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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 209 190 389 2372 17
1 083 B60 1 043 12 546 i
IPD Sponsored 257 226 483 3 100 i6
CPD Sponsored 151 124 275 1 658 17
$1 451 $1 210  $2 701 $17 304 16%

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

hig 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.
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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, L. 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 UOz 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 UO, 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 UO; 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 swageabijlity.

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, 300O C rupture tests of NPR-type fuel rods which had
Airradiated 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 coel-down from 300 C to 230 C during
the ex-reactor tests was, nevertheless, beneficizl in minimizi{lg the extent
of rupturing.

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 presgsed 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.

NFR 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 cocled with air from 625 C with-
out spontaneous combusiion of the graphite.

P

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-890 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
PH adjustment) results in the formation of precipitates in the ion
exchange columns and subsequent equipment maloperation.
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A sample of the glag 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 UOg 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 2,01, 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 UzOg 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, resuited
in the removal of 52 and 42 percent of the influent Cu-64 and As-78,
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. Alsc 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 zn83,

P ©. o
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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 preject (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 {low,

5. Programming

Plutonium values in an Advanced Pressurized Water Reactlor 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 QTHER 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
supplemental 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 simulitaneous 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
gimpler, 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.. '

126707
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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 oppeortunity 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 1861
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, 1860, 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 viclations, 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, 1858, and
ending August 31, 1960,

Five Tachnical Graduates were added to the rolls, six accepted permanent
asgignment and six terminated, including four Engineering and Science Pro-
gram members, one military leave and one temporary summer eniployee.
At month's end there were 78 Technical Gradi#tes, including four dnembers
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of the Engineering and Science Program and one Technician Trainee on
program rolls,

The 1959-80 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
compenents 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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TECHNICAL ACTIVITIES

4. FISSIONABLE MATERIALS - 2000 PROGRAM

-

L.

METALLURGY PROGRAM

Carrosion 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% Hp and 0.01% C0. 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 cerbon monoxide. The gas mixbure
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
k3 days of exposure. Likewise, the 102-day data dc not conclusively show
any hydrogen pickup. However, with due regaid for scatter in the extrac-
tion analyses, the 102-day data tend to be slightly higher in Hpo content
than the L2-day data, and this may indicate a slow hydriding reaction.
Tuis 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 Zirceloy-2 coupons were exposed at 400 C in 10 mm partial
pressure H2 with from 0.0001 mm to 23 mm water vapor added to vary the
dewpoint. This system is representative of the NPR stack gas compositicn
with epproximately 1% Hz and varying dewpoint temperatures from -86 C to
+25 C.

Two-hour data from this experiment were reported last month. The gix-hour
data confirmed the earlier results, viz.: below a Hp0 partial pressure of
0.1 mm the Zircaloy-2 hydrided rapidly, whereas above 0.1 mm the hydriding
was strongly imkibited. BSeventy-two-hour data a Pgpp = 0.1 mm indicate
hydriding is progressing at a slow but measurable rate. These experi-
ments will be continued to procure hydriding rate dats as a function of
temperature, Hp and HoO partisl pressures, and Zircaloy surfsce condition.

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

Radiometallurgy Laboratory Studies

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

1
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examinsticn. The cocnly defects vwere slight bumpirgs and 2 few cracks in the
uraium ccrz near Tae ernc closures (RM-703). Severe hydriding acd crack-
ing were fourd ir “oth tubes of an element which ruptured in KER Leop 4.
Two ruptures were fournd in the irrer tube (RM-548).

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

Basic hbtallurﬂ Studies

chanical ard Physical Properties of Meteriasls. The evaluatioz of
zirconium - 2 afo So - 2 afo Nt alloy for fuel element applications has
continued. Tre elevated tensile properties of this alloy in the arnealed
and quenched conditiorn are being determined. After water quenching from
950 C, the alloy has a ternsile strength of 86,500 psi at 300 C. Water
quenched specimens broke out of the gaugs sections so elaongaticn to fracture
could 2ot be determined. The fractures sppeared to te typical of a britile
material. Erichsen cup tests on the anneaied alloy demonstrate excellent
duetlility. These tests also show good duetility for the quenched materisl.

The properties of zirconium ~ 2 a/o ¥Nb - 2 a/c Sn as affected by heat
treatment in the temperature range 630 to 750 C are important in evalu-
ating the extent to which this alloy could ilmprove the performance of
zirconiuwe fuel element cladding, since this is the range of temperature
in which final fuel elemernt heat treatment will bTe performed.

Little hardening is observed for oil quenching from temperatures below

T50 C. Coupcons of the alloy oil quenched from 770 C have been reheated
to 600, 550, 500, and 450 C for times up to 1500 miautes. 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 irradiastion 1s a direct way of detecting rad-
iation damage in these meterisls. Thin films and foils suitable for
electron microscopy offer advantages, since radioactivity is a minimum.
Thin £ilms of evaporated uranium dioxids underzo considerable change in
both morphology and crystallinity as a function of irradiation. An ex-
periment was performed to determine whether vaporization end condensation
of uranium dioxide cccurs during irradiation of approximately 100 & thick
films. A 200 A thick carbon substrate, the collector, was positioned at
a distance of ~ne mm from a 100 & +hick uranium dioxide film during an
irradiation period which resulted ir an exposure of approximately 4 x 1018

nvt (thermsl ). Examination of the carbon collector taken from az air

filled capsule revealed the presence of rosattes 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 compare
quite favorably with U308 (1.99 and 1.171 ﬁ). A similar exposure in an
evacuated capsule, however, does not yield deposited rosettes, but in-

stead meny very dense particles having a maximum diameter of approximately
Loo are cbserved. HEiectrorn diffraction analysis of these particles
identifies them as uranium dicxide.

"lllllllllllliil....'
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Attempts at preparing thin metallic films of chemically reactive metals for
subsequent irradistions have continued. An evaporation chember corntaining
a movable, water-ccoled anode and a self-biased electron gun hag been con-
structed. Uranium at the end of & 1/8" diameter rod is superheated by the
impinging electrons and evaporates at high rates. Filme prepared in this
fashion heve been formed orn carbon substretes and costed with evaporated
UQz at pressures of 10-° mm of Hg. In each inbtance the sendwich contains
U02 rather than uraniwm upon examination by electron diffraction. Other
suitable covering layers which mey inhibit oxidatior of the uranium are
being investigated.

Production Test IP-346.D, HAPO-243, covering irradiation of thinm 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
Yeing prepared.

Two articles entitled "Fission Fragment Damage in Non-fissicnable Thin
Films,” and "Damege in UQp Films and Particles During Reactor Irradiation”
have been submitted toc the Journal of Applied Physics for publication.

Sclid State Reactions. X-ray diffraction techniques are being used to
study the effects of radiation on non-fissionable msterials. The behavior
during annesling of highly irradisted (5 x 1019 nvt) molybdenum is cur-
rently being investigated. Isochronal anneals of irradiated molybdenum
have been csrried out to 1000 C, and the changes in x-ray line profile and
lattice parameter recorded. Concurrent anneals of 30 percent cold-rolled
molybdenum are being carried out for comparison, changes in lirne shape and
position being recorded in the same menner as for irradiated material.
Additionel samples of highly annealed and of ten percent, 20 percent, &0
percent cold worked mclybdernum ere being prepared for irradiation. These
samples are intended for & comprehensive analytical study of line shapes
by Fourier methods, with emphasis upon the anmnealing behavior. - A supple-
mental study of single-crystal molybdenum has also begun. Available
single crystals are beipng examined to determine their cryetal orientation
and quality.

Metallic Fuel Developmernt

Tubular Fuel Elements. Further radiometallurgy work has beer done on the
fourth ETR intentional rupture test piece. The feust element was a KER-
size outer tube with the defect on the cutsr surface. Sectioring through
the defect showed evidence of accelerated corrosion attack along the outer
bond layer.

A KER “ube/tube fuel slement with uranium - two percent zirconium cors
failed in April after 1250 MWD/T. The element was 36 inches long ard was
er.riched to 1.£C percent in order to approach NFR thermsl conditions.
During July ti= cause ¢f the failure was shown to be hot spols resulting
from warping of the inner component. Cladding peretraticn bad occurresd at

Loy
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both hot spots. At the upstresm srd of the e=lement the diameter of the
irner tube had increased 9.220 inch. A metallographic section of this
area showed radial cracks in the core and a large number of nonmetallic
inclugsions in the wranium. The cled in this ares was extremely uniform
and did rot show any plastic instability. The uniform two percent sirain
taken by the clad is mich grester thap the small strains cbserved in rod
cluster slements exposed to 2000-2500 MWD/T.

Production of test fuel elements from FPD extrusions began during the

month. Twenty elements of NFR inper 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 ocuter surface and 0.020 inch clad on
the inner suxface. .

Further experiments with compconent treatment to promote bonding between
the Zirealoy cep-ring and the uranium in the "Extrusion-Closure" process
were carried ocut. The interposed shim of nickel, which in the last issue
wes reported as apparently bonded, was found to be infirmly attached tc
both uraniuwm and Zircaloy. Evidently the temperature and/or pressing
time were foo low to bring sbout appreciable diffusion at the interfaces.
In another trail, a shim of Armeo iron with an AlSi overlay wes inter-
posed, the iron face next to the uranium. After pressing at ~650 C, the
iron was found to be attacked to the uranium and the AlSi seemed to have
wet the Zircaloy, but the ALSi/Fe bond was poor. This trouble, however,
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 Al1S5i was found to diffuse rapidly into Zircaloy at a
temperature slightly above its melting point, but Alcoa #716 (AL - 10 Si -
4 Cu) does not; the Al diffusion is apparently inhibited by the presence
of Cu. An experiment was tried to see if this alloy behaved similarly
with urenium. Unfortunately, Alcoa #716 was found to form a bitttle,
Pyrophoric alloy with uranium, and thus is not suited for brazing.
Present indications are that a Zirecaloy cap preclad with iron on 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 uwracium is another possibility. This has besen tiied with
mediocre success, but the procedurs is unwieldy and not readily adaptable
to a production process.

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

6:00 AM on August 4, 1960. These elements were 18 inches long and were
placed in Zirceloy sleeves. At 8:30 PM on August 7, 19€0, activity in
Loop 2 was strong erough to scram the reactor and cause discharge of the
tube. Exemination in the basin did not reveal an obvicus failure in the
brazed pieces. These elements are being removed to Rediometallurzy for
further examination.

Fuel for Present Reactors. On July 11, 1660, twe hot pressed fuel ela-
ments completed a goal exposure of approximately 1400 MWD/T ir the GEH-4
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facllity of the MIE. These elements showed no sign of failure or other
questicnable behavicr. They are now in Radiometallurgy being prepared
faor further examination.

Component Fabrication. A method has been developed for attaching iron
wear sages to Zircaloy-2 fuel element supports after the element, in-
cluding supports, has been autcclaved. The Zircaloy-2 supports are of
the "Suitcase Handle" configuration and are 0.150 by 0.055 inch in cross-
section. The iron wear shoes were blanked from 0.01L0 inch shim stock.
The inner blanks are formed into a channel which is wrapped sround the
Zirecaloy-2 support by a crimping tool. This method is adaptable to 1/h
inch wide surports as well.

A test was completed that compared the uranium structures developed by
beta heat treating prior and subsequent to brazing for end closure. NFR
inmer 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
freatment. Bete 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 Deta treating the brazed structure. As-brazed
sections indicated a heat affected zone extending approximately l-l/k
inch from the. cap-uranium-interface containing extremely large, longi-
tudinal columar grains. The heat treatment following brazing has suf-
ficiently refined this structure for reactor operation.

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

4 w/o Be + 12 w/o Fe and Zry-2 + 4 w/o Be + 14 w/o Cu. Some of the
material was reduced to 20 mesh powder and used to braze some small
fuel secticuns. The iron alloy was brazed at 950 C. Thils represented
& drop in nearly 100 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 €, but was extremely fluid
indicating thet a lower brazing temperature is possible. The autoclave
film was not as tenacious as the iron alioy and had & definite r=d colox,
probably due to cuprous oxide.

Several brazed fuel element autoclave ruptures have caused some concermn.
This material was brazed with BeZirc turnings, mede by mechining 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 corrosicn resistance. Gas analyses of the braze material have
not been completed.

A decision was made to braze the next production test witk the iron alioy.

This fest will Te with KER inner and cuter material with a 1.£ percent
enriched uranium core alloyed with twe w/c zirconium. The decisicn wes
based on several points. First, the lowerfmelting rcint of the alloy and
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a shorter brazing cims; seccid, avallability cof traze allcoy; thiri, ths
excellent appsarsnce o the aubsclave film; and fourth, fowsy volls ard
unkonded areas are fourd in th: brazaed regions.

Ah MTR test. GER-4-57, 58, is “eirg prepared fc test ths integrity of

the iron alloy trazed closurse. Tris swest should be quizte ssver:z dus to
the kigh power gereration and low fusl surface tempersture. NER ipmsr
tube material is being used. Othar experimernts are plarr=1 to test ths
cother braze alloy corcepts.

Attempts are being made to cloge coextruded Zirealcey-2 clad urariunm KER-
size rcds by projection welding 3 Zircalcoy-2 cap directly snto the pro-
Jected clsddirg ring providad by acid millirng thas uranium from ths erd of
the rods. This concept is being iritially tried on rods as ke capacity
of the available spet welding machine is rot sufficient to test the congept
on tubular elsments. The power required is expected o be approxigately
the same as required foxr the hot Lzaded projecticn weldel closure.

The pressure wiil be maintained on the cap ani the power contirued for
several cycles after the initial projection welded closure irn an effort
to resistance braze the cap to the uranium. A very thir {0.003 tc C.008
inch) layer of braze material woull be placed between the cap and ths
recessed uranium. A space {0.025 to 0.03C inck) is initially provided
between the flat hottom of the cap and the uranium which will cleose when
the cap settles from the initial projecticn weld, allcowing contact through
the braze material into the wranium core. The additional cycles of power
would then braze the cap to ths wrarium.

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

being made to braze the car to the urarium. The results t¢ date have
beer promising and with a reliable initial projectior wzld, an attempt
will be made tc Ttraze the cap to the urarium usirng one of the Zircaloy-2 -
Be braze alloys. If ihis clogsure appears feasible for rodsg, the corcert
~will be tested on tubular elemerts withi a larger welding meckirsz.

Acid milling of U - 2 w/o Zr alloy material in the as-extrulel coniitiorn
was fourd to te quite slcw. Milliing rates of less thar ors-half mil per
minute were achieved usirng 37 percent HCL scluticn at room temperature.
Millirg rates increased to about eight mils per minute upen hsating the
acid to 65 C accompanied with severe undercutting alczg “hs clad wali.

Tweive inner and nire outer KER-size, T - 2 w/o Zr, 1.6 percens snricked
stock material , 17 irches long were raecessel for brazsed erd closire;
material to be irrasdiated under Production Test 334-A. Because of a high
tool breaksge problem in machirirg, tke plsces wers first chemically
milled to a nominel depth of 0.2C0 inch, ther machired t¢ the minlimum
required depth ¢f 0.3C0 inchk, followed by further chemical milling Jjust
to assure clsan cladding wails. Tke stock material was given a T30 C,
five-mirute, water querch hesat treatimest te faver rapid acid willing.
However, prior to milling, the rieces were subjected to a 600 C reheat
for apprcximately 30 mirutes duriag a recessary stralghtsring operation,
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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 0.020

inch clad rods, and one is in a 0.030 inch clad rod. The latter fallure
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 d4id not. The unfailed 0.020 inch clad rod
shows evidence that necking of the cladding has started. Thickness in
the necked area iz 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 0.003 and
0.009 inch, respectively. The thinnest point in the cladding of the un-
failed 0.030 inch clad rod is 0.020 inch. Howéver, 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 ©.020
inch. It is probable that the failure was initiated in a thin section in
the cladding located at another point longitudinaelly along the rod.
Ancther series of capsule irrsdiations of Zircaloy-2 clad rods is being
designed to help establish limits on allowable cladding thickness vari-
ations.

Five swelling capsules, GEE-4-98, 14-99, 1k-101, 14-104, and 14-105, are
presently being irradiated in the MIR with goel exposures in the range
2000-2500 MWD/T. Exposures and average center uranium temperatures for
the fuel rods in these capsules through MTR 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 aweiting examination
at the Rediometallurgy Operation. Volume changes, as determined from two
Zircaloy clad fuel rods irradiated in WaK capsules in Hanford reactors
indicate that at volume average uranium temperatures up to 425 C the
uranium is swelling at a rate of eisght percent per atom percent burnup

of the fuel.

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

August 19. During the shutdown Loop 1 was deconteminated as part of the
program to determine whether crud deposition would be enhanced as a result
of the decontamination. Approximetely 24 hours after the reactor started
up, the thermocoupled fuel rod failed, terminating the test. Five minutes
bvefors the reactor was scrammed the two thermocouples located at the fuel-
clad interface shoved a tempersture 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 Radiometallurzgy cell. No evidence
of failure was found. It now appears that one of the tubular eslements

- ¥hich were charged with the thermocoupled rod was probably responsible

for termination of this test.
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Cold rolled steel fuel element self-supports were fabricated for irradia-
tion testing on elements in & KER loop. Cold work (65% reduction in ares)
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 elemenis 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 jacketed
meterial consists 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 connection.

Invention report HW-46546 was written describing a clip for locking an NFR
inner tube to the cuter tube. Dies for meking these clips are on order
and clips will be tested on elements exposed in the KER loop.

Fuel element jacket burst tests were made on coextruded Zircaloy-2 jackets
under neerly uniexial hoop stress conditions. The fractures obtained dis-
played locslized necking similar in appearance to some of the jacket
failures om irrediated fuel. Equipment was made for burst testing of
Zircaloy tubes at various ratios of tangential (hoop) t¢ longitudinal
stress in order to further investigate the mode of failure of unirradiated
coextruded jacket material and the cause of localized necking in preference
to uniform elongaticn.

Irradisted Zirceloy-clad fuel elements have exhibited lcocalized necking
of the cladding with little associated uniform deformation of the cladding.
This phencmenon is a form of a plastic instability. Flastic instability
relations in terms of true stress-strain curves have been obtained for
tensile specimens, thin-welled pressure tubes, and sheets under ome to
one-half and one to one ratio of biaxial stresses. In 2ll cases, insta-
Pility cen occur with sheets initially of uniform thickness. For a
materisl with a sharp bresk 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-
erning have rot been included in analyses. This effect will have €2 be in-
cluded irn a model based on secondary crsep rates.

Metallurgical Development. Six BeZirc-brazed KER outer fuel element
sections were placed ir the ELMO-T7 loop on April 26, 1960. After 152
hours, one of the unwelded pieces had ruptured. The cause for fallure

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

These elements were returned to the loor and run an additional 801 hours
for a total of 1286 hours of exposure. A very heavy, white, loose
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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 NFR imner tubes.which were

brazed with the BeZirc alloy.

Facilities and BEquipment. Instellation of a combination furnece capable of
meking consumable, nonconsumable, and skull castings of reactive and re-
fractory metals is $5 percent complete. This furnace is capable of melting
a six-inch diameter by 240-pound uranium ingot. The first successful
uwranivm ingot (50-lb) was mede on July 23. Melting time was approximately
14 minutes, arc amperage was varied between 2600 and 4OOO amps, and the
vacuunm during the consumeble melt was approximately two microns. Three
additional zireconium test heats are scheduled with estimated completion on
or before August 31.

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

REACTOR PROGRAM

Coolant Systems Development

Deccntamination of Present Remctors. 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 13C C
process water in the 1706 KE Single-Pass Mockup Facility for 156 hours,
followed by 30-minute flush with one of the decontaminating sclutions. A
separate moclip system was used for each solution, with a fourth system
used a8 a control. The treatments with Turco 4518 and with the Inhibited
sulfuric-oxalic acids were conducted at a nominal 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 sclutions, with Turco 4306 B being the most corrosive.
Turco 4306 B was also much more corrosive to Zircaloy-2,. averaging 0.6 mil/
cycla; whereas the corrosion of Zircaloy-2 by the other solutions was on
the order of 0.03 mil/cycle., The mixture of sulfuric and oxalic acids was
excessively corrosive to carbon steel, aversging 0.75 mil/cycle.

Corrosion Irhibitor Tests. A test to determine vwhether quachrom glucosate
will inhipbit aluminum corrosion in filtered process water has beern started
in the Single Pass Mockup Tubes, emplcying concentrations of 1.8 and Q.17
ppm quachrom glucesate, plus a control test with 1.8 ppm sodium dickhrcmate.
The 1.8 ppm quachrom glucosate concentraticn was chosen to be the same as
the present process water sodium dichromate ccncentration, and the Q.1T prm
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concentration was chosen because this concentration results in a chemical
cost competitive with 1.8 ppm sodium dichromate. One discharge af'ter one
week of exposure has been made, but weighit loss data are not yet available.
Visusl 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 corrosicn data.

Rust Removal. Trade 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 velume 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 sclution than is normally recom-
mended for descaling purpeses. To determine the required Rodine concentra-
tion, carbon steel coupons were exposed for 60 hours in 10% by volume sul-
furic scid soluticns 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 bydrogen blisters and pits.
The coupcns 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 &t one-half percent of the total sclution volume for all future
desceling application.

Palladium Hydrogen Detector. A palladium hydrogen detection device was
calibreted in en ex-reactor loop with neutral water at 250 C, 1500 psi.

A linear calibration 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 Permengsnate. FPhotomicrographs showed
extensive chemicel pitting of Haynes Alloy 41 after six two-hour treat-
ments in the laboratory in alkeline permanganste sclutions. The pits
varied but reached s maximm depth of four to five mils. Colmonoy )
showed the same type of selective chemical 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 permengenate inhibited with various
amounts of l-phenyl-2-thiocurea. The results are given below:

DERLASSIFED —

A-11 EW-6664: {57



A-L2 HW-6666s LaiT
TR o ow A ;3 o . X
Amem of Mi.z Perzorarics
~-rienyl-2-thiourea Sta_its & Stsllite 12
2.5 grams/liter 0.03¢F .50
3.0 greme/liter ¢ 00k €.oCT7
0.0 grams/liter 0. 004 Q.08

These deta appear very promisirg since the unirhibited solutiorn ir com-
parable tests resuits in a petetration of 0.5 mil for Steilite 12 ari
0.4 mil for Stzliite £. Fhotomicrograpks are being *taken to check for
the extert of pitting which may be poesent after treatment.

Thermocouple Siug. To cortinue the study of crud buildup on fusl slements,
a seccrnd thermccouple slug was chargel in KER Lecop 1 on August L +5 rerlace
the ors which had bteen aischarged Juiy 7, fzllowlng a ripture indication.
The thermocouple slug is & single rod. L.00 inch iiamevsr by 12 inchez long,
of natural uranium clad in coextruded 20-mil Zr-2. O0Ore thermecoupls is
located at the carter-line, two just undsr the cladding, and 4wo in ths ad-
Jacernt water. The thermccouple slug wes positiored just lownstrseam of the
peak flux. Four, 24-inch, natural ani orne 18-inch, enricked outer tubez of
KER tube-and-tube elements were includsd in the chargsz as downstream bzazer
elements. The loop was operated at pH 10 LiOH with a maximum ocutlet
temperature of 285 C. All five thermocouples indicarad +superatures whick
egreed well with ccmparable thermocouples in the previcus thermocoupls =lug.
Thers was no irdicatior of crud buildup. The locp was decontamirsted
August 19-20, with the fu2l in place.

Tke thermcccuple slug miptured 23 bours after reactor startup following
the decontamination wasn the loop temperaturs hal beer “rought up almost

To rormgl. Thz delayed reutrcen monitcr roge rapidly. going off scale irn
2 couple of mirites. Small sympathetbic resporses oceurred ir ths merit:izs
of twe other KER loops. High gamma activities were encountersl ar many
places ip the loop. Water samplss taken immeiiately after the ruptur:
ghowed strong indications of fissior products, ineluiing large amourts cf
icdire ard reptunium. Th2 locp was lisckarged August 22. On examining
the elaments ir the KE viswirg pit, the thermocougle elemert was fourl o
Fave ruptured at tpe end where the thermocouples wers brsuaght 1r. The
clad was geparaed from the erd cap raarly alli th: way arourd thz clreun-
fererze. Twc jagged longitudinel cracks. about “wo inchass long, with
bligtered areas teneath about 1/5 irck wide, extsrdsi alcrg the two thermo-
couples under tke cladi. The fuel :zlements appesrzdi clzan with ns crud
deposits. It was zoted that five mirurss tefore the rupture +hks thermo-
couples under the claddirg Swropped 5€ and 109 C, sespesctively, whilz the
center temperature remainzd unchanged.

Rupture Tests of Irwadistsd Fuel Elszerts irn IRP.  Rupture Tests € arni 7
were condicted during the mo-th. Test £ was a ansrnal programmed ccol-
down foliowing firet ruptuwre icdicatiors. and Test 7 was 3 modifiel coili-
dowz in whick ar inpitial temperarure drsp from 30C C ro 230 € is made in
two miastes followed by a normal cool-down  In Test 6. the filter activity
reached abcout € R/hxr (wn. loss 16 gm) . compacsi with abouat 0.4 R/hr for
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Test 7. In two previous tests, L 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 a strong incentive to adopt the more rapid,
modified cool-dowvm in NFR if shutdown is the result of a rupture.

It is interesting to compare Tests 4 and 5 with Tests & end 7, which were
identical except that the rods were irradiated at different temperatures.
Tests &4 and 5 used KW through-hole irradieted pieces (2400 MWD/T at sbout
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 then 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"
rieces was responsible for the difference.

T
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All fuel pieces had received severe thermsl shock in previous reactor tests

which probebly accounts for some of the uranium cracks. Tests 4 and 5
pleces 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 Zircalcy Process Tubes. The radiogrephic specificaticn 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
recelved 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 toc a closer tolerance than
formerly. It has been demonstrated that e defect elongates in the direc-
tion of the tube axis during cold working. Both vendors will be allowad
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 C.040C inch axially and Allegheny
0.035 inch.

In oxder 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 radicgraphed at Hanford o
establish the exposure factors which reveal the defects to best advantage.
The standard has been sent to Chase Brass to aid in developing a technigue
which duplicates Hanford results. Their first exposures show an improve-
ment over previous practice.
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Nonmetallic Materials Development

Graphite Burnout Monitoring. Burnout samples were discharged from 3478-D
on August O, after 426 operating days. OSamples near the rear gun barrel
showed an average weight gain of 0.0l% 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 exsmple of graphite mass transfer
within & process channel. Carben 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 nhole facilities (500 to 600 C} at C and KE Reactors, in-
eluding NPR reflector graphites, previously-irradiated reactor grade and
experimental graphites, and many new experimental graphites.

New Compression Test. Two sample boats, each conteining 15 NFR graphite
samples, were charged in 2C at XKW 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 additicnsl compression bosts are being prepared for in-reector and
four boats for ex-reactor testing.

NPR Graphite Measurements. Eight compressive test samples were taken from
four Dars 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

L™ x 4 x 5", 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 0.00%
2812 0.006
5038 0.013
Y775 0.011
Nationsl Carbon Company 3375 0.0085
3275 0.006
2906 0.0085
Looo 0.010
Aversge 3770 0.009
Standard Deviation + 22% * 8%

(*Deflection just priocr to breaking.)
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NPR Reflector Graphite Jrradistion. The GEE 13-5 experimental capsule
containing NFR refliector graphiie hes been completed and will be in-
stalled in the N-5 corner of the ETR during the Cycle 32 shutdowm. A
holder was attached to the capsuwle so that flux monitors can be inserted
and removed while the experiment is in the reactor. Flux measurs=ments
using bare and cadmium-covered Ni and Co-Al wires are being made in N-5
and N-1k during Cycle 31.

Thermal Hydrsulic Studies

Heet 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
length and had a cooling annulus similer to thet 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 0.113 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 £t Subcooling Eccentricity
¥ )
1 22.3 at 196 1.2x108 ol 0
2 22.3 at 196 1.6x100 0 0
3 22,6 at 196 0.47x106 71 75%
4 23,1 at 233 0. 47x100 35 T5%

r

Burnout originated on the top of the rod 2-1/2 inches from the downetream
end of the heeted section in Run 1, while in Run 2 burnout occurred 390
degrees from the top and one-hslf Inch from the downstream end. Burnout
surface temperature rise showed uwp only at the three-inch peosition in

Run 3 but occurred at the one, two, and three-inch position for Rum 4.

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 = 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 suckh & mechanicm i1s responsible for
"hot spot” ruptures of fuel slements.

Cooling by Bolling Experiments. During reactor shutdown conditions and
especially following & loss of pumping power, 2 question exists as to
whether the Hanford reactors could be adequately cooled during boiling of
the coclart in the process tubes. This problem was studied briefly in the
heat transfer lseboratory with the use of a test section simulating a
charge of K IZE 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 hesder. Under these conditions the
heater rod power was brought up to 50 KW with an outlét témperature of
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175 F. The pressurs was briefly rzduced which allowed boiling to take
place in the tube. After bolling was well under way and local film boil-
ing had commenced, the pressure was reapplied. The surface temperature
decreased but the exit temperatures remsined at saturation indicating

the system was operating at reduced flow in the stable boiling region of
the 50 KW #ube demend 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 ocut of film boiling.

The tube power was then boosted to 55 KW and the surface temperatures in-
creased slowly into film boiling conditioms. A steady state point was
not reached. When surface temperatures resched approximately 13150 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 real 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 ve irmediately applied to the
reactor for the following reasen. 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(B. )

vwhere fp is the drag coefficient and Rs is the annulus Reynolds number.
By means of this correlation the pressure drop of any size support for
any given conditions of flow, wvelocity, and temperature may be calculated.
The correlation may be easily incorporated intc the machine 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 mumns were performed at gqualities
varying from approximately 5% to 95% in which continuous plots of the
pressure at the various taps were recorded continuougly on a "X-Y" re-
corder as a function of back pressure as the latter was varied from the
minimim pressure obtainable to the meximum. The general shape of the
axial pressure profiles obtained during the critical discharze conditicns
exhibited a clcse correspondence to that obtained by tke 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/&” of the flow 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 & valid repre-
sentation of the pressure occurring at the location of choking if suf-
ficient number of pressure taps are provided in the final ome inch of

the f%ow passage {as was the case in the test section used in this exper-
iment).

