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BUDGETS AND COSTS

August operating costs totaled $1, 986, 000; fiscal year-to-date costs are
$3, 743, 000 or 15% of the $25, 403, 000 tentative control budget.

Hanford Laboratories research and development costs for August compared
with last month and tentative control budget follow:

(Dollars in Thousands) Cost
Current Last FY %
Month Month To Date Budget Spent
HLO Programs
2000 Program $ 74 $ 67 $ 141 $ 597 24%
4000 Program 740 549 1 289 8 835 15
5000 Program 60 54 114 742 15
6000 Program 209 190 399 2 372 17
1 083 860 1 943 12 546 15
IPD Sponsored 257 226 483 3 100 16
CPD Sponsored 151 124 275 1 658 17
$1 491 $1 210 $2 701 $17 304 _1___%

RESEARCH AND DEVELOPMENT

1. Reactor and Fuels Research and Development

The PRTR Phase III contract is estimated to be about 97% complete as
of August 31, 1960. The contractor has been informed by the AEC that

his contract will be terminated on September 12, 1960, Remaining work

will be completed by J. A. Jones Company on a CPFF basis to permit

the reactor startup to proceed.

The PRTR Maintenance and Mockup Facility bids were opened on

August 17, with an apparent low bid of $633, 700, The fair cost estimate

was $713, 000,

Formal authorization for the startup and operation of the PRTR has been

received from the AEC. This authprity is for operation in accordance

with the PRTR Final Safeguards Analysis, Supplement I thereto, and

three instructions concerning an exhaust air filter, coolant void coeffic-

ients, and use of the automatic controller.

Additional experimental data were obtained of the pressure drop in the

outlet fittings of the PRTR process tube during flows of steam-water

mixtures. The data were used in an analysis of the detection of small

leaks (between 75% and 175% normal flow) in the process tube.




vii HW-~66644 ,:’_“::

Two w/o Ni has been specified for the Pu-Al elements for PRTR irradi-
ation to impart corrosion resistance in the event of rupture. In recent
tests, 1.75 w/o Ni appears satisfactory and a 1. 5 w/o nickel alloy is now
being tested to determine the lower limit of protection.

Pre-welded samples of Zr clad UO2 have been swaged to 90% density in
the plutonium facility in preparation for plutonium fuel fabrication.

Radiometallurgy examinations of a graphite coated Pu-Al cluster and a
similar cluster with nine-mil diametral gap, both of which had been
irradiated to about 50% burnout of Pu atoms, revealed no damage other
than a slight diameter increase in the core with the nine-mil gap.

Attempts, as yet unsuccessful, are being made to form PuN, a potentially
important fuel material.

A prototypical three-foot section of PRTR cold swaged UOg fuel was
irradiated successfully for one ETR cycle at a power generation rate of
150% of PRTR design conditions.

Vibratory compaction was successfully used to fabricate nine thin-walled
(8-15 mils) stainless steel clad fuel rods for irradiation in VBWR.

A swaged UOg fuel element was defect tested in the MTR and found to
release much less fission gas than in previous tests. This behavior is
attributed to the use of larger and denser UOy particles as starting material.

Zircaloy corrosion coupons exposed in static steam autoclaves pick up
approximately twice as much hydrogen as in similar refreshed autoclave
tests, presumably due either to a hydrogen overpressure built up in the
static autoclaves or the accumulation of a higher oxygen concentration in
the refreshed autoclaves. This offers hope of minimizing hydriding in
Zircaloy in reactor service through proper control of environmental
conditions.

An ultra-fine recrystallized grain size, about 0. 006 mm, has been
produced in warm-extruded Zircaloy-2 by salt bath heat treatment at
about 1200 F and air cooling. This grain size is comparable to that of a
Hareaus tube sample which exhibited exceptional swageability.

Magnetic force welding has proven uniquely useful in preparing special
specimens for Physics studies free of the cadmium contamination
encountered in heli-arc welding,

Ex-reactor, 3000 C rupture tests of NPR~type fuel rods which had
irradiated in 270 C water, showed rupture rates only one-fifth to one-
tenth as rapid as in similar previous tests with fuel irradiated in low
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temperature (65 C) water, A rapid cool-down from 300 C to 230 C during
the ex-reactor tests was, nevertheless, beneficial in minimizigg the extent
of rupturing.

v

\

Laboratory hydriding tests simulating the NPR stack gas system continue
to reassure that the presence of approximately 0.1 mm of HyO vapor
partial pressure in the NPR stack gas will effectively inhibit hydriding

of the Zircaloy process tubes by traces of hydrogen in the gas atmosphere.

Two experimental hot pressed I & E fuel elements were successfully
irradiated to 1400 MWD/T in the MTR at a power level of 140 kw/ft.
These incorporated several refinements in this alternate process for
production fuel fabrication.

NPR fuel studies included development of a method of attaching iron wear
shoes to Zircaloy fuel supports after autoclaving which appears amenable
to mass production. Also, it appears possible to suitably refine the grain
structure of uranium by heat treatment following Be-Zr brazing of NPR
closures.

Investigation was continued on cooling by boiling in a K process tube
under reactor shutdown conditions. This method of cooling appears
feasible only under ‘very limited conditions of coolant inlet pressure and
heat flux.

The EGCR oxidation prototype has been cooled with air from 625 C with-
out spontaneous combustiion of the graphite.

t

2. Chemical Research and Development

Two liter-scale runs were completed in the hot cells testing the flowsheet
which will be used in the Purex head-end equipment for the isolation and
partial decontamination of a raw strontium~90 product. Although the
operability of the process was demonstrated, product recoveries were
lower than expected (30 to 50 percent). The strontium-90 product con-
tained no detectable barium but sufficient calcium to impair the capacity
of the ion exchange equipment to be used for final product purification.

The ion exchange process for strontium-90 purification has been demon-
strated in the laboratory. Product purity is greater than 99 percent.
Control of the pH of the EDTA eluate is critical; loss of ammonia (for
pPH adjustment) results in the formation of precipitates in the ion

125 71EL8




A sample of the slag which remained in the damaged Redox multipurpose
Dissolver after decontamination operations was found to have a com-
position of about 72 percent iron, 9 percent chromium, 11 percent
nickel and 8 percent uranium, and to have attained a temperature in
excess of 1300 C at the time of the incident.

Forty-six pounds of electrolytic UO9 have been prepared this month
via the Salt Cycle Process. The first 28 pounds had an oxygen to
uranium ratio of 2. 04. The next 18 pounds of product, after process
conditions were altered, had a more acceptable ratio of 2. 0l. Ratios
as low as 2. 005 were obtained. The fused silica vessel used for the
molten salt electrolysis has survived 350 hours of operation at temp-
eratures of 700-800 C.

Construction of the hot oell equipment for Salt Cycle demonstration runs
with irradiated fuel materials is essentially complete; cold runs have
been initiated. Removal of fuel core by air oxidation and the subsequent
dissolution of U3Og by chlorine gas in the molten NaCl-KCl bath has been
successfully demonstrated.

The pilot scale facility for treating reactor effluent water with aluminum
turnings has been operating continuously and, after ten days, resulted
in the removal of 52 and 42 percent of the influent Cu-64 and As-786,
respectively. Equilibrium is expected to be reached in 3 to 4 weeks of
operation.

Physics and Instrument Research and Development

In the NPR program, a compromise design Fuel Failure Monitor incor-
porating features of both the IPD-developed system and of the HLO pro-
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posal has been adopted as standard. Consultation assistance was provided
in development of this new design. Testing of the NPR lattice continued

in the PCTR and canning of tube-in-tube fuel for exponential experiments

is under way. Further satisfactory tests were completed on several proto-
type radiological monitors for the NPR building. Also an analog model to
facilitate design studies of the heat exchanger was completed.

A final hazards report has been completed for the Critical Mass Labora-
tory and is now being printed. The laboratory has been occupied and
shakedown runs on the equipment began using non-fissionable material.

In the Non-Destructive Testing Program, a small research contract is
being arranged with Professor W. H. Huggins of Johns Hopkins University
whose leading work on signal theory promises to be of considerable
assistance in the broadband eddy current studies. Efforts to improve the
experimental equipment for the thermal bondtesting program also continued.

In the Neutron Flux Monitoring program, calculations began on plutonium
isotopic composition to give increased monitor lifetime and an Invention
Report was filed on a possible microwave technique for neutron monitoring.

The Gas Cooled Reactor physics program was concluded with the issuing
of three customer reports.

The solution of certain difficult dosimetry problems may be aided by a
study of small thermoluminescent dosimeters now in progress. Experi-
mental results exceed original expectations with accurate measurements
having been confirmed for doses from one milliroentgen up to several
roentgens.

Progress in completing the atmospheric dispersion program done in
cooperation with the Air Force was marked by transmission to them of
the IBM data reduction on all of the samples.

Ability to treat reactor physics problems was assisted by development of
a calculational method which gives critical masses of slightly enriched
fuel rods in water to 10% accuracy and by measurements on the rate at
which neutrons entering cool water from hot graphite approach equilib-
rium with the new medium,

In the basic data field measurements progressed on the energies follow-
ing scattering from water of neutrons originally at 0.27 ev.

Biology

Dams were found to contain three to six times greater concentrations of
Zn than were found in their fetuses following administration of zn%5,

DRI
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Another variable was found to affect the Csl37/K ratio in plants. This
was osmotic pressure that was studied by means of sodium chloride in
the root environment,

Biological studies on Np237 for the Paducah project (at the request of

the AEC) progressed,

By means of bile fistula, it appears that the diarrhea associated with GI
irradiation injury is associated with biliary flow.

5. Programming

Plutonium values in an Advanced Pressurized Water Reactor were calcu-
lated for cases of self-sustaining and non-self-sustaining recycle with
enriched and depleted uranium. Values ranged from about $10, 50 to

$16. 00 per gram of fissile plutonium with depleted uranium and from
about $11. 50 to $13. 50 for the enriched uranium case,.

Preliminary cost calculations indicate that close coupled processing of Vo
reactor fuels within a single reactor system is not economically attrac- \
tive, Combined processing of fuel from more than one reactor is needed
to lower the costs to attractive levels.

TECHNICAL AND OTHER SERVICES

Several important analyses have been made in connection with run-to-rupture
tests involving different self support concepts. Comparison between the controls
in the several tests have lent support to the validity of the accelerated test program.

A report was issued presenting the results of the study to determine an optimum
suppleme ntal crew size.

The basic logical structure to which the process control computer being installed
in the Z plant will be applied, has been completed along with about 60 per cent of
the detailed programming diagrams.

The derivation of the time~dependent probability law for simultaneous failures
of any fixed number of devices out of a given number of identical devices operated
independently has been completed and an asymptotic expression which is much
simpler, for computational purposes, than the exact expression has been obtained.

Work continued on the formulation of a kinetic mechanism for the dissolution of
~uranium in nitric acid. The set of simultaneous equations expressing the semi-
empirical model of the dissolver process that is compatible with available data
have been solved; however, the particular form of the solution makes estimation

of the model parameters impractical, and current effort is directed toward
expressing the solution in a more tractable form. - -
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There were no cases of plutonium deposition confirmed during the month; thus,
the total on record remains at 262 of which 257 occurred at HAPO. There are
188 employees currently on the active rolls with plutonium deposition.

There are 21 currently active projects having combined authorized funds in the
amount of $20, 356, 000. The total estimated cost of these projects is $23, 818, 000,
All projects but seven are on or ahead of schedule. Six of these seven are at

least 5 per cent behind schedule.

A program document setting forth the plan to automate the issuance, routing and

mailing activities of the Classified Files was issued. Studies indicate that the
project is feasible and offers an opportunity for cost reductions.

SUPPORTING FUNCTIONS

Approval was obtained for the transfer of $1, 000 fee funds from travel and
living variation budget to conference and other expense budget.

Expenditures and commitments for equipment for the first two months of FY 1961
are approximately the same as for FY 1960, however, purchase requisitions

and appropriation requests are ahead of FY 1960 by more than $100, 000 which
should indicate a good expenditure pattern in the second and third quarters.

The FY 1960 physical inventory of movable cataloged equipment in the custody
of HLO resulted in (1) a shortage of 38 items valued at $8, 592 compared with
24 missing items in FY 1959 and (2) 194 unrecorded items valued at $99, 340
compared with 32 items in the previous year.

As of August 31, 1960, the staff of the Hanford Laboratories totaled 1411
employees, including 680 exempt and 731 weekly salaried. Of the total,
585 possessed technical degrees, including 353 B.S., 129 M.S., and 103 Ph.D.

The medical treatment frequency for August was 1. 48 as compared with 1. 87
for the preceding month. There were no disabling injuries or serious accidents
during the month. There were six security violations, bringing the total for
the year to date to 23, as compared with 31 for the corresponding period last
year.

One Ph.D. candidate visited Richland during the month for interview. Four
offers were extended and offers were accepted by an experienced Ph. D.
botanist and an inexperienced Ph.D. chemist. A total of ten acceptances
were received during the recruiting year beginning September 1, 1859, and
ending August 31, 1960.

Five Tachnical Graduates were added to the rolls, six accepted permanent
assignment and six terminated, including four Engineering and Science Pro-
gram members, one military leave and one temporary summer ergployee.
At month's end there were 78 Technical Gradu#tes, ‘including four 's‘i"nembers
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of the Engineering and Séiené.e Program and one Technician Trainee on
program rolls,

The 1959-60 recruiting year officially was completed on August 31, 1960, For
the Technical Graduate Program, 196 offers were extended and 82 acceptances
were received. In the experienced category, 114 offers were extended, 65
acceptances were received. Included in this total are 28 offers for HLO
components resulting in 18 acceptances.

Twenty-seven HLO exempt employees completed the second section of "Technical
Report Writing'' under the instruction of Professor E. Elliott of the University
of Washington.

Eighteen weekly salaried vacancies were filled during the month.

Manager
Hanford Laboratories

HM Parker:FWA:mlk
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- AND* FUELS" RESEARCH AND DEVELOPMENT OPERATION

TECHNICAL ACTIVITIES

FISSIONABLE MATERIALS - 2000 PROGRAM

l.

METALLURGY PROGRAM

Corrosion Studies

Hydriding of Zircaloy-2 in Simulated NPR Atmosphere. Two groups of

Zircaloy-2 samples were exposed 102 days at 300 C and 350 C in helium gas
contaminated with 0.01% Ho and 0.01% CO. This gas was prepared by passing
tank helium over NPR graphite at 800 C where the traces of water in the
gas were converted to hydrogen and carbon monoxide. The gas mixture
flowed over the samples at a slow rate. As reported in June 1960, no sig
nificant hydriding of the Zircaloy-2 samples had occurred after the first
43 days of exposure. Likewise, the 102-day data do not conclusively show
any hydrogen pickup. However, with due regatd for scatter in the extrac-
tion analyses, the 102-day data tend to be slightly higher in Hp content
then the 42-day data, and this may indicate a slow hydriding reaction.

! F)=h Y
A |
Reararman v

This experiment is continuing, and a similar 400 C test has been initiated.

Hydriding of Zircaloy-2 in H2-H20 Mixtures. A series of vapor-blasted,
vacuum-annealed Zircaloy-2 coupons were exposed at 400 C in 10 mm partial
Pressure Hz with from 0.0001 mm to 23 mm water vepor added to vary the
dewpoint. This system is representative of the NPR stack gas composition
with approximately 1% Hp and varying dewpoint temperatures from -86 C to
+25 C.

Two-hour data from this experiment were reported last month. The six~hour
data confirmed the earlier results, viz.: below a HoO partisl pressure of
0.1 mm the Zircaloy-2 hydrided rapidly, whereas above 0.1 mm the hydriding
was strongly inkibited. Seventy-two-hour data a Pgyp = O.1 mm indicate
hydriding is progressing at a slow but measursble rate. These experi-
ments will be continued to procure hydriding rate deats as a function of
temperature, Hp and HoO partial pressures, and Zircaloy surface condition.

In-Reactor Test for Zircaloy Samples. A capsule for subjecting Zircaloy
samples to proposed NPR stack-gas atmosphere conditions in the reactor
has been designed. Preliminary drawings have been made, and calculations
as to feasibility are in progress.

Radiometallurgy Laboratory Studies

(206707 R

Examination of the fourth purposely-defected ETR rupture (Zr-2 clad uran-
ium metal tube) revealed that water had reacted with the uranium near the
outer can wall to a distance of sbout one inch in each direction. The
outer cladding was badly distorted while the contour of the inner clad-
ding remeined unchanged (RM-567). A Zr-2 clad 7-rod cluster with hot
headed end closures was found to be in excellent condition upon

1T
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examination. The onLy defects were slight bumpirg and a few cracks in the
uranium ccrs rear Tae enc closures (RM-703). Severe hydriding ard crack-
ing were fourd ir toth tubes of an element which ruptured in KER Loop 4.
Two ruptures were fourd in the irrer +tube (RM-548).

Results and interpretations of these examinations will be reported in
more detail in connection with the respective development programs served.

Basic thallurgy Studies

Mecharical ard Physical Properties of Materials. The evaluatioz of
zirconium - 2 a0 Sn - 2 a/o Nt alloy for fuel element applications has
continued. The elevated tensile properties of this alloy in the annealed
and quenched condition are being determined. After water quenching from
950 C, tke alloy has a tensile strength of 86,500 psi at 300 C. Water
quenched specimens broke out of the gauge sectioms so elongation to fracture
could not be determined. The fractures appeared to be typical of a brittle
material. Erichsen cup tests on the anneaied allioy demonstrate excellent
ductility. These tests also show good ductility for the quenched material.

The properties of zirconium - 2 a/o Nb - 2 a/c Sn as affected by heat
treatment in the temperature range 650 to 750 C are important in evalu-
ating the extent to which this alloy could improve the performance of
Zirconium fuel element cladding, since this is the range of temperature
in which final fuel elemert heat tresatment will be performed.

Little hardering is observed for oil quenching from temperatures below

750 C. Coupons of the alloy oil quenched from 770 C have been reheated
to 600, 550, 300, and 450 C for times up to 1500 minutes. Below 500 C

the scftening rate is very slow.

Electron and Opticel Microscopy. The study of the microstructure of clad-
ding and fuel material after irradiation is a direct way of detecting rad-
iation damage in these materials. Thin films and foils suitable for
electron microscepy offer advantages, since radioactivity is a minimum.
Thin films of evaporated uranium dioxidz urndergo considerable change in
both morphology and crystallinity as a function of irradiation. An ex-
periment was performed to determine whether vaporization and condensation
of uranium dioxide occurs during irradiation of approximately 100 & thick
films. A 200 A thick carbon substrate, the collector, was positioned at
a distance of one mm from a 100 ] tihick uranium dioxide film during an
irradiation period which resulted in an exposure of approximately 4 x 1018
vt (thermal ). Examination of the carbon collector taken from ar air
filled capsule revealed the presence of rosettes which had diameters as
large as five microns. Electron diffraction patterns of these deposited
rosettes yielded interplanar spacings of 2.012 and 1.723 R, which ccompare
quite favorsbly with U308 (1.99 and 1.171 R). A similar expcosure in an
evacuated capsule, khowever, does not yield deposited rosettes, but in-

stead many very dense parfiicles having a maximum diameter of approximately
400 A are cbserved. Electron diffraction analysis of these particles
identifies them as uranium dicxide.

o S,
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Attempts at preparing thin metallic films cf chemically reactive metals for
subsequent irradiations have continued. An evaporation chamber containing
a movable, water-cooled anode and a self-biased electron gun has been con-
structed. Uranium at the end of a 1/8" diameter rod is superheated by the
impinging electrons and evaporates at high rates. Films prepared in this
fashion have been formed on carbon substrates and coated with evaporated
U0z at pressures of 10-O mm of Hg. In each instance the sandwich contains
UO2 rather thar uranium upon examination by electron diffraction. Other
sultable covering layers which may inhibit oxidatior of the uranium are
being investigated.

Production Test IP-346-D, HAPO-243, covering irradiation of thin foils of
reactor fuel, fuel cladding, and reactor structural materials in the 4B
Snout Facility at 105 KW has been approved. A prototype special cepsule
and capsule holder required for the proposed irradiations is being con-
structed. Half-inch diameter foils of various materials and histories are
being prepared.

Two articles entitled "Fission Fragment Demage in Non-fissionable Thin
Films," end "Damage in UOp Films and Perticles During Reactor Irradiation”
have been submitted to the Journal of Applied Physics for publication.

Solid State Reactions. X-ray diffraction techniques are being used to
study the effects of radiation on non-fissionable materials. The behavior
during snnealirg of highly irradiated (5 x 1019 rvt) molybdenum is cur-
rently being investigated. Isochronal anneals of irradiated molybdenum
have been carried out to 1000 C, and the changes in x-ray line profile and
lattice parameter recorded. Concurrent amneals of 30 percent cold-rolled
molybdenum are being carried out for comparison, changes in line shape and
position teing recorded in the same manner as for irradiasted material.
Additional samples of highly annesled and of ten percent, 20 percent, 40
percent cold worked mclybdenum are being prepared for irradiation. These
samples are intended for a comprehensive anaslytical study of line shapes
by Fourier methods, with emphasis upon the annealing bekavior. ' A supple-
mental study of single-crystal molybdenum has also begun. Available
single crystals are being examined to determine their crystal orientation
and quality.

Metallic Fuel Developmernt

Tubular Fuel Elements. Further radiometallurgy work has been done orn the
fourth ETR intentional rupture test piece. The fest element was a KER-
size outer tube with the defect on the outer surface. Sectioning through
the defect showed evidence of accelerated corrosion attack elong the outer

bond layer.

A KER “ube/tube fuel element with urarium - two percent zirconium cors
failed in April after 1250 MWD/T. The element was 36 inches long ard was
erriched o 1.€C percent in order to approach NPR thermsl conditiorns.
During July the cause cf the fallure was shown to be hot spots resuwlting
from warping of the inner component. Cliadding peretraticn had occurred at

1267670
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both hot spots. At the upstream end of the element the dliameter of the
irner tube had ircreased 0.020 inch. A metallcgraphic section of this
area showed radial cracks in the core and a large number of nonmetallic
inclusions in the wranium. The clad in this area was extremely uniform
and did nct show any plastic instability. The uniform two percent strain
taken by the clad is much greater than the small strains observed in rod
cluster elements exposed to 2000-2500 MWD/T.

Production of test fuel elements from FPD extrusions began during the
month. Twenty elements of NPR inner tube size are in process, ten of
which have 0.020 inch clad on the inner and outer surfaces, and ten of
which have 0.030 inch clad on the outer surface and 0.020 inch clad on
the inrer surface. .

Further experiments with component treatment to promote bonding between
the Zirecaloy cap-ring and the uranium in the "Extrusion-Closure" process
were carried out. The interposed shim of nickel, which in the last issue
was reported as apparently bonded, was found to be infirmly attached tc
both uranium and Zircaloy. Evidently the temperature ard/or pressing
time were too low to bring about appreciable diffusion at the interfaces.
In another trail, a shim of Armco iron with an AlSi overlay was inter-
posed, the iron face next to the uranium. After pressing at ~650 C, the
iron was found to be attached to the uranium and the Al1Si seemed to have
wet the Zircaloy, but the A1Si/Fe bond was poor. This trouble, hcowever,
can be remedied. Desirably, the closure should be made at a temperature
within the alpha-phase of the uranium ({ 660 C) to avoid uranium struc-
tures leading to distortion during irradiation, and for this purpose ALSi
is ideal. Plain AlSi was found to diffuse rapidly into Zircaloy at a
temperature slightly above its melting point, but Alcoa #716 (AL - 10 Si -
L Cu) does not; the AL diffusion is apparently inhibited by the presence
of Cu. An experiment was tried to see if this alloy behaved similsarly
with urasnium. Unfortunately, Alcoa #716 was found to form a brittle,
pyrophoric alloy with uranium, and thus is not suited for brazing.
Present indications are that a Zircaloy cap preclad with irom oz the face,
either by diffusion bonding or by brazing with AlSi or other brazing
material, may lead to success in the extrusion closure process. Iron
plating on the urarium is another possibility. This has beer tried with
medioccre success, but the procedure is unwieldy and not readily adaptable
to a production process.

Two BeZirc brazed NPR inner fuel elements were loaded into KER Loop 2,
together with five other pieces including two defected pieces, at

6:00 AM on August 4, 1960. These elements were 18 inches long and were
placed in Zircaloy sleeves. At 8:30 PM on August T, 1960, activity in
Loop 2 was strong erough to scram the reactor and cause discharge of the
tube. Examination in the basin did not reveal an cobvicus failure in the
brazed pieces. These elements are being removed to Radiometallurgy for
further examination.

Fuel for Present Reactors. On July 1i, 1960, two hot pressed fuel ele-
ments completed a goal exposure of approximately 1400 MWD/T in the GEH-L
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facility of the MIR. These elements showed no sign of failure or other
questionable bekavicr. They are now in Radiometallurgy being prepared
for further examination.

Component Fabrication. A method has been developed for attaching iron
wear shoes to Zircaloy-2 fuel element supports after the element, in-
cluding supports, has been autoclaved. The Zircaloy-2 supports are of
the "Suitcase Handle" configuration and are 0.150C by 0.055 inch in cross-
section. The iron wear shoes were blanked from 0.0L0 inch shim stock.
The inner blanks are formed into a channel which is wrapped around the
Zircaloy-2 support by a crimping tool. This method is adaptable to 1/k
inch wide supports as well.

A test was completed that compared the uranium structures developed by
beta heat treating prior and subsegquent to brazing for end closure. NPR
inner tube stock was brazed with Zr-Be, Zr-Fe-Be, and Zr-Cu-Be brazes at
both ends of six-inch long sections before and after salt bath heat
treatment. Beta treatment consisted of holding in NUSAL ten minutes at
730 C, ten-second air delay and oil quenching. A pronounced grain re-
finement was obtained by beta treating the brazed structure. As-brazed
sections indicated a heat affected zone extending approximately 1-1/h
inch from the. cap-uranium-interface containing extremely large, longi-
tudinal colummar grains. The heat treatment following brazing has suf-
ficiently refined this structure for reactor operation.

Closure and Joining. Two shipments of new brazing alloys have been re-
ceived from Oregon Metallurgical Corp. These alloys were Zry-2 +

L w/o Be + 12 w/o Pe and Zry-2 + L w/o Be + 14 w/o Cu. Some of the
material was reduced to 20 mesh powder and used to braze some small
fuel sections. The iron alloy was brazed at 950 C. This represented
a drop in nearly 10C C in brazing temperature; also, the brazing time
was reduced from two to one minute. Autoclaved samples in both the
as-brazed and welded conditions showed a black, glossy autoclave film
over the weld region, which looked like that on the Zircaloy jacket.
The copper alloy was also brazed at 950 C, but was extremely fluid
irdicating that a lower brazing temperature is possible. The autoclave
film was not as tenacious as the iron alioy and had a definite red color,
probably due to cuprous oxide.

Several brazed fuel element autoclave ruptures have caused some concern.
This material was brazed with BeZirc turnings, mede by machining a bar
forming chips. In each case rupture appeared to start at the base of
the cap througk the jacket. During brazing extreme gas evclution was
observed. Braze material which was vacuum outgassed appeared to have
better corrosion resistance. Gas analyses of the braze material have
not been completed.

A decision was made tc braze the next production test with the iron allioy

This test will be with KER inner and outer material with a 1.6 percent
enriched uranium core allcyed with two w/c zirconium. The decision was

based on geveral points. First, the lowerfps;ting pcint of the alleoy and
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a shorter brazirng time; seccid, avallability cof traze aliocv; thiri, ths
excellient appeararce ¢ +ke aubsclave film; and fourtk, fawer volils an
wborded areas are fourd irn ths brazad regiors.

An MTR test, GEH-L-S57, 58, i3 being prepared tc test thz intsgrity ¢f
the iron alloy trazed closurs. This test should te quite sever:s due to
the kigh power gereration and lcw fuel surface temperature. NER inrsr
tube material is being used. Othesr experimer*s are planral to test the
other braze alloy concepts.

Attempts are being made to close coextrudad Zircaloy-2 clad urariun KER-
size rcds by projection welding a2 Zircalcy-2 cap directly onto the pro-
Jected claddirg rirng provided by acid millirg the wranium from thsz sril of
the rods. This concept is being iritially tried on rods as ke capacity
of the available spct welding machine is rot sufficient to test the concept
on tubular elements. The power reguired is expected to be approximately
the same as required for tkhe hot hz=aded projection weldel closure.

The pressure will be maintaiznsd on the cap and the power contirued for
several cycles after the initial precjectiorn welded closure ir an effort
to resistance braze the cap to the uranium. A very thir (0.C03 to C.008
inch) layer of braze material would be placed betrween the cap ani tha
recessed uranium. A space (0.025 to 0.03C inck) is initially provided
between the flat bottom of the cap and the wranium which will close when
the cap settles from the iritial projecticn weld, allowing contact through
the braze material into the wranium core. The additional cycles of power
would then braze the cap to the wranium.

The efforts to date have been *o obtain the proper corditicns for the
iritial weld between the clad and the cap with no particular effsr

being made to braze the car to the urarium. The results to date have
beer promisirg and with a reliable initial projection wsld, an attempt
will be made tc traze the cap to tkz wranium using one of the Zircalsy-2 -
Be braze alloys. If ihis closure appears feasible for rods, the corcert
~will be tested on tubular elemernts witi a larger welding mackirs.

Acid milling of T - 2 w/o Zr alloy material in the as-extrudel coriitior
was fourd to te quite slew. Miliing rates of less than ornz-~half mil psr
mirnute were achieved using 37 percent HCL s~lution at rcom temperature.
Milling rates ircreased to about eight mils per minute upcn ksating the
acid to €5 C accompanied with severe undercutting alcmg “hs clad wall.

Twelve inmer and nire outer KER-size, U - 2 w/o Zr, 1.6 percent snricked
stock material, 17 inches long were recessed for brazsd erd closurs;
material to be irradiated under Production Test 334-A. Because of a high
tool breakage problem in machirnirg, tke pieces were first chemically
milled to a nominal depth of 0.2CC inch, ther machired tc the minimum
required depthk cf 0.3C0 inck, followed by further chemical millirng just
tc assure clean cladding walls. Tke stock material was given a 730 C,
five-mirute, water quernch h=zat treatmest te faver rapid acid milling.
However, prior to milling, tkhe pieces were subjected to a 600 C reheat
for apprcximately 30 minutas during a recessary straightsrirng opsration.
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Allied Fuel Studies. In a series of in-reactor swelling experiments
using Zircaloy-2 clad uranium fuel rods, five rods incurred cladding
failures during irradiation. Four of the failures occurred in 0.02C

inch clad rods, and one is in a 0.030 inch clad rod. The latter failure
was brittle in character. A metallogrephic examination of one falled

and one unfailed rod for each nominal cladding thickness revealed no
obvious differences in cladding thickness variations which would suggest
why one failed and the other did not. The unfailed 0.020 inch clad rod
shows evidence that necking of the cladding has started. Thickness in
the necked area is 0.012 inch. Thickness of the cladding at the point

of failure and at a necked area on the 0.020 inch failed rod is 0.008 and
0.009 inch, respectively. The thinnest point in the cladding of the un-
failed 0.030 inch clad rod is 0.020 inch. However, at the point of failure
on the 0.030 inch failed rod the clad thickness is 0.025 inch, and less
than 1/32 inch from the failure the clad thickness is approximately 0.020
inch. It is probable that the failure was initiated in a thin section in
the cladding located at another point longitudinally along the rod.
Another series of capsule irradiations of Zircaloy-2 clad rods is being
designed to help establish limits on allowable cladding thickness vari-
ations.

Five swelling capsules, GEH-4-98, 14-99, 14-101, 14-104, and 14-105, are
presently being irradiated in the MIR with goel exposures in the range
2000-2500 MAD/T. Exposures and average center uranium temperatures for
the fuel rods in these capsules through MIR cycle 142 are, respectively,
1680, 450, 2145, 1602, and 2710 MWD/T, and 500, 290, 450, 600, 335 C.

Two swelling capsules, GEH-14-97 and 14-103, are now awaiting examination
at the Radiometallurgy Operation. Volume changes, as determined from two
Zircaloy clad fuel rods irradiated in NaK capsules in Hanford reactors
indicate that at volume average uranium temperatures up to 425 C the
uranium is swelling at a rate of eight percent per atom percent burnup

of the fuel.

A second thermccoupled fuel rod was charged into KER Loop 1 on August L,
1960, and operated successfully until the reactor was shut down on

August 19. During the shutdown Loop 1 was decontaminated as part of the
progrem to determine whether crud deposition would be enhanced as a result
of the decontamination. Approximately 24 hours after the reactor started
up, the thermocoupled fuel rod failed, terminating thé test. Five minutes
before the reactor was scrammed the two thermocouples located at the fuel-
clad interface showed a temperature drop of several degrees and then
showed fluctuating temperatures until the reactor scrammed. The cause of
the failure has not been established.

The first thermocoupled fuel rod which was discharged from KER Loop 1 in
July has been visually examined in a Radiometallurgy cell. No evidence
of failure was found. It now appears that one of the tubular elements
which were charged with the thermocoupled rod vas probably responsible

- for termination of this test.




Se-

A8 HW-A6FLa | me 1

Corz*irvai 2afzen-testang of irraiiatci coextruded fuel rois Wy CEDO 12 tis
IRP facility kas rsvealsl tust failure tehavior may b= iufluencsd by ke
r=adiaticre f=1pcwa*“"° histtryx A fuel rod irradistzi to Zuf) MWD/T 12 a
h:uughrnole ™ 3TLL0 ¢ va:erj feilowed by five kzurz of expcsure 1o
27= C warzr iz ths ETR 3x3 lzcp L-ost 183 gram: of fual ard was szw=rsly
figtortal jurirg tk: f£izsgs 38 miznstss o a NFR nommel shuticwsn pricsiure
test, Aztivity in *he lLocp fiitar s=xes “0R ai & comasiderabkle amouct
¢? particulate wrarium wss scatherel t + trz loop, Th:z 2.6 inch
diameter »zd distorted +o such a dsgr t kai s t2 pushsi from the
C.9 irch diamster test seclion. In c = tris. a fusl rol irradiatsd
to 2250 MWD/T in a KER locp 2t 258 C . r 26 graps of fosl wita bus

digtcrtion Iurlag the first 77 mirnutess of ar NFR wommal sratitwe
rocedure ta2st. Activity ir *the lcop filter zaocustel U abouht 7R awi ths
rod slii fresly from th: 287 sectior. T2 severity of rol failurs is
associsted with the susceptibility of <hs irvaziatel uracium to cr ck o
fragmert wten stressed by cpsraticnal thermal 2 '
by corrogicr inducsd volume chacges. This suscept
increase? by irradistiorn at the lower TIIpsraTuras.

)
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Defect-testing of irradiatel cosxtruidsd fuszl rods st iscthermal comiiticn
NPR rormal cool-down rates. azi NER scra c~:-\d raves fas dencramras
that fuel corrcsion is greatly reiuced wizl ti: t= *pe'a*'"= Irops to 200 C
ard lower. Tke incextive for a =3p1i NPR ccon-dswr rats following tre le-
tecticn of a fuel elemert failure i1z mad: zvilert bty tze fest regults
tabulated below:

col- I Lecp
Fuel Rod Histery Rate Acmiviwy PFuel Loss  Fuer Damage

2450 MWD/T in cold watar
plus 5 hrs ETR exposure NPR r.oral LR 83 z Severs
at 27%

Same as akove NPR scram iR 3 g Mild

2253 MWD/T ir. KER at
25C C NFR oormal 7R 6 g Moizrate

Same as above NPR scrac i/2R {Beirg <xamair-1}

Laktcratory wear tasts bave ghown tkhar fusl slsmewr supporws formed from
low carbeor stzels or irget ircn with a maximea radius cf curvature of thres
inches psrfore satisfactorily against an autcclaved Zircaloy-2 surfacs.

The initial desigr congiderazicn: of a material for the NPR fusl elemer=

charging machirz magazine has b=+, stairliess stesl  Severe gal_ing of
stairless s%esl cccurs wharn wear <:gtel agalnst Low carbvr steels ard irg:®
iron if watsr lubricaticn is wfei. Ar aiiitizz of cx+ percent by volume
of Uoor chargirg cil to tzz watsr L.bricant elixizartei galling with the
ingot irer. suppsvhs. How-ver, wito tnz low cactiz stasl: op T &f percent

additicng of charging cil did not prevent gaililg.
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Cold rolled steel fuel element self-supports were fabricated for irradia-
tion testing on elements in a KER loop. Cold work (65% reduction in area)
was used to increase the crushing strength and the elastic deflection
range of the self-supports. Sets of these supports will be attached to
test elements to determine their performance under NPR conditions and to
determine how well the steel supports slide through the Zircaloy-2 process
tube.

A method now being developed to attach steel supports to zirconium Jjacketed
meterisl comsists of: spot welding 1/16 inch high by 1/8 inch diameter
studs to the jacket; pickling and autoclaving the fuel element; placing

the support over the studs so that the studs project through counter sunk
holes in the tabs of the support; and warm upsetting of the studs to produce
a flush riveted conmection.

Invention report HW-56546 was written describing a clip for lockirg an NPR
inner tube to the outer tube. Dies for making these clips are on order
and clips will be tested on elements exposed in the KER loop.

Fuel element Jjacket burst tests were made on coextruded Zircaloy-2 Jjackets
under nearly uniaxial hoop stress conditions. The fractures obtained dis-
played localized necking similar in appearance to some of the jacket
failures on irradiated fuel. Equipment was made for burst testing of
Zircaloy tubes at various ratios of tangential (hoop) to longitudinal
Sstress in order to further investigate the mode of failure of unirradiated
coextruded jacket material and the cause of localized necking in preference
to uniform elongation.

Irradiated Zircaeloy-clad fuel elements have exhibited localized necking
of the cladding with little associated uniform deformation of the cladding.
This phenomenon is a form of a plastic instability. Plastic instability
relations in terms of true stress-strain curves have been obtained for
tensile specimens, thin-walled pressure tubes, and sheets under one to
one-half and ore to one ratio of biaxial stresses. In all cases, insta-
bility can occur with sheets initially of uniform thickness. For a
material with a sharp break in the stress-strain curve, such as occurs in
irradiated Zircaloy, the unstable stress value does not vary greatly with
biaxiality. The effect of transverse stresses which cause notch strength-
ening have rot been included in analyses. This effect will have o be in-
cluded in a model based on secondary creep rates.

Metallurgical Development. Six BeZirc-brazed KER outer fuel element
Sections were placed in the ELMO-7 loop on April 26, 1960. After 152
hours, one of the unwelded pieces had ruptured. The cause for failure

was a pinhole in the braze zone. The remaining elements were returned to
the loop and run an additional 333 hours, for a total exposure of 485 kours.
All of the unwelded specimens were removed from further testing due %o
appearance of porosity along the braze zone. Both of the welded specimens
appeared sound with a tightly adhering corrosion product on the weld.

These elements were returned to the loop and run an additional 801 Lours
for a total of 1286 hours of exposure. A very heavy, white, locose

'
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corrosion product had formed over the braze region. This product readily
flaked off. Analyses have not yet been obtained. The operating conditions
were 572 F (300 C) water adjusted to pH 10.0 with LiOH and run at 1600 psi.
Tests now in progress involve thermal cycling NPR inner tubes.which wers

brazed with the BeZirc alloy.

