsmpere to 10 microamperes. The camplete instrument reading
error due to temperature variations is less than * 10 percent for minus 10°F
to plus 140°F using zinc cell batteries. Mercury cell batteries cannot be
incorporated as they are useless below plus 15°F.

Investigation was made of several mixed plutoniume-americium sample sources used
for animal experimentation at Biology. The sources are used to generate aerosols
for the animal inhalation experiments. It was determined that the americium
camponent contributed fram 46 percenmt to 79 percent of the total counts obtained
from lung deposition.

Due to ambient temperature effects, portions of the circuitry for the transis-
torized logarithmic count-rate meter were redesigned. Attempts are being made
to obtain proper opera‘bion fram O°F to plus 1LO°F, '

Further development progrees was obtained on an alternste miniature personally=-
carried approximete dose-rate integrator alarming device. Improvements were made
in the drive mechanism to the miniature integrator.
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An investigation was started concerning poasible magnetic tepe recording of gamma
energy pulse height spectrsl data froam several simultaneously operating scintilla-
tion detestorz. An eventual possitle use of such & system will be the Total Body
Counting Facllity and an sdditional use would be for the Biclogy Operation. Such
5 gystem would eliminate the requirement for using e multichannel analyzer for
each detector. Using s linesr amplifier and a coded anslog-to-digital converter,
eim:ltaneous spectrsl information could be taped and then leisurely inserted into
& single multi-channel analyzer at a convenient time.

Continued operationsl success was achieved during the month witk the experimental
transistorized alphae monitor (110 VAC-operated) which uses either, as desired,
the old air proportional alpha probe cr the new non-gamma sensitive (to 10 r/hr)
scintillation slphka probe. Tke unit was successfully used three weeks at Redox
and now is in constant use at the 308 Building. Geometries witk the new scin-
tillation probe exceed the air proportional probe geometries by five percent,

and the scintillation probe geametry variation is less than about & two percent
over the two-by-four-inch and two-by=-seven-inch active detector areas. Plant
drawings of the new probes are being made so that the probe can be obtained in
quantity.

The necessary perts have been ordered for the electron team deflection and con-
trol system for the electron Van de Graaff. The instrument will be assembled
after all of the parts arrive.

- Some investigative effort was started concerning the use of high purity silicon
P-N Junctions for use as alpha detectors, alpha particle energy analyzer detectors,
neutron detectors, etc. This program will accelerate when the proper silicon
ingot maeterisl is received so that the detectors can be fabricated.

The use of glass dosimeters is being investigated; however, later information
concerning the detector materisls and fabrication is awaited fram the U. S.
Naval Research laboratory. It appears, with the new CaF, detectors, that
accumilated gamme doses as low as one to five mr mey be read out easily.

Two transistorized audio power amplifiers of 1.5 and six-watt output capabilities
vere designed and one was tested. These will be used with aurally-indicating
rediation monitors under high ambient noise conditions.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis Research and Development

The mass spectrameter for this program operated at about 90 percent efficiency
during the montk. Two days were spent in cleaning the source region to eliminate
uranium backgrounds and on general spectrameter maintenance. About half of

the available cperating time was spent in determining the possible effects of
chemical solvents used as the carrier for sample material. Froam the standpoint
of sample sensitivity and the required ocutgassing times the carriers HNO% and
NaSiO3 gave clearly better results than four other solvents tested.
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TEST REACTOR OPERATIONS

Operation of the PCTR contimued routinely during the month. There were four
unscheduled shutdowns due to electronic failure.

The 8-3/8-Inch Lattice Tube and Tube k, and f Experiment was campleted during
the month. .

The Fuel Temperature Coefficient Experiment with 1.92-inch natural uranium
fuel was started during the month.

Installation and testing of a special fine control rod was campleted. For
reactivity changes of four cents or less, rod changes can now be determined
to 0.001 cents.

The core mockup jig was campleted and installed. Test cores up to the maxi-
mum usable size can now be set up and checked without sacrificing reactor time.

In the TTR seven days were used for lutetium thermameter celibrations. For the
remainder of the month, the Critical Mass Experiments utilized the TTR facili-
ties. ‘

There were no unscheduled shutdowns during the month..

CUSTOMER WORK

Weather Forecasting and Meteorology Service

Type of Forecast Number Made % Reliability
8-Hour Production 93 85.9
2heHour General 62 - 83.9
Special 152 2.1

March, 1960, produced a wide variety of meteorclogical conditions. Tempera-
tures ranged fram a low of 13 on the Wth to a high of 83 (an all-time record
high for March) on the 25th. The over-all monthly average cf L45.1 was slightly
below normal.

Weather during March included rain, snow, hail, and one rather severe thunder-
storm. In Richland, but not at the station, sleet and freezing rain also
occurred. Total precipitation of 0.67 inch was nearly twice the normal. Still
there6wa.s a long dry period with no measurable precipitation from the 8th %o
the 26th.

Nine consecutive days of the above-specified dry period, including 5 straight
clear days, had an over-all average wind speed under 5 mph. For the month as
a whole; however, both cloudiness and wind speed were above normal.

Instrumentation

The Scintillation Detector Mask Monitor for the Laundry Operation was delivered
and is being fiesld-tested by radiation monitoring personnel. The background at
the Laundry Building was determined to vary fram the mean by at least twice the
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standard deviation. Such large variations in background effectively reduce the
wltimate instrument sensitivity. It appears that background checks will have
to be made sbout every ten minutes to assure prorer mask reject level.

A 8lipe-ring assembly for use with GM tubes was designed, fabricated, and
delivered to Redax. The unit will be used for shsllow well monitoring in the
200 Areas. The unit operated satisfactorily.

A scintillation transistorized shoe and clothing monitor was calibrated, tested,
and delivered tc the Chemical Research Operation, HLO. The unit was fabricated
in the 328 Electronics Shop to our specifications. In addition, three portable
transistorized scintillation alpha, beta, gamma instnments were calibrated and
delivered tc the same custamer.

Three Scintran alpha monitors and cne scintillation transistorized alpha hand
counter were calibrated, modified, and delivered to the 308 Building. The units
were fabricated to our specifications by the Instrument Laboratory of Seattle.

Advice was rendered to the design draftsman doing the layout work for plant-
type electramechanical drawings for the Scintillation Transistorized Alpha-Beta~
Gamma Hand and Shoe Counter.

A Bortion of the probe design was campleted for s large aresa, thin Nal crystal,

X-ray detector to he used ‘bg Radiation Monitoring and Industrial Medicine
Operation for the detection of 39 in wounds. All necessary cammercial parts
have been ordered.

The 328 Building Electronics Shop is fabricating two advanced model (Model ITI)
Scintran alpha monitors which will incorporate special features desired by
field monitoring personnel. These will be evaluated and field tested when
campleted.

An in-cell monitoring system was designed for the Chemical Research Operation,
HLO. This incorporates a high-level ionization probe and a low=-level scintilla-
tion probe--both with beta~gamme sensitivity. The probes will be used in hot
celle for dose-rate measurements. The complete instrument will be fabricated
to our design by the 328 Electronics Shop.

An air filter monitoring system wes designed by us for exhaust filter monitor-
ing by the Chemical Research Operation, HLO. The unit will be of a gamma
detecting scintillation type incorporating a.la:ming circuits for dose-rate
alarming.

Evaluation of a "Fido" pocket, gamma, aurally-indiceting monitor was completed
with unsatisfactory results. Satisfactory acceptance tests were campleted on
two more scintillation transistorized gamma energy anslyzers for the Radiation
Protection Calibrations Operation.

The specifications for the PCTR automatic data recording system were revised
and forvarded to Reactor Lattice Physics (HLO).
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Development was initiated on a part of the PRTR process tube inspection probe.
Several manufacturers were consulted about instruments to measure the tube's
inside diameter. One linear variable differential transformer system appears
+o te well sdapied to the proposed equipment.

Sevaral of the process controller circuits to be used in studying autcclave
tempersture control systems have been simulated on the Donner analog computer.
These circuits are different fram the normal controller simuisticns in that

they include the effects of "reset windup" and contrcller limiting during process
startups. These controller circuits and other circuits which will represent tke
autoclave process dynamics will be cambined and programmed into the GEDA analog
sanputer early in April. Modifications to the existing auntoclave control system
ar= heing madé to allcw the use of prcportiocnal control with mamial reset. IS

is expected that these changes will allow the existing equipment %o provide
gatizfactory control on startup and during normel processing operations.

Considerable 4difficulty has been experienced in determining whether tke vibra-
tions measured during the 326 Building extrusion press deceleratiosn tests are
Primarily due to accelercmeter resocnances or actual mechanical vibrations in
the press. Difficulty in precisely synchronizing the sccpe trace with the
mozent of impact has made it difficult to use scope writing spseds fast enoug:
+0 accurately determine the origin of the reacnances. It aprears that the
frequency spectrum of the measurement signsl is considerably wider than was
originelly expected, thus making it difficult to differentiate between the
desired signal and resonance conditions. Purtker progress on this prcblem will
depend on the customerfs decision as to whether addiitional funds can be made
availablz., A letter outlining the results cbtained tc dats, and a proposal for
further study, will be sent to the customer. ,

The work regquired on Projest CGI-839 has been campleted except for review of
somments on drswings and accephance test procedures whish may be rezeived from
various interesteld parties. : ‘

An IRE Stsndard on Nuclear Techniques was revievwed and comments forwarded “o
Instrumentation Design (CEO).

%’ iz3

Tke 6CO mankours of cptics skop work fcr the period February 28 to April 3 ccn-
sisted of 189 for IPD, 26% for CPD, 45% for HELO, and 11% for CEUQ. This werk
insluded:

Aluminizing two mirrers, repair of = boreszope, and repsir of ths 105-3
ani 105-KW underweter viewers for IFD.

Repair of crane periscopes for Redox and Purex and fabrizetion of glass
tearings for CFD.

Testing the PRTR wide angle viewer and profilometer, modificaticns 9

5 radiation ratic pyrameter, fabricaticn of parts for an infrarsd radic-
meter; design and fa.br_:!.c:af;ion of a pyrometer for Ceramis Piels, and
mizsellaneous sther work for HIO. :

Febrication <f parts for the PRIR Examineticn Facility Viswers for CEUO.
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Analog Camputer Facility Operations

The major problems on the analog camputers this month included a study of NFR
heat exchanger characteristics and a study of reactor kinetic equations.

Out cf a total 168 hours of possible operating time with the GEDA camputer during
March, there were 6 hours of scheduled down time and 22 hours of unscheduled
down time. Replacement of the patchbay comtacts in the GEDA is delayed pending
resolution of legal difficulties between the computer and contact vendors.

Acceptance tests of the new EASE computer proceeded throughout the month and
are now about 90 percent complete. Sources of difficulties or failures to meet
specifications have been identified and action is under way to effect correc-
tions. Considerable difficulty has been experienced with the digital voltmeter
and with excessive air temperatures in the equipment. Some mcdifications will
likely be required in the air conditioning system for the facility.

Foct Fbut

Manager

PHYSICS AND INSTRUMENT RESEARCH
: ARD DEVELOPMENT

HANFORD LABCRATORIES OPERATION

PF Gast:mes
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FISSIOKABLE MATERIALS - 2000 PROGRAM

IRRADIATIONS PROCESSES

Decontamination of Reactor Compcnents

Latoratory tests of solutions for deccantamination of rear-face piping of existing HAPO
reactors were continued. The most satisfactory solution tested was 0.9 M HpSO), -

0.2 M 5 containing one g/l phenylthiourea. Decontamination factors “in excess of
ten weré gh%ained for both process tubing and pigtails after ten-minute contacts with
the sclution at 60 C. Carbon steel, stainless steel, Zircaloy-2, and aluminum all
ccrroded at rates less than 0.05 mils/hr in the solution.

e;lite-é and Stellite-12 have relatively poor corrosion resistance to 0.23 M KMnQ) -
5 4 M NaOH, ore of the sclutions in the APACE procedure proposed for NPR decontamination.
Harderablie stainless steels, 17-4 PH, 17-7 PH, and AM-350, might possibly serve as sub-
stitutes for the Stellites as valve seats. These three steels corroded at rates of
about 1/6 those for the Steilites in the APACE alkaline permanganate solution.

Urarium Oxidation and Fissior Product Volatilization Studies

The design, fabrication and installation of fused silica apparatus to replace the stain-
less steel furnace and sections of the off-gas train neared completion. In addition,
the equipment for direct counting of xenon-133 was modified to assure a counting error
cf less than 1% for any single measurement. The pellitized caustic trap for iodine and
teliurium was replaced with a liquid trap.

A thiré experiment was completed on the penetration of Zircaloy by aluminum-clad uranium.
The test assembly, exposed for 24 minutes at 1182 C, produced an aluminum-uranium alloy
between the uranium and Zircaloy. No penetration of the Zircaloy took place and no
alumirum or Zircaloy diffused into the uranium. ’

NPR Effluerts

Additioral laboratory experiments were performed to study the ability of precipitates ,
fcrmsd in typical permanganate decontaminating solutions to scavenge radioisotopes from
sclution. The precipitates result from the reduction of permanganate ion when solutions
from various ireatment steps are mixed. It was found that the scavenging factors for
radiciron, radiocalcium, and radioiodine in case of decontamination solution mixtures
containing a "peroxide-carbonate" cleaner were significantly greater than were obtained
in earlier experiments. Contrary to previous indications, significent change was
indicated in the degree of calcium scavenging as a result of the accelerated pﬁrmanganate
reduction caused by the presence of peroxide. These later experiments gave cat?
decontamination factors up to 3.5 x 107, which is nearly ten times those previously
measured. The new data display greater consistency and precision than did earlier
regults.
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Reactor Effluent Treatment

Specimens of candidate aluminum and AlSi for reactor effluent treatment beds
were suspended in flowing reactor basin effluent for long range corrosion and
£1lm area studies. The date are needed to assist selection of bed material.
Specifications were prepared for the physical form of the bed packing ard a
market survey initiated to determine possible sources of supply. Interest in
the problem was shown by one aluminum supplier and suggestions and samples
were offered. The problem of prccuring relatively inexpensive bed material
in the quantity required must be solved before aluminum bed effluent treatment
for reducing radioisctopes discharged to the Columbia River can be ccnsidered
feasible.

SEPARATIONS PROCESSES

New Solvent Studies

The series of dialkyl phenyl phosphonates under preparation has been zompleted
with synthesis of the di-t-butyl compound. Continuing studies have shown that
of all of the dilalkyl phenyl phosphonates prepared in this study, only the
t-butyl compourd has an appreciable hydrolysis rate. The undiluted compounds
containing 1.5 M HNO; showed unmeasurable hydrolysis in twenty-four hours at
60 C. After ten days, solubility measurements indicated about 4 + 3 percent
decomposition as compared with abtout 5 percent for TBP. Ia contrast, t-butyl
compound hydrolyzed measurably in three hours at 25 C. It apparently forms a
80lid hydrate which melts at about 27 C. '

Purex C Column Studies

The process behavior of water from the ion exchange unit in the Purex plant
was compared with that of steam condensate from the 321 Bullding using a
three-inch C test column. The column was operated at 1250 g&l/hr-sq £t sum
of phases, at an aqueous-to-organicz flow ratio of 1.1, and with 0.02 M HNO$
iz the agqueous stream. Both 0ld (nozzle plates pointed down) ard new (nozzle
plates poixted up) plant cartridge types cperated unstably at all pulse
frequencies with water taken from the icn exchange unit just after cationm
ted regeneration. Water taken from the ion exchange unit in the period just
prior to sation bed regeneretion showed a region of stable operation below
Lo nyﬂles/min Water taken upstream from the anion bed (between the cation
and ion teds) Just prior to catiom bed regeneration gave no region of stable
cperation.

With steam condensate, a wide regicn of stability was obtained. For example,
with the new plant cartridge and 1.0-inch amplitude, cycling occurred ocaly
above TO cycles per minute. Further tests showed that the Purex sanitary
water which feeds the ion exchange uait is nearly as good as the 321 steam
condensate in the new plant-type cartridge.’

Purex 3A Column Studies

A rozzle plate cartridge using the same geometry as that currently installed
in the Purex HA column (23 percent free area, 3/16-inch-diameter holes, two-
inch plate spacing) was tested for suitability in the proposed 3A Palm column.
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The flowsheet for this column differs from the HA column flowsheet primerily in
that the feed contains only 0.2-0.3 M UOg(NO3)2 but 5-8 M HNO3, and the flow ratio
is adjusted to give a uranium concentratidn In the product of 0.2 to 0.3 M The
performance of the cartridge witk this flowsheet was highly satisfactory. The
following results, all obtained at room temperature, were determired:

1. The flooding frequency at a one-inch pulse amplitude ranged from 115
zycles/min at a volume velocity of 700 gel/hr-sq £t to 77 at a volume
veloeity of 2300. Flooding started in the top half of the extraction
section and rapidly propagated through the scrut section.

2. The HTU's at freguencies about 10 cycles/min below the flooding fre-
quency were 1.1 to 1.2 feet. Uranium waste losses were on the order
of 0.002 to 0.009 percent in the 12-foot extraction sectior. These
losses may be on the high side because of uranium contamination in
the solvent. Mistron added to the scrub (at about 0.1 g/1) had no
effect on the waste loss.

3. Aqueous entreimment in the organic overflow during HT™U runs ranged
from 0.1 to 0.3 volume percent of the organic flow, and appeared to
be independent of variations in the organic holdup times in the
disengagement section for the range of 0.4 to 0.9 minutes.

4. Sodium ion tracer was addel to the feed of two rums to determine the
amount of entrainment in the crganic product which originated in the
extraction section. Analytical results are incomplete, but a ten-
tative sodium decontamination factor of about 7000 was cbtained for
one run across the six-fcot scrudb section plus disengagement section.

Although not separately investigated, the scrub section cartridge (which had the
same geometry as the extraction section cartridge) seemed to be an excellent
match for the extraction cartridge with respect to dispersion'characteristics
and flooding. The scrudb section wes observed to operate stably at a frequency
of 68 cycles/min and a volume velocity of 1850 gal/hr-sq ft. Since the 3A
column scrub section flowsheet is quite similar to that for the HA column

scrub section, 2 unidiameter HA column using 23 percent free area nozzle plates
throughout appears to be feasible.

ProcessingﬁNickel-Coated Alumimum-Clad Fuels

Fuels Preparation Department personnel are currently fabricating and testing
aluminum-Jjacketed uranium metal fuels having a 0.5 mil nickel coating on both
the inner and outer surfaces of the aluminum Jacket. Ir studies of the disso-
lution of these fuels (nonirradiated), the outer nickel coating dissolved
readily in boiling one molar nitric acid but was not rapidly attacked in 0.3 M
acid. After removal of the outer nickel coating; the alumimum jacket and inner
nickel coating were removed by the usual sodium hydroxide-sodium nitrate proce-
dure. The inner nickel coating was not dissolved; it was undercut and sloughed
off as a solid. A reddish brown material adhered to the uranium metal ever
after prolonged (10-hour) exposure to the boiling decladding sclution. Investi-
gation of the nature of .this material and its effects in dissolver solutioms is
in progress.
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" Statistical Analysis-Photometer Calibration

A statistical analysis of the midcolumn photometer calibration data has shown
that the instrument will measure the uranium concentration in the agueous
phase of a mixed-phase sample over the range from O to 100 g/l and 18 to 60 C
with an accuracy of + 0.5 percent or. + 0.3 g/l whichever is greater.