Shielding Studies

Attenuation Measurements. The last irradistion of the 265 1b/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 Ares Ion Accelerator
Laboratery. At present it has been calibrated for neutrons in the energy
range of 150 to 600 Kev et & gas pressure of 8.00 cm Hg at ¢ 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 sny 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
redioactivity which had spread into the counting veolumes from the internal
calibration source. The counter is to be mede gas tight and radiographed
pricr to calibration. It is proposed to use three identical counters
together. Different internal gas -pressures will permit & 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 fabricating and ftest-
ing a reduced length prototype cherging 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 hes been
completed and comment prints issued. TFurther work is pending action on
the prototype charging mechine proposal.

B. WEAPBNS - 3000 PROGRAM

Research and development in the field of plutonium metellurgy continued in
support of the Hanford 234-5 Building Operations and weapons development
progrems of the University of California Lavrence Radistion Laboratory (Project
Whitney). Details of these sctivities are reported separately via d;strlbuulon
lists appropriate to weapons development work. B =

1257623
1




UNCLASSIFTED A-18 mW-666uu L2 d

C. ZREACTOR DEVELOPMENT - 40Q0 PROGRAM

1. PLUTCNIUM 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-
ticnal Mark I-G fuel elements are being recycled through grit btlasting,
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 FRTR loading, 10 are in
an advanced stage of fabrication, billets have been cast for an additicnal
20, and some of these have been extruded into rods. Btching and aute-
claving equipment difficulties delayed fuel tubing deliveries, and failure
of much of the new tubing to meet dimensicnal specifications have slowed
this work.

Of 150 tubes received during the month, only hslf passed dimensional in-
spection. The first of this tubing which is specified to have an inside
diemeter 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 maximum 0.C02 inch ID spread within any one tube is
expected to start arriving on site very soon. With this tubing, Mark I-H
fuel elements cen 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 (CRE-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#567) had given slight
indications on eddy current testing and ultrasonic testing after rod
aggembly showed the tube 4o have 77 crack indications greater than 0.009
lnch 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 decontamination 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 lLimit of nickel con-
centration required to impart corrosion resistance to the 1.8 w/o Pu
alloy is being determined. Alloys containing 1.90 and 1.75 w/o nickel
shoved 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, 85 inches long,
1.83 w/o Pu, 2 w/o Ni-Al alloy pneumatic injection castings assayed:

Pu Content Pu Content
Semple {w/o) Sample fw/o)
1 Bottom 1.53 2 Bottom 0.801
1 Center 1.7 2 Center 1.97
1 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 Pull) was not completely

in golution before casting. To correct this situation, ancther casting
was mede 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-
Jucketed core samples from Rod No. 2. The core exhibited 350 C corrosion
resistance comparsble to that of the wrought structure of extruded rods
of similar alloy composition.

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

Spencer fused Uds. By utilizing a proper particle size distribution

it was possible to increase the tap density from 7.3 gramsfcc to 8.1 grams/
cc. This particle size distribution is obtainable by & single crushing
cperation 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.A&. . .gms/ce. . gms/ce % Theoretical
1 &.70 1.13 8.50 5.88 90.2
2 6.97 1.16 8.98 9.85 89.8
3 7.14 1.18 9.05 9.8k 89.7
L 7.40 1.20 3.10 3.90 90.3
5 7.60 1.23 g.24 9.85 89.8
*Caleulated.

(A11 results were obtained on samples initially at C.750" in

diameter by 18 inches long.) ,
UNCLASSTIFIED
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token on the center of the core indicate that it may have increased culy
one or two mils in dismeter, but length measurements were not made because
the ends were inadvertently cut during sectioning. Core density measure-
ments sre being obtained.

Experiments to investigete 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 isctope 240 are being cast for the capsule reactivity
experiment to be conducted in the MIR. Measurements will be made in the
PCTR, FRCF, and the RMF in an effort to determine the effect of exposure

en the reactivity of fuels using the different types of plutonium. The
capsules, holders, and modified X-baskets necessary for the experiment are
being designed. Samples will also be fabricated which contain different
amounts of poison, nemely, boron. 3By making measurements with these samples
and determining the weighting functions, the reactivity contribution of the
fissioneble atoms can be distinguished from the poison effect of the fission
products.

In addition to the resctivity change experiment, another experiment will
be conducted to follow the power generation of a Phoenix-type fuel with
exposure. Two 42-inch lomg, 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-
tein 21.1 percent 240 and will be fabricated by the PRIR process. Power
generation curves for the two elements will be compared. A fairly reliable
pover generstion curve for a similar U-235 enriched element can also be
calculated for comparison purposes.

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

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

2. A swall diameter PuOz core surrounded by a thick walled
Zirealoy Jjacket.

3. A Pu0z core surrounded by a thick walled nicbium jacket.

4. A small diameter PuC core surrounded by high density graphite
which is ir turn surrounded by a 0.035-inch Zircalcy jacket.
This element would have the advantages of a core with a higher
fissicnable atom density snd better thermsl conductivity,
surrcunded by 2 materisl which has relatively good thermal
conduetivity and neutron econory.

UNCLASSIFIED
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One hundred percent self-shielding ocvcurs in an 0.0625 inch diameter,
70% dense PuOz core; i.e., in a given flux, the power jeneration de-
creases as the core density increases. It is calculated that each of
the designs mentioned above will generate from 14 to 16 kw/ft in a
thermal flux of 1.26 x L0 nv. Heat transfer calculations will now be
made .

UC2 Fuel Development

PRTR Fuel Elements. Design and fabrication of a swaged U0p 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 PRIR fuel assembly was
tested in the ETR gt an average estimated maximum power generation of
395 kw/ft and an outlet coolant temperature of 503 F. The test was coms
pleted successfully after an irradiation periocd of twenty days, at a
specific power generation, at full reactor power, approximately 150 per-
cent greater than the maximum anticipated for UQs elements in the first
PRTR cycle.

A study which snalyzes and compares the fabrication costs for some of the
various types of UQo fuel elements being developed at Hanford is nearing
completion. Three fuel geometries are being considered; the 19-rod PRIR
clugter, a T-rod cluster, and a nested tubular element. In addition,
comparisons are being made of the swaging and the vibrational 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 staticns. Lowest costs
appear obtainsble through use of the vibratory compaction process in come
bination with fuel element ceometries other than the 1G-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 thickmess of 0.0107,
and two were clad with 0.008" thick stainiess steel. The fuel was vibra-
ticnally compacted in 0.563" OD x 38" long tube.

The fines (~100 mesh) were sintered UCp (95 percent T.D. particle
density) enriched to ten percent U-235. The remaining material was
fused natural UOy (D 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.Q08" clad rods aversged 88.5 percent T.D. Severel small dimples
occurred in the cladding as & result of compaction.

All tubes were Zyglo fluorescent penetrant tested on the ocutside ard

inside surfaces prior to compaction. The finished rods were helium
lesk tested and autoclaved for one hour in water at 1000 psi and 280 C.

UNCLASSTFIED
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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 esutoclaving, the cladding collapsed end formed sharp, broad
based ridges C.Q0L" to 0.002" high slong the length of the rod. One of
these rods was swaged, after autoclaving, to a final diameter of Q.S4T".
The ridges were eliminated with no indicetion of buckling or folding of
the metal. No ridges were formed vwhen the rod was autoclaved a second
time. This rod will be sectioned and examined tc defermine the character
of the inside surface. '

The lov 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 fracktions. By cor-
recting these conditions it should be possible to vibrantly compact C.005"
clad fuel rods to densities high enough to minimize collapse in the auto-
clave. For example, fused UQp with a favorable particle size compositicn
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
J02 clad in Inconel-X indicate thet:

1. Considerable plastic deformstion of the U0z occcurred in
samples sweged at 800, 1000, and 1200 C.

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

3. The U0z did not react with the Inconel-X cladding at any
of the swaging temperatures.

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" D to 0.547" OD. The cladding on these rods showed no indi-
cations of folding or buckling after swaging.

Studies of uwranium carbide fabrication were initiated. The material,
supplied by Atomics International, will be vibrationally compacted in
9/16" 0D 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 leal-
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 evacuamble weldinz chamber during the initial attempt

to arc weld the rods. :
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The welding machine settings were established and verified for making
consistently high quality closures on 0.563" 0D x 0.030" wall Zircaloy
cladding. FRIR rods and Hanford reactor defect test rods were welded
with reliable results. BEach 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 eveluated by metallographic examin-
ation, tensile testing, and shearing tests. Radicographs of magnetic
force butt welds were not interpreted reliably. Ultrasonic testing is
being explored; problems of reflecting interference signals due to the
changing 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 ©.0I5" wall
thickness, and 1.00" QD x 0.063" wall thickness.

The problem of erratic acceleration encountered with the draw bench of
the Thermatool machine 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 forwaxd
movement before the welding power is initiated. The previously erratic
acceleration had required six inches of travel before current inlitiation.

Excessive tube distortion and metal expulsion beneath fthe rib was en-
countered when welding 0.075" diameter ribs on a 10" spiral to a 0.563"
QD x 0.015" wall stainless steel tube. A structurally sound weld nugget
was formed heneath the rid and tube; however, varicus attempts t¢ minimize
the distorticn and metal expulsion were unsuccessful. Most of the wire
cross-section reached a tempersture well in excess of the femperature 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
spirel welding ribs on Zircaloy tubing 0.563" OD x 0.030" wall thiclmess.
A reduction of gas contamination of the heated Zircaloy after welding
mey be realized by rapid quenching of the material. An expansion nozzle
for COo gas 1s being incorporated immediately after the argon giffuser
manifold to provide a quick chill. Evaluation of this chilling has not
been completed; however, it is anticipated that the incorporation of the
COz will decrease the need for expensive argon.

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

tubular fuel slement segments. This tooling should be fabwicated by
October 1.
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A satisfactory weld joint desizn has been develoved vwhich works remark-
ably well for arc welding closures on thin fuel element claddings. *A
dovetail flange is provided on the closure cap. This flange serves =
dual purpose of trapping the thin claddinz, preventing it from "belliny"
on the end when heat is applied. The arc is established on this flenze,
vhich melts dowm against the cladding to secure the closure during the
velding operation.

A line Joint 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 claddingz.
The dovetail flange provided on the sleeve alliows a welded closure to be
made simultaneously between all three parts - cladding, sleeve, and cap.

Corrosion Studies

Hydrogen Pickup by Zircaloy-2 and Ziresloy-& in 400 C, 1500 psi Steanm.

In June 1960, data were reported on steam corrosion tests of DL4l 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. Ope major difference between HAPO and Bettis corrosion testing
is that Bettis autoclaves are run static, whereas HAPQO autoclaves are re-
freshed. To resclve 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
HAPQ static autoclave tests was approximately two-fold higher than in the
comparable HAPO refreshed autoclave tests. Hence, when operated static,
HAPO hydrocgen pickup values more nearly check Bettis wvelues, which are
also from static autoclaves. Further tests will be required to determine
whether this difference in hydrogen pickup between static and refreshed
autoclave conditions is due to the accurmiation 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 envircnmental conditions can influence hydrogen pickup
in Zircaloy such that hydriding of Zircaloy reactor components might be
significently minimized by proper environmental control.

Although the hydrozen pickup for the Zircaloy-4 generslly was somevhat
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 totel 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 to
the super alloys. Alloys of lower contents ars belnz fabricated.
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Castings to determine the effect of casting variables on one of the super
alloys are being made. The variables to be investizated 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 morths, the 1.8% Fe, 1.2% Ni alloys still show no detrimental
effect on corrosicn rate as a result of the heat treating.

Structural Materials Development

PRTR Fuel Sheath Tubing. The vendor has faller 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" - 0" ID tolerance specification. From five to
forty percent of the tubes received in wvarious shipments have defects de-
tectable by the fluorescent penetrant dye test (primerily pits, cracks, or
scale inclusions). These problems and shortcomings have been discussed
with the verdor's management with resulting assurances of a concerted
effort to increase performapnce. On the plus side, the vendor has recently
installed a new air abrasive machine to surface condition the extrusions,
and it 1s 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 HAPQ 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 cocling. This grain size is comperable to that of a
Hareaus tube semple which exhibited excellent swageability. Semples
from warm extrusions were hest treated in Houghton 980 salt bath at
various temperatures for times up to four hours. Complete recrystalli-
zation of the cold-worked texture toc ultra-fine grains occcurred in eight
minutes at 1100 F, four minutes at 1200 F, or in one minute at 1300 F.
The approximate average grain diameters were 0.006, 0.0C7, and 0.000 mm
for saneeling temperatures of 1100, 1200, and 1300 F, respectively.

Grain growth occurs when the @nnealing time is increased. Vecuum annesl-
ing preduced grains sbout twice as large as salt bath amnealing for the
same temperature and time. Similar tests on hot-extruded and cold-worked
samples are in pregress. Relatively large grains were produced bty salt
bath annealipg and vacuum annealing of %0 to 60 percent cold worked
Zircaloy-2.

PRTR Process Tube Monitoring. The Mark I prototype, incorporating a TV
camera and ID mpeasuring gage, has been assenbled and is being tested ard
modified in preparation for use on the PRTR early in September. All 85
process tubes will be inspected and measured internally while installed
iNne-reactor. arnd nermanernt kinescone recards nf the tnhe inside surfaces
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will be retained for compariscn with future monitoring scans made after
the tubes have been in operation.

Gamma-radiation testing of electromic components for the Mark I1 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 gemma doses up to 5 x 109 roenteens. All transistors
and one tunnel diode irradiated to 5 x 107 R have failed cr shown very
substantisl changes in electronic cheracteristics. Preparations are being
made to test vacuum and ceramic tubes, resistors, and capicators under
simylated electricel load in a high gamme radiation field.

Crowvn 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 wltrasonic 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 melterials.

For the gas gap measuring instrument, the first probe desigrn 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
crdered.

Radiometallurgy Laboratory Studies

Core-cladding diffusion was not found in the examination of two 3-rod Pu-Al
clusters fabricated by different techniques (RM-65% and 660). A swaged
U0z capsule was found to have an axial void and recrystallization of the
UOp. Fission gas was collected for anslysis and a sample of the core was
dissolved for burnup analysis (RM-27L.). PForty-eight UQo samples were
prepared and transferred to Ceramic Fuels Development Operation for their
high temperature studies of irradiated materials (RM-60%9).

Results and interpretations of these exeminetions will be reported in mere
detail in comnection with the respective development programs served.

Thermal Hydraulic Studies

Problems of a Small Leek Downstream of the Flow Monitor in a PRIR Process
Tube. If & small leak should occur near the inlet of a PRIR process tube,
the result would be an increase in flow through the inlet piping, including
the flow meter, but = decrease in flow past the fuel elements. The concern,
if such a leak should occur, is whether the increasse in flow through the
flowv monitor is sufficient to ceuse 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 accuraie krovledze
of the pressure drop across the fuel eierments and outlet piping,
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especially during two-phase flow conditions, would be required in oxder %o
be certain that boiling burnout conditions would always be detected by a
high trip. Since calculations of two-phase przssure drop are not highly
accurate a test section was built to experimentally check the pressurs
drops across the outlet piping during two-phase flow.

The experimerntal pressure drops as reported in prior reports were gignifi-
cantly higher than those calculated. The test section was then rebullt
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
indicetes that ruptures severe encugh to cause boiling buwrmout will be
detected by the high trip only if the ruptures occur very rapidiy. In
these cases & momentary flow incresse will occur before boiling has had
time to start and cesuse dangercus flow reductions. Ruptures of certain
sizes that occur slowly will have to be detected by other means such as
high outlet water temperasture and an increase in the shroud tube pressures.

Anslysis 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 has been determined that within the size range from an
equivalent dlameter of 0.25 inch to 2.00 inches a hazard exists 1f there
were & similtanecus 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 occur, 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 Deen calculated. A i-1/2" vent valve 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 system.
A head of 500 psia together with a flow rate of about 350 gpm snould
protect the system against fuel element meliting.

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 of & test secticn representing a 19-rod cluster Mark 1
fuel element was constructed for heat transfer experiments. The fest
gsection was installed in the 189-D laboratory, and preparatiors were
made to determine heat fluxes wnder voiling burncut conditions.
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PRTR Project Management and Design

Phese IIT PRTR Contract. The Phase III contractor is estimated to be
about O7) complete &5 of August 31, 1960, versus a scheduled 100% based
on a contract completion date of June 24, 1960, the official AEC schedule.
Over-all PRTR Project is estimeted to be about 98% complete versus a
scheduled 100% based on the official schedule. The Phase IIT 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, 196Q.

The contractor hes 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 stesm piping, the
contractor procured 12-inch expansion 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 meking 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. I% has been necessary to
cut the li4-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. Tnlet jumper installation
is in progress and is approximetely 50% complete. Flowmeter venturi
pressure tap tubing is being installed with the jumpers. Outlet water
sample tubing lines have been installed on the reactor top face. The
Inconel level switch standpipe has been instailed on the pressurizer.

The fuel transfer system is partly operable but will require minor medi-
fications to meintain alighment during operatien. Without water in the
storage basin, the travel speed of the conveyor 1s too fast. The speed
may be acceptable underwater, however. Piping to the water pit conveyor
is being installed. Minor difficulties were encountered in instaliing
the infletable 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-86T7), helium zas storage facllity,
stack filter and tie-in, and modifications to 309 Building, in addition
to the Maintenance and Mockup Facility.
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Rupture Monitor Systenm. Procurement is still fhs major problem in the
fabrication of the mechanical portion of the Fuel Element Rupture Monitoer
System. Delivery of the flow control needle valves 1s not expected until
Septenber 20, with the sclenoid shutcff valves promised by September 30.
Completion of the system is scheduled for Qetober 15, based on these de-
livery dates.

Testing of the electronic portion of the ruptuie monitor system was re-
scheduled for the last week of August by the vendor. Delivery of this
part of the system will not become critical until early October.

Loadout Cagk. The cask shell has been lead fillled ard x-rayed for voids.
The x-rays are now being checked by GE Inspection. Finel finishing will
take about three weeks, assuming the x-ray films disclcose no velds in the
lead.

Fuel Examination Facility. The vendor of the primary menipulator is prc-
ceeding with firael assembly. He has requested a waiver of the finish
requirements on the main frame. Action on the request is heing held up
pending receipt of photomacrographs showing the surface firish which has
been cbtained.

Fuel Element Rupture Test Facility (Project CAH-867). As mentioned
previously, bids nave been opened for construction of the Maintenance
and Mockup Facility which includes the 306 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
punps, regererative heat excharger, and immersion heaters irdicate that
several firms will bid on each item. Bid dates on this equipmert range
from September 1 to September 12, 1360.

Test Section "A" pressurs tube assembly bid packages were sent tc pros-
pective vendors. Several guestions from vendors regerding permissible

fabrication technigues and reguests for dimension relaxations have been
received ard processed. If is ipdicated that at least two firms, Tude

Reducing arnd Chaze Brass, will submit bids on the tubes.

Detail design is estimated tc be 21% complete. Preparation of procure-
ment specificaticns for tie makeup system ion exchange =squipmert has
been completed and they are keing routed for approval. Specifilcations
for the loop storage tark, deoxygenatcr, chemical feed system, axd
cleanup system ion sxchengers have been issued in comment form. A
purchase requisition for the detail design by an outside architect-
engineer of the water filtration plant and holdup tank is in process.

Plutonium Recycle Critical Facility (Project CAH-842). The PRCF pertion
of the Maiantenance and Mockup Building bid is estimated #o be $85,000.

A design schedule was prepared and approved. Design of the moderator
temperature monitor is complete and purchase specificaticrs have Leen
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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. Comnents 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 chemicel resistant coating.

A gtudy was made to determine the feasibility of wusing a spare PRTR heat
exchanger (HX-3) as the heat exchanger for the PRCF thinmble pipirng. This
will be possible with minor modifications to the exchanger.

Design and Component Testing

PRTR Fueling Vehicle. Fabrication of the replacement shroud assembly is
85 percent complete (Phase ITI-A, Ttem No. 25). A requisition was izsued
for a2 single chamnel gamma monitoring alarm system (Phase III-A, Item

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

PR-10 - Primary Loop Mockup. The spare PRTR primary process pump was szut
down after 1534 hours of operation when the seal temperature, which
normally opsrated at a steady 120 to 130 F, started fluctuating =nd the
seal leskage incressed from a normel 0.02 to 1.3 gph. The pump run-dovm
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 seal has operated for a total of 2028 hours without
incident. Collected leakage from the high pressure sesl varies from C.5
te 1.5 gph, depending on cperating copditions. This is a notable test run
because of the poor experience other sites hawve had with this new type
seal. The pump has had 31 starts and 51 thermocycles durirg this test
run. The Aldrick injection pump has operated 741 hours with the R/M Vee-
Flex rings with finger springs installed on the pressure side of the
packing. No meintenance 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 sines
this time and now have leak rates of 200, 175, and 200 ml/hr.

Process Tube No. 586~6063 has operated for L78 bours and 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 3i psi pressure drcp
at full flovw conditions with the fuel element in place. Use of the *“apss
design is expected o give more reproducible results than +the sharp edge
orifice design.
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Average leskage 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 she 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 selzure during long-term operation. If is planned to thermal and
yressure cycle this test piece 3000 times, which will regquire about three
months.

PR-30 - 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
continuous operaticn. The lower motor of this assembly, which drives a
single rod, will not hold the rod in position when the pover is turmed off.
This malfunction has not occurred previously with the original motors.
Modification of the assembly to prevent this downward drift was started.
This same mpdification may also be desirable for the reactor asssemblies.

The Western Gear motor which was glaced in the irradiation facility was
removed after being exposed to 10! R gamme; mechanical and electrical
characteristics were checked and found unchenged. The motor has been
returned for further irradiation. During the checks on the motor, it was
cperated for 45 minutes continuously under a lcad of 20 in-cz and showed
a terperature rise of less than 20 C.

Delivery of three more drive assemblies from GE-APED is scheduled zbout
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 loadcut cask wrench is about 50% complete and will be
finished when the stainless steel bearings are received.

A wrench to remove and replace the three flange bolts holding the shim
centrol to the top primery shield has been designed snd placad in Tech
Shops for fabrication. The wrench is designed to prevent a flange belt
from dropping during placement or removal.

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

Design Analysis

FRTR Process Specifications. Ninety-eight percent of the Startup Process
Specifications have been wristen in rough draft form and giver initial
review by the PRTR Startup Council, including one new specification which
was drafted during the month. Ninety-cne percent of the Process Jpecifi-
cations have been approved by the Startup Council. BRighty-nine percent
have been issued in approved form. :
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Saferuards 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
Septeniber meeting. The GERSC has been specifically 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 PRTR operating procedures continued es the
procedures were scheduled for Startup Council approval. About 40% of the
rrocedures have been reviewed from the reactor safeguards standpoint.

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

Plamning 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 coperation of the PRTR has been received
from the AEC. This authority is for operation in accordance with the Final
Safeguards Analysis, Supplement I thereto, and three instructions concern-
ing an exhaust air filter, coolant void ccefficlents, and use of the auto-
matic contreller.

PRP Physics Analyses. Additional two dimensionel, three-group calculstions
of the PRIR core with the 9 ANNGIE Reactor Code have been performed for the
Tollowing cases.

Case: No. of No. of Moderstor

Ho. Pu-Al Elements UOo Elements Level Comment

A 3k 51 Full

B 3k 51 Top of fuel

c 3L 51 3/L Level

D 3k 51 1/2 Level

E 34 51 36"

F 24 61 Full

G 24 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 dimensionzl VALPROD
studies.
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A physics study of various cladding concepts for a Pulp or PuC 1/16"
fuel rod has been completed. These include PuC bernded in carbon clad
with Zircaloy; PuQp surrounded by Ta, which is surrounded by a thick
Jacket of Zirecalcy; PuQo surrcunded by Nb, jacketed with Zr, and PuQo
surrocunded by & thick zirconium Jjacket. These calculations are being
used by Flutonium Metallurgy COperation in the development of fuel
elements for irrediation in MIR.

Effective Multiplication Calculations. Changes in the effective milti-
plication of a reactor configuration are not directly deduced from a mere
scrutiny of changes in the miltigroup reactor parameters. What is needed
iz a complete set of the perturbastion characteristics of the multiplying
system with regard to any piece of the mitigroup description. A method
has been devised to pinpoint the deviation of effective multiplication

as a result of changes or errors in any ¢ne or several of the "igput”
(for computer codes) parameters or pieces of data for the problem. Using
this method, for example, it may be found that an error of 5.0% 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 snother point
of view, the change ir miltiplication of & 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. Hexre¥,
and the model is being extended to include refieseted reactors apd three-
group diffusion theory. The solution is obtained using well known per-
turbation methods of reactor theory. Information needed for the varia-
tlonal calculation is three-group flux and adjoint flux distributions
which mey be obtained using the FLUX-WEIGHT Code for the IBM-T7C9.

PRTR Primary Coclant Piping Stress Analysis. The carbon steel to staine
less steel weld at the pressurizer inlet nczzle was analyzed for stresses
and & rough draft report will be issued. The stresses will be high
enough to cause some yielding during normel cycling, but a fatipgue
acalysis (using the tecbnique described in the Bureau of Ships Reactor
Vessel Code} showed that the joint was safe. Further analysis of this
Joirt and other bimetaellic weld Jjoints in the primary coclant riping
will be made.

PRTR Operations Planning

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

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

*H. Grumm and F. Herre, Tolerances for Group Constants in Reactor Calou-
lations, Proceedings of the Second United Naticns Internaticpal Confer-
ence oa the Peaceful Uses of Atomic Energy, Geneva, 1958, Vel. 1£, p. kg2,
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Stock requests for reactor spaere parts are complete with exception of
spares for the fueling vehicle, electronic power supplies, and special
Zaskets.

Procurement of spare parts for the Hofer helium compresscrs continues to
be a problem. The U.S3. vendor does not maintain an sdequate stock of
essential components such as check valves and diaphragms. Vacuum-melted,
cold rolled shest stock has been ordered for the purpose of fabricating
sufficient spare diaphragms before the need becomes criticel.

Complete layout informetion for the temporary meintenance 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 Netionel Reactor Testing Station at Arco, Idaho, toc discuss mainten-
.ance planning and operating problems of the ETR and MIR and assoclated
test loop facilities with Genersl 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 anslytical laboratory in the Service
Building basement. The final comment issue of the PRTR Building Safety
Rules was completed. Flans 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,
cand Criticel 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
purps are being run on slternate days. Testing to date indicates the
pumps will operate satisfactorily.

Lisison was maintained with the designers of the PRP Critical Facllity,
the Gas Lcop, and the Fuel Element Rupture Loop.
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2, PLUTQNIUM CERAMICS RESEARCH

It has been found at Harwell and confirmed at Hanford that PuQp and A1203
form a perovskite type compound, PuAlQ3, during heating in hydrogen.

This compound is hexagonal close packed but can also be indexed on s
rhombohedral symmetry. The formation of this structure had been attributed
to the reaction of PupOq, vwhich results from the hydrogen reduction of
PuOp, with AlpO3 according to

2 Pudg + Hp = Rl203 + HoO
PupO3 + Alp03 = 2 PuAlQg

To check this hypothesis, PuOp and Al50q were heated in helium at 135C C.
for four hours. X-ray diffraction showed two phases nearly equal in
quantity, PuOp and PuAlO3. This would indicate that PuAlQ3 formaticn is
not dependent on the hydrogen reduction of PuOz2. Rather, vaporization
may account for an oxygen loss giving the following reaction:

2 PuOp + AlpOg = 2 PudlO3 + 1/2 Op

Several experiments were run in an attempt to make plutonium nitride.
Alphe Pu metal powder was heated to 1000 C in the presence of both 350
and 50C mm Hg of nitrogen. In both cases PuQo resulted. Since the metal
powder may have had an oxide coating, a smell amount of carbon was added
and the mixture heated to 1000 C in 650 mm of nitrogen. The result was a
PuQ2 phase and another phase indexed on the face centered cubic system.
The plane spacings conformesd 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 eveluations 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 Pulz + C reaction are being checked in detail.
S es have been heated to 850, 1000, and 1150 ¢ for one hour in a
107" mn Hg vacuum. These samples are awalting x-ray diffraction.

A PuOp-Zr0Op specimen containing 0.5 w/o PuOs was sintered in a hydrogen
atmosphere at 1500 C for eight hours and slowly cooled. OQne hairline
crack was observed; otherwise, integrity was good. The stabilization

of Zr0pz by Pul2 additions appears to be inconsistent with concentration
up to 10 w/o PuO2. The integrity cf all pellets sintered which contained
at least 10 w/o PuQp 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 FUELS RESEARCH

Fuel Eveluation. To study hydriding in both Zircaloy-2 and Zircaloy-4
under similar conditions, a 24"™long, 0.565 ¥ 0.002" diemeter, 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 UCs 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-GER-4 Pasility
&t the MR, = . . ..o 0.

Various ceramic fuel enrichment methods (e.g., coarse, fused, natural UOp
particles surrcunded 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 pover
generation of approximastely 105 kw/ft (600,000 BTU/hr-ft<).

Swaged UO2 }sintered and crushed) irradiated for one and one-half years
(13,500 MAD/T) in MIR released approximately 31 percent of the fission
gases. The urenium dioxide capsule hed an OD of 0.630", and was irradisted
at specific power generation of 25 kw/ft.

A similar sweged 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 UQp fuel elements will be conducted
in HAPO reactors. Three, 12" long, Zircaloy-2 clad, UQp containing b-rod
clusters were fabricated and a test proposasl approved. All fuel rod
diameters are 0.565 % 0.002". One of the three assemblies contains
pressed and sintered UOz pellets in 0.030" Zircaloy-2 cladding. Two of
the rods in this assembly contain 0.0Q05" 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-l clad rods, with one rod of -each clad-
ding material defected as above. One of the latter twe assemblies contains
fused UQp; 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
UOs fuel rod at a meximum heat flux of approximately 700,000 BTU/hr-ft=
in the MIR. The improvement probebly should be attributed to the use of
relatively large, dense, outgassed UQo particles.