Facilities and Equipment. Installation of a combination furnace capable of
meking consumable, nonconsumeble, and skull castings of reactive and re-
fractory metals is 95 percent complete. This furrnace is capable of melting
a six-inch diameter by 240-pound uranium ingot. The first successful
urenium ingot (50-1b) was made on July 23. Melting time was approximately
14 minutes, arc amperage was varied between 2600 and 4000 emps, and tke
vacuum during the consumable melt was approximately two microns. Three
additional zirconium test heats are scheduled with estimated completion on
or before August 31.

Equipment has been developed which records the exterior diameter acd warp
of cylindrical fuel elements. Linear differential transformers provide the
signal for the ordinate as a diameter or radial displacement and a helipot
provides the signal for the angle of rotation of the fuel element. ‘These
signals have been successfully recorded on a Mosley x-y recorder while a
fuel element was rotated on a lathe. Measurements of this type are planred
for our next experimental reactor fuel element charge.

2. FKREACTOR PROGRAM

Coolant Systems Development

Decontamination of Present Reactors. Three solutions for decontaminating
Present reactors have been tested during the past month: (a) Turco 4306 B,
(b) Turco 4518, and (c) a mixture of sulfuric and oxalic acids with an
inhibitor. The cyclic testing procedure consisted of exposure to 130 C
process water in the 1706 KE Single-Pass Mockup Facility for 156 hours,
followed by 30-minute flush with one of the decontaminating solutions. A
separate mockup system was used for each solution, with a fourth system
used as a control. The treatments with Turco 4518 and with the inhibited
sulfuric-oxalic acids were conducted at a rnominal temperature of 70 C,
while the Turco 4306 B treatment was at 50 C. Six complete cycles were
performed with each solution. The attack on aluminum was approximately
the same for all solutions, with Turco 4306 B being the most corrosive.
Turco 4306 B was also much more corrosive to Zircaloy-2,” averaging 0.6 mil/
cycle; whereas the corrosion of Zircaloy-2 by the other solutions was on
the order of 0.03 mil/cycle. The mixture of sulfuric and oxaelic acids was
excessively corrosive to carbon steel, averaging 0.75 mil/cycle.

Corrosion Irhibitor Tests. A test to determine whether quachrom glucosate
will inhibit eluminum corrosion in filtered process water has beern started
in the Single Pass Mockup Tubes, emplcying concentrations of 1.8 and Q.17
ppm quachrom glucosate, plus a control test with 1.8 ppm sodium dichrcmate.
The 1.8 ppm quachrom glucosate concentraticn was chosen to be the same as
the present process water sodium dickromate ccncentration, and the 0.17 ppm
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concentration was chosen because this concentration results iz a chemical
cost competitive with 1.8 ppm sodium dichromate. One discharge after one
week of exposure has been made, but weight loss data are not yet available.
Visual observation indicated the samples inhibited with quachrom glucosate
were lighter in color. Replacement samples of A-212 carbon steel were
charged to obtain carbon steel corrosion data.

Rust Removal. Trede literature for the use of Rodine 82 as a corrosion
inhibitor in sulfuric acid solution recommends a Rodine concentration of
1/4 to 1/2 percent by volume of the amount of 100% acid in solution. In
contrast, HAPO usage has always been one-half to one percent by volume of
the total amount of 10% acid solution. This is a factor of 10 higher
rodine 82 concentration in the 10% acid solution than is normally recom-
mended for descaling purposes. To determine the required Rodine concentra-
tion, carbon steel coupons were exposed for 60 hours in 10% by volume sul-
furic acid solutions with Rodine 82 concentrations of 0.5%, 0.1%, and 0.05%
of the total volume. At the end of this time the penetrations were 0.15,
1.95, and 4.05 mils, respectively. The coupons in the two lower inhibitor
concentration solutions were covered with many hydrogen blisters and pits.
The coupons in the one-half percent Rodine 82 inhibited sclution did not
have any blisters or pits. On this basis.it is recommended that Rodine 82
be used at one-half percent of the total solution volume for all future
descaling epplication.

Palladium Hydrogen Detector. A palladium hydrogen detection device was

calibrated in an ex-reactor loop with neutral water at 250 C, 1500 psi.

A linear caelibration curve was obtained over a range of hydrogen concen-
trations between 16 and 160 cc/liter. The detector required about ten
minutes to reach 95% of equilibrium, compared with seven minutes in prev-
ious tests at 300 C. One of the recently completed detectors has been
installed in the IRP. From one rupture test in the IRP, the results ob-
tained with the hydrogen detector were quite comparable to those from
radiation instruments in following the rupture progression, except that
the start of the rupture was not as well-defined by the hydrogen detector.
This resulted because the detector is somewhat temperature dependent and
in this test the water temperature was reduced immediately after rupture
detection. Another hydrogen detector is being fabricated for installation
in KER-1.

Pitting of Stellites by Alkaline Permanganate. FPhotomicrographs showed
extensive chemicel pitting of Haynes Alloy 41 after six two-hour treat-
ments in the laboratory in alkaline permanganate solutions. The pits
varied but reached a maximum depth of four to five mils. Colmonoy 6
showed the same type of selective chemicel attack with pits of the same

magnitude.

Samples of Stellite 6 and 12 were treated in the laboratory for six two-
hour cycles in the 18-3 alkaline permenganate inhibited with verious
amounts of l-phenyl-2-thiourea. The results are given below:
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Amoupn of Mi.z Per:ztirarica
l-ghenyl-2-thicures Stz_>ir: € Stallite 12
2.5 grams/liter 0.03F C.O58
5.0 grams/li%er Q.2 C.oCT
0.0 grams/liter 0. 004 0.3508

These Jdata appear very promising since the mirhibited solution in com-
paratle tests resuits in a peretration of 0.5 mil for Stellite 12 ari
0.4 mil for Stzliite £. Pootomicrograpks are being taken to check for
the extent of pitting which may be present after treatment.

Thermocourle Siug. To cortinue the study of crud buildup on fusl slements,
a seccrnd thermocouple slug was charged in KER Lecop 1 on August 4 +o replace
the orne which had been aischarged Juiy 7, following a rupture indication.
The thermocouple slug is & single rod, 1.00 inch iiame<er by 12 inches long,
cf natural urarnium clad in coextruded 20-mil Zr-2. & thermccouple is
locatzd at the canter-line, two just under the cladiing, and “wo in the ad-
Jjacent water. The thermocouple slug was positiorsl just dcwnstream cf the
peak fiux. Four, 24-inch, natural ani ore 18-inck, enriched outer tubsz of
KER tube-and-tube elements were included in the chargz as dowastrsam bzazer
elements. The loop was operated at pH 10 LiCH witk a maximm outlet
temperature of 285 C. All five thermocouples indicatad +emperatures wkich
agreed well with ccmparable thermocouples in the previcus thermoccuple glug-
There was no irdicatior of crud buildup. The loop was decorntaminated
August 19-20, with the fusl in place.

Tke thermcccuple slug uptured 23 Lours after reactor startur follcwing
the decortamination when the loop temperature hai been brought up almost
to rormal. Ths delayed reutren monitcr roge rapidly. going off scale irn
a couple of minutes. Small sympathetic responses occurrad ir ths merit:zrs
of two other KER loops. High gamma activi*ies were encountersi at many
places in the loop. Water samplss taken immeiiately after the ruptur:
showed strong indications of fissior products, incluling large amourts cof
icdires ard rmeptumium. Ths lccp was iischarged August 22. On examinirg
the elesments in the KE 'riswing pit, the thermccousle eiemernt wa:z fourl <o
Lave ruptured at the erd whkere the rhermccouples were brought ir. The
clad was separated from the erd cap r2arly all th: way arourd tha circuas-
fererce. Twc Jjaggsd lcngitudinal cracks. asbout “wo inchas long, with
blistered areas tezneath about 1/5 inck wide, extsrdel alcsg the two thermo-
couples under tke clad. The fuel =lements appearsd cLean with n: crud
deposits. It was roted that five mirutsz tefors the rupture +ke thermo-
couples under the claddirg iropped 5° and 10° C, wespectively, wkhils the
center temperature remainzd unchanged.

-

Ruptiure Tests of Irradiatsi Fuel Elszerts in IRP. Rupture Tests € ard 7

were corducted during the month. Test £ was a aormael programmed ccol-

down foliowirg first rupture indicatiors. and Test 7 was a mcdified cozil-
dowr in whick an initial temperature drsp from 30C C to 230 C is made in
two minites followed by a rormal cool-dowrn. In Test 6. the filter activity

reached about 6 R/hxr (wr. loss 16 gm) . compsrsi with about 0.4 R/hr for
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Test 7. In two previous tests, 4 and 5, which were run under the same
conditions, the relative activity levels were 37 R/hr (wt. loss 183 gm)
for the normal and one R/hr (wt. loss approx. 4 gm) for the modified
cool-down. These tests show & strong incentive to adopt the more rapid,
modified cool-down in NPR if shutdown is the result of a rupture.

It is interesting to compare Tests 4 and 5 with Tests 6 and 7, which were
identical except that the rods were irradiated at different temperatures.
Tests 4 and 5 used KW through-hole irradiated pieces (2400 MWD/T at about
65 C) and Tests 6 and 7 used KER irradiated pieces (2400 MWD/T at 270 C).
The low temperature pieces ruptured much more severely than the high
temperature pieces. Comparing equivalent tests of "cold" irradiated and
"hot" irradiated rods, the "hot" performed better by ratios of 37 to 6
and 6 to 0.4. It appears that more severe uranium cracking in the "cold"
pieces was regponsible for the difference.

All fuel pieces had received severe thermal shock in previous reactor tests
which probably accounts for some of the uranium cracks. Tests 4 and 5
pieces were part of a cluster used in the third ETR tests and Tests 6 and
T pieces were part of a charge which ruptured in KER. In both cases very
rapid cool-downs were employed.

Structural Materials Development

NPR Zircaloy Process Tubes. The radiographic specification for welds in
the NPR process tubes has been tightened such that no finished tube may
contain a defect whose greatest dimension is more than 0.050 inch. Tubes
received from both vendors have been radiographed at HAPO and the results
interpreted in the light of the new specification. This more rigorous
inspection would reject nine out of 21 Chase Brass tubes and five out of
27 from Allegheny Ludlum. To prevent this degree of loss on future ship-
ments, the as-welded joints will be inspected to a closer tolerance than
formerly. It has been demonstrated that a defect elongates in the direc-
tion of the tube axis during cold working. Both vendors will be allowed
voids in the as-welded Jjoints, up to 0.050 inch in the circumferential
direction. Because of the different amounts of cold work employed by the
two vendors, Chase will be allowed 0.04O inch axially and Allegheny
0.035 inch.

In order to help improve the quality and reproducibility of the radiographs
produced by the vendors, radiographic standard has been prepared at HAPO
from a section of NPR extrusion. Voids of known size and location have
been generated in this piece, and it has been radiographed at Hanford to
establish the exposure factors which reveal the defects to best advantage.
The standard has been sent to Chase Brass to aid in developing a technique
which duplicates Hanford results. Their first exposures show an improve-
ment over previous practice.

© e
. ‘-

i T,
LN




¢

26000

S m——

A-1h - G664 e

Nonmetallic Materials Development

Graphite Burnout Monitoring. Burnout samples were discharged from 3478-D
on August O, after 426 operating days. Samples near the rear gun barrel
showed an average weight gain of 0.01% per 1000 operating days, while
samples from the front and central sections showed average losses of 0.68%
and 1.6%, respectively. This is an example of graphite mass transfer
within a process channel. Carbon suboxide decomposition was evidenced by
dark deposits on some of the samples.

Hot Test Hole Irradiations. Eight hundred graphite samples were charged
into hot test hole facilities (500 to 600 C) at C and KE Reactors, in-
cluding NPR reflector graphites, previously-irradiated reactor grade and
experimental graphites, and many new experimental graphites.

New Compression Test. Two sample boats, each containing 15 NPR graphite
samples, were charged in 2C at KW Reactor on August 9. Boat No. 1, with
five samples under 136 to 161 psi stress, will be discharged for examin-
ation after approximately one month. Boat No. 2, holding five samples
under 128 to 140 psi, will be irradiated for approximately six months.
Four additional compression boats are being prepared for in-reactor and
four boats for ex-reactor testing.

NPR Graphite Measurements. Eight compressive test samples were taken from
Tour bars of AGOT-LS made by National Carbon Company and four bars of
GLC-Rl from Greet Lakes Carbon Company. These are NPR reflector graphites.
The samples were cut as a parallel section of a full bar and measured

4" x 4" x S". The 4" x 4" face was loaded during the compressive test.

The following table summarizes the results of this ex-reactor test.

Transverse Compressive

Breaking Strength Deflection*,
Graphite Source 1b/sq in inches
Great Lakes Carbon Corp. 3975 0.009
2812 0.006
5038 0.013
Y775 0.011
National Carbon Company 3375 0.0085
3275 0.006
2906 0.0085
4000 0.010
Average 3770 0.009
Standard Deviation + 229 T 8%

(*Deflection just prior to breaking.)
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NPR Reflector Graphite Irradiation. The GEE 13-5 experimental capsule
containing NPR refiector graphite has been completed and will be in-
stalled in the N-5 corner of the ETR during the Cycle 32 shutdowvn. A
holder was attached to the capsule so that flux monitors can be inserted
and removed while the experiment 1s in the reactor. Flux measurements
using bare and cadmium-covered Ni and Co-~Al wires are being made in N-5
and N-14 during Cycle 31.

Thermal Hydrasulic Studies

Heat Transfer Experiments Pertaining to Present Production Reactors. Some
experimental boiling burnout data were obtained with a test section de-
signed to study the effects on heat transfer of the eccentric positioning
of fuel elements within a process tube. The test section was two feet in
lengtk and had a cooling annulus similar to that formed by the I & E fuel
elements in a X process tube. Two runs were made with the heated section
positioned concentrically with an annulus of 0.1ll3 inches, and two runs
were made with the top of the annulus reduced to 0.028 or 75% eccentric.
© The results are as follows:

Flow t in  Q/A B.O. Burnout
Run (gpm) OF B/hr £t2  Subcooling  Eccentricity
(°F)
1 22.3 at 196 1.2x106 2l 0
2 22.3 at 196 1.6x100 0 0
3 22.6 at 196 0.47x106 71 75%
i 23.1 at 233 0.47x106 35 75%

[ 4

Burnout originated on the top of the rod 2-1/2 inches from the downstream
end of the heated section in Run 1, while in Run 2 burnout occurred 90
degrees from the top and one-half inch from the downstream end. Burnout
surface temperature rise showed up only at the three-inch position irn
Run 3 but occurred at the one, two, and three-inch position for Run k.

Two test sections were destroyed during these experiments so the quantity
of data is small. However, even with these limited data points, the re-
sults indicate that a large decrease in boiling burnout heat flux is en-
countered with eccentric positioning of fuel elements within a process
tube. It is thought possible that such a mechanism is responsible for
"hot spot" ruptures of fuel elements.

Cooling by Boiling Experiments. During reactor shutdown conditions and
especially following & loss of pumping power, a question exists as to
whether the Hanford reactors could be adequately cooled during boiling of
the coclant in the preccess tubes. This problem was studied briefly in the
heat trarsfer laboratory with the use of a test section simlating a
charge of K I&E fuel elements in a full length process tube.

With the rear header at atmospheric pressure a head tank pressure of
6.8 psig was applied to the front header. Under these conditions the
heater rod power was brought up to 50 KW with an outlet témperature of
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175 F. The pressure was briefly raduced which aliowed boiling to take
place in the tube. After boiling was well under way and local film boil-
ing had commenced, the pressure was reapplied. The surface temperature
decreased but the exit temperatures remained at saturation indicating

the system was operating at reduced flow in the stable boiling region of
the 50 KW tube demand curve. Surface temperatures remained close to sat-
uration temperature in the downstream portion of the tube with two thermo-
couples showing a cyclic break into and out of film boiling.

The tube power was then boosted to 55 KW and the surface temperatures in-
creased slowly into film boiling conditions. A steady state point was
not reached. When surface temperatures reached approximastely 1150 F and
the tube outlet steam was superheated above 600 F, the power was reduced
to 50 KW again. This caused the temperatures to level off. After oper-
ating under these conditions the temperatures had decreased only slightly,
approximately 50 F, in a half hour and there was no reel indication of
returning to the original 50 KW condition. The power was then dropped to
about 45 KW and the system completely recovered in 5-10 minutes.

The results of this experiment can not be immediately applied to the
reactor for the following reason. During shutdown conditions approxi-
mately 20 percent of the heat is generated in the graphite and in
addition, depending upon the graphite temperature, semsible heat is
available for transfer from the graphite to the cooling water. The net
effect on the boiling process due to the heat transfer from the graphite
has not yet been fully developed.’

Hydraulic Studies. A study was made of the experimental data obtained
concerning the pressure losses due to the "suitcase handle" supports for
NFR fuel elements. Pressure drops for the supports were correlated in
terms of a drag coefficient for the support as follows:

fp = C(Rg )R

where fp is the drag coefficient and Re is the annulus Reynolds number.
By means of this correlation the pressure drop cf any size support for
any given conditions of flow, velocity, and temperature may be calculated.
The correlation may be easily incorporated into the machire program for
fuel element design.

Critical Flow Experiments. The investigation of the critical discharge
behavior of two-phase water mixtures was continued by a study of the
influence of back pressure upon the axial pressure distribution during
critical discharge, incipient critical discharge, and nqn-critical dis-
charge conditions. A total of six runs were performed at qualities
varying from approximately 5% to 95% in which continuous plots of the
pressure at the various taps were recorded continuously on a "X-Y" re-
corder as a function of back pressure as the latter was varied from the
minimum pressure obtainable to the maximum. The general shape of the
axial pressure profiles obtained during the critical discharge conditions
exhibited a clcse correspondence to that obtained by the continuous
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traverse method employed at the University of Washington. Both of these
methods demonstrate the rapid expansion which occurs in the final 1/2"
to 3/4" of the flov passages. On the basis of a critical comparison
between the data obtained here and of the previous work mentioned above,
it was concluded the extrapolation technique would produce a valid repre-
sentation of the pressure occurring at the location of choking if suf-
ficient number of pressure taps are provided in the final one inch of
the f%ov passage (as was the case in the test section used in this exper-
iment).

Shielding Studies

Attenuation Measurements. The last irradiation of the 265 lb/ft3 iron
serpentine concrete (after being baked at 320 C) is currently under way.
This will complete the testing of this type of concrete.

Shielding Instruments. The Perlow neutron spectrometer for use in shield-
ing measurements is being calibrated in the 300 Area Ion Accelerator
Laboratory. At present it has been calibrated for neutrons in the energy
range of 150 to 600 Kev at a gas pressure of 8.00 cm Hg at 0 C. It was
found that by using the theory developed by Ward Diethorn (NY0-6628) for
gas amplification, the channel in which a neutron of any given energy
falls can be predicted within two or three channels on the 100-channel
analyzer.

Decontamination of the second Perlow counter removed over 90% of the
radioactivity which had spread into the counting volumes from the internal
calibration source. The counter is to be made gas tight and radiographed
prior to calibration. It is proposed to use three identical counters
together. Different internal gas pressures will permit a rapid scan of
the neutron spectrum.

It was found necessary to rewire the filament circuit in the master
clock pulse entry circuit in the 100-channel analyzer to eliminate a
cathode-to-heater tube failure which has occurred twice this month.

Design and Component Testing

NPR Charging Machine. A proposal has been made for faebricating and test-
ing 2 reduced length prototype charging machine to include development
on certain critical items. The prototype would include all essential
components .

The magazine positioner prototype is 90% complete. Conceptual design of
a nozzle adaptor incorporating an integral relief assembly has been
completed and comment prints issued. Further work is pending action on
the prototype charging machine proposal.

WEAPENS - 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).
lists appropriate to weapons development work. RS

| 2 U n
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Details of these activities are reported separately via d;strlbutlon
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C. REACTOR DEVELOPMENT - L4000 PROGRAM

1. PLUTONIUM RECYCLE PROGRAM

Plutonium Fuels Development

PRTR Fuel Fabrication. Fabrication of 22 Mark I-G Pu-Al spike clusters
for physics testing use has now been completed. The required five addi-
tional Mark I-G fuel elements are being recycled through grit blasting,
etching, and autoclaving. Of the 36 Mark I-H clusters (35-mil Zr-2
Jjacketing, Al-2 w/o Ni-1.8 w/o Pu) required for PRTR loading, 10 are in
an advanced stage of fabrication, billets have been cast for an additional
20, and some of these have been extruded into rods. Etching and auto-
claving equipment difficulties, delayed fuel tubing deliveries, and failure
of much of the new tubing to meet dimensional specifications have slowed
this work.

Of 150 tubes received during the month, only half passed dimensional in-
spection. The first of this tubing which is specified to have an inside
diameter of 0.495 to 0.500 inch was accepted below the tolerance limit

in order to get tubing, and it cannot be air gaged with the equipment now
in use. A new electronic gaging machine is being developed which will
gage the inside diameter of a tube with 0.010 inch spread to within 0.0001
inch. Tubing with a maximm 0.002 inch ID spread within any one tube is
expected to start arriving on site very soon. With this tubing, Mark I-H
fuel elements can be fabricated with the desired 0.004 to 0.006 inch gap
between core and cladding.

Fabrication Development. A cladding rupture occurred in an autoclave
containing 36 Pu-Al spike fuel rods. The fuel rod (E-39) consisted of
an Al-Pu-Si-Ni corrosion resistant core (CRB-54-F1) clad in a Zircaloy-2
tube (#3907) of the poor quality characteristics of 1958 and 1959 de-
liveries. Nondestructive tests on this tube (RTO#597) had given slight
indications on eddy current test ing and ultrasonic testing after rod
agsembly showed the tube to have 77 crack indications greater than 0.009
inch deep. Examination of the core after tube rupture showed small
amounts of corrosion at two different points where split-type tubing
failures had occurred. The core material exhibited good corrosion re-
sistance considering the graphite coating and superheated steam atmos-
phere of LOO C at 1300 psi. A detailed examination and report is forth-
coming. Preliminary decontaminetion experiments on the autoclave rack
indicate that the autoclave vessel can probably be successfully decon-
taminated to a low level.

UNCLASSIFIED
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Since nickel has a high cross-section, the lower limit of nickel con-
centration required to impart corrosion resistance to the 1.8 w/o Pu
alloy is being determined. Alloys containing 1.90 end 1.75 w/o nickel
showed corrosion behavior similar to the Al-2.0 w/o Ni-1.8 w/o Pu alloy.
At the time of this report an Al-1.50 w/o Ni-1.8w/o Pu alloy is being
tested.

Samples from bottom, center, and top of the first two, 89 inches long,
1.83 w/o Pu, 2 w/o Ni-Al alloy pneumatic injection castings assayed:

Pu Content Pu Content
Sample (w/o) Sample (w/o)
1 Bottom 1.53 2 Bottom 0.891
1 Center 1.71 2 Center 1.97
1l Top 2.07 2 Top 2.02

The ingots for these castings were melted in vacuum, heated to 700 C and
injected into Zircaloy tubing. Apparently the PuAl) was not completely

in solution before casting. To correct this situation, another casting
was made in which the Pu alloy ingot was melted in air, heated to 800 C,
mechanically stirred, allowed to cool to 700 C while the system was slowly
evacuated, and then cast at 700 C. Four samples were cut from this cast-
ing and are awaiting chemical analysis.

A preliminary corrosion test was conducted on the injection cast de-
jacketed core samples from Rod No. 2. The core exhibited 350 C corrosion
resistance comparable to that of the wrought structure of extruded rods
of similar alloy composition.

Since the swage hood has not been completely enclosed for plutonium work,
exploratory work was begun on swaging pre-welded samples containing

Spencer fused UQp. By utilizing a proper particle size distribution

it was possible to increase the tap density from 7.3 grams/cc to 8.1 grams/
cc. This particle size distribution is obtainable by a single crushing
operation and is not the result of particular size blending. Twenty swaging
samples were prepared with varying initial densities. The results of

these swaging trials are:

Total
Initial Elongation Density* Etched Density
Density Factor at 20% R.S. at 42% R.A.
Semple  gm/cc at 40% R.&. . .gms/cc. .. gms/cc % Theoretical
1 6.70 1.13 8.50 9.88 90.2
2 6.97 1.16 8.98 9.85 89.8
3 7.14 1.18 9.05 9.84 89.7
4 7.40 1.20 9.10 9.90 90.3
5 7.60 1.23 9.24 9.85 89.8
*Calculated.

(A1l results were obtained on samples initially at 0.750" in

diameter by 18 inches long.) .
UNCLASSIFIED
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taken on the center of the core indicate thet it may have increased only
one or two mils in diemeter, but length measurements were not made because
the ends were inadvertently cut during sectioning. Core density measure-
ments are being obtained.

Experiments to investigate the reactivity and irradiation characteristics

of the self-shielded and Phoenix fuel concepts are under way. Aluminum-
rlutonium alloys using plutonium which contains 5.46, 13.13, 21.1, and
28.88 percent of the isotope 240 are being cast for the capsule reactivity
experiment to be conducted in the MIR. Measurements will be mede in the
PCTR, PRCF, and the RMF in an effort to determine the effect of exposure

on the reactivity of fuels using the different types of plutonium. The
cepsules, holders, and modified X-baskets necessary for the experiment are
being designed. Samples will also be fabricated which contain different
amounts of poison, namely, boron. By meking measurements with these samples
and determining the weighting functions, the reactivity contribution of the
fissionable atoms can be distinguished from the poison effect of the fission
products.

In addition to the reactivity change experiment, another experiment will
be conducted to follow the power generation of a Phoenix-type fuel with
exposure. Two 42-inch long, 19-rod elements will be equipped with thermo-
couples so that the power generation can be followed during irradiation.
The first element will be an injection cast cluster containing plutonium
which has 5.46 percent 240. The plutonium in the second element will con-
tain 21.1 percent 240 and will be fabricated by the PRIR process. Power
generation curves for the two elements will be compered. A fairly reliable
power generation curve for & similar U-235 enriched element can also be
calculated for comparison purposes.

Celculations on the self-shielded fuel concept are continuing. - The first
anslysis of a PuOp core surrounded by MgO indicates excessive core tem-
peratures. Other designs are being evaluated in an effort to immrove
thermel conductivity and hence lower the operating temperatures. Some of
the designs being evaluated are as follows:

1. A PuO, core surrounded by a thin wall tantalum container
which is in turn surrounded by thick walled Zircaloy to
form a one-half inch diameter rod.

2. A small diameter PuOp core surrcunded by a thick walled
Zircaloy Jacket.

3. A PuO2 core surrounded by a thick walled niobium jacket.

4. A small diameter PuC core surrounded by high density graphite
which is ir turn surrounded by a 0.035-inch Zircalcy Jjacket.
This element would have the advantages of a core with a higher
fissionable atom density and better thermal conductivity,
surrounded by a material which has relatively sood thermal
corductivity and neutron economy.
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One hundred percent self-shielding occurs in an 0.0625 inch diameter,
70% dense PuOp core; i.e., in a given flux, the power gzeneration de-
creases as the core density increases. It is calculated that each of
the designs mentioned above will generate from 1k to 16 kw/ft in a
thermal flux of 1.26 x 104 nv. Heat transfer calculations will now be
made.

U02 Fuel Development

PRTR Fuel Elements. Design and fabrication of a swaged UQz 19-rod cluster
PRTR fuel element which can be disassembled and reassembled were completed.
Three fuel rods in the cluster contain special closures to allow insertion
of a total of six metal foils at one time for physics measurements.

A prototypical, three-foot section of a swaged PRTR fuel assembly was
tested in the ETR at an average estimated maximum power generation of
395 kw/ft and an outlet coolant temperature of 503 F. The test was com=
pleted successfully after an irradiation period of twenty days, at a
specific power generation, at full reactor power, approximately 150 per-
cent greater than the maximum anticipated for UOs elements in the first
PRTR cycle.

A study which analyzes and compares the fabrication costs for some of the
various types of UQ2 fuel elements being developed at Hanford is nearing
completion. Three fuel geometries are being considered; the 19-rod PRTR
cluster, a 7~-rod cluster, and a nested tubular element. In addition,
comparisons are being mede of the swaging and the vibraticnal compaction
processes. Cost estimates are included for hot swaging both untreated
and fused uranium dioxide powders. This analysis indicates that uranium
dioxide fuel elements can be produced for substantially less than costs
presently being quoted for large commercial power stations. Lowest costs
appear obtainable through use of the vibratory compaction process in com-
bination with fuel element geometries other than the 19-rod cluster design.

Fabrication Development. Nine thin-wall stainless steel clad fuel rods
were fabricated for irradiation in the VBWR. Four of the rods had a
cladding thickness of 0.015", three had a cladding thickness of 0.010",
and two were clad with 0.008" thick stainless steel. The fuel was vibra-
tionally compacted in 0.563" OD x 38" long tube.

The fines (-100 mesh) were sintered UOp (95 percent T.D. particle
density) enriched to ten percent U-235. The remaining material was
fused natural UOp () 99 percent T.D. particle density). The average
density of the 0.015" clad rods was 86.1 percent T.D. The 0.010" clad
and 0.008" clad rods averaged 88.5 percent T.D. Several small dimples
occurred in the cladding as a result of compaction.

All tubes were Zyglo fluorescent penetrant tested on the outside and

inside surfaces prior to compaction. The finished rods were helium
leak tested and autoclaved for one hour in water at 1000 psi and 280 C.
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Four 0.005" thick stainless steel clad rods were also fabricated by the
same techniques. The fuel density in these rods averaged 84.8 percent
T.D. During autoclaving, the cladding collapsed and formed sharp, broad
based ridges 0.001L" to 0.002" high along the length of the rod. One of
these rods was swaged, after autoclaving, to a final diameter of 0.547".
The ridges were eliminated with no indication of buckling or folding of
the metal. No ridges were formed when the rod was autoclaved a second
time. This rod will be sectioned and examined to determine the character
of the inside surface. ’

The low densities, especially in the 0.005" clad rods, were due primarily
to low particle density in the sintered fines and less than optimum
particle size composition in both the coarse and fine fractions. By cor-
recting these conditions it should be possible to vibrantly compact C.005"
cled fuel rods to densities high enough to minimize collapse in the auto-
clave. For example, fused UOp with a favorable particle size composition
was compacted in 0.0075" stainless steel cladding to 90-91 percent T.D.

As a result of using smaller particles in the coarse fraction of the mix-
ture, no "dimpling"” of steel cladding occurred.

Photomicrographs and electron micrographs of hot swaged -100 mesh sintered
UO2 clad in Inconel-X indicate that:

1. Considerable plastic deformation of the UOp occurred in
samples swaged at 800, 1000, and 1200 C.

2. Sintering occurred between UO» particles swaged at 1200 C.
A lesser amount of sintering was observed in the sample
swaged at 1000 C, and no sintering between UQ2 particles
was observed in the sample swaged at 800 C.

3. The UOp did not react with the Inconel-X cladding at any
of the swaging temperstures.

L. The structure of the Inconel-X cladding was not detectably
changed or altered.

Fuel rods clad with 0.005" wall stainless steel were successfully swaged
from 0.563" OD to 0.547" OD. The cladding on these rods showed no indi-
cations of folding or buckling after swaging.

Studies of uranium carbide fabrication were initiated. The material,
supplied by Atomics International, will be vibrationally compacted in
9/16" OD x 0.010" wall stainless steel in two-foot and eight-foot lengths.

The magnetic force butt welder was employed to weld the closures on lead-
cadmium fuel rods required for PRTR physics tests. The very effective
use of this machine eliminated the problem of cadmium contamination en-
countered in the evacuable welding chamber during the initial attempt

te arc weld the rods. :
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The welding machire settings were established and verified for making
consistently high quality closures on 0.563" OD x 0.030" wall Zircaloy
cladding. FPRTR rods and Hanford reactor defect test rods were welded
with reliable results. Each size fuel rods and each material requires
machine settings to be accurately established to assure the desired weld
quality. At present, destructive tests are required to determine the
weld quality; sample welds have been evaluated by metallographic examin-
ation, tensile testing, and shearing tests. Radlographs of magnetic
force butt welds were not interpreted reliably. Ultrasonic testing is
being explored; problems of reflecting interference signals due to the
chenging metal cross-section in the vicinity of the weld were encountered.
Another method of assuring weld quality is the accurate monitoring of the
velding current and voltage of each weld as it is made. Minor deviations
which result when an improper weld is performed will be indicated on the
monitoring instruments.

Welding parameters are being investigated to weld closures on various
sizes of stainless steel fuel rod cladding. Cladding sizes being eval-
uated at present are: 0.563" D x 0.005", 0.010", and 0.015" wall
thickness, and 1.00" OD x 0.063" wall thickness.

The problem of erratic acceleration encountered with the draw bench of
the Thermetool mechine was alleviated by tightening the carriage system
and providing positive engagement to the draw chain. The draw mechanism
and tube to be welded are allowed to accelerate for one inch of forward
movement before the welding power is initiated. The previously erratic
acceleration had required six inches of travel before current initiation.

Excessive tube distortion and metal expulsion beneath the rib was en-
countered when welding 0.075" diameter ribs on a 10" spiral to a 0.563"
D x 0.015" wall stainless steel tube. A structurally sound weld nugget
was formed beneath the rib and tube; however, various attempts tc minimize
the distortion and metal expulsion were unsuccessful. Most of the wire
cross-gection reached a temperature well in excess of the temperature of
the tube. Upon cooling, the wire shrinkage pulled the tube spirally out
of concentricity by approximately 3/32 inch.

Immediate future use of the machine will be for continued evaluation of
spiral welding ribs on Zircaloy tubing 0.563" OD x 0.030" wall thickness.
A reduction of gas contamination of the heated Zircaloy after welding
may be realized by rapid quenching of the material. An expansion nozzle
for COo gas is being incorporated immediately after the argon diffuser
manifold to provide a quick chill. Evaluation of this chilling has not
been completed; however, it is anticipated that the incorporation of the
CO2 will decrease the need for expensive argon.

The tooling design was completed for welding straight ribs on the Mark II-C

tubular fuel element segments. This tooling should be fabricated by
October 1.
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A satisfactory weld Jjoint design has been developed which works remark-
ably well for arc velding closures on thin fuel element claddinz. "A
dovetail flange is provided on the closure cap. This flange serves a
dual purpose of trapping the thin cladding, preventing it from "bellins'
on the end when heat is applied. The arc is established on this flange,
vhich melts down against the cladding to secure the closure during the
welding operation.

1

A line Jjoint exists between the fuel and the closure cap which results in
buckling of the thin cladding under pressure. A sleeve may be inserted
in the end of the fuel cladding to reinforce this area of the cladding.
The dovetail flange provided on the sleeve allows a welded closure to be
made simultaneocusly between all three parts - cladding, sleeve, and cap.

Corrosion Studies

Hydrogen Pickup by Zircaloy-2 and Zircaloy-4 in 400 C, 1500 psi Steam.

In June 1960, data were reported on steam corrosion tests of D141l Zircaloy-2
obtained from Bettis. These data showed excellent agreement with Bettis
corrosion rates, but the HAPO data on hydrogen pickup were a factor of
two lower. One major difference between HAPO and Bettis corrosion testing
is that Bettis autoclaves are run static, whereas HAPO autoclaves are re-
freshed. To resolve this difference, coupons of several Zircaloy-2 and
Zircaloy-4 ingots were corrosion tested in the HAPO autoclaves under both
static and refreshed conditions. Preliminary data from this experiment
again show excellent agreement for the corrosion rates, whether measured
at Bettis in static autoclaves or at HAPO in either static or refreshed
autoclaves. However, hydrogen picked up by the Zircaloy samples in the
HAPO static autoclave tests was approximately two-fold higher than in the
comparable HAPO refreshed autoclave tests. Hence, when operated static,
HAPO hydrogen pickup values more nearly check Bettis wvalues, which ere
also from static autoclaves. Further tests will be required to determine
vhether this difference in hydrogen pickup between static and refreshed
autoclave conditions is due to the accumilation of hydrogen over-pressure
in the static autoclave, dissolved oxygen added to the refreshed auto-
clave, or some as yet unrecognized factors. In any event, it appears
demonstrated that environmental conditions can influence hydrogen pickup
in Zircaloy such that hydriding of Zircaloy reactor components might be
significaently minimized by proper environmental control.

!
]

Although the hydrozen pickup for the Zircaloy-U4 generally was somevwhat
less than for Zircaloy-2 in comparable tests, this was not always the
case, especially at the longest test exposure time of 28 days.

Aluminum Alloy Development. Aluminum alloys containing iron and nickel
ratios comparable to the super alloys but with lower total alloying
content are being prepared to establish the minimum second phase concen-
tration required in 99.995% of pure aluminum base stock to protect
aluminum in high temperature water. An alloy containing 0.5% Ni and
0.62% Fe shows a penetration after 10 days in 360 C water comparable tc
the super alloys. Alloys of lower contents are being fabricated.
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Castings to determire the effect of casting variables on one of the super
alloys are being made. The variables tc be investigated are holding
temperature, holding time, pouring temperature, and cooling rate.

Heat-Treating Damage to Super Aluminum Alloys. After being held at 550 C
for three mornths, the 1.8% Fe, 1.2% Ni alloys still show no detrimental
effect on corrosion rate as a result of the heat treating.

Structural Materials Development

PRTR Fuel Sheath Tubing. The vendor has fallen approximately two months
behind schedule in deliveries of Zircaloy-4 fuel sheath tubes. In addition,
a large percentage of the 0.495 inch ID tubes received to date do not meet
the very tight +0.002" - O" ID tolerance specification. From five to
forty percent of the tubes received in various shipments have defects de-
tectable by the fluorescent penetrant dye test (primarily pits, cracks, or
scale inclusions). These problems and shortcomings have been discussed
with the vendor's management with resulting assurances of a concerted
effort to increase performance. Qn the plus side, the vendor has recently
installed a new air abrasive machine to surface condition the extrusions,
and it is hoped that this operation will substantially reduce the number
of rejects due to inside surface defects.

Negotiations with Bridgeport Brass Company to produce sheath tubing with
an ultra fine grain size are under way. Preliminary tests indicate this
can be accomplished by a warm extrusion and careful time and temperature
control on subsequent heat treating steps. '

Small-scale HAPO tests produced an ultra-fine 0.006 mm grain size in
warm extruded Zircaloy-2 by salt-bath heat treatment at about 1200 F,
followed by air cooling. This grain size is comparable to that of a
Hareaus tube sample which exhibited excellent swageability. Samples
from warm extrusions were heat treated in Houghton 980 salt bath at
various temperatures for times up to four hours. Complete recrystalli-
zation of the cold-worked texture to ultra-fine grains occurred in eight
minutes at 1100 F, four minutes at 1200 F, or in one minute at 1300 F.
The approximate average grain dismeters were 0.006, C.0CT7, and 0.009 mm
for annealing temperatures of 1100, 1200, and 1300 F, respectively.