Interfacial Area Monitor

A particle counting and classifying instrument was described at the Pittsburgh
Analytical Conference. A device which uses this principle and which could
sount and classify the size of crgenic bubbles that exis®t within ar operating
pulse column has teen envisioned. The method is based on electrical ccnductiv-
ity measurement in a small diameter tube. Preliminary laboratory tests have
shown the principle as sound, and have guided the design for a prototype instru-
ment. The proposed monitor has the potential to measure the agueous-organic
interfacial surface area per unit volume within an operating pulsed extraction
2olumn, a measure that has not been obtainable in the past. Of lesser impor-
tance, it has the potential to measure the organic-to-aqueous hold-up ratio
that exists in an operating pulse column to a higher degree of accuracy and

in a lesser time than the present method of sampling and measuring the volume
of the two phases after disengagement.

An electronic bubble counting system has been fabricated to operate in con-
Junction with the interfacial area detector. The circuitry consists of an
amplifier, a time-to-amplitude converter, and ar electrical register driver.
A calibration system, also being tested, consists of a free-running multi-
vibrator and a coincidence amplifier. The system will feed a signal to an
existing 20-channel analyzer which will serve as tne bubble size read-ocut
system.

WASTE TREATMENT

Semiworks Fluid-Bed Waste Calciner Prototype

Two successful runs and one run resulting in excessive bed caking were
completed during the month. The feed compcsition was changed to one simulat-
ing a high iron, high sulfate, high acid Purex waste strean.

No feed nozzle pluggage occurred as a result of nozzle lump formation during
operation with the ANL type nozzle, even though the atomizizg air flow rate
was reduced. (The "ANL" nozzle is one patterned after the extended-tip nozzle
designed at ANL. The liquid tip of tkis nczzle extends 3/16-1nch beyond the
air nozzle, which, in turn, extends 1/8-inch beyond the inside calcirer wall.)
However, at the end of the run, a small lump was observed on the nozzle,
protably indicating a potential serious buildup during extended operaticn.

A mcderate amcunt of agglcmerate formation in the calcine {one percent by
weight) confirmed the fact that nozzle lumping was occurring to a smell extent.
The reduced tendency to lumping is a definite improvement over that of the
standard nozzles used so far.

The severe ted caking which occurred in the one short run was primarily a
result of poor atomization in a malfunctioning "standard" nozzle. The nozzle

1252151



c-5 HW-64580[ TXT

was fourd to be out of alignment and also imprcperly assembled. The resulting
caked bed consisted of lumps, from "cornflakes" to hard fused fist-sized “"rocks",
on the heaters. The bed was cleaned ocut by a combination of chipping, slurrying
with dilute nitric acid, and fluidizing a bed of garnet sand.

Feed solution of the composition tested this month has a comnsiderably greater
tendency for sintering and fusing at lower temperatures than the feeds tested
previously. This sintering tendency became manifest by scaling on the heaters
(sbout 1/16-inch thick) at measured heater temperatures of 700 C, and by com-
plete fusing at temperatures of 800 C. The greater fusing tendency for this
feed solution (with a sulfate tc salt ritrate ratio of 1.6, and a sodium-to-
iron plus aluminum ratio of 0.8) confirms data obtained for comparable solutions
in batch calecination work. If solutioms of this composition are to be success-
fully processed in fluid bed equipment it appears that coanditions must be
altered to:

1. Adjust the solution composition (e.g., reduce sodium.and/or sulfate
concentrations, etc.) or

2. Reduce cperating and/or heat source temperature.
Another objectionable feature to feed of this'composition is the excessive
quantity of fine calcine entrained in the calciner off-gases. This entrain-
ment was 25-30 percent of the total calcine compared with less than five per-
cent in the previous Purex type waste tested.

Observation Wells

Project CAH-885 (CET FY-1960 well drilling) was combired with the well drilling
portions of project CAC-840 and CGI-791 (CPD and IPD projects). The work was
scheduled to begin by June 1 and to be completed during calendar year 1960.
Further use of the core barrel method of drilling and aquifer tests during
drilling are expected to provide more and improved informetion on the geclogic
features affecting waste disposal.

There were no significant changes in ground water contamination patterns in
the vicinity of the 200 Areas. Uranium was detecteg in a well monitoring the
216-Ul and U2 cribs at a concentration of 1.5 x 10-© uc/cc. These cribs re-
ceived miscelleneous U-Plant wastes from 1951 through 1956 and now receive
infreguent small batches of decontamination westes.

The trailer-mounted scigtillation probe was calibrated to measure its capabili-
ties for detecting Rul®® in monitoring wells. The calibration was performed
by submersing the probe inside a short section of well casing in a tank of
water to which was added various concentrations of ruthenium spike. The probe
was found to respond to concentraticns as low as 2 x 10-6 uc/ce.

Disposal to Ground

Seven samples of Purex silica gel regeneration waste were submitted for analysis
to evaluate ground disposal problems. This waste is discharged to the 216-A 3
erib. ly one of the samples contained detectable concentratiomso Cs

(8 x.1077 uc/cc) and none contained detectable concentratioms of Co
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togsl rediostrontium concentration averaged 1.8 x ].O'6 uc/cc with an average
Sr7Y content estimated to be less than 2 x 107! uc/cc. These low concentrations
do not warrant special laboratory study of this waste.

Scouting studies were started to examine the potential for decontaminating
higher level chemical processing plant waste with clinoptilolite. Initial
experiments involved aged Redox high-salt waste. A synthetic waste solutiom
spiked with the aged weste was passed through a 120 cm mineral cclumn at a
flow rate of 40 gal/hr-sq ft. The radicactive material in this 6-year-old,
alkaline waste was found to be greater than 99 percent radiocesium for which
cliroptilolite has a high specificity. Prelimin?ry analytical results indi-
cate an initial decontaminatior factor of 2 x 10' for Cs. The results indi-
cate that a still higher D.F. would be obtained with a longer column. The
capacity of the bed for decontaminating these wastes is estimated to be
about 50 column volumes. Thus, the cesium in 50 gallons of this waste could
be contained on one gallon of the mineral bted. The waste was found to
contain very low concentrations of radiostrontium and none was detected in
the initial effluent from the column (D.F. 100). Ruthenium broke through
the mineral column very quickly.

Arrangements were made for laboratory soil column evaluations of wastes

from the Ccolant System Decontamination Test Facility in the 242-B Building.
Analytical data indicate that the waste contains neutron activation products
with lesser quantities of rare earths, Zr-Nb and Ru. About 500 gallons per
week is now sent to underground tank storage in the 200 East Aresa.

Special Gedlogical Studies

The difficulty in predicting the percolation rate in crits even only a few
hundred feet from an existing =2rid from which information is available was
emphasized during comstruction of the 216-U-12 crib. Early excavation dis-
closed extensive silt beds up to six inches thick at the proposed site.
Correlation of this information to data from the 216-WR crib excavation
obtained in 1950, suggested that a better site lay about 100 feet westward.
Completion of the pit at the new site confirmed the situation. The replace-
ment crib will be five to ten feet kigher in altitude than the original

crib ard will lie within a series of coarse sands separated ty silt partings
up to sbout two inches tkick. The WR crib lay largely beneath these silt
partings in a permeeble silty sand.

Five silt partings were ncted in a 1lD-foot verticael distance, the lowermost
of whizk lies a few inches below the pit bottom. Another silt bed apparently
lies about two feet deeper and was found in orne test hole dug for the purpose.
Others may lie deeper. TFlow of waste out of the crib probably will be
laterally for some distance because the silt beds, although thin, are quite
sontimious.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium Recovery

Studies were continued to develop practical methods for dissolving strontium-
lead sulfate precipitates accumulated in centrifuge equipment. Successive

1252153



c-7 HW-64580

centrifuge washes with 6 M HNO, gave inadequate removal, but 4 M sodium acetate
followed with nitric acid work®d efficiently and also gave a separation of
strontium from the rare earths. Thus, the first four centrifuge washes removed
99 percent of the cerium with two percent of the strontium. The next four re-
moved 97 percent of the strontium with the remainder of the cerium. It appesars,
however, that the best way to solubilize the stromntium is to slurry the cake
from the centrifuge and treat, in-tank, with acidlc oxalate solution. This
treatment dissolves the strontium and converts the lead, cerium, and rare earths
to insoluble oxalates. ’

Strontium Purity Determination

Complexiometric titration (for calecium) and polarcgraphy (for strontium and
barium) have the advantages of remote operation, use of aqueous samples, and
acceptable detection limits. Experiments with a Sargent Mcdel XXI polarograph
using tetraethyl ammonium bromide as supporting electrolyte showed that strom-
tium and barium could be detected down to about 10™" M and that a barium con-
tent as low as one percent (in otherwise pure strontiﬁh) could be measured.

Mass spectrophotometry wes successfully tried (E. B. Street) as a method for
determining the isotopic purity of recovered strontium. Results obtained on

15, end 1 -:g samples of natural strontium indicate that reasonable accuracy

is obtained with samples as small as one microgram. A combination of the
result of mass spectrophotometric analysis with radiochemical determination of
strontium-90 would afford a way of determining total strontium.

Technetium Analysis

Analytical methods suitable for the determination of technetium in a wide
variety of Purex streams are being developed. Anion exchange, as a preliminary
purification and concentration step, shows promise. The technetium, presumably
as pertechnetate, loads readily onto Dowex-l from 1 M HCl and is easily eluted
with 4 M HNO,. Decontamination factors from beta and gamma activity are about
4O to &0, reSpectively, but decontamination from ruthenium is very poor (DF 3.8).
Solvent extraction is being explored as a second step for added decontamination.

Preliminary experiments indicate that polarography may be an attractive method
for determining technetium. It has the important advantage over radiochemical
methods that complete decoantamination from the other fission products is not
required. A precision of'% 10 percent was obtained with samples containing
0.3 . g Tc/ml and #+ 4.8 percent at 1.0 - g/ml. By using micro cells, samples
containing as little as 0.2 g of technetium would yield adequate precision.

Fission Product Packaging Prototype

Four final runs were made with the hydrolyzer to complete the studies on the
conversion of Csaane(CN)s to mixed oxides by the hydrolysis method. These
runs were made to evaluate the following: (1) effect of a restrictor baffle
at the rear of the hydrolyzer tube, (2) characteristics of steam hydrolysis
in the absence of air, and (3) effect of iron oxide additives on slurry cal-
cining properties.
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The true value of the restrictor bvaffle was indeterminate under the conditions
of the runs. However, two improvements were observed; namely, a greater resi-
dence time for the process material and a better temperature distribution in
-the reactor zone.

Sensitivity to tar formation was more pronounced in the hydrolysis of CSQZnFe(CN)s
with steam alone than with a mixture of steam end air. The tar starts to form
when the reaction zone temperature exceeds 350 C. It is believed to be a polymer
formed during the partial decomposition of the cyanide radical.

The addition cf iron oxide, in equal weights of Fe, 0, to CSQZnFe(CN)s, signifi-
cantly enhances the over-all process. Tke following five outstanding
advantages were observed:

1. An absorption mechanism improves many fold the initial separation
of the Cseane(CN)s precipitate from its mother liguor.

2. Flow characteristics of the slurry within the hydrolyzer are improved.

3. The nitrate-cyanide reaction in the hydrolysis-calcinaticn step is
negated.

4. Conversion to the mixed oxides is significantly improved because of
the catalytic effect of the ferric oxide. No tar formation was
observed at temperatures in excess of 400 C.

5. The filtration characteristics of the product discharged from the
hydrolyzer are greatly improved.

In addition to the continuous processing methods being studied in conjunction
with the fission product packaging prototype, studies are being made on batch
(or semi-contimuous) methods of converting fission product brines and slurries
to suitable products for off-site shipment. A three-inch-diameter agitated pot
is Yeing designed. The final boil-down, drying and/cr calcining cperations
will be performed in the pct. Ideally, the calcining pot would be removed from
the agitator assembly and would serve as a component of the product shipping
container.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY

Analysis of Lead by Controlled Potential Couliometry

Lead down to 0.00Z g/l concentration was measured coulometrically with a * 2
percent error. Separating from sample interferences (except bismuth, cedmium,
and tin) was done by a -0.65 volt reductior to lead metal which dissolved in
the mercury pool cathode. The electrolyte was discarded. After adding 0.1 N
votessium sodium tartrate, the lead metal was oxidized at -0.25 volt, with
incidental transfer of the lead to the new electrolyte. The oxidation was
used as a measure of the lead present. Any bismuth, cadmium, or large amount
of tin would interfere. The colorimetric dithizone method had occasionally

yielded erratic results.
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Isotopic Analysis of Strontium

Microgram strontium in molar nitric acid was analyzed isotopically by the thermal
ionization mass spectrometer. Tantalum filament was used because its strontium
work function exceeds that of conventional tungstegefilament. With 15 micro-
grams of natural metal, 82.68 % 0.43 percent of Sr°- was observed; precégion was
poorer for a one microgram semple which showed 82.00 % 0.70 percent Sr°°.
Similarly, 8ﬁ5h t 0.0k percent and 0.46 + 0.04 percent were cbserved concentra-
tions of Sr“", the least abundant isotope (literature value: 0.55 percent).

Anelysis of Ce-Pri** in the Presence of Cel*!

Cerium-Prlhu was more accurately measured in the presence of Cell"1 by increas-
1ng1t$e gemma energy spectrometer gain. Its ipgrease from 10 Kev per channel
(csl3 &n channel 66) to 5 Kev per channel (Csl37 in chennel 132) moved the
Ce-Prlh - rich 80 Kev region out of the instrument noise ares. Secondly, the
increased gain reduced the effect EE instrument dri{ﬁ. Thus, the 80 Kev region
became useful for meesuring Ce-Prl**. The small Cel*l contribution was deducted
by measuring Celtl in the upper half EE the peak centered at 140 Kev. The upper
helf was selected to miniT&ie a Ce-Pr 4 contribution centered at 134 Kev. By
so doing, however, the C measurement beceme more sensitive to instrument
drift. Duplicate Ce-Prl Eﬁasurements showed & standard deviation of % 6
percent. Previously,Cb-Prl values came froThEeasurements of total cerium

activity at the li& Kev peaﬁhcorrected for Ce contribution by 'a priori’
assymptions of Ce 1l to cel** ratios. The method suffered from the fact the
Ce counting efficiency is ten times greater than that of Ce-Prl*t at 135 Kev.

EQUIPMENT AND MATERIALS

Purex Orgenic Treatment Pump Mixér

Additionel studies have been completed on the Purex G-l organic pump-mixer.
Recent studies have been made in an attempt to devise simple methods for recir-
culating settled organic back through the pump-mixer for remixing with aqueous
treatment solution. 1Installation of an eductor in the organic inlet line per-
mits the required recycling.

Pump for Purex Recovery Installetion

A special five-stage deepwell turbine pump has beer designed for possible use

in a proposed Purex Plant recovery facility. The pump, because of special process
and design layout limitatioms, will be a maximum of four inches in diameter and
30 feet long.

Recuplex Pulsers

A test installation is being fabricated for testing various pistons and rod-seals
which are candidates for use in pulse generation equipment of the proposed new
Recuplex facility. With the test installation, it will be possible to simulate
simply the hydraulic pulsing conditions which could be encountered in the 50-foot-

DECLASS e
S
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Non-Metallic Materials

Samples of polyethyleme cut from a spare Purex HA column plate have been
irradiated in the presence of Purex HAX and simulated HAW and thep tested for
flexure life. Samples which have received a total dose of 5 x 10° r have
been tested. There is no clear indication that the presence of the solu-
tions during irradiation has any appreciable effect on the flexure life of
the plastic. The test is being continued to higher exposure levels.

Several gasket materials which were found resistant to phosgene at room
temperature were tested in phosgene gas at 500 F. Of the materials tested,
only Teflon felt and Hypalon rubber (both products of duPont) remained intact
at the end of the test. The Hypalon rubber became stiff while the Teflon
felt shrank in one dimension and became thicker. The Teflon felt was
otherwise unaffected. Either material would make an adequate gasket for
phosgene at 500 F. :

Corrosion of Decontamination Overation Waste Storage Tanks

Samples of 1020 steel were exposed to liquid and vapor phases of solutions
taken from the 4, 8, 12, and 16-foot levels in the 118-TX tank to determine
if Decontamination Operation wastes present & corrosion hazard in the tank.
During a ten-day exposure, corrosion rates in all liquid phases were less
than 0.01 mil/mo. Results on the vapor phase samples were erratic. Pitting
attack ranging from negligible to ten mils/mo was found. Further exposures
with freshly polished samples will be made. '

Continuous Slag and Crucible Dissolver

A survey to determine appropriate materials of construction for a con-
tinucus slag and crucible dissolver is in progress. In boiling simulated
dissclver solution, annealed Hastellcy F (low carbon), Ni-o-nel, 309 SCb
stainless steel and 347 stainless steel corroded at rates of from four to
eight mils/mo. As-welded Hastelloy F and Ni-o-nel corroded at rates of 11
and 16 mils/mo, respectively. Haynes 25, as-welded 309 SCt stainless steel,
and 309-L stainless steel are zurrently under test. Also, a welded and
ancealed 347 stainless steel pot is being exposed to the dissolver solution
under conditions permitting study of heat transfer effects and vapor and
interface corrosion.

Examination of Failled Purex F-€6 Tute Bandle Section

Tube bundle 17, which develcped leeks after 20 months' service in the east
position of the F-6 waste acid ccncentrator, has been removed and decontami-
nated. A section was cut from the bottom of the bundle ard examined in detail.
Weile the tube sheet and some of the tubes are severely corroded, the failures
occurred at tubte-to-tube sheet welds and appear to have resulted from improper
placement of the weld bead.

Purex lWW Interim Acid Waste Storage

Coupons of 304-L stainless steel were exposed to toiling solutioms simulating
Purex 1WW waste which would e produced if az iron-free flowsheet was followed.

1252751



L ] c-11 HV-64580_E)

Nitric acid content of the solutions rarged from zero to six molar; all solu-
tions, except that at six molar, simulated 60 vercent concentration of 1WW.
Corrosion rates in the solutions one molar or less ir nitric acid were
essentially the same as those previously observed in solutions simulating the
present iron-containing wastes and containing the same free nitric acid. At
nitric acid concentretions above one molar, the corrosion rates were signifi-
cantly higher than those previocusly noted in iron-contalning wastes.