Basic Studies. Modifications to an existing laboratory were completed to
accommodate the JEM electron microscope. This electron microscope was
received in Milwaukee, vhere it is to be assenmbled 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 ultimete resclution and operation of accessory
components will be completed after permanent installation at Hanford in
SBeptember. Design details of the cine attachment appear to be
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satisfactory. Contirucus photography of specimen changss can be accom-
plished while observing most of the imege on the fluorescent screen.

The design and fabrication of carbide dies for impact forming of UOp in
the Dynapak machine was discussed at the (eneral Electric Carboloy
Divigicr in Detroit. Carbide dies should permit an eight-fold increase
in the sige of samples capsules used for high energy impact forming of
U0z %o densities greater than 99 percemt T.D.

Thermal Conductivity. A thermal conductivity specimen was fabricated by
vibrational compaction, using = shallow cup required for the Battelle
meagurement apparetus. 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 evaluation. A higher
density specimen 1s expected to result from a redesigned cup and prepar-
ation accessories.

Initial meesurements were made at BMI on a UQz specimen prepared at Hanford
on the 3C0-ton press. Initial deta, up to 1200 C, indicate the thermal
cenductivity curve will fall between the curve previcusly obtained from
UCz fabricated by iscstatic pressing and by extrusion.

A detailed review of the current world-wide status of the measwrement of
thermel properties of UCp was completed, particularly concerning thermal
conductivity. A summary was pregented in & panel discussion of heat
transfer problem at the AIChE meeting in Buffalo, New York.

High Temperature Microscopy. High temperature microscopic examination of
irradiated U0z with in-reactor exposures of 40, 125, and 4O MWD/T was
completed. The melting points of these materials were 2830 C, 2890 C,
and 2920 C, respectively. Unirradiated UQp, under the same conditions,
consistently melts at 2750 C. These melting temperatures are averages

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

3040 C at 1500 MAD/T. Extrapolation of the plét predicts further melting
point increases with higher burnup, although a maximim I1s apparently
being approached. A vapor pressurs inhibition in the temperature range
2k00 C to 2900 C was apparent for the 40 to 340 MID/T exposure oxide.
Vapor deposition crystals grew, but at a slower rate than those from

unirradiated UOz.

BASIC SWELLING STUDIES

Irradiation Program. The general swelling capsule that was inserted in
the reactor in the latter part of February is continuing to perform
gatisfactorily at a control temperature of 550 C. The control instru-
mentation has performed quite well since installation of new pobtenti-
ometers and premium tubes. Control of the capsule temperature has been
within 10 C for the past two months. The second capsule has now heen
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charged. The capsule contains two natural and one three percent enriched
uranium spheres. It 18 being operated at a ferperature of 500 C to
establish the effect of temperature of irradiation, burnup, and burnup
rate on swelling in uranium.

Two other gemeral swelling capsules containing split, hollow cylinders are
in the final stages of asgembly. Numercus 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 bebs
and gemms quenching, and high alphe annealing were unsuccessful in pro-
ducing graing that were considered fine enocugh. 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 finslly 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 sbout 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 mey be necessary to determine the importance of grain size and
orientation on swelling.

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

Two capsules each containing & precharacterized, cylindrical specimen of
uranium have been assembled, One of these capsules has been tested under
conditions simuleting reactor shutdown. With one kilowatt of electrical
heat energy being Qdissipated by the heaters, the temperature of the NaK
envirconment 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 duving irrad-
iation. The metallographic swelling capsules will be irradiated at *he
ETR where high fluxes are available.

Pore Size and Distribution. Optical and electron microscopy are being
used as & direct means for determining the size and distribution of pores
in irradiated urenium. In addition, exploratory experiments on the bond-
ing of uranium to uranium are being conducted. The ultimate extensicn of
these experimenis is to study fission zas mobility in couples consisting
o irradlated and non-irradiated uranjum. Post-irradiation annealing
studies, bulk density measurements, and slectron microsccpe determinaticns
of pore void densitiss and pore vold fractions ars continuing. This work
is being conducted on specimens with burnups of 0.29 a/c and 0.4l afo,

UNCLASSIFIED

-2
U
-0
=3



UNCLASSIFIED A-ko HW-66654 TE]

irradiated at core and periphersl temperatures of approximately 500 C ard
300 C, respectively. The effects of a one-iour and 100-hour post-irradia-
tion anneal at A0C C on the swelling in declad, unrestrained specliens 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.K1 a/o specimens, respectively; (2) leng-term
armealing, 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 ammeal-
ing treatments increases by a factor of two, with little dependence on the
tempersture during irradiation or the level of burnup; (5) the 1C0-hour
annealing treastment introduces little additional change in void density;
(6) the void density appears to be grestest in the case of high burnup
{0.41 a/0) in regions of the specimen irradiated at lov 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 information 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 witrascnic jolining experiments.

Two specimens, GEH-14-33 and 35, irradiated at temperatures of approxi-
metely 200 C to burnups of .03 and 0.07 a/o have been examined. The free
surface of these precharscterized specimens showsno evidence of fission
gas pores; after removal of less than a lO-micron deep layer from the
specimens by etching, agein no fission gas pores were observed. The
specimens will, therefore, be ground to a much deeper depth to permif
examination of the intermal microstructure and gas porosity.

5. IN-REACTOR MEASUREMENTS OF MECHANICAL FROFERTIES

The purpose of this program is to measure the mechanical properties of
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 comparisom with
the in-reactor test.

Comparisons between the creep rates of the in-reactor sgpecimen 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 to a new value,
33,000 psi, on both tests. The capsule appears to be cperating 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.
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Negotiations are now in progress with reactor personnel for the charging
of one of the second seneretion 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 recordinz installation 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 manually until the auvtomatic systen
can be placed in operation. The other three capsules will be used to
check out the cperation of the digital recording equipment before they are
shipped. Then, as test holes become availatle, these capsules vill be
charged in the reactor.

Studies are continuing on various methods of making measurements with in-
reactor capsules. FRefined methods of strain messurement 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 expesure 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. O(ne 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 continucusly.
The mechanical device can be used to periodically check the electrical
transducers without danger of weer. An improved system of extensometry
has evclved from the two systems devised for the second capsules. The
nethod 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 meny parts are eliminated while retaining the best
features of each of the two sensing systems. Drawings sre now being made
to build and test a model of the combinetion extensometer system.

6. CAS GRAPHITE STUDIES

EGCR Graphite Irradiation. Capsule H3, containing EGCR prototype zraphite,
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) hes been noted in samples
of as-deposited and graphitized pyrolytic carbons irradiated for 132 MWD/ AT
at about 600 C. Por 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 ay directicn amounting to an average
of + 0.042 ¥ 0.01%. This behavior of the ay direction is in striking con-
trast to regular graphites in which a contraction is notéed in the ag
direction at all irrsdistion temperatures.
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Ar. exparsicn in wtz ac directicr has Ween noted In pywelytic zrapnite after

heat treetmen®t absv: the 4dzpositicn temperature. Sucl an exparsion is

attributed te straigntaning of the pyrolytic plan z. A simlar mecharism

is believed t¢ cperate i ths abtcve irradiaticn wesis. since ths ¢y Crys-

tallite parametar (viz., distarce hetwasn carbon ;“ ¢s ) appavertly did zot

change upen irradiation. For the ungrapeitized mavari al, the c. value was
6.85 A toth before anc after irrsdiation.

Thermsl Oxidation Studies ir CO2. A 7.9604 gm sample of CSF graphite was
heated in neiium %o desTreoy swxface oxide ahi ther, expss ei s COp at
various temperatures. Tre bu¢ldup of surface oxide was foiizwedi with an

autcmatic recording mizribalapce. Ths Pclliowing results were chtalred:

Run Pretreatment Clo Temp. Max. W=n. gai-s Time t2 Max. Gairn

1 He at 750 C TES O £.35 ng 8C mir
2 He at 80C C & 6.3C 7.5
3 He at 800 C G0 &. 41 97.%
i He a%x 800 C 2390 £.26 9.3

If alli the weight ircrs=ase is due to formaticen of suwrface oxide.

COp —F CO + C(0), apprezimatsly 3 x 109 sites psr gram of graphite are
involved. If an equal cumbey of CO arnd O species ars irvolved in the
weight increase. CO == C(CO) + c(o), ther about 2.19 x 10L9 sites per
gram of graphite ars usged. The observad spscific surface area of this
graphite is C.26€ n?/gm for sam;;es cf th" ~ype. sc the number of sites
involved er squere meter of graphite surface are 8.21 x L9 and

1.13 x 1020 for the +wec casas consi‘ered;

Qeidaticr Studies or. Dragon Grapkite. This study was conducted to compars
the oxidetion rates of Britisn Dragon graphitve with ratsz <f "F" purifisi
grepitite and tc determine whether regraphitizarion weuind pr;V14— greater
oxidaticn resistarca, sirce fthe Dragon graphiie was processed at rela-
tively low tempers=iurs.

During regraghitizatior, samples were heatel fio 2852 C ir ar insrt atmeos-
phere. The tempsraturs wxee2dsd 26(0 C for a pericl of 27 minutes. How-
sver, x-ray data irdica®:z *hat thers were small ragions -f incomplztaly
graphitized materisl =vop afiar thes regrapaitization.

Oxidation was conductei at 5¢ C iz a flowing (2.7 eff) swream of Of.
Data fatulatsl belcw show that regraphitizaticn rsives? Ths oxidation
i =2

rates from three no six times, it rewver down to ths vaius

graphite.
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OXIDATION DATA - DRAGON GRAPHITE SAMPLES Q
Qeidaticr Rete (g/ghr x 1072) e
Graphite Type Pre-regraphitization Post-regraphitization
HS HX-10 2.78 0.876
Morgen EY-60 { 4+.89 1.ko
( 9.17 1.61
( 9.39
CSF 0.350

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

CO, CO+, COE_’ C%"', C302|, &nd 02+o

Microwave Activation of Hitrogen Gas. A glow was maintained in flowing
nitrogen in & pressure range from 200 to 1000 m Hg. In the absence of
any graphite in the system, no deposit wae observed cn the gquartz re-
action tube. In the presence of graphite placed directly in the glow,

a yellow to brown deposit was formed. The weight loss rete for the
grapnite semple 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 paracyenogen, {(CN ).

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, & heating element failure just prior to admittance of the
eir 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 tempersture,
Tas was 25 C. In the second run, T3 was 625 C, and Ta was 180 C. Com-
bustion did nct occur ir either case. Howsver, the normal heat losses

in the system may exceed the heat evolved by oxidation. In order to mske
the system adiasbatic, modifications have been completed which permit a
low power to be maintained separatzly to the oufsr ring of heating
elements. Tre {H T between the irside arnd outside of the block can thus
be maintained at zero during burning experiments so as to meke the system
entirely adiabatic.

Gas loop Prcject Management and Desigr (Project CAH-822). Constructicn
specifications, drawings, and speciaml comditions for the installation

of the Struthers-Wells packege of the gas loop were issued during the
month., Minor Construction is currently preparing meterial take«off lists
S0 as To start the preliminary work during the second week in Septenmber.

The Phase "A” package by Struthers-Wells is approximately 98% complete.
The pre-heater has been fabricated tut not tested. The pre-hester and
several valves are all that remsin to e installed for physical comple-
tion of this order.
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__——) The primary blower status has improved somewhafh. Bristol-Siddeley is
currently testing the second blower in an effort fc reconfirm results

atteined with the first blower. These results may be summarized by
the following equation:

P 3 _
TKN = K

where P is in psia, T in 9K, and N in RPM. Eristol-Siddeley.feel they
can guarantee a X of 1 x 1011; however, the design point condition re-
quires a K of 6.65 x 1041, '

A revision to the gas lcop 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 remzinder of the helium shroud coolant loop is being fcrwarded 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
essembly of the second prototype in-reactor section was delayed pending
installaticon of the first prototype assembly.

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

160 hours of cyeling cperation. Cyecling 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.

Minal comment prints on the graphite cask have been issued.

Equipment has been obtained for momritoring in-reactor movement of the high
pressure tube relative %o the shroud tube in the PRIR Gas Loop. Out-of-
reactor tests on the Fenwal line detector wers tegun in preparation for
the in-reactor tests. Arrangements have been ccmpleted to provide a
second detector assembly without cadmium which is present in trace amounts
in the 'nit now on site. The second unit has been scheduled for similar
testing. The thermocouple and velocity head instruments have been fab-
ricated Por installation on the gas loop mockup in the 314 Building.

7. . GRAPHEITE HIGH TEMPERATURE IRRADIATICN DAMAGE STUDIES

Graghite Microscopy. A method of preparing graphite samples for electrcn
Microscepe examination has been developed to facilitate the location of
selected areas for examinetion before and after ilrradiation. An Ermest
F. Fullam Company 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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marks was successfully controlled by determining the contact resistance

at the correct depth and maintaining that resistance during the scribing
operation. The scribed locations have been photographed at magnifications
wanging from 50X to 750X on both the graphite samples and shadowed
replicas. With = series of photographs of increasing magnification, wvery
small aresas mey be located at magnifications too high to include refer-
ence scribes in the field of wview. Locating these areas on grid mounted
replicas will he attempted with the electron microscope, and, if success-
ful, the samples will be irrediated.

Metallogrephic Studies. Twenty-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 reedilly &istinguished in the green stocck, 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 graephitized coke.

Specisl Graphites. Initial delivery of samples under contract AT(45-1)-
1603 with the Parma Research Center of the Union Carbide and Carbon
Corporation was completed during this month. These samples are currently
being prepared for irradistion.

Thie 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 chenges in sample dimensions with changes

in the x-ray inter-atom dimensions and to ascertain density changes under
lrradiation. 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 rediation effects in large un-
strained crystals of graphite. (3) Graphitized Continental Coke. These
samples are designed to study irraedistion effects in a birder-free
system. (4) Constant orientation, varisble density graphite. A series
of samples was included to study the effect of density variation only on
radistion damage. (5) Highly oriented graphite. Graphite with an
orientation 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 orn graphits
made from poorly grephitizing material.

D. RADIATION EFFECTS ON METALS - 5000 PROGRAM

Rediation demage recovery is being studied for e number of metals, namely,
copper, rickel, titanium, zircorium, iron, molybdenum, and type 347 steinless
steel. Tensile properties, micrchardness, electricel resistarce, and X-ray
iffraction spectra are being studied to determine the characteristics of
recovery mechanisms. A new isothermal annealing fixture has been fabrica-ei
and i1s expected toc give better results than the former system which was
composed of a quartz specimen ftube under static vacwum, beated ir an air
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furrace. The new fixture is constructed entirely of stainless steel and
utilizes a dynamic vacuum. A basic design feature is the ability to operate
the amnealing system remotely. The specimen tube is in intimate contact
with the specimen ard its hclder and the hesting medium is molten lead.
Cocling from temperature is accomplished by quenching the entire fixture in
weter while still under a dynemic vacuum. Provision has been made to charge
halium into the system if the heat transfer rate in vacuo is too low.

Post-amnesling x-ray studies have been completed on isochronally-annealed
zlrconium and nickel specimens. Although microhardness and electrical re-
sistance measurements indicated that damage recovery was complete in both
irradiated zircorium specimens, a small amount of lattice distortion re-
mained In the form of a shrinkage in the C, lattice parameter. The A4
parameter for hoth specimens recovered completely. As a result, the line
width of the (220) reflection in both specimens recovered to the wnirradiated
value, but the line width of the (302) reflection showed a retained broader-
ing of 22 and 10 percent, respectively, at exposures of 4.7 x 10L8 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 grester 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 10¥ and 1.5 x 1020 nvt.

Interim x-ray measurements on irradiated molybdenum showed that recovery was
not complete after annealing at 800 C, and further amneals 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 (EM-4086}.

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 appearsnce birt appeered to be metallic when sectioned.
A portion of the sample was dissolved in aqua regia and submitted to the
analytical laboratory for spectrochemical analysis (RM-339).

A side-other rupture (I & E production element) was found 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 undex
the blister, but did not form the usual rupture cavity (RM-409).
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Metallogsraphy Leboratories

Although the uncolored tremsparency of Lucite is preferred rather than the
slightly colored resin for mounting some metallographic specimens, Lucite
hae the disadvantage of requiring & relatively long time (one-helf hour or
more) for mounting & specimen. To. overcame this disadvantage, a 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 & standard Buehler 1-1/L inch diameter
mold which has been wrapped with alternste 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 heasting 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 cethodic vacuum etched UOz in aluminum fuel plates, irradiated
and ruptured fuel rods, UOs specimens hot pressed at GERL in the diamond
press, copper which had been exposed to glow discharge at NMI, irradiated
high density UOp-PuOp peliets, and fractography and metallographic surfaces
of irradiated UOp before and after annealing.

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

Samples Processed During the Month:

Total Semples 401

Carbon Replicas 36
537

Photographs

Micrographs 482

Macrographs 80

Electron Micrographs 180
e

Special Fabrications

To date, 1344 coextruded fuel rods have been shipped to the Savennah River
Laboratory as scheduwled. The finel 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 yeer. Yleld
of acceptable billets after radiography was 90%. Over-all yield for the
ensire process was about 75%.

Two I & B rods clad in X-800L Al and containing a C823 AL core were co-
extruded. The billets, in both cases, were desismed to give a 0.050 inch
cladding thickness and a 0.165 inch core thickness. The two billet designs
(Mark IT & Mark IIT) had different core end confizurations, roughly
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2-1/4 inch and 1-3/L4 inch radii, respectively. The extruded cladding thick-
nesses were within 0.005" of the design value except for slight dogboning at
the leading and treiling ends of the core. The 2-1/4% inch radius on the
Mark IT core zave satisfactory results, bubt 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 elementis.

¢ A% .MM}Z’

Mansgzer, Reector and Fuels Research
and Development
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PHYSICS AND INSTRIMENT RESEARCH AND DEVELOPMENT OPERATICN

MONTHLY REPORT

AUGUST 1960

REACTOR

Neutron Spectrum Studles

&.

Detector Folls of Lutetium

The report lutetium as & Spectral Index Detector, HEW-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
repcrt have heen received from offsite and approximately half of the requests
are from laborstories abroad.

Neutron Rethermalization

1. Graphite Experiment

The counting data have been corrected for a shift in counter efficiency
and a reanalysis using cslcuiated diffusion coefficients will scon 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 thermsl
activity of copper and traverses of the epicadmium activity of gold.

4n evaluation of the svailable data on the diffusion coefficient of themmal
neutrons in water has beern completed. Dats recently published by Rocksy,
et al (NSE 8, 1950) and by Kuckle (letter to the editor NSE 8, 1960) have
been compared to Stanley's (ANP) compilation of twe group parameters.
Rockey has published meesured values of the diffusion length of thermal
nevtrons in hot water for temperasures fram 26 o 295 C¢. These data have
been used to caleulate diffusion coefficients upnder the assumption that
the microscopic transport cross section of water varies as 1/v. Kuchle
has published diffusion constant results for water temperatures cof 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 temperasture equal to the
physical temperature of the water. The letter values compare favorably
with those fram Stanley in the temperature interval 20 to 25C C. To date
tamperatires between O and 50 ¢ are the only ones cf interszst and 1t has
been copneluded that these data are adequate for the analysis of the experis
mental data obtained in our experiments.

3
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A preiiminary set of values for relaxation lengihs of hot neutrons in water
al rcom tempersture 2as been cbtained from the water rethermalization
experiments. These values were obtalned from traverses of the thermal
activity of copper in the waler only. The analysis was made with a two-
thermal-group diffusion model under the aszsumption cof no source ¢f thermal
newtrons. The results are given in Table I.

TABLE I

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

gzggg;te Tempersture Relaxation Length
oK (em)
420 0.46 £ 0,10
570 0.54 £ 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 1560 winter meeting in San Francisco.

The rethermalization properties presented in Table I are subject to
sdditiconal uncertainties which are not included in the errors which have
been quoted. The traverses of the thermal activity of copper whlch were
taken cn 2 diameter through the water exhibit an unexplained asymmetry.
This asymmetry was averaged for the purpose of the approximate analys:is.

pigital Computer Codes for Reactor Analysis

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

bag been successfully run, Debug runs are now being made with a more complex

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

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

to solve the resulting set of coupla2d diffusion equations have so far been unsuccess-
fal.

Several additional test cases have been run on the diffusion thecry code AIM-5

to gain femiliarity with 1ts use and clarification of its instructions. The
problem of generating an adequate set of croas sections for AIM-5 is alsc being
investigated. Two codes, NUDATA and (-3, have been used to generate these cross
sectlons., NUDATA, which utilizes the Nuclear Data Tape, gives group cross sec-
tions averaged over Mexwelllan or 1/E spectra but does not give transfer cross
sections, C-3 Zives cross sechions, including transfer cross sections, averaged
over a caleulated spectzum but is limited to three groups. Neither of these codes
has furpished a satisfactory set of cross sections for the ATM=5 test cases. heing
investigated. The comparison of the F-3 code with AIM-5 hes been delayed until
better cross sections ars obtained.
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Work has begun on &dapting the ANP code C-5 for local use. C~5 calculates the
slowing dowm density, flux, and corresponding adjoint quantities for a homo-
geneous medium using either the meodified age or the Coveyou-Macauley slowing
down model., The flux and adjoint flux are used to campute weighted group param-
eters and system muitiplication. Input data defines the materiml and geometri-
cal confilguraiion of the reactor with the Hanford muclear data tape supplying
the necessary cross section. This code, when completed, will complete a prelim-
inary system of codes for neutron spectrum calculations.

Canputational Programming Services

Errors in the fast source correction portion of BKL, the production code for
exponential pile data reduction, have been corrected so that the programmed equa-
tions are now properly evelusted. A question still remains sbout this correction,
however, becanse the values determined by the code in some test cases do not agree
with valuee calewlated sare 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 delsyed pending resolution of this
discrepancy. Conversion of both codes to the Monitor system has alsc been delsyad.

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

by meking unnecessary the locating and changing of all output statements to cone-
form to the Monitor output tape. Instead, DTRANS can be utllized just before
exiting fran the code. The conversion feature of DTRANS was in fact the incentive
for its preparation, ani the time Iinvested should be repaid in full in the conver-
gicn of BKL and CCFIT,

Anglygis of Flux Traverses in Lattices with Large Diasmeter Fuel

Fiux traverses for several lattlces have heen calculated using the P3 method.

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

Waen the temperature required to fit the flux ratio 1s plotted versus the fuel to
moderatcor ratio, a smooth curve results, although the temperatures seem high (40 to
280 C ebove physical Lemperature). A correction for eplthermal flux depression
vwas mede &t one point, showing that sbout half of the derived temperature is due
to epithermal effects. Thus when the model is used to ealculate 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 Tempersture and Epithermal Flux on Lat-
tice Cell Flux Traverses," has been submitted to the Amerizan Nuclear Society for
Presentation at the December meeting.

Exponentisal Meassurements for N Reactor

Canning of low enrichment {.94% USP5) NPR fuel elements is about 60% complete.
Diffusion length measurements have been taken in the NPR mockuip graphite stack
with fuel and contrel rod chamnels empty. The preliminsry results imply s dif-
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fuzicn lengtk L of 87.7 om =sing an estimated extrapolaticn length of 1.0 em.
Tre diffusion length in this stack without voids is calewlatad to_be
51.2 om {standard pile aorrected to a density of 1.70 gms/cm?). The ratio
L?L,J g 1.66 compares favorably with a Behren's correction for neutron stresming
1.

PCTR Measurementa for N Reactor

The PCTR meesursments of the lattlice parameters for the dry condensed lattice
have been ccmplieted, and the measurements with the water-cocled assembly are now

beginning.
K Reactox Temgerat‘-.z.re Coefficient in “he PCTR

Appraximate calculations have been made for the NPR lattice parameters hot and
¢old. The ratio of the average flux in the graphite to that in the fuel changes
by 20%; snd the copper reschion rate will change by 30% due to the added change
in newtren temperature. £ chenges by 0.028 z0 the effect of the change in flux
digtribution is large enough to be measurad in the PCTR.

Flux matzhing becomes a more severe prohlem with the core hot since a matched
cadmium ratio criteria assumes that the nsutron t“emperature 1s constant In the
core, However, the driving regicn would be cold and the neutron temperature
may not resch equilibrium in the buffers. This effect will require investigs-
ticn although the flux traverses are much less semsitive to the spectral match
than the reactivity measurements. Iutetium retios could be haken together with
the usual gold cadmizm rstios to indicate the neutron temperature match. Even
though the lutetium may not give a realistic value for the actual temperature,
the comparison should be meaningful.

N Reactor el Tanggmtv:e Coefficient

Data from the Q2.925-inch diameter test assembly described last montk have been
anelyzed tc obtain surves of Ap vs T{°C). The fipal run has been fitted by
lenst squares 4o the quadraticz functlon of temperaturs given below:

A = (8.3 +£L4.5)x 107 (134 £ 0.1) x 20" T + (4.0 % 1) x 10'T e

Differentiztion of this expression ylelds:

%% = - {134 % 0.1) x 1073 + (8.0% 2) x 10°7T 7

Assuming the valuss of k, aod p as mea.au:ffq. and derived for the 6 1/2-inch
lattice Ly Donahue, Lanning; and Bennett

= 52 ZE = - (1292 0.1) x 107 + (7.69+ 1.8) x 208 ¢

(1) "The Nuclear Parsmeters cf Scme Graphite, Netural Uranium Latticzes Meas-
dred in tke PCTR," ANS paper, Pittsburgh, 1956.
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Tre errors qubted ave gtanderd deviations, based on the goodness of the quadratic
fit, and 3o not ineclude any uncertainties due to the assumed k, and p.

Exapination of the tempersture distribution in the PCTR core showed that at a
point ~ 1 inch frop the surface of the heated rod, the graphite temperature
rose by 12°C in 45 minutes, while the fuel rod temperature rose by = TO0C.

The spatial temperature distribution was quite pesked around the heat source.
Sinre corrections must be made to the observed reactivity changes to account for
this non~uniform heating in the core, equipment is being prepared which will
monitor the tempersture distributicon with more precision than previously obtained.
A single peint 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 w21l be made by a manual switch. Temperatures eceurate to x 0.05°C
should be easily chtained.

Fabrication of the KPR mockup assembly 1s proceeding, with the quartz and graphite
work about 50% camplete. The nicbium wire and A1203 ceramic tubing is expeczted
by September 12, 1660.

Instrumentation and Systems Studies

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

The aznalog evelastion of the reactor sub-critical reutron flux monitor was camp-
leted this month., The purpose of this study was to determine the effect of the
+ime constants in the pericd meter of the sub-eritical monitor. This was done

by simailating the kinetics of a reactor on the Goodyear Analog Campuber and apply-
ing reactivity changes according to a mumber of schedules. A voltage proporiional
Lo the logarithm of the rsactor flux level was introduced into the period meter
Trom the computer., The inverse period as determined by the camputer was recorded,
together witk the reactivity, the inverse period modified by lag circuits having
time constamts 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 magneties storage device has been selected for the 1000-channel slow neutron
time-of-flight analyzer. This davice works like a conventional magnetic drum,
but it is insteed a spinping disk. The ipformation is stored on circular tracks
or the face of the disk. This type of memory device seems to be chegper per bit
ané more trouble=free tphan the standard drums.

Radiation shielding an’ source-detecior geometry requirements have been determined
for the new KPR Fael Failure Monitor design which coambines the IFD developed
Geiger tube svsten with the HLG developed gemma-energy spectrameter systen.
Developmental work orn the experimental mockup of the HMLO fast-scan slowa-scan
systenm has been temporarily suspernded in order to provide CEXUC consultation
assistan=e on the chosen design. oL R
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Comsimea BTd Testing iz rroneeding on tixe Dual-Probe NPR Seintillation Remobe
Area Monitor by IFT. These tests are concermed with sglag quaiities (ancde cuxr-
rent fran the phototubes versus gamma fizld duse rates } of the phototubas. In
a3dition, refiafion dsrsge eff2cts are being determined for the probes in a 2 X 102
r/hr garma dose rate fizld.

e electronic sircuitry portion of the prototype NPR Beta~-Gamma Alr Monitor was
recelved from fabrication, and it was successfully debugged and btested. All of
the transizborized circuitry is now camplete. Information was given to Instrument
Design, CEAlC, %o guide preparation of instrument drawings.

A protetype {altarmats seintillsation logeritimic ares monitor for pessible NPR
use has 2ampleted 2.5 months of satisfactory testing. The circuit Is now deemed
camplete and ready for use. Three direct coples of the above were fabricated,
testad, and delivered tc IPFD {100-H Area) forteactor elevator installation. The
three uniks 2over the range from 5 mr/kr to 5 r/hr.

A study was made te ootain data Por detaxmining time constants and trip settings
for the NPR period metar. Thls was done by simulating the kinetics of the reactor
or the Goodyear Anslog Computer and applying reactivity changes in the form of

ramp functions, step functions, and sine-squared functions. Data recorded included
the resctivity, the logaritim of the reactor flux level, the inverse pericd, and
the inverse pericd modified hwy lag circuits having time constants of 5, 10, 20,

and 3C savonds.

Work was finitiated on the NPR ecafiner pressure buildup preblem; the analog »ir-
~ult was prepared and is presently being modified in an attempt to negate The
affezrts of multizlizr noise.

A five reglon hest exsihanger model for KPR bkas been constructed. This model will
be checked cut cn the EASE campurter early in September. Eguationz have been ch-
tained for construching 2 heat transfer model of the resctor. These eguaiions
ware derived v determining the transfer funstions for thas system which would
give tne kmown restonse to a step fincticon., This is 2 somewhat novel approach
and eliminates +the difficulties encountared in constracting an apalog from the
equations derived using the tex®: bock type of approactk. The primary nlosed loop
can be broken down into three hlocks: “he reacktor kinewies, the hesu fransfer,
and the heat exchanger, The aprroack teing taken is o ccnstract each bhlock
separately and creck it ouk, then “ie the blocks together after the validity of
zach hags been assured. In the cleosed loop system, long <ranspert lag times are
encounterasd. These lag times will be simulated using closged locp tape transport
units that have heen purshased from Anpex Corporation.