Grain growth occurs when the annealing time is increased. Vacuum anreal-
ing produced grains about twice as large as salt bath annealing for the
same temperature and time. Similar tests on hot-extruded and cold-worked
samples are in progress. Relatively large grains were produced by salt
bath annealing and vacuum annealing of 40 to 60 percent cold worked
Zircaloy-2.

PRIR Process Tube Monitoring. The Mark I prototype, incorporating a TV
camera and 1D measuring gage, has been assembled and is being tested and
modified in preparation for use on the PRTR early in September. All 85
process tubes will be inspected and measured internally while installed
in-res r. ard nermanent kinescone records nf the tube inside surfaces
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will be retained for comparison with future monitoring scans made after
the tubes have been in operation.

Gamma-radiation testing of electronic components for the Mark II prototype
tube monitor continues. Based on pre-post measurements, relatively little
or no changes in the characteristics of vacuum and ceramic electron tubes
have been observed at gamme doses up to 5 x 109 roentgens. All transistors
and one tunnel diode irradiated to 5 x 10° R have failed or shown very
substantial changes in electronic characteristics. Preparstions are being
made to test vacuum and ceramic tubes, resistors, and capicators under
simated electrical lcad in a high gamms radiation field.

Crown and flint glasses, as well as purified fused silica, show only little
darkening at a total gamma dose of 5 x 109 R.

In testing ultrasonic transducers, the plastic used by the manufacturer for
crystal mounting has undergone extensive damage which precludes further
performance testing of the transducer crystals themselves. Current atten-
tion is directed toward finding more suitable potting materials.

For the gas gap measuring instrument, the first probe design has been com-
pleted. Coil wire with radiation resistant insulation has been received.
A modified Magnaflux instrument for use with the probe coils has been
ordered.

Rediometallurgy Laboratory Studies

Core~cladding diffusion was not found in the examination of two 3-rod Pu-Al
clusters fabricated by different techniques (RM-659 and 660). A swaged
UOo capsule was found to have an axial void and recrystallization of the
UOp. Fission gas was collected for anelysis and a sample of the core was
dissolved for burnup analysis (RM-271). Forty-eight UOo samples were
prepared and transferred to Ceramic Fuels Development Operation for their
high temperature studies of irradiated materials (RM-609).

Results and interpretations of these examinations will be reported in more
detail in connection with the respective development programs served.

Thermal Hydraulic Studies

Problems of a Small Leak Downstream of the Flow Monitor in a PRTR Process
Tube. If a small leak should occur near the inlet of a PRTR process tube,
the result would be an increase in flow through the inlet piping, including
the flow meter, but a decrease in flow past the fuel elements. The concern,
if such a leak should occur, is whether the increase in flow through the
flow monitor is sufficient to cause a high flow trip and a reactor power
reduction if the flow past the fuel elements were reduced to a point where
boiling burnout would occur.

The first analysis of this problem indicated that an accurate knowliedze
of the pressure drop across the fuel elements and outlet piping,
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especially during two-phase flow conditions, would be required in order pfo)
be certain that boiling burnout cornditions would always be detected by a
high trip. Since calculations of two-phase prsssure drop are not highly
accurate a test section was built to experimentally check the pressure
drops across the outlet piping during two-phase flow.

The experimental pressure drops as reported in prior reports were signifi-
cently higher than those calculated. The test section was then rebuilt
eliminating some deviations from the actual reactor geometry and additional
pressure taps were installed. The latest data of over-all pressure drop
confirm the earlier data and indicate the largest single pressure drop is
from the top of the nozzle to the inlet of the jumper. Also contributing
is the pressure drop through the four elbows at the end of the jumper.

Using the latest experimental results, an analysis of the original problem
indicates that ruptures severe encugh to cause boiling burnout will be
detected by the high trip only if the ruptures occur very rapidly. In
these cases a momentary flow increase will occur before boiling has had
time to start and cause dangerous flow reductions. Ruptures of certain
sizes that occur slowly will have to be detected by other means such as
high outlet water temperature and an increase in the shroud tube pressures.

Analysis of Process Tube Ruptures Accompanied With a Failure of the
Primary Water Makeup. A study is now being completed of the evaluation

of the potential hazard of various size ruptures in the process tubes of
the PRTR. It bas been determined that within the size range from an
equivalent diameter of 0.25 inch to 2.00 inches a hazard exists if there
were a simultaneous rupture and failure of the primary light water makeup.
Secondary light water makeup is not available until the system pressure
decays to 100 psia. Before this would occcur, fuel element melting would
probably be realized.

The effect of both a 1-1/2" vent valve and a two-inch vent valve on the
rate of pressure decay has been calculated. A 1-1/2" vent velve appears
to be inadequate under some kinds of transients. A two-inch vent valve
appears to be adequate for all possible transients.

An alternate method of protecting against this type of hazard would be
to provide additional head on the secondary light water makeup systen.
A head of 500 psia together with a flocw rate of about 350 gpm should
protect the system against fuel element melting.

Evaluation of which method to incorporate into the reactor design was
started.

Boiling Burnout Conditions for the 19-rod Cluster Fuel Element. A
revised model cf a test secticn representing a 19-rod cluster Mark I
fuel element was constructed for heat transfer experiments. The test
section was installed in the 189-D laboratory, and preparatiors were
made to determine heat fluxes under boiling burnout conditions.
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PRTR Project Management and Design

Phase III PRTR Contract. The Phase III contractor is estimated to be
about 9% complete as of August 31, 1960, versus a scheduled 100% based
on a contract completion date of June 24, 1960, the officiel AEC schedule.
Over-all PRTR Project is estimated to be about 98% complete versus a
scheduled 100% based on the official schedule. The Phase III contractor
has been informed that his contract will be terminated September 12, 1960.

The 70-day run-in testing of the river pumps was started on August 12, 1960.

The contractor has replaced the shell plate in the temporary containment
vessel opening. Welding the plate in place is approximately 75% complete.

During the hydrostatic testing of the high pressure steam piping, the
contractor procured 12-inch expension joint immediately outside the con-
tainment vessel failed at about 600 psig. Failure was due to overstress-
ing of the tee rod anchor block welds, an item commented upon during
review of the vendor's drawings. The vendor is making a new bellows
section to be welded into the assembly in the field.

The vertical extensions from the calandria to the moderator storage tank
were installed down to a point below the elevation of the inlet jumpers
and the spiral shield plugs installed therein. It has been necessary to
cut the lh-inch primery system inlet pipe to install the thermal barrier
bellows at this pipe penetration due to a contractor oversight. The
bellows is now in place and the pipe rewelded. TInlet jumper installation
is in progress and is approximately 50% complete. Flowmeter venturi
pressure tap tubing is being instelled with the jumpers. Outlet water
sample tubing lines have been installed on the reactor top face. The
Inconel level switch standpipe has been installed on the pressurizer.

The fuel transfer system is partly operable but will require minor mecdi-
fications to maintain alighment during operation. Without water in the
storage basin, the travel speed of the conveyor is too fast. The speed
may be acceptable underwater, however. Piping to the water pit conveyor
is being installed. Minor difficulties were encountered in installing
the inflatable seals on the rotating shields. The seals will have to be
modified to allow installation.

The blower for the dry gas system has not passed the helium leak test so
that the shipment date is uncertain.

Maintenance and Mockup Facility. Bids for the Maintenance and Mockup
Facility were opened August 17, 1960, with the apparent low bidder being
George A. Grant, Inc., with a bid of $633,70C. The fair cost estimate
was $713,000. Contract award is pending AEC funding approval. This bid
assembly included the Critical Facility structure (Project CAH-842), the
Rupture Facility structure (Project CAH-867), helium zas storage facility,
stack filter and tie-in, and modifications to 309 Building, in addition
to the Maintenance and Mockup Facility.
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Rupture Monitcr System. Procuremens is s5till ths major problem in the
fabrication of the mechanical portion of the Fuel Element Rupture Monitor
System. Delivery of the flow control needle valves is not expected until
September 20, with the sclenoid shuccff valves promised by September 30.
Completion of the system is scheduled for October 15, based on these de-
livery dates.

Testing of the electronic portion of the rupture monitor system was re-
scheduled for the last week of August by the vendor. Delivery of this
part of the system will nct become critical until early October.

Loadout Cask. The cask shell has been lead filled ard x~-rayed for voids.
The x-rays are now being checked by GE Inspection. Final finishing will
take about three weeks, assuming the x-ray films disclose no veids in the
lead.

Fuel Examination Facility. The vendor of the primary manipulator is pre-
ceeding with firal assembly. He has requested & waiver of the finish
requirements on the main frame. Action on the request is being held up
pendirg receipt of photomacrographs showing the surface firish which has
been cbtained.

Fuel Element Rupture Test Facility (Project CAH-867). As mentioned
previously, bids have been opered for construction of the Maintenance
and Mockup Facility which includes the 309 Building Annex for the FERTF.
The FERTF portion of the bid is estimated to be $115,000.

Inquiries from vendors regarding bid invitaticns for the circulating
pumps, regernerative heat excharger, and immersion heaters irndicate that
several firms will bid on each item. Bid dates on this equipmernt range
from September 1 to September 12, 1960.

Test Section "A" pressurs *ube assembly bid packages were sent tc pros-
pective vendcrs. Several gquestions from verdors regarding permissible

fabrication techriques and requests for dimensiorn relaxatiors have been
recelved and prccessed. It is indicated that at least two firms, Tube

Reducirg ard Chase Brass, will submit bids or the tubes.

Detail design is estimated tc be 21% complete. Preparation of prccure-
ment specificaticns for tiae makeup system ion exchange equipmert has
been completed and they are teing routed fcr approval. Specifications
for the loop storage tank, dsoxygenator, chemical feed system, ard
cleanup system ion exchangers have been issued in comment form. A
purchase requisition for the detail design by an outside architect-
engineer of the water filtratior plant and holdup tank is in process.

Plutonium Recycle Critical Facility (Project CAH-8L2). The PRCF pcrtion
of the Maintenance and Mockup Building vid is estimated +o be $85,000.

A design eschedule was prepared and approved. Design of the moderator
temperature monitor is complete and purchase specificaticns have teen
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prepared. Design of the in-cell components is continuing. Drawings of
the major desigr items have been issued for comment. The drawings and
procurement specifications for the instrumentation console were issued
for comment. Comments are being reviewed.

The contract for the Fuel Transfer Lock has been awarded to the Henry
Pratt Company of Chicago. The lock will be constructed of carbon steel
protected with a chemical resistant coating.

A study was made to determine the feasibility of using a spare PRTR heat
exchanger (HX-3) as the heat exchanger for the PRCF thimble pipirg. This
will be possible with minor modifications tc the exchanger.

Design and Component Testing

PRTR Fueling Vehicle. Fabrication of the replacement shroud assembly is
B5 percent complete (Phase ITI-A, Item No. 25). A requisition was issued
for a single chennel gamma monitoring alarm system (Phase III-A, Item

No. 36). Six Phase III-A Work Instructions were issued.

PR-10 - Primary Loop Mockup. The spare FRIR primary process pump was shut
down after 1584 hours of operation when the seal temperature, which
normally operated at a steady 120 to 130 F, started fluctuating and the
seal leakage increased from & normal 0.02 to 1.3 gph. The pump run-down
time had decreased from 5-1/2 minutes to four minutes. The seal assembly
will be removed for a thorough inspection. The prototype pump with the
new self-adjusting type seel has operated for a total of 2028 hours withcut
incident. Collected leakage from the high pressure seal varies from C.5
to 1.5 gph, depending on operating conditions. This is a notable test run
because of the poor experience other sites have had with this new typs
seal. The pump has had 31 starts and 51 thermocycles during this test
run. The Aldrich injection pump has operated T4l hours with the R/M Vee-
Flex rings with finger springs installed on the pressure side of the
packing. No mainterance was performed on this packing until after 53C
hours of operation when the leak rate for the three plungers were 25C,
250, and 2000 ml/Lr. The packing glands have been tightened twice sincs
this time and now have leak rates of 200, 175, and 200 ml/hr.

Process Tube No. 586-6063 has operated for 478 hours ani 20 thermal cycles
during the past month for a total of 3750 hours at simulated reactor
conditions.

Additional evaluations were mede of rounded and tapered orifice designs
for the process tube inlet. It was found that an orifice using a 15-
degree entrance taper with a throat diameter of 0.755 inch and an entry
diameter of 0.807 inch will yield the required 33 to 3% psi pressure drop
at full flow conditions with the fuel element in place. Use of the *apsr
design is expected %o give more reproducible results than +he sharp edge
orifice design.
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Average leakage rates for the nozzle cap, nozzle to process tube, and inlet
connection have remained in the 0.1 to 0.5 ml/hr range during the month.

A special nozzle-to-process-tube test piece has been prepared and is now
ready for tasting to assess damage to the process tube end flange from
metal seizure during long-term operation. t is planned to thermal and
pressure cycle this test piece 3000 times, which will require about three
months.

EBZEO - Shim Control Mockup. The last unassembled drive received from GE-
APED was assembled using two of the Western Gear motors. This assembly
has been operated for 215 cycles, which is equivalent to 21-1/2 hours of
continucus operation. The lower motor of this assembly, which drives a
single rod, will not hold the rod in position when the power is turmed off.
This malfunction has not occurred previocusly with the original mctors.
Modification of the assembly to prevent this downward drift was started.
This same modification may also be desirable for the reactor assemblies.

The Western Gear motor which was glaced in the irradiation facility was
removed after being exposed to 10/ R gamma; mechanical and electrical
characteristics were checked and found unchanged. The motor has been
returned for further irradiation. During the checks on the moter, it was
operated for 45 minutes continuously under a load of 20 in-cz and showed
a temperature rise of less than 20 C.

Delivery of three more drive assemblies from GE-AFED is scheduled about
September 1, and the last two by September 15. Globe motors for these
five drives have been received and have passed initial inspection testing.

Special Tools. The core saw with a new blade was set up and tested by
cutting off a nozzle elbow. The only precaution necessary while cutting
off the elbow was to maintain a slow feed in order to keep the saw from
sticking.

Fabrication of the loadout cask wrench is about 50% complete and will be
finished when the stainless steel bearings are received.

A vwrench to remove and replace the three flange bolts holding the shim
control to the top primary shield has been designed and placed in Tech
Shops for fabrication. The wrench is designed to prevent a flange bolt
from dropping during placement or removal.

Fuel Examination Facility. The fuel temperature monitor for the Fuel
Examination Facility has been received and is undergoing modification
to make it compatible with thermistor probes of Hanford design.

Design Analysis

PRTR Process Specifications. Ninety-eight percent of the Startup Process
Specifications have been written in rough draft form and given initial
review by the PRTR Startup Council, including one new specification which
was drafted during the month. Ninety-one percent of the Pirocess Specifi-
cations have been apprcved by the Startup Council. Eighty-nine percent
have been issued in approved form.
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Safepuards Review. Additional information developed since the last review
by the General Electric Reactor Safeguards Council was forwarded to the
secretary of the GERSC as the basis for the forthcoming review at the
September meeting. The GERSC has been specificeally requested to give con-
sideration to the startup planning for the reactor and to the preliminary
hazards analysis of the Gas-Cooled Loop.

Startup Activities. Review of PRIR operating procedures continued as the
procedures were scheduled for Startup Council approval. About 40% of the
procedures have been reviewed from the reactor safeguards standpoint.

Detailed procedures for the critical tests are being prepared in conjunction
with the Criticel Test Sub-council and PRTR Operations personnel. Special
equipment requirements and data forms for each test have been reviewed.
Results from measurements of KBOp retention on a mixed resin columm have
been received. The data indicates the resin will hold sufficient KBOo for
adequate moderator cleanup. A final evaluation of the feasibility of
Critical Test 15 (Poison Calibration of Level and Shims) awaits an investi-
gation of boron adherence to aluminum surfaces.

Planning and review of power tests is continuing in conjunction with the
Power Test Sub-council. An initial description of Power Test 18 (Photo-
neutron flux) has been written.

Formal authorization for startup and operation of the PRIR has been received
from the AEC. This authority is for operation in accordance with the Final
Sefeguards Analysis, Supplement I thereto, and three instructions concern-
ing an exhaust air filter, coolant void coefficients, and use of the auto-
matic contrcller.

FRP Physics Analyses. Additionel two dimensional, three-group calculations
of the PRTR core with the 9 ANGIE Reactor Code have been performed for the
following cases.

Case" No. of No. of Moderator

No. Pu~-Al Elements UOo Elements Level Comment

A 3k 51 Full

B 34 51 Top of fuel

C 3L 51 3/4 Level

D 3k 51 1/2 Level

E 3k 51 36"

F 2k 61 Full

G 2k 61 Full Outer shims inserted

H 2k 61 Full Reactor at 30 days burncut

Those cases reported previously have been rerun using nev and improved input
data. These calculations appear to verify previous one dimensional VALPROD
studies.
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A physics study of various cladding concepts for s PuOp or PuC 1/16"
fuel rod has beexn completed. These include PuC borded in carbon clad
with Zircaloy; PuOp surrounded by Ta, which is surrounded by a thick
Jacket of Zircaloy; PuOp surrcunded by Nb, jacketed with Zr, and PuOs
surrounded by a thick zirconium jacket. These calculations are being
used by Plutonium Metallurgy Operation in the development of fuel
elements for irradiation in MIR.

Effective Miltiplication Calculations. Changes in the effective multi-
plication of a reactor configuration are not directly deduced from a mers
scrutiny of changes in the multigroup reactor parameters. What is needed
is a complete set of the perturbation characteristics of the multiplying
system with regard to any piece of the miltigroup description. A method
hag been devised to pinpoint the deviation of effective multiplication

as a result of changes or errors in any one or several of the "input"
(for computer codes) parameters or pieces of data for the problem. Using
this method, for example, it may be found that an error of 6.0% in the
thermal absorption cross-section in the core of a particular reactor will
have the effect of 2.7% error in the multiplication. From another point
of view, the change ir multiplication of a certain system can be deter-
mined for a specified addition of extranecus material in the active zone.

The method being used is based on a proposal by H. Grumm and F. Herre*,
and the model is being extended to include refieeted reactors and three-
group diffusion theory. The solution is obtained using well known per-
turbation methods of reactor theory. Information needed for the varia-
ticnal calculation is three-group flux and adjoint flux distributions
vhich may be obtained using the FLUX-WEIGHT Code for the IBM-T7C9.

PRTR Primary Coclant Piping Stress Analysis. The carbon steel to stain-
less steel weld at the pressurizer inlet nozzle was analyzed for stresses
and a rough draft report will be issued. The stresses will be high
enough to cause some yielding during normel cycling, but a fatigue
aralysis (using the technique described in the Bureau of Ships Reactor
Vessel Code) showed that the joint was safe. Further analysis of this
Joirt and other bimetallic weld Jjoints in the primary coclant piping
will be made.

PRTR Operations Planning

Preparation of PRTR Operating Standards continued; essentially all first
drafts have been cocmpleted. Twenty-eight of *he 100 standards were issued
in final form during August.

Proposed Phase III-A construction items were listed and reviewed.

*H. Grumm and F. Herre, Tolerances for Group Constants in Reactor Calcu-
lations, Proceedings of the Second United Nations Internaticnal Confer-
ence on the Peaceful Uses of Atomic Energy, Geneva, 1958, Vel. 1€, p. k92.
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Stock requests for reactor spare parts are complete with exception of
spares for the fueling vehicle, electronic power supplies, and special
gaskets.

Procurement of spare parts for the Hofer helium compressors continues to
be a problem. The U.S. vendor does not maintain an adequate stock of
essential components such as check valves and diaphragms. Vacuum-melted,
cold rolled sheet stock has been ordered for the purpose of fabricating
sufficient spare diaphragms before the need becomes critical.

Complete layout information for the temporary maintenance shop has been
supplied to the project group. Minor Construction will make this in-
stallation shortly after the lump sum contractor leaves the site.

Several acceptance tests were witnessed during the month.

The Manager - PRTRO, the Test Engineer, and the Facility Engineer visited
the Netional Reactor Testing Station at Arco, Idaho, to discuss mainten-
ance planning and operating problems of the ETR and MIR and associated
test loop facilities with General Electric representatives as well as
Phillips Petroleum management and engineers.

Two PRTR engineering assistants have worked this past month in the Radio-
metallurgy Building to gain experience in inspection and handling irrad-
iated fuel elements.

Training continued during the month with emphasis on operating and emer-
gency procedures, electric circuits, leak detector operation and tech-
niques for sample analysis.

Preparations were made for a temporary analytical laboratory in the Service
Building basement. The final comment issue of the PRTR Building Safety
Rules was completed. Plans are being made for the initial property
accounting inventory for PRTR which will be made in early September.

Assistance was rendered the third party inspector in reviewing the piping
and vessels for code compliance.

Work continued on the preparation, review, and issuance of Design, Power,
and Critical Startup Tests in concert with other components.

The exhaust filter design was reviewed and comments were submitted to .
Design Development Operation. Proposed waste disposal limits for waste
holdup tank contents were reviewed with and approved by Chemical Effluents
Technology Operation.

The extended period testing of the river pumps began on August 12. The
pumps are being run on alternate days. Testing to date indicates the
pumps will operate satisfactorily.

Liaison was maintained with the designers of the PRP Critical Facility,
the Gas Loop, and the Fuel Element Rupture Loop.
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2. PLUTONIUM CERAMICS RESEARCH

It has been found at Harwell and confirmed at Hanford that PuOp ard Al203
form a perovskite type compound, PuAlO3, during heating in hydrogen.

This compound is hexagonal close packed but can also be indexed on a
rhombohedral symmetry. The formation of this structure had been attributed
to the reaction of PupOz, which results from the hydrogen reduction of -
PuOp, with Alp03 according to

2 Pu0p + Hp = Pug0O3 + HpO
Pup03 + AlpO3 = 2 PuAlO3

To check this hypothesis, PuOy and Al,0; were heated in helium at 1350 C.
for four hours. X-ray diffraction showed two phases nearly equal in
quantity, PuOg and PuAlO3. This would indicate that PuAlO3 formation is
not dependent on the hydrogen reduction of PuO2. Rather, vaporization
mey account for an oxygen loss giving the following reaction:

2 Pu0p + AlpO3 = 2 PuAlO3 + 1/2 Op

Several experiments were run in an attempt to make plutonium nitride.
Alpha Pu metal powder was heated to 1000 C in the presence of both 350
and 500 mm Hg of nitrogen. In both cases PuQo resulted. Since the metal
powder mey have had an oxide coating, a small amount of carbon was added
and the mixture heated to 1000 C in 650 mm of nitrogen. The result was a
PulQp phase and another phase indexed on the face centered cubic system.
The plane spacings conformed to the PuC and Pull structures; however, since
the low angle spacings of these two compounds are identical in value and
intensity, it is impossible to determine which phase was present. High
angle evaluations will be carried out with logarithmic response when the
GE diffractometer is available. This machine has been hooded and is now
being aligned.

The kinetics of the PuOp + C reaction are being checked in detail.
Samﬁles have been heated to 850, 1000, and 1150 C for one hour in a
10" mm Hg vacuum. These samples are awaiting x-ray diffraction.

A PuO2-ZrOp specimen containing 0.5 w/o PuOp was sintered in a hydrogen
atmosphere at 1500 C for eight hours and slowly cooled. One hairline
crack was observed; otherwise, integrity wes good. The stabilization

of Zr02 by PuQ2 additions appears to be inconsistent with concentration
up to 10 w/o PuOp. The integrity of all pellets sintered which contained
at least 10 w/o PuOp was excellent. X-ray diffraction patterns have been
received for thirteen of the twenty-eight specimens prepared. These are
presently being analyzed and correlated with photomicrographs.
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3. URANTUM DIOXIDE FUERLS RESEARCH

Fuel Evaluation. To study hydriding in both Zircaloy-2 and Zircaloy-4
under similar conditions, a 24™.long, 0.565 ¥ 0.002" diameter, fuel rod,
having 12" of Zircaloy-2 cladding and 12" of Zircaloy-4 cladding butt-
welded together, was fabricated. The fuel rod contained 3.37 w/o en-
riched UQCs vibrantly compacted in the cladding materials. It was auto-
claved, then defected with an 0.005" - 0.006" diameter hole at the center
of the butt weld. This fuel rod will be irradiated in’the~GEH-4 fatility
at the M[R. + | '~ .o 7.

Various ceramic fuel enrichment methods (e.g., coarse, fused, natural UOp
particles surrounded by finely divided, enriched UQo powder) are being
evaluated by testing a four-rod cluster fuel assembly in the MIR. The
fuel element was successfully irradiated for nineteen dags at a power
generation of approximately 105 kw/ft (600,000 BTU/hr-ft<).

Swaged U0z ;sintered and crushed) irradiated for one and one-half years
(13,500 MWD/T) in MIR released approximately 31 percent of the fission
gases. The uranium dioxide capsule had an OD of 0.690", and was irradiated
at specific power generation of 25 kw/ft.

A similar swaged capsule irradiated to only 3000 MWD/T at the same heat
generation releaséd 56 percent of the fission gases generated.

Defect tests of deliberately defected UOs fuel elements will be conducted
in HAPO reactors. Three, 12" long, Zircaloy-2 clad, UOp containing L-rod
clusters were fabricated and a test proposal approved. All fuel rod
diameters are 0.565 ¥ 0.002". One of the three assemblies contains
pressed and sintered UOp pellets in 0.030" Zirceloy-2 cladding. Two of
the rods in this assembly contain 0.005" diameter defects through one
cladding wall midway along the length of the assembly. The other two
fuel assemblies were cold swaged. Bach of these assemblies had two
Zircaloy-2 clad and two Zircaloy-4 clad rods, with one rod of each clad-
ding material defected as above. One of the latter two assemblies contains
fused UOp; the other contains sintered and crushed material.

A surprisingly small amount of fission product activity was detected in
the coolant during irradiation testing of a deliberately defected, swaged
UOp fuel rod at a maximum heat flux of approximately 700,000 BTU/hr-ft<
in the MIR. The improvement probably should be attributed tc the use of
relatively large, dense, outgassed UOp particles.

Basic Studies. Modifications to an existing laboratory were completed to
accomnodate the JEM electron microscope. This electron microscope was
received in Milwaukee, where it is to be assenbled and demonstrated before
shipment to Hanford. A Ceramic Fuels representative participated in the
initial installation and testing. All components performed satisfactorily
in tests made; tests for ultimate resolution and cperation of accessory
components will be completed after permanent installation at Hanford in
September. Design details of the cine attachment appear to be
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satisfactory. Continuous photography of specimen changes can be accom-
plished while observing most of the image on the fluorescent screen.

The design and fabrication of carbide dies for impact forming of UQ2 in
the Dynapak machine was discussed at the General Electric Carboloy
Division in Detroit. Carbide dies should permit an eight-fold increase
in the size of samples capsules used for high energy impact forming of
UOp to densities greater than 99 percent T.D.

Thermal Conductivity. A thermal conductivity specimen was fabricated by
vibraticnal compaction, using a shallow cup required for the Battelle
measurement apparatus. Ratio of depth to diameter resulted in poor
shaking conditions, leading to a specimen having a density of about 75
percent T.D. The specimen was transferred to BMI for physical examina-
tion, trial placement of thermocouples, and general eveluation. A higher
density specimen is expected to result from a redesigned cup and prepar-
ation accessories.

Initial meesurements were made at BMI on a UQp specimen prepared at Hanford
on the 300-ton press. Initial data, up to 1200 C, indicate the thermal
conductivity curve will fall between the curve previcusly obtained from
UO2 fabricated by isostatic pressing and by extrusion.

A detalled review of the current world-wide status of the measwrement of
thermal properties of UO2 was completed, particularly concerning thermal
conductivity. A summary was presented in a panel discussion of heat
transfer problem at the AIChE meeting in Buffalo, New York.

High Temperature Microscopy. High temperature microscopic examination of
irradiated UQp with in-reactor exposures of 40, 125, and 44O MWD/T was
completed. The melting points of these materials were 2830 C, 2890 C,
and 2920 C, respectively. Unirradiated UOp, under the same conditions,
consistently melts at 2790 C. These melting temperatures are averages

of five observations for each burnup. A curve showing melting point
versus percent burnup for in-reactor exposures of 40 to 1500 MWD/T was
established. The highest reliable melting temperature measured was

3040 C at 1500 MWD/T. Extrapolation of the pldot predicts further melting
point increases with higher burnup, although a maximum is apparently
being approached. A vapor pressure inhibition in the temperature range
2k00 C to 2900 C was apparent for the 40 to 44O MWD/T exposure oxide.
Vapor deposition crystals grew, but at a slower rate than those from
‘unirradiated UO2.

L. BASIC SWELLING STUDIES

Irrediation Program. The general swelling capsule that was inserted in
the reactor in the latter part of February is continuing to perform
satisfactorily at a control temperature of 550 C. The control instru-
mentation has performed quite well since installation of new potenti-
ometers and premium tubes. Control of the capsule temperature has been
within 10 C for the past two months. The second capsule has now been
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charged. The capsule contains two natural and one three percent enriched
uranium spheres. It 1s being operated at a temperature of 500 C to
establish the effect of temperature of irradiation, burnup, and burnup
rate on swelling in uranium.

Two other general swelling capsules containing split, hollow cylinders are
in the final stages of assembly. Numerous heat treatments were given
typical specimens in an effort to produce fine, randomly oriented grains

in the dingot uranium used as stock material. Various combinations of beta
and gemma quenching, and high alpha annealing were unsuccessful in pro-
ducing grains that were considered fine enough. None of these treatments
changed the original large grain size present in the dingots. In some
areas only one or two grains existed across the 30-mil wall thickness of
the hollow cylinders. Fine grains were finally produced by extruding the
second ingot prepared by the Tamescal Metallurgical Corporation by electron
beam melting. Extruding in the high alpha region produced grains having an
ASTM grain size of about six, but some (110) orientation of grains exists
in the extrusion direction. For purposes of the swelling study it is felt
that the preferred orientation is less undesirable than large grains.
Irradiation of specimens having the same enrichment but different thermal
histories may be necessary to determine the importance of grain size and
orientation on swelling.

The impurity level of the second ingot that Tamescal prepared is essen-
tially unchanged from the original dingot melting stock composition.
This is to be contrasted with the marked improvement that was achieved
after electron beam melting of fairly "dirty"” uranium. Apparently, the
impurity level in the dingot uranium is already so low that extreme
difficulty will be experienced in improving it. Electron beam melting
may still offer a convenient way to consolidate high purity dingot
uranium into a more convenient form.

Two capsules each containing a precharacterized, cylindrical specimen of
uranium have been assembled. One of these capsules has been tested under
conditions simulating reactor shutdown. With one kilowatt of electrical
heat energy being dissipated by the heaters, the temperature of the Nak
environment one millimeter from the specimen was 591 C. The data obtained
will permit determination of the contact resistance of the fins and cal-
culation of the optimum control temperature of the specimen during irrad-
iation. The metallographic swelling capsules will be irradiated at the
ETR where high fluxes are available.

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. In addition, exploratory experiments on the bond-
ing of uranium to uranium are being conducted. The ultimate extensicn of
these experiments is to study fission gas mobility in couples cornsisting
of irradiated and non-irradiated uranium. Post-irradistion annealing
studies, bulk density measurements, and electron microsccepe determinaticns
of pore void densities and pore void fractions are continuing. This work
is being conducted or specimens with burnups of 0.29 a/c and C.41 a/o,
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irradiated at core and peripheral temperatures of approximately 500 C and
300 C, respectively. The effects of a cne-hour and 100-hour post-irradia-
tion anneal at 60C C on the swelling in declad, unrestrained specinens are:
(1) the one-hour annealing treatment is sufficient to cause a two-fold

and a twelve-fold increase in the volume associated with the measured pores
for the 0.29 a/o and 0.4l a/o specimens, respectively; (2) long-term
annealing, 100 hours, does not cause additional volume change; (3) the
pore void fractions appear to be similar for irradiation temperatures of
300 and 500 C; (&) the void density (pores/cc) after the one-hour anneal-
ing treatments increases by a factor of two, with little dependence on the
temperature during irradiation or the level of burnup; (5) the 100-hour
annealing treatment introduces little additional change in void density;
(6) the void density appears to be greatest in the case of high burnup
(0.41 a/0) in regions of the specimen irradiated at low temperatures
(approx. 300 C). Similar type comparisons for different annealing treat-
ments are being prepared.

Since annealing of couples consisting of unirradiated and irradiated uran-
ium may disclose informaetion on the mobility and mechanism of fission gas
migration and growth of pores, various methods for bonding uranium to
uranium are being investigated. Specimens are currently being prepared
for Wltrasonic joining experiments.

Two specimens, GEH-14-33 and 35, irradiated at temperatures of approxi-
mately 200 C to burnups of 0.03 and 0.07 a/o have been examined. The free
surface of these precharacterized specimens showsno evidence of fission
gas pores; after removal of less than a lO-micron deep layer from the
specimens by etching, again no fission gas pores were observed. The
specimens will, therefore, be ground to a much deeper depth to permit
examination of the internmal microstructure and gas porosity.

5. IN-REACTOR MEASUREMENTS OF MECHANICAL PROPERTIES

The purpose of this program is to measure the mechanical properties cf
structural materials during irradiation. The study of in-reactor creep
properties of Zircaloy-2 is now in progress. The test is being conducted
in a prototypical capsule in-reactor. At the same time a duplicate speci-
men is being tested in the laboratory to provide a direct comparison with
the in-reactor test.

Comparisons between the creep rates of the in-reactor specimen and the
laboratory specimen have been reported for a stress of 30,000 psi at

500 and 550 F. Since then, the stress has been raised toc a new value,
33,000 psi, on both tests. The capsule appears to be operating satis-
factorily, but difficulty in the monitoring equipment has prevented the
determination of the creep rate during the month. The transducers in the
prototype capsule require nearly 900 hours of continual monitoring before
a creep rate can be calculated with accuracy.

UNCLASSIFIED



R it

fxva rEas

UNCLASSIFIED A-41 HW-66644 :

Negotiations are now in progress with reactor persomnnel for the charging
of one of the second generation creep capsules. One of the four capsules
is scheduled to be charged into the reactor near the end of September.
The capsules are completed, and assembly of the digital monitoring equip-
ment has been started. The latest estimated completion date for the
digital recording installetion is mid-October. Since the delivery of the
data recording equipment will not coincide with the charging of the first
capsule, the system will be monitored manuslly until the automatic system
can be placed in operation. The other three capsules will be used to
check out the operation of the digital recording equipment before they are
shipped. Then, as test holes become availatle, these capsules will be
charged in the reactor.

Studies are continuing on various methods of meking measurements with in-
reactor capsules. Refined methods of strain measurement are necessary to
improve the sensitivity obtained with the prototype capsule. The ideal
extensometer should be sensitive to a micro-inch, accurate over long
distances, and stable during the exposure in the reactor. Laboratory
studies show that the systems built into the second generation capsules
offer many improvements over the one used in the prototype capsule. There
are two complex systems of extensometry built into the second generation
capsules. One system uses a mechanical screw to close an electrical
contact and the other system uses two three-range electrical transducers.
The mechanical extensometer has both sensitivity and range, but tests
confirm that it is subject to wear and should not be used continuously.
The mechanical device can be used to periodically check the electrical
transducers without denger of wear. An improved system of extensometry
has evolved from the two systems devised for the second capsules. The
method combines the advantages of the mechanical extensometer with the
sensitivity of the electrical transducers. The mechanical extensometer
is used to position an ultra-sensitive electrical transducer so that
measurements are always made within the limited range of the sensitive
sensor. In this way many parts are eliminated while retaining the best
features of each of the two sensing systems. Drawings are now being made
to build and test a model of the combination extensometer system.

6. GAS GRAPHITE STUDIES

EGCR Graphite Irradiation. Capsule H3, containing EGCR prototype graphite,
continues to operate successfully in the GETR. One of the nine thermo-
couples failed after approximately 1000 hours, but the others are oper-
ating satisfactorily.

Pyrolytic Graphite. A systematic difference in length changes in the ag
direction (viz., parallel to the carbon planes) has been noted in samples
of as-deposited and graphitized pyrolytic carbons irradiated for 132 MWD/AT
at about 600 C. For such a short irradiation, no length changes would be
discernible in conventional grephites. In the as-deposited pyrolytic
samples, an expansion was noted in the ag direction amounting to an average
of + 0.042 ¥ 0.0l%. This behavior of the ag direction is in striking con-
trast to regular graphites in which a contraction is noted in the ag
direction at all irradiation temperatures.
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attributed tc straigh-sening of the pyrolytic planes. A similar mecharism
is believed %tc¢ cperate in ths abcve ir“adia*lot *ests, since the ¢y crys-
tallite parameter \viz., distarce betwssan carbon po es) appavently 3id =c
change upcn irwradiation. For the hﬁg?&pﬂltll&l er al the c. value was

6.85 A toth before anc after irradiation.

Thermel Oxidation Studies in CO2. A 7.9604 gm sample of CSF graphite was
heated in helium to destroy surface oxide and ther expceszed to CO2 at
various temperatures. The buildur of surface oxide vas foliczweil with an
autcmatic recording miczrubalance. The fcllowing resulis were cohtalired:

Run Pretreatment Clo Tsnp. Max. W=, Gaic Time t2 Max. Gair
i He at 75C C 758 C €.35 mg 8C mir

2 He at 80C C B30 6.3C 7.5

3 He a% 80C C BC0 €.41 97.%

b He a% 800 C 339 A.26 91.3

If all the weight incrsase is due to formasicn of surface oxide,

COp ~— CO + C(0), approximatsly 3 x 109 sites rer gram of grarrite are
involved. If an equal rzumber of CO ard O species ars invoived in the
weight increase. CO == C(CO) + C(0), then about 2.19 x L0 sites per
gram of graph1+e ar= used. Tke observed specific surface area of this
grapkite is C.26€ m2/gm for samples cf this “ype, sc the number cf sites
involved per square meter of graphite surface ars 8.21 x 1089 and

1.13 x 10 0 for the +wwc cas2s cornsldared.

Oxidatior Studies or. Dregon Grapkite. This study was conducted to compars
the oxidation rates of Britisn Dragon graphite with ratss <f "F' pur*f*ﬁi
graphite and to determine whether regraphitizarion wculd privids greate
oxidation resistancs, sirce the Dragon graphite was procezzel &a” a rela-
tively low temperziurs.