Containers for gglcined Wastes

Stairless steels 304-L and 347, and cartorn steel 1020 were exposed to syn-
thetic calcined wastes representing (1) vatch calcined neutralized Purex
waste, (2) batch calcined acidic Purex waste with sulfate addition, and

(3) fluid bed calcined acidic Purex waste (from ANL). Exposures were made

at 400, 600, and 800 C in a normel furnace atmosphere. At any given tempar-
ature, corrosion was the most severe for (1), intermediate for (2), and
lowest for (3). Penetration rates at 400 C were less than 0.1 mil/mo for all
three metals in all three wastes. At 600 C, penetration ranged from less than
one mil/mo for the stainless steels in (3) to 60 mils/mo for the carbon steel
in (1). At 800 C, penetration ranged from 15 mils/mo for the stainless
steels in (3) to 1000 mils/mo for the carbon steel in (1).

PROCESS CONTROL DEVELOPMENT

Integrated Plutonium Output Redox 3 BP Stream

The integrator on the 3BP plutonium monitor operated satisfactorily for a
month. Since there is presently no 3BP flowmeter in the Redox Plant, the
unit was returned to the laboratory and a solid state 0 to 50 millivolt
power supply with Zener diode regulation was designed and built to simulate
the Redox 3BX flowmeter reeding. The simulated flowmeter reading will be
miltiplied by the counting rate meter output of the plutonium concentration
monitor. The resultant product will then be integrated over a process cycle
to give the amount of plutonium processed during that time. Cycle times as
long as 270 hours can now te integrated without exceeding the capacity of
the integrating register. The over-all system accuracy is akout two percent.

Purex E-3 pH Probe

A new PH prote urit using "Swagelok" fittings installed ir Purex E-3 tank
bhas operated satisfactorily since February 23, 1960. Provision is being
made to include a temperature compensator on the next replacement for the
E-3 pH probe.

NON-PRODUCTION FUELS REPROCESSING

Mechanical Process@gg

Shear Basin Modification. Modifications to the shear basin and installation
of a new LO-ton hydraulic shear (Model II) in 321-A Building are approxi-
mately 75 perzent complete. Startup 1s expected during the first week of the
coming month. The new equipment will permit more extensive shear blade tests
and demonstration of a wet shearing system for shear dust control. It will
be a scale model (i.E., contain the essential engineering components) of the
shear system considered for inccrporastion in the Hanford NFF mechanical cell.
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Yankee Fuel Disassembly. Disassembly studies of Yankee fuels continued during
the month. The bands used to hold subassemblies together (about 3/64-inch-
thick by 1/2-inch-wide stainless steel bands) were cut with a "draw" knife.
Various thickness bands with the ends held in variocus ways (ranging from
slight initial tension to both ends free) were successfully slit. Over 60
cuts per knife have been made, inhdicating a knife cost well below $5/ton of
uranium. ‘ ‘

Three band cutting methods are currently considered practical: milling cutter,
slitting knife, and high-speed saw. Testing of a high-speed saw will be
initiated during the coming month.

Mechanical Cell NaK Handling. Tests are being made ou a mockup of the NeX
handling system contemplated for the NPF mechanical cell if sodium or NaK
containing fuels were processed at Hanford. This system includes 2 saw
hood vwhere sodium is reacted with water at a controlled rate and a scrubber
(Peabody) for the treatment of gaseous reaction products. A test made
reacting 3.5 grams NaK/min, under three inches of water, resulted in an
over-all removal efficiency of greater than 98 percent. Only about five
percent of the total NaK reacted left the hood as fume; the remainder formed
caustic with the water in the hood.

Feed Preparation

Orlon Filters. Orlon felt filters can be solubilized in hot 10 M HNO;.

Tt is suggested that Orlon felt be used to filter mechanical treatment cell
vater, and that filter and collected uranium dioxide be dissolved along with
a charge of fuel. Dissolver solutions obtained by codissolution of Orlon
felt filter cloth and uranium dioxide pellets in 10 M HNO, exhibited normal
uranium distribution and decontamination under Redox solvent extraction con-
ditions. Fine hair-like particles of felt in these solutions produced

aterfacial scums and poor diserngaging behavior. ’

Zirflex Process Modifications. Study was continued of a Zirflex process
modification in which reaction-generated ammonia is neutralized by addition
of hydrofiuoric acid instesd of being removed by volatilization. -Zircaloy-
clad uranium dioxide fuel elements simulating those expected in the PRIR
were obtained. These fuel pieces had beer autoclaved to produce & "black
oxide" coating. They were declad in a solution initially 2 M NH,F - 0.5 M
NHhNOB. At pH 7.6, repid attack on the Zircaloy-2 did not occur until after
an induction period ranging from 50 to 90 minutes. Dissolution then pro-
ceeded by pitting attack and undercutting characteristic of Zirflex dissolu-
tion of oxide-coated Zircaloy-2.

Acid Fluoride Dissolution of Zircaloy-2. An alternate prozess for dissolving
Zircaloy-2 cladding in hydrofluoric acid-nitric acid solutions is being
studied. This process seeks to take advantage of low corrosion rates observed
for nickel-base alloys and relatively high Zircaloy-2 dissolution rates in
nitric acid-hydrofluoric acid solutions at low temperature (25-50 C). Prelimi-
nery data indicate satisfactory Zircaloy-2 (unoxidized) dissolution rates
(10-15 mils/hr) can be achieved with 2 M HF - 0.25 M HNOs; corrosion rates for
alloy 11 B (BMI experimental alloys) of less than one mii/mo were obtained
under similar conditions. Higher hydrofluoric acid concentration (3 yQ was
required to penetrate oxidized Zircaloy in reasonable times.
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Attack of uranium dicxide core materials by typicel terminal decladding solu-
tions (0.25 M ENO; - 2 M HF - 0.4l M Zr) was relatively high — ca. 0.1 weight
percent per hcur %or the sample studied. The attack was reduced markedly by
addition of sulfamic acid to the decladding solution.

Recirculation Dissolver Studies. The attractiveness cf using a steam Sparge as
the mctivating force for recirculation during Zirflex dissolutions was further
demonstrated in the pilct plant dissolver. Zircaloy-2 tubing was dissolved in
5.5 M NE,F - 0.5 M NH, NC, with an F/Zr mole charge ratio of seven. An air
sparge was used for motiéation during initial heating, but was replaced by a
superheated steam sparge (350 F) when the dissolvent reached the boiling tem-
perature. A steam sparge of 2.6 lb/min provided a boilup of 0.277 lb-mol/hr-
sq ft and & recirculatior rate of 8 gpm. A maximum dissolution rate of 43
mils/hr end an integrated dissolutior rate of 27 mils/hr were attained.

A second Zirflex run was made to dissolve Zircaloy-2 cladding from swaged
UO, rods. The unexpected thickness of the cladding resulted in decladding
oniy 18 of the 27 rods charged. The rur was carried out under the same
conditions as the previous run, and the maximum and integrated dissolution
rates were essentially the same at 43 and 28 mils/hr, respectively. Uranium
losses to the decladding sclution were approximstely 0.02 percent and were
adequately predicted from laboratory data. Uranium dioxide fines apparently
settled ocut during the dissolver cool-down period with a very small percent-
age carrying over to the centrifuge step. '

Flooded Tray Dissolver. An alloy of U-3 w/o Mo was dissolved in 0.86 M
G0N0 )5, 0L668. M Mo, 0.95 M Fe(NO,),, 0.86 M HNO;. Conditions in the
digsolver tray were carefully contréléed to try to prevent precipitation of
80lids and still represent terminal dissolution conditions. However, as soon
as the hot dissolver solution contacted the alloy, solids.containing about

35 weight percent uranium precipitated. The dissolver solution had been made
up from a previous uranium-molybdenum alloy dissolver solution, butted with
uranyl nitrete and ammonium molybdate solution. The penetration rate during
the run was the expected 32 mils/hr.

The dissolver solutior and precipitate were treated to redissolve the solids.
Digesting for three days at 0.88 M UO,(NO,),, 0.051 M Mo, 0.9 g'Fe(NO )as 0.55
M HNO, did not dissolve the precipitate. 3N%tric acid was sdded to 3.3 folar

at which point the precipitate dissolved. The acid concentration was success-
fully lowered without the formation of a precipitate to 1.8 molar by boiling
vhile adding water to meintain a comstant volume of solution. The waste
condensate volume was one-half the original solution volume. As a terminal
step, the solution was slightly concentrated to a 2.2 §'3N03 acid concentration.

In laboratory scouting studies, formaldehyde was used successfully to destroy
the acid in this solution. After the initial addition of formalin to boiling
dissolver solution, brief induction periods up to two minutes were required
before the first brown fumes appeared. No induction period was required for
solutions which had previously reacted with formslin. The reaction was
vigorous and increased as the formalir addition rate increaseds decreased as
the nitric acid concentration decreased; and stopped when the formalin addi-
tion stopped. The froth from the reaction broke quickly in the small free-
boerd above the solution surface. ' Dark brown fumes were produced by the
reaction, even in the absence of air sparging. ﬂf’:”;“ "ﬁﬁﬂ?"?-"’
o T e
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In the pilot plant, an initial 50 ml charge of 37 percent formesldehyde -

12 percent methanol in aqueocus solution was added to the cold 2.2 M HNO
dissolver solution. After the solution had been brought to a boil, further
additions of formalin solution at rates as bigh as 0.3 1/min produced
instantaneous reactions. Addition of 21 liters of formelin solution with
simultaneous concentration reduced the acidity in 350 liters of dissolver
solution to 0.2 M in 250 liters of solution. Formaldehyde use ratios of
2.5 BY per HCHO were attained in the combined destruction-distillation
operation, compared with 2.0 gt per HCHO predicted in AERE-CR-1739 for des-
truction alone, and 3.0 predicted in HW-58587 for combined destruction-
distillation.

Five runs mede last month in which 2S5 aluminum was dissolved in mercuric
nitrate catalyzed nitric acid confirmed the effect of recirculation rate
on dissolution rate. The data shown below gives recirculation rates and
corresponding dissolution rates for various nitric acid concentratioms
with 0.005 M Hg(NO3)2 as catalyst:

Recirculation rate
gmm/sq £t charge: 0.25 0.5 1.2 0.6 1.6

Penetration rate per-
cent of batch rate: 35 75 95 160 120

Range of nitric acid
concentrations, M : 0 to 5.0 0 to 5.0 0 to 5.0 5.5 to 7.5 6.4

Sulfex Studies. A series of laboratory scale Sulfex runs were made on type
302 stainless steel to determine initial differential penetration rates as a
function of sulfuric acid concentration. When sulfuric acid concentrations
veried from 3.0 M to 8.0 M, the penetration rates, R, expressed in mils per
‘hour, are described by the expression:

R = 0.59(M HyS0,)233

When the acid concentrations were below three molar, a black residue was
always observed. Although this residue amounted to énly 1.1 weight percent
of the stainless steel present, its formation was accompanied by scme 25
perzent increase in penetration rates over those predicted by extrapolation
of date cttained at bhigher acid concentrations. According to Swanson
{EW-61842), the uranium losses to Sulfex decladding solutions are signifi-
cantly decreased by the presence of this black residue. A semple of this
residue has teern submitted for chemical analysis.

Preliminary studies with types 304-L and 347 stainless steels gave no black
residues when dissolved in sulfuric acid at concentrations cf 2.0 M and
greater. It appears that type 347 stainless steel dissclves about fifty
percent more rapidly, and type 304-L about fifty percent less rapidly, then
does type 302 in initial Sulfex solutions.

Qualitative experiments have demonstrated that nitrate in L M stoh can be

destroyed with formalin to the extent that active stainless steel is not
passivated by the solutiom.
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Modification of 222-5 High level Cubicle It is planred to equip the high level
cubicle in the 222-S5 Bldg. for further studies on decladding and dissolution of
nonproduction fuels. Arrangements have been completed for obtaining most of
the irradisted fuel pieces desired. Eguipmert for remcval and burial of
apparatus now in the cell is teing fabricated. Design of the dissolver and
associated equipment is near ccmpletion. It is planned to modify an existing
cask, availatle from tke Radiometallurgy cperation, for transport of fuels from
327 Bldg. to 222-S and tc provide for getting the fuel pieces irto the cubicle.

Support of Criticality Studies UOp Cake Densities HW-64421 entitled "Density
and Hydrogen Content of UO, Cakes acd Slurries" was issued. As was indicated
last montk, these studies provided information used to evaluate the critical
mass safety of various equipment pieces and process vessels included in the
NPF reprocessing complex.

"In Process" Neutroz Absorptiometer.

Nuclear poisons may bte added to certain streams in the Redox plant to assure
nuclear safety when processing ecriched fuels. A prototype of an "in tank"
neutron absorptiometer prcte has been fabricated to aid in establishing suit-
akble geometries for measuring boron coucentration in the 2EX, 1BX, 2DA make-
up tanks and the F-2 and F-5 concentrators. A design and calibration curve for
the 2EX monitor has been determined. The monitor utilizes a plutonium-
beryllium neutrer source witk the process solution serving as moderator.
Thermal neutrons are measured with a BF3 tube adjacent to the source.

REACTOR DEVELOPMENT - 4LOOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Salt-Cycle Process

Preparation of Electrolytic UO,. Further studies have verified that an impor-
tant variatle icfluencing the crystal habit of U0, electrolytically deposited
on & graphite cathode out of molten NaCl-KCl eutectic at TOO to 800 C is the
degree of exposure to chlorine which the UOp deposit is permitted. The den-
dritic type of deposit which had been comsidered "typical" of the process in
the eerly work is formed when the exposure to chlorine is limited. More
elaborate precautions are required to obtzin dendritic deposits the greater
the chlorine evolution rate, i.e., the greater the current passed through the
cell. For example, in a very simple apparatus ir which both the graphite anode
and cathode were immersed in a single pot provided with e vented cover, a
dendritic deposit could be obtained at a current of 12 amps if the cell cover
was completely removed but not if the cover was left on the cell. The deposit
in the latter case was smoother and much more adherent. Similarly, at 20
&nps, e smooth adherent deposit was ottained even with the cell cover off.
However, if the anode was provided with a shroud tube and a helium sparge

was supplied at the bottom of this tube to expel cklorine, a dendritic deposit
wvas oOptained at 2C amps.

The uranium(VI) coantent of U0, deposits formed in various ways has been de-
termined by dissolving the samples in 85 percent phosphoric acid under anserobic
conditions, spiking the solution into dilute sulfuric acid and performing a

1252762




c-16 HV-6h580 2

controlled potential coulometric titration. It should be noted that there is
some hazard associated in extrapolating the uranium(VI)/uranium(IV) ratio to
an oxygen/uranium ratio for samples of UO, such as the Salt-Cycle product,
vhere there is a possibility of included uranyl salts. However, measurements
of chloride content on such Salt-Cycle samples indicate that the relative con-
tribution of salts such as UOxCl, to the totel measured uranium(VI) content
must be quite low. Accordingly, uranium(VI)/uranium(IV) ratios so measured
are recomputed and reported as oxygen/uranium ratios. Varying conditions in
the electrolytic deposition have resulted in U0, products in which the oxygen/
uranium ratio varied from ca. 2.005 to as high as 2.18. The trends are not

s0 clear-cut as to allow an unqualified conclusion as to conditions which will
result in a high or a low oxygen/uranium ratio. However, there is some
suggestion that relatively higher oxygen/uranium retios may be associated with
dendritic deposits than with smooth adherent deposits. Leaching studies with
dilute sulfuric acid have shown that the uranium(VI) in these samples is only
slowly and incompletely dissolved, suggesting that the higher oxygen content
is not a result of mere surface oxidation of U02 deposits.

Among the urattractive aspects of employing graphite as the electrode material
in generating electrolytic U0, is the demonstrated tendency for accumulation of
carbon to a concentration of as high as 1500 pom in the recovered UOE. Accord-
ingly, some work has been done in a search for a suitable cathode material.
Hastelloy B and C appear of doubtful value tecause of excessive corrosion and
resultant contamination of the melt. Platirum cathodes appeared usable in
small-scale experiments, and platinum and noble metal alloys will be further
tested for use in future work.

Small-scale experiments seeking to further define the effects of deposition
varisbles on the character of the UO, produced further confirm the importance
of interaction of the UQ, deposit wi%h chlcrine in determining the crystal
habit of the UOy. When the anode was housed in a skroud tube closed at the
bottom by a quartz frit and access of chlcrine to the cathode thereby limited,
the results essentially confirmed those previously mentioned, in that the U0,
deposits were dendritic and relatively nonadherent. However, the deposition
ceased after a short time. Rapid ccnversion of uranyl to soluble uranium(IV)
species occurred during the attempted depcsition, and zessation of the deposi-
tion is, therefore, tentatively attributed to rapid depletion of uranyl via
the deposition reaction and the following side reaction, which is known to
occur at graphite anodes: '

UOCLy + C + Cly ——» UCL, + COp

When the seme cell was used but the anode compartment was filled with Uij0g
powder, the chlorine generated at the anode was consumed by reaction with the
suspended U,0g powder (to yield soluble uranyl species) and the deposition could
be continued for substantial periods. The deposit in this case was likewise
dendritic in character and poorly adherernt. There was little difference in
deposits obtained at 6 and 12 amps/sq-dm. At current densities of 15 to 20
amps/sq-dm, however, the deposits were brown in color, fine, and adhered very
poorly to the graphite electrode. In this work there was some indication

rat higher current densities produced powders having a somevhat lower oxygen/
uraenium ratio, less than 2.01 for current densities greater than 12 amps/sq-dm,
vice 2.015 at 6 amps/sq-dm.
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Since uranium(IV) appears to be rather potent reductant in the molten NaCl-KC1
eutectic, an experiment was performed to determine the feasitility of removing
"excess" oxygen from U0, by exposure tc molten NaCl-KC1l eutectic containing
uranium(IV). The results ottaired were somewhat encouraging in that this ratio
was reduced from 2.020 to 2.01l1 in a three~hour exposure, although some reduc-
tion in particle size likewlse occurred. '

Determination of Ogygen[Uranium Retio in UO,. Measurements of oxygen/ursnium
ratio (more properly uranium{Vl) content) on a substantial number of samples
of varying history indicate that for samples having oxygen/uranium retios noear
2.01, the contrclled potential coulometric titration is good tc + 0.0003 in
the ratio. With samples having oxygen/uranium ratics near 2.1 the method
appears good to = 0.0006 in the ratio. Although probably good enocugh for
vractical purposes these precisions are scmevhat poorer than customary for

the controlled potentiel coulometric titration method. The problem is
telieved to stem from oxidation to a scmewhat nonreproducible extent occur-
ring vhen the solid sample is powdered before dissolving. The best reproduci-
bility has consistently been obtained with samples which required little or

no powdering prior to dissolution. Thus, it is probable that the reproduci-
bility of this determination cannot be further improved except by using
tedious "dry box" techniques for preparing the samples, or adopting a partial
dissolution approach which avoids the necessity for powdering samples prior

to dissolutiom.

Recrystallization of UO,. The + 60, - 32 mesh fraction of a sample of elec-
trolytically produced UO, was equilibrated for five hours with a NaCl-KCl
eutectic melt containing initially about 5.9 weight percent uranium as U02C12.
A material balance after this equilibration showed that sbout 46 percent of
the uranium initially present as uranyl chloride hed precipitated as UO,,
presumably vie the thermal decomposition reaction

U02012 —_— UO2 + Cl,

The final solid phase (an) had gained 85 percent in weight and the relative
proportion of fines had increased. TFurther, the residual + 60, - 32 mesh
fraction (which esmounted to about 60 percent of the initial charge) had
undergone & marked change in crystal habit. The material charged was a
typical dendritic deposit, each particle consisting of an agglomerate of a
multiplicity of cubes. The coarse fraction of the recovered powder following
this digestion was composed mainly of flat plates each one feirly large in
two dimensions and each one presumably representing a single crystal.