More wcork was done on the reliabilifty study of the NFR emergency cooling system.
There ars several parts of the instrumentatiorn cirouiftry that probably will require
g detailed analysis.

SEPARATIONS

Flefondium Oritical Maes Faeillby

Personnsl of Critical Mass Phyeices have tompleted the move inso the new faaility.
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The hazerds report {"Summary Report of Hazards of the Hanford Plutonium Critical
Mass Laboratory” - HW-56266) 1s now complete and in the hends of Technicel Informa=-
tion Operation for publication. The formal report will be forthcoming before
October 1.

The in-hood reactor camponents for the initial eritical experiments have not yet
been completed. The problems mentioned last month were both associated with the
safety rod drive. Destructive vibretion occurred when the drive was operated,
and galling occurred between the drive screws and the carriage nuts. Hlimination
of these problems required sufficient redesign thet it was necessary to obtain
approvel of & quotation fram the fabricator for the additional costs involved.
The designr changes have been started, and & rather uncertain completion 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 made until the whole system is
assembled, and tests are witnessed at the vepdor'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 frow
incampatible components or faulty design.

Scme valve changes in the solution handling system have been made, and 1t is ready
for trial ocperstion.

Criticality Hezards Specificetions

a. Nuclear Safety in HLO

The nuclear safety of & new graphite mold design for casting 6 Xg of plutonium
metal into smell rods was reviewed. The new design is designsted 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 atam ratio of less than 100, will be
critically safe. To assure safety in the actual casting operation, the mold
is to be used in accordance with the HLO nmuclear safety specification that
covers the casting of plutonium metal in gquantities up to 6 Kg.

b. Data Correlation - Enriched Uranium Rods in Light Water

A study correlating criticality calculasions with experimental measurements
on uranium rod lattices in water at enrichments of 1.3%, 2.0%, and 3.063%
U«235 has been completed. It was found that meterial bucklings at these
three enrichments could be calculated reesonably accurately by using the one-

group criticality equatiom, B2 = &;_l, with small adjustments in the velue
of eta. Reactlvity parameters and migration areas were calculated by the IEM
TO9 Idiot code. Criticel masses were calculated using the experimental extrap-
olaticn lengths. A review of the results show that the calculated buckiings
vary from -=1% %c +4% of the experimental values and the calculated minimum
critical masses vary froam +1% to -10% of the measured values.

Calculated and experimental values of maximum buckling and minimum criticsl
mass are coupared in the tables below. The value of the water to uranium
volume ratio at which the computed and experimental maxima and minims occur
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are also tabulated. The 1.03% experimental data is from BNL and the 2.0%
and 3.063% data, fram HAPC. All of the rod sizes that have Dbeen measured to
date at these enrichments are included.

TABLE I
1.03% ENRICHED URANTUM RODS IN WATER

Comparison of Theoretical Calculations to Fxperimental Data

Max immn Bucklingj Minimum Critilcal Mass
B 2
Rod Dia. v Calc. B Vv Me Calc. Me
(in.) ™ (m=2) Bxp. B2 o (1b.) =D, Me
0.387 cale. 2.9 34,30 .00k 3.4 4300 eilie}
Exp. 2.7  34.50 3.3 4532
0.60 Cale. 2.%  39.40 1.021 2.8 3969 .93%6
BExp. 2.2 38.60 2.7 . 4239
0.7% Cale. 2.2 40.4%0 .998 2.4 k079 970
BExp. 2.0 %0.50 2.4 h2ob
* 2,50 m~2 added to experimental bucklings to ccmpensate for 28 mil Al clad-
ding. .
TARLE II
2.0% ENRICEED URANIUM RCDS IN WATER
Comperison of Theoreticael Calculations fo Experimental Data
Mascimam Buck.ling* Minimm Critical Mass
2 : 2
Bod Dia. ki B Cale. 2 W Me Cale. Mc
(in.) Ta (m-2)  Exp. a (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 51.0
New
0.925 calca. 2.2 110.00 1.000 2.8 654 .ou8
Exp. 2.2 110.00 2.8 6590

* 2.50 m~© added to experimental bucklings to compensate for 28 mil Al clad-
ding.
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TABLE IJ1

3,06%% ENRICHED URANIUM RCDS IN WATER

Comparison of Theoretical Caleculations to Experimental Data

Meximum Buckling* Minimum Critical Mass
Rod Die. ™ B2 Calc. B° v Mc calc. Mc
(in.) Ta (m~2) Bxp. B° W (1b.) Exp. MC
0.175 Calec. 5.3 147,40 1.024 9 155 912
Exp. 5.3 14 .00 9 170
0.30 (Calc. b.5 154 .50 1.000 7.5 186 959
BEXp. 4.5 154,50 6.9 194
0.60 Calc. 3.1 154.20 1.011 bk 270 .957
Bxp. 2.8 152.50 L.,3 282
0.925 Calc. 2.2 147,60 1.038 3.1 376 972
Exp. 2.2 142,20 3.2 387

* 2.50 m~* added to experimentel 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 em was used
for all critical mess calcwlations. The calculated maximum bueklings differed
fram the experimental data by eppraximately + 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.

Tt is concluded from this study that for uranium rod lettices in water, the

cne-group method of calculating nuclear safety parsmeters 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 Lattices in Water with U-23% Enriclments
of Less Than 5%

Calculations of an up-to-date set of nuclear safety parameters for uranium
rod lattices in water are about 50% complete. These calculations will cover
up to eight rod diameters (up to 1.0 in.) at each of the enrichments 1.0%,
2.0%, 3.1% and 5.0% U-~235. The one-group criticallty equation is being used
for buckling caleulations. Extrapolation lengths for critical mass and
gearetry caleculations are baing estimated from experimental data. Curves will
relate uraniur enrichmert, water-to-uranium volume ratic, and rod diameter to
such variables as buckling, critical mass, criticel slab thickness, and criti-
cal cylinder diameter. The magnitude of same of the changes that will be
made in currently accepted valuee is illustrated in the following table.
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TABLE IV
COMPARISON OF CALCULATED AND EXPERIMENTAL CRTTICALITY PARAMETERS

Minimam Minimm Critical Minimum Critiesal
Maximum Critical Cylinder Slab

Enrichment Buckling Mags Diameter Thickness
{w/o U=235) _(in=2) (1b.) (in.) (in.)

Present
3,063 Cal=. 156.00 153 10.4 5.1

BExp. 155.80 164 10.k 5.1

Past

cate.(}) 132.00 176 10.2 k.5
5.0 Present

Calc. 194.80 3 a.9 k.2

Past

cale. @) 150.50 82 9.2 3.8

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

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

Data Correlation - Devaelopment of Nuclear Codes for Criticality Calculations

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

The debugging of the HISMC code (Hamogeneous Infinite Systems by Momte Carlo) is
now in progress. Ope neutron history hes been run waich polnted ocut several gleri.
cal and logic errors. These errors have now been corrected and a recampilation

of the program is under way.

Work has resumed on the derivation of three-group parameters appropriate to hamo-
geneous plutonium solutions with H/Pu ratica fram 177 to 1000.

Errar in the Kjn(X) Tables

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

tc o attentlon 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 appraximstely cne percent for the
value of K,j,.-‘.(k.o). The discrepancy decreased from there with nuntil at n =9
the error is less than one in the seventh significant digi%. The error only ocesurs
for odd value of n. Similar diserepancies occur at other values of X. The exis-
tence of the errors have been confirmed by hand calculations.

R T I
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Miscellaneous BExperiments for Nuclear Safety Specifications

Measurements were made in the PCTR tc determine k, of a one percent enriched U
mixture at a nominal EXU atom ratio of 5. This measurement was & repeat of an
exrlier messurement and was made as & check for evaluating the limiting enrichment
for whick k, = unity for a honogeneous UQz-water mixture. Preliminary estimates
of results indicate agreement with the earlier measurements. Slightly different
technigues were used in the more recent measurement.

Preparations for the final set of measurements t¢ determine the maximm concentra-
tion of Pu for which kg is less than or equal to unity are being made. Preparstior.
for a series of similar experiments on U-235 are also being made. New solubtion
tanks have been designed and the necessary U-255 has been requested of the AEC.

Criticality Studies in Support of Processing Power Reactor Fuels

1. Critical Approach asnd Exponential Measurements with Two Perzent Enriched
Uranium Rods

Critical sapproach and exponential measurements were completed with the fHwo-
percent enxriched urenium. The fuel rods used were of 0.6-inch dismeter and
32~-inch length. The rods were encesed in thin-walled (1/32 in.) lucite tubes
for insertion iz & 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 critlical approsch measurement to that fram the
expomentisal measurements.

The results of the experiments zre summarized below:

CRITICAL MASS DATA AND RUCKLING FOR 2.00
PERCENT U-z)5, C. TN. DIAMETER RODS

Critical or
lattice  Hz0/UT Number of Cel-ulated  Extrapolation Material
Spacing  Volume 32 in. Rods Critical Mass Lengtk (A) Buckling_
{inches) Retlo (Crit.Crlinder) (Sphere) {cm) (x 10° cm”)

1.60 5.84 174 889 1bs. T 5.72 6,185

(1072 1ws. U)

EXPONENTTAL MEASUREMENTS WITH TWO PERCENTI ENRICHED URANTUM
(0.6C in. dia., 72 in. lengba)

ttize Spacing  EpO/U (Vol- Ne. of Effective Relaxation
(incres) ume Ratiod Rods Radius (cm) Length (cm)
1.65C 5.84 109 22.3 28.95
1.10# : =.71 85 13.5 18.38

¥ Reran, see July montkly report.
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a. Measurements of kw in the PFCTR for Three Percent Enriched Uranyl Nitrafe

Work on the me:suremﬂn+ 3f Ky for enriched uranyl nitrate solutions has con-
imued. Thke measursment of %, at a nominal B/U atom ratio of 9 was iampleted
and the resulis are being analyzed. The preliminary value of kg 1z 1.11. The
value cf kg for s 3% enriched Y0z mixture at the same H/U ratic is 1.33, indi-
cseting the efferst of the nitrogen in the nitrate solution in reducing k.

Kinetizs with Time Dependent Reactivity

At the reguest of Critical Mass Physics personnel, the resctivity subroutine of

“he kinetizs code HAIREK was rewritten to include a different formulaticn for the
reactivity due to vold formation. As results obtained with the new expression

gave closer sgresment with the P-ll burst data, the survey problems done last month
for Critical Mess Laboratory hazards report were recalculated using the revised
suhroutine.

Interacticns of Subcritizal Systems

The investigation of the interaction of spatially distinct multiplying systems
is contimuing. Re-examination of earliier work on thils subject done here by
Stuart, HW-4OSUT, and Jowrnmal of Applied Physics, 27, 1204 (1950), has led to a
considerable improvemernt in the Torm and usefulness of his results. Inter-
action lntegrals which he evaluated approximately were found to be expressible
rnore simply and in 2losed form.

Masg Spectrometry

The mass spretrmmeter for *his program was shut down becauze of repeated malfunction
<f the sourece vacuum interlock, The vacuumr interlock was removed and precision
measurements were performed to determine possible reascns for the fawlty operation.
The pleces are being lapped to obtain the required tolerances.

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

NEUTRON CEOSS SECTTON FROGRAM

Crystal Spectroumgter Operation

Most of the month vwas spent in maintenance of the crystal spestrameters and testing
of ssscclatad equipment. The DR spesirometer was realigned following the repair

of the beam shutter and zonsequent miseligmment of the ccllimators. The boron
chamber normally used at the DR spectrameter was intercslibrated with the boren
shamber beem menitor siged at the KE spectrometer.

A cammercial zinc single corystal was tested at the DR spactrometer for intensity
and rocking curve widths. The reflectivities cobttailned tc diate indicate that the
reflection efficiency 1s only 10 o 20 percent of that of a goed beryllium cryshal
although the rocking curve widths are of the same magnitude.

Six new RCL BF.: =zounters wers received and tested for use with the KE spectrometer.
All the 2ountefs had about the same efficiency andi%&?fh&d_satisfactory pulse
height distributions. The counters were mounted ati#bthE spectroneter in such a
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fashion that the detectable scattered intensity in a scattering cross section
megsurement was aboufi three times that of the counters previcusly in use. The

signel~to=bsckground ratic was roughly preserved,

Slow Neutron Scattering Cross Sections

Measurements have continued on the scattering of neutrons of 0.247 ev from =
room temperature water sample. Energy analyses near the elastic peak have been
made for weter scettering 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 alumirum 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 diemeter, was grown in 15
hours with & large temperature gredient. This ingot was essentially a single
crystel with probably a broed rocking curve. Neither crystal has been studied
by neutron diffraction.

Fast Neutron Cross Sections

Work hag contimued on the development of a satisfactory system for eveporating
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
szattering cross section measurements.

REACTOR DEVELOPMERT - 4LOOO PROGRAM

PLUTONIUM RECYCLE

Low Exposure Plutonium lLattices

Data from the six foil normalization irradiations have been reduced, using
APDAC-1. A systematic two percent differencein the ratioc of the 0255 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. Tt is planned to examine the fission product gamma
spectrum of both Pu and U255 in the vicinity of 450-480 kev using the 256 channel
énalyzer to determine the sensitivity of this effect to discrimination level.

Preparations have been made to make four irradistiops in the 10 1/2-inch graphite
lattice with the 19-rod clusters of Pu=-Al fuel in order to verify same of the
drevious results. A similar set of four irradiastions is planned for the 8.3/8-
inch lattice.

PRTR Startup Experiments

Rough drafts of the Detailed Procedures for Critieal Tests 1, 2, 12 and 13
have been prepared. A general description of thesg. tasis are. contadined in
HW-51900-B, A
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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 prepered. This section now has been written and circu-
lated £o +those who have received the draft. The Appendix contains program sche-
dulzs whiech 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. Initisl positicns for temperature and flux
monitoring devices were suggested to the designers. As planned there will be 10
positions available for measuring the temperature in the Dp0 moderated facility.
Seven of these pesitions will furnigh a verticsl profile of the temperature. Each
of the seven sensors will be equally spaced in & 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 eylindrical anmulus of 1/4 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 pogaible; however; to reposition the sensors
far cther reactor configurations.

Eight hcles will be furnished as flux monitoring holes. Six are placed so that
they are in equivalent lattice positions. The other two are on the periphery of
the tank cover. These two are arranged so that a mechanism which would take
radisl traverses can be positioned from the top of the tank. A second means of
cbtaining 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 senscrs. Therefore, each hole can be used for either measurement.

An experiment to messure the change in reactivity of plutonium samples as a func-
tion of irradiation is being planned 1n cooperation with Plutonium Fuels Develop-
ment Operstion. The irradiation will be made in the Materials Testing Reactor
(MI'R) and the reactivity measurements will be conducted in the Reactivity Measur-
ing Facility (RMF). The purpose of the experiments Is two-fold. First, the
effects on exposure lifetime due to different initial concentrations of Pu-239

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

same answers to this important question can be cobtained prior to the operation of
the PRPCF. Secondly, experience will be gained for conducting and analyzing
gimilar 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, & check on the analytical methods
of anelysis can be obtained since the same guantities will be meassured in different
facilities.

Effect of Absorber on Neutron Energy Spectrum

The investigetion of the effect of an absorbing cylinder on the thermal neutron
fiux spectrum in the surrounding nonabsorbing moderator is continmuing. Introduc-
ing the Rreit-Wigner resonance in the ordinary 1/v abscrption spectrum has resulted
in scme integrals which are difficult to evaluate. A satisfactory evaluation pro-
gedure for these integrals has not been found.
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The solution Lo the provlem of 1/v absorpiticn in the rod, without the resonsnce,
has been programmed, ard iz now being debugged. This solution uses a reciprocal
blackness which depends upon Elfa, whick kas been found to be an extremely good
erproximatlion for most of the energy rangs. The program is called ARMIE II,

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

[P

Instrmentation and Systems Studies

The period portion of the PRTR czonbtroller evalusticn has been delayed due to the
failure of the contractor in completing the construction work. At this writing,
it seems provable that this work can be performed during September.,

A hazards analysis was started on the anslog camputer. This work is an extension
of the original hezerds anslysis completed in 1959.

It is planned to use cne of the experimental neutron sounters being tested for use
in PRTE Critical Tes%s 40 obtain the "noise™ signals required to measure the FRTR
neutron lifetime. However, there is scme question as 4o whether the counter
sensitivity will be adequate for this fype of measurement. Preliminary tests to
determine the magnitude of the noise signal during low-power coperation will be
made &% soon &8 PRTR is started up. If additional sensitivity is required, a
larger courter tube can be febricsted by the 300 Area Tube Shop.

Work was campieted o a Unit Motion Camers designed to assist in measuring move~
mens of the PRTR Calandrie with respest to the top shield.

Teste of the effects of gemma radiation on several infrared transmitting meterials
Tor possihle uste in tewperature measurements in the Mels Examination Facility
were completed and a memo has been written describing the tests and results.
oriefly, Comes of 108 R ra=sult in leowering the transmission by little more than
10 percent for germanium, silicon, and arsenic trisulfide. Arsenic trisulfide
suffars damage to its surface finish and this effect 1s the main reason for the
+6s3 cf transmission.

The Phase I process tube ingide diameter meassuring probe was assembled, calibrated,
and delivered to Materials Developmens QOperaticn. The accuracy of test measurew
aents was well within the required specifizetions; however, the physical configura-
viorn must be improved.

Arn order has been placed witk the Magnalflux Corporatior for an F-LOO series eddy
current instrument for use in performing the FRTR procegs-io-shroud-tube gas gap
measurement., Thiz jnstrument will be used in conjunction with two dual coil probes
aligned in quadrstare in the process tube, with the instrument interrcgating each
probe alvernately, utilizing = dwell time of approximately seven seconds for each
probe. Work as cortinued on the design of the probe assembly with various methods
o optimizing power “ransfer being svaluated to increase over-all sensitivity.

Tze test jig to e used for final calibretion of the instrument has been designed,
and favrication 1ls 70 percent completed. The test Jig will be capable of varying
she proximivy of the shroud tube witk respect “c the process tube with an accuracy
of one mil, and will eczommods’e sections of prosess +ubing having various wall
thicknesses throughout thka2 range of interest.

T T A
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NONDESTRUCTIVE TEST_NG RESEARCH
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The evaluation of The use cf crthogonalized axponeptials for use in analyzing the
broadtand eddy rurvent best signals is being continued. Dr. W. H. Huggins of The
Jotns Hopking University, s leader in the field of signal theory and the uge of
srtzogonalized sxzponentials, visited Hanford by invitation and zondusted a seminar
on *hese subjects. Detailed discussions were held witk Professor Huggins which
msy leal 50 a research ontract with the University concerning the application of

the principles of siznal space concepts to the broadband eddy current problem.

There aye several differsnt ways in which the principles of orthogenalized func-
tions may be a2pplied to =2ddy current nondestructive testlng. One approach using
sechniques of signal analysis used at The Johns Hopkins University in a different
srplication would require sxcitation cf the test coll by a selected driving func-
tion. The pulse output of the test coll and input bridge circult would then be
reversed in time and applied to an orthonormal filter designed to read ocut the com-
porenta of the non-reversed signal on 2 selected ortaogonal basis. The output of
the orthomormal filter would provide a set of mmmbers whose pabtterns, it is ex-
pected; can be related to different test speclmen persmeter scnditions. The time
reversal requirement presents a2 practical problem which would complicate the appli-
zation of the preposed method o zetual test instruments. Various ways of perform-
ing the time reversal 1n the few tens of microseconds' range required are teing
considered. '

The posaibility of eliminating the need for the time reversal operation by use of
speclally constricted driving functions is being studied.

Machining estimates on the recently degigned deviee for rotating and translating
test rpleces during heet transfer tests indicate that appraximately 550 man-

hours will be reguired for fabrication. A lathe is being adaphed %o test an
alterngtive, less expensive method of scamning. The test piece will be rotated
in the lathe and the induction heating coll and rediation pyrometer will be trans-
- lated along the length of the test plece on the tool carriage. Motion of the
indnetion hester output leads will undoubtedly cause a problem. However, the
severity of this problem can only be determined experimentally.

Beveral induction heaters at HAPQ which would he available on 4 part-time bagis

for use in the heat transfer {esting studies have been zvaluated. The maximum
power that can be Induced in an aluminum-clad fuel slament from a single turm

work coil witk these units is about 1/2 KW. Arrsngements have teen made to evaluste
& 10 KW induction keater %o be loaned by the Redic Freguency Company. Ac:zord-

ing %c the mapufacturer, this unit should besat ocur samples =2fficiently from a

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

Modifizations of the infrared radiometer head to include a 1lZ2=-inchediemeter com-
mercizl-quality objective mirror have been made. The purpose of this change was
¢ allow greater separation between the test piece and radicmeter, and to reduce
interfersnce froam the induction hester work ~oil fleld. Reduction 1n sfficilency
due to imperfections in thae coamsroial quality mirror syst=r were greater than
eXpected, and it will be necessary %o replace it with a precision system.

A lead selanide refrigerated infrared photcdetecior baving a detectivity of 2.6 x
169 cm/watt for a 500K blackbody hes been ordered. calzulat;qg'og_the‘EO”C black-
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body debectivity f ¥re =6ll, 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 deslrable to know the spectral
emiszivity of the radiating object. A section of X-8001 cladding from an suto-
claved fuel element hag besn sent to the Naval Ordnance Laborstory, Corona, Cali-
fornia, for & spectral emissivity determination.

The single vacuum tube self-excited oseillsator type infuctive thermometer has
resdily detected & 25-degree Centigrade "hot spot” on an aluminum can, Electrical
ncise dne to vibration of the test probe caused by scanning wes equivalent %o
ahout four degrses Centigrade temperature varietion. Tt 1s desired to reduce this
by & factor of 5 to 10, and circult changes-to accomplish this are now being made.

NEUTRON FLUX MONTTORS

Tne AREC Division of Reactor Development has suthorized a new research program on
axtended lifetime neutron detectors. Major emphasis wili be given to evalueting
the possible uses of plutonium isotopes for minimizing the target etom burnout
problen experienced with conventional neutron detectors in high flux reaciors.
Background Informatior is being obtained for the initial enalytical investigations.

The balance of the program will be devoted to exploring other new ldeas for im-
proved neutron detestors. As part of this phase an Invention Report, EW-665Th,
was sutmitted on a new neutron detector for in-core use on high flux reactors.

Iz the method described, 2 gas is placed in a microwave cavity in the neutron
field. When a neutron is captured Yy an appropriate gas nuecleus, the molecular
»gtaticnal states vill be changed. These changes are then detected by the method
of microwave spectroscopy. A calculation wes made, based on the gas CNC137, This
ges was selecied because information is available con minimum det ectable goncentra—
tions. The =esults of this calculation show that at & flux of 10+ 3 n cm<sec, a
ane parzent measurement can be made, with a ten-second time constant. Since the
method is inherently insensitive to gamme radiation, high temperatures, and gas
impurities, many of the current in-core monitor problems might be alleviated.

GAZ COCLED REACTOR

Lattice Paremeter Measyrsments

The customer reports on the POTR measurements of the reactivity effect of a
stainless steel lcop tube in the FGCR {EW-66181) and the EGCR control rod worth
HW-63T57 ) are now being distributed. 4 revised nitrogen correcticn was applied
=0 the data 2arly iz the month, and the values guoted in both reports difler
glightly from those guoted earlier,

The custaner report on the PCTR measurements of X, and £ for U0z fuel of 2.6 w/o
enrichment (IW-06182) has been completed and is being prepared for distribution
sarly in September.

4 summary of 2 aper on the measurementes ¢f the reactivity effect of a avalﬁless
stesl tube and of k, and f for UGy fusl of 2.6 w/o enrichmenu hes been submitt
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for pregentation at the December, 1960, meeting of the Americen Nuelear Society
in San Francisco.

Rough drafts of papers on the PCTR measurements of the EGCR 2ontrol rod strength
and EGCR lattice parameters have also been completed. These will be submitted to
Nuzlear Science and Engineering for publicaticn.

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

BIOLOGY AND MEDICINE - 6000 PROGRAM

ENVIRONMENTAL SCIENCES

Atmogpheric FPhysics

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

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

deta tabulations and cards were forwarded to the Air Force Geophysical Labora-
terles for use in their computetion 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 campilations for distances of 8 and 16 miles
from the source was required to account for the missing entries for samples used
in earlier abttempts %o calibrate the tracer system. Best estimates of thesa
data were obtained from the visual counts, neutron activation, and Tri-Carb
counts and were inserted in the summaries with appropriate notations.

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

The time interval of release of the trecer material was increased from eamrlier
experiments to provide a greater ratio of release to travel time as required in
Pasquill's "beta" theory. Dosage data were cbtalped to a distance of 3200 meters
from & ground-leval source, utilizing both the horizontal and vertisal sampling
Q‘iisﬂ

In our preliminary work on precipitation scavenging processes; slimatologicel
summariss of precipitation and fog were prepared for the Hanford Area. Investi-
gations tc determine the predictsbility of precipitation times and intensities
ware started.

DOSIMETIRY

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
Fositicns relative to the crystal. This was done at some expenge of signal to
ncise ratio. Tests indieate that this improved counter should be able to detect
iegs than one milligram of uranium in a person's lung.

An. ARC Radiologlcal Physics Fellcw.made a detalled study cf our present plutonium
wound counter. This counter is actually calibrated separately for each Individual

1247334
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caze of g wonni; nowever, the present study indicates what over-all performance
can be expected of tze comber. Two particular cobservations of interest were:
Ti»st, thab plutenium coull be spread throughout an area one centimeter in
Ciemerer and suill bhe measurad ccorrectly when a point source was used for cali-
bration; sscond, %he positioning of & wound under the counter can be in error by
&3 mich &5 C.8 cm without eppreciably effecting the measurement.

The positive ion acecelarator operated satisfactorily during the month.

A presision long counter mede at Fanford and one made at the National Burean of
Standards vers tested at 7 neutron energies between 0.15 and 16.7 Mev. The
sounters showed a relative gensitivity within 0.3% of each other at all energies.
Tiz was considered a very significant result in the development of reproducible

cuanters,

% was found that the Perlow spestrometer was responding to neutrens that should
have beesn mtsile its range. This effect is interfering with the measurement of
lov srergy reubron spectra.

Metkhods were developed for measuring certain characteristics, cscillator effici-
ency anf gas flow rates, that affeet the coperation of the helium lon source
being prepared for the Van de Craaflf.

On the edvice 2f +the Yaticnal Bureau of Standards a new value was used for the
nalf-life of Co-A0 in comparing ours and their measurement of their standard
soures, This resmited in 1.7% difference between our results which 1s poorer
agreement than reported last month. It is belleved that our measurement is the
more saecwrave. The gamms ray calorimeter was alsc used 4o measure one of the
Aenisrd redium sourges.

Tinzl fLesvs vere made on the beam current stabilizer for the electron Van de
JGrasff. The stabllizer has sunstantielly improved the performance of the Van de
Graaff, It was found necessary to redesigr the high voltage portion of the beam
sw=ep eystem Lo prevent coroms discharge.

Two ABC Fellows used the electron beam calorimeter to make a measurement of the
shopring pawer of sluminum Tor Ligh erergy electrons. Although this was the first
measuremezn’ of this type that we Lhave made and it contains many errors that can
De reduced or sliminated, the result was very close to that expelted on theoreti-
cal grouwlis.

Twe sthar ARC Fellows measured the change in resistance of a silicon diode when
exposed 4o (o-6C. Tt was expected that a significant change would take place if
“me irrediation were done av liquid nitrogen temperasture. The change observed
wes considerably less than that expected. The reason for this 1s not known.

TNETRIMENTATION

Ail experimental digitsl resdouts circultry was conpleted--and is being tested--
for +the coineidsnce-ftype alphs air monitor. Comtinuous testing for several weeks
ig =p order 4o obtain adequste information.

Ten P-W silicen 4icées were gold-plated and nine of the ten were satisfactory
for gross alpha detection work. Now that a "working stock™ of successful diodes




11 total) is completed, exﬁériments will proceed using the devices. Two minia-
ture hand-held gross alpha monitors {transistorized) are now being experimentally
fabriceted using two 0.75~inch-dismeter silicon diode detectors.

A design was completed for a medium-level alpha air monitor which utilizes a
mecnanical method of time constant introduction to compensate for the filter
deposition of natural background (raden-thoron camponents). The design calculaw
ticns show a time-to=-alarm of two mimutes in an atmosphere containming 1.2 x 107
ue/ez of airborne Pu239, The filter collection efficiency is nearly 100 percent
for all particlea exceeding 0.l micron in size. Considerable cost reduction is
po3sible through the new innovation, and all circuitry can be easily transistor-
ized.

The log quantizer cirzuit, using a tunnel dicde as a voltage comperator, was tried
with the RIDL 200 channel pulse height analyzer. It permits presentation on one
chart of a gamma energy range fram %0 Kev to 1.3 Mev. Over this range, the unit
15 quite useful for low-level source work.

Good experimental progress was made concerning the miniature thermoluminescent
dosimeters. One unit was fabricated and successfully tested over the accumulated
redium gamma dose range from 1 mr to 1 r. It appeers that linearity can be
extended down to C.1 mr. Arrangements were coampleted to permit cobtaining of res-
ponse versus gamma energy values using the Calibraticns Operation facilities.

The Dog Counter, designed for the Bilology Operation and ﬂigd for 1.5 years now,
1s being modified to permit in vivo determination of Cel™** in various animals.

The sxperimental prototype scintillation transistorized alpha-beta-gemma hand
and shee counter, which was used in making as-built plant drawings, was reassem-
blad; satisfactorily tested, and was returned to generasl persomnel use in the 329
Building. At later dates, the prototype will be demonstrated at 100~-H Ares,
Purex, and Biclogy.