During regrarhitizatiocr, samp_es were heated to 2853 C ir ar in=srt atmes-
phere. The fempersturs sxce2dsi 26C0 C for a perici of 23 mirutes. Hew-
ever, x-ray data irdicahz ~hat thers vere smal; ragiors <f inccmplstzly
graphitized material zven aftsr ths regrapaltization. '

Ox1datlon was conducted at TE¢ C in a flowing (2.7 cfr ) smirzam of Ogz.
Data tabulatel belcw show that rsgraphitizaticn rsiucsi fthe oxidation
L =

rates from threes to six times, bt zever dcwr o th
graphite.
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OXIDATICN DATA - DRAGON GRAPHITE SAMPLES <::::::::..)
Oxidaticn Rate (g/ghr x 10-2) e
Graphite Type Pre-regraphitization Post-regraphitization
HS HX-10 2.78 0.876
Morgan EY-60 § 4.89 1.ko
9.17 1.61
(939
CSF 0.350

Microwave Glow Discharge of Carbon Dioxide. The following species have
been identified in the microwave glow discharge of carbon dioxide gas:

CO, Co+, 002) C02+, C302, B.D.d 02+¢

Microwave Activation of Nitrogen Gas. A glow was maintained in flowing
nitrogen in a pressure range from 200 to 1000 m Hg. In the absence of
any graphite in the system, ro deposit was observed on the quartz re-
action tube. In the presence of graphite rlaced directly in the glow,

a yellow to brown deposit was formed. The weight loss rate for the
graphite sample was 2.09 x 10~% gm/em-hr. Based on chemical and infrared
analyses, it is thought that the principal compound involved in the de-
posit is paracyanogen, (CN)y-

EGCR Oxidation Prototype. Two preliminary runs have been made to deter-
mine whether graphite in the EGCR prototype would ignite at about 600 C.
In each case, a heating element failure Jjust prior to admittance of the
ailr caused the runs to be made with the power off. In the first run,

the graphite temperature, Tg, was 570 C, and the inlet air temperature,
Tp, was 25 C. In the second run, Tg was 625 C, and Tp was 180 C. Com-
bustion did not occur in either case. Howsver, the normal heat losses

in the system may exceed the heat evolved by oxidation. In order to mske
the system adiabatic, modifications have been completed which permit a
low power to be maintained separately to the outsr ring of heating
elements. The QT between the irnzide and outside of the block can thus
be meintaired at zero during burning experimernts so as to meke the system
entlirely adiabatic.

Gas Loop Prcject Management and Desigr (Project CAH-822). Construction
specifications,. drawings, and special corditions for the installation

of the Struthers-Welis package of the gas loop were issued during the
month. Minor Construction is cwrrently preparing material take-off lists
SO0 as 1o start the preliminary work during the second week in Septenber.

The Phase "A" package by Struthers-Wells is approximately 98% complete.
The pre-hesater has been fabricated but not tested. The pre-heater and
several valves are all that remair to be installed for physical comple-
tion of this order.
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The primary blower status has improved somewhat. Bristol-Siddeley is
currently testing the second blower in an effort tc reconfirm results
attained with the first blower. These results may be summarized by
the following equation:

Pon3 =
T x N2 =K

where P is in psia, T in ©K, and N in RPM. Bristol-Siddeley‘feel they
can guarentee a K of 1 x 10l1; however, the design point condition re-
quires a K of 6.65 x 1011, '

A revision to the gas loop project proposal was forwarded to the AEC
requesting extension of the completion date to June 30, 1961. ©No in-
crease in funds was requested.

The remeinder of the helium shroud coolant loop is being forwarded from
Struthers-Wells for use in the in-reactor section mock-up test.

Gas Loop Component Testing. The gas loop mockup is 65% complete. Final
assembly of the second prototype in-reactor section was delayed pending
installation of the first prototype assembly.

A Solar Aircraft gimbel expansion joint for the outlet was installed in
the test furnace and brought to temperature and pressure. It has operated
60 hours at steady state comditions of 500 psig and 1450-1550 F, and

160 hours of cycling operation. Cycling consists of flexing the joint
3-1/20 each side of neutral while simultaneously altering the temperature
from 900 to 1500 F. No leakage has been detected.

An extensively modified dome seal was hydrostatically tested at 1800 psi.
This assembly will be installed in the first prototype assembly and
tested at 1500 F and 500 psig.

Final comment prints on the graphite cask have been issued.

BEquipment has been cbtained for monitoring in-reactor movement of the high
pressure tube relative to the shroud tube in the PRIR Gas Loop. Out-of-
reactor tests on the Fenwal line detector were tegun in preparation for
the in-reactor tests. Arrangements have been completed to provide a
second detector assembly without cadmium which is present in trace amounts
in the unit now on site. The second unit has been scheduled for similar
testing. The thermocouple and velocity head instruments have been fab-
ricated for ins+tallation on the gas loop mockup in the 31k Building.

. GRAPHITE HIGH TEMPERATURE IRRADIATION DAMAGE STUDIES

Graphite Microscopy. A method of preparing graphite samples for electron

microsccpe examination has been developed to facilitate the location of
selected areas for examination before and after irradiation. Ar Ermest
F. Fullam Compeny specimen marking pin mounted on the nose piece of an

optical microscope was used for reference scribing. The depth of scribe
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merks was successfully controlled by determining the contact resistance
at the correct depth and maintaining that resistance during the scribing

P e ]

Lt 1
ot
s oot

operation. The scribed locations have been photographed at magnifications

ranging from 50X to 750X on both the graphite samples and shadowed

replicas. With a series of photographs of increasing magnification, very

small areas may be located at magnifications too high to include refer-

ence scribes in the field of view. Locating these areas on grid mounted
replicas will he attempted with the electron microscope, and, if success-
ful, the samples will be irradiated.

Metallographic Studies. Twerty-eight graphite samples, six calcined coke
samples, two green stock samples, two baked samples, and & silicon carbide
coated sample were prepared and examined under bright field and polarized
light. Binder and coke are readily distinguished in the green stock, but
difficult to distinguish in baked stock. After graphitization, it is not
possible, with present methods, to positively identify graphitized binder

and distinguish it clearly from graphitized coke.

Special Graphites. Initial delivery of samples under contract AT(45-1)-
1603 with the Parma Research Certer of the Union Carbide and Carbon

Corporation was completed during this month. These samples are currently

belug prepared for irradiation.

The initial samples represent readily available graphites which were
selected in an attempt to elucidate the mechanism of radiation damage
at high temperature. The following types of material were included:
(1) Natural and artificial flake graphite. These samples are intended
to verify the correlation of changes in sample dimensions with changes

in the x-ray inter-atom dimensions and to ascertain density changes under

irradiation. Also, ground natural flake is included to determine the
effect of heavy mechanical strain. (2) Block natural graphite. Samples
of this material are designed to reveal radiation effects in large un-
strained crystals of graphite. (3) Graphitized Continental Coke. These
samples are designed to study irradiation effects in a binder-free
system. (4) Constant orientation, variable density graphite. A series
of samples was included to study the effect of density variation only on
radiation demage. (5) Highly oriented graphite. Graphite with an
orlentation ratio of seven to one was included to determine the effect
of extreme orientation on radiation damage. (6) Lampblack Grapkite.

These samples were intended to determine the effect of radiation on graphite

made from poorly grephitizing material.

RADIATION EFFECTS ON METALS - 5000 PROGRAM

Rediation damage recovery is being studied for a number of metals, namely,

copper, rickel, titanium, zircorium, iron, molybdenum, and type 347 stainless

steel. Tensile properties, microhardness, electrical resistarce, and x-ray
diffraction spectra are being studied to determine the characteristics of
recovery mechanisms. A new isothermal annealing fixture has been fabricated
and is expected to give better results than the former system which was
composed of a quartz specimer tube under static vacuun, heated ir. an air
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furrace. Thke new fixture is constructed entirely of stainless steel and
utilizes a dynamic vacuum. A basic design feature is the ability to operate
the annealing system remotely. The specimen tube is in intimate contact
with the specimen arnd its hclder and the heating medium is molten lead.
Cooling from temperature is accomplished by quenching the entire fixture in
water while still under a dynamic vacuum. Provision has been made to charge
haelium into the system if the heat transfer rate in vacuo is too low.

Post-aennealing x-ray studies have been completed on isochronally-annealed
zirconium and nickel specimens. Although microhardness and electrical re-
sistance measurements indicated that damage recovery was complete in both
irradiated zircornium specimens, a small amount of lattice distortion re-
mained in the form of a shrinkage in the C, lattice parameter. The A4
parameter for both specimens recovered completely. As a result, the line
width of the (220) reflection in both specimens recovered to the unirradiated
velue, but the line width of the (302) reflection showed a retained broaden-
ing of 22 and 10 percent, respectively, at exposures of 4.7 x 1018 and

1.5 x 1020 nvt. Recovery of lattice parameter in irradiated nickel

(1.0 x 1019 nvt) was complete, but the line width of the (222) reflection
was 4.5 percent greater than the unirradiated value.

Isochronal annealing of copper and titanium was continued during the month,
the latter showing no further recovery stages up to 575 C. A microhardness
recovery stage was observed in copper at 375 C for specimens with exposures
of 0.9 x 1019 and 1.5 x 1020 nvt.

Interim x-ray measurements on irradiated molybdenum showed that recovery was
not complete after anmealing at 800 C, and further anneals are scheduled up
to 1000 C.

E. CUSTOMER WORK

Radiometallurgy Service

Visual comparison of the second and third aluminum process tube failures
shows the two to be nearly identical. Metallography shows a discontinuity
of the grain structure at the failure area (RM-406).

Examination of three self-supported I & E production fuel elements confirmed
that surface bumping is associated with a large grain size (RM-408).

A sample of undissolved residue from the Redox Multipurpcse dissolver was
found to be spongy in appearance but appeered to be metallic when sectioned.
A portion of the sample was dissolved in aque regia and submitted to the
analytical laboratory for spectrochemical analysis (RM-339).

A side-other rupture (I & E production element) was fourd to have a large
blister extending more then half way around the circumference and from the
center to the male end. Water attacked the uranium core uniformly under
the blister, but did not form the usual rupture cavity (RM-409).

UNCLASSIFIED
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Metallography Leboratories

Althoush the uncolored transparency of Lucite is preferred rather than the
slightly colored resin for mounting some metallographic specimens, Lucite
has the disadvantage of requiring & relatively long time (one-helf hour or
more) for mounting a specimen.. To overcome this disadvantage, a2 mold for
heating and cooling Lucite mounts in the minimum possible time has been
designed and built. Tests show that this model will save at least 15 minutes
per specimen. The unit consists of a standard Buehler 1-1/4 inch diameter
mold which has been wrapped with altermete coils of a 1000-watt calrod and a
copper cooling coil. The outside of the entire assembly is flame-sprayed
with copper. This new unit required five minutes for heating and three
minutes for cooling versus the corresponding times of 12 and 15 minutes,
respectively, for the old method.

Electron microscopy service work for the month included examination of
replicas from cathodic vacuum etched UOp in aluminum fuel plates, irradiated
and ruptured fuel rods, UOp specimens hot pressed at GERL in the diamond
press, copper which had been exposed to glow discharge at NMI, irradiated
hish density UOp-PuOp pellets, and fractography and metallographic surfaces
of irradiated UO2 before and after annealing.

The results and interpretations of these and other metallographic and
electron microscope examinations will be reported in connection with the
respective research and development programs served.

Semples Processed During the Month:

Total Samples Lol

Carbon Replicas 36
537

Photographs

Micrographs 482

Macrographs 80

Electron Micrographs 180
752

Special Fabrications

To date, 1344 coextruded fuel rods have been shipped to the Savannah River
Laboratory as scheduled. The final 100 rods needed to complete this work
will be shipped during the first week in September. Billet casting has now
been completed with a total of 1931 castings made during the year. TYield
of acceptable billets after radiography was 90%. Over-all yield for the
entire process was about 75%.

Two I & E rods clad in X-8001 Al and containing a C823 Al core were co-
extruded. The billets, in both cases, were desi-med to give a 0.050 inch
cladding thickness and a 0.165 inch core thiclmess. The two billet designs
(Mark II & Mark III) had different core end confizurations, roughly
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2-1/k inch and 1-3/4 inch radii, respectively. The extruded cladding thick-
nesses were within 0.005" of the design value except for slight dogboning at
the leading and trailing ends of the core. The 2-1/4 inch radius on the
Mark II core gave satisfactory results, but a slightly larger radius would
appear to be optimum. Nondestructive tests will be required to determine
the integrity of the core to cladding bond. The Mark II design with slight
modification will be used in fabricating Pu-bearing I & E elements.

¢ A% .Mm;z/

Manager, Reactor and Fuels Research
and Development

FW Albaugh:kb
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PHYSICS AND INSTRUMENT RESEARCH AND DEVELOPMENT OPERATION

MONTHLY REPORT

AUGUST 1960

FISSIONABLE MATERIALS - 2000 PROGRAM

REACTCR

Neutron Spectrum Studies

a. Detector Foils of Lutetium

The report Lutetium as a Spectral Index Detector, HW-66319, has been prepared
and distributed to those who have requested it. The wide interest which this
technique has received is reflected by the facts that twenty requests for this
report have been received from offsite and approximately half of the requests
are from laboretories abroad.

b. Neutron Rethermalization

1. Graphite Experiment

The counting data have been corrected for a shift in counter efficiency
and a reanalysis using calculated diffusion coefficients will soon be
started.

2. Water Experiment

All of the experimental data have been decay corrected, using AFDAC I.
The corrected data are being processed to yield traverses of the thermal
activity of copper and traverses of the epicadmium activity of gold.

4n evaluation of the available data on the diffusion coefficient of thermal
neutrons in water has beern completed. Data recently published by Rockey,
et al (NSE 8, 1960) and by Kuchle (letter to the editor NSE 8, 1960) have
been compared tc Stanley's (ANP) compilation of two group parameters.
Rockey has published measured values of the diffusion length of thermal
nevtrons in hot water for temperatures from 26 o 295 C. These data have
been used to calculate diffusion coefficients under the assumption that
the microscopic trensport cross section of water varies as 1/v. Xuchle
has published diffusion constant results for water temperatures cf 22 to
80 C. The diffusion constants, Dv, have been reduced to diffusion coeffi-
cients, D, under the assumption that the energy distribution of thermal
neutrons was Maxwelliar. with a characteristic temperature equal to the
physical temperature of the water. The latter values compare favorably
with those from Stanley in the temperature interval 20 to 250 C. To date
tamperatires between O and 50 C are the only ones cf interest and it has
been concluded that these data are adequate for +he analysis of the experi-
mental data obtained in our experiments.

1247922 DECLASSIF: - S
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A preliminary set cf values for relaxation lengths of hot neutrons in water
al rcom temperature has been cbtained from the water rethermalization
experiments. Tkese values were obtained from traverses of the thermal
activity of coprer in the waler only. The analysis was made with a two-
thermal-group diffusion model under the assumption cf no source cf thermal
nevtrons. The results are given in Table I.

TABLE I

RELAXATION LENGTHS FOR NEUTRONS FROM HOT
GRAPHITE IN WATER AT 20 C

Grapnite Temperature Relaxation Length
K (cm)
420 0.46 £ 0.10
570 0.5% £ 0.13
700 0.60 £ 0.15

These results and a summary of the work have been submitted to the ANS
for presentation at the December 1960 winter meeting in San Francisco.

The rethermalization properties presented in Table I are subject to
additional uncertainties which are not included in the errors which have
been quoted. The traverses of the thermal activity of ccpper which were
taken on a3 diameter through the water exhibit an unexplained asymmetry.
This asymmetry was averaged for the purpose of the approximate analysis.

Digital Computer Codes for Reactor Analysis

Debugging of the HAPO version of the multigroup neutron diffusion code F-N is
continuing. The <wo neutron group test case, which was described last montk,

bas been successfully run. Debug runs are now being made with a more complex

test case, an infinite medium thermal spectrum calculation. This test case is

the first to utilize the matrix for energy transfer to both higher and lower ener-
gies. In the model being used, the thermal neutron energy distribution is divided
into eight groups, with arbitrary absorption in each group. Stempts of the code

to solve the resulting set of couplzd diffusion equations have so far been unsuccess-
fal.

Several additional +est cases have been run on the diffusion theory code AIM-5

to gain famlliarity with its use and clarification of its instructions. The
problem of generating an adequate set of cross sections for AIM-5 is also being
investigated. Two codes, NUDATA and C-3, have been used to generate these cross
sections. NUDATA, vwhich utilizes the Nuclear Data Tape, gives group cross sec-
tions averaged over Maxwellisn or l/E spectra but does not give transfer cross
sections. C-3 Zives cross sections, including transfer cross sections, averaged
over a calculated spectrum but is limited to three groups. Neither of these codes
has furnished a satisfactory set of cross sections for the AIM-5 test cases. teing
investigated. The comparison of the F-3 code with AIM-5 has been delayed until
better cross sections are obtained.
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Work has begun on adapting the ANP code C-5 for locsl use. C-5 calculates the
slowing down density, flux, and corresponding adjoint quantities for a homo-
geneous medium using either the modified age or the Coveyou-Macauley slowing
down model. The flux and adjoint flux are used to compute weighted group param-
eters and system multiplication. Input data defines the material and geometri-
cal configurastion of the reactor with the Hanford nuclear data tape supplying
the necessary cross section. This code, when completed, will complete a prelime-
inary system of codes for neutron spectrum calculations.

nggutational P;ggramming Services

Errors in the fast source correction portion of BKIL, the production code for
exponential pile data reduction, have been corrected so that the programmed equa-
tions are now properly evaluated. A question still remains about this correction,
however, because the values determined by the code in some test cases do not agree
witk values calculated same years ago by hand, supposedly using the same equations.
Efforts to explain this discrepancy are so far unsuccessful. The inclusion of
these corrections in the COFIT code is being delayed pending resolution of this
discrepancy. Conversion of both codes to the Monitor system has also been delayed.

A tape transferring subroutire, DTRANS, to broaden tape usage on the Monitor has
been written and checked ocut. The purpose of this subroutine is to transfer infor-
mation fram other output tapes to the Monitor ocutput tape. This subroutine will
facilitate the preparation of multiple reports during one pass through a program.
It will also facilitate conversion of non-Monitor codes to the Monitor system,

by making unnecessary the loccating and changing of all output statements to con-
form to the Monitor output tape. Instead, DTRANS can be utilized just before
exiting fram the code. The conversion feature of DTRANS was in fact the incentive
for its preperation, and the time invested should be repaid in full in the conver=-
gion of BKL and CCFIT,

Analyeis of Flux Traverses in Lattices with lLarge Diameter Fuel

Flux traverses for several lattices have been calculated using the P3 method.

An adjustment of the neutron temperature in the moderator (used as a variable
parameter ) has fitted the flux ratic, moderator to fuel; for these lattices.

Waen the temperature required to fit the flux ratio is plotted versus the fuel to
moderator ra%tio, & smooth curve results, although the temperatures seem high (40 to
280 C ebove physical temperature). A correction for epithermal flux depression
vas made &bt one point, showing that about half of the derived temperature is due
to epithermal effects. Thus when the model is used to calculate flux traverses

for other systems, the traverses should be correct, but the artificiality of the
neutron temperature used should be recognized.

A sumary of the work "Effect of Neutron Temperature and Epithermal Flux on Lat-
tice Cell Flux Traverses," has been submitted to the American Nuclear Society for
Presentation at the December meeting.

Exponentisal Measurements for N Reactor

Canning of low enrichment {.94% USP5) NFR fuel elements is about 60% complete.
Diffusion length reasurements have been taken in the NPR mockup graphite stack
witkh fuel and contrel rod channels empty. Toe preliminary results imply a dif-
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fusicn lengtk L of 87.7 om =using an estimated extrapolaticn length of 1.0 cm.
Tre diffusion length in this stack without voids is caleculated to_be

Lo = 51.2 cm {standard pile corrected to a density of 1.70 gms/cm’). The ratio
L_?]‘..,J g 1.66 compares favorably with a Behren's correction for neutron streeming
of 1.61.

PCTR Measurements for N Reactor

The PCTR meesurements of the lattice parsmeters for the dry condensed lattice
have been ccmpleted; and the measurements with the water-cocled assembly are now

baginning.

N Reactor Temperature Coefficient in the PCTR

Appraximate calowlations have been made for the NPR lattice parameters hot and
cold. The ratio of the average flux in the graphite to that in the fuel changes
by 20%, and the copper resction rate will change by 3C% due to the added change
in neutrcn tempersture. £ changes by 0.028 so the effect of the change in flux
distribution is large enocugh to be measured in the PCTR.

Flux matvching becames a more severe problem with the core hot since a matched
cadmium ratio criteria assumes that the nzutron temperature is constant in the
core. However, the driving region would be cold and the neutron temperature
may not reach equilibrium in the buffers. This effect will require investiga-
ticn although the flux traverses are much less sensitive to the spectral match
than the reactivity measurements. Lutetium ratios could be *“aken together with
the usual gold cadmium rstios to indicate the neutron tempersture match. Even
though the lutetium may not give a realistic value for the actual temperature,
the comparison should be meaningful.

N Reactor Fuel Temgra.ture Coefficient

Data from the 0.925-inch diameter test assembly deseribed last montk have been
analyzed tc obtain curves of Ap vs T(°C). The final run has been fitted by
least squares to the quadratic function of temperature given below:

A = (8.3 4.5)x107% « (1.3h % 0.1) x 107> T + .0 1) x 1077 T2

Differentiation of this expresasion yields:

%% = - {134+ 0.1)x 1073 + (8.0t 2) x 1077 T

Assuming the values cf kg and p as mea.suz&r} and derived for the 6 1/2-inch
lattice by Donahue, Lanning, and Bennett

= - (1.29 £ 0.1) x 10°%* + (7.69 £ 1.8) x 10-8 T

&l

il
3

8

{1} "The Nuclear Parsmeters cf Scme Graphite; Netural Uranium Lattices Meas-
ared in tke PCTR," ANS paper, Pittsburgh, 1956.
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The errors q\J:ct.ed are standard deviations, based on tkhe goodness of the quadratic
fit, and do not include any uncertainties due tc the assumed kg and p.

Exarination of the tempersture distribution in the PCTR core showed that at a
point ~ 1 inch from the surface of the heated rod, the graphite temperature
rose by 12°C in 45 minutes, while the fuel rod temperature rose by = T00°C.

The spatial temperature distribution was quite peaked around the heat source.
Since corrections must be made to the observed reectivity changes to account for
this non-uniform heating in the core, equipment is being prepared which will
monitor the temperature distribution with more precision than previously obtained.
A single pcint Brown recorder is being modified to present temperature in ¢,
witk a 10°C span and four overlapping ranges fram 16°C to 53°C. The sensing
elements will be resistance thermometers. Selection of the desired range and
thermameter will be made by a manual switch. Temperatures accurate to & 0.05°
should be easily chtained.

Fabrication of the NFR mockup assembly is proceeding, with the gquartz and graphite
work about 50% camplete. The niobium wire and A1203 ceramic tubing is expested
by September 12, 1960.

Instrumentation eand Systems Studies

A cooperstive program to investigate and develop reactor autamatic control systems
has been started with the IPD Research and Engineering Section. Reactor operating
data are being collected for the purpose of determining reactor transfer functions
and related dynamic and static reactor characteristics. An attempt will be made
to correlate these records in such a way that useful information on reactor con-
trol characteristics can be obtained.

The analog evelustion of the reactor sub-critical neutron flux monitor was carp=-
leted this month. The purpose of this study was to determine the effect of the
+time constants in the period meter of the sub-critical monitor. This was done

by simulating the kineties of a reactor on the Goodyear Analog Computer and apply-
ing reactivity changes according to a mumber of schedules. A voltage proportional
+0 the logarithm of the reactor flux level was introduced into the period meter
Trom the compurter. e inverse period as determined by the computer was recorded,
together witk the reactivity, the inverse period modified by lag circuits having
time constants of 2, 8, 18, and 28 seconds, the logarithm of the reactor flux
level, and the inverse period as determined by the period meter. °

A magnetic storage device has been selected for the 1000-channel slow neutron
time-of-flight analyzer. This device works like a conventional magnetic drum,
but i% is instead a spinring disk. The information is stored on circular tracks
on the face of the disk. This type of memory device seems to be chegper per bit
ané more trouble-free than the standard drums.

Radiation shielding an? source-detecior geometry requirements have been determined
for the new NPR Fuel Failure Monitor design which combines the IPD developed
Seiger tube system with the HLC developed gamma-energy spectrameter systvem.
Developmental work on the experimental mockup of the HLO fast-scan slow-scan
system has been temporarily suspended in order to prov...cln CEb:UO consu_.. tation
assistance on the chosen design. v

L
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Contimeond B1d Testing iz proceeding on tie Dual-Probe NPR Scintillation Remote
Area Monitcr by IPC. These tests are concerned with aging gualities (anode cur-
rent from thes prototubes versus gamma fislé dose rates) of the pbototubes. In
33dition, radiaticn darsge effscts are being determined for The probes in a 2 x 163
r/hr garma dose rate fizld.

The electronic circuitry portion of the prototype NPR Beta-Gamms Air Monitor was
received from fabrication, and it was successfully debugged and tested. All of
the *ransistorized circuitry is now complete. Information was given $o Imstrument
Design, CEAUC, to guide preparation of instrument drawings.

A protctype {altarnatz. scintillsation logaritimic area monitor for pcssible NER
1use has campleted 2.5 meonths of satisfactory testing. The circuilt 1z now deemed
camplete and ready for use. Three direct coples of the above were fabricated,
tested, and delivered tc IPD {100-H Area) forreactor elevator installation. The
three units cover the range from 5 mr/br to 5 r/hr.

A study was made tc ovtain data for determining time constants and trip settings
for the NPR period metaer. This was done by simulsting the kinetics of the reactor
on the Goodyear Analog Computer and applying reactivity changes in the form of
ramp functions, step functions, and sine-squared functions. Data recorded included
the reasctivity, the logaritkm of the reactor flux level, the inverse period, and
the inverse period modified by lag cirecuits having time constants of 5, 10, 20,

and 3C saconds.

Work was initiated on the NPR ccnfiner pressure buildup prcblem; the analog 2ir-
«uit was prepared and is presently being modified in an attempt to negate the
effects of multizlizr noise.

A five region hesat exchanger model for NPR has been ccnstructed. This model will
be checked cut cn the EASE computer early in September. Eguations have been oh-
“eained for ~onstructing 2 heat transfer model of the reactor. These equations
were derived »y determining the transfer funstions for that system which would
give *tre known restconse to a step functicn. This is a2 somewhat novel approach
and eliminates *he difficuities encountered in constructing sn analog from the
equations derived using the texs bock type of approacz. The primary nlosed lcop
can be broken down into three bhlocks: +%he reactor kinewics, the heat transfer,
and the heat exchanger. The approack teing taken is 4o ccnstruct eackh block
separately and check 1t out, then “ie the blocks together after the validity of
2ach has been assured. In the closed loop system, long transport lag times are
encountered. These lag times will be simulated using closed locp tape transport
units that have been purchased from Ampex Corporation.

More work was done on the reliability study of the NFR emergency c¢ooling systen.
There are several parts of the instrumentation cir-uitry thet probably will raquire
3 detalled amalysis.

SEPARATIONS

Plutonium (rivical Mass Faeility

Personnsl of Criticsal Mass Phyeics have completed the move into the new facility.

12671621
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The hazards reﬁort ("Surmary Report of Hezards of the Hanford Plutonium Critical
Mass Laboratory" - HW-66266) is now camplete and in the hands of Technical Informa-
tion Operation for publication. The formal report will be forthcaming before

October 1.

The in~hood reactor camponents for the initial critical experiments have not yet
been camplesed. The problems mentioned last month were both associated with the
safety rod drive. Destructive vibration occurred when the drive wes operated,
and galling occurred between the drive screws and the carriage nuts. Elimination
of these problems required sufficient redesign that it was necessary to obtain
approval of a quotation fram the fabricator for the additional costs involved.
The desigr changes have been started, and & rather uncertain campletion date of
mid-September has been given. No other problems are known to exist with the rest
of the in-hood components. No shipment will be mede until the whole system is
assembled, and tests are witnessed at the vendor's plant.

Testing and checkout of the instrumentation and control system have continued.

The data channels and two of the safety channels are operative and are being tested
Of the remaining channels, one has not been tested, and the other two suffer from
incompatible components or faulty design.

Some valve changes in the solution handling system have been made, and it is ready
for trial operation.

Criticality Hazards Specifications

a. Nucleaer Safety in HLO

The nuclear safety of a new graphite mold design for casting 6 Kg of plutonium
metal into smell rods was reviewed. The new design is designated as type 11
and is shown in drawing H-2-31530. It was concluded that the charged mold,
which will have a carbon to plutonium atom ratio of less than 100, will be
critically sefe. To assure safety in the actual casting operation, the mold
is to be used in accordance with the HLO nuclear safety specification that
covers the casting of plutonium metal in quantities up to 6 Xg.

b. Data Correlation - Enriched Uranium Rods in Light Water

A study correlating criticality calculations with experimental measurements

on uranium rod lattices in water at enrichments of 1.3%, 2.0%, and 3.063%
U-235 has been campleted. It was found that material bucklings at these

three enrichments could be calculated reesonably accurately by using tbe one-
group criticality equation, B® = _P_k« L, with small adjustments in the value
of eta. Reactivity parameters and migration areas were calculated by the IBM
T09 Idiot code. Critical masses were calculated using the experimental extrap-
olaticn lengths. A review of the results show that the calculated bucklings
vary from -1% tc +4% of the experimental values and the calculated minimum
critical masses vary from +1% to -10% of the measured values.

Calculated and experimental values of maximum buckling and minimum critical
mass are compared in the tables below. The value of the water to uranium
volume ratio at which the camputed and experimental maxima and minima occur
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are alsc tabulated. The 1.03% experimental data is from BNL and the 2.0%
and 5.063% data, fram HAPO. All of the rod sizes that have been measured to

date at these enrichments are included.
TABLE I

1.03% ENRICHED URANIUM RODS IN WATER

Comparison of Theoretical Calculations to Experimental Data

Maximum Buckling* Minimm Critical Mass
B2 2
Rod Dia. v Calc. B w Me Calc. Mc
(in.) T (m=2) Exp. B° T (1b.) Bxp. MC
0.387 calc. 2.9 34.30 .99 3.4 4300 .99
Exp. 2.7  34.50 3.3 4532
0.60 C(alec. 2.4 39.40 1.021 2.8 3969 .936
Exp. 2.2 38.60 2.7 . 4239
0.75 Calec. 2.2 L0 .40 .998 2.4 4079 .970
Bxp. 2.0 40.50 2.4 4206
* 2.50 mn~° added to experimental bucklings to compensate for 28 mil Al clad-
ding. ,
TARLE II
2.0% ENRICHED URANIUM RODS IN WATER
Comperison of Theoretical Calculations to g_perimental Deata
Meximum Buckling¥* Minimum Critical Mass
Rod Dia. VW B gale. B w Mc Calc. Me
(in.) Ta (m=2) Exp. B¢ T (1b.) EXp. Mc
New
0.600 Calc. 2.7 113.20 1.011 3.7 518 1.016
Exp. 2.9 112.00 3.8 510
New
0.925 cale. 2.2 110.00 1.000 2.8 654 .948
Exp. 2.2 110.00 2.8 690

% 2,50 m~° added to experimental bucklings to ccmpensate for 28 mil Al clad-
ding.
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TABLE ITII

3.063% ENRICHED URANIUM RODS IN WATER

Comparison of Theoretical Calculations to Experimental Data

Meximum Buckling* Minimum Critical Maess
Rod Die. W B® calc. B Vv Mc Calc. Me
(in.) o (m=2) Bxp. B° Vo (1v.) Exp. Mc
0.175 Calc. 5.3 147.40 1.024 9 155 .912 -
BEXD. 5.3 14k .00 9 170
0.30 Calc. k.5 154.50 1.000 7.5 186 .959
Exp. 4.5 154.50 6.9 194
0.60 Calc. 3.1 15%.20 1.011 bk 270 .957
Exp. 2.8 152.50 L.3 282
0.925 Calc. 2.2 147.60 1.038 3.1 376 972
Bxp. 2.2 142.20 3.2 387

* 2.50 . added to experimentsl bucklings to compensate for 28 mil Al clad-
ding.

Prior to this correlation, the age equation was used to calculate bucklings
for uranium rod-water lattices and an extrapolation length of 8 cm was used
for all critical mass calculations. The calculated msximum bucklings differed
from the experimental data by appraximately + 10% at 1.03% U-235 and - 15%

at 3.063% U-235 and calculated minimum critical masses varied from - 20% and

+ 5%, respectively, at the same enrichments.

It is concluded from this study that for uranium rod lattices in water, the

one-groupr method of calculating nuclear safety parameters described above is
more accurste than the method used in the past and will therefore be used in
future nuclear safety evaluation. '

Criticality Data for Uranium Rod lLattices in Water with U-235 Enrichments
of Less Than 5%

Calculations of an up-to-date set of nuclear safety parameters for uranium
rod lettices in water are about 80% complete. These calculations will cover
up to eight rod diameters (up to 1.0 in.) at eack of the enrichments 1.0%,
2.0%, 3.1% and 5.0% U-235. The one-group criticality equation is being used
for buckling calculations. Extrapolation lengths for critical mass and
geametry calculations are being estimated from experimental data. Curves will
relate uraniur enrichmert, water-to-uranium volume ratio, and rod diameter to
such variables as buckling, critical mass, critical slab thickness, and criti-
cal cylinder diameter. The magnitude of same of the changes that will be
made in currently accepted values is illustrated in the following table.
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TABLE IV

COMPARISON OF CALCULATED AND EXPERIMENTAL CRITICALITY PARAMETERS

Minimim Minimum Critical Minimem Critical
Maximum Critical Cylinder Slab

Enrichment Buckling Mass Diameter ickness
(w/o U=-235)  (in=2%) (1b.) (in.) (in.)

Present
3.063 Cale. 156.00 153 10.4 5.1

Exp. 155.80 164 10.4 5.1

Past

cale. (1) 132.00 176 10.2 k.5
5.0 Present

Calc. 194.80 n 8.9 4.2

Past

cale. (@) 150.50 82 9.2 3.8

(1) Nuclear Physics Research Quarterly Report, April, May, June, 1957,
HW-51983, P. 26.

(2) TNuclear Physics Research Quarterly Report, July, August, September,
1958, HW-57861, P. 24.

Data Correlation - Development of Nuclear Codes for Criticality Calculations

Revision of the 18-group cross sections for use in multigroup codes has been
campleted for HxO, U-238 and Pu-239. Work 1s continuing on other Pu isotores.

The debugging of the HISMC code (Homogeneous Infinite Systems by Monte Carlo) is
now in progress. One neutron history has been run which pointed out several cleri.
cal and logic errors. These errors have now been corrected and a recompilation

of the program is under way.

Work has resumed on the derivation of three-group parameters appropriate t2 hano-
geneous plutonium solutions with H/ Pu ratios from 177 to 1000.

Error in the Kjn(X) Tables

An error in the values of the Kjn(X) function given in HW-30323 has been called

tc our attention by C. D. McKay of Atamic Energy of Canada, Limited. Mr. McKay
found, in the course of a machine calculation of the neutron flux distributions

in cylinders, that the table was in error by approximately one percent for the
value of Kj ,7(4.0). The discrepancy decreased fram there with n until at n = 9
the error is less than one in the seventh significant digit. The error only occurs
for odd value of n. Similar discrepancies occur at other values of X. The exis-
tence of the errors have been confirmed by hand calculations.
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Miscellaneous Experiments for Nuclear Safety Specifications

Measurements vwere made in the PCTR tc determine k, of a one percent enriched U
rixture at a naminal H/U atom ratio of 5. This measurement was & repeat of an
earlier measurement and wes made as a check for evaluating the limiting enrichment
for which k, = unity for a hamogeneous UO{-wa:ber mixture. Preliminary estimates
of results indicate agreement with the earlier measurements. Slightly different
technigues were used in the more recent measurement.

Preparstions for the final set of measurements to determine the maximum concentra-
tion of Pu for which ke is less than or equal to unity are being made. Preparatior.
for a series of similar experiments on U-235 are also being made. New solution
tanks have been designed and the necessary U-235 has been requested of the AEC.

Criticality Studies in Support of Processing Power Reactor Fuels

1. Critical Approach and Exponential Measurements with Two Percent Enriched
Uranium Rods

Critical approach and exponential measurements were completed with the two-
percent enriched uranium. The fuel rods used were of O.6-inch diameter and
32-inch length. The rods were encased in thin-walled (1/32 in.) lucite tubes
for insertion in a hexagonal lattice with 1.60 in. spacing. The assemblies
were effectively infinitely reflected.

A value of the extrapclation length, A, was determined by equating the expres-
sion for the buckling from the critical approach measurement to that from the
expcnentidl measurements.

Trhe results of the experiments zre summarized below:

CRITICAL MASS DATA AND BUCKLING FOR 2.00
PERCENT U-205, 0.000 IN. DIAMBIER RODS

Critical or
Lattice  Ez0/T Number of Celculated  Extrapolation  Material
Spacing  Volume 32 in. Rods Critical Mass Length (A) Buc}%ingn
{inches) Ratlio (Crit.Crlinder) (Sphere) (cm) (x 10° om<)
1.60 6.84 174 889 1bs. U 5.72 6,185

(1072 1bs. U)

EXPONENTIAL MEASUREMENTS WITH TWO PERCENI ENRICEED URANIUM
(0.60 in. dia., 52 in. lengtha)

Lattice Spacing BEoG/U (Vol- Nc. of Effective Relaxation
{inckes) ume Ratio} Rods Radius (cm) Length (cm)
1.6C 6.8k 109 22.3 28.95
1.10# Z.71 85 13.5 18.38

* Rerun, Ssee July montkly report.
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c. Measurements of kg in tle FCTR for Three Percent Enriched Uranyl Nitrate

Work on the messursment 5f K, for enriched uranyl nitrate solutions has con-
timued. Tke measursment of kX, at a nominal H/U atom ratio of 9 was xampleted
and the resulis are being analyzed. The preliminary value of kg, is 1.11. The
value cf ke for s 3% enriched U0z mixture at the same H/U ratio is l 3%, indi-
cating the effect of the nltrogen in the nitrate solution in reduclng Keae

Kinetics with Time Dependent Reactivity

At the request of Critical Mass Physics personnel, the reactivity subroutine of

the kinetics code HAIRFK was rewrltten to include a different formulaetion for the
reactivity due to voild formation. As results cbtained with the new expression

gave closer agreement with the P-1ll burst data, the survey problems done last month
for Critical Mass Laboratory hazards report were recalculated using the revised
subroutine.

Interacticns of Subcritical Systems

The investigation of the interaction of spatially distinct multiplying systems
is continuing. Re-examinstion of earlier work on this subject done here by
Stuart, HW-LOOWT, and Journal of Applied Physics, 27, 1294 (1956), has led to a
considerable improvement in the form and usefulness of his results. Inter-
action integrals which be evaluated approximately were found to be expressible
more simply and in closed form.

Mass SpecSrometry

The mess spectruameter for *his program was shut down because of repeated malfunction
¢f the source vacuum interlock. The vacuum interlock was removed and precision
measurements were performed vo determine possible reascns for the faulty operation.
Tke pieces are being lapped to obtain the required tolerances.

A new high voltage =zabls was fabricated for the spectrometer in the hope of reduc-
ing high voltage breskdown.

NEUTRON CROSS SECTION PROGRAM

Crystal Spectrometer Operstion

Most of the month was spent in maintemance of the crystal spectrameters and testing
of associated equipment. The DR spectrometer was realigned following the repair
of the beam shutter and :consequent misaligmment of the collimators. The boron
chamber normally used at the DR spectrameter was intercalibrated with the boron
chamber beam monitor used at the KE spectrameter.

A cammercial zinec single crystal was tested at the DR spectrometer for intensity
and rocking curve widths. The reflectivities ottained tc date indicate that the
reflection efficiencsy 1s only 10 to 20 percent of that of a gocd beryllium cryshal
although the rocking curve widths are of the same magnitude.