Thus, it appears that er has a finite solubility in the NaCl-KCl melt and
that a tendency exists for U0y to crystallize in a preferred orienmtation
vhich leads to formation of plate-like crystals in the foregoing experiment.
This tendency is apparently effectively thwarted when UO2 is formed by
electrolytic deposition.

Not only does this observation open room for speculation as to the importance
of post-deposition interactions in determining the nature of UO, deposits
made electrolytically, it also suggests that altering the shapes and sizes

of UO, particles may be possible by "aging" treatments.
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Determination of Chloride in U0.. A satisfactory method has been developed for
determination of chloride in UOg. This method depends on use of a microphotome-
ter to meesure the light scattered by a suspended silver chloride precipitate.
Conditions which geve the best results entailed forming the precipitate at

room temperature by addition of relatively concentrated silver nitrate (e.g.,
0.5 ml of 1.0 M rather than 5 ml of 0.01 M), to a solution containing about
eight percent ethanol. The light-scattering ability of the precipitate tends
to increase with time up to about 50 minutes but measurements made after this
time proved gquite reproducible. The suspensions can be stabllized immediately
after formation by addition of a very small amount of a detergent ("Tide" was
used in this instance).

This method has proven quite reproducible for measurement of chloride in a
wide variety of electrolytically produced UO, samples. Duplicate analyses
on the same solution of UO, showed,in three.gnstances, deviations from the
mean of only # 1.2, £ 1.2, and £ 1.1 percent. Duplicate and triplicate
dissolutions of UO, samples in the same size range showed an average devia-
tion of & 7 percent.

However, the measured chloride contents show no systematic correlation to
other properties of the U0y, For example, the measured chloride contents
of the +#100, - 20 mesh fraction of UO, powders were respectively 175, 140,
163, and 179 ppm for' powders which showed oxygen/uranium ratios of 2.15,
2.08, 2.03, and 2.01. Chloride contents of the + 20 mesh fraction of the
same powders were, in the same order, 68, 130, 91, and 96 ppm. Powders
which ranged in particle denmsity from 10.58 to 10.80 and in surface area
from less than 0.0l to 0.18 gram/sq-m showed chloride contents varying in
random fashion from 25 to 128 ppm.

Plutonium Behavior in Salt-Cycle Process. Mixed crystal UOE-PuO2 (roasted
to U30g) can be dissolved with dried HCl-012 gas to yield a molten salt solu-
tion from which the plutonium is only inefficiently deposited. Addition of
ca. 0.1 percent powdered graphite to the melt before the last hour of disso-
Tution facilitates formetion of difficultly deposited plutonium species. Use
of this dissolving technique (tc prepare a sclution containing uranium and
plutonium in 300/1 ratio) and then sparging the melt with dried HCl gas
before initiating electrolysis has enabled as much as 39 percent of the
uracium to be deposited with only 0.3 percent of the plutonium carrying with
the uranium. These are all measures designed to limit the water and oxygen
content of the melt and this is believed to be the key problem in avoiding
codeposition of plutonium with UOs.

Per contra, codeposition of plutonium with U02 is favored if oxygen is
present. Thus, following the above experiment, the melt was sparged with
air and further deposition carried out with an air sweep across the top of
the melt. Under this condition, plutonium zcdeposited with U0, and the
recovered UQ, in the second depositicn was enriched in plutonium to the
extent of an enrichment ratio of 1l.h.

Thus, it appears that e potential exists for altering the uranium/
plutonium ratio in UQ, recovered from irradiated U0~ over a wide range by

simply controlling the conditicns under which the electrodeposition is made.
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tatility of Uranyl Chlcride in NaCl-KCl. In further studies of the stability
of uranyl chloride ir NaCl-KCl eutectic at elevated temperatures, it was

found that both urarium dioxide and uranium(IV) could be identified when the
reaction mixture was dissolved in 4 M HoSCy. With increasing reaction time
and higher temperatures, the amount of U0y relative to uranium(IV) increased.
Thus, the simple decomposition of uranyl chloride appears to be more important
than the postulated reaction to produce U0y, UCL, and O,. It is still highly
protable that the latter reactiom oczurs, but to what eXtent is not known.

Materials of Construction for Salt-Cycle Process. Various nommetallic
materials are being tested for possible use in construction materials for
the Salt-Cycle process. Initial screening tests are being conducted in a
50 mol percent sodium chlcride - 50 mel percent potassium chloride »ath at
800 C. After ten days, there was no appreciable change in the weight of a
Norton A-402 alumina crucible, a Morgan Refractories XR-20 recrystallized
alumina crucible, or a Morgean Refractories XN-100 Crucitle. A sample of
AJT 82 high density carbon produced by National Carbon Company exhibited no
dimensional change after being totally immersed in the same bath for ten
days.

A one-izch 0.D. by 1/2-inch I.D. rod of Coors high dersity alumina was
keated to 800 C, allowed to cocl rapidly iz air, then reinserted in the
furnace. After several cycles the rod was not noticeably affected.

Processing Al-Pu-Si-Ni Alloy

It was reported previously that the Al-Pu-Si-Ni alloy fuel currently being
prepared for the FRTR dissolves rapidly in Hg(N03)3 - HNO, solutions of low
(1-3.5 M) acid concentration, but slowly at higher ecid cdncentration.
Off-ges analyses show that hydrogen evolution is negligible during slow
dissolution, but atout 0.3 mole-per-mole of aluminum dissolved during rapid
dissolution. It was also reported that Redox prccess feed solutions, pre-
pared vty way of repid dissolution of the alloy, formed stable emulsions when
contacted with hexone. Attempts to apply the ICCP gelatin treatment to these
solutions to overcome emulsion formation were not successful. Emulsion.for-
maticn did not occur when Mistron-25 was added to the feed solutioms in
concentrations of 100-150 ppm. However, interfacial scums were formed. The
effects of these on plutonium loss will be investigated.-

Daeta obtained to date on the loss of plutonium from the core to the Zirflex
decladding solution are not adequate for quantitative estimates. Qualitatively,

- attack on the core is increased by increased pH and free fluoride concentra-
tion and by the presence of mercuric nitrate (possibly present due to incom-
plete removal of core dissolvent).

Continuous Ion Exchange Contactor Development - Jiggler Contactor

The quantity of scrub acid required as slip water has been substantially re-
duced through addition of & separator in the air 1ift resin recycle line.
The resin slurry issuing from the air lift passes through a nozzle into a
screened vacuum line which removes the small quantity of "excess water" that
reaches this point. The remaining acid that wets the resin is estimated to
be less than 15 percent by volume of the resin and is recycled to the top of
the apparatus where it is removed in the product stream.
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Raising the level of the raffinate take-off line appears to be a relisble
means for preventing the downflow of eluant from the strip column to the
extraction column. An appropriate design of the intermediate section between
'C" and "A" colums can, on the other hand, keep the raffinate from getting
into the "C" column above. This was demonstrated im a 2.5-hour run using
barium nitrate tracer in the feed (not absorbed on the anion resin). At =
feed rate of more than one liter per minute (180 gal/hr-sq ft) and an eluant
flow of more than 100 mls/min, no barium was detected in the product stream.

Two significant "flowsheet" runs using thorium nitrate feeds have been
completed since the changes described above were mede.

The first run at a feed rate of 500 ml/min appeared to have reached steady
state with satisfactory thorium removel, viz., 97.7 percent. However, the
two-foot-long strip column is apparently too short to effect the desired
stripping. The feed rate, 900 ml/min, in the second run apparently was too
great and fluctuating recoveries of 20-90 percent occurred.

RADIOACTIVE RESIDUE PROCESSING DEVELOPMENT

Radiant Heat Spray Calcination

Ten runs were made during the month in the demonstration spray calciner.

Two types of waste not previously tried, Darex waste and Purex coating waste,
were successfully calcined. Studies were also made on post-calcination .
evolution of noncondensable off-gases from high-sulfate Purex calcines, on
equipment changes to minimize back-mixing in the nozzle region, and on
gasketing materials for ceramic filter service.

Darex waste (2.9 M HNO;, 0.68 M Fe, 0.12 M Al, 0.16 M Cr, 0.075 M Ni) was
calcined both "as-received" and after neutralizing with ammonia. Operation
was very smooth in both cases, and hold-up on the walls of the column was
negligible. Feeding and atomizing the neutralized waste were not problems
despite the presence of a thick slurry. Density of the product was 0.81 g/cc
for the acidic Darex waste and 1.3 g/cc for the neutralized material.

Purex ccating waste (209 gal/TU) was mixed withk 1wW (37 gal/TU) and calcined
with addition of 125 grams sugar per liter. The product was a fine white
powder with a density of 0.65 g/cc. Addition of LO weight percent boric
acid to this material followed by heating to 850 C produced a clear amber
glass (demsity 2.3 g/cc) similar to that obtaired from TBP-25 waste. Volume
of the glassy product is about 3.8 cu ft/ton, equivalent to an over-all
volume reduction factor of 8.6. Cost of reagents (toric acid and sugar) is
about $19/ton. Attempt to calcine coating waste without admixture with 1WW
vas less successful due to the low bulk densities and deliquescence of the
products. ’

Latoratory studies were initiated to determire the volume of noncondensable
gases which might be evolved frcm calcined wastes during storage. Samples of
calcined powders, from high-sulfate 1WW, were heated in a tube furnace to

850 C and the off-gases, mostly SOy, ccllected and measured. Volume of

off-gas was as great as 30 liters/kg and imply that it is not safe to assume
that wastes calcined in continuocus-type calciners can be safely stored unvented
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and ellowed to self-heat to 850 C simply because they have been subjected to
this temperature during calcination.

Iaduced back mixing in the nozzle region of the spray calciner has been &
troublesome problem and is believed responsible for much of the observed
build-up of sclids on the walls. A lucite model has been constructed to
allow study of this phenomena, and testing of methods for its alleviation
by recycle of a portion of the gas from a point further down the column.
Preliminary results, using a permanganate colored spray, indicate that
the model will be a useful tool and that the recycle idea has merit.

Several materials have beern tested for gasketing the ceramic filter units.
Viton-A was unsatisfactory. Glass-filled tetrafluoroethylene flowed in two
hours at 26C C. Durabla, an asbestcs-based gasket material, remained soft
and flexitle at 400 C. It cheanged color at 450 C but still passed an air
leak test and is probably satisfactory for the project service.

A paper, Continuous Calcinatior of Aqueous Radioactive Waste Solutions by
Rediant-Heat Calcination, by R. T. Allemann and B. M. Johnson, was pre-
pered for presentation at the Nuclear Congress.in New York, April 6 and
was released locally as Hanford Report HEW-63822.

Minersl Reactions

The radiostrontium in boiling tank condensate wastes was removed from solu-
tion by a 22 em column of clinopﬁilolite with a D.F. of about 10-100,
compared to the D.F. of 103 - 10 achieved for radiocesium. Increasing the
length of the column produced no additional strontium removal. In additionm,
it was found that some radiostrontium was removed by passing the solution
through a bed of activated carbon while none of the radiocesium was thus
removed. These results indicate that part of the strontium is associated
with the organic material dispersed as a colloid in the condensate. This
strontium is in nonionic form and can be removed from the solution only by
filtration of the organic phase.

The effect of clinoptilolite grain size on cesium adsorption was measured
at several column flow rates. The measurements were performed for clinop-
tilolite grain sizes of 0.15 - 0.25 mm, 0.42 -~0.52 mm, 0.84 - 1.0 mm, and
1.2 - 1.k mm. The larger grain sizes are desirable because of the low
pressure drop across these beds, but a considerable loss of bed capacity
for cesium adsorption was evident for these cases. This effect is most
proncunced at high flow rates.

The equilibrium distribution coefficient for cesium between a 0.01 M CsCl
solution and clinoptilolite was determined to be 1.60 at 24.5 C. The same
coefficient was measured usin%oclinoptilolite samples that had been sub-
Jjected to irradiation by a Cc®V source up to dosages of 2.9 x 10 R. No
measurable change in the distribution coefficient was found for these
irradiastion levels.

Condensate Streams

The aqueous phase of the Purex Tank Farm coundensate was sampled and
analyzed weekly for several months. A number of fission product isotopes
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were found to be present in concentrations that remained relatively constant.
The major nonradioactive constituent present was tri-n-butyl phosphate in
concentrations varying from 30 to 190 mg/liter.

The first scouting run in the 271-CR Building Micro Pilot Plant treating this
wvaste was completed. The mineral bed, through which the waste was passed down-
ward, had a clinoptilolite particle size of 0.6 to 1.7 mm, a bed height of 18.4
inches and a bed diameter of ome inch. At a temperature of 16 C and a flow
rate of 1.9 gpm/cu ft cesium was removed with a D.F. of 330 and strontium with
& D.F. of 2.3. Increasing the temperature to 22 C and decreasing the flow
rate of 1.3 gpm/cu £t increased the cesium D.F. to 1200 and strontium D.F. to
8.5. The TBP concentration in the effluent was essentially the same as in

the influent. Zirconium, niobium, ruthenium, and cerium radioisotopes were

not removed by the bed (D.F. less than 2 in all cases).

Plutonium Recycle Test Reactor

Work was completed on the large ares scintillation counter designed for
meesuring fuel rod low level uranium contamination. The instrument was
demonstrated on several suspect fuel rods. Above-background measurements
were recorded for several rods examined with two rods showing significantly
greater alpha particle emissions (assumed to be from uranium) than the others.
The two rods showing well above average were also the two identified earlier
using spot checks with nuclear track film. A report of this work was pre-
pared, HW-64273, "PRTR Fuel Rod Surface Contamination Measurements."

BIOLOGY AND MEDICINE - 6000 PROGRAM

Geology and Hydrology

Semples of basalt and interbeds between basalt flows were examined by

X-ray diffraction to search for significant mineralogical differences. The
technique will be used to attempt identification of basalt flows exposed at
different locations. Considersble data will be needed to permit correlation
between locations.

A study of the ground water flow pattern near and beneath points of ground
water recharge (mounds) was continued. The study is intended to permit
evaluation of the &bility of mounds to divert the movement of ground water
and also to estimate their influence on monitoring results from wells. A
numerical analysis technique was used to develop the flow pattern in the
vicinity of such a recharge point. The resulting pattern appeared to con-
form with the pattern of flow lines observed in a laboratory model. This
agreement tends to confirm the validity of the techniques and assumptions
used in the numerical derivation.

To assist with evaluation of well sampling data, expressions were developed
vhich estimate the vertical velocities produced in a completely perforated
well as & result of initial small head differences between confined zones
in an undisturbed aquifer. A typical situation would give a vertical move-
ment of sbout seven ft/day for an initial head difference of about 0.12
foot of water. Movement of this magnitude could seriously distort the
ground water monitoring data obtained from such a well.
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A laboratory model was constructed for studying the influence of solution
density on the movement of wastes in ground water. Preliminary tests with
the model are encouraging and indicate the possibility of obtaining flow
data for density effects ir the specific gravity range from 1.0 to l1.2.

The model will ultimetely incorpcrate radioactive tracers to permit quanti-
tative evaluatior of the flow pattern.

Soil Chemistry and Geochemistry

A mineral reaction was studied whereby gypsum (CaSOh. 0) is converted to-
barium sulfate when solutions of Ba012 are passed through a bed of the mineral.
It was found that cesium is removed from solution by the reaction. The
removal probatly reflects the similarity in size between cs* end Ba™. The
incorporation of Cst in the resulting BaSO), mineral is apparently permitted

by some compensation of charge by anionic substitution. Cesium removal
appears to be unaffected by the presence of gross concentrations of sodium.

Preliminary data were obtained from which the diffusion coefficient for
cesium in clinoptilolite could be estimated. The effects of grain size,
temperature, and sodium concentration confirmed those previously determined
in column studies. Diffusion coefficients were measured for 0.2 M CsCl
systems at pH 7. Measuremerts were made for clinoptilolite grain sizes
0.42-0.50 mm and 0.84-1.0 mm, for 25 C and 60 C temperatures, and for sys-
tems containing no sodium and 1.0 M sodium. The measured diffugion
coefficients under these conditions renged from (1.7-4.8) x 107! /sec-sq cm.
This may be compared with reported diffusion coefficients for organic
exchange resins of (1 to 2) x 10-® / sec-sq cm.

Laboratory experiments with oxalate-free solutions of Zr95-Nb95 were per=-
formed to study the behavior of this material in soils. Trace concentra-
tions of Zr-Nb were found to centrifuge in part from aqueous solutions in
the pE range 2 to 10. The fraction removed by centrifugation was markedly
affected by the pH. The greatest removel by centrifugation was found at

pH 6.5, where 80 percent of the radionuclides were removed from solution
by centrifuging at 1600 g. In the pH range from 6 to 10 more than 95 per-
cent of the Zr-Nb could be removed by a 100 mu pore membrane filter.

Below a pH of about 2 and above a pH of about 12 the radionuclides appeared
to te mainly ionic end pessed through the filter. The removal of Zr-Nb on
soil was essentlally unaffected by phosphate ion but adsorption by calcareous
soils was strongly inhibited in the lower pH range by the presence of
citrate ion.

Ground Waste Investigetions

Three soil columns operating under unsaturated flow conditions were appar-
ently performing setisfactorily. The interpretation of data obtained from
unsaturated flow experiments is uncertain because to date these columns

have not operated consistently enough to epproach complete breakthrough.
Improvements ir research technique give promise of more reliable experi-
mental results. The electrical conductivity of the soil was tested as a
measure of the degree of moisture saturation in these unsaturated soil
columns. A conductivity meter was used to measure the electrical resistance
of the soil betweer two electrodes in a soil column. The resistance measure-
ments were calibrated against gravimetric determinations o
content . ;, b i‘ E%
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Radiostrontium (Sras).apparently reached a maximum ground water concentration
of 10 percent of the influent value in two wells near the Gable Mountain
experimental crib. Normalized breskthrough curves prepared from sample data
for these two monitoring wells appear to cross at the 50 percent breakthrough
point, representing an influent volume of about 2800 gallonms.

Fleld Apparatus Development

A gamma-ray scintillation detector was designed for improved monitoring of
wells below the ground water table. Improvements should permit greater
sensitivity, increased strength in the detector head support cable, and
greater ease of handling. In situ gross gamma measurement of radiocactive
westes in ground water should permit more rapid and economical identification
of waste movement.

Another scintillation probe and collimator were designed for use in tracing
gume emitters in laboratory fluid flow models. Parameters determining
direction and rate of flow should be more readily measured using the detector.