A nev digital odometer and turn integrator system was developed and tested for
tie robet monitor. The measurement makes use of the sum and difference of the
motiong of the drive wheels.

Tka2 manual entry keyboard for the whole body monitor multichannel analyzer was
agsembled and tested. Preliminery operation was satisfactory.

WASHINGTON DESTGNATED PROGRAM

Isotopic Analysis

The mass spectrometer for this program operated at about 125 percent efficilency
during this month while two technologlsts were available for operation. Thiz
wag done in spite of three days time lost from operating difficulty and mainten-
Znce,

In order to determine if there is a systematic error produced in isctopic analyses
by this mass spectrameter; 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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s 2f {7.7188 & 0.CO08)stom percent U235 where the error is fthe stapdard error
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il 1:5 mean, Tois result is not significantly different fram the best value

“rtained =t KAPL of (0.7196 = C.0006) which leads to the zonclusion that there
iz no dstestable over-sll mass dissrimination in this instrument.

TEST REAZTOR OPERATIONS

Cperstion of tze PCTR continued routinely during the month. There was one unscheds
vlzd ahutdown -caused by faulty by-passing technique.

The 3% uranyl nitrate-HpO experiment for 1:“, at B/U = 8, and the 1% U0s.Hp0
experimert for kg, were completed.

The NPR conﬁensed lattice experiment for ky,, f; p, and ¢, wet and dry, was started
during the month.

SUSTOMER WORK

Westier Ferecasting and Meteorology Service

Type of Forecast Number Mede % Reliability
8~Hour Production 23 85.6
Z4=Hour General 62 80.2
Special 147 8.0

Temperstures during August ranged from o high of 105 on the 11th to & low of 41
on the Zind. The latter mark came within one degree of equaling the all-time-
razord August low established in 1918. The over-all average temperature for the
ragT montkh was 71.4, which was 2.7 degrees below normal. The precipitation

%otal ¢f 0.26 inch was 0.10 inch above normsl. Intense thunderstorm activity
ocrurred cn the svening of the 2nd and the morning of the 3rd.

Uopagitation service was rendered on meteorological and climatological aspect

cf 1} reector zzozidents, 2) the envirommental conditions attendant with operatlon
of lerae electriral transformers in desert regioche, 3) the frequency of suitable
dsys for pouring concrete during the winter monthe, and 4) contaminant relesses
fram she Sepsrations Ares process stacks.

Metecrcleglcal s2rvices, viz.; weather forecasts, observations, and climatologi-
el servives, were provided for plant operations and mensgement personnel on a
rostine basis,

ngoramentation and Systems Studies

Tre "Sexntinel” slamming {selecteble level) scintillation dose-rate monitor
(portable) Zfesigned for IYPD use was glightly modified to 1mprove the response
Lingari=y. The unit {protctype) was used successfully and twelve units heve been
Lrderel Yo be fabricahed offsite., The units will be used on the reazstor elevators
for doseerste level alerming use.

Tie protovyps saintillation transistorized alpha-only hand counter, after 2.5
yeare ucnesefll demonstration use in six different pbadﬁ *oaatlonq wag tnsualled
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at *he Biology Creraticn for ancther demeonstration. Cperation continues to be
sgtisfastory with a 200 d/m Pue39 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-a~
tion was earller designed by us to replace the fragile and unreliable mica window
G=-M tubes previousiy used. It was found that the scaler being used was faulty
berause 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 zoveralls automatically after
monitoring (alpha and beta-gammsa ) 1s camplete.

A specisal scintillation probe {for Biology) for measurement ¢f the 17=Kev X-rays
fran under-the«skin injection of Pu 29 was completed in fabrication and is being

testead.

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

The Pu=>? {17-Kev X-rey) Wound Probe for Records and Standards Operation, HLO,
was complefed and lnitially tested. PFurther tests will be done to determine the
resclution and sensitivity of detection abllities 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 Rediation Protection Cperation, HLO. In addition, 2 mag-
netic amplifier cireult was designed and tested satisfactorily for use with the
monitors te permit driving of Leeds and Northrup Micramax Chart Recorders if
desaired.

Arrangements are belng made to perform a comprehensive set of calibration tests

on the reference system for evaluating the Schaevitz DRS-1C0 (micro-displacement )
system tc be used by the Physical Metallurgy Unit for making in-reactor creep
measurerents. Minor modifications to the system supports are necessary bo make
the system compatible with comercial equimpment in the Metrology laborstory fo

be used for calibrating the reference system. Present intentions are tc use the
Metrology Latoratcry -equipment for a fipnal, composite reference gystem calibration
hefore placing the reference system in service asg a reference standard.

A problem ccncerning the dissolution of zirconium alloy cladding of reactor fuel
elements was completed on the analog computer. This work was performed at the
request of the Chemical Research and Development Operaticn. The results were
gsatisfactory. A memorsndum report was issued.

The analog compubter was used %o determine the effects of changes in various heat
transfer coeffisiants on a calciner step function temperaturs response curve.
With the aid of this information and through consultation with the custamer, it
was possgible te determine several sources of error in the coefficients used in
the original system equations. (orrections 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 various
types of disturbances.
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A reviaw of nongéetru:tive techniques for determining isotopiz concentrastions in
regartor fuel somponents wae completed. This is to be included in & Nuclear Materials
Management report being prepared for the AEC by BLO Operations Research.

Jptizs
ot

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

e infrared radistion vetioc 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
+han 1000°C. Smell changes in the thickness and gecmetry of the filters used
effe>t the range and linearity of the unit so efforts are now concentrated on
2yvering the 500°C to 1000°C range and obtaining more linearity.

ke construction of the infrared radistion ratio pyrameter under development for
measuring the temperature of FED Zircaloy~clad ursnium billets has begun. Elec-
tronic components are being assembled in 328 Flectronic Shops and the mechanical
components are being fabricated in the Optical Shop.

Two infrared radiation pyrameter telescopes have been fabricated apd delivered--
one ©2 FFD and one to the HLO Ceramic Fuels Operation. All are of the same design
which permits viewing of an upright image of the source while its tempersture is
being measzured, '

A total of 98k manhours of optics shop work was performed during the eight week-
period (July 3 through August 28). Of this, 15 percent was for FPD, 7 percent
for IFD; 18 perzent for CFD, 47 percent for HLO, and 13 percemt for others. The
vork included.

i. Fabricstion of three infrared radiation pyroameters.

2. Pzbrication of a projection lens for an optical internsl dismeter
micranster,

3. Evaporstion of gold on twelve silizon wafers to be used for gilicon

dicdes,

Fabrication of ten quartz windows.

Lapping three pump seal faces flat o ten microinches.

Fabrication of reflecting optics for an infrared pyrometer.

Repair of four creane periscope heads.

Preparation of glass irradlation samples.

Grinding and polishing 2L mieroscope slides.

» Collima%ion of one pair of binoculars.

s @
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Analog Computer Paeoility Operations

Tie mejor problems on the anslog computers this month wers:

Evalustion of & sube-critical monitor.
NPR pericd meter study.
Reartor Kinetic equations study.
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presgure study.
PRTE zafegiards analyeiz.
Zirflex prccesz studly.

"

Zaleipsr process study.
Reactor lithium iloss 8

Tre +ape transport relay units were received and then returned to the factory for
modifications newesgary for them %o meet our speoific tions. The units will be
shipped from the factory by August 27, 1960.

4 class was sharted on August £7 in Anelog Computer Technigues. This xlass 1s
being “aught in tke 762 Building and is attended by sixteen students. This :class
will meet twice a week for the next five weeks.

The cauputer cperzting times were as folicws:

GELA 154 hours wp
16 hours idie time
5 hours unscheduled downtime
@ hours scheduled downtime
175 hours total

EASE 142 hours up
32 howrs idle time
1l hcouwr unscheduled downtime
Q kours sohedulsd downtime

175 hours +otal

For the computer reliability improvement program, all parts have been ohtained
and the design iz complete Tor the amplifier tester. Iostrument maintenanze
reracnnel will fabrizebe the tester in the nesr fubture. When rcmplete; 1% wiIll
tast two different Beckman EASE amplifisrs and twe different Coudypar GEDA
smplifierz. Thres spare EASE amplifiers bave been ordersd and tiree spare GEIA
ampiifiers will be febri.ated to provide the necessary replacements for z routine
maintenance program. Reoutine maintenance prezsdures have been written for most
of #he caupomeants in hoth cumputers. MailnTarance record cards have Deen printed,
Tha ma.n*enancp program will Ba gtarted as soon 85 all gpare equipmsnt Las Teen
rzoeived and the amplifisr Sesting devize fabricated.

Ingtrument Bvai.ztion

One Model IT alphs Suintran was demongirated and lzft for “amrorary use st the
Biology Oparsticn. M™iis unir uses +the nevw plastins non-gamms sensitive alpha
probe. (peration was higﬂlg sucresaful.

The axperimentsl »mm-ired tragsistorized alphs "Cart Poppy” for use with both

gir propartional ard esrinsillstisn probes was Saken to 2343 for demconstration
use and field testisg. The ligtteshield of =hwe scintillation prebe was punaTirsd
afier five days of wse, Opsration %o that point was quine zaniafsctory and a

neyd Troke was delivared.

Ancther prototype Modal IT alpas Scintran was given to IPD for testing wsing a
betsegamms sensitive rrobe. Thiz particulsr mode 1a&$er£n1 1z quite verzatile

13{4' fn
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5 be direstly emzloyed ss desired with no nsnges necesssry in the ins*rument.
Thuag, one cransistorizel instrumsent can be used {110 VAC opzrated ; for any suth

2pzived monitoring werk. This iz ancther step toward standardfization of 11C VAC

e

line-orarared monitoring egquipment.

ut BlphA-DILY, beté-gRume,s or recrron-genditive scintiliation dedbector probes

Trres soinkillabion logerditimic (5 mr/hr to 5 r/hr} area menitors fabricated feor
TP were hested, nalibrated, and delivered. e units, for reachtor slevalor use,
are now in susocessful opersticn.

3

Accephance Teats contimied on the final 13 scintillation 1t Brilding Monltore
employing our designed and reliable higr-voltzga supply.

Fveluation tests wara started on a Victorsen Dual Logarithmic Count-Rate Meter
LvaTuumetibe type). To éate, the drift iz exceszive.

Assepreanne tezhs conbimae on 65 2=F ant 29 CP-TP rorteble Lonization-chamber
draserate ingTmments. These were sll fabricated o our vlant standard spezifi-
‘-.:a-'-i OIE .

Manager

PHYSTICS AND INSTRUMENT RESEARCH
AND DEVELCPMENT

HANFCRD LABCRATIRIES QPERATION
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CTEWTCAL RESEARCE AND DEVELCPMENT OPERATION

RESEARCE AND ENGINEERING

ISSTOMABLE MATERIALS - 2002 PROGRAM

IRRADIATTON PROCESSES

Uranium Oxidatior and Pissicr Product Volatilization Studies

Study was made of figsicn product release from uranium irradiated to about 5 x lOlT
vt {twice tha% of any previcus run) and hesated for 24 minutes in air at 1215 C.

The geasured percent releeses were= 85 Xel33 95; Tell32, s7; cs, 23; Sr,
Ru-Y3 apd Ba-La-*° between 0.1 azd O. 2 M99, ¥p239 and zr- N95 between 0.01 and
0.1; and tr=2 rare earths less than 0.0l. Only the measured release of cesium
deviates to ar appreciatle extent over that measured at the trace level. This is
attributed t¢ inabilities to recover and analyze the very small quantities of
cesiur present at the tracs level rather than tc any scale-up effect.

KPR Effiuzris

Qre candilate decontaminating agent for the carbon steel portion of the NPR primary
ccolant lcop is Turco 4512, a commercial phosphoric acid cleaner. The deccntamin-
ation wasie resting from the use of this material is being studied with regard to
phesphate ion remcval as well as pessible radioisotope removal prior to its
disposal. Experiments showed that mcre than 99 percent of the phosphate could be
removed by neutralization with Ca(OE)z and that more than 95 percent was precipi-
tated with Call4q treat ment. Thegse removals were possible only with long settling
times or centrifugation ard large excesses of the celcium compound.

Resctor Effiuert Treatmert

Tre pilet sceie faclii®y for reactcr effluent treatment operated continuously frﬁm
Aug;ﬂ* L tc wonth ernd ter ter days cperaticm, 52 percent of the influent Cu
and &7 percert of the A570 vere weing retained on the aluminum turnings bed. The
decontarination was about that expected after the relatively short operation.
Equizitrt ie expected tc be achieved after three to four weeks of operation.
Precssure drop seross the bed increased from twe inches to four inches during the
pericd of cperaticz. A *emperature drop of 1 to 2 C across the be@ was recorded.
Redieticn level &t the pcir® of maximum dese rate agalnst the tank wall reached
220 mr/br.

SEPARATION FROCESSES

Fead Preparation

Rzdox Multipurpcse Dissclver Sleg Saxple - A sample of the slag remaining in the
Redox Muitipurpose Dissciver after dissclutior and decontamination operations were
ccempleted heas been obuaingd, ani metailurgical examinatiecr has been completed.

Twe sampie oTtainsd welighel aprroximstely 100 grams and resembled a furnace
”cli;ker" ir appeararcs. Although *he grey-“lack outer surface of the 2-1/2 inch
iczng, L inch thick sazrle weas guive porous, sectzo%%?gvgeﬂealcd.a_ﬁalid metallic
i S L I I R
’ '. ‘5 &f Lo i




c-2 W - 5555

anar core rzeembling cut stalriess stesl. This metallic surface was zot actice-
ably attacked by three hours {mmersion in boiling nitric acid. The sample was
isgelved in aqua regia, and aralysis indicated the sample was approximately 72
percent iron, 9 perzeni chremium, 11 percent nickel, and 3 percent urazium,

Phuase diaerams irndicats that temperatures iz excess of 1300 C existed ic reglcrs
of %tze dissolver during wae ineicent.

Zirflex Process - Attack of §PR Cores - The rate of attack by Zirflex decladding
sclutions on several uranium ailoys which have been proposed for NPR fuels wvas
measured. Samples of the alloys were exposed in the decladding solutions along
with dilssclivirg Zircaloy-2. Conditicns were such that the dissclved zirconium
concentration irncreased from zezro to about 0.8 M ic four hours. To%al attack on
the uraniuvm alloys was determined rather than scluble praaium wiich wouid be losv
+o the decladding waste soiution. The average attack rate [over the four-hour
pericd) on U - 2 percent Zr, and U - 1 percent Zr alloys was abous 0.28 g/hr-sq.cxm.
Ir these two cases it was not possitle to dissclve Zircaloy-2 to .8 M zirconium
tecause of the fluoride used in the formaticn ol UFy. Simllarly, *he sverage
attack rate was 0.C2k g/hr-sg.cm. on U - £.38 perceaz Zr, 0.0.9 g/b.r-sq.cm° cn

U - 0.0k5 percent Zr, ard 0.033 g/hr-sg.cm. on U - 0,03 percent S1 - C.C2 percent
Fe. The average penetratior rate for aluminum allcy 8061 durirg one hcur expcsure
in 2.5 M NHYF - 0.5 M NENO3 at 100 C was less than one rg/hr-sq.cm.

Sclvent Extraction

Purex 1BX and 2A Columns Studies - A series of runs were made in three-inch diameter
pulse columns to demonstrate the suiltability of nozzle plate cartrilges for the
Purex 1BX and 2A Columns. The 1BX Column centained 15 feet of four-inch spaced 23
percerct free area rozzle plates with the 3/16_inch diameter nozzles polnting up.

It also had 20 percent free arsa louver plates located a* four-foot inservals., The
2A CoLum contalned similar nozzle plates which were spaced three inches apart in
the six-feot bigh scrub section and two inches apart in the twelve-fooh high
extraction section with the nozzles pointing down. The 1BX Column was operated
witk the aqueous phkase conitinuous and the 24 Column was crganic-coriiszucus.

E]

Trhe maximum stable capacity ackieved in tke 13X Ccliumn was 138G ga;/hr-sqoft., 5
of flows. To obtair this capacity, 1t was nzcessary %o cperate at about 52 C. A
kz ¢ the columr was mildly unstable at the same raite. In a btrief %est with *the
present Plart cartridge installed (33 percezt free ares sieve plates wiih 3/16~i:ch
holes, 4-irch spacing) esseniially the same capacity was ovbtained. In btoth cars-
ridges, two or three of thke plates appeared fo be orgacic wet. At these plaies

the tighst, efficient emulsicn would coalesce into large organic drops which, when
near flcoding, obviously stabilized the column at %hat poict. The coalesced drops
formed by the nozzle plates, however, were smaller and should pressrt less of a
chapneliing problem than those which were formed by the organic-wet sieve piates.

Cn this basisg, the nozzls plate cartridge would be preferred siightly over the
sieve-plate cartridge, although capacity-wise they have similar characteristics.

-rl-!.

The 24 Column operated satisfactorily at volupe velocities (ex¥raction ssotion) iz
excess of 1800 gal/hr_sq.ftu, eithar heated or at room temperatur=. At throughpat
rates of 100C to 1500 gal/hr-sq.ft., the minimum cperating frequercy for goced scrub
gection performance (i.e., aqueous phase w=il dispersed with greater %han 5 percens
holdup) rapged from about §5 cycles/min at the lower rate to 7% cycles/min st the
higher rate. This frequency was typically about 20 cyc;es/min nelow the extraction
and/or scrub instebility threshcld. The flcoding data dgreed quite well with data
for similar cartridges described in FIW-L0530. ' AR :

24580
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Purex Decontaripation Stulles

The pessitility that recycle of waste rewerk streams Is introducing coanstituents
contributicg o pocr decortaminaticn in the HA Column was hriefly examined.
Lacema+ory-grade 30 percent TBP in Shell E-23k2 was contacted with a sample of
simulated Purex F-8 from the 321 cold semiwcrks which was splked with Purex feed
activity, and subsequently scrubbed with two molar pitric acid. The distribution
cf zirconfux-richium betweer the organic ard this urdiluted F-8 was a factor of
five lower +than +hat with an P-8 solution made up with chemically pure chemicals.
T“!s same behavicr has been observed by T.R. McKenzie with Purex plant F-8

teria,

A%termpts made to determine if sclvert quality was lowered by the contacting with
czld gsemiworks F-8 indieated that euch was protably the case but the results were

somawkat lrconclusive.

A rough hest was made to determines the effect on HA Cclumn performarce of adding
F-8 sclution ¢ the FAF., For this test the 2A Cclumn previcusly described was
used to simulate the Purex HA Column. During operaticn {at the scrub section
ingtability threshcld) the HAF was switched back and ferth between a control feed
and a similar feed contalring 11 percent by volume of a "cold" synthetic F-8 pre-
pared and refluxed in the 321 Bullding.

With the coritrol feed, a foamy, emlsion interface built up ait the top of the

scrub section. The emuision broke shortly after introducticr of the F-8 containing
Teed ard reformed on changicg 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 Plant.

QObgzrvation Wells

The contractor on Project CAH-585 completed six of the 19 wells, having drilled
a total of 1885 feet. The work is about 15 days behind schedule primarily because
of equipment failure,

Tre corsideratle thickress of clays and sil%s enccur*ared in well 699-15-15 at the
Hanford wye precliudes the ready mevemert of miack ground weter from the vieinity of
the ssparaticns areas tcwsrd the Columbia River through this slte other than by
means of the sha’low, umconfined grouni weters. The first materisls corntalining
cther then large quartities of silt ard clay below a depth of about 180 fezet
fabeut 222 fcot altitude) were sowe clean gravels at 632 feet. Tris is about

100 feet below sea level grd zearly 500 feat below +ke Columbia River

There were wo significant changes in groupd water coctamination patterns ir the
vicizity ¢f the 200 Aress over the pasi men®

Dispossl to Creound

The 216-A4-T crib received about 20,730 gelleors cf wasts organic solvent from t‘ﬂ
Purex pisxt Juring July, Zringing ths tctal of such mater:ial discharged to th

cri% wo anout 0,000 ga_+cn This represezns about 7 psrcent of the soil volums
tmmediatsly belew the arib a:d arsve the water table. To chiain an approximatior
€ %ie rewsouicn atility of snil for TBF, centrifuge experiments were performed
veirg stardard drsinags msthodis. For "".‘e scii used;, a spgcific retention capacisy
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of 7.8 percent (by weight) for TRP was determined, compared t¢ a measured value
of 13.3 percent for water. These absolute walues are not considered particularly
significant, but the relative retention of the orgacic compared with water is of
interest. The ratio of these measured soil retention values agrees reasonably
well with that predicted from the surface tensicns of the two liquids.

WASTE THEATMENT

Fluid-Bed Waste Calciner Prototype

Operation of the prototype wasie calciner has continued using the extended-tip ~
feed nozzle and a feed of similated high-acid Purex waste at a rate of 15 liters/
bouzr. 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 £70 feet/seeond compared to 110 feet/second during
the last two runs. Contrary %o the results expected (and to those obtained when
caleining simulated ICPP wastes), the calcine particle size did not seem to be
affscted by the change in impingement velocity. Moreovar, no effzct of the change
in impingement velocity on entrained fines in the calcirer cff-gases {three to five
percent of the total calcine) could be detected.

An interesting sidelight to the variation in fluidizing air impingement velocity is
that erocsion, 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 undcoubtedly
ozcurred during the eight hours of fluidization of garnet sand (at sonic impingement
velocity) while cleaning scale off of the internal electric heaters. However, it
dees indicete that a relatively short operating life is possible for a butble cap
iype of air distributor operating at relatively high impingement velocities.

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

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY

Strontium Recovery

Hot Cell QOperations - Two liter-scale hot cell runs have been completed with full-
level Purex 1IWW. These runs were designed to test {and betier outline details of)
tke flowsheet which will be used in the Purex head-end equipment for isolation of a~
crude strontium product suitable for aging in the 244-CR vault and subsequent
further purification at the Oak Ridge F3P plant, the Hanford High Level Radic-
chemistry Facility, and the Hanford Hot Semiworks. The rurs also served to define
the composition of the crude product, which 1s 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 waste and dispalled coacarn thet radiclytic decom-
poaitior of reagents woull be excessive. Decontaminaticn factors from zircorium-
nichium, rutherium, and cerium were in very good agreemert with earlier tracer-
level experiments; however, overell stroatium reccveries were lower than expected.
Although strontium cerrying on the initial sulfate precipitate was excellent;
about one-third was lost irn the acidic oxalate meiathesis (which removes rare
sarths and lead), ané there was furiher excessive loss in the baslc oxalate or
carborete isclation steps. The best overall recovery seen was 50 percect. The
recovered strontium contained no detectable barium, but the calcium to strontium
ratic {cn a mole bhasis) was W:1. This concentratice of calcium weould limit capacity
in the Hanford hot cell ion-exchange purification operaticn to about 8000 to S000
curies of strontium-90 per run.

i5¢rontium Purification - An ion-ex=hange process has been develcped {though nct yet
tested with full-level feed) for purifying Purex-produced, aged stroutium crude in
the Figh Level Radicchemistry Cells. The process is very similar tc the promethium
purification process previous¢y tevelcped and car be applied in the same equipment.
The crude, conteinirg strontium, calcelum, barium, lead, iron, and residual cerium
and rare esrths, is loaded onto a Dowex-50, X-12 column. The absorbed band is

then eluted withx pE 8.8, ©.C15 M EDTA solution at 50 to 60 C through Dowex-50
columns in the mixed copper-hydrsgen cyels. Laboratory studies show that the bulk
of the strorctium can be recovered betier than 99 percent pure. Capacity of A-Cell
with four-inch primary columns apd two-inch seccadary columns would range from
10,000 tc 40,000 curies of sircatium-90 per run {depending on the composition of
the feed), the duration of a ruc beirg two to three weeks.

Three runs were made duricg the month in the A-Cell equipment to test the above
process with a cold, synthetic feei. Although the process had worked perfectly in
a series cf experiments in lasboratory-scale columms; the first two A-Cell runs had
to be termineted because of pluggicg by & precipitate whick formed in the cclumns.
This perplexing difficulty was finally iraced, after a similar precipitate began tco
form in the third run, to an inecluble acid form of the chelating agent. Its
fcrmation was caused by operating the solution degasser at too high & tempersture,
thus evolving ammenla and lowering +he pE. As scor as the temperature wass lowered,
the precipitate btegan to dissclve, and the run 1s now proceeding smoothly.

Another icn-exchenge process for sirontium purifi-adtion alse shows much promise and
is operationelly very simple. M-ig involves sbscrptior of sgtronvium (ard ite im-
purities) on a Dowex~5C columr followsd by sequeniial elution with buffered
sclutions of Cx-hydroxy-lsobutjrata Leald, cerium, arnd caicivm are removed from
the cclum with 0.8 M reagent at rhE LB, The strontium is *her eluted with L.z M
reagent at pE 6, and barium is finally removed from the cclumn with 6 M HNOz.
The strontium is chtaired after passage of Tewer columm volumes of eluste (30
versus 100) than ir the EDTA prccess and at higher concentration {8 gm/l versus
1.3). It is also potentially fessi-ie to use only one cclumr., The mejor dis-
advartage iz the high ccst of the reagernt {fen cents/gram). An attempt wiil be
made 0 substitute less expensive reagzrts for the (¥ -hyircxy-iscbutyrats since

the cost of the lather would ceoniribuse absut elsven cents/curie to the scost of
purified strontium.

A

Strontivm Shipment

It was reporited last month that %

ha gynthetic 1noﬂganlc aluminc-gilicats icon
exchanger, Decalso, has 3 high capacit

v for s**ontium.aﬂd that this affcords a
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potentially attractive method for off-site skhipment. Since the crude strontium
whaich will be produced in Purex will contair substantial amounts of cerium (about
two percent of that in IWW according 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 corntrol fthe amount of strontium which can be shipped in an ORNL Shielded
Trensfer Tank {"STT ). Shielding calculations indicate that a cerium decontamin-
ation factor of at least a thousand may be required if normal radiocactive shipment
apecifications must be adhered to in shipping strontlum crude in STT's.

Because of the above limitation, experiments were performed with synthetic 2u44-CR
rough cut to determine whether additional cerium decontamiraticn could be obiained
by adding "cold" cerium and precipitating cerium oxalate at pH O0.7. An additicnal
decontaminaticon factor of 5 was obtained for an overall process DF of about 250.
This might conceivably e improved by repeating the precipitation but it appears
very unlikely that an overall decontamination factor of 1000 could be obtained in
plant equipment without the addition of several complicating steps.

Strontium Carbonate Flltration Studies

Consideration is being given %o the possible off-site shipment of stroniium-90
carbonate in the cask currently being procured for cerium shipment. Consequerntly,
studies have beer made in the 321 Bullding filier (a thirteenth segment of the
proposed filter)} to determine the "filterability" of the stromtium carbonate
slurry which might be produced at the Hot Semiworks. These preliminary studies
have indicated:

{1) The slurry can be easily flltered if an equal amount of filter =2id is
added tc the fine sircontium carbenate precipitate. though the filter
aid dilutes the precipitate, approximately 250,000 curies can be lpaded
in a single cask.

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

(3) Quantitative leaching of strontium carbonate in the filter proper would
e time consuming. Time cyecles would be shorter if the slurry wers
fluidized from the filter and lszached in an agitated vessel.

N Slurry Dryirg

A slurry of calcium carbomte (believed representative of strontium carberate and
similar fission product slurries in drying characteristics) in water was fed into
an agitated pot at approximately 10 ml/min for more 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 lcost as dust in the off-gas stream.

ANALYTICAL AND INSTRUMENTAL CHEMISTRY Rubaa
Stroctium Analytical Development L

Deveiopment 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 phoscmetry wee found 42 be a sziisfactory metlod for determiring calclum
ard barium Iz stroatium.

The excellent dacontarinsticn cbiained with the above procedure suggested that it
might serve as the “as-, for a rapil method for radiostromtium. In & single test,
a samp*e previously ruzs by the classicel sitroztium nitrate carrier method wes
purifiad ‘V'Cl~h7““c13-*5ﬂbuuv*aue cation exchange and counted. Agreement was
within five percent of the standard method, and & gamme scan and a bets abscrption
curve skowed no defez<able radiioactivity cther than stroniium-89 and stron%iim-90.
The toial 44 required for thls ansalysis was less than two hours. Further

develcpmeut 1s planned.

EQUIPMENT AND MATERIALS

Z Pisn® Csmirifuge Test

Vitraticn of the Bird § imch coniinucus cen*rifuge has been brought withie sat;s-
factory limits “y mounﬁin, the mechine firmly orn & one-ton block of reinforce
concrele. In a short process test the cernirifuge was operat=d at 6000 RPM w*tH a
feed slurry of csrous oxalete {stand-iz for plrtozium oxalate) at a feed rate of
50 ‘i e*sfﬂca:. The liguid effluent contained 0.6 wt. percent solids (0.5 per-
cert ihe zilowable maximar). T=e discharged solids corntained 30 wt. percent
*_quld ani were sticky.

235-5 Reclametior Pacility Fulser

Taree carben-grapbite piston puisers were cperated pulsing water in a test sclvent

extraction cclumm, to stuly thelr fessidility for use as Reclamation Fecility

rulsers. Major resulis of tie studies Include the fellowing:

fa} The "U-Cclum” pulser {plston wiith long shaft &z upper pulse leg) is
hdrgciieally end mechanically feasible and is recommended for the

Pactl i ™ clgars;

u

o
L3
£
3
)

{riston with short shaf*, nc upper pulss leg, ard
£} was also opers*s?1 successfully. It is more
ger, ot ziso less "fail safe;”

High mallss af*‘c*aﬂcies {coumn auplith_e/pls;cn stroke ratic) for

fel
Wotkh gplitering ssalel anl plug pistons wers ottalnsd; and

(&) Pilzfhen lazlags Li%-rirg Tistorn was covraiat:d with the orifics
flow eguatior. vwhe he liquid "head” 1s the mesn pressure acrcss the
Plstoh.