Six new RCL BFx counters were received and tested for use with the KE spectrometer.
All the counteTs had about the same efficiency and: a113had satisfactory pulse
height distributions. The counters were mounted at the KE spectramneter in such a

(.nn’._,"J
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fashion that the detectable scattered intensity in a scattering cross section
measurement was about three times that of the counters previcusly in use. The

signel-to-background ratioc was roughly preserved.

Slow Neutron Scattering Cross Sections

Measurements have continued on the scattering of neutrons of 0.247 ev from a
room temperature water sample. Energy analyses near the elastic peak have been
made for water scattering at 10, 20, 30, and 40 degrees scattering angle; for
air at 3, 10, and 20 degrees scattering angle; and for vapadium at 3 degrees.

Crystals for Neutron Diffraction

Two aluminum crystals were grown. The first ingot, 3 inches in diameter and

T inches long, was .grown in the short time of 1.7 hours. This ingot consisted
of two large grains. Another ingot, 2 inches in diameter, was grown in 15
hours with a large temperature gradient. This ingot was essentially a single
crystel with probably a broad rocking curve. Neither crystal has been studied
by neutron diffraction.

Fast Neutron Cross Sections

Work has continued on the development of a satisfactory system for evaeporating
thick lithium targets in situ.

The slit baxes for the Van de Graaff are being assembled.

Procurement has been initiated for same 26 elements for fast neutron total and
scattering cross section measurements.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONIUM RECYCLE

Low Exposure Plutonium lattices

Data from the six foil normalization irradiations have been reduced, using
APDAC~-1. A systematic two percent differencein the ratio of the 35 monitor
activity to the Pu monitor activity was noted in all six cases between the two
Separate counting systems used. This difference may be due to slight differences
in discrimination levels. It is planned to examine the fission product gamma
spectrum of both Pu and U225 in the vicinity of 450-480 kev using the 256 channel
analyzer to determine the sensitivity of this effect to discrimination level.

Preparations have been made to make four irradistions in the 10 l/2-inch graphite
lattice with the 19-rod clusters of Pu-Al fuel in order to verify same of the
Previous results. A similar set of four irradiations is planned for the 8-3/8-
inch lattice.

PRTR Startup Experiments

Rough drafts of the Detailed Procedures for Critical Tests 1, 2, 12 and 13
have been prepared. A general description of thesg~t8s%s are.contained in
HW-61900-B. FE :
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Critizal Facility of the FRP

When “he draft of the "Proposed Studies for the Critical Facility" was circulated,
+the Appendix had not been prepared. This section now has been written and circu-
lated to those who have received the draft. The Appendix contalns program sche-
dul2s which will help in planning for the facility.

The design drawings for the reactor tank, grid plates, moderator storage tank, and
poison injection system were reviewed. Initial positions for temperature and flux
monitoring devices were suggested to the designers. As planned there will be 10
positions available for meesuring the temperature in the D0 moderated facility.
Seven of these positions will furnish a vertical profile of the temperature. Each
of the seven sensors will be equally spaced in a vertical line in the facility.
Their radial position corresponds to 1/4% of the total volume of the tank. The
three remaining sensors will be placed radially at positions which each represent
a 2ylindrical annulus of l/k of the total volume of the reactor tank. The three
single sensors, and one of the vertical string; will be placed horizontally in the
mid-plane of the reactor. Tt will be possible, however, to reposition the sensors
for other reactor configurations.

Eight holes will be furnished as flux monitoring holes. 8Six are placed so that
they are in equivalent lattice positions. The other twc are on the periphery of
the tank cover. These two are arranged so that a mechanism which would take
radial traverses can be positioned from the top of the tank. A second means of
obtaining radial traverses is provided by a tube which runs through the sides of
the tank.

The holes which monitor the flux are the same size as the ones which receive the
temperature sensors. Therefore, each hole can be used for either measurement.

An experiment to messure the change in reactivity of plutonium samples as a func-
#icn of irradiation is being planned in cooperation with Plutonium Fuels Develop-
ment Operstion. The irradiation will be made in the Materials Testing Reactor
(MIR) and the reactivity measurements will be conducted in the Reactivity Measur-
ing Facility (RMF). The pwrpose of the experiments is two-fold. First, the
effects on exposure lifetime due to differemt initial concentrations of Pu-239

and Pu-241 (Phoenix fuel) will be obtained. By utilizing the MIR and the RMF

some answers to this important question can be obtained prior to the operation of
the PRPCF. Secondly, experience will be gained for conducting and analyzing
similar experiments in the PRPCF. It is planned to measure several of the samples
in the PRPCF as well as in the RMF. In this way, a check on the analytical methods
of analysis can be obtained since the same quantities will be meesured in different
facilities.

Effect of Absorber on Neutron Energy Spectrum

The investigation of the effect of an absorbing cylinder on the thermal neutron
flux spectrum in the surrounding nonabsorbing moderator is continuing. Introduc-
ing the Rreit-Wigner resonance in the ordinary 1/v abscrption spectrum has resulted
in some integrals which are difficult to evaluate. A satisfactory evaluation pro-
cedure for these integrals has not been found.

——
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The solution tc the provlem of l/v apsorpticn in the rod, without the resonance,
has heen programmed, and is now teing debugged. This solution uses a reciprocal
blackness which depends upoz El/a, whick kas been found to be an extremely good
erproximation for most of the energy range. The program is called ARMIE II,

and will give output similar to progrem ARMIE, which used, however, a less accurate
recriprceal blackness dependence which was linear with E.

Instrummentatlon and Systems Studies

The period pcrtizn of the PRTR controller evaluaticn has been delayed due to the
fallure of the contractor in completing the construction work. At this writing,
it seems Jrcbable that this work can be performed during September.

A hazaxrds analysis was started on the analog camputer. This work is an extension
of the original hazerds anslysis completed in 1959.

It is planned to use cne of the experimental neutron counters being tested for use
in PRTE Critical Tests to obtain the "noise" signals required to measure the PRTR
neutron lifetims. However, there is scme question as +o whether the counter
sensitivity will be adequate for this type of measurement. Preliminary tests to
determine the megnitude of the noise signai during low-power operation will be
made &5 soon &8 PRTR is started up. If additional sensitivity is required, a
larger courter tube cen be febriceted by the 300 Area Tube Shop.

Work was complieted on &8 Unit Motion Camera designed to assist in measuring move-
men: of the PRTR Calandria with respect to the top shield.

Tests of the effects of gemme radiation on several infrared transmitting meterials
for possible use in temperature measurements in the Fuels Examination Facility
vere campleted and a memo has been written describing the tests and results.
Briefly, coses cf 108 R result in lowering the transmission by little more than
10 percent for germanium, silicon, ané arsenic trisulfide. Arsenic trisulfide
suffers damage to its surface finish and this effect is the main reason for the
1loss cf trensmission.

Tie Phase I process tube inside dismeter measuring probe was assembled, calibrated,
and deiivered %o Materials Developmen® Operaticn. The accuracy of test measure-
ments was well within the required specifiscations; however, the phvsical configura-
tior must te improved.

Ar order Las been placed witk the Magnaflux Corporatiorn fcr an F-400 series eddy
current instrument for use in performing tke PRTR process-to-shroud-tube gas gap
measurement. This Instrument will be used in conjunction with two dual coil probes
aligned in quadratare in the process tube, with the instrument interrogating each
probe alvernately, utilizing & dwell time of appraximately seven seconds for each
probe. Work has continued on the d=s3ign of the probe assembly with various methods
of optimizing power “ransfer being evaluated to increase over-all sensitivity.

Tze test jig $c e used for final calibreiion of the instrument has been designed,
and fabricatior is 705 percent completed. The test jig will be capable of varying
ske proximivy of the shroud tube witk respect +c the process tube with an accuracy
of one mil, and will accommodate sections of rrocess tubing having various wall
thicknesses throughout the range of interest.

b
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NONDESTRUCTIVE TEST_NG RESEARCH

Tka evaluation of The use cf crthogonalized axponentials for use in analyzing the
broadband eddy ~urrent test signals is being continued. Dr. W. H. Huggins of The
Jokns Heopkins University, & lzader in the field of signal theory and the use of
ortzogonalized exponentials, visited Hanford by invitation and conducted a seminar
on +hese subjects. Detalled discussions were held with Professor Buggins which
msy lead Lo a research aontract with the University concerning the application of
the principles of signal space concepts to the broadband eddy current problem.

There are several differsnt ways in which the principles of orthogcnalized func-
tions may be applied to eddy current nondestructive testing. One approach using
cechniques of signal analysis used at The Johns Hopkins University in a different
arplication would raquire excitation c¢f the test coil by a selected driving func-
tion. The pulse output of the test coll and input bridge circuilt would then be
reversed in time and applied to an orthonormal filter designed to read out the com-
ponents of the non-reversed signal on a selected ortihogonal basis. The output cf
the orthcnormal filter would provide a set of numbers whose patterns, it is ex-
pected; can be related to different test specimen parameter ccnditions. The time
reversal requirsment presents a practical problem which would complicate the appli-
cation of the prcposed method o actual test instruments. Various ways of perform-
ing the time reversal in the few tens of microseconds' range required are being
censidered. '

The poesibility of eliminating the need for the time reversal operation by use of
specially constructed driving functions is being studied.

Machining estimates on the recently designed device for rotating and translating
test rleces during heet transfer tests indicate that approaximately 550 man-

hours will be required for fabrication. A lathe 1s being adaphted %o test an
alternative; less expensive method of scanning. The test piece will be rotated
in Cke lathe and the inductiorn heating coil and radiation pyrometer will be trans-

lated along the length of the test piece on the tool carriage. Motion of tke

induction heater ocutput leads will undoubtedly zause a problem. Hcwever, the
severity of this problem can only be determined experimentally.

Several inductiorn heaters at HAPO whica would be available on 2 part-time basis

for use in the heat transfer testing studies have been svaluated. The maximum
povwer that zan be induced in an aluminum-clad fuel slement fram a single turn

work ccil witlk these units is about 1/2 KW. Arrangements »ave been made to evaluate
a 10 KW induction kester to be loaned by the Radio Frequency Campany. Accord-

ing tc the manufacturer, this unit should heat ocur samples officiently from a

single turn coil of 1/8-inck-diameter copper tubing.

Modifications of the infrared radiometer head to include a 1l2«inch-diameter com-
mercizl-quality objective mirror have been made. The purpose of this change was
tc allow greater separation tbetween the test piece and radicmeter, and to reduce
interference from the inductiocn heabter work 2oil field. Reduction in 2fficiency
Jze to imperfections in the cammercial quality mirror syster were greater than
expected, and i1t will be necessary to replace 1% with a precision system.

A lead selenide refrigerated infrared photcdetector baving a detectivity of 2.6 x
169 em/watt for a 500°K blackbody has been ordered. Calawlation of the 50%C black-
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body detectivity’ ¢f ¥He zell, from the spectral detectivity characteristics,
shows that it will provide a factor of approximately 24 increase in sensitivity
of the radiometer in this range.

Since the detectivity of most infrared detectors depends strongly on the spectral
distribution of the incident radiation, it is desirable to know the spectral
emissivity of the radiating object. A section of X-8001 cladding from an auto-
claved fuel element has been sent to the Naval Ordnance Laboratory, Corona, Call-
fornia, for & spectral emissivity determination.

The single vacuum tube self-excited oscillator type inductive thermometer has
readily debtected & 25-degree Centigrade "hot spot” on an aluminum can. Electrical
ncise due ¢ vibration of the test probe caused by scanning was equilvalent to
about four degreses Centigrade temperature variation. It is desired to reduce this
by a factor of 5 to 10, and circuit changes-to accamplish this are now being made.

NEUTRON FLUX MONITORS

The AEC Division of Reactor Development has authorized & new research program cn
extended lifetime neutron detectors. Major emphasis will be given to evaluating
+he possible uses of plutonium isotopes for minimizing the target atom burnout
problem experienced with conventional neutron detectors in high flux reactors.
Background informatior is being obtained for the initial analytical investigations.

The balance ¢f the program will be devoted to exploring other new ideas for im-
proved neutron detectors. As part of this pbase an Inventlion Report, HW-665Tk4,
was submitted on a new neutron detector for in-core use on high flux reactors.

In the method described, a gas is placed in a microweve cavity in the neutron
field. When a neutron is captured by an appropriate gas nucleus, the molecular
rotaticnel states vill be changed. These changes are then detected by the method
of microwave spectroscopy. A calculation was made, based on the gas CNCl35. This
gas was selected because information is available on mirnimum detectable goncentra-
tions. The results of this calculation show that at a flux of 1013 n/cm sec, a
one percent measurement can be made, with a ten-second time constant. Since the
method is inherently insensitive to gamma radistion, higk temperatures, and zas
impurities, many of the current in-core monitor problems might be alleviated.

GAS COOLED REACTOR

Lattice Paraemeter Measurements

The customer reports on the PCTR measurements of the reactivity effect of a
stainless steel lcop tube in the BGCR (HW-66181) and the EGCR control rod worth
{AW-63T67 ) are now being distributed. A revised nitrogen correction was applied
to the data =2arly iz the month, and the values gquoted in both reports difler
glightly from those gquoted earlier.

The custamer report on the PCTR measurements of k and f for UOp fuel of 2.6 w/o
enrichment (HW-66182) has been campleted and is being prepared for distribution
zarly in September.

A summary of a paper on the measurements of the reactivity effsct of a slainless
steel tube and of k_ and f fcr UG, fxel of 2.6 w/o enrichment has been submitted
@
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for presentation st the December, 1960, meeting of the American Nuclear Society
in San Francisco.

Rough drafts of papers on the PCTR measurements of the EGCR zontrol rod strength
and EGCR lattice parameters have also been completed. These will be submitted to
Nuzlear Science and Engineering for publicatiom.

This work concludes the lattice physics work in support of the Gas Cooled Reactor
Progran.

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmospheric Physics

New swmuaries of mass and exposure determinations for all samples collected during
the Summer 1959 field experiments in atmospheric dispersion and transport were
prepared. Calibration curves based on the phosphorescence method of assaying

the amount of tracer material collected on the filters were utilized. IBM

data tabulations and cards were forwarded to the Air Force Geophysical Labora-
toeries for use in their computation program, and for inclusion in the Geophysical
Research Papers that will comprise the general report of the "Green Glow" work.

Considerable editing of the data campllations for distances of 8 and 16 miles
from the source was required to account for the missing entries for samples used
in earlier attempts to calibrate the tracer system. Best estimates of these

‘ta. were obtained from the visual counts, neutron activation, and Tri-Carb
counts and were inserted in the summaries with appropriate notaticns.

Activities in the current series of field experiments in atmospheric dispersion
and transport included completion of three additional tests in five attempts.

The time interval of release of the tracer material was increased from earlier
sxperiments to provide a greater ratio of release to travel time as required in
Pasquill's "beta" theory. Dosage data were obtalned to a distance of 3200 meters
from a ground-level source, utilizing both the horizontal and vertical sampling
Zrids,

In our preliminary work on precipitation scavenging processes; climatological
summaries of precipitation and fog were prepared for the Hanford Area. Investi-
gations to determine the predictability of precipitation times and intensities
were started.

DOSIMETRY

Our large, thin Nal crystal was remounted on a large light pipe. This greatly
improved the resolution of the counter and its response to sources in different
pesiticns relative to the crystal. This was done at some expense of signal to
noise rasio. Tests indicate that this improved counter should be able to detect
iess than one milligram of uranium in a person's lung.

An AEC Rediological Physics Pellow made a detailed study cf our present plutonium
wound counter. Tkis counmter is actually calibrated separately -for each individual
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ease of & wonnd; nowever, the present study indicates what over-all performance
can be expected cf itze comier. Two particular observaetions of interest were:

pRIAS

First, thab plutonium coull be spread throughout an area one centimeter in
ciameter and still be measured ccorrectly when a point source was used for cali-
bration; sscond, the positioning of a wound under the counter can be in error by

a3 mach s C.8 cm without arpreciably affecting the measurement.
The positive ion accelarator operated satisfactorily during the month.

A precsision long counter mede at Hanford and one made at the National Bureau of
Standards vwers tested at 7 neutron energies between 0.15 and 16.7 Mev. The
counters showed & relative sensitivity within 0.3% of each other at all energies.
Thiz was considered a very significant result in the development of reproducible
counters.

I was found that the Perlow spectrometer was responding to neutrons that should
have teen oubsile its range. This effect is interfering with the measurement of
10w 2nergy nreutron svectrsa.

Methods were developed for measuring certain characteristics, oscillator effici-
ency ané gas flow rates, that affect the operation of the helium ion source
being prepared for the Van de Craaff.

On the advice 5f the National Bureau of Standards a new value was used for the
haif-life of Co-A0 in comparing ours and thelr measurement of their standard
gsource. This resulted in 1.7% difference between our results which is poorer
agreement then reported last month. It is belleved that our measurement is the
mere acowrate. The gamme ray calorimeter was alsc used to measure one of the
Aanford reiium sources.

FTinzl tests vere made on the beam current stabilizer for the electron Van de
Grasif. The stabllizer has substantially improved the performance of the Van de
Grasff. It was found necessary to redesigr the high voltage portion of the beam
swzep system to prevent corona discharge.

Two AEC Fellows used the electron beam calorimeter to make a measurement of the
shopping power of aluminum for high energy electrons. Although this was the first
measureme: oT this type that we have made and it contains many errors that can
De reducel or sliminated, the result was very close to that expecsted on theoreti-
cal grounds.

Twe sther ARC Fellows measuvred the change in resistance of a silicon diode when
exposed t2 Co-6C., It was expected that a significant change would take place if
the irradiation were done st liquid nitrogen temperature. The change observed
wes aonsideratbly less than that expected. The reason for this 1s not known.

ZNESTRUMENTATION

All experimental digital resdout circuitry was completed--and is being tested--
for the colncidesnce-%type alpha air monitor. Continuous testing for several weeks

iz on order Lo obtain adequate information.

Ten P-W silicon dicées were gold-plated and nine of the ten were satisfactory
for gross alpha detection work. Now that a "working stock' of successful diodes
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(11 total) is completed, experiments will proceed using the devices. Two minia-
“ure hand-held gross alpha monitors (transistorized) are now being experimentally
fabricated using two 0.75-inch-diameter silicon diode detectors.

A design was campleted for a medium-level alpha air monitor which utilizes a
mechanical method of time constant introduction to compensate for the filter
deposition of natural background (radon-thoron components). The design calcula-
ticns show a time-to-alarm of two minutes in an atmosphere contaiming 1.2 x 107
uc/cc of airborne Pu®?9. The filter collection efficiency is nearly 100 percent
for all particles exceeding 0.1 micron in size. Considerable cost reduction is
rossible through the new innovation, and all circuitry can be easily transistor-
ized.

The log quantizer circuit, using a tunnel diode as a voltage comparator, was tried
with the RIDL 20C channel pulse height analyzer. It permits presentation on one
shart of a gamma energy range fram 40 Kev to 1.3 Mev. Over this range, the unit
is quite useful for low=-level source work.

Good experimental progress was made concerning the miniature thermoluminescent
dcsimeters. One unit was fabricated and successfully tested over the accumulated
radium gemms dose range fram 1 mr to 1 r. It appears that linearity can be
extended down to 0.1 mr. Arrangements were campleted to permit obtaining of res-
ponse versus gammea energy values using the Calibrations Operation facilities.

The Dog Counter, designed for the Blology Operation and &ﬁed for 1.5 years now,
is being modified to permit in vivo determination of cel** in various animals.

The experimental prototype scintillation transistorized alpha-beta-gamma hand
and shce counter, which was used in making as-built plant drawings, was reassem-
bled, satisfactorily tested, and was returned to general personnel use in the 329
Bullding. At later dates, the prototype will be demonstrated at 100~H Area,
Purex, and Biology.

A new digital odometer and turn integrator system was developed and tested for
the robet monitor. Tke measurement makes use of the sum and difference of the
motions of the drive wheels.

Th2 manual entry keyboard for the whole body monitor multichannel analyzer was
agsembled and tested. Preliminary operation was satisfactory.

WASHINGTON DESIGNATED PROGRAM

Isotopic Analysis

The mass spectrameter for this program operated at about 125 percent efficilency
during this month while two technologists were available for coperation. Tkis
was done in spite of three days time lost from operating difficulty and mainten-
ance.,

In order to determine if there is a systematic error produced in isotopic analyses
by this mass spectrometer, the results of 22 analyses of patural uranium performed
over the past 12 months were statistically cambined. The cambined result yields a
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¢ of [7.7188 = 0.0008)atom percent L123 O where the error is the standard error

vaios I3

~f the mean. Thnis result is not significantly different fram the best value

Srtained at KAPL of (0.7196 + 0.0006) which leads to the conclusion that there
iz no Jetectable over-sll mass discrimination in this instrument.

TEST REACTOR OPERATIONS

Cperation of the PCTR continued routinely during the month. There was one unsched-
tled shatdown cauwsed by faulty by-passing technique.

Toe 3% uranyl nitrate-HyO experiment for k,, at B/U = 8, and the 1% UO3.H0
eyperiment for kg were ccmpleted.

The NPR con&ensea lattice experiment for ko, f; p, and €, wet and dry, was started
during the montkh. ,

CUSTOMER WCRK

Wegtiner Fcrecastixig; and Meteorolog_Service

Type of Forecast Number Made % Reliability
8~Hour Production 93 85.6
Z4-Hour General 62 80.2
Special 147 83.0

emperatures during August ranged fram a high of 105 on the 1lth to a low of 41
C"l *ra 2Znd. The latter mark came within one degree of equaling the all-time-
rseord August low established in 1918. The over-all average temperature for the
rset month was 71.k4, which was 2.7 degrees below normal. The precipitation
*otal ¢f 0.26 inch was 0.10 inch above normal. Intense thunderstorm activity
occourred cn the evening of the 2nd and the morning of the 3rd.

MOnS el ta ion service was rendered on meteorological and climatological aspects

£ resctor acocidents, 2) the envirommental conditions attendant with operation
of l srge electrizal transformers in desert regions; 3) the frequency of suitable
dsys for pouring concrete during the winter months, and 4) contaminant releases
from whe Sepsretions Area process stacks.

[ARL}

|..J

Metecr<legical s2rvices, viz., weather forecasts, observations, and climatologi-
cal servives, were provided for plant operations and management personnel on a
routine basis,

insTrurentation and Systems Studies

Tre "Sentinel" slarming (selectable level) scintillation dose-rate monitor
(portable) Zesigned for IPD use was slightly modified to improve the response
linsarizy. The utnit {protctypz) was used successfully and twelve units have been
srdersd Lo ?e fabricated offsite. The units will be used on the reactor elevators

for dose-rate level alarming use.

Tre provovype sointillation transistorized alpha-only hand ﬂource*, a.fter 2.5
vears surnescful demonstration use in six different plaﬁsd ..ocatmn ‘was nstalled
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at *he Biclogy Cperatica for ancther demonstration. Operaticn continues to be
satisfactory with a 200 d/m Pu2l9 source easily detectable above warning levels.

At the request of Radiation Monitoring, 100 KE, a modified scintillation counter
(in = l=ad pig) used for filter counting was examined and tested. This modifi:za-
tion was earlier designed by us to replace the fragile and unreliable mica window
G=-M tubes previously used. It was found that the scaler being used was faulty
because of excessive drift in an RF high-voltage supply.

A hanger system for coveralls was designed for the mechanical portion of the
Laundry Monitcr Unit. The hanger unit drops the coveralls automatically after
monitoring (alpha and bela-gammsa ) is camplete.

A special scintillation probe (for Biology) for measurement of the 17-Kev X-rays
from under-the-skin injection of Pu 39 was completed in fabrication and is being
tested.

All tests were completed; and only calibration work remains on the specially-
designed in-cell beta-gamma monitors and the special hot cell filter monitor for
the Chemical Research Operation, HLO.

The Pu=’? {17-Kev X-ray) Wound Prcbe for Records and Standards Operation, HLO,
was campleted and initially tested. Further tests will be done to determine the
resclution and sensitivity of detection abilities of the probe. This unit has
undergone extensive delays due to non-arrival of parts.

Fabricatior was campleted on the final 13 scintillation linear (0-200 mr/hr) 614
Building monitors for Radiation Protection Operation, HLO. In addition, a mag-
netic amplifier circuit was designed and tested satisfactorily for use with the
monitors to permit driving of Leeds and Northrup Micromax Chart Recorders if
desired.

Arrangements are being made to perform a camprehensive set of calibration tests
on the reference system for evaluating the Schaevitz DRS-1C0 (micro-displacement)
system to be used by *the Physical Metallurgy Unit for making in-reactor creep
measurements. Minor modifications to the system supports are necessary to mseke
the system compatible with cammercial equipment in the Metrclogy Laboratory to
be used for calibrating the reference system. Present intentions are tc use the
Metrology Latoratcry -equipment for a final, camposite reference system calibratioc
before placing the reference system in service as a reference standargd.

A problem ccncerning the dissolution of zirconium alloy cladding of reactor fuel
elements was coampleted on the analog computer. This work was performed at the
request of the Chemical Research and Development Operation. The results were
satisfactory. A memorandum report was issued.

Tke analog ccmputer was used to determine the effects of changes in various heat
transfer coefficients on a calciner step function temperature response curve.
With the aid of this information and through consultation with the customer, it
was peosegible tc determine several sources of error in the coefficients used in
the original system equations. Corrections to the equations and to the process
section of the computer simulation circuit have been made. The complete closed
loop system will now be tested for stability and satisfactory responses to variou
types cf disturbances.
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A raviaw of nondestructive techniques for determining isotopic concentrations in
rezxtor fuel components was completed. This is to be included in a Nuclear Materials

Svierw

Management report being prepared for the AEC by HLO Operations Research.

Optics

Fabrication of a Zyglo inspection device has been campleted. The device is to
be used to inspect inside surfaces of l/2-inch inside diameter tubing for small
flaws. It provides an alarm signal when a flaw is in the field of view. A bore-
scope 1s us=2d to relay the fluorescent light of the Zyglo penetrant from the flaw
to a photomuiitirlier detector.

The infrared radiation retio pyrometer to be installed on the metallograph for
Physical Metallurgy is being calibrated against the Barnes radiation standard.
Tt has performed well over a 400°C to 500°C range from as low as 400°C to higher
than 1000°C. Smell changes in the thickness and geometry of the filters used
effext the range and linearity of the unit so efforts are now concentrated on
2overing the 5C0°C to 1000°C range and obtaining more linearity.

ke construction of the infrared radiation ratio pyrameter under development for
measuring the temperature of FPD Zircaloy-clad uranium billets has begun. Elec-
tronic campconents are teing assembled in 328 Electronic Shops and the mechanical
components are being fabricated in the Opticel Shop.

Twe infrered radiation pyrameter telescopes have been fabricated and delivered--
one to FPD and cne to the HLO Ceramic Fuels Operation. All are of the same design
which permits viewing of an upright image of the source while its temperature is .
being measured.

A tobal of 98k manhours of optics shop work was performed during the elght week-
reriod (July 3 through August 28). Of this, 15 percent was for FPD, 7 percent
for IFD, 18 perzent for CPD, 47 percent for HLO, and 15 percent for others. The
work inecluded:

Fabrication of three infrared radiation pyrameters.

Febricafion of a projection lens for an optical internsl diameter
micrometer.,

Evaporation cf gold on twelve silicon wafers to be used for silicon
diodes.

Fabricaticn of ten quartz windows.,

Lapping three pump seal faces flat to ten microinches.
Fabrication of reflecting optics for an infrared pyrameter.
Repair of four crane periscope heads.

Preparation of glass irradiation samples.

Grinding and polishing 24 microscope slides.

Collimation cf one pair of binoculars.
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Analog Corputer Faciliiy Operations

<& mejor problems cn the anslog zomputers this month were:

g

Evaluation of a subecritical monitor.
NFR pericd meter study.
Reartor Kinetiz equations study.

e e v
s IR
JRPA N

R




B2k TW-066LL

NFR =:nfiner pressure 3tudy.
PRTR safegrards analyeisz.
Zirflex prcesss study.
aleliper process study.
Rea**‘ lithium loss

D
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Tre *“ape transport relay units were received and then returned to the factory for
modifications neuesgary for them o meet our specifications. The units will be
shipped from the factory by August 27, 1960.

A class was sharted on Augast 2% in Anelog Computer Techniques. This class 1s
being saught in zhe 762 Bu*lding and is attended by sixteen students. This :lass
will meet twice a week for the next five weeks.

The computer cperzting times were as fclicws:

GEoA 154 hours wp
16 rours idle time
5 hours unscheduled downtime
0 hours szheduled downtime
175 hoars total

EASE 142 hours up
32 hours idle time
1 heovr unscheduled downtime
0 hours scheduled dcwntime

175 hours total

Fer the camputer reliability improvement program, all parts have been obtained
and the design is complete Tor the amplifier tester. Instrument maintenance
personnel will fabrizate the tester in the near future. When ccmplete; 1% will
tast two different Beskmsn FASE amplifiars and twe different Geodyesar GEDA
smplifiers. hraee zpare EASE amplifiers khave been ordered and three spare GEDA
amplifiers will be febri.atad %o provide the necessary rerlacements for 2 routine
maintenance rrogram. Reoubine maintenance precedures have been wr1*+e1 for most
of +he campoments in beth computers. Maintesnance record cards have been printed.
Thz maintensnce program will bs started as soon as all spare equipmsnt Las Teen
rzeeived and the amplifisr Sesting devize fabricaned.

Ingtrument Eva_ustion

One Medel IZ alp“‘ Seinbran was demonszrated and lz£% for +amporary use at &
Biology Operaticn. This unit uses %the nev plastis non-gamma sensitive alpha
probe. Operation was highly successful.

The experimental -»om>ined trzasistorized alphs "Cart Poppy” for use with both

air proportional ard s~intillstion probes was Ssken fo 23L-35 for demconstration
z8e and field *testing. The ligtt-snield of =he scintillation prcbe was puncmirsd
after five dsys of use Opsratism %o whan rpoint was gquite zanisfactory and a

ney rokhe wasg del vered.

Anctler prototype Medal IT alpas Scintran was given to IFD for testing using &
betsegamma sengitive *“obe. Thiz particular mode iaaiﬁkment 18 quite versatl

e
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in thet c..;.pug,»nnl:_:, Let&-gamme,- Or neviron-sansitive seintiliation detector probes
2 he dirsctly emzloyed as desired with no -nanges necessary in The ins*trument.

=Yl

Twus, one transistcerized instrument can ba uged {110 VAC cperated; for any suzh
Apsired monitoring werk. This is ancther s-ep toward standardizatiocn of 110 VAC
line-orerased monitering equipment.

Trres saintillation logaritamic (5 mr/hr to 5 r/hr} avea monitors fabricated for
TOD were tested, ralibrated, and delivered. The urits, for reastor elevator use
»2 nocw in suucessful operaticn.

Acreptance Sasts continued on the final 13 scintillation €14 Building Monitors
empioying our desgigned and reliable high-vcltage supply.

Evzluation tests wers started om a Vigtoresen Dual Logarithmic Count-Rate Meter
{(rasuum-tube type). To &ate, the drift ls excessive.

Azneptance tegts cortinae on 65 C-F ané 29 CP-TP rortable ionization-chamber
drge-rate 1_ns:r':merts. These Wwere all fabr-catea <o our plant standard specifi-
cations.

Manager
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" CHEMTCAL RESEARCH AND DEVELGPMENT OPERATION

RESEARCH AND EXZINEERING

ISSICONABLE MATERIALS -~ 2000 PROGRAM

IRRADIATION PROCESSES

Urspium Oxidatiorn and Fissicr Product Volatilization Studies

Study was made of fiesicn product release from uranium irradiated to about 5 x lO17
rvt {twice tha*t of any previcus run) and heated for 24 minutes in air at 1215 C.

The geasured pergent releases were: 85, Xel33, 95; Tel32, s7; Ccs, 23; Sr,
Ru=°3 and Ba-La~*0 between 0.1 ard O. 2 4099, Np239 and Zr-Nb95 between 0.01 and
0.1; and tke rare earths less than 0.0l. Only the measured release of cesium
deviates to ar appreciable extent over that measured at the trace level. This is
attrizuted tc inatilities to recover and analyze the very small quantities of
cesium present at the tracs level rather than tc any scale-up effect.

NPR Effluents

Ore candilate decortaminating agent for the carbon steel portion of the NFR primary
ccolant leep is Turco 4512, a commercial phosphoric acid cleaner. The decontamin-
ation waste resulting from the use of this material is being studied with regard to
phosphate ion remcval as well as possiblie radioisotope removal prior to its
disposal. Experiments showed that more than 99 percent of the phosphate could be
removed by neutralizstion with Ca(OE)s and that mcre than 95 percent was precipi-
tated with CalO treatment These removals were possible only with long settling
times or cenirifugatior ard large excesses of the calcium compound.

Reactor Effiluert Treatment

The pilot scaie facility for reactcr effluent treatment operated continuously fr ﬁm
August L t¢ month ernd. After ter days cperaticn, 52 percent of the influent Cu
and &7 percert of the As7° were neing retained on the aluminum turnings bed. The
deccrtarinatior was about thai expected after the relatively short operation.
Equiilitriur ic expected tc be achieved after three to four weeks of operation.
Pressure drop across the bel increased frorm twe inches to four inches during the
pericd of cperaticz. A temperature drcp of 1 to 2 C across the bed was recorded.
RaAlat%cn level a% the pcirct of maximum dese rate against the tank wall reached
320 rxr/hr.

SEPARATION PROCESSES

Feed Preparation

Redox Multipurpcse Dissclver Slag Saxple - A sample of the slag remaining in the
Redcx Mui*ipurpose Disscliver after dissclution and deccntamination operations were
cemp.etel has Heen ohsained, and metallurgical examinaticn has been completed.

Tre saxp.e ottainzé weigheld aprroximately 100 grams and resembled a furnace
"ciirker" ir appearsncs. Although the grey-black outer surface of the 2-1/2 inch
iczgs; - inch thick saxrile was quite porous sect-onlngnreveqled 8. ﬁO*ld metallic
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innzr core ressmbling cut stairiess svesl. This mevtallic surface was znos actice-
aoly attacked by three hours immersion in boiiing nitric acid. The sample was
gissclved in aqua regia, ancd aralysis indicated the sample was approximately 72
percent iron, 9 percent chrocmium, 11 percert nickel, and 9 percent urazium.

Phase diagrams indicat2 that terperatures In excess cof 1300 C existed iz regicos
of tze dissclver during =he incidents.

Zirflex Process - A*ttack of NPR Cores - The rate of attack by Zirflex decladding
sclutions on severa. uranium alilioys which have been propcsed for NPR fuels was
measured. Samples of +the alloys were expcosed in the decladding solutions along
with dissolving Zircaloy-Z. Conditicns were such that the dissclived zircozium
concerntraticn increased from zero to about 0.8 M in four hours. To*al attack on
the uranium alloys was determined ratier than scluble vracium which would be loss
tc the decladding waste solution. The average atitack rate {over the four-hour
ricd) on U - 2 percent 2r, and U - 1 percent Zr alloys was abcui 0.28 g/hr-sq.cm.
In these two cases it was not possitle to dissclve Zircaloy-2 to C.8 M zirconium
tecause of the fluoride used ir the formation of UFy. Similarly, %he sverage
attack rate was 0.024 g/hr-sq.cm. on U - 0.38 percent 2r, 0.0l9 g/kr-sq.cm. cn
U - 0.0k5 percent Zr, ard 0.033 g/hr-sq.cm. on U - 0.03 percent Si - C.C2 percent
Fe. The average penetratiorn rate for aluminum allcy 6061 during one hcur expcesure

in 5.5 M NHYF - 0.5 M NE,NO3 at 100 C was less than one rg/hr-sg.cm.

Sclvent BExtraction

Purex 1BX and 2A Columns Studies - A series of runs were made in *three-~inch diameter
pulse columns to demonstrate the sultability of nozzle rlate cartridges for the
Purex 1BX and 2A Columns. The 1BX Column ccntained 15 feet of four-inch spaced 23
percent free arsa rozzle plates with the 3/l6~inch édiameter nozzles pointing up.

It also had 28 percent free area louver plates located a*t four-foot intervals. The
2A Coiumn contained similar nozzle plates which were spaced three inches apart in
the six-fcot high scrub section and two inches apart in the twelve-fco* Ligh
extraction section with the nozzles pointing down. The 1BX Column was operated
wi%tk the aqueocus phase continuous and the 24 Column was crganic-ccniiaucus.

Tre maximum stable capacity ackhieved in the 13X Ccliumn was 135G gal/hr-sqofts, sum
of flows. To obtair this capacity, it was necessary to cperate at abous 55 C. A%
L2 C +the columr was mildly unstable at the sames rate. In a brief test with the
present Plact cartridge installed (33 percent free area sieve plates with 3/16-i:ch
holes, 4-inch spacing) essentially the same capacity was obtained. In both car:-
ridges, two or three of the plates appeared o be orgaric wet. A% these plaies
the tight, efficient emulsior would coalesce into large organic drops wiich, when
rear flcoding, obviocusly stabilized the column at *hat point. The coalesced drops
formed by the nozzle plates, however, were smaller and shouild presert less of a
channeling problem than those which were formed by the organic-wet sieve piates.
On this basis, the nozzle plate cartridge would be preferred siightly over the
sieve-plate cartridge; though capacity-wise they have similar characteristics.

The 24 Column Operated satisfactorily at volume velocities (extraction szction) in
excess cof 180C gal/hr~sq.ft., eithar heated or at room temperature. At throughput
rates cf 10CC to 1500 gal/hr-sq.ft., the mirimum cperating frequercy for goci scrub
section performance (i.e., aqueous phase welil dispersed with gr=ater than S percen
koldup) ranged from atcut 85 cycles/min at the lower rate to T5 cycles/min at the
higher rate. This frequency was typically azout 20 cycles/min below the extraction
and/or scrub instability threshcld. The flcoding data dgreéed quite well with data
for similar cartridges describved in EW-405%0. ' 2t L :
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Purex Decontarination Stilies

The pessitility that recycle cof waste rewcrk streams is in*iroducirg constituents
coztributing %o pocr decortaminaticn in the HA Column was briefly examined.
Latcratory-grade 30 percent TBP in Shell E-23L2 was contacted with a sample of
similated Purex F-8 from the 321 cold semiwcrks which was spiked with Purex feed
activity, and subsequently scrubbed with two meolar pitric acid. The distribution
of zirconfuz-nichbium tetweer the organic and this urdiluted F-8 was a factor of
five lower than *hat with an P-8 solution made up with chemically pure chemicals.
Twis same behavicr has been observed by T.R. McKenzie with Purex plant F-8

materia.

tiermpts made to determine if sclvent quality was lowered by the contacting with
cclld semivorks F-8 indicated that such was probably the case but the results were

scmewhat irnconclusive.

A rcugh test was made to determine the effect on HA Cclumn performarce of adding
F-8 sclution to the EAF. For this test the 24 Cclumn previously described was
used to simulate the Pursex HA Column. During operaticn (at the scrub section
instability threshcld) the HAF was switched back and fecrth between a control feed
and a similar feed contairing 11 percernt by volume of a "cold" synthetic F-8 pre-
pared and refluxed in the 321 Building.