A single-unit well water depth sample was tested in nineteen project wells

at depths of 4O to 550 feet below the water surface. These extensive tests
proved the sampler to be useful and trouble free. For depths of submergence
less than 100 feet the sample bottle is evacuated before use. This permits
the bottle to £ill when the inlet solenoid valve is opened. For use at
greater depths, evacuation is not necessary. Seven additional units were
ordered fabricated; these will be used in tandem and thus permit rapid
sampling at pre-determined depths. Samples taken at several .depths will
provide data on stratification of wastes dque to density differences, changing
ground water velocity with depth, or other factors.

The samplings in the nineteen wells emphasized the generally poor condition
of many wells. Sand has nearly filled some; debris and slimes are present
in others. Well renovation is badly needed.

Micromeritics

Wall deposition was determined for 30u diameter glass beeds carried in an
air stream through a one-inch-diameter aluminum pipe. Extremely little
deposition occurs for flow rates in the laminar flow region, whereas at a
Reynolds number of 20,000, the deposition velocity is 22 ft/sec. At
velocities greater than 1l ft/sec, re-entraimment is significant, much more
so than for 20u crystalline ZnS particles. This suggests that shape of
particles is an important factor in re-entrainment.

Equations were derived which express the length of a horizontel duct in
which one-half the particles entering will be deposited in laminar flow.
Veriables are average fluid velocity, duct radius, and particle settling
velocity. As calculated at a flow rate of one c¢fm in a one-inch-diameter
vipe, one-helf of the 4u particles of density 4.7 will deposit in about
25 feet.

The valldity of turbulent deposition constants determined in the laboratory,
and the calculetion of sampling line deposition were tested using a
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horizontal, 72-ft pipe simulating a sampling lize. Preliminary data for a
flow rate of 8 cfm showed that of the particles introduced, only 34 weight
percent passed through the pipe. Calculations showed that about 26 weight
vercent should have passed through if turbulent deposition were the control-
ling mecharism. The agreement is considered satisfactory.

The results of these studies continue to emphasize the importance of short
delivery lires in pearticle sampling.

Analytical Procedure for Strontium-90 in Milk

Arn ion exchange separation procedure was developed for removing metabolized
strontium-90 from sheer milk. OQuartitative removal was obtained on a strong
acid cation exchange resin from milk buffered to a pH of 5.6 with acetic aciad

and ammonium acetate. Calcium is also quantitatively retained on the resin.

The strontium and calcium were eiuted from the column with 3 N nitric acid and
separated utilizing the difference in sclubilities of the nitrate in concentrated
nitric acid. '

Studies on Erioglaucine

In continuing studies of the effect of chemical structure on the free radical
scavenglng ability of erioglaucine, it was found that the sulfonate group at

the ortho position strongly shields the central carbon atom from attack. For
example, the reaction rate constant for attack by hydroxide ion on erioglaucine

is only about 0.01 that for an analogous dye which does not contain this ortho-
substituent. In order to determine the species of erioglaucine present in aqueous
systems under various conditions, measurements of the protolysis and hydrolysis
rate constants are being made. Very pure erioglaucine is needed for this and
since commercial erioglaucine contains some quantities of other materials purifica-
tion by treatment with Norit A charcoal and two recrystallizations from ethancl
were found necessary. The product was judged to be pure since it gave one well-
defined paper electrophoretic band instead of the many observed before purification.

Detection of Phosphorescent Particles

Automatic counfing instrumentaticn for ZnS phosphorescence was set up and satis-
factorily tested for application tQ the determination of ZnS particles on membrane

filters. A detectiorn limit of lO'gg ZnS was obtained which is satisfactory for the
Atmospheric Physics Operstion application.

Manager/ 2 ‘
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A.

BIOLOGY OPERATION
ORGANIZATICN AND PERSONNEL

Jonn P. Herrlng was promoted to a Chemist II in the Biological Analyses Operation.
Dr. Harold Z. Jzuik joined the Pharmacology Operation.

TECINICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

BIOLOGICAL MONITORING

Radioiodine Contamination

Concentrations of I13l in the thyroid glamas of jack rabbits were approximately
three-fifths those observed one year ago. Values follow:

pc/g Wet wt. Trend

Location Average Maximam Factor
Frosser Barricade 5 x 107U 6 x 10~k -2
L Mi Sw Redox 3 x 10k 3 x 107U -3
Tlahluke Slope 2 x 10-L 2 x 104 -5

Columbia River Contamination

Concentrations of gross beta eritters in Columbia River organisms collected at
Hantord were about the same as one year ago. Values follow:

ne/g Wet Wt. - Trend
Location Average Maximum Factor
Hanford minnows (entire) 9 x 1074 1 x 1073 - 3%
Hanford juvenile chinook -l
salmon (entire) 3 x 10 3 x 1074 -

# Values are compared with those obtained in December 1959.

Fallout Contamination

Fission products in rabbits from Hantord Reservation in the following amounts:

s#c/g Wet Materials Trend
Sample 'I‘me Average Factor
Bone 9 x 10"5 +5
Muscle 3 x 1075 + 6
Feces 2 x 10-5 + 2
Liver 1 x 10~> +.3
UNCLASSIFIED
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Effect of Reactor Etffluent om Aquatic Organisms

Routine monitoring ot effluent from the 100 KE reactor was interrupted prematurely in
the middle of the month as consequence of failure of the river water surply. At this
time, mortality of young fingerling salmon held in concentrations of reactor effluent
characteristic of those now existing in the Columbia River and anticipated for the
future amounted to about 2% compared with a mortality among the controls of just
under 1%. Since the fish in the dilute effluent water had developed more rapidly
than the controls, owing to slightly warmer temperatures, careful analysis will be
required in order to decide whether the slightly increased mortality among the fish
in the efiluent lots is meaningtul.

The manner in which columnaris cflls are cultured appears to modify their ability
to kill fish. CellSs cultured on a rotary shaker appear to have a lower virulence
than cells cultured with a magnetic stirrer. The nature of this development is
extremely puzzling since in both cases aeration and agitation are quite comparable.
It may relate, however, to the observation that these organisms have flagellae.
These flagellae mgy be important for virulence and one of these culture conditions |
made repress flagellation. Presence of flagellae has, to our knowledge, not been
previously reported for this organism.

A variety of fish caught-in the river were examined for the presence of columnaris
organisms. To date no columnaris has been obtained from any of the samples tested.

BIOLOGY AND MEDICINE - 6000 PRCGRAM

METABOLISM, TOXICITY, AND TRANSFER OF RAUIOACTIVE MATHRIALS

Pnoghorus

Cichlids which have been exposed to three levels of P32 in water for about s'.uc
months continue to show an undesirably great variation in concentration of P3
between individuals. In virtually every case, however, the concentration exceeds
that of the experimental design and some spawning has occurred at each level.

The mumber of egg lots obtained thus tar is insufficient for any conclusion as
to the presence or absence of radiation damage.

Zinc

Studies on Znb5 transfer from ewes to their milk and to their lambs were completed
and data are being processed. Autoraa%ographs of the kidney confirmed the previous
finding of a much higher uptake of 7n®5 in the cortex than in the medulla of this
organ.

Previous data appeared to show a strong effect of foliar exposure on the uptake

of Znb5, Laborgtory experiments with bean plants indicate only a four-fold
increase of Zn%5 in plants sprayed as compared with plants irrigated by application
of the isotope solution ;to the soil. In both cases, Zn°” was applied as a solution
in distilled water. Traces of clay particles added to the distilled water coubled

the amount of Zn®> petained by the leaves as compared with water containing no
particulates.

UNCLASSIFIED
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Revi g our experience, it arpears that a very strong etftect of foliar application
‘on Zn®> retention has been observed only in cases where a distinct root mat was
present, as in pasture grass or lawn sod.

Strontium

Rainbow trout which have been force fed s5ro0-190 5 days a week at_ three different
levels (5 x 10~3 pe/g of fish, 5 x 10-2 pc/g of fish, and 5 x 10-1 pc/g of fish) have
shown no significant di:ferences in growth or mortality at the end of one month.
‘There is an inaication, however, that the growth rate of some of the fish receiving
the highest level of Sr¥0.y90 ig being depressed., The average sized fish in the
high level group is now receiving about 85 Jic sr70-y90 each day Monday through
Friday.

Experiments to evaluate the rate of uptake and translocation in plants of Sr and Ca with
respect to water are presently underway. These experiments utilize Sr85, Cali5 s

and tritium to trace ion movement. Preliminary results suggest that short and

iong term build up may not directly coincide.

During the first six months of life, first generation offspring of the miniature swine
on 25 pe/day of Sr70 have shown a general depression in appearance and body weights

as compared with the offspring of the controls, the 1 uc and the S pc/day animals.

At this time, however, there appears to be a slight tendency for recovery. Bizarre
white blood cells, tentatively identified as large lymphocytes, have also been
observed in some of the 25 uc/day offspring. Further pathological and histological -
evidence is necessary before these changes can be assigned to radiation damage. The
dose-effect relationships are being evaluated.

Todine

Lambs are being trained to nurse from the bottle in preparation for the comparative
study on I131 uptake trom milk labelled in vivo or in vitro.

Plutonium

A new chelating agent obtained trom Geigy Chemical Company, designated RA-L91,

was compared with DTPA for its effectiveness in promoting the excretion of
internally deposited Pu in the rat. Due to the limited available supply of RA-491
less than optimum amounts were employed and results are therefore quite preliminary.
Although consistently less effective than DTPA in its overall effect, RA-LS1 was
more effective than DTPA in promoting excretion by the feces, both following
intragastric and intraperitoneal administration. This suggests that the two
chelating agents may be operating in a somewhat different fashion and that a
combination of the two might be more effective than either alone.

Two more miniature swine were utilized in the study on the effect of tourniquets
on preventing the tramslocation of subcutaneously injected plutonium., In the
animal on which a tourniquet was applied, the amount of plutonium deposited in
the liver was one-eighth that of the control animal. It was noted that the blood
concentration of plutonium in the tourniqueted animal was lower than that of the
controls at 15 minutes but after one hour was higher-than in the control

animals; suggesting a flushing action at the time of tourniquet release. (On the
next series of animals, special care will be taken to remove the entire injection

UNCLASSIFIED
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site surgically betore the tourniquet is released and local bleeding has been allowed

to take place.)

Comparative Toxicity of Ra22®, Pu239 ang 50

Three one-year-old miniature swine were injected with Sr?0 this month. This
completes all groups in this experiment designed to test the comparative toxicity

ot Sr?0, Ra220 apd Pu23Y in miniature swine of varying ages (6 weeks, &6 months, and

1 year). After three months, the groups injected at weaning (6 weeks old) have

shown an apparent initial reduction in the neutrophilic blood components as compared

to the controls. Clinical data on the other groups have not been completed.

Radioactive Particles

Two dogs were killed this month for histology sections, one after 64 days
post-exposure and another after 79 days post-exposure. Iungs of both dogs showed

consolidation and fibrosis. The tracheobronchial 1lymph nodes were also swollen and

consolidated. :

At 16 weeks post-exposure, the lymphocyte values in the two groups of dogs that had

received the highest doses of plutonium decreased to about 20 per cent of the
control values.

Studies with inhaled rhenolpthalein aerosols in rats have indicated that more
deposition occurs at slower rates of breathing. Witn the depth of respiration
kept constant, the amount deposited was greater at 60 respiratory cycles per
minmite (.26 mg/hr) than at 100 cycles per minute (.18 mg/hr).

Continued observations were made of five male beagles exposed to a single acute
toxic dose of Pu¢3Y0, by the pistol method., This consists of hematological
determinations, fecal and urine excretion rates, ana the calculation of boay
burden from dog-counter data.

Gastrointestinal Radiation Injury

The experiment to study the effect of chronic feeding of YS'O to rats has now been
uncerway for about 450 days. Over a period ot 60 8ays at the beginning of the
experiment, 50 rats received 0.5 microcuries of el per cay; 50 received O.l
microcuries ot Y’V per day and 50 were maintained as controis with no YU in
their drinking water. Forty-two animals trom the 0.5 microcurie group, 2L from
the 0.l microcurie group and 11 from the control group have died or were
sacrificed in a moribund condition. Only gross observations on pathology are
available. No histolozical confirmation has yet been obtained. It is
interesting, however, that there appeared to be cancerous involvement of the

gut in only one animal from each of the experimental groups. Evidence of

hemorrhage in the gut, tumors in the oral region, and in the reproductive organs,

were much more frequent observations.

Microbiological Studies

The apparent protection against growth depression from tritium, as afforded to
yeast cells by pre-irradiation with X-rays, was reinvestigated. The previously
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reported results were calculated on the basis of viable cell concentration. Present
data indicate that the total cell comcentration is the determining factor in the
combined effectiveness of tritium and X-rays. Apparently cells which are unable to
divide are nevertheless etfective in modifying the radiation damage.

Etfects of Radioactivity on Populations

Cultures of grain-infesting moths, Ephestia, in media containing different con-
centrations of SrY? have not eclosed as scheduled. No progeny are found in
concentrations higher than 900 uc/300 g cornmeal; whereas, they are evident in
lower dilutions. Although most of the progeny are still larvae, there are a

few pupae. Evaluation must therefore be deferred until the control cultures have
matured.

Palatability experiments to feed Habrobracon Pu?3? were developed. Five different
concentrations of Pu23Y were fed To tne wasps. Fertility, fecundity and longevity
data are being collected.

Attempﬁs to feed successtully Zn Clp compounds are as yet not accomplished.

BIOLOGY OPERATION

HA Kornbérg:es

UNCLASSIFIED
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C. Lectures
a. Papers Presented at Meetings
W. J. Bair, "Deposition, retention, translocation, and excretion of
radiocactive particles,” British Occupational Society Symposium on
Inhaled Particles and Vapours, Oxford, England, March 29-April 1, 1960.
b. O0ff-Site Seminars

L. K. Bustad, "Hanford Biology," Puyallup Rotary Meeting, March 23, 1960,
Puyallup, Wash.

¢. Seminars (Biology)
R. F. Pa.hher, “Deposition in Rats of Reactor Effluent Radioisotopes,"

March 9, 1960.
B. J. McClanahan, "Flame Photometry®, March 9, 1960.

D. G. Watson, "Zinc®> in Marine Organisms Near the Mouth of the
Columbia River," March 21, 1960.

W. J. Bair, "Accumlation of Inhaled Plutonium in Tracheobronchial
Lymph Nodes,” March 21, 1960.

Dr. Richard W. Lawton, Missiles and Space Vehicle uepartment, General
Tlectric, Phiitadelphia, "The Kole of Biotogical Science in Space
Exploration," March 29, 1560.

Dr. Lawrence J. Middleton, Agricultural Research Council, Radiobiological
Laboratory, Wantage, Berkshire, England, "Agricultural Research
Council's Radiation Biology Program," March 31, 1960.

Dr. E. L. Powers, Argonne National Laboratory, Lemont; Illinois, "Radlation
Damage to Cells," March 25, 1Y60.

d. Seminars (local)

N. L. Dockum, "A Part Biology Operation plays in Hanford Safety," IPD
Safety heeting, 3/25/60.

D. Publications

a. HW Publications
lione
b. Open Literature

George, L.A. II and G. S. Vogt, "Electron Microscopy of Autoradiographed
Radioactive Partlcles," Nature 18k, 1474-75 (1559).

UNCLASSIFIED
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OPERATIONS RESEARCH AND SINTZIESIS OPERATION
MONTELY REPORT - MARCE, 196C
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ORSANIZATION AWD PERSONNIL

Ze 3. Water: transferred tc Operations Research & Synthesis Cconsulting Service,
Maznagemen* Consultation Services, on March 31, 1960. He wae replaced by

Z. E. Carey wko t ansferrsd *c the Operations Resezrch & Synth=sis Operaticn
zffaztire Moroh = = 1965‘.

G T -, e

OFERATIONS AWALYSIS STUDIES

ggalzgy Cexr+ification Program

Sings were held with p=rscnn=- from FPD and IPD in which agresment was
sa:he‘ gg *o0 the way in which Quality Certification data will be reported
to IPD. Emprasis wiil te cn control chart techniques. A proposa. to reduce
samzls sizes in repcrting on pre-irradiation dimensicnal desta was accepted.

o]

Ir zonzecticn with the vtilirgticn of IBM machinss tco process deus, a reviszd

iefiniticn of TFC (Sude filling capacity) was developed. Although more
2iffiouit to compute by hend, it is more amenatle 4o mazhine calculation than
the presen defini‘icn.. Debugging of the program to calculate differences
bziwasen post-irrsdiatior end pre-irradistion dimensions i1s in progress.

Fuel Element Failures

Twc metbods of routinely analyzing rupture data to monitor fue_ élement qual-
ity by means of ccatrdl charts were developed. The first method uses as the
statistic the number of ruptures per two month period. The limits in this
case are variasble in that the potential for rupture is not constant due to
varying Teactcr ccnditicns. The second method uses as its statistic the
a8d justed length cf time necsssary to accumulate R ruptures where the aijust-
ment removes the effect of reactor varisbles. - The latter method is desirable
becauge the limits ars fixed, and operating personnel are accustomed tc deal-
ing with seguences of ruptures rather than the number of ruptures occurring
during a fixed time pericd. In order to demcnstrate the use of such charts,
2 sampling experiment was conducted in which 20 years of "rupture" data were
geaerated. The types cf apparent ncn-randomness which exist in a controliled
situation when anslysis is made after-the-fact are very illuminating. A
report is being prepared.

A report was written or the amount of information concerning the effects of
power on rupsure rates that will result from s monitor program in which a
central block of tubes will be run at higher power levels through the use of
enrichment. Thie prozram is compared with one in which the power level of an
gntire reactor is raised.

Optinization of Reaztor Operations

As 3is~uésed in the February report, the potential benefits that would result
from ar optimum allocation of supplemental crew personnel to perform charge-
2Zscharge work were to bPe investigated in order to build up a case for such
a8 prozedure. Although nc time was availeble during March to pursue this, 1t
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now appears that such a system of allocating manpower will be instigated with-
out the need for this presentation. Attention will be diverted to other
problems in this area as time permits.

Z-Plant Information Study

Liaison with Electronic Data. Processing:Cperation and AEC iepresentatives concern-
the: acceptancs . of on-line computational equipment continued -during the month.

Relisbility Studies

The K plant reliability study is nearing completion. A report summarizing
the principal results to date has been sent to interested persons.

Work continued on the NPR reliability study. A digital computer program with
the time dependent reliability over-all safety circuit system was written and
executed, and the results presented to interested persons. An interim report,
in the form of a letter setting forth a mathematical model underlying the
analysis has been sent to perscnnel connected with the study.

Inventory Studies

A procedure to consider quantity discounts in procurement of general supplies
was discussed with General Stores and Excess Property Operation menagement
and buyers on February 26 and March 2. There was general agreement by all
concerned on its value.

A sampling procedure similar to that outlined in Product Cost Accounting
Bulletin, PC-15 was developed for sampling Spare Parts and Standby Inventory.
The procedure was tested on & five percent of the same inventory for 1958 and
found to give an inventory deficit of 58,000 + 141,000 compared to a deficit
of 60,000 found by 100 percent inventory. The procedure desigred for the 1960
inventory calls for sampling 15 percent of line items representing 80 percent
of the dollar value. Assuming the quality of inventory records to be as gocd
as 1958, the error introduced by sampling in 1960 shouid be considerably less
than one percent of inventory. Time for inventorying should be reduced to
one-third of that used previously.