Ict Semiworks Siroaiinm Recovary Program Puleers

Fistor pulsers for the TSW suro;ti¢m recovsry eolumrs will be of +he "C-Colum® -
typFe, wilh a piston mechexically driver ithrough a 30 foob long pisson rod.

Pursy TA Cclumr Piasti~ Flai2 Testing e

S&mpﬁgs of linesr polyeshylsrns frox s spers Porex HA cllum pizde were irradiated
R ir *h= pres:nce of Purex HAY and *her wasted for swress cracking at
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room temperatur=s and at 5C C iz a cne percerni solution of sodium lauryl sulfcnate
(Duporal ). Afier 212 heours zo cracks were apparent. The samples were mounted
with one ernd fixed and the other displaced enough %o impcse a stress of approxi-
mately 4500 psi. At the end of the teat the samples were found to have relaxed
enough that the Final stress was in the order of 18600 psi.

Griscom-Russel Tube-to~-Tubesheet Joint

Huey corrosicn 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
5 a *ubular stub milled from the tube sheet itself. Crevices are absent in a
Jjeint of this type. The samples tested had good corrosion resistance to bolling
65 percent nitric acid; average pernetration rates were about 0.8 mil/mo during

ca. 500 hours exposure. There did appear to be a slightly accslerated attack in
*he heat affacted zone of the tubesheet.

NON-PRODUCTION FUELS REPROCESSING

NaK Hand>ing and Fume Disposal

AW-663562, entitled "NFF Mechanical Cell NaK Disposal and Fume Abatement,” is being
issued. This document discusses the development of safe methods for deactivating
the NaK reservoirs presert in some of the fuels originaliy scheduled for Banford
reprocessing as a portion of the non-production fuels reprocessing program.

Feed Preparaticon

Zirflex Process - Development werk on the Zirflex Process has been completed and
document HW-55979, "The Zirflex Process Terminal Development Repors,”™ is being
issued.

Dissclution of Zircaloy Cladding in Acidic Fluoride Soluticns - Laboratory work on
decladding Zirecaloy-clad uranium dicxide fuels in acidic fluoride soluticns has
Teen concluded. A feasaible decladding scheme was established. Corrosion taests
indicate one of the experimental alloys produced at BMI {No. 20) would be saiis-
iactory material of construction. A report coveripng the work on this procedure

is in preparstion.

U02 Leaching Studies - Nitric acld leaching of swaged UO2 from chopped fuel rods
was izvestigated this month on a laboratory and pilet plant scale. Stainless
steel and Zircaloy-clad U0z rods 1/2 inch in diameter were used for the studies.

In latoratory studies, the difference in UQp dissclutions 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 HN03/U charge
ratio of five. As expected, the UQs dissolved from the shorter elements more
quickly. However, dissolution was complete in every case in less than cpe-half
hour. This fast dilssolution time is attributed to erosion of the UQ2 from the
ciladding resulting in high surface area exposure.

The pilot unit, recirculating, tubular dissolver was medified for the pilot
plant lsaching studies. A special dissolver sparge head was atitached o the
dZssolver hottom and a canister for tracsferring qhgppgngue;_;;qm a_shear to
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the dissolvar was constructed. The canister is designed to provide an air sparge
cutlet above the chopped bed and provide total contalnmernt of the chopped fuels
during tramsfer to *the dissclver. In cperation, the conical sparge head pilerces
& brags sealer plate, as the capister is lowered intc the dissolver, and seats

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

Two rurns were made in the modlfied recirculating dissclver o demcnstrate the
operabllity of the dissclver canister. In these runs, one-inch long sections
chopped from swaged UCs rods clad with stainless steel and Zircaloy were leached
witk 6 M nitric acid at & HNO3/U ratio of five. The dissolver camister provided
alr flow avove the bed as it was designed to do, but dissolvent flow could not
be initlated through the four-foot packed beds until considerable dissolution
had occcurred. In spite of the fluid circulation trouble, the dissolution was
coaplete in legs thar ore ard orne-half hours, indicating that the nitric acid
leackhing cf U0y is feasible. However, the difficulty in providing circulation
through packed beds shows that the batch size will be limited by the packed ted
height and nct the total dissolver tube capacity.

Materials of Construction

Physical properties - tenslle and yield strength, moduwlus of elasticity, propor-
tional limlt and percent elongation - were determined for four (No. 4, 11, 20, 21)
of the experimentel allcys prepared at BEMI. The data are desired for use in
design ard ir writing specifications for the material of constructiocn to be used
in the HAPO non-production fuels dissclver.

REACTOR DEVELOPMENT - 4000 PROGRAM

PLUTONTUM RECYCLE FROGRAM

Salt Cycle Process

Pilot Plant Quentities of Electrolytic UOp - Production of electrolytic U0s from
& starting material of WOoClp.H20 has been continued. Improvements in the sparger
have Leen mede and both chlorine and hydroger chloride sparges have been equally
affective in reducing oxygen to uranium ratios in the product. About 45 1bs. cof
UQp have been produced this month with a maximuw batch size of 5 1bs. A com-
posite analysis of the first 28 1bs. of product, produced by sparging fcr three
hours at 710 C followad by electrolysis at 710 C, is 3860 ppm chlorine. 150C ppm
carbon, aad an oxygen *to urarium ratio of 2.0397. The sodium content cf those
samples arne.yzed for sodium was about twice the chlorine content.

Sparging at 80C ¢ followed by electrolysis et 710 C gave a composite oxygen to
aranium ratic ¢f 2.0115 for the next 18 1lbs. of product. Product with oxvgen tc
uraziun rasios as low as 2.0049 was cbtained. Exhaustive washing of the UO~ with
diiute HCL end water reduced the sodium impurities to 77 ppm. Chiorine and
carbon analyses are ncht vet availshie. Carbon iz the UCz may be due te corrosicn
of the elscircdes by air at the liqguid surface.

Screening of the UCp showed two peaks ir the particle size iistribusior. The , oo
mulk ©f the UCp 1s made up of agglomerctes larger than 1k mesh; however,?ﬁfé&e? o

1247855
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is a secondary peak in the particle distribution curve at - 35 + &5 mesh which
is composed of primary particles according %o microscopic examination.

The single fused silica pot used for these electrolyses has survived 350 hours
at operating temperatures with ano apparent corrosiom.

Hot Cell Imstallatior -« Comstruction of the hot cell equipment for salt cycle
demonstration runs is essentially complete and cold uranium runs have been
started. An oxidative removal of UOp 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 iren oxide sloughed off by dummy fuel element
samples. Possibly the U3z0g 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 UQs - Four additicnal cne-pound lois of electrolytic
UC2 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 lncrease in cell
resistance which resulted in the high veltage has not been determined.

Corroslon of the platinum-sheathed cathode bhas varied from 0.009 mg/hr,cm2 to
0.69 mg/hr,cm? based on the area exposed tc the melt. Chlorine attack at the
selt-vapor interface is the chief form of attack.

Solubility of Chiorine inm Molten KC1l-NaCl - The solubllity of chlorine gas in a
molten equimolar mixture of KC1-NaCl was measured (with good reproducibility) to
be as follows:

Temp., *C g Cln/g KC1-NaCl ppm
800 (6.3 + 0.1) x 1077 63
700 (5.3 £ 0.1) x 102 53

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

_ Mole Percent U Dissolved in
TiCl KCL KaCl Temp. , "© 30 Minutes, g
0 50 50 TOO 0.155%

1.2 49,29 4a.29 700 6.2

The presence of a small amount of TLC1l not only increased the rate of dissolution
Ly a factor of 40, but also increased the solubility of uranyl chloride in the
melt to a remarksble extent and the resulting quaternary system appeared to have
a melting point in the neighborhood of L0OO C, some 250 C lower than the melting
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\ gyeiem. Furthermore, after disscolving la £
2.0 omelec in uranium{VI)), UOs was s3ill 2issclving
Teis helkavicr proviies add;tlcn&l support for the
-'“;_ +=a% thallsus chioride acts as a catalyst in thi
ized to TL{III) ty echlorine, api the TL{III) acting as
~. Thallicus chloride isnizes ccmpletely in meiten
ce of ehiorife ions im such melis ard this may be
apii disscluticza of UOp in the presence ¢f TICL.

Dise~luwicr Rate of "Activetel” Us08 - Scme UO3 was ignited o U30g and hesf cf
TTiE mEUSrii. WeE BoTivRLoG Ty wWwo cycles of réductica with hydrogern st 650 C,

chL"veﬁ v cxidation with air at 50 C, which produced & fluffy expanded U3lp
“ypisal of & high surface-ares oxide. Surprisingly, nc appreciable incresse

i

v wolter KCL-Nell &3 720 C.

WRE ssern iv the rate of dizscluticr of this high surface area U308 by ckicrine

Frowsh oF Single Cryvstal of U0z - An atitemrpt 1s being made to grow & single

lgrgs crygial of UL Wy e_ett“:_yti: depositison from the KCI-Nagl system. Eguip-

mert “as Teer -sraizsd end assserblisd, Hus there has been ro success in growing

ary Large ¢ Jsﬁalﬂ =sither -ty Jdepositicn on a platirum electruie or by cvergrowing
L single aryshtelz of arc meltel UCo.

Meta__iz Meteriel’s CP ”anstructio' - Semples of Bastellcy A; Hayres allioys R-233,
Mai=i-met, and Stellizme #Fcl; nickel; tungster bronze; tantalum; tungsten; as-cast
wolwnisur; 60 rle k 2-40 +ungsuen, and BMI experimental alloys 23 and 2k were
exroeed % hydroger chloride sparged equimnlar socdium chloride-pamass*um chleoride
meltoat 750-800 € for perizds uf arcut sever hours each. Of thase alloys and
metsls . oy tusgsiter ard molybierum hed corrcsico rates cf ;O“ mils/mo cr less.
Of mery meterials tested in Shis ervironmert o date, the ocly other materiel
havirg cirrcsicr reates in thiz repge are Hestellcy B avd platinuzm. A Hastell:

2 elzutrede has teen p iz service fr the 321 Building electrclysis equipmert

o Satarmize corpoginn retes vnder 2onditisns more nearly simalating antizipatad

[

"I (.l'

protazs somditicns,

: Meserials Tastl 1&5 are coptiruing in an affcrt to
2tallin congtrusnl % Cycle process envirsnment.
L ritride horleld il “gsteld in ap equimclsasr
g epeiassliar thlorids so salt rescted with the cruc-
2 Toe resultivg sa .t i . &% 732 C. The test was
Flgnoriruel afhsr 08 hiule. wee obieined on the resulting salt

Reprcrzszziog PRTR Spiks Fusl Elzments

Further ierarmirgiisrs ~f hviroges evolution durirg dissclutior of Al-Pu-Ni-3i-Fe

&LloT¥E I Hﬁ@;mﬁggNCj)g guliticzg were mede. Sufficlert data are now avsilatls.
g *J'*'g%: ayslyhicrn s a Iuno ¥ pisric azil arpd alumizum mitrats

roo pereit calouletics of bydroger in the off-ges versus tims for

diss . uri o eEshemss, The date 2ootizue 5 suppsort an o =ariiar

e iraresses merkedly &g the silivco oont

PP [ B
g *~ cre nersert. 2

:—J- — < E % Lo - —,
Latkerrire “he attack . irflex dec aiiin
we TaMerin 5 6 :b: ined sriw decregssd

o e - < - -4 =
w2 whe iniftial decladding sclutiorn was
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increased from 2 M NH;F - 0.LTH NH&NG3 to 6 M NEyF - 0.5 M NH,NOz:. Extrapcoiation
of labcratory data 4o apiticipated process conditions indicates that plutorium
losses during decladding should pot exceed one to two percert for any of %he
decladdicg solutions tried.

Ccntiruous Ior Exchenge Coutactor Develcpment

Adsorption Kinetics for Thorium Nitrate Complex - Further studies on the adsorp-
tion of thorium from nitric acid solutionm 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 concertration of 2.3 g/l and from 7 M nitric acid at thorium ccn-
centrations ranging from 0.2 to 12 g/l were determined. Deta cbtained continue
to fit the theoretical model for adsorption proposed in the July report., Dif-
fusicn coefficiernts range from 7.2 X 10-9 to 1k.4 x 10-9 for the nitric acid
and thorium nitrate concentraticns studied. The following equaticon which gives
the distribution coefficient (KD) as a furction of resin lcading was derived
from thecretical consideratlions.

2
kil - 2¢
Kp = *%i_:_ETl_

moles of thorium per ucit weight of resin
total exchange capacity of resin {equivalents per unit weight}/2

whare ¥ =

k = a constant

The distribution coefficiants found for the adsorption of thorium from seven mol
nitric acid £it very well the curve described by this equaticn.

MABTE Contactor - Shakedown studles were completed iz the prctotype conitinuous
MABIE contactor which is a six-inch-diameter bty eleven-foot loeg, dusl-purpose
column with seven loading and three scrub stages and a six-inch diameter by
twelve-foot long eluticn columm with six stages. An agueous flow rate of 280
g&l/hr-aq.ft. was obtained in the adsorption column at ar agitator speed of 530
rem. The agueocus flow was limited by the power available to drive the agitator.

Sodium breakthrough runs indicated scme aqueous channeling. Mixing efficiernciles
of 75 and 83 percent were obtained at aquecus flcw rates of 115 and 225 gal/hr-
sq.ft., respectively. The lower efficlency cf the prototype ccrtactor; as
compared to the rnear perfect mixing obtained in the three-stage contactor, is
attributed partly to the lower agiator speed {470 rpm vs. 670 rpm; and partly
tc agitator design and scale up.

Studies were made with both columns opersating 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-cclumn resin flow ra%e. Carryover of

excessive high-acid "slip water" from the adsorption column %o the elution

colum weuld result in a high-acid product stream and would also lowerifie’ efudidn ' ~
efficiency. A four-inch diameter by iwelve-inch long "disengagement”: pot.was .” =~
ingtalled between the lower ends of the columns. SR

The resin siurry was then force-circulated from the adsorption column'fﬁrcugh't-éi'
pct and back into the cclumn. The relatively large diameter of the pot allows
the resin to settle out so that it is possible to keep the pot packed with resin.

A small flow of eluant soluticon is introduced into the pot near the bottom diluting
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the high~acid slip water. By conirolling the ocutlflow of resin from the pot to
the eluticn column with a contrel valve, the amount of acid carryover is kept
0 tolerable limits. A similar device is located at the top of the columms,
except that no diluticn stream is necessary. Initial studies show good perform-
ance both in limiting scid carryover and im controlling the resin flow.

géggler Contactor -~ Operatiorn of the Jiggler Contactor was improved during the
month. Installstion of the three-foot long scrub section in place of the pre-
vious one-half-foct long section apparently was corctributory 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 ionger
section which ternd to raduce turbulence and fluidization. Redesign of the
regin cycle cone, which is an inverted hollow cone or essentially a funnel at
the bottom of the "A” Column, also improved column operaticn. Prior to redesign,
the entire cone wall from its base to the outlet pipe attached at the zpex was
made of screen. Now, the screen wall extends from the four-inch diametar base
to a point where the cone diameter is three inches. The cone wall from the
gcreer to the outlet pipe is sclid 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 1l hours in duraticon, were made with thorium-
containing feed. The "A"™ Column liquid was pulsed &t € cpm with a 0.5-inch dis-
piacement (50 ml) in the four-inch columm. Permutit SK resin (30-50 mesh) was
used. Agqueous stream temperature at the inlet wae about 50 C. Waste loszes
ranged from 16 to about 57 percent. These high losses are attributed to improper
agueous downflow from the "C" Column resulting either from inefficiency in that
colunn or downflow of a part of the product stream due to a malfunction of the
filow 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/h psi drop across the semi-fluidized bed

in the adsorpticn section and a conetant resin level in the elution cclumm is
reached in 30 to 45 mirutes after start-up from a dense resin bed.

RADICACTIVE RESIDUE FIXATION

Mineral Resctions

Additional study was made on the equilibrium distribution of cesium on clinop-
tilclite; comparison was made of the adsorption con unirradisted mineral with

that on mineral having receilved 107 R. The results support the premise that

this level of irradiation would aoct produce measurable effects in silicate minerals
such as clinoptilolite and do not agree with earlier findings in which an apparent
irradiation effect wss noted. Investigation disclosed that the effects probably
resulted from a colncidental varistion in solution compositicon between experimenis.

The rate of adsorptior of ruthenium(ITI) and cerium{III) from .01 ¥ Na* sclutions

or. shaliow bals of irem filirgs was found te be higher a% pH 5 and & than at pH 2

or 11. This mey be correla%tive with the more rapid formaticn of ferric oxide in

the pE renge 4 - 9. The loeding of adscrbed ruthenium and cerium on the bed was

licear wiih time urtil the materizl of the bed tegan 4o deseriorate. oo gy, o \
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A clineptilolife cclumn experiment was performed with a mixture of actual {super-
na*ant 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
Ruloe. Decontamination factors of 7 x 107 for 05137 ard 1 x 10% for 50 werg
ovtained and all other radionuclides studied {alphe emitters, rare earths, Co O)
were decontaminated to concentrations bhelow their drinking water MPC values.

Clinoptilolite column experiments were also performed with diluted (2C: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/ft3/hr.
Capacities of 37 and 31 bed volumes for cesium and strontium, respectively, were
obtained. Column kinetics were good, with decontamination factors of 107 being
obtained during the first 29 bed volumes in the case of Cs+3' and the f£irst 19

bed volumes in the case of Sr3C. The bed loading reached 50 percent at 39 and 36
bed voclumes, 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/em? the cesium decontemination factor was about 1000 and that for
gtrontium about 20. Ruthenium, cerium and zirconium-niobium radiocisotopes were
also removed but with lower decontamination factors. Anslysis 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
organic has a tendency to plug soll columns and foul mineral bheds, the possibility
of bureping the organic was given some attention. WUsing a pot type burner with no
auxiliary heat source {except to start the burning) a mixture of 30 volume percent
TBP 1in hydrocerbon diluent was burmed. Considerable black smoke was evolved,
Unburned TBP and carbon were left in the pot when the burning siopped. 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 Py0g)
was glven off towards the end of the test. -

BIOLOGY AND MEDICINE - 6000 FPROGRAM

Radloisotopes in Soils

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

with standard radioisctopes. Two-hundred gram soil samples are ground to pass a
105 micron sieve and then suspended in 150 ml of two percent sgar to provide a
uniform sample eight-inches in diameter. These samples are counted on a nice-inch
diameter, four-inch thick detector using geamma spectrometric techniques. A4 fur-
ther improvement in sensitivity arnd selectivity will be gaiped when two large
crystals can be obtained for use as a summing spectrometer.

P32 iz Reactor Effluent Water

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




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

Radiation Protection Siudies

The protection indices of 11 more compounds of biological interest were evaluated
this month by the dye-competition technigue to help understand the effects of
radiation-produced free radicels 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
picture of proteins as being colled or folded such that meny of the amino acids
are physically protected by those on the outer surface. Confirming studies will
be made on less coiled or felded proteins.

Geology and Hydrology

A recently-completed deep well drilled to basalt southeast of 200 East Area pro-
vided new information regerding 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 tc be approximately 200 feet
below sea level, nearly 100 feet deeper than earlier believed. The basalt en-
countered in the bottom of the synclire is unlike that encountered in other
locations. The texture is more perphyritic, with phenocrysts up to cne-guarter
inch in diameter. These inclusions are predominately olivine with some zeolites.

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 liquid in terms of the potential if the volume were occupied by the
lighter liguid. From this it was pcssible to derive a partial differential
equetion to express the potential distributicn in the system. A pumerical
solution of this egquation was obtained to compare against experimentel results

and thus tc test the validity of the initial derivetion. If valid, the expression
could describe the liquid flow that would be induced by the difference in density.
Initial laberatory findings roughly approximsted thcse predicted by the equation
but better agreement is needed te assure valid application.

The steady flow patiern and meoisture 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 zn 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 column volume” in calculations
of crib capacity, a safety factor of about 4 is intrcduced according to these
results. Larger factors would be introduced for less homogeneous soil systems.
The moisture content distribution associated with the above flow distributicn was
also obtained. The results have not yet been compared with the measurements made
in the field experiment bui a quaiitative similarily I8 the shape of the wetted
volumes is obvious. '

76500
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Ground Was%e Invéstigasiors

Te permeability of scii for synthetic Purex high-salt waste was measursd to
assist with estimates of %the situaticn tha® might develor 1f a storage tank were
0 lesk, A fine-grained Harford soil was used acd iis permeability for the szals
solution measurad in a falling-head permeameter. The filiered scluticn had a
permeatility of Lk x 10-% cc/sec/cm2 which may be compared with 6 x 10~k cc/sec/cm2
measured earlier with filtered synthetic Redox salt-waste and a similar soil.
Por unfiltered waste the sludge collecting on the s0il offers additional resist-
ance *o flow, the permeabllity of the sludge decreasing as it is compacted. The
permeability of Purex sludge was 2.3 x 10° cc/sec/cm2 after five hours ard

x 10~ cc/sec/ch after 15 hours in *he permeameter. This may be compared with
similar values for Redox s¢udge which had a permeabdility of 1.3 x 10-k cc/sec/cm2
after twe hours and 3 x 10-2 ce/sec/cm® after 20 hours. All of these permeabilities
ars reported for unit hydraullc gradient. '

Scll Chemistr»y ard Geochemistry

Sciutions of cerium, promethium, and europium were equilibrated with soll accom-
panied by 0.5 M alkall and Q.25 M alkaline earth salts at selected values of pH.
The solutions coniainad a "trace"” (< 10-11 H) or 4.2 x 10-9 M added rare earth
traced with the radicactive isctope. Stable neodymium was used as a carrier for
Pm~*#7. The experiments were desigred to compare the reactions of various rare
earth speciles with scils.

At pE < 3 the rare earths were lonic. Their adsorption by scil ranged from 1 ¢
48 percent of *he added nuclide, depending upon the species of accompanying ien.
The competition of accompanying ions with rare earths incremsed in *“he crder:

Li < Na € Mg ¢ Ca< Ba< 8r ¢ K £ Cs

The adsorption of cerium apd europium was identical in all cases. There was
evidence that promethium is mere completely adsorbed in trace concentraticons Shan
are the other rare earths, but at 4.2 x 10-9 M no differences were evident; these
fipdiags substantiats the concliusicen that under tre ccrditicrcs s+udied the rars
earth specles are in identical ozxidation states.

Work contirued on investigation of the mechsnism of selective caticz adscrpticn by
"open zeclites,” 1.e., zeolites which can accept any of the alkali mefals and
alkalize earth metals serles. The cation replacement series were deftermined fer
the zeolites clincptilelite, erionite, mordenite, and chabazite. ALl were found
*o follow the same sequence, i.e.,:

st 3 RbY > Kt > Nat > Li*, and BatT o 8rttscat™ o> Mgt

However, significant differences in the degree of caticr selectivity exhibited Ly
each zeolite were found. The similarity in replacement order in thege differsnt
minerals suggested thati some general property of the caticns is operative, such
as hydration ia aguecus sciation.

Regearch in which catior excharges with morderite and cliroptilclite in fused

salis were measured gave the same segquence for these lons, ruling cut ioriec hydra-
ion as ac explanaticn ¢f the selectivity mechanism. When the lemperaturs of

these fused salt systems were raized snough tn'Etﬁnctivelyrdehyara*ﬂ the zzclite
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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 positicns
of Cst and Lit were obtained to establish the sequence. The results are inter-
preted to mean that the water normally assoclated with the zecolite lattice is
mainly responsible for the observed sequence from aqueous systems. The position

of this lattice water relative to the psath 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.

Fleld Apparatus Development

A method of shaped charge perforating of light gage "Kai-Well" casing was demon-
strated. To preveant fracturing of the casing & 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 tc be proporiional to the
diameter raised to the O0.84 power. A gualitative explanation of the diameter
dependence was found in turbulence theory whick postulates that the eddy diffus-
ivity at the center of a duct should be proportional to Reyneld's number st a
constant velocity. This is essentially the same as stating that turbulence scale
should be proportional to the conduilt diameter for a given velocity. The higher
centerline diffusivity as the conduit dismeter 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 intoc narrow
size renges. PFractionation of glass spheres 45 A and smaller into three size
ranges was accomplished without difficulty.

.k

Acting Manager
Chemical Research and Development
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BICLOGY OFERATION

ORGANIZATION AND PERSOLKEL
No significant changes cccurred during August.
TECHNICAL ACTIVITIES
FISSIONABLE MATERIALS - 2000 PROGRAM
BIOLOGICAL MONITORING
Radicicdine Contamination
Concentrations of I331 in the thyroid glands of jackrabbits were approximately
three times greater than those observed one year ago. Values follow:
pe/g Wet Thyroid Trend

Location Average Mazximm Factor
L mi 3W Redox 8 x 107k 2 x 1073 --
Trosser Barricade . 3 x 107k 5x 107k -2
Wahiluke Siope ] x 10°b 3 x 10~k -3

Columbia River Contamination

Concentrations of gross beta emitters in Columbia River corganisms collected at
Hanford were approximately two times greatver than those observed one year ago.
Values foilow:

\ Bc/g Wet Weight Trend
Lecation Organism Average Maximain Factor
Hanford Minmows (entire) 2 x 107° 2 x 107% +2

Fallout Coentamination

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

Total Beta Trend

Sample Type ﬁverangchE Wet Material Factor
Bene 8 x 107 +L
Feces 2 x 1072 +l
Liver 2 x 1072 *ly
‘msele > x 107 3

3# Correcilon for July Monthly Report: Coneentrations of gross beta emiiters in

Columpia Hiver organisms coliected at Hanford were reported approximately nine
times greater than those cbserved one year ago. Tals should read . . . four and
one=-half times greater.

UNCLASSIFIED
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Ifftect o0 Raacter Iffluent on Acuatic Organisms

Studies on ths toxiziwy of reac~or effluent were suspendsd whils modificat’ons of
Laboratory zauipment are penaing.

Small fish, i-1 1/2" in length, were seined from i slough area oelow 100-H Area
and also from the Yakima Eiver. Examinaticn cf these fishk revealed that abour
25 per cent of those taksn from the 100-H Area were infectad with columnaris
and furthermore, of some 8 fish returned t¢ the laboratory and held 1n <roughs
fir an acdizional four days. 7 became infected with the disease., No golumnariz
was recovered from figh taken frocm the Yakima River,

Chinock fingerling salmon which survivaed a previous test in which ‘they were axposed
to columnaris organisms, were examined a vouple of weeks after and fourd %: crntain
nc coiumnaris crganisms. From the same tes<, all of the fish which had aisd hac
zshewr positive test for this Myxcbacferium,

BIOLOGY AND MEDICINE - 6000 PROCRAM

‘METABOLISM, TOXICITY, AND TRANSFER COF RAOJCACTIVE MATERIALS

PhogEhcrus

Approximately 20 pairs of ftropical fish of the cichlid family'have peen selacted

for a toxicity test which will invoive administration of P32 with feod and whizh
seeka to estabiish <the body burdens at which spawning success is affected. OJelecticon
2f pairs has been based on at least one successful spawning. Previous difficulitiss
anzcuntered in rearing the young cichlids have largely besn cvercoma.

Ths *eqs*01+1ty of using a three-probe scintillation caanter %o monitor tha dramsstranlun
fram P2 in mice was 1n“esu1gafec. Stuaies with pnantcm sourses showsd the

measuraments 4o be nearly independent cf mouse size., Similar studies are being

mads with 1ivs mice (P32 administered Sy intraperitenear inlfection and stomach tuce\

o determine the effecr of source alstributicn and size on who*e body measursrenti.

Zinz

The relative uptake of radioczin: in three ewes and their full-term fetuses was
investigated. The dams: tissues contained ccancentraticns ) - & “imes greater then
in corresponding fetal tissues. It was noted that the liver 3nd kidney coriex

in the fetuses 3id not contain the high coneentraticns of Z1°7 pelative *c the
cther tissues observed for ewes and rams.

Strontium

Orai. administration of Sr9O~Y9O <o rainbow frout at the rate of O.S_ﬁc/g of tedy
weigh* per day for 21 weeks was letha.. Th=s faw flsh which survimad tie compie”s
~ourge of the feeding cied ovr were sasrificsd near death during the firss mernzh
administratizn. Levxonenia was evident and there wzs some indlcation of

reassd values fer ’Pmatocritj nemoplobin . and red bioced court. Hdilstopathoilzgiial
ies are under way

UnCLASSIFTED
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A new group of trout is teing acclimated o laboratory conditions in preparation
for studies o= the rate of assimijation and movement of Sr%0 spiked pellets through
the GI tract. Progress was alsc made in developing surgical techniques to permit
the =cllacztion of urine f-om trout held in a metabolism tube.

No outsbtanding bone changes were revealed by X-ray piates of 56 miniature swine
on the chronic toxicity cf sr90 study. Several mincr changes were observed,
however, and are being followed for possibie significance. To date, gix sows
(2 from the medium [5 ne/day] level and L from the low [1 pc/day] level) have
farrowed second generation pligs. All baby pigs appear normal.

The in vitro study on the comparative binding of calcium and strontium by plasma
proteins was compieted. Cak> and SrP0 were fourd tc be bound eeually and binding
was independen®t of enrichment of plasma calesium with CaClQ, These results were
unexpested and warrans fursher investigatvion. Three ewes were therefore started
on a study to determins the effect of dietary level of calcium on the camparative
binding of strentium and calcium in plasma.

Todine

No important changes were observed ir any of our iodine studies with sheep or swine
during this menth. The ratio of radiolodine in the thyroid to the quantity fed
daily of *he experimental sheep showed a general increase during JAugust due to
weaning cf lambs.

Cesium

Effeszt of molsture strezs on the uptake of Cs<37 and potassium was studisd in bean
plants using sodium chisride zs an agent to increase csmobic pressure in the
sclttism in which bean piants were grown., Osmctic pressures of }, ané B a*mospheres
above that normally prssent in +the matrisn® sclution were studied and compared
with prants grown in nermal ru*trient.