With the corntrol feed, a foamy, emulsion interface built up at the top of the

scrub section. The emulsion broke shortly affher introducticr cf the F-8 containing
feed ard reformed on cherging back to the contrcl feed. Nc effect was seen in

the extraction section performarce. This stabilizing effect of F-8 addition is
consistent with observations made in the Piart.

Obszrvation Wells

The contractor on Project CAH-885 completed six of the 19 wells, having 3rilled
a total cf 1885 feet. The work is about 15 days behind schedule primarily because
of equipmernt failure

Tre corsideratle thickmess of clays and silts enccur*ered in well 699-15-15 at the

Harford wye precludes the ready movemrert cf muck grcound water from the vicinity cf

the s*para icns areas icward tte Columbis River through this site other than by

msans of +the ehallow, urnconfined grouni weters. The first materials corntaining
er than a”ge qparnitles of silt and clay below a depth of about 18C feet

bcu, 322 fcot aliitule) were some clearn gravels at 632 feet. This is about

20 fzet below seg level and zearly 5C0 fest below the Columbia River

d
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Toere were no significant changes in groupd water contamination patterns ir the
vicizity cf the 200 Areas cver the past mcn*h.

Disposal to Cround

The 216-A-2 crilt recelved abcut 20,73C gellors cf wasis organic solvent from the
meex riant Juring Juiy, “ringing {tis tctal ¢f such material discharged to this
cri% e ascut 40,000 galleons. This represents abcu* 7 percen* of the soil volume
Immediately below tre crit and atoves the wather tabl Tc cot%ain an approximation
revzoticr abtility of soil for TEF, CPnTrlfuge expariments were performed
vsirg standard drsinage msthods. For the scil used, a spscific retentiorn capacity

cf t-e
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of 7.8 percent (by weight) for TBP was determined, compared tc a measured value
of 13.3 percent for water. These absolute values are not considered particularly
significant, but the relative retention of the organic compared with water is of
interest. The ratio of these measured soll retention values agrees reasonadly
well with that predicted from the surface tensions of the two liquids.

WASTE TREATMENT

Fluid-Bed Waste Calciner Prototype

Operation of the prototype waste calciner has continued using the extended-tip ~
feed rozzle and a feed of simulated high-acid Purex waste at a rate of 1% liters/
hour. ive runs were completed during the month.

The first three runs were performed with a fluidizing gas distributor plate having
smaller air distribution orifices than those in the plate used in the last two runs.
The smalier holes during the first three runs resulted in an air velocity through
the air distributor orifices of 670 feet/second compared to 110 feet/second during
the last two rums. Contrary to the results expected (and to those obtained when
calcining simulated ICPP wastes), the calcine particle size did not seem to be
affected by the change in impingement velocity. Moreover, no effsct of the change
in impingement velocity on entrained fines in the calciner off-gases (three to five
percent of the total calcine) could be detected.

An interesting sidelight to the variatiorn in fluidizing air impingement velocity is
that erosion, completely through some of the 1/16-inch thick caps, was observed at
the completion of the first three runs. The majority of this erosion undcubtedly
occurred during the eight hours of fluidization of garnet sand (at sonic impingement
velocity) while cleaning scale off of the intermal eleciric heaters. However, it
dces indicate that a relatively short operating life is possible for a buvble cap
type of air distributor operating at relatively high impingement velocities.

Inspection of the calcine from runs using simulated Purex feeds indicates that the
majority of the whole, single particles are in the - 35 tc + 100 mesh size range.
The + 35 mesh fractions are composed almost entirely of agglomerates of the smaller
sizes; the - 100 mesh particles are primarily attrited particles of the + 10C mesh
sizes. Aa increase in fluidizing gas velocity from 0.66 to C.81 feet/second after
one hour in one run was found to effect a slight reduction of 1.6 percent (from 8.7
percent) in “ke total agglomerated; however, a larger increase (approximately 5
percent) in attrited particles resulted from the increased fluidizing gas rate.

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium Recovery

Hot Cell Operations - Two liter-scale hot cell runs have been ccmpleted with full-
level Purex 1WW. These runs were designed to test (and better outline details of)
the flowsheet which will be used in the Purex head-end egquipment for isolation of “a~
crude strontium product suitable for aging in the 2L4-CR vault and subsequent
further purification at the Oak Ridge F3P plant, the Hanford High Level Radic-
chemistry Facility, and the Banford Hot Semiworks. The rups also served to define
the compositicn of the crude product, which is the feed material for the purifica-
ion processes. The two runs were successful in demonstrating the operability of
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+tha process with full-level washe apd dispslled comcern ithat radiclytic decom-
position of reagents would de excessive. Decontaminaticn factors from zircornium-
nickium, rutherium, and cerium were in very good agreemert witk earlier tracer-
level experiments; however, overall strontium recoveries were lower than expected.
Although strontium carrying on the initial sulfate precipitate was excellent;
about one-third was lost in the acidic oxalate metathesis (which removes rare
earths and lead), ané there was further excessive loss in the basic oxalate or
carborate isclation steps. Tae best overall recovery seen was 50 percent. The
recovered strontium contained no detectable barium, but the calcium to strontium
ratic {cn a mole basis) was 4:1. This concentraticn of calcium weuld limit capacity
in the Hanford hot cell ion-exchange purification operaticn to about 8000 te 9000
curies of stroztium-90 per run.

‘Strontium Purification - An ion-exchange process has been developed (though nct yet
tested with fuli-level feed) for purifying Purex-produced, aged strontium crude in
the Figh Level Radicchemistry Cells. The process is very similar tc the promethium
purification process previously developed and car be applied in the same equipment.
The crude, containirg strontium;, calcium, barium, lead, iron, and residual cerium
and rare earths, is loaded onto a Dowex-50, X-12 column. The absorbed band is
ther eluted with pE 8.8, 0.C15 M EDTA solution at 50 to 60 C through Dowex-50
columns in the mixed copper-hydrsgen cycle. Laboratory studies show that the bulk
of the strortium can be recovered better than 99 percent pure. Capacity of A-Cell
with four-inch primary columrns and two-inch secondary columns would range from
10,000 tc 40,000 curies of s<rocatium-90 per run (depending on the composition of
the feed), the duration cf a rur beirg two tc three weeks.

Three runs were made during the month in the A-Cell equipment to test the above
procass with a cold; synthetic feed. Although the process had worked perfectly in
a serles cf experiments in laboratory-scale columns, the first two A-Cell rums had
to be termireted because of pluggirng by & precipitate whick formed ir the cclumns.
This perplexing difficulty was finally traced, after a similar precipitate began to
form in the tkird run, to an inscluble acid form of the chelating agent. Its
fecrmation was caused by operating the solution degasser at too high a tempersture,
thus evolving ammcnia and lowering *he pH. As soor as the temperature was lowered,
the precipitate began to dissclve, ard the run is now proceeding smoothly.

Another ion-exchenge process for sirontium purification alsc shows much promise and
is operationally very simpie. Trhis irnvolves sbscrpticr of strontiumr (ard its im-
purities) on a Dowex-5C columr followsd by sequeniial elution with buffered
solutiors of (X -hydroxy-isobutvrate. Leald, cerium, ard calcium are rsmcved frecm
the colum with 0.8 M reagent at rH L8, The stroptium is <her eluted with 1.2 M
reagent at pH 6, and barium is finally removed from the cclumn witk 6 M HNOz.
The strontium is cttaired after passage of fewer columm volumes of eluste (30
versus 100) than ir the EDTA prccess and at higher ccncentration {8 gm/l versus
1.5). It is also potentially feasi:le to use only one columr. The major dis-
advartage is the high ccs%t of the reager* (ten cents/gram). An attempt will be
made to substitute less expensive resg:rnts for the (X -hyircxy-iscbutyrate since
the cost of the la%tter wculd contribuis about eleven cexnts/curie tc the cost of
purified strontium.

A

Strentium Shipment

It was reported last monih that th

ne synthetic irprganic aluminc-silicate ion
exchanger, Decalso, has a high capacity

for strontifim and thati this affords a
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potentially attractive method for off-site shipment. Since the crude strontium
waich will be produced in Purex will contair substantial amounts of cerium (about
two percent of tha*t in 1WW accordirg to hot-cell tests), the behavior of cerium
on Decalsc has also been determined. Cerium and the other rare earths were found
to absorb just as firmly as strontium. This implies that the 2.2 Mev cerium gamma
will control the amount of strontium which can be shipped in an ORNL Shielded
Transfer Tank ("STT" ). Shielding calculations indicate that a cerium decontamin-
ation factor of at least a thousand may be required if normal radiocactive shipment
specifications must be adhered to in shipping stromtium crude in STT's.

Because of the above limitation, experiments were performed with synthetic 24L4-CR
rough cut to determine whether additional cerium decontamiration cculd be obtained
by adding "ccld" cerium and precipitating cerium oxalate at pH 0.7. An additicnal
decontamination factor of 5 was obtained for an overall process DF cof about 250C.
This might conceivably Ybe improved by repeating the precipitation but it appears
very unlikely that an overall decontamination factor of 1000 could be obtained in
plant equipment withcut the addition of several complicating steps.

Strentium Carbonate Filtration Studies

Consideration is being given to the possible off-site shipment of strontium-90
carbonate in the cask currently being procured for cerium shipment. Consequently,
studies have been made in the 321 Building filter (a thirteenth segment of the
proposed filter) to determine the "filterability™ of the strontium carbonate
slurry which might be produced at the Hot Semiworks. These preliminary studies
have indicated:

(1) The slurry can be easily filtered if an equal amount of filter aid is
added tc the fine strontium carbonate precipitate. though the filter
aid dilutes the precipitate, approximately 250,000 curies can be locaded
in a single cask.

{2) The filter aid strontium carbonate mixture can be partially dissolved
with acetic acid and easily fluidized from the cask.

(3) GQuantitative leaching of strontium carbonate in “he filter proper wculd
e time consuming. Time cycles would be shorter if tkhe slurry were
fluidized from the filter and leached in an agitated vessel.

N 8lurry Dryirg

A slurry of calcium carbomate (believed representative of sirontium carborate and
similar fission product slurries in drying characteristics) in water was fed into
an agltated pot at approximately 10 ml/min for mcre than an hour. The system
performed well except for plugging of the vent line. Solids did not adhere to
the pot wall or to the agitator. No lumps were found in the residual powder in
the pot. Approximately 85 percent of the total solids were recovered. The other
15 percent were lost as dust in the off-gas stream.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY RERANEE
i L b

¥

Strontium Analytical Development ) m

Develcpment continued on analytical methods in support of the strontium recovery
program. (Y -hydroxy-isobutyric acid elution from a Dowex-50 column followed by
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flame photcmetry was fzund 42 be a seifisfacticory method for determiring caicium
and barium Iz streaiiurs.

The excellient decontarineilicon cbiained with the above procedure suggested that it
might serve as the basis for a *aE :¢ methcd for radiostrontium. In a single test,
a sample previously rur by the classicel stroztium nitrate carrier method wes
purifi=d oy () -hyiz Ctya‘Sﬂbauv*a te cation exchange and counted. Agreement was
withip five percert of <he siandard method, and a gamma scan anc a bete absorrtion
curve showed no detectabtle raldicactivity cther than stron*ium-89 and stroniivm-90.
The *t2%el time required for this anslysis was less than two hours. Further
develcpmeat is planred.

EQUIPMENT AND MATERIALS

Z Pisnt Cerntrifuge Test

V*bratioa of the Bird 6 inckh continucus centrifuge has been brought within satis-
Tactory limits “y mountizg the mackine firmly oz a one-ton block of reinforced
concreue. Iz e short process test the cenirifuge was operated at 6000 RPM with a
feed slurry of cerous oxalate (stand-in for pl;to:ium.oxalate\ at a feed rate of
50 ‘iters/rcur. The ligquid effluent contained 0.6 wt. perceant solids (0.5 per-
cent is ithe sllowable maximur). Toe discharged solids corntained 30 wt. percent
liquid ani were sticky.

23L-5 Reclameticn Pacility Pulser

Three carbeon-graphite plston puisers were cperated pulsing water in a test sclvexnt
extraction cclumm, to study thelir feasibility for use as Reclemation Facility
ruisers. Major results o the studies include the feollowing:

N

\ - L] - s - -
{a} Tre "U-Cclumn" pulser {(piston with long shafi a-i upper pulse leg) is
revlically and mechanically feasible andé is recommended for the

Facz,;t: pelsars;

(z) The "J-Colum" puiser (ristor with short skaf+, nc upper pulse leg, ard
grephitz-ri rcd ssals) was also operste? successfully. It is more

compest *ran the U-pulsger, but also less "fail safe;”

{c High rulse efficiencies (column ampii his,plst s+*roke ratic) fer
both split-ring sealsd anl plug pistons were o-ta"“;u; and

\2) Pisten lszksze For the split-ring piston was covrralatad with the orifics
flow eguatior, where <he 1iguid "hesd” is the mean p‘essu‘e acrcss the
piston.

et Seriworks Stroatium Recovary Program Pulsers

Pigton pulsers for the ISW strontium recovery columes will be of the "U
“ype. with a pistor mechenically driver through a 30 fcob lcng pissorn »rc

Pursx TA Cclumn Piastic Flai2 Testing e

- L33

Samp*gs of -_nea- pelyethylens from g spare Porex HA columm piste were irradiated
R irn Tlhe presszuce of Purex HAX and then <2sited for siress cracking at

=
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room temperature and at 5C C in a cone percert solution of sodium lauryl sulfcrate
(Dupcral). After 212 hcurs no cracks were apparent. The samples were mourted
witk one erd fixed and the other displaced enough to impcse a stress of approxi-
mately 4500 psi. At tke end of the test the samples were found to have relaxed
enough that the final stress was in the order of 1600 psi.

Griscom-Russel Tube-to-Tubesheet Joint

Huey corrosion tests were made on samples of a new type of tube-to-tubesheet joint
developed by the Griscom Russel Company. This joint is made by welding the tube
o a tubular stub milled from the tube sheet itself. Crevices are absent in a
joint of this type. The samples tested had good corrosion resistance to boiling
65 percent nitric acid; average penetration rates were about 0.8 mil/mo during

ca. 500 hours exposure. There did appear to be a slightly accelerated attack in
+he heat affected zone of the tubesheet.

NON-PRODUCTICN FUELS REPROCESSING

NeK Handling and Fume Disposal

HW-66562, entitled "NPF Mechanical Cell NaK Disposal and Fume Abatement,” is being
igssued. This document discusses the development cf safe methods for deactivating
the NaK reservoirs present in some of the fuels originally scheduled for Hanford
reprccessing as a portion of the non-procduction fuels reprocessing program.

Feed Preparation

Zirflex Process - Development work on the Zirflex Process has been completed and
document HW-559T79, "The Zirflex Process Terminal Development Repor:,” is being
issued.

Dissolution of Zircalcy Cladding in Acidic Fluoride Solutions - Laboratory work on
decladding Zircaloy-clad uranium dioxide fuels in acidic fluoride solutions has
teen concluded. A feasible decladding scheme was established. Corrosion tests
indicate one of the experimental alloys produced at BMI (No. 20) would be satis-
factory material of construction. A report covering the work on this procedure

is in preparation.

UO2_Leaching Studies - Nitrlc acid leaching of swaged UOp from chopped fuel rods
was izvestigated this month on a laboratory aand pilct plant scale. Stainless
steel and Zircaloy-clad UC2 rods 1/2 inch in diameter were used for the studies.

In latoratory studies, the difference in UCo dissolutions times for different
length elements was determined. One, two, and three-inch long sections of swaged
UC2 rod clad with Zircaloy were leached with 6 M nitric acid at a HNOq/U charge
ratio of five. As expected, the U0, dissolved from the shorter elements more
quickly. However, dissolution was compliete in every case in less than ore-half
hour. This fast dissclution time is at*tributed to erosion of the UOs from the
cladding resulting in high surface area exposure.

The pilot unit, recirculating, tubular dissolver was modified for the pilot
plant leaching studies. A special dissolver sparge head was attached to the
dissolver bottom and a canister for tracsferring chopped fuel from a shear to
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the dissolver was constructed. The canister is Jdesigned to provide an air sparge
cutlet abcve the chepped bed and provide total containment of the chopped fuels
during transfer to the dissclver. In operation, the conical sparge head pierces
a brass sealer plate, as *the carister is lowered into the dissolver, and seats

in ar air distributor cap in the canister. The torn brass plate will dissclve
rapidly in the nitric acid dissolvent providing free flow access to the chopped
fuel.

Two runs were made in the modified recirculating dissolver to demonstrate the
operability of the dissclver canister. 1In these runs, one-inch long sections
chepped from swaged UOp rods clad with stainless steel and Zircaloy were leached
with 6 M nitric acid at a HNO3/U ratio of five. The dissolver canister provided
air flow above the bed as it was designed to do, but dissolvent flow could not
be initisted through the four-foot packed beds until considerable dissolution
had cccurred. In spite of the fluid circulatioc trouble, the dissolution was
complete in less thar one ard one~-half hours; icdicating that the nitric acid
leacking cf UCp is feasible. However, the difficulty in providing circulation
through packed beds shows that the batch size will be limited by the packed bed
height and nct the total dissolver tube capacity.

Materials of Ccocrstruction

Physical properties - tensile and yield strength, modulus of elasticity, propor-
tional limit and percent elongation - were determined for four (No. 4, 11, 20, 21)
of the experimental alloys prepared at BMI. The data are desired for use in
design ard ir writing specifications for the material of construction to be used
irn the HAPO non-production fuels dissolver.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTOKTUM RECYCLE PROGRAM

Salt Cycle Process

Pilot Plant Quentities of Electrolytic UOp - Production of electrolytic UG, from
& starting material of UOpClp.HoO has been continued. Improvements in the sparger
have teen mede and both chlorine and hydroger chloride sparges have been equally
effective in reducing cxygen to uranium ratios in the product. About 45 1bs. cf
UCo have been produced this month with a maximum batch size of 5 lbs. A com-
posite analysis of the first 28 1bs. of product, produced by sparging for three
hours at 710 C followad by electrolysis at 710 C, is 360 ppm chlorine. 150C ppm
carbon, and an oxygen to urarnium ratio of 2.0297. The sodium content of those
samples aralyzed for sodium was about twice the chlorine content.

Spargirg at 80C C followed by electrclysis at T10 C gave a composite oxygen to
uranium ratio c¢f 2.01l5 for the next 18 1lbs. of product. Product with cxygen tc
urazium ratios as low as 2.0049 was cbtained. Exhaustive washing of the UOs with
dilute HCL and water reduced the sodium impurities to 77 ppm. Chlorine and
carbor agunalyses are nct yet avallable. Carbon iz the UCz may be due teo corrosicn
of tlhe elecircdes by air a2t the liguid surface.

Screening of the UCp showed two peaks ir the particle size distribution. The , .
o ) - gIamn il
2wtk cf the UOp is made up cf agglomeretes larger thar 1k mesk; however,§%h¢re* s

™D
_‘r
-1
e
51
It

C



c-10 HW-66644 [TT

ma— el

is a secondary peak in the particle distribution curve at - 35 + 65 mesh which
is composed of primary particles according to microscopic examination.

The single fused silica pot used for these electrolyses has survived 350 hours
at operating temperatures with no apparent corrosiom.

Hot Cell Installatiorn - Construction of the hot cell equipment for salt cycle
demonstration runs is essentially complete and cold uranium runs have been
started. An oxidative removal of UQOp from the cladding and dissolution of the
resultant U30g have been successfully completed. Some difficulty was initially
experienced with cracking of the Vycor melt containers which is believed to have
been caused by a bonding layer of iron oxide sloughed off by dummy fuel element
samples. Possibly the U30g would behave in a similar manner if not completely
removed into solution and, hence, it may be good practice to thoroughly chlorinate
the melt before allowing it to cool and solidify.

Production of Electrolytic UOs, - Four additional ocne-pound lots of electrolytic
UO2 have been prepared under different operating conditions.

The previously described attack on the platinum cathode has been tentatively
attributed to the depositing of the alkali metals on the cathode at the high cell
voltage which developed during that run. The cause of the increase in cell
resistance which resulted in the high voltage has not been determined.

Corrosion of the platinum~-sheathed cathode has varied from 0.009 mg/hr,cm2 to
0.69 mg/hr,cm2 based on the area exposed to the melt. Chlorine attack at the
salt-vapor interface is the chief form of attack.

Solubility of Chlorine in Molten KCl-NaCl - The solubility of chlorine gas in a
molten equimolar mixture of KC1l-NaCl was measured (with good reproducibility) to
be as follows:

Temp., °C g Clo/g KC1-NaCl ppm
800 (6.3 + 0.1) x 1072 63
700 (5.3 + 0.1) x 10> 53

Effect of Adding T1Cl to KCl-NaCl System - Previously it was shown that 50 mole
percent and 25 mole percent of T1C1l with KC1 resulted in a very large increase in
the rate of dissolution of UOp crystals by chlorine gas in the molten salt. It
has been shown that a high rate of dissolution of UOp (325 - 100 mesh, O/U = 2.001)
is likewise obtained with only 1.4 mole percent addition of TI1Cl.

- Mole Percent U Dissolved in
T1CL KC1 NaCl Temp., °C 30 Minutes, g
0 50 50 700 0.155

1.42 49.29 Lg.29 700 6.2

The presence of a small amount of T1Cl not only increased the rate of dissolution
by a factor of 40, but also increased the solubility of uranyl chloride in the
melt to a remarkable extent and the resulting quaternary system appeared to have
a melting point in the neighborhood of LOO C, some 250 C lower than the melting
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point 2f Tze .Aary s5alt sysitem. PFurthermore, after dissoiving 1% g
¢® Y02 ir 10 (7.0 melel in ““anium(v‘)), UOp was s3ill dissclving
&% & relstively Twis behavicr proviies additicnal support for the
previ-isly-stated supposiiticr that thallous chicride acts as a catalyst in tol
ragesisn, Ti(I) beizg cxidized 4o TL(III) bty chlorime, ard the TL(III) acting as
+re iigs-lving sgezt for UC~. Thallous chioride iozizes completely in mpoliten
cklorides sxd is & gead syiree of crhloride ioms in such melis apd this may be

e factor salsc iz +re more rapid disscluticn of UO2 in the presence cf TICL.

r Rate of "Activavel” U308 - Some UO3 was ignited to U308 and heuf cf
wes BoTivates Tty wo cyeles of reducticrn with hydrogern &t 650 C,
v cx*uat"n with sir &t 450 C, which produced & fluffy expanded U30g
tigh surface-ares cxide. Surprisingly, nc appreciable increase
wez gaer iz the rate of disscluticz of this high surface area U308 by chicrine

adier

ir. moldsz KCL-NeCl &% 720 C.

rowsk of Single Crystal cf UQz - A atitempt is being made to grow & singlie
lergs crysiel of UQL by eleatrslytic deposition from the KC1-NaCl system. Equip-
mert has “eer ~iieirsd eand asserbled; bui there has been ro success in growing

ary Large cryssals =2ither Ty Jeposition on a platirum elecircdie or by cvergrowing
cr. singls ~“"s*a 2 of arc melted UOo.

Meta lic Materla s ¢f Cons*trustiorn - Semples of Hastelloy A; Haynes alloys R-235,
uisi-meh, and Stellite #2L; nickel; tungsten bronze; atalum; tungstern; as-cast
wolyvolenurm; 60 ki ck 1-40 *ungsueng and BMI experimental alloys 23 and 24 were
exposed %o hydrogern chloride sperged equimolar sodium chloride-potassium chleride
Telt at 752-800 C for pericds of abocut severn hours each. Of these alloys and
mesalz, soly tucgzsitsr ard molyblenum hed corrcsicn rates of 10C mi‘s/mp cr less.
Of mery meTerials teshad iz Shis ervironment o te, the orly other materiel
hevirg corrogicr rates in thisz range are Hastellcy B and platinum. A Has4-llcy
3 elz.trode bas heen put iz servize in the 320 Building electrclysis equipmernt
+ datermize corrosion retes under 2ounditisns more nearliy simwlating antlcipated

e -u-?&
U TEES SONLLNICRS .

K;:=Me\¢”_1 Me*eria_s Testing - Scorsering studies are contiruing in an effert to
fizi mrrematallis ecmatraction zatsrials f1r the Salt Cycle process environmerh,
& 2ilizon nitride YHarlsd zilicoin carbtide crocitle was ftested in an equimclar

e sclutiorn s 650-7T00 C. The sallt reacted with the o

,:iun =pCassiun hlor
Trhe resulting se i misture was hlack apnd s2iid at T30 C. The test was
Sirueld aftzr 28 hiure. Ne exalysis wee obtelizned oz the resulting s&lt
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~f hyvircgez evclution durirg dissclution of Al-PumN*-S*-Fe
galoRicre were male. Sufficiert dats are row availsi.s.
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g VJ;. g‘* *vb_u*"* ge a fuzmetisg of pisric azil apd alumizum nitrate

+o permit caloulericr of hydroger in the off-gas versus tims for
F=zl 3isstluti oz schemes. The date cootirnue %5 suppert an eariisr
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increased from 2 M NF+F - 0.17 ¥ NH,NC3 to 6 M NHyF - 0.5 M NH,NOz. Extrapclation
of labcratory data to anticipated procéss conditions indicates that plutonium
losses during decladding shculd not exceed one to two percent for acy of the
decladdircg solutions tried.

Ccorntinuous Ior Exchange Contactor Develcpment

Adsorption Kinetics for Thorium Nitrate Complex - Further studies on the adsorp-
tion of thorium from nitric acid solution on to Permutit SK anion exchange resin
were made. Rates of adsorption at room temperature from 5, 6 and 7 M nitric acid
at a thorium concerntration of 2.3 g/l and from 7 M nitric acid at thorium con-
centrations ranging from 0.2 to 12 g/l were determined. Deta obtained continue
to fit the theoretical model for adsorption proposed in the July report. Dif-
fusion coefficients range from 7.2 x 10-9 to 1h.4 x 10-9 for the nitric acid
and tkhorium nitrate concentrations studied. The following equation which gives
the distribution coefficient (KD) as a function of resin lcading was derived
from theoretical considerations.

2
kll - 2x
Kp = él - x)

moles of thorium per unit weight of resin
total exchange capacity of resin (equivalents per unit weight)/2

where x

k = a constant

The distrivution coefficiants found for the adsorption of thorium from seven molar
pitric acid fit very well the curve described by this equaticn.

MABIE Contactor - Shakedown studies were ccmpleted iz the prototype contiruous
MABIE contactor which is a six-inch-diameter by eleven-foot long, dual-purpose
celumn with seven loading and three scrub stages and a six-inch diameter by
twelve-foot long eluticn column with six stages. An aquecus flow rate of 280
gal/hr-sq.ft. was obtained in the adsorption column at an agitator speed of 530
rpm. The aqueous flow was limited by the power available to drive the agitator.

Sodium breakthrough runs irndicated scme aqueous charneling. Mixing efficiencies
of 76 and 83 percent were obtained at aquecus flcw rates of 115 and 225 gal/hr-
sq.ft., respectively. The lower efficlency cf the prototype contactor, as
ccmpared to the near perfect mixing obtained ir the three-stage contactor, is
attributed partly to the lower agitatcr speed (470 rpm vs. 670 rpm) ané partly
to agitator design and scale up.

Studies were made with both columns operating tcgether to develop an effective

method of minimizing the carryover of "slip water" with the resin from one column

to the other and to control the inter-colummn resin flow ra*e. Carryover of

excessive high-acid "slip water" from the adsorptiorn column to the elution

column weuld result ir a high-acid product stream ané woculd also lower‘%heve&uﬁiéngf“‘
efficiency. A four~inch diameter by twelve-inch long "disengagement. pot ‘was . -
instslled between the lower ernds of the columns.

The resin siurry was then force-circulated from the adsorption column through the
pct and back into the cclumn. The relatively large diameter of the pot allows

the resin to settls out so that it is possible to keep the pot packed with resin.
A small flow of eluant soluticn is introduced into the pot near the bottom diluting
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the high-acid slip water. By conirolling the outflow of resin from the pot to
the eluticon column with a control valve, the amount of acid carryover is kept
%o tolerable limits. A similar device is located at the top of the columms,
except that no dilution stream is necessary. Initial studies show good perform-
ance both in limiting acid carryover and in controlling the resin flow.

Jiggler Contactor - Operation of the Jiggler Contactor was improved during the
month. Installetion of the three-foot long scrub section in place of the pre-
vious one-half-foct long section apparently was cortributory in stabilizing
operation of the "A" Column. The greater mass of resin and the greater distance
between the scrub and feed entry points are characteristics of the longer
section which tend to reduce turbulence and fluidization. Redesign of the
resin cycle cone, which is an inverted hollow cone or essentially a funnel at
the bottom of the "A"™ Column, &lso improved column operation. Prior to redesign,
the entire cone wall from its base to the outlet pipe attached at the apex was
made of screen. Now, the screen wall extends from the four-inch diameter base
to a point where the cone diameter is three inches. The cone wall from the
screen to the outlet pipe is solid metal. The solid wall permits better resin
settling into the cone during the compression stroke of the pulser.

Three runs, ranging from 5 to about 11 hours in duration, were made with thorium-
containing feed. The "A" Column liquid was pulsed at 6 cpm with a 0.5-inch dis-
placement (50 ml) in the four-inch colummn. Permutit SK resin (30-50 mesh) was
used. Agqueous stream temperature at the inlet was about 50 C. Waste losses
ranged from 16 to about 57 percent. These high losses are attributed to improper
aqueous downflow from the "C" Columr resulting either from inefficiency in that
column or downflow of a part of the product stream due to & malfunction of the
flow control arrangement. To check the possibility, however; that the loss may
be stemming from the adsorption column, a control experiment will be made on
that column alone.

Steady state as manifested by about 3/4 psi drop across the semi-fluidized bed

in the adsorpticn section and a constant resin level in the elution cclumn is
reached in 3C to 45 mirutes after start-up from a dense resin bed.

RADICACTIVE RESIDUE FIXATION

Mineral Reactions

Additional study was made on the equilibrium distribution of cesium on clinop-
tilclite; comparison was made of the adsorption cn unirradiated mineral with
that on mineral having received 109 R. The results support the premise that
this level of irradiation would not produce measurable effects in silicate minerals
such as cliroptilolite and do not agree with earlier findings in which an apparent
irradiation effect was noted. Investigation disclosed that the effects probably
resulted from a coincidental variaticr in solution composition between experiments.

The rate of adsorption of rutherium(III) and cerium{III) from 0.01 ¥ Na® solutions
or shaliow beds of irea filirgs was found to be higher &t pH 5 and € than at pH 2
cr 11. This may be correiative with the more rapid formation of ferric oxide in
the pH range &4 - 9. The loeding of adscorbed ruthenium and cerium cn the bed was
licear witk time urtil the material of the bed begar o deteriorate. s ey O
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A clincptilolife column experiment was performed with a mixture of actual {super-
natant solution from 103-A tank) and synthetic Purex high level waste diluted
20:1 with water. For this waste the mineral displayed a cesium capacity of 29
bed volumes and a capacity at least this great for other radioisgtopes except
Rut06. Decontamination factors of 7 x 107 for csl37, and 1 x 10" for Sr9° wer
obtained and all other radionuclides studied (alphe emitters, rare earths, Co®0)
were decontaminated to concentrations below their drinking water MPC values.

Clinoptilolite column experiments were also performed with diluted (20:1) synthetic
Purex 1WW formaldehyde-treated waste spiked with radiocesium and radiostrontium
Colums were 180 cm long and were operated at a flow rate of 50 gal/f+ /br.
Capacities of 37 and 31 bed volumes for cesium and strontium, respectively, were
obtained. Column kinetics were good, with decontamination factors of 107 bei ing
obtained during the first 29 bed volumes in the case of Cs+37 and the first 19

bed volumes in the case of Sr90. The bed loading reached 30 percent at 39 and 36
bed veclumes, respectively.

Condensate Streams

A run was completed using standard Decalso, a synthetic alumino-silicate zeolite,
for studying the decontamination of Purex Tenk Farm condensate. At flow rates of
4 - 12 ml/min/cm? the cesium decontamination factor was about 1000 and that for
strontium about 20. Ruthenium, cerium and zirconium-nicbium radioisotopes were
also removed but with lower decontamination factors. Analysis of Purex Tank Farm
condensate indicated that about 120 gallons of organic per day can be expected

in the condensate if the total condensate flow is about 20 gpm. Since this
crganic has a tendency to plug soil columns and foul mineral beds, the possibility
of burning the organic was given some attention. Using a pot type burner with no
auxiliary heat source (except to start the burning) a mixture of 30 volume percent
TBP in hydrocarbon diluent was burned. Considerable black smoke was evclved.
Unburned TBP and carbon were left in the pot when the burning stopped. Using an
auxiliary propane burner to maintain elevated temperatures the mixture burned

more completely, leaving a dry black residue equal to about 5 weight percent of
the feed. Black smoke was evolved at the start, but white smcke (probably Peoq,
was given off towards the end of the test.

BIOLOGY AND MEDICINE - 6000 PROGRAM

Radloisotopes in Soils

In preparation for studies of the natural and induced radioisotopes in soils, silts,
and muds, a counting technique was developed and is presently being calibrated

witkh standard radioisctopes. Two-hundred gram soil samples are ground to pass a
105 micron sieve and then suspended in 150 ml of two percent agar to provide a
uniform sample eight-inches in dlameter. These samples are counted on a nine-inch
diameter, four-inch thick detector using gamms spectrometric techniques. A fur-
ther improvemert in sensitivity ard selectivity will be gained when two large
crystals can be obtained for use as a summing spectrometer.

P32 iz Reactor Effluen*t Water

In order to study the contribution of an n,p reaction on sulfur to form P32 in
reactor effluent water, five times the normal amount of sulfate ion was added to

'\r‘ TN

A




the cooling water of two single pass reactor tubes. The p32 activity of these
tubes only increased 30 percent as a result of this addition. Although other
factors may complicate the analysis, these results 1lndicate that sulfur con-
tributes only a small part of the P32 observed in reactor effluent water. Since
these conclusions contradict conclusions drawn from other experiments, further
studies are still needed to determine the source of the P32.

Radiation Protection Studies

The protection indices of 11 more compounds of biological interest were evaluated
this month bty the dye-competition technique to help understand the effects of
radiation-produced free radicals on living tissue. Two of the compounds were
proteins and the protection indices of these proteins were found to be only one-
seventh to one-eighth that predicted from the sum of the indices of their
component amino acid residues. These observations are compatible with the
ricture of proteins as being coiled or folded such that many of the amino acids
are physically protected by those on the outer surface. Confirming studies will
be made on less colled or folded proteins.

Geology and Hydrology

A recently-completed deep well drilled to basalt southeast of 200 East Area pro-
vided new information regarding the Cold Creek syncline in the upper basalt
structure. The axis of this synclinal trough lies approximately two miles south
of the separation areas, trending in a general east-west direction. The depth to
which this basin has been downwarped is now known to be approximately 200 feet
below sea level, nearly 100 feet deeper than earlier believed. The basalt en-
countered in the bottom of the syncline is unlike that encountered in other
locations. The texture is more porphyritic, with phenocrysts up to one-quarter
inch ir diameter. These inclusions are predominately olivine with some zeclites.

For a flow system containing liquids of different densities, a derivation was

made of an equation for determining the potential within the volume occupied by
the heavy ligquid in terms of the potential if the volume were occupied by the
lighter liquid. PFrom this it was possible to derive a partial differential
eguation to express the potential distribution in the system. A numerical
solution of this equation was obtained to compare against experimental results

and thus to test the validity of the initial derivation. If valid, the expression
could describe the liguid flow that would be induced by the difference in density.
Initial laboratory findings roughly approximated those predicted by the equation
but better agreement is needed to assure valid application.

The steady flow pattern and moisture distribution below a crib was obtained from
a solution of the equation for partially saturated flow in soils by means of a
computer program. The analysis included the case of the small two-foot crib
experiment performed near Gable Mountain in an effort to obtain experimental
verification. For this case it was found that only about 25 percent of the
liquid would be expected to move through the column of soil below the crib
having the same cross-sectional dimensions as the crib. As this soil volume is
commenly used as a conservative estimate of "field columm volume” in calculations
of crib capacity, a safety factor of about 4 is introduced according to these
results. Larger factors would be introduced for less homogeneous soil systems.
The moisture content distribution associated with the above flow distribution was
also obtained. The results have not yet been compared with the measurements made
in the field experiment bu® a qualitative similarily 'in’ the shape of the wetted

volumes is obvious.
126790
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Ground Was*e Invéstigations

The permeabilitv cf scil fcr synthetic Purex high-salt waste was measured to
assist wi astimates of the situaticn that might develop if a storage tank were
o lesak. A fine-grained Harford soil was used aad its permesbility for the salt
solution measursd in a falling-head permeameter. The filtered scluticn had a
permeability of Lk x 10-% cc/sec/cm which may be compared with 6 x 10-4 cc/sec/cm2
measured earlier with filtered synthetic Redox salt-waste and a similar soil.
For unfiltered waste the sludge collecting on the soil offers additional resist-
ance *o flow, the permeability cf the sludge decreasing as it is compacted. The
permeability of Purex siudge was 2.3 x 10- cc/sec/cm after five hours and
5 x lO“h cc/sec/cm2 after 15 hours in *he permeameter.  This may be compared with
similar values for Redox sludge which had a permeapility of 1.3 x 10-4 cc/sec/cm2
after twc hours aad 3 x 10-5 ce/sec/cm@ after 20 hours. All of these permeabilities
&r2 reported for uni%t hydraulic gradiernt. ’

Scil Chemistry acd Geockemistry

Soiutions of cerium, promethium, and europium were equilibrated with soil accom-
panied by 0.5 M alkali and 0.25 M alkaline earth salts at selected values of pH.
The solutions coniained a "trace™ (< 10-11 M) or 4.2 x 10-9 M added rare earth
traced with the radicactive isctope. Stable necdymium was used as a carrier fcr
Pmi4T. The experiments were desigred to compare the reactions of varicus rare
earth species with scils.

At pH < 3 the rare earths were ionic. Their adsorptiocn by soil ranged from 1 *c
48 percent of +he added nuclide, depending upon the species of accompanying icn.
The competition of accompanying ions with rare earths iacreased in tke crder:

Li < Na £ Mg ¢ Ca< Ba< 8Sr < K < Cs
The adsorption of cerium ard europium was identical in all cases. There was
evidence that promethium is mere completely adsorbed in trace concentrations <than
are the other rare earths, but at 4.2 x 10-9 M ro differences were evident; these
?irdings substantiate the conciusion that under the corditicrns studizd the rare
earth species are in identical ocxidation states.

Work contirued on investigation of the mechanism of szlective caticz adsorpticn Yy
"open zeolites," i.e., zeolites which can accept any of the alkali metals and
alkalire earth me*tals series. The cation replacament series were determined for
the zeolites clinoptilolite, eriomnite, mordenite, and chabazite. Al were fourd
“c follow the same sequence, i.e.,;:

cst 3 Rb* > K* » Nat > Li*, ard Bat™ > Srtt> cat™> Mgt

However; significant differences in the degree of catior selectivity exhibited by
each zeolite were found. The similarity in replacement order ir these differsn<
minerals suggested that some general property of the caticas is operative, such
as hydratioc in aquecus scliution.