Redox Dissolver Study

Tre logical analysis of Malody's model emphasized thet models cf this type
cannot be solved by assuming straight linear or even logarithmic relationships
between variables. It is necessary to determine the exact or at least the
-approximate relationship between each variable based upon sound theoretical
considerations. Consequently, effort has been expended toward searching the
literature to obtain the necessary background relating to chemical kinetic
theory, which has been incorporated into & rough model ty CPD personnel.
Current efforts are aimed at converting this model into a set of simultaneous
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Aifferential equations which describe the dynamics of the dissolver process as
a funztion cf time. The solution of this set of equations provides a model
whizh can be reconciled with availaeble initial and final conditions data.

STATISTICAL AND MATEEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

The analysis of data from the experiment designed to evaluate the effects on
pcrosity and can wall thickness of canning bath temperature, vibration
freguency, and time of vibration was completed. This was conducted as a
replicate cf a cuboctahedron design with four center points in each replicate.
The results from the two blocks were very consistent, ard the residual error
agreed guite well with the true error estimate arrived at by the repliications
of the center point, which indicated that the quadratic surfaces were adequate
o describe the yields. It was also possible to estimate the effects of
different jacks and virgin vs. recovered cores in this experiment.

Analysis was also completed of data from an experiment to evaluate four cap
vibrators having different cam designs. In this experiment, a block consisted
of one canning bath set-up where a different vibrator was used on each jack.
All 12 possible combinations were run, and some very interesting block effects
were uncovered.

Ar. experiment was designed to evaluate the effectiveness of diversey 600 in
+he aluminum component cleaning process. Different concentrations and differ-
ent ratios of sulfuric acid to diversey within each concentration are being
evaluated.

Dimensional data from bumper fuel elements were used to describe with tolerance
statements the variability in dimensions of the present bumper fuel element.

AlSi density measurements were used as a measure of porosity in an additional
experiment irn which vibration frequencies and canning bath temperatures vere
varied. It appeared to be an inseasitive measurement.

A descriptive analysis was made of warp and diameter change measurements from
the continuing production test compering chloride with carbonate salts in the
heat itreatment of bare cores.

irradiation Processing Department

A%t the request of personnel cf the Industrial Engineering Operation several
formuiaz which give the reactor maintenance times for ocutages were checked and
revieved. The formulee were developed as an chjective basis for comparing

the several different systems of performing maintenance work.

A study has been made to determine how the frequency of factor determinations
affezts the factor accuracy. The data indicate that the variation within
pericds of equilibrium 1s small but thet tube factors taken from non-
representative time periods maey often be expected to be in considerable error.
This leads to +he suggestion which is being tried at present, that reactor
egullibrium and transition conditions be monitored by statistical control
techniques on a sample of tubes, which are chosen for their sensit to
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change. The knowledge galned from these tubes will thus afford = basis for
selecting the times for tube factor determinations.

A study has been completed which discusses various aspects cf the accuracy of
reactor power level values in the context of the control of SS materials.

The evidence strongly indicates that the conversicn ratios themselves are tks
most likely source of a large, persistent and overriding error. The report is
being reviewed by IPD personnel before it is released as a document.

Mathematical solutions were obtained for the heat conduction equation in a
small cylindrical resistance-hested electronic component. Due to the complexity
of the exact solution, appropriate approximations were suggested.

Technical consultation on the subject of linear programming and associated
technigues is teing given a member of Manufacturing Operatiom.

Chemical Processing Department

The compliance with minimum plutonium content specification of fabricated paris
was demonstrated for the first quarter of 1960. Due to excellent analyticel
and process control as well as a relatively high average purity, the highest
minimum plutonium content to date was obtained.

Graphs illustrating the comparison of the presently used index of nuclear
material control (BPID) and the recommended "minimum variance inventory” con-
cept were prepared at the request of CPD Production Operation. The feasibility
of officially adopting the minimum varience inventory methocd for nuclear
‘meterial control in CPD for FY 1961 is to be discussed by perscnnel of the
Producticn Operation (CPD) and Nuclear Materials Operation (Contract and
Accounting).

Relations Operation

Several days were spent during the month on the Community Survey conducted
at the reguest of the Relations Operation. Efforts concerned selectica of a
proper sample of Tri-City residents and guidance in the implementation of
sarpling procedures.

Contract and Accounting

Initial scoping and establishment of & measurement system to acquire analytical
data describing the scheduling system for the IBM 7C9 computer cperation hes
teern accomplished. A detailed btreekdcwn of loss time data involving the
operatcrs, equipment, programming systems, utilities, input and output ccntrol,
and "production classes” is in process.

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO

2CC0 Program

Aluminum Alloys Corrosion Rate

A statistical analysis was initiated using Al-Ni-Fe alloy corrosion data
from & recent study conducted by the Corrosicn and Ccating Operation to
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irvezsigats the effect of reet trssting tims, heal trealting temperature, and
methol of cooilng cn thes corrosicn radt:s of various aluripum allioy sarp.es

a3 & function of tims in 3 s*ear auvic:lave exvirsmmsnt. Ths rasulis cf the
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L ]
analyvsis will aid Corrosicn and Costing Opersition perscarel In designing
similar experimants o determines sthe sffect of ihe same verlables cn
zircconiurm ailoys.

Crecp Rate Estimation

Secondary creep rate estimates and confidence intervals were constructed
for personnel of Physical Metallurgy Operation using data frcm e current
in-reactcr creep capsule experiment. The ¢esu_vs of +the celculations plus
an outline of the metkod used were forwarded o interssted persons.

_ Reactor Kinetics

E
.

o3

Dr. H. Pcritsky of the General Engineer-
knigues epplicablie to the study of the
three-parameter reactor kineties

Several discussions were held wi
ing Laboratery on mathematical +

properties of tke scluticns w0 ¢
Giffersntial equation.

m O

e
h

400 Program
Pliotonium Recycle

Several discussions were held with personnel of Programming Operation to
explain the use of statistical metkcds for determining a maxirux of a
function defined over & multi-dimensional space. A modification of a
stespest decen:t procsdure based cn fitting the best linear surface using &
fracticnal factoriel type statistical design was sagges*e for use with
HO's Meleager pkysics ccde. Current efforts are directed toward con-
structing 2 flow chart preliminary <o prcgramming the procedure.

The statistical analysis of the Phase I p*essure test of the PRIR contain-
ment vessel has been completed and inzcrpcrated intdo an unclassified
ccument HW-6hhk6, "A Mathermatical and Statistical Approsch to the Design
and An‘lysis of a Reacisr Cornteinment Vessel Preasure Test.” In addition
o discussing the a“c’Jsib ¢f the Phase I test, the document considers the
design of a future test including the positioning within the vessel of
Zermperature ané pressure monitoring devices, the analysis of data from
+heze devices and the estimaticn anéd precisicn of leak rate estimates.
This dccument will be made aveilable to HLO personnel in the near future.

Swelllng Studies

Further work was done on the theoretical model to aczount for the distortionm,
or extrusion, introduced in the sample preparation of replicates prior to
electron microscopy. Study >f microgrephs of three distinct diameter
plastic balls in & "scotck" median continues inm an ettempt to determine the
effect of pore size on distcrtion.

6000 Program

Biclogy and Medicine

At the request of Experimentsl Anims>: Farm Cperation, work was begun on
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PROGRAMMING OPERATION
MARCH 1960

REACTOR DEVELOPMENT - 40OOO PROGRAM

PLUTONIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development. An analysis of neutron angular distributions cal-
culated by the RBU Monte Carlo code was carried out. The results agree well
with expectations. A modified and simpler technique for computing diffusion
coefficlents in RBU was developed. The input code was revised to conform to
the error detection system used in the rest of RBU.

A preliminary formulation of the Box-Wilson optimization technique suitable
for programming for the IBM-T709 has been completed. The program is presently
being flow-charted.

Fuel Cycle Studies. The general correlation of the reactivity worth of
Plutonium fuel enrichment proceeded during the month with a total of about
150 new reactor physics cases calculated using the Meleager code on the
IBM-TO9 computer. These cases were calculated for the case of graded
irradiation (continuous charge-discharge) and complement those cases cal-
culated last month for batch exposwre conditions.

A preliminary examination of the data suggests that maximum plutonium value
in terms of exposure may be obtained from batch exposures in a reactor having
several zones of varying moderator to fuel ratios. Initially, the plutonium
enriched uranium-238 would be placed in the zone having the lowest moderator
to fuel ratio, vhich leads to a relatively low reactivity and specific heat
output, and a high conversion ratio. As the plutonium enrichment is depleted,
the fuel elements would be moved to zones with increasing moderator to fuel
ratios. The advantages of this procedure appear to be greater in plutonium
than in uranium-235 enriched fuel systems.

The Meleager code is currently being used to check some preliminary hand
calculations of breeding ratios in multi-reactor systems.

PRTR Startup

Work in support of PRTR startup included review aml analysis of critical

tests and process specifications. Also a Pilot Tube Test was designed in
vhich a single PRTR tube is specially fitted and instrumented to achieve

controlled higher operating temperature than other reactor process tubes.
Detailed planning of the Power Test Phase was carried out under auspices

of the Power Test Sub-Council.

12521814
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PRTR Plans and Sckedules. A set of tables was constructed for plutcnium
accountability dwring the first nine months of PRTR operation.

TUNCLASSIFIED

A review cf the schedule for plutcnium utilization in PRTR was made on the
basis of most recent expectations and actual receipts of plutonium fuel.
Altkough changes exist in the earliest part of the program, actual and
anticipated receipts will permit continuation of the original schedule
including the production of high exposure plutonium.

SPECIFIC FUEL CYCLE ANALYSIS

The physics calculatlons for the Advanced Pressurized Water Reactor Study
as reported in TID-8502 Pt 1 by Combustion Engineering, Inc. have been
repeated using the Meleager code. The results agree as to exposure and
reactivity but disagree on the "boron mismatch" {the reactivity peaking due
to uneven depletion of poison and fuel). An unshielded boron cross-section,
corresponding to the description of the fuel elements in this reactor, was
employed in our study, while the APWR study uses a reduced {self-shielded)
horon cross-section. Boron poiscn is not apt to be used extensively in our
studies for this reactor, but this discrepancy will be resolved shortly in
any ~ase.

Tke Spezific Fuel Cycle Economics Code is now being programmed. Its logle
and flow ckarting is complete. The code is completely generalized and, when
coupled with any given reactor, fuel processing and economic parameters, will
compute, with considerable refinement and detail, the costs cf fuels of any
isotopic compesition (Tk-232 through Pu-2i2).

Sub-codes are provided for each divisicn (roughly ckronological) of the fuel
cycle. Principal of these are (1) Fabricating and Jacketing, (2! Pre-Reactor
Inventory and {3) Nuclear Process Costs. The latter computes all ordinary

fuel sycle costs from charging into tke reactor to completion cf separations.

Another sub-code computes extracrdinary startup and close-down ccsts and
amortizes them and applicable working capital costs tc KWHe produced during
the reactor's lifetime. These ccsts are mainly excess fabricating and
Jacketing and burnout [the lat*er only on close-down) incurred when, on a
graded discharge basis, elements are discharged before completion of their
normal in-reactor life. Burnout will not te a start-up factor, assuming
graded enrichment of the initial load approximating that of an in-reacter
equilibrium leoad.

Finally, a sub-code entitied "Payment Delay Holding Credit" computes the

net decrease in working capital costs that may be gained by 2elaying completion
of the fuel cycle and, therety, final settiement with the AEC for net nuclear
material consumption. This period mav be infinite, given no AEC limitation

on its length and a large enough spread between the AEC use charge rate and

the cost of obtaining workirg carital.

The following chart gives a general picture of tke code’s composition. For
this illustration, the matrix form has “een reversed and the individual process
steps in Fabricating and Jacketing azi Nuclear Procsss Tosts have been omivted,

UNCLASSIFIED
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(2)

Fabri- ° Pre- Nuclear ordinary Payment

, cating & Reactor Process Startup & Delay
Type of Cost Jacketing Inventory Costs Closedown Holding
Prccessing Cost X

Thruput X
2) Recycle X
2) Scrap & Loss X
Fuel loss X X
Value decline due

to scrapping X
Pu-241 decay X X X X
AEC use charge X X X X
Working capital cost x(#)(2) X X X
Decay change in Pu

batch value x(5) x(6)
Startup and close-

down amortization X
Reactor burnout X
Unsep. disck. alternate X
Separations recovery X

(1) Alternate sub-codes are provided. In one, all recycle re-enters
the beginning of the process while, in the other, recycle may
re-enter at any point previous to the point of rejection.

(2) These computations are eliminated wherever external purchase of
either the fabricating and jacketing service or separations

- gervice is agsumed.

(3) Computations in this column are eliminated in the case of batch
discharge. In addition, Pre-Reactor Inventory computations are
altered significantly although the same type of costs are involved.

(4) 1Includes in-reactor charges for working capital invested in
fabrication and Jacketing.

(5) Combined for Fabricating and Jacketing and Pre-Reactor Inventory.

(6) Combined for Nuclear Process Costs and Payment Delay Holding.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Radiological Consultation

Consultation was rendered in the following areas: hazards in the use of
Plutonium in hot cells designed for fission products work, fission product
release experiments with irradiated fuel, Environmental Monitoring Programs,
revision of Radiation Protection Standard 3.1, the measurement of small '
rarticle size aerosols, long-range effects of fallout, a proposed standard

on the operation of test and research reactors, the effects of the Columbia
River on Hanford's environs, and on the deposition of radioiodine from the
atmosphere and the influence of known variables on this deposition.

UNCLASSIFIED
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Other activities included review of two proposed handbooks from the NCRP. An
initial meeting of the American Board of Health Physics was attended; proce-

- dures for carrying out certification were discussed. Twc meetings of the
Steering Committee for the forthcoming hearings on Radiation Protection
Standards were attended. The prcoposed testimony for the hearings from Hanford
was outlined.

Discussions were held concerning the preparation of a book on "Radiological
Engineering".

C. OTHER ACTIVITIES

Dr. Joseph Kaplan, eminent geophysicist, and professor of physics at CLA
spoke cn EHigklights of thke IGY at a very successful Zanford Science Colloquium
on March 22, .

Negotiations were completed and instruction began on a new graduate level
course, N. E. 501, Nuclear Reactor Theory labcratory. Tkis is the first com-
plete latoratory course for college credit to be given using the facilities

of Eanford laboratories. Nine stulents are enrolled.

Assistance was rendered and arrangements made for ssven tours {involving 44

people) througt ELO and HAPO facilities.

Manager, Programming

LH McEwen:dl
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RADIATION PROTECTION OPERATION
MONTHLY REPORT -- MARCH 1960

A. QORGANIZATION AND PERSCNNEL

On March 1%, 1960, Evelyn VanFossen transferred to the Radiation Monitoring
Operation to replace Joan M. Weston who transferred to Professional Placement
and Relations Practices. Donald W. Constable, Technical Graduate, was placed
on a three-month rotation with the Radiological Development Operation effective
March 1. The force of the Radiation Protection Operation remained at a total
of 133. .

B. ACTIVITIES

There were no new cases of plutonium deposition confirmed during &rch, thus,
the total number of deposition cases that have occurred at HAPO is 249 of which
280 are currently employed.

Redistion Monitoring was provided for vapor-plating olive material in the 231
Building. The maximum hand dose rate encountered, while wearing lead gloves,
vas 10.2 rems/hour including 200 mr/hour of gamms radiation with the remainder
due to neutron radiation. The unshielded surface-dose rate is expected to
approach 400-500 r/hour, due primarily to scft gamma radiation having an aversge
energy of 44 kev. A film study to determine the surface dose rate due to gamma
radiation was unsuccessful. Further studies utilizing calibrated film of Uk
kev energy are in process.

A surface dose rate of 9 rads/hour was encountered in the 231 Building while
bandling clad fuel rods containing palm material. Self-reading pencils have
proven useful to comntrol both body and hand exposure for this wark.

Plow rates in the Columbia River dropped to 36,000 cf/s for several days in

the middle of March. The normal flow rate for March is about twice this figure.
The filling of the Priest Rapids Dam pool caused the low flow rates. Special
samples were collected for isotopic analysis to increase HAPO knowledge of
potential exposure fram Columbia River water at low flow rates. .

Discrepancies have been noted in the analysis results when comparing the
amounts of radioisctopes reported discharged to the Columbia River at Hanford,
ani ccmpared to the amounts measured with those expected at Pasco during 1959.
To resolve the differences, three HAPO laboratories have performed analyses
of the same sample for the same identical isotopes. A sample of the 100-KE
reactor effluent water, taken at the same time during February, was submitted
to the Purex Analytical lLaboratory, Radiological Chemical Analytical
Laboratory, and Radiological Chemistry laboratory. The results of the
analyzed radioisctopes were compared for the single sample. The highlights
of the testi.ug producﬁggthe fact that for two of the isotopes of princi 6
interest, AsT° and Np=>7, Purex is apparently low by a factor of 2 for As/®;
Radiological Chemical Analytical Laboratory s high by a fgctor of 2 for Np239.
Purex results also appear high on Na2* and low on Crdl., 2Zn®5 results were in
good agreement. Investigations are currently in process by the concerned
laboratories to reconcile these differences. To ascertain camplete accuracy
mltiple samples must be analyred for camparison.

UNCLASSIFIED
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The Whole Body Counter operated satisfactorily during March with a minimum
of down-time for equipment failure. Routine counting continued with a total
of 14l HAPO employees and three nonemployees being processed.

A cooperative experiment was initiated by Radiological Physics with Dr. C. L.
Finch of the University of Washington. pugose of the experiment is to
determine the uptake of orally administered Fe Three subjects were given
iron salt and three were given hemoglobin solution at the University of
Washington. Two weeks later, they were brought to the WBC and counted.

These three subjects were compared with two HAPO employees who volunteered

and were given intravencus injections of Fe’9. The total result of the
experiment cannot be reported until the University of Wi 8ington has completed
their calibrations. Incidental to the experiment, an calibration was
obtained for the HAPO Whole Body Counter. The ca.libration was in good agree-
ment with the value extrapolated from data for Na22,

In calibration of the WEC for Zn®3, differences in calibrations have been
obtained wgth different people. The discrepancies may be due to the distribu-
tion of Zn®? hg body for different individuals. A study was made an the
distribution of %n in ocne emplcyee for a period of cne month. The initial
deposition of Zn > was in the area of the liver , however, later counts shcwed
a spread to the head and the legs.

VCounting individuals in the WEC lying 'prone on a table by moving the crystal

;% inch :an nts has groven to agree within 5% with regular counts

, and Csl37 based on the total count observed. Thecretically,
this procedure :Ls necessary for an ideal count, however, these data confirm
that the HAPO technique is entirely satisfactory.

Film badge preparation was centralized and servicing of all badges fram the
3705 Building started on March 28, 1960.

The camparison film badge exchange experiment between Savannah River, Rocky
Flats, Los Alamos, and Hanford ‘has proceeded. Same differences in results
have been noted, however, a camplete report will be published when 8ll of
the data has been submitted.