Increasing the csmeti: pressure in she nutrien® solution increased the potassium
centent of leaves but decreasad potassiun conternt of stems. Some depletion
R

zf Ca+Y was nobed in stems bu~ no effec of C=l>! conten® was observed of leaves,

These data arz in-erpreted here as being dusz ¢ acgsure, They could also
be interpreted as due to the sodium shicrides and asscciated direst ilon effects.
igtinzt cifference in the

pattern of movemeni of pctassiwm and cesium within thz pran-.

NeEtunrun

=t

at Lor the first szver daye of <he 2i-day retention experiment show the excretion
L 3 4o . e . - . A, o - - 3 -

o1 ,_3- o be divid:sd rzarly egually between uarine and feses freilicwing intravenous
injsition »f the ocitrats compiex. By the seventh day post-injscotion; the femir nas

repiacsd the _iver 2z the frgan conmsaining tne highest soncentration cf Np237,

8]
= ow
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Fuazeniam

Feilcwing ssrukbing »f 3 Pull0-~contaminatsd darmal cut in a ra%, remova. of the
“wn=day szab removes al.l the Pemaining plutonium *hat 1s detzctable with an
aioha par*ticle monitor - "Feocpry®.

Twenty-tour intradsrmai injschions of plutoniam nitrate in doses varying from
0.00lélpﬁ 1o 5 pe per site were mede in a white miniature pig. This makes a total
of four pigs 1njected intradermally with plutonium nitratzs sciution., A1l animais
will contimue wo be moni‘tored thh a new scintiliavion probe bullt bty Instrument
Dzvelopment in 320 Area., Two nmore wnite miniature pigs will be Injected nex menth
and all piks will he kep+ for their iifetime to de*ermin: the effeet of Pud™?
ir3iested into the skin oI pigs.

Ragisactive Particlss

The extremeiy stable nature of plutonium dioxide deposited in cogs by irhaiaticn
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 gastrecintestinal tracts, This represents the frac~ion
rapidiy transioccated from the sites of deposition; prebably fellowing sclubilization.
During the first L0 weeks following the expeosure, 1.5 per zan* of the “cial dose
was sxcreted in urine ard znly 0.4 per cent more was found in all tissues, exzzpt
luarg and assoclated lympk nodes. Although not consiusive. further data sugges~
that plutonium excretion in urine 1s more closely related to the totai amours of
piuztoniam deposited than to the lung-lymph node burdsn, Other data are being
sxamined to evaluate *this possibility,

Ths iniltial resulis of a btreeding program ¢ orovide hea.thy animals for inhalaticn
studiss are .8 heagle puppies.

Dig ard rat 2xposurss to cariam cxide, neptunium dust, amd plutcnium nitrsats
are plannsd for the nzxt moith,

Jastrointestina., Irradiati.n Injury

Aun experimernt was initiatsd <o determin: int es*ina; abscrpsion of IT57~-labeizd
sieie acid and poiyvinyipyrrolidons (PVP) atter X-irradia<ion of “ha< orgar, The
fat<y acid is commecnly uzed as a diagnostic *cea for mai-absorpbion studis: in
numans; and PVP has been showm Hy us to be cof diagnostiz valus for intestinal
injury from radiavion. Both o thess agentis wers inje-ed i;re:*ly inwe the
cacderrim and measursd after Thoee hours in the plasma and 2, hours in the sxeretaa
&su1tz are not ye* avaiiabls,

e )

in experiment was conducsted to study the f”a:* 2f bils filstula on PVP excretion.
Restultz shewed that wiliary flsw has. %o a large degree. as influence cm the
ilarriea which 1z assoclatsd with gas=rointssgstinal irraciation wijury. L+ alsc

- +

L. -

premetzs the excretlon of PYP by a flushing az+ion on intesiinal content:.

£

r
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Mizroblologiczal Stadles

Additional experiment: using 2% and systeine with X-rays can be interpreted as
indicating that potassium and phosphate are leaked from yeast ¢ells through
separate systems, Furthermore, it appears that there iz a correlation between
cysteine protection of viability amnd cf retentivity. This correlaticn was
observed in both hapicid and aiplold yeasts.

Frojsst Chariot

Lamnological and terrestrial invertebrate field studies are eontinuing at the
Project Cnariot site by three senior scientists and one assistant.

BIEOLzGQEMﬂON 5
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Ters fresented a*t ..eetings

L. . 2ustad, "Miniature 3Swine in Radioviologizal Researzh," AV. A
Cenventicn, Jenver, Csliraco, fugust 16, 1960.

- - MRS o s o o GO s s s s .

L. k. Bustad, "Blological iffects of Sr - in Miniature Swine.!" (written

by . J. Clarkeﬁ“ AVMA, Am. College of Vet, Toxiccicgists, Denver, Celeradc,

Augast Lo LFET,

b. 0Off..Site Seminars:

Z. F. Foster., "Racionucliides in Foods - Fresh water 3tudles." J. 3
Health 3ervice Tralning Program, Cincinnati, Chio, dugust 0. 137

. Seminars {BioZcogy)
done
d. Seminars {other than Ziology)

University of wWashington Summer Institute in hadiation Biology ~ iichlend
K. U. Inompson, "Froblems oir 1nternal emltters,” Avgust 9, LF0C

J. B, Ballou. "Zn-65 iletabolism", fugust 7, 1960

T. G. Watson; "Isctope Transfer through Focc Chains, " August §. 196G
M. Tv Sullivarn, "Gut Irradiation,! August 10, 1960

L. A. George, "Skin Irradiarion,™ August 10, 1560

“. L. Dockum, "Au<soradiography," iugust 10, 1$60

We Jo Bair, "Preblems sf Parnicl: Inhalation. ' August 30, 1790

L. ke Jastaq, "Large Animal Tesearch W oagguat L0, L% 0.

AEC Racdlio_ogical Physziss Tellowship Frogram - Lichland

W. J. Zair, "Inhalation -7 Radicactiwve Particlas © “mgust 15, L34C

L. A. Gecrge, “Mechanisms of Chemiczl Frotectinn. ¥ dugust 1%, 1560

voc. A ric. Teacher:z Sonferencs - Licnlard

L. K. Bastad, ”Fadnunlola"v Fesearern 27 danforc, ¥ Augast 22, 1560

o

el R [ TE .
o Sadilicatlions

3. IW Publications
W. J. Clarke anc o. &, Hikenney., "3iolcgizal
Syperimentas «23L nE anu rralicic Veservaziions,

raTTT
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. GPERATIONS RESEARCE AND SYNTHESIS OPERATION

mﬁom&y REDORT - AUGUST, 1060

QRCANIZATION AND PERSONNEL

There were no chenges in personnel during the month of August.

OPERATIONS RESEARCE ACTIVITIES

Input-Output Simulation Model

A simplified EAPO model is being studied. Basic data heve been brought up to date
and converted to a prcper form for study.

Business Systems Studies

& meeting of the Flant Improvement Task Force was sttended on August 2k. Efforts
of *his zommittee are directed toward improving the approach used in 1959, and
+he different submittals of last year are being reviewed.

QOPERATIONS ANALYSTS STUDIES

Quality Certification Program

Further work in this area is aweiting completion of the IBM processing of
available date. 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 evalusting bumper fuel elemepnts. The exposures which must be
reached by the test fuel elements without rupture before specified levels of
gignificance are demonstrated were determined. A comparison was also made
between the controls in this test and those used in the recently ccmpleted test
eveiuating the self-support concept.

In the normsl run-tc-rupture test, k ruptures are taken in n tubes, and the
remaizing tubes are discharged without rupture at the exposure level of the gth
rupture. For this situaiion, the estimste of the parameter of interest in the
rupture model is svailatle 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 kih rupture., A revised estimate of the paremeter has been determined
for this situation.

Optimization of Reactor Operstions

A

renort was issued presenting the results of the study to determine s supple-
ment

tal crev size optimum with respect to total cost, including the cost of
meintalning & supplemental crew of given size, expected overtime costs, and
expected ccsts due o increased reector outages when the crew size is smeller
than required. The expressions given in this report were programmed for IEM
salzalanion of & nurber of cases of interest.




=coas3 Tube Leaks a

P
ars s%ill Teirg processed in order 4c test the adequacy of +he matbematical
=7 fgs:ritizg internal Tuns ,orrosi:n 1eve*0ped during July. In a2dition, consul-
-351cns wers herd with personnal from ¥ oreactor regarding process “ube leaks due

=z =yrernal eorroelcn,

Z Plant Informa+icn Study

Tha Tgsic systems logic diagrams {programming gtructure) for the process zontrol
sompoaer hava hesn sorpleted. These dlagrams were raviewed and discussed wizh

7 Pian: pergonnel to deiercire whether or not major conflizt with operating
prosedurs xists and ic demon.trate “he progress of the study.

Soprouimanely S0 per ceni of *the Jetalled programming dlagrams based on the above
loZiu f.2szrams have teer :ompieted. These will no doubt be subje =0 change as the
ornizoeion lime operaticn is put through its initial "shakedown' phases.

Rellanility Studiss

Tur—her wori has been performed on the problem of giving mathematical and proba-
“Zilis+i: zxpressicons Cor rellabiliiy of a control system. The derivation of the
tizewdepeadent protablility law for simuliesneous fallures of any fixed number of
Zevizes ou* of a elven number of identiczal independent devices has been completed.
Ar asympiofic expression which is much simpler, for somputational purposes, than the
axant zxprassion has been proven corrent.

Yori was inisfatsd oa the problem of designing a testing program So determine reliability
saramsters >f ranellic gage switches.

FR . .

i1vaticon of a mathematical expression for a IC ouitput curve
=2 in a count rate cirzuit with dead time.

.
et C
as 8 Jonstion ef

r a2

pryb e -

imarca was glven in setiicg up 8 sampling procedure for the general supclies
5 o= raker in Oa%oher., The srocsdure will use a zcmbiration of unit cost
tam value categories.

iy Jisssivar Study

o

Wore somdinued on the formulation of a kineti: mechanism for the &issclution of

’ -' ri"r s avtd, The sysiem appears %o De amenable o mathematizal solution
& e conditiops, although attempis tc sclve the system have not yexn
ti:facuary. The getr -7 simultaneous equations expressing the semi-empirical
2f thz disaolver process that 1s compatible with avallsble data have been
however, whe par<sisudar form of the soluticn makes estimatican of the model
sAaramstIr3 iTprashtizal. Surrent efZort is dirested toward expressing the soliution
o oa more thactatie form with respest 2 parameterpectimationd




STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS

Fuels Preparation Depariment

Total bond count data, indicative of porosity in the braze layer, were
analyzed from & iest conducted in the pllot plant to determine the effect
of increased alr pressures toc the vibrators on porosity.

Commen=s were subtmi+ted upon request tc persconel interested in setiing

up & data collection system for NPR fuel elements. It was pointed out that
the mere collection of 3date in itself cennot answer pertinent gquestions
about the process, and that provisions for data snalysis must be included
in any system. The need for reliable data wes also stressed.

Data were analyzed from a pilot plant test designed to invegtigate the effect
of variations in AlS1 content within the duplex furnace on bond quelity.

Weiding tests were cocnducted to determine the effects of six welding vari-
atlies on fuel element quality as measured by porosity and cracking charac-
seristics.

Irrsdiation Processing Department

Assistance was given in the design of a test procedure to evaluate aluminum
components from different vendors. The original test design permitted
evaluetion of only one alternate vendor at a2 time, and this has been revised
sc that any number >f vendors mey enter the evaluation program at any time.

Further work is being done in connection with the development of a medel to
Zescribe uniform corrosisn in the I and E fuel element, especlially for fuel
elements at high specific powers.

Mathemaitical assistance was given on the subject of linear programming and
related mechnigues.

Fur*her analytical work was done on the "net return" economic model. It is
feln “hat certain important questions concerning this model have now been
gatisfactorily answered.

“hemicas Processing Departiment

The final draft of the ?roposal to adopt part-by-part scceptance of fabri-
cated parts is being prepared.

An apa_ysis was made of the messured radiation exposure using pocket, wrist,
anéd ring badges tc estimate the effects on messured exposure of physical
lzeation and type of film packet.

At the regquest of perscnnel of the 234-5 Development Operation, a discussion
was held to zcguaint them with the services provided by this group; and to
-2y the groundwsrk for oa possible series of meetings to consider more specifi-
cally how statistzoal principles of experimental design m;ght be useful in
gomnecticn wizh their development work. e S :

M3
[ i
[
P
—t
F~.3



fd

cnwm- mged An the pathsma+ical proceszes Lavolved in describing
Af meccanisally and elecsreainally interpreilag these

o

adegiately guils sxisting iathes whlls rsproducing these forms.

Comstracticn Rraxineering & USi-ities

Study cf recent cosy estimate Jata has been made tc see how well previcusliy
aawimgted surves fi% the data. In general, bids belcw $100,000 tend “c exceed
—he sarge predicted Ty ihe fair cost estimete.

SOATTATIOAL AND MATIEMATICAL ACTIVITIES WITIIW JLO

SO0 Program

Gorresiorn Stidics

Turther gtatistical smalysis was dore on an Al-Ni-Fe alloy correslon experiment
in light of addi<ional data which extended the gutoclave exposure time by a factor
of wo. Estimetes were provided c¢f the effects cof heat treating time, beat _
f-aaring terperature, and method of ~coling on the corrosion rate of the aluminum
samples as a funcilion of time in a stream autoclave stmosphere. Additional work
15 velng dome with data from this experiment te further substantlate the aluminum
sarrogicn paraboliz-iinear theory anéd to estimate the individual sample induction

wimae,

“hemi:zal Development

4
medeT for +re diffasicn of thorium ions into resin balls was solved. Specificaily,
a sountisg furnasicn was derived which expresses the vumber o ways K +tkorium-nitrate
LTTDiEX&3, Sash possegaing wo negative ~harges, can unite with N resin molecules,

; zme positive chargs, 1f ithe resir molecul2s are arranged I1n a one
linaar latsice. ODurrvent effort is diresved toward generalizing the
lution vt Rigoer fizensicnal lattizes.

Tuels Development

Tre irazgeigasdow of Yre gpatrhemstical theory of tha metalliur gi- 2ally-idealized
N o
whe nu-:-u.s‘lv__ dig zrated 2z ysta.l wratinued.,

4000 Prograr

Swelling Studles

watiera+ i3l snd statistical davelopwmenw in 2cnnection wiih the reading and
zvalaasion of electron mizrsgrapns of zross sectioned irvadiated uranium specimens
L3 practizally complete and a rougk draft final report of Tils work anil several
razassd smpiprical studles I3 helng compiled.
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Nerdestruciive Testing

B

Seversl mee=ings were held on possitle metbods of mathematically representing
an? ipferpreting the respcnse signals received by nondestructive fuel element
teating devices.

£000 Progrem

Biclogy

An application of “he multicompartment migration model is being madfsgsing
ds+a from a rat experiment invelving & single administretion with W---.

An snaliysis of data pertaining to the sirontium-90 content of bones Iis
surrertly undervaey.

Soiutions wers obitained to two geometricel problems czoncerned with the inter-
pretasion and corrextions of date obtained by X-ray diffrsction.

General

Tne six=-day pilot work sampling study of the Analytical Labormstories weekly
salaried personnel has *een completed and is currently being analyzed. The
resulis of the study will help guide the scheduling end conduction of the full
scale study scheduled for early fall.

Analysis ~cntinuei of data from high energy anti-coincident gas sample counting
instruments *o devise & good method of estimating background counting rate. The
date Iimension revigicr of the GCL IBM program has been completed and ike new
pregram is being used in +he deta analysis.

Routizs stanistizalz consulting was provided in connection with the evaluation of
nass spestroscopy data.

MISIELLANTEOUS

The opsrational characteristics of several alfernatives to the current HAPO
zalely avard plan vere investigated,

Towplets analytical soliutions were obtalned fc twe Fredholm integral equations
wrizh arose In the statistical theory of void distributions.

Jzntacsts were again made with €hemical Processing Department managers sollclting

candlidates for the IE Computer Department training program at HAPO. Twelve
perscne have now been desigrated to attend the cne week training session.

oCGSa

pem o 0GRl A. Bennett, Manager
", OPERATIONS RESEARCH & SYNTHESIS
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" FROGRAMMING OPERATION
AUGUST 1560C

A. REACTCR DEVELOPMENT - 40C0 PROGRAM

1.

PLUTONTIUM RECYCLE PROGRAM

Cycle Analysis

Computer Code Development. Modifications were made in the Monte Carlo
routines for computing distances to reglon boundaries, for fterminating
expectation beams, and for displacement of particles across bounderies.

The initial value acceleration routine in the Post Monte Carlc was removed,
and an alternative method was formulated which provides that the relative
mean sample variances approximate more closely the reciprocsls of the
importances even for a distorted initial distribdution. 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
FORTRAN cross-section averaging code which will be used to re-evaluate
Westcott g and s factors. A revised {reatment of resonance gelf-shielding was
formulated. This method takes account of the rescnance level structure

of the different isotopes in & 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

gight 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 plutenium enrickment
levely are considered less reliable than the others. They were fortunately
not important for the economics amalysis in any case,

Other Activities

A preliminary study was made to determine the effects on the Plutonium
Recyrle Program of operating the PRTR with plutonium-only fuel. Operation
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 achieving
inherent control in the event of & power excursion. If no U-238 1s present
in the PRTR loading, as would be the case with & plutonium-only loading then
some other means must be provided to control 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 thke fuel
and/or modifying the PRTR design. Modification to the PRTR would invclve,
as & minimum, provision of a fast-acting safely rod system. Other changes
may be necessary as determined by & thorough re-evaluaticn of the FRTR
design and reviews by the Reactor Hazards Branch cf the AEC and the Advisory
Cammittee on Reactor Safeguards.

UNCLASSIFIED
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The magnitude of the effects on the Plutonium Recycle Program of loading
+he PRTE with plutonium-only fuel will be dependent upon when this iz to
be accocmplished. 1If the reacter is to start up with a pluteonium-only
leading then costs and delays will be greater than if such a leoading 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 expesure 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 informstion which was expected momentarily on the silicon content
of representative and acceptable alloys, the materials standard for Mark
I Pu-Al spike FRIR 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 contalning
plutenium 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 corrosion resistance.

The study of the economic features of close-coupled chemical processes

for reactor fuels continues. BSo far the study Indicates that the economics
of a single reactor, close~coupled process are not attractive, however, by
depending on other reactors the picture is definitely improved. In addi-
tion eccnomic throw-awey fuel cycles do not appear to be attainable. As
lorg as fuel contains plutcnium even high in non-fissionable isctopes
{#0+%) the residual Pu-239 and Pu-241 has significant value as a fuel

and probably will justify recovery, especially in multi-purpecse fuel
processing plants. This is even more certain for the fuels which include
uranium of only very slight enrichment.

Activities in support of PRTR startup included review and analysis of
process specifications, operating procedures, and power tests. Startup
Council has now approved 4O of the L5 process specifications and 58 of
the planned 92 cperating procedures.

The Plutonium Recycle Program Annual Report was submitted to 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

UNCLASSIFIED
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of unknowrs and permit an analytizal scluticn for the value of the different
plutonium betckhes. One case apprcacles self-sustaining recycle by successively
charging the reactor with the plutonium available from the previous cycle and
t:e belance of reactivity is made up with enriched uranium. In the othker, self-
gsustaining plutonium recycle 1ls not spproachzd as ths resctor is opersted
successively by plutornium ecrichment of cascade tsils by using any amount of
plutonium required but of the same composition as the plutonium discharged

from tre previsuis cycle. Betzrh irradiation was used to conform with the intent
of the APWR desigrers although checks are bteing mede as to the value »f plutonium
if graded discherge is used for this reactor. Generally speaking, the higker
the initial enrichment {initisl kog) of 2 batch cycle the longer the exposure
and the lower the fuel cost over a wide range of enrichments. however, varia-
ticns in reactivity during a batch irradistion must be handled by ceontrol rods
and/cr burnable poisons.

The capital involved in varicus strength control systems and flux peaking
problems with burneble peiscns make it difficult to determine their dellar
costs which should be done as part of the fuel cost for eacsk valus of initial
ko« To avold this evaluaticn, plutonium velue analyses are performed for
initial ke values of 1,08, 1.116, 1.17 and 1.25 with no burnable poiscn
present. A selection of the mecst plausible iaitial kKo value was then made.
In the self-sustalning plutenium recycle example wherein enriched uwranium is
used in conjunction with the self-genersted plutonium, there ls an initial
kg value at vwhich the fuel cost i1s a minimum due to the progressively higher
cost per gram of U-235 as the U-235 enrichment level is incressed. In the
other studies wherein unlimited gquantities of plutonium of various compositions
are available, no minimum exists from 1.08 to 1.25 initisl k. This is a
characteristic of plutonium &g no separative duty is involved when altering
its enrichment in U-238, However, the fuel cos* declines very slowly after
an initial drop while fuel expcsure values exceed demonstrated practice by
significant amzunts. For these reascns, it appesrs that the data that the
most plausitle plutonium values from trhis stuldy would be at an initial kg

of 1.17. Tke comparable number used in the APWR design repsrt was 1.1316.

The plutcnium velue analysis was made from a fiel 258t relatiocnskir developed
witl Meleager physles data and a simplified fuel zost computstion. Toe essence
of the anslyels ig the development of & set of equations wkiczk irnvelve tre un-
known tetor wvalue <F ths plutonium feeding s reactor, the urkr~wan bateh value

of the plutonium ashes leaving the regztor, and the fuel cost. The feed and
ash batch values are generalily differernt. Toe value of a hatss leaving the
reactor is conditicnally determined by using thet betch ss f2ed for the next
cycle and sc on. This is repeated until some logizal constrzint can be applisd
tc the value of tke last batch of aghes produced wiizh remcves the recessity of
further cycles. '

Tatles 1 and 2 indicate the plutenium batch velue in $/gram fissile for plutonium
batch cempositicns corresponding to selected t2%al exposure figures. Except for
the 2 and 3 x 1o°% MWD/T compositions there are ns prints between the two medes
where the same plitonium compositions are measured. For the ms+ed plutcnium
compositions {2 and 3 x 10—k MWD/T zumulative exposuse) the recycle mode

‘aranium enriched -~ Tatls 2} vields a lower plutonium value ©12.25 and 12.9C/
gram fiesile! than tke plutonium enricked mode [Table 1) $15.65 and $16.10/

gram fissile., Thae wrvs and whersfores of this differsnce invelvss several
interrelated Tactors. some ~F whizhk can be eluacidated in forther analysis of

the data.
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The yranium enricoed oy self-zustaining mode summearized on Teble 2 nesars
equilibrium very early for Pu-239, Pu-2il, and Pu-zil whick is reflected

in the slcw descrease 1n the fissile value as expczire proceseds. This

decrease is clearly die fo Pu-2L2 and furtter analysis should permit estab-
lisking a weighting factor for Pu-2L2 for trisz mode. The higher plusonium
values achieved with the plitcnium enriched mcde d¢ not nold up as prolonged
exposure sccurs as stown in Table 1. The large relative increase in Pu-240C
and Pu-242 in this case accounts for the difference. The relative importance
of Pu-242 and Pu-2LO will be stown with further analysis. In this cse, the
thysics model {Meleager, is currently uncertaln with the plutonium compositicn
encountered above 100,000 MHD/T cumulative expnsure. If tke numbers are
legitimaste, it would appear that the material should be sent to fast breeders
or other special applications when the cumlative exposure is above 50,006
MAD/T. If ttis were done, it would chkange the value cf tre plutcrnium produced
in the first 5C,00C MWD/T and tence cptimization with the fast breeder is ot
considerable importance.

TAELE 1

Calculated Pu Values Tor the Plutecnium Enrichment
Series with an Initial Reactivity of 1.17

Bxposure Isotopic Coneentrations® Value

WD,/T x 0% R3z  Rho  Rhi R $/gram Fissile
1 ¢.820 0.,1i5 Q.07 0.0 12.50
2 0.71¢  ©.185 0.12C 0.050C 15.65
3 0,628  ©.220 (0.155 C.CT0 16.10
L 0.565 §.250 02.185 0.095 15.9¢
5 0.520 £.275 0.225  0.13% 15.55
7.5 ¢.hso ¢.320  0.230  D.235 12.40
1c .05 0.370  0.239 0.35% 11.7¢C
12.5 0.380 0,385 C.23¢ 0,460 1C.49

%The R value for a pl.tenium isotcpe is the ratic of its concen-
traticn to the total batchk concentration excluding Pu-242.

The plutonium values in Tables L ard 2 srs for no ineremental plutorium
handling costs and while the numbers are ccnservative Irom zome viewpolnts.
they require further stuly to Pully qualify the resiits. Full investigation
of the parameters involved wili be done as soon as the ecconomic code wsed
for this study is completely programmed £ the TBM-709 - scmetime neXt
month. :
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TABLE 2

Ccalculeted Pu Values for the Uranium Enrichment
Series witn an Initial Reactivity of 1.17

Exposure Isctopic Concentrations¥ Value
MWD/T x_1c-4 R3g RLO L1 Rip $/gm Fissile
1 0.740  0.135 ©.0k5  0.025 11.50
2 0.695 ©0.176 0.105 0.050 12.25
3 C.665 0.195 0.1k0  0.075 12.90
4 0.640 0.205 0.155 0.100 13.40
5 0.628 ©.207 ©.165 0.120 13.55
& 0.622 0.208 0.170 0.1h42 S 13.40
7 0.618 0©.208 0.7 0.160 13.15%
8 0.615 ©0.208 0.17T ©.177 12.80
9 ¢.615 0.208 0.177 0.190 12.5C
10 0.613 0.207 ©.180 0.225 12.25
12,5 0.613 0.207 C.180 Q.245 11.85

Note: This cycle approaches self-susisining plutonium recycle
equilibrium.

#The R value for e plutonium isotope is the ratic of its concen-
tration to the total betch concentration excluding Pu-242.

B. QTHER ACTIVITTIES

The Plant Improvement Program Task Force was reconvened for the purpose of
issuing a revised version of the Plant Improvement Repert. The format and
contents of the report are currently being examined to determine where
changes are necessary.

A program proposal in the rield of fast treeder reactor development was
prepared and distributed to other HLO components for comnent.

Arrangements were cmpleted witk the University cf Waskington Center for
Graduate Study to conduct a course in eleztronics, as requested by several
Hanford personnel. . .

Assistance was rendered in arranging eight tours involving 88 persons
through HLO and HAPO fa-ilitiss., Of specisl interest were visits by
J. A, McCone, Atomic Energy Commission Chalrman, and the other Commissioners;
C. H. Linder, General Electric Vice President; and E. J. Bloch, AEC Assistant

General Manager for Manufacturing.
/ A T R I ~

for Manager, ‘Prograrming

CA Rohrmann-d1
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RADTATION PROTECTION OFERATION
REPORT FOR THE MONTH OF AUGUST, 1960

A, OQRGCANIZATICON AND PERSONNEL

R. F. Ballard was reactivated fram illness leave on August 1, 1960. T. E. Ludlow
transferred to CPFD effective August 8, 1960. T. M. Beasley, Engineer, was added
to the rolls of Radiatlon Monitoring on August 15, 1960. The force of the
Radilation Protection Operation totals 135.

B, ACTIVITIES

There were no cases of plutonium deposition confirmed during the month. 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.

Several urusual badge film exposures were observed during the month. Two of
these involved employees who wore their badges while undergeing diagnostic

or therapeutic X-ray treatment. A third employee who had not entered any radia-
tion zones had carried his wrist watch in & shirt pocket thereby exposing his
badge to sbout seven (7) rads of beta radistion including 100 mr of gamma.
Further investigation indiceted a surface dose rate from the face of the watch
of scme 750 mrads/hr due to radium and daughter products on the luminous dial.

The badge disbursement bullding 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 limlted by new equipment installation problems and electronic maintenance
difficultles. A detailed study of the capabllitlies of the plutondum wound

counter revealed two items of interest. First, that plutonium could be spread
throughout an area cne centimeter in diameter and still be measured satisfactorily
when a point scurce was used for celibration; and second, the positioning of a
wound under the counter can be in error by as much ss 0.8 cm without affecting

the measurement. :

Radiation Moniteoring services were provided during inspection and testing of

equipment at the Hot Semiworks in 200-E Area. Preperations are being made to
staff the facility should plans materialize for reactivation of the building

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 crange flash and notified the fire
department,. The hood fllters remained intact and the fire was practically
extinguished before arrival of the fire department. Although the cause of the
fire was uncertalin, a ruptured cooling coll was suspected., No personnel nor
alr contamination resulted from the incident and no contamination was spread
cutside the hocd.

UNCLASSIFIED



UNCLASSIFIED G-2 HW-6664L LU

Prneumatic loading of molten plutonium aluminum alley into zircaloy tubing
at 231 Bullding 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 prcbe area
ocourred on the floor of the duct level. The contaminated area was cleaned
to 5,000 d/m per probe area ncensmearable and the floor was repainted.

A body dose rate of 35 r/hr occurred at the 327 Building basin whexn an
irradiated fuel element was ilnadvertently 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 I131 to the environms per seven-day periocd
was exceeded for several pericds during the period from August 5 through
September 8, 1960. The average daily emission from the combined Purex and
Redox plamts was 2.2 curies per day with a maximum of 7.2 curies on September 8
and a maximum of 24.5 curies during any seven-day pericd. Environmental
monltoring sampling data du{ing the recent pericds are not complete at this
time. No undue amount of I'31 was measured in the thyroids of lcoecally
slaughtered cattle during the past two weeks.

Concentrations of sbout 2 x 102 He (Il3l)/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 epitted in early July may have been the scurce of the contamina-
tion. A release of about 19 curies on July 6 coincided with meteorological
conditions which concelvably could have permitted the released effluents to
move across the Cascade Mountaln Range. Although this informetion is of
considerable interest, the level of Ti3l activity reported was well balow
that which c¢ould be considered harmful. Experimental animals fed low chronie
doses of I'3l have shown no thyrold damage throughout their lifetime although
carrying thyroid burdens 500 times higher than that detected in the Seattle
sheep.