Research in which cation excharges with mordenite and clinoptilclite in fused
salts were measured gave the same sequence for these icns, ruling cut iornic hydra-
ion as an explaraticn ¢f the selectiviity meckanism. When the. ;gmperaturn of
these fused salt systems were raised =znough tq‘E£E°ctivElyvdehy¢ra°° the zzolite
: SETIREN N
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crystal lattice (460 C), the adsorption sequence appeared to be reversed, following
a normal coulombic series. In these molten salt experiments the relative positions
of Cst and Lit were obtained to establish the sequence. The results are inter-
preted to mean that the water normally assoclated with the zeolite lattice is
mainly responsible for the observed sequence from aqueous systems. The position

of this lattice water relative to the path along which the exchanging cations
diffuse may explain the differences in the degree of selectivity between the
zeolites. This implies that cation selectivity is a function of cation diffusion
rate, suggesting a method of further studying the mechanism.

Field Apparatus Development

A method of shaped charge perforating of light gage "Kai-Well" casing was demon-
strated. To prevent fracturing of the casing a sleeve of six inch pipe is placed
over the charge carrier, permitting much of the shaped charge energy to be dis-
sipated, yet still passing enough energy from the charge to cleanly perforate the
well casing. This development will permit "Kai-Well" casing to be used with
attendant decrease in well cost.

Further tests of a detector of vertical flow in wells showed that vertical flow
of 30 to 50 cc per minute exists in the well examined. The inherent sensitivity
of the instrument requires great care in handling.

Micromeritics

Particle deposition velocities in conduits are found to be proportional to the
diameter raised to the 0.84 power. A qualitative explanation of the diameter
dependence was found in turbulence theory which postulates that the eddy diffus-
ivity at the center of a duct should be proportional toc Reynold's number at a
constant velocity. This is essentially the same as stating that turbulence scale
should be proportional to the conduit diameter for a given velocity. The higher
centerline diffusivity as the conduit diameter is increased will result in more
particles being brought near the wall. The potential for impacting through the
laminar layer thus becomes greater giving rise to higher deposition velocities.

Additional tests and improvements on the moving wall elutriator gave further
promise that the device would prove effective in separating particles into narrow
size ranges. Fractionation of glass spheres 45 a and smaller into three size
ranges was accomplished without difficulty.

Acting Manager
Chemical Research and Development
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BIOLOGY OPERATION
A. ORGANIZATION AND PERSOLNEL
No significant changes occurred during August.
B. TECHNICAL ACTIVITIES
FISSIONABLE MATERIALS - 2000 PROGRAM
BIOLOGICAL MONITCRING

Radioicdine Contamination

Concentrations of I+3l in the thyroid glands of jackrabbits were approximately
three times greater than those observed one year ago. Values follow:

pc/g Wet Thyroid Trend

Location Average Maximam Factor
L4 mi SW Redex 8 x 1074 2 x 10~3 _—
Frosser Barricade . 3x 10~k 5x IO'h -2
Wahiuke Slope 1 x 107L 3 x 1074 -3

Columbia River Contamination

# Concentrations of gross beta emitters in Columbia River organisms collected at
Hanford were approximately two times greater than those observed one year ago.
Values follow:

‘ pc/g Wet Welght Trend
Location Organism Average Maximum Factor
Hanford Minnows (entire) 2 x 107 2 x 1072 +2

Fallout Contamination

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

Total Beta Trend

Sample Type Average uc/g Wet Material Factor
Bone 8 x 1072 +
Feces 2 x 1073 +4
Liver 2 x 1072 ")
.uscle 2 x 10'S +3

#* Correction for July Monthly Report: Concentrations of gross beta emitters in
Coiumpia River organisms collected at Hanford were reported approximately nine
times greater than those cbserved one year ago. This should read . . . four and
one-half times greater.

UNCLASSIFIED
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2n Aquatic Organisms

Studies on
Laboratory

Small fish, i-l 1/2%" in length,
and also from the Yakima Eiver.
25 per cent of those taken from

the toxiziwy of reac+or effluent were
zquipment are pending.

suspended while modifications of

were seined from a slough area below 100-H Area
Examination cf these fish revealed that abcut
the 100-H Area were infected with columnaris

and furthermore, of some 8 fish returned tc the laboratory amc held in =roughs
for an additional four days. 7 became infected with the disease. No columnari:z

was reczovered from fish taken frcm the Yakima River,

in which they were =xpcsed
after and fourg *.:. contain
fish which had aiszd hac

Chinock fingerling salmon which survivad a previous test
to columnaris organisms, were examined a couple of weeks
nc co.umnaris organisms. From the same tesw, all cf the
shewn positive test for this Myxobacterium.

BIOLOGY AND MEDICINE - 6000 PROGRAM

‘METABOLISM, TOXICITY, AND TRANSFER OF RADICACTIVE MATERIALS

PhosEhcrus

Approximately 20 pairs of “ropical fish of the ichlid family have been seleascred

for a toxicity test which will invoive administration of P32 with fcod and whi:zh
seeks to establiish +he body burdens at which spawning success is affected. OSelection
of pairs has been based on at least one successful spawning. Previous difficulties
anzcuntered in rearing the young cichlids have largely been cvercome.

asibility of using a three-probe scintillation counter o monlter the Sremssirziiun
2 in mice was investigated. OStudies with phantcm sourzes showed the

gursments to be nearly independent cf mouse size, Similar studles are being
mads with 1ivs mice (P32 administered by intraperitcneal injesztion and stema.h tube)
“o0 determine the effext of source distributicn and size on whole bocy measuremen<:.

Zin:z

The relative uptake of radiozinc in three ewes and their full-term fetuses wa
investigated. The dams! tissues contained ccnzentraticns 5 - 6 *“imes greater thax
in correspcnding fetal tissues, It was noted that the liver 3nd kidney cortax

in the fetuses did not contain the nigh concenirations of 2197 pelative o the
cther tissues observed fcr ewes and rams,

[

Strontium

Orayr administration <f Sr9OzY9O o rainbow frout at the rate of O.S‘ﬁc/g of body
weigh* per day for 21 weeks was lethal. e few fish which survived the compie~s
rourse of the feeding died or were sacrificed near death during the first menth
rost- administraticn. Leuxopenia was evident anc there was scme indication of
increaszd values fcr rematocrit, hemcglobin, ana red biocd count. Hdistopatholicgiras
studies are under way.
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A new group of trout is being aiclimated %o laboratory conditions in preparation
for studies o= the rate of assimilation and movement of Sr50 spiked pellets through
the GT tract. Progress was slsc made in developing surgical techniques to permit
the ccllacztion of urine from trout held in a metabclism tube,

No outstanding bone changes were revealed by X-ray plates of 56 miniature swine
on the chrenic toxicity cf S 24Y study. Several mincr changes were observed,
however, and are being followed for possiblie significance. To date, six sows
(2 £rom the medium [5 mc/day] level and L from the low [ 1 pe/day] level) have
farrowed second generation pigs. All baby pigs appear normal.

The in vitro study on the comparative binding of calcium and strontium by plasma
proteins was comp.eted. Cab> and Sr90 were fourd tc be bound equally and binding
was independen® cof enrichment cf plasma calcium with CaCl2, These results were
unexpezted and warrant furzher investigation. Three ewes were therefore started
or a study tc determinz the effect of dietary level of calcium on the comparative
binding of streniium and calcium in plasma.

JTodine

No important changes were observed ir any of our iodine studies with sheep or swine
during this mcnth. The ratio of radioiodine in the thyroid to the quantity fed
daily of “he experimentai sheep showed a genera. increase during JAugust due to
weaning cf lambs.

Cesium

Effeszt of molsture strezs on the uptake of Csi37 and potassium was studisd in bean
plants using sodium chicride a5 ar agent to increase osmotic pressure in the
sciuticn in which bean plants were grown. Osmotic pressures of L and 8 aimospheres
above that normally prssent in the nmutrien® sclution were studied and compared
with pLants grown in normal rutrient.

Increasing the osmetiz pressure in the nutrien* solution increased the pctassium
- - - .- p-
content of leaves bui destreasad potassium conternt of stems. Some depletion
. 77 . - - -
cf Cs+% was noted in stems bu~ no offecw of Cel>! content was observed of leaves.

These data arz in-erpret=d here z2s being dus *c <sSmitLC press » They could aiso
be interpreted as due tos the sodium zhilcride ang asscciated direst ilon effects.

I: deoes appear. hcwever. “hat onze again *thers is a cistinst difference in the
pattern of movemen: of pctassium and casium within ths plan=.

NeEtunium

ata for the first sszver days of <he 2i-day retention experiment show the excretion

of Np237 15 be divid:d rear.y ecually between arins and fezes fcilcwing intravenous
ke at+: c.mpiex. By the seventh day pest-injection, the femur has
trhe crgan consalining the highest zoncensration cf Np237,

UNCLASSIFIED
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P.urcnium
Feillewing scrubbing of 3 PulO-~contaminatzsd dsrmai cut in a ra*, removal of the

*wr-day szab removes al. the remalnlng plutonium that is detsctable with an
aiphs particle monitor - "Fecppyh.

Twenty-tour intradsrmai inijsc*ions of plutorium nitrate in doses varying from
C.0C0L0 pz %o 5 pc per site were made in s white miniature pig. This makes a total
of four pigs iqj cted intradermally with plutonium nitratz solution. All animals
will contirue to be monitured with a new scintilla*ticn p*obe built ty Inztrument
Dzvelcpment in 300 Area. Two more white miniature pigs will be injected nex~ month
and atl pifs will be kcpr for their lifetime to de*ermin: the effect cf PuZ™?
iriected into the skin ¢f pigs.

<
u

-

Radicactive Par+ticlas

The extremeiy stable nature of plutonium dioxide deposited in dogs by irnhalation
was demonstrated. Immediately after a 15 minute exposure, about 1.6 per cen=

of +the total dose was found in all tissues, excluding the sites of depositicn

and the respiratory and gastrcintestinal tracts. This represents the frac<ion
rapidiy translocated from the sites of depositicn, probably fclliowing sclubilization.
During the first LO weeks following the exposure, 1.5 per zen* of the “c+al dose
was excreted in urine and cnly O.4 per cent more was found in all tissues, exzsps
lang and associated lymph nodes. Although not conclusive. further data sugges+®
that pilutonium excrezion izn urine is more closely related tec the total amour= of
piutonium deposited than fo the lung-lymph node burdsn, Other data are being
sxamined to evaluate this possibility.

Thp nitial results of a treeding program %tc provide hea.*ky animals for inhalaticn
3 5 are .3 beagle puppies.

D.g and ra% 2xposurss o cariuam cxide, neptunium dust, amd plutcnlum nitrats
re plannad for trhe n=x' meosth,

9]

Gastrointesiina. Irradiatl.n Injury

An experimer® was initiated <o determins intestinal abscrpzion of I-7+-label:zd
sleic acid and pciyvinyipyrrulidons (PVP) atter X-irradia=ion of *ha< orgare. The
fatsy acid is commenly uzed as a diagnestic tool for mai-absception studis: in
humans,. and PVP has been shown by us tc be of dlagnosti: value for intestinal
injury from radiation. Bsth of thess agents wsrz injerred dire:-ly inzc ths
dacdenm and measursd after th-ee hours in the plasma and 2L hours in the sxoreza.
Resul<z are not ye* availabls,

An experiment was conducted to study the nffa:t >f bile fistula on PVP excrstion.
Results shcwed that biliary flow has. %o a large degres. an influenzz cn the
dlarrhea which iz associated with gas<rointsgtinal irraciatlon lury. 1% alsc
premetss the excre*ion of PVP by a flushing az+i.n cn intestinal content:.

UHCLASSIFIED
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Microbiologizca. Stadies

Additional experiments using U238 and cysteine with X-rays can be interpreted as
indicating that potassium and phosphate are leaked from yeast cells through
separate systems. Furthermore, it appears that there is a correlation between
cysteine protection of viability and cf retentivity. This correlation was
observed in both hapicid and diploid yeasts.

Frojsst Chariot

Lamnological and terrestrial invertebrate field studies are continuing at the
Project Chariot site by three senicr scientists and one assistant.

BIOLiGgEMﬂON Q)
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oo le U OPERATIONS RESEARCE AND SYNTHESIS OPERATION

M’I‘HLY REPORT - AUGUST, 1960

QRCANIZATION AND PERSONNEL

There were no changes in personnel during the month of August.

OPERATIONS RESEARCE ACTIVITIES

Input-Output Simulation Model

A simplified HAPO model is being studied. Basic data have been brought up to date
and converted to & prcper form for study.

Business Systems Studies

A meeting of the Flant Improvement Task Force was attended on August 2k. Efforts
of +this zommittee are directed toward improving the approach used in 1959, and
+he different submittals of last year are being reviewed.

OPERATIONS ANALYSIS STUDIES

Quality Certification Program

Further work in this area is awaiting completion of the IBM processing of
available data. These data are expected by late September or early October.

Fuel Element Failures

An analysis was made of rupture data from the control fuel elements in the run-
to-rupture test evaluating bumper fuel elements. The exposures which must be
reached by the test fuel elements without rupture before specified levels of
significance are demonstrated were determined. A comparison was also made
between the controls in this test and those used in the recently completed test
evaiuating the self-support concept.

In the normal run-to-rupture test, k ruptures are taken in n tubes, and the
remairing tubes are discharged without rupture at the exposure level of the kB
rupture. For this situation, the estimate of the parameter of interest in the
rupture model is availatle from previous work. On occasion, some or all of the
remaining {n-k) tubes are discharged without rupture at exposures other than

+hat of the k%% rupture. A revised estimate of the paresmeter has been determined
for this situation.

Optimization of Reactor Operations

A rerort was issued presenting the results of the study to determine a supple-
mental crew size optimum with respect to total cost, including the cost of
meintaining a supplemental crew of given size, expected overtime costs; and
expected costs due %o increased reactor outages when the crew size is smaller
than required. The expressions given in this report were programmed for IBM
salcalation of a nunber cf cases of interest.

o
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Prcoezs Tute Leaks *

ars still teirg processed in order tc vest the adequacy of the mathematical
Zesirorting internal sute sorrosicon dsveloped during July. In addition, consul-

LT e e ol

s3%icmy wers heli with perscnnel from T reactor regarding process ube leaks due

wal w-lead M a -

=2 =¥ernal corrosicn,

Z Plant Informaticn Stuly

‘
Tha nasic systems logic diazrams (programming structure) for the process control
~omToater wav: besn corpleted. These dlagrams were reviewed and discussed with
7 Plan: personne’ to deiermine whether or not major confli:t wits operating
procedurs 2xists and tc demoznutrate the progress of the study-

AP

lo@i. fizzrams have teen sompleted. These will no dourt be subject <o change as the

s X
t=3

ipproaimanely 60 per cent of *he detalled programming diagrams based on the above

sredzoticn line operaticzn is put through its initial "shakedown" phases.

re v he e

Aelianility Studiss

Fur<her word has been performed on the problem of giving mathematical and proba-
Biligti: =xpressions Jor reliabiliity of a control system. The derivaticn of the

+ime.dspendent probability law for simulianeous fallures of any fixed number of
fevizes out of a given number of identical independent devices has been completed.
An asympiotic expression which is much simpler, for computational purposes, than the

axact sxpression kas been proven correct.

Worg was initlavzd on the problem of designing a testing program Lo determine reliability
params*ers >f panellit gage switckes.

1cn of a mathemestical expression for a DC output curve

Werg wWwas tegun om the darivat
-g=2 in a count rate cirzuit with dead time.

Ry - IR S P wmym e e
38 8 Sonothicn of soont
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Loorsatory Stadles

. was given in setiisg up 8 sampling procedure for the general suprlies
aker in Octoker. The srocedure will use a ccmbiration of unit cost
e categories.

B

Worg scatinued on the Sormulation of a kinetic meckanism for the dissclution of
- niwric ac’d., The sysiem appears o be amenable o mathematical solution
wzaliy state corditions, although attempts tc sclve the system have not yet

. satisfactory. The sew > simultansous equaticns expressing the semi-empirical
dissnlver process that is compatible with avallable data have been
however, %he par<sizular form of the soluiicn makes estimatica of the model
zr3 {Torastizal. Current effort is directed toward expressing the scliution
wore hracstetie form with respest o parameterpestimation,




STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Department

Total bond count data, indicative of porosity in the braze layer, were
analyzed from a test conducted in the pilot plant to determine the effect
of increased alr pressures to the vibrators on porosity.

Commen=s were sutmitted upon request to personnel interested in setting

up a data collection system for NPR fuel elements. It was pointed out that
the mere coliection of date in itself cannot answer pertinent questions
about the process, and that provisions for data analysis must be included
in any system. The need for reliable data was also stressed.

Data were analyzed from a pilot plant test designed to investigate the effect
o variations in AlSi content within the duplex furnace on bond quality.

Weiding tests were ccnducted to determine the effects of six welding vari-
abtiles on fuel element quallity as measured by porosity and cracking charac-
teristics.

Irradiation Processing Department

Assistance was given in the design of a test procedure to evaluate aluminum
components from different vendors. The original test design permitted
evaluation of only one alternate vendor at a time, and this has been revised
sc that any number >f vendors may enter the evaluation program at any time.

Further work is being done in connection with the development of a model to
2escribe uniform corrcsion in the I and E fuel element; especially for fuel
elements at high specific powers.

Mathematical assistance was given on the subject of linear programming and
related mechniques.

Further analytical wcrk was done on the "net return"” economic model. It is
fels *hat certair important questions concerning this model have now been
satisfactorily answered.

Chemical Prccessing Department

The final draft of the proposal to adopt part-by-part acceptance of fabri-
cated parts is being prepared.

Axn anaiysis was made of the measured radiation exposure using pocket, wrist,
and ring badges tc estimate the effects on measured exposure of physical
lscation and type of film packet.

At the request of perscnnel of the 234-5 Development Operation, a discussion
was held tc acguaint them with the services provided by this group, and to
Zay the groundwcrk for a possible series of meetings to consider more specifi-
cally how statistizal principles of experimental design might be useful in
connecticn wizh their development work. o AT TR
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an +he mathzmatlical proceszes involved in describing
af peczanizally and electrenically interpreiiag these

7 zuils sxisting iathes whils reproducing these forms.

{

Reiaticna Opsras.cn

30z agsistance was Ziven in a comparison of HAPC and Company salaries.

Cong+ruction BErginesring & Utilities

3tudy <f recent cost estimate data has been made tc see how well previousiy
2stimated surves £i+ the data. In gereral, blds belcw $10C,000 tend “c exceed
<he rarge predicted by the fair cosl estimate.

STATTATICAL AND MATEEMATICAL ACTIVITIES WITIIN IO

~

Z07C Program

Cerrosion Stvidies

Turther statistical analysis was dore on an Al-Ni-Fe alloy corrosion experiment
‘n light of additional data which extended the autoclave exposure time by a factor
of two. Estimates were provided cf the effects of heat treating time, heat
¢v2a+ing temperature, and method of =coling on the corrosion rate of the aluminum
sarples as a funciion of time in a stream autoclave atmosphere. Additicnal work
‘s being done with data from tkis experiment tc furtker substantiate the aluminum
23rrosicn parabolic-lirear thecry and to estimate the individual sample induction

rdrmaqg,

. amleie =

Them?cal Develcpment

A ~orhina*orial probler which recently arcse ia connecticn with a mathematical
medel for +ke diffusion of thorium ions into resin balls was solved. Specifically,
3 sounting fursticn was derived which expresses *the rnumber of ways X tkorium-nitrate
LTTDisXe3, €4l possessing Swe negative charges. can unite witkh ¥ resin mclecules,

- wi=h 2ne positive chargz, if the resin moleculss are arranged in a one

giam linsar latsice. Ourrent effort is diresved toward generalizing the

ution 77 higher Aizensicnal lattises.

Miel.s Jevelopmert

Tre inveswtigatizn ¢f %ze mathnematical theory of the metalliurgicalily-idealized
wontinucusly dislcrated crystal rontinued.

4+CCO Progran

Swellling Svtudlies

javelopment iz connection wiih the resading and

3 capiis of zross sectioned irradiated uranium specimens
L5 practizally comlete an rough draft final report of <ils work and several
reiated expirical studies iz being compiled.

b d
i
W

Materaws zal and statisiical
gvaluation of electron misrs
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Several mee=ings were held on possitlie methods of mathematically representing
and interpreting the respcnse signals received by nondestructive fuel element
testing devices.

6000 Program

Biclogy

An application of *he multicompartment migration model is being made
dsts from a rat experiment involving & single administration with W

usi
8 ng

An anaiysis of data pertaining to the strontium-90 content of bones is
zurrertly underway.

Soliutions were cbiained to two geometrical problems concerned with the inter-
rretation and correztions of data obtained by X-ray diffraction.

General

The six-day pilot work sempling study of the Analytical Laboratories weekly
salaried personnel has Yeen completed and is currently being analyzed. The
resui*e of the stuldy will help guide the scheduling and conduction of the full
scaze study scheduled for early fall.

Analysis ccntinuei of data from high energy anti-coincident gas sample counting
instruments *c devise a good method oOf estimeting background counting rate. The
data 3dimension revision cf the GCL IBM program has been completed and the new
prcgram is being used in the data analysis.

Routine statistical consulting was provided in connection with the evaluation of
mass spectroscopy data.

MISCELLANEOUS

The operational characteristics of several aliernatives to the current HAPO
zafety avard plan were investigated.

Toxplese analytical solntions were obtained ic iwo Fredholm integral equations
wonisn arose in the statistical theory of void distributions.

3048 were again made with Chemical Prccessing Department managers soliciting
tes fcr the ZE Tomputer Department training program at HAPO. Twelve
have now teen desigrated to attend the cone week training session.

CWQ CS_Sa

Y B e e Carl Al Benne“o Managﬁr
BFELT A OPERAT*ONS RESEARCH & SYNTHESIS
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PROGRAMMING OPERATION
AUGUST 1960

A. REACTOR DEVELOPMENT - 4000 PROGRAM

1.

PLUTONIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development. Modifications were made in the Monte Carlo
routines for computing distances to region boundaries, for terminating
expectation beams, and for displacement of particles across boundaries.

The initial value acceleration routine in the Post Monte Carlo was removed,
and an alternative method was formulated which provides that the relative
mean sample variances approximate more closely the reciprocals of the
importances even for a distorted initial distribution. The final section
of the input code was mostly debugged, and a more complex problem was set
up for testing the entire system.

The spectrum computation method described last month was incorporated in a
FCRTRAN cross-section averaging code which will be used to re-evaluate
Westcott g and s factors. A revised treatment of resonance self-shielding was
formulated. This method takes account of the resonance level structure

of the different isotopes in a more detailed fashion than the previous
method.

Fuel Cycle Analysis. The Meleager computations of batch recycle cases

for the Advanced Pressurized Water Reactor were completed. A total of

eight to nine cycles were required to reach the quasi-steady-state condi-
tion (all isotopes except Pu-242 in equilibrium). Since the physics analysis
methods used are subject to error at high values of thermal utilization (f)
and epithermal ratio (r) the cases involving very high plutonium enrickment
levels are considered less relisble than the others. They were fortunately
not important for the economics amslysis in any case.

Other Activities

A preliminary study was made to determine the effects on the Plutonium
Recycle Program of operating the PRTR with plutonium-only fuel. Opersation
of the PRTR as currently planned makes use of the Doppler effect in U-238

to obtain a negative temperature coefficient in the fuel, thereby achkieving
inherent control in the event of a power excursion. If no U-238 is present
in the FRTR loading, as would be the case with a plutonium-only loading then
some cther means must be provided to contrcol the magnitude of power excursions
that may occur. This can be accomplished by alloying plutonium with a
materisl that will give a negative temperature coefficient in tke fuel
and/or modifying the FRTR design. Modification to the PRTR would invclve,
as a minimum, provision of a fast-acting safety rod system. Other chsnges
may be necessary as determined by a thorough re-evaluaticn of the PRTR
design and reviews by the Reactor Hazards Branch cf the AEC and the Adviscry
Committee on Reactor Safeguards.

UNCLASSIFIED
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The magnitude of the effects on the Plutonium Recycle Program of loading
the PRTR witk plutonium-only fuel will be dependent upon when this is to
be accomplished. If the reactcr is to start up with a plutonium-only
loading then costs and delays will be greater than if such a loading is
to be "phased in" as scon as reasonably practical after startup. A
preliminary report was prepared and circulated for comment.

Plutonium Metallurgy Operation plans to measure reactivity as a function
of exposure on Pu-Al fuel capsules irradiated in the MIR. Capsules are
to contain "low" plutonium (5.5% Pu-240) and high exposure plutonium
(13.1% Pu-240 and 28.9% Pu-240). Lifetimes of these capsules, based on
heat generation, were calculated using the Meleager Ccde. Lifetimes
relative to "low" plutonium were calculated to be 1.05 for the 13.1%

240 plutonium and 1.25 for the 28.9% 240 plutonium.

With information which was expected momentarily on the silicon content
of representative and acceptable alloys, the materials standard for Mark
I Pu-Al spike FRTR fuel elements was ready for issuance. This standard
not only covers the quality of the aluminum base material particularly
with respect to silicon content, but also establishes the range for the
content of fissionable plutonium for each assembly. The latter require-
ment is of particular importance in the preparation of fuel containing
plutonium of varying Pu-240 and Pu-242 content. However, the nickel

" content required is specified on the basis of total plutonium in order

to assure alloy of suitable ccrrosion resistance.

The study of the economic features of close-coupled chemical processes

for reactor fuels continues. So far the study indicates that the eccnomics
of a single reactor, close-coupled process are not attractive, however, by
depending on other reactors the picture is definitely improved. In addi-
tion economic throw-away fuel cycles do not appear to be attainable. As
long as fuel contains plutonium even high in non-fissionable isotopes
{(40+%) the residual Pu-239 and Pu-241 has significant value as a fuel

and probably will justify recovery, especially in multi-purpcse fuel
processing plants. This is even more certain for the fuels which include
uranium of only very slight enrichment.

Activities in support of PRIR startup included review and analysis of
process specifications, operating procedures, and power tests. Startup
Council has now approved 40 of the 45 process specifications and S8 of
the planned 92 operating procedures.

The Plutonium Recycle Program Annual Report was submitted tc Tecknical
Publications for issuance.

SPECIFIC FUEL CYCLE ANALYSIS

Calculaticns of the apparent plutonium value in the Advanced Pressurized Water
Reactor have been completed for the most timely ranges of the economic variables.
Two methods of fueling the reactor were examined in crder to reduce the number
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of unknowr.s and permit an snalyticzal scluticn for the value ¢f the different
plutonium bstches. One case apprcacaes self-sustaining recycle by successively
charging the reactor with the plutonium available from the previous cycle and
tke balance of reactivity is made Up with enrdicked uranium. In the otter, self-
sustaining plutonium recycle is not epproachzd as ths reasctor is opersted
succesgively by plutorium errichment of cascade tails by using any amount of
plutonium required but of the same composition as the plutonium dischsrged

from tre previous cycle. Betck irradiation was used tc conform witk the intent
of the APWR desigrers althcugh checks are being made as to the value 5f plutonium
if graded disclsrge 1s used for this reactor. Generally speaking, the higher
the initial enrichment {initial koo ) of 2 batch cycle the longer the exposure
and the lower the fuel cost over a wide range of enrichments. Hcowever, varia-
tions in reactivity during a batch irradiation must be hardled by control rcds
and/cr burnable poisons.

The capital involved in various strength control systems and flux pesking
problems with burnable poiscns make it difficult to determine their dollar
costs which should be done as part of the fuel cost for each value of initial
koo To avoid this evaluation, plutonium value analyses are performed for
initial ko values of 1.08, 1.116, 1.17 and 1.25 with no burnable poiscn
present. A selection of the mcst plausible initial koo value was then made.
In the self-sustalning plutonium recycle example wherein enricked uranium is
used in conjunction with the self-generated plutonium, there is an initial
kg value at which the fuel cost is & minimum due to the progressively higher
cost per gram of U-225 as the U-235 enrichment level is 1ncreased. In the
other studies wherein unlimited quantities of plutonium of various compositions
are available, no minimum exists from 1.08 to 1.25 initiasl kg . This is &
characteristic of plutonium as no separative duty is involved when altering
its enrichment in U-238. However, the fuel ccst declines very slowly after
an initial drop while fuel expcsure values exceed demonstrated practice by
significant amcunts. For these reasons, it appesrs that the data that the
most plausible plutonium values from tkis study would be at an initial ko

of 1.17. The comparable number used in the APWR design repcrt was 1.116.

The plutonium vslue analysis was made from a fiel 278t relaticnsiir 3eveloped
witl Meleager physics data and a simplified fuel czcst computstion. Trhe essence
of the anaslysls is the development of & set of equa*ticons wkick irnvelve the un-
known btetc: value <F ths plutonium feeding s reactor, the 'mmkr~wn batek value

of the plutonium askes leaving the reaztor, and the fuel cost. The feed and
ash batch values are generally different. Tae value of 3 hatch leaving the
reactor is conditicnally determined by using that batck as fzed for the next
cycle and sc on. This is repeated until some logizal constrzint can be applisd
tc the value of the last batch of ashes produced wrich remcves the necessity of
furtter cycles. '

Tables 1 and 2 indicate the plutonium batek value in $/gram fissile for plutonium
batck ccmpositicns corresponding to selected +stal exposure figurss. Except for
the 2 and 3 x 1074 MWD/T compositions there are n- prints between the two medes
where the same plitonium compositions are measwred. For the ms+c-ed plutonium
compositions {2 and 3 x 10-4 MWD/T cumulative exposure) the recycle mode

‘aranium enriched - Tavls 2} vields a lower plutonium value '12.25 and 12.9C/
gram fissile! tkan tke plutonium enricred mode [Table 1) $15.65 and $16.10/

gram fissile. Tke wive and whersfores of this difference invelvss several
interrelated factors. some ~F which can be eluciiated in Fir*thner analysis of

the data.
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The wranium enricied or self-sustaining mode summarized on Table 2 nears
equilibrium very early for Pu-239, Pu-z4Z, and P:-241 which is reflected

in the slcw decrease in the fissile value as expcsirzs proceeds. This

decrease is clearly dze to Pu-2L2 and furtker analysis should permit estab-
lishing a weighting factor for Pu-2L2 fcr this mode. The higker plutonium
values achieved with tke plitcnium enriched mode dc not nold up as prolcnged
exposure occurs as srown in Table 1. The large relative increase in Pu-240
and Pu-242 in this case accounts for the difference. The relative importance
of Pu-242 and Pu-2L0 will be skown with further analysis. In this case, the
physics model (Meleager) is currently uncertain with the plutonium composition
encountered above 10C,000 MWD/T cumulative exposure. If tle numbers are
legitimate, it would appear that the material should be sent to fast breeders
or other special applications when the cumulative exposure is ahove 50,000
MMD/T. If ttis were done, it would change the value cf tle plutcnium produced
in the first 50,00C MWD/T and kence cptimization with the fast breeder is of
considerable importance.

TABLE 1

Calculated Pu Values Tor the Plutcrnium Enrichment
Series with an Initial Reactivity of 1.17

Exposure Isotopic Concentrations® Value

MWD/T x 10-% R39 REO Rl bz $/aram Fissile
1 C.820 0,145 0.C7C 0.0 12.50
2 0.71C ©.185 ¢.12¢ ©C.050 15.65
3 0.625 ©0.220 0.155 C.C70 16.10
L 0.565 0.25¢ 0.185 0.095 15.90
5 0.520 0.275 0.20°  0.13% 15.55
7.5 c.k50 ©.320 0.230 2.235 12.40
10 0.L0S  0.370 0.239 0.355 11.7C
12.5 0.380 0.385 ©.23C C.460 120,49

*The R value for a pl.tcnium isotcpe is the ratio of its concen-
tration to the total batch concentration excluding Pu-242.

The plutonium values in Tahles 1 ard 2 a for no incremental plutonium
handling costs and while the numbers are ccnservative Ifrom some viewpeints,
they require further stily to fully qualify the resuitsz. F.ll investigation
of the parameters involved will he dcne as scton as the economic code ~sed
for this study is completely programmed f-r the IBM-7C9 - sometime next
monthk.

yu
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TAELE 2

Calculated Pu Values for the Uranium Enrichment
Series with an Initial Reactivity of 1.17

Exposure Isotopic Concentrations* Value
MWD/T x 10-% R39 RLO Ri1 Rip $/gm Fissile
1 0.740 0.135 0.045 0.025 11.40
2 0.695 0.176 0.105 0.050 12.25
3 0.665 0.195 0.140 0.075 12.90
N 0.640 0.205 0.155 0.100 132.40
5 0.628 ©.207 ©0.165 0.120 13.55
6 0.622 0,208 0.170 0.1k2 ©13.40
7 0.618 0.208 0.175 0.160 13.15
8 0.615 0.208 0.177T 0.177 12.80
9 ©.615 ©0.208 0.177 0.190 12.50
10 0.613 0.207 0.180 0.225 12.25
12.5 0.613 0.207 ©.180 0.245 11.85

Note: This cycle approaches self-sustaining plutonium recycle
equilibrium.

#The R value for & plutonium isotope 1s the ratio of its concen-
tration to the total batch concentration excluding Pu-242.

B. OTHER ACTIVITIES

The Plant Improvement Program Task Force was reconvened for the purpose of
issuing a revised version of the Plant Improvement Repert. Tre format and
contents of the report are currently being examined to determine where
changes are necessary.

A program proposal in the field of fast treeder reactor development was
prepared and distributed to otker HLO compenents for comment.

Arrangements were completed witk the University cf Waskington Center for
Graduate Study to conduct & course in electronics, as requested by several
Hanford personnel.

Assistance was rendered in arranging eight tours involving 88 perscns
through HLO and HAPO fa:ilities. Of special interest were visits by
J. A. McCone, Atomic Energy Commission Crhairman, and the other Commissicners;
C. H. Linder, General Electric Vice President; and E. J. Bloch, AEC Assistant

General Manager for Manufacturing.
) o

for Manasger, ‘Programming

CA Rohrmanr -4l
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RADIATION PROTECTION OPERATION
REPORT FOR THE MONTH OF AUGUST, 1960

A. ORGANIZATION AND PERSONNEL

R. F. Ballard was reactivated from illness leave om August 1, 1960. T. E. Ludlow
transferred to CPD effective August 8, 1960. T. M. Beasley, Engineer, was added
to the rolls of Radiation Monitoring on August 15, 1960. The force of the
Radiation Protection Operation totals 135.

B. ACTIVITIES

There were no cases of plutonium deposition confirmed during the month. The total
on record remaeins at 262 of which 257 occurred at HAPO. There are 188 employees
currently on the active rolls with plutonium deposition.

Several unusual badge film exposures were observed during the month. Two of
these involved employees who wore their badges while undergoing diagnostic

or therapeutic X-ray treatment. A third employee who had not entered any radia-
tion zones had carried his wrist watch in a shirt pocket thereby exposing his
badge to about seven (7) rads of beta radiation including 100 mr of gamma.
Further investigation indicated a surface dose rate from the face of the watch
cf some 750 mrads/hr due to radium and daughter products on the luminous dial.

The badge disbursement building west of 300 Area and adjacent to the 3705 Bullding
has been completed. It will be used primarily for self-service badge issuance
to major construction workers.

The Whole Body Counter operated at 18% of capacity during the month. Operation
was limited by new equipment installation problems and electronic meintenance
difficulties. A detailed study of the capabilities of the plutonium wound

counter revealed two items of interest. First, that plutonium could be spread
throughout an area one centimeter in diameter and still be measured satisfactorily
when a point source was used for calibration; and second, the positioning of a
wound under the counter can be in error by as much as 0.8 cm without affecting

the measurement. :

Radiation Monitoring services were provided during inspection and testing of

equipment at the Hot Semiworks in 200-E Area. Preparations are being made to
staff the facility should plans materialize for reactivatlon of the buillding

to separate fission products.

A fire occurred in a plutonium hood in the 234-5 Building on August 23, 1960.
Process operators observed the fire as an orange flash and notified the fire
department. The hood filters remained intact and the fire was practically
extinguished before arrival of the fire department. Although the cause of the
fire was uncertain, a ruptured cooling coil was suspected. No personnel nor
air contamination resulted from the incident and no contamination was spread
cutside the hood.
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Prneumatic loading of molten plutonium aluminum alloy into zircaloy tubing
at 231 Building was interrupted when the tubing ruptured, resulting in a
spread of contamination to the building duct level. There was no exposure
of personnel; however, contamination in excess of 80,000 d/m per probe area
occurred on the floor of the duct level. The contaminated area was cleaned
to 5,000 d/m per probe area nonsmearable and the floor was repainted.

A body dose rate of 35 r/hr occurred at the 327 Building basin when an
irradiated fuel element was inadvertently raised during cleaning operations.
The individual's badge film dosimeter showed a dose of 135 mr which confirmed
the estimated dose of 150 mr.

The control limit of 10 curies of I3l to the environs per seven-day period
was exceeded for several periocds during the period from August 5 through
September 8, 1960. The average dally emission from the combined Purex and
Redox plants was 2.2 curies per day with a maximum of 7.2 curies on September 8
and a maximum of 24.5 curles during any seven-day period. Environmental
monitoring sampling data during the recent periods are not complete at this
time. No undue amount of I13l was measured in the thyroids of locally
slaughtered cattle during the past two weeks.

Concentrations of about 2 x 10°* ue (1131)/g of sheep thyroids were reported
through the AEC Division of Biology and Medicine for animals slaughtered in
Seattle on_August 2, 1960. Investigation of Hanford effluent releases shows
that the I3l emitted in early July may have been the source of the contamina-
tion. A release of about 19 curies on July 6 coincided with meteorological
conditions which conceivably could have permitted the released effluents to
move across the Cascade Mountain Range. Although this information is of
considerable interest, the level of 1131 activity reported was well below
that which could be considered harmful. Experimental animals fed low chronic
doses of I3l have shown no thyroid damage throughout their lifetime although
carrying thyroid burdens 500 times higher than that detected in the Seattle
sheep.

A British review of the Windscale Incident indicates 0.5 uc (1131)/m2 on pasture
grass results_in a suggested maximum permissible emergency concentration of
0.065 pe (I'31)/1 of milk. The capability of present aerial survey equipment

to detect contamination on vegetation at this level is questionable. Improved
detection limits should be possible by the use of a single channel gamma
analyzer which is under modification for aerial survey use.

Discussions were held with Washington State Game Department representatives
regarding the possibilities of conducting a census to determine the ultimate
disposition of fish and waterfowl harvested by local sportsmen. As a result
- of these discussions, a proposed contract was prepared for comment.

A program to sample mud deposits behind the dams on the Columbia River is

in the final stage of planning. A derrick and other mechanical equipment
necessary to perform this work has been ordered.
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Several prototype badges of the new Hanford design were fabricated. Exami-
nation of the prototypes has provided additional design insight. Efforts are
being directed toward establishing a filter system capable of distinguishing
between mixed doses of various gamme and beta energies. A solder filter
composed of tin and lead has been found to exhibit a linear density-dose
relationship from 82 keV to 1 meV. Attempts to extend the linearity to 60
keV by varying the filter composition and thickness are continuing.