Some initial studies of the Bausch and Lomb microdensitameter reader have
indicated a linear response for Co%0 irradiated silver glass dozimeter rods

in the range of 20 to 1,000 rads. A 50% fading was observed during the first
24 hours following irradiation. A fading rate of 2% to 4% per week is indicated
after the first day. Due to the rapid rate of fading, it is docubtful whether
doses of less than 10 rads can be determined with certainty. Doses above

1,000 rads have not yet been studied.

Installation of all major components at the Columbia River Monitoring Station
has been completed. Contimued electrical malfunctioning resulted in a visit
of Minneapolis-Honeywell Regulator Company personnel to make repairs on
equipment. With the exception of the alarm circuit, which has not been
tested, all components appear to be functioning adequately. A test period

of about four weeks will be used to cbserve the system under constant use

and to make any necegsary adjustments. The official terminatiom of the con-
struction phase of this project met the AEC deadline of March 31.

1252189 UNCLASSIFIED
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All ev-p::--— tnat was authorized ard ordered on an appropriation request
titled ' T-’re,-w.cm Melium Speed Digital Messuring Instruments and Plastic

Mar Pharton Including Skeleton and Body Organs" has arrived. This equip-
ment will te used for a variety of neutron dosimetry studies leading to data
ugeful in the levelopment of a full energy range personnel neutron dogimeter.

C. EMPLOYEE RELATIONS

Six suggestione wers received for evaluation. Five suggestion evaluations
were male juring the month. There are three ocutstanding suggestions st momth
eni. Three suggestions by RPO personnel have been aiopted, but have not been
Treszented 1o the toari for approval of payment.

There we”e eigh* pelizal treatment injuries during the month for a frequency
of 3.41, N> security violations occurred during March.

Studentz fram local pubiic schools visited the Whole Body Counter during
Marzh,

Radiation protectice trsining included: A lecture on "Effects of Nuclear
Weapone &ni Bazic Defense” to employees of Special Separation Processing

ani Auxllisries Operation (Redox, CPD); four 2-hour crientation talks to
Flutonium Metsllurgy, Radiographic Testing, and Chemicsal Effluents Technology
personnei; four 2-hour lectures an radiation protection tc Fire Protection
employees in the 100 and 200 Areas; as well as several orientation and train-
ing lectures tc mumerous groups in the 300 Area.

L. SIGNIFICART REPORTS

HW-6LL68 "A Porteble Civil Defense Air Sampler" by L. F. Kocher.

IW-64523 “Anmalysis of Radio.t.ogical Data for the Month of February, 1960"
by R. L. Junkins.

HW-E459L "Monthly Repert - March 1960, Radiatior Monitoring Opera.tion" by
A. J. Stevens.

1252190
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-February 1960 - Mid-March 1960)

Activity Monthly
Sample Type and Location Type . Average Units
Drinking Water
100-F Area Isotopic 0.7 % MPCqr*
Separations Areas Gross Beta 1.1 x 1077 ue/ec
Pasco Isotopic 5.8 % MPCqp**
Kennewick Isotopic 1.2 % MPCop**
Richland Gross Beta <3.0 x 1078 ue/cc
Columbia River Water
Above 100-B Area Gross Beta 1.2 x 1073k ue/ee
100-F Area Isotopic 2.6 % MPCyr*
Hanford Isotopic 2.2 % MPCaT*
Pasco Isotopic 16 6 % MPCoy*¢
McNary Dam Gross Beta 1.3 x 107 ue/ec
Vancouver, Washington Isotopic 0.4 % MPC**
Columbia River Mud
Pasco Vicinity Gamma Emitters 3 x 1072 uc/g
Atmosphere |
1131 Separations Areas il 9.7 x T uc/ce
1131 geparations Stacks 1131 0.2 Combined c%ries/day
Active Particles - Project -- 2.3 ptle/100 m;
Active Particles - Environs -- 1.0 ptle/100 m3

Vegetation (Control limit for vegetation is 1072 e I;3l/g)

Separations Areas 1131 1.6 x lO'6 uc/gm
Residential I3t 4.5 x 107 uc/gn
Eastern Washington and 6

Oregon 3t <.5 x 10~ ue/gm
Fiszion Products less Gamma

1131 . Wash. and Ore. Emitters 2.4 x 107 uc/gm

#*The % MPCgI is the percent of the maximum permissible limit for occupational
o

exposure

contained in NBS Handbook 69.

#*The % MPC

the gastrointestinal tract calculated from drinking water limits

is the percent of the maximum permissible concentrations for

persons in the neighborhood of controlled arsas for continucus exposure to
 the gastrointestinal tract calculated from drinking water limits contained
in NBS Handbook 69.

#¥%This location is now sampled quarterly. The most recent result is tablsd.

UNCIASSIFIED
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'EXPOSURE EVALUATICON AND RECORDS

Exposire tncidents above Permissible Limits

Whole Body Localized
2k 2 1
1960 to Date 2 3
Zanma Pencils :
Pencils Paired Readings  Paired Readings Lost
Processed 100-280 mr Over 280 mr . Readings
Mar:h 17,634 307 5 b
1960 £5 ate 57,096 695 12 T

Sete-Camma Film Bedges :
Badges Readings Readings Readings Lost Average Dose
Procegsed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packet

mrad(ow) mr(e)
Mazch 10,4519 1,105 275 50 33 11.73  20.25
‘gfie“ 32,555 2,941 - 558 127 95 10.83 20.12
Retics T:la Padgee Film Readings Readings Readings Lst

Proceseed 50-100 mrem 100-300 mrem Over 300 mrem Readings

Slow Neuvtron A - '
March 1,251 1 0 0

T

1960 +3 Tete 3,570 1 0 0 23
F:-st Neutron
Marzch 322 14 15 0 €
1960 to Date 756 53 23 0 10
Bicasaay March 1960 to Date
Plutcnium: Samples Assayed 8 T09 2,190

Results above 2.2 x 107" uc/sample & 129

Fission Froducts: Samples Assayed -5 656 2,138
Results above 3.1 x 10°7 uc FP/sample 1 1
Uranium: Samples Assayed ' 311 910

Ceonfirmed Platonium Deposition Cases ' 0 5*

*Thie brings the total number of plutonium deposition cases which have occurred
at Hanford to 249.

UNCLASSIFIED
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Uranium Analyses

Following ogure Following Period gf No Exposwe

Units of 10~ pc Ufcc Units of 1077 pe Ufce

Bumber Number
Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 57 5.6 & b2 . k.2 31l
Banford Laboratories 16 4.6 35 13 3.k 31
Ckemical Processing 53 2.3 45 21 2.% . 48
Chemical Processing* 5.2 L1 3 3.7 3.0 3
Special Indicents - 111 13 15 - - -
Rariom 18 1.1 38 - - -

* Samples taken prior to and after a specific job during work week.

AJ Stevens:ike

1252793

Thyroid Checks March 1960 %o Date
Checks Taken 0 0
Checks above Detection Limit 0 0
" Hand Checks '
Checks Taken - Alpha 31,801 93,072
- Beta-gamma 43,309 132,592
Skin Contamination
Plutonium 23 69
Fizsaion Products L6 115
Uranium 5 19
TALIZRATTI NS
Number of Units Calibrated
Portakle Instruments March 1950 to Date
7P Meter 839 2,670
Juno 272 861
GM 716 2,28
Jther , 185 cho
’ Total 2,012 5,35
Personnel Meters
Badge Film 1,252 3,97¢
Penzils - 1,912
Otkar 492 1,273
I“cta:. 1,745 7,151
Miscellaneous Special Services 868 1,488
Total Number »f Calibratione h‘ée' 15,002

R,
for%e Mapager,

Radiatiorn Protecstion
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT -  MARCH, 1960

GENERAL

Security performance for the Operation was satisfactory with no violations
during the month.

Safety performance of the Operation was considered satisfactory. There were
no major injuries; the minor injury frequency rate was 3.85 which is con-
sidered about average experience.

TECHNICAL SHOPS OPERATION

Total productive time for the month was 22,612. This includes 17,665 hours
performed in the Technical Shops, 3,831 hours assigned to Minor Construction,
159 hours assigned to other project shops, and 957 hours assigned to off-site
vendors. Total shop backlog is 27,918 hours of which 40% is required in the
current month with the remainder distributed over a 3-month period. Overtime
hours worked during the month was 5.3% (962.5 hours) of the total available
hours.

Distribution of time was as follows:

Man-Hours % of Total

Fuels Preparation Department 2,083

9.2
Irradiation Processing Department 1,061 h.7
Chemical Processing Department 2,22k 9.8
Hanford Laboratories Operation 16,844 74.5
Construction Engineering & Utilities 195 .9
Miscellareous 205 .9

The overtime rate declined slightly from the previous month -- .5.3% versus
5.7% for February. Total backlog increased approximately 19%. However, the
greater portion of this increase was of a long-range nature not requiring
emergency service. Continued assistance was provided to the Chemical Pro-
cessing Department in the fabrication of graphite molds and test equipment
used for high priority weapons work.

E. A. Kasey, Glass Technician, attended a Technical Conference on Glass
Sclence and Technology held at the G. B. Research Laboratory in Schenectady.
Kasey also visited the glass shops at K.A.P.L., General Engineering Laboratory,
and the Transformer Decpartment to observe recent developments in glass working
techniques.

UNCLASS IFIED
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RADIOGRAPHIC TESTING OPERATION

Radiographic Testing Operation made a total of 3,1lL tésts, of which 1,031
were radiographic (including x-ray and gamma-ray) and 2,083 were supplementary
tests. Out of a total of 2,000 man-hours, 773 (38.7%) were in connection
with radiographic tests, and 1,227 (61.3%) were used on supplementary tests.
The supplementary test work included; borescope, eddy current, pemetrant
(fluorescent 0.D. and I.D.), surface treatment (alkaline cleaning and vapor
blasting), and ultrasonic (flaw detection, core integrity, bond testing, and
thickness measurement).

The number of pieces handled this month totaled 2,961 items. The feet of
material represented by these items amounted to 42,737 feet. A high ratio of
number of feet to number of pieces continues to be experienced as a result of
the work with tubular components.

Work was done for 23 different organizational components representing most of -
the operating departments .nd service organizations. A total of Al reports
were issued detailing test findings with conclusions and recommended action.
Radiographic Testing Operation was consulted on 52 different ocrasions for
advice and information on general testing theory and application for other
than the Jobs tabulated in Part II - Testing Statistics.

Full size NPR process tubes were tested under adverse conditions before all of
the C-25 facilities were complete. The urgency for the test duta stemmed from
interest by the potential vendors in evaluation of their respective development
tubes. Ultrasonic, fluorescent penetrant (both 0.D. and I.D.), and radiographic
(welds and suspect areas) tests were completed on 23 full process tubes. Work
was performed on a 12 hour day, 6 day week schedule.

Reprocessing of three PRTR process tubes having questionable autoclave films
was started. These tubes will be vapor blasted, pickled, and autoclaved.
Three KER process tubes were also tested during the month. Tes% work included
fluorescent penetrant 0.D. and I.D., ultrasonic testing, and x-raying of
suspect areas. In addition, ultrasonic thickness measurements were made over
the entire length of the tubes.

Radiographic testing of TPU fuel rods for core location, core segregation,

and can wall thickness has kept pace with production facilities. Two new
tests have been added to the trans-plutonium fuel element servicé work. These
testsare ultrasonic bond test and core integrity. The ultrasonic tes®t work
is being done on a two shift basis to obtain maximum utilization of existing
test equipment.

Fleld activity continue at a moderate level with work progressing routinely.
The major activity involve radiographic liaison work at the PRTR site and
full development and implementation of a pressure vessel survey in the 100-F
area.

"UNCLASSIFIED
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A near serious accident occurred involving B. D. Howard in the field
operation group. A 60 foot long NPR process tube, weighing approximately
450 1bs., rolled off the x-ray conveyor catching Mr. Howard's hand and
pinching it between the tube and the conveyor edge. Three fingers on the
left hand were fractured. This injury was clagsified as a minor injury
treatment as no loss time was involved and it appears that there will be
no permanent disability. Stops have been installed on the conveyor to
prevent a reoccurence.

Testing Statistics

No. of Ft. of Weld No. of

Component Tests or Material Pileces Description
CE&U L3 207 413 3 phase of PRIR containment
vessel.
CPD 20 17 8 Radiograph welds on S.8. nozzle
' sections PRIR Project.
FPD 16 , 27 5 NPR Fuel Element.
HLO 2,194 31, k497 . 2,375 S.S. clad W02 fuel element;

9/16" 0.D. x 8' long U0y fuel
rod; 9/16" 0.D. x 5' long Wy
fuel rod; 9/16" 0.D. x 2-1/2°
long Wo fuel rod; swaged large
diameter W0, fuel rod; NPR fuel
elements; S.5. clad NaK swelling
sample; .680" I.D., zr-2 tubes;
unmachined TPU fuel rod; Radio-
graphy Palm Dev and fabrication
program; Radiograph existing welds
on process tube mock-up in 189-D
Bldg; .005" wall 304-L S.S. tube;
. +010" wall inconel x tubes; .015"
wall; .680" I.D., zr-2 tubes;
KER tubes; BD & F type ribless.

IPD ol 10,989 160 Carbon steel and zircohium furnace
welds; radiograph welds on S.5. noz-
zle; NPR zirconium tubes; S.S.
valves; CS and zirconium - furnace
welds; Ultrasonic thickness measure-
ments pressure vessel survey 1l00-F;
TPU fuel rods; .680" I.D., zr-2
tube; .505" I.D., zr-2 tube; 9/16"
0.D. PRTIR Pu~Al fuel rods.

Total 3,11L k2,737 2,961

UNCLASSIFIED
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CONSTRUCTION OPERATION

There were 30 existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $34h,409. Pifty-two new orders,

2 supplements and adjustments for underruns amounted to $74,343. Expendi-
tures during the month on HLO work were $156,748 (Includes C.0. Cost). Total
J. A. Jones backlog at month's end was $262,004. Twenty-nine orders were
closed out during the month. ’

Summary
HL CE&U
Unexpended Unexpended
No. Balance No. Balance
Orders outstanding veginning of month 2L $ 273,938 6 $ 70,471
Issued during the month (Inc.Supp.& Adj.) 52 T4, 343 0 0
J.A. Jones Expenditures during month
(Inc. C.0. Costs) 135,283 21,k65

Balance at month's end L7 212,998 6 49,006 .
Orders closed during month 29 19,637* 0] O%*

* Face Value of Orders Closed

Project CA-744 - Installation of equipment in the 306 Building Addition is pro-
gressing nicely and is ahead of schedule. Of the 17 pieces of equipment to be
installed 12 are set and two more are in the bullding. The Lump Sum Contractor
has been unable to energlze the electrical buses in the building as the cable

from the pole line to the transformer bank has not arrived. When the buses are
energized 9 equipment pieces will be scheduled for inspection by vendor representa-
tives and acceptance by cperating personnel. '

Project CA-747 - The removal of contaminated equipment by plant forces in
231-Z Building is on schedule and well within funds. Nine cut of 12 pieces
of equipment have been removed and transported to the 328 Building for re-
installation by J. A. Jones forces.

A Lump Sum sub-contract for plastering in the 308 Building was issued by Jones
and plastering will begin il-/ 4/60. Much of the Jones work is being help up unsil
the plaster contractor gets through with his work.

The Monarch Lathe Hood fabrization has been completed in the WB shops and in-
stallation is scheduled to start 4/11/60.

The autoclave job in 306 Building is complete except insulation which can
not be done until Operations has ccmpleted hct %testing and run-in.

UNCLASSIFIED
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FACILITIES ENGINEERING OPERATION
Projects

There were 18 authorized projects at month's end with total authorized funds
of $6,383,365. The total estimated cost of these projects is $7,972,365.

Four projects were completed and no new projects were authorized during the
month. One project proposal was submitted to the Commission and three projects
are in preparation. ' '

The following summarizes the status of HLO project activity:

Number of authorized projects at month's end: 18
Number of new projects authorized during month: 0
Projects completed during the month: . b

CAH-827, Automatic Columbia River Monitoring Station
CGH-840, Sheet Metal Shop Addition - 328 Building
CGH-879, The High Temperature, High Pressure Autoclave
Facility - 306 Building
CG-661, Additional Heat Generation Facility - 189-D
Building (Note: This project was considered
_complete with exceptions 8-31-59 and accepted
by the using operation with exceptions 11-19-59,
~— however, the project has been carried as an
’ ‘active' project until the Physical Completion
Notice was issued March L4, 1960.)

New project gmposals submitted to AEC during month: 1
CGH-888, Pioclogy Laboratory Improvements

New projects awaiting AEC approval: 2
- CGH-832, Full Scale Physical Constants Testing Reactor
CGH-8ThL, Consolidation of Plutonium Metallurgy Facilities
The attached project report details the status of individual projects.

Engineering Services

Engineering work performed during the month included the following listed
major items as well as final work on budget studies and preparatory engineering
for project proposals. The proposal work included the Stress Rupture Test
Facility and Field Servicing Center for Atmospheric Physics.

UNCLASSIFIED
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Title Status

329 Building Cooling Problem

Fire Detection System - 1lL6-FR

Flectrical Modifications - Room 24-A -
326 Building

Electric Hoist - Graphite Shop
3730-C Building - :

Refrigerated Alr Conditioning
Room 130 - 1LE-FR Building
Reactor Room Exhsust Ventilation
Control 326 Building Basement

HLO Area Improvements Study
Pressure Vessel Study

Design Eddy Current Table

Investigate Coaxial Cable Between
325 and 329 Building

Ingtall Sound Enclosure for 300 Ton
Hydraulic Pump - 325 Building

Additional Improvements to Alr

Supply - Rooms 204 and 206 - 3706 Bldg.

Laboratory Furnace Installation
Room 39-B, 326 Building

Alterations to Negative Ion
Accelerator - 3745-A Building

Glove Boxes -~ 325 Building

Equipment for Critical Mass
Studies

Revision to Drain System - Truck
Access - 325 Bullding '

Study Portable and Process Water
System - 325 and 329 Buildings.

12521499

Funds are now available.
has started.

Procurement

Installation is essentially complete.
Field work essentially complete.
Funds have been made available for
procurement.

An appropriation request is being
routed for funds for procurement and
installation.

Design is complete.

A summary report was issued this

month.

This is a continuing work program
involving vessels and safety devices.

Design complete.

Engineering work completed.
Fabrication and installation work was
completed. ‘
Filters are being procured.

Engineering complete.

Field work to
start in April. '

Design complete. A Work Review has been

submitted.

Engineering design has started.

Preliminary design is complete. Detail
design has started.
Preliminary design is complete. Detail

design and installation to follow.

Work in progress.

UNCLASSIFIED




UNCLASSIFIED H-7 BW-64580 (25

Drafting and Design Services

Work load is constant with heavy backlog. Branch offices in 306 and 308
Buildings are busy with steady work loads. The central drafting room hds
been performing an increasing amount of work for the recycle program.