A British review of the Windscale Incldent indicates 0.5 uc (3131)/m2 on pasture
grass results in a suggested maximum permissible emergency concentration of
0.065 pe (I131)/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 pogsibilities of conducting a census to determine the ultimate
disposition of fish and waterfowl harvested by local sportsmen. As a result
of these dlscussions, a proposed contract was prepared] for comment.

A progranm to zsample mud Adeposits 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 baiges of the new Hanford design were fabricated. Exami-
nation of the prototypes has provided additional design insighnt. Efforts are
being éirected 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
relationehip from 82 keV %o 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 incressed 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 garmma 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 extenis to some 10,000 r. '

A 40 liter ionization chamber with & Kelthley Electrameter 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

8 half-gram radium scurce when flying at 140 miles per hour at 1,000 feet with
this equipment. The use of this large chamber tc 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 radiaticn
chambers and this large chamber device., Dose rates at locations within 50

verds of this test area varied from 9.5 ur/hr to 14 ur/hr. .

C. EMPLOYEE RELATIOQNS

Five suggestions were submitted by persomnel of the Radiation Protection
Cperaticn during the month bringing the year-to-date total to 27. One sugges-
tion was evaluasted and rejected. Ten suggestions submitted by RPO perscnnel
are pending evaluation.

There was one medical treatment injury during the month for a frequency of
O.hk, No security violations occurred during August.

Radiation protection training included: Completion of the treining program
for the AEC Radiological Physizs Fellowship Students which inzluded one

lecture on Tivil Defense and Plant Emergencies; two 2-hour orientation talks
presented to Plutonium Metallurgy and Biology Researsh persomnel; five orients-
tion talks to varied employee groups; several round-table discussions om PRIR
rroblems; and a continustion of the series of PRTR lectures presented £o non-
exempt employees.

D. SIGNIFICANT REPORTS

HW-65534 "Evelustion of Radiological Conditicns in the Vieinity of Hanford"
Jameary throigh Marzh, 1960, by Radiologicel Evaluation Working
Group.

UNCIASSIFIED
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Xpor

HW~£6309

qW-66344
HW-66415
HW-66L20
HW-66088

HW-66670

FAREE

“Plutonium Contamipated Injury Case Study and Associated Use
of Ng)EITA as a Decontaminating Agent" by R. H. Wilson and W. B.
Silker. .

"A Study of Mortality fram Congenital Malformation for Benton County,
Washington” by R, C. Henle.

"Environmental Radioclogical Consequences of Increased Reactor Pro-
duction” by I. €. Nelson.

"Anelysis of Radiclogical Data for the Month of July, 1960" by
R. L. Junkins.

"A Finger Ring Ionizaticon Chamber for the Measurement of Production
Plutonium Hand Dose" by L. G. Faust.

"Monthly Report - August 1960, Rediation Monitoring Operation” by
A. J. Btevens.

UNCLASSIFIED
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ENYIRONMENTAL MONITORING - RESULTS - (Mid-July 1960 - Mid-August 1960)

Activity Monthly
Sample Type and Location Type Average Units
Drinking Water
100-F Ares Isotopic 0.3 % MPCor*
Separations Areas Gross Beta 1.0 x 10°T uc/ee
Pasco Isotopic 3.9 % MPCq1**
Kennewick Isotoplc 1.0 8 % MPCoT**
Richland Gross Beta < 3.0 x 10~ pe/ec

Columbia Rifér Water

Above 100-B Ares gross Beta 8.0 x 107 % ,e/ee

100-F Area Isotopic 1.0 % MPCqp*
Hanford Isotopic 1.2 % MPCGT*
Pasco Isotopic 9.0 6 % MPCop**
McNary Dam Gross Beta 1.2 x 107 pe/ce
Vancouver, Washington Isotopic 0.4 % MPC**
Almosphere

1131 geparations Arees 7131 5.9 x 10713 pe/ec

1131 geparations Stacks 131 1.7 Combined curies/day
Active Particles - Project - 1.8 ptle/100 m3
Active Particles - Environs -- 0.3 ptle/100 w3

Vegetation (Comtrol limit for vegetation is 1075 ue 1+31/g)

Separations Areas 1131 2.0 x 1076 uc/en
Residential i3t < 1.5 x 10'6 uc/zn
Eastern wWashington and

Oregon 1+31 < 1.5 x 1070 uc/gm
Fission Products less Ganmsa,

1131 _ yash. and ore. Emitters < 1.0 x 1072 ne/gm

¥The % MPCsy is the percent of the maximum permissible limit for occupational
exposure to the gastrointestinal tract calculated from drinking water limits
cootained in NBS Hendbook 69.

*¥#The % MPCGI 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.

UNCLASSIFIED
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EXPOSURE EVAIUJATION AND RECORDS

Exposure Incidents above Permissible Limits

Whole Body Localized

August 8] 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 he 15.79 1L.¢
1960 to Date 90,889 7,17k 1,297 333 480 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
1560 to Date 8,029 3 0 0 3k
Fast Neutron
August 136 3 1 0 0
1960 to Date 1,210 76 30 0 21
Bicassay August 1960 to Date
Plutonium: Samples Assayed 8 Lok 5,243
Results above 2.2 x 10~ ue/sample 27 325
Tisgion Products: Samples Assayed 429 5,164
Results above 3.1 x 1077 uc FP/sample 7 10
. Uranium: Semples Assayed auT 2,267
Confirmed Plutonium Deposition Cases ¢ 13*

Whole Body Counter

Male  Female  August 1960 to Date

GE Employees

Routine 3L b 35 568
Special 3 0 3 20
Terminal O o o 1
Nonemployees 7 1 8 35
Pre-employment _3 _9 -3 _8
Total b 5 49 632

#*This brings the total mumber of plutonium deposition cases which have occurred
at Hanford to 257.
(e e UNCILASSIFIED
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Uranium Anslyses
FPollowing Exposure Following Period of No Exposure
Units of 10-2 pc Ufcc Units of 1077 ue U/ce
Number Number
Sample Description Maximum Average Samples Maximum Average Samples
Fuels Preparation 17 3.1 55 7.9 2.4 5T
Fuels Preparation¥* 0 0 0 o 0 0
Hanford Laboratories 33 6.3 20 13 3.9 23
Hanford Laboratories® 0 ¢ 0 0 0 0
Themicel Processing . 2] 4,1 39 13 2.9 37
Ohemical Processing¥ 21 4.9 T 16 3.3 5
Special Incidents 0 0 0 0 0 Q
‘Random 14 5.1 4 0 0 0

*Samples taken prior to and after a specific Job during work week,

Thyroid Checks August 1960 to Date
Checks Taken R 179
Checks above Detection Limit 2 5
Hend Checks ,
Checks Tasken - Alpha 29,562 251,926
- Beta-gamma 39,012 361,544
Skin Contamination
Plutonium 22 171
Fission Products 33 304
Uranium 1 36
CALIBRATIONS .
Number of Units Calibrated
August 1960 to Date
Portable Instruments
CP Meter 970 7,271
Juno 284 2,370
oM 806 6,277
Other 152 1,428
Total 2,212 17, 3EB
Persormel Meters
Badge Film 1,800 11,302
Penzils - 1,512
Other 475 2 ; 28:'[
Total 2,27% 16,601
Miscellaneous Special Services 798 4,391
Total Number of Calibraticns 5,285 38,338
[ — —— —

Rediation Protection
AR Keene:"MM:ikc
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LABORATORY AUXILIARTES OPERATION
MONTHLY REPORT -~ AUGUST, 1960

GENERAL

There was one security violation charged to the Operation.

There were no major inJjuries; the minor injury frequency rate was 3.77,
which i1s considered asbout average experience for safety performance.

TECHNICAL SHOPS OFPERATION

Total productive time for the period wes 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
nours 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 ﬁ 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 & Utillties 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 previocus period. ’

RADTOGRAPHIC TESTING OPERATION

Acconplishments

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 (23.8%) were in connection with radio-
graphic tests, and 2,023 (T70.2%) 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 degresasing); and ultrasonic (flaw detection, core
integrity, bond testing und thickness meusurements).

UNCLASS IFIED
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The muber of pieces handled this month totuled L,613 items. The feet of
materi.l represented by these items amounted “c 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 meat of

the operating departments and service crganizaticns. A total of 47
reports were issued detailing *est findings with conclusions and re-
commended action. Radiographic Testing Operation wzs consulted on 35
different oceasions for advice and informafion on general testing theory
and spplications for other than the jobs tabulated in Part II - Testing
Statistics.

Work on the NPR process tubes is progressing slowly. Preparation of

the facilities for the full-scale freatment and tesiing is taking longer
than Kaiser Engineers had anticipated. Actual testing and ftreatment 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 being
obtained have yielded valuable information regarding the tube fabrication.

The first phase of the sfress analysis work at the DR-reactor has been
completed. This work counsisted of preparation of gages and installation
on the reactor.

Space has been acquired in the 31L building to allow the consolidation of
sheath tube treatment and festing facilities. Considerable progress has
been made in preparation of the area aund the installation of equipment.
Testing rates of 150 tubes per week are being approcached with the existing
facilities., Work on these tubes includes: vapor degreasing; steum-detergent
cleaning; double ultragonic scanning; and 0.D. and I.D. fluorescent penetrant
testing. Al the present testing rate it has been possible to keep up with
*he inzoming supply. Receipt of material from the tubing vendors has teen
gporadic.

Radicgraphic Testing perscnnel participated in an on-gite course on the
fundamentals of radicgraphy presented by representatives of ihe Budd
Company. The course was three days long, covering all aspects of
radiography.

UNCLASSIFIED

Lk



UNCLASSTFIED

Testing Statistics

i

e
HW ~666LL4 e

Description

No. of

Component Tesgts
CE&U 526
HIO 3,952
IFD 1,43k
Totaul 5,912

3
Ft. of Weld No. of
or Material Pieces
312 523
52,234 3,844
3,646 2ks
56,192 4,r13

Film interpretation of radiographs
Weed-X-Corporation of California
to the PRTR site; Radiograph two
6' section of eleetriecal cable to
detect irregularities in the in-
sulation and copper sheath.

Zr-2 clad W, fuel rodg; Thermo-
couple clusters; Single therms-
couples; Zr-2 clad Pu Fuel rods;
Unmachined TPU fuel rods; Machined
TPU fuel rods; Radiogrzph thermo-
couples jmbedded in iron oxide;
Radiograph two sheaves and a
crane hook; Radiograph fuel
elements on birek fabrication

and developmen* program; Radio-
graph Wy fuel elements for Wp
fuel element program; Radicgraph
of fuel elements for the palm
fabrication and development pro-
gram; .505" I.D. x .005" wall

S/S tube; .495" I.D., Zr-4 tubes;
680" I.D., Zr-b4 tubes; TPU fuel
rods; 304-L, .005" wall S/S tubes;
Fluorescent penetrant examinztion
of two sheaves and a crane hook &
pins; Magnetic particie +eg® crane
hook; Vidigage tests of Hastaloy,
Inconel, Constanton, and $/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 front fuce
nozzles from 1l05-D reac*or; Rudio-
graph welds on the CEP-3 Loop in
1706-KER Bldg.; Radiograph pipe tc
bar weld 3/4" sch 160 pipe 1" thick
bar; Radiograph welds on NPR durp
gystem; Radiocgraph front face
nozzles from 105-KW reactor; X-ray
welds - NPR tubes; Fluorescen® pene-
trant examination ¢f 12 front fare
nozzies 2" 0.D. x 12" long; Penetruan~
test "C" type ribless *tubez; S4ress
unzlyeis on the crossheuders {rear
f.ce) of 105-F reactor; Immerscope
"C" type ribless tube.

UNCLASSIFIRED
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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 snd adjustments for underruns .mounted to $08,12L, Ex-
penditures during the month on HLO work were $112,898 (Includes C.O. Cost).
Total J. A. Jones backlog at meonth's end was $163,293.

Summary
HL CE&U
Unexpended Unexpended
. No. Balance No. Balance
Orders outstanding beginning of mo. L3 168,987 e 9,080
Issued during the mo. (Ine.Sup.& Ad))80 95,724 0 2,400
J.A. Jones Expenditures during mo.
{Ine.C.Q. Costa) 109,027 3,871
Balance at month's end 63 155,68k 2 7,609
Orders closed during month 65 83, 2u6* 0 o*

# Pace Value of Orders Closed

FACILITIES ENGINEERING CPERATION

Projects

There were 16 authorized projects at month's end with total authorized funde
of $5,071,265. The total estimated cost of these projects iz $7,026,000.
There were no new projects authorized, cne new project proposal submitzed

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 summarized the status of FEC project activity:

Number of authorized projects at month's end - 16
Number of new projects authorized during mon+th 0
Projects completed during the month ' 0

|,—]

New project proposals submitted to AEC during month
CGH-90T Strontium-90 Interim Program

New projects awalting AEC approval: 5
CGH-332, Full Scale Physical Constants Testing Reactor
CGH-87k, Consclidation of Plutonium Metallurgy Facilities
CAH-90L, Structursl Material Irradiation Test Equipment
CGH-902, Uranium Scrap Burning Facility
CGE-907, Strontium-90 Interim Program

The attached project report details the status of individual projects.
UNCLASSTIFIED
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Engineering work performed during the month included the following listed
mejor items as well as scope englneering for project proposals.

Title

329 Bullding 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 - 30C Area

Reactor Effluent Filter - Pilot
Test Facility - 100-D

Improvement to Animal Waste Disposal
System

Horizontal Contrel Rod and Drive
for Tamper Tank (Critical Mass)

Study 325 Building Ventilation
Systen

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
HO vessels, pressure systems and
related safety devices.

Engineering and field work is complete.
Pabricatlon i= complete and appur-
tenances are being installed. In-
stallation in laboratory will start
during September.

Materials on order. Detail design is
shout 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% of spares being compiled.

UNCLASSIFIED
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Title Status

Irradiation Studies Loop Degign complete. Fabrication in
pProgress.

Breakaway Corrosion Loop Design in progress.

Review of Pressure Systems PRIR Primary and secondary systems

nearing completicn. 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. PRIR Fuel Element Rupture Facility - Specilal design work of
miscellanecus type.

. PRP Critical Facility - Detail of in-cell plping, ventilation,
instrumentation and electrical work (19 drwgs. - 90% complete).
Phyaical and Mechanical Properties Test Cell - 327 Building -
Speclal equipment design (35 drawings - 40% complete).

Irradiation Studies Test Loop - "C" or "K" reactor (12 drawings
required - work completed).

Structural Materials Irradiation Test Faclility - Scope design -
(25 drawings required - 30% complete).
MmMgmﬁEmbmm-BQBMMmgBdmﬁ%s-m@hmM.
Test Equipment for Gas Cooled Reactor - {10 drawings required -

50% complete).

9. Hot Seml Works Building - Cell equipment revisions - work started.
10. Fuel Element Wire wrapping machine (12 drawings required - 90% complete).
11. Shipping Cask - 50C0-gallon capacity -~ (80% complete).

£ W

OD—QO\\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.

UNCLASSTIFIED
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Plant Maintenance and Operation

Costs

Maintenance $ 18,976 97.0

Janitor Services 16,802 88.0

Operators 12,826 G8.0

Ttilities 35,586 _ 102.0

Engrg. Serv. and Administration 5,582 94.0
Total $ 90,172 99.0

Apnalysis of Costs

The costs for the first month of the fiscel 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 igsued during the month was
$1,500.

Installation of six replacement hoods was completed at 747 Building,
Bio-Assay Laboratory.

Intensive rehabilitiation of 306 Building hegting and ventilating system was i
initiated this month.

TECHNICAL INFORMATION OPERATION

A final draft of instructions concerning the handling of research and
development reports resulting from HAPO subcontracts or ATH work agreements
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 preliminery draft.

A working draft of the proposed new document access system wasg distributed
0 HOO and HAPO personnel concerned with the problem. A meeting to discuss
the new aysitem hes been arranged for early in September. .

A program document setting forth the plan %o automate the issuance, routing

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

Arrangements to obtain the required eguipment are underway with operation of
the new system by April-May, 1961.

Progress was made during the menth on the Files' microfilming program. The
new microfilming equipment crdered by the Records Center to handle the

program ig on-site. The additional eguipment destined for Files' use ---

the M & M readerprinter, the microfilm szanner, the jacketing machine ---

is elther on hand or in *ransi%t. The necessary work space is being rsadied

at %he Records Center. + is expected that the microfilming of Files' holdings
can begin during September.

UNCLASSIFTED
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The HAPQ Patent Attorney has developed instructions which will be printed
in the personal notebooks 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 Classifled Files.

File Record Cards are now being made for all new UNCLASSIFIED microcards
added tc the collection. Previously, it had been declded 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 tc 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 cone 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 scme study it was agreed that it was
not necessary for Technical Informetion to assume the responsibility for
the gperture cards in order to chenge 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 declasgification review of the older Hanford documents contained in
Files proceeded smoothly during the month. Approximately 578 of the older
documents were reviewed under the progranm.

Work was undertaken on stripping the Files Reference Catalog of personal
author cards contalning informetion indexed and available in Nuclear
Science Abstracts. Over 8,000 cards heve been pulled from the Catalog,
representing a geain in space of more than five full Catalog drawers. This
space is essential to keeping the Catalog within 1ts present confines.

Material gathered last month for proposed lectures on Instruction Manual
Writing proved useful in answering an off-sife request for similar material
to be used by the Flscher and Porter Company, Warminster, Pemnsylvania, in
egtablishing their own Standard Maintenance Manual procedures. A copy of
the bibliography on Instruction Manuals, two photcstats, and the lecture
notes were forwarded to Fischer and Porter. Under separate cover, a typical
HAPO Manual was alsc forwsrded by Industrial Engineering, IPD.

At the request of the Specialist, Professional Placement, the Specialist,
Technical Informstion Procedures undertoock a atudy of the procedures of
the HLO Professional Placement Office, A series of meetings 1s being held
with Professional Placement perscmmel to discuss recommended changes and
ways of awtomating certain of the routines. A report on the study will be
prepared following conclusion of the meetings.
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Work Volume Statistics

Document Distribution and Files

Documents routed and discharged (copies)
Documents isgued (copies)

Documents sent off-site (copies)
Document reserves filled (copies)
Documents picked up end delivered

Document Aczountability

Bolders 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 reclasasified

Accountable coples 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-
fegsional staff

Literature searches by professional staff

Reports abstracted (titles)

Formal reports prepered (titles)

Off-site requests for HAPO reports (copies)

Reperts released to CAP (titles)

Library Acgquisitions and $irculation

Books ordered {volumes)

Periodicals ordered

Books circulated (volumes)

Pericdicals circulated (issues)
Inter-Library loans

Films borrowed or rented

Industrial film showings

Bound periodicals added to the collection

2670480

July

1k,515
11,818
6,687
634
17,933

642
16,789

2,967
1,441

9,476
545

214,807

85
230

150

207

- 12
32k
28

I
25
1,704
3,015
8L

61
201

HW-666L0L o

August

19,347
12,566
7,597
667
20,764

307
25,530
k561
1,16k
8,041
663

215,465

127
296

100
30k

17
450

24k
1,676
3,221
72

65
88

UNCLASSIFIED
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Library Collection

Main Library W-10 Library 108-F Library Ind. Med. Total

No. of books 29,916 8,521 1,656 2,016 42,109

No. of bound

pericdicals  1L,089 8 1,526 97 15,720
Lk, 005 8,529 3,182 2,113 57,829

Clasgification and Declassification July August

Documents, including drawings and photographs

reviewed for downgrading or declassification 252 636

Documents and papers (intended for oral pre-

sentation or publieation) reviewed for -

appropriate classification 1z Lo

Documents submitted to Declassification

Branch, Qsk Ridge 8 265

Mansa.ge

Laboratory Auxiliaries

JL Boyd:jw
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PRCFESSIONAL PLACEMENT AND
RELATIONS PRACTTICES CPERATICON

MONTHELY REPORT

GENERAL

As of August 31, 1960, the staff of the Hanford laboratories totalled 1hll
employees, including 680 exempt and 731 weekly salaried. Of the total,
585 possessed technical degrees, including 353 B.S., 129 M.3., and 103
Ph.D.

HEATLTH, SAFETY AND SECURITY

The medical treatment frequency for August was 1.48 ss compared with 1.97
for the preceding month. There were nc disabling injuries or serious
accidents during the month. There were 6 security vicolations, bringing
the total for the year to date to 23, as compared with 31 for the corre-
sponding periocd last vyear.

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 recrulting year beginning September 1, 1959
and ending August 31, 1960.

Five Technical Graduates were added to the rolls, six accepted permanent
- aggignament and six terminsted, including four Engineering and Sclence Program
members, one military leave and one temporary summer employee. At month's

end there were 78 Technical Graduates, includling four members cf the Engineer-

ing and Science Progrem 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, 114 offers were extended
and 65 acceptances were received. TIncluded in this total are 28 offers for
HLO components resulting in 18 acceptances.

EMPLOYMENT

Eighteen weekly salarled vacancies were fllled during the month. At
month's end there were 22 weekly salaried vacancies in HIO.
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TRALNTHNG

Twenty-seven HLC exempt employees completed tle second sectlon of "Technileal
Report Writing' under the instruction of Professor E, Elliott of the
University of Washington.

Manager
Professional Placement
and Relations Practices

TG Marshall :1lmh

UNCLASSIFIED
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TARC Y IT NCREXEMPT EMPLOYMELT

Nonexempt Employment Status July  Aug. Nonexempt Transfer Reguest July  Aug.
Requisitions Transfers
At end of meonth 22 22 Active cases at end of mo. 79 77
Cancelled 1 1 Cancelled 1 1
Feceived 19 19 New 5 o]
Filled 23 18 Bffected 1 1
UNCLASSIFIED
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TABLE IIl.

FROFESSTIONAL PERSOMMEL. FPLAUEMENT

£l A. Technical Recruibing Activity - HAPQ - Sepltember

-

1, 1959 to August 3L, 1960

nd
=t Visits to Richland Offars¥
Inu- —_—— e
¥ Cases . On the
mm Oonsidered Iniritad Vizited To Visit Extended  Acospted Opent Roll#¥
; At e
—
= P1.D. 66k 155 59 10 33 10 0 5
Exp. BS/MS 528 120 96 - 114 65 1 AL
Prog. BS/MS Lol - - - 196 82 - 79
*0ffer totals include offers open on 9/1/59
Ph.D. 3
Exp. BS/MS 6
#% On the Roll totals include 1958/59 Carryover
acceptances and one 1957/58 Ph.D. Carryover.
B, Technical Recruiting Activity - HLO - September 1, 1959 to August 31, 1960
= Visits to Richland Offers*
- Cases On the
Considered Invited Vislted To Visit Extended  Accepted Open Rol l#¥*
Fh.D. 664 155 59 10 27 9 2 5
Exp. B3/MS 256 27 20 - 28 18 1 16
In addition to the above activity, 20 exempt
employees have transferred into HLO from other
BAPQ departments apd 30 technlcal graduates have
accepted Off-FProgram placement in HLO to
August 31, 1960,
8
=
fry
L
i)
L}
|
=
)
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C - Technical Graduate and Technician Training Program
Month Ending August 31, 1960

TG Program 1T Program
Number of Persconnel on Assignment 78 1
(HAPO Tech Grad Program ,....... Th
{Western District E.P. ........ 4

Distributidn of Assignments by Departments

HLO 23
IFD 31
FPD 12
CPD 7
CE&UO "
C&AO 1

COOORr O

Distributicn of Assignments by Function

R&D or Engineering 46 1
Other 32 0

[ 2LE5 130 UNCLASSIFIED
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FINANCIAL OPERATTON MONTHLY REPCRT
AUGUST 1960

Personnel
There were no personnel changes during August.
Activities

GENERAL ACCOUNTING

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 0ff-Site Courses and
Seminars increased HLO allocation to $4,200, 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 g8 100

$7600  $ 750

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 ang third guarters.

Three hmdred seventy-nine new movable cataloged eguipment items were tagged and
entered on record during the month. The total HIO movable cataloged equipment
items at August 31, amocunted to 12,337 repregenting a 100 percent increase since
September 1956.

An inventory was taken of all movable cataloged eguipment purchased under
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 125 items were
physically inventoried and tagged under these two projects. The inventorying
and tagging of the equipment was accomplished with help from Conmtract 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 resulis was
issued. Two thousand four hundred and two items valued at $1.,859,343 were
physically counted. Eight items valued at $2,024 were not located dwring the
inventory. Thirty-seven items valued at $17,8392 were inventoried vhich were not
recorded in property records. The percentage of missing equipment to adjusted

i YR 8 r [ I UNCLASSITTED
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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 Ilmproved control.

The inventory also revesled that there were a large number of equipment items
which from 211 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 lLaboratory 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 boock 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 vigllance on the part of custodians %o minimize future losses
and unrecorded equipment.

Preparations were completed and a procedure distributed for the annual 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 persomnel. To assist C&AQC 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 valued at 38,884 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 $5,23O were received at the Laboratory
Equipment Pool during August and 14 pieces valued at $1,820 were disbursed. The
following materials were on hand at August 31, 1960:

Beryllium 3 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 to 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, including mevable
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 persommel.

UNCIASSIFIED
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The FY 1961 physical inventory of moveble catzloged equipment began Augusi €3,
1960, with the inventory of ecuipment in the custody of the izdiation Protection
Cperation. The field work in connection with the inventory count is scheduled
to be compmleted Scvtember 17, 1960.

COST ACCOUIPTING

The General Mansger - 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 sllocated to
Hanferd Laboratories were alloceted to HLO Sections in a manner agreeable 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
Biciogy 1 310
Operations Research and Synthesis 396
Redigtion Protecticn 2 012
Laboratory Auxiliaries L 765
Financisl 332
Professional Placement and Relstions Practices 888
Programming 360
Agsessments from HAPO 1 877
Intra HLO Eliminations (3 727}

Total HLO Contrnl Budget B 25 403

One program code was established and two were cancelled durinz the meonth as
Tollow:

Program Code Title Remarks
.80 Neutron Flux ionitors New rcscarch and devel-

opment program sponsored
by Division of Reactor

Devel opment .
i1 Metallurgy II Both codes cancelled -
o1 Reactor II category designations

have been eliminsted.

The preparation of expense codes {"I" work orders) for accumuleting meintenanpcs
cost detall for PRTR operation is complete and will be incorporated in taz I
work order system starting October 1. This system will provide weekly ccst
detail by type of maintenance, by specific piece or squipment and monthly
meintenance costs by process system within the reactor facility. At the
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present time four types of maintenance (modificavions, preventive maintenance,
repair, and logged) and twenty-six process systems have been establisiied for re-
porting purposes requiring approximately 800.-eXpense codes.

Radiological Development Operation (7840) will utilize the work order system tc
segregate radiological development ccsts by fuactional categcries. Twenty
expense codes ("I" orders), each representing a functiomnal category, were
established on August 22, 1960, to separately identify salaries, materials and
indirect expenses of the Radiologicsl Development Operaticn. AllL personnel of
this component will submit weekly Time Distributicn Reports segregating their
time to the appropriate "I" orders.

Arrangements were made with the Professiornal Placement. and Relations Practices
Operation tc accumulate expenses associated with certain traiging programs con-
ducted in HIO, e.g., Business Operations iu Our Changing Envircrment and Profes-
gionel Business Management I. A gquarterly report will be prepared and submit-
ted to Contract Accounting.

Action as indicated occurred on the followlng projects during the month:

Physical Completion Notices Issued

CA-T4T7 Plutonium Fabrication Pilot Flant *

Construction Completion and Cost Closing Statements Issued

CAH-827 Automatic Columbia River Monmitorirg Station %
CAA-837 Animal Pens, Isclation and Fxamination Facilities ¥
CAH-847 Geological and Hydrslogical Wellis, FY 1950 *

*AFM Services only.

There were 8C new authorizations for $51,578 and 21 supplements for h&,5L6
issued to J. A. Jones Constructiorn Company duriag the month. Work was
physically completed on 65 authorizaticns and 65 authorizations amounting
to $163,293 were still open at meonth 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. ILetters containing
the study procedure and requests for particpation were provided to Secticn
Managers. It is expected that information collecticn through interviews with
contributing scientists will begin early in Sepiember.

Thirty-three employees were on approved leave from Hanford Labceratceries as of
August 17, 1960, for reasons as indica*ed below:
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Exempt Salaried Totel

Military Leave g P 11
Pregnancy 0 9 2
School T 0 T
Illness 0 2 2
Personal 2 0 2
Lack of Work 8] e 2
Total 3 I Z

Information reletive to school of first degree, course, year of graduation, post-
greduate school, post-graduete 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 Exem Exempt
Employees on Payroll at Beginning of Month 143 690 721
Additions and Transfers In 28 10 18
Removals and Transfers Out 28 20 _ 8

Employees on Payroll at End of Month 1 k11 660 E
Overtime Payments During Month August July
Exempt $ 5 196 $ 6071
Non-Exempt 4 165

Gross Payroll Paid During Month

e mE R
on-Exemp 3 161
$930 632 s 510
Participetion in Employee Benefit August July
Plans at Month End Humber Percent Number Percent
Pension Plan 1 223 $9.5 1 209 59.4
Insurance Plan
Personal Coverage 1 369 05.8 1 365 59,8
Dependent Coverage aT9 975
U.8. Savings Bonds
Stock Bonus Flan T 38.5 79 39.7
Savings Plan 90 6.4 30 6.4
Savings & Security Plan 1 060 83.7 1 062 83.7
Personal Accidernt Insurance 789 57.3 761 56.6
August July
Insurance Clajims Number Amount hmber Amount
Employee Benefits
Life Insurance 1 $1l 781 0 $ 0
Weekly Sickness & Accident 16 855 2% 0%
Comprehensive Medical 28 2 7.5 47 4 131
Dependent Benefits
Comprehensive Medical 51 5 038 128 12 2kg
Total 102 $23 3%2 196 $17_289
l T o 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 — .. .JITLE 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-66 2340}

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

B .
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