The glass dosimetry study neared completion. The Bausch and Lomb micro-
dosimeter reader was modified with the replacement of the micro-ampere meter
with one of increased sensitivity and with provisions for the use of an
external meter or chart recorder. The meximum error to be expected in dose
evalustion with reasonably high energy gamma rays and this system ranges from
+ 50% at 5 r or below, to + 12% at 20 r, to + 3% at 100 r or above. The useful
range extends to some 10,000 r. ’

A 40 liter ionization chamber with & Keithley Electrometer was studied for
effectiveness in aerial survey applications. Flights over the 3745 Building

at elevations from 100 to 1,000 feet indicated that it was possible to detect

a half-gram radium source when flying at 140 miles per hour at 1,000 feet with
this equipment. The use of this large chamber to measure the dose rate at

the field location where the Victoreen Model 362 and the stray radiation chambers
are being studied indicated essential agreement between the stray radiation
chambers and this large chamber device. Dose rates at locations within 50

yards of this test area varied from 9.5 ur/hr to 1k ur/hr. .

C. EMPLOYEE RELATIONS

Five suggestions were submitted by persomnel of the Radiation Protection
Cperation during the month bringing the year-to-date total to 27. One sugges-
tion was evaluated and rejected. Ten suggestions submitted by RPO personnel
are pending evaluation.

There was one medical treatment injury during the month for a frequency of
0.44, No security violations occurred during August.

Radiation protection training included: Campletion of the training program
for the AEC Radiological Physizs Fellowship Students which inczluded one

lecture on CTivil Defense and Plaxnt Emergencies; two Z-hour orientation talks
presented to» Plutonium Metsllurgy and Biology Research personnel; five orienta-
tion tslks to varied employee groups; several round-table discussions on PRTR
rroblems; and a continustion of the series of PRTR lectures presented to non-
exempt employees.

D. SIGNIFICANT REPORTS

HW-65534 "Evelvation of Raiiological Conditions in the Vicinity of Hanford"
Jameary through Mar:zh, 1960, by Radiologicel Evaluation Working
Groug.
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“Plutonium Contaminated Injury Case Study and Associated Use
of Na)ELTA as a Decontaminating Agent" by R. H. Wilson and W. B.
Silker. .

"A Study of Mortality from Congenital Malformation for Benton County,
Washington" by R. C. Henle.

"Envirommental Rediological Consequences of Increased Reactor Pro-
duction” by I. C. Nelson.

"Analysis of Radiclogical Data for the Month of July, 1960" by
R. L. Junkins.

"A Finger Ring Ionization Chamber for the Measurement of Production
Plutonium Hand Dose" by L. G. Faust.

"Monthly Report - August 1960, Radiation Menitoring Operation” by
A. J. Stevens.
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ENVIRONMENTAL MONITORING - RESULTS - (Mid-July 1960 - Mid-August 1960)

Activity Monthly

Sample Type and Location Type Average Units
Drinking Water
100-F Area Isotopic 0.3 % MPCor*
Separations Areas Gross Beta 1.0 x 10°7 pc/ee
Pasco Isotopic 3.9 % MPCor**
Kennewick Isotopic 1.0 8 % MPCoT**
Richland Gross Beta < 3.0 x 107 uc/ce
Columbia Rifér Water
Above 100-B Area Gross Beta 8.0 x 107 %%  uc/ce
100-F Area Isotopic 1.0 % MPCq¥*
Hanford Isotopic 1.2 % MPCoT*
Pasco Isotopic 9.0 6 % MPCo**
McNary Dam Gross Beta 1.2 x 10~ pe/ce
Vancouver, Washington Isotopic 0.4 % MPCo**
Atmosphere
1131 Separations Areas 1131 5.9 x 10713 pe/ce
1131 Separations Stacks 1131 1.7 Combined curies/day
Active Particles - Project -- 1.8 ptle/100 m3
Active Particles - Environs - 0.3 ptle/100 m3
Vegetation (Control limit for vegetation is 1077 pe I+31/g)
Separations Areas 7131 2.0 x 10‘2 uc/gm
Residential i3t < 1.5 x 10° uc/gm
Eastern Washington and 6

Oregon 1131 <1l.5 x 10~ uc/gm
Fisgion Products less Gamma

1131 _ yash. and ore. Emitters < 1.0 x 1072 pc/gm

¥The % MPC;r 1s the percent of the maximum permissible limit for occupational
exposure to the gastrointestinal tract calculated from drinking water limits
contained in NBS Handbook 69.

**The % MPC;7 1s the percent of the maximum permissible concentrations for
persons in the neighborhood of controlled areas for continuous 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 tabled.
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EXPOSURE EVALUATION AND RECORDS

Exposure Incidents above Permissible Limits

Whole Body Localized

August 0 0
1960 to Date 1 3
Gamma Pencils

Pencils Paired Readings Paired Readings Lost

Processed 100-280 mr Over 280 mr Readings
August 12,676 219 3 1
1960 to Date 125,196 1,696 30 8

Beta-Gamma Film Badges
Badges Readings Readings Readings Lost Average Dose
Processed 100-300 mrads 300-500 mrads Over 500 mrads Readings Per Film Packe
mrad{ow) mris
August 10,268 850 198 50 L2 15.79 1h.¢
1960 to Date 90,889 T,17h 1,297 333 L8o 10.93 17.€

Neutron Film Badges

Film Readings Readings Readings . Lost
Processed 50-100 mrem 100-300 mrem Over 300 mrem Readings

Slow Neutron

August 1,284 1 0 0 8
1960 to Date 8,029 3 0 0 3L
Fast Neutron
August 136 3 1 0 0
1960 to Date 1,210 76 30 0 21
Biocassay August 1960 to Date
Plutonium: Samples Assayed 8 Lok 5,243
Results above 2.2 x 10 -~ uc/sample 27 325
Fission Products: Samples Assayed L29 5,16k
Results above 3.1 x 10~ uc FP/sample 7 10
. Uranium: Semples Assayed L7 2,267
Confirmed Plutonium Deposition Cases 0 13*

Whole Body Counter

Male Female August 1960 to Date

GE Employees

Routine 31 L 35 568
Special 3 0 3 20
Terminal 0 0 0 1
Nonemployees 7 1 8 35
Pre-employment _3 e 3 8
Total Lk 5 49 632

*This brings the total number of plutonium deposition cases which have occurred

at Hanford to 257.
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Uranium Analyses

G-7

Following Exposure

Y
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Following Period of No Exposure

Sample Description

Fuels Preparation
Fuels Preparation¥*
Hanford Laboratories

Hanford Laboratories*
Chemical Processing -

Chemical Processing®
Special Incidents
‘Random

Units of 10~7 ue U/ce Units of 107 uc U/cc
Number Number
Maximum Average Samples Maximum Average Samples
17 3.1 55 7.9 2.k o7
0 0 0] 0 0 0
33 6.3 20 13 3.9 23
0 0 0 0 0 0
12 h.1 39 13 2.9 37
21 4.9 T 16 3.3 5
0 0 0 0 0 0
1L 5.1 4 0 0 0

*Samples taken prior to and after a specific job during work week,

Thyroid Checks
Checks Taken

Checks above Detection Limit

Hand Checks .
Checks Taken - Alpha

- Beta-gamma

Skin Contamination
Plutonium

Fission Products
Uranium

CALIBRATIONS

Portable Instruments

CP Meter

Juno

M

Other
Total

Personnel Meters
Badge Film
Pencils
Other

Total

Miscellaneous Special Services

Total Number of Calibrations

AR Keene:""MM:kc

12679585

August 1960 to Date
~ 19 179
2 5
29,56 251,926
39,012 361,544
22 171

33 304

1 36

Numbef of Units Calibrated

August 1960 to Date
970 7,271
284 2,370
806 6’i77
152 1,428

2,212 17,346
1,800 11,302
- 1,912

475 387
2,275 16,601
798 4,301
5,285 38,338

Radiation Protection
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LABORATORY AUXILIARIES OPERATION
MONTHLY REPORT - AUGUST, 1960

GENERAL

There was one security violation charged to the Operation.

There were no major injuries; the minor injury frequency rate was 3.77,
which is considered asbout average experience for safety performance.

TECHNICAL SHOPS OPERATION

Total productive time for the period was 17,150 hours. This includes
13,665 hours performed in the Technical Shops, 2,723 hours assigned to
Minor Construction, 237 hours assigned to other project shops and 525
hours assigned to off-site vendors. Total shop backlog is 16,345 hours,
of which 60% is required in the current month with the remainder dis-
tributed over a three-month period. Overtime hours worked during the
month was 6.1% (1,095 hours) of the total available hours.

Distribution of time was as follows:

Man-Hours % of Total

Fuels Preparation Department 2,725 15.9
Irradiation Processing Department 657 3.8
Chemical Processing Department 870 5.0
Hanford Laboratories Operation 12,848 75.0
Construction Engineering & Utilities 22 .2

.1

Miscellaneous 28
Requests for emergency service remained at a higher than average level,

requiring an overtime rate of 6.1%. However, a reduction of 2.4% was
achieved over the previous period.

RADICGRAPHIC TESTING OPERATION

Accomplishments

A total of 5,912 tests were made, of which 1,145 were radiographic (in-
cluding x-ray and gamma-ray) and 4,767 were supplementary tests. Out of
a total of 2,881 man-hours, 858 (29.8%) were in connection with radio-
graphic tests, and 2,023 (70.2%) were used on supplementary tests. The
supplementary test work included: magnetic particle; penetrant (fluores-
cent 0.D..and I.D.); stress analysis; surface treatment (steam-detergent
cleaning and vapor degreuasing); and ultrasonic (flaw detection, core
integrity, bond testing and thickness meusurements).

™
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The number of pieces hundled this month totaled 4,613 items. The feet of
materi.l represented by these items amounted *“o 56,192 feet. Work on
tubular components continued to account for 1 large percentage of the
foot.ge of material tested.

Work was done for 22 orgunizational components representing most of

the operating departments and service organizations. A total of L7
reports were issued detailing *est findings with conclusions and re-
commended action. Radiographic Testing Operation was consulted on 35
different ocrasions for advice and information on generil testing theory
and applications for other than the Jjobs %tabulated in Part II - Testing
Statisties.

Work on the NPR process tubes is progressing slowly. Preparation of

the facilities for the full-scale treatment and testing is taking longer
than Kaiser Engineers had anticipated. Actual testing and treatment of
NPR process tubes has proceeded as far as possible on existing equipment
and on the tubes avallable. Delivery of new tubes has been curtailed to
take advantage of premiums for quantity shipment.

Outstanding success has been achieved in making ultrasonic wall thickness
measurements on the full-sized NPR process tubes. The recordings dbeing
obtained have yielded valuable information regarding the tube fabrication.

The first phase of the stress analysis work at the DR-reactor has been
completed. This work consisted of preparation of gages and installation
on the reactor.

Space has been acquired in the 314 building to allow the consolidation of
sheath tube treatment and testing facilities. Considerable prcgress has
been made in preparation of the area and the installation of equipment.
Testing rates of 150 tubes per week are being approached with the existing
facilities. Work on these tubes includes: vapor degreasing; steum-detergent
cleaning; double ultrasonic scanning; and 0.D. and I.D. fluorescent penetrant
testing. At the present testing rate it has been possible to keep up with
the incoming supply. Receipt of material from the tubing vendors has been
sporadic.

Radicgraphic Testing personnel participated in an on-site course on the
fundamentals of radiography presented by representatives cf the Budd
Company. The course was three days long, covering alil aspects of
radiography.

UNCLASSIFIED
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Testing Statistics

HW-G66LL

Description

No. of

Component Tests
CE&U 526
HLO 3,952
IPD 1,434
Total 5,912

3
Ft. of Weld No. of
0or Material Pileces
312 523
52,234 3,84k
3,646 246
56,192 L,613

Film interpretation of radiographs
Weed-X-Corporation of California
to the PRTR site; Radiograph two
6' section of electrical cable to
detect irregularities in the in-
sulation and copper sheath.

Zr-2 clad Wy, fuel rods; Thermo-
couple clusters; Single thermo-
couples; Zr-2 clad Pu Fuel rods;
Unmachined TPU fuel rods; Machined
TPU fuel rods; Radiograph thermo-
couples imbedded in iron oxide;
Radiograph two sheaves and a
crane hook; Radiograph fuel
elements on birch fabrication

and development program; Radio-
graph Wy fuel elements for UWsp
fuel element program; Radiograph
of fuel elements for the palm
fabrication and development pro-
gram; .505" I.D. x .005" wall

S/S tube; .495" I.D., Zr-l tubes;
.680" I.D., Zr-4 tubes; TPU fuel
rods; 304-L, .005" wall S/S tubes;
Fluorescent penetrant examinztion
of two sheaves and a crane hook &
pins; Magnetic particzle +est crane
hook; Vidigage tests of Hastaloy,
Inconel, Constanton, and S/S
tubing; Vidigage NPR tubes;
Vidigage on conditioned NPR *ubes.

Radiograph welds on 2-1/2" sch 80
piping in 1706-KER Bldg.; Fluores-
cent penetrant %tests 17 frent face
nozzles from 105-D reac*or; Rudio-
graph welds on the CEP-3 Loop in
1706-KER Bldg.; Radiograph pipe tc
bar weld 3/L" sch 160 pipe 1" +hick
bar} Radiograph welds on NPR dump
gystem; Radiograph front face
nozzles from 105-KW reactor; X-ray
welds - NPR tubes; Fluorescen® pene-
trant examination of 12 fron®t faze
nczzies 2" 0.D. x 12" long; Pene+®run<
test "C" type ribless *tubes; S*tress
analysis on the crossheuders (rear
fuce) of 105-F reactor; Immerscope
"C" type ribless tube.
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CONSTRUCTION OPERATION

There were SO existing J. A. Jones Company orders at the beginning of the
month with a total unexpended balance of $178,067. Eighty new orders,

11 supplements and adjustments for underruns amounted to $99,124k. Ex-
penditures during the month on HLO work were $112,898 (Includes C.O. Cost).
Total J. A. Jones backlog at month's end was $163,293.

Summary
HL CE&U
Unexpended Unexpended
. No. Balance No. Balance
Orders outstanding beginning of mo. 48 168,987 2 9,080
Issued during the mo. (Inc.Sup.& Adj)80 95,724 0 2,400
J.A., Jones Expenditures during mo.
(Inc.C.0. Costs) 109,027 3,871
Balance at month's end 63 155,684 2 7,609
Orders closed during month 65 83,2u6* 0 O%

* Face Value of Orders Closed

FACILITIES ENGINEERING OPERATION

Projects

There were 16 authorized projects at month's end with total authorized funds
of $5,071,265. The total estimated cost of these projects is $7,026,000.
There were no new projects authorized, one new project proposal submitted

to “he Commission and no projects completed this month. Approximately
$2,300,000 of the authorized funds for project activity remain as unexpended
at month's end.

The following sumarized the status of FEO project activity:

Number of authorized projects at menth's end - 16
Number of new projec*:s authorized during month 0
Projects completed during the month ‘ 0

',-J

New project proposals submitted to AEC during month
CGH-907 Strontium-90 Interim Program

New projects awaiting AEC approval: 5
CGH-832, Full Scale Physical Constants Testing Reactor
CGH-874, Consolidation of Plutonium Metallurgy Facilities
CAH-901, Structural Material Irradiation Tes® Equipment
CGH~-902, Uranium Scrap Burning Facility
CGE-907, Strontium-90 Interim Program

The attached project report details the status of individual projects.
UNCLASSIFIED
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Engineering Services

5 HW-6664L

Engineering work performed during the month included the following listed
major items as well as scope engineering for project proposals.

Title

329 Building Ventilation Mod.
Pressure Vessel and Code Piping-
Engineering & Inspection Service
Laboratory Furnace Installation
Room 39-B, 326 Building

Glove Boxes, 325 Building

Equipment for Critical Mass
Studies

Fire Detection System ~ 314 Building
Criticality Alarm - 300 Area

Reactor Effluent Filter - Pilot
Test Facility ~ 100-D

Improvement to Animal Waste Disposal
System

Horizontal Control Rod and Drive
for Tamper Tank (Critical Mass)

Study 325 Building Ventilation
System

Ventilation Improvements to 325
Basement Mezzanine

Basement Access Enclosure - 325 Bldg.

Air Conditioning Study - 222-U Bldg.

Operating Spare Parts - 308 Building

Status
Work progressing to completion.

This is a continuing work program on
HLO vessels, pressure systems and
related safety devices.

Engineering and field work is complete.
Fabrication is complete and appur-
tenances are being installed. In-
stallation in laboratory will start
during September.

Materials on order. Detail design is
about 85% complete. :

Installation work 85% complete.
Installation work about 75% complete.

Facility complete and filter tests
are being performed.

Design work complete. Field work in
progress.

Design work is progressing.
Engineering work in progress.

Engineering work is complete. Field
work will start during September.
Engineering work has started.

Engineering work has started.

Lis%t of spares being compiled.

UNCLASSIFIED
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Irradiation Studies Loop Design complete. Fabrication in
progress.

Breaskaway Corrcsion Loop Design in progress.

Review of Pressure Systems PRTR Primary and secondary systems

nearing completion. Helium
system will be next on the agenda.

Drafting and Design Services

Work load in central drafting room (3706 Building) is constant with heavy
backlog. Branch offices in 306 and 308 Buildings have steady work loads
with heavy backlog in 308 office.

Major design and drafting work in progress includes the following:

1. High Level Utility Cell - 327 Bldg. - Special Tools (50% complete).
2. PRTR Fuel Element Rupture Facility - Special design work of
miscellanecus type.

PRP Critical Facility - Detail of in-cell piping, ventilation,
instrumentation and electrical work (19 drwgs. - 90% complete).
Physical and Mechanical Properties Test Cell - 327 Building -
Special equipment design (35 drawings - 40% complete).

Irradiation Studies Test Loop - "C" or "K" reactor (12 drawings
required - work completed).

Structural Materials Irradiation Test Facllity - Scope design -
(25 drawings required - 30% complete).

Loading Dock Enclosure - 321 Building (3 drawings - completed).
Test Equipment for Gas Cooled Reactor - (10 drawings required -
50% complete).

9. Hot Semi Works Building - Cell equipment revisions - work started.
10. Fuel Element Wire wrapping machine (12 drawings required - 90% complete).
1l. Shipping Cask - 500-gallon capacity - (80% complete).

4+ w

[0 oRan] O\\n

In addition to the above work miscellaneous small design-drafting jobs
are in progress.

Approximately 215 drawings including sketches, work sheets, and formal
drawings were completed during the month of August.

UNCLASSIFIED

-2



7 Av-666u LT

UNCLASSIFIED

Plant Maintenance and Operation

Costs

Maintenance $ 18,976 97.0

Janitor Services 16,802 98.0

Operators 12,826 98.0

Utilities 35,986 ‘ 102.0

Engrg. Serv. and Administration 5,582 94.0
Total $ 90,172 99.0

Analysis of Costs

The costs for the first month of the fiscal year ran as expected.

Miscellaneous

Approximately 19,700 square feet of prints were reproduced during the month.

The total estimated value of the 12 requisitions issued during the month was
$1,500.

Installation of six replacement hoods was completed at T47 Building,
Bio-Assay Laboratory.

Intensive rehabilitiation of 306 Building heating and ventilating system was 1
initiated this month.

TECHNICAL INFORMATION OPERATION

A final draft of instructions concerning the handling of research and
developmen®t reports resulting from HAPO subcontracts or ATH work agreementis
was completed and distributed tc contract administrators and those responsible
for technical liaiscn on ATH work. The release incorporated a number of sug-
gestions from Departments who reviewed the preliminary draft.

A working draft of *he proposed new document access system was distributed
%0 HOO and HAPO personnel concerned with the problem. A meeting to discuss
the new system has been arranged for early in September. .

A program document setting forth the plan %o automate the issuance, routing

and mailing activities of the Classified Files was issued. Studies indicate
that the project is feasible and offers an opportunity for cost reductions.

Arrangements to obtain the required equipment are underway with operation of
the new system by April-May, 1961.

Progress was made during the mcnth on the Files' microfilming program. The
new microfilming equipment ordered by the Records Center o handle the

program is on-site. The additional equipment destined for Files' use ---

the M & M readerprinter, the microfilm szanner, the jacketing machine ---

is either on hand or in transit. The necessary work space is being readied

at the Records Center. + is expected that the microfilming of Files' holdings
can btegin during September.

UNCLASSIFIED
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The HAPO Patent Attorney has developed instructions which will be printed
in the personal notebocks issued to Plant personnel. Previously, the
instructions for recording information which could constitute the subject
matter of an invention, were distributed separately at the time a notebook
was requested from Classified Files.

File Record Cards are now being made for all new UNCLASSIFIED microcards
added to the collection. Previously, it had been decided not to make cards
for each microcard but this proved to be a mistake. As time permits File
Record Cards will be made for the unclassified micorcards already in the
collection.

Technical Information was requested by Engineering Files to take over the
responsibility for sets of aperture cards which contain microfilmed
engineering drawings. Engineering Files had been handling each card
separately. Normally, a number of drawings, thus a number of aperture
cards, make up the file on any one project. Personnel in the field sug-
gested that the cards be set up and handled as sets similar to the way
sets of slides are handled. After some study it was agreed that it was
not necessary for Technical Information to assume the responsibility for
the aperture cards in order to change the procedure for their handling.
Engineering Files agreed they could develop a procedure for handling sets
of the cards under one identification number rather than controlling each
card separately.

Work on declassification review of the older Hanford documents contained in
Files proceeded smoothly during the month. Approximately 578 of the older
documents were reviewed under the program.

Work was undertaken on stripping the Files Reference Catalog of personal
author cards containing information indexed and available in Nuclear
Science Abstracts. Over 8,000 cards have been pulled from the Catalog,
representing a gain in space of more than five full Catalog drawers. This
space is essential to keeping the Catalog within its present confines.

Material gathered last month for proposed lectures on Instruction Manual
Writing proved useful in answering an off-sifte request for similar material
to be used by the Fischer and Porter Company, Warminster, Pennsylvania, in
establishing their own Standard Maintenance Manual procedures. A copy of
the bibliography on Instruction Manuals, two photostats, and the lecture
notes were forwarded to Fischer and Porter. Under separate cover, a typical
HAPO Manual was also forwarded by Industrial Engineering, IPD.

At the request of the Specialist, Professional Placement, the Specialist,
Technical Information Procedures undertook a study of the procedures of
the HLO Professional Placement Office. A series of meetings is being held
with Professional Placement personnel to discuss recommended changes and
ways of automating certain of the routines. A report on the study will ke
prepared following conclusion of the meetings.
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Work Volume Statistics

Document Distribution and Files

Documents routed and discharged (copies)
Documents issued (copies)

Documents sent off-site (ecopies)
Document reserves filled (copies)
Documents picked up end delivered

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 copiles of SECRET and DOCUMENTED
CONFIDENTIAL documents on-site

Reference and Publication

Books cataloged (new titles)

Books added to the collection (volumes)

Ready reference questions anawered by pro-
fessional staff

Literature searches by professional staff

Reports abstracted (titles)

Formal reports prepared (titles)

Off-site requests for HAPO reports (copies)

Reperts released to CAP (titles)

Library Acguisitions and Girculation

Books ordered (volumes)

Periodicals ordered

Books circulated (volumes)

Periodicals circulated (issues)
Inter-Library loans

Films borrowed or rented

Industrial film showings

Bound periodicals added *to the collection

[
4
-2
-3
3

Julx

1k,515
11,818
6,687
634
17,933

6L2
16,789

2,967
1,441

9,476
545

214,807

85
230

150

207
12
32k
28

LL6
25
1,70k

3,015
84

61
201

HW-666LL o]

August

19,347
12,566
7,597
667
20,764

307
25,530
4,561
1,164
8,041
663

215,465

127
296

100

304
17
450

aul

1,676
3,221
72
12
65
88

UNCLASSIFIED
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Library Collection

mi-geghh 5

No. of books 29,916

No. of bound
periodicals 14,089

appropriate classification

10
Main Library W-10 Library 108-F Library Ind. Med. Total
8,521 1,656 2,016 42,109
8 1,526 97 15,720
Lk, 005 8,529 3,182 2,113 57,829
Classiflcation and Declassification July August
Documents, including drawings and photographs
reviewed for downgrading or declassification 252 696
Documents and papers (intended for oral pre-
sentation or publication) reviewed for
12 40
Documents submitted to Declassification
8 265

Branch, Oek Ridge

JL Boyd: jw

Manage
Labora

ry Auxiliaries
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UNCLASSIFIED I-1 H7-66644 R

PROFESSIONAL PLACEMENT AND
RELATIONS PRACTICES OPERATION

MONTHLY REPORT

GENERAL

As of August 31, 1960, the staff of the Hanford Laboratories totalled 1411
employees, including 680 exempt and 731 weekly salaried. Of the total,
585 possessed technical degrees, including 353 B.S., 129 M.S., and 103
Ph.D.

HEALTH, SAFETY AND SECURITY

The medical treatment frequency for August was 1.48 as compared with 1.97
for the preceding month. There were no disabling injuries or serious
accidents during the month. There were 6 security violations, bringing
the total for the year to date to 23, as compared with 31 for the corre-
sponding period last year.

PROFESSIONAL PLACEMENT

One Ph.D. candidate visited Richland during the month for interview. Four
offers were extended, and offers were accepted by an experienced Ph.D.
botanist and an inexperienced Ph.D. chemist., A total of ten Ph.D. accept-
ances were received during the recruiting year beginning September 1, 1959
and ending August 31, 1960.

Five Technical Graduates were added to the rolls, six accepted permanent

- assignment and six terminated, including four Engineering and Science Program
members, one military leave and one temporary summer employee. At month's

end there were 78 Technical Graduates, including four members of the Engineer-
ing and Science Program and one Techniclan Trainee on program rolls.

The 1959-60 recruiting year officially was completed on August 31, 1960.
For the Technical Graduate Program, 196 offers were extended and 82 accept-
ances were received. In the experienced category, 1llh offers were extended
and 65 acceptances were received. Included in this total are 28 offers for
HLO components resulting in 18 acceptances.

EMPLOYMENT

Eighteen weekly salaried vacancies were filled during the month. At
month's end there were 22 weekly salaried vacancies in HLO.

UNCLASSTFIED
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TRAINING

Twenty-seven HLO exempt employees completed the second section of "Technical
Report Writing” under the instruction of Professor E. Elliott of the
University of Washington.

Manager
Professional Placement
and Relations Practices

TG Marshall:lmh

UNCLASSIFTIED



TARZ: IT NCNEXEMPT EMPLOYMELT
Nonexempt Employment Status
Reguisitions

At end of month

Cancelled

Received

Filled

~
]
—
[ans |
[ )
(a4t
L]

July

23

i-3

Aug.

22

19
18

6664k~

Nonexempt Transfer Request  July

Transfers

Active cases at end of mo. 79

Cancelled

New

Effected
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A. Technical Recruiting

TABLE 11I.

PROFESSIONAL PERSONWEIL. PLACGEMENT

Activity - HAPQ - September 1, 1959 to August 31, 1960

o
s Vigits to Richland Offers¥
3 Cases On the
um_ Congidered Invitad Vigited To Visit Extended  Accepted Open Roll*¥
= pn.p. - 66h 155 59 10 33 10 b 6
Exp. BS/MS 528 120 96 - 11k 65 1 61
Prog. BS/MS kol - - - 196 82 - 79
*Offer totals include offers open on o\u.\mm
Ph.D. 3
Exp. BS/MS 6
%% On the Roll totals include 1958/59 Carryover
acceptances and one meﬂ\mm Ph.D. Carryover.
B. Technical Recruiting Activity - HLO - September 1, 1959 to August 31, 1960
= Visits to Richland Offers*
Lol Cases On the
Considered Invited Visited To Visit Extended  Accepted Open Roll*¥
Ph.D. 664 155 59 10 27 9 2 5
Exp. BS/MS 256 27 20 - 28 18 1 16
In addition to the above activity, 20 exempt
employees have transferred into HLO from other
HAPO departments and 30 technical graduates have
accepted Off-Program placement in HLO to
August 31, 1960.
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C - Technical Graduate and Technician Training Program
Month Ending August 31, 1960

TG Program TT Program
Number of Personnel on Assignment 78 1
(HAPO Tech Grad Program ........ s
(Western District E.P. ........ 4 _

Distribution of Assignments by Departments

HLO
IPD
FPD
CPD
CE&UO
C&AO

W
HENDPW
COO0OOKHO

Distribution of Assignments by Function

R&D or Engineering 46
Other 32
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FINANCTAL OPERATTON MONTHLY REPORT
AUGUST 1960

Personnel
There were no personnel changes during August.
Activities

GENERAL ACCCUNTING

Travel during the first two months of FY 1961 has not varied significantly from
the same period in FY 1960. Number of trips for this period in FY 1960 was 192
trips compared to 184 trips in FY 1961.

A revised allocation of HAPO FY 1961 funds for attendance at Off-Site Courses and
Seminars increased HLO allocation to $h,200, an increase of $700.

Approval was obtained for the transfer of fee funds within HLO as follows:

Previous Revised
Travel Variation $ 500 $ (500)
All Other 100 8 100

$7600 76X

Expenditures and commitments for equipment for the first two months of FY 1961
are approximately the same as for FY 1960, however, our In Process Items
(purchase requisitions and appropriation requests) this fiscal year are running
ahead of FY 1960 by more than $100,000 which should indicate better performance
in the second and third quarters. :

Three hundred seventy-nine new movable cataloged equipment items were tagged and
entered on record during the month. The total HIO movable cataloged equipment
items at August 31, amounted to 12,337 representing a 100 percent increase since
September 1956.

An inventory was taken ‘of all movable cataloged equipment purchased urder
Projects CA-T47, Plutonium Fabrication Pilot Plant and CG-731, Critical Mass
Laboratory to prepare for project unitization and to establish both Financial
and Custodial control of project purchased equipment. A total of 435 items were
physically inventoried and tagged under these two preojects. The inventorying
and tagging of the equipment was accomplished with help from Contract and
Accounting.

Reconciliation of the physical inventory of movable equipment in custody of Chem-
ical Research and Development Operation is complete and a report of results was
issued. Two thousand four hundred and two items valued at $l,859,3h3 were
physically counted. Eight items valued at $2,024 were nct located during the
inventory. Thirty-seven items valued at $17,893 were inventoried vhich were not
recorded in property records. The percentage of missing equipment to adjusted
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book balance (0.33%) does not appear excessive, however, six of the eight missing
items were charged to one Subsection, indicating a need for improved control.

The inventory also revealed that there were a large number of equipment items
which from all appearances had not been in use for some time. It was recom-
mended that equipment for which an immediate need is not foreseen be transferred
to the Laboratory Equipment Pool.

A summary report of findings in connection with the FY 1960 physical inventory

of movable cataloged equipment in the custody of Hanford Laboratories was pre-
pared and distributed. A comparison of the inventory balance $11,718,226

(11,721 items) with the adjusted book balance $11,726,818 (11,759 items) disclosed
a shortage of 38 items valued at $8,592 compared with 24 missing items in FY 1959.
Unrecorded items added to record during the fiscal year inventory totaled 194 items
valued at $99,340 compared with 32 items valued at $8,118 in FY 1959. There is a
need for increased vigilance on the part of custodians to minimize future losses
and unrecorded equipment.

Preparations were completed and a procedure distributed for the amnual physical
inventory of precious metals and special materials to be taken on September 28,
29, and 30, 1960. This inventory will be witnessed and reconciled by Contract
and Accounting personnel. To assist C&AO in preparing a detailed inventory
schedule, a listing was prepared of all Sub-custodians (93), their location, type
of materials on hand and quantities as of August 29, 1960.

Fifty-one items velued at $8,884 were received at the Laboratory Equipment Pool
during the month of August. Three items valued at $960 were placed in lieu of
placement requisitions. One item valued at $12,300 stored for the convenience
of others was withdrawn and 17 items valued at $13,599 were received during the
month. There are 437 items valued at $175,847 located in the storage area at
month end.

Fourteen pieces of zirconium valued at $5,230 were received at the Laboratory
Equipment Pool during August and 14 pieces valued 2t $1,820 were disbursed. The
following materials were on hand at August 31, 1960:

Beryllium $ 33
Palladium 995
Platinum 5 281
Silver 11
Zirconium 64 780

$ 71 100

A listing of zirconium inventory by piece numbers, type of material and size
physically located in the Laboratory Equipment Pool was distributed te HLO in-
terested personnel.

Arrangements were made for the physical inventory of Hot Semi-Works to begin
September 19, 1960. The physical count will include all fixed property within
the perimeter of the Hot Semi-Works exclusion area fence, inciuding mcvable
property and the building which houses such property. The physical count of
fixed assets will be taken by C&AO personnel assisted by HLO Financial and
Custodial personnel.
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The FY 1961 physical inventory of moveble cateloged equipment began Augusi 23,
1960, with the inventory of equipment in the custody of the Rediation Protection
Operation. The field work in connection with the inventory count is scheduled
to be completed Scptember 17, 1960.

COST ACCOUNTING

The General Manager - HAPO on August 9, 1960, made the initial allocation of
FY 1961 operating funds to HAPO components which was based on the Financial
Plan received from HOO-AEC on July 21, 1960. Program amounts allocated to
Hanford Laboratories were allocated to HLO Sections in a manner sgreeable to
the Section Managers and control budgets were established for Sections as
follow:

(Amounts in Thousands)

Chemical Research and Development $ L 185
Reactor and Fuels Research and Development 10 719
Physics and Instrument Research and Development 2 286
Biology 1 310
Operations Research and Synthesis 396
Rediation Protecticn 2 01z
Laboratory Auxiliaries L 765
Financial 332
Professional Placement and Relations Practices 888
Programming 360
Assessments from HAPO 1 877
Intra HLO Eliminations (3 727)

Total HLO Control Budget B 25 103

One program code was established and two were cancelled during the menth as
follow:

Program Code Title Remarks

.80 Neutron Mux Monitors New roscarch and devel-
opment prcgram sponsored
by livision of Keacter

Development .
L1 Metallurgy II Both ccdes cancelled -
DOl Reactor II category designations

have been elimineted.

The preparation of expense codes ("I" work orders) for accumuleting maintensncs
cost detail for PRTR operation is complete and will be incorporated in thz T3l
work order system starting October 1. This system will provide weekly ccst
detail by type of maintenance, by specific piece o1 equipment and monthly
maintenance costs by process system within the reactor facility. At +“he
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present time four types of maintenance {(midifications, preventive maintenance,
repair, and logged) and twenty-six process systems have been establisihed for re-
porting purposes requiring apprcximately 800-expense codes.

Radiological Development Operation (7840) will utilize the work order system tc
segregate radiological development ccsts by fuactional categcries. Tweaty
expense codes ("I" orders), each representing a functional category, were
established on August 22, 1960, to separately identify salaries, materials and
indirect expenses of the Radioclogical Development Operaticn. AlL personnel of
this component will submit weekly Time Distributicn Reports segregating their
time to the appropriate "I" orders.

Arrangements were made with the Professional Placement.and Relations Practices
Operation to accumulate expenses associated with certain training programs con-
ducted in HIO, e.g., Business Operations iz Our Changing Envircnment and Prcfes-
sionel Business Management I. A quarterly report will be prepared and submit-
ted to Contract Acccocunting.

Action as indicated occurred on the following projects during the montk:

Physical Completion Notices Issued

CA-T47 Plutonium Fabrication Pilot Plant *

Construction Completion and Cost Closing Statements Issued

CAH-827 Automatic Columbia River Monitoring Station *
CAH-837 Animal Pens, Isclation and Examination Facilities ¥
CAH-847 Geological and Hydrological Wells, FY 1959 *

*AEM Services only.

There were 80 new authorizations for $51,578 and 11 supplements for 46,546
issued to J. A. Jones Construction Company duriag the month. Work was
physically completed on 65 authorizaticns and 65 authorizations amcunting
to $163,293 were still open at mcntk end.

GENERAL

The Audit of Travel and Living was completed. The activities audited were above
satisfactory.

A competitive position study was started during the month. Letters containing
the study procedure and requests for particpation were provided to Secticn
Managers. It is expected that information coilection through interviews with
contributing scientists will begin early in September.

Thirty-three employees were orn approved leave from Hanford Labcratories as of
August 17, 1960, for reasons as indicated below:
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Military Leave

Pregnancy

School

Illness

Personal

Lack of Work
Total

Information relative to school of first degree, course, year of graduation, post-
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greduate school, post-graduate course and highest degree attained is being
assembled . for reports required by Employee Compensation Services.

Payroll Statistics

Number of HLO Employees Non-
Changes During Month Total Exempt Exempt

Employees on Payroll at Beginning of Month 1411 690 721
Additions and Transfers In 28 10 18
Removals and Transfers Out 28 20 _8
Employees on Payroll at End of Month T 411 @ 731
Overtime Payments During Month August July
Exempt $ 5 196 $ 6 071
Non-Exempt 17 428 14 165
$22 62 $20 2;6

Gross Payroll Paid During Month

%kemg $582 SEg $5§5 316+9
on-Exempt 356 O 3 161
$939_632 $928 510

Participation in Employee Benefit August July
Plans at Month End Number Percent Number Percent

Pension Plan 1 223 99.5 1 209 99.4

Insurance Plan
Personal Coverage 1 369 99.8 1 365 99.8
Dependent Coverage 979 975

U.S. Savings Bonds
Stock Bonus Plan 77 38.5 79 39.7
Savings Plan 90 6.4 90 6.4
Sevings & Security Plan 1 060 83.7 1 062 83.7

Personal Accident Insurance 789 57.3 761 56.6

August July
Insurance Claims Number Amount Number Amount
Employee Benefits
Life Insurance 1 $14 781 0 $ 0
Weekly Sickness & Accident 16 855 21 909
Comprehensive Medical 28 2 715 L7 4 131
Dependent Benefits
Comprehensive Medical 57 5 088 128 12 249
Total 102 $23 389 196 $17 289
R UNCLASSIFIED
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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
R. G. Wheeler A Device for Locking Coaxial Nuclear
. Fuel Elements Together
J. T. Russell Nuclear Particle Detectors
R. H. Moore A Pyrochemical Process for Preparation,

Reconstitution, and Decontamination of
U-Al and Pu-Al Fuels (HW-66435)

R. H. Moore, A Pyrochemical Process for the Separa-

W. L. Lyon tion and Recovery of Np and Pu (HW-66340}

F. M. Smith, Recovery of Technetium from Neutralized

R. P. Roberts - Purex Waste Supernate

J. Dunn Dissolver for Radioactive Materials

O. H. Koski ‘ The Design of High Power Factor Low
Frequency Induction Heaters

H. A. Treibs Shield for CP Meter

Milton Lewis A Nuclear Magnetic Deflection Apparatus
for Isotope Separation

G. R. Bauer : Strip Film Cutting (July 14, 1960)

G. R. Bauer Hoist for Lifting in a Confined Space
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