Major design and drafting work in progress includes the following:

. PRIR Gas Loop - In-Reactor (17 drawings - 90% complete).

Break away Corrosion Loop (6 drawings - L40% complete).

Special Tools - Scope - High Level Utility Cell - 327 Building.

PRTR Fuel Element Rupture Pacility -

a. Scope cf supporting facilities, i.e., equipment annex, water
plant, retention tank and outside lines - 7 drawings completed.

b. Test Loop - 5 drawings completed.

PRP Critical Facility - Service piping, weir, shielding block and

safety rods (approximately 7 drawings required - 95% complete).

Loading Dock Enclosure - 321 Building (approximately 90% complete).

.. A, B, and G Hand and Shoe Counter - (approximately 10 drawings completed).

Ultrasonic Test Tank - (8 drawings required - 20% complete).

Physical and Mechanical Properties Test Cell ~ 327 Buillding -

Equipment Scope (5 work sheets completed).

10. Extrusion Tools for 700 Ton Press (8 drawings required - 6 drawings

completed).
11. Hood design for pyro-chemical work.

;F‘UJI\)H

\O IO W

In addition to the above work, miscellaneocus small desi@-drafting Jobs are in
progress including Project CG-681 "As-Built" work.

Approximately 245 drawings including sketches, work sheets, and formsl drawings
were completed during the month of March.

Maintenance and Building Engineering - Landlord Functions

Costs: January - $ 161,558
February - $ 152,204
Total through February - $ 1,081,572

Analysis of Costs

The $1,081,572 expended to date represents 74.1% of the annual budget, and
101. l&S% of the expenditure predicted for the first eight months of FY-60.
Of the $150,000 budgeted for improvement maintenance, $l35,593 has béen
epent and $14,400 committed.

During this month, the significant variants from the forecast are: Total
maintenance overrun, $31,800; total utilities underrun, $3,300; engineering
overrun, $300; jJanitor and power operators overrun, $500. The total overrun
this month is $29,300. This is reduced by previous underruns to a FYTD
overrun of $14,900. '

UNCLASSIFIED
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During March, maintenance routine orders were cancelled except a few cover-

ing lubrication and inspection. Individual work orders were issued for

urgent necessary work. Month's end work order runs indicate that the result

will be a saving of about $2,000. It now becomes clear that the budge® as

;:guced is too low. It appears that the year end overrun will be about
,000. '

_];groved Maintenance

Item February FY to February
Heating & Ventilation Correction $ 4,778 $ 62,373
Relocation & Alteration 19,78k 32,34k
Paint - 11,736
Electrical Improvements 593 2,0L0
Lighting T - 413
Crane Installation - 24,910
Miscellaneocus - 1,777
Total $ 25,155 $ 135,593

TECHNICAL INFORMATION OPERATION

Some preliminary promotion work has been done to have Robert Gunning,
nationally known author of "How to Take the Fog Out of Writing" present
a course in "Clear Technical Report Writing" ay HAPO. The Education,
Communication and Community Relations Operation, Relations Operation,
have begun negotiations and will meet Mr. Gunning in Seattle early in
April.

The 1959 annual inventory of Research and Development reports was completed
Merzh 25 with the following results: 9,980 accountable copies; 28 copies
outstanding fromprevious years; 2 copies cutstanding this year; or a total
of 30 copies ocutstanding. The official results will be repcrted %o GE
Security by mcnth's end.

A description of the PRP Critical Facility was submitted to HOO with a re-
quest that the project be reviewed with the Division of Classification for
the purpose of declassifying all information on the design, construction and
operation of the facility. .

The AEC and *he Department of Defense have agreed on a new policy for the
handling and review of photographs which do not disclose Restricted Data

but come within the interests of the Departmen® of Defense. The new policy
appears to permit greater flexibility in within-plant handling of photographs
in this category. As soon as the AEC Division of Classification approves the
HAPO interpretatiocn of the policy, it will be put intc effect.

UNCLASSIFIED
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Approval was received from the Division of Classification for topies on
reactor production data which were proposed to the AEC November 1, 1959
in HW-61150. The topics covering reactor conversion factors were the
only topics not approved as submitted. HOO advised that additional
guidance or conversion factor information is forthcoming.

Considerable time was spent during the month in developing and defining new
subject cutegories for Nuclear Science Abstracts, the AEC's nationally dis-
tributed abstract Jjournal. This assignment was given at the last Technical
Information Panel meeting to the Library and Document Control Committee, which
is chairmanned by the Manager, Technical Information. Suggestions from
Committee members are being consolidated, together with ideas from HLO
technical people. The new categories, after approval by the Panel, will be
used in the journal to arrange the abstracts for maximum usefulness and
locatability by the technical reader.

A detailed study has been made of the time factors involved in the publication
of formal Research and Development reports. The study covered the complete
processing of the report from the day it is received in manuscript form by
Technical Publications to the day that it is mailed offsite. Average for
some 20 reports studied was 155 days. While this figure is high, it agrees
reasonably well with the Commission-wide average of 22 weeks as reported by
Arthur D. Little in their study of the same problem. About half this time

is taken up with the mechanics of editing and publishing the report, and the
remainder of the time with the required reviews and approvals prior to offsite
distribution. -

During the month teletype requests were received from the AEC requesting re-
lease of 61 HW reports to the CAProgram. These reports have recently been
declassified in an AEC review now taking place. Each title released has been
reviewed by supervision. Chief concern is that many informal, un-edited
reports are being released to the public along with Hanford formal R & D

reports.

The verifying of keypunch records was discontinued last month. This month
was the first opportunity to determine the degree of keypunch accuracy. Six
errors, or .08% errors, were detected from the monthly update. It is possible
that other information was punched incorrectly, but not immediately evident
since there were no delete tramsactions inwvolved.

Work Volume Statistics

February March
Document Distribution and Files
Documents routed and discharged (copies) 19,105 14,969
Documents issued (copies) 14,571 12,127
Documents sent offsite (copies) 3,722 6,047
Document reserves filled (copies) 8k2 810
Documents picked up and delivered 21,045 19,775
UNCLASSIFIED
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Document Accountability

Holders of classified documents whose files

. were inventoried

Documents inventoried in Files (copies)

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)

Formel reports prepared (titles)

Offsite requests for HAPO reports (copies)

Reports released to CAP (titles)

Library Acquisitions and Circulation

Books ordered (volumes)

Periodicals ordered

Books circulated (volumes)

Periodicals circulated (issues)
Inter-Library loans

Films borrowed or rented

Industrial f£ilm showings

Bound periodicals added to the collection

Library Collection

Main Library W-10 Library 108-F Library

HW-64580 LDEL]

Februag

303
9,746
5,651
1,05

12,422

Lo6

207,778

March

19, 500
4,361
585
11,486
27h

205,935

276
a7é

120
76
327
7
62k
27

149

2,038

3,611

69

g9

9

199
(Feb. & March)

Ind. Med. Total

_No. of books 29,000 8,373 1,567

No. of bound
periodicals 13,408 1 1,431
42,408 8,374 2,998

1252803

2,008 4o, 948

9 14,936

2,10k 55,88L
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February March
Clagsification and Declassification

Documents, including drawings and photographs
reviewed for downgrading or declassification 98 Ls

Documents and papers (intended for oral pre-
sentation or publication) reviewed for

appropriate classification TS b1
Documents submitted to Declassification
Branch, Oak Ridge 3 13

Laboratory Auxiliaries

JL Boyd: jw

1252804
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PROFESSIONAL FLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

JENERAL

As of March 31, 1960, tke staff of Hanford Iatoratories totalled 1300 employees,
includirg 618 exempt and 682 nonexempt. There were 528 employees possessing
technical degrees, including 312 E.S., 115 M.S. and 101 P2.D.

HEALTH, SAFETY AND SECURITY

The medical trestment frequency for Marck was 2.0l as compared with 1.4L last
month. There were 2 security violations during the month, bringing the total
for the year to date to 6 as compared witn 14 during the same period in 1959.

An employee of the Radiographic Testing Operation sustained a severe medical
treatment injury to his hand on March 2rd.

Each laboratories btuilding was provided with placards containing inetructions
and the airway sppliance for the new mouth-to-mouth artificial resuscitation
method.

PROFESSIONAL PLACEMENT

Thirteen Ph.D. candidates visited Richland for interviews during March. Three
offers were extended to Ph.D. candidates, and there are currently four offers
open. Foliow-up visits were conducted with Chemistry a.nd. Chemical Engineering
candidates at the University of Washington.

All campus visitations are completed for 1959-60 recruiting of BS/MS graduates.
Follow-up visits were conducted at Oregon State, Washington and Montana State
during March. One hundred seventy-five offers have been extended, with 31
acceptances received by month's end, ard 128 offers continuing open.

Four Technical Graduates were added to the program rolls, and 8 accepted
permanent assignments during March. Two Technician Trainees were dropped

for failure to mairtain a "C" average and transferred to more suitatle employ-
ment.

At month's end there were 47 Technical Graduates and 5 Technician Trainees
on the program rolls.

TRAINING

An additional class in Applied Creativity was started to accommodate the number
of semi-technical personnel who have expressed an interest in taking the course.

COMMUNICATIONS

A TV newsfilm and newspaper stories on the ribbon-cutting ceremony at the
Radiochemistry Celli have been approved and are scheduled for release in April.

1252814 UNCLASSTFIED
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COMPENSATION

Final preparations, were made to implement tke New Nonexemp® Salary Plan which
will become effective on April 1lltk,

EMPLOYMERT

There were 10 nonexempt vacancies filled during the month. With tke receipt of
18 new requisitions and 2 cancellations, there are currentiy 1l openings for
which 6 candidates are in process, Z transfers pending, and 3 yet to be procured.

Marsger,
Professional Placemernt
and Relstions Practices

TG Marshall:1lmh

1252815 UNOoASSIFIED
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TABIE II NONEXEMPT EMPLOYMENT

No: t Pmployment Status Feb Mar. Nonexempt Transfers Request Feb. Mar.

Requisitions Transfers

At end of month 5 11 Active cases at end of mo. 74 68
Cancelled 32 Cancelled 1 4
Received 17 18 New 6 4
Filled 4 10 Transfers effected 3 6

1252810 o UNCLASSIFIED
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—
C - Techrical Graduate and Technician Training Program
Morth ending March 31, 1960
IG Program TT Progrem
Nunker of Personnel on Assignment L7 5
(HAPO Tech Grad Program..... ... 38
(Western District E. P. ....... 9
Distribution of Assignments by Departments
HLO 23 1
CE&U0 : 2 o]
FPD 1 0
IPD 18 L
CPD 2 0
C&AO 1 0
Distribution cf Asbignments by Function
— R&D or Engineering 39 5
: Other 8 0
e

1252818
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FINANCIAL OPERATION MONTHLY REPORT
MARCH_1960

Personnel

The Specialist - Measurements transferred to Operations Research and Synthesis,
effective March 1, 4o fill an existing vacancy.

Activities

GENERAL ACCOUNTING

A special report on travel activity within the Laboratories was prepared and sub-
mitted to the HAPC General Manager in response to his request. .The report high-
lighted reasorts for the increase in travel and contained an estimate of total
travel for FY 1960.

A new procedure was placed in effect. This will result ir reporting travel
expenses in the month in which incurred. A lag of at least a week in the account-
ing procedures has been eliminated.

Meetings were held with a McBee representative, C&AO EWIP Specialists and Techni-
cel Information's IBM people to investigate mechanization of EWIP and discuss
mutual problems. McBee tabulating equipment would not provide all the necessary
information required at a reasonable cost. Further meetings are scheduled with
Technical Information IBM people. Upon completion of this study a more complete
report of our findings will be submitted.

The inventories budget for FY 1962 and revision of FY 1961 was consolidated end
submitted to Contract and Accounting Operation prior to the due date. Inven-
tories for which Hanford Laboratories are responsible will nct vary significantly
for the present except for Zirconium, Heavy Water, Spare Parts, due primarily to
the Plutonium Recycle Program, and Beryllium in support of Flutonium Metallurgy
studies. :

Twenty-six items valued at $16,032, were received at the Laboratory Equipment
Pocl Building during March. Three items valued at $1,055 were permanently trans-
ferred in lieu of placement of requisitions. There is a total of 191 items
currently located in the storage area valued at $91,850. Equipment moving into
the storage area has been slower than anticipated, however, the mumber of calls
and visitors requesting information on the evailability of equipment has
increased considerably.

A report of results of the annual witnessed physical inventory of reactor and
other special materials was issued by Contract and Accounting Operation. Findings
reported indicated improvement could be made which resulted in a proposal being
submitted to the Section Managers for their review and approval on March 8. The
proposal will (1) eliminate the present nine HLO custodians responsible for
recording and reporting of all materials for HLO, (2) provide, in the HLO

Central Storage Area, a depository for materials not in use or occasionally

UNCLASSIFIED
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used, which mey be sotred and/cr available for use by more than one holder,
(3) provide cemtral screening of all purchase requisitions against available
supplies, (4) provide a central stockpiling of scrap materials for shipment
offsite. Benefits to be obtained from a central custodlan are more efficient
utilization of existing materials which ashould result in dollar savings and
reduced inventory levels.

Preparations were completed for the physical inventory of mcvable cataloged
equipment in the custody of Chemical Research and Development Operation, to
begin April 11, 1960. This is the final inventory of movable equipment fcr
fiscal year 1960. _ |

The physical inventory of movable cataloged equipment in tke custody of Reactor
and Fuels R&D Operation continmues. This inventory is behind schedule due te
the large mmber of unlocated and/or recorded equipment found during the
inventory. ,

In response to a request of Contract and Accounting Operation, HLG's forecast
of Zirconium Sponge and Hafnium requirements for FY 1960 through FY 1963 was
prepared and submitted for their use. A total of 8 tons of zirconium sponge
wag forecasted for HLO compared to 135 tons for total HAPO.

COST ACCOUNTING

Preparation of the Operating Ccst Budget for FY 1962 and Revision of Budget for
FY 1961 i3 essentially complete. Approval of Section Managers have been
obtained and the consolidated Hanford lasboratories' operating cest budget will
be submitted to Contract Accounting during the first week of April. Prepara-
tion of the Proposals for Research and Development repres:rted a significant
effort by many people in Hanford Laboratories during the month; there were 66
proposals consisting of 335 pages of typed materiali.

The operating cost control budget for Hanford Laboratories was adjusted during
March to reflect charges in authorized funds as fellows:

(1) Provision to reflect cost of Gas Cooled Loop preoject as $ 825 000
operating costs rather than equipment

(2) Increase in Research and Develcpment autkorizations frem

IPD: .
(a) Reactor I {Chemical R&D) 35 000
(b) Metallurgy II (Reactor and Fuels R&D) 13 000
(¢c) New Production Reactor (Reactor and Fuels R&D) i 000

(3) Transfer of operating cost funds to equipment funds in the
following rrograms:

{a) Plutonium Ceramics Research (24 500)
(b) In-Reactor Measurements (15 000)
(c) Atmospheric Diffusion Studies (Air Ferce) (9 000)

() Increase in budge:t to provide for Technical Graduate

assigmments 110 000

1252820
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(5) Increase cf $68,000 in Buildings and Utilities budget to
provide necessary funding for balance of fiscal year
(this represents and internal HLO adjustment - no increase
in net costs) '

A special request was received by Banford Laboratories during March to fabri-
cate plutonium test samples for the Bettis Plant in the amount of $10,000.

Twc new program codes were established during the month for:
(1) .22 Gas Cooled Power Reactor Loop - The AEC has reclassified the manmer
of funding the loop project from equipment to research and development.

(2) .2i Graphite Contraction Studies - 4000 Progrem Research and Development.

Initial data on fabrication time, material costs and reject rates for the UOp
FRTR elements have been obtained and the calculatior of the fund cost for the
first loading is nearing completicn. Data are currently being accumulated as
the fabrication progresses for the Pu-Al elements for the first loading.

The coding system for accumulating meintenance cost detail for PRTR operations
kas been discussed with Data Processing, Procedures and Cost Accumlaetion
personnel and their concurrence obtained. Through this system we will provide
cost detail by type of maintenance (emergency repairs, plamned maintenance,
modifications, etc.) by specific piece of equipment, and also total maintenance
each month on about 40 equipment systems within the reactor facility.

By letter of March 1%, 1960, from Contract and Accounting Operstion, our Miscel-
leneous Capital Work Order funds were increased to $135,000 for FY 1960.
Constant review of all incomplete orders now authorized is in effect. As soon
as March costs are known, a complete analysis of our fund position will be
prepared. It is anticipated that sufficient funds should be available to
authorize the animal farm disposal system estimated at $15,200.

GENERAL

Payroll Statistics

Mumber of HLO Buployees

Total Exempt  Exempt
Changes Daring Month
Employees on Payroll at Beginning of Monmth 1 305 619 686
Additions and Transfers In 12 9 3
Removals and Transfers Out 17 10 1
Employees on Payroll at End of Month 1 300 618 682
Overtime Payments During Month March February
Exempt : ' $ L 291 $323
Non-Exempt 13 290 7842
Total $17 581 $11 073
' UNCLASSIFIED
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Gross Payrcll Paid During Moath

Exempt
Non-Exempt

Total .

Participation in
Benefit Plans at Mcnth End

Pension Flan
Insurance Flan
Personal Coverage
Dependent Coverage
U.S. Savings Bonds
Stock Bonus Plan
Saving Plan
Savings and Security Plan

Insurance Claims
Employee Benefits
Life Insurance
Weekly Sickness and Accident
Comprehensive Medical
Dependent Benefits
Comprehensive Medical

Good Neighbor Fund

Mumber Participating
Percent Participating

. W. Sale:bk
4-12-60

1252821
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J-k
March February
$530 566 $511 059
399 438 317 81k
$930 o0k $828 813
_____ March February
Number Percent Number Percent
1136 99.5 1132 99.5
1 292 99.8 1 298 99.8
926 925
78 39.1 78 39.0
. 89 6.8 92 7.1
1 025 83.7 1 028 88.9
March February
Number Amount Number Amcunt
0 $ 0 0 $ )
29 1 539 14 1 208
62 L 238 179 11 258
145 9 950 88 5€u
26 4577 0 L #8107
March February
917 91
70.5 70.5
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INVENTIONS OR DISCOVERIES

All persons engaged in work that might reasonably be expected to
result in inventions or discoveries advise that, to the best of their knowledge
and belief, no inventions or discoveries were made in the course of their
- work during the period covered by this report except as listed below. Such
persons further advise that, for the period therein covered by this report,
notebook records, if any, kept in the course of their work have been
examined for possible inventions or discoveries.

INVENTOR TITLE OF INVENTION OR DISCOVERY
Wallace W. Schulz The Use of Small Concentrations of

Nickel (II) Nitrate to Modify the Rate of
Dissolution of Aluminum Metal by Nitric
Acid-Mercuric Nitrate Solutions.

R. H. Moore , A Pyrochemical Method for Separation
of Uranium and Plutonium Applicable to
Ceramic Fuels Reprocessing.

L. L. Ames, Jr. Cesium Removal from Aqueous, High-
salt Solutions into Crystalline BaSO 4

ode

—
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